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Fi%: L EGCG, (CH,CH,0),S0, 50}, i i 2 Fe Ak 2 i & i EGCG 74 W) , R F e me w6 (MTT) 5, 4 i %5 B 1 x 10°/mL,
EGCG fif LW 3,4 7 Bl 4 A We JE, % SMMC-7721 40 g H: 5 4 5 42 ok 1% 42 %1 & 60,80, 100, 150 mg- L ™' 1 30, 40,50,
60 mg-L ™", %t HepG2 40 Jifd 3L 5t 5 ¥k & 4y 60,80,100, 150 mg-L~"F120, 30,40,50 mg-L ™" {E K254l , -2 (A4, Bk
Mk 4 NEAL, NG Ak SR 5% 24 h, W 2 364k EGCG XI AT 40 ik SMMC-7721, HepG2 W52 . &5 R : 4% 4 4 EGCG fijE
Yy, H45 8 it H-NMR, "C-NMR > DNMR , 5 3% 25 J5 25 0 A7 45 # 28 18 , 149 0 o 0L SCHk 30 38 (9 BT AL & 9, 2 364k EGCG 724 3,4
XF 958 40 L SMMC-7721 , HepG2 38583 MIHIVEH o 4518 : £ 34k EGCG =4 3,4 X 4l il SMMC-7721, HepG2 37 #1 il
FEF, Horh 4 B9 HIVE T 1L EGCG W] L 3858
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[ Abstract ] Objective: To design the synthesis of high epigallocatechin gallate ( EGCG) alkylated
derivatives, analyze the structure-activity relationship and the pharmacological activity in inhibiting human
hepatocellular carcinoma cell proliferation, in order to select the more stable and effective EGCG derivatives.
Method: With EGCG and (CH,CH,0),S0, as raw materials, a series of EGCG derivatives were ethylated. The
effect of ethylated EGCG on the proliferation of human hepatocellular carcinoma cell SMMC-7721 and HepG2 were
determined by 3-(4, 5 dimethylthiazol-2-yl) -2, 5 dimethyl-2H-tetrazolium bromide ( MTT) method. With the
cell density at 1 x 10°/mL, the 3/4 of EGCG derivatives were diluted into four concentrations, with 60, 80, 100,
150 mg -L."", and 30, 40, 50, 60 mg L' for SMMC-7721 cells, and 60, 80, 100, 150 mg-L~", and 20, 30,
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40, 50 mg L' for HepG2 cells, both were drug groups. A cell control group was also set up. Each concentration
group has four complex wells, and the cells were continuously cultured for 24 h after addition of drugs. Result:
We synthesized four EGCG derivatives. Their structures were identified by "H-NMR,"”C-NMR,>DNMR, mass
spectrometry and other methods, all of them were novel compounds. Ethylated EGCG product 3 and 4 can inhibit
proliferation of hepatocellular carcinoma cell SMMC-7721 and HepG2. Conclusion: Ethylated EGCG product 3 and
4 have inhibition effect on hepatocellular carcinoma cell SMMC-7721 and HepG2, and 4 has a much stronger effect

than EGCG.
[ Key words ]
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725 (HyClone /A #] , fit % 150427 ) , PBS (X X 1+
Y TRARA A, #S 141203)
L3 4iMabk  AFE 40 kR SMMC-7721, HepG2 1y
F R e 20 i %
2 AFiE
2.1 KA EGCC G B Lh EGCG sk 2,
Xf W Bk HEAT £ AL & R EGCG AT AW (1 ~4)
FRECEGCG 2.538 ¢ Sy R W JiEH) , N R 600 mL 1 )z
WA BT, K, CO, 6.031 g #EAEALT], N, S £ 471, K
65 °C % 3 f P a5 40 41 m1 U, e v Y O <1 ¥R o
(CH,CH,0),S0, 70 mL fff & F= A& W 12 h,
MR Tk K BRI pH S ~ 6, & 2| R E
PRI I ZE R B 2R AR 2R BB, A R &
P 75 e B PR W e RS B 03 WG <1 L ORI Al A K 2
Ve, BB T 2 s h ik MO CTEE,
U 2R AR B SR 45 8 L SR R B IR A W, S
. 39.



522 B 2 )
2016 4£ 1 A

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 22 ,No.2
Jan. ,2016

%t 4 WOR €, 33 43 Bk O B S ARG TSR PR
PR i 5 3% AU & A EGCG IR 5 7 W) 47 4y
B Ve O AT - O TR SRR R . L AR
EGCG & i WLIET 1,

OH
Q) ] oH
O

HO O« H
\©:j {CHCHL0),805
OH 7 on K0 o
o
OH
OH
(I ORj5
e
R0 o ORs
o
OR: = ORg
=™ 0OR,
ORg

(1). RN YK EGCG, i L F; (). R4 Rz =H
5% CH,CH,
E1 BRLEHERELE

Fig.1 Synthetic route of target compounds
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2.2.1 EGCG [ EGCG fif 4= ¥ 9 il Bt % 40 My
SMMC-7721 ¥4 5 AE - BUXF 504 K W /Y SMMC-
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9,00 A BE R K5 32 24 h, EGCG K EGCG fif
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i3, T 570 nm PR KRN TE WL A AR A0 e A
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Wt 40 A B A A ) 3, I DA A ) B AN [R] 3 R A
200 A A A AR 2K SR H AT AR W o RO
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2.2.2  EGCG K EGCG £ 4= ¥y 0 i AT %z 20 M

HepG2 H4TEAEH  BO 804 K W A9 HepG2 4 ifd 7
1, 3% R 2. 2.1 By )7 548 EGCG K EGCG 172k 3,4 Hi
B 4 A & e B 4y ) 100, 150,200,250 mg- L7,
60,80,100,150 mg-L"",20,30,40,50 mg-L "', 4 M
2.2.1 BJr R 1C,, .

2.2.3 GiilsFAbE ORI SPSS 16.0 Bk 4T %K
BGE T EERLL & 25 FoR, R 25007, W
L3R A LSD-1 k55, P <0. 05 A G E X,
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BRI ~4 W1,
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Table 1 Structure of target compounds
L&Y R1 R2 R3 R4 R5 R6 R7 R8
1 CH,CH; CH, CH, CH, CH, CH,CH; CH,CH; CH,CH, CH, CH, CH,CH;
2 CH,CH, CH, CH; CH, CH; CH,CH; OH CH, CH, CH, CH, CH,CH;
3 CH,CH, CH,CH; CH,CH; CH,CH, OH CH, CH, CH,CH, OH
4 CH,CH; OH CH, CH; CH,CH; OH CH, CH, CH, CH, CH, CH;

3.1.2 44 EGCG YRR k51 5,7,
3',4",5",3",4" 5" )\-0-2, #-EGCG, 4 K C,4
H,,0,,,'H-NMR ( DMSO, 600 MHz)§:6.97 (s, 2H,
C2"-H fl C6"-H) ,6.77 (s, 2H, C2'-H il C6'-H) ,
6.20(d,1H,J=1.7 Hz,C6-H) ,6.15(d,1H,J=1.7
Hz,C8-H),5.53(m,1H,C3-H) ,5.22 (br, 1H, C2-
H),3.77 ~4.00 pm,16H,-0-CH,- x8),3.03 (dd,
1H,J=17.6,4.4 Hz,C4-Ha) ,2.85(d, 1H,J =17.0
Hz,C4-Hb),1.16 ~1.32(m,24H,-CH3 x 8),"”C-
NMR (DMSO, 600 MHz) §:164.30(C =0),158.45
(C-7),157.64 (C-5),155.09 (C-8a),152.20 ( C-3"
< 40 -

1 C-5"),152.09 (C-3" F1 C-5'), 141.62 ( C-4"),
136.58 (C-4"), 133.39 ( C-1"), 124.36 ( C-1"),
107. 64 (C-2"F1 C-6"),105.15(C-2"F1 C-6"),99. 51
(C-4a),93.69 (C-6),92.82(C-8),76.47 (C-2),
68.73 (C-3),68.12 (-0-CH,-), 67.73 (-0-CH,-),
64.25 (-0-CH,- x 2), 64.00 (-0-CH,-x 2), 63.29
(-0-CH,-),63.04 (-0-CH,-),25.29 (C4),15.32
(-CH, x2),14.69 (-CH, x2),14.59 (-CH, x 4),
MS(ESI) m/z683([M+1]"),

&Y 2 5,7,3,4",3",4",5"-1-0-2, K-
EGCG, s> 7 & N Cy H, O,,,'H-NMR ( DMSO, 600
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MHz)8:9.07(s,1H,C5'-OH) ,6.99 (s,2H,C2"-H #il
C6"-H) ,6.57(d, 1H, J=1.8 Hz,C2'-H),6.55(d,
1H,/=1.8 Hz,C6'-H) ,6.15(d,1H,J =2.2 Hz,C8-
H),6.11(d,1H, J=2.2 Hz,C6-H),5.22(m,1H,
C3-H),5.06(d,1H,J =7.8 Hz,C2-H) ,3.87 ~4.00
(m,14H,-0-CH,-x7), 3.01(dd,1H,J=16.3, 5.5
Hz, C4-Ha),2.69 (dd, 1H,J =16.3,8.2 Hz, C4-
Hb),1.16 ~ 1.32 (m, 21H,-CH3 x 7).” C-NMR
(DMSO0,600 MHz)§:164.62(C =0),158.76(C-7),
157.50(C-5),154.81 (C-8a),152.27 (C-3"#l C-
5"),152.36 (C-3'),150.87(C-5"),141.50(C-4") ,
135.11 ( C-4"), 132.97 ( C-1"), 124.33 ( C-1"),
107.68 (C-6"), 107.52 (C-2"F1 C-6"),103.78 ( C-
2'),100.20 ( C4a),93.69 (C-6),92.91 (C-8),
78.06(C-2),70.19(C-3),68.19 (-0-CH,-) ,67.51
(-0-CH,-) ,64.30 (-0-CH,- x2),63.89 (-0-CH,-) ,
63.47 (-0-CH,-) , 63.12 (-0-CH,-), 24.96 ( C-4 ),
15.43(-CH,),15.22 (-CH, ), 14.75 (-CH, ) , 14. 67
(-CH, x2),14.65 (-CH, x2), MS(ESI) m/z 655
([M+1]7),

a3 5,7,3,4",3",4"-75-0-2, 5-EGCG,
S+ K C,H,O0, ' H-NMR ( DMSO,600 MHz) §:
9.45(s, 1H,C5"-0OH) ,8.95(s,1H,C5-OH) ,6.98
(d,1H,J=1.9 Hz,C6"-H) ,6.84(d,1H,J=1.9 Hz,
C2"-H),6.61(d,1H,J=1.8 Hz,C6'-H) ,6.60(d,
1H, J=1.8 Hz,C2'-H),6.15(d, 1H,J =2.1 Hz,
C6-H), 6.14(d,1H,J =2.1 Hz,C8-H),5.45(m,
1H, C3-H),5.12(br,1H,C2-H),3.86 ~4.01 (m,
12H,-0-CH2-x6) ,3.03(dd,1H,J =17.6, 4.6 Hz,
C4-Ha),2.78(d,1H,J =16.9 Hz, C4-Hb) ,1.17 ~
1.32 (m, 18H,-CH3 x 6),"” C-NMR ( DMSO, 600
MHz)8:164.69 (C = 0),158.42(C-7),157.74 (C-
5),155.20 (C-8a),152.36 (C-3"),152.16 (C-3"),
150.85 ( C-5"), 150.49 ( C-5"), 139.81 ( C4"),
134.72 ( C-4"), 133.29 ( C-1"), 124.25 ( C-1"),
110.45 ( C-6"), 107.68 ( C-6"), 105.48 ( C-2"),
103.01(C-2"),99.65 (C4a),93.87 (C-6),92.78
(C-8),76.57(C-2),68.48(C-3),67.77(-0-CH,-),
67.55 (-0-CH,-), 64.04 (-0-CH,-), 63.76 (-O-
CH,-), 63.34 (-0-CH,-), 63.07 (-0-CH,-) , 25. 46
(C4),15.27 (-CH, x 2), 14.73 (-CH, ), 14.69
(-CH,),14.65 (-CH, x 2). MS (ESI) m/z 627
([M+1]7),

&4 5,3 ,4",3",4",5"-75-0-2, %:-EGCG,

¥k C,H,0, ,"H-NMR ( DMSO, 600 MHz)§:
9.31(s,1H,C7-0OH) ,8.97(s,1H,C5'-0H) ,6.97 (s,
2H,C2"-H f1 C6"-H) ,6.66(d,1H,J =1.8 Hz, C6'-
H),6.57(d,1H,J =1.8 Hz,C2'-H),6.01(d,1H,
J=2.0 Hz,C6-H) ,6.00(d,1H,J=2.0 Hz,C8-H) ,
5.42(m,1H,C3-H),5.13 (br,1H, C2-H) ,3.87 ~
3.98(m,12H,-0-CH2-x6),2.99(dd,1H, ] =17.5,
4.5 Hz,C4-Ha) ,2.82(dd,1H,J=17.6, 1.9 Hz,C4-
Hb),1.17 ~ 1.32 (m, 18H,-CH, x 6), "C-NMR
(DMSO0,600 MHz)§:164.76(C =0),157.71(C-7),
157.13(C-5),155.00 ( C-8a), 152.25 ( C-3" fil C-
5"),152.17 (C-3"),150.57 (C-5"),141.45 (C-4") ,
134.62 ( C-4"), 133.58 ( C-1"), 124.51 ( C-1"),
107. 45 ( C2" Fl C-6"),107.36 (C-6"), 102.78 ( C-
2'),97.95(C-4a),95.15(C-6),92.92(C-8),76.17
(C2), 69.22(C-3),68.16 (-0-CH,-) , 67. 54 (-O-
CH,-), 64.27 (-0-CH,-x 2), 63.79 (-0-CH,-),
63.17(-0-CH,-) ,25.10(C-4) ,15.40(-CH,) ,15.24
(-CH, ), 14.74 (-CH, ), 14.69 (-CH, ), 14.65
(-CH, x2), MS(ESI) m/z627 ([M+1]"),

3.2 EGCG fiiEWiksNEME WA 1,2 MKE
PEBE/IN  MEW T35 95 55, 76 15 95 5L 9 b 11 D0 0E |, X %
ML EAE T, AT AR 3 R 4 B 25 S ME . X
JFJ SMMC-7721 ,HepG2 4 fifl ,3 ) 1C,, kb EGCG 1Y
i K, EGCG 3G PEAL ; 17 4 B 1C5, W] /N T EGCG, 1
B &t T EGCG, 3,4 K& EGCG Xf iF 4 40 i
SMMC-7721 ,HepG2 MMl EHZE R L E 2 ~3,

4 itig

T EGCG & A 24 By 5L IRtk 2= WA
JFH AR A5 [) A0, {3 JHC A5 07 T A7 AR AR 22 Ja BR 1
WS X EGCG #EAT 45 My 11 J , 15 31 e B 4k
BHBEZM O HAL EGCG ¥,

MG 58T, EGCG B ik % H it £, H g %
PR KRS 2, 1,2 F 2 BB HEZ W
A, EGCG 1 8 A~ By 72 KL AR 4 e B Ak 5k 7 A~y
B R . T IR PR KIS RN AT A
YIMERS T 15 95 ik TERE IR FE N AT 1 D0 UE , E T X0 240 it
FPAEAMEH . TR 3 4 B rh IR 2 N R R
Bebe He Ak, B — o By KB P, AT LUK 20 7 AR 4 )
ER o o 3 % 9 40 e SMMC-7721, HepG2 A #1)
HIAVE E R B T EGCG 38 T 4 % JIT98 20 ity
SMMC-7721, HepG2 1 4 il /E H B & 5% T EGCG,
HULTT WL EGCG & A By 3 8 H i 2 0, &) Ak A8
PE AR PE 22 R R BEAIR ; T EGCG e B2 H
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%2 EGCG K 3,4 3 SMMC-7721 A& B A M & £ B
(xxs,n=5)

Table 2 Inhibitory effect of EGCG and 3, 4 on cell proliferation of
SMMC-772 (x +£s,n=5)

a5 JoT i W i EEES 1Csp
/mg-L~! /% /mg-L7"
2 - 0.848 +0.016 - -
EGCG 60 0.547 +0.0497  35.50 113.59
80 0.511 £0.057  39.74
100 0.492 +0.026>  41.98
150 0.347 £0.022%  59.08
25 - 0.711 £0. 015 - -
3 60 0.552 +0.028%  22.36 145.91
80 0.538 +0.025%  24.33
100 0.483 £0.055>  32.07
150 0.345 £0.019%  51.48
2= - 0. 986 +0. 044 - -
4 30 0.564 +0.0397  42.80 38. 46
40 0.480 +0.026>  51.32
50 0.404 +0.028%  59.03
60 0.223 £0.014%  77.38

S Hd Y P <0.05,2 P <0.01(£2 ),

#3 EGCG K 3,4 3t HepG2 MMM FEMINFER (2 £5,n=5)
Table 3 Inhibitory effect of EGCG and 3,4 on cell proliferation of
HepG2 cell (x £s,n=5)

Jo e ik 2 1Cso
20 51
/mg-1.7! /% /mg-L7"
=Y - 1.053 £0. 033 - -
EGCG 100 0.731 £0.057>  30.58 163. 68
150 0.545 +0.041%  48.24
200 0.455 +0.024%  56.79
250 0.385 +0.016>  63.44
= - 0.992 +0. 028 - -
3 60 0.793 +£0.024%>  20.06 144. 00
80 0.722 £0.027%  27.22
100 0.604 £0.048%  39.11
150 0.438 +0.029%  55.85
25 - 0. 843 0. 054 - -
4 20 0.639 +0.040>  24.20 27.24
30 0.260 +0.025>  69.16
40 0.202 +0.015>  76.04
50 0.155 +0.018%  81.61

.42 .

BEZHE BB TR, KSR/ eV T 85 75 3k, HfE
XoF I 968 40 A = AR IR T o AR AS SRh EGCG Yt
— LB T S S % . FIR #T MTT 3%
07 16 4 X6F JHF i 40 L SMMC-7721 , HepG2 17 i /5 FH ¢
SRINAT A 4, LLHAE S — ANk ik & 4, E 47 R
BB I 96 AL ) 0 245 2850 2 A 5, % IF 8 28 1 e i
T ERE XL,
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