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Design, synthesis andin vitro anti-tumor evaluation of flavonoid
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Abstract: In this study, the trimethoxy group was introduced into the B-ring of flavonoid and link benzimidazole and

its derivatives to 7-OH with different chain alkanes. The anti-tumor activity of flavonoid benzimidazole derivatives 4-12 was
studied by MTT colorimetric assay. On the whole, compounds 4-12 showed better anti-tumor activity against MGC-803 cells
and MCF-7 cells. What’s more, Compound 8 exhibited the most potent anti-proliferative activity against MGC-803 cells,
MCF-7 cells and HepG2 cells and the ICy, was 20.47+2.07 pmol/L 43.42+3.56 pmol/L and 35.45+£2.03 pmol/L, re-
spectively. Compound 8 could be a novel anti-tumor leading compound to further evaluation and investigation.
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1.1 FERF  EKE M (98%) 3,4,5-—H H I
P (98%) AN (98%) . 1, 2-— 1R & k¢
(98%) . 1,3-— A% (98%) . 1, 4-— 1 T %%

(98% ) . 2-H 3L 25 I WK M (98%) | 2-5 75 - Ik s |
(98%) \2- = FH FEATFBRIK (98% ) M Bl i T ik
F; MG 4E LT FBS \RPMI-1640 15773 DMEM 5% 33
F(Gibeo A H]) s FEJEHTRER AR (L BERACRE S B
RN ) 5 HopdaF0 3 i 8 4 b4t

1.2 EE{LEE
Digital ‘k?:"r"i(mféﬁ(( 2 [E Thermo A 7] ), Bruker AV-
400 BRI ( 3 [E Bruker 23 #]) , Waters GCT Jii i
(B E Waters 24 A)) , WellscanMK-2 B R (Z5 2%
Labsystems A ) ,

1.3 FHik

1.3.1 #&FEes B L&Y 4-12 KM G L
gl 2 iR, 3'475-= RS- AR (2) 1Y
A R ZE 5 (2.5 g, 0.023 mol) & T 100 mL fY
SO, A TGK T 30 mLL, VKA, JERL
e E MASRE N (2 mL, 0.032 mol ) Sk
ToKEAEE, FTRS), BATEREE,3 h 5k

Thermo Scientific Electrothermal

KW 4 CHCE 1 R, HiEEE 2 h,4 CiHE 1
K, 1E U8, TooK LTk AR B A DTTE , 18 it UK R
G MG B A DTTE T B B b, 7K i 4 ml
W1 h,4 CHE R, HE, SR G 2/ -2 5-
-EARLI(L) , KB 1 (2.2 g, 0.012 mol) 5
3,4,5-=HEIFEHEE(2.0 g, 0.01 mol)IRA, A
20 mL 95% LB, 4250, 1818 i A 10 mL 10%
NaOH, Z= i FHEFE 2 K, FH 10% HCl 875 pH 24
BAATUIENT I8, DUUE I JCK OB i, 212
INZERK 2 A4S R B, # i R 2L &9

3'4'5- = WA -7 BE B (2) , 7-(2-IRC A -
2-(3,4,5-= WS FE AL ) -AH-(0 J5-4-17 (3a) B9 &
B AE 250 mL 5 IE BE AR O AL G 2 (0.1
mol) \1,2- IR ZBE (0.4 mol) Fl/b 4 Y JC K Bk iR
BRI (100mL) B 9 h( S i 2 (i
PRSI ) B R 5 4 e SR ZE T P A 3 A A s A
Sy e alidl, Ve S - (100 £ 1), fBA
Y 7-(3-IRNARE) 2-(3,4,5-= HI S R KL ) -4H-
075-4-T7 (3b) Fl 7-(4-TR T4 ML) -2-(3,4,5- = HI
BERIL ) -AH- ()7 -4-B (3e) B9 SEY) 2a &
T B, 7-(2-(2-H FE-TH-R FF [ d ] K -1~
) LEH) -2-(3,4,5-= HUEH FL IR I ) -4H-(0 J5-4-
Fil (4): 76 100 mL B BRI AL ) 2a
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1.3.2  fRSMRBREE SIS SR MTT %0551k
AW 4-12 % B AR MGC-803 LR 2 Jifd MCF-7
FFJE 0 HepG-2 [ (R SMPT384 78 16 M, DL 5-380)K
WA REVE A BH X BRI MGC-803 ¥ IR AE
10% i 4= L7 (FBS) (1Y RPMI-1640 15 5% 3 | 2 AR
P MCF-7 FIHE 40 HepG-2 BEFR7E 5 10% ik
AL (FBS) i) DMEM B 3% 3 db ) 40 i 4 78 37
C,5% CO,MIHEFA T EET o WO BUAE K Y i
Y NEEFD T 96 FLAR , R0 Bl 8x10° /41,24 h J5
FHAS[RIHe BE (256,128 ,64,32,16,8,4,2 wmol/L) i
W EWHEAT TALRE, 48 h Jm, BFLINA 20 pL 8y
MTT %% (5 mg/mL) . 4 h 5,8 FLINA 150 pL
f) DMSO %5 it i 1A, FH7E 490 nm Kb 0 H 06 7 |
509 4 1 410 1 e BE (1Cs, ) S H1 Logit ¥ 22 /1),
JIT A LB E =K

2 # R

2.1 BHIRUEWHRIE 7-(2-(2-H H-1H-FIF
[d]Bkmk-1-5L) 258 HE) -2-(3,4,5- = F A FLFHE KL ) -
4H-(OF-4-B0 (4) W B R, 72 %, 53%, Mp:
192-193°C ,'"H NMR (400 MHz, CDCl,)8 7.71-7.67
(m, 1H), 7.66(s, 1H), 7.37-7.32(m, 1H), 7.27
-7.25(m, 2H), 7.10(s, 1H), 6.73(s, 1H), 6.68
(d, J=2.0 Hz, 1H), 6.66(d, J=2.1 Hz, 1H) , 6.60

(d, J=2.0 Hz, 1H), 4.59(t, J=5.3 Hz, 2H), 4.39
(t, J=5.2 Hz, 2H), 3.92(t, J=8.8 Hz, 9H), 2.72
(s, 3H). "C NMR(101 MHz, CDCl,)d 182.69(s),
167.90(s), 165.30(s), 153.28(s), 152.04(s),
147.09(s), 142.65(s), 139.89(s), 134.82(s),
127.63(s), 126.01(s), 122.38(s), 122.30(s),
119.36(s), 115.55(s), 112.63(s), 111.98(s),
108.83(s), 108.75(s), 97.29(s), 66.71(s), 61.02
(s), 56.22(s), 42.97(s), 14.11(s). MS(ESI) :
486.1( C,sH,,N,O,, [M+H"])
7-(2-(2-FA-1H-28TF [ d ] DKWE-1-3E ) 24500 ) -2-
(3,4,5-= RS IE ) AH-(O 1547 (5 ) . 3 (R
K, FEF, 78% Mp:153-156°C ,'H NMR (400 MHz,
CDCL,)8 7.70(d, J=7.1 Hz, 1H), 7.66(d, J=8.5
Hz, 1H), 7.44(d, J=7.4 Hz, 1H), 7.37-7.26(m,
2H), 7.11(s, 1H), 6.73(s, 1H), 6.68(d, J=2.1
Hz, 1H), 6.66(d, J=2.1 Hz, 1H), 6.63(d, J=2.0
Hz, 1H), 4.66(t, J=5.4 Hz, 2H), 4.41(dd, J=
10.6, 5.1 Hz, 2H), 3.92(t, J=8.7 Hz, 9H). "C
NMR (101 MHz, CDCL,)d 182.69(s), 167.92(s),
165.23(s), 153.31(s), 147.11(s), 141.74(s),
140.49(s), 140.14-139.67(m) , 135.28(s), 127.65
(s), 126.03(s), 123.52(s), 123.09(s), 119.73
(s), 115.62(s), 112.60(s), 112.06(s), 109.55
(s), 108.77(s), 97.34(s), 66.46(s), 61.03(s),
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56.24(s), 43.51(s). MS(ESI):507.1(C,,HyCIN,
O, [M+H"]),
7-(2-(2-( = AL ) -TH-Z8 5 [ d ] BRmg-1-5E )
LA HE)-2-(3,4,5-= H A LRI ) -4H-(5 J -4- T
(6): B MR, %, 77%, Mp:207-208°C.' H
NMR (400 MHz, CDCl,)8 7.91(d, J=8.0 Hz, 1H),
7.67(t, J=8.3 Hz, 2H), 7.51(t, J=7.5 Hz, 1H),
7.42(t, J=7.6 Hz, 1H), 7.12(s, 2H), 6.74(s,
1H), 6.71-6.58(m, 2H) , 4.82(s, 2H), 4.47(s,
2H), 3.94(t, J=8.2 Hz, 9H). "C NMR(101 MHz,
CDCL,)® 182.70 (s), 167.93 (s), 165.11(s),
153.32(s), 147.08(s), 141.08(s), 139.97(s),
135.82(s), 127.62(s), 126.04(s), 125.71(s),
124.07 (s), 121.84(s), 115.66(s), 112.69(s),
112.11(s), 110.89(s), 108.81(s), 97.20(s),
66.95(s), 61.03(s), 56.25(s), 44.08(s). MS
(ESI) :540.1( C,,Hy, F,N,O,, [M+H"])
7-(3-(2-F - TH-ZHF- [ d ] BRme-1-3E ) P43 ) -
2-(3,4,5- = WA BRI ) -4H- (0 )54 (7) . 1 A
AR, %R, 57%, Mp: 169-171°C .' H NMR ( 400
MHz, CDCl,)8 7.62(t, J=8.8 Hz, 2H) , 7.19(t, J=
12.3 Hz, 2H), 7.11(wd, J=14.2, 6.7 Hz, 3H),
6.67(d, J=11.4 Hz, 2H), 6.56(s, 1H), 4.30(t, J
=6.3 Hz, 2H), 3.90(dd, J=12.8, 7.5 Hz, 2H), 3.
83(d, J=3.5 Hz, 9H), 2.44(d, J=42.5 Hz, 2H)
2.28(dd, J=11.8, 5.7 Hz, 2H). “C NMR ( 101
MHz, CDCl,)8 182.74(s), 168.14(s), 165.86(s),
153.29(s), 151.52(s), 147.19(s), 142.44(s),
139.89(s), 134.88(s), 127.69(s), 126.02(s),
122.32(s), 122.15(s), 119.12(s), 115.32(s),
112.50 (s), 112.32(s), 109.01(s), 108.76 (s),
97.19(s), 64.76(s), 61.00(s), 56.21(s), 40.07
(s), 28.84(s). MS(ESI) :500.1( C,,H, N,0,, [ M+
H]),
7-(3-(2-%-TH-ZRTF [ d ] BRmME-1-JE ) P48 ) -2-
(3,4,5-= WA LRI ) AH- (0 175-4-T (8) . ¥ (B4
K, 72, 66% ,Mp:140-142°C ,"H NMR (400 MHz,
CDCl,)8 7.72(t, J=7.8 Hz, 1H), 7.56(s, 1H),
7.37-7.29(m, 2H) , 7.14(s, 2H) , 7.07(s, 1H) , 6.
76(d, J=6.8 Hz, 1H), 6.65(s, 1H), 4.49(t, J=5.
7 Hz, 2H), 4.09(d, J=20.6 Hz, 2H), 3.93(d, J=
6.5 Hz, 9H), 2.40(s, 2H). “C NMR (101 MHz,
CDC1,)d 182.89 (s), 168.18 (s), 165.98 (s),
153.31(s), 147.24(s), 141.59(s), 140.51(s),
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139.87 (s), 135.03(s), 128.92(s), 127.73(s),
126.04 (s), 123.52(s), 123.10(s), 123.03(s),
119.53 (), 115.29(s), 112.59(s), 112.36(s),
109.27(s), 108.77(s), 97.22(s), 64.90(s), 61.05
(s), 56.25(s), 41.00(s) , 29.28(s), 28.76(s). MS
(ESI) :521.1( C,sH, CIN,0,, [ M+H*]),
7-(3-(2-( = L) -TH-AE I [ d ] bR ms-1-35)
PR )-2-(3,4,5- = H A FE R ) -4H-(2 Jdi-4- 1
(9): EEHAK, ~H, 72%, Mp: 175-178°C ' H
NMR (400 MHz, CDCl;)8 7.91(d, J=6.4 Hz, 1H),
7.75(d, J=8.4 Hz, 1H), 7.40(dd, J=15.9, 8.3
Hz, 3H), 7.15(s, 2H), 6.78(d, J=6.8 Hz, 2H) ,
6.68(s, 1H), 4.62(t, J]=6.8 Hz, 2H), 4.14(s,
2H), 3.95(t, J=10.9 Hz, 9H) , 2.45(d, J=5.6 Hz,
2H). "C NMR(101 MHz, CDCI,)3 182.89(s), 168.
17(s), 165.94(s), 153.31(s), 147.23(s), 141.00
(s), 139.88(s), 135.45(s), 127.72(s), 126.03
(s), 125.69(s), 123.99(s), 123.64(s), 121.72
(s), 115.32(s), 112.64(s), 112.31(s), 110.30
(s), 108.78(s), 97.22(s), 65.17(s), 61.04(s),
56.21(s), 41.80(s), 29.57(s). MS(ESI) :554.1
(CuH,sF3N, 04, [M+H"])
7-(4-(2-HH-TH-ZRTF [ d ] R 158 ) T 400 ) -
2-(3,4,5-= WA LRI ) AH-(0055-4- (10) . i (0,
WA, 773, 61%, Mp: 160-163°C ,' H NMR ( 400
MHz, CDCI3)8 7.71(d, J=8.2 Hz, 2H), 7.31(s,
1H), 7.25(d, J=3.2 Hz, 2H), 7.15(s, 2H), 6.77
-6.65(m, 3H), 4.23(t, J]=6.9 Hz, 2H) , 4.10(dd,
J=14.1, 8.6 Hz, 2H), 3.94(t, J=10.4 Hz, 9H),
2.64(s, 3H), 2.15-1.99(m, 2H), 1.89(d, J=6.3
Hz, 2H). "C NMR( 101 MHz, CDCl,)d 182.77(s),
168.20 (s), 166.39(s), 153.32(s), 151.32(s),
147.29 (s), 142.71(s), 135.06(s), 127.78(s),
125.95(s), 122.10(s), 121.93(s), 119.23(s),
115.07 (s), 112.27(s), 112.20(s), 109.04(s),
108.76(s), 97.21(s), 68.17(s), 61.04(s), 56.25
(s), 43.49(s), 26.60(s), 26.45(s), 14.05(s). MS
(ESI) :514.1(C, H,,N,O,, [M+H"]),
T-(4-(2-F-TH-FEFF [ d ] wRme-1-38) T4 5 ) -2-
(3,4,5-= AR LRI ) AH- 05 -4-F (11) . 8 @8
K, FEE, 60% ,Mp:163-166°C ,'H NMR (400 MHz,
CDC1,)8 7.61(q, J=8.0 Hz, 3H), 7.33-7.12(m,
4H) , 6.75-6.50(m, 3H) , 4.24(t, J]=6.7 Hz, 2H) ,
4.01(t, J=5.5 Hz, 2H), 3.85(t, J]=9.3 Hz, 9H) ,
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2.13-1.92(m,2H), 1.89-1.74(m,2H). "C NMR
(101 MHz, CDCL,)3 182.78(s), 168.19(s), 166.40
(s), 153.31(s), 147.29(s), 141.79(s), 140.45
(s), 139.85(s), 134.94(s), 127.78(s), 125.93
(s), 123.27(s), 122.80(s), 119.63(s), 115.04
(s), 112.26(s), 112.23(s), 109.35(s), 108.75
(s), 97.21(s), 69.53(s), 68.06(s), 61.03(s),
56.23(s), 53.80(s), 53.47(s), 44.11(s), 31.76
(s), 29.28(s), 26.24(s), 26.18(s). MS(ESI):
534.1( C,,H,,CIN,0,, [M+H"]),

7-(4-(2-( = AL ) -TH-Z8 9 [ d ] R mg-1-5E )
TEFEE)2-(3,4,5-= HAE FL L) 4H -0 JF5-4-T
(12): B AH K, 77, 63%, Mp: 153-156°C ,' H
NMR (400 MHz, CDCl,)8 7.92(d, J=7.8 Hz, 1H),
7.72(t, J=8.4 Hz, 1H), 7.48(q, J=8.0 Hz, 2H) ,
7.42(dd, J=14.8, 7.5 Hz, 1H), 7.17(s, 2H) , 6.81
-6.68(m, 2H), 5.32(s, 1H), 4.47(t, J=7.3 Hz,
2H), 4.15(t, J=5.1 Hz, 2H), 3.96(t, J=10.3 Hz,
9H), 2.25-2.09(m, 2H), 1.98(s, 2H). "C NMR
(101 MHz, CDCL,) 182.79(s), 168.20(s), 166.33
(s), 153.32(s), 147.28(s), 141.21(s), 139.87
(s), 135.31(s), 127.78(s), 125.96(s), 125.46
(s), 123.78(s), 121.87(s), 115.13(s), 112.29
(s), 112.22(s), 110.42(s), 108.76(s), 97.22
(s), 68.03(s), 61.03(s), 56.23(s), 53.45(s),
44.77(s), 26.86(s), 26.26(s). MS(ESI) :568.2
(CaoH27F3N206’ [M+H+})o
22 fRSMEBhEEYE LAY 4-12 RSN IR
TEPESEIR A R LR 1, G 4-12 X MGC-803 4
JRRFN MCF-7 20 AR SE A U 1C, B AN T 100
wmol/L, fLA&H 8 F1 11 X} B4 MGC-803 (141
HE LT BAE XS BB 25 S-SR e e, Ho fk &9
8 AR ML e 15 P e g, X 1 R 4TS MGC-803 L FL
g 4 MCF-7 FUFE 40 L HepG-2 19 1Cs, fH 437
4 20.47+2.07 pmol/L 43.42+3.56 wmol/L £l 35.45
+2.03 pmol/L, I T BHPEXT RE 24 S-SR WA RE

309w

UTAESR SR R 19 A R T Y
HIlJ™ E B AR AE B B 2 — , # AT LIRS
NE ., AHRZEATT TR A RS 2 55
DRUBR ) 1 A e PR D7 1 ) 12 P ol AR5 4 I
FOBAE R MR G IT ROR TR SE VR IT E At e %

PIE PO 2 T2 e TR IR ke S AE
BYIRA T Z B IS AR R 1 T
T 5 AN R T35 B, A Rt g ) A Al 2 i B
PR IR FEASAIT ST S Bl T 9 A B R A bk
WERTAEY) e A ST R 3 R A kB, B A
IFORMERT A B BoA R AR PT IR AE . T g
B2 5K AR IE P EE R 34 XA S T
I TE AR AR RN R . R G 8 RSN
TAGPERLLF LT B X IR 28 5-90UR W e, (H 5 1
—BRGE AR TGV 5 3 PERLE], O 508 B Y
FL BT 25 P PR R R S8

&1 LAY SMNLE R E

IC50( pmol/L)
compound
MGC-803 MCF-7 HepG-2

4 94.47+5.21 >100 84.32+£3.54

5 75.12+3.47 87.34+4.39 82.53+3.28

6 75.43+3.12 84.71+£4.17 >100

7 77.52+3.71 91.46+4.36 >100

8 20.47+2.07 43.42+3.56 35.45+2.03

9 77.27+4.76 92.37+3.62 86.83+4.73

10 73.62+4.73 81.43+2.57 >100

11 63.51+2.64 78.34+3.53 76.82+5.39

12 76.27+3.74 62.37+2.35 >100

5-Fu 74.39+2.03 57.09+3.17 63.37+2.52
S 3k
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