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i E.BH WIPEE R — RPN 2- KRR AL A Y, LU R LA BT 1 T R R Rk S S
&Y., Ak BT TR —28 2- R BRI R AL 5, DL 4-BUFC R A S A 2R e A e 4 i
Bl GG GERBUREE RN AR 12 S BAMEA Y. SR B L s h (MTT) k% 58 HAnfb G 9% 5 Fh
NG e A M (8 B0 HeLa 40 M % AS49 4 JHE HepG2 4ift  FLARJE MCF-7 41 L Fn 45 ¥ HT-29 4
i) B AR SNEAE 15 P, E—25 2R FH Swiss ADME 7EZR TN H AR L A9 25, Beak, R R0 B v
XA TH R TE S BE Y 2- R FE AR TF RIS A A W (AR S — S A SRRSO RE 1 64700 2 , #4695 He B R B g 2000
SR i B LS WS4 H-NMR | C-NMR K &5 4> B R RE A UE . (A SN0 b 98 % M T 25 SR 32 1
WAL Y B A B RSB g 3% 1, HE P A B Sa TE M S o g, U 2L IR s MCF-7 41 i (1C, =
4.11 wmol -L ") FI&5 78 HT-29 4l (IC,, =4. 86 wmol-L~") Ay i VE T S A T B 25 50471, XoF it 968 A549
AL (IC,, =5. 86 wmol-L~") Al 16 P 5 FAME 2504040 2, b4, b &9 Sd W — S b A B E e i, H.
Swiss ADME -5 Tl H BA U R L2, 4538 & 5d 5 58 4T g 85 0 T R 41 i 2142, T 4

R T 5 AL S, O TR ORI SR U R 2 I B RE T — e A
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CZ Ut B P E R AL A FE
RERIT kT AT ZE AR EENIRIT T
Z—o SR ABGEALST 2454 A dife = 3% Jieb 98 40 L )
RSP TRUN A 2R A0 g AR 1) ) B 2 B AE
BRI | ™ N RO T AT BE I Sk 24
PR A A REQRITSCRA AR, HIL, A
P AREE AT IR 25 0 1 25 A 2 B Y —
A ABFFE DT 0]

HARF T HEN SR E YR
2l Al SIS A F I AR, 2R Tk
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DK WA 114 57 75 B 24 P 485 4 T ) 0B | - ME AR
b K AE 5 22 8 Oy 1 [ AR ] O 5 A Wy RE A 4
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BrUESE , 2T F R 3k 8 W P - T 2 B L G W e g
YERIT 242530 55, ToiR e A e 3 mr L id 2

%8 B HA:2025 - 01 -09

25304 AR Z2 80 A T MR 25 W o R I s
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FEHUMIRVE I . LAk, 2R IF kAL S e B A
RAF I 2t s B AR 7K 43 i R 50 R A=
YR BE AR B # vk , BOA R R — 2R AT R
PR 25 sk 450

AT 5" - BB IR 16 Ak B 119 B ( AMPK) & —
i S = RAR 22 R/ H AR A1), B — B
A AT e B T B0 T A A5 Z L 8 1 (mTOR)
FEESMIEE, HFFTIESE AMPK BTG ol 5 5
S Py 1 15 5 B TR) 52 o) 400 A 49 A AN R 3 2F
F2OT . mTOR 240 i A 4 Fn 43 24 0 32 228 5 [
I, 38 b9 40 M 2> 3 B B AKT/mTOR 5 %5
i, KL, mTOR 57 40 ATG-008 ,AZD-3147
e AR R AT R E A N AN BT R
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B, 2801 K e 26 A 5 Wy el il o A T AMPK K
mTOR KIEHUIR R -2 B AT A=
Py e HE A RIS B B, £ 2= A I PR IG YT A L
RN, SR AT LR WA A 5 7 H Tk 2 A
AN BB S TR PRIk 3 5 5 o SR I S - e
RATAYIT RERART 55 S5 LA AR 22 1 R
PSRRI TT 1],

—HMR(NO) B H MEAEYIR N Z IS
RG-S 00 1, Al DL B S A M R AT 5 12 5
Z5HURS R E PR TEORFR IR e fl
S HURRGE R J7 R B bR ) AR e T RE L W
TR, SN NO(NO A4 Al 7 (4 P R
P NO, DA™ £ 22 B i PR R i & DNA
I ANERLAR D BE R0, e 2 fik A 40 7 PP 1 4
T2, Pt , NO (A AT £ S e b 25 i 2 e
{H NO 7EMR A, #L P 22 , Bfll NO Atk
PUMRBCR A R, BE R 80k NO Atk
PR 25 2B S A NO (HARSTIM R BOR A
WA BRI ARG 2 S Xk 2 Fl
HATGUIR 6 4 09 K SR AL~ 23 2EA T I M5
K BAEGUIE AR B 2R R B0 51 A NO itk
T B R e SRR A A A ST IR O 1, ELRRAR T

FEPERIARS RS ) R 5 SR R A SR )
BT AL T 15 % S0

BT BRI A SCVE R LU T DK e i 42 5y
BERZFF AT AE Y, JF R 2 R R R 48 —
GG RN R TR 48 TR AE N-1 47 2 5
AR B AR TR LA, A R 5 2- 483K
JEPRMEAL &9, K H RSN MTT 5454 ADME
B TEPEAXT BTA  AA P EA T T [ B 4
Xof L H A A i T T 45 A8 BB 1) A A A A A A
NO BRI 7 PEAG FLAE S NO LR 9 7, LA
HARAS LA B 16 1 0 2R I DR , R R T
DK Al B 2R AT 88 245 4 P T 9 8 A 52 36 L itk
FRARYE
1 BHRUEWMHZITR AR EKE

W 278 DR JF K e 25 4 43 5] 5 AMPK
(PBD:6bx6) Fil mTOR ( PBD:4drj) #175> ¥4
WP, RIS AR A R R A 25 G601,
ZEEREST A - 6.6 cal -mol ' 1 —8.6 cal -mol ',
iE—25 5% 2-JRELIRIF ORI AT 2D ATLAL S o T
20 A JEEPNAER 1087, 25 0L 1,

Figure 1 Molecular docking of 2-phenylbenzimidazole with AMPK ( PBD:6bx6,A) and mTOR( PBD:4drj,B)
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BRI RS W B A TR s AN 3

2R LR IR REAZ 1 2 7 AR N 88 T
Ala-43  Val-30 Fl Lys-45 %5 & 3 iR 7% 3L 44 1 19
AMPK & H#i/K H 4915 Met-93 JE i -t #2
FEIF KR EE Y B Bt 5 AMPK 884 X Leu-146 1
AR K A BAE H BE % 5 mTOR & 1 1Y Trp-
2101 ,Phe-2039 . Tyr-2105 JE %, T a-m HEFUA B 4
FH 2 (iR HE 5 2 Fh 2 1R 5 T8 1455 B 7K AH B
EH,

HIAA R G R P 5T & B0, AT R mk 2 37 4% A
TG 05 B R (5 230 ) A 1 T B S 8 e 4 i ggg

T X6 2 A7 0 2R R A AT A T 7 K e A R
G AR SR 4G R T4 A S i g
Wt b, 51 ARH IR IR S8 T i 1 B ik NO, 1
SRACEITE MR A B TP R A B . 2% B AR
VR LA B S8 B DR B 2 - 2R BT R s
RERZE5HE 76 R 051 A HLF R0 AN ] ) BROAG 32
SAE R? A5 A B K M 5 A sl B e 1 F 1 3
A (NO fib A BE) 00, LI 1k & 4 B9 4 e
W, SRR K e R A B M (1B 2)

or bioavailability

@RI —>: substltuents of electron acceptor or electron donor
antitumor activity T

— ahphatlc groups or NO donor fragment

2-phenylbenzimidazole

Figure 2 Design strategy of 2-phenylbenzimidazole derivatives

HAREA YA &K 3 s, LR
BURAYZE S (1a ~ 1F) FNAI 2K — i Jy IRk, 78 45
AR FREN AL T 840 5 SN AR B OGS rh ()4 B
HETF R S TS (2a ~ 2f) 2a~2f%,%%ﬁﬂx
FRIRNEAE N-1 251 A EEIA A e, 75 3] H bRk

B 3a ~3f; hAlfk 2a ~2f 5 1 ,4- R T ke4r
AR S A B RS B 1 R ] A da ~ 4F da ~
af it — B L IL A LA AE N-1 067 5] AHH R iR 2
B, 198 Hbrfb &9 5a ~ 51,

CHO
NH, _ @N )
1 A\ R 1
Cr™ ) e OO e
: L
R

la - 1f 2a - 2f 3a - 3f
l iii
(CHp)4Br (CH,)40NO,
N iv N
O = Q0O
N N
4a — 4f 5a — 5f
la-5a:R=H lc—5c¢: R= -E—O/W le-5e:R=Cl
1b — 5b: R=CH; 1d - 5d: R = 1f - 5f: R=Br

Reagents and conditions;i) Na,S,0,, DMF/H,0,80 C,45 min; ii) ( bromomethyl) cyclopropane, Cs,CO, , acetone,
reflux,24 h; iii) 1,4-dibromobutane,Cs,CO, ,acetone,reflux,24 h; iv) MeCN,AgNO,,50 C,24 h.

Figure 3 Synthetic routes to target compounds
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2.1 4-IAAEHFEFHRE (1c) WEK

B0.31 g(2.5 mmol) X R IR 1.24 ¢
(3. 8 mmol ) BRR4E & T 50 mL [BELIHH, A
8 mL A F1 0. 84 g (6.2 mmol) IR H BE R P52,
Pk RN, TLC W s b 2, 29 6 h s i 45
W R TINA 15 mL 2£48K , 2% 2 1
(20 mL x3) % HL, & 94 HLAH, i s Ak a7k
WRU(25 mL x 2) PEk, ToK BB EE T8, 208 , 1
JE e 48 8 T, T A3 W) 22 ik I A i e s alifk (A
EE-Z TR 2B, RBLEE 10 1), 75 JC (8 i IR T 44
0.35 g, U4 80. 1% .

2.2 2-(4-BVRRFEE ) KIHFIRIE (2a ~ 2f) & B
&k

10.26 g(2. 4 mmol) £BAE % 2. 2 mmol HX
RIEHE 1a ~1£.0. 49 g(2. 6 mmol ) £ VAR FREN
BT 50 mL FEREH, IIA 9 mL N, N- AL
H Bt (DMF) Al 1 mL Z& 48K BIR A 1A 7, 7245
VAT, 80 T Bt P N, TLC W 2 py ik A, 24
45 min WS, BB BE B T rioK R A,
TGS HEK 38 52 3 J5 A RT3 fhog, A
- T b (R 1 ) IR ARG, T
M A9 e Ak 2a ~ 2, 2a ~2e ¥k (0 [H
26 SRR LA R 75. 6% ~83.1%

2.3 BirLEW N1-(RAERE) 2-(4-BIR
FE) EFHKM (3a ~3f) A RIEE

#£ 50 mL [BEHEH P AA 1.0 mmol H1{a]{£
2a ~2f.0.42 g(1.3 mmol) fRFRH: A1 8 mL P,
FEAMREA A 0.27 g(2.0 mmol) (77 3E) 2P
ot P FE R R N, TLC Wil i o7 ik, 24 24 h )2
NEZESR [ RN RN 15 mL 2848 7K , FH 4R
R (20 mL x 3) 2, A I AP, AT ik
BIZKI R (25 mL x 2) PR, TCKBRER BE T4 | ik
& Ul MR A B, T AR 2 ik BT (i A3 S 24k
(fimfE-2 1R R, R AL 15:1) , 5 8k &)
3a ~3f WK 68.4% ~T4.1%

N-1-( AT EEH L) 2 R FET TRk (3a) . H
PRI IR 72. 5% . HR-MS m/z;caled. for
C,,H,,N, 249.1386[M + H] ", found 249. 1377,
"H-NMR (400 MHz, CDCl, ) 8:7.88 ~7.80 (m,
1H),7.74 ~7.67(m,2H) ,7.54 ~7.49(m,2H) ,
7.48 ~7.44 (m,2H),7.34 ~7.27(m,2H) ,4. 12
(d,J=6.6 Hz,2H) ,1.21 ~1.07(m,1H) ,0. 52 ~
0.43(m,2H),0.20 ~0.11 (m,2H) ., “C-NMR
(100 MHz,CDCI,)6:153. 8,143.1,135. 8,130. 8,

129.7,129.5,128.7,122.7,122.3,119.9,110. 4,
48.9,11.3,4.3,

N-1-( P BT 3 ) -2-(4- R L ) 2001 K
BE(3b) ;R A, WK 64.8% . HR-MS
m/z; caled. for Cy,Hy N, 263.1543 [ M + H] ",
found 263. 1542, 'H-NMR (400 MHz, CDCI, )
8:7.90 ~7.85(m, 1H),7.67 ~7.61 (m,2H),
7.51 ~7.47(m,1H),7.35(d,J=7.4 Hz,4H),
4.16(d,J=6.6 Hz,2H) ,2.45(s,3H),1.23 ~
1.12(m,1H),0.55 ~0.47 (m,2H) ,0.24 ~0. 15
(m,2H), "C-NMR (100 MHz,CDCl,)§:153.7,
140.0,135.6,129.4 (2C),129.3,122.8,122.5,
119.7,110.4,49.0,21.5,11.3 4.4,

N-1-(FR P9 55 H 3 ) 2-(4-30 P9 2 H 40 2 O
B RIFBRME (3¢) - TR, 1% 69. 2% .,
HR-MS m/z:caled. for C,,H,;N,O 319. 1805[ M +
H]*, found 319.1802, 'H-NMR ( 400 MHz,
CDCl,)8:7.85 ~7.78 (m,1H) ,7.68 ~7.62 (m,
2H),7.49 ~7.43(m,1H),7.33 ~7.27(m,2H) ,
7.06 ~7.00(m,2H) ,4.13(d,J=6.5 Hz,2H)
3.88(d,J=6.9 Hz,2H),1.36 ~1.27(m,2H),
0.73 ~0.64 (m,2H),0.54 ~0.47 (m,2H),
0.43~0.35(m,2H), 0.23 ~ 0.15 (m, 2H),
C-NMR (100 MHz, CDCl, ) 8; 160.2, 153.7,
135.8,130.9,130.8,122.6,122.3,119.6,114.8
(2C),110.3,72.9,49.0,11.3,10.2,4.3,3.2,

N-1-( PP BRI ) -2- (4-30 R 2k ) 28 JF K e
(3d): A & [ A&, mp 109.4 ~ 109.8 C, I K
67.7% ., HR-MS m/z; C,H,FN,
267.1292[ M + H] *, found 267. 1287, "H-NMR
(400 MHz, CDCL, ) 6:7.86 ~ 7.80 (m, 1H),
7.75~7.68 (m,2H), 7.50 ~ 7.45 (m, 1H),
7.36~7.28 (m,2H), 7.25 ~ 7.18 (m, 2H),
4.14~4.08(m,2H),1.19 ~ 1.09 (m, 1H),
0.55~0.47 (m,2H), 0.20 ~ 0.13 (m, 2H),
"C-NMR ( 100 MHz, CDCl, ) §: 164.8, 162.3,
152.8,143.0,135.8,131.5(d,J =8.0 Hz),127.0
(d,J=3.0 Hz), 122.9,122.5,119.9, 116.0,
115.8,110.4,49.0,11.3 ,4. 4,

N-1-( RN 5L L ) 2- (4-50 8 3 ) 22T kg
(3e): A [E A&, mp 105.3 ~ 106.2 °C, I &K
71.9% ., HR-MS m/z: calcd. for C,;H,,CIN,
283.0996[ M + H] *, found 283. 0986, 'H-NMR
(400 MHz, CDCl, ) 8:7.86 ~ 7.81 (m, 1H),

calcd. for

1

1

l
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7.70 ~7.65 (m, 2H), 7.53 ~ 7.55 (m, 3H),
7.36 ~7.29(m,2H) ,4.12(d,J=6.5 Hz,2H) ,
1.21 ~1.09 (m, 1H), 0.55 ~ 0.48 (m, 2H),
0.22~0.15 (m, 2H)., “C-NMR ( 100 MHz,
CDCl, ) 8 152.5, 143.0, 136.0, 135.9, 130. 8,
129.3,129.0,123.0,122.5,120.0,110.4,49.0,
11.4,4.4,

N-1-( FRTN HE L ) 2- (4-J5 2R 5L ) 28 JF g e
(3f): ¥ {0 [& {K, mp 103.1 ~ 104.0 C, Y& %
67.6% ., HR-MS m/z; caled. for C,;H(BrN,
327.0491[M + H] ", found 327.0489, 'H-NMR
(400 MHz,CDCl,)8:7.85 ~7.80(m,1H),7. 65
(d,J=8.5 Hz,2H),7.59(d,J=8.5 Hz,2H),
7.48 ~7.44(m,1H),7.35 ~7.32(m,1H),7.31 ~
7.28(m,1H),4.11(d,J=6.5 Hz,2H),1.18 ~
1.08(m,1H),0.57 ~0.43(m,2H),0.25 ~0.09
(m,2H), "C-NMR (100 MHz,CDCI,)§:152.6,
143.1,135.9,132.0,131.1,129.8,124.3,123. 1
(2C),122.7,122.6,120.1,120.0,110.5,49. 1,
11.4,4.5,

2.4 HRE{E 4a ~ 4f A RUEE

#£ 50 mL [BEHH A MA 1. 0 mmol 1{a]{£
2a ~2f.0.42 g(1.3 mmol) BER4E 8 mL PR, 55
MRAE,IMA 0.76 g(3.5 mmol) 1,4- 7R T %,
Z“2. 3 TN A RO R T RO, 45 ) ]
1k 4a ~4f,

2.5 BRI N1-(4-FHESETEH)2-(4-BK
FE) FEIHDKIK (5a ~5F) A RIEE

£ 50 mL [BJELEH HIA 0.5 mmol H[A]{A
4a ~4f 0. 68 g(4.0 mmol) FFRER AN 5 mL L,
50 C 3kt B, TLC Weill f i o FE I 45 3R
Jei , b U DB R AR BV, T A 2R rE A £ 1 4y
Balifb (A k-2 R g, R 3:1) 13 3 H
btk &%) 5a ~ 58,

N-1-(4-fiFf H 4 28 T 56 ) 208 266 08 I K ma
(5a): [ [ A&, mp 148.5 ~ 149.1 C, g &
53.2% ., HR-MS m/z.: caled. for C H N;O,
312.1343[M + H] *, found 312. 1334, 'H-NMR
(400 MHz, DMSO-d, ) 8:7.90 ~7.80 (m,4H),
7.68 ~7.57(m,3H),7.47 ~7.38(m,2H) ,4.37
(t,J=6.5Hz,4H),1.81 ~1.68(m,2H),1.57 ~
1.46(m,2H), "C-NMR (100 MHz, DMSO-d, )
8: 154.2, 141.1, 134.9, 131.4, 129.7, 129.6,
129.5,124.4,123.9,119.4,112.2,73.3, 44.6,

25.7,23.5,

N-1-(4-FH B4R BE T BE ) 2- (4- TP AL ) Z80F
B (5b) « (10 [ 44, mp 140. 3 ~ 140.5 C, iR
57.6% ., HR-MS m/z: caled. for C,H, N0,
326.1499[M + H] *, found 326. 1491, "H-NMR
(400 MHz, DMSO-d, ) 8:7.83 ~7.78 (m, 1H) ,
7.77~7.71(m,1H) ,7.66 (d,J=7.9 Hz,2H) ,
7.43~7.36 (m,1H),7.35(t,J=8.9 Hz,3H),
4.42 ~4.29(m,4H),2.39(s,3H),1.79 ~ 1. 69
(m,2H),1.57 ~1.47(m,2H) , "C-NMR (100 MHz,
DMSO-d, ) 6:154.1,141.5,140.9,135.2,130.0,
129.5,127.0,123.9,123.4,119.3,111.9,73. 4,
44.3.25.7,23.6,21. 4,

N-1-(4-fi AU T 56 ) -2-(4-2R P 2k F A5
B IR W (Se) : H A EA, mp 125.2 ~
126.1 C, Yt *F 43.1% ., HR-MS m/z: calcd. for
C,H,N,O, 382.1762 [ M + H ",
382.1760, '"H-NMR (400 MHz, DMSO-d, ) §:
7.82~7.75 (m,2H),7.75 ~ 7.70 (m, 2H),
7.43 ~7.31(m,2H) ,7.11 ~7.04(m,2H) ,4.45 ~
4.29(m,4H),3.89(d,J=7.1 Hz,2H),1.75(d,
J=7.4 Hz,2H),1.53(m,2H),1.27 ~1.22(m,
1H),0.63 ~0.57(m,2H) ,0.38 ~0.32(m,2H) .
BC-NMR( 100 MHz, DMSO-d, ) 8:160.8,154. 1,
142.0,135.1,131.2,126.2,123.9,123.5,119. 2,
115.3,112.0,73.1(2C) ,44.4,25.7,23.6,10. 5,
3.6,

N-1-(4-FHFEEE I T 3E) 2-(4-0R 5L ) 28910
Me(5d) ; H @ E K, mp 165.4 ~165.8 C, I K
61.0% , HR-MS m/z: caled. for C,,H,FN,O,
330.1249[M + H] *, found 330. 1245, '"H-NMR
(400 MHz, DMSO-d, ) 5:7.88 ~7.81 (m,2H),
7.81 ~7.72 (m,2H),7.43 ~7.38 (m, 2H),
7.37~7.31(m,2H) ,4.40 (t,J=6.4 Hz,2H),
4.35(t,J=7.4 Hz,2H),1.80 ~1.66 (m,2H) ,
1.62 ~ 1.46 (m, 2H), “C-NMR (100 MHz,
DMSO-d,)5:164.9,152.9,141.7,135.4,132.2,
132.1,123.8,123.3,119.5,116.6,116.4,111.9,
73.4.,44.3,25.8,23.6,

N-1-(4-FHFEAAEE T 3 ) -2- (4-FUR 5L ) A1 K
Me(Se) . 160 [ A, mp 164.2 ~165.1 T, %
63.9% , HR-MS m/z: caled. for C,H,,CIN,O,
346.0953[ M + H] ", found 346.0944, 'H-NMR
(400 MHz, DMSO-d, ) 8:7.89 ~7.86 (m, 1H) ,

found
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7.86 ~7.83(m,1H),7.74(d,J=8.4 Hz,2H),
7.47 ~7.42(m,2H),7.41 ~7.31 (m,2H) ,4. 39
(t,J=6.3 Hz,2H),4.35(t,J=7.4 Hz,2H),
1.80 ~ 1.68 (m,2H), 1.59 ~ 1.47 (m,2H),
“C-NMR( 100 MHz, DMSO-d, ) 8:153.1,141.1,
134.9,132.5,131.8,128.7,125.1,124.5,124.0,
119.5,112.3,73.4,44.6,25.7,23.5,
N-1-(4-THBEARBE T B ) 2- (4-TRORIE ) AT IR
ME(SE) . {0 B AR, mp 163.1 ~ 163.8 T, It %
72.3% ., HR-MS m/z; caled. for C,;H,;BrN,O,
390.0447 [ M ]*, found 390.0426, 'H-NMR
(400 MHz,DMSO-d, ) 6:7.84 ~7.79 (m,2H) ,
7.78(d,J=2.9 Hz,2H),7.76 (d,J=8.3 Hz,
2H),7.43 ~7.39(m,1H),7.39 ~7.29(m,1H),
4.41(t,J=6.4 Hz,2H),4.36 (t,J=7.4 Hz,
2H),1.77 ~1.70(m,2H) ,1.57 ~1.50(m,2H) ,
“C-NMR( 100 MHz, DMSO-d, ) §:153.1,141.1,
134.9,132.5,131.8,128.7,125.1,124.5,124.0,
119.5,112.3,73.4,44.6,25.8,23.6,

3 fRSMTBRETE M TE I
K H MTT ¥, LUI%A ( cisplatin) Sk BH A4 X R

25, DI\ S0 20 D HeLa W95 40 i A459 9
YHMfl HepG2 . 45 W7 J 240 Bl HT-29 | ZL Mg J& 40 ffg

MCEF-7 S g ik , TR B Ar ik &9 B iRt
HATA TG, ORE0 A K ) IR HeLa |, A459
HepG2 .HT-29 . MCF-7 4il Jitl ( Wy rp Bk B I 75 41
JLPE ), 430l FH BT B R 5 ok 0. 25% 1) EDTA Ji 85
1T P it T s o) B B BV, ol 58 A s o S
HEAT R R T 20 ML B B BT 5 x 10° 4,
DAERAL 100 pL 42270 T 96 fLik 3557 24 h J5 5%
FIHBEFREL 2 BN AGE B VR B A B B 7 2 15 77
FEHATAE I T 37 CHAFTIEE 48 h, sELIHES
I LKA 120 pL B 540 10 pL
MTT ¥R, 4k 2E 37 CHAAF T ROUMT 4 h, Wk
W, BFLINA 150 pL DMSO, 527 10 min, %
JH Multiskan FC i #r % ( 3€ [E Thermo 72\ #) ) 1
570 nm P A 2 AL OD fH, FATBEZ H
(et ) B B (5 4 58
RRFREL) NI BE 2 S a A | BH P 24 I S
B AH (S IED AR SE R R AL ) | A AU AT
M 3 W RIECEEME, i P AR 2 4
T4 B %o e 240 P 91 i %

SCERZH OD - %514 OD
%% =1 - r
WiiR% =1 ( XTHEZH OD - %5 140 OD

K JH GraphPad Prism 3K LA 25490 45 e B2 1) 11
PORAOOEIE ST RS- (O - ESE O R |
o bR, BARGERILER 1,

)] x 100%

Table 1 IC,, values of 2-phenylbenzimidazole derivatives against five tumor cells proliferation

IC,,/(pwmol-L™")*

Compd.
HeLa A549 HepG2 MCEF-7 HT-29
3a 43.99 +1.11 16.48 +0. 05 40.37 +1.39 16. 8 £0.98 13.87 1. 41
3b >50 >50 >50 >50 >50
3c >50 >50 >50 >50 >50
3d >50 >50 >50 >50 >50
3e >50 >50 >50 >50 >50
3f >50 >50 >50 29.87 +0. 30 11.62 +0. 19
Sa >50 >50 >50 >50 >50
5b >50 >50 >50 >50 >50
5c >50 >50 >50 >50 >50
5d 35.88 +1.59 5.86 +0. 08 30.57 +1.09 4.11 £0.45 4.86 +0.02
Se 41.66 +0.95 8.02 +0.03 39.66 £0. 85 19. 67 +0. 82 11.25 £0. 15
5f >50 12.43 £0.42 >50 27.10 =0. 35 15.63 0. 57
cisplatin 14.02 1. 42 5.44 £0.24 6.47 £0.32 19.20 +0. 62 17.60 0. 47

a:Values were expressed as means + SD of three independent experiments.
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SR FH S 56 28 Rl S0 ST 1 O vk Y R A R R
G SZEERIAL A W) (5a ~ 5F) HEATIRAN NO R
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WHEJE M 0.01 mol - L~" i) DMSO & ¥, 43 1) Bt
1.0 mL, & A i i L2 DR i R 22 v s W
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0.1 mol-L ' E A ALENIA A 0.3 g L-2P A
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10 min, & A V-5100 500 W43 6568 1 (B
TOHTXESA BRAF]) T 542 nm P K AR G
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RARAR , 23] NO Bt SRR ML (K 4) .
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Figure 4

5 ADME i
o5 BRRAL A o 55K 1] R swiss ADME

Nitric oxide release curve for compounds Sa —5f

(http://www. swissadme. ch/) 118 H 1k & ¥ )
ADME $#1E | 456 Wl i T 5 xF b A 4 il 2 1k ik
AT 4530, A OCER IS W3R 2

Table 2 ADME properties prediction of 2-phenylbenzimidazole derivatives

MW/ H-bond H-bond Rotatable o
. TPSA(A2) . b
Compd. (g-mol™") acceptors donors bonds <140 LogP,,,, GI BS
<500 <10 <5 <10
2a 194. 23 1 1 1 28. 68 2.94 high 0.55
3a 248.32 1 0 3 17.82 3.65 high 0.55
3b 262.35 1 0 3 17.82 3.98 high 0.55
3¢ 318. 41 2 0 6 27.05 4.34 high 0.55
3d 266. 31 2 0 3 17.82 3.95 high 0.55
3e 282.77 1 0 3 17. 82 4.18 high 0.55
3f 327.22 1 0 3 17. 82 4.27 high 0.55
Sa 311. 34 4 0 7 72. 87 2.91 high 0.55
5b 325.36 4 0 7 72. 87 3.27 high 0.55
Sc 381.43 5 0 10 82.10 3.63 high 0.55
5d 329. 33 5 0 7 72. 87 3.24 high 0.55
Se 345.78 4 0 7 72. 87 3.46 high 0.55
5f 390. 23 4 0 7 72. 87 3.55 high 0.55

a. Gastrointestinal absorption; b:Biopharmaceutics classification system.
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Figure 5 Radar plot of bioavailability for compounds 2a,4a,and 5d
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Design , synthesis,, and antitumor activity
evaluation of 2-phenylbenzimidazoles

YU Zikai, SHANG Yifan, WEI Yating, HUANG Xinyu,ZHANG Xin, WANG Tao "
(School of Traditional Chinese Medicine ,Guangzhou University of
Chinese Medicine ,Guangzhou 510006 , China)

Abstract; To discover compounds with good antitumor activity, a total of twelve 2-phenylbenzimidazoles
were designed and synthesized via cyclization and nucleophilic substitution using 4-substituted benzaldehyde
and o-phenylenediamine as starting reagents. The structures of target compounds were confirmed by 'H-
NMR, "C-NMR , and high-resolution mass spectrometry. Further, the in vitro antitumor activity of 2-phenyl
benzimidazoles against five tumor cell lines( HeLa, A549 ,HepG2 ,MCF-7 and HT-29 ) was evaluated using
the MTT assay. The results indicated that some compounds showed prominent antitumor effects. Compound
5d was found to be the most potent antiproliferative agent. It demonstrated superior inhibitory effects against
MCF-7(IC,, =4.11 pmol -L™") and HT-29 (IC,, =4.86 umol - L") compared to the positive drug
cisplatin. Furthermore , its inhibitory activity against A549 (IC,, =5. 86 wmol-L ') was comparable to that
of cisplatin. In addition, the in vitro nitric oxide release assay showed that compound 5d had the highest
nitric oxide release. According to predictions from the Swiss ADME server, compound 5d also displayed
excellent druggability , making it a promising candidate for further research. This study provides a certain

experimental basis for development of benzimidazole compounds as antitumor agents.
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