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Z . DLk, £ Pictet-Spengler FMUIUN . AR . N-Li s LSRN ALTR, AT —F 51 p-nk
WA BRI A, HAMEA Y4 "THNMR, "*CNMR F HRMS #iIEZ5H) . %A MTT (e ) B4 7 H
FRAL G YINT IR AIHE ( A-549 ), B4 (BGC-823 ). 45w 4ii (CT-26 ), HHE4iME (Bel-7402 ) FFLARIE
YA (MCF-7) MRIMIMEiEdE . 2553RM, SO A Yrxk 5 ik AR RN T &5 XA R Al
TP BRI 3- - 11-G- 2R BT ) - L LH-DR M 3F[10,5": 1,20 0 37 [3,4-5]% W ( V&) % CT-26. Bel-7402 F
MCF-7 JHRERRIAS MR G Py , Xz IR EE (ICso ) 43 3120(9.5 £0.4). (7.4 £0.3)F1(8.8 £ 0.6) pmol/L,
DT HELE SRR, 3T 11 - L H-BR M IR 10,51, 2 ML BE I [3,4-b]M8IME ( Va ), 3-"F3E-11-T JE-11H-BFms
FF[10,5" 1,2 ML BE I [3,4-b]MI0 (V) F1Vr 5 VEGFR2 Bl £ ik B RIFIES1ER .

KEER: B-URMRZAR AR, AR DU MIROCER; s 2R

FESZES: 0626; R979.1 XEAFRIAEG: A XEHS: 1003-5214 (2024) 04-0881-09

Synthesis and in vitro antitumor activity of g-carboline
hybrid imidazole derivatives

CHEN Liang', GUO Liang', XIAO Yanbo', MA Qin?, CHEN Wei?, ZHANG Jie""

(1. Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan, School of Chemistry and
Chemical Engineering, Shihezi University, Shihezi 832003, Xinjiang, China; 2. Xinjiang Huashidan Pharmaceutical
Research Co., Ltd., Urumqi 830011, Xinjiang, China )

Abstract: A series of f-carboline hybrid imidazole compounds were synthesized from L-tryptophan by
Pictet-Spengler cyclization, oxidative decarboxylation and N’-alkylation, and then characterized by 'HNMR,
BCNMR and HRMS. The in vitro antitumor activities of f-carboline hybrid imidazole derivatives against
five cancer cell lines of lung cancer cells (A-549), stomach cancer cells (BGC-823), colon cancer cells (CT-26),
liver cancer cells (Bel-7402), and breast cancer cells (MCF-7) were evaluated using thiazolylblue (MTT)
method. The results showed that most of the compounds exhibited moderate to excellent activity against the
tested cancer cell lines. Especially, 3-benzyl-11-(3-phenylpropyl)-11H-imidazo[1',5":1,2]pyrido[3,4-b]indole
('Vr) showed the most potent anti-proliferative activity against CT-26, Bel-7402, and MCF-7 cell lines with
corresponding median inhibitory concentration (ICsy) of (9.5+0.4), (7.4%0.3), and (8.8+0.6) umol/L, respectively.
Molecular docking results revealed that 3-benzyl-11-methyl-11H-imidazo[1',5'":1,2]pyrido[3,4-b]indole (V a),
3-benzyl-11-butyl-11H-imidazo[1',5":1,2]pyrido[3,4-b]indole (V{), andVr had a good binding effect on
several amino acid residues of VEGFR2 enzyme.

Key words: S-carboline hybrid imidazoles; synthesis; antitumor; structure-activity relationship; molecular
docking; drug materials
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AR B R L BETOBORRSE LT, AR
P bR BT B By AR B i 2200 1296, BFREERHA,
2020 FEAERIE T ANELC 23t 996 T, Tt ] 2030
4R, SERIETT ABCKRTEE 1500 7, BAR, RAEIR
SRS T —se it (ALY e K 2 H0E e e B
WIRIT . R4, IEAETERAETRYT T HEUS TH
Kb, Ay EREIR RS AT, B
BT RS2 B R G L IR A 2 4
R BRI, Rk, JF& B EA L7 R0 3 R
IR CER /R ER (=] -

BRI AE P — R EE K 2 1 AR A Ak
HPP, XFE LAY EA ZF G, bt
I . PUARIE . PO . UL (HIV), $i
PR R A AT 2 Ji b 21070 s s A el A6 433 ok
5 DNA 254, WFaFb At TR0 11 | 4 5 30 2
HARME R (CDK )., I AMEE A (EgS ).
polo-like 4 ff ( PLK1 ) FIZ4H g & 0] = AR 1 i il 4
( CDK4 )%, 1 F2 B 38 K 1 s 16 2%, DIGHE
B LT SRR N-Z8 PR R i A FLIR
MDA-MB-231 41 fifd B A W 25 09 $i 38 58 1% % .
CHANIYARA ZEP45% 91, (3% ) rh 8 B 9 [6,7-b]
N3] i DNA ZZER AP S Fn b ST Aa s T (11 R0
SRORIPTIME TS AN, BRIETT[1,2-a]HERE 251k
S —FEER A, BT AR B
9ot o /475 o T SE AR L 1) B BB T DRI [ 1,2-a M g 2
RBP4 R AE ) 2 AR5 P, B, DENG
PO A T — R FIBKMEIF[1,2-a] MR fiT A= )
YEH Gag/11 $WHHIF, & BEBKIE1,2-a] LR AT A= )
GQ352 XA B ARE (UM) 4 B A ek
PUHE T TG

MR, 7E B-PRWKER B 1 f25] ABURIE S
SERELHUIMIRERE ST, N3 Ab i B-RRBAT A= 4 0 4
SR RE G . FEAR R Z AT TR, B4
BT — RGN R IE-p-REIR . 2R TF DRI 34 (1) 3L --
MROARATT AR ) | 2R T e - B- IR AL S P A 5-5-6- 4
Fe-B-HRMREEL A Y, JFRIUHARG A A P G
B, 8 T B 5AE B-IRIRIR Y 1 A 2 5] AHUR
FEX B bR TE PR R sE e, AR SCHE TR A |
FE 1 ALAN 2 (T B — A KRR, Gl T — R 51 B-IR
Wk N2-Z4 A RIRATAE A, IR RSE T EATX MCF-7( %L
M9 ). A-549 (filis ). BGC-823 ( B ). CT-26
(259 ) Fn Bel-7402 (JH9 ) 5 R 4u g A oh
PUBG IS, DN RRAE R I m s, IKEE . 450
AFDGE T8] B HL LA RSP B-PRI AT A9

1 SCIGERSY

11 KFISME

WAL . MU L . URIE T e . 1-1R-3-K3E
Bt . AL (SeO, ). AALEN (NaH ). # (1),
L-EMR . L-ARNERR . L-HEMR . L-FHiaEmR .
L2 & R . L-ReadlR. L-h&EiR . LA H &R,
L RERERMAERAF; OB, A
(MnO, ), srHr4l, s s bR LR B0y A B
T WRERER (B3R 98% ). N, N-— 5k F ke
(DMF ), —HIZH (DMSO), fk2pa, 254
L2 A BR A | 5 3-(4,5-— HI L mEmE-2)-2,5-—
HERYE MR REY (MTT), Sigma Aldrich A#], H
NNl SN TR e S e i TR

IRk . Bel-7402. A-549 ., CT-26. MCF-7,
dRLBE AN ; BGC-823, BiamERI K- 1%

Bruker Avance I HD 400 %A% 5 L I 243 .
Bruker D8 Venture % B4 5 X S it 94X, Hit - Bruker
/Nl ; Q Exactive BIE 4 PEF I, 3€E Thermo
Scientific /A H); RV-8 BBERKZR &AL, LR ML
MR A BRA A X-5 B BHE S e, b
TAER A PR F]; iMark BUEFR{YL, 52 [E BIO-RAD
NI 8
12 HEWEK
1.2.1 PR ke 6] &

AR A I Ma~d (B B . BURIET
i Ma~b, FATRIETE . 1-3-3-R I BE A T
c~d) FVa~d BG5S % SCHR[29-31].

1.22 BAReet (V) 941 %&

IVa& i, ¥ 1,026 g (1.0 mmol ) A
B4 DMF (15 mL) 9 = R, =i F33E 15 min
J& s IMABRER SN 0.22 g (2.0 mmol ), L-AENER 0.18 g
(1.1 mmol ) I 9-H H&-1-H B -p-mkwk 021 ¢
(1.0 mmol ), THEZ 60 °C, KEAWE TS h
Pl RN, (R 2 sk I e R, SR IT
Al v ZEB ) v (HEE) =10 : 1, 254 nm
SHMT T SR S BE T B N SE R, KRR
AEEZERE, FAKS (100 mL), AWM EOUHE,
U8, KU A LR CEE (50 mL) o A LA
FHK A A Eh K Ve 3 Wk, TOKBRRR AN T4, Hl
UE, PTARIE MR ZE BRI, AR . SRR
FEMaifk, UV (ZRROEE) vV (IESkE) =3 :
1~1 0 1 VR, WOREE, S HAR=V a.
A R SR 5 A TRl UG i 2 SR 1R
Fi BB R G O A T RN, ARAHE A Vb~V w,

HARMEEYIVa~Vw & BB R
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COOH COOH
Wz CH;CHO NH MnOz Q—Q\N R'Bror R'1 @—Q
H,S0, H,0 THS0, “DME/NaH
L- @ﬁ@
1 Il 11}
HN. R Ma R'=CH,
= b R'=n-C,H,
SCOZ / \N OOH \ R ]]IC R'= CHZPh
—— —> —
1,4-— A N - s L( Td R'=(CH,);Ph
R’ HO R’
v Y V1  R'=CH,Ph,R=CH,CH,SCH,
Vb R=n-C.H. e i Vn  R'=CH,Ph,R=CH,CH(CH;),
flgsing Ve R'=CH,R=CH(CH), Vo R'=CH,Ph,R=CH(CH,)CH,CH,
Ve R'=CH,Ph Vd R'=CH;R=CH,CH(CH,), Vp R'=CH,PhR=CHCH,0H
IVd R'=(CH,);Ph Ve R'=CH,,R=CH(CH;)CH,CH, Vq R=CH,Ph(p-F)R=Ph
Vf  R'=n-CH,R=CH,Ph Vi R'=(CH,);Ph,R=CH,Ph
Vg R'=n-C,H,,R=CH,CH,SCH, Vs  R'=(CH,),Ph,R=CH,CH,SCH,
Vh  R'=n-C,H,,R=CH(CH), Vi  R—(CHy.PhR-CH(CH),
Vi R'=n-C;H,R=CH(CH,)CH,CH, Vo R—(CH.)PhR—CH,CH(CHy),
Vi R=n-CJH,R-CHCH,0H Vv  R'=(CH,),Ph,R=CH(CH,)CH,CH,
Vk  R'=CH,Ph,R=CH,Ph Vw R'=(CH,),Ph,R=CHCH,0H
311 BV H-BR MR I [1,5: 1,2] ML 0E 7 114.9, 110.3, 108.4, 107.1, 31.9, 25.9, 21.1, HRMS
[3,4-b1MIWE( Va): BEE AR, 103 51%, mp. 167.1~  (ESI), C;H gN3, m/Z: [M+H] BB {H 264.1495, ]

168.4 °C., '"HNMR (400 MHz, DMSO-d), J: 7.97 (d,
J=8.0 Hz, 1H), 7.88 (t, J = 3.6 Hz, 2H), 7.66 (d, J =
8.0 Hz, 1H), 7.38~7.33 (m, 2H), 7.32~7.25 (m, 4H),
7.24~7.18 (m, 2H), 4.50 (s, 2H), 4.15 (s, 3H).
BCNMR (100 MHz, DMSO-dq),5:139.5, 139.0, 137.7,
129.8, 128.9, 128.8, 126.9, 123.8, 122.9, 122.7, 120.4,
119.5, 117.2, 115.0, 110.3, 108.6, 107.4, 32.9, 31.9,
HRMS (ESI), C, H N3, m/Z: [M+H] i {E 312.1495,
MR 312.1492,

3-[2-(H B dE ) & FE]-11- O
[17,5": 1,210k BE I [3,4-61751%% ( Vb): ERtafE A, ik
K 52%, m.p. 145.7~146.9 °C, '"HNMR (400 MHz,
DMSO-dg), d: 7.99 (d, J=8.0 Hz, 1H), 7.97 (d, J =
7.6 Hz, 1H), 7.83 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H),
7.40 (d, J = 7.2 Hz, 1H), 7.38~7.33 (m, 1H), 7.22 (t,
J=7.2Hz, 1H), 4.14 (s, 3H), 3.34 (t, J= 7.6 Hz, 2H),
2.99 (t,J=17.6 Hz, 2H), 2.12 (s, 3H), *CNMR (100 MHz,
DMSO-ds), 6: 139.4, 139.0, 129.7, 123.7, 123.0,
122.5,120.4, 119.6, 116.9, 115.1, 110.3, 108.5, 107.2,
31.9, 31.4, 27.1, 15.2, HRMS (ESI), C,;H;sNsS,
m/Z: [M+H] BEiE{E 296.1215, MR(E 296.1218,

3-SN L -11-H BE- 11 H-BK me I 117,57 1,2] ik g
JE[3.4-b1W10 (V). mEAREK, 1% 76%, m.p.
175.1~177.4 °C, '"HNMR (400 MHz, DMSO-dq), J:
8.00 (d, J = 7.6 Hz, 1H), 7.95 (d, J = 7.6 Hz, 1H),
7.80 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.39 (d, J =
7.2 Hz, 2H), 7.38~7.33 (m, 1H), 7.25~7.20 (m, 1H),
4.15 (s, 3H), 3.58~3.47 (m, 1H), 1.37 (d, J = 6.8 Hz,
6H) . "CNMR (100 MHz, DMSO-d;), J: 145.4,
139.0, 129.9, 123.6, 123.0, 122.3, 120.3, 119.5, 116.6,

-11H- Bk ws Jf

IR 264.1496.,

3-S5 T AR 11 R LH- R M I 17,5000, 2] i e
JE[3.4-b1WI0k (Vd): tREEA, #R 52%, m.p.
100.0~102.3 °C, '"HNMR (400 MHz, DMSO-dq), d:
8.00 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.2 Hz, 1H),
7.84 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.39 (d, J=17.2
Hz, 1H), 7.38~7.33 (m, 1H), 7.25~7.20 (m, 1H), 4.15
(s, 3H), 2.94 (d, J = 7.2 Hz, 2H), 2.25~2.15 (m, 1H),
0.97 (d,J= 6.4 Hz, 6H) . "*CNMR (100 MHz, DMSO-d),
5: 140.4, 139.0, 129.9, 123.7, 123.0, 122.3, 120.4,
119.5, 116.8, 115.2, 110.3, 108.3, 107.1, 35.4, 31.9,
27.6,22.8, HRMS (ESI), C;sHyN;, m/Z: [M+H]"
PRIEME 278.1651, i{H 278.1651,

3-ff TR 11 R LH-BR M I [17,5001,2] it g
JF[3,4-p1MI%% ( Ve): FEEEE, R 73%, mp.
97.9~99.2 °C,'HNMR (400 MHz, DMSO-d),4:8.00 (dd,
J=17.6.3.6 Hz, 2H), 7.82 (s, 1H), 7.67 (d, J = 8.4 Hz,
1H), 7.38 (d, J = 7.2 Hz, 1H), 7.37~7.32 (m, 1H),
7.22 (t, J = 7.6 Hz, 1H), 4.15 (s, 3H), 3.41~3.33 (m,
1H), 1.99~1.64 (m, 2H), 1.34 (d, J = 6.8 Hz, 3H),
0.86 (t, J = 7.2 Hz, 3H), “CNMR (100 MHz,
DMSO-dy), 6: 144.8, 139.0, 129.9, 123.6, 123.0, 122.2,
120.3, 119.5, 116.8, 115.0, 110.3, 108.3, 107.1, 32.4,
31.9,28.5,19.0, 12.1, HRMS (ESI), CisHx N5, m/Z:
[M+H] i {H 278.1651, MXAE 278.1647,

- FE-11- T FE -1 H-BR I [10,5":1,2] Mk BE I
[3,4-b]M5| W ( V £): B A A, 1 71%, m.p. 86.1~
87.4 °C, "HNMR (400 MHz, DMSO-dq), 6: 7.99 (d,
J=7.6 Hz, 1H), 7.93 (d, J= 7.2 Hz, 1H), 7.76 (s, 1H),
7.68 (d, J = 8.4 Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H),
7.36~7.34 (m, 1H), 7.30 (d, J = 4.4 Hz, 4H),
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7.25~7.18 (m, 2H), 4.60 (t, J = 7.2 Hz, 2H), 4.50 (s,
2H), 1.85~1.74 (m, 2H), 1.44~1.32 (m, 2H), 0.89 (t, J =
7.4 Hz, 3H) . “CNMR (100 MHz, DMSO-d;), &:
139.5, 138.6, 137.7, 128.9, 128.9, 128.9, 126.9, 123.9,
123.0, 122.3, 120.4, 119.6, 117.0, 115.1, 110.5, 108.9,
107.3, 44.5, 32.9, 32.4, 20.0, 14.2, HRMS (ESI),
CoHuNy, m/Z: [M+H] FRIS{H 354.1964, Ii(H
354.1962,

3-[2-( W ) & HE-11- T 3 -11H- bk ms Jf
[17,5%: 1,210k REFF[3,4-b1051 0 ( Vg): B, I
& 71%, m.p. 86.1~87.4 °C, 'HNMR (400 MHz,
DMSO-dg), J: 8.03 (d, J=3.2 Hz, 1H), 8.01 (d, J =
2.8 Hz, 1H), 7.72 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H),
7.44 (d, J = 7.2 Hz, 1H), 7.38~7.33 (m, 1H),
7.25~7.20 (m, 1H), 4.59 (t, J= 7.2 Hz, 2H), 3.35 (t, J =
7.6 Hz, 2H), 3.00 (t, J = 7.6 Hz, 2H), 2.13 (s, 3H),
1.83~1.75 (m, 2H), 1.42~1.32 (m, 2H), 0.89 (t, J =
7.6 Hz, 3H) . "*CNMR (100 MHz, DMSO-d;), J:

139.5, 138.6, 128.9, 123.8, 123.1, 122.1, 120.4, 119.7,
116.8, 115.3, 110.5, 108.9, 107.2, 44.5, 32.4, 31.3,

27.1, 19.9, 15.2, 14.2, HRMS (ESI), CyHxuN;S,
m/Z: [M+H] B 338.1685, MX(H 338.1685,

3-SETNEE-11-T BE- 1L H-WR e I (17,5721, 2] g e
JE[3,4-61W] ( Vh): BAEREAK, R 78%, m.p.
141.8~143.1 °C, '"HNMR (400 MHz, DMSO-dq), 0:
8.02 (d, J = 7.6 Hz, 1H), 7.99 (d, J = 7.2 Hz, 1H),
7.69 (s, 1H), 7.67 (d, J=8.4 Hz, 1H), 7.42 (d, J=7.2
Hz, 1H), 7.37~7.33 (m, 1H), 7.25~7.20 (m, 1H), 4.59
(t, J=7.2 Hz, 2H), 3.58~3.50 (m, 1H), 1.84~1.76 (m,
2H), 1.44~1.33 (m, 2H), 1.38 (d, J = 6.8 Hz, 6H),
0.90 (t, J = 7.2 Hz, 3H) . “CNMR (100 MHz,
DMSO-dg), 6: 145.4, 138.6, 129.0, 123.7, 123.1,
122.0, 120.4, 119.6, 116.3, 115.1, 110.4, 108.8, 107.1,
44.5, 32.4, 25.9, 21.1, 20.0, 14.2, HRMS (ESI),
CaoHyuNs, m/Z: [M+H] BiS{H 306.1964, P {4
306.1962,

3o T I -11- T R - LH- R M 5 1,501, 2] Wik
JE[3.4-61WI0 (Vi) BEREE, R 76%, m.p.
95.0~96.3 °C, '"HNMR (400 MHz, DMSO-d), J:
8.01 (d, J=7.6 Hz, 2H), 7.71 (s, 1H), 7.68 (d, J = 8.0 Hz,
1H), 7.40 (d, J = 7.6 Hz, 1H), 7.37~7.32 (m, 1H),
7.22 (t, J = 7.6 Hz, 1H), 4.58 (t, J = 7.2 Hz, 2H),
3.42~3.34 (m, 1H), 1.96~1.87 (m, 1H), 1.85~1.75 (m,
2H), 1.73~1.64 (m, 1H), 1.44~1.36 (m, 2H), 1.35 (d,
J=6.8 Hz, 3H), 0.90 (t,J= 7.2 Hz, 3H), 0.84 (t, J="7.2
Hz, 3H) . "CNMR (100 MHz, DMSO-d;), 0: 144.8,

138.6, 129.0, 123.7, 123.1, 121.8, 120.4, 119.6, 116.6,
115.1, 110.4, 108.7, 107.0, 44.5, 32.5, 32.4, 28.5,

20.0, 19.0, 14.2, 12.1, HRMS (ESI), C»HxN;3, m/Z:

[M+H] S {H 320.2121, MHR{E 320.2120,
1-(11-T - 11 H-BRmE I [17,5":1,2] 0l B I [3,4-b]

W5IWE-3-55) 2 bE-1-FE (V). BEBEE, 1R 68%,

m.p. 131.5~132.8 °C, '"HNMR (400 MHz, DMSO-
dg), 0: 8.18 (dd, J=7.2. 0.8 Hz, 1H), 8.02 (d, J = 8.0
Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.2 Hz,
1H), 7.39~7.34 (m, 1H), 7.26~7.21 (m, 1H), 5.57 (d,
J =6.0 Hz, 1H), 5.27~5.20 (m, 1H), 4.62 (t, J= 7.2 Hz,
2H), 1.84~1.76 (m, 2H), 1.68 (d, J = 6.8 Hz, 3H),
1.42~1.32 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H)., *CNMR
(100 MHz, DMSO-dg), 0: 143.0, 138.6, 128.7, 123.9,
123.0, 122.7, 120.4, 119.7, 116.2, 116.1, 110.5, 109.3,
106.9, 62.3, 44.5, 32.4, 21.7, 19.9, 14.2, HRMS
(ESI), C1oHy,N30, m/Z: [M+H] BiS {4 308.1757, il
itME 308.1755,

3,11- = % 5 -11H- BK M I [1',5':1,2] Ak BE Jf:
[3,4-b1M51 W V k). B AR % 69%, m.p. 167.8~
169.1 °C.,"HNMR (400 MHz, DMSO-d;), : 8.04 (d,
J=17.6 Hz, 1H), 7.96 (d, J= 7.2 Hz, 1H), 7.70 (d, J =
8.0 Hz, 1H), 7.66 (d, J = 0.8 Hz, 1H), 7.45 (d, J =
7.2 Hz, 1H), 7.36~7.32 (m, 1H), 7.30~7.19 (m, 9H),
7.14~7.10 (m, 2H), 5.91 (s, 2H), 4.47 (s, 2H).
BCNMR (100 MHz, DMSO-d¢), 6: 139.5, 139.0,

138.1, 137.6, 129.2, 129.1, 128.9, 128.9, 127.7, 126.9,
126.7,124.2, 123.2,122.2, 120.8, 119.8, 117.3, 115.5,

110.7, 109.3, 107.3, 47.9, 32.8., HRMS (ESI),
CyHyoNy, m/Z: [M+H] FS(E 388.1808, ik {E
388.1809,

3-[2-( H B B ) & B -11-7F K& -11H- BE mk 5
(105" 1,2]MEBE I [3,4-b]05| e ( V1): #EEFE, 1k
F 73%, m.p. 134.6~135.8 °C, '"HNMR (400 MHz,
DMSO-ds), 6: 8.08 (d, J=7.6 Hz, 1H), 8.04 (d, J =
7.2 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.63 (s, 1H),
749 (d, J = 7.2 Hz, 1H), 7.37~7.32 (m, 1H),
7.30~7.23 (m, 3H), 7.23~7.18 (m, 1H), 7.13~7.08 (m,
2H), 5.90 (s, 2H), 3.32 (t, J = 7.6 Hz, 2H), 2.96 (t, J
= 7.6 Hz, 2H), 2.11 (s, 3H) . “CNMR (100 MHz,
DMSO-dg), 6: 139.5, 139.0, 138.1, 129.2, 129.1,
127.6, 126.7, 124.1, 123.3, 122.0, 120.8, 119.8, 117.0,
115.7, 110.7, 109.3, 107.2, 47.8, 31.2, 27.1, 15.2,,
HRMS (ESI), C»H»N;S, m/Z: [M+H] #ig(E
372.1528, M{E 372.1529,

3-SR -11- B H-BR M I 17,5721, 2] Wik I
JF[3,4-p1MI%% ( Vm): BEEAREIK, R 74%, mp.
202.1~203.3 °C, '"HNMR (400 MHz, DMSO-dy), §:
8.07 (d, J = 7.6 Hz, 1H), 8.02 (d, J = 7.2 Hz, 1H),
7.70 (d, J = 8.4 Hz, 1H), 7.59 (s, 1H), 7.47 (d, J =
7.2 Hz, 1H), 7.36~7.32 (m, 1H), 7.30~7.18 (m, 4H),
7.15~7.09 (m, 2H), 5.89 (s, 2H), 3.57~3.46 (m, 1H),
1.35 (d, J = 6.8 Hz, 6H), "CNMR (100 MHz,
DMSO-dg), 6: 145.4, 139.0, 138.2, 129.3, 129.1,
127.6, 126.7, 124.0, 123.3, 121.8, 120.8, 119.7, 116.7,
115.4, 110.6, 109.1, 107.1, 47.8, 25.9, 21.1, HRMS
(ESI), Ca3HyuNs, m/Z: [M+H] FEE{H 340.1808, il
iXME 340.1807,
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3-S5 T AR R H- R I 17,5001, 2] it e
JE[3,4-b1W0 ( Vn): BEREE, SR 69%, m.p.
197.6~199.0 °C., 'HNMR (400 MHz, DMSO-d), §:
8.06 (d, J = 7.6 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H),
7.6(d, J = 8.4 Hz, 1H), 7.61 (s, 1H), 7.45 (d, J =
7.6 Hz, 1H), 7.35~7.30 (m, 1H), 7.30~7.18 (m, 4H),
7.15~7.08 (m, 2H), 5.89 (s, 2H), 2.91 (d, J = 7.2 Hz,
2H), 2.18 (m, 1H), 0.96 (d, J= 6.8 Hz, 6H)., *CNMR
(100 MHz, DMSO-dq), J: 140.4, 139.0, 138.2, 129.3,

129.1, 127.6, 126.7, 124.0, 123.3, 121.8, 120.8, 119.7,
117.0, 115.7, 110.7, 109.1, 107.0, 47.8, 35.4, 27.4,

22.8, HRMS (ESI), Cy4sHouN3, m/Z: [M+H]+IEVE\,
{H 354.1964, MiA{H 354.1962,

3 T 11 FE -1 LH-WR W 517,571, 2] Mk g
JF[3,4-b151%% ( Vo): #EEEMAK, IHE 70%, m.p.
168.1~169.4 °C, "HNMR (400 MHz, DMSO-dq), 6:
8.06 (d, J = 7.6 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H),
7.72~7.67 (d, J = 8.0 Hz, 1H), 7.61 (s, 1H), 7.45 (d, J =
7.2 Hz, 1H), 7.36~7.31 (m, 1H), 7.30~7.19 (m, 4H),
7.15~7.10 (m, 2H), 5.89 (s, 2H), 3.40~3.30 (m, 1H),
1.92~1.61 (m, 2H), 1.31 (d, J = 6.8 Hz, 3H), 0.85 (t,
J=7.2Hz, 3H), *CNMR (100 MHz, DMSO-d;), J:
144.8,139.0, 138.2, 129.4, 129.1, 127.7, 126.7, 124.0,
123.3,121.7, 120.8, 119.7, 117.0, 115.4, 110.6, 109.1,

107.0, 47.8, 32.4, 28.4, 18.9, 12.1, HRMS (ESI),
CoHyyNs, m/Z: [M+H] BRIE(E 354.1964, Ji{H
354.1962,

1-(11-5 FE- 1L H-BR PR I 117,571, 2] M e 3 [3,4-b]
M| WE-3-3) 2 BE-1-BE ( Vp): BRI, I 69%,
m.p. 197.6~199.0 °C, 'HNMR (400 MHz, DMSO-
dg), 0: 8.20(d, J=7.2 Hz, 1H), 8.07 (d, J= 8.0 Hz,
1H), 7.72 (d, J = 8.0 Hz, 1H), 7.61 (s, 1H), 7.50 (d, J =
7.2 Hz, 1H), 7.39~7.33 (m, 1H), 7.28~7.24 (m, 3H),
7.23~7.17 (m, 1H), 7.10 (d, J = 7.2 Hz, 2H), 5.92 (s,
2H), 5.55 (d, J = 6.0 Hz, 1H), 5.24~5.17 (m, 1H),
1.64 (d, J = 6.4 Hz, 3H), "CNMR (100 MHz,
DMSO-dg), 6: 143.0, 139.0, 138.1, 129.1, 129.0,
127.6, 126.7, 124.2, 123.2, 122.6, 120.8, 119.8, 116.6,
116.4, 110.7, 109.6, 106.9, 62.2, 47.8, 21.6, HRMS
(ESI), C2oHyoN;0, m/Z: [M+H] Bl 342.1600, ]
RH 342.1600,

3R 11-(4-5F - TLH-BRMRIF[17,5:1,2]0H
WE I [3,4-p1MIWk ((V q): AR, BCR 75%, m.p.
203.9~205.1 °C, 'HNMR (400 MHz, DMSO-d), §:
8.25(dd,J=7.2. 0.8 Hz, 1H), 8.10 (dt, J=7.6. 0.8 Hz,
1H), 7.92~7.83 (m, 3H), 7.76 (d, J = 8.4 Hz, 1H),
7.62~7.56 (m, 2H), 7.55~7.48 (m, 2H), 7.41~7.36 (m,
1H), 7.31~7.26 (m, 1H), 7.21~7.16 (m, 2H),
7.16~7.09 (m, 2H), 5.96 (s, 2H)., *CNMR (100 MHz,
DMSO-dg), 6: 160.6 (d, J=241.7 Hz), 139.7, 139.2,

1343 (d, J = 2.9 Hz), 130.7, 129.4, 129.1, 129.0,
128.8, 128.7, 128.5, 124.5, 123.2 (d, J = 7.1 Hz),
121.0, 120.0, 119.1, 116.1 (d, J = 21.4 Hz), 115.7,

110.8, 110.2, 108.3, 47.2, HRMS (ESI), CyHsFN;,
m/Z: [M+H]" BEiE(H 392.1557, H{H 392.1557,

3-TN BE-11-B- AR BE N 2k )- 11 H-BR I FF-[17,5":1,2]
MEREIF[3,4-61051% ( Vr): BEAMREIE, BOR 73%,
m.p. 186.3~188.7 °C., 'HNMR (400 MHz, DMSO-d), 9
7.99 (d, J = 7.6 Hz, 1H), 7.91 (d, J = 7.2 Hz, 1H),
7.63 (d, J = 8.0 Hz, 1H), 7.52 (s, 1H), 7.39 (d, J =
7.2 Hz, 1H), 7.37~7.32 (m, 1H), 7.31~7.26 (m, 6H),
7.24~7.18 (m, 5H), 4.60 (t, J = 7.6 Hz, 2H), 4.48 (s,
2H), 2.78 (t, J = 7.6 Hz, 2H), 2.15~2.07 (m, 2H).
BCNMR (100 MHz, DMSO-d¢), 6: 141.6, 139.5,
138.5, 137.6, 128.9, 128.8, 128.7, 126.9, 126.4, 123.9,
123.1, 122.2, 120.5, 119.7, 116.8, 115.1, 110.3, 108.9,
107.3, 44.3, 32.9, 32.7, 31.9., HRMS (ESI),
CyoHp6Ns, m/Z: [M+H] FiE(H 416.2121, IL(E
416.2122,

3-[2-(FF B 3 ) & FE - 11-(3- R FE P 36 )- 11 H- R g
FE[1,5 1,210 E I [3,4-b105] W ( Vs ). B0 [E 14,
% 60%, m.p. 131.2~132.5 °C, '"HNMR (400 MHz,
DMSO-dq), d: 8.04 (d, J=7.6 Hz, 2H), 7.65 (d, J = 8.0
Hz, 1H), 7.55 (s, 1H), 7.47 (d, J=7.2 Hz, 1H),
7.39~7.34 (m, 1H), 7.32~7.23 (m, 3H), 7.22~7.18 (m,
3H), 4.61 (t, J = 7.6 Hz, 2H), 3.35 (t, J= 7.6 Hz, 2H),
2.98 (t, J = 7.6 Hz, 2H), 2.76 (t, J = 7.6 Hz, 2H),
2.14~2.06 (m, 2H), 2.12 (s, 3H) . *CNMR (100
MHz, DMSO-dy),0:141.6, 139.4, 138.6, 128.8, 128.7,

128.7, 126.4, 124.0, 123.1, 122.1, 120.6, 119.8, 115.9,
115.4, 110.4, 109.1, 107.6, 44.3, 32.6, 32.0, 31.2,

27.0,15.2, HRMS (ESI), C,sHxN3S, m/Z: [M+H]"
FRIBH 400.1841, X {H 400.1843,

3- 5 N KL -11-(3- 2K N KL )-11H- Bk JF
[17,5%: 1,210k BE JF-[3,4-b]0 Mk ( Vi) BEREMA, Ik
% 63%, m.p. 123.5~124.8 °C, 'HNMR (400 MHz,
DMSO-dy), 6: 8.02 (d, J= 8.0 Hz, 1H), 7.96 (d, J =
7.2 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.46 (s, 1H),
740 (d, J = 7.6 Hz, 1H), 7.37~7.32 (m, 1H),
7.32~7.26 (m, 2H), 7.25~7.19 (m, 4H), 4.59 (t, J =
7.6 Hz, 2H), 3.55~3.47 (m, 1H), 2.77 (t, J = 7.6 Hz,
2H), 2.15~2.06 (m, 2H), 1.36 (d, J = 6.8 Hz, 6H).
BCNMR (100 MHz, DMSO-dy), d: 145.5, 141.5,

138.5,128.9, 128.8, 128.7, 126.4, 123.8, 123.1, 121.9,
120.4, 119.7, 116.2, 115.1, 110.3, 108.8, 107.0, 44.3,

32.7,31.9,25.9,21.1, HRMS (ESI), CasHysN3, m/Z:
[M+H] BiE{E 368.2121, MIX(E 368.2121,

3- 5 T BE-11-(3- 2K N KL )-11H- Bk mE Jf:
[17,5%: 1,210k WETF[3,4-b1051%% ( Vu): @A, Ik
K 61%, m.p. 98.3~99.6 °C. 'HNMR (400 MHz,
DMSO-ds), d: 8.00 (d, J=7.6 Hz, 1H), 7.94 (d, J =
7.2 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.47 (s, 1H),
738 (d, J = 7.2 Hz, 1H), 7.36~7.31 (m, 1H),
7.30~7.25 (m, 2H), 7.24~7.17 (m, 4H), 4.58 (t, J =
7.6 Hz, 2H), 2.91 (d, J = 7.2 Hz, 2H), 2.75 (t, J =
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7.6 Hz, 2H), 2.23~2.16 (m, 1H), 2.15~2.05 (m, 2H),
0.95 (d, J = 6.8 Hz, 6H) . "CNMR (100 MHz,
DMSO-dg), 6: 141.5, 140.5, 138.5, 128.9, 128.8,

128.7, 126.4, 123.8, 123.1, 121.8, 120.5, 119.6, 116.5,
115.3, 110.3, 108.7, 107.1, 44.3, 35.4, 32.6, 31.9,

27.5,22.8, HRMS (ESI), CyHyN;, m/Z: [M+H]"
i (H 382.2277, MiAME 382.2275,

3-ff T3 -11-(3- K FE N OHE)-11H- BR mE I
(151,210 BEFF[3,4-b1WIME ( Vv): B, Ik
R 75%, m.p. 116.1~117.4 °C, "HNMR (400 MHz,
DMSO-dy), 6: 8.01 (dd, J=7.6. 5.2 Hz, 2H), 7.64 (d,
J=28.0 Hz, 1H), 7.49 (s, 1H), 7.40 (d, J= 7.2 Hz, 1H),
7.37~7.31 (m, 1H), 7.30~7.27 (m, 2H), 7.25~7.18 (m,
4H), 4.59 (t, J = 7.6 Hz, 2H), 3.40~3.31 (m, 1H),
278 (t, J = 7.6 Hz, 2H), 2.15~2.07 (m, 2H),
1.94~1.63 (m, 2H), 1.33 (d, J = 6.8 Hz, 3H), 0.86 (t,
J=7.2Hz,3H) ,"*CNMR (100 MHz, DMSO-dj), J:
144.8, 141.6, 138.5, 129.0, 128.8, 128.7, 126.4, 123.8,
123.1,121.7, 120.4, 119.7, 116.5, 115.1, 110.3, 108.7,

107.05, 44.3, 32.7, 32.4, 32.0, 28.5, 19.0, 12.1,
HRMS (ESI), CayHxN;, m/Z: [M+H] # it {4
382.2277, M {4 382.2276,

1-{11-3- AR HE P 3E)-1 L H-BR M I [17,5":1,2] i e
FF[3,4-b1M5IWE-3-38 2 g-1-B5 ( Vw): B @A,
WK 74%, m.p. 167.5~169.8 °C.,'"HNMR (400 MHz,
DMSO-dy), d: 8.16 (d, J=7.6 Hz, 1H), 8.02 (d, J =
8.0 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.47~7.42 (m,
2H), 7.39~7.34 (m, 1H), 7.32~7.27 (m, 2H),
7.26~7.18 (m, 4H), 5.55 (d, J = 6.0 Hz, 1H),
5.25~5.18 (m, 1H), 4.62 (t, J = 7.6 Hz, 2H), 2.76 (t, J =
7.6 Hz, 2H), 2.14~2.06 (m, 2H), 1.66 (d, J = 6.8 Hz,
3H). *CNMR (100 MHz, DMSO-dy), d: 143.0, 141.6,
138.5, 128.8, 128.7, 128.6, 126.4, 124.0, 123.1, 122.6,
120.5, 119.8, 116.2, 115.9, 110.4, 109.3, 106.9, 62.3,
44.3,32.7, 32.0, 21.7. HRMS (ESI), C,3H,4N;0,
m/Z: [M+H] BEiS{H 370.1913, MHL{E 370.1914,
1.3 fSM AR E MR

# Bel-7402 . A-549 . CT-26 . MCF-7 l BGC-823
5 PRANMLAE R R ARk, T MTT 5% HbRfb &4
PEATARSN IR s I, DU AR PR AR N
BHAE X HELLPO, Sad 4y A as (A (G4 A 26 o
RPMI-1640 553535 ), XF BAZH ( AR 240 B &% 20 it Fn 25
T8 1% DMSO 1 RPMI-1640 1535 5L ) FIEE
4 (HRE N 03125, 0.625, 1.25, 2.5, 5. 10,
20 pmol/L ), HUXHEAE K AN 270 F 96 fLAR, &
T CO, 3244 h 5555 24 h, A 60 uL RPMI-1640
FRARWL, SRS HTRAE (MR BE A FE I AEINAE 5 40 plo
XoF REZH I A S AR JBT 1 50 2R 4% DMSO . 4k 4L
B3t 48 h Jm, HALINA 20 pL 59 MTT ( i
5¢/L), SRIGET 37 CIRA 4 ho /PNOBRELER
J& , BLLIA 100 pL DMSO, #&3% %7 10 min IE#IT

VE, Bl fE PR SR AR B 490 nm Ak 625
JE (OD) i, Jr#ads (1) RBEAFEMIEE T
() A A7 15 o
YN HLAFTE R /% = (FEdh 41734 OD {H-=5 (HfL OD
{H)/(0F HRZH -4 OD %5 4L OD fi)=x100 (1)
VLA RELAE T 55 24 1 o i TR B AR X BUPE T, e
VE B R BN RE S A 2590 R R BE (1Cs0 )

2 HR5WE

21 HEVHER

B, DL LR N, £ Pictet-Spengler
KN, EACE R SRR 1-F FE-p-nRmk (1), Bl
JG1E DMF R¥ER] . NaH 7778 F &4 N-Se kb S0,
R AR a~d; SRISTETCK 1,4- NP SeO,
Ak, SIS R AR 1-F ARk (Va~d ) P2,
AR R R A SOV AR IR R, HT R, S
AEPEARXTFT R, HARME GV a~w G B R,
SR AR RIA R R T , SR L MRk
AT, 5 -8B N, 7T LITE B-RRIMRIRY
1037 F1 2057 R — A~ B 2R, 75 31— 2R 51 p-RRuk M-
ARG DKIRATT LR, SO ISCRAE 50%~80%Z 18]
22 HWEWVqHREERNE

TR AT IFTE R R B, p-E0 N A 4-FR
SR, RERE RS AU A W PO T R
AV q 1 N Qi T 45083, i, Bizika
VTN, LUERGTNE, =R MRS, SEIE
YR AR B R ST 0.19 mmx0.17 mmx 0.14
mm, A ARE TR X SRAT L, AR
A ) Mo K, TR MEIR, e THE
YV q R ARZE A ImE 1 R, S RSERE O AT
FEGIRR iR F 5 oL (CCDC ), Vq KIS RGS
k1 2075889,

K1 BV q BaiRgH

Crystal structure of compound V q

Fig. 1

X S ATH A RRY, EW Vg 1
TN CoHigFNy, AXTAF R (M) =391.43,
BT =AHRER, N P-1, MS%EL 0=0.6053(3)
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nm . 5=1.2024(11) nm . c¢=1.3649(13) nm ;
a=107.633(13)° . p=91.06(2)° . 9=97.49(3)° ,
V=0.9369(13) nm*, Z=2; D.~=1.388 g/cm’, 1=0.090
mm™', F(000)=408.0, fHIALE B IESS 2 —8erk:
K+ Ri=0.0619 (I=20()]) , wR, (HWEEFEIRT Y

gk ) =0.1306, GOF ({USILE ) =1.064, KBS
Bk 271 s
2.3 {KSMTLBNEE S AT

MR T Bk & Va~Vw BRI I g 76
P, B0 0 I A R 1 TR .

K1 ALEYIXS 5 Pl A0 R A A SR R T 1

Table 1  In vitro anticancer activities of compounds against five cancer cell lines
P " ® ICs+SD™/(umol/L)
A-549 BGC-823 CT-26 Bel-7402 MCF-7

Va CH; CH,Ph 14.1+1.3 25.9+1.2 5.2+¢0.4 17.3+£0.9 21.7£0.4
Vb CH; CH,CH,SCH3; 30.5+1.3 22.3+1.8 18.4+0.7 14.4+0.5 20.1+1.2
Ve CH; CH(CH;), 27.5+1.4 37.6+1.2 24.6+0.9 31.5+1.4 26.5+0.7
Vd CH; CH,CH(CHs), 70.1+£3.4 34.3£3.6 18.3+1.2 10.1£0.9 41.9+2.4
Ve CH; CH(CH;)CH,CH; 24.6+0.5 33.5+£1.9 43.34+2.7 34.5£2.6 43.6+4.2
Vf n-C4Hy CH,Ph 19.8+1.1 19.7+0.9 6.5+0.3 11.9+0.7 16.9+0.6
Vg n-C4Hg CH,CH,SCH; 32.71.4 24.2+1.4 19.2+1.4 21.6+1.3 ND?
Vh n-C4Hy CH(CH;), 34.1+2.6 25.9+2.7 35.2+1.3 17.3+0.6 41.74£2.9
Vi n-C4Ho CH(CH;)CH,CH; 37.4+1.2 47.2+2.6 62.2+3.9 17.5+1.6 73.1£2.8
Vi n-C4Hy CH(OH)CH; 15.6+0.8 24.5+0.8 31.6+2.8 50.5+3.2 18.3+0.9
Vk CH,Ph CH,Ph 19.2+1.3 14.9+0.7 24.5+£1.6 18.2+0.6 16.1£0.7
Vi CH,Ph CH,CH,SCH; 21.1+0.7 19.6+1.3 4.9+0.5 25.2+1.2 6.2+0.4
Vm CH,Ph CH(CH;), 25.3+0.5 25.4+1.4 16.2+0.5 14.6+0.3 30.3+0.9
Vn CH,Ph CH,CH(CHs), 15.1+0.6 18.3+1.2 10.2+0.4 13.9£0.7 6.7+0.2
Vo CH,Ph CH(CH;)CH,CH; 17.4+0.5 58.7£3.2 43.7+£3.6 17.3£0.3 17.5£0.4
Vp CH,Ph CH(OH)CH; 20.5+1.4 24.2+1.3 15.3+0.8 12.1+0.6 11.8+0.4
Vq CH,Ph(p-F) Ph 12.9+£0.8 9.7+0.4 19.6+1.2 29.4+0.7 16.2+0.7
Vr (CH,);Ph CH,Ph 21.8+0.7 14.5+£0.7 9.5+0.4 7.4+£0.3 8.8+£0.6
Vs (CH;);Ph CH,CH,SCH3; 17.2+0.7 11.6+0.5 ND 18.2+0.9 ND
Vit (CH,);Ph CH(CH;), 12.9+1.3 9.1+0.5 23.6+0.9 33.7+1.4 18.1+1.2
Vu (CH,);Ph CH,CH(CHs), 16.9+0.7 19.2+1.3 8.4+0.4 17.4£0.5 19.2+0.7
Vv (CH,);Ph CH(CH;)CH,CH; 12.2+0.6 11.2+0.7 8.9+0.6 14.2+0.7 9.7+0.6
Vw (CH,);Ph CH(OH)CH; 18.4+0.8 13.4+0.7 17.242.3 37.6+2.5 13.741.2
JEA 15.8+2.4 8.420.7 4.2+0.7 15.4%1.9 10.5+2.3
RKhide e 2.6+0.3 3.1£0.2 1.9+0.2 4.4+0.3 5.8+0.3

>

OTT wHATWE, FHIFT 3 HPITER,

&

2 1 LUE H, i85 0 K250 A 23 i
) 96 200 R 26 B b 4 B 0 5 1 A K I Ak T o A
MIBEPEIE VORI, fE Y VI 2 A ik
AW Xt CT-26 Ff1 MCF-7 FE40M ( 1Cso 435K
(4.9£0.5)F1(6.2+0.4) umol/L ) A L ML& Y. 78
DK s P g R R AR L B-RRIKRER 9~ Sy 3- R RPN AR
BWACHIAL &Y Vr, % CT-26. Bel-7402 il MCF-7
FEPUH B 1 O 40 M FE TR M L 1Cs0 4351 R (9.5£0.4) |
(7.4+0.3)F11(8.8+0.6) pmol/L, X T A-549 4ifits &,
KEHAEY (VABRIN) ¥R S Z 5040
MIFEPEIEPE, 1Cso H(12.240.6)~(37.4+1.2) umol/L,
X AL A TG TR S AR HEZ IR AR L. SR, 5

g HHE T (HESD (H (FRifiEiR2%E ); @ND AREREA M.

FHAERA L, XS b A Y R R 55 I A0 i R
PE. XFF Bel-7402 4iffizR, KREHZAEY (Vr
MV BRAN) YU S A A I B M T6 %, 1Cs0
J9(10.1£0.9)~(37.6+2.5) pmol/L, X} T BGC-823 4
MZE, KEEULEY (Vq IVt Bah) B F
LM AEE M, 1Cs A (11.240.7)~(47.2+
2.6) pmol/L. T CT-26 418 %, 3 ik &¥ Va.
Vi, VISR SR g i s, (AR TFR
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A-549 . Bel-7402 F1 MCF-7 % 41 g 5 715 H 5 v 1 48
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Fig. 2 Docking of compounds Va(a), Vf(b)and Vr(c) to receptor
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