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Syntheses of alkyl-de-sanguinarine-N>-methyl derivatives and evaluation
of in vitro growth inhibitory activities against cancer cell lines

LI Qi-lin, DENG An-jun, YAN Zheng, LI Zhi-hong, WANG Nan, QIN Hai-lin’

(Sate Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: 2,3:7,8-Bis(methylenedioxy)benzo[ c]phenanthridine was synthesized in a strategy of converging
synthesis with 6-bromo-2,3-dihydroxybenzal dehyde, 5-nitronaphthal ene-2,3-diol, and dibromomethane, respectively,
as starting materials. The reaction process included dioxy-de-dibromo nucleophilic substitution under alkaline
condition, reduction reaction, Schiff base-forming reaction, and an arene radical cyclization step under the
presence of BusSnH and AIBN as radical initiator, among others. The 2,3:7,8-bis(methylenedioxy)benzo[ c]
phenanthridine as intermediate was reacted with NaBH, and different aliphatic acids as alkylation agent to afford
2,3:7,8-bis(methyl enedioxy)-5,6-dihydro- N°-alkyl benzo[ c] phenanthridines. These dihydro-type products were
aromatized using DDQ as oxidant under alkaline condition, and then, salinized using HCl as source of
equilibrium anion to yield the series of target alkyl-de-sanguinarine-N>-methyl derivatives. All the synthesized
alkyl-de-sanguinarine-N°-methyl derivatives exhibited significantly improved in vitro growth inhibitory activities
against cancer cell lines as compared with sanguinarine and the positive control.  In pharmacological experiments
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targeting five cancer cell lines, the target compounds showed activities five-fold active than that of sanguinarine.
The findings of this study indicated that the structure modification strategy of substituting n-alkyls for the
N®-methy! of natural sanguinarine can be used to improve the growth inhibitory activities against cancer cell lines
through increasing liposolubility and steric hindrance to protect the active 5,6-imine structure.

Key words: sanguinarine; alkyl-de-sanguinarine-N°>-methyl derivative; converging synthesis; N-alkylation
reaction; growth inhibitory activities against tumor cell lines

MARH (sanguinarine, 1), 224N 2:3,7:8- %
P F AR - YRR R OF [o] JE e -5-FH B 1 =k A
& — PR IR R IF [c] FEnE B AP MR8 SCHRk, i
W T 2 AR E R+, e aiEE
R, 5,6- “EMRULA R L 6- BRI, I
W5 2P F R B R AR S A R SR
V& 5] @ R 1 g B2 3 /N B 9% [H14F0 Bocconia
integrifolial™ &5 1 & 47 4= & 1 — S ARBE &% 3t 6-HuAt
fTHEYD; 6-F 4 Bk — A M AR B4 Z= 4 A A B ] A4S 3
MARERE; HEEREY AR Ea RN A
MARTR . S HPLC J7E B M A B3 %8 T AR
Bk, JAr 8N 0.003%!". M EESERMEA) A B 5E Bocoonia
frutescens B 4> B 5 B T ARG . (AR B AT BT
B PUREE. IR LB R R BrA . SRR
o BT R AEE . B ot B 20 R 4 i A AT
BT Z AR EORES . SRR
25 Z2 AN A 52 B FE N R IEDY, B3 R e L
A TE 2 Pl DLV ) R R R RR L E R, AT
Xof LR AT 25 B 7 AN HE 75 AR 25 FLAN I S TE N IR
ST TH Y SEBR RN o SCHRIRIE, 2 IR[c] 3Eme B4 A Pl
(4 Sh A W RS A YIS EE N R Z —,
M LA 2R 3h 45 M A A AE T 3, A8 — 8 V0 BB P 30
TR B T o AR g M Bk, RA & MFB
AR e R 5 M T AR PR R AR T RO T AT AR A2
B THERN G R E, phAh, BERREL, AT
IKVE AT T, 2RI [c] FE e 2L A W DL TG 1 1 2=
R SARTE ML) 6-F e — AU Y U 5 A A AE ST
RFR, T A e 2 A TRV R IR A IR S A 0%
R4 MR B A 805 R Rk, F R i
AR I 25 WAk B 72, L HE SR K RIS g 1) L)
W8 b S0 VA A R DA R B v AR 3 P i R ) A R o)
MARGRBEAT G5B, & —AMER S A 7T R
AR SCHRIE SR I A I SRS B s - 25 - I A i -
NC-F LT AR 7E . 4R, 3 3k FAS ) AR 5% g 1
B 5 ) 4 FE BUAC-NO- B A B T 203 H ARtk A
REVAME . [RIE, ASCRIRIEXT B An b &P A2
PR LA A 2806 2 5

FER5VHR
1 BiUanakifiR

RARTEAE I IE (] FEmE 2 AL Wi ) NP-HUAC 4
FEE, B4R LR AR BEUR 4 B A B AR k- 2 - 1
RN FF AT A 2 (0 SCRR AR T MR AR W 9 v B
A EAT R VPR AR ) 42 3 - 25 - AR B -N > B T 2
VIR A T REME o AR SR FHIL 3R A R 3R I X
FE-Fo- M ARBR-N - B S AT A b AT 4 & O 7T, A3
BEA RVVIERAER B bR &40, JEAT MR 4i i ik
A ARV 1 B PPN RN BEO8 R AR T . 75 H AR &)
BIA R, A D9 o0 B b TR A 1 25 B R I AR 1 A
e FE BB T2 —. @ AR ST i, B4
A5 O & K I (] JE 5 AT 2R 10 7 o e
For 48 R A B el 3 05 1 A0 2R BRI AR s 5 44 2
AR AR AL 7-F% JE-8- F A Bk -5- HH Jk-2,3- W7 H 4
FEOR IF [c] dEmE -5-FH B T =4 #h — /KA1 (NK109)
(01 SCHR IR BB A5 B0, NK109 ELAT 1R
FOP R, R RRT 72 5 NK109 —
P, MUARBRI 5,6 17 W i B 24z 45 1F 85 1 45 4 =2 Ho b
P60 240 PR E A FH IR BT A, O U Ji 465 0 3 iR Dl B
ZER 2 DR MR TRAE P I e A e i e -
- I ARBR-N > P 3 A7 A2 AR S AT LA 38 386 Jon 37 FH 1
FAXF 5,6 70 &2 Ze e 35 1E B 45 M AT ORI
1M FLAT CABE I H bR B AR W v, 2 1 BT OR (1S 4 O
FH 1) 155 T 11 0 Ji B e 45 4

KANCRG B XEREREEY (B D). B
Je St 2 F R AR BRI AT 4 Ak KR IR IR R 6-9R -
23- R AR IR I AR TR
SRR N AR BB T 6-1R-2,3- 0 FF A SRR
HEE (2); DA 5-H83E-2,3-28 By Nl in R kL, 5 R
e b, 4 FRFEIFE RS, £33 5-h5E-2,3- 17 H



2R A bt 2 AR RN PR ST A 00 1 5 BB R0 2 PRk A A 5 A DA - 1691 *

THREE (3), BABEMERNARIE ST 6,7
W AR ZE-1-% (4). BT 25 4 ERR AL T AR
B RAE (5), P4 H I e iR 45 2 h e 454 6,
6 4 = T G AIBN 55 S 10 [ 25 558 [ B A Bl
FH MR, (7) (B 1).

TEREA LT 2 S T 4 JONAE RO F 06 5 1)
MR, DL 2N, 7E 80 C4&4F T ib &)
R, 5 min WRIHTH K EDUE, FHEReh e
B FRFEYIRE R X — 1R L PR SRR IE
FEAh AR R G o 75 LA ZABLES #4145 B8 11
A R 2 A FE AR O BB OB FAE, GndE NK 109 (1)
AR, LR ORI IR MG 1.5 hM, LR A
AT LRSSy, 5 SOk o 28 AR I ik 11 HR A R AN e
XU, AR SCH AR R B R A T A
AR T AR ORI VR B R, A AR
JiE RN AR R T e, IR T s S B, R
P IE R RSB .

LA 3R 15 1 25 B R AR BRCA R, AAS A 1) 1F

> %

Target compounds

e FE R TR NI A AR, 7RI AL AN A 1 R AR
B N-J5e L HUAR 5,6- —4-2:3,7:8- X IV H — 45 -5- F 3
I [C]HEmE (8). 8 TEFEPEZMF T4 DDQ HALAIh
TR 4 S IS A Bl A = 0 e 3 - 25 - AR B -N - R AT
A, B 2,3:7,8- 001 F A NP 2R I [ ] FE -
SR ET ek (UL 2).

HRAE SN BRI EE, 76 N>R st B AR
FEY)(8) I, B R RE KR B N, O
WEEE IR, PR, R TR A 1 4
), % RBIANIE & KA o AHA TR A = 4 P
@5{ Eﬁ Fik Bl A iR — FP R 2 B AR R AT B AL S

, A BA R AR A W
lﬁmmﬁ,H%%&F%ﬂﬁ%W%ﬂﬁ%ﬁ;ﬂ
Ub, 38 AP A A B B AT R A A

Fi B AR A5 I 2 tHNMR AT CNMR LA
K ESI-MS"#E47 T HiilE. 7€ '"HNMR &%, 2,3:7,8-
RO 58 2K [ ] FEmE BEAZAE 6y 8.11~8.78 7w
HPAHSEM AB BIE-BIREEES, maHEEH

-0,
wﬁ

Figurel Retrosynthetic analysis to the alkyl-de-(sanguinarine- N°>-methyl) derivatives by converging synthesis
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Scheme 1 Synthesis of 2,3:7,8-dimethylenedioxybenzo[ c]phenanthridines. Reagents and conditions: (i) Dibromomethane, K,COs,
CuO, DMF, 110 °C; (ii) Dibromomethane, K,COs;, CuO, DMF, 110 C; (iii) H./Pd, MeOH, rt; (iv) CFsCOOH, toluene, 80 °C; (v)
Dimethylamine-borane, acetic acid; (vi) BusSnH, toluene, N2, AIBN, 110 C
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Scheme?2 Syntheses of quaternary 2,3:7,8-dimethylenedioxy-5-alkylbenzo[ c]phenanthridin-5-ium chlorides ( 9a—9f)
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17 mmol), #EFEH S EIMAN A R (0.1 g) 1
WL (119 mL, 17 mmol), 7 110 C FHiHk. &
TLC (faiBt—Z PR M8 5: 1, viv) YEI M 58 A,
AR, EER A AR R B S AR, K DB BN
150 mL ZKHE, AT H A 98, K S P e A
AR F R R 1.0 g, WK 51.3%. 'HNMR (300 MHz,
DMSO-dg) ¢ 10.11 (s, 1H), 7.18 (d, J = 8.2 Hz, 1H),
7.09 (d, J= 8.2 Hz, 1H), 6.21 (s, 2H) »
1.1.2 S5-REEZEH[23-d[13]ZEHE 3) WA 1
100 mL = Uik 5-f5E-2,3-2% -y (2,40 g, 11.7
mmol) ¥ T 30 mL DMF #1, 2R J5 AR (3.3 g,
23.9 mmol), #HEE), MAEA AR (0.2 g) A
TR S (1.6 mL, 23.4mmol), £ 110 'C FHiiHE. &
TLC (fiiB—Z MR 4B 5: 1, viv) M 8758 1A,
AR E I, ERR A BRI o K BB EIN
150 mL 7K, Ay BA 6 [l 4 . IR, JEDEH R E
gh AR H AR R 140 g, WK 56.0%. 'H NMR (400
MHz, CDCls) ¢ 8.11 (d, J = 7.8 Hz, 1H), 7.97 (s, 1H),
7.90 (d, J = 8.1 Hz, 1H), 7.37 (dd, J = 7.8, 8.1 Hz, 1H),
7.19 (s, 1H), 6.13 (s, 2H) .
1.1.3 ZFEH[23d[1II-EE-5F (4 WNEKR &
100 mL 723 H0K 3 (1.0 g, 4.6 mmol) 7T 10 mL
HEE T, SRJEHF I 1 mL BSER AT 10048 5% 0.1 g+
EHREAEE . R 3 WEBAAS, TR FH
P & TLC (A -8R 418 50 1, viv) IR M. 58
B, R IERR; K IE R 4E 515 B AR M
SRERAF AR ik, KA A M-8 8 10:1
(VIV) RBERBFRIBEAT e, 19 204 4K 0.73 g, Yo
85.0%. 'HNMR (300 MHz, DMSO-dg) 6 7.46 (s, 1H),
7.12 (s, 1H), 7.01 (dd, J = 7.9, 7.4 Hz, 1H), 6.92 (br d,
J=7.9Hz 1H), 654 (dd, J = 7.4, 1.1 Hz, 1H), 6.06 (s,
2H), 5.43 (s, 2H) .
1.1.4 N-[(5-RFEFH[d][1,3] —IEH-4-£) T B E 2= H
[2,3-d][1,3| = IE&-5-B% (5) BIARK 7F 250 mL jii %
AR 2 (10.0 g, 43.7 mmol) A1 4 (8.2 g, 43.7 mmol)
T 150 mL FZE AR IR in#A % 80 C, SRS IN 13 —
WOTR, WA, e s U .
SONIRA R AK BB RE 5 min 574 20 42 S E IR g,



25 R RS ot 2% — AR - N R B A A A 1 5 B3 S 980 40 R A K 0 ) 3 e P A

+ 1693 -

JEDHE IR T AhIE £ T8, S aEA 135 g, F
77.6%."H NMR (400 MHz, CDCl5) 6 8.84 (s, 1H), 7.69
(s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.33 (dd, J = 8.0, 8.0
Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.13 (s, 1H), 7.00 (d,
J = 8.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.23 (s, 2H),
6.05 (s, 2H).
115 N-[(G-REH[d][13] ZIEHE-4-FE)RE &
[2,3-d][1,3]| ZIBHE-5-f% (6) IARL 7£ 250 mL 7H %Y
¥ 5 (339, 83mmol) AT 40mL Z R, A
TR KE (612 mg, 10.4 mmol), =iEHEEE 1 h, fE
2 TLC (fihlt- 2R 408 50 1, viv) Rl 45 R
Jii, TA) S ST AR R InN 200 mL 7K, BT LA AR A ]
. R, EUFAFIORE L BA A EKm AR 2.1 g,
% 63.3%. *H NMR (400 MHz, DM SO-ds) & 7.68 (d,
J=8.4Hz, 1H), 7.50 (s, 1H), 7.14 (s, 1H), 7.10 (dd, J =
7.6, 8.0 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.00 (d, J =
8.0 Hz, 1H), 6.44 (d, J = 7.6 Hz, 1H), 6.27 (s, 2H), 6.06
(s, 2H), 5.99 (br, 1H), 4.55 (d, J = 4.0 Hz, 2H).
116 EREMRE (7) KWERKR 1E NRITF, % 6
(520 mg, 1.30 mmol) F1 BusSnH (783 pL, 3.90 mmol)
T 52 mL HZEHR IR IN#AAE 90 C, AR/EMA AIBN
(500 mg, 2.60 mmol) JfFHi#d % 110 'C, ik
10 h, fE4 TLC (fiEt-Z M LHE 511, viv) Jail
JSANRZY S Y AT e IR Y SR SNAL L ab
A 10 mL A iifE, BRAULsEsT . BoiiEd g, A
AT VE R . LI DR AR R (B B, R A
fit— .12 £l 10 0 1 (viv) AP, 15538 Bk K
218 mg, Y& 52.9%. 'H NMR (400 MHz, DMSO-dg)
5 9.40 (s, 1H), 8.55 (d, J = 8.9 Hz, 1H), 8.50 (s, 1H),
8.40 (d, J = 8.7 Hz, 1H), 7.99 (d, J = 8.9 Hz, 1H), 7.69
(d, J = 8.7 Hz, 1H), 7.52 (s, 1H), 6.38 (s, 2H), 6.21 (s,
2H). ESI-MS (m/2): 318.0[M+H]",
12 56282378 NITH-_SE-5-REXH(
JEERI S R (Ba~8f)

£ 100 mL = [ A 25 B AR B (200 mog,
0.63 mmol) ¥ T ANERIFEEE (20 mL) o, £ T
idE, o HOMATI A (3.6 g, 95 mmol). AR5
In#RE 40 CRET I fE4 TLC (A il - L TR £ 1
5:1, viv) Wl BisE 4 S, I 10% (1 NH,CI (50 mL)
VRN K R B R R REEUH R, KA
LR W6 20 mL; KE WA IE, SR)E AN 2K
(50 mL) ¥k, HLTK NaSO, T 5 kdE, iRk
FEEGE 5, FA M-8R L8 10 @ 1 (viv) AR
A, 1RO K 8a~8f .
121 56-"—SMiREE (8a) XFE kA, 723 89.3%.

'HNMR (400 MHz, DMSO-ds) 6 7.77 (d, J = 8.6 Hz,
1H), 7.56 (d, J = 8.6 Hz, 1H), 7.53 (s, 1H), 7.40 (d, J =
8.2 Hz, 1H), 7.31 (s, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.15
(s, 2H), 6.09 (s, 2H), 4.13 (s, 2H), 2.52 (s, 3H) -
122 2378-WMIBE-FE-5-ZH-56-ZSFFKH[c]
FENE (8b) RIEEMIR, F% 81.0%. 'HNMR (400
MHz, DMSO-dg) 6 7.74 (d, J = 8.6 Hz, 1H), 7.53 (d,
J = 8.6 Hz, 1H), 7.45 (s, 1H), 7.36 (d, J = 8.1 Hz, 1H),
7.29 (s, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.12 (s, 2H), 6.09
(s, 2H), 4.13 (s, 2H), 2.68 (g, J = 7.0 Hz, 2H), 1.10 (t,
J=7.0Hz, 3H).
123 2378WNEFR-FHE-5(n-BE)-56-Z8FK
F[CIFENE (8c) WREFIEK, K 69.7%. 'HNMR
(400 MHz, DMSO-dg) 6 7.74 (d, J = 8.5 Hz, 1H), 7.53
(d, J = 85 Hz, 1H), 7.50 (s, 1H), 7.37 (d, J = 8.1 Hz,
1H), 7.29 (s, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.12 (s, 2H),
6.08 (s, 2H), 4.13 (s, 2H), 2.60 (t, J = 7.2 Hz, 2H),
1.54~1.69 (m, 2H), 0.84 (t, J = 7.2 Hz, 3H).
124 2378WERAZFE-5(n-TH)-56-—8K
F[CIFENE (8d) IREUHIAR, /7K 62.9%. 'HNMR
(400 MHz, DMSO-dg) 6 7.74 (d, J = 8.6 Hz, 1H), 7.53 (d,
J = 8.6 Hz, 1H), 7.49 (s, 1H), 7.37 (d, J = 8.2 Hz, 1H),
7.29 (s, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.12 (s, 2H), 6.08
(s, 2H), 4.13 (s, 2H), 2.60 (t, J = 7.6 Hz, 2H), 1.57~1.49
(m, 2H), 1.33~1.22 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H).
125 2378WEHRAZFE-5(n-KE)-56-Z8FK
F[CIFEE (8e) HELMPA, 7K 48.0%. 'HNMR
(500 MHz, DMSO-dg) 6 7.72 (d, J = 8.4 Hz, 1H), 7.52
(d, J = 8.4 Hz, 1H), 7.49 (s, 1H), 7.35 (d, J = 8.0 Hz,
1H), 7.28 (s, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.12 (s, 2H),
6.08 (s, 2H), 4.12 (s, 2H), 2.59 (t, J = 6.9 Hz, 2H),
1.66~1.44 (m, 2H), 1.32~1.13 (m, 4H), 0.82 (t, J =
7.2 Hz, 3H).
126 2378WNER-FE-5(n-2&)-56-Z8FK
F[CIFERE (8f) KB CURIAK, % 31.3%. 'HNMR
(500 MHz, DMSO-dg) 6 7.74 (d, J = 8.6 Hz, 1H), 7.53
(d, J = 8.6 Hz, 1H), 7.49 (s, 1H), 7.36 (d, J = 8.2 Hz,
1H), 7.29 (s, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.12 (s, 2H),
6.08 (s, 2H), 4.12 (s, 2H), 2.60 (t, J = 7.4 Hz, 2H),
1.59~1.47 (m, 2H), 1.30~1.20 (m, 6H), 0.82 (t, J =
6.8 Hz, 3H).
1.3 2,378 WA ZFH-5 k& K FH([c]FELE-5-FH
BT EiREh (9a~9f) AR

75 25 mL = U H oK e 32 - 25 - S AR Bi-N°-
EATAEYBMA (0.2 mmol) BT 3 mL %S, ARG
BN 5% NaOH 7KiEW 1.5 mL; ¥R &M £E55],
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Fm A DDQ (91 mg, 0.4 mmol), 4k4:7E =i T
ke, A TLC (& Hi—FEE 20 © 1, viv) il
Rio ZRFMERE, FRBEEHREDSE T, HERRY
T 10 mL & i, RERIMEKERER (1 mL); Kb
AL g, WERIEYE, AN AT E A
i JE 1A 9a~9of .

131 IREE (9a) kA, 73 90.0%. 'H NMR
(500 MHz, DMSO-dg) 6 10.13 (s, 1H), 8.78 (d, J = 9.0
Hz, 1H), 8.64 (d, J = 8.7 Hz, 1H), 8.30 (d, J = 9.0 Hz,
1H), 8.27 (s, 1H), 8.12 (d, J = 8.7 Hz, 1H), 7.77 (s, 1H),
6.60 (br s, 2H), 6.34 (br s, 2H), 4.91 (s, 3H); °C NMR
(100 MHz, DMSO-dg) 6 150.0, 148.8 (x2), 147.6, 146.3,
132.2, 131.5, 131.4, 127.2, 125.7, 120.3, 120.0, 118.9,

117.4, 109.5, 105.8, 105.0, 104.3, 102.9, 52.2; ESI-MS
(m/z) 332.1[M—CI]*.

132 2378 MIEH_FE-5ZEXKH[C]FEE (9b)
LIk R, 772 93.0%. 'H NMR (400 MHz, DM SO-dg)
6 10.17 (s, 1H), 8.77 (d, J = 8.8 Hz, 1H), 8.62 (d, J =
8.8 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.11 (d, J = 8.8
Hz, 1H), 8.00 (s, 1H), 7.76 (s, 1H), 6.60 (s, 2H), 6.33
(s, 2H), 5.29 (q, J = 6.7 Hz, 2H), 1.66 (t, J = 6.7 Hz,
3H); *C NMR (100 MHz, DMSO-dg) § 149.7, 149.5,
149.3, 148.1, 147.0, 132.5, 131.7, 131.1, 127.8, 126.5,

120.6, 120.5, 119.4, 117.8, 110.4, 106.3, 105.4, 103.6,

103.3, 58.1, 16.5; ESI-MS (m/z) 346.1 [M—Cl]*.

133 2378 WIER_FE-5(n-FE)FKH([IE
IE (9¢) Ltk k, 7*% 85.3%. 'HNMR (400 MHz,
DMSO-dg) ¢ 10.21 (s, 1H), 8.77 (d, J = 8.8 Hz, 1H),
8.62 (d, J = 8.8 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.11
(d, J = 8.8 Hz, 1H), 8.02 (s, 1H), 7.76 (s, 1H), 6.60 (s,

2H), 6.33 (s, 2H), 5.29 (t, J = 7.2 Hz, 2H), 2.04~1.90
(m, 2H), 0.77 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
DMSO-dg) J 149.9, 149.6, 149.4, 148.2, 147.2, 132.4,

131.8, 131.0, 127.6, 126.4, 120.70, 120.65, 119.4,

117.8, 110.3, 106.2, 105.4, 103.4, 103.3, 66.8, 24.5,

10.6; ESI-MS (m/z) 360.1 [M—CI]*.

134 2378 WIEH_FE-5(n-T &H)XH[c]IE
IE (9d) 2Lk K, 7% 74.7%."H NMR (400 MHz,
DMSO-dg) ¢ 10.23 (s, 1H), 8.77 (d, J = 8.8 Hz, 1H),
8.62 (d, J = 8.8 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.11
(d, J = 8.8 Hz, 1H), 8.02 (s, 1H), 7.76 (s, 1H), 6.60 (s,

2H), 6.33 (s, 2H), 5.29 (t, J = 7.2 Hz, 2H), 2.01~1.87
(m, 2H), 1.15~1.02 (m, 2H), 0.78 (t, J = 7.2 Hz, 3H);

FRIAL 2 KA 5 0 =

XS HR RO BE - AL S RO

3C NMR (100 MHz, DMSO-dg) 6 149.9, 149.5, 149.4,
148.2, 147.2, 132.4, 131.8, 131.0, 127.6, 126.4, 120.7,
120.6, 119.4, 117.8, 110.3, 106.3, 105.4, 103.5, 103.3,
62.3, 32.9, 19.3, 13.6; ESI-MS (m/z) 374.1 [M—CI]*.
135 23:7,8- M BA ZFE-5-(n-Ik &)X H[c]3E
IE (9e) ZL{kAK, 7% 68.2%. '*H NMR (400 MHz,
DMSO-dg) § 10.23 (s, 1H), 8.76 (d, J = 8.9 Hz, 1H),
8.62 (d, J = 8.9 Hz, 1H), 8.28 (d, J = 8.9 Hz, 1H), 8.11
(d, J = 8.9 Hz, 1H), 8.01 (s, 1H), 7.75 (s, 1H), 6.60 (s,
2H), 6.33 (s, 2H), 5.27 (t, J = 7.2 Hz, 2H), 2.02~1.90
(m, 2H), 1.25~1.14 (m, 2H), 1.14~1.04 (m, 2H), 0.74
(t, J = 7.2 Hz, 3H); *C NMR (100 MHz, DMSO-ds)
5 149.9, 149.5, 149.3, 148.2, 147.2, 132.4, 131.7, 130.3,
127.6, 126.4, 120.6, 119.4, 117.8, 110.3, 106.3, 105.4,
103.4, 103.3, 102.1, 62.5, 30.6, 28.0, 21.8, 14.1; ESI-
MS (nvz) 388.2 [M—CI]*.
136 2378 WIEHRA-FHE-5(n-2 &)X H([c]FE
BE (9f) ZLfa¥oR, F=% 72.4%. '*H NMR (400 MHz,
DMSO-dg)  10.23 (s, 1H), 8.76 (d, J = 8.7 Hz, 1H),
8.62 (d, J = 8.7 Hz, 1H), 8.28 (d, J = 8.7 Hz, 1H), 8.11
(d, J = 8.7 Hz, 1H), 8.01 (s, 1H), 7.75 (s, 1H), 6.60 (s,
2H), 6.33 (s, 2H), 5.28 (t, J = 7.2 Hz, 2H), 1.99~1.88
(m, 2H), 1.17~1.04 (m, 6H), 0.73 (t, J = 6.3 Hz, 3H);
3C NMR (100 MHz, DMSO-dg) 6 149.9, 149.5, 149.4,
148.2, 147.2, 132.4, 131.7, 131.0, 127.6, 126.4, 120.7,
119.4, 117.8, 110.3, 106.2, 105.4, 103.4, 103.3, 102.1,
62.5, 30.8, 30.7, 25.4, 22.2, 14.1; ESI-MS (m/z) 402.2
[M—CI]*.
2 PR Bk A K HD I SEIE

B AR AL A 100 ul DM SO ¥4 i I F & 10%
I35 ) 1640 5 77 544 R Ak & 20 BERG B 22 TAR R
TREE o K N AH . 1) il 200 e 1) R 200 P sV, 4% — e ik
FEINN 96 FLEEFRMK (100 pL/fL), BT 37 C. 5%
CO, MR KT 7% 24 ho IR &P TR, L
ZUREE S 0.1, 1. 10, 100 pmol L~ (FFANKEE 4 N5
fL). 1EH 72 h e £85I, AN 100 pL &
0.5 mg-mL™* MTT #1640 55553 (10% i), & T
37°C. 5% CO, HIEfaR:FE 4 h G, BLMA
DMSO 150 pL, # i FHRHE 10 min, {5 (45 5 54
WfiE, LIS IR K 570 nm. 2% %K 655 nm T Bio-
Rad 450 B B AR & R ALIBOG B . 4% R A AT
GRURTRTOEUIEES

"~ 100%

R AT RO P - AR JER PR e S5
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Table 1 Cancer cells growth inhibitory activity of the target

compounds
ICso/umol L~
Compd. R:1 soH
HCT-8 Bel7402 HeLa A549 BGC-823
5-Fu 8.00 5.61 7.84 6.49 7.15
9a Methyl 1.28 1.38 0.86 2.95 1.54
9b Ethyl 0.57 0.32 0.23 1.31 0.85
9c n-Propyl  2.09 1.62 11 3.35 2.10
ad n-Butyl 3.82 2.05 0.79 3.76 2.06
9e n-Pentyl 0.54 4.14 0.35 1.89 0.57
of n-Hexyl 0.66 0.37 0.35 1.85 0.50
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