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Scheme 1 Synthetic route of quaternary ammonium salts of xanthono-pyridine
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1.1 KFIFAEE

L BENBBR R ( AChE , DR 88 4 B) (A L BEARAE . T IEH 5% 75 Bt ( BuChE | D55 1l 35 Hr 42 B |
A T BENAGH .5 ,5- A AN (2-E 3R R ) (MM > (MTT) (/N4 Jig it DNA(CT-DNA) (JRZEE(EB)
AN 2= A HEE M § Sigma A ] B K, COLff FHETTE 200 CHERG At 2 h Ab, H AR R BT .
A S 5 FH KR 258 1K

WRS-1A BB i A (RGBS A BRA ] ) L iR BETHAR AL IE ; AVANCE AV 500 MHz #4588
PR AR (Hit: Bruker 23 7] ) s E. F. P. 360 FI-IR BUAH B 21 403 % B 1 (35 [ Nicolet 24 /] )
ESQUIRE HTC %Y 2B B iAW (71 ] £ 5 5o il R il A ) ) 3 TU-1901 BUBOE A AP a] L 43 656 BE T (At
U A A RS w)) s RF-5301PC BUISEGGEETH( H AR YA H]) s PB-10 A pH 31 (7[5 Sar-
torius /A ) ; Microplate reader 550 U ifiAR1Y ( 3% [E Bio-Rad /3 ) ; Microplate reader ELX808™ %1 fiff 47X
(2 BioTek 24 7)) o
1.2 &1 HERK

] 25 mL BELH A 1. 24 g(5 mmol) ABWRHIER |5 mL 1E SEE , 11 2 MU iR 58 2 1 i,
B 1.38 (10 mmol ) Jo7K K,CO; , A Kt AR YT I B AR A S~ 2 o ZERIZIREFE TS Rk
HIA 0. 726 ¢(5 mmol)8-F2FEMEME 0. 063 5 g(1 mmol) #il#3 A1 0. 190 g(1 mmol ) BLfL V4,160 CHFE =]
Wi 2.5 h(TLC BREE I ERL) o 55 TR A 200 mL $AUK o, A8 Sk | 75 VR 0 6] 4 B 7 43 €0 1 37
BRRR AR IR, 402 2] 15 mL AR K, CO KR BRI 3 K. BRI S5 K)Z26 5, A ERER I pH (A
F 1 ~2, M R R UIE, # B A, ik, AT B2, 5, 15 0. 51 g stk i ik
1.3 LEW2HER

] ECESR A 3.5 ¢ ZHBERR (PPA) YA INIE 75 C  ZERFE FINA 0.50 g fb&4 1, 7+
% 140 C [ 2 h(TCL FRER RN HEFR ) o R SOBIE G P 200 mL pK/K A, vk 240K 8 pH (H 2
7 ~8 B R A EARTOTE . A0, Tl T A B 455 2 Ik, AR B A IR R 0. 39 g, 7R
83.5% % 15 220 ~221 °C (k™ :221 ~222 °C) ,'"H NMR #5350k — 3,
1.4 &4 3aF3b PEK

] 25 mL BJIEGEREHIMA 0.2 g {654 2, 10 mL CHCL # H 58 %5/, FiimA 1 mL CH, T 5%
C,Hsl, ZiRAHE 1 ~3 d J5A FEAHT H llE, CHCL YRR (10 mL x3) , THA36 54 3a 5 3b,
1.5 MTIT iZiik ik & EHE

R FHMEMSER TR JFE (MTT ) W H AR AL A 90 % A 50 5205 (A2780) B 89 (Hela) il ( SPC-
A) AR b K98 (KB )4 B S 55 57968 40 AR B 0 TR o IO B0 R I 40 i, 33270 T 96 LAk, 2y
5 x 10°4/4L, B F 37 °C IR BUMECH 5% CO,B5 -1, 15 95 24 h J5 43 BIUINACK R BE 14 B R AL A
FEA X HE S-9RUR MR IE (5-Fu) , 1% 5 ASPATFLAIES (O HRFL, 4R 228557 72 b g il LB B2 (OD) L if
B 0Dy /OD e X 100 % =50% AL AR BT 1C, M, 25 R R 1,
1.6 RZEEHRENELEYWES DNA HRALEEEH

FREL—E [ CT-DNA FHZZ o B (0. 01 mol/L, pH =7. 0 fBEIRER-EDTA Z2iii) , T4 CTi&
Br 48 h Fi kg 100 %, 5 7E 260 F1280 nm Kb S8 AR o BRUEZE R IR L Asgy o/ Asgo e > 1. 8, FHFEA
EAEEE . RS 260 nm LG EEER ARG R EL 6 600 L/ (mol - em) 3K CT-DNA ¥

[ 22 26 A BE TR K R 546 nm (4] 3 mL A9AE SR IA 2. 5 mL R 2 5E-CT-DNA 9%
FER, PR ARSI — & R FRIHR B2 2l 200 pumol/ L i Ak 5 10 5 W I it b vh (A5 0 T Vi S A
—E 1M CT-DNA , ffifb G P iy CT-DNA Wk B2 5453 2 W ) CT-DNA ¥R EEAHTR]) , % 595 nm 4k
PENCTRBE AR AL ARSI S, (AR Sl it A5 P ik BB A0 A8 K, B985 B R AR e 5 it
(9 G B — B 45 L3R

K, =(1.26/cs) x10"30H1,1. 26 JIR L 5E 7R £ 58-CT-DNA B 54 o A9 BE (umol/L) | sy A f
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SERIIIAG WL R EE R 2 o/ L A S BEARBRIA I, 455, SE BRI A =405 nm ZbIRIEREE (A,) o SR
“40. 1 mol/L pH =8. 0 BFERER T h i W o TR AT AS IR S i VRS 1 (% )

FAXS BTG 3 (% ) = (A/A ) X 100%

S LARERF G o et ) 350 v 8 1 1, 22 0 ol il SR AT AR A B W I R BT ) 50 % s ¥R J3E 1G5, 8L
1.7.2  TBERemBsEe i d)3h h o ik ) 96 FLAR P43 AIINA 6 wL JlERIE N 4 ¢/L 1Y 5,5-
ZERARRL2-fE B H R ) VA, 118 L YK 0. 1 mol/L pH =8. 0 B2 Fh 2% th i (R k fe 20 iV W
MARFR 150 pl) 15 pL (i —E W E AR, FEIMA S pL Bk EE 4 0. 1 ¢/L 1) AChE ¥, I
37 CHREFML PRI 15 min, SZZUIMA 6 L A FEVR B GRAR C BERRSRE W, #5250, 2B A =405 nm
AR AR R o IhZR AR ED R SR BRI B (v ] SR JG LA 1/ [o ] %) 1/ ACh PR, DAAS I il 55
(A3 A Sl 4 I 2%

PAGRAR T BENEAE A 4 , SR R J5 25 rT A5 % BuChE (4 i 78 o

2 ZiR5WNE

2.1 UEYMRIE

a1 5 A, 77 48 38.5% ,mp 169 ~ 172 °C; C,¢H,, NO, JTR 731 (35318 ) /% : C 72. 40
(72.45) ,H4.10(4.18) ,N 5.31(5.28);'H NMR,8:CDCl,,8.77(1H,dd,J =1.0,3.8 Hz,H-2) ,8.36
(1H,dd,J=1.0,8.3 Hz,H-8),7.89(1H,dd,J=1.4,7.7 Hz,H4) ,7.82 ~7.83(2H, m,H-11 and H-7) ,
7.71(1H,t,J =7.9 Hz,H-10),7.54(1H,dd,J =4.4,8.3 Hz,H-3) ,7.27 ~7.35(1H,m,H-6) ,7. 15(1H,
t,/=7.5 Hz,H9) ,6.95(1H,d,J =8.3 Hz,H-5) ;°C NMR,8:168.2,156.4,150.9,149.2,140. 4,138.0,
132.3,131.9,130.2,127.1,125.3,124.8,123.8,123.7,122.2,117.1; IR(KBr) , o/cm ':3417,3064,
1714 ,1602,1574 ,1499 ,1448 1245 ,1200,762 ,698 ; ESI-MS m/z:266. 15[M +H]

AWy 3a . (A [E AR, 77 % 73. 0% ,mp 224 ~225 °C;C,,H,NO,I JTLZE4Hr (1H5.14) /% : C 52.61
(52.46) ,H3.20(3.11) ,N 3.48(3.60) ;' H NMR,§: DMSO-d,,9. 65(d,1H,J =5.7 Hz,H-2),9.42(d,
1H,J=8.3 Hz,H4) ,8.63(d,1H,J=8.6 Hz,H-6) ,8.43(dd,1H,J =5.7,7.9 Hz,H-3) ,8.38(d,1H,J =
8.6 Hz,H-5),8.33(dd,1H,/=1.1,7.9 Hz,H-8) ,8.15(d,1H,J =8.4 Hz,H-11) ,8.09(td,1H,J =1.4,
8.4 Hz,H-10),7.69(t,1H,J =7.6 Hz,H9) ,5.20(s,3H,CH,) ;"C NMR,8:175.5,155.3,153.8,148.7,
147.8,136.9,134.3,131.3,126.7,126.3,126.0,125.7,125.5,123.8,121.5,119.6,53. 1; IR (KBr) ,
o/cm”":3029,1659,1629 ,1608 1527 ,1483 1468 ,1388 ,1230,755,695 ; ESI-MS m/z:261.93 [M 1],

A 3b . B A, 77 % 64. 6% ,mp 225 ~226 °C;C, H,,NO,1 JTLZE4MHT (i+81E)/% . C 53.45
(53.62) ,H 3.38(3.50) ,N 3.61(3.47);'H NMR,§: DMSO-d,,9. 74 (d,1H,J =5.6 Hz,H-2),9.45(d,
1H,J=7.7 Hz,H4) ,8.66(d,1H,J =8.6 Hz,H-6) ,8.46(dd,1H,J =5.6,8.0 Hz,H-3) ,8.40(d,1H,J =
8.6 Hz,H-5),8.34(dd,1H,/=1.2,8.0 Hz,H-8) ,8.05 ~8. 11(m,2H,H-10 and H-11) ,7.70(td,1H,J =
1.0,7.8 Hz,H9),5.59(q,2H,J =7.1 Hz,CH,),1.89(t,3H,J =7.1 Hz,CH,) ;" C NMR,§:175.0,
154.7,152.9,147.5,147.3,136.4, 134.2,129.6, 126. 1, 125.7,125.5,125.4,125.3,123.5, 121. 1,
118.7,59.8,17.0;IR (KBr) , o/cm ™' :3033,2926, 1663 , 1628, 1606, 1525, 1495 , 1468 , 1396, 1225, 756,
696 ; ESI-MS m/z; 275.90 [M -1],
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2.2 EREHXFEERNZIE

A Skraup 245 B, M 4~ 35 0 I HS 242 8 o D I e 4 SCRR Y AR {H 428 i o 2
F1 2245 S A BT AR L= SR AR o DTS LA P i (P 408 S P DU 52 7 364 38 AR X A v ) 1 8- 3
sk &, AL AT Ullmann S0 A5 A9 1, F58) F 22 SR B5 2 (PPA ) JI /K SGERA5 210G i i Tk ng (2) 4%
a2 B TA0 AR IR T SHUCEE SO, T 25 B 2R ER AT T MU ok, o i e B ]
LAY 3. A BT R TR, FELS 15

A 1A R EREA Y 3 0 s a4, Bl F &t AR 8 R0 S b B I AR X R A
S o B o 2 R AR H IR 1) 2 3%, B DR 8-FR R ns bk b 1y 1 2 5 by 480 67 5 1, DA A R %)
TG R 1 A% U 5 A A 200 22 LA 9% 9 T 0 4 i B e e Ak v MEARAEG ) , Bl ik 5] Cul AT DL42
T SN P25 RONEES TR P A AR e, DMF 1, 4- 505 02 OB 50 72 38 R e o RO
WIBAETCIK A5 A T HEA T, B A R0 A SRS B T4 5 J0 A, A6 SN ) e Ab B AR b Y pHL (2 ¢
HEAYRIER  pH AR AP0 H 0 P12 Ty BGER T 5% B8 T U P o ™ 2840 5 pH (K R 7 AR FT fig AR R T
KAFTE , 1 BTTEAN T8 2 T 5200 7 28
2.3 L&Y 3aF13b BIEEN

1659 3a F1 3b X 4 FhEAIM RSN S RN | IR, W3k 1 LA 4G9 3a 3b filifil 4
SRIEFE 4 T 20 MO IG A A e 00 T FRAEXT RRZY 5-Fu, Ak 54 3a 04 il 76 2 S5 T4 54 3b,

®1 LAY 3a,3b XA HIEE

Table 1 Inhibitory activities of compound 3a and 3b against cancer cell lines

ICs/ ( umol - 1,71

Compd.
A2780 Hela SPC-A KB
3a 55.0 62.3 20.3 84.0
3b 79.8 71.5 94.3 87.8
5-Fu 94.2 85.8 97.4 96.7

W T T LI R 2 b (EB) BSOS T LA 3a.3b 15 CT-DNA {145 &
BHCK,, A1 3,91 x 10°F1 2. 72 x 10° L/mol. BT 92 &4 KULLIS B R K, iTRE S AL A9 3b Hy 2 3%
et I REREL AT 0, 26 T 8 0B T M e 5 E XA DA AR LA AT .

2.4 LAY 3a.3b X ABFESER A 1E B

fE42%) 3a 1 3b %F AChE Al BuChE ({13 HE 413 2 5, WZ T LA L L4 4) 3a 1 3b 3
AChE il BuChE B4 RAF AR, 3 L 2 AL A ACKE Byl i HE 364 IR, 10 fE7E pmol/L
LI, 55 S R 25 Galantamine - HBr 424, £ &%) 3b W XE BuChE il AChE f i) il s HE(L T 16 &
¥y 3,

&2 &% 3a3b3f AChE F1 BuChE Hy#lHIiE 14
Table 2 Inhibitory activities of compounds 3a and 3b
against AChE and BuChE

ICs,/ (pmol -L~1) 1Cy, selectivity 2 15F
Compd. 2
AChE BuChE BuChE/AChE 2 Ll
3a 0.704 9.78 13.89 2
3b 0.731 36.49 49.92 sk
Galantamine - HBr 0.53 14.31 27

fe 4 3b %E ACKE S s J i e 1 s
fR o MWEIHR AT RVE ) AR RE 3b %) AChE fy i R I/IACH .
BN M A TR L 3a gz gy P A0 AT AE AL i

. e Fig. 1 Inhibition kinetics of AchE by compound 3b
EEH%ZL?“:%% 3b H‘J%{U»o %%Eﬁ 2 ﬁl}ﬂz%%jﬁ‘ AChE ¢(compound 3b)/(pmol L") :a.0; 5.0.2; ¢.0.4; d.0.8
OEIIEH R obSE At et NI N PSS BUR (AR
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Synthesis and Bioactivity of Quaternary Ammonium
Salts of Xanthono-pyridine

QIN Jiang-Ke", LAN Wen-Li*, HAN Liu-Yu", TANG Huang’, SU Gui-Fa"* , DAI Zhi-Kai’, XU Qing’
(“Key Laboratory for the Chemistry and Molecular Engineering of Medicinal Resources of State
Education Ministry , College of Chemistry & Chemical Engineering ,Guangxi Normal University , Guilin 541004 ;
" Pharmacological Experiment Center of Guilin Medical College ,Guilin)

Abstract Xanthono-pyridine(2) was synthesized by means of Ullmann method from o-iodobenzoic acid and
8-hydroxyquinoline; then compound 2 was treated with methyl iodide, ethyl iodide to afford quaternary
ammonium salts 3a and 3b, respectively. Their structures were confirmed by IR, NMR, MS and elemental
analysis. The two target compounds’ cytotoxic activities against four human cancer cell lines including A2780
(ovarian cancer) , Hela( cervical cancer), SPC-A (liver cancer) and KB (oral epithelial carcinoma) , were
evaluated in vitro by MTT method, the results show that the activities of both salts 3a and 3b were better than
that of the positive control 5-Fu. Ethidium bromide displacement assay showed that the apparent binding
constants (K, ) of compound 3a and 3b with CT-DNA ( calf thymus) were 3.91 x 10° L/mol and 2.72 x

app

10° L/mol, respectively, which suggests that their anti-cancer capabilities might be associated with their
interactions with DNA. Their inhibitory activities on acetylcholinesterase ( AChE) and butyrylcholinersterase
(BuChE) were studied as well. The two compounds showed better and almost equivalent inhibitory activity on
AChE. The ICy, values reach pmol/L level, which are close to that of Galantamine - HBr; enzyme kinetic
study indicates that the type of their inhibition on AChE was non-competitive action.

Keywords xanthono-pyridine , quaternary ammonium salt, synthesis, cholinesterase , anti-cancer activity , DNA



