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Design, synthesis and biological activities of novel 3,6-diamide xanthones
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Abstract: A series of novel xanthones with terminal amine substituents at xanthone's C3 and C6 positions
were designed and synthesized as potential ligands for telomeric G-quadruplex DNA. All the compounds in
this series were bound to telomeric G-quadruplex in a “thread intercalation” manner that illustrated both in
molecular docking and spectrometric studies. Among them, 10c and 10d showed better binding abilities and
specific affinity toward G-quadruplex DNA HTG21 over ctDNA in the fluorescence assay. The antiproliferative
activities of four screened compounds were examined in three cancer cells by MTT in vitro, and their inhibitory
effects were observed at low micromolar ranges. In addition, the PCR stop assay demonstrated that 10c¢ and
10d effectively inhibited the amplification ability of telomerase.
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Scheme 1  Synthesis of target compounds.
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Table 1

The characterization data of 9a—9e, 10a—10e

Compd.

"H NMR, "*C NMR, MS and elemental analysis

9a

9b

9¢

9d

9e

10a

10b

10c¢

10d

10e

Light yellow solid. Yield 83%. 'H NMR (600 MHz, CDCl;) J 9.48 (s, 2H), 8.27 (d, J = 8.6 Hz, 2H), 8.09 (d, J = 1.3 Hz, 2H), 7.33
(dd, J=8.6, 1.4 Hz, 2H), 3.14 (s, 4H), 2.42 (s, 12H). '*C NMR (151 MHz, CDCl3) § 175.47, 169.38, 157.38, 143.21, 127.60, 118.01,
115.37, 107.00, 63.69, 46.04. MS (ESI): m/z 397.2 [M+H]". Anal. Calcd. for C»H2N,O,: C, 63.62; H, 6.10; N, 14.13. Found: C,
63.22; H, 6.33; N, 14.26.

Yellow solid. Yield 81%. 'H NMR (600 MHz, CDCl5) 6 9.80 (s, 2H), 8.27 (d, J = 8.6 Hz, 2H), 8.07 (d, J= 1.6 Hz, 2H), 7.31 (dd, J =
8.6, 1.3 Hz, 2H), 3.22 (s, 4H), 2.70 (dd, J=13.9, 6.9 Hz, 8H), 1.13 (t, J= 7.1 Hz, 12H). *C NMR (151 MHz, CDCl3) 6 175.49,
170.67, 157.43, 143.16, 127.65, 117.98, 115.26, 106.86, 58.13, 48.94, 12.40. MS (ESI): m/z 453.2 [M+H]". Anal. Calcd. for
CysH3N4O4: C, 66.35; H, 7.13; N, 12.38. Found: C, 66.11; H, 7.19; N, 12.52.

Yellow solid. Yield 80%. "H NMR (600 MHz, CDCl5) 6 9.49 (s, 2H), 8.26 (d, J = 8.6 Hz, 2H), 8.08 (s, 2H), 7.32 (d, J = 8.6 Hz, 2H),
3.34 (s, 4H), 2.73 (s, 8H), 1.90 (s, 8H). *C NMR (151 MHz, CDCI3) § 175.50, 169.75, 157.39, 143.26, 127.58, 117.99, 115.41,
107.01, 59.82, 54.69, 24.14. MS (ESI): m/z 449.2 [M+H]". Anal. Calcd. for C2sHsN4O,: C, 66.95; H, 6.29; N, 12.49. Found: C,
66.71; H, 6.33; N, 12.62.

White yellow solid. Yield 78%. 'H NMR (600 MHz, CDCls) 6 9.67 (s, 2H), 8.27 (d, J = 8.6 Hz, 2H), 8.07 (d, J = 1.8 Hz, 2H), 7.30
(dd, J=8.6, 1.8 Hz, 2H), 3.14 (s, 4H), 2.58 (s, 8H), 1.72-1.66 (m, 8H), 1.52 (s, 4H). *C NMR (151 MHz, CDCls) ¢ 175.48, 168.22,
157.40, 143.22, 127.63, 117.98, 115.33, 106.91, 62.78, 54.97, 26.30, 23.54. MS (ESI): m/z 477.3 [M+H]". Anal. Calcd. for
Cy7H3,N404: C, 68.05; H, 6.77; N, 11.76. Found: C, 68.31; H, 6.63; N, 11.98.

White yellow solid. Yield 75%. 'H NMR (600 MHz, CDCls) 6 9.42 (s, 2H), 8.27 (d, J = 8.6 Hz, 2H), 8.08 (d, J = 1.6 Hz, 2H), 7.29
(dd, J=8.6, 1.7 Hz, 2H), 3.84-3.80 (m, 8H), 3.21 (s, 4H), 2.69-2.65 (m, 8H). °C NMR (151 MHz, CDCl;) § 175.39, 168.52,
157.36, 142.95, 127.70, 118.13, 115.34, 107.08, 67.02, 62.51, 53.84. MS (ESI): m/z 481.3 [M+H]". Anal. Calcd. for C,sHN,Os: C,
62.49; H, 5.87; N, 11.66. Found: C, 62.22; H, 5.83; N, 11.87.

Light yellow solid. Yield 78%. 'H NMR (600 MHz, CDCl;) J 11.61 (s, 2H), 8.22 (d, J = 8.6 Hz, 2H), 7.98 (d, J = 1.8 Hz, 2H), 7.22
(dd, J= 8.6, 1.9 Hz, 2H), 2.70-2.68 (m, 4H), 2.57-2.54 (m, 4H), 2.43 (s, 12H). *C NMR (151 MHz, CDCl;) 6 175.59, 171.26,
157.42, 144.34, 127.36, 117.63, 115.77, 107.16, 54.94, 44.42, 33.45. MS (ESI): m/z 425.4 [M+H]". Anal. Calcd. for C2;HN,O4: C,
65.08; H, 6.65; N, 13.20. Found: C, 65.23; H, 6.76; N, 13.52.

Yellow solid. Yield 82%. 'H NMR (600 MHz, CDCls) 6 11.84 (s, 2H), 8.22 (d, J = 8.6 Hz, 2H), 8.00 (d, J = 1.8 Hz, 2H), 7.24 (dd,
J=28.6, 1.6 Hz, 2H), 3.48 (q, J = 7.0 Hz, 1H), 2.89-2.82 (m, 4H), 2.75 (q, J= 7.1 Hz, 8H), 2.62-2.56 (m, 4H), 1.19 (t, J=7.0 Hz,
12H). ®C NMR (151 MHz, CDCl;) d 175.54, 171.45, 157.47, 144.37, 127.46, 117.58, 115.37, 106.92, 48.77, 45.95, 33.17, 11.50. MS
(ESI): m/z 481.3 [M+H]". Anal. Calcd. for C,7H36N4O4: C, 67.48; H, 7.55; N, 11.66. Found: C, 67.15; H, 7.33; N, 11.85.

Redish solid. Yield 79%. 'H NMR (600 MHz, CDCls) ¢ 11.79 (s, 2H), 8.22 (d, J = 8.5 Hz, 2H), 7.99 (s, 2H), 7.18 (d, J = 8.5 Hz, 2H),
2.98-2.91 (m, 4H), 2.77 (s, 8H), 2.65-2.61 (m, 4H), 1.96 (s, 8H). *C NMR (151 MHz, CDCl;) § 175.59, 171.44, 157.46, 144.49,
127.41,117.58, 115.60, 107.06, 53.11, 51.16, 34.68, 23.78. MS (ESI): m/z 477.3 [M+H]". Anal. Calcd. for C»H3,N,40,: C, 68.05; H,
6.77; N, 11.76. Found: C, 68.19; H, 6.87; N, 11.66.

Light yellow solid. Yield 77%. 'H NMR (600 MHz, CDCl;) J 11.97 (s, 2H), 8.23 (d, J = 8.6 Hz, 2H), 8.03 (d, J= 1.7 Hz, 2H), 7.25
(dd, J=8.6, 1.8 Hz, 2H), 2.65 (dt, J=11.5, 5.5 Hz, 16H), 1.81-1.72 (m, 8H), 1.61 (s, 4H). *C NMR (151 MHz, CDCls) 6 175.55,
171.35, 157.46, 144.50, 127.45, 117.59, 115.41, 106.98, 54.12, 53.63, 32.59, 26.29, 24.14. MS (ESI): m/z 505.3 [M+H]". Anal.
Calcd. for CyoH36N4O4: C, 69.02; H, 7.19; N, 11.10. Found: C, 69.25; H,7..23; N, 11.38.

Light yellow solid. Yield 76%. 'H NMR (600 MHz, CDCl;) § 11.37 (s, 2H), 8.24 (d, J = 8.6 Hz, 2H), 8.02 (d, J = 1.6 Hz, 2H), 7.23
(dd, J=8.6, 1.8 Hz, 2H), 3.88 (s, 8H), 2.83-2.76 (m, 4H), 2.68 (s, 8H), 2.63-2.58 (m, 4H). *C NMR (151 MHz, CDCl5) § 175.28,
170.79, 157.42, 144.18, 127.56, 117.74, 115.38, 107.08, 67.09, 54.01, 52.82, 32.30. MS (ESI): m/z 509.3 [M+H]". Anal. Calcd. for
Cy7H3,N4O4: C, 63.77; H, 6.34; N, 11.02. Found: C, 63.57; H, 6.18; N, 11.35.
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Figure 1 a: The putative binding conformation of 10c, the acceptor surface was colored by coulombic electrostatic potential (the
surface with red color indicated electronegative region). b: The superimposed poses of 9¢ (orange) and 10c¢ (yellow). c¢: The superim-
posed poses of 10a (red), 10b (blue), 10¢ (yellow), 10d (cyan) and 10e (wheat)
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Figure 2 Fluorescent emission spectra of the ten compounds
that titrated with HTG21. The arrow indicates the fluorescence
changes upon increasing [ Q] concentration. The inset is plot of
F/F, versus [Q]
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Figure 3 Fluorescent emission spectra of 9¢, 9d, 10c, 10d that

titrated with ctDNA. The arrow indicates the fluorescence

changes upon increasing [ Q] concentration. The inset is plot of

FIF, versus [Q]

Table 3 The binding constants K, values of the compounds 9c,
9d, 10c, 10d

-1 -1

Compd. Ka(HTGZl)/105 mol s Ka(dDNA)/104 mol s
9¢ 1.85 0.70
9d 3.50 0.02
10c 9.48 0.72
10d 8.13 2.14
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Table 4 The ICso values of compounds 9¢, 9d, 10¢, 10d against
several human human cancer cell lines

1C50/pmol- L!

Compd.
MGC803 HeLa A549
9¢ 9.7 14.1 24.0
9d 8.0 11.6 19.9
10c 33 4.0 10.5
10d 5.1 6.1 6.3
Cisplatin 9.2 10.5 12.6
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Figure 7 The fluorescent microscopic observation of MGCS803
cells treated with 9¢, 9d, 10¢, 10d (0—40 pmol-L™")
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Figure 8 The amplification inhibition effects of 10¢, 10d (0—40
pmol-L™") on HTG21 in PCR stop assays
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WAEINVKIR S mol- L' BRIR Z 75, W15 pH & 8.
HE, TLC Rl s, TG AR o (i ik, fe
95%.

1.4 &9 10 IER I 0.4 mmol L&Y 7 5L
8. Jo/KMUALEN 0.15 g MITE/K LBE 10 mL. ki
Z AR, ZZRWMNE 1 mL AN R 10 mL ZEE
W B 2 he WSS, WIEZATER. MRVE
RER AR (BRI 9 Al © R O - = O,
AR 25 :75 1) 208 . '"H NMR. °C NMR. MS
MITCER W E A RIEEE S T3 1.

2 FFXE

Oy TR AR T MO DNA 145 21 FAT
W G-PUIAA Fi ik 45 ) (PDB NO. 1KF1). 52 {A&FI L4
A BT AutoDock Tools 1.5.6 K#ES . ST H 2
3T AutoDock 4.2.6 SRIFEATH, TR HE HE S
R G54 REVPAl BOREL 25 000 000; GA 1847 5 K
JE 1000 0] e 4t b (R B AR S5 & Ret RAE v 4h
£ 77 R, {8 B PyMOL F1 Chimera %45 45 S &
3 gl

PG B LI RAE 25 C FEAEM. JEFE 1 cm,
P58 55 BE 10 nme FEMIEBCNEF S pmol L' B4 A1
100 pmol-L™" KCI fJ Tris-HCI ZZ#%% (10 mmol-L™",
pH 7.4), F TR 1) G-VY B A4 i ¥ HTG21 B¢ ctDNA
G BRI EE B L, {5 Ff DNA [ 289K FE
0 EFF% 10 pmol-L™" P21, 5 Y6 5236 (1 R I K 320
nm, KHFHEEHN 350~600 nm.

21 R BB KTE L 200~450 nm. £ i A
FIRF A S 0.5 pmol L ik, Ztbith N &K
BeAA, A &5 58 3 5 AH ] o 43 73036 I F DNA,
2R 0 ETFZE 1.2 pmol-L ™' 5 15 AL T E
LS A . it Origin 9.0 K7 Hritk B H
4 MTT 23§

T IR SCHR T VEAE F AR AE MTT 3%, 4 3 Fh
NJE 0Pk MGC803. HeLa Al A549 LU%EFL 5x10° 4
[ R R R 96 FLI . IR, KL &
5 IH S RIS I N 30 1% 77 3k v, SRR BE 4y 3
9125, 2.5, 5. 104 20, 40 pmol-L™'. #5544 h J5,
IO MTT 5578 4 ho 7€ 490 nm Rl 5E WG .
ARG PL 3 ANREIFLESR 3 K. M2 (%)= (1-4 wa/
A 41)*x100%



BT UREE: 3,6- TIEE M EAAT A RO BLTE . A R AT -+ 1139 -

5 AO/EB 3fasLif

¥ MGC803 4l LLRFZZTE 5x10* A ()% Ji 45l
B 24 fLRP . ERHEFRE, KNS5 ) LA
1.25~40 pmol-L™" HIKIKEMA BB 256 vh . 5%
24 hJ&, A AO/EB XU (100 pg-mL ™" AO A1 100
ug-mL ™' EB). 3856 BT IR .
6 PCR stop 323

TP e 5% N: HTG21 (5-GGGTTAGGGT
TAGGGTTAGGG-3") #1 RevHTG21 (5'-ATCGCTTCT
CGTCCCTAACC-3). ik R+ &H 5l &4
(0~40 umol-L™"). HTG21 (0.4 pmol-L™"). RevHTG21
(0.4 pmol-L™"). Taq f§ (1.25 U). ANTPs (200 pmol-L™")
F1 1xThermopol 2% M 7 4 45144 4: 94 C 3 min, 2R
JGLh94°C 30,58 °C 30s, 72 °C 30 s #A4T 30 NG
o 5 PR AT R G I AR Y
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