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Synthesis, Structural Characterization and Antitumor Activity of Copper()
Complex of 4-(2-Hydroxy-3-chlorine)phenyl-2,2":6’,2’-terpyridine
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Abstract: A new copper(ll) complex [Cuy(u-L-0,0),Cly] (1) with 4-(2-hydroxy-3-chloro)phenyl-2,2":6’,2" -tribi-
pyridine (HL) as ligand was synthesized and characterized by elemental analysis, NMR, ESI-MS as well as single
crystal X-ray diffraction analysis. Complex 1 is a binuclear structure, and the central copper(Il) is coordinated by
one Cl™ anion, two N atoms and two hydroxyl O atoms from L~ to form five-coordination distorted square-pyramid
geometric configurations; two copper centers are bridged by two hydroxyl O atoms. MTT assay was employed to
test the inhibitory activities of complex 1 against five selected cancer cell lines. The results showed that
inhibition rate of MGC80-3 cells was the highest, reaching (84.30+1.28)%, and its 1Cs, value was (3.36+0.43)
pmol - L™, Flow cytometry analytical results indicated that complex 1 could induce apoptosis of MGC80-3 cells.
Under the complex 1 concentration of 4.5 pmol-L™, the MGC80-3 cell apoptosis percentage was 42.2%. Complex
1 arrested MGC80-3 cells in G1 phase, thereby inhibiting the growth of tumor cells. CCDC: 1959094.

Keywords: tribipyridine; copper(ll) complex; antitumor activity; cell apoptosis; cell cycle

Wk B 1.2019-09-15, et ki H 41.2019-10-17,
FE K HARBR I 4 (No.21431001) AL & #8187 1 BRI H (No.IRT_16R15) %5 B,
MHAEEE RN, E-mail : chenzf@gxnu.edu.cn , hliang@gxnu.edu.cn



2090 Jd Hl fk

#o% 4R %35 %

Ry RIGIFTWIEMN EE FRZ —
Rosenberg 55 A& B AH B9 0 I 5 1 )5, A6 K
TP Z AU I TR, 24 512K 25Y)
AT 1 F e )z AT 250 H R TR 251
fiif 245 1 R A EIAE R 2ok R
I P bt 28 B R4 AR A AT S 40T A AR B2 BT b
B AW,

HTE NN & R AOR TEMEE I BS54
P JUAS GBI 2B i i RO, — R 1Y) B
Pl A 4 J /0 | BRI S (D BE 5 40 Bi0A o B s iR
B @ AE A 25V R REE 1R 2 8D A 4 i 4 i
HABRMLSE A 52 DNA ee ), Hp—shl
A U AR TR BRI IR E S AT A )
ATLAE R DNA Z5G 500 4R 00l 0] A e i e 24
Yy, BA AR R BN (EIO ) A IR E A
R N v LR N S T o T = W = O S
JBIE AR A B LA W RE ) R SR LAY
14 i BT AR 121419

St FRATG BT 1 A A = H M E S () AC
P Cuy(u-L-x0, 0),CL,] (1), 38 525 L& X 5 2 A7 25 ff
FETECEY) 1WA E TRCE Y 1R 5 F
i 98 44 Jf Bk (MGC80-3 .\ T24 . A549 HeLa Hep-G2) [
RSN TE M R TR AR B AR T A 1
XF MGC80-3 2 i 1ty 1 1 500y K &1 493 BH e 47 2

1 SEIeEy

1.1 sk F

It AL 48 F : Bruker APEX-11 CCD & 117 5
%, 75 [¥ Bruker Avance Il HD 400 MHz #% i JE 4% 3%
A, 75 & Bruker HCT B 1 BH B35 4% , 36 Spectrum
Two i AR ¥ 2T AME %A 78 [E Vario EL MG &
AT, & E CARY ECLIPSE %% 4k 0] U430t B
1T, SEE Thermo — %8 ALk 3G 5746, 3% E TECAN-
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397.5[L+K*]. 'H NMR(400 MHz, DMSO-d):8 15.57(s,
1H),9.08(d, J=1.3 Hz, 1H),8.89(d, J=1.3 Hz, 1H),8.84
(d,J=4.8 Hz,2H),8.48(d, J=8.0 Hz,1H),8.32(s,1H),8.23
(d,J=7.9 Hz, 1H),8.13(s, 1H),8.06(d, J=17.3 Hz, 1H),
7.57 (s,2H),7.56 (d,J=9.2 Hz,1H),7.00 (s,1H), “C
NMR (100 MHz,DMSO-dq):6 155.54,155.42,150.65,
150.50,149.79,148.10, 137.90,, 130.83,129.48,129.10,
124.89,122.65,121.59,121.30, IR(KBr,cm™):3 910
(w),3 889(w),3 808(w),3 786(w),3 697(w),3 659(w),
3 636(w),3 574 (w),3 055(m),3 010 (m),1 693 (w),
1 585(s),1 566(s),1 547(s),1 468(s),1 436(s),1 391
(s),1 263(m), 1 228(m), 1 177(m), 1 140(m),1 080(m),
1 042(m),991(w),890(m), 867 (m), 829 (w), 775(s), 737
(s),665(m), 637(m) , 621(m), 564(w), S10(w).

Scheme 1 Synthesis of ligand HL

Bt & Y [Cuy(u-L-x0,0),CL] (1) & A% 7 %
. FREL10 mg (0.028 mmol) FCAAFI 10 mg(0.056
mmol) CuCl,-2H,0 T — i 41 & [ 25 em Pyrex J55E
PO I 0.25 mL E S 1 mL HBE AR
URJE 10 B8 550 T B B A5 T 10 o 42 |, 1 B 3
BN WRIKE IR 5 E T 65 CHIHLF SN 72 h,
J ;23 S A0 BE A L 2 = I A N AR AR S PR
s R(BEC AW 1), 72N 62.7% ., Pk K/ JE RS
B TS RIE AW 1R AR K 2
P E RO W3R 1, HZ5 0 RAEEHE a0 F . ESI-MS
m/z ;498.6|M-Cu-L-CI+K+H]*, JCE M C,H,Cl,
Cu,NO, THH1E (%) C 55.10,H 2.86,N 9.18; S i
(%):C 54.87,H 2.89,N 9.15,IR(KBr,cm™):3 909(w),
3 890 (w),3 858 (w),3 843 (w),3 826 (w),3 807 (w),
3787(w),3 738(w),3 715(w),3 695(m), 3 680(w),3 659
(w),3 635(w),3 572(m),3 433(m),3 057(m),2 344(w),
1 604(s), 1 569(m), 1 554(m), 1 475(s),1 450(m), 1 414
(s),1 325(m),1 301(m),1 246(s),1 164(m),1 138(m),
1 093(m),1 067(m),1 052(w),1 036(m),1 019(s),890
(m), 870 (m), 783 (s),749 (m), 736 (m),715 (m),680 (m),
656(m), 645(m), 510(w),414(w).
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Table 1 Crystal data and structure refinement for complex 1

Empirical formula C,H,CLCu,NO,- CH;OH o/ mm™ 1.423

Formula weight 947.61 F(000) 480

Crystal system Triclinic Crystal size / mm 0.21x0.15%0.12

Space group P1 26 range for data collection / (°) 3.862~60.91

a/ nm 0.885 2(5) Index ranges -2shs12,-l4sk<sl4,-16<[=<16
b/ nm 1.035 5(5) Reflection collected 15 062

¢/ nm 1.137 8(6) Independent reflection 5 629 (R;,=0.030 0, Ro=0.034 9)
al (%) 103.212(7) Data, restraint, parameter 5629, 12, 272

B/ 107.047(7) Goodness-of-fit on F 1.058

y/(°) 91.143(7) Final R indexes [[=20(])] R=0.041 3, wR,=0.114 3
Volume / nm’ 0.966 5(9) Final R indexes (all data) R=0.054 4, wR=0.123 6

A 1 Largest diff. peak and hole / (e-nm™) 1 000, -680

D,/ (g-em™) 1.573
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Fig.1  Crystal structure of complex 1 with 50%
probability ellipsoids
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Table 2 Selected bond lengths (nm) and angles (°) for complex 1
Cul-Cl1 0.226 58(11) Cul-01 0.232 35(19) Cul-N2 0.200 2(2)
Cul-O1' 0.191 8(17) Cul-N1 0.200 68(19)
C11-Cul-01 103.93(6) 01-Cul-N1 91.14(8) N1-Cul-Cl1 154.72(6)
01-Cul-Cl1 94.81(6) N2-Cul-Cl1 95.34(7) N1-Cul-01 101.27(8)
01-Cul-01 80.77(7) N2-Cul-01 92.73(8)
01-Cul-N2 169.03(8) N2-Cul-N1 81.41(8)
Symmetry code: ' —x+1, —y+1, —z.
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Fig.2 UV spectra of ligand HL Fig.3 UV spectra of complex 1
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Table 3 Inhibition rates of ligand HL, CuCl,-2H,0, complex 1 and cisplatin on the six selected human cell lines

%
MGC80-3 124 A549 Hela Hep-G2 HL-7702
HL 29.74£1.97 41.12+1.28 53.57+0.66 51.70+1.13 44.19+1.01 36.59+0.09
1 84.30+1.28 77.57£1.36 60.25+0.93 76.16+0.27 69.79+1.72 78.42+0.79
CuCl,-2H,0 28.39+0.7 39.68+0.74 36.47+0.20 29.88+0.37 21.66+0.90 25.13+0.11
Cisplatin 56.79+0.67 62.18+1.09 47.61+0.85 54.38+1.27 50.64+0.97 52.07+0.77
F4 UEYNITEHBEER IC, &
Table 4 1ICj, values of ligand HL, CuCl,-2H,0, complex 1 and cisplatin on the six selected human cell lines
pmol - 1.
MGC80-3 T24 HeLa Hep-G2 A549 HL-7702
HL >20 >20 18.89+0.76 no activity 17.99+0.84 >20
1 3.36+0.43 5.19+0.028 5.86+0.52 6.94+0.56 8.16+0.81 11.27+0.71
CuCl,-2H,0 17.53+0.72 >20 22.11+0.26 no activity >20 >20
Cisplatin 14.29+0.69 12.90+0.31 16.02+0.29 17.04+0.08 20.47+1.09 14.49+0.58
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Fig.4 Apoptosis in MGC80-3 cells exposure to complex 1 for 24 h
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Fig.5 Cell cycle distribution of MGC80-3 cells exposure to complex 1 for 24 h
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