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Syntheses, Crystal Structures, and Properties of Binuclear Copper(Il)
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TONG Ping WU Jiang-Meng XU Ping WANG Xiao-Ying
LI Hai-Nan®  WANG Cheng YANG Si-Qi ZHOU Jia-Hui XU Rui-Bo”™
(College of Pharmacy, Jiangsu Ocean University, Lianyungang, Jiangsu 222005, China)

Abstract: 3-Methyl-2-aminopyridine (L) and 5-bromo-2-aminopyridine (L,) were used as ligands respectively, and
two novel binuclear copper(Il) complexes, [Cu,(CH,CO0),(L,),] (1) and [Cu,(CH,CO0),(L,),] (2), have been synthe-
sized by the reaction of the above-mentioned ligands with anhydrous cupric acetate in ethanol solution. The two cop-
per(Il) complexes were characterized by the methods of melting point, FT-IR, UV - Vis, fluorescence spectra, and
HRMS. The crystal structures of 1 and 2 were analyzed by single-crystal X-ray diffraction, which indicates that 1
crystallizes in the orthorhombic system with Pbca space group, while 2 crystallizes in the monoclinic system with
P2 /n space group. Each of the two binuclear Cu(ll) complexes contains two copper center cations, four acetate ions,
and two L, or L, ligands. Each acetate acts as a bridging ligand and coordinates to two Cu(ll) cations forming a cage-
like structure. Each Cu(Il) cation in complexes 1 or 2 is pentacoordinate to one N atom in one pyridine ring and four
O atoms in four acetate ions, and the geometries around Cu(ll) in 1 or 2 are distorted square pyramid. The antibacte-
rial activities of 1 and 2 were investigated by the agar diffusion method, and the result indicated that 1 and 2 had
good antibacterial inhibiting effects against Staphylococcus aureus, Bacillus subtilis, and Escherichia coli. And their
antioxidant activities were valued using the 2,2-diphenyl-1-picrylhydrazyl (DPPH -) method, which showed that both

of them possessed good scavenging capability on DPPH -. Moreover, the electrochemical properties of 1 and 2 were
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studied by the cyclic voltammetry method, and the results indicate that 1 and 2 showed quasi-reversible redox pro-

cesses. CCDC: 2123588, 1; 2123589, 2.

Keywords: binuclear copper(Il) complexes; amino pyridines; crystal structure; electrochemical property; bioactivity
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SHN O EETH(H A B HA F]) CF-7000 980G 1%
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JRAEALZR AT
1.2 BREWERK
1.2.1  FEAY[Cu,(CH,CO0),L),] (DI

W T K B 2 5 (0.181 6 g, 1 mmoL) 5 Z ¥ (15
mL) LA B BE 3, 80 COK VA T FE I ff , FEIMA L,
(0.216 3 g,2 mmolL), JZ V. 2 h, BN B =, g, 7
PE I A (2~3 mL), B TR R RRA
NSRBI, g KA DR 2
B bk e T4, 72 %8 52.3%. m.p.>290 C. FT-IR
(KBr, em™): 3 465(m), 3 357(m), 2 977(w), 1 627(m),
1 606(s), 1 477(s), 1 460(s), 1 434(s), 1 353(m), 1 199
(s), 795(m), 764(m), 680(s), 630(m), 474(m). HRMS
(ESI): CyoHoyCu,N O ((M+H]Y ) m/z 11848 579.057 7,
Si{E 579.055 3.
122 BLAY[Cu,(CH,CO0),(L,),] (R4

¥ L3k 1,(0.348 g,2 mmol), AR 511
il 28 A ), A5 20 0 R, 77 2248 57%. m.p.>
290 °C, FT-IR(KBr,cm™):3 451(m),2 976(w),1 631(s),
1 600(s), 1 481(w), 1 433(m), 1 354(m), 1 262(w), 1 138
(m), 1 067(m), 955(m), 866(m), 82(w), 669(m), 624(w),
540(w),526(w). HRMS(ESI): C,H,,Br,Cu,N,0,(M+2]")
() mlz 115518 707.839 6, S21{E 707.219 1.,
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Mo Ka(A=0.710 73 nm) 4 28 , VA w-20 514 05 X, F
296(2) K 5 o 4= 5k B B4 38 JR7E Bruker
SAINT A7 AT, DL Lp R FEIEEE , fhik s
K H SHELX-97 84 R ELHEIL o BRI &, 2300
Ak U 1 AR A5 TS ) S PR IS B 8 A I /)
T ABIE WS, TR AN A AR 2B L AR 1,
B A EHE L3R 2.
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Table 1 Crystallographic data and details of refinements for complexes 1 and 2

Parameter

1

2

Empirical formula

CpHasCuyN, Oy

C,gH,,Br,Cu,N,Oq

Formula weight 579.54 709.29
Crystal system Orthorhombic Monoclinic
Space group Pbeca P2,/n
a/nm 1.454 1(4) 1.150 0(5)
b/ nm 0.8349(2) 0.846 5(4)
¢/nm 2.002 0(6) 1.3725(5)
B/ 107.603(4)
V/nm? 2.430 5(12) 1.273 7(10)
A 4 2

D,/ (g-cm™) 1.584 1.850
F(000) 1192 700.0
Range of 6/ (°) 2.034-27.545 2.031-27.482

Limiting indices

-16<h<18,-10<k<10,-26<[<21

-14<h<9,-10<k<10,-16<I<17

Reflection collected 14 207 6203
Independent reflection 2793 2883
R,, 0.050 8 0.028 5
GOF on F? 1.095 1.089

R, wR, [[>20(D)]
R, wR, (all data)

Largest diff. peak and hole / (e-nm™)

0.0355,0.083 5
0.056 3, 0.091 6
337 and —406

0.048 8,0.168 4
0.066 2,0.182 1
1 007 and -602

x2 EAEWI1M2EHPEIEROm)FIEE(C)
Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2

1

01—Cul 0.197 9(19) Cul—NI1 0.2227(2) Cul—03 0.195 1(19)

Cul—02#1 0.198 7(2) Cul—04#1 0.196 5(2)
C1—01—Cul 124.06(19) 03—Cul—04#1 165.57(8) 03—Cul—01 88.24(9)
04#1—Cul—O01 87.87(9) 03—Cul—02#1 89.83(9) 04#1—Cul—024#1 90.56(9)
01—Cul—024#1 165.84(8) 03—Cul—NI 97.93(8) 04#1—Cul—N1 96.41(8)
01—Cul—NI 99.21(8) 02#1—Cul—N1 4.95(8)

2

Cul—04#1 0.194 7(3) Cul—NI 0.222 6(3) Cul—03 0.195 8(3)

Cul—02 0.198 7(4) Cul—O1#1 0.198 2(4)
04#1—Cul—03 167.24(14) 01#1—Cul—N1 96.74(14) 04#1—Cul—O01#1 89.8(2)
02—Cul—NI 95.87(14) 03—Cul—O01#1 89.90(17) €2—01—Cul#1 127.1(3)
04#1—Cul—02 88.99(19) 04#1—Cul—N1 98.82(14) 03—Cul—02 88.55(16)
03—Cul—NI 93.89(14) 01#1—Cul—02 167.37(14) 04#1—Cul—Cul#1 83.34(11)

Symmetry codes: #1: 1-x, 1-y, 1=z for 1; #1: 2-x, 1-y, 1-z for 2.

CCDC:2123588,1;2123589,2,
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oL AN R SE K 2.5 nm, BSR4 M 5.0 nm; 111
L, R 2 B0 R A SR e 4% 341 8 10 nm
1.5 BUZESF

# 1. 27 T DMF Bt i 1 mmol - L &, L) 0.1
mol - L™ KCI JJ SZHEHL 7 T, Al R R 50 mV s,
F-1.0~0.8 VyEF N ZEFT CVEH .
1.6 HPEE MR

Z: HESCHRY AR EA EA T I ATE PR SE S . A
i P S R A T B B VR R S 5.000
2.500.,1.250.0.625 0.0.312 5 mg-mL ™ A IE I . FEHL
100 L TR ARV T B AR RE 72 3 1, 39500 A, 5 E
HCE S AN EAR, 2 B A 100 wL Bl s . 485
FRILE T 37 CHE R K IR 46 h 55 5% 16~24 h, I 22 it
EW1 2% 3R Z AR AR IR
1.7 mENEER

Jic 1 0.3 mmol - L™ ) DPPH + F 55 175 ik FIIAS [] Joit
VK (0.05.0.1,0.2,0.5.0.8, 1 mg-mL ™) FE fh 5
DR e8 FH o SRR T 76 s e 3, I Pt 4804k
.
1.7.1 SO s ] g o

£ 25 mL B ZERZ A L A8 A 0.3 mmol - L™
DPPH - F B9 10 mL, FF A 1 mg-mL™ FF I 10
mL, ¥85], B F 37 CRMER, RE RN, RN —
i 8] (5.30.40 .50 .60, 70 F1 80 min)Hs BUEE , DA H i
KZ I, MAE 516 nm AW REE(A). F BT A0t
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ETR

r=[1-(4,~A)VAx100%
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B SRy ) [
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em™ Zb 1Y 24> T W U T O S T G A L 2 N—

H W XTFR 5 S R i ik 55 761 627 .1 617 em™ 5
14341 424 cm™ L0 1Y 24> 58 WS AT 5 8 T IS R AR
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Fig.1  FT-IR spectra of complexes 1 and 2
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Fig.2 UV-Vis spectra of the ligands, 1, and 2
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Fig.3 Fluorescence spectra of the ligands, 1, and 2
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Fig.4 Molecular structure of complex 1
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5 AW 280 THH

Fig.5 Molecular structure of complex 2
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nme XJ 217 7, 01#1.,02 .03 ,04#1 PUAJFEF 1] I L]
B AEAL T 7] —F- 18 (732 O 25 12 187 7825 24 0.000 1
nm) , A4 B85 DY 7 5 4 HE IS 5 Ca L BE 2521 1T 19 B 5 ok
0.021 73 nm, M N1 THET, 5 Cul BEES 4 0.222 6(3)
nme. AL EE AL Ca? FH SE R B B A SR RO
LRI 2 38 8 I B DU 5 HESS R . Bl 6 BT 7 & 1.2
T o SR A ML HE AR B, T 5 Wl ok Y AR g nikE 3
Z 8] Y - HERRAE A5 03 [BIVE 0 0 B 1 =4
25 [A] 45 o

(SN e /B RATE HTORLY ORI

Fig.6  Cell stacking diagram along the a-axis of complex 1

BT B 23 o i AR
Fig.7 Cell stacking diagram along the a-axis of complex 2
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E,,,=0.119 V, E ,,=0.034 V; W B i L 1,/ ,,=

6.046, 1 /1 ,=1.201. 492 A b £, =

pa2/ Lp,

pa2 pe2

-0.148 V,E ,'=0.218 V, i JFUWEH A E '=-0.505 V,
E.' =0.114 V. W {7 2 AE,'=0357 V, AE,, =
0.104 V; BN E |, '=0.178 V, E,,,,'=0.052 V ; I
BT, T, =1.878,1 '/ ,'=1.093,

pel I
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1.5
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Current / pA

E '
-15 1 1 pely 1 1 1 1 1 1
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K8 BlaW1f2myCy ik
Fig.8 CV curves of complexes 1 and 2

P UG H 67 25 | F2 08 L A7 IS R 9 EE RT BB S
Pr1.2 0 2 XAk 5 0E 43 ) X B Cu () +e <=
Cu(D+e” = Cu(0)y A LR I 72, B AT A 1.2
HH Hh s B AT L A A i AT SR A I S S
2.5 HIESEWSH

BCA P ry T e e g R WK 3. Irhal DUE
AR I BT B e B2 Y LN (0.312 5~5.000 mg-
mL™") , Bl i 5TV (o) G A, R it ke 3 b A2 1 T ik
B /E 3G 58 . TE & 1 A2 X S, Aureus 1
B. subtilis PN HIAE AR H 38, X E. coli M /E FH—#% ,
HEAHRIE -, R E. coli L2 PEBk
5 , Al R MR ) SR K 2 B R R LA W15 5

R3I EEYIL2HNEFYE

Table 3 Antibacterial activities of complexes 1 and 2

pl Diameter of inhibition zone / mm
Complex
(mg-mL™") E. coli S. Aureus B. subtilis

1 03125 12.03 10.25 11.29
0.6250 11.71 11.54 11.73

1.250 13.28 14.84 16.43

2.500 14.54 21.23 17.59

5.000 12.11 20.13 22.84

2 03125 8.24 9.60 9.73
0.6250 8.70 9.75 10.35

1.250 9.86 11.10 15.05

2.500 10.74 16.00 20.50

5.000 11.37 22.75 25.08
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