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ToK Sl TCK S BE JKA SRR S A
RGN K 1,10-TE 0% Bk G W 31 2 43 dr 43R | A
R 2 alifb b FR  mEnE-2,6- —H R ) Aldrich, &
A pBR 322 il Hind I #% R i 1 | MBI Fermentas .,
LM IS - Bruker-Vector-22 % 21 4156 3% I 72 (KBr
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240C JCE /AT AL A€ | HL - RE IS /£ ESCALB MK- II
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¥ 198 mg (1 mmol) 1,10-FEME MK AP T 5
mLZ BEH A S mL 7% 241 mg (1 mmol) Cu(NO,),
3H,0 KAWL, Z I T HHE 10 min, 285 76 SV
il A 10 mL 7% 167 mg (1 mmol) EBE-2,6-— H i§
M) LIS ,40 CF RV 3 h, BREEERR, WA
140.5 mg (1 mmol) NaClO,-H,0 7K & ¥ , 4k 22 4t +F
0.5 h, A K PR i G UTTE AT | B0 20 2 1 LR
K, TR CBER TR S, T A B0 8
S5 AT AV T E R T R, 2 B BS A AT AR
WA @R RS 72 73%, TR TSR (555
W B )% .C,51.6 (51.2);H,3.35(3.17);:N,9.58
(9.72).

x1
Table 1

BL & 4 0 B K 2 IR

Crystal Data and Structure Refinement for

[Cu,(phen),(dipic)(OH)]- Na- Cl10,- 2H,O

empirical formula CyHyClCuNaN, 0y,
formula weight 1 008.28

T/K 293(2)

crystal size / mm 0.20 x 0.15 x 0.10
crystal habit, color block, blue

crystal system monoclinic

space group P2/n

a/nm 1.225 85(2)

b/ nm 2.196 3(3)

¢/ nm 1.619 5(2)

B1(° 100.951(2)

V / nm? 4.280 9(10)

7 4

calculated density / (Mg-m™) 1.564

absorption coeffcient / mm™ 1.137

F(000) 2 052

6 range for data collection / (°) 1.85 to 25.00

limiting indices

reflections collected / unique

-4 <h<14
24 < h <26
-19=<s/<18
21 148 /7 504 (R;,=0.220 3)

absorption corrections empirical
data / restraints / parameters 7504 /0/586
goodness-of-fit on F* 0.933

final R indices [ > 20(])]"
R indices (all data)*

largest diff. Peak, hole / (e-nm™)

R=0.104 9, wR,=0.286 1
R=0.293 3, wR,=0.339 6
1567, —649

o R=SIFJ-IENSIF); wR = Sw(F~F22 1 Sw(F"?

¥ i 520 &
TERE : i AR ER AT VAR B KA I, Wl fe P e

Rl /e !

1.3 RIEFELERNE

PEHCR SF A 0.25 mm x 0.20 mm x 0.10 mm F)
W0 R B SRR R T X TR SRS R E L AT S
95 78 Bruker Smart Apex CCD A7 4343 ke 4E , H
2 A B LEAT MoKa $126(A=7.107 3 x 107 nm)
YENRTHHETR 16 293(2) K F, 1 6720 14 )5 X, &
P34 J5H SAINT 8 )7 #4709 JF 48 F] SADABS 2%
XA 5 R AT WA TE DT AR 5 4 >R T L1 LA
SHELXTL F2 J3 ff A 3R A%, X 4 3B HE &5 19 Ak Ax A
2 S S G AT 0 M o N T aRE B I, AT
R HEIS R INIEAR 2], BB YR T2 R 2= 5 51
F#I1,

CCDC ;247064 ,

5 i PR ik SR I8

W M I2E pBR 322 DNA 5 — & ®m & YR
A, IR B R AW 50 A% 1 BUIA i R 5
H,0, %W, A pH 7.4 (") MOPS 2% i i 2531 17
Lo SRS TE 37 CAEIR K rf S — B g [ 3 2ok in
A DDTC (Sodium Diethyldithiocarbamatetetetrahydra-
te)Z LN A EB 4L 81 0.8% BRARAH KL HL UK 73
b E) 45 5l 3k TAE buffer (40 mmol - L Tris-
Hac/l mmol-L"' EDTA),H % 80 V, HLIKEIH] UVP
BERE R R G HT

2 GRS

21 BEWRILE

TEZNAL LA Y LA 3457 em™ b1
Hh 5 T8 04 S K Y O-H A 4 412 2 I i . 1632 em™
H1 1378 em™ &b i WS 3 53] Ay Wik -2, 6- — HY R T
A 32 R 1 AN X R e 4 i B Bk R A 4 ik 3l 0 i
W, A phen IR 4R 3 i [1(C=C) Al »(C=N)]53
WAL F 1519 em™ Fl 1428 em™, C-H 1 4025 Hh 47 3l
WEAE 852 cm™ A1 724 em™ &b, %P 1101 em™ 4b
V1R SR T 2 P R M 06 D) Jeg T I 45 0 v v SRR AR B 1Y
v(C1-0) W WU

B G Ca2p Yo FREIS A 1 iR, B
BRIZE A YA Y Cu2p JEH T RETE IE, Hop
— 0 (45505 3 934.1.942.7 954.3 Fil
962.8 eV) [y FE I HL T 455 BE(BE) N 934.1 eV, Cu2p
312 5 Cu2pl/2 221l 0 202 eV, RHZE AW D

1.4
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Fig.1 Cu2p XPS of the complex
A AR A B I — 2 0 (R A
A HE R 931.7 F1 951.6 V), H Cu2p32 454 fEN
931.7 eV,Cu2p3/2 5 Cu2p1/2 [ 2E{H N 19.9 eV, 3
HZIC & W rh s & A — i 8 5 B L 320U i T
B W5y R R A RS [ A A Y A e P, —
P2 fr, B—Foh+l f, X SECA YSRGS
(W 2.2) Fr 7 B BC AL PR BE AR A, (HAE BC & 0 1 5 B
S5 b AR v R +1 R A R DR B R R
TE o
22 BRiE&Ew

Bl A 0 S R S5 44 DL 2 B, 3oy 2 B A

KMol TR 2, ME 20T 0, ZR AW T E5A M
A& @ bt Cu(1)F1 Cu(2), -8 2 ML BE-2,6-— H iR

5 2 [Cuy(phen)y(dipic)(OH)]- Na- C10,-2H,0 K5 F 454 [l
Fig.2 Molecular structure of [Cuy(phen);(dipic)(OH)]-Na-
Cl04-2H,0

x2 BREYHEKMER
Table 2 Selected Bond Distances (nm) and Bond
Angles (°) for the Complex

Cu(1)-N@3) 0.202 7(14) Cu(2)-N(1) 0.206 9(14)
Cu(1)-N@) 0.221 8(15) Cu(2)-N©2) 0.204 8(15)
Cu(1)-N(5) 0.202 0(14) Cu(2)-N(7) 0.202 8(12)
Cu(1)-N(6) 0.206 5(14) Cu(2)-0(5) 0.204 9(11)
Cu(1)-0() 0.199 3(12) Cu(2)-02) 0.221 8(12)
N(3)-Cu(1)-N(4) 81.2(7)  N(1)-Cu(2)-N() 80.2(6)
N(3)-Cu(1)-N(5) 176.76)  N(1)-Cu(2)-N(7) 99.7(6)
N(3)-Cu(1)-N(6) 94.6(6)  N(1)-Cu(2)-0(5) 164.7(5)
N(4)-Cu(1)-N(6) 108.66)  N(2)-Cu(2)-0(5) 96.3(6)
N(4)-Cu(1)-N(5) 100.86)  N@2)-Cu(2-N(7)  172.0(6)
N(5)-Cu(1)-N(6) 823(6)  0(5)-Cu(2)-N(7) 85.9(5)
0(4)-Cu(1)-N(3) 90.95)  0(2)-Cu(2)-N(1) 99.5(6)
0(4)-Cu(1)-N(4) 94.6(5  0(2)-Cu(2)-N(2) 94.4(6)
0(4)-Cu(1)-N(5) 91.66)  0(2)-Cu(2)-N(7) 77.7(6)
0(4)-Cu(1)-N(6) 156.7(5)  0(2)-Cu(2)-0(5) 95.5(5)

AR R A, T Cu() A +1 #, 1 Cu(2) A +2
Mo Cu(1) HoCAh T A 19 728 T 5 7 7 1 DUy £
Be L B BE PSR MR AR B = A EJEF N
(3).N(5) N(6) 5 -2, 6- — F iR i) — N FR 36 48 R 1
OO T VU 77 HE I HE K, N(3)-Cu(1)-N(5)5 N(6)-Cu(1)
O (4) 4 #8435 A 176.7(6)° 5 156.7(5)° , il 1) iz
H A A A N@) )R+ 5 4, Cu(1)-N@)
7 0.221 8(15) nm, 5 — & J& H0 Cu2) ¥
V18 D 7 ST A 28 IS 1 DA A i 30 Ry
AR BE A b B A EUER T N(D) AT NQ) ik BE-2,6-—H
iR Fo A /U F N(7) AR — AL B 361 0(5) I
TR AMERE-2,6-— H R ALK 1Y ) — AR I AR
T O2) W A7 F iz VU J5 4 19 4 T, Cu(2)-0(2) #E K
0.221 8(12) nm, H4z Cu(1)-0@)# KR K . LR A
Y, 43 95 Cu(1) A1 Cu(2) L 57 B 1 /> FE 1% w55 7
W2 A AEAE 55 B 43 F Y - e B AR X
A T5 AV I 2 (8] ) B J R 25 2 8 0.34 nm, AR
WS- THT 22 [ F) 2 £ A 8.8°, I AU L A ) v 1 T A
@l Cu(1)-CuR)Z B EE =S 0.429 4 nm, 7E
Bt A5 40 (0 S AR 25 48 R Cu(2) 1 A 2 3 2 N(7) 1
15 SR b 85 §oK oy F Z RIAEAE ) &g, JHrp
O(5) - O(1W) K& O@2W) -+ N(7) = Ia] (i 5 &5 53 5] K
0.2659 nm F1 0.343 4 nm,0(5)-H(5B)---0(1W) 5 O
(2W)-H(Q2WA)---N(7)f B 53 3114 148°F1 166° .,
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2.3 DNA YIEIE TR

£ pH 7.4,37 CHAF T, LA 50 153 & AP 38 i

iz (HA) Rl JEFI A H0,, S B A 9| Cu,

(phen); (dipic)(OH)]-Na-C10,-2H,0 7] LI 8 42 ()
pBR322 DNA(Form [ , I A9)Y) & ik 2] (Form 1T,
I 29 DL Kz 26 (Form 1T, I #)DNA

2.3.1 T A YUk B XU E S P Y R R

7 pH A 7.4 3R 8 37 CRIZAMTT , UG
PR AR IR IR B A H0, I (8 W B S BE &)
(4 50 i), BEE BCA WA BE A3 K DNA (18] 3%
PR i LA IR 3 &3 3 iR SIS Yk
JEA 0.5 pmol - L™ B f&F r DNA A | LU 18 i
1 854 3 (86%) , 2 WAL A vk 5 B I & 0 A W I 1Y
VIENE M, BEARCE W 3, T A DNA 9
S D k2 1Y R 2 TS DNA JIF 5 B
FRWHEIN . MW EE R 1.0 wmol - L7 BF, T % DNA
HFR A B UIE A B Z) 1T DNA (78%) , 1 24 Bl A5 4
W IR F] 2.0 wmol - L7 B}, T A DNA 4354 1k hl
1R (59%) F1 TS DNA (41%) . 4 BE A9k 18

K E] 3.0 wmol - L 8l 8 A HF  DNA # 52 4 VI AL K
TCIER I 2 (- 7 S AR ZR R HL0, T AT
AN JER) A G IR i BRI, DN A B 1 580 315 1 R i %5
B 45 v B 38 RT3 0 TR SR AR R, S
Y EE R 3.0 wmol - L7 BF B HRE Y T A DNA 4238
Ak oh 11 A DNA (95% ) AR 7 2 (14 1L AY (5% )DNA
L BB A F) 5.0 mol - L B K ZR P ILA DNA 1
TR E 14%, LI ESERERW] S LIBUIR IR 1R i
J R B3R A TE & ) AE AR R B (An 2.0
pwmol - L) '~ BI SR B 1 25 19 DNA VIEIE M, 7Rk
FZ A H0, WA ITA L E & JFR I P I
FEH B A VI FITE R, EA B AR i /% 15 1)
TEPERAR , LA 25 SR 3R W i DU 4 e & W 1 LLTLIR
I T A 38 350 7T AS T HL,0,, 5N im0 Ji 590 1y B A
H,0, #B 2 B W 2 1) DNA D) #552 , HiT—K &R
(3 PR B B T I u%ﬁﬁmﬁa’%fﬁﬂﬁﬂﬁtﬁ@]
FIHLH 5 (phen),Cu A1 L, 11 5 H,0, B 0] 7] G
&) Fenton S HLEE , {H i A 9 AR B U1 BT HLEL A
ARt —2E 58, LA (phen),Cu PVE X BRSZ 56 (1] 3

L E~ |

Kl 3 ECE Pk BE X pBR322 DNA U3 #: 1 5 i

Fig.3 Agarose gel eletrophoresis patterns for the cleavage of pBR322 plasmid DNA by [Cus(phen)s(dipic)(OH)]-Na-ClO,-2H,0
in the presence of ascorbate or H,0,
Conditions: 0.007 pwmol-L™" DNA (or 0.02 pg- pL™); 10 pwmol-L™ complex; 50 fold ascorbate or 50 fold H,0,;
40 mmol-L" MOPS buffer; pH 7.4; at 37 °C for 15 min. Lane 1, DNA control. Lane 2~5, DNA and ascorbate
and 0.5 pmol L7, 1 wmol-L7", 2 pmol- L™ or 3 pwmol- L™ of complex; Lane 6~8, DNA and H,0, and 1 pmol-T1.7,
3 pmol-L™7 or 5 wmol-L™ of complex; Line 9, DNA + (phen),Cu * (2 pmol-L™), 50-fold ascorbate.
# 3 EAEYIREXT DNA Y1550
Table 3 Data of pBR322 DNA Cleavage at Different Concentrations of the Dinuclear Complex
serial No." reaction condition form /1%
I I |
1 DNA control 96 4
2 DNA + ascorbate + [complex] (0.5 pmol-1.7) 89 11
3 DNA + ascorbate + [complex] (1.0 pmol L") by) 78
4 DNA + ascorbate + [complex] (2.0 pmol -L7) 59 41
6 DNA + H,0, + [complex] (1.0 pmol - L) 55 45
7 DNA + H,0, + [complex] (3.0 pmol-L") 95 5
8 DNA + 0, + [complex] (5.0 wmol -1 86 14
9 DNA + ascorbate + [(phen),Cu*] (2.0 pmol - L™ 45 55

* The serial number is the same as the lane number shown in Fig.3.
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Fig4 Agarose gel eletrophoresis patterns for the cleavage of pBR322 plasmid DNA by [Cu,(phen)y(dipic)(OH)]-Na- Cl0,-2H,0
in the presence of 50-fold excess of ascorbate for different incubations times
Conditions: 0.007 pwmol-L™ DNA (or 0.02 pg-pnL™); 2 wmol-L™ complex; 50 fold ascorbate; 40 mmol - L.
MOPS buffer; pH 7.4; 37 °C. Lane 1, DNA control. Lane 2~7, DNA + complex (2 pmol-L™) + ascorbate,
afetr 5 min, 10 min, 15 min, 20 min, 30min and 45 min, respectively.
F 4 REZAEX DNA ¥]28]5E 5 %0
Table 4 Time Dependent Cleavage of pBR322 by the Dinuclear Complex

form / %
serial No. reaction condition

I Il m
1 DNA control (60 min) 95 5
2 DNA + ascorbate + [complex] (5 min) 20 74 6
3 DNA + ascorbate + [complex] (10 min) 86 14
4 DNA + ascorbate + [complex] (15 min) 63 37
5 DNA + ascorbate + [complex]| (20 min) 58 42

* The serial number is the same as the lane number shown in Fig.4.

line 9), ¥ & M 2.0 pwmol - L, JITA T I Il 12 1 i 5
(100 pwmol - L) , BB R 2 € DNA ( I &) 55%
AL Bz DNA (7)), FEFFESEE 44T, 1.0
pmol « L~ A% SCA il 1 UK il e & P 1 78% 1y 1 74
DNA # 4k R T8 (3 line 3), Hoi M 55 A ) 4%
F 19 (phen),Cu®F &
2.3.2 g B[] Xof 1) S 3 P B S )
DL IR i 2 A 30 T 7] (ol B2 R 5 0 14 50 3% )

£ pH 7.4,37 CREAYHREER 2.0 pumol - L7 B, )2
7 R[] X6 DNA B85 P 152 ma an 1] 4 3% 4 firR
RN E] R 5 min B IR E R T 7 DNA K43
Ak B Z1 G 1T/ DNA (74%) J% /b & 1% DNA
(6%) . JZ B E] 4EH Z 10 min B}, T % DNA 58 4
EeAk oA 1 B (86% ) AT 74 (14% )DNA, Fifi #5 5 7 Fif
[ FE ) 7Y DNA Y& s @ Wi K, 7 15 min &
20 min B}, T A DNA #5550 5035 5] 37% 1 42%
17 24 Fz 37 5 8] 28 4 21 30 min 5, KR P E H R
F,45 min LUK R A9 DNA I KR 23 98 17 351 Ak
PR RS X LA E ) A B8 SRR % Sk &
1) $5e A3 52 1 B 1] A7 15~20 miin,

3 & it

AR SCHRE T — A E -2, 6-— F R A K 114 i Y

XAZHTEC A1, L B rpoc 339 0 A8 51 U 5
FYRY  Z A P AE AR R T R R AR 35 ) DNA
DIRIE M, LB A9 W B 14 38 R s 0z B[] 1
T, B FE E H OCELA L
AR — 25

2 % X M
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A Novel Dinuclear Copper Complex with Potent Nuclease Activity

ZHANG Shou-Chun' SHAO Ying? TU Chao' DAI Chun-Hui' GUO Zi-Jian™!

(‘State Key Laboratory of Coordination Chemistry, Coordination Chemisiry Institute, Nanjing University, Nanjing 210093)
(*Department of Chemistry, Ningbo University, Ningbo 315211)

[Cu, (phen); (dipic)(OH)]-Na-ClO,+2H,0 (phen=1,10-phenanthroline,
dipicH,=2,6-pyridinedicarboxylic acid), has been synthesized and structurally characterized. The complex crystal-
lized in a monoclinic system with space group P2,/n, a=1.22585(2) nm, 6=2.196 3(3) nm, ¢=1.619 5(2) nm, B=
100.951(2)°.

pyramidal geometry. The complex exhibited efficient DNA cleavage activity at micromolar concentration in the

A novel dinuclear copper complex,

The two copper ions are bridged by the dipic ligand and both are situated in a distorted square-

presence of ascorbate or HyO,. This work provides a novel example for the design of metallo-nuclease. CCDC:
247064.

Keywords: dinuclear copper complex crystal structure DNA cleavage



