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Structural Characterization and Artificial Nuclease Activity of
Transition Metal Complexes of Cyclam Derivatives
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Abstract: A cyclam-based ligand: tetratert-butyl ((4,11-dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diyl)bis
(propane-3,2,1-triyl)) tetracarbamatev (L), and its metal complexes [Zn(L;)Cl,]| (1), [Ni(L))Cl,] (2) and [Cu(L;)Cly]
(3) were designed and synthesized. 1., has a C2 symmetrical structure and the 'H chemical shift of the same
carbon was different because of the influence of cyclam ring. The metal binding site of the L, was confirmed by
2D ['H, “N] HSQC by comparing the chemical shift of N of the branched chains of the ligand that of with the
corresponding metal complex. The co-existence of two configuration was characterized by "C VT NMR combined
with 2D ['H, “N] HSQC NMR and trans-Ill was confirmed to be the main configuration for complex 1. The
cleavage activity of the ligand L, and the complexes 1 ~3 was investigated in detail under physiological
conditions. Agarose gel electrophoresis experiments showed that the complex 3 possesses interesting nuclease
activity in the present of ascorbate; No matter the hydrolysis or oxidation, the ligand L, and complex 1, and 2

were negative to DNA at the experimental conditions.
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Scheme 1 Synthesis of L,
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Inset: Determined isotopic ~distribution patterns and the
corresponding simulated ones of the observed peaks
K1 BAP1~3 1 ESI-MS 538 7 A0 0
Fig.1 ESI-MS spectra of complexes 1~3 in a methanol

solution
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Fig.2 "“C NMR spectrum of L, (600 MHz, DMSO-dy)
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Fig.3 2D ['H, ®C] HSQC spectrum of L, (600 MHz,
DMSO-dy)
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Fig.5 2D ['H, ®N] HSQC spectrum of L; and complex 1 (600 MHz, DMSO-d,)
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MR TR E] 70 CHE FLA YRR A 2455 th TR A
F14) et A T B W 3 — 20 R 208 U0 A e 15 3 T
TR AR W DL Z Rk B LA UIAL 6 kil
AT AW S B B R A e B U 1Y) 20 B0
Wb | B Ja Lh— A0 25 i R AR e WA RUAEAE AR
P BC A W) 0 S5 R R A 45 A 2D['H, NJHSQC, 7 Fic
& L, 89 2D['H, SNJHSQC H, i T & 1k = 26 55 (1)
AN AT DL B4 28 S0 43 S e 13-4 E
HEEAHIE T 2 1 Boe R IR B AR+ L& 7E
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Fig.6 C NMR spectrum of complex 1 at different
temperature (400 MHz, DMSO-d,)
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Fig.7 trans- I ~trans-V Configuration of cyclam

derivatives

23 BEMEEREYIT DNA BT1E

RN A WIAE ) DNA 89013130570 75 3
JZ BWESE R e N T A DD I B B 5 6 i,
DL IR E pBR322 BURL DNA IS, 7E Tris-HCI H
VKZE M (50 mmol - L' Tris-HC1/50 mmol - L' NaCl,
pH 7.4) B ZKIE WA B, 70590 %5 56 1 IC MR 42 Js TiC
FPIX DNA WD, WMl 2, a3
TEDUIR ML BRAFAE W9 26 18 T BAT Rl v v, )
F B HLE AT BE 2N, Ca(IDF5 2 — A i T2 A Cu(T),
Cu(DTE A3 JEaR] (WU IR ML BR) A7 72 T 5 %80 1 I
7 AR R4 A R 5 DNA BB Rk A Ak
B JEURCNE (o WA TR e B i A T R RS AAR(Ly), P&
Y1 FEEE Y 2 7L AT, Jeg e ALYk
JE KR DIEIAR R BIE N TRCG Y 1 MBCS Y 2,0
Bral e &4 eyclam ¥ B 4 4 N 5 & RECALE,
M T N A4 7RO R T 4 B0 i oy SRR b ok
FEAE S0 25 1 T AN REAT A8 0 B ARG v J5L 7 1) FL 7 2
JE T X DNA JC18 2 A VT F I 2 7K i D) 1 #
B 3 F e fBcis , & AT 3 oo el AR cyclam ¥F I 1 X
PO B T RS R PR SR 5 W, TEXS
HAZ TR Bl 1% VEAF T B, 2 cyclam 3 1 N

Lane 1 2 3 4 5 6 7 8 9
Form II
Form 111

Form I

Form II

Form IIT

Form I

Form II
Form IIT
FormI

Form II

Form III

Form I

a, b and ¢ was incubated for 6 h at 55 °C and d was 1 h at 37 C
in a 50 mmol - L™ Tris-HCI/50 mmol - L' NaCl buffer (pH 7.4).
Lane 1, DNA control; Lane 2, DNA+ascorbate; Lane 3, DNA+L,,
1, 2 or 3 (35 wmol - L™); Lane 4~9, DNA+ascorbate+L,;, 1, 2 or 3
(5, 10, 15, 20, 25 and 30 pmol - L™

K18 pBR322 (200 ng- pL)BTKL DNA 5 L, (a), 1 (b),
2 (c)Fl 3 (d)Fh I5E JE HL Tk 14
Fig.8 Agarose gel electrophoresis for cleavage of the
pBR322 plasmid DNA (200 ng- pL.™) by L, (a),
1 (b), 2 (c¢) and 3 (d)
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13- Nt MR EARA, A2 T cyclam
AT ECAR Ly DA BCH R 18 2R 50 B A% & SR B & 4
Zn(L;)Cl, (1), Ni(L,)CL, (2)F1 Cu(L,)Cl, (3); % R 45 e %
B L A C2 XFREE A | H cyclam P8 LB — A>T HT
fie 1) 2 DS EAL2EASEMY B H 2D['H, PNTHSQC X
FUBCAARTE AL FT S, N-H b 2200 B A8 4k | i i B &
Yy ) G540 2 42 J8 S ICAA eyclam 28 9 4 4> N #E47
BeA s M AS IR A% W%, 456 2D['H, SNJHSQC , & BLEC
B 1R LL 2 PR RLIEAE  IF B trans- 1T
FRIAEAE  DEAMHBERS KA 5T T B RS B 4 s
e 45 Wrnt R R E pBR322 kL DNA YIENE M, &
Bt & 3 TEPUIR ML W2 A7 76 1) 2% 10 H A A% TR I 0
PEOMECAR L, BCAG 1 AR 2 TR AT
TCe 2 ) B 2K f DI BB S B X F RS
Y1 MBECEY 2, sl e R cyclam ¥F 1Y 4
NN EHEEEA, BT N AR PR EIET &8
(6 2 TR P | A AR S0 45 F R R A R R
L JEF IR HL faf 25 5 AT DNA TGI8 A2 S AL 1) )
M S K A DT ENVAR S BV A 9E 45 R W] 2 L eyelam
T A o B Rl N TAX R B (507 5 A U it — e
WZ%

Sk,

[1] Hunter T M, Simpson D P, Smith A M, et al. Chem. Eur. J.,

2007,13:40-50

[2] Liang F, Wan S, Xiong X, et al. Curr. Med. Chem., 2006,13:
711-727

[3] Ross A, Choi J H, Hunter T M, et al. Dalion Trans., 2012,
41:6408-6418

[4] Canaple L, Husken, J H, et al. Bioconjugate Chem., 2002,
13:94-951

[5] Korupoju S R, Mangayarkarasi N, Zacharias P S, et al. Inorg.
Chem., 2002,41:4099-4101

[6] Xia C Q, Jiang N, Zhang J, et al. Bioorg. Med. Chem., 2006,
14:5756-5764

[7] Zhang Q, Xiang Y, Liang D W, et al. Bioorg. Med. Chem.
Lett., 2012,22:1814-1817

[8] Li C, Zhao F F, Huang Y N, et al. Bioconjugate Chem., 2012,
23:1832-1837

[9] Joyner J C, Reichfield J, Cowan J A. J. Am. Chem. Soc.,
2011,133:15613-15626

[10]Sheng X, Guo X, Lu X M, et al. Bioconjugate Chem., 2008,
19:490-498

[11]Ramalingam K, Raju N, Nanjappan P, et al. Tetrahedron,
1995,51:2875-2894

[12]Kobelev S M, Averin A D, Buryak A K, et al. Hetercycles,
2011,82:1447-1476

[13]Yu M F, Price J R, Jensen P, et al. Inorg. Chem., 2011,50:
12823-12835

[14]Stephen ] P, Sadler P J. Chem. Commun., 2004:306-307

[15]Miyoshi T, Hayashi S, Imashiro F, et al. Macromolecules,
2002,35:2624-2632

[16]Liang X Y, Weishaupl M, Parkinson J A, et al. Chem. Eur.
J., 2003,9:4709-4717

[17] (a)Molphy Z, Prisecaru A, Slator C, et al. Inorg. Chem.,

2014,53:5392-5404
(b)Zhou W, Wang X Y, Hu M, et al. Chem. Sci., 2014,5:
2761-2770





