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Synthesis, Crystal Structure and Resonance Light Scattering
Spectral Study on the Interaction of DNA with
2(Pyridi-2-yl)benzimidazole Nickel(ll) Complex
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Abstract A nickel(ll) complex with 2(pyridi-2-yl)benzimidazole [Ni(C12HgN3)3](ClO4)2*H,O has been
synthesized and characterized by elementa analysis, IR, UV and single crystal X-ray diffraction methods.
The crystal of nickel(11) complex belongs to triclinic system with space group, P1, a=1.20076(5) nm, b=
1.22545(5) nm, c=1.49077(5) nm, a=288.2430(10)°, f=71.7970(10)°, y=72.544(2)°, Z=2, the finad Ry=
0.0608, and wR,=0.1859. The nickel(I1) atom of the metal center in complex has an octahedral coordination
geometry and is six-coordinated by six nitrogen atoms from three organic ligands. A resonance scattering
spectral method has been used for the study on the interaction of DNA with nickel(11) complex. The results
show that the corresponding resonance Rayleigh scattering (RRS) spectrum appeared and RRS was en-
hanced with the growth of the concentration of Ni(ll) complex. All of the results indicate that there is strong
interaction of the Ni(l1) complex with DNA.
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4z 1R 2R G K eSS S 0 BRI S H T T8 2 T B O 2
] P 28 ST R AP IR S A, T AR IR IR A e A4
A - FIHERUER, PRI AE 73X S MO AA 1) < Je T & ) ik
TG ) AT DU e U K m-m O HERRVE B GV 2 45
R H SR 2 A3 SR IT R 1 2 V22 B 1) 36
PEnThiest, 25 TIRZ EENEYI S RN, BAE
ZWYSEAE . BB R IR T KRR, 25
B ET R, eI Ay DRk E EEEH,
] TR AR S AL ) AL I (SOD) (175 1 S A T T
AR LA AR AT A R B S T 58 A 7]
Wr, VF 22 5 28 I WK e 1 50 AR RN G A ) B 5 T A
SR NI H I 53k 0 4 R e A W e LA K 4544
YR AR, HA R I A0 PR () el 0% 4 )8 4501
WKIRIL A, B R A AR 2 o b — AN B
(1 K 161314

BT TEE BT BL 2- 28 T 0K etk g Ay M A4 () B
BCE), 192130 SR a5 b, FAT XRG4 R 5 )
() m A AR A DL SRR . I ARG iS5 T
A5 DNA WFEH, JLRGHEUD GRS ok —fh
BTN 5 AR AR IIEOR. F3LHROGH
S G IEFFU[NI (C1oHoN3)3] (ClO4)2H-0 55 DNA FIAEHI R
WA SR RE, IR B GY) S DNA 731
[FAAAEE A AR . Ol @ LA W) A AR I 1) il 2 15
VERIZ BRAE FHER AL T 0128 1 B AR A

1 SLIgES

1.1 RFIFLEE

B A 2 A ok T Al ), AT R4
e alifh. ks DNA b BIRHA B AEY R BRA 7
FE, WETRAERE DL Aggol Aogo™> 1.8 i i, W< L 260 nm At
(TR B SR o, A A 1R BE R RO R ECR AT 6600
molsL fecm t, VKFEIRAZ S H. LA WI C, H I N G
M Perkin-Elmer 240 JGZE M. ZL4MGRE(KBr
JE )4 Perkin-Elmer FT IR J%i%4X/E 40000~ 400
om Y I SE . AR C A 0 P R AN O T AE
A UV-265 AU A T W kA Bl e, kR 2
200~700 nm, K H 2 2 Hr 4l DMF (NN-—
PG ), WOV 1X 1074 molsL ™, g 442 11
0P I AR A 2 S Y A% LWM C-201( R 5 B YT RHR) &
i, FEHROCHUR YT S A F-4500 986G AN (36 [
Dell) |52 1%, pH 1E7E PHS3-C IR i (L 75 L) Ly
. R GRE ] AVANCE-400 NMR A% i35 4R G i

S & .
1.2 FCiK 2-FFFRKIERE0E BY & R
BCARIKI & T EZ OR8] (Eq. 1). 7EREHT(30
mL) A 1.09 g (0.01 mol)A84 —figfl 1.23 g (0.01
mol) FH R IEIE (K2 RARIR), FILAF R 5355, FInA
2y 4 mL ZIHIR(PPA), TN, S &%
g 2 min, fERNYIFENET 2 RBERE, HAER S
TN AR S 1~7 min, SR8 SRR (0 1) S A 41
FEEW SN 100 mL vkKH, S EAERETTERT H,
g, VEVFH NaOH Wik 4 pH=12~13, il ¥k
e, T, BTSRRI
4K, *H NMR (DM SO, 400 MHz) 6: 7.20~7.27 (m,
2H, ArH), 7.49~7.55 (m, 1H, PyH), 7.55~7.72 (m, 2H,
ArH), 7.96~8.03 (m, 1H, PyH), 8.33 (d, J=7.93 Hz, 1H,
PyH), 8.73 (d, J=4.27 Hz, 1H, PyH). Ana. calcd for
CiHoN3: C 73.83, H 4.65, N 21.52; found C 73.97, H 4.39,
N 21.33.

H
HooC” N7 NH, (BRI VARNVARY

¥ 0.001 mol (0.19 g) 2-ZK kML IE 5 0.001 mol
(0.37 g) Ni(ClO4)*6H,0 I WA, 70 il 5
FE, WHNREAE 65 CAAT, Wy Bt HE mAnli
20~30 min J5, S84 ¥H#, FENA 0.001 mol NaClO,
(0.14 Q)i FH VA MR (UM S AR RRAN B IS 40 mL), k&%
N 14~16 h J5&, JoH ARk, OV E A E 1 h,
R4 B 5 AIRAA, FHUEIRRATAE =AM, TBCE S
RIGH R EZETEAR AT . [Ni(C12HgN3)g] (C10,)
H,0 JC & /T B8 E: C 50.20, H 3.37, N 14.67; Szl
C 50.03, H 3.26, N 14.43. FHECAL & 205 T A9
AR IC RIS RN 6.79%, BLE{EH A 6.81%.
1.3 SRIREEHRNE

YEHL—i K /A 0.50 mm X 0.40 mmX 0.24 mm [F]
FO R AT R S I E . 7F Bruker Smart
Apex(11) X S it 1, SRAA SR OSSR ain
Mo Ko (1=0.071073 nm)§i4k, 7F 1.75°<6<<26.0°7u[H
W, FEERT T AL 14619 Ay, LA AT i 7686 A,
I >20(1) %) 5671 4~ T4k it AME I, h: —14~14, k:
—14~14, I: —18~18. JifHiikE T =FRHn R, &k
Al PL, k22508 a=1.20076(5) nm, b=
1.22545(5) nm, ¢=1.49077(5) nm, a=288.2430(10)°, =
71.7970(10)°, y=72.544(2)°, Z=2, V=1.98306(13) nm°,
D.=1.442 gecm 3, F(000)=884, W W %% 1=0.689
mm- Y, SR AR 4R R TR 45 A A 18
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SHELXL-97 (Sheldrick, 1997)F2)¢5ek. 1 H JR &%
PR R S IE, HO R AR bR B o B, o
2 B X ¥ Ry =0.0601, wR, =0.1797. CCDC: 696381.
1.4 #B(NEA¥5S DNA RIBE/ERRYLIRELST L
G

() =% CHR[15, 16) ToktbEmpimA 1 mL,
5.0X10"° mol/L 1) DNA ¥ ¥, 1.0 mL Tris-HCI 22
(PH=7.03), BRI —ERFIE SR, AR &
Y%t DNA FIREEZHiHE s, FH b 2K R 2
—EARBUGIRA]. WA 5 min 5, BIRAWTIOE0
HFET ELL dem=lex (AA=0 nm)J5 AT A5 494, id
SE IR B RO 6. (2) WF S HN B 1 5 B X il & -
DNA 5 &1 R AR EURHGIE S, fE—E 1 pH ~H
TrissHCI ZZ 1Py T [# & DNA [, 1848390 NaCl %
FERHATINSE. (3) pH EXTEA4-DNA B AR R IR
B G i, LA Tris-HCI 22 v giif 5 7R A& 10 pH {E,
MEAFRE R RRS %, L F IR UL e
(R RUR S B 8% 58 BE 38 o 5 nm, F1HfiFE I 700 V,
i 120 nm/min.

2 FEREIHE

2.1 EAFE SRR

P A B e A5 W R A T WG £ UV-265 7Y 48
AT WA AT, BT R RS S B4l DM,
LA 1X10°° moleL ™" FU¥I, FiA R oAy T 310
nm A, KR T FCARAIFIRIBER ) non BRAT, FLAH)
AALAE 311 nm AR, TR 7E 322 nm b 7= 28 T T
W SCUEE, 3K Tt A A 5 4 D s 7 R A T A

5 TC A4 1 20 AW O 1% o, T 4475 3400~ 3000
om Y [ Py AR S U1 i AR RT CH BT N 1 44
3, 17 1600 Fl 1440 cm BRI R 00 U1 s T2 Ik
WRER T R R IR 4 C=C 4ikgl), 3R b 4 AN4RIE H [T
AN iR B 4E 745 em AL SR, FC A AE CA A
B AN R, AR AEANFIRERE IR 5, i Ak
5 & a8 R TR

T £ 0 I 5 B TC A PR AR AIE IR W Ve A B AE 1112.12
om AN RFAE IR I, AR SCRR[19], 1112.12 cm Ak i
W STV VA1 i A TG 4540 R i B3 1) CIOYG
22 miREH

BCAHII 4 T ai b P 1, S sui K B4 A i Al
TR 1. S50, b 2 AMesEalE
153 [Ni(C12HgN3)3] (ClO4)22H,0, HEAN73 1 H — AN
BEIE B FINi(CroHoNg)s] 2", 2 AN ClO, , 1 AN4E Ky 1
YLk, LR R A L E R B AR

M NCFIIEERE N RO, BCE I LL Ni(H) & 708 s
FERRECAT 2 4k, b N(2), N(1), N(4), N(8)# kAt fr
Z AT FRIE V11, N(5), N(7) 0 B C A7 25 Th 4% F0 Al 1] 437
B, MW 1 EE T, e RS NP2 ) R
0.2120(3) nm [Ni(1)—N(5)], 0.2123(3) nm [Ni(1)—N(2)]
F10.2128(3) nm [Ni(1)—N(8)], Ni*" 54wk i 1
FAY R S 5 SCHR[ L4 R I BE A — 3 Ni(1)—N(7) 8
0.2072(3) nm; Ni(1)—N(1)>} 0.2080(3) nm; Ni(1)—N(4)
>4 0.2083(3) nm. ZRJFIBKME AR 2 H A 47 L 1 L 1
HLF e ) B T ke R AR 7, DL 5 & s B 1 It
KN Fbne FUR 75 48 B . A TRl A
f¥) N(5) 5 b T R A7 B 0 N(1), N(2), N(4)F1 N(8) £
3514 94.31(12)° [N(1)—Ni(1)—N(5)], 92.51(13)°
[N(5)—Ni(1)—N(8)], 91.96(12)° [N(5)—Ni(1)—N(2)F1
78.57(12)° [N(4)—Ni(1)—N(5)], i =AMa#r 90°, &
—ANAE 90°, 7 TR AL E I N(7) 54T ARiE R &
) N(1), N(2), N(@F1 N(8)HIG A5 4 90.32(11)°
[N(7)—Ni(1)—N(1)], 96.79(12)° [N(7)—Ni(1)—N(2)],
97.71(11)° [N(7)—Ni(1)—N(4)], 79.03(12)° [N(7)—
Ni(1)—N(8)], #fMtEvis NG)FL =X FxF
BR R AR/ 170.16(12)° [N(1)—Ni(1)—
N(4)], 170.76(12)° [N(7)—Ni(1)—N(5)], 173.38(11)°
[IN(2—Ni(1)—N(8)]; tbiszir 180°. Pty BA 4
R H 46 B O AN LA R 28 A W A\ THI AR 28
LB R, BoEW e AE e S AR, £ I
F 2. FARP ORI IEER T IE3E NH [N(3)—H(3B),
N(6)—H(BA), N(9)—H(9B)] 5537 125 1 iy SURR AR 4
TIEHL T &8, I N(6)—H(6A) XA I TE A 5 —A
e AR T (R P AR T P AN S, SRR 5 40 )
J5 N(6)—H(6A)---0(2) 0.3226(7) nm, N(6)—
H(6A)---O(3) 3122(6) nm, L% PAAEH N(3)—

I WO AT e Ry A
Figurel Structure of the cationic complex
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RSP (nm) FEEA (°)
Tablel Selected bond lengths (nm) and angles (°) for complex

Ni(1)—N(7) 0.2072(3) Ni(1)—N(1) 0.2080(3)
Ni(1)—N(4) 0.2083(3) Ni(1)—N(5) 0.2120(3)
Ni(1)—N(2) 0.2123(3) Ni(1)—N(8) 0.2128(3)

N(7)—Ni(1)—N(1) 90.32(11) N(7)—Ni(1)—N(4) 97.71(11)
N(1)—Ni(1)—N(4) 170.16(12) N(7)—Ni(1)—N(5) 170.76(12)
N(1)—Ni(1)—N(5) 94.31(12) N(4)—Ni(1)—N(5) 78.57(12)
N(7)—Ni(1)—N(2) 96.79(12) N(1)—Ni(1)—N(2) 78.72(11)
N(4)—Ni(1)—N(2) 94.61(11) N(5)—Ni(1)—N(2) 91.96(12)
N(7)—Ni(1)—N(8) 79.03(12) N(1)—Ni(1)—N(8) 96.08(11)
N(4)—Ni(1)—N(8) 91.05(11) N(5)—Ni(1)—N(8) 92.51(13)
N(2)—Ni(1)—N(8) 173.38(11)

B2 BCoPmals s koo
Figure2 Building block of H-bonding structure of the complex

2 WAEYNEEEE nm and (°)]
Table2 Hydrogen bondsin the complex [nm and (°)]

D—H-+A d(D—H) d(H-+A) d(D--A) ZDHA

N(3)—H(3B)-+-O(6)#1 0086 0203 0.855(7) 160.2
N(6)—H(6A)--O(2) 0086 0254 0.3226(7) 137.1
N(6)—H(6A)--O(3) 0086 0228 0.3122(6) 1655
N(9)—H(9B)--O(10) 0.086 0.197 0.2807(6) 164.9

Symmetry transformations used to generate equivalent atoms: #1 —x-+1,
—y+2, —z+1.

H(3B)---O(6)#1 0.2855(7) nm, N(9) — H(9B)::-O(10)
0.2807(6) nm [fFF AL i W S B G 2L, [RII
FIRIAEAE BH S8 (0 2R K e 55 ) e-me SERVE () 3), )
e [ B SO R O =8 U 5 5 N L B 2 N T TR WY SR =)
0.3883 nm, I F 12 04 0.3489 nm. 431+ [H) il i t-m HEAH
YEFTERL T 2Rk, SR Jm i S B 4 S 4k T —4E I Bk
R,
2.3 HIRIEHIEE K IE(RRS)AR

Pasternack 219 1903 4F 2 H T HARBUHAT A
TR E. Tk, A ILIRBUN G 5T o
THAEM RS PR & RO A EAE
DI R B 2y 1) ) 52 12223 4 32 S

Bl 3 SEElBR n-n MERUE K BUIRC &5 ) 25
Figure3 Complex structure formed by hydrogen bonds and n-n
stacking

231 B()Eo4 L Bk DNA R Z 69687

Fo SO FT AT RN ()AL &) 5 00k DNA JRONAR R
#) RRS JGili (B 4), tHERLUE H g (NS
RRS {55 (11 2; 6)F111 k5 DNA 1) RRS {55 (4 7) bk
55708, {H 505 DNA KV 5 5 i RRS AR 5 5 5 14 5,
DL 285 nm Ak (135 EE o B B, HUEIE R AE T R, AR
11 465 nm 2o A7 T W ISC IR, B TIC 5 PR BE IR 1S K,
RRS SRR I #hiZk 1~5). i Ec &1 RRSYE
f7F 285 F11400 nm Ak, I DNA J5 i FE(NRAY 5
ks DNA KA TAERTE R T 254, KR 465 nm 4k
HIL TR R e, g HLTE R A2 R R T
W B G RTTIE K, K4 SCRR[23, 241891 & W, RRS
55 I 5 SO b VR B I L, TR RRS AR 545 i
G ARG R I, BCEY 1A 2 AR E
H, R T I BERT RRS Gith ™ A= s ik i1 JH, Bt
P A B 3R, T8 Ik S B 45 S TR B A 1 o0 1A
R, K. B, BERC SR EE ISR RRS {5
50 A R,

1000

IRRS

200 300 400 500 600 700 800
A/nm
B4 ANFEBCHPREL N ARE RRS G
Figure4 RRSintensity in different complex concentration

1-5: [DNA]/[complex]=1.3, 1.1, 0.9, 0.7, 0.5, 6: complex, 7: DNA, pH=
7.03

232 BTRENTA

DL NaCl # il R 0 s s, I 5T LUR H, &
TR LR DAL S )-DNA 14 R 1K RRS 585 7 5411,
4 NaCl W /N T 2.0X 10 % mol/L I, %Hill5E i) RRS 7%
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FE SN, dhEE1 K NaCl WKJE, KA RRS 15551
FEBRBRN. 2 Na W IA ] — e FEER, R RRS
F SR AN R AR, S SCHR[25, 26)FT K, H
T NaCl %f DNA 7 se 445 44 M, I\ Na'Ji7, Na' LA
HE s DNA i F sy R B R SEAH HE A
Y2RS5 DNA 456 R 1 FA%. Rtk NaCl (1)
ANBEM T ECA )55 DNA AT, AR 1 RRS {5551
FEW/D, HLBf NaCl U BESE R, X Fh A& 3 om ), Al
IR RRS 155 55 B 2 i /).

1000

IRRS

0 \ I T I |
200 300 400 500 600 700 800

A/nm

Bl 5 Af) NaCl KB M1A &R RRS {5 5
Figure5 RRSintensity in different NaCl concentration
[complex]=7.5X10"° mol/L, [DNA]=12X 10"° mol/L, 1—6: [Na']=0.0X
107, 2.0X107% 4.0%X107% 6.0Xx10% 8.0X10* and 10.0X10* mol/L.

pH=7.011

233 pH{a## A

FZI T8, DA Tris- HCI G2 g2 il 7K 2 1O IR Bl
WE T pH A T RRS SR, AR 6 i, IR
PERSE N A S, R, BRPESAE T IS S 5.
RAERIEMIAE N H) RRS {5 5 A0 T e 2w,
KRG R RAERYE M ZAF T, BOE 7% N AR] g

1000

! RRS

B 6 AJF pH TR AY-DNA 4K R M RRS 51
Figure 6 RRSintensity of complexes-DNA complex systemin
various pH
[complex] =7.5% 10"° mol/L, [DNA]=8%10"° mol/L, 1: pH=5.4, 2: pH=
7.2,3: pH=9.0

B HO e, ARTE A5 DNA Mgia, TEmREE
PR EESE R R A 5 1 . TR T, <
JEE 5 OH 4i%, Bt pH (MTh s, AT,
XA RS T A DNA 44, IS SR 59.

3 g

BT 22 I UKL G £ I A8 T k5
i, FEATUI KR T AL R, At
JHECKIFORMTER ) o SERUERL. SRR T
50T HLAYHI 'S DNA HOfEF, FLEH'5 1R DNA [ 675
JEIRAL 705 RRS {2 % S S F th BT 19 RRS
i
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