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DNA-binding and Photocleavage Studies on Polypyridyl Ruthe-
nium(ll) Complexes Containing Steric Hinderance Group
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Abstract The polypyridyl ruthenium(IT) complexes of [Ru(bpy)zDMNP]2+ and [Ru(bpy)gBOPIP]2+ have
been synthesized and their structures have been ascertained with elemental analysis and nuclear magnetic
resonance spectra. The characteristics of the interaction of the complexes with CT-DNA were examined by
Ultra-Vis absorption spectra, fluorescent spectra, viscosity measurements and gel electrophoresis technique.
All data indicate that both complexes bind to double-stranded CT-DNA via the intercalative mode and
[Ru(bpy)zDMNP]2+ binds more avidly to CT-DNA than [Ru(bpy)zBOP[P]”. Noticeably, upon irradiation
at 365 nm, the two complexes have been found to efficiently photocleave plasmid DNA, and the active oxy-
gen species for the DNA cleavage in these complexes is singlet molecular oxygen.
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imidazo[4,5-f](1,10) phenanthrolin-2-yl)-N,N-dimethylben-
zenamine( fi] 5 4 DMNP), 2-(4-butoxyphenyl)-1H-imi-
dazo{4,5-f)(1,10)phenanthroline(f&f 5 % BOPIP) X X £TAC
& Y [Ru(bpy),DMNP)C10,); (Rul) H [Ru(bpy),-
BOPIPI(C10,), (Ru2)(B 1). FIAILRMT A RE
FEXHHIT T SR, FRETRECERE. ek
W E LRI EXBEAREFRH AR AY 5 DNA
HEAERRER, BARM[Ru(bpy),DMNPI(C1O0,), K1)t
EHRCLEIS A", ERXX DNA KK
W, JetEIvE R RE R WRE.

Ru2

1 MAY Rul A Ru2 HAEHRREE
Figure1l Structures of Rul and Ru2
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1.1 ES5iKH

B LRI R S W 2l R AT R — A, A
4 Hfk DNA MB EBEXEYTRAR, HREU
£=6600 mol 'eLecm ™' JHfi 2. JFKLpBR 322 DNA (B.R.
FOMFIERE(RK LW AILREELAT. BEWRNF
J¥ifik DNA 3/ 5 mmolsL™" Tris-HC1 & 50 mmoleL™!
NaCl (pH=T7.2)&r¥ACH]. HIKEHBEA 50 mmole
L™! Tris-HC1, 18 mmolsL ™' NaCl (pH=8.5); TAE Hik
Pk 40 mmoleL™" Tris, 20 mmoleL™' JKZ B 1
mmol* L™' EDTA (pH=7.4). Fi& 0 EBHMER=%
KB H. JR BT3¢ 4 Perkin-Elmer LS 50B %%
Jti%{X; Hewlett Packard HP-8432 EI 4 5h-7] WILIEAY;
Bruker DRX-300 MHz & BE3tR{Y; VarioEL I R &
TUESIXER EA TTES T RS A]); Ubbelodhe ¥4
FERIsE; DYYII R 3k {X; UVPGDS 8000 BRI

SRERE.
1.2 ZRAE

R RBOLE. Heti% L FR R SRR S o
ﬁ}yiiﬁﬁ[(r-lo,lz,ln.

Pk S5 . 1A eppendorf & 94 BN pBR 322
DNA IR &9, DNA Z9REH 14X 10 pgel ™" #
365 nm FHKKEIAT R — R, REMAR
BMBERE L RN, R—ERRRNEE 90 V BE
THATERR K 120 min, BUH B, FERRRRR 2T
REA.

1.3 ERGRESYHEN

ABIENEBK-5,6- — K" IR0 DMNPe3H, 04 STk 77
B

HWNTEEXFENER: # 2.740 g (20 mmol, 2.15
ml) ER T 4%, 2.442 g 20 mmol) W R H K FEE, 2 g K
K,CO; F1 50 mL REIMAEIR 6 h, KILEBZEH LR
o, RESEEERERRBRERE, BHEEDETK,
A PRER, SHENE, REERBREZ KPR
BREMRYY THEXFRE.

BOPIP-1.5H,0 14 k: % 0.532 g 4R3EREME-5,6-—
F1(2.5 mmol), 0.623 g 3t T HEXFE(2.5 mmol), 3.88
g ZEE%(50 mmol) M 40 mL YK Z BB &4 # Bl 2
h, AZEHE, FEEFEHRE MAKEKPHFLEA
MU, WOERTTIE R KBE SR BUR, BT, ditk/E
B HEEK, % 78%. Anal. calcd for CyHyN,Oe
1.5H,0: C 69.86, H 5.86, N 14.17; found C 69.90, H 5.47,
N13.77.

[Ru(bpy),DMNP}(C104),*3H,0 (Rul) # [Ru(bpy),-
BOPIPI(C10,),22H,0 (Ru2)f1-& i 2% 3C#R[16): 0.261 g
cis-[Ru(bpy),CL12H,0 1 0.197 g DMNP+1.5H,0 (0.5
mmol)7E ZEFAKQ2:1, V:VIREEER P EBRIRY
IAEIR 3 h, BELARERR AHNZZREMA
HERAKERNER, fRELATIE. Mg, A
DRKGEHR, TR, difERaaRE, =% 57%. 'H
NMR (DMSO-ds, 300 MHz) 8: 9.27 (d, J=8.1 Hz, 2H),
9.12~9.06 (m, 4H), 8.44 (t, J;=17.5 Hz, J,=7.8 Hz, 2H),
8.36~8.25 (m, 6H), 8.12~8.07 (m, 4H), 7.82 (t, J;=6.0
Hz, J,=72 Hz, 4H), 7.57 (t, J;=6.9 Hz, J,=6.3 Hz,
2H), 7.15 (d, J=8.7 Hz, 2H), 3.27 (s, 6H). Anal. calcd for
C4H3,CLNO Rue3H,0: C 48.96, H 3.91, N 12.53; found
C 48.86, H 3.65, N 12.48.

[Ru(bpy).BOPIP)(C10,),2H,0 f1& B 4R k. 'H
NMR (DMSO-ds, 300 MHz) &: 9.30 (dd, 2H), 9.09 (dd,
4H), 8.44 (t, J;=8.7 Hz, J,=9.0 Hz, 4H), 8.38~8.28 (m,
4H), 8.19~8.1G (m, 2H), 8.06 (d, J=5.4 Hz, 2H), 7.90~
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7.79 (m, 4H), 7.56 (t, J;=6.6 Hz, J,=6.6 Hz, 2H), 7.45 (d,
J=8.1 Hz, 2H), 4.32 (t, J=6.3 Hz, 2H), 1.98 (q, 2H), 1.71
(m, 2H), 1.19 (t, J=72 Hz, 3H). Anal. calcd for
C43H3CHNgOgRu*2H,0: C 50.79, H 3.78, N 12.76; found
C50.91, H3.93, N 12.58.
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FEAE RN R K 2 DNA EN S ARGERE
1 HTER, FEE THELHE-—ENETER,
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MLCT ##LA E. HU{DNA]:[Ru]=10:1 &, Rul £
459 nm KR KRBENH 2 nm, WEER 13.8%, £
341 nm &, BAWBIEAH Tom, HEEK 23.8%. T
HF4% 4T, Ru2 7 461 nm 4 MLCT SREA B £ 468
nm (AMA=7 nm), BWEEN 194%. XLERKH, FHH
E&WHLEAT RS DNA S T44.
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Figure 2 Effect of DNA concentration on UV-Vis spectra of
Rul (20 pmoleL.™")
cona=0, 15, 30, 46, 90, 122, 152, 197, 287, 340 pmoleL ™

22 TRkE

EiH T, Rul 7E Tris-HC1 2 & H 3155 B0 R,
il Ru2 WA BRSO, WHER DMNP K 2RE S, ik
HEAZTIHEHRSREFRERRNGH. FARE
BAH S L 591 1593 nm, RATHIE TR AW
CT-DNA #RE#MIHFE AL, 4Lk 460 nm B

KR nt, BE% DNA #RE R X, Rul F1 Ru2 R IEE
B4 B8 2.2 F 1.6 f5 (A 4, 5 FiR), IXRE N HE
LYLMEAT X5 DNA 4 F4 4 LS, DNA 45FEK
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Figure 3 Effect of different DNA concentration on UV-Vis
spectra of Ru2 (20 pmolsL ")

cona=0, 90, 180, 270, 360, 450 umolsL ™

Fla.u.

500 550 600 650 700
Wavelength/nm
B 4 DNA WX Rul (20 pmoleL YR E IR W
Figure 4 Effect of DNA concentration on fluorescent spectra of
Rul (20 ymolsL™%)
cona=0, 30, 40, 60, 80, 100, 160, 200, 260, 380 pmol-L™*
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Figure 5 Effect of DNA concentration on fluorescent spectra of
Ru2 (20 pmoleL ")

cona=0, 10, 18, 32, 57, 69, 97, 130 pmol-L™*
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Figure 6 Plots of relative emission intensity vs. [DNA]/[Ru]
ratio for complexes
a: Rul cona=0, 60, 120, 200, 260, 380 ymoleL™'; b: Ru2, cpna=0, 60, 140,
180, 260, 320, 360 umoleL ™"
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Figure 7 Emission quenching curves of complexes with in-
creasing concentration of quencher

[Fe(CN)el"", [DNAV(Ru]=40:1, [Ru]=20 umolL™"; (a) Rul, (b) Ru2, (c)
Rul+DNA, (d) Ru2+DNA

1.044 Rul
il .
£ 102 Y
£

0.011

1.001

000 002 004 006 008 01
[Rul/[DNA]

H8 LAY CT-DNA HiEMZW
Figure 8 Effects of increasing amounts of the complexes Rul,
Ru2 on the viscosities of CT-DNA at (31£0.1) C, [DNA]=0.5
mmoleL™
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9 E 4% Rul % pBR322DNA HILEI#IR:
JERART(E]: 150 min, 1~8 WIEASYIHIRBESHH 0, 8, 12, 16, 20, 30, 40,
80 pmoleL ™"

Figure 9 Photoactivated cleavage of pBR322DNA by Rul after
150 min irradiation at 365 nm (the concentration of complex in
lane 1~8: 0, 8, 12, 16, 20, 30, 40, 80 umolsL.™")
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B 10 E4Y Ru2 X pBR322DNA KIJ6YIE|LH
JEMBRTE): 150 min, 1~8 YiEAL A WIIRIED HH 0,4, 8, 12, 16, 20, 30, 40
pmoleL %)

Figure 10 Photoactivated cleavage of pBR 322 DNA by Ru2
after 150 min irradiation at 365 nm (the concentration of complex
in lane 1~8: 4, 8, 12, 16, 20, 30, 40 pmoleL ")
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B 11 AREEE R A4 Rul 115] pBR322DNA K
13X R, PMREY, HAkE A &N 20 pmoleL ™", % 1~8
YK IE i L R IE] 4318 210, 30, 60, 90, 120, 150, 180, 210 min

Figure 11 Photoactivated cleavage of pBR 322 DNA by Rul
upon irradiation at 365 nm for different time (lane 1: DNA alone;
the concentration of complex in lanes 2~8 is 20 umolsL ™}
Irradiation time for lanes 1~8: 210, 30, 60, 90, 120, 150, 180,
210 min)

B 12 RREDSEERE A% Ru2 H1# pBR322DNA KW
1 5l AR, AMAREY, JAKER S YIRER 20 pmoleL ™", 5 1~8
Vi B R BT 18] 4381 24 210, 30, 60, 90, 120, 150, 180, 210 min

Figure 12 Photoactivated cleavage of pBR322DNA by Ru2
upon irradiation at 365 nm for different time (lane 1: DNA alone;
the concentration of complex in lanes 2~8 is 20 u.mol-L"; Irra-
diation time for lanes 1~8: 210, 30, 60, 90, 120, 150, 180, 210
min)

3 &g

& B T 4T B 4 P [Ru(bpy),.DMNP}(C10,); (Rul)H
[Ru(bpy),BOPIP(C10), (Ru2), kK% REH, REH
KTHEABEENZRAME, BFREMEiS DNA #
BAEMAKE, RERFEEEY S DNA &8 HKR
/N B4 Rul A DNA HI#EHH Ru2 58, Rul Xt
pBRDNA K RMZRH T Ru2, EN1EH3 DNA HiE
ML A RS
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