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Abstract: Two novel ruthenium-arene complexes of general formula [Ru(n®p-cymene)(L)CI|C], where 1.=4,4'-
dimethyl-2,2"-bipyridine (1), 4’-methyl-(2,2'-bipyridine)-4-carbaldehyde oxime (2), were synthesized. They were
characterized by elemental analysis, mass spectrometry and '"H NMR spectroscopy. The hydrolytic property and
binding activity of complexes with CT-DNA and serum proteins were detected by UV spectroscopy and fluorescence
spectroscopy; the cytotoxic assay was also conducted. The results indicated that 1 is more dynamically stable in
the aqueous solution than 2. Complexes 1 and 2 bind to DNA double helix structure via intercalation with the
binding constants of 7.8x10° L-mol™ (1) and 1.86x10* L.-mol™ (2), respectively. These complexes also exhibit
strong interaction with protein and cause quiescent quenching of proteins with the binding constants of 1.04x10°
L-mol™ (1) and 8.62x10* L.-mol™ (2), respectively. Strong binding ability between complexes and protein may be

the reason of low cytotoxicity.
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Scheme 1 Synthetic route and general structures of

complexes 1 and 2

SRR p- G TR U ROl 7/ LV ST e iR 7]
it DNA (8 H S A B AR TS, W] LALE B AT] 42 i
TRGUREALEE ) BEWIAE R R B R AU S )
R sl G AN DR R 0O RSO L T 2 Tl A DT B BT IR
N B 437 A= 9 E & 9 [Ru (®-p-cymene) (L1)CI|C1 (1) 1
[Ru(n®p-cymene)(L2)CI|CI (2)(L1=4,4'-dimethyl-2,2’
-bipyridine, .2=4"-methyl-(2,2’ -bipyridine)-4-carbald-
ehyde oxime), i i JL R 73 #r \[ESI-MS #1 'H NMR #
177 RAE, FH MTT 800428 1 e 1A S e 4 % 9 4
i R AE A MR FE R O SR AL E OO0
IEHTFE TGS DNA BSA UFERT . fE Rik4s
e AR I a NS A0 Wk E RN eI S ENR L)
FERTEGH OB L B LR S %

1 SEWHES

1.1 RXFIENEE

S BT TV R 2 2R 23 A ) | AR R S G
R L 0P T g e IR (S 5 & Ao i Al A TN
(B TLRR)YOFEAT A4l BT AT B B B AR R AR
Bl N 4T, 4,4'-dimethyl-2,2'-bipyridine(L1) ¥ H
Mg AL 27 it 23 ) AR SCHR D7 iR # T I 47
methyl-(2,2'-bipyridine)-4-carbaldehyde oxime(L.2), k&
FEIREER BTAT IR 7E 0 B EAT  'H NMR SR H
Bruker AVANCE 400 spectrometer(f& E)ill & ,C \H,
N JC & 73 Hr i FH T = 3 7 A (vario ELIL , B8 7 [R24
w78 =) ESI-MS 8 /] LCQ FLEET Hi i %5 it
T (P B G R BE L 38 B AE (Source Voltage
4.0 kV,Sheath Gas Flow Rate 8 arb, Capillary Voltage
70 V,Capillary Temp 275 K, it s AH 4 BB | 37 3y
200 pL-min™, PERE T 2 B RE )RR 5 E Ak
V) , SN I AU 56 [ BL L 22 3 W) AR
) Cary 50 1X#% , 2661 /2 H] PerkinElmer 1s-55
PO E
1.2 EEYMHEREEH
1.2.1  [Ru(n®-p-cymene)(L1)CI]CI (1) B
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75 B E7 B AR [RuCly(p®-p-cymene)],(122.4 mg,
0.2 mmol) , At & (L1)(73.6 mg,0.4 mmol)¥% T 10 mL
H s rf 78U R 338 K i 12 h, [N Z%
J& i S AR R AT 3 B, CHL,CL/MeOH(15:1, V/V) R B i
R, =N 85.2 mg, 7 N 43.5% ., "H NMR(CDCl,,
400 MHz):9.52(2H,d, pyridine),8.03(2H, s, pyridine),
7.54(2H,d, pyridine),6.17(2H,d ,p-cymene),6.02(2H,
d,p-cymene),2.70 (1H,dt,CH),2.58 (6H,s,CH;),2.27
(3H,s,CH;), 1.06(6H ,d, CHs) . ESI-MS : [1-CI]* m/z
HBAE ly 454.98, 5L KBl 45525, TER 73T (%)
CoHyN,RuCl, 1 FR i {H A C 53.88,H 5.34,N 5.71;
SEMME A € 53.28,H 5.28,N 5.86,
1.2.2  [Ru(n®p-cymene)(L2)CI|CI (2)f5 B

W 07 57 = B K [RuCl, (n™p-cymene)], (122.4
mg,0.2 mmol)  FL/K 1.2(85.6 mg,0.4 mmol) % T HI it
o ER AR 338 K IR 12 h, O 25 3 5 8
I FEE T3 B CH,.CL/MeOH(10:1, V/V) hy 3 i 51
JPHEH 83.7 mg, FPFN 40.3%, 'H NMR(DMSO-
dg,400 MHz):12.41(1H,s,0H),9.50(1H,t,pyridine),
9.38(1H,dd, pyridine),8.70(1H,d, pyridine), 8.53(1H,
s,pyridine),8.35 (1H,d,pyridine), 7.89 (1H,dd , pyridine),
7.67(1H,t,CH),6.29~6.19(2H ,m, p-cymene) ,6.02~5.91
(2H,m,p-cymene),2.62~2.55(4H,m,CH,CH;),2.18(3H,
d,CH;),1.01~0.86(6H,m,CH;), ESI-MS:[2-CI|" m/z
M HEE N 483.98, SE4a{E ly 484.25 TG 4317 (%) -
CHosN;ORuClL, Y3 {H N € 50.87,H 4.85,N 8.09;
SEMAMEA € 49.83,H 5.23,N 7.82,
1.3 BEYHIKE

A UV-Vis JEI5 & Bl 59 1.2 K iE, ¥
BC &Y T DMSO, # 2 mmol - L, IZK i B
PRV EE R 50 pmol - L MUV (B FAVATR LN Vipyso!
Vio=5:95), 7E 298 K T, T K 200~800 nm i [Hl
1 em B2 0 A% @ I E 12 h N AR 15
min 10 WG EEE
14 BEYS CT-DNA HWHEEER

¥ CT-DNA B il 76 8% f2 b 22 vb ¥ (PBS,5
mmol - L', pH 7.0)H" , i f£7E 269 K iR EE T, H PBS
MRS, it UV-Vis 7R KR 260 nm 4T 1
em BEAR A 9 L 6 LI 5 WO BE{E, #°€ CT-DNA
I BE (=6 600 L-mol™-cm™), 55K 5 BE (Y 1L
TE (A s/A 30) 294 1.9, 2B DNA IS & 8 T, T
SESCI AR A RN SEAT ) HOBGE T HEAT I LA R
WY CT-DNA A7 (AR %% 50 pmol- L' i

AUERET 1 em B 09 A5 LA L O vk
ANAE A FERFLR 0.5 WL CT-DNA fiff & %5 W, CT-
DNA 5B & 9 0 vk B L ) CT-DNA 5 BE & 9 i vk
£ MR 0.1.,0.2.0.3.0.4.0.5.0.6.0.7.0.8 .,
0.9.1.0,CT-DNA 19 % B 43 %l 2 5.10.15.20.25 .
30.35.40.45 .50 wmol - L', CT-DNA SHECA IR G
7 min LIk 2V T 200~800 nm v [l i 5% W %
fE.
1.5 REMENFEEANMEEER

FREL 2 mg BSA, A pH=7.4 /) PBS ¥t , %%
R B BC IR B2 3 wmol - L' A BSA IR, B
Bt & % F DMSO, i BE & ) i 91 1 vk 2 10
mmol - L', K5 W H pH=7.4 1 PBS Wi B¢ 2 1.5
mmol - L' 1 & LI AF 3 T 17 % 3 mol - L' 1)
BSA W E T 1 em B A T AN, A
Y 0.5 WL A W, e 5915 BSA 1Y LA -
KM 0.0.5.1.0.1.5.2.0,2.5 3.0 3.5, Bl &5 ) 1 e
& 48k 0.1.5.3.0.4.5.6.0.7.5.9.0,10.5 pmol -
L7, IBA 10 min IRBPH S, TR AR K
285 nm AbIN 2E 26 e i
1.6 HEFHERR

SEHVEMCT O3 Fh AN M AR . N BP0 40 A
(A2780), i %5 240 it (A549) A1 1E # - JIE 48 M (L02) , &
JET R 2= L NS P S g ot AT
10% 11 1L 7% 15 7% 3 RPMI1640(Gibco BRL)' 37 CHs
I, BEA Wi A0 M AA S B 38 A I MR T
IO RO R 0 20 e, )8 A0 e B R B R S0
CFU-mL™", 5:fL 100 wL 4L 2 i £ 80 T 96 L 41 il
Brgebn e Wi AR 24 b, 430 2S IR IR A0 R )
HRZH LA K 4 A HE(12.5,25.50,100 wmol - L) BE 7
WA Wi H 48 h, SR W AL A 20 pL
WEWE 5 (MTT, 5 mg-mL™", DL PBS ¥ fi#),37 CHi 5% 4
h, /NOHLER 3533 m AL A 150 pl
DMSO A fife HY 888 il A B SECE 30 min,,
7%45((Inﬁnite M200, Tecan , Mannedorf , i )?D:"Jﬁ? 590
nm A& BRI | THRIEC S P00 g A0 1 B (48 h) Y
PR B (1C5o) ™19,

2 ZR5iTie

2.1 HMRESHHR

K HIMTT B0 T R L1 Fl 12 MBCE9 1,
2 5% Jili s 4 L (A 549) A BB 5 95 21 it (A2780) Al IE H
JHF U 240 2 (LO2) 20 it 35 M (1C o) - FH L5 0 1Cs, 45 SR (32
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Table 1 Cell toxicity of L1, L2 and complexes 1, 2 and cisplatin (ICs)

pmol - L
Compound A2780 A549 LO2
L1 142.82+4.97 11.83x1.71 174.67+2.36
12 171.11+5.86 65.40+3.24 162.98+2.27
1 174.59+10.13 >200 100.87+1.16
2 >200 >200 177.23£1.87
Cisplatin 9.59+0.42 13.84+1.26 2.26+0.12

D)AF LA ) B L1 AT L2 % il 6 200 M (A549) 47 32
SREEPE, P L1 A9 4TI EEE(11.83 pumol - LY)IE T
Wi DR A5 FH 1) B 988 245 9 IR0 (13.84 wmol - LY, {EL b £7]
X 1E 5 40 EE PR AR /N (>100 wmol - L) FL A4 1 1 2
X2 A2780 (A549 FNIE # 4IHE LO2 FeA KA #
P R T A . N EIREE R AT LR 1 S
XA RS ETBCAL IS, BCA W 1.2 X9 41 S OE H
JHF P 24 B 1% 5 1 S B AR (~200 pumol - L), A T 4R
G 38 BLC A B e T R AT A B R FRATTIE S TG
G YIRK AR S S HE 1 DNA FAHEAE
22 BEREWHKER
B A5 0 9 7K A Ak 2 iT DLIR 95 2 AT A 24 B 2

I, AR AN LA R 4340 5 DNA 2546 MR AR A
iri%f:“”(’l L SISO RSB SE T 1.2 WK i
(B 1), EAY 17E 250 nm AbA —JH 1% 264 nm At
A 5 1) W WA T U g S TR A LLCT/MLCT(BCAK -
¥/ &8 d BUE LT B o B0 Y BR
I0)ERAT , 75 304 F1 314 nm Ak 1 55 5 W W U U1 g ok
LLCT BRiE ;L5 4 2 7E 250 F1 280 nm Ak Y 455
Wb mT 9 )& MR A LLCT/MLCT BRiE 320 nm 4b %8

0.6 T

55 (14 W YA W mT U5 J A LLCT BRIER 2 AN ELA P17k
fif # R B LA CIr S H,0 RAZH, AR
B, 77 v BE Y T e 4 e B AT DA G B T RS S
P 1 A ALK ) S B MO B 55, TS 1 K S T Y
W A W e 35 o 2 T ] AR A AR /DN | i R R Mg e A 1)
O BE B O in (AN 0.551 38 m 3 0.557), B 1 7EK
WP LR E , , BB 2 7K B ) 8 Wi e i 88
Wi FoF () 2% Ak A B B 280 nm IR ISCUAE Ak 1 W S 3 A
BRI 0.716 THZ 0.759), EiRZEF UL 2 4>
Be A WK i O AN A, HBC A9 1 K fif 3 R L 2
12 ARSI AR L | 45— R N Bh 2R
WSS W 1R 2 1Y 7K i 3 o) i o 0.383 F
1.458 h™, 2 153 51 1.81 M1 0.47 h(3% 2), 5 X
HR A B AR K Ay

BCA5 90 1.2 B 7K fif SOy Y 38 52 A ] 1T R 5 H

F£2 EBAW1M2HKBEHR
Table 2 Hydrolysis constant of complexes 1, 2

Complex T/K k/h tinlh
1 298 0.383+0.037 1.81
2 298 1.458+0.039 0.47
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0.0

1 1 ]
250 300 350
Wavelength / nm
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0.3F

(b)
0.0 C1 n 1 " 1 " 1 "
250 300 350 400 450 500
Wavelength / nm

Coome=50 pmol - L7, Viwso'Viy,0=5:95; T Absorption of the complexes increased with time

B 1 BCAY 1 (a)fl 2 (b)7E DMSO #1448 SR O 3
Fig.1  Absorption spectra of complexes 1 (a) and 2 (b) in the DMSO solution
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I M BE 2 5 B AR S8 | e AR L1 AT L2 (R BOAR 3 49 53l
H-CH; F1-CHNOH ,-CHNOH A 37K JE T | fig 8 e
G2 MR
23 BAEYS CT-DNA WHEEER

J7 FLETBC A YDA 40 M b i T BB R S 2 DNA A
5% DNA F14: & AL A 9 2 8] 09 A0 B AR I FE S AL
i CHEZEEH ) YECE YIS DNA K AEMEHIE 5
AP I AT 0 2 ¢ B O € B 5 | ek £ 7 B g 3¢ P
B G915 DNA AHEAE TR R 38 o3 58 S0 6 15 v i
RTEAY 1.2 5 DNA M EAEM , £ 200~600 nm
0B A B A 40 1.2 5 CT-DNA 1R H B9 ot 3%
(Bl 2), 45L& 1 1E 250,263 304 & 314 nm b FH
W AT o 5o W A U BRLAE 250 AT 263 nm, BLA W) 2
£ 250,280 S 314 nm AbA WM, f i g i B
£ 250 F1 280 nm 1 1 2 [958 S I3 4 Fifi 55 DNA
R EE 1 o bR R (580, BEE W 1R 2 B AA )
B4 0.05 F1 0.1, W6 E 5> A B 8.3% i
12.3%, 2 WOl OR 38 T 1, H 30 i 22 55 1 it B
A B2 I M 1) B AN — R i A5 3 3 i A
YEH 5 DNA 45 &5 S0t & 4E o d 7R il
KB+ 2 BE S DNA BN Y 7 B0 A5

[ l 50%107

0.6 -

40x107
1

(=
~

Absorbance

o
o

00 350 400
‘Wavelength / nm

250 300 450 500

FEREH T N e PUEFR R Tl
o qreqrt BRAEJLZRDI/N | AT 7 AR Wl (B 00027, 1 ik
g5 R UIBC A W v e R o i AE R 5 08 CT-DNA
254 o Schatzschneider %5 & BLET HE & 458 AW i i
A 1 e 7 5 B b A B A G R
SR AR 1Y ar-r® BYBRAE BRI SRy W A - S 14
W2l - BRIT A 5, LG W 1 2 TRkl
WE Be A L i UL 43931 S -CH, F1-CHNOH , -CHNOH
M E L IR 2 A £ sk R B

FEER AN SR LAtk B R LT ARG T
BCE5 9 1 F1 2 5 DNA MI45 6 5 5L K, : Cowl(e—s)=
Cond(&,-€)+1/K (e,—e) He 11 &, J2 32 W W2 i 2 %,
P AT - FL IR B HE NN A/ C) &, 758 245 6 DNA
BT 6 BB, e A N DNA B A 9 T 6 &
s, RS RIEA Y 1.2 A S E R B 7.8%
10° 1 1.86x10* L-mol™, VA FHEL &4 2 5 DNA 144
G AR R T A 2 ) 1 I DR AT B R LA 12
BRI ) -CHNOH , -CHNOH J2 5% 7K 56 A | BB 34 Jin
BC & WDV A B K BE R A 1.2 5 DNA
G54 W RS SCERHE 1) 25 R AE R — DB g
KB A YIS DNA P A Jr XFEH

l Lox10%

=
)

0.0

350 400 500

‘Wavelength / nm

250 300 450

Coomie=50 pmol - L | : Absorbance of the complex decreased with the increase of the concentration of DNA
K2 A1 (a)F 2 (b)IA DNA 65 195 S oG 1% 5]
Fig.2  Absorption spectra of complex 1 (a) and 2 (b) in the absence and the presence of CT-DNA

24 EEMEEEMHEEER

EJm A5 Mg HEH BSA 455 ME kS
A 18 i T BEAT AR, BSA 7 AR SO R AR
G ERREA R 2 MEERTIEY, MERR
(Trp) IS 2R (Tyr) ., 8 H B R 5L e IR 45 ol 7E
P S AR A AT BE T B0 & R 1 K SO K AR
R, BSA B[4 26 nl DL HE5C T H 45 1 Fish
SFHIAE S I ELH T 8 A T B R O S A F
FEOU, BEE W5 BSA W E S0 A DOL & S el dn

3(a) 3(b)F7n, FLAH 1.2 MAZ] BSA K 25
JLAE 348 nm ALY ZEG R BE 19 W RRAR, 2 B RRAIR
T 44.9%M1 31.8% (K 4), i BL A9 5 L35 A& A
AESRMAMEEAER, BECAY 1 5E A A4 5 e
JramF 2, R AR L AT L Stern-Volmer J7
FREM IR L 1 /1= 14k 7o Co=1+K Cos P I 1T 53500 2
HUA BSA BRI I (BC 5 40) BSA FL A7 B 58 G A
Y ¢ G it BE Sk J& Stern-Volmer ¥ K % %8 K, & 3l
BHERE R 10 WO F e Fz A, V¥R
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3 BSA W TIMAR AW 1 (a)F 2 ()R E6IE

Fig.3 Emission spectra of BSA in the absence and presence of increasing amount of complexes 1 (a) and 2 (b)

R 10 s, Co PRGN BT | AR e 75 #2155
BB TREY LM 20K,k 2 DAYk,
53318 (7.50+£0.47)x10" ,(5.00+£0.43)x10" L-mol ™ -s™
(3% 3), 38 K F 45 FEHE RN AE W) K A3 F d5e K3 HIUAIE
JHPR K R BT (2%10% Lemol ™+ 5733 156 BH 3l & filf
TN Z TR BSA ZE K 0 2R i A R
G W BSA TE L T AN ECMImGY, INimisl& T
BSA WIRZOCIFSK, AW 1 M2 1 K, M8
5391 K (7.50+0.47)x10* , (5.00+0.43)x10* L +mol ' (%
3), WL HIBL G S A A AER, HRC A9 1

1.0
1
0.9
084 2
s
0.6-
0.5
0 1 2 3 4
r
1=Cpgien/ Cisn
&l 4 BSA MIARIRIHR B BCG 90 1R 2 BF 2
i AR L

Fig.4 Fluorescence intensity variation of BSA-bound

complexes 1 and 2

HSEABRMIEMN®RT 2,

BB B A o A R JL A0 ST 9 25 6 07 A5
A Scatchard 77 2 : A(I/1)/Co=nK ,—K A (/1)) (C, 7=
TR ENEC & W R B2, Lh A(W1)/ICy X5 A1) TE
P, AR 4 4B AN AE R 40 A LR AR BE G 90 5 BSA 1)
HEHB K, MBS (K3, EW1.21
4545 B0 R (1.04+0.03)x10° F1(8.62+0.71)x10*
Lemol™, XEWIM S5 BSA AR A EAEN,
HA B &Y 1 e HEGR  BCEY)S BSA Z I 145
B R 1, AP S BSA 8 FAFAE 1 145
LA, BSA EEA 2 AR 5k 5 R G A IR 2
I, — IR T T R BR K E B Trp-212; 95 — 4
JENL T4y F R Trp-134, HH T Trp-134 285 1%
IKIREE S B AR T LA BSA 431 P9 I 9 0t 32 22
H Ak T B K B Trp-212 772 A3 PRt ] LA D8
Sl BSA 28 JEHE K A £ Z R AP S BURE A
R AR R AR, AT T Trp-212 B 7K
%iﬁl%lo

Mg A AR is i 4w s F M E i &Y,
BT Z 180 A B AR T A e iR s 55 B A 1 A )
R M 28 W il B, AN SR IS S I AR
IS G 8B K, K, BeAPat ok A v 1 8
I RSO A FE AN | 5 S5O0 P B R AR LA
1 F0 2 5w E & R R SR T SOk i 1 45

*£3 BEY 1F 23T BSA B9 Stern-Volmer ¢ 3¢ 3% R 1 #7

Table 3 Stern-Volmer fluorescence quenching data of BSA in the complexes 1 and 2

Complex K,/ (L-mol™) K,/ (L-mol™-s™) K,/ (L-mol™) n
1 (7.50+0.47)x10* (7.50+0.47)x10" (1.04£0.03)x10° 1.31
2 (5.00+0.43)x10* (5.00+0.43)x10"™ (8.62+0.71) x10* 0.79
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