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Title: Study Effect of Ligands in Ruthenium(II) complexes to DNA-binding and Cytotoxicity
Abstract:

Ruthenium(II) complexes of the types, [Ru(azpy)zL]2+ [Ru(phen)zL]2+ and [Ru(bpy)zL]2+
L = 2-(phenylazo)pyridine (azpy), 2-(phenylazo)pyrimidine (azpym), 2,2’-bipyridine (bpy), 1,10-
phenanthroline (phen) were synthesized and characterized by elemental analyses, NMR
spectroscopic methods. The DNA-binding properties of the complexes were investigated by
absorption spectroscopy, competitive binding, viscosity and cyclic voltammetry. The
ruthenium(Il) complexes were found to be able of cleavage of plasmid pBIND DNA. The
biological properties have also been studied with 3 cell lines, Anti-NCI-H187 (Human small cell
lung cancer), BC (Breast cancer), and KB (Oral human epidermal carcinoma). The results show
that [Ru(azpy)z(L)]% ions have greater activities than the [Ru(phen)zL]2+ complexes. Meanwhile,
the [Ru(bpy)zL]% complexes are inactive in those cell lines.

KEYWORDS: Ruthenium(II) complexes, 2-(phenylazo)pyridine, DNA-Binding, cytotoxicity
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1. MIFUATIEHALNUA 2 AIND 2-(phenylazo)pyridine (azpy) L8 2-(phenylazo)

pyrimidine (azpym)
2. MIFUATITHANTHIAU 3 Ffe

1. cis-[Ru(bpy),CL]

2. cis-[Ru(phen),CL]

3. cte-[Ru(azpy),CL]

o 4 a 9 v A
3. ﬁ\iLﬂi’lgﬁﬁWﬁﬂﬁgﬂﬂUL"lﬁcﬁ@u 12 917 A0

1. [Ru(bpy),]CL.6H,0

2. [Ru(bpy),phen]CL,.7H,0

3. [Ru(bpy),azpy]CL,.5H,0

4. [Ru(bpy),azpym]CL,.5H,0

5. [Ru(phen),]CL,.7H,0

6. [Ru(phen),bpy]CL.5H,0

7. [Ru(phen),azpy]CL,.6H,0O

8. [Ru(phen),azpym]Cl,.5H,0

9. [Ru(azpy),J(NO,),.4H,0

10. [Ru(azpy),bpy]CL,.5H,0

11. [Ru(azpy),phen]CL,.5H,0

12. [Ru(azpy),azpym] (NO,),.6H,0
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1. MIapINcHaNUA
v da d
1.1 aandsviaunun 2-(phenylazo)pyridine (azpy)
ad
ITNITINAABdN
MMINAADINNITNMITVDY Krause (1): 8219 2-aminopyridine 0.400 g A8 benzene
i1 4
Woa13azaenua 1Ay 20 M NaOH 13 mL 91n1WAN nitrosobenzene 0.450 g IUNUA AY
y v v S A g oald o
aaoaal TNANMNTBUAITOLA18AI8 water bath duAITazaeFuUMaswiludhma h
v 9 =~ v 9 /= 03.:’ = 9 A
AIMNANANVVUTY TASANAAIBIVUTU 3 AT 9% 5 mL TSMYUUBUDDNAIYATON rotary

4
a a

an 1< =
evaporator LAMHNANT I UTANTAI8IT Column Chromatography  INUAITAGUAD  2-phenyl

q

azo)pyridine (azpy) & yield = 50.2%

1.2 Funnzvaunua 2-(phenylazo)pyrimine (azpym)

ad
IBNIINAANN

o Yy =) = . . g S . .

NINTNATDIAAYNITIATIN  azpy Tag/asuain 2-aminopyridine 11l 2-aminopyri-
midine 14®1AY NaOH LA nitrosobenzene IUHNA reflux a1TazaY 5 3119 anAAITAUY
= QSJI = 4 a Q‘{
FU 3 A399 8 5 mL TLMUUUTUDONAIVIATO4 rotary evaporator LAMENAS 1R GNT A0
A a3
7% Column Chromatography (NU#1T Fdy 2-(phenylazo)pyrimidine (azpym)
18 yield = 40.3%

v d g.’l Y
2. MIAIUATIZHAITIAIANY
(9] d
2.1 MIaWANTH cis-[Ru(bpy),CL]

IEMsnaaeg

IMTEUAENE1301999 (2): 1d RuCL3H,0 0.200 g 2.2*-bipyridine 0.400 g L@2

LiCl 0.600 gluvIaduna 1y Dimethyl formamide (DMF) 15 mL reflux 3 %3134 wiounu

[
[ a
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GREGRIZIPGE! miaxmmﬂuﬁmaummawmﬁ]"muummﬂﬁ’mummmuﬁ’mué’:}mmﬂa

L] Rl

~ s A o Yy A A A I v
Gl,u‘]JﬂLﬂi’Ji Y Acetone 200 mL @Qﬁ1513m1uﬂu1uﬂuﬂ VDILUNISANASNDUDDNNT AN

S & ° { 2 N0 .
aznoumeiingy  wazneui ldeuliuie 1dvewdedM yield= 53%

2.2 MIFUANTH cis-[Ru(phen),CL)]
I5MINAaed
1A3 8UAREAY cis-[Ru(bpy),CL] Taely 1,10-phenanthroline LN 2,2°-bipyridine &

YBILIAA yield = 43%



[V d
2.3 MIaUNIH cfe-[Ru(azpy),CL]
IBMInaaes
1A RuCl,.3H,0 0.060 g azpy 0.110 g 11 @29118¥a18 DMF 25 mL Reflux 5 54734
) & = Ao & Ad a oy v o Y o
nSeusianuaasanaasaza1vaziasunndan iWuiihdudy sevedihazaisauuie ih
v <.
a5 lduhlduSans laematia Column Chromatography laold silica gel wazii e
4 { g @ o [ 1 { I g} A
wdounidudhazatenan  dasidiunlniu cH,CL : BoAc (9 : 1) Tdms@intudy
s A o I I s . = :j a 9y .
wazasdiwasldnaniuvewds F1raad yield = 15% @SN yield= 60% @13

v Y
deamstiunldfe SiuSwdy (cre-[Rulazpy),CL])

3. madunnermsszneuFadon 12 ¢ Faii
3.1 miduanzrmsszneuFadou [Rubpy),L]”
l,ﬁ'ﬂ Lfo 2-(phenylazo)pyridine (azpy), 2-(phenylazo)pyrimidine (azpym) ,
1,10-phenanthroline (phen), 2,2/-bipyridine (bpy)

msFanszriansszneuFadou [Ru(bpy),azpy|CL.5H,0

AuaslsEneuTdou cis-[Ru(bpy),ClL,] 0.050 g AgNO, 0.040 g uag azpy 0.030 g
Tuaadunan fifldahazats McOH 50 mL reflux unan 5 #1Tus arsazarevzldewiy
Ahmaeuduiaziinzneuduifiady nsosmnsuuaaauiy 12ldmsazaoduasoudy
193 NH,PF, N3902N0U 01 voandeR 18T hnaunaie [Ru(bpy),azpyl(PF,), yield = 75%
iy thaslsznouFadou [Ru(bpy),azpyl(PF,), 1182a10A10 acetone LAZIAY tetra-n-
butylammonium chloride 92 ldnznouUvDIETUsENOLFIFOU [Ru(bpy),azpylCL, yield = 90

%

msFanszvimsiszneuFadou [Ru(bpy),azpym]|CL.5H,0
FunT12HuATMIUea [Ru(bpy),azpylCL.SH,0 ualasunnaunud azpy (Hua

J 4 a g .
UPUA azpym wldensiseneuFaton [Ru(bpy),azpym]Cl,.5H,0O yield = 75%

madannzvasiszneuFadou [Ru(bpy),phen]CL.7H,0
FunTeHauITMIves [Rulbpy),azpy]CL.SH,0 uanlasunnaunud azpy iua

J Y a 9 .
1UNUA phen aldensysenouFatou [Ru(bpy),phen]CL,.7H,0 yield = 75%



Msdananzrasilsznemd edon [Ru(bpy),|CL,.6H,0
FunTeHAITMIVes [Rulbpy),azpy]CL.SH,0 uanlasunnaunud azpy ilua

unuA bpy 3¢ 1da31/5znoUIT g0 [Ru(bpy),]CL.6H,0 yield= 85%

3.2 msvunanzvansszneuBateu [Ru(phen), L]’
e L Ao 2-(phenylazo)pyridine (azpy), 2-(phenylazo)pyrimidine (azpym) ,

1,10- phenanthroline (phen), 2,2/-bipyridine (bpy)

(%3 d a
msgunnzrasdseneudedon [Ru(phen),azpy]Cl,.6H,0
@ua1ssznouBadou [Ru(phen),CL] 0.050 g AgNO, 0.040 g azpy 0.021 g lu
v Ao o I o = A
vIaNUNaY NNAIMaza1s MeOH 50 mL reflux tHuna1 8 $11us arsazarvazilasuilud
g/ Y =\ = a dy Y] 9 = 9
Waaenduaziingnouduufaiu  nsesEsuUVaAANNAY 32 ldensavatoduasoudu
Aa 9 <3 A gl
%13 NH,PF, vz Idveadeimimaunsves [Ru(phen),azpy](PF,),
A
nmiuieslsenouFadou [Ru(phen),azpy](PF,), WAZAAIY acetone LIAZIAL
tetra-n-butylammonium  chloride 3¢ ldngnouvesastlsenouFedon  [Ru(phen),azpy]Cl,

.6H,O yield= 82%

Msdunnzviaslsznoudatou [Ru(phen),azpym]CL,.6H,0
FuAT1eHAMUITMIV0S [Ru(phen) azpy]CL.6HO uslasuainaunud azpy iua

J Y a 9 .
LAUA azpym wldesisenouFadou [Ru(phen),azpym]CL,.6H,0 yield = 85%

msFanszransiszneuBadeu [Ru(phen),bpylCL.5H,0
FuAT12HWATMIU0S [Ru(phen),azpy]CL.6H,0 tanlasuInaunud azpy (iua

J 4 a 9 .
unus bpy 32 laastlseneuiFadou [Ru(phen),bpy]CL.SH,0 yield = 80%

Msdanszviaslsznoudatou [Ru(phen),|CL,.7H,0
FuAT1eHAUITMIVOS [Ru(phen) azpy]CL.6HO ualasuainaunud azpy ua

uAUA phen 22 18eNT1l5ENOLITAHOU [Ru(phen),JCL.7H,0 yield = 90%

3.3 midaanzviansiszneuFadou [Ru(azpy),Ll™
e L Ao 2-(phenylazo)pyridine (azpy) , 2-(phenylazo)pyrimidine (azpym) ,

1,10-phenanthroline (phen) , 2,2’-bipyridine (bpy)



msdanszrimslszneuFadou [Ru(azpy),|(NO,),.4H,0
1A% cre-[Ru(azpy),CL] 0.035g  AgNO, 0.024 g ag azpy 0.018 g Tuwdadunay il

I ) a -4
MeOH 30 mL reflux 1ua1 8 $2 119 aAuaIsaasanal IALABUAVIUNATVY NTOINLNOUT

9
A o g o

111904 AgCl 90N a1savarwi landiinia semediazaigesnauie 1Ay EIOH A1ua0e
[ 1 4 { a { I < o
hexane 9931871 (1:2) 295N BNeavaiiies 1 Auesnldiluvewdadd duaznou

Q U

418 Hexane b8 yield = 74%

Msdannzrasilsznomd edou [Ru(azpy),azpym](NO,),.6H,0
¥ mamideurumsdunizrRulazpy),JNO,), 40,0 Taouldousnaunus azpy

i azpym 1 yield = 72%

(Y] d
msdunsizransisznouBadou [Ru(azpy),bpylCL.5H,0
a Y
WY cte-[Ru(azpy),CL] 0.075 g AgNO, 0.054 g tag bpy 0.026 g adluvanunau
I o a -4
reflux {unan 15 $2 109 AuEITAaeAna IATABUTVIUAATL NTOIALABUTVIIVBY AgCl
~ deg’ a I o v o
pon @sazaned lalidihmady NHPF, reflux (Hunat 1.5 4211ue szmedaitazaigonn
v a 2y ua Ay A Ay ¥ 2 Ao Y ]
s 1Ay EOH mimsne ngavgiives 1 Auash laidluvewdsdd duaznoudae
o d' 9 9 = a . . Y
Hexane 1hansh ldunazatedioesd lau @y tetra-n-butylammonium chloride 1dnznouves

[Ru(azpy),bpy]CL.5H,0 19 yield = 73%

msdanszransilszneuBadeu [Ru(azpy),phen]Cl .5H,0
1§ mamilounumsdunsizd [Rulazpy),bpy]CL.5H,0 Taslasuninaunua bpy

W phen 1G] yield =71%
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A ] Y A o lq a a 4 a A
MITUIU TATIATNVIATNTUATIEH InalanIT AT IEH 1T U519 M1 u
4 a A 4 a 4
29A152nN9V (Elemental analysis) tnatailanaesuunuants lsuuusan Insa 1nt (Nuclear
a J ] 4 {
Magnetic  Resonance spectroscopy)ngmﬂuﬂm’ilaEJ’J!“]J‘LJ"U’ENiQﬁl@ﬂ%ﬂuwﬁﬂlam"um
S aed 2+
a131/52noUIFIFDU [Ru(azpy),bpy]
a d = 4 d
2.1 maiia msannzrimiSinasiaiiuesnilszney (Elemental analysis)

) - P4 a
ms19f 2.1 Joyamsvnlsmasigasveu lulaswu vaz lalasnu luasisznouFdon

12 67
%C %N %H
a9
Calc. Found Calc. Found Calc. Found

[Ru(bpy),]Cl,.6H,0 48.13 47.834 11.23 10.55 4.85 4.51
RuC, H, N.CLO,
[Ru(bpy),phen]Cl,.7H,0 48.60 48.40 10.63 9.91 4.84 4.43
RuC,,H,N.CL,0,
[Ru(bpy),azpylCL,.5H,0 49.80 49.27 13.11 12.29 3.37 4.14
RuC, H,;;N.CL0,
[Ru(bpy),azpym]Cl,.5H,0 47.50 47.63 14.77 14.57 4.52 4.05
RuC, H,,N,CL,0;
[Ru(phen),]CL,.7H,0 51.54 51.10 10.01 9.54 4.56 4.02
RuC, H,N.CL0,
[Ru(phen),bpy]Cl,.5H,0 52.45 52.90 10.79 10.29 4.40 4.13
RuC, H,,N.CLO,
[Ru(phen),azpy]CL,.6H,0 51.04 50.32 11.90 11.23 4.52 4.11
RuC,H;,N.CLO,
[Ru(phen),azpym]Cl,.5H,0 50.63 49.65 13.89 13.54 422 3.42
RuC, H,,N,CLO,
[Ru(azpy),]J(NO,),.4H,0 46.77 45.53 18.56 18.56 3.19 3.10
RuC,H,\N, O,
[Ru(azpy),bpy]CL,.5H,0 48.97 48.00 14.28 13.41 4.62 433
RuC,,H, N,CL,0,
[Ru(azpy),phen]CL,.5H,0 50.49 50.88 13.80 13.47 4.48 3.97
RuC,,H,N,CL,O0;
[Ru(azpy),azpym](NO,),.6H,0 |  43.05 43.49 19.96 19.02 3.58 4.33
RuC,,H,; N ,O,




2.2 ma#Hn 'H Nuclear Magnetic Resonance spectroscopy

dAnulaseasaasdsznoudadoulasldinToaiio Varian

UNITY

SNOVA 500 MHz FT NMR spectrometer Liai¢ Internal standard Ao Tetramethyl silane

maiin @ 119 Ae 'H, °C NMR, 'H-'H COSY, 'H-"C HMQC ua lufitlvziauegimmg

matin 'HNMR ludaviiazals CD,0D

2.2.1 [Ru(bpy),IC1,.6H,0

5
67N 4
N 3
m\a\““‘“\\ A
RuZ

N
¥ //////mm,,,

Cl,6H,0

Cl,.6H,0

M3197 2.2.1 uaastoya 'H NMR v04 [Ru(bpy),]CL.6H,0 Tudiihazaie CD,0D

'H NMR “C NMR
H-position
O (ppm) J (Hz) Number of H O (ppm)
3,7 8.70 (d) 8.5 2 125.60
4,8 8.12 (d) 8.5,4.5 2 139.20
59 7.82 (d) 7.5,5.0 2 152.64
6, 10 7.5 (d) 8.0 2 128.91

Quarternary carbon

158.51




3111 2.2.1 'H NMR spectrum 94 [Ru(bpy),]CL,.6H,0 Tudrvirazais CD,0D

ppm




2.2.2 [Ru(bpy),phen]CL.7H,0

Cl,.7H,O
Cl, TH,0

M3197 2.2.2 uaasdoya H NMR ¥4 [Ru(bpy),phen]CL,.7H,0 Tudasihazats CD,0D

'H NMR “C NMR
H-position
O (ppm) J (Hz) Number of H O (ppm)
7 bpy, 7” bpy 8.73 (d) 8.5 2 125.60
4, 7 phen 8.70 (d) 8.5 2 125.54
3 bpy, 3’ bpy 8.69 (d) 8.5 2 138.25
5, 6phen 8.30 (s) - 2 129.42
2, 9 phen 8.20 (d) 5.0 2 153.54
8 bpy, 8 bpy 8.16 (dd) 8.0, 8.0 2 139.23
4bpy, 4’ bpy 8.05 (dd) 8.0, 8.0 2 139.11
10 bpy, 10” bpy 7.95 (d) 5.0 2 152.72
3, 8 phen 7.83 (m) - 2 127.42
6 bpy, 6’ bpy 7.63 (d) 55 2 152.95
9 bpy, 9 bpy 7.54 (dd) 8.0, 5.0 2 128.87
5 bpy, 5 bpy 7.31 (dd) 8.0, 5.0 2 128.77

Quarternary carbon

158.79, 158.56, 148.82, 132.49
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gﬂﬁ 2.2.2 'HNMR spectrum U® [Ru(bpy),phen]Cl1,.7H,0 ludaiazate CD,0D




2.2.3. [Ru(bpy),azpy|Cl,.5H,0

11

asiizo Cl2.5H20

M519N 2.2.3 udasdoya 'H NMR v83 [Ru(bpy),azpy]Cl,.5H,0 Tudaiiazate CD,0D

'H NMR “C NMR
H-position
0 (ppm) J(Hz) number of H 0 (ppm)
3 azpy 9.26 (s) - 1 161.9
7 bpy 8.85 (d) 8.0 | 160.29
3 bpy 8.84 (d) 8.0 1 155.77
3’ bpy 8.50 (d) 8.5 1 154.96
4 azpy 8.41(d) 8.0 1 154.20
7’ bpy 8.36 (d) 8.0 1 153.65
6’ bpy, 4 bpy, 4’ bpy 8.29 (m) - 3 153.58, 152.86, 152.48
6 azpy 8.16 (d) 5.5 1 151.65
8 bpy 8.02 (dd) 8.0, 8.0 1 141.75
5 bpy, 5 azpy, 5’ bpy, 141.35, 140.77,
9’ bpy, 10° bpy, 10 bpy | 7.65 (m) - 7 140.63, 140.42,
8’ bpy 139.37, 141.51
9 bpy 7.50 (dd) 8.0,5.5 1 132.98
10 azpy, 6 bpy 7.20 (m) - 2 132.87, 132.50
9 azpy 7.09 (m) - 2 132.30
8 azpy 6.94 (m) - 2 132.16
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'H NMR “C NMR

H-position
0 (ppm) J(Hz) number of H 0 (ppm)

Quarternary carbon

173.99, 160.69, 147.60, 157.91, 157.22, 147.55, 157.19, 156.79, 146.43, 155.88, 148.18, 122.59
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gﬂ‘ﬁ 2.2.3 'HNMR spectrum Y04 [Ru(bpy),azpy]CL,.5H,0 ludiazare CD,0D
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a0 Cl2.5H0

M3197 2.2.4 naastoya 'H NMR 994 [Ru(bpy),azpym]CL.5H,0 ludaiiazats CD,0D

'H NMR “C NMR
H-position
) (ppm) J (Hz) Number of H ) (ppm)
6 azpym 9.26 (s) - 1 161.93
7 bpy 8.86 (d) 9.0 1 126.60
7’ bpy 8.84 (d) 9.0 1 126.29
3 bpy 8.51 (d) 8.0 1 125.66
5 azpym 8.41 (dd) 45,45 1 160.28
3’ bpy 8.37 (d) 8.5 1 141.77
8 bpy, 8’ bpy, 4 bpy 8.29 (m) - 3 154.20, 141.53, 141.37
6 bpy 8.16 (d) 5.5 1 140.65
4’ bpy 8.03 (dd) 8.0, 8.0 1 123.14
4 azpym 7.71 (d) 4.5 1 151.65
6’ bpy 7.68 (d) 5.5 1 123.14
9 bpy, 9’ bpy, 5 bpy, 129.97, 129.63, 129.33,
7.65 (m) - 5
10 bpy, 10’ bpy 152.45, 153.65
5’ bpy 7.47 (dd) 8.0, 1.0 1 130.04
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'H NMR “C NMR
H-position
0 (ppm) J (Hz) Number of H ) (ppm)
10 azpym 7.40 (m) - 1 132.88
9 azpym 7.19 (m) - 2 130.31

Quarternary carbon

173.99, 157.91, 157.22, 157.19, 156.79, 155.88

ppm

U

sUf 2.24 'HNMR spectrum Y94 [Ru(bpy),azpym]Cl,.5H,0 Tuarhazae CD,0D



2.2.5 [Ru(phen),|CL.7H,0

Cl,.7TH,0

Cl,.7H,0O

15

3197 2.2.5 uaasdoya H NMR 404 [Ru(phen),]CL,.7H,0 ludviiazals CD,0D

'H NMR “C NMR
H-position
0 (ppm) J (Hz) Number of H ) (ppm)
2,9 8.71 (dd) 8.0, 1.5 2 138.29
3,8 8.33 (s) - 2 129.44
4,7 8.14 (dd) 5.0,1.0 2 153.88
5,6 7.74 (m) 2 127.35

Quarternary carbon

149.22, 132.50




311 2.2.5 'H NMR spectrum 494 [Ru(phen),]CL,.7H,0 ludirazars CD,0D

16



2.2.6 [Ru(phen),bpy]Cl,.5H,0

ansh0 Clo.5HO

M3197 2.2.6 uaastoya H NMR ¥4 [Ru(phen),bpy]Cl,.5H,0 Tudhazats CD,0D

'H NMR “C NMR
H-position

0 (ppm) J(Hz) Number of H 0 (ppm)
3 bpy 8.75 (dd) 8.0, 1.0 1 138.30
4 phen 8.73 (dd) 8.0, 1.0 1 125.55
7 phen 8.64 (dd) 8.0, 1.0 1 138.18
2 phen 8.32 (dd) 5.5,1.0 1 153.85
5 phen 8.33 (s) 9.0 1 129.41
6 phen 8.29 (s) 9.0 1 129.41
4 bpy 8.10 (dd) 8.0, 1.0 1 139.18
9 phen 7.99 (dd) 5.0,1.5 1 153.55
3 phen 7.89 (dd) 8.5,5.5 1 127.41
6 bpy 7.76 (d) 5.0 1 153.23
8 phen 7.66 (dd) 9.0,5.5 1 127.31
5 bpy 7.38 (dd) 7.5,5.5 1 128.76

Quarternary carbon

158.86, 149.14, 148.89, 132.51, 132.46
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9 8 7 ppm

3111 2.2.6 'H NMR spectrum 493 [Ru(phen),bpy]Cl,.5H,0 Tudiazais CD,0D



2.2.7 [Ru(phen),azpy|Cl,.6H,O
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Cl,6H,0Cl,.6H,0

M3197 2.2.7 uaastoya 'H NMR 994 [Ru(phen),azpy]CL.6H,0 Tudiihiazaie CD,0D

19

'H NMR “C NMR
H-position

0 (ppm) J (Hz) number of H ) (ppm)
3azpy 8.96 (d) 8.0 1 155.53
2phen 8.90 (dd) 4.0, 1.0 1 154.45
4’phen 8.85 (d) 7.5 1 153.57
4 phen 8.80 (d) 8.0 1 152.86
9’ phen 8.75 (dd) 5.0,1.5 1 151.13
7 phen 8.52 (d) 7.5 1 141.32

5,6 phen 8.39 (d) 8.0 2 140.31, 140.03

4azpy 8.31 (ddd) 8.0,5.0,1.5 1 139.99
6’ phen 8.20 (d) 9.0 1 131.00
5’ phen 8.09 (d) 9.0 1 131.87
3’ phen 8.01 (dd) 8.0,5.5 1 129.74
8’ phen 7.98 (dd) 7.5,4.5 1 129.70
2 phen 7.98 (d) 5.0 1 129.68
9 phen 7.94 (d) 5.5 1 129.56
6 azpy 7.90 (d) 5.0 1 129.55
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'H NMR “C NMR
H-position
0 (ppm) J (Hz) number of H ) (ppm)
3 phen 7.77 (dd) 7.5,4.5 1 129.34
5 azpy 7.60 (ddd) 8.0,5.0, 1.0 1 129.00
8 phen 7.60 (dd) 7.5,4.5 1 128.04
10 azpy 7.11 (t) 8.0, 8.0, 8.0 1 127.99
8, 8 azpy 6.95 (d) 8.0,7.5 2 127.69
9,9’ azpy 6.94 (dd) 8.0, 8.0 2 127.45

Quarternary carbon

168.02, 155.93, 148.41, 147.83, 132.87, 132.77, 132.24, 132.11

IR N
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(=3

ppm

o

gﬂﬁ 2.2.7 'HNMR spectrum Y04 [Ru(phen),azpy]Cl,.6H,0 Tudrhazane CD,0D




2.2.8 [Ru(phen),azpym]|CL.5H,0

M3197 2.2.8 uaastoya H NMR ¥4 [Ru(phen),azpym]Cl,.5H,0 Tudazats CD,0D

Cl,.5H,0

21

H-position 'H NMR “C NMR
0 (ppm) J(Hz) number of H 0 (ppm)
4 azpym 9.24 (dd) 4.5,1.0 1 161.82
4 phen 8.93 (dd) 8.5,1.0 1 140.78
4' phen 8.90 (dd) 8.5,1.0 1 140.42
7 phen 8.81 (dd) 8.0, 1.5 1 140.43
2 phen 8.76 (dd) 5.5,1.0 1 155.77
7' phen 8.54 (dd) 8.0, 1.0 1 139.39
5 phen 8.41 (d) 9.0 1 129.77
6 phen 8.39 (d) 9.0 1 129.58
6 azpym 8.29 (dd) 6.0,2.0 1 160.68
5' phen 8.22 (d) 9.0 1 129.09
2' phen 8.12 (d) 5.5 1 154.96
6' phen 8.10 (d) 9.0 1 129.39
3 phen 8.03 (m) - 1 128.28
3' phen 8.01 (m) - 1 128.13
9 phen 7.95 (dd) 55,15 1 153.55
9' phen 7.89 (d) 5.5,1.5 1 152.89




'H NMR “C NMR
H-position
0 (ppm) J(Hz) number of H ) (ppm)
8 phen 7.77 (dd) 8.0,5.5 1 127.77
8' phen 7.61 (dd) 8.0,5.5 1 127.53
5 azpym 7.59 (d) 5.50 1 129.32
10 azpym 7.14 () 8.0 1 132.52
8, 8’ azpym 6.99 (dd) 8.5, 1.5 2 122.59
9,9’ azpym 6.94 (dd) 7.5,7.5 2 129.85
Quarternary carbon
174.275, 156.712, 148.193, 147.614, 147.537,146.442,
132.991, 132.884, 132.316, 132.179

22
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511 2.2.8 'H NMR spectrum 404 [Ru(phen),azpym]CL,.5H,0 lugiiiazais CD,0D




2.2.9 [Ru(azpy),|(NO,),.4H,0

(NO5),.4H,0

M3197 2.2.9 uaastoya H NMR ¥4 [Ru(azpy),](NO,),4H,0 ludaiazate CD,0D

'H NMR “C NMR
H-Position

0 (ppm) J(Hz) number of H 0 (ppm)
3A 9.23 (d) 8.0 1 133.10
4A 8.66 (t) 7.0,7.0,7.0 1 132.46
3B 8.61 (d) 7.5 1 143.79
3C 8.59 (d) 8.5 1 153.88
6A 8.57 (d) 6.0 1 152.29
4B 8.43 (1) 8.0,7.5,8.0 1 143.67
6B 8.39 (d) 5.5 1 134.92
4C 8.34 (1) 9.5,8.0,7.5 1 143.40
6C 8.11 (m) - 1 153.16
5A 7.92 (dd) 8.0, 6.5 1 132.40
5B 7.90 (dd) 7.5,6.5 1 132.36
5C 7.87 (dd) 7.5,6.5 1 134.86
10A 7.46 (1) 8.0 1 131.98
10B 7.46 (t) 8.0 1 131.94
10C 7.46 (t) 8.0 1 131.34
8,8'A 6.91 (d) 8.5 2 123.85




'H NMR “C NMR
H-Position

0 (ppm) J (Hz) number of H 0 (ppm)
8,8'B 7.58 (d) 8.0 2 135.10
8,8'C 7.36 (d) 8.0 2 131.03
9,9' A 7.24 (dd) 8.0,7.5 2 130.83
9,9'B 7.24 (dd) 8.0, 8.0,7.5 2 123.78
9,9'C 7.24 (dd) 8.0,8.0.,7.5 2 123.73

Quarternary carbon
165.883,165.421,164.841,157.303,153.687,153.660
) & 7 "~ pm®

gﬂﬁ 2.2.9 'HNMR spectrum Y94 [Ru(azpy),](NO,),.4H,0 Tudriazane CD,0D




2.2.10 [Ru(azpy),bpy|Cl,.5H,0

Cl,.5H,0
Cly5H,0

M3197 2.2.10 uaaItoya H NMR v94 [Ru(azpy),bpy]CL,SH,0 ludaiiazats CD,0D

'H NMR “C NMR
H - Position
0 (ppm) J (Hz) number of H ) (ppm)
6, 6’ bpy 8.87 (d) 8.0 2 126.72
3,3’ azpy 8.71 (d) 8.0 2 130.68
5,5 bpy 8.33 (d) 1.0 2 142.14
4, 4azpy 8.30 (d) 7.5 2 144.86
3, 3’bpy 8.16 (d) 5.5 2 151.35
6, 6’ azpy 8.16 (d) 8.0 2 154.62
5, 5’azpy 7.75 (d) 6.0 2 130.68
4,4’ bpy 7.65 (d) 6.5 2 130.11
10, 10’azpy 7.53 (d) 7.0 2 134.20
9,9 azpy 7.34 (d) 7.5 4 131.20
8, 8 azpy 7.24 (d) 8.0 4 123.81
Quarternary carbon
166.40, 156.43, 153.84
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31091 2.2.10 'H NMR spectrum ¥93 [Ru(azpy),bpy]CL,.5H,0 Tudavirazais CD,0D
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2.2.11 [Ru(azpy),phen]CL,.5H,0
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5197 2.2.11 uaastoya 'H NMR ¥4 [Ru(azpy),phen]CL,.5H,0 Tudihazats CD,0D

27

'H NMR “C NMR
H - Position
0 (ppm) J (Hz) number of H 0 (ppm)
2,9 phen 8.92 (dd) 5.0, 1.0 2 104.94
3,3’ azpy 8.74 (d) 8.0 2 131.27
4,7 phen 8.62 (dd) 5.0, 1.0 2 155.00
5,6 phen 8.42 (s) - 2 129.78
4,4’ azpy 8.24 (ddd) 7.5,8.0,1.5 2 142.05
3,8 phen 8.00 (dd) 8.0, 6.5 2 128.37
6, 6> azpy 7.72 (d) 5.0 2 151.44
5,5°,10, 10’ azpy 7.54 (m) - 4 134.3, 131.03
8,8,9,9 azpy 7.35 (m) - 8 130.74, 132.86
Quarternary carbon
166.4, 154.8, 146.69, 133.1
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sUN 2.2.11 'HNMR spectrum Y04 [Ru(azpy),phen]CL,.5H,0 Tudriazane CD,0D
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2.2.12 [Ru(azpy),azpym](NO,),.6H,0

29

Cl,.6H,0

M3197 2.2.12 uaastoya 'H NMR 04 [Ru(azpy),azpym](NO,),.6H,0 ludaiiazaie

CD,0D
'H NMR “C NMR
H - Position
0 (ppm) J(Hz) number of H ) (ppm)
6 azpym, 6’ 9.53 (d) 45 2 163.57
6 9.50 (d) 4.5 1 162.30
5 azpym 8.65 (dd) 45,45 1 132.51
3 8.63 (d) 8.0 1 143.94
4 azpym 8.45 (d) 45 1 153.47
3 8.35(d) 8.0 1 143.57
4 8.34 (dd) 8.0, 8.0 1 153.01
4 8.32 (dd) 8.0, 8.0 1 152.27
5 7.95 (dd) 8.0,4.5 1 132.66
5 7.89 (dd) 8.0,4.5 1 132.55
10 7.58 (1) 8.0 1 135.41
10,9, 10 7.49 (m) - 5 135.44,131.07, 135.13
9 (dd) 7.38 8.0,7.5 2 131.05
8,9 7.27 (m) - 4 123.82, 130.85
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'"H NMR “C NMR
H-Position
0 (ppm) J (Hz) number of H 0 (ppm)
8 7.22 (d) 8.0 2 123.72
8 7.20 (d) 8.0 2 123.67
Quarternary carbon
165.74, 165.68, 165.20, 152.99, 152.85, 152.58
;
10 Q 3 7 6 ppm
sUn 2

U

2.12 'HNMR spectrum Y94 [Ru(azpy),azpym](NO,),.6H,0 Tuariazane CD,0D
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M319N 2.3.1 uamﬁﬁjagawﬁﬂmm [Ru(azpy),bpy],(NO,),Cl

32

Empirical formula : H52 Cl1 N21 O15 Ru2
Formula weight = 1592.96
Crystal system : Monoclinic
Z=4

Space group : C 1 2/c 1
a= 19.2723(12) A

b= 31.932(2) A

c= 13.0585(8) A

o= 90.00"
B=124.8280(10)°

¥ =90.00"

Temperature = 293(2) K
Wavelength =0.71073 A

V = 6596.6(7) A3
Density (calculated) : 1.604 Mg/m3

Absorption coefficient : 0.584 mm™!
F(000) = 3232
Independent reflections 4049 [R(int) = 0.0189]

Completeness to theta = 24.71° 100.0 %

Refinement method Full-matrix least-squares on £ 2
Data / restraints / parameters 4049/0/387

Goodness-of-fit on F2 2.535

Final R indices [/>2 O(1)] R1=.081, wR2=0.0563

R indices (all data) RI1=.123,wR2=0.06

Largest diff. peak and hole 0.253 and -0.287 ¢. A -3

Measurement : Bruker SMART CCD
Structure determination: heavy atom method (Xtal 3.7.1)

Refinement: full matrix least-squares (Xtal 3.7.1)
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M13197% 2.3.2 @AY Atomic coordinates LA equivalent isotropic displacement parameters (A2)

U094 [Ru(azpy),bpy],(NO,),Cl

Atom X y z U(eq)
Rul 1.00000 .65807(2) .25000 .0344(4)
Ru2 .50000 .59530(2) 25000 .0413(4)
Cl1 1.00000 .62985(13) 75000 .163(3)
Olla .8202(5) .6293(2) .5212(7) .146(5)
Ol1lb .9049(5) .6781(2) .5796(7) .138(5)
Ollc 7871(4) .6818(2) .4030(7) .129(5)
021a 1.1011(4) .6244(2) .6716(5) .119(5)
021b 1.0582(4) .56827(17) .7025(5) .091(4)
021c 1.1468(5) .5660(2) .6536(7) .128(5)
O3la .50000 .3547(3) .25000 .146(7)
031b .5541(5) .4095(3) .2582(8) .203(7)
N1 .9685(3) .60761(15) 3165(5) .043(3)
N11 .8357(6) .6641(3) .5007(9) .096(6)
N2 .8743(3) .66132(15) .1069(5) .041(3)
N21 1.1039(6) .5860(3) .6766(7) .089(6)
N3 .9555(3) .70403(14) .3028(5) .038(3)
N31 .50000 .3877(4) .25000 .138(8)
N4 .8786(3) .71624(14) .2300(5) .045(3)
N5 .5607(3) .55353(15) .3869(5) .043(3)
N6 .5709(3) .59196(15) .1808(5) .042(3)
N7 .5633(3) .64656(16) .3669(5) .049(3)
N8 .5392(3) .54795(15) 4621(5) .050(4)
Cl .9813(4) .5690(2) .2858(6) .044(4)
C10 .8324(4) .6919(2) .1232(6) .042(4)
Cl1 1.0058(4) .7302(2) 4135(6) .041(4)
C12 1.0591(4) .7109(2) 5271(7) .051(4)
Cl13 1.1072(4) .7356(3) .6317(7) .063(5)
Cl4 1.1050(5) 7787(3) .6230(8) .070(6)
C15 1.0527(5) .7969(2) .5092(8) .065(5)
Cl16 1.0017(4) 7734(2) 4041(7) .053(4)
C17 .6367(4) .53085(19) A4210(7) .043(4)




M3199 2.3.2 (M9)

34

Atom X y V4 U(eq)
C18 .7091(5) .5338(2) .5387(7) .066(5)
C19 7813(5) .5141(3) .5650(8) .088(6)
C2 .9607(5) .5332(2) .3224(7) .067(5)
C20 7798(5) 4897(3) .4780(10) .081(6)
C21 .7067(6) 4857(2) .3624(8) .072(5)
C22 .6342(4) .5071(2) .3319(6) .058(5)
C23 .5361(4) .5685(2) .0778(7) .045(4)
C24 5711(5) .5622(2) .0107(7) .063(5)
C25 .6481(5) .5799(2) .0556(8) .069(5)
C26 .6862(4) .6031(2) .1644(8) .064(5)
C27 .6466(5) .60837(18) .2249(6) .052(4)
C28 .6309(5) .6444(2) A4876(7) .067(5)
C29 .6730(5) .6787(3) .5595(7) .081(6)
C3 .9243(5) .5362(3) .3845(8) .077(6)
C30 .6441(6) 7167(3) .5052(10) .084(6)
C31 .5755(5) .7206(2) 3811(8) .070(5)
C32 .5359(4) .6848(2) .3146(6) .050(5)
C4 .9087(4) .5750(3) A4134(7) .072(5)
C5 .9316(4) .6099(2) 3776(7) .055(4)
C6 .8298(4) .63655(18) .0050(6) .048(4)
C7 .7432(5) .6421(2) -.0802(6) .065(5)
C8 7011(4) .6730(2) -.0625(7) .066(5)
Cc9 .7464(4) .6983(2) .0391(7) .061(4)

Ueq = (1/3)22Uijai*aj*(ai~aj).
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Ru2-N5
Ru2 -N7
Ru2 -N6
N5-N8
N6 -C23
N7 -C28
N8 -C23
031b- N31
Rul-N1
Rul-N3
Rul-N2
NI1-Cl1
N2 -C10
N3-N4
N4 -C10

N5-Ru2-N6
N5-Ru2-N5
NS5-Ru2-N7
N6-Ru2-N5
N6-Ru2-N7
N7-Ru2-N6
N5-Ru2-N6
N6 -Ru2-N7
NI1-Rul-N3
NI1-Rul-N2
N2-Rul-N3
N2 -Rul-N2
N3-Rul-N1
N3-Rul- N3

N1-Rul-N3

1.989(5)
2.090(5)
2.026(8)
1.276(11)
1.338(9)
1.356(8)
1.396(10)
1.208(12)
2.079(6)
2.011(6)
2.050(4)
1.363(9)
1.358(10)
1.282(7)
1.387(8)

99.5(3)
95.8(2)
168.5(3)
76.3(3)
88.7(3)
88.7(3)
99.5(3)
96.1(3)
98.0(3)
97.7(2)
76.2(2)
174.2(2)
173.16(19)
86.2(3)
98.0(3)

Ru2-N6
Ru2-N5
Ru2 -N7
N5-C17
N6-C27
N7-C32
0O31a-N31
031b-031b
Rul-N2
Rul-N1
Rul-N3
NI1-C5
N2-C6
N3-C11

N5-Ru2-N7
N5-Ru2-N6
N6-Ru2-N7
N6-Ru2-N6
N7-Ru2-N5
N7-Ru2-N7
N5-Ru2-N7
NI1-Rul-N2
NI1-Rul-N1
N1-Rul-N3
N2-Rul-N1
N2-Rul-N3
N3-Rul-N2
NI1-Rul-N2

N2-Rul-N3

2.026(8)
1.989(5)
2.090(5)
1.458(10)
1.332(10)
1.352(8)
1.053(16)
1.972(15)
2.050(4)
2.079(6)
2.011(6)
1.339(13)
1.352(8)
1.457(8)

94.0(2)
76.3(3)
96.1(3)
174.0(2)
168.5(3)
76.9(2)
94.0(2)
86.8(2)
78.4(3)
173.2(2)
97.7(2)
99.4(2)
99.4(2)
86.8(2)
76.2(2)
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IS) 1

astlsznoudadon  [Rulazpy)bpyL,(NO,),Cl  TmanafigUsanuunsanasuua
wihiidade Tasgfifloumiaiuseiy lulasiou 6 ozaou Tasil 4 ezaeunaindunud
azpy 2 BUNUA 1AZ 2 DZABY W19 bpy 1 AUAUA NNIAUVBIAUNUS azpy 2 AuAUADY U
SR trans Fu nugluéimmiqﬁ trans NUsOUFMHoY Tf1 173.16(19) D3 174.22)° Vi
uaasliiiui ﬁmiﬁmﬁlmmaﬂmaqmﬁﬂﬁu HOZYNVDINAANTOUFMUINVOI azpy 1AL
bpy HA1 99.4(2), and 78.43) © awddy  ANNEIRUTLIUAUANA azpy 3 Rul-N(azo)
(2.011(6) A) Funt Rul-N(pyridine) (2.050(4) A) WafIna110194H0911910 T-backbonding
910 dT(Ru) —>7T*(azo) YDIAUNUA azpy Gluﬁ’”liﬂizﬂ’ﬂﬂfl? ANNYIINUTE Rul-N(azo)
2.011(6) A) fc%uﬂ'jwﬁwﬂumiﬂizﬂammgﬁgﬁau‘ﬁﬁauﬂuﬁgﬂu azpy Wilounu 15U
[Ru(azpy),](C10,), (2.042 A) (1) [Ru(tazpy),l(PF,), (2.045 A) (2) uag mer-[Ru(azpy),l(PF,),
(2.049(19) A) (2) Tuensisznoufinueniuse N=N 184 azpy UA1 1.282(7) A 1 6M
nluauNUA azpy B3y (N=N 1.248(2) A) (3) MSIAARUTLUBIAUNUS azpy HUFTHou
1% bond order ¥94 N=N 2904 1111099 nanud azpy Haaautianuilu -donor az
Tt-acceptor HONIINT AU Ru-N(pyridine) YB4a4AUA bpy HA1 2.079(6) A 190N
Ru-N(pyridine) uaunug azpy unaaslfisiuda azpy Hamuauiannuily  m-acceptor i

= 1 Aa J
ANAUNUA bpy
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= a 9 { o J YY) 4 < a
‘luﬂ'ﬁﬂﬂﬁﬂﬂq%‘ﬁﬂlﬂﬂﬁ'ﬁﬂizﬂﬂﬂlﬂfﬂ%@uﬁﬁﬁlﬂﬁW%ﬁ 12 A7 NUHAANLLTI 3 BUA ﬁ’f]

Human small cell lung cancer (Anti-NCI1 H187) Breast cancer (BC) ta1¢ Oral human epidermal

carcinoma (KB) 91 Bioassay Laboratory, BIOTEC 7l NSTDA lgimsnaaeuanul iy

S| a { o = <
iadlnd (vero cell) Ae Manshduasizs latgniidluansduuzse (c,; pg/mL)

2 v o s a v ' Y A o
uf]ﬂﬂWﬂullﬂllﬂ’l'ifff\uﬂ'i']$Wﬁ15ﬂ5$ﬂﬂﬂl°ﬁ\‘]cﬁﬂuﬁluﬂqu [Ru(azpy)2C12] AYNDUINTINATDU

= ~ 1 3 a % g Ay v A
LﬂiEI‘UL‘VIEJ‘]Jﬂ1ﬂ31ulﬂuWH1ul“ﬁaﬁN$!iiﬁNG] Wﬁﬂl’lﬂllﬁﬂiiu A3 1NN 3.1

' ¢ '
A195199 3.1 Llﬁﬂ\‘lwaﬂﬁﬂﬂﬁﬂﬂﬂﬁq‘ﬂ‘ﬁsllfo;’fﬁﬂi%ﬂ@ﬂl%ﬂ%@uﬁﬁﬁlﬂﬂ%ﬁﬂ% 12 990y

I¥AANISA 3 A AD Human small cell lung cancer (Anti-NCI H187) Breast cancer (BC) (18

Oral human epidermal carcinoma (KB)

a3 Breast Cancer KB anti-NCI-H187 VERO
IC,(1ug/mL) IC,(1g/mL) IC,,(1ug/mL) IC,(1g/mL)

cte-[Ru(azpy),CL,] strong 4.28 inactive strong 1.27 |Cytotoxic 48.18
[Ru(bpy),]CL,.6H,0 inactive inactive inactive -
[Ru(bpy),phen]CL,.7H,0 inactive inactive inactive -
[Ru(bpy),azpy]Cl,.5H,0 inactive inactive inactive -
[Ru(bpy),azpym]CL,.5H,0 inactive inactive inactive -
[Ru(phen),]CL,.7H,0 inactive inactive inactive -
[Ru(phen),bpy]CL,.5H,0 inactive inactive inactive -
[Ru(phen),azpy]Cl,.6H,0 inactive weak 19.31 weak 10.34 -
[Ru(phen),azpym]Cl,.5H,0 inactive inactive inactive -
[Ru(azpy),](NO,),.4H,0 inactive strong 4.93 inactive >50
[Ru(azpy),bpy]Cl,.5H,0 inactive moderate 7.94 inactive >50
[Ru(azpy),phen]CL,.5H,0 inactive moderate 6.38 | weak 10.474 >50
[Ru(azpy),azpym](NO,),.6H,0O weak 18.44 strong 3.83 inactive >50

nunene IC,; = 50 % inhibitory concentration




[ J <
M3uananaaouVeIAIINUFAGULLI

Positive control
Anti-NCI-H187 14
Ellipticine @ positive control 1M IC,, INY 0.521 pg/mL
Doxorubicine (11 positive control um IC,, MINY 0.290 pg/mL
Anti-cancer Breast cancer: BC 19
Ellipticine Ay positive control 1A IC,, MY 0.138 pg/mL
Doxorubicine 111 positive control 1A IC,, N 0.176 pg/mL
Anti-cancer Oral human epidermal carcinoma: KB 14
Ellipticine Ry positive control nm IC,, NN 0.248 pg/mL

Doxorubicine (14 positive control um IC,, (MAL 0.203 pg/mL

mMsudawansnaasy

fA11C,, (ug/mL) Activity

>20 Inactive

>10-20 Weakly active
5-10 Moderately active
<5 Strongly active

a 1 o a
mmﬂaNamﬁa‘ummzﬂuwmmmmamaaﬂﬂm (Cytotoxicity test against vero cells)

Ellipticine Ay positive control 1 IC,, Mnu 0.5 0.1 ng/mL

Tumsuilawa
- final concentration Y0415 1¥nAToU 1MUY 50 pg/mL
- lumsudanadzin1swanm % Cell viability muHanAYRAL]
Y . .y I 1
- 01 % Cell viability 250 % 3109 URaTUA IC,,> 50 png/mL
-1 % Cell viability < 50 % 5189umaiiua IC,, A1 141AM 39 2-fold serial

dilution
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asilwamsnaaoy
109910 11Tl 2000 Velders wazame laaniaslsznouFdou [Rulazpy),CL] ¥

wad’ ] 1 A = [ 3 a a o’d‘Q aly ¥ =

autanauly nanae Tanuawnsadugimnsyaulnveusadnaalnala Tasiins
9
[T 3

naaouy cell line fas0 113 Ao cell line Y09 ¥215ud Uy (Breast cancer, MCE-7, EVSA-T)

3 o Y 3 o 1 . a3
wzisaan1d (colon cancer, WIDR) U137 a9l (ovarian cancer, IGROV) ¥21531/0a ( non small

cell lung cancer, H226) w5 la (renal cancer, A498) Ll VIS HINIT (melanoma, M19

Y
v o

MEL) (Velders tiazaaiy 2000) @QHHiHﬂH%%&J%‘H“ﬁ WMIFUATIEH cte-[Ru(azpy),Cl,] Lﬁa

MdudmBadouiuas nifduane g aisosuiinazagina 6l

1ansiszneuddenlunguitiiu [Rubpy),LI" (L = bpy, phen, azpy, azpym) wu1lifiqns
Wuasd s swosadnzi5e 3 ¥ia Ao Oral human epidermal carcinoma (KB) Breast
cancer (BC) 482 Human small cell lung cancer (Anti-NCI H187)

2. mﬁﬂizﬂemﬁ?aﬂffauiuﬂduﬁxﬂu [Ru(phen),L]"" (L = bpy, phen, azpy, azpym) W11
[Ru(phen)zazpy]2+ Yauaia weakly active @® Oral human epidermal carcinoma (KB) tiag
Human small cell lung cancer (Anti-NC1 H187)

3. aﬁﬂizﬂaw?ﬂ«%’au“luﬂzjmﬁgﬂu [Ru(azpy),L]"" (L = bpy, phen, azpy, azpym) WU

- [Ru(azpy)szy]2+ Yautia moderately active @® Oral human epidermal carcinoma (KB)
11§ inactive 91® Breast cancer (BC) 1182 Human, small cell lung cancer (Anti-NC1 H187)

- [Ru(azpy)zphen]%ﬁ L) moderately active #® Oral human epidermal carcinoma (KB)
1ag weakly active #0 Human, small cell lung cancer (Anti-NC1 H187) 119 inactive 910 Breast
cancer (BC)

- [Ru(azpy)zazpyrn]2+ aqutia strongly active 0 Oral human epidermal carcinoma (KB)
1A weakly active 71 Breast cancer (BC) 1191 inactive #® Human small cell lung cancer (Anti-
NCIH187)

- [Ru(azpy)3]2+ auiia strongly active #® Oral human epidermal carcinoma (KB) L9 inactive
#1® Breast cancer (BO) 1482 Human small cell lung cancer (Anti-NCI H187)

ﬂ’]ﬂwaﬂ'ﬁﬂﬂﬁ@ﬂﬁ}ﬂLcﬁﬁﬁ’umg\‘]ﬁ\‘] 3 FUa W‘U']I'] Iﬂ5Qﬁ%}1ﬁﬂlﬂﬁﬁ15ﬂ§$ﬂaﬂl%\1“§9u

S A = 1 Fo < 1< 1 A A ~A A Aa I ..
VAIFNUINUNAADNITDINGNTNULFANSLIII NATIAND WwogHanNanuau polypyridine

U

= <

[ = 4 < LA 1 a 4 o 3 I
(bpy, phen) hilignTaewraaueise Tuvaeiwonasuaunuaniledudu azpy (Felianuiu
3 1 1A 4 ... A 2+ = = A 1< Y 1 Y
TINANIINGUAUNUA polypyridine) AD [Ru(phen),azpy]” Ngniiieudantiosds KB 01

A A aa J Y ] 2+ = N 1 1 a
stguRaunuailu azpy 2 @3 19U [Ru(azpy),phen]” deignsiunaine KB uaaiinsi



@ dyd 1 J < a dy 1 Aa J A A Aa s
azpy 2 m“luimm%’nuuwaﬁemsaaumwuwumnmwmmu@ phen ffqmummmmuﬂ
J

IS a
ITNYNTPIN

()]

F4
11 azoimine (azpy, azpym) M4 3 @10 Ao [Ru(azpy)3]2+ uay [Ru(azpy)zazpym]2+

KB 1az@n1 [Ru(azpy),phen]” [Ru(azpy),bpy]” 1182 [Ru(phen),azpy]” Tasd1auauisd

9

= 9 v A
lumseengnsvinuin liiee aeil

2+

[Ru(azpy)zazpym]2+ > [Ru(azpy)3]2+ > [Ru(azpy)zphen]2+> [Ru(azpy),bpy]” >

]2+

[Ru(phen),azpy

[

Y <3 1 9 a g = AAa 4
LLE‘W’]\1Glfl(i!fl’iuﬁTIﬂﬁﬂﬁiNﬂl’ﬂ\ifﬂi‘ﬂiSﬂ@ULGINGﬁ@uﬂlﬂﬂgﬂluﬂuﬂﬂauﬂuﬂ

NFUANUNHAADNT

S 4 3 @ d? B I 3 a SR a L 1 ..
DONONTNULFAANSLIIA NN Tﬂeﬁuuagﬂumwmﬂummmmmuﬂ mauﬂuﬂ”luﬂ’qu azolimine
= I z 1T Aa J J s
Hanudu mmﬂﬂ’nauﬂuﬂ“luﬂqu polypyridine

4

wena Nt danunensisznousadouvesgitiion [Ru(azpy),azpyml”  [Ruazpy),]’”
= =g 9 < . . Aa = I A ' J
qumﬂumimumm KB (Oral human epidermal carcinoma) N ganuilunyaosan

a 1 : [ a CZ Y

Unavieend [Rulazpy),CL] Fuiuarsdunvuuaziinnuduings auaniadoiionsy

111119152 TomT 1@ 1 ueunan
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UNN 4 MIANHIDUAINIENVDIATUIZNOWTINOUNU DNA

E4
v A

mATiARANEISUATASeWEE5sEne T ide Ry DNA Tdsil
1.mﬂﬁﬂmﬁﬂm‘5@,@ﬂ§uum (Absorption titration)

2. MANAMITIAIANUNIIA (Viscosity measurement)

3. madANsIansilasuas (Competitive binding study)
4manana Iviuad (Cyclic voltammetry)

5NANANINTUAT (gel electrophoresis)

4.1 mAtinMIANIIQANAUNES (Absorption titration)

I~ = ~ Y] [ = o a 9 1

WumseinyufeInuguanyuzMIgANAUITIEIET AR NTUMS 190819

< 9 a 9 = A A o aa 1 a 9
520157 wazl¥asusuaies lumsanyuiefamuduaINIensziIeaslsznouFasou
flniinu DNA ansainld TasmsiiuaSunaaued DNA Hazi1samMIanaduodniel
1Y 9 [} d‘ 1 d‘ d‘ d' a

voaa)nasu lnden q fumsdenvesmanuenay tienvzeTuIeaNNaINTa lums
TveaslszneuTIFeuny CT-DNA limsniA1nanmsdu (K,) ATuuuuved Wolf (1)
Tagldaums

[DNAJ/(E.-E,) = [DNAJE,-E) + /[K,(E,-E)]

1o €, = molar extinction coefficient Glﬂ“”]
€, = molar extinction coefficient 1 e15152NOUITIFOUIUAY DNA NyADNA2

€, = molar extinction coefficient Lﬁﬂlllllfl DNA

HADINNIIANYI absorption titration UAAIAIZUN 4.1.1-4.1.12 uag M50 4.1.1
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Absorbance

O O O O o o o o
SO P, NN W A~ 01O N
|

400 450 500 550 600

Wavelength (nm)

gﬂﬁ 4.1.1 14e¥AN absorption spectra (Helin31Au DNA a3lu 40 mM [Ru(bpy),azpy]CL,.5H,0

14 Tris-buffer pH 7.4

0.6

Absorbance

Wavelength (nm)

sUN 4.1.2 uaaq absorption spectra 1Hefin131Au DNA a3lu 40 mM [Ru(bpy),azpym]CL,.

U

SHZOGl,Ll Tris-buffer pH 7.4
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0.7

0.6 A

05
Absorbanc%

0.3
0.2

0.1

0.0
300 350 400 450 500 550 600

Wavelength (nm)

gﬂﬁ 4.1.3 LA absorption spectra el IaN DNA adlu 40 mM [Ru(bpy),phen]CL,.7H,0

14 Tris-buffer pH 7.4

0.5

0.4
Absorbance
0.3

0.2

0.1

Wavelength (nm)

51091 4.1.4 11@AY absorption spectra 191N15:AN DNA 8411 40 mM  [Ru(bpy),]CL.6H,01u

U

Tris-buffer pH 7.4
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0.5

04 -

0.3
Absorbance

0.2

0.1

0.0 T T T
400 450 500 550 600

Wavelength (nm)

gﬂﬁ 4.1.5 LA absorption spectra el Ian DNA adlu 40 mM [Ru(phen),azpy]Cl,.6H,0

14 Tris-buffer pH 7.4

Absorbance

0 T T T J‘ 1
400 450 500 550 600
Wavelength (nm)

gﬂﬁ 4.1.6 LLEAN absorption spectra el Ian DNA a1l 40 mM [Ru(phen),azpym]CL,.

SHZOGl,Ll Tris-buffer pH 7.4
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Absorbance

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

350 400 450
Wavelength (nm)

500

550

600

gﬂﬁ 4.1.7 LAAN absorption spectra el IaN DNA adlu 40 mM [Ru(phen),bpy]CL,.5H,0

14 Tris-buffer pH 7.4

0.6
05
0.4
Absorbance
0.3
0.2
0.1

0.0

300

400 450 500

Wavelength (nm)

U

Tris-buffer pH 7.4

5191 4.1.8 11@A4 absorption spectra 1101N131AN DNA 8411 40 mM  [Ru(phen),]CL,.7H,0Tu
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10

0.8 1

Absorbance

04 -

0.2

0.0
400

450 500
Wavelength (nm)

600

gﬂﬁ 4.1.9 LLEAN absorption spectra el IaN DNA adlu 40 mM [Ru(azpy),](NO,),.4H,0

14 Tris-buffer pH 7.4

12

1.0
0.8
Absorbance
0.6
0.4

0.2

0.0

400

Wavelength (nm)

U

.6H,0 1y Tris-buffer pH 7.4

5UM 4.1.10 uaag absorption spectra elinsan DNA aglu 40 mM [Ru(azpy),azpym](NO,),




51 4

_

5H,0 1 Tris-buffer pH 7.4
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10

0.8

0.6

Absorbance

0.4

0.2

0.0

400

Wavelength (nm)

.1.11 1&@3 absorption spectra eI DNA adlu 40 mM [Ru(azpy),phen]CL,.

Absorbance

0.8

0.6 |\

0.4 -

0.0

400

450

500

Wavelength (nm)

600

gﬂﬁ 4.1.12 LAY absorption spectra 1elin131Au DNA a3lu 40 mM [Ru(azpy),bpy]CL,.5H,0

14 Tris-buffer pH 7.4




A195197 4.1.1 LAAIWAININATIA absorption titration 1W Tris-buffer pH 7.4
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msilasunilag
TT—>TT* MLCT j !
o3 NIAANAULA K, (M)
(7\,max, nm) (Kmax, nm) ’
(%H)
[Ru(bpy),azpy]Cl,.5H,0 262, 348 494 13.2 (2.5£0)X 10"
[Ru(bpy),azpym]CL,.5H,0 272,357 495 12.7 (4.8+0.6)X10"
[Ru(bpy),phen]CL,.7H,0 263, 285 450 13.3 (2.140.2)X10"
[Ru(bpy),]CL,.6H,0 243,284 454 9.1 (3.1£0.1)X10"
[Ru(phen),azpy]Cl,.6H,0O 261, 349 494 10.2 (4.4+0.7)X 10*
[Ru(phen),azpym]Cl,.5H,0 267, 342 495 11.5 (3.3+0.5)X10"
[Ru(phen),]CL,.7H,0 222,262 447 17.3 (2.5+0.2)X10"
[Ru(phen),bpy]CL,.5H,0 222,262 449 18.5 (2.5+0.2)X10"
[Ru(azpy),azpym](NO,),.6H,0 | 277,371 494 9.1 (8.7+1.0)X10"
[Ru(azpy),](NO,),.4H,0 276,370 494 9.2 (4.8+0.4)X10"
[Ru(azpy),bpy]Cl,.5H,0 281,370 517 12.9 (6.9+1.3)X10"
[Ru(azpy),phen]CL,.5H,0 259,369 517 11.7 (7.3+1.2)X10°"

4.2 1MANAMSIHIAIANNTUA (Viscosity measurement)

a 1 [~ a {a [ aa 1 a
LﬂﬂUﬂﬂ1§ﬁ1ﬂ1ﬂ31NWﬁﬂ lﬂul‘ﬂﬂuﬂﬁﬁﬂ@nﬂ@uﬁiﬂﬁEﬂi%‘l"iﬂNﬁWﬁﬂﬁgﬂ@ULﬂN%ﬁ)u

o [5Y Y ax A A 1 I [ 1
@ lniny DNA hlﬂﬁ)ﬂ?ﬁ L'L!’ENmﬂﬂﬂhﬂl‘!ﬂ"ll’f)ﬂﬁﬁﬁ%fﬂﬁlimﬁQﬂiﬂi}}lﬂ%kﬂﬂﬁﬂﬁ?ﬂiﬂﬂﬁiﬂ

nuvauazanyue idunasvesluana lusssunaasazats DNA Uanuwilags el

mapumslszneudigaullsnaaniuadlllumsazals DNA  dzdanadoinumiie

1 { { [
499 DNA uanaoon 1 doyad lannmsdnet wuelasms adnunswl 28 unu v 1ilu

1/3

(nm,)

A A . . . a g A o a 9 A .
1D N A9 relative viscosity U3 ALDULD HoleIUTZNOUIFITOU 1Ay N, N0 relative

. . A (=) a 9 <3| @ 1 gy 9
VISCOSIty Lilﬂllﬂﬂﬁ'liﬂizﬂ@ﬂl%\i%ﬂu 1 X 1Y 95 1dIuYeIANUINIUYeIasUsEney

] Y v a g
ADANMUNUUVDIALULD (2)

aw dyd a = a g A a o an [
NUBHANEIMSIUasULaen U HaYBIAD U IBINADUATNI Y AU

1 k4
[Ru(bpy),]”" EB (cthidium bromide) t1az a151)5znouiFadouves Tangjiitioy deliiamua 8
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v A

A1 A® [Ru(azpy),bpy]lCl,.5H,0 [Ru(azpy),phen]Cl,.5H,0 [Ru(azpy),](NO,),.4H,0

[Ru(azpy),azpym](NO,),.6H,0 [ Ru(phen),azpy]CL,.6H,0 [Ru(phen),azpym]Cl,.5H,0

[Ru(bpy),azpy]CL,.5H,0  uag [Ru(bpy),azpym]CL,.5H,0 13103 13191 EB Whuansi

v 9

annsounsndn 1 luaedsue 18 TaeTinar1ianurtiave A UL ay
2+ Aa o aa v a g . & 1 ' A =

[Ru(bpy),]’” 1HluesMinaduasn3e1iuAOUID U electrostatic ¥ ITKaADANUHTIAYDIA

1 v 9
Do F9 93100 4.2.1 - 4.2.4 msdsznouFadouveslanzgiion Mianua 8 &1 vziinade

1< { ' 1 1
anunilavesdowe Tagnahn ldaglitiosndt EB ua u1nna1 [Rulbpy),]”

(n/no)1/3

060 T T T T T T T T
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

r (IRu)/[DNA])

31 4.2.1 vaaaraveIM 3TNV [Rulazpy),bpy]CL.5H,0 (A\) [Ru(azpy),phen]

CL.5H,0 (@) [Ru(bpy),]CL.6H,0 (CJ) EB (M) ifiguiuanunilaved CT-DNA #1129 ©
[DNA]=3x10"M

1.6
o 1.4
g
3 1.2

—t
1 — = = = —t
—
0.8 T T T T T T T T T
0 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24
[cpx]/[DNA]

511 4.2.2 vaaawaveIMIIuTNnUe [Ruazpy),J(NO,),4H,0 (A) [Ru(azpy),azpym]
(NO,),.6H,0 (@) [Ru(bpy),]CL.6H,0 (O0) EB (M) figununumiinued CT-DNA 0
29 ° [DNA] =3x10"'M
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(n/no)1/3

0-80 T T T T T T T T
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24
[Ru]/[DNA]

5UNn4.2.3 uaaNaveIMsinSuaves [ [Ru(phen),azpy]CL,.6H,0 (/) [Ru(phen),azpym.
1CL.5H,0 (@) [Ru(bpy),]CL.6H,0 () EB (M) MeUAUANNTIAYDI CT-DNA

1129 ° [DNA]=3x10"M

1.60 ~
1.50 +
1.40 +
1.30 +
1.20 +
1.10
1.00
0.90 -
0.80 -
0.70 -
0.60 ‘ \ \ \

0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24
[cpx]/[DNA]

(n/ng)*®

ﬂﬁ 4.2.4 mewammﬂmwuﬂimmmm [Ru(bpy),azpy]Cl,.5H,0 (A) [ [Ru(bpy),azpym]

CL.SHO (@) [Ru(bpy),JCL.6H,0 (O0) EB (M) ifieufuanumiiaves CT-DNA fi 29 ©
[DNA]=3x10" M
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4.3 matiamsIamsilasuas (Competitive binding study)

9 Y

a @ 1 < a { a @ a
madamsIamsuauas L‘]Jumﬂl!ﬂﬁol%@]ﬂ@111ﬂ15§]‘].lﬂlf‘]\1ﬁ1§‘ﬂi$ﬂ@ll [PIEDU NU

~

1 < a 9 AR awv dy 1 a A a9
DNA E]EJNllifWI13J’ﬁ1§ﬂigﬂﬂﬂl%\icﬂﬁluﬂﬁﬂyﬂu\ﬂuji]EJ‘Ll lllllﬂﬂﬂﬁﬁ’E'NLL?N“I/IQEI!WQ?JWEN
(% ] a 1 4 [} (% % aw { 1 1
iNUhJﬁ'llIﬁﬂG]ﬂ@]'lllfﬂiﬁﬂﬂ1ilﬂﬁQll’ﬁ\‘ilﬁﬂﬂﬂﬂﬂ DNA llﬂIﬂﬂ@]i\ﬁﬂﬂ\ﬂﬂi)ﬂﬂﬁﬂWNiﬂW‘U’ﬂ
- . ' Y & 4 )
ethidium bromide (EB) am15aLﬂammwjamimmu@ﬂlmﬁaﬁ DNA 13199910 EB 11 11unsn
aa dy J LY 1%
11!?(18@!@1!&'0 HaguanNIINU uaw\lgamimmuﬁmmmgmzw”lﬂm Tmaqaﬁum quencher

[

Y Y Y v
3) aaiulumsdnuIasetl AAAIUMTAAAUDIANNITNYDINT I aaIued EB NIUNL
v Y 1 Y
DNA Tasduasdsznoudadounduniizd laluanadeiall FsasdseneuFadouil
° Y
iy quencher
av Qy da' A 9
uauIesull arsazanenilsznouale DNA  uag Ethidium Bromide [EB] 1u
% o . 9 A A
JWMe3 pH 7.1 (5 mM Tris-HCI, 50 mM NaCl) nn3gqy 1n0e1Inau 340 W1 Tumas
U A A A a a g A A
taznuMslaaaan 500-670 W Tumas Welmaanaslsznousidouved lavggnition
ad o Y 1 Y I ]
adllumsazanevesdawuonas EB M1lv manlasasves ensazarvanad uaaslimuin
~ ' a g Ay a 9 A A o
EB Munsnegluamsfiouegnununaleasiszneudgoue lane gty mssziums
1 =1 d? A Y 9 a g == A dy 9
)@l A NNV TN LIFIFO UV TarizgitlouuAy  91nTaya
U A a 9 v v Y] v 1 dy
NI OMAIAINANTUTENOUIFIFOUTUNU DNA Taeeds aunisasas lil (4)
I,/1=1+Kr
A ) ' A = a 9
o I, = anuduvesmalawauiie luliaslsznousidou
9 ' A~ a v
I = anuavvesmsasaulolaislsenouFatou
K = A179 linear Stern-Volmer quenching

(Y ! Yy 9 a 9 1 Yy 9 aa
r = G’]i'lﬁ’Juﬂ')'liJHJiJﬂluﬂlﬂﬂﬁ'li‘]JiZﬂ’E'J‘]JL“lf\‘l‘ﬂf’f]u@]ﬁ]ﬂ’ﬂhﬁlﬂﬂluﬂ]@ﬂﬂl@ul@

HaUAAIA31N4.3.1-4.3.4 1OZA131991 4.3.1



lo/I

1.20

1.15

1.10 4

1.05

1.00 4

Competitive binding of [Ru(azpy)2bpy]CI2.5H20 with
DNA+EB in Tris-HCI 5mM 50 mM NaCl pH 7.07

y =2.9545x + 1.0059
R? =0.9894
K=2.94

0.95

0.00E+00 1. OOE 02 2. OOE 02 3. OOE 02 4. 00E 02 5. OOE 02

[cpx]/[DNA]

311 4.3.1 n3mluaad fluorescence quenching Y93 EB fisudu adwe Tag

[Ru(azpy),bpy]CL,.5H,0 [EB] = 2 UM [DNA]= 40 UM

lo/I

0.95

1.20 4

1.15

1.10

1.05 -

1.00 ¢

Com petitive binding of [Ru(azpy)2phen]CI2.5H20 with
DNA+EB in Tris-HCI 5mM 50 mM NaCl pH 7.07

y =3.0852x + 1.0148
R? = 0.9757
K =3.04

0.00E+00 1. OOE 02 2. OOE 02 3.00E-02 4. OOE 02 5. OOE 02

[cpx]/[DNA]

311 4.3.2 n3mlaag fluorescence quenching Y93 EB fisudu adwe Tag

[Ru(azpy),phen]CL,.5H,0 [EB] = 2 UM [DNA]= 40 UM
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Competitive binding of [Ru(azpy)2aazpm](NO3)2.6H20 with
DNA+EB in Tris-HCI 5mM 50 mM NaCl pH 7.07
1.20
1.15
_ 110
3 <
1.05 y =3.177x + 1.0124
R? =0.9817
1.00 K =3.14
0.95 4 ‘ ‘ ‘ ‘
0.00E+0 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02
0
[cpx]/[DNA]

311 4.3.3 n3mlaag fluorescence quenching Y93 EB fisudu adwe Tag

[Ru(azpy),azpym](NO,),.6H,0 [EB]= 2 UM [DNA] = 40 UM

Competitive binding of [Ru(azpy)3](NO3).4H20 with
DNA+EB in Tris-HClI 5 mM 50 mM NaCl pH 7.07
1.20 4
1.15 -
_ 110 1
S
1.05 - - y =3.0532x +1.0123
R? =0.9795
1.00 ¢ K=3.02
0.95 ‘ ‘
0.00E+0 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02
0
[cpx]/[DNA]

311 4.3.4 n3WlLAAY fluorescence quenching Y94 EB fisufiu Adue Tae

[Ru(azpy),I(NO,),.4H,0 [EB]= 2 UM [DNA]= 40 UM
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M319N 4.3.1 agdwanisnaaeims Ianmsnlaaaq

m3sznouFadou C (LM) pH E,_ (nm) NANITAADY
buffer
[Ru(bpy),azpy]CL,.5H,0 50 7.07 589 | y=1.5323x +1.0015

R =0.9922; K = 1.53

[Ru(bpy),azpym]Cl,.5H,0 40 7.07 588 y=1.7679x + 1.0068

R’ =0.9794; K = 1.76

[Ru(phen),azpy]Cl,.6H,0 50 7.07 588 y =2.105x + 1.0049
R*=0.9923: K =2.09

[Ru(phen),azpym]Cl,.6H,0 40 7.07 586 | y=2.8785x + 1.0001

R’ =0.9962: K = 2.88

[Ru(azpy),bpy]CL,.5H,0 30 7.07 588 y =2.9545x + 1.0059
R’ =9894; K =2.94

[Ru(azpy),phen]CL,.5H,0 30 7.07 586 y =3.0852x +1.0148
R’ =0.9757;K =3.04

[Ru(azpy),azpym](NO,),.6H,0 30 7.07 587 | y=3.177x+1.0124

R==9817;K=3.14

[Ru(azpy),](NO,),.4H,0 30 7.07 590 y=3.0532x + 1.0123

R’ =0.9795; K = 3.02

4.4 matamalvifuadi (Cyclic voltammetry)
a a = I a A A ] ad

matia lsaan Traunumas Wumaiana lduaindnuinisoe Toudidnasouuna

v v 9
INTOMINABUATNINTZNINATUTenoUITIFoUNU DNA 18 Tasnduasnsennavu

v Y = a A A @ IS 1
veaanaldnszua i isaaasnndy  demeuiumsazarsvesasdsznouFidoussig
@ lunuddetaulafauumwizasidszneuFidouniisuasnsenduadue  laun
[Ru(bpy),azpy]Cl,.5H,0 [Ru(bpy),azpym]CL,.5H,0 [Ru(phen),azpy]CL,.6H,0
[Ru(phen),azpym]Cl,.5H,0 [Ru(azpy),azpym](NO,),.6H,0 [Ru(azpy),](NO,),.4H,0
[Ru(azpy),bpylCL.SH,0 [Ru(azpy),phen]CL.5H,0 Iasa3onldinnududy 5 x10* M uag
9301 13a2a10U09 CT-DNA Iianududu 2.5 x10* M Taglddiazareiy dumles (

10mM Tris base + 50 mM NaCl) pH 7.2 1tag DMSO 8051874 100:5 Tagd5u1as maianig
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4 S
Trlfuaiinldne cyclic voltammetry Taals working electrode 11l glassy carbon quasi
< <
reference electrode 11U platinum wire Q¢ auxiliary electrode 11l platinum disc wazly
I 1 4 Aa { 1 <
internal reference 11U ferrocenemethanol A1esAnd IWvhuesessenouFedoun hiliawu

A g = v A . Y1 [
19 LAZUAULD NIUNUANWAUDY internal reference (Iﬂﬂohfiﬂ”l E,, U903 ferrocenemethanol 1wy

Aud)

Tuannz MinaaeaiilaAuRIZ ligand base reduction oglua9 0.3 909V 9
wadt ldenmsautaiiumeangu nanfe nguusnuaasdnBuLNIE cathodic peak 9T
mssznouiadoudae 11 [Ru(bpy),azpy]CL,.5H,0 [Ru(phen),azpy]CL.6H,0 [Ru(azpy),
azpym](NO,),.6H,0 uag [Ru(azpy),J(NO,),.4H,0 uazﬂzjuﬁﬁm dnwatz fimilu reversible
couple FaianlsznonFadoudade il [Ru(bpy),azpym]Cl,.5H,0  [Ru(phen),azpym]CL,
5H,0 [Ru(azpy),bpy]CL,.5H,0 ttag [Ru(azpy),phen]CL.5H,0

Tumsnlssumeudnd I lunguves [Rubpy),LT L A9 azpy 1ag azpym Az
] 2

2+

o) [Ru(bpy),azpym] T¥en ligand base reduction ¥10N2111 [Ru(bpy)zazpy]2+ HUILEAIN

=y

I a ag I~ ' o = [ 1
azpym wuaunuan ‘]Jf]mﬂﬂi’é)uhlfgllﬂﬂ’ﬂ azpy Waﬂﬁ‘ﬂﬂﬁﬁ)\‘l‘ﬂWM’ENL@]EJ’Jﬂ‘]JWUEluﬂQﬂJ"UfN

=

A <y A A 9
[Ru(phen)zL] W9 L A9 azpy MUAS azpym HUDNIMNULLA Lilﬂmiﬂ’izﬂ’f)mm“ﬁ’owum

S A

Aaa 7o ¥ I A I ' an a . . 91
3‘1/1mﬂummmuﬂmmmagﬂummuﬂaluﬂqmaimemu 921NA ligand base reduction 18418

L1l

'
o

1A L 1 aAaan A a 9 I\ AAa 4 an
ﬂ?TﬁLLﬂHﬂiHﬂQNIWﬁWﬁﬂu uuﬂemsﬂizﬂauwwauﬂluﬂquﬂmuﬂumﬂ%nu aIu1In

o A a

Aa o aa v a3 Y 1 A A A J ~ o
maduasnsonuadue ladniniunsnamslasulasmidnd Wihduinni  Gesdiau
! @ 4 3 J - 1
maulaountlasvesdnd Iiuielawuwe  anmnnlideslunguueande No,  wuh
[Ru(azpy),J(NO,),.4H,0 IA1m1nNI1[Ru(azpy),azpyml(NO,),.6H,0 lunguyeunae CI' Wy
[Ru(bpy),azpy]CL,.5H,O > [Ru(azpy),bpy]CL,.5H,0 > [Ru(phen),azpy]CL,.6H,O >
[Ru(bpy),azpym]Cl,.5H,0 > [Ru(azpy),phen]CL,.5H,0 > [Ru(phen),azpym|CL,.5H,0
dyd' a Aag a 9 A A 1
wennniliemuaueaslumslszneu¥ereuveslavgiiion A E E_uae
A [ A d? 1 .
E,,taoulunednd ldihnduuinnniu uaga voltammetric current Ye9a1sazatvanaq
' A ~ ~ @ =~ A g A 1 a 9 Ao o
pdann enlSeuiisununsdl lilawoue WewnmsunsvesdssznouFadouniuny
< 4 { a
Ao UNFIAY KAINMINAABILEA cyclic voltammograms VIA151/52NOUITIHO
[ A = [ an a g A A
1317 4.4.1-4.4.8 uaz agilwamsAnyIGUAINTIIVEIAIIIENO VT ITRUYRY FNHEY (1)

C1] Q

11 CT-DNA aquaadluaisnan 4.4.1
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| (HA) 1

0.00 -0.20

-0.40 -0.60 -0.80 -1.00 -1.20

Potential (V)

g‘ﬂﬁ 4.4.1 11EAN cyclic voltammograms Y94 0.5 mM [Ru(bpy),azpy]CL,.5H,0 110133 DNA (a)

tag 4 2.5 mM DNA (b) 14 5mM Tris base + 50 mM NaCl pH 7.2 (311 : DMSO 100:5)

I (uA)

.00 -0.10 -0.20

-030 -0.40 -050 -0.60 -0.70 -0.80 -0.90
Potential (V)

_

sUf 4.4.2 uaag cyclic voltammograms Y94 0.5 mM [Ru(bpy),azpym]Cl,.5H,0 1io 11i1l DNA

(a) 1182 3 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (111 : DMSO 100:5)



57

0.0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2

Potential (V)

g‘ﬂﬁ 4.4.3 11AAN cyclic voltammograms U904 0.5 mM [Ru(phen),azpy]CL,.6H,0O 1io'13i3 DNA

(a) 1182 3 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (11 : DMSO 100:5)

| (LA)

-2 T T T T T T T T
0.00 -0.10 -0.20 -0.30 -040 -050 -060 -0.70 -0.80 -0.90

Potential (V)

gﬂﬁ 4.4.4 1A cyclic voltammograms Y94 0.5 mM [Ru(phen),azpym]ClL,.5H,0 11491313 DNA

(a) 1182 3 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (11 : DMSO 100:5)
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-2 T T T T
0.00 -0.10 -0.20 -0.30 -0.40 -0.50

Potential (V)

g‘ﬂﬁ 4.4.5 LaA3 cyclic voltammograms Y94 0.5 mM [Ru(azpy),azpym](NO,),.6H,0 e ladl

DNA (a) tta23) 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (11 : DMSO 100:5)

0.00 -0.10 -0.20 -0.30 -0.40 -0.50 -0.60

Potential (V)

gﬂﬁ 4.4.6 LLaAN cyclic voltammograms Y94 0.5 mM [Ru(azpy),]|(NO,),.4H,0 e 113 DNA (a)

11azdl 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (111 : DMSO 100:5)
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'2 T T T T T T T
0.00 -0.10 -0.20 -0.30 -040 -050 -0.60 -0.70 -0.80

Potential (V)

51T 4.4.7 uaaq cyclic voltammograms U904 0.5 mM [Ru(azpy),bpy]CL,.5H,0 e l3% DNA

Y

(a) 11823 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (111 : DMSO 100:5)

'2 T T T T T T T
0.00 -0.10 -0.20 -0.30 -0.40 -0.50 -0.60 -0.70 -0.80

Potential (V)

sUN 4.4.8 Laaq cyclic voltammograms Y94 0.5 mM [Ru(azpy),phen]CL,.5H,0 e 113 DNA

_

(a) 11823 2.5 mM DNA (b) 114 5mM Tris base + 50 mM NaCl pH 7.2 (111 : DMSO 100:5)
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M3197 4.4.1 LAAINANINNATIA cyclic voltammetry Yo9ENTUTEROUTIFOUVDS Tane

S A d‘d =
Ny Ny Uag ]11111 DNA

GAE R E, E, Ak, E, |iJ/i(R=0)
[DNAJ/[Ru] V) V) (mV) V)
[Ru(bpy),azpy]CL,.5H,0 0 - | -0827| 58 - 1.30
5 - -0.769 -
[Ru(bpy),azpym]CL,.5H,0 0 -0.616 | -0.678 | 62 | -0.647 | 1.08
5 -0.590 | -0.650 60 -0.620
[Ru(phen),azpy]Cl,.6H,0O 0 - -0.846 34 - 1.04
5 - -0.812 -
[Ru(phen),azpym]Cl,.5H,0 0 -0.634 | -0.761 82 -0.675 1.22
5 -0.626 | -0.688 62 -0.657
[Ru(azpy),azpym](NO,),.6H,0 0 - -0.412 44 - 1.31
5 - -0.368 -
[Ru(azpy),](NO,),.4H,0 0 - |-0450 | 58 - 1.50
5 - -0.392 -
[Ru(azpy),bpy]CL.SH,0 0 -0.527 | -0.619 | 82 | -0.573 1.44
5 -0.447 | -0.563 106 -0.520
[Ru(azpy),phen]CL,.5H,0 0 -0.476 | -0.558 82 -0.517 1.00
5 -0.484 | -0.590 | 106 -0.537

< Ay 1a ad
R=0 Lﬂuﬁm’mﬂnmmmum

I Aa ad
R=5 Lﬂuﬁmaz‘nmmmum

4.5 MAHAMST AN (Electrophoresis)
a = AAq Y 1 v Aa A ad a A
L‘VIﬂuﬂVIN“]fTJLﬂiJVIGLGBLLEJﬂI?JLﬂQﬁ@HQ ] 9NITMNNUNUYN AD aanInsvosFe
(Electrophoresis) Gﬁmmﬁmwﬂimaqa@iw 9 99NNAUMNIUIAYDI TNIANEA T1HTY
= o a 9y a . A g
msAnyIMsaaaieaoue laslsmatin agarose gel electrophoresis gﬂmmmama Hyy
. A A Agd A v A £ a g o a &
supercoiled 39 Form I IAABUNIIINGA LALNDTIYNUIVDIALDULD YNAA inadu open
. A £ A Ay 1y :Jl a g o a & . A
circular ¥19® Form II SUAQDUNFIDY LADINITDIT18UDIALDULD nae inaly linear ¥17®

Form III #9921A@0UN0g324 319 Form I 1az Form II (5)
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= a 9 Y Y 9 A g A o o A Y
wseuaslszneudideuliianududusuAun 500 uM MUkl
= Y 9 o 1 dy = aa Y Yy 9
nanuduIuaae 11U 20 40 60 80 waz 100 UM uazIAIENADUE THNAMMTNTY
1 ) A Q'J
0.5 pg/ 8 pL munszua i Taosmuaan122ve9m3 run gel Ao 70 V Uszana 1 42134
o 4 o < ) 1 . g .
U tris-acetate THivl05 19910 run gel t@Foudd Iiurualuéoudlu Ethidium bromide

k4 v
(EB) niuih ldmenmdrenelduaagd man lduanadsgil 4.5.1-4.5.4

Form 11
Form II1

Form I

;a;ilﬁ 4.5.1 1894 electrophoresis Y84 pBIND DNA tijafla1silszneuifedon [Ru(azpy),](NO,),
4H,0 tag [Ru(azpy),azpym](NO,),.6H,0 lane 1 DNA lane 2-6 nﬂuﬁ”l’iﬂnﬂ@u

[Ru(azpy),JNO,), 4H,0 fianududusen i §1i (2)20 (3)40 4) 60 (5)80 (6) 100 uM
lane 7-11 1fua13U52n01 [Rulazpy) azpym](NO,), .6H,0 finnmudusudien fu it (7) 20

(8)40 (9) 60 (10) 80 (11) 100 uM

nngduaaslfiiuiiasdsznouFedon [Rutazpy),l(NO,),4H,0 11ag [Rulazpy),

o ad Y, o v g A v v
azpym](NO,),.6H,0 usadaaeadue lauazannsadaaie launyuiion Nty uvea
A dgl = =\ @ a d Y
ATNNVY ¥I910NA[Ru(azpy),azpym](NO,), .6H,0 nanuausalumsdaaiefouela

11NN [Ru(azpy),](NO,),.4H,0 tiloanududumiig
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Form 11
Form 111

Form 1

511 4.5.2 @A electrophoresis Y99 pBIND DNA 1ijoiia131/sznouisadon
[Ru(azpy),phen]Cl,.5H,0 ttag[Ru(azpy),bpy]CL,.5H,0 lane 1 DNA lane 2-6 W
a15152n0U [Ru(azpy),phen]CL, .SH,0 NANMduduaA19 AU A9l (2)20 (3)40 (4) 60 (5)
& = Y Y o
80 (6) 100 uM lane 7-11 1Wua15152n0U [Ru(azpy),bpy]CL.5H,0 NANUANTUAI N

ﬁqff (7)20 (8)40 (9) 60 (10) 80 (11) 100 uM

{ A <3 1 a
iensan ngUuaasliiviuineansiszneuiFadou [Rulazpy),phen]Cl, .SH,0 1oz
o aag v Y vy & A )
[Ru(azpy)szy]Clz.SHzo ﬁ']ll']iﬂﬁﬂﬁ1ﬂﬂlﬂu&ﬂhl@lla%?ﬂlﬂﬁﬂﬁﬂﬁ']ﬂllﬂu'lﬂGUUENfJﬂj'UJleUaJmu
A 2 2 ] = o a g 9
VDIF TNV FIVINVBYA [Ru(azpy)zphen]C12.5H23Jﬂ’313Jﬁ’]?J”IﬁﬂiUﬂ’]ﬁﬁﬂﬁ’]ﬂﬂlaulﬂulﬂ

1A [Ru(azpy),bpy]CL.5H,0 tloanududuminu

Form II
Form 111

Form 1

gﬂﬁ 4.5.3 11894 electrophoresis Y94 pBIND DNA tiiofia151)szneuiFedon
[Ru(bpy),azpy]Cl,.5H,0 tag[Ru(bpy),azpym]CL,.5H,0 lane 1 DNA lane 2-6 3
as1l3znen [Rulbpy),azpylCl, SH,O iaududusien fu 1t (220 (3)40 (4) 60 (5) 80
(6)100 uM  lane 7-11 1fua31)szno [Rulbpy),azpym]ClL, .SH,0 iarmdudusian fu

v A

AU (7) 20 (8) 40 (9) 60 (10) 80 (11) 100 uM

nngilleNnsanaisdszneuFedou [Ru(bpy),azpy]Cl,.5H,0 11az [Ru(bpy),azpym

g A v o o a g v 3 A
]CIZ.SHZO ﬁ]gn’iu’ﬂﬁ'ﬁﬂﬁgﬂi’]TJLGHQCH@U‘VN'L’(@Q fT’]ll"Iiﬂ@]ﬂﬁ"Iﬂﬂli’]um]lﬂu"lﬂ"uumﬂ’]ﬂ’ﬂu
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Y v A 4 o o ag Y A Vo A Y 9
NV UUDINTTINNUY llﬁgﬁ’]ﬁV]Qﬁ’f)\iﬁ'lﬂ'ﬁﬂﬂﬂﬁ']ﬂﬂl@ulﬂulﬂLﬂ@ﬂlﬂ1ﬂulu@ﬂ3’]uﬂ]umu

AU

Form 11
Form II1

Form I

gﬂﬁ 45.4 1aAA9 clectrophoresis ~ ¥94 pBIND  DNA  tijefiansilszneuiFadon
[Ru(phen),azpy]CL,.6H,O 118g [Ru(phen),azpym]CL,.5H,O lane I DNA lane 2-6 ndJu
15132001 [Ru(phen),azpy]lCL.6H,0 finnuidudusieniu 98 (2)20 (3)40 4) 60 (5)
80 (6) 100 M lane 7-11 1¥uenstlsznon [Ru(phen),azpym]CL.SH,O finnnndudu

AU A9t (7) 20 (8) 40 (9) 60 (10) 80 (11) 100 uM

< 1 Aa
mﬂgﬂuﬁﬂﬂﬁlwmwmsﬂizﬂamwff’au [Ru(phen),azpy]Cl,.6H,0 a2 [Ru(phen),

v g ) o v & A Y g
azpym]Cl,.5H,0 dunsodadisaiowe latazamnsoaadie ldunluloanududuvoais
PP S D) 4 A o A ag 2 0o g ¥ d
WY FI9nYeyaloMeun lane MIJuAIBUD A0 lane 1 M 1MHYN A131lsznoy

@ <]

[Ru(phen),azpy]CL,.6H,0 1ag [Ru(phen),azpym]CL,.5H,0 Nanuamnsalumsaaaisfiouie

Y o A Yy 9 "o
Vl,ﬂ‘WfJ“”] AU UDAITUVNUUININU
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Synthesis and DNA-Binding Studies of [Ru(phen)zazpy]Z+ and [Ru(phen)zazpym]2+
Kanidtha Hansongnerna, Uraiwan Changsaluka, Luksamee Sahavisit', Waraporn Sirinawin’,
Walailak Puetpaiboon” and Chaveng Pakawatchai',
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Mixed-ligand complexes of [Ru(phen)z(azpy)]2+ (1) and [Ru(phen)z(azpym)]2+ (2) (phen =
1,10-phenanthroline, azpy = 2-(phenylazo)pyridine, azpym = 2-(phenylazo)pyrimidine) have been
synthesized and characterized by mass spectrometry. The interaction of two complexes with calf

thymus DNA (CT-DNA) was investigated by spectroscopic methods. The intrinsic binding

constants of 1 and 2 are 2.3x10° M and 1.5x10° M, respectively.
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Synthesis, characterization and DNA-binding studies of [Ru(azpy)3]2+ and
2
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Two new water-soluble complexes of [Ru(azpy)3]2+ (1) and [Ru(azpy)z(azpym)]2+ (2)
(azpy =2-(phenylazo)pyridine, azpym = 2-(phenylazo)pyrimidine) have been synthesized and
characterized by elemental analysis, UV-Vis and IR spectroscopies. The interaction of these
complexes with calf-thymus DNA (CT-DNA) was investigated by spectroscopic methods and
viscosity measurements. Absorption titrations of both complexes with CT-DNA were carried
out and give similar results. However, the effects of complexes 1 and 2 together with
[Ru(phen)3]2+ (phen = 1,10-phenanthroline) and ethidium bromide (EB) on the viscosity were
observed. The results show that the increased degree of viscosity to DNA follow the order of
EB>2>1> [Ru(phen)3]2+. Based on the shape difference of ligands, we found that azpym

gives stronger interaction with DNA than azpy.
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