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ABSTRACT

The binding of [Ru(bpy);]’ (bpy = 2,2"-bipyridine), [Ru(dmbpy)s] i df’bpy e :’4 -;izmetl;;' 1'2’2“; 3 _ gene
bipyridine) and [Ru(dtbpy); 7" (dtbpy = 4,4'-di-ter-butyl-2,2 _bipyridine) complexes 1:v1th polyp Ieno 1;1 (ga ic a;;
and quercetin) have been studied in Triton X-100 at pH 11 by means of absorption spectra tzc 6n112qu63;? e o
absorption and emission maximum of these complexes are in the range of 449-4.2 Z nm an 0 nm acid
respectively. The excited state lifetime of [Ru(bpy) 3J°7, [Ru(dmbpy) .J?  and [Ru(dtbpy) _;:] complexesiare 600, 350
and 654 ns. The binding constant (K;) of these complexeswith gallic acid and quercetin are determined ﬁ‘f)r-n the
Benesi-Hildebrand equation using absorption intensity data. The observed binding constant val z{es are sensitive 'to
the nature of the ligand, medium and the structure ofgallic acid and quercetin. Quercetin binds strongly with
Ru(ll) complexes than that of gallic acid owing to the presence of more phenolic—OH groups. The ground-state
interactions between the polyphenols and the bipyridyl rings of Ru(ll) complexes are hydrophobic in nature. | _
Structural effect, hydrophobic effect and the medium seem to play a vital role on the binding of the gallic acid and bind
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quercetinwith Ru(ll) complexes. | A and
Keywords: Ruthenium(II)-polypyridyl complexes; Polyphenols; Benesi-Hildebrand equation; Binding constant; eiths
Structural effect
of h
1. Introduction | Ruf
Polyphenols have considerable interest in the field of food chemistry, pharmacy and ont
medicine due to a wide range of favourable biological effects including antioxidant €t a
properties. Phenolic acids and flavonoids constitute one of the most common and widespread Ru(
groups of substances in flowering plants, occurring in all vegetative organs and fruits. The binc
antioxidant property of polyphenols is mainly due to their redox properties. They act as Fl.
reducing agents (free radical terminators), hydrogen donors, singlet oxygen quenchers and COIT

metal chelators [1]. The antioxidant activity of polyphenols depends on the number of
hydroxyl groups that are strengthened by steric hindrance [2]. In addition to antioxidant and
free-radical scavenger properties, polyphenols have numerous other biological activities, such
as antihistamine activity, as well as anti-inflammatory, protecting against cardiovascular

diseases and anticancer activity [3]. 4 4"
. Pro

Gallic acid (3.,4,5-trihydroxybenzoic acid) is a basic structural unit of hydrolysable | Syn

tannins widely distributed in the plant kingdom especially in tanniferous plants. Gallic acid 18 | was
a strong chelating agent and forms stable complexes with iron [4]. The degree of chelation bip
increases as the pH increases. The pK, values of gallic acid are 4 (carboxylic acid), 8.7, 11.4 (dti
and > 13 (phenolic - OH groups) [5]. Quercetin (3,3',4',5,7-pentahydroxy flavone) is to t

particularly interesting because it is one of the most biologically active and common dietary
flavonols. Quercetin has two different pharmacophores, the catechol group (ring B) and the

benzo-y-pyrone derivative (ring A and C), of which the catechol moiety is the most reactive
one where deprotonation occurs easily [6]. The pK,; and pK,, values of quercetin are 5.87and
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imethyl-2,2'- irally the most potent antioxidants,

;,ffﬂ i’f “;Z ' pstants for these groups. Polyphenols containin
512-639 nm groups have Very dlffel‘ent aCtiVitieS,
are 600, 350
ied from the _ |

 sensitive to . . in micellar media

rongly with :
‘ he surfactant and

round-state | : 13]. Man h

ation researchers |14 5008 :
L nc.entr . _[ _] Y & [_ ,15] have attempted a Systematic investigation of
i and binding, partitioning and photosensitization of these [Ru(NN);1* complexes in homogeneous

micro-heterogeneous media. The electron transfer reactions in micellarmedium can be
[ oastant iﬂ1er enhanced or slowed down compared to the reactions in aqueous solutions. The presence
hydrophobic groups like alkyl and aryl in the ligands of Ru(II) lead to strong binding of

[I(NN)3]2+ with micelles through hydrophobic interaction. The strength of binding depends
on the combination of electrostatic attractions or repulsions and hydrophobic effects. Bowers

nacy and . .
E idant etal. [16] studied the surface and aggregation behaviour of aqueous solutions containing
despread Ru(ll) metallosurfactants. Based on the literature survey, the present study concentrates on the
uits. The binding studies of gallic acid and quercetin on [Ru(NN);]* complexes in Triton X-100 at pH
y act as ;;1- In order to know the role of Triton X-100 in this binding reaction, the observed results are
hers and mpared with the results obtained from aqueous medium at pH 11.
mber of
dant and E _ _
B ek “tXperimental Section fine
’ g Az 22 245 idine (AmMOPY),

vascular L RuClL.3H,0, ligands (2,2-bipyridine (bpy), 4% -dlmethl);‘l 2,§idb;%r:1ul:rcetin) VEef@
| 4'-di-tert-butyl-2,2’-bipyridine (dtbpy) A

R CUred from Sigma—Aldrich. HPLC grade SO i _distilled deionized water
olysable Vithec: nding studies. £ r_
C :cid iS s of fE cxes as b .as e bmsmg [RU(NN)3]2Jr complexes {where NN X .2’.2
e 8 Used for the binding studies. The thre® L 4.4'-di-t-butyl-2,2"-bipynidine

. 11.4 Yridine (bpy). 4,4'-dimethyl'zﬂzr'bipy“dme g ligands according

- i
' 1S rpy )} were synthesized by reacting RuCl3.3H0 W
One) _;-’1,. y |
dietary - Procedure previously described [17]:
and the "

-eactive
.87 and




e ere AA is the chan
- polyphenols. The plots of 1/AA versus 1/ [G] give a straig
~ _.tio of Y-intercept to the slope of the straight line.

3 Results and Discussion
The structure of the ligands and the polyphenols used 1n the present study are shown

in Fig. 1. The photophysical propertles like absorption and emission spectral data and the

excited state lifetime of [Ru(NN);]*" complexes in aqueous and Triton X-100 at pH 11 are
given in Table 1. The photophysical properties of the [Ru(NN)3]2 complexes change from

homogeneous to microheterogeneous medium.

Table 1 Absorption, emission spectral data and excited state lifetime of [Ru(NN)3]2+

complexes in aqueous and Triton X-100, at pH 1l

s | Absorptioh Emission maximum Excited state lifetime ;
Complex maximum (nm) | (nm) L iy (ns)
Triton Trlton ;;-

. Aqueous %100 J Aqueous %100 | Aql_leous
RubGpy)l” | 451 449 612 613 | 6i4 g
[Ru(dmbpy);]*" | 457 456 625 WG 380 ?
[Ru(dtbpy)s] ** 457 456 626 | 639 510 :
— ] - - - — 3

E‘

The absorption spectral studies of [RU(NN)3]2+ complexes with the incremental E

addition of gallic acid and quercetin showing a slight increase in the MLCT absorption

maximum, indicates the formation of ground state complex (Fig. 2). Gallic acid and quercetin
have weak absorption at 454 and 426 nm [18]. Gallic acid and quercetin bind with the

[Ru(NN)3]2+ complexes in aqueous and Triton X-100 medium, since gallic acid and quercetin
have weak absorption close to the region where Ru(ll) complex have strong MLCT
absorption. The absorption spectra of [RU(NN)3]2+ complexes with gallic acid and quercetin
shows a hypsochromic shift of 2 to 3 nm, due to the formation of ground state complex. The
association of gallic acid and quercetin with [Ru(NN);]°" complexes in the ground state may
be due to the static nature of quenching. The association constant (K,) of [RU(NN)3]2+
complexes with gallic acid and quercetin calculated from the Benesi—Hildebrand plot (Fig.3)
using the Benesi—Hildebrand equation for the absorption spectral data in aqueous ahd Triton
X-100 medium at pH 11 is given in Table 2. The K, obtained for gallic acid and uercetln i
with [Ru(NN);]°" complexes is in the order of 10°-10* M. g 4
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360
654

Fig.1 Structure of the ligands and the polyphenols
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' between polyphenols and the bipyridyl rings of
i or m-stacking in nature [19]. To the extent that @ - ©

tacking interactions €Xist between the ligands of Ru(ll)- complexes -and the polyphe.nols, the
;_ c::lin gbecomes stronger. The hydrophobic nature of Ru(ID)-polypyridyl complexes mm:eases
frlzm [lglu(bpy)3]2+ to [Ru(dtbpy);;]2+ complexes due to the presence of bulky alkyl substltut;d

. . ; . N PC
ligands. As the hydrophobic nature of the ligands increases Ky also increases. Hence 4

binding constant values of [Ru(NN);]*" complexes with gallic acid and (;Jlrlercetinin aquem{s
medium and Triton X-100 increase from [Ru(bpy)_«,]2+ to [Ru(dtbpy);]” complexes. This
results show that K;, is sensitive to the hydrophobic nature of the ligands.

The K, calculated for gallic acid and quercetin from the absorption spectral data
shows that quercetin undergoes strong binding with the [Ru(NN);:,]2+ complexes than that of

gallic acid. Gallic acid consists of 3 phenolic-OH groups and at pH 11 almost all the bi¢

phenolic—OH are converted into phenolate ions whereas quercetin consists of 4 phenolic-OH 2. 'Sh

A eroups. The binding constant depends on the number of phenolic-OH groups. As the number of
of phenolic —OH groups increases the binding constant also increases. Hence quercetin shows | D
higher binding constant than gallic acid with [Ru(NN);]°" complexes in both media. This 10. K.
indicates that theK, is not only sensitive to the nature of the ligand but also depends on the :
structure  of the polyphenols. The change in medium from homogeneous 10 1 g

microheterogeneous strongly affects the K, due to the presence of the hydrophobic
Interactions of the complexes with neutral micelle. Thus, the K,values are sensitive to the :
nature of the ligand, medium and the structure of gallic acid and quercetin. E

|

Conclusion
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The binding of gallic acid and quercetin with [Ru(NN);]*" complexes in Triton X-100

k. at pH 11 has been studied by absorption spectral techniques. The K, of the [Ru(NN)a]ZJr
_Qomplexes with gallic acid and quercetin is determined from the Benesi-Hildebrand plot. The
K depends on the medjum, hydrophobic nature of the ligands and the number of phenolic-

A groups of the polyphenols. As the number of phenolic-OH groups increases the binding
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