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Rutin, a natural pigment (Scheme 1), one of typical glucosides in the flavonoid
series is widely distributed in natural plants. Its biological activity is well recognized
and it is pharmacologically used to decreasc the permeability and [ragility ol the
blood vessels. Rutin ring system contains two very efficient binding sites for metal
ions: {C{3")~OH, C(4)-OH} and {C{4)=0. C(5)-OH} donor paits. The former,
catechol-like site, is very efficient to coordinate various metal ions (sec e.g. [1]).
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Scheme 1. Rutin and apigenin.
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Also the second pair of oxygen donors is effective in metal ion coordination, as it
was found in anthracycline complexes [2,3].

The preliminary studies on binding ability of rutin and quercetin (rutin aglycon)
have shown that indeed both ligands could be efficient in metal 10on coordination |4].
In this work we collected the potentiometric, EPR and NMR data for Cu?*-rutin and
related systems, which allow to evaluate the coordination equilibria in aqueous
solutions.

Rutin and its analogucs were obtained from Aldrich with purity > 95%. All other
rcagents were of analytical grade. The purity of rutin was checked and the exact
conceniration of the solution was determined by the Gran method [5]. The stability
constants were determined by pH-metric titrations of 2-2.5 cm” samples at 25°C. The
rutin concentrations in cach sample was 1.5%10™ mol dm™ and the metal ion to
ligand molar ratios were 111, 1:2, 1:4 and 1:6. Due to the precipitation in pure water,
the ligand and ligand with copper solutions were prepared in 11 v/v ethanol-water
homogeneous mixture. The ionic strength (f) was adjusted to 0.1 mol dm™ with
KNO;. The proton concentration was adjusted to 1.5%107 mol dm™ with HNOs.
Argon was bubbled through solutions to remove oxygen. The solutions were prepared
before determination and stored in the dark under argon atmosphere at low pH =2 8
to avoid oxidation of the ligand. The titrations were performed with carbonate-free
0.1 mol dm™ NaOH standard solution under argon atmosphere over pH range
2.8-11.8 for ligand and metal:ligand systems. Potentiometric measurements were
made with a MOLSPIN 1000 titration system and micro-combined glass-silver/silver
chlonde clectrode (Rusell CMAW711) calibrated in hydrogen ion concentration
using I:1 ethanol-HNO; solution [6]. The concentration stability constants By =
(M, H,L, VIM])"[H][L}Y were calculated with the SUPERQUAD 5.20 computer pro-
gram [7]. Absorption spectra were recorded with a BECKMAN DU-650 spectro-
photometerin [:1 v/v ethanol-water solution. The metal ion to ligand molar ratio was
I:6 and the metal concentration was 1x10™* mol dm™. The EPR spectra werc
recorded on BRUKER ESP 300E spectrometer at X-band (9.3 GHz) at liquid nitrogen
in 1:1:1 ethanodiol-water—ethanol solutions. The metal ion to ligand concentration
ratios were 1:6 and the metal concentration was 2x107° mol dm™. NMR measurc-
ments were carricd out on Varian VXR300-s by using standard procedurces to obtain
monodimensional 'H and *C or homonuclear and heteronuclear {(HETCOR} shift
correlated 2D spectra. Typical parameters were 'H frequency = 299.997 MHz,
acquisition time = 3.7 sec., pw = 7 microsec. {pw30); Be frequency = 75427 MHz,
acquisition time = 1.8 sce., pw = 7 microsec. (pw45). Varian standard Presat and
binom sequences were used to obtain solvent suppression.

According to potentiometric data, rutin posscsses three protonation constants
with pK's 7.49, 8.90 and 11.85 (Table 1). The pH dependence of the proton chemical
shifts of the ring protons (Fig. 1) indicates that the lirst deprotonation with pK 7.49
occurs at C(7)-OH group. The chemicat shifts of C(6) and C(8) protons occur at pH
range 6-8 (Fig. 1). The second deprotonation with pK .90 occurs at catecholic
C(4")-0OH site, what is strongly suggested by the distinet ¢chemical shifts at C(57)
proton and much smaller at C(2°) and C(6”) protons in the pH range 8-10. The proton
dissociation observed above pH 10.5 (pK = 11.85) does not change distinetly any
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proton chemical shift, although the most likely is the deprotonation of the C(5)-OH
phenolic group [3]. These pK values dilfer distinctly from those obtained earlier [4].
The main reason is the use of different solvents in the experiment. The spectroscopic
results reported in [4] suggested two pK values ~10.0, which seems o be a doubtful
result as the sccond pK value of catecholic site is well above 12.0 [1]. It should be
mentioned here that no assignment of pK values to particular functions was givenin
[4]. The calculations of the potentiometric data, obtained for Cu®t-rutin solutions,
give two almost identical chemical models with very close and very good statistics
(Table 1), The species distribution curves, shown in Fig. 2, clearly indicate that both
chemical models differ distinctly in high pH region. In the model A the predominant
complex is the CuHL, species, while the model B indicates at higher pH the
equilibrium between the equimolar CuH_,L species and CuL; complex. The most
sensitive method to check, whether there is one or two different CuZt species in
solution, was EPR method, EPR measurements made for the Cu*-rutin solutions
above pH 8§ show two sgectra overlapped with each other (Fig. 3). This indicates
clearly two different Cu” complexes in equilibrium. Thus, according to these data
the B model is more probable than the A one. The formation of a stable equimolar
species suggests the involvement of the {C(5)-0, C(4)=0} donor sct in the metal
ion binding in this complex. The distinct steric hindrance, derived from the sugar
moiety, may protect the [ormation of the bis-complexes, thus the Cul.; complex could
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Figure 1. The pH dependence of the proton chemical shift of the ring protons in rutin: 8- C(2°), -@-
C(6"), —A— C(5), -¥-C(6), 4. C(8).
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involve the catecholic site of rutin. The EPR spectrum of the Cu2+—quercitin (rutin
aglycon) basic solution is very similar to that of Cu**-rutin one. This excludes the
involvement of the sugar donor system in the metal ion coordination.

Table 1. Stability constants of the proton (log K} and Cu(ll) comptexes (log f) of rutin at 25°C und = 0.1
mol dm= (KNO») in 111 water—cthanol solution.

Species
log K (HL) 11.85(1)
log K (H,L) 2.90(1)
log K (HiL) 7.49(1)
Model
A B

Tog B [CuH,L} 27.67(4) 27935
log B [CuHL] 23.00(6) 23.43(6)
tog B [CuL] 17.13(7) 17.65(6)
log B [CuH_,L}* 11.66(8)
log B [CuH,L,}> 42.06(10)
log B [CuHL,}* 33.92(12)
log B [CuL,]* 26.20(12)

A 100 CuHL®:—

Cul CuHL?
75 .
CuHL" cuHL

45 59

Q

X

Figure 2. Species distribution curves for Cu**-rutin system for A and B models. Metal to ligand molar
ratio 1:5, ligand concentration 1.5x10" ¥ mol dm=.
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Figure 3. EPR spectrum at 120 K of Cu™-rutin system in 1:1:1 cthanodiol-water-ethanol solutions in
pH = 10. Metal to ligand molar ratio 1:6, ligand concentration 1.2x10°* mol dm™, ¢ 1} and (2)
correspond to Cul_ L and CulL; species, respectively (see Table 2).

Apigenin is a rutin derivative (Scheme 1), having only one doner set able (o form
chelate with metal ion, which corresponds to the {C(4)=0, C(5)-0" } rutin donor set.
The EPR spectrum of the Cu2+-apigenin solution is exactly the same as that assigned
above for the equimolar complex (Table 2). This strongly supports the assumption
made above, that in the CuH. L. complex Cu“* ion binds rutin via {C(4y=0,C(5)-0O}
donor set. The parameters (A and gy) of the second EPR spectrum, assigned above
to Cul; complex, are very close to the parameters observed for the bis-complexes of
Cu®* with catechol-like ligands [1]. This indicates, that in CuL, species metal jon is
coordinated by two rutin ligands vie {C(3)-07, C(43-07} donor scts. The di-
phenolic ring is not crowded by sugar rings and the formation of the bis-complex is
stericatly favoured. Thus, the Cu®* ion starts the coordination at {C{4)=0, C{3}-0"}
site forming CuH,L and CuHL species. Very basic catcchol site begins the coordina-
tion at higher pH and that is why Cul.; species is formed above pH 7. The resolution
of the EPR spectra at pH below 6 did not allow to establish the binding mode in the
CuL complex.

Table 2. Spectroscopic parameters for Cu®* complexes formed by rutin for model B.

_ EPR ,

Species - UV-Vig
o Ay|G) 7

[CuH,L* 2413 121 12747

{CuHL) unresolved 0302}

{CuH_,L1* la,=2.278 ‘A= 177 047(78

[CuLy )+ tay=2.249 Ap=190

Cu-apigenin o=2278 Ap= 177

*shoulder.
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Rutin is a very effective natural ligand for Cu™* ions, serving two powerlul donor
sets, the catecholic oxygen pairs as well as the mixed phenolic-keto set of oxygen.
Both donor sets compete for Cu®* ion binding and strong steric effects allow the
formation of only one bis-complex with two sets of the catccholic oxygens bound to
the metal ion.
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