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Potentiometric and Spectrophotometric Study of 3-Hydroxyflavone—La(III)

Complexes

Gabriela V. Ferrari, Nora B. Pappano, Nora B. Debattista, and M. Paulina Montaia*

Area de Quimica Fisica - Facultad de Quimica, Bioquimica y Farmacia, Universidad Nacional de San Luis, Lavalle 1151 -

5700 - San Luis - Argentina

Flavonoids are a large family of natural compounds that includes flavones, flavonols, and chalcones, among
others. These compounds are investigated due to their varied biological properties and their capacity to
complex metal ions. In this work, the complexation of four 3-hydroxyflavones with the lanthanum(III) ion
was studied. A series of novel complexes of La(IIl) with the selected 3-hydroxyflavones, 3,7-dihydroxyflavone
(L), 3,7,3'-trihydroxyflavone (L,), 3,5,7,3'.4'-pentahydroxyflavone (quercetin) (L), and 3,5,7,2'.4'-
pentahydroxyflavone (morin) (L,), were studied by means of potentiometric and spectrophotometric methods
at 26.3 °C and 0.1 M ionic strength in a water—dioxan (1:1, v/v) medium. Their formation constants were
evaluated by the Calvin—Bjerrum and Irving—Rossotti methods. Complex 1:1 was found for all four ligands,
whereas the 2:1 ligand—metal stoichiometry was found for only three of the four ligands. The obtained
protonation constants of the ligands were: L, log K, = 9.128 + 0.664; L,, log K, = 11.091 + 0.134, log
K", =8.822 +5-107% L;, log K, = 9.310 £ 0.119, log K, = 8.382 + 0.109; L,, log K", = 10.021 +
0.355, log K, = 7.173 4 0.576. The determined stability constants were: L, —La(IIl), log K; = 7.269 +
0.387; L,—La(Ill), log K; = 9.164 % 0.020, log K, = 5.200 £ 0.185; Ly;—La(Ill), log K; = 8.143 &+ 0.284,

log K, = 5.632 + 0.585; L,—La(Ill), log K, = 7.407 + 0.596, log K, = 4.830 + 0.165.

Introduction

Flavonoids are a large family of natural polyphenolic
compounds widely distributed in plants. This family includes
flavones, flavonols, and chalcones, among others. Beneficial
effects of flavonoids on human health have gained increasing
interest among researchers over the last few years. These
compounds show varied biological properties including activity
against HIV'? and the dengue® and influenza virus* as well as
antitumoral®® and antioxidant” effects. Most of the pharmaco-
logic effects of flavonoids seem to be associated with their
antioxidative properties since flavonoids may act as free radical
scavengers. Metallic ion complexes of these polyphenols can
also prevent free radical formation.®

Furthermore, many flavonoids have metal ion complexation
capacity.”'° Flavones, in particular, have been widely studied'''*
because of this capacity.

Flavonoids exhibit two major absortion bands in the ultraviolet/
visible region. The absorption in the (320 to 385) nm range is
related with the cinnamoyl system (Band I), and the absorption
in the (240 to 280) nm range corresponds to the benzoyl system
(Band II). The spectra of the metal flavonoid complexes are
shifted at higher wavelengths as compared to those of the
uncomplexed flavonoids.

The biological applications of La(IIl) as an antitumoral,'’
cytotoxic,'® and antibacterial'” agent have been widely studied.
Since lanthanum does not have these properties by itself, it has
been found that some ligands, when complexed with La(Ill),
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Figure 1. Chemical structure of the studied compounds.

increase their biological properties.'® On the other hand, this
metallic ion also has many industrial applications, among others,
as a modifier in lead titanate films and stainless steels.'®-*°

Four 3-hydroxyflavones, also known as flavonols, were
studied in this work: 3,7-dihydroxyflavone (L,), 3,7,3'-trihy-
droxyflavone (L,), 3,5,7,3',4'-pentahydroxyflavone (quercetin)
(Ly), and 3,5,7,2'.4"-pentahydroxyflavone (morin) (L,) (see
Figure 1). The formation of the complexes was determined
spectrophotometrically. The molar ratio of each complex was
evaluated by the Yoe—Jones method.?

Due to spectral overlap, the application of a linear graphical
method for determining the apparent formation constants*
developed previously is not posssible. Derivative methods have
been applied to the quantitative assay of different compounds
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Table 1. Ligand Protonation Constants at 26.3 °C and 0.1 M NaCl
Ionic Strength

ligand log K, log K,
3,7-dihydroxyflavone (L)) 9.128 £ 0.664 -
3,7,3'-trihydroxyflavone (L,) 11.091 £ 0.134 8.8224+5-107*
quercetin (L;) 9310 £0.119 8.382 + 0.109
morin (L) 10.021 + 0.355 7.173 £ 0.576

Table 2. Stability Constants of 3-Hydroxyflavone—La(III)
Complexes at 26.3 °C and 0.1 M NaCl Ionic Strength

system stoichiometry log K, log K,
3,7-dihydroxyflavone—La(IIT) 1:1 7.269 + 0.387 -
3,7,3'-trihydroxyflavone—La(III) 2:1 9.164 4+ 0.020 5.200 £ 0.185
quercetin—La(III) 2:1 8.143 4+ 0.284 5.632 £ 0.585
morin—La(IIT) 2:1 7.407 £ 0.596 4.830 £ 0.165

and metals in the mixtures, as described in the literature.?
However, neither first nor second derivative spectrometry can
resolve the overlapping.

The apparent formation constants of the flavone—La(III)
complexes were determined by means of a potentiometric
method. The protonation constants of each flavonol, as well as
the stability constants of their La(Ill) complexes, were deter-
mined potentiometrically using the Calvin—Bjerrum method,
and calculations were performed according to the Irving—Rossotti
method.**

Experimental Section

Reagents. The structures and numbering system of the four
3-hydroxyflavones studied are shown in Figure 1.

Quercetin and morin were purchased from Sigma. 3,7,3'-
trihydroxyflavone and 3,7-dihydroxyflavone were synthesized,
purified, and identified according to the method reported by
Tanaka and Sujino.>> LaCl,+7H,O was purchased from Tetra-
hedron. Methanol and 1,4-dioxan were provided by Merck.

A/ nm

Solutions. A set of solutions were prepared as described
below:

Acid Solution. [(4+10> M HCI + 0.1 M NaCl) in 25 mL of
dioxan—H,O (1:1, v/v)] + 25 mL of dioxan—H,O (1:1, v/v).

Ligand Acid Solutions. [(4-10~> M HCI + 0.1 M NaCl +
7.3:10~* M 3,7-dihydroxyflavone) in 25 mL of dioxan—H,O
(1:1, v/v)] + 25 mL of dioxan—H,O (1:1, v/v).

[(4-107° M HCI + 0.1 M NaCl + 1.2-107* M 3,7,3"-
trihydroxyflavone) in 25 mL of dioxan—H,O (1:1, v/v)] + 25
mL of dioxan—H,O (1:1, v/v).

[(4-107* M HCI + 0.1 M NaCl + 1.2-10~* M quercetin) in
25 mL of dioxan—H,O (1:1, v/v)] + 25 mL of dioxan—H,O
(1:1, v/v).

[(4-107* M HCI + 0.1 M NaCl + 1.2+ 10~ M morin) in 25
mL of dioxan—H,O (1:1, v/v)] + 25 mL of dioxan—H,O (1:1,
v/v).

Ligand and Metal Acid Solutions. [(4-10~* M HCI + 0.1
M NaCl + 7.3-10"* M 3,7-dihydroxyflavone) in 25 mL of
dioxan—H,O (1:1, v/v)] + La(Ill) 6-10"* M in 25 mL of
dioxan—H,0 (1:1, v/v).

[(4-107* M HCI + 0.1 M NaCl + 1.2:10° M 3,7,3'-
trihydroxyflavone) in 25 mL of dioxan—H,O (1:1, v/v)] +
La(IIT) 6:10~* M in 25 mL of dioxan—H,O (1:1, v/v).

[(4-107* M HCI + 0.1 M NaCl + 1.2+107 M quercetin) in
25 mL of dioxan—H,O (1:1, v/v)] + La(IIl) 6:10* M in 25
mL of dioxan—H,O (1:1, v/v).

[(4-10> M HCI + 0.1 M NaCl + 1.2+10* M morin) in 25
mL of dioxan—H,O (1:1, v/v)] + La(Ill) 6-10~* M in 25 mL
of dioxan—H,O (1:1, v/v).

Apparatus. An Agilent 8454 diodo-array spectrophotometer
was used to record the ligands and their complex spectra. A
Hanna HI 8424 pH meter and a Cole Parmer 60061 glass
electrode were used to measure pH.

A/ nm

Figure 2. Spectral changes of the ligands upon the addition of the metallic ion solution. (A) [3,7-dihydroxyflavone (solid curve); 3,7-dihydroxyflavone +
La(III) (dashed curve)], (B) [3,7,3'-trihydroxyflavone (solid curve); 3,7,3'-trihydroxyflavone + La(IIl) (dashed curve)], (C) [quercetin (solid curve); quercetin
+ La(Ill) (dashed curve)], and (D) [morin (solid curve); morin + La(Ill) (dashed curve)].
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Figure 3. Potentiometric titration curves of (A) [3,7-dihydroxyflavone + La(IIl)], (B) [3,7,3

"-trihydroxyflavone + La(IIl)], (C) [3,5,7,3',4'-pentahydroxyflavone

+ LadlID)], and (D) [3,5,7,2' ,4'-pentahydroxyflavone + La(IIl)] in water/dioxan (1:1) at 26.3 °C and 0.1 M NaCl ionic strength.
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Figure 4. Formation curves of 3,7-dihydroxyflavone (L,), 3,7,3
(L,) in water/dioxan (1:1) at 26.3 °C and 0.1 M NaCl ionic strength.

Procedure. The Yoe—Jones method is a spectrophotometric
method used to determine the molar composition of metallic
complexes.?' Stoichiometries of the four complexes studied are
listed in Table 2.

According to the Irving—Rossotti method,>* three titrations
were carried out: (1) acid titration; (2) ligand acid titration, and
(3) metal/ligand acid titration. To determine the protonation
constants, the solutions of the acid and of each ligand were
titrated potentiometrically using 8.936-10° M NaOH, at
constant ionic strength (0.1 M) and temperature (26.3 °C).
Potentiometric titration curves 1 and 2 (Figure 3) of each system
were used to calculate the average values 7i,. The equation used
for the calculation is

PO Vi =V)(N+Cp) )
AT T+ Ve,

where V,, is the initial volume; N is the molarity of NaOH; C; |

T
. LY
R

0.0 L L
4 6 8 10

pH

"-trihydroxyflavone (L,), 3,5,7,3'4'-pentahydroxyflavone (L), and 3,5,7,2' 4'-pentahydroxyflavone

is the ligand concentration; C, is the initial concentration of
the acid; and y denotes the number of dissociable protons
initially present on the ligand. (V, — V,) is the measure of the
displacement of the ligand curve relative to the acid curve where
V, and V, are the volumes of alkali added to reach the same
pH reading in both titrations.

The protonation constants were determined from the graph
of 7i, vs pH, named the formation curve. The pH values at 77
= 0.5 and 7i, = 1.5 designate the log K", and log K%,
respectively.

To determine the stability constants of the complexes, the
HCl + NaCl + ligand + metal ion mixture was titrated
potentiometrically using 8.936+ 10~ M NaOH at constant ionic
strength (0.1 M) and temperature (26.3 °C) (curve 3 in Figure
3). i1, values were calculated using the 7, values and the
equation given below
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Figure 5. 71, vs pL plots of: (A) [3,7-dihydroxyflavone—La(Ill)], (B) [3,7,3'-trihydroxyflavone—La(II)], (C) [3,5,7,3',4'-pentahydroxyflavone—La(IlI)], and
(D) [3,5,7,2' ,4'-pentahydroxyflavone—La(IlI)] in water/dioxan (1:1) at 26.3 °C and 0.1 M NaCl ionic strength.

P (Va=Vo)(N+ Gyt Cr(y — 11y))
. Vot Via,Cy

(@)

where Vj, is the initial volume; N is the molarity of NaOH; €
is the ligand concentration; C, is the initial concentration of
the acid; and Cy, is the metal concentration. (V5 — V,) is the
measure of the displacement of the metal curve relative to the
ligand curve where V, and V; are the volumes of alkali added
to reach the same pH reading. pL values were calculated using
the 77, values and the equation

pL=
1+ KM + K PKTHP + 4 KKK Y
CL—m Cy

The stability constants were determined from the 77 vs pL
curve, where the pL values at 77;, = 0.5 and 77, = 1.5 designate
the log K, and log K, respectively. All titrations were carried
out at constant values of both temperature and ionic strength.
The mole ratio of metal to ligand was kept at 1:1 for
3,7-dihydroxyflavone and 1:2 for the others, to reach the
maximum coordination of the ligand in every case.

3

Results and Discussion

The formation of four 3-hydroxyflavone—La(III) complexes
was indicated by the intensification of yellow color due to the
bathochromic shift and was confirmed by recording the spectra
of the ligand solution and of the same solution after La(IIl)
addition (see Figure 2).

The stoichiometries of complexes formed were determined
by the Yoe—Jones method. All four ligands formed a 1:1
complex, whereas only three formed a 2:1 ligand/metal complex
(see Table 2).

The protonation constants for L,, L,, Ls;, and L, and the
stability constants for the complexes between the four 3-hy-
droxyflavones and La(IIT) were determined by carrying out three
titrations of (1) acid, (2) ligand acid and (3) metal/ligand acid
solutions, using the same temperature (26.3 °C) and ionic
strengh (0.1 M) constant, according to the Irving—Rossotti
method.>* Every titration carried out is exhibited in Figure 3,
where pH and NaOH volume data are plotted.

iy vs pH plots of L,, L;, and L, were obtained between 0
and 2, indicating that these three 3-hydroxyflavones have two
protons dissociable from their OH groups (see Figure 4). On
the other hand, the L, plot was between 0 and 1, so 3,7-

dihydroxyflavone presents only one dissociable proton. Inter-
polation at 0.5 and 1.5 7i, values gave log K™, and log K", for
each ligand. The corresponding values are listed in Table 1.

Similarly, the complex stability constants were determined
from 71 vs pL plots. The pL values at 77, = 0.5 and 77;, = 1.5
designate log K, and log K,, respectively, as described above.
Figure 5 shows the formation curves for the four complexes
studied, and their stability constant values are reported in
Table 2.

Stability data of the complexes here considered show that
3,7,3'-trihydroxyflavone—La(IIl) is about 3 orders of magnitude
more stable than that of quercetin. The coordination with
metallic ions could involve oxygen atoms from the OH in C3
and carbonyl groups, forming a stable five-atom ring, as reported
for chelates by De Souza and De Giovanni.”® Quercetin and
morin present greater stereochemical difficulties which could
justify their lower stability constant values.

Conclusion

According to our present knowledge, there are few literature
data concerning useful ligands of La(IIl) as analytical reagents.
The results obtained from this study reveal that 3,7,3'-trihy-
droxyflavone is the most suitable ligand for lanthanum(III)
complexation.

Moreover, the stability constant for the 3,7-
dihydroxyflavone—La(IIl) complex (log K, = 7.269 + 0.387)
is also a high value considering its 1:1 stoichiometry, slightly
higher than that reported by Athawale?’ for the La(IIT)—()-
norvaline system (log K, = 5.36).

It must be noted that flavones 3,7-dihydroxyflavone and
3,7,3'-trihydroxyflavone, which were synthesized in our labora-
tory, may find an application as analytical reagents for the
lanthanum(III) metallic ion.

Literature Cited

(1) Wu, J.; Wang, X. H.; Yi, Y. H.; Lee, K. H. Anti-AIDS agents 54. A
potent anti-HIV chalcone and flavonoids from genus Desmos. Bioorg.
Med. Chem. Lett. 2003, 13, 1813-1815.

(2) Nakagawa-Goto, K.; Lee, K-H. Anti-AIDS agents 68. The first total
synthesis of a unique potent anti-HIV chalcone from genus Desmos.
Tetrahedron Lett. 2006, 47 (47), 8263-8266.

(3) Kiat, T. S.; Pippen, R.; Yusof, R.; Ibrahim, H.; Khalid, N.; Rahman,
N. A. Inhibitory activity of cyclohexenyl chalcone derivatives and
flavonoids of fingerroot, Boesenbergia rotunda (L.), towards dengue-2
virus NS3 protease. Bioorg. Med. Chem. Lett. 2006, 16 (12), 3337-
3340.



(4) Nagai, T.; Nishibe, Y.; Makino, Y.; Tomimori, T.; Yamada, H. Mode
of action of the anti-influenza virus activity of plant flavonoid, 5,7,4'-
trihydroxy-8-methoxyflavone, from the roots of Scutellaria baicalensis.
Antiviral Res. 1995, 26 (1), 11-25.

(5) Fotsis, T.; Pepper, M. S.; Aktas, E.; Breit, S.; Rasku, S.; Adlercreutz,
H.; Wihild, K.; Montesano, R.; Schweigerer, L. Flavonoids, dietary-
derived inhibitors of cell proliferation and in vitro angiogenesis. Cancer
Res. 1997, 57 (14), 2916-2921.

(6) Hsu, Y. L.; Kuo, P. L.; Tzeng, W. S.; Lin, C. C. Chalcone inhibits
the proliferation of human breast cancer cell by blocking cell cycle
progression and inducing apoptosis. Food Chem. Toxicol. 2006, 44
(5), 704-713.

(7) Montana, M. P.; Pappano, N. B.; Giordano, S. O.; Molina, P.;
Debattista, N. B.; Garcia, N. A. On the antioxidant properties of three
synthetic flavonols. Pharmazie 2007, 62 (1), 72-76.

(8) Afanas’ev, I. B.; Dorozhko, A. I.; Brodskii, A. V.; Kostyuk, V. A.;
Potapovitch, A. I. Chelating and free radical scavenging mechanisms
of inhibitory action of rutin and quercetin in lipid peroxidation.
Biochem. Pharmacol. 1989, 38 (11), 1763-1769.

(9) Montaia, M. P.; Pappano, N. B.; Debattista, N. B. New analytical
reagents for europium(IIl). Talanta 1998, 47 (3), 729-733.

(10) Raghav Naidu, R. 2'-Hydroxychalcone as an analytical reagent for
Beryllium. Talanta 1975, 22 (7), 614-616.

(11) Leopoldini, M.; Russo, N.; Chiodo, S.; Toscano, M. Iron chelation
by the powerful antioxidant flavonoid quercetin. Agric. Food Chem.
2006, 54 (17), 6343-6351.

(12) Erdogan, G.; Karadag, R. Quercetin (3,3',4',5,7-pentahydroxyflavone)
complexes with calcium (II) and magnesium (II), its potentiometric
and spectrophotometric studies. Rev. Anal. Chem. 2005, 24 (1), 9-
23.

(13) Erdogan, G.; Karadag, R.; Dolen, E. Potentiometric and spectropho-
tometric determination of the stability constants of quercetin (3,3',4',5,7-
pentahydroxyflavone) complexes with aluminium (III) and iron (I).
Rev. Anal. Chem. 2005, 24 (4), 247-261.

(14) Engelmann, M. D.; Hutcheson, R.; Cheng, I. F. Stability of ferric
complexes with 3-hydroxyflavones /(flavonol), 5,7-dihydroxyflavone
(chrysin) and 3',4'-dihydroxyflavone. J. Agric. Food Chem. 2005, 53
(8), 2953-2960.

(15) Zhao, G.; Li, F.; Li, H.; Lin, H. Synthesis, characterization and
biological activity of complexes of lanthanum(III) with 2-(1'-phenyl-
2'-carboxyl-3'-aza-n-butyl)-1,10-phenanthroline and 2-(1'-p-phenol-
2'-carboxyl-3'-aza-n-butyl)-1,10-phenanthroline. Bioorg. Med. Chem.
2007, 15 (1), 533-540.

(16) Kostova, I.; Momekov, G.; Tzanova, T.; Karaivanova, M. Synthesis,
characterization, and cytotoxic activity of new lanthanum(IIl) com-
plexes of bis-coumarins. Bioinorg. Chem. App. 2006, art. no. 25651.

Journal of Chemical & Engineering Data, Vol. 53, No. 6, 2008 1245

(17) Karthikeyan, G.; Mohanraj, K.; Elango, K. P.; Girishkumar, K.
Synthesis and spectral characterization of lanthanide complexes with
sulfamethoxazole and their antibacterial activity. Russ. J. Coord. Chem.
2006, 32 (5), 380-385.

(18) Wang, B.-D.; Yang, Z.-Y.; Wang, Q.; Cai, T.-K.; Crewdson, P.
Synthesis, characterization, cytotoxic activities, and DNA-binding
properties of the La(IIT) complex with Naringenin Schiff-base. Bioorg.
Med. Chem. 2006, 14 (6), 1880—1888.

(19) Calzada, M. L.; Poyato, R.; Garcia Lopez, J.; Respaldiza, M. A.;
Ricote, J.; Pardo, L. Effect of the substrate heterostructure on the
texture of lanthanum modified lead titanate thin films. J. Eur. Ceram.
Soc. 2001, 27 (10—11), 1529-1533.

(20) Ager Vazquez, F. J.; Respaldiza Galisteo, M. A.; Escolano, A. P.;
Qdriozola Gordon, J. A.; Lobato, J. M.; Da Silva, F.; Redondo, L. M.;
Soares, J. C. Analysis of the elements sputtered during the lanthanum
implantation in stainless steels. Nucl. Instrum. Methods B. 1998, 139
(1—4), 344-349.

(21) Sawyer, D. T.; Heineman W. R.; Beebe J. M. Chemistry Experiments
for Instrumental Methods; John Wiley and Sons: U.S.A, 1984.

(22) Debattista, N. B.; Pappano, N. B. Complexant efficiency of 2'-hydroxy-
4-R-chalcones for Aluminium (III) and substituent’s effect. Talanta
1997, 44 (11), 1967-1971.

(23) De Micalizzi, Y. C.; Pappano, N. B.; Debattista, N. B. First and second
order derivative spectrophotometric determination of benzyl alcohol
and diclofenac in pharmaceutical forms. Talanta 1998, 47 (3), 525—
530.

(24) Irving, H. M.; Rossotti, H. S. The calculation of formation curves of
metal complexes from pH titrations curves in mixed solvents. J. Chem.
Soc. 1954, 1954, 2904-2910.

(25) Tanaka, K.; Sujiro, T. Efficient conversion of 2'-hydroxychalcones
into flavanones and flavonols in a water suspension medium. Green
Chem. 2001, 3, 133-134.

(26) De Souza, R. F. V.; De Giovanni, W. F. Synthesis, spectral and
electrochemical properties of AI(III) and Zn(Il) complexes with
flavonoids. Spectr. Acta A 2005, 61 (9), 1985-1990.

(27) Athawale, V. D.; Lele, V. Stability constants and thermodynamic
parameters of complexes of lanthanide ions and (Z)-norvaline.
J. Chem. Eng. Data 1996, 41 (5), 1015—1019.

Received for review August 13, 2007. Accepted March 23, 2008.
Financial support from Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET) and Universidad Nacional de San Luis is
gratefully acknowledged.

JE7004598



