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A series of new complexes of the type VO(OH)L�nH2O ((1) L:

fisetin, n = 3; (2) L: quercetin, n = 2; (3) L: morin, n = 4)

were synthesised and characterised by analytical as well as IR

and electronic data. The modification evidenced in IR spectra

was correlated with the presence of flavonoid as bidentate in

all complexes. The electronic reflectance spectra showed the

d–d transition characteristic for the square-pyramidal stereo-

chemistry of vanadium (IV) ion. The thermal analysis (TG,

DTA) in synthetic air flow elucidated the composition and also

the number and nature of the water molecules. The TG curves

show three well-separated thermal events. The first corre-

sponds to the water loss at lower temperatures, which is fol-

lowed by flavonoid derivative decomposition and pyrolysis at

higher temperatures. The final product is vanadium (V) oxide.
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Introduction

A broad variety of vanadium compounds with organic ligands

have been evaluated for their insulin-mimetic [1–5] and

antitumoral activity [6–11]. Vanadium absorption in the

gastro-intestinal tract can be improved and their toxicity

reduced by incorporating the oxovanadium (IV) ion into

chelating systems. Such systems could be generated by nat-

ural flavonoids, polyphenolic compounds that have many

biological activities: antioxidant anti-cancer, anti-inflamma-

tion, antiviral, anti-allergic and anti-osteoporosis activities

[12–16]. Metal complexes of naturally occurring flavonoids

were investigated also for their antioxidant [17, 18], antitu-

mor [17, 19, 20], antimicrobial, antiinflammatory [21] and

insulin-mimetic [22, 23] activities. A polymeric species of

composition [VO(Quer)2EtOH] has been recently investi-

gated for the antitumoral and osteogenic activities [20]. The

VO2? complex of flavanone hesperidin with composition

Na4[VO(Hesp)(OH)3]�3H2O has been obtained recently and

studied for the antioxidant effects and its role in cancer che-

moprevention [17]. Based on these issues, new complexes of

the type VO(OH)L�nH2O with some flavonoid derivatives

(fisetin, quercetin and morin) were synthesized and charac-

terized by elemental analysis and some spectral properties

(UV–VIS and IR). The most probable structures of the

compounds have been proposed. Because flavonoid com-

pounds and most of their metal complexes are poor water-

soluble compounds, the complex study, including thermal

analysis, of the drug delivery systems is necessarily [24]. As

result, the thermal analysis (TG and DTA) of the complexes

was performed also in order to establish the thermal stability

of these compounds during the pharmaceutical development

studies. The thermal curves elucidated the composition and

the number and nature of the solvent molecules also.

Experimental

Materials and methods

All chemicals were purchased from Sigma-Aldrich, reagent

grade and were used without further purification.
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The chemical analyses were performed on a Perkin

Elmer PE 2400 analyser (for C, H, N, S) and an AAS Carl

Zeiss Jena AAS1 spectrometer (for V).

IR spectra were recorded in KBr pellets with a

FT-IR VERTEX 70 (Bruker) spectrometer in the range

400–4,000 cm-1.

Electronic spectra by diffuse reflectance technique, with

MgO as standard, were recorded in the range 300–1,500 nm,

on a Jasco V 670 spectrophotometer.

The heating curves (TG and DTA) were recorded using

a Labsys 1200 Setaram instrument, with a sample mass of

16–31 mg over the temperature range of 20–900 �C, using

a heating rate of 10 K/min. The measurements were carried

out in synthetic air atmosphere (flow rate 16.66 cm3/min)

by using alumina crucibles.

The X-ray powder diffraction patterns were collected on

a DRON-3 diffractometer with a nickel filtered Cu Ka

radiation (k = 1.5418 Å) in a 2h range of 5–70�, a step

width of 0.05� and an acquisition time of 2 s on each step.

Synthesis of the complexes and spectral data

All the complexes were obtained following the general

procedure: 2.00 g (6.2 mmol fisetin, 5.9 mmol quercetin

and 5.9 mmol morin) of ligand dihydrate were dissolved in

50 cm3 of distilled water containing a few NaOH platelets.

To the resulting solution, a saturated solution of

VOSO4�5H2O (in the molar ratio VO:ligand 1:2) were

dropwise added, under continuous stirring. After the pH

was adjusted to *6 with H2SO4 1 M, a green-brown solid

precipitated immediately. The sparingly soluble product

was filtered off through a fritted glass funnel, washed

several times with water and dried in desiccator over

CaCl2.

Complex VO(OH)(fisetin)(H2O)3 (1): Analysis, found:

V, 12.48; C, 42.65; H, 4.41%; calculated for VC15H17O11:

V, 12.01; C, 42.43; H, 4.05%; IR (KBr pellet), cm-1:

m(H2O), 3405 m, m(OH)phenole, 3227 m; m(C=O), 1613 vs;

m(C=C), 1503 m; m(C–O–C), 1274 vs; m(V=O), 960 m;

m(V–OH–V), 824 w; m(V–O), 528 w.

Complex VO(OH)(quercetin)(H2O)2 (2): Analysis,

found: V, 12.49; C, 43.05; H, 3.72%; calculated for

VC15H15O11: V, 12.09; C, 42.77; H, 3.36%; IR (KBr pel-

let), cm-1: m(H2O), 3404 s, m(OH)phenole, 3221 m; m(C=O),

1626 vs; m(C=C), 1506 m; m(C–O–C), 1274vs; m(V=O),

964 m; m(V–OH–V), 825w; m(V–O), 519 w.

Complex VO(OH)(morin)(H2O)4 (3): Analysis, found:

V, 11.45; C, 39.04; H, 4.22%; calculated for VC15H19O13:

V, 11.14; C, 39.40; H, 3.98%; IR (KBr pellet), cm-1:

m(H2O), 3411 m, sh., m(OH)phenole, 3198 s; m(C=O),

1604 vs; m(C=C), 1504 m; m(C–O–C), 1276 m; m(V=O),

973 s; m(V–OH–V), 836 w; m(V–O), 535 w.

Results and discussion

Physico-chemical characterization of complexes

In this paper, we report the preparation and physico-

chemical characterisation of some complexes with flavo-

noids as quercetin, fisetin and morin (Fig. 1).

The major goal of this paper was to evidence the thermal

behaviour of complexes resulted from the reactions of

these flavonoids with VO(SO4)�5H2O in an slightly acidic

medium. The complexes have been formulated on the basis

of chemical analysis, IR and electronic spectra as follows:

VO OHð Þ C15H10O6ð Þ H2Oð Þ3 ð1Þ

VO OHð Þ C15H10O7ð Þ H2Oð Þ2 ð2Þ

VO OHð Þ C15H10O7ð Þ H2Oð Þ4 ð3Þ

The IR spectra of complexes exhibits the characteristic

patterns of flavonoids (experimental part) that generate

bands about 3200 (m(OH)phenole), 1610 (m(C=O)) and

1270 cm-1 (m(C–O–C). The band assigned to the carbonyl

group is shifted to lower wavelength comparing with that of

free ligand as a proof of its coordination. Supplementary

bands about 970 cm-1 are assigned to the m(V=O) stretching

mode. The presence of a band at 830 cm-1 indicates,

according to literature data, a bridging coordination mode of

the hydroxyl ligand [25]. The presence of water molecule in

complexes could be responsible for the appearance of a large

band about 3400 cm-1 assigned to m(OH) stretching

vibrations [25]. Moreover, the new band that appear

around 530 cm-1 can be assigned to the m(V–O) stretching

mode.

The solid-state d–d spectra of complexes show the

characteristic bands of VO2? in a square-pyramidal envi-

ronment (Table 1).

The assignment of the absorptions at about 920 nm and

the shoulders at about 650 and 440 nm to the spin allowed
2B2 ? 2E, 2B2 ? 2B1 and 2B2 ? 2A1 transitions are

based on literature data [26, 27].

On the basis of the above data, the proposed coordina-

tion for the complexes is as it follows (Fig. 2).

Thermal behaviour of complexes

The results concerning the thermal decomposition/degra-

dation of the new complexes are presented as it follows.

Fisetin Quercetin Morin 

Fig. 1 The ligand formulas
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Thermal decomposition of VO(OH)(C15H10O6)(H2O)3

The TG and DTA curves corresponding to the complex (1)

heated in the 20–900 �C temperature range are presented in

Fig. 3.

The thermal decomposition of VO(OH)(C15H10O6)

(H2O)3 (1) occurs in three, well-defined steps (Table 2).

The first step, which is endothermic, corresponds to the

loss of water molecules. Considering the low temperature

corresponding to this transformation, we can appreciate the

nature of water as for crystallisation [28–31]. The resulted

anhydrous compound decomposed in the second step with

pyrocatechine elimination. This step is complex being an

overlap of at least two oxidative processes as DTA curve

indicates. The IR spectrum of the residue isolated at

380 �C displays the same pattern as the initial complex

(Fig. 4).

The third step, an exothermic one, corresponds to the

oxidative degradation of the remaining organic component

being composed also by two processes well-defined (as

both TG and DTA indicate). The final product is a mixture

of a (ASTM 72-0433) and b (ASTM 45-1074) modifica-

tions of V2O5 (Fig. 5) (found/calculated overall mass loss:

78.4/78.5).

Table 1 Electronic data for complexes

Complex Band I (nm)
2B2 (dxy) ? 2E (dxz, dyz)

Band II (nm)
2B2 (dxy) ? 2B1 (dx2-y2)

Band III (nm)
2B2 (dxy) ? 2A1(dz

2)

(1) 923 690 (sh) 454 (sh)

(2) 922 636 (sh) 401 (sh)

(3) 926 680 (sh) 464 (sh)
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Fig. 2 The proposed coordination for complexes
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Fig. 3 TG and DTA curves of VO(OH)(C15H10O6)(H2O)3

Table 2 Thermal behaviour data (in static air atmosphere) for the complexes

Complex Step Thermal

effect

Temperature

interval (�C)

Dmexp

(%)

Dmcalc

(%)

VO(OH)(C15H10O6)(H2O)3 (1) 1 Endothermic 55–140 12.7 12.8

2 Exothermic 140–380 26.0 26.0

3 Exothermic 380–900 39.7 39.7

Residue (V2O5) 21.6 21.5

VO(OH)(C15H10O7)(H2O)2 (2) 1 Endothermic 51–100 8.6 8.6

2 Exothermic 100–307 26.0 26.1

3 Exothermic 307–900 43.7 43.7

Residue (V2O5) 21.7 21.6

VO(OH)(C15H10O7)(H2O)4 (3) 1 Endothermic 50–120 15.8 15.8

2 Exothermic 120–313 24.0 24.1

3 Exothermic 313–900 40.2 40.3

Residue (V2O5) 20.0 19.8

Thermal stability of new vanadyl complexes with flavonoid derivatives as potential insulin-mimetic agents 825
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Thermal decomposition of VO(OH)(C15H10O7)(H2O)2

Thermal analysis for (2) has confirmed the first step of

compound transformation as an endothermic elimination of

water molecules (Fig. 6). The reaction proceeds with a

maximum rate at 80 �C. Based on the low temperature

corresponding to the dehydration process, it could be

assumed that the water molecule is also for crystallisation

[28–31].

The second step, which is exothermic, corresponds to

oxidative degradation of the organic ligand with pyro-

catechine elimination. The third step corresponds to the

oxidative degradation of the remaining intermediate that

leads to the V2O5 formation as the final product (found/

calculated overall mass loss: 78.34/78.4). According to

both TG and DTA curves profiles this step comprises at

least two processes.

Thermal decomposition of VO(OH)(C15H10O7)(H2O)4

The same three steps could be observed for complex (3)

(Fig. 7). The water elimination up to 120 �C indicates the

crystallisation nature of these molecules. The resorcin

elimination as result of the oxidative degradation of the

organic ligand occurs in at least two processes as both TG

and DTA curves indicate. The third step, accompanied by a

strong exothermic effect, corresponds to remaining part

elimination also in at least two processes according to the

TG and DTG curves profile. The final product is V2O5

(found/calculated overall mass loss: 80.0/80.2).

Conclusions

The new complexes of V(IV) with ligands belong to a class

of coordination compounds of current interest for their

insulin-mimetic and antitumoral activity have been syn-

thesised and characterised by analytical and spectral

investigations. A square-pyramidal stereochemistry for

metallic ion was proposed based on the electronic spectra

(a)
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Fig. 4 IR spectra of complex (1) (a) and the intermediate obtained at

380 �C (b)

Fig. 5 Powder X-ray diffraction pattern for residue
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Fig. 6 TG and DTA curves of VO(OH)(C15H10O7)(H2O)2
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Fig. 7 TG and DTA curves of VO(OH)(C15H10O7)(H2O)4
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while the IR spectra features indicated a chelate coordi-

nation mode of flavonoids.

Thermal analysis (TG and DTA) of these complexes

elucidated the composition and also the number and nature

of the water molecules. It was also evidenced the existence

of an intermediate step corresponding to the flavonoids

decomposition with a diphenol derivative release. The final

product of thermal decomposition was in all cases V2O5 as

powder X-ray diffraction indicated.
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