-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Repository of the Academy's Library

Accepted Manuscript

Inorganica
Acta

Vanadate complexes of 3-hydroxy-1,2-dimethyl-pyridinone: speciation, struc-
ture and redox properties

Tamas Jakusch, Eva A. Enyedy, Kéroly Kozma, Zs6fia Padr, Attila Bényei,
Tamas Kiss

PIIL: S0020-1693(14)00005-X

DOI: http://dx.doi.org/10.1016/j.ica.2013.12.034
Reference: ICA 15794

To appear in: Inorganica Chimica Acta

Please cite this article as: T. Jakusch, E. Enyedy, K. Kozma, Z. Paar, A. Bényei, T. Kiss, Vanadate complexes of
3-hydroxy-1,2-dimethyl-pyridinone: speciation, structure and redox properties, Inorganica Chimica Acta (2014),
doi: http://dx.doi.org/10.1016/j.ica.2013.12.034

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://core.ac.uk/display/19329904?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.ica.2013.12.034
http://dx.doi.org/http://dx.doi.org/10.1016/j.ica.2013.12.034

Vanadate complexes of 3-hydroxy-1,2-dimethyl-pyridione: speciation,

structure and redox properties

Tamas Jakusch,* Eva A. Enyedy’ Karoly Kozma,' Zséfia Paar! Attila Bényei,> Tamas

Kiss*13

! Department of Inorganic and Analytical Chemistry, University of &:ggém tér 7, H-6720
Szeged, Hungary

?|Institute of Chemistry, Laboratory for X-ray Diffraction, Unisity of Debrecen, Egyetem tér 1,
Debrecen, H-4032, Hungary

¥ HAS-USZ Bioinorganic Chemistry Research Group, Dém tér 7, H-8Z&@ed, Hungary

*Corresponding authors. E-mail address: jakusch@chem.u-szeged.Bak(iBch), kiss@chem.u-

szeged.hu (T. Kiss)

Abstract

Several articles were published about the vanadate-3-hydroxdirie?hyl-pyridinone (Hdhp)
system, however, the results are contradictory and not complétpotentiometry and'V-NMR
spectroscopy were used to clarify this complicated systdra. €leven peaks in the spectra at
different chemical shifts were assigned to ten stoichionadfiyidifferent compounds; four of them
are new, never identified or assigned before. Besidesntiptesmono- (in two different protonation
states) and bis complexes (in three different protonatiorsytateis complex, three dinuclear and a
trinuclear complex were found based on theNMR spectra measured at different pH values and
various metal ion concentrations and metal-to-ligand ratiosa Asint evaluation of the two
methods, overall stability constants were calculated fapaities.

X-ray structure of the potassium salt of the bis comé/)O »(dhp)]” was also determined. The
trans effect of the oxido-oxygens results in maltolato-type coation of the ligand instead of the
catecholate-like chelation.

The redox properties of [V(V)$dhp)]” and some other prodrug vanadium(V) bis complexes were

investigated by spectrophotometry in agueous solution via their reallgt glutathione (GSH) and


http://ees.elsevier.com/ica/viewRCResults.aspx?pdf=1&docID=11083&rev=1&fileID=384256&msid={8C901763-4CC9-49E1-957A-E5B786C1DF1B}

L-ascorbic acid (ASC) under strictly anaerobic conditions and bgliccywoltammetry at
physiological pH. The reduction was found to be much faster by ASQ ¢ases as compared with
GSH and the reaction rate of the reduction of [V(¥Bp)] was prominently high most probably
due to the formation of the significantly higher stability of theresponding vanadium(lV)

complex.

Keywords: vanadate complexes; 3-hydroxy-1,2-dimethyl-pyridinone; speciafgANMR: redox

properties

1. Introduction

Numerous vanadium(lV) and (V) complexes showed significant anéiticabctivity in preclinical

in vitro andin vivo studies [1-4]. One of them the bis(ethylmaltolato)oxovanadium(BBOV)
complex has entered into Phase lla trial [5]. The actimadi@m species exhibita. 30-70% of the
activity of insulinin vitro, and generally the efficacy of the V(IV) salt and esplgc@mplexes
exceeds the originally tested V(V) salts [5,6]. Howewer Y(V)-compounds tend to be less toxic
than V(IV)-complexes, and in general there is no significantetaion between vanadium
oxidation state and the insulin-mimetic efficacy [3].

Up to now the most effective hypoglycemic drug candidates arertily available charge-neutral
bis complexes of V(IV) formed with bidentate ligands. The adggnts these metal complexes
over the inorganic oxovanadium(lV) salts is their increased Aitzdoility and thus enhanced
pharmaceutical efficacy. According to the stability of tlyiset of complexes, they are usually not
stable enough at the pH of the gastric juice resulting in urdalemuptake, however, that can be
bypassed by means of proper drug formulation such as encapsulattodsngt]. Based on the
dosage range data of the clinical trials and the absorption pespeiftiBEOV ca. 20 uM is
estimated as the maximum concentration of vanadium attaimatie human blood serum during
the treatment of diabetes mellitus [8]. This kind of vanadium ptexes shows facile
interconversion between the oxidation states (IV and V) and biologied#vant reducing agents
such as L-ascorbic acid (ASC, 10-80%1@ol dm?), cysteine (33x1® mol dm?®), glutathione
(GSH, 4x10 mol dni®), uric acid (200-400xI®mol dni®), alpha-tocopherol (20-30xfenol dm

% etc. and the dissolved oxygen ensure that both V(IV) and V(V) spe@eskevant under serum
conditions [9].

It was pointed out in our previous works that vanadium in oxidation IStatad V is bound mostly

to serum transferrin in the therapeutically relevant condsmraange and the original carrier

2



ligand is displaced completely. The only exception among the bidethtad) candidate ligands is
the 3-hydroxy-1,2-dimethyl-pyridinone (Hdhp) where the dissociatigheobriginal complex is not
complete in serum and the ligand tends to form V(IV)O-apoteansfdhp ternary complexes even
at such concentration conditions [4,9,10]. However insulin-marefficacy of the [V(IV)O(dhp)
complex looks ordinary [3,11,12].

Several articles were published about the speciation of tredatadhp system [13-16], although
the conclusions are sometimes contradictory in the different ptibis and the final picture is still
not complete.

In the first short publication pH-metric results were repofi&d and the following species, mainly
mono and bis complexes in different protonation forms were idehtifigH,VO4)(HL)]™ =
[VO2(dhp)OHT, [H(H2VO4)(HL)] = [VO(dhp)(OH}], [(H2VO4)(HL)Z™ = [VOo(dhp)]’,
[H(H2VO4)(HL)2] = [VO(OH)(dhp)], [H2(H2VO4)(HL)2] = [VO(dhp)] . No distinction was made
if protonation occurs on the vanadate side or the ligand sitleeafomplex. Only twg*V-NMR
peaks (mono complexed('V) = - 502 ppm, bis complexe&(®'V) = -476 ppm) were identified at
the physiological pH. Based on cyclic voltammetric (CV) mearsents the authors also concluded
that the reduction of the vanadate complexes to oxovanadium(IViptisreversible, but the
irreversibility is less pronounced at pH 3 [13].

Later X-ray structure for a trinuclear complex [(Médhp).H.O] has been published [14]. In this
cyclic compoundp-oxygens form bridges between the vanadium centres, the thaeedignd the
vanadates are not equivalent due to an extra ligand-O-V bound.

The®V-NMR spectral work in the same publication [14] is more dediaibut is still not complete:

it reports unidentified species (6(*V) = -420 (] -405 ppm; C:3(°V) = -350 ppm). A peak at
5 = -489 ppm was assigned improperly to a trinuclear comple©O@¢dhp)] instead of.
mononuclearone [(Vg(dhp)]).lH-NMR measurements for the mono and bis complexes have also
been published [14], but no thermodynamic information was concludedthese measurements.

In the third article [15] stability and protonation constants wietermined from th&"'V-NMR data:
the stability constants for the mono and bis complexes signifjadiffer from the earlier published
values [13]. The authors determined one protonation constaphfqpthe mono and two others for
the bis complexes BYV-NMR spectroscopy. These processes were supposed to occur onahe met
side. However, based drl-NMR measurements further protonation processes for both the mono-
and bis complexes were assumed which should occur on the $igend 5].

From methanol-water solvent mixture a dinuclear dhp-vanadateestiey complex was
([VO(OMe)(dhp)LO) prepared, in which beside two oxygen donor atoms of each dhp bgand



oxygen also forms a bridge between the vanadium cenkteand>V-NMR methods have been
used to determine the equilibrium in different methanol-waigtures.

Addition of methanol to the system makes the speciation evae complicated because the
alcohol is able to react with the V-OH part of the compldresing “esters”, and this process is
not advantageous for understanding the feature of the basic V(V¥giipm. Temperature
dependence of'V-NMR spectra and 2BH homonuclear NMR spectra was also measured and
isomers of the dinuclear ([V(V)O(OMe)(dhpd]) and the bis complex [V(V)O(OMe)(dhp)were
detected [16].

In order to clarify the speciation in the V(V)-dhp system arehtifly the composition and the
stability of the complexes pH-metric att¥-NMR spectroscopic measurements were used in the
present work.

Vanadium may be assumed to enter the cells via the transfeceptors, when V(IV), or via the
phosphate or sulfate pathway, when V(V) [1]. In the intracellmedium V(V) species may suffer
reduction by certain cell components and ASC and GSH are the mpsttant and abundant
cellular antioxidants ( 0.01-0.02 mol &mo0.5-10 mmol dni, respectively) and their role is
frequently discussed [17,18]. It is noteworthy that GSH and igized form glutathione disulfide
(GSSG) are also able to form binary or ternary V(¥)énd V(IV)O** complexes by the complete
or partial substitution of the carrier ligand [19] and a sinti@inavior can not be completely ruled
out either for ASC, however based on the conditions and statalips the original bis complexes
should dominate in the solution before and after the reduction too.

The reaction rate of the reduction of the V(V) complexeschlgidepends on the type of
the reducing agent and that of the coordinating ligand. The giality of the chelating ligand to
stabilize the V(V) oxidation state, the stronger the tendémg@yomote the reduction. It was found
e.g.that NADPH can reducm vitro V(V) complexes having formation constant (logK’) higher
than 7 in the case of a series of amino acid, oligopeptide, anhyoapmoxylate ligands [1]. Simple
thiols, as other possible reductardise able to form stable complexes with V(V) at neutral or
alkaline pH, however, they are oxidized by the metal ion under otimtitions, such as low pH
and high thiol excess [1].

B. Songet al. performed a detailed kinetic study of the reduction of [\@{inaltol)] and
[V(V)O,(ethylmaltoly] with ASC or GSH in aqueous solution monitored by UV-visible
spectrophotometric, EPR antv NMR techniques [17]. These V(V) complexes showed similar
behavior; therefore, the replacement of the methyl groumdethyl group in the ligand structure
had little influence on the reaction rate. The reduction by @&kifound to be much slower than

by ASC at physiologically relevant pH. First-order kineticdaagje excess of GSH and ASC is
4



suggested and the observed first-order rate constants showedasa ritegionship with the
concentration of the reductants. An acid dependent mechanismrayassed from kinetic studies

with varying pH and carrier ligand concentration.
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[VYOp(maltol)] [VVOa(dhp).] [VYOa(pic)2]
[VVO(maltol),] [VVo(dhp),] [V'VO(DIC)z]

Scheme 1Bis-ligand vanadium(V/IV) complexes formed with maltol fiydroxy-2-methyl-4H-
pyran-4-one; dhp = 3-hydroxy-1,2-dimethyl-pyridinone and pic = picolicid. a

The reaction mechanism, however, seems to be quite complasettd the additional binary and
ternary complex formation reactions with the reducing agerds 6upra. In this work we attempt

to compare the effect of the dhp with that of various otherecdigands on the reduction reaction
rate when GSH and ASC are applied as reductants under sarieyobic conditions at pH 7.4 via
monitoring the spectral changes in the near UV-visible raAgdéitionally, cyclic voltammetic

investigations were performed on the direct redox processes ehitfzium complexes formed
with maltol, dhp as (O,0) donor ligands and picolinic acid (pi@ragN,O) binder (see Scheme 1

for the bis-ligand complexes).



2. Experimental Section

2.1. Chemicals

Maltol, dhp, pic, GSH, ASC, NaV$) VOSQ, DO, Nag[Fe(CN)] and 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) were commerciallylable products ofuriss quality
(Sigma-Aldrich). KCI, 37% HCI and KOH were purchased from rizé¢aHungary). Double
distilled Milli-Q water was used for sample preparationse Exact concentrations of the ligand
(except for pH-metry) and vanadate stock solutions were calduteteed on their mass and the
total volumes. Latter were prepared by dissolving NaWOknown concentration KOH solution.
The V(IV)O stock solution was prepared as described in ref. [2@]standardized for metal ion

concentration by permanganate titration.

2.2 Preparation of the single crystal of K[W@hp)]x2H ,0

First a 3 cr 0.005 mol drit potassium-vanadate solution,fVO,) was prepared by solving,@s

in known concentration KOH solution. Solid dhp was added, 1 : 2 #iwetigland ratio was set. In
order for faster solubilization the solution was heated gently lmngi of the solution was set to
8.5 by addition of 6 mol dfhHCI. An open vessel containing this solution was placed in a&bigg
container containing acetone in order for slow solvent exchangee Singstals were collected

several weeks later.

2.3 Determination of structure of K[\A@hp)]-2H.O

Crystals were mounted on a glass capillary with epoxy gluglé&crystal X-ray diffraction data
were collected on an Enraf Nonius MACH3 diffractometer withpbite-monochromated N
radiation A = 0.71073A) at 293 K. The structure was solved with the SIR-92 proffta] and
refined by a full-matrix least-squares method using the SHE®@XIpackage; [22] H atoms were
located geometrically and treated isotropically with, 8 1.2 times the ), of parent atoms, with
the exceptions of water and ammonium H atoms. These could beeabfeom the difference
electron density map treated isotropically, and restraiate &pplied to fix O—H lengths at 0.9. The

publication material was prepared with the WINGX suite. [23]

2.4. Potentiometric measurements

The stability constants of V(V) complexes of the ligandsewadstermined by pH-potentiometric
titrations of 25.0 crhsamples; the ionic strength was 0.20 mol*d#dCl). The concentrations of

dhp were 2.0x16 mol dni® and 4.0x18 mol dm®, and the metal ion-to-ligand molar ratios were
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0:1, 1.1, 1:2 and 1:4. pH was measured with an Orion 710A precigjial ggH-meter equipped
with a Metrohm 6.0234.100 semimicro combined glass electrode, &ibchtsad for hydrogen ion
concentration according to Irvingt al [24] The pK, calculated from strong acid—strong base
titrations was 13.75 = 0.01. Back-titrations were performeath v&a HCI solution of known
+ ‘@1 Slow or

redaxiore) were not observed. The

concentration (ca. 0.20 mol dn In all cases, the temperature was 25.0
irreversible processes (formation of decavanadates,
reproducibility of the titration points included in the calculations wathin 0.005 pH. The
complex-formation equilibria studied are written in terms of¢beponents H HVO,* and dhp

(L"), which is the deprotonated form of the neutral ligand Hdhp:

1)
Formation constants are denoted3gg,and complexes have the notation (p,q,r). All calculations

were performed with the aid of the PSEQUAD [25,26] or the&Cald[27] computer programs.
Stability constants (lof)) of vanadates (HV(V)) are taken from [28].

pH' + gHVO,” + 1L 5 [(H)(HVOu)q(L),] @ P

2.5 NMR measurements and data

*/.NMR spectra were recorded on a Bruker Avance DRX500 spediom&he samples
contained 10% (v/v) BD. The external reference was VQ@@br the >V-NMR measurements.
Routine parameters were used tBEFNMR spectroscopy. A spectral window of 760 ppm, & 90
pulse angle and an acquisition time of 0.65 s with a relaxatiay @€l0.5 s and a pulse width of 7
ms were applied in th&V-NMR measurements. Samples were freshly prepared andpotheiras

adjusted with concentrated HClI and KOH solutions. The ionic dtrenfy the samples was

Table 1. The applied concentrations (in“1énol dm® and pH values and/or ranges during the

NMR spectroscopic measurements.

Series c(V) c(dhp) c(V) : c(dhp) pH
I 3.33 6.66 1:2 11.4-2.0
Il 4 5 1:1.2 11.5-4.0
" 10 30 1:3 7.5-1.8
IV/a 10 10-2C 1:1-1:2 4.4¢
IV/b 10 1C-2C 1:1-1:z 4.
IVic 10 1C-2C 1:1-1:z 5.4
\Y 0.5-20 0.5-2C 1:1.1 4.
Vi/a 6 30 1:5 4.5-2.0
Vi/b 6 6-60 1:1-1:10 2
Vli/c 6 6-60 1:1-1:10 3.6
Vil/a 1-16 2-32 1:2 3.6
/b 1-16 2-32 1:2 5.4



0.20 mol dri# (KCI). The applied conditions for different measurement seaie summarized in
Table 1. Stability and acidity constants were determined Wighaid of the computer program
PSEQUAD [25,26] based on the integral values and chemidtd.shi

2.6. UV-Vis spectrophotometric kinetic measurements

Data collection:A Hewlett Packard 8452A diode array spectrophotometer was usedaia rthe
UV-Vis spectra in the interval 200-800 nm at 25.0 + 0.1 °C, #ibk |[gngth was 1 cm. A special,
tightly closed tandem cuvette (Hellma Tandem Cell, 238-QS) wsasl and the reactants were
separated until the reaction was triggered. Both isolated pookdke cuvette were completely
deoxygenated by bubbling a stream of argon for 10-10 min before mixingahtants. Spectra
were recorded before and then immediately after the mixingchadges were followed till no
further absorbance change was observed. One of the isolated mmikeised the reducing agent
(GSH or ASC) and its concentration was in the range of 0.071060mol/dnT and the other
contained the V(V) complex, which was prepaireditu by the addition of at least 10 fold excess of
the chelating ligand to the vanadate providing the predominant iomw@f the bis-ligand complex,
which concentration was chosen as 2%16x10* or 2.0x10° mol dni® in order to obtain
measurable absorbance changes in the visible wavelength rangaethrrates. The pH of all the
solutions was adjusted to 7.40 by 0.10 mol®dHHEPES buffer and an ionic strength of
0.2 mol dn® (KCI) was applied. All-the stock solutions of the V(V) quexes and the reducing
agents were freshly prepared every day. Prior to the stuthe reduction of the V(V) complexes
by GSH and ASC under the strictly anaerobic conditions, the affettie oxygen on the UV
spectra of GSH and ASC was followed at 2%Hhd 2x1G mol dni® concentrations, respectively.
The UV-Vis spectra of the V(IV)O and V(V) complexes at 1:1Qakht-ligand ratio were also
recorded at various concentrations of vanadium (2x0L0° mol dm?). Altogether 4-10 kinetic
runs were made for each system.

Data processing:During the calculations the absorband@®-time () curves were fitted and
analyzed at 360, 390, 410 and 430 nAy-Asina)x€ >V + Asna €quation was used whelg, Agna
and ‘a” parameters were refined and accepted at the minimaé \ailthe weighted sum of squared
residuals (difference between the measured and calculated afrsonslues) at each chosen
wavelength. Then observed rate constakyg) (of the redox reaction were obtained from the data
points of both the experimental and fitting simulated absorbamsedurves as the slope of the
In(A/Ap) vs.t plots.



2.7. Cyclic voltammetry

Data collection: Cyclic voltammograms of the V(V) complexes in aqueous solutionatong
0.01 mol dri? V(V) and 0.02 mol/drhligand were determined at 25.0 + 0.1 C° at pH 7.40 adjusted
by HCI, KOH solutions. The two fold excess of the ligand alrezaly provide the predominant
formation of the bis-ligand V complexes in this concentration rg®ge lonic strength was
0.06 mol dri? (KCI) similarly to the studies performed by D. Cratsal.[29]. Measurements were
performed on a conventional three-electrode system under nitrogerphar®and a PC Controlled
Electrochemical Measurement System (EF 451). Samplespueged for 10-15 min with argon
before recording the cyclic voltammograms. Platinum electrode wead as the working and
auxiliary electrode and Ag/AgCl (in 1 mol dinKCl) as reference electrode. Electrochemical
potentials were converted into the normal hydrogen electrode (Nt By adding 0.222 V. The
electrochemical system was calibrated with an aqueous®vloftiKs[Fe(CN)] (Ei. = +0.386 V
vs.NHE).Redox potentials were obtained at 10 mV/s scan rate matige of -0.80 to +1.00 V.

Data processingCharacteristic values of the voltammograms such.aB. as the peak potentials

andi,, ic as the anodic and cathodic currents were measured graphically.



3. Results and Discussion

3.1 The acid-base properties of the ligand dhp

The ligand dhp (see Scheme 2) have at least two resonanterss in its fully deprotonation state

(L.

H,dhp™*

N
/N |
H

H +HjN§F -wiz( .

Hdhp

dhp”

.

N
I

Scheme 2The protonation microequilibria of the ligand dhp.

One structure is the ,normal” maltolate type; the otherths catecholate type,

Table 2 Acidity constants (i) of dhp € L) and overall stability constants (g8, {(3SD)) of dhp
complexes formed with V(V) in agueous solution determined by diffevags and compared with

literature values. Data refer to HW¥Oas component at= 298 K,I = 0.2 mol dn? (KCI).

Species p g rpH-metry >V-NMR °*V-NMR logB  Ref. Ref.
(integral) © (fina)®  [13]° [15]°

[VOLL] 1 1 3 27.84(2) 28.07(13) 28.02(4) 28.11 27.84

[VO,L(OH)” 1 1 2 2202(6) 22.41(7) 22.28(3) 22.39 21.96

[(VO,L),OHJ" 2 2 5 5298@8) 53.2(2) 53.03(9)

[(VO,L)3] 3 3 9 88.08(17) 87.5(5) 87.3(3)

[(VO,L)O(VOL,)]” 2 3 6 i 66.2(2) 66.01(11)

[VOL3* 1 2 5 4370(8) 43.63(16) 43.55(8) 45.46 43.28

[VO(OH)L,] 1 2 4 41.12(4) 40.96(14) 40.95(5) 42.22 40.38

[VOsL] 1 2 3 3548(2 35.57(10 35.42(4) 36.71 34.7¢

[(VOL,),0* 2 4 8 i 83.9(3 83.82(11)

[V(OH)L4* 1 3 6 ; 56.55(15 56.51(7)

pK [VO,L] 5.82 5.66 587(3) 574 572 5.88

pK [VOL ]~ 2.58 2.67 2.50(5) 2.60 324 2.9

pK [VO(OH)L] 5.64 5.39 570(5) 553 551 5.62

2A joint evaluation of the pH-metric artt#i-NMR data were used.

b {1= 0.15 mol dn¥ (NaCl)}

® Recalculated values based on conditional constart€.45 mol drit (NaCl)}
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with aromatic ring and a positively charged tertiary ammir® first protonation (ldg = 9.76
[30]) similarly to the ligand maltol (Idg = 8.44 [31]) definitely should occur on one of the oxygen
atoms. A hydrogen-bond is formed in this way between the two oxypemsabut the partial
negative charge of the second oxygen and thus the basicity ofjdine lincreases as compared to
maltol. The two resonance structures are still ,avaifaibléhe monoprotonated form (LH). These
structures of the ligand at the fully protonated state,{}l Hecomes “real” isomers: based
NMR titrations [30] the protonation (I6g= 3.70 [30]) takes place mainly on the oxygen atom
rather than the ring nitrogen.

(a)
17 HVO,>
08 - _
[(VO,L),0H]
— [(VO,L)O(VOL)T
3 [VO,(OH)L]
@
L 04
02 -
0 _l
2 4 6 8 10
pH
(b)
1- N
VoL HVO,
08 -
S 0.6 4[VOsL] [VO(OH)L,]
g [VOL,J;
L 04" [(VOL,),0]
[(VO,L)s] [(VO,L)O(VOLy)
027 [VO,(OH)LT
O 1 T 1 T
2 4 6 8 10
pH

Fig. 1 Speciation curves of the complexes formed in the V(V) - dhpesysit a metal-to-ligand

ratio of @) 1:1.1 and l§) 1:3. {oyv) = 4x10° mol dm® | = 0.20 mol drit (KCI) and T = 298 K.}
11



3%V (ppm)

-200 -

2501 1§
By [YfOH_)(_O!f_IP)J'
-300 -
. [VO(C:}*{;ID)ZT
" [VO(OH)(dhp),]
-350 "
‘l
-400 e ','\:*”"‘M“ [(VO,(dhp))O(VO(dhp),]
[(VO(dhp),),0] "1‘
L
-4501 [(VO,(dhp)),] "y
—eo 86— n
[VOz(dhp)] - L. . [(VOZ(dhp)Zl-
-500 e o oo o VO,(OH)(dhp)I
Mty
[(VO,(dhp)),OHI
-550 r " r " T " " " T
2 3 4 5 6 7 8 9 10 11
pH

Fig. 2 The®*V-NMR chemical shifts in the V(V)-dhp system as a functdpH. { | = 0.2 mol dri?

(KCI), T =298 K} The signs represent the measured points; the lingbewretically fitted curves.

Table 3 *V-NMR chemical shifts §°V) ppm) of V(V) complexes formed with dhg (L) in
aqueous solution dt= 298 K and = 0.2 mol dn? (KCI).

Species p q 3CV) [ppm]
[VO,L] 1 1 3 -489
[VO,L(OH)] 1 1 2 -504
[(VO,L)-OH] 2 2 5 -518
[(VO,L)4] 3 3 9 -466
[(VO.L)O(VOL)]” 2 3 6 -400; -408
[VOL]* 1 2 5 -209(6)
[VO(OH)L,] 1 2 4 -399(2°
[VO,L,] 1 2 3 -481
[(VOL,),0]* 2 4 8 -40¢€
[V(OH)L4]* 1 3 6 -27€

2 Estimated from calculation of th&pof the bis complex ([V@L.,]) based ord(*'V).
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3.2 Vanadate complexes of dhp

The pH-metric titration of the basic solutions of the V(V)-dhptesys could be evaluated
throughout the whole pH range studied (2.0-11.5). The stability consialictdated from pH-
metry and/or*V-NMR for the V(V) complexes of dhp are listed in Table 2voTrepresentative
speciation curves, one at equimolar ligand-to-metal ratio anchbhgand excess are depicted in
Fig. 1. Table 3 contains ti8V chemical shifts assigned to the different complexes formed in
solution; their changes as a function of pH in the diffeegperimental series were collected in Fig.
2.

3.2.1 The mono and bis complexes

It is seen in Fig. 2 that these complexes are formedipalygtin the whole pH range. Formation of
such vanadate complexes is usual for bidentate ligands [32ktdbéity constants determined
(Table 1) and K values are quite similar from one set of ‘values recatiedlfrom literature data
[15]. The protonation equilibrium of the mono complex ([V(@hp)(OH)] + H' =
[V(V)O 2(dhp)(HO)]) is also usual in such complexes [32]. The main diffexdoc example from
the vanadate-maltol system is that in the two step protonationsgradethe bis complex: the
second step is normally missing and the first step is usualy®at pH < 3 [32]. However, the dhp
is able to coordinate in a catecholate waid infra) and the increased charge on the central
vanadate causes also increased partial charge on the oxido-gxwpécts finally leads to their
double protonation equilibria.

Second protonation step for the-‘mono and third for the bis complexswggested based OH-
NMR measurements [15], the authors assign these process$esligand ring N [15]. However,
this can be ruled out based on our pH-metric results and because no ptbtmraplexes were
published with-any other metal complexes of dhp [30,33,34]. The olsgpeetral changes [15] in
the'H-NMR spectra must due to the protonation on the vanadiesihe complexes.

A representativé’V-NMR spectrum series is depicted in Fig. 3, where in tigi@pH region it is
easy to observe the movement of the signals of both the amwhdois-complexes to the higher

chemical shift values.

3.2.2 The [(VE(dhp),OH]™ species
This complex was observed earlier in tH¥-NMR spectra § = -518 ppm [14,15]). It was
suggested to be dinuclear [15] but the protonation state wademtified. The’V-NMR signal of

this complex was observed in the pH range 4.0-6.5 as it can bdns€g&y. 2. The protonation
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Fig. 3 Representative’'V-NMR spectrum series over the pH range 2-11.4 in the V(V)syisgem.
{cvv) = 3.3x10° mol dni®, cghp = 6.6x10° mol dmi®, | = 0.2 mol dri? (KCI), T= 298 K}.

process of the mono complex takes place parallel with the fimmat this species which rather
suggests the [(V&dhp)»OH]~ composition.The dimerization and the composition were proved by
a series of'V-NMR spectra. (see Figs. SI3C and Sl4) Formation of thisptexris favoured with
increasing concentration of vanadate and decreasing excegaraf. liThe solution structure of this
complex is depicted in Scheme 3. As the chemical shiftisfabmplex does not change with pH

probable does not undergo simple protonation or deprotonation processes.

3.2.3 The [(V(V)Qs(dhp)] species

In the literature [14] an X-ray structure was published fordbiaplex but the species was assigned
to 3(*V) = -489 ppm which is definitely belongs to its monomeric form.a(lkater publication it
was corrected [15].) We assigned this species to anothdierealso observed but not identified
peak (-466 ppm see Table 2). The trinuclear complex was obsse&dig. 2) in the pH range 4-
5.5 at 1 : 1 metal ion-to-ligand ratio, the increase of tred tmncentration of vanadate favours the
formation of it (see Fig. Sl 4). The species has no observednptain equilibria. Based on our
measurements formation of a dinuclear complex could not be ciypleled out besides the

trinuclear one, only the existing X-ray structure was the re@msmentify it as a trinuclear species.
14



mono-ligandum complexes, V:dhp 1:1 (or 2:2, 3:3)

[(VO4(dhp)),OH]" [(VO »)5(dhp)3]
mixed mono/bis-ligandum complex
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Scheme 3The most likely solution structures of the formed com@ardahe V(V)-dhp system
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3.2.4 The [V(OH)(dhp) species

In the presence of ligand excess, a new and never publishe@mesared in our spectrad{t’V)

= -276 ppm in the pH range 2.0-5.5. The concentration dependenuspaetries (see Fig. SI6) at
pH 3.6 suggests that at least three ligands coordinate th Vki¢ gquantitative evaluation of three
spectrum series provided the best fit with the assumption pé@es composition [V(OH)(dhg)
The composition and the structure seems to be unique for vanadateighlt “naked”, oxido-
oxygen free [V(dhp]" tris-complexes were identified also in the VO(IV)-dhp sysf8@], and an
X-ray structure of the tantalum(V) complex with similar composit(Ta(V)O(dhp}) was also

published [35]. The most probable structure of this complex is eepictScheme 3.

3.2.5 The [(VE(dhp))O(VO(dhp)] ™ and [(VO(dhp)).O] complexes

Two other, only qualitatively identifietV-NMR peaks (dinuclear bis complexes) were described
in the literature [14,15]. Sometimes they form an equivalemtgiadi(°V) = -399 and -406 ppm,
however, the latter peak was observed also separately. Basatr measurements the ratio of the
peak pair is usually 1:1 (in the pH range 5-7), however, atpHt is difficult to measure them
accurately due to the overlap with the peak of the bis dhp-ean(ibleir chemical shifts move with
the pH). Furthermore, when the peak areas of the pair mayestdrange and finally they collapse
into a single one, this could not be followed clearly’by:NMR. The situation can be followed in
Fig. 2. Spectra recorded at various metal-to-ligand ratiag pmove (see Fig. Sl 4C) that these
complexes are not mono complexes. The quantitative evaluation ofetieuirad spectra gives the
best fit with the composition of [(V&dhp))O(VO(dhp))]” and [(VO(dhpy).O]. The most probable
structures of these complexes are depicted in Scheme 3. TB%d[(W)).0]* species can be
derived from two [(VO(OH)(dhp)] mononuclear complexes assuming formation ofi-axo
bridge, the other species can be formed in a reaction bef@®(OH)(dhp))] and [(VO,(OH)
(dhp))] having a similapi-oxo bridge. A water molecule is liberated in the reaction ih lbases.
As both ‘complexes contain the same (VO(dhf) moiety, it is not surprising that there is no

significant difference in their chemical shift values.

3.3 X-ray structure of the K[\V{dhp)].2H,0

The bis complex was crystallized at pH 8.5 with the aid @vsddition of acetone. The unit cell
contains two individual complexes with a pseudos@mmetry, only one of them is depicted in Fig.
4. The selected distances and angles can be found in Table 4, iogntpardata with two related
systems, the vanadate complex of maltol [36] and 2-hydroxypysidiogide (hpno) [32]. The
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Cé

Fig. 4 ORTEP view of K[VQ(dhp)]-2H,O with 50% thermal ellipsoids, water molecules are
omitted for clarity.

Table 4 Selected bond distances (A) and angles (deg) in K[Vditpy]-2H,O with estimated
standard deviations, compared with related complexes (Kpé&toly]-H,O and
NH4[VO2(hpno}]-3H,0)

K[V(V)O 2(dhp)]-2H0 ? °

Atom Atom Bond Bond Bond Bond

\i 01 1.634(4) 1.634(4) 1.633 1641

Vi 02 1.638(4) 1.638(4) 1.643 ™

V1 03 1.956(4) 1.956(4) 1.963 1977

V1 013 1.966(4) 1.966(4) 1.999 ™

Vi 04 2:215(4) 2.215(4) 2.189 2182

V1 014 2.233(4) 2.233(4) 2.276

Bond angles Angle Angle Angle  Angle
01—Vv1—02 105.5(2) 104.5(2) 103.7 104.4
01—Vv1—03 104.24(18) 106.98(19) 102.0 '
02—V1-013 102.47(19) 101.6(2) 102.9 102.1
01—V1-—-01z3 93.78(17 92.80(19 91.2 '
02—V1—-03 9278(17. 93.10(19 93.¢ 90.9
01—V1—04 89.18(18 90.8(2 89.¢ '
02—V1—014 89.04(19 88.01(19 92.C 89.5
013—V1—-04 82.69(16) 82.89(15) 83.0 '
03—V1—-014 80.87(16) 80.09(15) 85.1 88.6
03—V1—-04 76.95(14) 76.82(15) 76.7 '
013—V1—-014 76.60(15) 76.32(14) 76.8 75.1
04—V1—-014 77.26(16) 77.71(16) 75.7 79.4
02—V1—04 163.93(19) 163.68(18) 164.9 162.2
01—V1—014 164.17(17 164.96(18 162.2 '
03—V1—01z3 152.41(17 151.63(17 155.¢  158.¢

3K[V(V)O o(maltol)]-H,O [36]
® NH4[V(V)O 2(hpno}]-3H;0 [32]
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bond distances are similar for the three complexes, the tréaxt of the oxido-oxygen of the

vanadate makes one of the V-O-dhp distances much longer thaméhelotthe three cases of the
asymmetric ligands the donor atom with the worse coordination miegpegoes to the trans

position. The average difference between the two type bond akistane 0.26 A in the case of the
maltolato-type coordination mode. In the other case the catéelgtee coordination, which can be
observed for example in the tridentate complex [14], whertrdres effect of the oxido-oxygens
does not appear, the difference between the two V-O-dhp bond éisiaranly 0.03-0.04 A.

3.4 Reduction of vanadium(V) complexes by GSH and ASC

The reduction of the [V(V)&dhp)]® complexes of pic, maltol and dhp by GSH or ASC was
followed spectrophotometrically. The redox reaction was found to be ratefle fast which
allowed us to record the UV-Vis spectra immediately aftieqng the samples containing the given
[V(V)O x(dhp)]” complex and the reducing agent at various concentrations unddy sinaerobic
conditions at pH 7.40. Kinetic runs were always made at highdigxcess (at 1:10 metal-to-ligand
ratio) to provide the predominant formation of the bis [V(M)Q)] complexes at this pH
(Scheme 1, Fig. 5). Both [V(IV)O(dhp and [V(V)Ox(dhp)]” complexes show characteristic

R e —— b. 1.0 e
2 [VO,L,1*” 2 7 [voL,]
2 08 - . S 08 |, 2
ks \\ S
5 06 v g os
G N 5
©
= 04 Y| E o4
@ R 5
= ~ 1/ \ —
g 02 HVQ.2Z7 y 9 [VOL,(OH)]
7 8 9
c. d.
> S
S 5
S <
: :
(o] =
E g
[VOL ,(OH)J
4 5 6 7 8 9 4 5 6 7 8 9

pH pH
Fig. 5. Concentration distribution curves for vanadium complexes formeldeirv(V)-maltol (a);

V(IV)O-maltol (b); V(V)-dhp (c); V(IV)O-dhp (d) systems atlD metal-to-ligand ratio,,c= 2x10
% mol dmi® (solid lines) or 0.2x1® mol dm® (dased lines) based on the stability constants taken
from ref. [9,37]. £T = 298 K,I = 0.2 mol dri¥ (KCI)}.
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Table 5. Molar absorbance values, (nor*dm’cm?) calculated for the V(IV/V)-ligand systems at
1:10 metal-to-ligand ratio at various wavelengths(298 K;I = 0.20 mol dri? (KCI); pH = 7.40
(0.1 mol dn? HEPES)).

__________ malol dhp  __pic____

V(V)O," V(IV)O* V(V)O," V(IV)O?" V(V)O," V(IV)O?
364nm 960 550 8750 550 94 410
410 nm 305 50 5690 230 22 250
450nn 70 48 462( 11C 7 60

absorption in the visible range due to the charge-transfer bamasyer, significant differences
are seen in the two oxidation states as indicated by the eepage molar absorbance values
collected in Table 5=.g.the [V(V)O,]" complexes of maltol and dhp absorb light at 410 nm much
more intensively than the [V(IV)3] complexes, while the molar absoerbance of the bis picolinato-
[V(IV)O] #* complex is much higher at this particular wavelength thats ioxidized form. On the
other hand, the oxidation of the reducing agents GSH, ASC bynguaxygen through their
solutions results in significant decrease in the absorbandeiaf\f,.x values (262 and 265 nm,
respectively) as it is shown in Fig. SI8. Oxidation of Gg¥es GSSG and dehydro-L-ascorbic acid
is the oxidized form of ASC. It is noteworthy that neithee teduced and oxidized form of GSH
nor ASC absorbs light in the visible range.

In order to obtain comparable data relating to the oxidizing powpr(®0,]" complexes of pic,
maltol and dhp against GSH or ASC a systematic kinetic study performed. In these
measurements the concentration of vanadium(V) and the mdigétal ratio (1:10) was kept as
constant in one series and the concentration of the reducémy &wgs in large excess in order to
provide pseudo-first order conditions. Spectral changes were followiée visible range where
only the various vanadium complexes absorb light as the time-depensieectra of V(V)-maltol-
GSH system show in Fig. 6.a. In well accordance with thee@a&pons the reduction of this
vanadium(V) maltolato complex by the reductant results in diminiabsedrbance values between
370 and 450 nm (see data in Table 5) followed with progress of Sim@lar changes were
observed in the case of dhp, although absorbance was increatiesl pfarolinato complex (Fig. Sl
9). Most probably not merely the transformation of [V(W)Q,] to [V(IV)O(L) ;] takes place at the
excess of the reducing agents since formation of their bimadyternary complexes with both
vanadium ions is also possible leading to complicated specid®g88]. Thus, our interpretation of
these kinetic runs can be considered only as a semi-quantitatbegiptien, but can give

information about the different abilities of GHS and ASC to redoneechosen complexes. The rate
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Fig. 6. Time-dependence UV-Vis spectra of V(V)-maltol-GSH systat 1:10:60 ratio (a) and
absorbance changes plotted against the time =at410 nm at various GSH concentrations (10-
80x10° mol dm?) (b). {cv = 2 mM; T = 298 K,| = 0.2 mol dn (KCI); pH = 7.40 (HEPES)}.
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Fig. 7. In(A/Ag) values atA = 410 nm plotted against the time for the V(V)-dhp-GSH system a
1:10:40 ratio obtained from the experimeni) &nd the simulated (dashed grey line) absorbance-
time curves with the calculated observed rate constagts &2 x 16 mol dm>; T = 298 K, | =
0.2 mol dn? (KCI); pH = 7.40 (HEPES)}.
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Table 6. Calculated observed rate constamtg) and half-lives ;) in the V(V)-ligand-reducing
agent (GSH or ASC) systems from the spectral changes atmX{W-to-ligand ratio: 1:10; ¢ =
2x10% 5x10% or 2.0x10° mol dm®; | = 0.2 mol dn? (KCI), tT = 298 K; pH = 7.40 (HEPES)}.

GSH or GSH or ASC/ V .
Kobs (S™) ti2 (S)

ASC (mM) ratio
10 5.C 1.00x1C>  6931f
20 10.0 2.28x10 30441
40 20.( 8.87x1(° 781¢
S T 60 30.0 2.30x16 3011
T @ 80 40.C 7.61x1¢3 91
g O !
100 50.0 1.27x1® 55
12C 60.( 1.86x1(? 37
140 70.0 1.92x16 36
e deC 80.C . 2.07x1C2 34
60 30.0 2.74x1D © 25260
T 80 40.( 496x1(°  1396¢
2 @ 100 50.0 1.69x10 4101
12C 60.C 8.07x1(° 858¢
140 70.0 2.17x16 3200
o 1eC 80.C 8.23x1(" 84z
o T 4 20.C 3.32x1(* 208¢
s 9 8 40.0 4.82x10 1439
____________________ 60 ...80C  138x1* 50
1.4 2.9 2.10x19 330
2.9 5.7 5.29x19 131
5 O 43 8.6 1.75x18 40
SRR 5.7 11.4 2.63x10 26
g < )
8.6 17.1 9.60x16 7.2
40 20.0 6.93x16 10
,,,,,,,,,,,,,,,,,,,, 80 400  144x16 48
0.7 1.4 5.06x10 137
1.4 2.9 1.73x19 40
2.9 5.7 2.73x19 25
6 O 3.6 7.1 4.36x19 16
a 2 4.3 8.6 4.54x19 15
5.7 11.4 6.33x10 11
7.1 14.3 7.75x18 8.9
10.0 20.0 9.85x1d 7.0
0.07 0.2¢ 8.05x1(? 8.6
o0 O 0.14 0.57 1.14x1H 6.1
s 2 0.1¢ 0.71 1.34x1(* 5.2
0.21 0.86 1.55x16 45
0.2¢ 1.14 1.68x1(* 4.1




of the reduction was very sensitive to the concentration of @EC (see Fig. 6.b as an example)
and the absorbancg)time () curves were fitted and analysed at various wavelengths7(frig
Observed rate constantsd) were obtained as the average of at least two kinetic mohas the
slope of the INVAy) vs.t plots. Thekops values and half-lives calculated at various metal complex-
to-reducing agent ratios at 410 nm are collected in Table thépaisis of these data tkgs values
were increased by increasing GSH or ASC concentrations. Tlecoaistants are appreciably
different in the case of the different ligands. The reductfahecomplex [V(V)Q(dhp)] by GSH
was found to be the fastest, while complex of maltol and edlyettiat of pic could be reduced
much slower by this antioxidant. At the same time kfjyevalues are much higher in the case of
ASC showing that these vanadium(V) complexes can be reduced fasielh by the ascorbate
compared with GSH. This trend was also observed by @tvad [17]. The spectral changes are so
fast in the presence of ASC that the vanadium concentrat®mohae decreased down to 5%10
mol dm® (maltol, pic) and 2.5xI&mol dm*® (dhp) for the measurements. The reduction of
[V(V)O2(dhp)] by ASC was also the fastest among the studied vanadate comptexeever, the
order of the reaction rate is somewhat different namely>dbig > maltol compared with the case
of GSH. (It should be noted that a large excess of ASC couldenapplied in the V(V)-dhp-ASC
system owing to the extremely fast redox reaction, stoppedtfichnique would be needed for a
better description.)

The outstandingly fast reduction of the complex [V(Yhp)] by the studied naturally occurring
reducing agents can be explained by the relatively high stabflithe complex [V(IV)O(dhp)
formed in the reactionvide suprd. The reducibility of the vanadium(V) complexes strongly
depends on the formal-potential of the corresponding V(V)/V(IV) rexmples, which depend on
the ratio of the conditional stability constants of the comggdepv/(V)Ox(L2)] and [V(IV)O(Ly)].
The pM values (pM = -log[M]), thus the unbound metal fractions, utideconditions employed:
pH = 7.4cy = 2 mM; V:ligand = 1:10) can provide a comparable basis of tladivelchelating
ability of the ligands at physiological pH; thus higher pM valeresents the stronger binding. In
order to.compare the stabilities of the vanadium(IV/V) com@eftemaltol, pic and dhp pM values
were computed (Table 7). These data undoubtedly reveal the bighdities of the vanadium(IV)
complexes in all cases, but the difference between the vaftbe two metal ions is the greatest
with dhp. Additionally, the formal potentials of the [V(\V)@2)] / [V(IV)O(L ;)] redox couples
were measured at pH 7.40 by cyclic voltammetry. Quasi siblerredox processes were observed
(see AE values in Table 7) in all cases, most probably as a retulieodioxo / monooxo

rearrangement in the coordination sphere of the vanadium ion duringioadoxidation, which
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Table 7. pM values calculated for the V(IV/V)-ligand systems basedhenstability constants in
Refs. [9,37] (¢ = 2 mM; ViL = 1:10;T = 298 K;| = 0.20 mol dn? (KCI); pH = 7.40). Formal
potential values (E’) and peak separatiohB)(for the V(IV/V)-ligand systems. (g, = 0.01 mol

dm?; V:L = 1:2; T =298 K;| = 0.06 mol drit (KCI); pH = 7.40).

pic maltol dhp
pM / V(V) 3.5¢€ 5.9¢ 6.71
M/VaVIO 75 01t 1301
E’ vs NHE (V) +0.3¢ +0.54 +0.67
AE (mV) 271 68 234

is generally considered as a relatively slow process. &s#ime time, the highest formal potential
value was measured for the complex [V(Ydhp)] representing its. strongest oxidizing power
among these vanadate compounds.

Results demonstrate that reduction of [V(Wdp)] by ASC is much faster than by GSH at
physiological pH and is faster by both reductants compared withothplexes of maltol and pic.

In the case of the maltolato complex Oreigal. estimated the chance of the reduction by ASC and
GSH in vivo considering the actual concentrations in the human body tisedethey considered
ASC as relevant biological reductant [17]. As the react&de is much higher for the complex of
dhp, the reduction by the GSH may be also possible even in the blosmiaplahere its

concentration is lower as compared to the intracellulaemili

Conclusions

A joint evaluation of the pH-metric amdV-NMR spectral measurements let us to assign all the
NMR peaks, toidentify the composition and determine the dtabflithe complexes formed in the
V(V)-dhp system. The results are either in agreement wiéh earlier findings or solve the
published contradictions and finally give a complete specigiicinre about this unique system.

At pH 7.4 or above, the speciation of the V(V)-dhp system sghly similar to the V(V)-hpno or
V(V)-maltol systems: only one type of bis: [V(V)@),]- and one type of mono complex:
[V(V)O2(OH)L] ™ is formed. It means that in human blood serum, the other forrie of (V)-dhp
complexes practically could not play any role.

The protonation of the mono-dhp-complex occurs at one unit higher pHdh#he other usually
considered ligands Kthpno) = 4.50, K(maltol)= 4.85, K(dhp) = 5.88). More significant
difference was realized between the acidity of the protonatethpi€omplex and the other ligands
(pK(hpno) = 2.14, K(maltol)= 2.3, K,(dhp) = 5.62), especially, that in this case it could be
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protonated two times Ka(dhp) = 2.90). Why is this difference from the other (O,0) donamlig?
The tautomeric structures of the dhp let it to coordinate indifferent ways: i) as the other two
ligands (maltolato like, with one =Gand one =0) and ii) like catecholates (with two }-Qhe
maltolato type coordination is caused by the trans effect of dimadate oxido-oxygens. The
catecholate type coordination results in charge increase aeiral vanadium ion, which is-able
to shorten the V-0, vanadium-oxido oxygen bonds, and can increase #tieeneparge on these

oxygens. This is the explanation why the bis dhp-complex protonatd

The crystal structure of the bis complex, [M@hp)] -, reported here, and the trinuclear form of the
mono complex, [(V@s(dhp)] [14] verifies the above mentioned findings.

In the pH range 2 — 7 several other minor species are alsodoirheee of them are dinuclear
species and one is trinuclear; and in all cas@xo bridge or bridges are supposed to link the
vanadate centers.

When the pH < 5 and the concentrations and the ligand excess are tugtily new and very
interesting tris-dhp-complex is also formed.

The comparison of the redox properties of different bis-ligandunplex®s are in agreement with
the known stability differences. While due to the catecholgie toordination possibility of the
ligand the bis-dhp-VO(IV) species has outstanding stability antbeagvO(IV) complexes, the
stability difference is not as significant in the high@gtation state V(V) where the trans effect of
the oxido-oxygen atoms allow only the maltolate type coordinatiorerfaydhe dhp.

Results also demonstrate that reduction of [V((0Bp)] by ASC is much faster than by GSH at
physiological pH and is faster by both reductants as comparédtteétcomplexes of maltol and
pic.

It is worth to mention that the highest stability of the bis-dhp cerpf V(IV) among the similar
neutral bis-ligand-complexes does not bring outstanding antidiabetict,effie complex shows
ordinary insulin-mimetic efficacy in in vitro cell tests,13,12]. Immobilisation of vanadium in a
given chemical environment is certainly does not enhance itegigal efficacy. Although the
complex was not as exhaustively studied as BMOV, the results Ipedbledoout its activity [11,12]

is somewhat controversial also.
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Speciation were completed for V(V)-3-hydroxy-1,2-dimethyl-pyridinone
(dhp) system

Four new species, for example a tris-ligand complex was identified

X-ray structure of K[V(V)O2(dhp).] was determined

The dhp is able to coordinate both as catecholate and maltolate

The reduction of the complex [V(V)O(dhp),] by ASC was found to be the
fastest
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Speciation in the vanadate - 3-hydroxy-1,2-dimethyl-pyridinone system was clarified
by pH-potentiometry and *'V-NMR spectroscopy. X-ray structure of the potassium
salt of the bis complex, [V(V)O2(dhp).]” was also determined. The trans effect of the
oxido-oxygens results in maltolato-type coordination of the ligand instead of the
catecholate-like chelation.

The redox properties of [V(V)O2(dhp),]” and some other prodrug vanadium(V) bis
complexes were also investigated. The reduction was found to be much faster by ASC
in all cases as compared with GSH. The reduction of the of [V(V)O,(dhp),]" was
prominently fast due to significantly high stability of the vanadium(I\V)-dhp complex.





