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Abstract 

In the present research account, three new ternary hybrid vanadium-peroxido-betaine compounds were 

synthesized.  The first one has formulation K2[(VO)2(O2)4{(CH3)3NCH2CO2)}]•H2O. The second material 

is a ternary complex with a molecular formula Na2[V2(O2)4O2L2], L = Me3N(+)-CH2-COO(-).  The third 

species is also a ternary compound with a molecular formula (NH4)2[(VO)2(O2)4{(CH3)3NCH2CO2)}]•0.75 

H2O.  The latter two materials have a similar structure.  In all three compounds, vanadium occurs in the 

fully oxidized form of +5 and the yellow color of the crystals indicates the presence of more than one 

peroxide ligand bound to it.  Confirmation of that contention came from X-ray crystallographic work, 

which projects the dinuclear character of the new species and its coordination environment.  pH appears to 

be a major factor in the synthetic process leading to the isolation of the crystalline materials. 
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1. Introduction 

Vanadium compounds have been shown to act as 

glucose-lowering agents mimicking the metabolic 

actions of insulin both in vitro and in vivo.  Several 

studies have demonstrated that vanadium treatment 

lowers plasma glucose levels in experimental 

models of type 1 diabetes and enhances insulin 

sensitivity in models of type 2 diabetes.  Therefore, 

these compounds have drawn attention as 
candidates for oral therapeutics in both types of 

diabetes.  Despite numerous studies carried out so 

far, the mechanism(s) by which vanadium mediates 
its metabolic effects in vivo are still not completely 

understood.  The finding that most of the insulin-

like effects of vanadium in vitro are observed in the 

presence of high concentrations of vanadium that 

are not usually achieved in vivo suggests that these 

effects of vanadium may not have therapeutic 

relevance [1a]. 

The insulin-mimetic ability of vanadium 

compounds, particularly the vanadate anion (with 

pH 5-9: [H2VO4]
–) has drawn great interest [1b].  

For example, recently a report appeared describing 

the use of bis(maltolato) oxovanadium(IV) in the 

regulation of the level of glucose in the blood of 

diabetic rats following administration via the oral 

route.  Since 1986, there have been significant 

strides in the development of insulin-mimetic 

mixtures bearing hydrogen peroxide and vanadate 

or vanadium oxide(V).  In fact, various 
measurements were made showing that the specific 

species were much more powerful in controlling the 

blood glucose level in rats than either vanadate or 
hydrogen peroxide alone.  In addition, the aqueous 

solutions of such reaction mixtures seemed to be 

unstable and lost their insulin-mimetic activity over 

extended periods of time.  Nevertheless, the 

recorded observation raised the possibility for 

further research that(i) may lead to clinically useful 

agents for the treatment of diabetes, (ii) could 
provide insight into the function of insulin action, 

and (iii) could expand the bioinorganic chemistry of 

vanadium. 
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2. Materials and Method 

All experiments were carried out under aerobic 
conditions.  Nanopure quality water was used for all 

reactions.  V2O5, glycine, and H2O2 30% were 

purchased from Aldrich.  Ammonia, sodium and 
potassium hydroxide were supplied by Fluka. 

 

3. Results and Discussion 

The stoichiometric reaction of these three 

compounds are: 

 
1. V2O5+2 ( (CH3)3NCH2CO2) +4 H2O2 +2 KOH � 

K2[V2(O2)4O2(CH3NCH2CO2)2] +5 H2O (pH 5) 

 

 

2. V2O5+2 ((CH3)3NCH2CO2) +4 H2O2 +2 NaOH � 

Na2[V2(O2)4O2((CH3)3NCH2CO2)2] +5 H2O (pH 6) 

 

 

3. V2O5+2 ((CH3)3NCH2CO2) +4 H2O2 + NH3 � 

(NH4)2[V2(O2)4O2((CH3)3NCH2CO2)2] +5 H2O (pH 5) 

 

UV-Visible spectroscopy.  The UV-Visible 

spectroscopy of compound 2 in H2O is shown in 
Figure 1.  The electronic spectrum shows a broad 

band with a maximum at 329 nm (ε 182.985 M-1 

cm
-1

).  An additional feature was observed at 
approximately 228 nm (ε 612,4 M-1 cm-1).  The 

spectrum was featureless beyond 400 nm.  The band 

at 329 nm is attributed to the presence of a peroxido 

ion to vanadium LMCT process. 

FT-IR Spectroscopy.  The Fourier Transform (FT)-

Infrared spectra were recorded in KBr and reflected 
the presence of vibrationally active carboxylate 

groups.  Antisymmetric and symmetric vibrations 

for the carboxylate groups of the coordinated 
betaine ligands were observed in the case of 2.  

Specifically, the antisymmetric stretching vibrations 

νas(COO
-
) for the carboxylate carbonyls emerged 

around 1632 cm
-1

 . Symmetric stretching vibrations 

νs(COO-) for the same groups appeared in the range 

1428-1337 cm
-1

. 

Similar measurements for all three complexes were 

made through NMR, Raman and fluorescence 

spectroscopy.  The measurements confirm and 

verify the structural and spectroscopic properties in 
the solid state and in solution. 

 

 
 

Figure 1. The electronic UV-Vis spectrum of 2 with a concentration of 6.7 10
-3

 M in H2O 
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4. Conclusion 

pH-Specific synthetic efforts in the aqueous ternary 
system of vanadium, hydrogen peroxide and betaine 

resulted in the isolation of distinct crystalline 

materials in the solid state.  The physicochemical 
characterization of these materials through 

elemental analysis and use of techniques such FT-

IR, UV-Visible, Raman, and fluorescence 

spectroscopies, has provided ample information on 

the distinct properties of all three species in the 

solid and liquid phase.  To this end, the emerging 
salient features on these new ternary peroxide 

species could help shed light on the development 

potential insulin-mimic action [3,4,5]. 

In this context, it is important to determine whether 

or not the physicochemical properties of the ternary 

vanadium-betaine-tetra(peroxido) complexes a) may 

help understand the interactions with ligands such 

as betaine, b) can be differentiated by tuning the 

synthesized complexes toward soluble and 

bioavailable species capable of influencing insulin 

mimesis, and c) could serve as precursors to new 

compounds capable of furthering interactions with 

higher molecular mass biomolecules, ultimately to 
inducing non-toxic insulin-mimic action or even 

antitumorigenic effects. 
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