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Abstract: Dawson-type heteropolyoxometalate compounds (HPC) P2M18O62
-6 (M= Mo, W) have received increasing at-

tention in the catalytic field due to the combination of redox and acidic properties in the same structure. It has been proved 
that the introduction of vanadium into the Keggin framework is beneficial for redox catalysis, shifting its activity from 
acid to redox-dominated. 

In this work we prepared and characterized vanadium (V) substituted Wells-Dawson heteropolysalt (WDKV). Fresh solid 
samples were characterized by 31P MAS-NMR, FTIR, SEM, XRD, TGA and Potentiometric titration measurements. 
Also, we performed the oxidation of a 1,4-dihydropyridine using WDKV as catalyst in acetonitrile media, with H2O2 as 
oxidant agent. The optimal procedure is the following: 1 mmol% of WDKV, a ratio 1,4-DHP: H2O2 (1:214) at reflux of 
acetonitrile. It must be noted that along all reactions, no secondary products were observed.  
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INTRODUCTION 

Dawson-type heteropolyoxometalate compounds (HPCs) 
P2M18O62

-6 (M= Mo, W) have received increasing attention 
in the catalytic field due to the combination of redox and 
acidic properties in the same structure. As a result, HPCs can 
be useful homogeneous and heterogeneous catalysts for acid-
base and oxidation reactions. One of the great advantages of 
HPCs catalysts is the possibility of making a priori design of 
the compound formulation, ‘tailoring’ the composition so as 
to introduce those elements that are necessary to achieve 
defined properties [1].  

1,4-dihydropyridines (1,4-DHPs) are a class of hetero-
cyclic compounds that have significant biological activity. 
There are examples of drug resistance modifiers [2], antioxi-
dants [3], anticonvulsant [4], stress protective effect [5] and 
a drug for the treatment of urinary urge incontinence [6], 
among other properties of 1,4-DHPs. According to their 
pharmacological activity, the most well-known activity of 
1,4-DHPs is their ability to act as calcium antagonists or 
calcium channel blockers [7-8]. The first step of the metabo-
lism of 1,4-DHPs involves their oxidation into the corre-
sponding pyridines. Pyridines are important as antitubercu-
lar, antibacterial [9], anti-inflammatory, antiasthmatic [10]  
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and antidepressant agents [11]. Accordingly, several proce-
dures have been developed in order to study the oxidative 
dehydrogenation of 1,4-DHPs. 

It has been proved that the introduction of vanadium into 
the Keggin framework is beneficial for redox catalysis, shift-
ing its activity from acid to redox-dominated [12]. This can 
be explained through the energy gap between the highest 
occupied molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbital (LUMO), which is correlated with the 
reduction potential of the HPCs. It has been demonstrated 
that the more reducible HPCs have the smaller energy gap 
between the HOMO and the LUMO. It has also been re-
ported that vanadium-containing HPCs show excellent redox 
properties because the substitution of vanadium stabilizes the 
LUMOs [13]. Continuing with our studies on HPCs synthe-
sis and their use as effective, reusable and stable solid cata-
lysts, we prepared and characterized vanadium (V) substi-
tuted Wells-Dawson heteropolysalt. Also, we performed the 
oxidation of a 1,4-DHP in acetonitrile media with H2O2 as 
oxidant agent using the HPC. 

2. EXPERIMENTAL 

2.1. Synthesis of Catalysts 

2.1.1. Tungstenphosphate Potassium salt (K6P2W18O62.10 
H2O) 

The unsubstituted potassium salt catalyst (WDK) was 
synthesized according to the following procedure: 
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The α/β K6P2W18O62.10 H2O isomer mixture was pre-
pared according to the method reported by Baronetti et al. 
[14]: to a boiling solution of Na2WO4.2H2O concentrated 
H3PO4 was added in a 4:1 acid/salt molar ratio. This mixture 
was boiled continuously for 8 h. Then, KCl was added in 
order to precipitate the salt. The solid thus obtained was pu-
rified by recrystallization and cooled overnight at 5°C. 

2.1.2. Vanadotungstenphosphate Potassium Salt (α2-1-
K7P2VW17 O61.18H2O) 

 The V-substituted potassium salt catalyst (WDKV) was 
synthesized according to the following procedure. 
1. The α/β K6P2W18O62.10 H2O isomer mixture was pre-

pared according to the method reported by Baronetti 
et al. [14] as described in the previous section. 

2. The white solid lacunar heteropolyoxoanion α2-
K10P2W17O61.15H2O was synthesized from this α/β 
K6P2W18O62.10 H2O isomer mixture according to the 
technique reported by Briand et al. [15]: the green α/β 
isomer mixture was treated with a KHCO3 solution at 
40°C under stirring. The resultant white precipitate 
was purified by recrystallization and cooled overnight 
at 5°C. The crystals so obtained were washed with 
pure ethanol.  

3. The monosubstituted sample 1-K7P2VW17O62. 18H2O 
was synthesized from α2-K10P2W17O61. 15H2O accord-
ing to Briand et al. [15]: a hydrochloric solution of the 
lacunar heteropolyoxoanion was treated with NaVO3. 
Subsequently KCl was added to this solution and a 
precipitate appeared. The orange crystals were washed 
with distilled water.  

2.2. Catalyst Characterization 

Fresh solid samples were characterized by 31P MAS-NMR 
measurements in Bruker Avance II-300 equipment, using 
85% H3PO4 as an external standard under the following op-
eration conditions: pulse width of π/2 31P: 5µs; repetition 
time (31P): 60 s; rotation speed: 7 KHz. FTIR measurements 
were made in Bruker IFS 66 equipment. Besides, the mor-
phology of the compounds was analyzed by scanning elec-
tron microscopy (SEM) with Philips SEM 505 microscope. 
X-ray diffraction (XRD) spectra for 2θ values between 5° 
and 45° were recorded in Philips PW 1732 equipment. The 
following operating conditions were used: source voltage, 40 
kV; source current, 20 mA; goniometer speed, ∆θ=2°/min; 
chart speed, 2 cm/min; slit,1/0.1/1°. Thermogravimetric 
analyses (TGA) were carried out in Shimadzu TGA-50H 
equipment. Samples were heated in air from room tempera-

ture to 800°C at a rate of 10°C/min. Potentiometric titration 
measurements were made in Metrohm 794 Basic Titrino 
equipment by titrating acetonitrile catalyst solutions with n-
butylamine.  

2.3. Catalytic Tests 

The general procedure for the oxidation of 1,4-DHPs was 
developed from the results of the following experiments. The 
effect of catalyst, amount of oxidant agent, reaction tempera-
ture and amount of catalyst on reaction conversion and its 
selectivity towards desired product was analyzed. With that 
purpose, the general reaction presented in Scheme (1) was 
performed. The starting 1,4-DHP was prepared according to 
Sathicq et al. [16]. Reactions were monitored by gas chro-
matography (GC), with Shimadzu GC-2014 equipment. The 
conversion was defined as the ratio of converted species to 
the initial concentration. The products were identified by 
comparison of physical data (TLC, NMR) with those re-
ported [17]. 13C-NMR and 1H-NMR spectra were recorded at 
room temperature on Bruker AC 200 using tetramethylsilane 
(TMS) as internal standard. Decomposition of H2O2 was 
evaluated through iodimetric method.  

3. RESULTS AND DISCUSSION 

3.1. Catalyst Characterization 

Fig. (1) shows the infrared spectroscopic results for the 
lacunar heteropolyoxoanion, WDK and WDKV catalysts. In 
the case of the lacunar heteropolyoxoanion, the typical sig-
nals expected for this structure were found: 740, 805, 880, 
905, 940, 985, 1022 and 1084 cm−1 [14, 18]. For WDK and 
WDKV samples, Fig. (1) shows the typical signals expected 
for the Wells–Dawson structure: PO4 tetrahedron (1089 
cm−1), W=O (950 cm−1) and W-O-W (912 and 779 cm−1) 
bonds [14, 15]. Therefore it is possible to assume that the V-
substituted catalyst keeps the corresponding Wells-Dawson 
structure.  

In addition, the Wells-Dawson structure known as α-
isomer possesses two identical “half units” XM9O31 of the 
central atom surrounded by nine octahedral units linked 
through oxygen atoms. The α-isomer of Wells-Dawson po-
tassium salt has two equivalent phosphorus atoms and con-
sequently, it shows only one peak in the 31P-NMR spectrum 
at -12.3 ppm. Fig. (2) shows the 31P MAS-NMR spectrum of 
the monosubstituted V compound (WDKV) synthesized in 
this work. It can be observed that WDKV sample shows a 
peak with a chemical shift of -13.4 ppm, corresponding to 
the less perturbed P atom, and another one with a chemical 
shift of -11.3 ppm, in agreement with previous literature re-

 
Scheme (1). General reaction taken as aim. 
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ports for vanadium incorporation into a polar position of the 
PW8 half [18]. These results indicate that the V atom has 
been successfully included in the Wells-Dawson structure.  

Fig. (3) depicts a SEM micrograph of fresh vanadium 
substituted and unsubstituted Wells-Dawson potassium salts. 

Both samples show a smooth morphology, in contrast to the 
rough texture obtained for other heteropolyacids with Keg-
gin structure [15].  

Moreover, Fig. (4) shows the X-ray patterns of fresh 
WDK and WDKV. Fig. (4) shows intense signals at 6.6, 7.2, 

 
Fig. (1). FTIR spectra of fresh lacunar heteropolyoxoanion, WDK and WDKV. 

 

 
Fig. (2). 31P-NMR spectra of fresh WDKV. 
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8.7, 9.0, 9.4, 15.1, 17.5, 18.2, 19.0, 24.5, 25.2, 26.4, 26.7, 
27.1, 28.6, 28.8, 29.2, 30.2 and 35.5 which coincide with 
those reported for the α/β-isomer mixture of the 
K6P2W18O62.10 H2O Dawson heteropolyoxoanion [15]. Fig. 
(4) also shows some main diffraction peaks at: 6.7, 7.3, 7.8, 
8.9, 12.7, 14.9, 15.4, 17.8, 19.5, 23.4, 23.7, 24.0, 25.1, 26.5, 
27.2, 28.1, 29.5, 32.5, 34.7, 36.0, 36.4, 37.1 and 37.2 for 
WDKV sample. The mentioned diffraction peaks coincide 
with those reported by Briand et al. for 1-K7P2VW17O62.18-

H2O [15]. These data also indicated that WDKV keeps the 
Wells-Dawson structure after vanadium substitution. 

By TGA we determined the number of water molecules 
involved in WDK and WDKV structures. A weight loss step 
was detected between room temperature and 280°C, for both 
compounds. From 280°C to 800°C no additional weight loss 
was observed. These results indicated that WDKV and WDK 
possess 10 and 7 H2O hydration molecules, respectively.  

   
a                    b 

Fig. (3). Scanning electron photomicrographs of fresh: a) WDKV and b) WDK (Magnification x 1000). 

 
Fig. (4). DRX diffractogram of fresh WDK and WDKV. 
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The acidic properties of the solid acid catalysts were 
evaluated by potentiometric titration with n-butylamine. The 
maximum acid strength of superficial sites is indicated by 
the initial electrode potential (E). According to this, the acid 
strength of the superficial sites could be classified by using 
the following range: very strong site: E > 100 mV; strong 
site: 0 < E < 100 mV; weak site: -100 < E < 0 mV; and very 
weak site: E < -100 mV [19]. By plotting the potential de-
rivative obtained versus n-butyl amine solution volume, it is 
possible to determine the number of different acidic sites 
observing the number of peaks that appear on the graph. 
Moreover, the area under each curve gives us information 
about the number of acidic sites in the catalyst. 

According to the results obtained through potentiometric 
titration by titrating n-butyl amine, WDKV has very strong 
acidic sites (E >100mV) and WDK has strong acidic sites (0 
< E < 100 mV). As a result, WDKV has more acidic sites 
than WDK, and they are a little more acid than WDK sites 
(Fig. 5).  

3.2. Catalytic Tests 

Physical data of the oxidized product were analyzed 
(TLC, NMR). By comparison between reported and experi-
mental 13C-NMR and 1H-NMR data, we conclude that the 
desired product was obtained. No secondary products were 
observed. In addition, decomposition of H2O2 is minimal in 
the reactions conditions. 

In order to study the effect of the catalyst, the comparison 
between the use of WDK, WDKV and no catalyst was made 
(Fig. 6). As we can see the conversion is higher using 
WDKV catalyst. 

Moreover, the preferable amount of catalyst (Fig. 7) was 
studied. We found that there is no significant difference be-
tween 1 and 3 mmol%. Therefore, 1 mmol% is the optimal 
amount for our system. 

The optimal ratio between 1,4-DHP and H2O2 was se-
lected by carrying out some experiences with different quan-
tities of the oxidant agent (Fig. 8). There is no significant 
difference by using quantities of oxidant agent larger than 
1:214. So, we consider that a ratio 1:214 is appropriate to 
achieve excellent conversion values. 

The last parameter that we tested is the effect of reaction 
temperature on reactant conversion, and it was tested in a 
range from 323 to 354 K (Fig. 9). As is shown, in this system 
the best option for work temperature is at reflux of the se-
lected reaction solvent. In terms of the difference between 
354 K curve shape and the other ones, it is possible to relate 
it to high reaction activation energy. The higher is activation 
energy, the stronger is the temperature dependence of the 
rate constant [20].  

It could be noted that Figs. (7 to 9) present an induction 
period at short reaction times. It is possible to explain this 
effect through the species that participate in the oxidation 
reaction. Reactive species between the heteropolyoxotung-
state and hydrogen peroxide must be formed until the desired 
reaction proceeds [21]. 

The optimal procedure is the following: 1 mmol% of 
WDKV, a ratio 1,4-DHP: H2O2 (1:214) at reflux of acetoni-
trile.  

 
Fig. (5). Potentiometric titration of n-butyl amine with WDK and WDKV. 
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Fig. (6). Selection of the optimal catalyst.  

Reaction conditions: 3 mmol % of catalyst, 1,4-DHP: H2O2 (1:214),  reflux in acetonitrile.  

 

 
Fig. (7). Selection of the optimal amount of catalyst.  

Reaction conditions: WDKV (varying from 0.5 to 3 mmol%), 1,4-DHP: H2O2 (1:214),  reflux in acetonitrile.  
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Fig. (8). Selection of the optimal ratio 1,4-DHP: H2O2.  

Reaction conditions: 1mmol % of WDKV, 1,4-DHP: H2O2 (varying between 1:1 and 1:428),  reflux in acetonitrile.  

 
Fig. (9). Study of the effect of reaction temperature.  

Reaction conditions: 1mmol % of WDKV, 1,4-DHP: H2O2 (1:214),  acetonitrile and temperature varying from 323 to 354 K.  
 

4. CONCLUSIONS 

An effective route for the reaction on oxidation of 1,4-
DHPs was developed and analyzed. We prepared a Wells-
Dawson potassium salt with a V substitution (WDKV). Also, 

we characterized this catalyst and compared the results with 
those from the literature and with another known Wells-
Dawson potassium salt (WDK). It is possible to conclude 
that the introduction of V was performed successfully, and 
the product maintains Wells-Dawson structure. Then, the 
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performances of both catalysts were compared in a desired 
oxidation reaction of a 1,4-DHP. As WDKV shows better 
conversion results, we selected this catalyst and looked for 
an optimal procedure to oxidize a 1,4-DHP by using an im-
portant excess of H2O2 in acetonitrile. It must be noted that 
along all reactions, no secondary products were observed.  
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