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NMR Studies on Interactions between Diperoxovanadate Complex
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Abstract To understand the substituting group effects of organic ligands on the reaction equilibrium, the
interactions between a diperoxovanadate complex [OV(0,),(D,0)] /[OV(0,),(HOD)] (abbr. dpV) and a
series of 3-substituted pyridines in solution were explored using multinuclear (‘H, °C, and >'V) magnetic
resonance, DOSY, and variable temperature NMR in 0.15 mol/L NaCl ionic medium for mimicking the
physiological condition. Some direct NMR data were given for the first time. The reactivity among the
3-substituted pyridines towards dpV takes the order of pyridine>nicotinate>>N-methyl nicotinamide~
methyl nicotinate. The competitive coordination results in the formation of a series of new six-coordinated
peroxovanadate species [OV(0,),L]" (L=3-substituted pyridines, =1 or 2). The results of density func-
tional calculations provided a reasonable explanation of the relative reactivity of the 3-substituted pyridines.
Solvation effects play an important role in these reactions.
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Scheme 1 Structures of 3-substituted pyridines

1—pyridine; 2—nicotinate; 3 —methyl nicotinate; 4 — N-methyl nicotinamide
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S

Bl 1 dpV 4 nic HIEAEMIKRK 'V NMR #%
Figure 1 °'V NMR spectra of the interaction system between
dpV and nic
(a)~(d) corresponding to the molar ratio of nic/dpV=0, 0.5, 1.0, and 2.0,
respectively. The total concentration of vanadate species is 0.20 mol/L, respec-

tively
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Figure 2 The 'V NMR spectra of the interaction systems be-
tween dpV and 3-substituted pyridines with 1 : 1 molar ratio

The total concentration of vanadate species is 0.2 mol/L, respectively
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Figure 3 Sy NMR spectra of the interaction system between
dpV and Me-nic with 1 : 1 molar ratio at different temperatures

The total concentration of vanadate species is 0.2 mol/L, respectively
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Figure 4 DOSY spectrum of the pyridine ring of the interaction
system between dpV and N-Me-nic

The total concentration of vanadate species is 0.2 mol/L, respectively. (a) free
Me-nic; (b) coordinated N-Me-nic
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Scheme 2 The possible interaction modes between dpV and 3-
substituted pyridines
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Table1l 'Hand "> C NMR spectra data of the interaction systems of dpV and 3-substituted pyridines

Chemical shift

System Species

'H/5 Beys

dpV+ Py [OV(O2)(Py)]

[OV(Oy)(nic)*
dpV-+nic
nic

[OV(O2)2(Me-nic)]
dpV-+Me-nic
Me-nic

[OV(0,),(N-Me-nicamide)]
dpV-+N-Me-nic
N-Me-nicamide

7.79 (s, 2H, Py-H), 8.22 (s, 1H, Py-H), 8.85 (s, 2H, Py-H)
Py 7.61 (s, 2H, Py-H), 8.06 (s, 1H, Py-H), 8.60 (s, 2H, Py-H)
7.74 (s, 1H, Py-H), 8.49 (s, 1H, Py-H), 8.83 (s, 1H, Py-H), 172.0, 151.9, 151.2, 141.9,
9.18 (s, 1H, Py-H)
7.41 (s, 1H, Py-H), 8.15 (s, 1H, Py-H), 8.49 (s, 1H, Py-H), 174.1, 151.3, 149.9, 138.7,
8.83 (s, 1H, Py-H)
3.90 (s, 3H, CHs), 7.81 (s, 1H, Py-H), 8.60 (s, 1H, Py-H), 170.6, 158.0, 155.4, 146.4,
8.95 (s, 1H, Py-H), 9.23 (s, 1H, Py-H)
3.90 (s, 3H, CHs), 7.46 (s, 1H, Py-H), 8.19 (s, 1H, Py-H), 172.0, 157.6, 154.3, 143.1,
8.60 (s, 1H, Py-H), 8.85 (s, 1H, Py-H)
2.83 (s, 3H, CH), 7.74 (s, 1H, Py-H), 8.33 (s, 1H, Py-H), 170.4, 155.8, 152.2, 1432,
8.84 (s, 1H, Py-H), 9.02 (s, 1H, Py-H)
2.83 (s, 3H, CH), 7.40 (s, 1H, Py-H), 7.97 (s, 1H, Py-H), 172.1, 155.2, 150.9, 139.8,
8.50 (s, 1H, Py-H), 8.65 (s, 1H, Py-H)

152.1,143.8, 129.0
149.7,142.2,127.7

135.4,126.8

133.2,124.9

133.2,131.3,58.0

131.0, 129.3, 58.0

135.7,130.1, 30.3

133.6, 128.1, 30.3
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Figure 5 Free energy changes of the reaction between dpV and
Py
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