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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~
methy| nicotinate. The competitive coordination results in the formation of a series of new six-coordinated
peroxovanadate species [OV(O,),L]" (L =3-substituted pyridines, n=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 1l Structuresof 3-substituted pyridines
1—pyridine; 2—nicotinate; 3—methyl nicotinate; 4—N-methyl nicotinamide

VTSR 1 e A % 2 6 B3LY P /7224,
Xz E e VR Lanl2dz 4364, % C, H, O fI N
WK 6-31+G*5E4l. Fr YR #EAT T 45 M 4tk
FHRBIBAR A, LR AR R Sl B0 R AT aad i 25
A 1AL AR ARG R 1, R
PCM #7252 (polarizable Continuum Model)if 4T 5. 15
REVHEL, LUMRAEHIL . JT a5 #87E Gaussian 03
FERFAP ERAT, RIEMFTE fE RIS AG(298 K)If:-L
kImol 4y FA .

2 HR5WE

2.1 dpV 5 3-BURMIEHEEIERKZRES 'V NMR FFR

AN [RI ) o PR R AR 23 ) I AR 461 dpV (0.2
mol/L)# i, AHN HWERAE 6 — 707 BT H BB ) 1,
VA S T35 7 A AR OV (O,)2(nic)]? (455 A dpV(nic))
LB 1R, L@ EY) dpV 1f 2V NMR %, 7 6
—692 PR A AN i et 20%8 it o N A



No. 20

P 5tAE s WO AAIC S5 3-BURIEBE AN B AEHIH) NMR #IF5E 2205

(d) n(2)/n(dpV) = 2.0

(¢) n(2)n(dpV) = 1.0

(b) n(2)/n(dpV) =0.5
‘_//L (a) n(2)/n(dpV)=0

T T T
-680 -720 -760
o

i
:

1 dpV 5 nic AHAE AR *V NMR %
Figure 1 'V NMR spectra of the interaction system between
dpV and nic
(8~ (d) corresponding to the molar ratio of nic/dpV =0, 0.5, 1.0, and 2.0,
respectively. The total concentration of vanadate speciesis 0.20 mol/L, respec-
tively
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Figure 2 The 5’V NMR spectra of the interaction systems be-
tween dpV and 3-substituted pyridineswith 1 : 1 molar ratio

The total concentration of vanadate speciesis 0.2 mol/L, respectively
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Figure 3 ° NMR spectra of the interaction system between

dpV and Me-nicwith 1 : 1 molar ratio at different temperatures
Thetotal concentration of vanadate speciesis 0.2 mol/L, respectively
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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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Tablel ®H and**C NMR spectradata of the interaction systems of dpV and 3-substituted pyridines

System Species Chemical shift
|
M6 Bclo
ooy [OV(0,)x(Py)] 7.79 (s, 2H, Py-H), 8.22 (s, 1H, Py-H), 8:85 (s, 2H, Py-H)  152.1, 143.8, 129.0
P Py 7.61 (s, 2H, Py-H), 8.06 (s, 1H, Py-H), 8:60 (s, 2H, Py-H) 1497, 142.2, 127.7
. 7.74 (s, 1H, Py-H), 8.49 (s, 1H, Py-H), 8.83 (s, 1H, Py-H), 1720, 1519, 151.2, 141.9,
oV i [OV(Gaz(nic)] 9.18(s, 1H, Py-H) 1354, 126.8
P . 7.41 (s, 1H, Py-H), 8.15 (s, 1H, Py-H), 849 (s, 1H, Py-H), 174.1, 151.3, 149.9, 138.7,
8.83 (s, 1H, Py-H) 133.2,124.9
o 3.90 (s, 3H, CHs), 7.81 (s, 1H, Py-H), 8.60 (s, 1H, Py-H), 170.6, 158.0, 1554, 146.4,
oV Meric [OV(O:(Menic)] 8.95 (s, 1H, Py-H), 9.23 (s, 1H, Py-H) 133.2, 131.3, 58.0
P Meric 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) 131.0, 129.3, 58.0
- 283(s 3H, CHy), 7.74 (s, 1H, Py-H), 833 (s, 1H, Py-H), 170.4, 155.8, 152.2, 1432,
[OV(0,)x(N-Me-nicamide)] ) )
4oV -+ NeMenic 8.84 (s, 1H, Py-H), 9.02 (s, 1H, Py-H) 135.7,130.1, 30.3

N-Me-nicamide

2.83 (s, 3H, CHy), 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)

133.6, 128.1, 30.3
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