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Abstract To understand the substitution group effects of organic ligands on the reaction equilibrium, the
interactions between diperoxovanadate complex [OV(0,)2(D,0)] /[OV(0,),(HOD)] (abbr. bpV) and a se-
ries of substituted pyridines 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. The reactivity order among the substituted pyridines and bpV is picolinate>isonicotinate >
methyl isonicotinate>methyl picolinate. The competitive coordination results in the formation of a series of
new six-coordinated (isonicotinate and methyl isonicotinate) or seven-coordinated (picolinate and methyl
picolinate) peroxovanadate species [OV(0,),L]"  (L=substituted pyridines, n=1 or 2). Both the different
substitution groups at the same position and the same groups at the different substitution position affect these
reactions. The results of density functional calculations provide someway a reasonable explanation for the
relative reactivity of the substituted pyridines. Solvation effects play an important role in these reactions.

Keywords diperoxovanadate; substituted pyridine; interaction; NMR; theoretical calculation

*

E-mail: yipinggui@sohu.com

Received April 17, 2008; revised June 25, 2008; accepted July 26, 2008.

% AREF 24 (Nos. 20772027, 20803020). 973 T-RAH(No. 2003CB716005). WIHi 4 H AR I 4 (No. 061730004), i [E 18+ 5 Fl4% L 42 (No.
20070410805) M4 #E 1T H 40 H (No. 06B028). [l {4 1 4 BE Ak, 27 18] 5% 0 o5 S50 & 0t B 21 H Rl v B K 244e -1 3 42 (No. E-55107) %t Bh I H .



No. 22 TR HEAE: BARIERE 5 X0 U S P AH BRI NMR FIEEIR RS 2477

bEE R A YR AV 2 EE AR E PR R,
BUBILAI S AL SR AT T2 o0l L ik &
VI AP35 K 22 U5 1 T B IR b N TR &6 1) 0 27 AH AR
PE, LA D T B IR B 2 SRR T,
Sl LAY 1) R 0T 1 2 B2 £ 11 W IR I (P TPase), &
2T R RTORE PRI RO TR (e 2y, AR
WIAR SN FOAA PS5G0 35 3R B e AT 2 A R R s . 4
1, Orvigl®F Posner™ WL 46 5 A FZ +3, +4 Al
+5 SR A D (B AU S ) H R EANITE
APARSNRIR Y IR IE 5 235 75 Abu-Omar 2557178 4=
BEAAT P AT A E DV E] DNA 3SR, BAER
WALHUMR G M. AR, EAEEAT, TR osE
PR G Z R T, FECEA YR LB
4352 2%, 1 Crans!" N BA (5T B & I 5 LRI )
T 07 7 3 K G T A (16 B 458 o A B 9% A A ) S
BRI, S5 LA 5 A LT A () PR AT A 2% T PR
LB A 8 7~ A A3t e ) S A

AR 5 R NMR 45 GBS TR T ik 4
BURC A5 AR S AT A4 s ks R AT AR AT ML
T A 0 R A R R Ay g ST R ) = ek &R
NH,VO3/H,0/N-HUAR 5 25 IRk Jie R AH B AR H, PR 40 %
527 G U I [ G S (s i U0 A Sk 1% 7 T
TAERRRNFY JE, AXFIAZZCH, PC fl >'v)24E
(DOSY). Z&ii NMR &5k ik s G Bin i &, St
FOL AL S5 BRI . R B ARG SRR AR
LRI 1 G 5T AR A AE R AR ELAE FH, 5 %2l me 34
A E AN TR RN () B P AR AN )
PrE XN ISR, DL S AR R e A 7 SR
WS, DU 7R AH ELAE T R R

1 SKIRERSY

EE{X45 A Varian NMR System 500 MHz 8 5 1% 1
LRI NMR SEEG ) = 2R 40 WA 20 C, %
F24 NaCl (0.15 mol/L)FE /K%, 'H Al °C NMR ¥ LA
DSS A W FE, °'V NMR % LA VOCL; A 415, 'H NMR i
FENMASHC BkrhEE I 4.0 s, BKIPTEE 5.0 ps,
SEAENA] 2.0 s, 395 10 kHz. °C NMR 3% =X S
B Mk ] 1.8 s, BkihBEfE 4.0 ps, SREERTH] 0.8
s, WE%E 50 kHz, 20 5000 &, W% &R 2 Hz Ji 5% K7
A PR AT AR B S 8 128 k'Y NMR %1 F R S
B WkphTERE 5.0 ps, W% 100 kHz, RFERTE 0.1 s, Bk
PHEEIN 0.1 s, BhN256 ¥k, MHILHAR S i 8 128 k,
HEEISEH 10 Hz JE 5e K T-4b 3. —4e9 e 1 (DOSY)
KRk %] DBPPSTE™, T2 2%k kb E A

INfIE] 2.0's, SREEISTE] 2.0 s, BHEE K REEEIN ) 6=1.5
ms, KB BRIE 60 G/em, §HIAEIR I 7] A=50 ms,
/2 Rl b [l 7=0.5 ms, NMR k5 i) B 3 B R B0l
o 32 W B SR S S R B R AR, AR AR R BT O [A],
— AT LA, DOSY SEUFH 12 4N R 1A 78
B, BB T 2 16 Ik, P EZ 15
min.

G BT AR 1 NaHCO;+ NH4VO;. NaCl. 30%
H,0,. J¥ 2% W ER (picolinic acid). 7 {H i (isonicotinic
acid). SHHIR F ik (methyl isonicotinate, 4f5: Me-i-nic,
3). JFE M HE(methyl picolinate, 4fi’5: Me-pic, 4)%514
HBNEARIE AT =5, IrARAREH—Paifk, FK
h A6 BB G 2 F 7, S KB S 2 RK.
JH PR #R (isonicotinate, 4§ 5 : i-nic, 1)l % 5 MR R
(picolinate, 4i5: pic, 2)ifiil NaHCO; 5 7B E f %
PRERLL 10 1(BE/REDRABJEAEL S AR, LKL 1.
TS % 1 U R [OV(O),(D30)] /[OV(O2),(HOD)] ™
(455 A bpV)iliid NH,VO; Hl HyO, BA 10 5 (B /R ELAE
R A G133

|
‘0.0 o__0
- N
E% O E% O
/ /
Nig Y% N S
1 2 3 4

B 1 Btz g
Scheme 1 Structures of substituted pyridines

1—isonicotinate; 2 —picolinate; 3 —methyl isonicotinate; 4 —methyl picolinate
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Figure 1 °'V NMR spectra of the interaction systems between
bpV and i-nic
(a)~(d) corresponding to the molar ratio of i-nic/bpV=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-
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tween bpV and substituted pyridines
(b)~(e) corresponding to the molar ratio between bpV and substituted pyri-
dines with 1 1. The total concentration of vanadate species is 0.20 mol/L,
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Figure 3 °'V NMR spectra of the interaction systems between bpV and pic (A) or Me-pic (B) at different temperatures

The molar ratios between bpV and pic or Me-pic is 1 : 1. The total concentration of vanadate species is 0.2 mol/L, respectively
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Table 1 'H and ">C NMR spectra data of the interaction systems of bpV and substituted pyridines
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Figure 4 DOSY spectra of the interaction system between bpV
and i-nic (A) or pic (B)

The molar ratios between bpV and pic or Me-pic is 1 : 2. The total concentra-
tion of vanadate species is 0.2 mol/L, respectively. Figure 4(A): (a) free i-nic;

(b) coordinated i-nic; Figure 4(B): (a) free pic; (b) coordinated pic
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Scheme 3 The possible interaction modes between bpV and
substituted pyridines
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