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Abstract To understand the substituting effects of organic ligands on the reaction equilibrium, the interac-
tions between diperoxovanadate complex [OV(0;),(D,0)] /[OV(0,),(HOD)] and a series of N-substituted
picolinamide ligands in solution were explored using multinuclear (‘H, "°C, and *'V) magnetic resonance,
COSY, DOSY, and variable temperature NMR in 0.15 mol/L NaCl ionic medium for mimicking the physio-
logical conditions. The order of reactive capability of the picolinamide-like ligands with [OV(0,),(D,0)] /
[OV(0,),(HOD)] is as follows: N-methylpicolinamide =~ N-(2-hydroxyethyl)picolinamide > N-ethyl-
picolinamide > N-propylpicolinamide. The substituting group influences the reactivity by an electron effect.
Competitive coordination interactions result in a series of new seven-coordinated peroxovanadate species
[OV(O,),L] (L=N-substituted picolinamide).

Keywords diperoxovanadate; N-substituted picolinamide; interaction; NMR

PV EAT B DRE, XA SR HY, DL & TS © 38 0 AL B LA 5 )
RESA E LRI, AR S0 2 Rl iy, o i (3 iﬁﬁﬁji%ﬁ%ﬁﬁﬁ’ﬁﬁi%ﬁiwﬁﬂmﬂ
PERAT BRI AR, O i AR I R AT I A Fehz —U il Abu-Omar 55OF A A E N il

* E-mail: yipinggui@sohu.com
Received February 3, 2007; revised May 28, 2007; accepted July 9, 2007.
973 FUE&E(No. 2003CB716005). 5 SR F 22 4x(No. 20772027) Wi A AREFA I 4 (No. 061730004) 1[5 14 1 J5 Bl 22 54 (No. 20070410805).
TAERGREE) DAEBE A B RI(No. 3502220051027) J& 11 T AE B KIS (No. Wkj2005-2-019). B {44 T BEAL 2 [ 5 T A 525
& FF TR i s R K 21 - 3642 (No. E-55107)%¢ B H .



2358 %

i Vol. 63, 2007

1T RS S ) S AR BAE FH MBI 712 IOV HLEE LA
FU1E] DNA S AR T R FSY. WF9T 3 IR SR Iy
5 s L BT AR PR B S LA M S e KT, IRt
REAEAL R S B USR] PO A AL 2 P R RF 9 SRk
PR S P A IR, %A ) T R T VR
R 3 EPRNMR)® L, HsE 2 % (ESI-MS)! B fir
2 U OTRI M Sk R A0

Pettersson 25 H] S'V NMR 45 & sk, RGH9T
THEAEHE HYH,VO5 /Hy0o/L (L W BCAA) (4 A
YRS AT A SE AT b AT T B AT A4 5 ik
AP A A EAE R ES. 1205 T TAE RN
e, ARSCMERTFT R BRI 2 N AR EE 6 =
NPT, ik, ASCRIAZECH, PC V)2 4
(COSY #1DOSY)HMIAZH NMR &% 07 vk, 7842 1 4
TIPSR R NHVOL/HL0o/L (L A 25 WK %) IR AH HLAE
FIRE S A A 77 2 CL A Rl s i 4k, LABE
FUAN[F) 5 IR B et Jse I T 48 (1 s i, 87 A ELAE FH )
AL,

1 KW

T LSS A Varian Unity” 500 MHz # %R
3. NMR L5 1) 3= MRS AT AL25 °C, A4 NaCl
(0.15 mol/L)FL/K¥¥#E, 'H Al °C NMR % LA DSS 4 xR,
'V NMR #%LL VOCI; 4%, "H NMR #% (1 250K 2
e WK EERE 3.0's, TKPRTERE 5.0 ps, SRAEWI[H] 2.0's,
W58 10 kHz. °C NMR W[ = ZEERSH0 fikor 55 A ]
2.0 s, BKIHFERE 4.0 ps, SRAERTA] 1.0 s, W58 50 kHz, £
15000 7%, WEEIRH 2 Hz 98 R ACEE, A7 AR 05
#7128 k. °'V NMR i) L8R B4 kb 56 5.0 ps,
9% 100 kHz, AAERFA] 0.5 s, kP EE A 1.0 s, £
256 Ik, AR S K 128 k, 1% ISR 10 Hz J# 55 A1
AEEE, FERT ST AL JE B A Ay, Y
I Bkb 7241 BPPSTE!), =2l 2% fikr B4 i)
(W] 4 s, SRAERFIA] 1.2 s, BRREIAMKITRFEETA] 6=1.5 ms,
BB 30 Glem, §HUZEIRI ] 4=300 ms, fik
PRIAIRE 7=1.8 ms. NMR R4 1) 9 R 20— i T i
BT R AR P R AR, A RIAR R B E R, —
MR TR EALAL. AKX DOSY SEK R 12 AN R6
SRIE, RENMEREIAREE T 20 16 IR,

S BT AR 57060 NH,V O3 1 30% H,0, 2584 g [ 7
SIMTAARF, R —Dalitk; i N-IUR R SR EE R,
W1 N-FA -l LR BEG . N- 5B I % . N-Q2-F2 4
FE)- R R IERG . N-TN - B B R BE R (o 465 N-
Me-picolinamide, N-Et-picolinamide, N-EtOH-picolinamide
Fl' N-Pro-picolinamide) 3% 3Lk 7 1A 4 ik, WL 1.
N K E A [OV(0,)2(D,0)] /[OV(0,),(HOD)]

(4524 bpV)illid NH,VO; A1 H,0, BA 15 RS /RLEAE
KRS G 1E kA s 21,

X X

| H | H
N/ N N/ N~
1 2
X ~
| N | N
L o
O O
3 4

B 1 N-IUAR B I 1 11 454
Scheme 1  Structures of N-substituted picolinamide
1—N-Methyl picolinamide; 2—N-Ethyl picolinamide; 3—N-(2-Hydroxyethyl)

picolinamide; 4—N-Propyl picolinamide
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Figure 1 °'V NMR spectra of the interaction systems between
bpV (0.20 mol/L) and N-Me-picolinamide

(a)~(f) corresponding to the molar ratio of N-Me-picolinamide/bpV=0, 1, 2,
3,4, and 5, respectively
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Figure 2 °'V NMR spectra of the interaction systems NH;VO5/
H,0,/N-substituted picolinamide with a 1 : 5 I 1 molar ratio in
NacCl (0.15 mol/L) D,O solution

The total concentration of vanadate species is 0.2 mol/L
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Figure 3 °'V NMR spectra of the interaction system between
bpV (0.2 mol/L) and N-Et-picolinamide with 1 . 2 molar ratio at
different temperatures (From bottom to top, the temperature in-
creases, and then decreases)
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Table 1

'H and ">C NMR spectral data of the interaction systems of NH,;VO5/H,0,/N-substituted picolinamide (1 : 5 : 2)

Chemical shift

Ligand Species

'H () B3¢ ()

2.80 (s, 3H, CHs), 7.88~7.92 (m, 1H, Py-H), 8.16
(d,J=17.50 Hz, 1H, Py-H), 8.32 (t, J=7.50 Hz, 1H,

N-Me-picolinamide ~ [OV(O,),(N-Me-picolinamide)]

164.6, 153.9, 147 .4,
142.0, 128.8, 123.5,

Py-H), 9.45 (s, 1H, Py-H) 26.5

167.2,148.6, 148.5,

2.95 (s, 3H, CHy), 7.56 (t, J=5.64 Hz, 1H, Py-H),
7.92~7.99 (m, 2H, Py-H), 8.54 (s, 1H, Py-H)

N-Me-picolinamide

138.3, 127.0,
122.0,25.9

1.05 (t, J=7.00 Hz, 3H, CH;), 3.18 (q, J=7.00 Hz,
2H, CH,), 7.85~7.89 (m, 1H, Py-H), 8.13 (d, J=
7.50 Hz, 1H, Py-H), 8.24 (t, J=7.50 Hz, 1H, Py-H),
9.37 (s, 1H, Py-H)

N-Et-picolinamide [OV(0O,),(N-Et-picolinamide)]

1.15(t, J=7.00 Hz, 3H, CH;), 3.34(q, J=7.00 Hz,
2H, CH,), 7.45~7.51 (m, 1H, Py-H), 7.81~7.85
(m, 2H, Py-H), 8.46(s, 1H, Py-H)

N-Et-picolinamide

166.5, 156.1, 150.3,
144.7,131.5, 126.2,
38.1,15.8

169.1,151.4,151.2,
141.0, 129.7, 124.9,
37.3,16.3

3.34 (t,J=5.00 Hz, 2H, CH,), 3.61 (t, J=5.00 Hz,
2H, CH,), 7.82~7.87 (m, 1H, Py-H), 8.15 (d, J=
7.50 Hz, 1H, Py-H), 8.22 (t, J=7.50 Hz, 1H, Py-H),
9.37 (s, 1H, Py-H)

N-EtOH-picolinamide [OV(O,),(N-EtOH-picolinamide)]

3.49 (t, J=5.50 Hz, 2H, CH,), 3.71 (t, J=5.50 Hz,
2H, CH,), 7.45 (t, J=6.00 Hz, 1H, Py-H), 7.79~
7.82 (m, 2H, Py-H), 8.4 (t, J=4.50 Hz, 1H, Py-H)

N-EtOH-picolinamide

167.3, 156.4, 150.0,
144.7,131.7, 126.5,
62.3,44.9

169.7,151.3,151.3,
141.0, 129.8, 125.0,
62.6,44.2

0.80 (t, J=7.00 Hz, 3H, CHj), 1.40~1.50 (m, 2H,
CH,), 3.12 (s, 2H, CH,), 7.82~~7.92 (m, 1H, Py-H),
8.16 (d, J=7.50 Hz, 1H, Py-H), 8.26 (t, J=7.50 Hz,
1H, Py-H), 9.37 (s, 1H, Py-H)

N-Pro-picolinamide ~ [OV(O,),(N-Pro-picolinamide)]”

166.8, 156.3, 150.3,
144.7, 131.5, 126.3,
44.8,24.1,13.2

0.88 (t,J=7.00 Hz, 3H, CH;), 1.51~1.62 (m, 2H,
CH,), 3.25~3.34 (m, 2H, CH,), 7.46~7.53 (m, 1H,
Py-H), 7.82~7.92 (m, 2H, Py-H), 8.49 (s, 1H,

N-Pro-picolinamide

Py-H)

169.5, 151.6, 151.3,
141.0, 129.7, 125.0,
44.0,24.6,13.3

—N 0 =N oL
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Figure 4 The resonant structure of N-substituted picolinamide
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Figure 5 'H-'"H COSY spectrum of the interaction systems of
NH,VO;/H,0,/N-EtOH-picolinamide (1 - 5 : 2) in solution

a—Coordinated ligands; b—free ligands
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Figure 6 DOSY spectrum of the interaction systems of
NH,VO3/H,0,/N-EtOH-picolinamide (1 : 5 : 2) in solution

a—Solvent; b—free ligands; c—coordinated ligands
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