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NMR Studies on Interactions between Diperoxovanadate Complexes
and 1-Methylimidazole
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Abstract To understand the effects of organic ligands of the diperoxovanadate complexes on the reaction
equilibrium, the interactions between a series of diperoxovanadate complexes [OV(0,),LL']"" [n=1~3;
LL'=oxalate, abbr. oxa; picolinate, abbr. pic; 2,2'-bipyridine, abbr. bipy; and 1,10-phenanthroline, abbr.
phen. The corresponding peroxovanadate species abbreviate bpV(oxa), bpV(pic), bpV(bipy), and
bpV(phen)] and 1-methylimidazole (abbr. N-Me-Im) in solution were explored using multinuclear ('H, "*C,
and 51V) magnetic resonance, COSY, and variable temperature NMR in 0.15 mol/L NaCl ionic medium for
mimicking the physiological conditions. The experimental results indicated the activity order of these four
complexes with 1-methylimidazole as follows: bpV(oxa)>bpV(pic)>bpV(bipy)>bpV(phen). Both the co-
ordinating capability and the steric effect of the organic ligands affect the reaction equilibrium. At the same
time, a new six-coordinated peroxovanadate species [OV(O,),(N-Me-Im)] is formed due to the competitive
coordination.

Keywords diperoxovanadate; 1-methylimidazole; interaction; NMR

* E-mail: yipinggui@sohu.com
Received March 28, 2007; revised May 22, 2007; accepted June 25, 2007.
973 T8 (No. 2003CB716005). I HARFHEIE4:(No. 06JI30004). IR U /T 1 4E01 H (No. 06B028) P A (R a4 LA B E A BT RI
(No. 3502Z20051027) J& "] 115 B K P BRI 42 (No. WKj2005-2-019) B 442 T4 BE A4 27 [5] 5 7 A S0 s TS0 < R0 e Bl s K 241 - 546 (No.
E-55107)% By H.


https://core.ac.uk/display/41349506?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

No. 16 THEHAE: NMR WFFT N-HRE DK 00 S S RC & 0RO AR H A H 1549

P EW EAEEW AT RE, AN &R D)
Aet G EBAE M, W Cantley 5" R BUALEZAR XS ATP fi§
(M FEH, Dubyak SEPHRE T 4R Bk HAT 2885 211
YR, ATAS AT AR AL 5 90 A A R0 () it R Y B 9
WO, ISP S AR G A 27 A fh 27 F AR

BIREHRE L 43, +4 F+5 W& PL &I
FUEATE I 5 235 P, Abu-Omar 25O0E A4 3 418 R 3k
1T B G S TCARAR BAE 3 1% . OV HLER LA
Je V)% DNA TG PEAR B 2R 05T, 1M Crans 267 5T
b ARV A T7 2R L P A (R A o) G A B P 1) 5
EAT S0 Tt 28 LA Pl 55 A L C AR T) 7 A B A R AR oG
(A7 A4 22 B0 0 B 48 7 FL AR ) Pk 1) B . H
Rl A 32 BT A ARG ERONMR)® P e
S5 R (ESI-MS)! 1300 iy 8 e SR Sk 181017
E 3

Pettersson 25815 1] 'V NMR 45 & i3, RG0S
TR PRI M B - P 2 JRAH B AE A & 1 4
Lo, Tracey 512 MBHIFSY T 418008 J HAT A4
A UGS A BV VP A BRAn™ Pl wi
HEAT T 1 S &) 5 AN TR A BILEC AR R AR T4 T R
£ 75 AL, AR %5 T TAERRAFIY &, A3l
AR 2R LS Y W) — AR A AR AR T 1)
FHEAER, AR O RE R0 2 a) o7 BH 55 D
FX NS . ik, AXRIA £ (‘H, Pc
V), ZYE(COSY) AR NMR 5220770, ARl
BAAF T WK R[OV(O2)LLT" (n=1~3, LLWAHL
BeAA) 5 N-FIBEBR (465 2 N-Me-Im)AH A A 4
FRIBCAT 77 XA SOH = A s g i, DA 7S A B
5 FH B AR FIATL .

EHXAE N Varian Unity” 500 MHz 8 S iR
1. NMR SE56  F SENAA A WA 25 °C, %y
NaCl (0.15 mol/L) /K %7, 'H 1 °C NMR i LA DSS
PR, *'V NMR % BL VOCI; b #hx. "H NMR i 1) 3 2201
RBHC Mk EE A 4.0 s, BKAP 98T 5.0 ps, KAEN
[7]2.0's, #5510 kHz."*C NMR % () 2R S50 Bkt
FEAENE 2.0 s, BT 4.0 ps, KFERA] 0.7 s, %58
50 kHz, Z30115000 X, i%EIRH] 2 Hz & 56 i 1 Ab 2,
ST AR MR S B 128 k. TV NMR 5 1 R S5 koh
TEIE 5.0 us, WEDE 100 kHz, SREERFIE] 0.5's, Fikyh &
(] 1.0's, 8300128 Ik, (A4 nidh 128 k, 1% &R H]
10 Hz J& 5% N Ab 3.

S B AR 57 40 NaOH, NH,VOs, NaC,0,, N-H
FEIKME, 2,2 - ICIERE, 1,10-2FSEPSIRAT 30% H,0, 14
= oy A el m), B B WRIR b 11 R A |l P, BT A
FIARGH—Daith. F 30 R SN A Y
[OV(0,),LL'T", (Scheme 1) [n=1~3, 4 LL'J} 5} 5/
MR BB URERAR « 2,2'-IBCnEE e R 1,10-48 EMSURK IS 43 1) 4
54 oxa, pic, bipy 1 phen, 5 &AL XU S S Fh
43546 5 S bpV(oxa), bpV(pic), bpV(bipy)A! bpV(phen),
SCH R R B K bpV o iZ R B A AL Bl ).
bpV(oxa), bpV(bipy)Fl bpV(phen)ili it A H.1E H & &
NH,VOy/H,Ox/F AW R E L 115 0 IR G
G E, 1M bpV(pic) W i 4 2 NH,VO,/H,0./ %
DRI /NaOH(W) R IR 125 0 1 0 DIRS JEIELS R

GE
0 -

[OV(Og)aLLT™

N g
00O | 2N N
LL'= j/i ZN
07 "o “~ "N Z "N
[¢) (o} \ | ™ |
oxa pic bipy phen
Scheme 1
2
2.1 bpV  N-Me-Im (L") v H
NMR

Kl 1(a) WA HAE A R NH,VO3/H,05/0xa (P51
M 105 01, PUNEAWKEEA 0.2 mol/L, ek
ALIEMFEDK °'V NMR i, 535076 6 —738 Fl—692
B I 7= AR — AN AR KRR /N (1 il 0, 43 S VA g T ) el
bpV(oxa)FI[OV(O)x(L")] (L"h D,0 8 HOD)!'**, fifi
# N-Me-Im [RIAHTHIA, bpV(oxa)FI[OV(O,)(L")] Fi
XoF IV [ R U ARG T AR S T 55, AH RV HBAE 6 —748 A
J& Jg BT 7 A R SR AP [OV(0,)(N-Me-Im)] , 455
i bpV(N-Me-Im) 3 tH BT (1) i e, HASWT g 58, DL
B 1R 2(b). [FEAE 6 —732 BT HEL— NN
W, V8 =i R V(0,):] 21 2 N-Me-Im 5
BRI EMLILER 1 K, YW bpVioxa) 5
[V(O2)s] TEARFR TR IR 53 20200 16%; 1 4 N-Me-Im
HRAHMY R R A R 1.5 L ER, bpV(oxa)Fl
[V(0,);] EL3EAP IR e 4.



1550 % %

Eibd Vol. 63, 2007

(e) n(L")/n(bpV)=2.0 J L

(d) (L"Yn(bpV)=1.5 JL

(c) (L"Yn(bpV)=1.0

(b) n(L"Yn(bpV)= 0.5 M
(a) n(L")/n(bpV) =0 J
AN

T I T I
-660 -700 -740 -780
)

B 1 bpV(oxa)5 N-Me-Im FHHAEHI ) *'V NMR
Figure 1 °'V NMR spectra of the interaction system between
bpV(oxa) and N-Me-Im
(a)~(e) corresponding to the molar ratio of N-Me-Im (L")/bpV=0, 0.5, 1.0,
1.5, and 2.0, respectively. The bpV means both bpV(oxa) and [OV(0,)>(L")]"
(L"'=D,0 or HOD). The total concentration of vanadate species is 0.20 mol/L
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Figure 2 The >'V NMR spectra of the interaction systems be-
tween bpV and N-Me- Im (L")

The total concentration of vanadate species is 0.20 mol/L, respectively
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Figure 3 The '"H NMR spectra of the interaction systems be-
tween bpV and N-Me-Im (L")

The total concentration of vanadate species is 0.20 mol/L, respectively
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bpV(phen) and N-Me-Im at different temperatures
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Figure 5 The 'H-'H COSY spectrum of aromatic ring of the
interaction systems of bpV(bipy) and N-Me-Im

(a) Coordinated bipy; (b) free bipy; (c) coordinated N-Me-Im; (d) free
N-Me-Im
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£ 1 bpV M N-Me-Im M HAEHER M 'H A PC NMR i
Table 1 'Hand *C NMR spectral data of the interaction systems of bpV and N-Me-Im
Svst Soeci Chemical shifts
stems €Cles
Y P Ho BC s
[OV(Oy)y(oxa)] 175.8, 170.4
Oxa 175.8
) ~ 3.76(s, 3H, CHy), 7.23 (s, 1H, Im-H), 7.34 (s, 1H, Im-H), 8.11 (5, 141 6. 129.7
bpV(oxa)+N-Me-Im [OV(0,),(N-Me-Im)] 1H, Im-H) 125.0, 36.8
e igélisl, ;1){ CHy), 718 (s, TH, Im-H), 723 (s, I 1m-H), 817 (5,10 o0
’ 125.0,37.1
171.7, 155.1
. 7.73 (s, 1H, Py-H), 8.01 (s, 1H, Py-H), 8.16 (s, 1H, Py-H), 9.27 (s, ’ ’
[OV(O,)x(pic)] - P( ) y-H). 801 ( y-H). 816 ( YH92TG 1535, 1446,
Y 130.7, 128.0
175.7, 155.6,
Pic 7.40 (s, 1H, Py-H), 7.76~7.84 (m, 2H, Py-H), 8.45 (s, |H, Py-H)  150.9, 140.2,
bpV(pic)+N-Me-Im* 128.4,126.3
 3.72(s,3H,CH3), 7.20 (s, 1H, Im-H), 732 (5, 1H, Im-H), 8.09 (5, 1415, 129.8.
[OV(O2)2(N-Me-Im)] 1H, Im-H) 125.0, 36.8
3.63 (s, 3H, CHj), 7.00 (s, 1H, Tm-H), 7.06 (s, 1H, Im-H), 7.76 (s, 140.7, 128.0,
N-Me-Im 1H, Im-H) 124.3,36.2
157.0, 156.1
7.32 (s, 1H, Py-H), 7.60 ~ 7.65 (m, 1H, Py-H), 7.74~7.82 (m, IH, "7 o'
o Py-H), 7.95 (d, J=7.63 Hz, 1H, Py-H), 8.06~8.11 (m, 1H, Py-H), DA
OV(0,)y(b 144.2, 141.6
[OV(O2),(bipy)] 8.19 (d,J=7.63 Hz, 1H, Py-H), 8.41 (s, IH, Py-H), 043 (s, IH, " ~0°>
P _H Vs . 2
y-H) 125.3, 123.5
157.3, 151.4
. . 7.22~7.27 (m, 2H, Py-H), 7.74~7.82 (m, 4H, Py-H), 7.99~8.04 ’ ’
bpV(bipy)+N-Me-Im*  Bipy (m y-H) (m y-H) 140.7,127.1,
368 (s, 3H, CH3), 7.16 (s, 1H, Im-H), 7.29 (s, 1H, Im-H), 8.06 (5, 141 5, 1297,
[OV(O,)(N-Me-Im)] 1H, Im-H) 124.9,36.7
3.57 (s, 3H, CH;), 6.90 (s, 1H, Im-H), 6.98 (s, IH, Im-H), 7.58 (5, 141.0, 129.2,
N-Me-Im 1H, Im-H) 124.1,35.8
156.5, 148.7
7.27 (d,J=8.85 Hz, 1H, Phen-H), 7.32 (dd, J=7.93,427 Hz, 1H, > 07
Phen-H), 7.37 (d, J= 8.85 Hz, 1H, Phen-H), 7.62 (dd, /=8.24,4.58 | """
[OV(O,),(phen)]” Hz, 1H, Phen-H), 7.75 (d, J= 7.93 Hz, 1H, Phen-H), 8.06~8.12 (m, 131'7’ 130.8’
H, Phen-H), 8.68 (d, =4.27 Hz, 1H, Phen-H), 9.59 (d, J=4.58, 1H, | "' 0"
Phen-H DA
en-H) 127.3, 1272
Ph 151.9, 146.3
bpV(phen)+N-Me-Im”  Pen 7.04 (s, 2H, Phen-H), 7.49 (dd, J=7.93, 4.58 Hz, 2H, Phen-H), 1393, 1307
8.06~8.12 (m, 2H, Phen-H), 8.34 (d, J= 3.96 Hz, 2H, Phen-H) 8.6 1959
_ 3.59(s,3H, CH3), 7.06 (s, 1H, Im-H), 724 (s, 1H, Im-H), 7.99 (5, 1414, 1297,
[OV(O2)2(N-Me-Im)] 1H, Im-H) 124.8,36.6
Mol 3.46 (s, 3H, CHj), 6.80 (s, 1H, Im-H), 6.86 (s, 1H, Im-H), 7.42 (s,  140.8, 129.7,
-vie-lm 1H, Im-H) 123.9,35.6

“bpV(oxa)ak bpV(pic)zk bpV(bipy) Al N-Me-Im KI¥I R IR IIEL N 1 1, *bpV(phen) 5 N-Me-Im FI¥ T IR N 1 ¢ 5.
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2.3 bpV N-Me-Im
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4 kg

i G eI PRI R K NMR 1%, 7R
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B 6 HMHEAHIER bpV(bipy)5 N-Me-Im [ °C i
Figure 6 'C spectrum of the interaction system of bpV(bipy)
and N-Me-Im

(a) Coordinated bipy; (b) free bipy; (c) coordinated N-Me-Im; (d) free
N-Me-Im
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Scheme 2 The possible interaction modes between bpV(oxa),
bpV(pic), bpV(bipy) or bpV(phen) and N-Me-Im
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