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Abstract 

Reaction of Sal-L (Sal=salicylaldehyde; L= Girard reagent P or T) with (C,H,),NVO, yielded the title complexes, which 
have been characterized by elemental analysis, ‘H NMR, IR spectra and conductance measurement. The X-ray crystal analyses 
of the compounds reveal that the molecules possess a VO,’ unit which is in cis-configuration. From the structures, we can 
also see that the ligands are present as tridentate donors coordinating through the atoms of ONO, which form a distorted 
trigonal bipyramid configuration in complex II and a square pyramid in complex I. 
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1. Introduction 

Vanadium chemistry has aroused considerable in- 
terest in recent years in view of its special structures 
and biological effects [1,2]. The heightened interest in 
the biological chemistry of vanadium is due to the 
recent discovery of the first two vanadoenzymes (ni- 
trogenase and bromoperoxidase [3-51). Vanadium ni- 
trogenase may contain a V-Fe-S cluster that is a 
structural analogue of the molybdenum enzyme [6,7]. 
The bromoperoxidases are thought to contain a mono- 
nuclear vanadium(V) active site [S]. A large number 
of vanadium Schiff base complexes are known. They 
all have a square pyramid or octahedron configuration. 

There have been a lot of vanadium complexes with 
Schiff bases reported in previous papers, but so far no 
cis-dioxo vanadium(V) with a Schiff base complex mon- 
omer. Scheidt et al. and Giacomelli et al. have reported 
the crystal structures of [02VA13- (A=EDTA), 
[O,V(OX)*“-] (OX = oxalate) and [Q,VO,]- (Q =8- 
quinolinato anion) [9-111. These anions contain a cis- 
VO,’ unit, and vanadium is in the octahedron con- 
figuration. We first synthesized two cis-dioxo vanad- 
ium(V) monomers [V02(Sal-P)] . CH,OH and 
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[VO,(Sal-T)]. In the present paper, we describe the 
syntheses and spectroscopic characterizations of the 
title complexes. X-ray diffraction analyses have been 

performed on the title complexes. 

2. Experimental 

Girards reagents T and P (T= NH,NHCOCH,N- 
(CH,),Cl; P = NH,NHCOCH,NC,H,Cl) were obtained 
from the British Drug Houses Ltd. All other reagents 
were purchased commercially and used without further 
purification. The ligands Sal-P and Sal-T were prepared 
by condensing salicylaldehyde with stoichiometric quan- 
tities of Girards reagent P and Tin ethanol, respectively. 
The vanadium material (C,H,),NVO, was synthesized 
in a similar method to that given in the literature [12]. 
IR spectra were recorded as KBr discs on a NIC-SDX 
spectrophotometer. Elemental analyses were measured 
on an Italy 1106 apparatus. Molar conductivities were 
measured on a DDS-11A conductivity set. ‘H NMR 
spectra were recorded on a Varian FT-80A spectro- 
meter. 
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2.1. Preparation of [ VO,(Sal-P)] . CH,OH (I) 

Sal-P (291.5 mg, 1 mmol) was dissolved in methanol 
(50 cm’) and (C,H,),NVO, (229 mg, 1 mmol) was 
added at room temperature. The solution immediately 
became yellow. After slow evaporation of the solvent, 
single yellow crystals were isolated. Yield 70%. Anal. 
Found: C, 48.8; H, 4.4; N, 11.5; Calc. for C,,H,,N,O,V: 
C, 48.8; H, 4.4; N, 11.4%. 

2.2. Preparation of [VO,(Sal-T)] (II) 

Complex II was prepared by a similar procedure to 
that of I. Sal-T was dissolved in methanol, followed 
by addition of (C2H5),NV03 to afford II. Yellow crystals 
of II were obtained after slow evaporation. Yield 75%. 
Anal. Found: C, 45.3; H, 5.0; N, 13.2; Calc. for 
C,,H,,N,O,V: C, 45.4; H, 5.1; N, 13.2%. 

2.3. X-ray structure determinations for compounds I 
and II 

A selected single crystal of I with dimensions 
0.05 x0.20X0.30 mm was sealed in a glass fibre tube 
together with a small amount of mother liquor, as the 
crystal was sensitive to loss of solvent. A suitable crystal 
of II with dimensions 0.20 X 0.20 X 0.40 mm was mounted 
on a glass fibre. All the intensity data were collected 
on an Enraf-Nonius CAD4 diffractometer using graphite 
monochromated Cu Ka radiation (h = 1.54184 A). The 
scan mode was w-20. Crystal data and collection and 
processing parameters are given in Table 1. 

Table 1 

Crystallographic data for complexes I and II 

Complex I II 
Formula C&,&GV C&&J@4V 
M, 369.25 317.22 
Colour yellow yellow 
Crystal sy&em triclinic monoclinic 
Space group Pi Qlc 

a (A) 7.542(2) 

b (A) 

7.778(2) 
9.942(2) 

c (A) 

16.155(3) 
11.745(3) 11.178(2) 

a (“) 82.48(Z) 

P (“) 105.23(2) 100.31(O) 

Y (“) 108.33(3) 
u (A”) 805.87 1381.9 
Z 2 4 
D, (g cm-‘) 1.522 1.53 

P (cm-‘) 54.8 62.3 

F(OOO) 380 660 
213 Limits (“) 2-120 2-120 
Total reflections measured 2530 2260 
Unique data used (1>3@)) 2524 2153 
R 0.066 0.055 

RV 0.063 0.054 

The structure analyses were performed on a PDPll/ 
44 computer with the SDP program [13]. The positions 
of the vanadium atoms were determined by direct 
methods. The positions of the other non-hydrogen atoms 
were revealed by difference Fourier synthesis. The 
positions of the hydrogen atoms were calculated as 
idealized contributions. Full-matrix least-squares was 
used to refine the structures. 

3. Results and discussion 

3.1. Synthesis, conductivity and spectroscopic properties 

The title complexes were synthesized in methanolic 
solution at room temperature. In the reaction, the 
ligands Sal-P and Sal-T lost their chloride anions as 
internal salts, so neutral complexes were obtained. As 
the two reaction procedures are similar, we show only 
the synthesis of [V02(Sal-T)] in Scheme 1. 

The molar conductivity for complexes I and II was 
measured in methanol. The values for I and II are 
54.2 and 56.3 R-’ cm2 mol-I, respectively, which are 
typical of non-electrolytes [14]. The results agree with 
the X-ray structures of both complexes. 

The IR spectral data of the ligands and complexes 
are provided in Table 2. The characteristic ligand bands 
V(C=N) (1630 (P), 1623 (T) cm-l) display a shift to 
lower frequency (1616 (I), 1609 (II) cm-l, respectively), 
by bonding to vanadium [15]. The v(C=O) bands (1708 
(P), 1701 (T) cm-‘) of the ligands disappear in the 
complexes suggesting enolization of the ligand and 
reaction of the enol form with the elimination of a 
proton. Bands due to V-O stretching vibration occur 
at 456 (I) and 463 (II) cm-’ [15]. The v(OH) stretches 
disappear in the spectra of the complexes, which indicate 

0 
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IR and ‘H NMR spectral data 

Compound IR (cm-‘) 

Phenolic v(C-0) v(OH) v(C=N) v(C=O) v(V=O) v(V-0) 

Sal-P(P) 1279 3360 1630 1708 

1412 

Sal-T(T) 1272 3149 1623 1701 

1406 

Complex I 1307 1616 924 

903 

Complex II 1307 1609 937 

912 

‘H NMR (6 ppm) 

456 

463 

Aromatic -CH=N -CH2- -N + CxHS -N + (CH,), -OCH, 

Complex I 8.70-8.11 9.1 

Complex II 7.67.3 8.93 

that both hydroxyl groups are involved in coordination 
of the oxygens to vanadium [16]. The phenolic v(C-0) 
bands (1279 (P), 1272 (T) cm-‘) of the ligands shift 
to a higher frequency (1307 cm-‘) in the complexes 
[17]. The IR spectrum of the C&MOO), moiety has been 
reported; it exhibits two strong bands at 905-948 and 
875-914 cm-’ [18,19]. The IR spectra of the complexes 
show two new strong bands (924, 903 cm-’ in complex 
I; 937, 912 cm-’ in complex II), which we assign to 
sym. v(O=V=O) and asym. v(O=V-0), respectively. 

The ‘H NMR spectra of the complexes were recorded 
in DMSO-d, using TMS as the internal standard. The 
related data are given in Table 2. As expected, OH 
resonances bonding to aromatic ring are absent in the 
complexes. The azomethine proton signals (-CH=N) 
appear at S 9.1 ppm in complex I and S 8.93 ppm in 
complex II [20]. The peaks at S 5.61 (I) and 6.8 (II) 
ppm are assigned to (-CH,). The peak at S 3.2 ppm 
(II) is attributed to -N+(CH,),. The proton signal 
which appears at S 3.14-3.08 ppm (I) is assigned to 
-OCH,. The OH resonance in complex I has not been 
observed due to a broad proton signal, which is sub- 
merged in noise. 

3.2. Structural studies 

The atomic positional parameters and selected bond 
lengths and angles are given in Tables 3, 4 and 5, 
respectively. The structures of complexes I and II are 
displayed in Figs. 1 and 2. The X-ray analyses of the 
two complexes establish that both ligands actually serve 
as mono negative ligands in the mononuclear complexes 
(see Scheme 1) and bond to the cis-VO, moiety through 
ON0 as tridentates. The N(l)-C(7) (1.287(7)-1.292(6) 
A) and N(2)-C(8) (1.279(6)-1.290(7) A) distances in 

5.61 7.5k6.68 3.14-3.08 

6.8 3.2 

Table 3 

Atomic coordination and thermal parameters for non-hydrogen atoms 

of complex I 

Atom x Y * B,,” 

(A’) 

V 

O(1) 

O(2) 

O(3) 

O(4) 

O(5) 

N(1) 

N(2) 

N(3) 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(l0) 

C(l1) 

C(12) 

C(13) 

C(14) 

C(15) 

0.2068(l) 

0.3216(5) 

0.2257(5) 

- 0.0232(5) 

0.2946(5) 

0.7366(9) 

0.2402(5) 

0.2402(6) 

0.2353(6) 

0.3038(7) 

0.3409(S) 

0.3291(8) 

0.2824(8) 

0.2491(g) 

0.2585(7) 

0.2406(7) 

0.2329(7) 

0.2357(8) 

0.3862(8) 

0.3916(9) 

0.239(l) 

0.0851(9) 

0.0844(8) 

0.763(l) 

0.33409(9) 

0.2131(4) 

0.4522(4) 

0.2755(4) 

0.4741(l) 

0.1745(7) 

0.2061(4) 

0.2654(4) 

0.4256(4) 

0.0753(5) 

0.0017(6) 

-0.1406(6) 

-0.2139(6) 

-0.1418(5) 

0.0033(5) 

0.0756(5) 

0.3933(5) 

0.4922(6) 

0.3795(6) 

0.3185(6) 

0.3062(6) 

0.3531(7) 

0.4135(6) 

0.0407(9) 

0.85956(8) 

0.8125(3) 

0.9865(3) 

0.8042(4) 

0.7792(3) 

0.5962(6) 

1.0208(4) 

1.1234(4) 

1.2997(4) 

0.8358(5) 

0.7558(5) 

0.7770(6) 

0.8806(6) 

0.9609(5) 

0.9412(5) 

1.0331(5) 

1.0923(5) 

1.1790(5) 

1.3593(5) 

1.4720(6) 

1.5220(6) 

1.4589(6) 

1.3457(5) 

0.5961(8) 

2.49(2) 

3.19(8) 

3.33(8) 

3.8(l) 

3.62(9) 

3.6(2) 

2.33(9) 

2.64(9) 

2.60(9) 

2.8(l) 

3.6(l) 

3.8(l) 

3.7(l) 

3.2(l) 

2.5( 1) 

2.6(l) 

2.5(l) 

3.2( 1) 

3.2( 1) 

3.9(l) 

4.4(2) 

4.5(2) 

3.6(l) 

12.4(3) 

“B,,=4/3[a*B,, +b2B2,+c2Bx+ab(cos y)Blz+ac(cos /3)B,,+bc(cos 

cI)BZII. 

the complexes are typical double bonds (normal single 
bond is 1.364 A [18]). The 0(2)-C(S) bond (1.298(6) 
(I), 1.291(6) (II) A) has the partial double character 
of the C=O bond. In both complexes the structural 
data concerning the VO, moiety are very close, with 
an O-V-O angle varying from 108.2(2)’ in complex I 
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Table 4 

Atomic coordination and thermal parameters for the non-hydrogen 

atoms of complex II 

Atom x Y z &,” 

(A’) 

V 0.1518(l) 

O(l) 0.2146(7) 

O(2) 0.0747(5) 

O(3) ~ 0.0222(6) 

O(4) 0.3099(7) 

N(1) 0.1787(5) 

N(2) 0.1418(6) 

N(3) 0.1967(6) 

C(1) 0.2660(7) 

C(2) 0.3028(7) 

C(3) 0.3546(7) 

C(4) 0.3703(8) 

C(5) 0.3324(E) 

C(6) 0.2777(7) 

C(7) 0.2343(7) 

C(8) 0.0896(7) 

C(9) 0.0420(7) 

C(l0) 0.270( 1) 

C(l1) 0.1310(9) 

C(12) 0.3323(8) 

0.09498(6) 

0.1426(3) 

0.0038(2) 

0.1512(3) 

0.1271(3) 

-0.0169(2) 

- 0.0899(3) 

-0.1699(3) 

0.1202(4) 

0.1808(4) 

0.1593(4) 

0.0760(4) 

0.0163(4) 

0.0357(3) 

- 0.0284(3) 

-0.0712(3) 

-0.1394(3) 

- 0.0990(4) 

- 0.2350(4) 

-0.2061(5) 

0.23093(8) 

0.0897(4) 

0.3297(3) 

0.2300(4) 

0.3337(5) 

0.1357(4) 

0.1943(4) 

0.4644(4) 

-0.0106(S) 

- 0.0929(6) 

- 0.1977(6) 

- 0.2297(5) 

- 0.1508(5) 

- 0.0426(5) 

0.0347(5) 

0.2932(4) 

0.3712(5) 

0.5457(6) 

0.5401(5) 

0.4020(6) 

3.85(2) 

6.3(l) 

4.60(9) 

6.0(l) 

8.2(l) 

3.19(9) 

3.59(9) 

3.64(9) 

4.0(l) 

4.4(l) 

4.7( 1) 

4.9(l) 

4.3(l) 

3.5(l) 

3.5(l) 

3.4(l) 

4.0(l) 

6.0(2) 

5.0(l) 

5.8(2) 

“B,,=4/3[a2B,, +b2B,,+c2B3)+ac(cos p)B,-l] 

Table 5 

Important bond distances and angles in complexes I and II 

I II 

Bond distances (A) 

V-O(l) 

V-O(2) 

V-O(3) 

V-O(4) 

V-N( 1) 

0(1)-C(l) 

0(2)-C@) 

N(l)-N(2) 

N(l)-C(7) 
N(2)-C(8) 

Bond angles (“) 

0(1)-V-O(2) 

0(1)-V-O(3) 

O( 1)-V-O(4) 

0( l)-V-N( 1) 

0(2)-V-O(3) 

0(2)-V-O(4) 

0(2)-V-N(1) 

0(3)-V-O(4) 

0(3)-V-N(1) 

O(4)-V-N( 1) 

N(2)-N(l)-C(7) 

N( l)-N(2)-C(8) 

O(l)-C(l)-C(6) 

N( l)-C(7)-C(6) 

O(2)-C(8)-N(2) 

1.894(4) 1.897(4) 

1.966(4) 1.996(3) 

1.626(4) 1.627(3) 

1.635(4) 1.611(4) 

2.143(5) 2.128(3) 

1.332(7) 1.307(6) 

1.298(6) 1.291(6) 

1.409(7) 1.403(5) 

1.287(7) 1.292(6) 

1.290(7) 1.279(6) 

144.2(2) 155.1(l) 

107.0(2) 96.1(2) 

96.4(3) 100.7(2) 

82.3(2) 82.2(l) 

103.5(2) 94.8(2) 

91.5(2) 96.3(2) 

73.4(2) 73.6(l) 

108.2(2) 110.7(3) 

101.7(2) 128.8(2) 

149.0(2) 120.0(3) 

115.7(4) 114.7(4) 

106.3(4) 109.2(4) 

122.5(5) 121.7(4) 

122.8(5) 125.3(4) 

125.6(5) 123.7(4) 

Fig. 1. Crystal structure of complex I 

Fig. 2. Crystal structure of complex II. 

to 110.7(3)” in complex II, while the V-O bond distances 
have a double-bond character (1.626(4) and 1.635(4) 
A in complex I; 1.627(3) and 1.611(4) A in complex 
II). The two VO, groups in complexes I and II possess 
the c&configuration according to the literature [9,10]. 
The bonds of the other two oxygen atoms bonding to 
the vanadium atom V-O(l) (1.X94(4) (I), 1.8!7(4) (II) 
A) and V-O(2) (1.966(4) (I), 1.996(3) (II) A) are in 
the range of vanadium-Schiff base complexes. The 
V-N(l) bonds for complex I and II are 2.143(5) and 
2.128(3) A, respectively. The torsional angles of 
C(7)-N(l)-N(2)-C(8) (- 177.78” in complex I; 179.45” 
in complex II) and N(l)-N(2)-C(S)-O(2) (0.45” in 
complex I; 0.15” in complex II) indicate that C(7) N(1) 
N(2) C(8) and N(1) N(2) C(8) O(2) are in one plane 
in both complexes. It is clear from the very large 
differences in the bond angles between equivalent atoms 
in I and II (0(3)-V-O(4) = 108.2(2)” (I), 110.7(3)” (II); 
0(3)-V-N(1) = 101.7(2)” (I), 128.8(2)” (II), 
O(4)-V-N( 1) = 149.0” (I), 120.0(3)” (II)), that the almost 
120” angles for II are consistent with a trigonal bipyramid 
geometry while I can be regarded as a square pyramid. 
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