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Henry et al. [I] and, more recently, Lozano et al. 
[2] have reported IR studies on adducts of his@- 
quinolinato)oxovanadium(IV), VOW (1) with 
pyridine and substituted pyridines to support the 
existence of a correlation between the basicity of the 
pyridines and V=O stretching frequency. We report 
here the results of an IR study on a series of adducts of 
1 with substituted pyridines in solution, but with 
very different conclusions. Relevant IR data are 
summarized in Tables I and II. 

TABLE I. V=O Stretching Frequencies (cm-‘) of VO(ox)z* 
py (2c)a in Solution 

Solvent “I VII 

Benzene 991 969 938 
Acetonitrile 993 963 939 
Pyridine 963 938 

aAlthough the synthesis of 2c was carried out by the same 
procedure as cited in ref. 3, elemental analysis provided the 
empirical formula VCazHr,NaOa, as required for 2c without 
benzene of crystalliiation [u(V=O)(Nujol) = 926-936 cm-l 
(ref. in Table II)]. 

As seen in Table I, three bands (sharp and strong) 
were present in benzene and acetonitrile solutions of 
(pyridine)bis(8-quinolinato)oxovanadium(IV), VO- 
(0x)z.p~ (2c), in the 1000-900 cm-’ region. Experi- 
ments in benzene solution with varying ratios of 
pyridine to 2c ca. 5 x 10-2M(1:1,2:1,5:l)showed 
that the intensity of the band at higher frequency 
decreases as the pyridine concentration increases, 
until it completely disappears (at 5 : 1 ratio), while the 
lower absorptions (bands I and 11) remain at approxi- 
mately the same intensity ratio. These two bands are 
the only ones present in the same range of the spectra 
recorded for pyridine solutions of 2c. 

As shown in Table II, two peaks, at approximately 
the same frequency (963 f 2 and 938 f 1 cm-‘), are 
present in the spectra of complexes 2a-h prepared in 

loco, following the reported procedure [2], by adding 
1 to the appropriately substituted pyridine and after 
standing for ca. 20 h. Similar results (bands at 966 + 
2 and 938 + 1 cm-r) were obtained when the com- 
plex 1 was added to a benzene solution of the various 
substituted pyridines (ca. 0.8 M). The substituent on 
the pyridine ring affects the relative intensity of the 
peaks I and II, as evidenced by the ratio of their 
approximate absorbance values in Table II. The 
adducts can be divided into two groups. For five of 
these compounds @a--d, 2g), the intensity ratio is 
significantly >l , whereas for the other three adducts 
(2e, 2f, 2h) a drop in its value is observed. In the case 
of adducts 2e and 2h in benzene solution, peaks I and 
II are hardly observable because of low solubility. 

The observations outlined above provide evidence 
for the existence of an equilibrium among three 
different types of complex in solution. Peaks I and II, 
present in all the solution experiments, can be at- 
tributed to isomers, and, most likely, to isomers 
where the pyridine or substituted pyridines are co- 
ordinated cis or tram to terminal oxygen. The peak at 
higher frequency, which falls in intensity as the 
pyridine concentration increases, may be reasonably 
assigned to a solvated species of 1 *. 

On this basis, equilibrium (1) is suggested. 

VOW *B + VOW + B c- VO(ox), . B (1) 
cis-2 1 tram-2 
(B = pyridine or substituted pyridine) 

Our findings on adducts of VO(ox)2 with pyridines 
parallel those proposed for similar complexes of 
vanadyl acetylacetonate in chloroform solution [4]. 
In fact, the peak at 1003 cm-’ of VO(acac)2 de- 
creases on addition of pyridines, while one or two 
peaks at approximately fixed shifts of 31 f 3 cm-’ 
and/or 51 + 3 cm-’ are described in all cases. 

The occurrence of two almost constant shifts for 
v(V=O) of VO(acac)2 on coordination with pyridines 
was reported in another paper [S] . 

On the basis of these reports and our results, it is 
not inconceivable to suggest that the most marked 
differences in v(V=O) of the 8quinolinol adducts in 
the solid state, which have been correlated with the 
basicity of the pyridines [l, 21, could rather be 
derived from configurational change. Similar reason- 
ing could also account for the significant discrepancy 
between the v(V=O) values reported for solid 2f (see 
Table II) prepared by different procedures. 

On the other hand, the basicity of the pyridines 
seems to have a rather pronounced effect on the cisl 

*Author to whom correspondence should be addressed. 
*The molecular complexity of solid 1 has been discussed in 

ref. 3. 
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TABLE II. V=O S~re~cM~ Frequencies (cm-‘) and Approximate Intensity Ratio for the Adducts, and pKaValues of Substituted 
PYridines 

Adducta Previous data Base solutionb Benzene solutionc PKa 
(Nujol or KBr discs) 

“I “II Intensity ratio y VII Intensity ratio 
(1:II) (1:II) 

Id 97Se, 970’, 963g 
1.4CNpy w 960e 966 939 1.4 1.90 
1*3Clpy (2b) 964 931 1.6 964 938 1.5 2.84 
l.PY (2c) 950e, 935-945f, 945g 963 938 1.6 968 939 1.4 5.25 
1 *fMepy (2d) 930f 965 938 1.5 968 939 1.5 5.68 
l-2-Mepy (2e) 975e 961 939 0.6 h h h 5.97 
1.4-Mepy (20 945=, 96Sf 962 938 0.6 964 939 1.0 6.02 
1*3,4-Dimepy (2g) 965 939 1.2 968 939 1.5 6.46 
1 *2,6-Dimepy (2h) 968e 962 939 0.6 h h h 6.60 

‘4CNpY = 4-cyanopYridine; 3-C&y = 3~~oropy~~e; py = pyridine; 2-, 3-, 4-Mepy = 2-, 3-, 4-me~ylpy~~o; 3,4-, 3,5-, 2,6- 
Dimepy = 3,4-, 3,5-, 2,6~methylpy~d~e. “m the corresponding sub~ituted pyridine. CIn benzene conQiining the corre- 
sponding substituted pyridine ca. 0.8 M. dPrepared as described in ref. 3. eRef. 1. fRef. 2. sRef. 3. hPeaks I and II 
&e hardiy observable because of low solubility. - 

trans equilibrium position in the case of acetyl- 
acetonate adducts [4]. In fact, the more basic 
pyridines give only the y(V=O) of larger shift, but, as 
the basicity decreases, this band falls in intensity and 
the IJ(V=O) of smaller shift becomes predominant, 
until for 3-cyanopyridine the former band is com- 
pletely absent. On the contrary, all the 8quinolinol 
adducts examined in this work show two peaks which 
can be ascribed to v(v=O) of the cis and trans 
isomers. Furthermore, there is no evidence of a trend 
in their intensity ratio with pKa values of the pyri- 
dines. For five adducts, as summarized in Table II, 
this value appears to be almost independent of the 
basicity of the pyridines. The large decreases observed 
for adducts 2e and 2h would seem to be related to 
the steric ~ndr~ce introduced by the ortho-substi- 
tution, whereas a similar behaviour found for the 4- 
methylpyridine adduct could be attributed to the 
existence of resonance forms [2]. 

In summary, a major conclusion can be drawn 
from this preliminary work: the adducts of VO(ox)z 
with pyridines exist in solution as cis and trans 
isomers in equilibrium with a solvated species of 
VO(ox)Z. The position and electronic character of the 
substituent on the pyridine ring does not affect the 

yIV=O), but determines the cisltrans equilibrium 
position involving factors which have to be rational- 
ized. With particular regard to this aspect of the 
problem, further investigations are necessary to clarify 
the role played by the electronic, steric and solvation 
effects. 
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