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Alkoxides of Vanadium. I

Synthesis of Trialkylorthovanadates
by Alcohol Interchange Technique

By R. X. MirraL and R. C. MEBROTRA

Summary

A number of alkoxides of vanadium have been prepared more conveniently in higher
vields by aleohol interchange technique.

Inhalisiibersicht

Eine Reihe von Vanadin(V)-alkoxiden wurde in hiheren Ausheuten als bisher durch
Umesterung hergestellt.

Vanadic acid esters were first prepared by Praxvrr and Hess) in 1913 by refluxing
vanadium pentoxide and the alcohol for 6—8 hours. In 1958, Foxnk and collaborators?) and
also Voroxrkov and co-workers?) preparad trialkylvanadates by adding vanadium oxytri-
chloride to dry alcohol and then passing a stream of dry ammonia. More recently, Orrov
and VoroxKovV?) prepared a number of trialkylorthovanadates by azeotropic removal of
water from a reaction mixture of one mole of vanadium pentoxide and six moles of alcohol
in benzene and refluxing for eight to twelve hours. The yield of the compounds prepared
was only 10—329( by this method.

Braprry, MEHROTRA and WarpLaw?)$) and MEHROTRA and co-workers??) have em-
ployed the technique of alcohol interchange successfully in the preparation of higher alk-
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oxides of titanium5)?), zirconium?), boron?), aluminium?) and germanium'0) and the same has
now been cxtended to the alkyl orthovanadates.

Ethylorthovanadate is treated with the required alcohol (slight excess)
in the presence of benzene and the ethanol liberated in the reaction:

VO(OEt), + 3ROH > VO(OR), + 3 EtOH

is fractionated out azeotropically with benzene. The estimation of ethanol
in the azeotrope by a simple oxidimetric process!!) gives a ready check of the
progress of the reaction., Methyl, isopropyl, tertiary butyl, secondary and
tertiary amyl, secondary and tertiary hexyl and cyclohexyl orthovanadates
have been prepared in about 709%, yield. Using ethyl orthovanadate as the
starting material, the chief advantages of azeotropic distillation technigque in
the preparation of higher alkoxides are: 1. the ethanol produced is continu-
ously removed pushing the reaction to completion, 2. only slight excess of
the higher alcohol is required which is of great importance in this specific
case due to the reductive properties of alcohols towards pentavalent vana-
dium, 3. side reactions like formation of alkyl chloride and water are avoided ;
these side reactions lower the vields considerably in the case of branched
alcohol, 4. the oxidation of the alcohol is much less by ethyl vanadate com-
pared to that with vanadium oxytrichloride or vanadium pentoxide; this
appears to be in general conformity with the lower oxidising capacity of the
same oxidation state of a particular element when it is linked covalently.

The identity of the compounds has been established by estimation of
vanadium (total as well as pentavalent vanadium separately) and by molec-
ular weight measurements in benzene. The trialkylorthovanadates have
been found to be monomeric. In this property, these compounds resemble
the derivatives of titanium which also have been shown to be monomeric
except in the case of ethylorthotitanate (average molecular complexity 1.4%}).
The pentaethoxides of niobium and tantalum!?) have been shown to be
dimeric in benzene which is in line with similar derivatives of titanium?),
zirconium?®), and hafnium®) in which cases also the average molecular com-
plexities observed are 1.4, 3.4 and 3.4 respectively.

Experimental

All glass apparatus with standard interchangeable joints was used throughout the work,
and special carc was taken to exclude moisture.

Material. Vanadium oxytrichloride was prepared by refluxing vanadium pent-
oxide with thionyl chloride?) (Both B. D. H., L. RR.).

10y D. C. Braprev, L. J. Kay and W. Warbraw, J. chem. Soc. [London] 1956, 4927.

11} D. C. BrapLrey and W. WarpLaw, J. chem. Soc. [London] 1950, 3450.

12y D. C. BraprLrey, B. N. CHARRAVARTI and W. WarbpLaw, J. chem. Soc. [London]
1956, 4439.
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Benzene (B. D. H.) was dried first with sodium and then azeotropically with small
amount of ethanol. Alcohols (methyl, ethyl, isopropyl and tertiary butyl) were dried first
over sodium and finally azeotropically with small amount of benzene. Higher alcohols
{Pentanols, hexanols and cyclohexanol) were dried azeotropically with a small quantity of
ethanol and benzene or distilled under reduced pressure. Ethylorthovanadate was prepared
by the ammonia method?)3).

Analytical methods: Ethoxy and isopropoxy contents were estimated by
standard dichromate method!!).

Pentavalent vanadium was estimated by titrating it with standardised ferrous ammo-
nium sulphate solution using N-phenylanthranilic acid as internal indicator. Total vana-
dium was determined by igniting the compound to vanadium pentoxide. The molecular
weights of the compounds were found out ebullioscopically in benzene.

Reaction of ethylorthovanadate and methyl-isobutyl carbinol.
Dry secondary hexanol (about 5 g.) and benzene (about 40 g.) were added to ethylortho-
vanadate (2.5 g.). The reaction mixture was refluxed at 80—90°C for about four hours and
then the azeotrope was slowly taken. Ethanol was estimated in the azeotrope. Excess
benzene was removed under reduced pressure and then the compound (a light yellow liquid)
was distilled at 139°C/2 mm. The compound was analysed for thc percentage of penta-
valent as well as total vanadium. Weight of the distilled product = 3.5 g., yield = 709%,.

Found: V+5, 13.67; total V, 13.76; Calc. for OV(C,H,,0%),; V, 13.7589,. Alc, lib.,
1.68 g., Ale. Cale., 1.74 g. for 3 moles. Mol. Wt. found, 372.0, Mol. Wt. Calc. 870,442, For
brevity, details of other alkoxides prepared by alcoholic interchange technique are listed
in the table.

Thauks of the authors are due to C.S.I. R. authorities for awarding a Junior
Research Fellowship to one of them (R. K. M.).

Jaipur/India, Department of Chemistry, University of Rajasthan,

Bei der Redaktion eingegangen am 23. Mai 1963.





