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Summary 
A number of alkoxides of vanadium have bem preparrd innre conveniently in higher 

yields by alcohol interchange technique. 

Tnhallsiibersiclit 
Eine Reihe von Vanadin(V)-alkoxidcn wurde in hohcrcn Ausbeuten als hisher durch 

Umesterung hergcstellt. 

Vanadic acid esters were first prepared by  PRASUTL and H~ss ' )  in 1913 b y  refliising 
vanadium pentoxide and the alcohol for 6-8 hours. J n  1%S, FUNK and collaborators') and 
also VOROHKOV and co-norkers3) prcparad trialkylvanadates by adding vana.dium osyt{ri- 
chloride to  dry alrahol and then passing a stream of dry ammonia. More recent'ly, ORLOV 
and VOROXKOV~) prepared a number of trialkylorthovanadates by azeotropic removal of 
water from a reaction mixture of one mole of vanadium pentoxide and six molm of alcohol 
in benzcne and refluxing for eight to twelve hours. The yield of t,he compounds prepared 
was only 1U-320,:, hp this method. 

BRADLEY, MEHROTRA and W A K I I L A W ~ )  6 ,  and MEHROTRA and co-workers 7-9) have em- 
ployed the technique of alcohol iriterchange successfully in the preparation of higher alk- 

l) W. PRANDTL and L. HESY. Z. anorg. Chcm. $1, 103 (1913). 
2, H. FUNK and W. WE IS^;, Z. anorg. allp. Chem. 296, 36 (1958). 
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Xtimviecmx HayR [Bull. Acad. Sci. LTRSS, C1. Sci. chim.] 19a8, 503. 
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oxidw of t~ tan i i i rn~  1 7 ) ,  zircoIiiuma), borona), aluminiumg) and germanium'0) arid the same has 
now h e m  cxlencled to the allq-I ortho~anadates. 

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

VO(OEt), + 3 BOH -+ S'O(OR), + 3 EtOH 

is fractionated out azeotropically with benzene. The estimation of ethanol 
in the azeotrope by a simple oxidimetric processll) gives a ready check of the 
pogress of the reaction. illethyl. isopropyl, tertiary butyl, secondary and 
tertiary amyl, secondary and tertiary hcxyl and cyclohexyl orthovanadates 
have been prepared in about 70% yield. Using ethyl orthovanadate as the 
starting material, the chief advantages of azeotropic distillation technique in 
the preparation of higher alkoxides are. I .  the ethanol produced is continu- 
ously removed pushing the reaction to conipletion, 2. ori1-c. 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, 5. side reactions like formation of alk) 1 chloride andwater are avoided; 
these side reactions lower the yields considerably in the ease of branched 
alcohol, 4. the oxidation of  the alcohol is much less by ethyl vanadate coin- 
pared to  that with vanadium oxytrichloride or vanadiuni pentoxide ; this 
appears to bc in general conformity with the lower oxidising capacity of the 
same oxidation state of a particular element when i t  is linked covalently. 

The identity of the compounds has been established by estimation of 
vanadium (total as well as pentavalent vanadium separately) and by inolec- 
ular weight measurements in benzene. The trialkylorthovanadates have 
been found to be monomeric. In this property, these compounds resemble 
the derivatives of titanium ~ h i c h  also have been shown to be monomeric 
except in the casc of cthylorthotitanate (averagemolecular complexity 1 .45)). 
The pentaethoxides of niobium and tantalum12) hare been shown to be 
diineric in benzene which is in line with similar derivatives of titanium"), 
zirconium5), and hafnium6) in which cases also the average molecular com- 
plexities observed are 1.4. 3.4 and 3.4 respectively. 

Experimenta,l 
All glass apparatus with standard iriterclian~eable joints was used throughout the work, 

M a t  er ict I. V a n  a di u m oxg t r i chloride m,zn prepared by rcfluxing vanaclium pent- 
and special caw was taken t,o exclude moist,ure. 

oxide with thionyl chloride') (Both R. T). I T . ,  L. R.). 

lo) 1>. c. BR-4DLEY, L. J. K a l  and W. W ~ ~ L U L A T V ,  .I. dicm. 6oc. [London] 1956, 4927. 
11) D. C. 'RJIADLEY and W. WARDLAW, J .  vliem. Hoc. [London] 1950, 3450. 
12) D. C. RR~T)T.F.Y,  R. N. ('ITAKRAIARTI arid IT. WARDLAW. J. chem. Snr .  [London] 

1966, 41S!l. 
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B e n z e n e  (B. D. 13.) was dried first with sodium and thcn azeotropically with small 
amount of ethaiiol. Alcohols  (methyl, et,hyl, isopropyl and tertiary butyl) were dried first 
ovcr sodium and finally azeotropically with small amount of benzene. Higher alcohols 
(Pentanols, hexaiiols and cyclohexanol) were dried azeotropically with a small quantity of 
ethanol and benzene or distilled under reduced pressurc. EtliJ.lort,horanadate wa,s prepared 
by the ammonia r n e t h ~ d ~ ) ~ ) .  

A n a 1 y t i c  a 1 m c t, h o d s: Ethoxy and isoprogony coi1tent.s were estimated hy 
standard diuhromate method ll). 

Pentavalent' vanadium was estimated by titrating it with st,andardised ferrous ammo- 
nium siilphate solution using N-p2icnylanthranilic acid as internal indicat'or. Total vana- 
dium was determined by igniting the compound t o  vanadium pentoxide. The molecular 
weights of t,he compounds were found out ebullioscopicallg in benzene. 

R e  a c t, i o  n o f  e t h y l o  r t h o  v a n a  d a  t e a n d  m e t h y 1 - i z o b u t y l  c a r  b i n  01. 
Dry secondary hcxanol (about 5 g . )  and benzene (about 40 g.) were added to  ethglortho- 
vanadate (2.58 g,). The reaction mixture was reflnxed a t  80-990"C for about fonr hours and 
t~hen the azeotrope was slowly takcn. Ethanol was estimated in the azcotrope. Escess 
benzene was removed undcr rcduced pressure snd then the compound (a light yellow liquid) 
was distilled a t  139 OCjd mrn. The cornpound was analysed for thc percentage of penta- 
valent as well as total vanadium. Weight of the distilled product. = 3.8 g., yield = TOY&. 

Found: YS, 13.67; tot,al V? 13.76; Calc. €or OV(C,H,,O~),; V, 33.763O,:,. Blc. lib., 
1.69 g., Ale. Gale., 1.74 g. for 3 moles. No]. Wt. found, 372.0, Mol. Wt. Calc. 320.442. For 
brevity, details of other alkoxides prepared bF alcoholic interchange technique are listed 
in the t.able. 
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