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1

PROCESS FOR THE MANUFACTURE OF
VANADVL ALCOHOLATES

BACKGROUND OF THE INVENTION

t lield of the Inveution

This invention relates to a process for the preparation
of vanadyl alcoholates, particularly vanadyl alcoholatey
of the fomuta: O = V(OR )3 (Y), wherein Y 15 = V=0

and n is 0 or | and when n is O, R is alkyl, cycloaikyl, 10 solution of va

alkylaryl, arylalkyl, acyl, alkoxyary! or hydroxyalkyl
and when # is |, R is an alkoxy radical. This invention
is particularly addressed to the problem of removing
water formed during the preparation of vanadyl al-

coholates by reaction of vanadvl pentoxide with an |

alcohot. This inveation is also disecied 1o the prepara.
tion of vanadyl alcoholates of high purity.

2. Description of the Prior Ant

It is kaown that vanadium pentoxide can be reacted
with alcohols to form the corresponding vanadyl al.
coholates according to the following reaction:

V40, + 6 ROH =2 vOL1OR), + 3H,0

Since this reaction is an equilibrium reaction it is 25

necessary, in order to favor the formation of esters, to
continually remove the water that forms. The continual
temoval of the water, however, involves great diffi-
culty

1t is known to remove the water by distitling over the
water as it forms in the reaction, together with excess
alcohol. into a second' reaction vessel comaining a
substance which absarbs water, such as quicklime for
example. Atthe boiling temperature of the afcohof, and
with intensive stirring, the alcohol is dewatered in the
sccond reaction vessel and then distilled back into the
first reaction vessel in which the reaction with vana.
dium pentoxide is taking place. (Cf. German Offen-
Jegungschrift 1,816,386).

Since the compounds of the strongly acid reaction 232
uvsed in practice preferably in amounts of § to 10 we
percent with reference to the input vanadium, they are
not- present in only cataiyticaily effective amounts.
5 Rather, they are present in appreciable percentages
which constitutes an impurity in the reaction mixiure
product. Thus, suifuric acid is usually found in the form
of vanadyl sulfate, in which the vanadium is in the
oxidative letravalent stage. Thus, for example, in a
dium axyteiisopropylate inisopropano)
with 2 moisture content of 0.2 weight percent the main
part of the tetravalent vanadium is found in the form of

“solid vanady! svifate in the unreacted vanadium pen-

toxidé. In the case of higher moisiure conlents, the
5 vanadyl sulfate is contained increasingly in the reaction
mixture and interferes with the processing.

For example, out of 200 g of V,C,, 3600 ml. of iso-
propanol and 10 ml. of cancenirated sulfaric acid, one
obtains afler 3 hours of reaction solution which still
contzins 0.39 weight percent of water. When the unre-
acted V0, is filtered out of the solution and the isapro-
panol has been removed by evaporation and the éster
has been vacuum distitied, 143 g (= 26% yield) of pure

fium oxytsiisopropylate is oblained. An di-
narily great quantity of 109 g of distillation residue
remains as an unwanted by-product probably due to
the high percentage of sulfuric acid and the excessively
great moisture content of the reaction solution.

if organic sulfonic acids, such as totuenesulfonic and

30 benzenesuifonic acid, are used instead of suifuric acld,

similar phenomena occur. In the preparation of vana.
dium oxytriisopropylate, volumi greenish fakes
precipitate from the greenish reaction solution during
the progressive concentation and the distillative res

35 finement of the ester that follows; these flakes intorfere

with the di
distiftation residue.

Attempis have already been made o use phenol
derivatives or weak acids such as boric acid, for exams

and the pi ge of

This known pracess, hawever, is very expensive. For 40 ple, as catalysts insicad of the strong acids. In the reac.

example, the waler-removing substance must be con-
stantly replaced or teg . Also, vigi-
lance is necessary during the reaction to prevent the
teaction from Stopping prematurely duc to the exhaus-

tion of alcohols having up to 4 carbon atoms, however,
these catalysts display no activity (French Pat.
1.271,6413.

Itis also known in

the preparation of vanadyl alcoho«
hi i of i

tion of the water-removing substance. Heat must con. 45 fates to reflux ic

tnually be introduced inta the mixture captured in the
second reaction vessel in order to keep it boiling. This
telatively great energy consumption is particularly ap-
preciable when operating on a commercial scale.
Ancther disadvantage of this known process consists
Inthe fact that itis necessary 1o operate in the presence
&f 2 sirongly acid catalyst. Despite the presence of the
catalysts, h Jitis y to reflux the i
mixture for more than 8 hours as a rule if it is desired

fo acdieve purc ester yiclds of about 50%. Yields 56

greater thal 50% can be achieved only when operating
on a laboratory scale, When the procedure is used on &
commercial scale it is found that the yields vary from
butch 1o batch Corsequently, the prior-art process
does not aclrieve reproducible results to a sufficient
extent.

Operating in fhie presence of strongly acid catalysty
fesults in addi ! disadvantages. The of
acid added accelerate the rcaction of the V,0, with the
alcohol to form the ester, and yet they promote the
feduction of the p ! dium 10 H

ium with the peration of the corresponding
sicohol The side reaction, however, is not desired,

pentoxide and an alcoho! having 5 ta S carbons, respec
tively, in the presence of benzene (with a ratio of alco-
ho! to benzene of | : 1.1 to | : 1.35 by volume). The
water formed at the boiling temperature is removed

50 l'ron_'\_the feaction zone 2s an azeotropic mixture by the
+ addition of benzene and can then be separated as the

heavy pbase in a water separator.

At a reaction time of 8 to 12 hours the yicids amount
to only between (0 and 32% with reference to the
vanad p ide input. Especually in the prepara.
tion of vanadium oxitri-n-butylate, yiclds of only 26%,
for example, have been achieved (¢, Bull: Acad Sci.
USSR 1957, pages 899-900).

In the preparation of vanadium oxiri-n-butylate it

has also been proposed to add toluene instead of ben~
% 2ene to the reaction mixture as an extractant in order to

increase the yield. Yields of up to about 65% can be

achieved by this process (cf. U.S. Pat. No. 3,657,295),

but the time required for the reaction is very long,

65 amounting to as much as 24 hours. In this process a

mixture of vanadivm pentoxide, toluene and n-butano!
is heated to ebullition and the water forming in the
reaction is distilled together with the tolticne as an
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z¢otropic mixture into a water separator. Here a wa-

ter-rich phase and a hydrocarbon-rich phase are
formed. The latter is oonhnuously recycled to the reac-
tor and the water-rich phase is separated at intervals.
Using 1.3 to 1.4 times the stoichiometrically required
amount of alcohol, the highest yields are achieved in
this case, of 65%, According to this patent, the use of a
greater excess of alcohol will not achieve any technical
effect as regards t g the yield, the
reaction speed, or the like.

The long reaction time (24 hr.) thatis required if it is
desired to achicve yields of 65% is particutarly disad-
vaniageous. Ancther disadvantace i that very large
amounts of toluene must be used (the ratio of toluene
1q n-butanol is preferably to be from 1 : 11031 1 by
voleme). In the processing of the reaction mixture that
follows, the excess solvent — in this case unseacted
alcohol together with toluene — is removed by distilla-
tion. kt has been found disadvantagecus that, before the
disullate can be used for the next batch, it must first be
readjusted to a specific toluene-butanol content, be-
cause otherwise reproducible results cannot be
achieved. For this purpose, hawever, complicated pro-
cedures are necessary, which make this process uncco-
nomical and render technical scale operatien difficult.

Te avoid these difficulties in the prior an methods
based on the reaclion of V.0, with alcohols it has also
been proposed that vanadyl aicoholates be prepared by
starting out with VOCl; and reacting it with alkali metal
alccholates or alcohols; this results in yields of 60%
(with reference to VOCI,). These known methods,
however, have the disadvantage that the reactamt
VOClI,, which is very sensitive to hydrolysis, has to be
prepared m a s:p.arate proccdure fmm V,Q;. Further.
mere, i by-products
form in this process, as well as alkali chlorides or HC
as reaction products. The hydrechloric acid that forms
has to be neutralized with ammoniz in an another sepa-
rate procedure, so that, by and large, the process is a
very complicated one. In ‘addition, these prior-art
methads result in products which are not entirely chlo-
ride-free. The esters prepared in this manner usually
have a reduced shelf life, which is indicated by a dark
discoloration. Often they are then no longer suitable
Tor use 2s a component of a polymerization catalyst.

The prepzration of vanadyl alcoholatzs of C; 0 C,
lcohols by the transesterification of a lower vanadyl
adcoholate with a correspondingly higher boiling alco-
hol is relatively difficult. These transesterification _
methods require that the starting product be a vanadyl
alcoholate of 2 low alcohol which in turm is supposed to
be more easily accessible than the desired vanadyl
alcoholate of a higher alcohol. For the preparation of
such “low™ alcoholates, however, a process like the

5 within_ comm"rmaxy feasible pa

35

4
dures and the like. {t is a particular object of the pre.
sent invention to provide a process by which those
vanadyl alcoholates which have herctofore proved dif-
ficult to prepare can be synthesized in high purity and
d of ime with re.

spect to space-time yield.
SUMMARY OF THE INVENTION
The objecis of the present invention are provided by

10, process for the preparation of a vanady} alcobioiate

which, process comprises comtaciing vanadium pentox-
ide with an alcohol in the presence of an orthoester of
the formula R’ . C(OR""); wherein
R’ is hydrogen, a straight-chained alkyl group of 1 to
5 5 carbon atoms or a brancied chain atkyl group of
| to 5 carbon aloms; and
R" is a straight-chained alkyl group of I to 12 catbon
atoms, a branched-chain alkyl group of 1 to 12
carbon atoms or phenyl.

20 The present invention can be considered to be an

improvement over the art known process for the prepa-
ration of vanadyl alcoholates wherzin vanadium pens
toxide is reacted with an alcohol. The improvement
comprises incjuding in the reaction niixture an ortho-

25 ester of the formuta R” , C(OR’'), wherein R’ and R**

have the previous assigned significance.

It has been found, in accoufance with the present
invention, that if an orthoester of such formula is in-
cluded in a reaction mixture containing vanadism pen-

30 toxide and an alcohol that the water formed during the

reacuion is taken up by the orthoesteg which, ir turn, is
hydrolyzed to form 2n ester an an alcohol,

The invention can be more readily undersiood when
reference is made to the general equation for the reac.
tion of vanadium pentoxide and an alcohol which cqua-
tion is as follows:

V40s + 6 ROH = 2 VO (OR): + 3 H,0 L.

0 e alcohol is gencrally employed during this reaction
in at least a sioichiometric amount and preferably itis
present in excess. The water produced by!hc Teaction
would rormally present problems in carrying out the
process for the water must be removed if the roactionis
to proceed to high yields. By including an orthoester of
the type described in the reaction mixture, the wateris
immedictely taken up by the orthoester, which, in tum,
is hydrolyzed to formic acid esters or to the curboxylic
acid ester and the corresponding alcohol, as the case
may be, in accordance with she following equation:

R’ C{OR");+ H,0 ~» R'COOR" + 2R"OK 2
DESCRIPTION OF SPECIFIC EMBODIMENTS

one destribed above (on the basis of VOCI,) has hith- 55 1In a preferred embodiment of the process of the

erto been'fecommended. In the 1ransestenification pro-
cesses, losses of yield have always had to be accepted in
order to prepare pure esters, so that the problem of
manulfacturing pure esters with a high space-time yield,

invention, an onhoester is used which upon hydrolysis
releases the same alcohol whose vanady} alcoholate
to be prepared.

Examples of orthoesters are: orthofsrmic acid esters

by the use of a very simple method, has basically not 60 such as, for example, trimethy! ot tricthyl orthoformis

yet been solved.

1t is, therefore, an object of the present invention to
provide a process for the preparation of vanadyl al-
coholates starting with vanadyi pentoxide. 1t is a panie-
ular object of the present invention to prepare vanady)
alcoholates in high purity 1 geod yields witltn a com-
mercially feasible period of time and especially without
the use of separate reaction zones, recycling proce-
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ate trisoamyt ctthoformiate, tripropyl osthoformiate,
triphenyl orthoformiate and the like, as well as the
corresponding orthoesters of acetic acid, prepionic
acid, butyric acid and the like. In gentral, these urtho-
35 esters are used which are soluble in the particular reac-
tion mixture that is- prepared,
The formic acid ester, or the carboxylic acid ester
such as acetic acid methyl ester of progionic acid

e —



