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3,987,074
1
Since the ds of the gly acid are
PROCESS FOR THE MANUFACTURE OF used in practice preferably in amounts of 1 to 10 weight
VANADYL ALCOHOLATES percent with reference to the input vanadium. they are
BACKGROUND OF THE INVENTION B = GrCre Rl SO L

. 1. Field of the Invention
This invention relates to a process for the preparation
of vanadyl alcoholates. particularly vanadyl alcoholates

of the formula: O= V(OR )3 (Y ), wherein Y is = V=0 0

Rather, they are present in appreciable percentages

which constitutes an impurity in the reaction mixture

product. Thus, sulfuric acid is usually found in the form

of vanadyl sulfate, in which the vanadium is in the

oxidative tetravalent stage. Thus, for example, in a
f

and nis 0 or | and when n is O. R is alkyl, cycloalkyl, 1
alkylaryl, arylalkyl, aryl, alkoxyaryl or hydfoxyalkyl
and when nis 1, Ris an d!koxy radical. This invention
is particularly ad d to the p of i
water formed during the preparation of vanadyl al-

I of dium oxytriisopropylate in isopropanol,
with a moisture content of 0.2 weight percent the main
part of the tetravalent vanadium is found in the form of
solid vanadyl sulfate in the unreacted vanadium pen-
toxidé. In the casc of higher moisture contents, the

coholates by reaction of vanadvl pentoxide with an 15 van.\dyl sulfate is contained increasingly in the reaction

alcohol. This invention is also directed to the prepara-
tion of vanadyl alcoholates of high purity.

2. Description of the Prior Ant

1t is known that vanadium pentoxide can be reacted

mixture and interferes with the processing.

For example. out of 200 g of V,0;, 3000 ml. of iso-
propanol and 10 ml. of concentrated sulfuric acid, one
obtains after 3 hours of reaction solution which still

mlh alcohols to form the conzspondmg vanadyl al- 20 contains 0.39 weight percent of water. When the unre-

g 1o the fi g

V,0, + 6 ROH = 2 VO(OR), + 3H,0

acted V,O; is filtered out of the solution and the isopro-

panol has been removed by evaporation and the ester

has been vacuum dislillcd 143 gl 26% yield) ol'pm‘:
di Xytri is d. An

o
Since this reaction is an equilibrium reaction it is 25 narily great qu.mmy of 109 g of distillation residue

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

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 toluenesulfonic and

It is known 1o remove the water by distilling over the 30 benzenesulfonic acid, are used instead of sulfuric acid,

water as it forms in the reaction, together with excess
alcohol, into a second reaction vessel containing a
substance which absorbs water, such as quicklime for
example, At the bonlmg temperature of the alcohol, and

similar phenomena ot In the preparation of vana-
dium oxylrii 2 g h flakes

ipil from lht i i i during
the progressive concentration and the distillative re-

with intensive stirring, the alcohol is dewatered in the 35 finement of the ester that follows; these flakes interfere

second reaction vessel and then disulled back into the
first reaction vessel in which the reaction with vana-
dium pentoxide is taking place. (Cf. German Offen-
legungschrift 1,816,386).

with the distillation and increase the percentage of
distillation residue.

Attempts have already been made to use phenol
derivatives or weak acids such as boric acid, for exam-

This known process, however, I; very expensive. For 40 ple, as catalysts instead of the strong acids. In the reac-

ple, the wat 2 must be con-
stantly or 1 d. Also, vigi-
Iance is necessary dunng the reacuon to prevent the

from s ly due to the exhaus-

tion of the w:ucr-rcmovmg substance. Heat must con- 45 lates to reflux

unually be introduced into the mixture captured in the

second reaction vessel in order to kccp it boiling. This

relalwely great energy consumption is pamcularly ap-
when op g on A scale.

tion of alcohols having up to 4 carbon atoms, however,
these  catalysts display no activity (French Pat
1,271 .641).
It is also known i in (he preparation of vanadyl alcoho—
of

pentoxide and an alcohol having S to § carbons, respec-
tively, in the presence of benzene (with a ratio of alco-
hol to benzene of 1 : 1.1 10 1 : 1.35 hyvolume) The
water formed at the boiling temperature is removed

" Another disadvantage of this known process consists 50 from the reactiop zone as an azeotropic mixture by the

in the fact that it is necessary (0 operate in the presence
of a strongly acid catalyst: Despite the presence of the
catalysts, however, it is necessary to reflux the reaction
mixture for more than 8 hours as a rule if it is desired

to achieve pure ester yields of about 50%. Yields 55

greater that 50% can be achieved only when operating
on a laboratory scale. When the procedure is used on a
commercial scale it is found that the yields vary from
batch to batch Consequently, the prior-art process

addition of benzene and can then be separated as the
hcavy phase in a water separator.
At a reaction time of 8 to 12 hours the yiclds amount
to only between I0 and 32% with reference to the
p input. E: i in the prepara-
tion of vanadium oxitri-n- bulylalc yiclds of only 26%,
for example, have becn achieved (cf. Bull: Acad. Sci.
USSR 1957, pages 899-900).
In the p of di

oxitri ylate it

does not aclrieve reproducible results to a sufficient 60 has also been proposed to add toluene instead of ben-.

extent.
Operating in the presence of strongly acid catalysts
results in addi The 2 of

acid added accelerate the reaction of the V,05 with the

alcohol to form the esler and ycl lhey pmmole the 65

duction of the p to
i with (he of the ¢ P
alcohol The side reaction, however, is not desired.

zene to the mixture as an 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,
amounting to as much as 24 hours. In this process a
mixture of vanadi toluene and n-butanol
is heated to ebuilition and the water forming in the
reaction is distilled together with the toluene as an
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azeotropic mixture into a water separator. Here a wa-
ter-rich phase and a hydrocarbon-rich phase are
formed. The latter is conunnously recycled to the reac-
tor and the water-rich phase is separated at lnlemls.
Using 1.3 to 1.4 times the stoichi _nlly

4
dures and the like. It is a particular object.of the pre-
sent invention to provide a process by which those
vanadyl alcoholates which have heretofore proved dif-
ficult to preparc | can be synthesized in high purity and

amount of alcohol, the highest yields are ach’eved in
this case, of 65%. According to this patent, the use of a
greater excess of alcohol wlll not nchleve any lechmcal
effect as regards i g the yield, i g the
reaction speed, or the like.

The long reaction time (24 hr.) that is required if it is
desired to achnevo yulds of 65% is particularly disad-
tage is that very large
amounts of toluene must be used (the ratio of toluene
to n-butanol is preferably to be from 1 :
volume). In the processing of the reaction mixture that
follows, the excess solvent — in this case unreacted
alcohol together with toluene — is removed by distilla-
tion, It has been found disadvantageous that, before the
distillate can be used for the next batch, it must first be
readjusted to a specific toluene-butanol content, be-
cause otherwise nproducnb!e results cannot be

hieved. For this p d pro-
cedures are necemry , which make lhu procas uneco-

nomical and render technical scale operation difficult. 25 cgier of the formula R’ .

To avoid these difficulties in the prior art methods
based on the reaction of V4O; with alcohols it has also
been proposed that vanadyl alcoholates be p d by

10

lto3:1by 15

within feasible period of time with re-
spect to space-time yleld

SUMMARY OF THE INVENTION

The objects of the present invention are provided by
a process for the preparauon of a vanadyl alcoholate
which process pentox-
ide with an alcohol in the presence of an oﬂhoener of
the formula R’ . C(OR'’); wherein

R’ is hydrogen, a straight-chained alkyl group of | to

5 carbon atoms or a branched chain alkyl group of

1 to 5 carbon atoms; and
R'' is a straight-chained alkyl group of 1 to 12 carbon

atoms, a branched-chain alkyl group of | to 12

0 carbon atoms or phenyl.

The present invention can be considered to be an
improvement over the art known process for the prepa-
ration of vanadyl alcoholates wherein vanadium pen-
lox»de is reacted with an alcohol. The improvement

luding in the ion mtixture an ortho-
C(OR'"); wherein R’ and R""
have the previous assigned significance.

It has been found, in accordance with the present

slamng out with VOCl; and reacting it with alkah metal

alcoholates or alcohols; this results in yields of 60% 30

(with reference to VOCI,). These known methods,
howevyer, have the disad

i ion, that if an orth of such formula is in-
cluded in 2 ion mixture ini dium pen-
toxide and an alcohol that the water formed dunn| the
reacuon ls taken up by the orthoester which, in turn, is

VOCl,, whlcll is very senlmve 10 hydrolysis, has to be

lyzed to form an ester an an alcohol.
“The invention can be more readily understocd when

ge d in a sep: oy from V‘O, Further- 35 reference is made to the general equation for the reac-
s alcohol whi
form in this process, as well as alkali chiorides or HCI  Lor o 127om P Rk g
as drochloric acid that forms
has to be nculrallzed with ammoma in an another sepa- V,0, + 6 ROH = 2 VO (OR); + 3 H,0 1.
me procedure, so that, by and large. the process u a

one. these °ma|cohons,_ lly employed during this
melhods result in products which are not enlnely chlo- in at least a stoichi ic amount and preferably it is

ride-free. The esters prepared in this manner usually
have a reduced shelf life, which is indicated by a dark
discoloration. Often lhey are lhen no longer suitable
for use as a ofap

The preparanon of vnmdyl alcoholates of C; 10 Cy
lltomlt by the transesterification of a lower vanadyl

l with a dingly higher boiling alco-
hol is relatively difficult. These transesterification
methods require that the starting product be a vanadyl
alcoholate of a low alcohol which in turn 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
one descnbed abbve (on the basis of VOCI;) has hith-
erto been'T ded. In the rification pro-
cesses, losses of yield have always had to be accepted in
order to prepare pure esters, so that the problem of
manufacturing pure esters with a high space-time yield,
by the use of a very simple method, has basically not
yet been solved.

ization catalyst. 45

50

present in excess. The water produced by the reaction
would normally present problems in carrying out the
process for the water must be removed if the reaction is
to proceed to high yields. By including an orthoester of
the type described in the reaction mixture, the water is
immedimely taken up by the orthoester, which, in turn,
is hydrolyzed to formic acid esters or to the carboxylic
acid ester and the oonespondmg akohol as lhe case
may be, in with the fc

R’ C(OR");+ H;0 — R'COOR" + 2 R"OH 2
DESCRIPTION OF SPECIFIC EMBODIMENTS

55 In a preferred embodiment of the process of the

invention, an orthoester is used which upon hydrolysis
releases the same alcohol whose vanadyl alcoholate is
to be prepared.

Examples of orthoesters are: orthoformic acid esters

60 such as, for eumph mmethyl or triethyl orlhofonm-

ate yl ot

and the hke. as well as the

It is, therefore, an object of the present i ion to
provide a process for the preparation of vanadyl al:
coholates starting with vanadyl pentoxide. It is a partic-
ular object of the present invention to prepare vanadyl
alcoholates in high purity in good yields within a com-
mercially feasible period of time and especially without
the use of separate reaction zones, recycling proce-

conupondmg orthoesters of acetic acid, propionic
acid, butyric acid and the like. In general, these ortho-

65 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 est¢r or propionic acid



