
I EP 0 351 603 B1 Description Brief Description Of The Invention 5
There is described a process for the transvinylation of a vinyl derivative
of a Bronsted acid with a different Bronsted acid which comprises providing
a liquid phase mixture containing said vinyl derivative and said Bronsted
acid in the presence of a ruthenium compound at a temperature at which
transvinylation occurs and recovering as a product of transvinylation the
vinyl derivative of the different Bronsted acid. 10  Background To The
Invention Transvinylation or vinyl interchange technology has existed for
several decades. The reaction can be illustrated by the reaction of a vinyl
ester or vinyl ether with an active hydrogen containing compound, as In the
following: 15 [ERR] 20 wherein R is carboxy, amido, aroxy, alkoxy, and the
like; X is hydrogen, hydroxyl, alkyl, aryl, and the like; and R' is
carboxyl, amido, alkyl, substituted alkyl, aryl or substituted aryl.
Adelman, Journal Organic Chemistry, 14, pp.1057-1077, 1949, at p.1057,
termed transvinylation "the Vinyl Interchange' Reaction, to differentiate
it from typical ester interchange and ester-acid interchange reactions"...
Adelman noted the following advantages for this reaction: 25     "The very
mild reaction conditions and the low yields of by-products lead to high
yields of monomers of greater purity and activity than those prepared by
the reaction of acetylene with acids. "Furthermore, vinyl esters of dibasic
acids are prepared much more easily by vinyl interchange than through the
acetylene route, and recent work in this laboratory has shown that the
reaction of vinyl acetate catalyzed with mercuric salts is not restricted
to carboxylic acids, but will occur with other compounds so  containing
active hydrogen, such as acetoacetic ester and glycolic esters." McKeon, et
al., Tetrahedron, 28, pp. 227 - 232 (1972) show the vinyl interchange
reaction between a vinyl ether and an alcohol using a palladium catalyst.
Other sources report the transvinylation reaction between vinyl chloride
and a carboxylic acid. The literature suggests that the preferred catalysts
for transvinylation reactions have been mercury and 35  palladium based
compounds. However, Pt(II) and Rh (III) have been reported by A. Sebel, J.
Smidt, R. Jira and H. Prigge, Chem. Set., 102, pp. 2939-2950  (1969), to
catalyze the reaction. In addition, Young, U.S. Patent 3,755,387, patented
August 26, 1973, entitled; "A Vapor Phase Transvinylation Process", claims
the use of suppported  Hg, Pd. Pt, Ir, Rh, Ru, or Os salt catalysts in a
vapor phase transvinylation process. The experimental portionn discloses
the use of only palladium on carbon, copper on carbon, iron on carbon, 40
palladium/copper on carbon, palladium/copper/iron on silica, mercuric
acetate on carbon, and mercuric chloride on carbon. Hg and Pd are cited, at
col. 1, line 67, as the preferred metals. There is no recognition by this
patentee of any special advantages to (i) the use of ruthenium compounds as
catalysts for trarsvinylation reactions and (ii) effecting the reaction in
a liquid phase reaction using a ruthenium compound as the catalyst 45
FR-A-1304569 discloses a process for the transesterification of vinylesters
in presence, as catalyst, of salts of a metal of the family of platinum and
more particularly of Pd, Pt and Rh salts (see examples 1-14) carried out in
liquid conditions. No exemplification of Ru-salt catalyzed processes may be
found nor are the particular selection of ruthenium or its advantageous
properties suggested. Significant deficiencies in these prior art
technologies are: 50    1. The mercury-based catalyst is toxic  nndesirably
volatile, and is typically activated with sulfuric acid to promote reaction
and then deactivate by neutralization with base prior to product
distillation. Traces of adventitious free acid generatd  by this system
tend to promote ethylidene diester formation. 2. Palladium-based catalysts
are not sufficiently thermally stable to allow product removal by
distillation at elevated temperatures, the catalyst often deactivates
forming metallic Pd. 



55     M.Rotem, et al Organometallics , 2 pp. 1680-1691 (1983), T. Mitsudo,
et al., J. Org. Chem., 50, pp. 1566-1588 (1985), and  T.Mitsudo , et al,J.
Org. Chem    52, pp. 2230-2239 (1987) show use of ruthenium based calysts
to  promote the carboxylic acids to alkynes and producing alkenyl
carboxylates. In particular, the reaction of carboxylic acids with
substituted alkynes is facile. The reaction of 2    EP 0 351 603 B1
carboxylic acids with acetylene (vinylation) to give vinyl esters is also
possible, but at a much slower rate. Various catalyst precursors have been
studied which include ruthenium carbonyl, bis(eta 5-cyclooctadienyl)-
ruthenium (II)/trl-n-butylphosphine, and bis(eta
5-cyclooctadienyl)ruthenium (II)/trialkylphosphine/maleic an- hydride. 5
The use of these and similar ruthenium compositions as transvinylation
catalysts has apparently not been recognized until this invention. The
beneficial use of ruthenium-containing compounds a catalysts for
transvinylation processes which overcome several of the deficiencies noted
for the prior art catalysts has not been appreciated until this invention.
There is a need in the transvinylation art for a catalyst having high
catalytic activity at convenient 10  elevated temperatures which would
allow the facile removal of the desired product of the reaction without
interfering with other components present In the reaction product mixture.
The Invention 15     The invention relates to a process for the
transvinylation of a vinyl derivative of a Bronsted acid with a different
Bronsted acid which comprises providing a liquid phase mixture containing
said vinyl derivative and said Bronsted acid in the presence of a catalyst
at elevated temperature and recovering the vinyl derivative of the
different Bronsted acid characterized in that the catalyst is a ruthenium
compound. Further embodiments of the invention are set forth in dependent
claims 2 to 18. 20 Details Of The Invention Transvinylations are
equilibrium reactions. The efficiency of the  reaction is measured by the
extent the desired transvinylation reaction product is present in the
equilibrium reaction products. In other words, the 25  reaction generates
more than one product and the effectiveness of the process is frequently
measured by the proportion of the desired product to the other products of
the transvinylation reaction. The reaction of the invention involves the
combination of a vinyl derivative of a Bronsted acid (I); a different
Bronsted acid (II) with which to interchange; 30     a ruthenium compound;
and liquid phase reaction conditions. The vinyl derivative is any compound
in which there is a vinyl group bonded to a Bronsted acid. They may be
characterized as vinylated Bronsted acids. Vinyl embraces groups of the
formula 35  [err] wherein [err]are each individually one of hydrogen, alkyl
of 1 to about 12 carbon atoms, cycloalkyl, aryl, alkyl ethers, and the
like. The Bronsted acid is any species which can act as a source of
protons. Illustrative of suitable vinyl derivatives of a Bronsted acid (I)
for the practice of the invention, are vinyl 40  acetate, vinyl pivalate,
vinyl benzoate, vinyl methacrylate, vinyl acrylate, divinyl lsophthalate,
divinyl torephthalate, divinyl adipate, vinyl propionate, vinyl stearate,
vinyl salicylate, vinyl cinnamate, vinyl 2- ethylhexanoate, vinyl
cyclohexanoate, N-vinyl pyrrolidinone, N-vinylsuccinimide, vinyl phenyl
ether, vinyl methyl ether, vinyl ethyl ether, N-vinyl 2-oxazolidinone,
N-vinyl ethyleneurea, N-vinyl N-acetylethyleurea, 2- vinyloxyethyl acetate,
2-vinyloxyethyl pivalate, 2-vinyloxyethylacrylate, vinyl chloride, vinyl
sulfonamides, 45  and the like. 



Preferred vinyl derivatives are the vinyl esters of carboxylic acids and
the vinyl alkyl or aryl ethers, mainly because they are more commercially
available. Illustrative of suitable Bronsted acids (II) for the practice of
the invention are carboxylic acids such as monocarboxylic and
polycarboxylic acids illustrated by acetic acid, propionic acid, butyric
acid, pivalic acid so  and other neo acids, stearic acid, and other vinyl
esters of fatty acids, benzoic acid, terephthalic acid, isophthalic acid,
phthalic acid, adipic acid, succinic acid, malic acid, maleic acid,
polyacrylic acids, crotonic acid, acrylic acid, methacrylic acid, salicylic
acid, cinnamic acid, 2-ethylhexanoic, and cyclohexanoic acid; amides such
as 2-pyrrolidinone, 2-pyrrolidone, e-caprolactarn, 2-oxazolidinone,
ethyleneurea, N-acetyl ethyleurea, and succinimide; alcohols such as
methanol, ethanol, n-propanol, isobutanol, fluorinated alkanols 66  such as
1,1,1 ,3,3,3-hexafluoro-2-propanol, monoethanolamine, diethanolamine, and
triethanolamine; phenolic compounds such as phenol, resorcinol, and
Bisphenol A [2,2.bis(4-hydroxyphenyl)propane]; amino com- pounds which are
sufficiently acidic such as  secondary aromatc amines, azoles, blocked
amines and imines, silazanes, ad the like; hydroxy esters such as
hydroxalkyl acrylates (viz., 2-hydroxyethyl acrylate, 2- 3    EP 0 351 603
B1 hydroxyethyl methacrylate) and hydroxyalkyl alkanoates (viz.,
2-hydroxyethyl acetate, 2-hydroxyethyl pivalate); suffonamides such as
diethyl sulfanamide and toluene sulfonamide; silanols such as phenyl silane
triol,diphenyl silane diol, triphenyl silane mono-ol, dimethyl silane diol,
trimethylsilane mono-ol, and the like. The preferred Bronsted  acids (II)
are the carboxylic acids, the alcohols, the iminos, the amides, the 5
imides, the phenolics, and the like. Illustrative of transvinylation
reactions that may be carried out by the process  of the invention, are the
following: vinyl acetate           +        pivalic acid
vinyl  private vinyl benzoate           +       plyalic acid
vinyl pivalate 15    vinyl acetate                     methacrylic acid
vinyl methacylate vinyl  acytate                   +        acylic acid
vinyl acrylate vinyl acytate             +        isophthalic acid
divinyl imophthalate 20 vinyl acetate                       terephthalic
acid           divinyl   terephthalate vinyl propionate         +
adlplc acid                      divinyl adipate 25
benzoicc acid                       vinyl benzoate vinyl acetate
+        proponic acid             [err]         vinyl proplonate vinyl
pivalate           +         stesaric acid                 [err]
vinyl stearate 30. vinyl acetate           +        salicylic acid
vinyl salicylate vinyl  acetate                +                cinnamic
acid                 vinyl   cinnamate 35    vinyl propionate        +
2-ethythexanic acid          vinyl 2-ethylhexanate vinyl acetate
+                  cyclohexanoic acid                 vinyl cyclohexanate
40    vinyl acetate              +         2pyrrolidinone
N-vinyl vinyl pivalate          + 45 vinyl methyl ether     +        phanol
vinyl phenyl ether 50    vinyl chloride        +         methanol
vinyl methyl ether 55 4 



EP 0 351 603 B1 vinyl mehyl ether        +        ethanol
vinyl ethyl ether vinyl acetate              +        2-oxazolidinone
N-vinyl 2-oxazolidinone vinyl acetate            +        ethylensurea
N-vinyl ethyleneurea vinyl acetate                 +        N-acetyl
ethyleneurea                N-vinyl 10
N-acetylethyleurea vinyl acetate                        2 hydroyethyl
acetate             2.vinyloxyethyl vinyl pivalate         +
2-hydroxyetbyl pivalate            2-vinyloxyethyl vinyl pivalate
2. hydroxyethylacrylate      2-vinyloxyethyl acrylate The process of this
invention provides an excellent route to many hard to produce vinyl
compounds because of the desirable physical and chemical properties of the
ruthenium compounds which provide the basis for the catalytic reaction. The
ruthenium catalysts are easily obtainable as soluble components and 25 can
be used in the form of non-volatile compounds possessing high thermal
stability and exhibiting high catalytic activity only at elevated
temperatures. Unlike palladium, the ruthenium-based catalyst does not lead
to observable metal precipitation, even when reaction is conducted at
temperatures above [err]. From a practical standpoint, the physical and
chemical properties of the ruthenium catalyst (soluble, non- volatile, and
possessing high thermal stability) permit product removal by distillation.
These properties 30  suggest that the ruthenium catalyst system is far
superior to prior art transvinylation technologies using palladium and
mercury. The selection of a suitable ruthenium compound to provide the
catalytic activity for the transvinylation reaction is not narrowly
critical. Essentially any ruthenium compound can be effectively employed to
carry out the tranavinylation reaction. However, the Invention is believed
to Involve novel ruthenium-based 35  catalysts which to promote the vinyl
interchange (transvinylation) between vinyl derivatives and the Bronsted
acids. It is believed the primary requirement for the generation of such
catalysts and the requisite catalytic activity are ruthenium precursors to
the atalyst which can be converted to [err] or similar compounds even if
the precursor during the reaction falls to be converted to such structures.
[Ru- [err]or similar compounds may or may not be the transvinylation
catalyst.of the invention but it has 40  been noted that the use of such
compounds assures the effective catalytic reaction and the results herein
characterized. The process of this invention may be practiced with a vast
array of ruthenium compounds. Even instances where the ruthenium compound
is too stable for catalyzing the reaction, catalysis can be effected by
including a compound which does not adversely affect the transviylation
reaction and stimulates the ruthenium compound to be converted to a species
having catalytic activity. For example, 45  ruthenium chloride is a
sluggish catalyst but is made quite active by the addition of an alkali
such as an alkali metal salt of a carboxylic acid. viz, sodium acetate. It
is not presumed that simple  ruthenium salt compounds are  the catalyst or
that many of the ruthenium compounds herein used to effect the catalytic
reaction are the catalyst. The exact ruthenium containing compound or
compounds that constitute the catalyst of this invention is not appreciated
but what is appreciated is that many ruthenium compounds can 50  be used to
in Situ generate the catalyst.The  diversity of the selection of ruthenium
compounds suitably employable as precursors to catalysts in the process of
the invention is quite broad; illustrative of this point - the precursor
compounds may range from supported ruthenium such as ruthenium on carbon,
alumina, and the like, to ruthenium carbonyl to  bis(eta -
5-cyclooctadienyl)ruthenium(ll)/tri-n-butylphosphine and to bis(eta
5-cyclooctadienyl)ruthenium(II)/triakyl- phosphine/maleic anhydride. 55
The most preferred catalysts are formed from ruthenium carbonyl
carboxylates, or precursors which can convert into these species. Based on
an analysis of the  literature, certain assumptions of the likely 



structure of the catalyst have been  made  Based on the recognition that
ruthenium carbonyl reacts with carboxylic acids to produce soluble
orange-yellow complexes. possessing the empirical formula [Ru(CO)-    EP 0
361 603 B1 [err] and the fact these complexes appear sufficiently labile to
accommodate coordination of vinyl acetate and subsequently catalyze
exchanges between vinyl-bound and ruthenium-bound carboxylates, it is
believed that such structures are involved in the catalysis of the
transvinylation process. For example, it Is known that in the presence of
carbon monoxide, [err] is readily converted to [err] 5  dimer. Analogously,
substitution with other ligands such as phosphines gives [err] com- plexes.
Similar affinity for coordination Is thus proposed for vinyl esters. The
addition of one equivalent of triphenylphosphine (per ruthenium) to a
ruthenium carbonyl-based catalyst reduced transvinylation rate by a factor
of about ten, indicating the presumably formed complex, [err], is a less
active precursor. Similarly, the addition of one equivalent of the
phosphonium ylide, 2-(triphenylphosphor- 10  anylidine) succinic anhydride,
resulted in reduced reaction rates, The complex, hydrido(acetato)tris-
(triphenyl-phosphine)ruthenium(ll), exhibited meager activity, indicating
that higher phosphorus to ruthenium ratios lead to a more serious rate
inhibition. Tetrahydridotetraruthenium dodecacarbonyl, [err], can also be
used to form the catalyst. Ruthenium.(III) chloride, ruthenium(III) iodide,
tris(2,2-bipyridyl)ruthenium- (11) chloride hexahydrate, and ruthenocene
exhibited only very slight catalytic activity, which further 15
substantiates that the level of catalyst activity intimately depends upon
the form of the ruthenium precursor. It has been found that the presumed
catalyst precursor, [err], can be generated In several ways. For example,
the trinuclear complex, [err], gives an efficient transvinylation catalyst.
Infrared analysis indicates that [err] can convert to [err] under
transvinylation reaction conditions. This is even observed when the
reaction is conducted under nitrogen 20  atmosphere, rather than carbon
monoxide. Frequently, there is sufficient adventitious carbon monoxide
available to in situ convert all of the Ru to a carbonyl form. As was
previously stated, ruthenium trihalide-based precursors, e.g.,
ruthenium(III) chloride and ruthenium(III) iodide, exhibit only slight
activity. However, a very active and more selective catalyst can be
generated In situ from ruthenium chloride and sodium acetate. This
presumably produces the [err] 26  [err] precursor and insoluble sodium
chloride salt. The conditions useful for effective catalyst generation
includes a ruthenium carhoxylate precursor or a mixture of reagents which
can generate a ruthenium carboxylate precursor.
Dichlorotricarbonylruthenium(II) dimer, [err], also gives an active, but
non-selective catalyst which produces significant quantities of heavier
by-products, tentatively believed to be ethylidine- and glycol-diesters. It
Is postulated that upon conversion to catalyst, [err] also 30  forms traces
of hydrochloric acid which are principally responsible for the by-product
formation. There Is some very good evidence to substantiate these
assumptions. Under similar reaction conditions, but in the absence of
ruthenium, hydrochloric acid has been shown to readily promote heavy
by-product formation. The salient conclusion is that ruthenium halide
precursors can be used In the invention, however they are best used in
conjunction with alkali metal caroxylates (typically sodium acetate) to
facilitate precipitation of 35  the alkali metal halide (typically sodium
chloride). Non-carbonyl and non-carboxylate containing ruthenium compounds
can also lead to highly active catalysts. In experiments conducted under
carbon monoxide atmosphere, ruthenium(III) acetyl-acetonate, ruthenium(IV)
oxide, ruthenium on carbon, and ruthenium on alumina have all shown
catalytic activity. Under these conditions, ruthenium powder shows trace
activity. A route to transvinylation catalysts from ruthenium halides
involves, as pointed above, displacing the halide 40  from the ruthenium
precursor. It is also likely that other metal salts, known to precipitate
halides ([err], [err])would also be effective in combination with ruthenium
halides to provide the catalyst precursor. The amount of the ruthenium
catalyst useful for effecting the transvinylation reaction is not narrowly
critical. The typical amount is a catalytically effective amount, that is,
an amount which is sufficient to effect 



the desired vinyl interchange. For example, it has been established that
ruthenium catalyst concentrations 45  ranging roughly from 30,000 parts to
0.5 part per million (ppm) ruthenium based on the weight of the liquid
phase reaction medium can be used to effect the reaction. It Is believed
that larger and smaller amounts of the catalyst may be used to effect the
reaction. The most preferred range is from 0.1 ppm to 500 ppm ruthenium,
same basis. It is desirable that the transvinylation reaction be carried
out in the absence of an amount of water in the 50  reaction mixture that
inhibits the production of the desired vinyl interchanged product. However,
as shown in the Examples 60-63 below, the reaction can be carried out in
the presence of significant quantities of water. The inhibiting effects of
water are reactant dependent. Increasing the concentration of ruthenium
catalyst in the reaction mixture is a facile method of overcoming water
inhibition in many cases, If not most cases. It has been noted that then is
a correlation between the amount of ruthenium catalyst employed and the 55
amount of water usuable in the process. The more ruthenium present, the
more water that may be present in the reaction without affecting the
reaction. It Is desirable to use a system which is substantially
water-free. As a rule, the amount of water present in the reaction is
desirably less than about 25 weight % of the weight of the reaction
mixture. Preferably, the amount of water in the reaction Is less than about
15 weight 6    EP 0 351 603 B1 % of the weight of the mixture. The smaller
the amount of water present the better the reaction operates and greater
the yield of desired reaction product. Essentially anhydrous reaction
systems as herein characterized are preferred. For example, it is more
desirable that the amount of water In the reaction be less than about 10
weight % of the weight of the mixture. Preferably, the amount of water in
the reaction is 5  less than about 5 weight % of the weight of the mixture,
more preferably less than about 2.5 weight % of the weight of the mixture,
most preferably less than about 1 weight % of the weight of the mixture.
Water concentration in the reaction mixture can be controlled by
conventional procedures, such as by drying the reactants carefully,
azeotrpiocally distilling the water from the reaction when a azotrope is
formed, and by the addition of molecular sieve drying agent. 10     The
temperature at which the reaction can be carried out is also not narrowly
critical. The reaction rate varies with the identity of the Bronsted acid
to be transvinylated The more acidic acids tend to be reactive at lower
temperatures. It is also desirable to operate at a temperature at which the
acid reactant Is dissolved or liquid. The process is favorably effected by
keeping the reaction temperature below the boiling point of the highest
boiling reactant or at sufficient pressure to maintain the liquid state.
When feasible, the liquid is  phase condition can best be accomplished by
operating at temperatures above the melting point of the acid. Nonetheless,
terephthalic acid (mp: > [err]), which is insoluble in most
catalyst-compatible solvents, was transvinylated to divinyl terephthalate
by conducting the reaction in aromatic ester solvents at elevated
temperatures (ca. [err]). These conditions presumably facilitate
transvinylated by achieving slight solubil- ity of the terephthalic acid.
Overall, the temperature at which the reaction may be carried out range up
to 20  [err], preferably up to [err]. The optimum reaction conditions
depend chiefly on the Bronsted acid (such as a carboxylic acid) to be
transvinylated. If the acid is  soluble at the reaction temperature, it is
better to operate without solvent. It is also preferred, when feasible, to
conduct the reaction at temperatures above the melting point of the acid.
Transvinylation works best without solvents or in nonpolar solvents.
Suitable results have been achieved 25  In solvents such a toluene,
heptane, silicone oil, mineral oil, phenylbenzoate, dimethylterephthalate,
and dloctylphthalate. More highly polar solvents such as alcohols, water,
sulfolane, Carbowaxes[err], and N- methylpyrolidingne  tend to inhibit
reaction rates. Oxygenated aromatics such as diphenylether, methylben-
zoate, dimethylterephthalate, and dioctylphthalate are desirable solvents
in the synthesis of divinyltereph- thalate and divinylisophthalate. 



30     The invention is operational over a broad range of mole ratios of
Bronsted acid (such as carboxylic acid) to vinyl derivative. The preferred
ratio depends mostly on the transformation sought. In general, ratios of
100/1 to 1/100 are preferred and ratios of 1/10 to 10/1 are most preferred.
The mole ratio of the Bronsted acid (viz., carboxylic acid or carboxylate)
to ruthenium should be at least 0.5 to 1. The ruthenium concentration in
the reaction mixture is a catalytically effective amount and this is 35
typically in the parts per million range while the acid is typically a
major component of the reaction mixture. Most preferably the mole ratio of
the Bronsted acid to  ruthenium is 50/1 to 1,000,000/1. Several reaction
atmospheres, such as carbon monoxide, air, nitrogen, and ethylene, are
compatible with the transvinylation catalyst. Nitrogen and ethylene are
suitable in most situations. Carbon monoxide appears to improve catalyst
selectivity. Air has been employed in conjunction with phenothiazine (poly-
40  merization inhibitor) for the synthesis of vinyl acrylates. In some
instances the catalytic reaction produces small amounts of methane, carbon
monoxide, and carbon dioxide by-products which obviously augment the
initially charged reaction atmosphere. The reaction may be carried out at
pressures which are subat- mospheric, atmospheric or superatmospheric. In
some situations, reaction can also be conducted under vacuum, such as In a
distillation apparatus. A desirable reaction pressure is from [err] mbar
([err] torr) to 45  345 bar abs (5,000 psia). The more desirable reaction
pressure is from 1 .33-  mbar ([err] torr) to 55 bar abs. (800 psia). The
preferred  reaction pressure is from [err] mbar ([err] torr) to 38 bar.abs.
(550 psia). The preferred reaction pressure  is superatmospheric pressure,
typically from 1.1-345 bar.abs. (16 to 5,000 psia). As pointed out
previously the reaction is carried out under conditions at which all of the
reactants are in 50  the, liquid phase. This does not require that the
reaction environment be wholly in the liquid phase. It simply means that
sufficient of the reactants and the catalyst be in the liquid phase that
the reaction can occur in the liquid phase. For example, solid ruthenium on
a solid support can be used as a catalyst precursor. In the presence of
reactant, solvent and/or carbon monoxide, sufficient ruthenium can be
converted to a liquid soluble compound such that the catalytic reaction is
attainable. In another case, reactant can be supplied in 55  a
super-critical fluid condition which is sufficiently "liquid" to support
the liquid phase conditions of this invention. Much of the reaction system
can be in the gas or solid phase, and this would be acceptable so long as
enough of the reaction system is in the liquid phase to support the
transvinylation reaction of the invention.    EP 0 351 603 B1 A favorable
aspect of the process of the invention is to shift the equilibrium of the
reaction in the direction of the favored product so that higher
concentrations of the product can be obtained based on the amount of
starting materials employed. This can be done by the continuous removal of
one of the products of the reaction so as to shift the equilibrium in a
favorable direction without adversely affecting the catalyst 5  and/or the
ruthenium values. Example 1 To a Fischer-Porter bottle were charged
ruthenium carbonyl (0.316 grams), benzoic acid (183 grams, 10  1.50 moles),
and vinyl acete (258 grams, 3.00 moles). The bottle was attached to the
reaction apparatus, purged and pressurized to 1.7 bar (25 psig)with carbon
monoxide, and heated to [err] for 3 hours. The reaction mixture was cooled
to ambient temperature, transferred to a 1 liter flask, and distilled by
rotary evaporation under reduced pressure. The fraction taken at
approximately 20 mbar (15 torr) and [err] (187.8 grams) was redistilled
through a 15 cm Vigreux column. Vinyl benzoate (100.4 grams, > 99% pure by
GO) 15  was collected in fractions boiling from [err] at 20 mbar (15 torr).
Example 2 To a Fischer-Porter bottle were charged
tris(aquo)-hexa-u-aceto-[err]-oxo-triruthenium  acetate (0.032 20 grams),
2-ethylhexanoic acid (42.37 grams, 0.294 moles), and vinyl acetate (25.3
grams, 0.294 moles). The 



bottle was attached to the reaction apparatus, purged and pressurized to
1.7 bar (25 psig) with carbon monoxide, and heated to [err] for 3 hours.
The reaction mixture was stripped of volatiles by rotary evaporation and
the residue was distilled through a 15 cm Vigreux column. A fraction
collected at [err]/6.65 mbar (5 torr) was vinyl 2-ethylhexanoate (9.0
grams, > 99 % pure by GC). 25 Example 3 To a Fischer-Porter bottle were
charged ruthenium carbonyl (0.118 grams), pivalic acid (68.43 grams, 0.67
moles), and vinyl benzoate (48.87 grams, 0.33 moles). The bottle was
attached to the reaction 30  apparatus, purged and pressurized to 1.7 bar
(25 psi) with carbon monoxide, and heated to 150 C for 2 hours. The cooled
reaction mixture was  charged to a 250 ml flask and vacuum distilled
through a 15 cm Vigreux column. A fraction collected at [err] /200 mbar
(150 torr) (31.7 grams) was redistilled at atmospheric pressure (bp =
[err], 24.2 grams). It comprised vinyl pivalate. 35 Example 4 To a
Fischer-Porter bottle were charged ruthenium carbonyl (0,211 grams), adipic
acid (7.3 grams, 0.05 moles), and vinyl acetate (21.5 grams, 0.25
moles).The bottle was attached to the reaction apparatus, purged and
pressurized to 1.7 bar (25 psig) with nitrogen, and heated to [err] for 4.5
hours. The reaction 40  mixture was stripped of volatiles by rotary
evaporation and the residue was distilled through a 15 cm Vigreux column. A
fraction collected at [err] mbar (0.75 torr) was divinyl adipate (1.5
grams, > 98 % pure by GC). Example 5 45 To a Fischer-Porter bottle were
charged  tris (aquo)-hexa-u-aceto-[err]-oxo-triruthenium  acetate (0.9
grams), dioctylphthalate (150 grams), terephthalic acid (75 grams, 0.45
moles), and vinyl acetate (150 grams, 1.74 moles). The bottle  was attached
to the reaction apparatus, purged and pressurized to 1.7 bar (25 psig)
with carbon monoxide and heated to [err] for 4.5 hours. The reaction
mixture was stripped of 50   volatites by rotary  evaporation. Distillation
through a short path column afforded a fraction boiling at [err] (0.7 torr)
which solidified upon condensing (mp =  [err]). It contained divinyl
terephthalate. Example 6 55     Using a procedure similar to that of
Example 5, isophthalic acid (75 grams) was converted to divinyl
isophthalate at successive reaction temperatures of [err] for 3.5 hours and
[err] for 2.25 hours. Distillation through a short path column afforded a
fraction boiling at [err]/(1.2 torr) (7.1 grams) which solidified upon
condensing (mp. = [err]). It comprised divinyl isophthlate.    EP 0 351
503 B1 Examples 7- 12 The following examples in the following table show a
number of ruthenium catalyzed transvinylations conducted between vinyl
acetate and a variety of carboxylic acids in which the vinyl ester
products, in lieu 5 of isolation, were characterized by either GC/lr/Mass
Spec or by GC retention time compared with an authentic sample. The table
lists the reaction conditions. Ex. No.        CARBOXYLIC ACID      VINYL
ESTER PRODUCT 10        7       propionic acid        vinyl propionate
[err]                             [err] 8      pivalic acid          vinyl
pivalate            [err] 9      acrylic acid   vinyl acrylate
[err]          , Air 10      methacrylic [err]     vinyl methecrylate
[err]          Air 11      succinic acid         divinyl succinate
[err]          CO 12            terephthalic [err]      divinyl
terepthalate     [err]                 CO 1. Phenothlazine was added to the
reaction mixture to inhibit polymerization. 



2. Phenothiazine was added to the reaction mixture to inhibit
polymerization. 3. The reaction was conducted  in dimethyl terephthalate
solvent. 20 Example 13 In three batches  which were later combined,
ruthenium carbonyl (44.4 grams, total of the three 26  batches), pivalic
acid (510 grams, total of the three batches), and vinyl acetate (432 grams,
total of the three batches) were charged to Fischer-Porter bottles, flushed
and pressurized 1.7 bar (25 psig) with carbon monoxide, and heated for
approximately 2 hours at [err]. This procedure resulted in a highly
concentrated ruthenium catalyst solution (2.15% ruthenium or 21.500 ppm
ruthenium) which as a result of the reaction conditions, was dissolved in
an equllibrated mixture of vinyl acetate pivalic acid vinyl pivalate, 30
and acetic acid. When charged to the 113.5 1 (30 gallon) stainless steel
reactor as. described below with 37.8 I (10 gallons) each of vinyl acetate
and pivalic acid to make vinyl pivilate, a 300 ppm ruthenium catalyst
concentration was achieved. Vinyl pivalate (91 pounds) was prepared in two,
75,7 I (20 gallon)-batch runs in a 113.5 I (30 gallon) stainless steel
reactor. In two batches, pivalic acid 34 kg (75.5 lbs), 37.8 I (10 gallons)
and vinyl acetate 35 36  kg (77.9 Ibs), 37.8 I (10 gallons) were
transvinylated in the presence of 300 ppm ruthenium catalyst, described in
the preceeding paragraph, at [err] using a 3.45 bar (50 pslg) carbon
monoxide reaction atmosphere for 5 hours. Reaction product was removed from
the reactor by vacuum distillation ([err], -320 mbar-240 mm Hg) from the
ruthenium catalyst without difficulty. Based on gas chromatographic
analysis, 90.4% and 94.7% of the vinyl pivalate respectively formed in the
two reaction batches, could be 40  accounted for after distillation. This
demonstrates that reequllibration of vinyl pivalate (and acetic acid) to
vinyl acetate (and pivalic acid) was successfully controlled during
distillation within 9.6% (batch 1) and 5.3% (batch 2), respectively. Mass
balances for all components were better than 98%. Examples 14 - 32 45
Catalytic activity of numerous ruthenium precursor compounds was evaluated
according to the following procedure. A mixture of the ruthenium compound,
vinyl acetate (17.2 grams), benzoic acid (12.2 grams) and nonane (internal
standard for gas chromatographic analysis) were charged to a Fischer-Porter
bottle, sealed, purged three times with carbon monoxide and finally
pressurized to 1.7 bar (25 psig). The magnetically- 50  stirred reaction
mixture was heated, in an oil bath  to the desired reaction temperature for
a specified time period (both specified in the table). Gas chrometagraphic
analysis on an DB-1 fused silica capillary column (30M) revealed the amount
of vinyl benzoate formed by transvinylation (shown in the table).    EP 0
351 603 B1 Ex.  No.            Catalyst  Precursor
Temp./Time           Vinyl Benzoate, 14          tris(aquo)-hexe-[err]
102/[err]              5.704 15
[err]               0.287 10                [err] 16         [err]
130/1                4.072 17         [err]                       [err]
5.160 15 18          [err]                      [err] 19         [err]
[err]                1.759 20            [err]                [err]
4.722 4. The Fisher-Porter    bottle  was  purged and pressure with 1.7 bar
(25 psig) nitrogen instead 25       of 1.7 bar (25psig) carbon monoxide 5.
See previous footnote 



6.See previous footnote 30 8. See previos footnote 9. The Fisher.Porter
bottle was purred and  pressureized with 1.7 bar (25 psig) ethylene instead
of 1.7 bar (25 psig) carbon monoxide 35 40 45 50 10    EP 0 351 603 B1 21
[err]                   130/2                5.027 22         [err]
[err]           5.723 (0.262 g) 23         ruthenium 15% on
150/4                   5.067 carbonl, (1.0g) 10 24         ruthenium 15%
on                       150/18               5.421 25
ruthecium(III) 2.4-                         150/4                5.957 15
pentanedloate (0.06 g) 26          ruthenium powder 99.9%
150/2               0.126 20    27         dichlorotricarbonyl-
.                15/2                4.277 ruthenium(II)dimer (0.05 g) 28
ruthenium(IV)oxide,                      150/2               2.762 26
hydrate (0.06 g) 29     tris(2,2-bopyridyl)                         150/2
NA ruthenium(II) chloride, bexahydrate (0.2g) 30 30         ruthenium(IV)
oxide,                       150/2               0.045 anhydrous(0.06g) 31
[err]                          150/2               7.006 32
ruthenium(III)iodine                          150/2               0.029
(0.06g) 10   The  Fisher-Porter bottle was purged and pressurize with 1.7
bar (25 psig) nitrogen instead of   1.7 bar (25 psig) carbon monoxide 45
Examples 33 - 46 The following table demonstrates transvinylation without
prod uct isolation. In the examples recited in the table, ruthenium
catalyzed transvinylations (300 ppm ruthenium) of various acidic compounds
with either vinyl acetate (VA)or vinyl pivalate (VP) were conduced un a
manner in which the vinyl monomer products, 50 in lieu of isolation were
characterized by GC/IR/MASS SPEC or GC retention time compared with an
authentic sample. The table ists the reaction conditions. 55 [err]  



EP 0 361 603 B1 Ex.       Acidic Compound        Vinyl         C/h
Product(s)          Verification No.                              Source
Technique 33 stear acid                     VA   150/18              vinyl
stearate       retention 5    34 palmitic acid                  VA   150/5
vinyl palmitate       GC/IR/MS 35 succinimide                    VA   150/3
vinyl succinimide    GC/IR/MS 36 sallcylate acid                  VA
160/2               vinyl salicylate     GC/IR/MS 37 phenol
VA   160/2              phenyl vinyl ther    GC/IR/MS 38  2-pyrrolidinone
VA   180/0.5             N-vinyl pyrrolidinone   GC/IR/MS 10   39
2-pyrrolidinone               VP   160/[err]             N-vinyl
pyrrolidinone   retention 40 ethylene glycol                VA   150/2
2-methyl 1-3-dioxolane retention 41 2-oxazolidinone                VA
180/1              N-vinyl-2-oxazolidinone GC/IR/MS 42 ethyleneurea
VA   180/3              N-vinyl ethyleneurea   GC/IR/MS 43
2-hydroxyethylethyleneurea     VA   180/3              2-hydroxyethyl
5-vinyl GC/IR/MS etyleneurea 1 -(2-acetoxyethyl)-2-vi- nyloxy-imidazoline
2-acetoxyethyl-5-vinyl ethyle urea 4.4 2-hydroxyethyl acetate        VA
115/2.5 130/2.5 150/2 2-vinyloxyethyl acetate GC/IR/MS 45 2-hydroxyethyl
pivalate        VP   150/7              2-vinyloxyethyl pivalate GC/IR/MS
46 1,1,1 ,3,3,3-hexafluoro-2-propanol  VP                 vinyl
GC/IR/MS (1,1,1 ,3,3,3-hexafluoro- -2-propyl) ether 11. 3.000 ppm ruthenium
catalyst 30  Examples 47- 55 Using the procedure for Examples 33 - 46, the
vinyl products recited In Examples 47 - 55 were made using 300 ppm of
ruthenium added as ruthenium carbonyl. Verification was not or has not yet
been accomplished, but G-C product peaks are located at logical retention
times for these products. 35 Ex.     Acidic Compound       Vinyl C/h
Product(s)                           Verification No.
Source                                          Technique 47 2,2-diphenyl
acetic acid    VA   150/6 vinyl (2,2-diphenyl acetate)   logical retention
40   48 2-benzoyl benzoic acid       VA. 150/3 vinyl 2-benzoyl benzoate
retention 49 Exxon Neo                   VA   145/3 vinyl pivalate
logical retention Acid 91 3                             vinyl
neo-heptanoate [err] mixed neo acids   vinyl neo-nonanoate 45  .50 1
-hexnol                  VP   150/4 hexyl vinyl ether               logical
retention 51 6-amino-caproic acid        VA   160/4 vinyl
(N-acetylaminocaproate)   logical retention 52  6-arnmino-caproic acid
VP   160/7 vinyl (N-pivoylaminocaproate)    logical retention 53
tri-n-propyl silanol        VP         vinyloxy (tri-n-propyl-silane
logical retention 54 2-hydroxethyl acrylate      VP         2-vinyloxyethyl
acrylate        logical retention 50   55 trimellitic anhydride       VP  .
5-isobenzofurancarboxylic acid,  logical retention 1 ,3-dihydro-1
3-dioxoethenyl ester 5   o-toluenesulfonamide      VP         N-vinyl
o-toluene sulfonamide   logical retention 55 Example 57 To a Fischer-Porter
bottle were charged cyclohexanecaboxylic acid (100.0 grams, 0.78 moles),
vinyl 



acetate (134.3 grams. 1.56 moles), and ruthrnium cabonyl (0.056 grams). The
bottle was sealed, purged 12    EP 0 351 603 B1 four times with carbon
monoxide, and pressurized to 1.7 bar (25 psig). The bottle was placed in a
[err] oil bath and stirred for 4.5 hours. The resultant solution after
cooling to ambient temperature, was concentrated by rotary evaporation. The
residue was distilled through a vigreux column giving a fraction (53.2
grams, 54- [err]  mbar (4.3 mm Hg)) which was vinyl cyclohexane
carboxylate. 5 Example 58 To a Fischer Porter bottle were charged saylic
acid (13.8 grams, 100 mmoles), vinyl acetate (34.4 grams, 400 mmoles), and
ruthenium carbonyl (0.03304 grams). The bottle was sealed, purged four
times 10 with carbon monoxide, and pressurized to 1.7 bar (25 psig). The
bottle was placed in an oil bath and stirred for 2 hours at a [err]. The
resultant solution, after cooling to ambient temperature, was concentrated
by rotary evaporation. The residue was distilled through a vigreux column
giving a fraction (3.81 grams, [err]/1.33 mbar - 1.0 mm Hg -) which was
vinyl salicylate. 16  Example 59 To a Fischer-Porter bottle were charged
trans-cinnamic acid (148) grams, 1 mole), vinyl acetate (172 grams, 2
moles), and ruthenium carbonyl (0.201 grams). The bottle was sealed, purged
three times with carbon monoxide and pressurized to 1.7 bar (25 psig). The
bottle was placed in an oil bath and stirred for 3 20  hours at [err]. The
resultant solution, after cooling to ambient temperature, was concentrated
by rotary evaporation. The residue was distilled through a vigreux column
giving a fraction (57 grams  [err]/1.33 mbar - 1.0 mm Hg -) which was vinyl
cinnamate. Example 60 25 A mixture consisting of propionic acid (12.2
grams), vinyl acetate (17.2 grams), distilled water (0.5011 grams), nonane
interna standard (0.664 grams) and ruthenium carbonyl (0.211 grams, a
calculated 3,340 ppm Ru concentration) was charged to a Fischer-Porter
reaction vessel, purged and pressurized to 1.7 bar (25 psig) with nitrogen,
and heated to [err] for 15 h. Analysis of the cooled reaction mixture by
gas 30 chromatography indicated  that the following product composition was
present: vinyl acetate   9.893 grams acetic acid     5.032 grams vinyl
propionate   7.398 grams propionic acid    7.488 grams Example 61 40 A
mixture consisting of propionic acid (1.2.2 grams), vinyl acetate (17.2
grams,) nonane internal standard (0.8395 grams), and ruthenium carbonyl
(0.021 grams, a calculated 334 ppm Ru concentration) was charged to a
Fischer-Porter reaction vessel, purged and pressurized to 1.7 bar (25 psig)
with nitrogen, and heated to [err] for 2 h . Analysis of the reaction
mixture by gas chromatography indicated that the 45  following product
composition was present. vinyl acetate   9.759 grams acetic acid     2.811
grams vinyl proplonate   8.232 grams propionic acid  5.897 grams Example 62
55 



The transvinylation of a crude vinyl acetate waste stream from an industial
plant which is contaminated with ethyl acetate, vinyl proplonate, and
approximately 2% water was used to convert the contained vinyl acetate into
vinyl propionate. The crude "wet" vinyl acetate (5.0 grams), propionic acid
(25.0 grams), 13    EP 0 351 603 B1 nonane standard (0.4225 grams) and
ruthenium carbonyl (0.019 grams, 300 ppm Ru) were charged to a
Fischer-Porter bottle, purged and pressurized to 1.7 bar (25 psig) carbon
monoxide and heated 3 h at 160 C and sampled. The following products are
tabulated: vinyl acetate   1.227 grams acetic acid     0.654 grams vinyl
propionate   1.684 grams 10 Example 63 In this example, the vinyl acetate
of Example 62 was azeotropically dried prior to use. The crude vinyl
acetate was dried by azeotropic refluxing on a Dean-Stark apparatus for
several hours. The "anhydrous" 15  crude vinyl acetate (5.0 grams),
proplonic acid (25.0 grams), nonane standard (0.4398 grams) and ruthenium
carbonyl (0.019 grams, 300 ppm Ru) were charged to a Fischer-Porter bottle,
purged and pressurized to 1.7 bar (25 psig) carbon monoxide and heated 3 h
at 140 C and sample. The following products are tabulated 20 vinyl acetate
1.290 grams acetic acid     0.468 grams vinyl propionate   3.249 grams 25
Claims 1. A process for the transvinylation of a vinyl derivative of a
Bronsted acid with a different Bronsted acid which comprises providing a
liquid phase mixture containing said vinyl derivative and said Bronsted 30
acid in the presence of a catalyst at elevated temperature and recovering
the vinyl derivative of the different Bronsted acid characterized in that
the catalyst is a ruthenium compound. 35  2. The process of claim 1 wherein
the ruthenium compound is soluble in the liquid mixture, 3. The process of
claim 1 or 2 wherein the vinyl derivative is a vinyl ester of a carboxylic
acid. 4. The process of claim 3 herein a product of transvinylation is a
vinyl ester of a carboxylic acid. 40 5. The process of claim 3 or 4 wherein
the vinyl ester of a carboxylic acid is vinyl acetate, pivalate, benzoate,
vinyl acrylate, vinyl methacrylate or hydroxyalkyl carboxylate. 6. The
process of claims 1 to 5 wherein the liquid phase mixture is substantially
water-free or essentially 45     anhydrous. 7. The process of claim 6
wherein the amount of water in the reaction is less than about 25 weight %
of the weight of the mixture, preferably is less than about 15 weight % of
the weight of the mixture, especially less than about 10 weight % of the
weight of the mixture. 50 8.  The process of claims 1 to 7 wherein the
Bronsted acid is a nitrogen containing compound. 9. The process of claim 8
wherein the nitrogen containing compound is an amino containing compound.
55  10. The process of claims 1 to 9 wherein the process is carried out in
the presence of carbon monoxide. 



11. The process of claims 1 to 10 wherein the process is carried out at a
temperature of up to [err] preferably up to [err]. 14    EP 0 351 603 B1
nonane standard (0.4225 grams) and ruthenium carbonyl (0.019 grams, 300 ppm
Ru) were charged to a Fischer-Porter bottle, purged and pressurized to 1.7
bar (25 psig) carbon monoxide and heated 3 h at [err] and sampled. The
following products are  tabulated: vinyl acetate   1.227 grams acetic acid
0.654 grams vinyl propionate     1.684 grams 10 Example 63 In this example,
the vinyl acete of Example 62 was azeotropically dried prior to use. The
crude vinyl acetate was dried by azeotropic refluxing on a Dean-Stark
apparatus for several hours. The "anhydrous" is  crude vinyl acetate (5.0
grams), proplonic acid (25.0 grams), nonane standard (0.4398 grams) and
ruthenium carbonyl (0.019 grams, 300 ppm Ru) were charged to a
Fischer-Porter bottle, purged and pressurized to 1.7 bar (25 psig) carbon
monoxide and heated 3 h at [err] and sample. The following products are
tabulated vinyl acetate    1.290 grams acetic acid     0.468 grams vinyl
propionate   3.249 grams 25 Claims 1. A process for the transvinylation of
a vinyl derivative of a Bronsted acid with a different Bronsted acid which
comprises providing a liquid phase mixture containing  said vinyl
derivative and said Bronsted 30     acid in the presence of a catalyst at
elevated temperature and recovering the vinyl derivative of the different
Bronsted acid characterized in that the catalyst is a ruthenium compound.
35  2. The process of claim 1 wherein the ruthenium compound is soluble in
the liquid mixture. 3. The process of claim 1 or 2 wherein the vinyl
derivative is a vinyl ester of a carboxylic acid. 4. The process of claim 3
herein a product of transvigylation is a vinyl ester of a carboxylic acid.
40 5. The process of claim 3 or 4 wherein the vinyl ester of a carboxylic
acid is vinyl acetate, pivalate, benzoate, vinyl acrylate, vinyl
methacrylate or hydroxyalkyl carboxylate. 6. The process of claims 1 to 5
wherein the liquid phase mixture is substantially water-free or essentially
45     anhydrous; 7. The process of claim 6 wherein the amount of water in
the reaction is less than about 25 weight % of the weight of the mixture,
preferably is less than about 15 weight % of the weight of the mixture,
especially less than about 10 weight % of the weight of the mixture. 50 8.
The process of claims 1 to 7 wherein the Bronsted acid is a nitrogen
containing compound. 9. The process of claim 8 wherein the nitrogen
containing compound is an amino containing compound. 55  10. The process of
claims 1 to 9 wherein the process is carried out in the presence of carbon
monoxide. 11. The process of claims 1 to 10 wherein the process is carried
out at a temperature of up to [err] preferably up to 200  C. 



14    EP 0 351 603 B1 12. The process of claims 1 to 11 wherein the
pressure of the reaction is subatmospheric, atmospheric or
superatmospheric. 13. The process of claim 12 wherein the reaction pressure
is from 1.33[err] mbar to 345 bar abs., preferably from 1.33 [err] mbar to
55 bar abs., especially from 1.33 [err]mbar to 38 bar abs. 14. The process
of claim 1 wherein the mole ratio of the Bronsted acid to ruthenium is at
least 0.5/1, preferably 50/1 to 1,000,000/1. 10  15. The process of claim 1
wherein the ruthenium catalyst concentration is from 30,000 to 0.5 ppm
based on the weight of the liquid phase reaction mixture. 16. The process
of claims 1 to 15 wherein there is present a solvent non-reactant for at
least one of the reactants. 15 17. The reaction of claim 12 wherein the
pressure ranges from 1.1 to 345 bar abs. 18. The process of claim 4 wherein
the product of transvinylation is divinyl adipate, -isophthalate,
-terephthalate, vinylprpionate, -stearate, -salicylate, -cinnamate,
-2-ethylhexanoate, -cyclohexanoate, N- 20      vinylpyrrolidinone,
-succinimide, vinyl-phenyl ether, N-vinyl-2-oxazolldinone, -ethyleneurea,
2-vinylox- yethyl acetate, 2-vinyloxyethyl acrylate, 2-vinyloxyethyl
methacrylate, 2-vinyloxyethyl pivalate, vinyl palmitate,
2-hydroxyethyl-5-vinyl ethylene-urea,
1-(2-acetoxyethyl)-2-vinyloxy-imidazoline, 2-acetox- yethyl-5-vinyl
ethylene urea, vinyl-(1,1 1,3,3,3-hexafluoro-2-propyl)ether,
vinyl-(2,2-di-phenyl acetate), vinyl-2-benzoyl benzoate,
vinyl-neo-heptanoate, vinyl-neo-nonanoate, hexyl vinyl ether, vinyl-(N-ac-
26     etylamino-caproate), vinyl-(n-pivoylamino-caproate),
vinyloxy-(tri-n-propyl)silane, 5-isobenzofuran-car- boxylic acid,
1,3-dihydro-1,3-dioxo-ethylen ester or N-vinyl-o-toluene sulfonamide.
PatentansprUche 30  1. Verfahren fUr die. Transvinyllerung eines
Vinylderivats einer Bransted-Saure mit einer anderen Br6n- sted-Saure, das
die Bereltstellung einer FlU ssigphasenmischung, die das Vinyiderivat und
die Br6n- sted-Slure enthilt, In Gegenwart sines Katalysators bdi erhdhter
Temperatur und die Wledergewinnung des Vinyiderivate der Onderen
Brdnsted-Sgure urnfalt, dadurch gekennielchnet, dae der Katalysator sine
Ruthenium-Vert-indung Ist. 35 2. Verfahren nach Anspruch 1, worin die
Ruthenium-Verbindung in der flUssigen Mischung l6slich Ist. 3. Verfahren
nach Anspruch 1 oder 2. wori das Vinyiderivat en Vinylester einer
Carbonsgure ist. 40  4. Verfahren nach Anspruch 3, worin ein Produkt7 der
Transvinylierung sin Vinylester einer Carbonsdure ist. 5. Verfahren nach
Anspruch 3 oder 4, worin der Vinylester einer Carbonslure Vinylacetat,
-pivalat, -benzoat, Vinylacrylat, Vinylmethacrylat oder
-hydroxyalkylcarboxylat ist. 45 6. Verfahren nach Anspruch 1 bis 5, worin
die FlOssigphasenmischung im wesentlichen wasserfrei oder im wesentlichen
entwassert ist. 7. Verfahren nach Anspruch 6, worin die Wassermenge in der
Reaktion weniger als etwa 25 Gew.-% des 60  .  Gewichts der Mischung,
vorzugsweise weniger als etwa 15 Gew.-% des Gewichts der Mischung und
insbeondere weniger als etwa 10 Gew.-% des Gewichts der Mischung betragt.
8. Verfahren nach Anspruch i bis 7, worin die Br6nsted-Slure elne
StIckstoff.enthaltende Verbindung lst. 55  9. Verfahren nach Anspruch 8,
worin die StickstofF enthaltende Verbindung sine esine Aminogruppe
enthaltende Verbindung ist. 15 



EP 0 351 603 B1 10. Verfahren nach Anspruch 1 bis 9, worln das VerFahren in
Gegenwart von Kohlenmonoxid durchgef~rt wird. 11. Verfahren nach Anmpruch 1
bis 10, worin das Verfahren bei elner Temperatur von bis zu 300' C, 6
vorzugswelse bis zu 200* C, durchgeflrt wird. 12. Verfahren nach Anspruch 1
bis i1, worin der Druck der Reaktion kWeiner, gleich odor groser ale der
Atmospharendruck ist. io 13. Verfahren nach Anspruch 12, worln der
Reaktionsdruck von 1,334105 mbar bis 345 bar abs. betragt, vorzugswelse von
1,33*1 0-4 mbar bl 55 bar abs., insbosondere von 1 ,331 0-3 mbar bWe 38 bar
abs. 14. Verfahren nach Anspruch 1, worin das Molverhaltnis der
Bronsted-Saure zu Ruthenium mindestens 0,5/1, vorzugswelse 50(1 bis 1 000
00011 betragt. 15. Verfahren nach Anspruch 1, worin die Konzentration des
Ruthenium-Katalysators von 30 000 bis 0,5 ppm betrigt, bezogen auf das
Gewicht der PlOasigphasenreaktionsmischung. 16. Vorfahren nach Anspruch I
bis 15, worin ein reaktionsunfahiges LUsungsmittel fOr mindestens einen _f
20     der Reaktanten anwesend lst. 17. Reaktion nach Anspruch 12, worin
der Druck zwischen 1,1 bis 345 bar abs. liegt. 18. Verfahron nach Anspruch
4, worin das Produkt der Transvinylierung Divinyladipat, -isophthalat.
-terepht- 25     halat, Vinylpropionat, -stearat, -sallcylat, -cinnarnat,
-2-ethylhexanoat, -cyclohexanoat, N-Vinylpyrrolidi- non, -succinimidi
Vinylphenylether, N-Vinyl-2-oxazolidinon, -othylenhamstoff
2-Vinyloxyethylacetat, 2- Vinyloxyethylacrylat, 2-Vinyloxyethymethacrylat,
2-Vinyloxyethylpivalat, Vinylpalmitat, 2-Hydroxyethy-5-
vinylethylenharnstoff 1-(2-acetoxyethyl)-2-vinyloxyimidazolin,
2-Acetoxyethyl-5-vinylethylenharnstoff, Vi-
nyl-(1,1,1,3,3,3-hexafluQr-2-propyl)ether, Vlnyl-(2,2-diphenylacetat),
Vinyl-2-benzoylbenzoat, Vinyl-neo- 30     heptanoat, Vinyl-neo-nonanoat,
Hexylvinylether, Vinyl-(N-acerylaminocaproat), Vinyl-(n-pivoylaminoca-
proat), Vinyloxy-{tri-n-propyl)eilan, 5-iso-Benzofurancarbonsaure, 1
,3-Dihydro-1 ,3-dioxoethylenester oder N-Vinyl-o-toluolsulfonamid ist.
Rovendlcatlons 35 1. Proc6d6 pour la transvinylation d'un deriv vinylique
d'un acide de Bronsted avec un acide de Bronsted different, qui comprend la
formation d'un m6lange en phase liquids contenant ledit d~rivd vinylique St
ledit acido de Bronated pn pr~sence d'un catalyseur a temperature elveoe st
la s6paration du d~riv vinylique. do I'eclde do Bro.nsted diff~rent,
caractorls6 on ce quo Is catalyseur est un 40     composd de ruthenium. 2.
Proced6 suivant la revendication 1, dans lequel le compos6 de ruthenium oet
soluble dans ie melange liquide. 45  3  Proc~d  suivant la revendication 1
ou 2, dans lequel le d~riv6 vinylique est un ester vinylique d'un acide
carboxylique. 4. Procdcd suivant la revendication 3, dans lequel le prodult
de transvinylation est un ester vinylique d'un acide carboxylique. 50 5.
Proced6 suivant la revendication 3 ou 4, dans lequel l'ester vinylique d'un
acide carboxylique est I'acetate de vinyle, le pivalate de vinyle, le
benzoate de vinyle, I'acrylate de vinyle, le m6thacrylate de vinyle ou un
hydroxyalkylcarboxylate de vinylb. 66 6. Proc6d6 suivant les reyondications
1 4 5, dans lequel le m6lange en phase liquids eft pratiquement ddpourvu
d'eau ou essentiellement anhydre.   



EP 0 351 603 B1 7. Procjd6 suivant la revendication 6, dans lequel la
quantite d'eau dans le melange r4actionnel est inf6rieure a environ 25 % en
poids du poiad du m~lange, de pref6rence inferieure & environ 15 % en poids
du poids du mrlange, notamment Inftrieure & environ 10 % en poids du polds
du m~lange. 6  IL  Proced* suivant lea revendications 1 h 7, dans loquel
lPacide de Bronsted eat Un composd contenant de l'azoto. 9. Proced6 suivant
la revendication 8, dans loquel le compos6 contenant de lPazote est un
compos4 a fonction amino. 10 10. Proc6de sulvant les revendications 1 a 9,
qui eat mis en oeuvre en presence d'oxyde de carbone. 11. Proc~d4 suivant
lea revendications 1 & 10, qui eat mis en oeuvre & une temperature allant
jusqu'& 300 * C, de preference Jusqu'b 200 * C. 15 12. Proc6d6 suivant les
revendications 1 a 11, dans lequel la pression de r~action est inferieure &
la pression atmosphdrique. 6gale a la pression atmosph6rique ou sup6rleure
a la pression atmospherique. 13 Procede suivant la revendication 12, dans
lequel la pression absolue de reaction va de 1,33.10-5 mbar ;   20     &
345 bars, de pref6rence de 1,33.10-4 mbar & 55 bars, notamment de 1,33.10-3
mbar a 38 bars. 14. Procdd6 sulvant la revendication 1, dans loquel le
rapport molaire de I'acide de Bronsted au ruthenium eat au molns 4gal &
0,5/1, de prdference de 50/1 & 1 000 000/1. 25  15. Procddd suivant la
revendication 1, dans lequel la concentration du catalyseur au ruthknium va
de 30 000 & 0,5 ppm sur h base du poids du melange r6actionnel en phase
liquide. 16. Proc~d# suivant les revendications 1 a 15, dans lequel eat
pr~sent un solvant non-reactionnel pour au molns un des corps reactionnels.
30 17. Reaction sulvant la revendication 12, dans laquelle la pression
absolue eat comprise dans l'intervalle de 1,1 & 345 bars. 18. Proc~d6
sulvant la revendication 4, dans tequel le produit de transvinylation eat
lVadipate de divinyle, 35     I'isophtalate de divinyte, le tdrdphtalate de
divinyle, le propionate de vinyle, le stdarate de vinyle, le sallcylate de
vinyle, te cinnamate de vinyle, le 2-4thylhexanoate deovinyte, le
cyclohexanoate de vinyle, la N-vinylpyrrolidinone, le N-vinylsuccinimide, I
ther de vinyle et de phdnyle, la N-vinyl-2-oxazolidino- no, la
N-vin-yi6thyibne-ur6e, I'ac6tate de 2-vinyloxydthyle, I'acrylate de
2-vinyloxyethyle, le mdthacrylate de 2-vinyloxythytei, Il pivalate de.
2-vinyloxyethyle, le. palmitate de vinyl., la 2-hydroxyethyl-5- 40
vinyl6thyline-urde, Ia 1-(2-ac6toxy4thyl)-2-viny'oxy-imidazoiine, la
2-ac6toxydthyl-5-vinyi-4thylene-uroe, I ther de vinylo et de (1,1,1
,3,3,3-hexafluoro-2-propylb), le vinyl-(acktate de 2j2-dlph4nyl), Is 2-
benzoyibenzoqte do vinyle, le n6o-heptanoate do vinylb, le n~o-nonanoate de
vinyle, Iether d'hexyle et de vinyle, le N-ac6thylaminocaproabt de vinyle,
le n-pivoylaminocaproate de vinyls, le vinyloxy-tri-n- propylsilane,
I'ester do 1,3-dihydro-1,3-dloxo-4thdnyle d'acide
5-lsobenzofuranne-carboxylique ou le N- 45     vinyl-o-tolubne-sulfainiide.
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