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Field of the Invention

. The present invention relates generally to a process for the production of
vinyl ester from a carboxylic acid and acetylene. Specifically, the present
15 invention relates to a series of heterogeneous catalyst systems that are suitable for
the production of vinyl ester from a reaction of acetylene with a variety of
carboxylic acids. In the preferred embodiments, the present invention relates to
formation of vinyl benzoate (VB), vinyl 2-ethyl hexanoate (V2EH), and vinyl
esters of various other neo carboxylic acids using heterogeneous catalysts.
20
Background
There is a long felt need for an economically viable process for the
formation of vinyl carboxylates such as, for example, vinyl benzoate. Vinyl
carboxylates, such as for example vinyl benzoate, find use in a variety of
25 applications including, for example, paints, adhesives and various other coating

formulations as well as cement mortar admixtures.

It is known in the art that vinyl carboxylates can be formed from the
reaction of a carboxylic acid with acetylene. A variety of catalysts have been
30  proposed including base metals such as zinc, cadmium and mercury as well as

precious metal catalysts such as rhenium, ruthenium, palladium, etc. In fact, the



fornmul ations as well as cenent nortar adm xtures. It is known in the art
that vinyl carboxylates can be fornmed fromthe reaction of a carboxylic
acid w t wacetwizerze. A variety of catal ysts have been pPépasedoionerudi ng
base netals such as zinc, cadmiumand nercury as well as precious netal
catal ysts such as rhenium ruthenium palladium etc. In fact, thezinc
carboxyl ate catal yzed process has been ¢ommer ci al i zed by Hexion Specialty
Chem cal s for the production of VEOVA(tm Mnoner 10, which is a vinyl

ester of VERS@@& by 1ELth1TRd pPocE¥HallBlch ComtehtiAlz88lbyRBRBAKPKMy ¢ acid of

hi ghly branched structure containing ten carbon atons. Mre particularly,
see United St&hemiclafarthe poducgosofiyBOYA™ Menemsr 1@twhigh is aryinybesteriof

di scl osed a zi ate catal ! ' gy §or mati on of
vi nyl ester f?’(@%sm@%é%‘? ilg’na %&a‘g%?%agg%é gjlagééﬁ%?émgcg&c%t y%e;r'le. Simlarly,
vari ous ot her bpnded ssesurh aveaibing terr @pwntagans. iMerh aiticelerl ptsee Enifdder ei n a

carboxylic ac'{i IS react % | ? etyl ene to f.orm.the spondi ng vi nyl
ester. _See5 UnF aéea?gtteréﬁg%% é);imé)é t ‘fnnér, %6’?’, ?ﬁgel (I)Snaég)c:l]%sggg%{ngt al. and
Transi ti on- Metabexghitadaya et wideh isiussdl fof thelddravatiod efiwilil dstegieom Bends t o
Al kynes, Al onso tet Sog.l Chem lJ;ev.. , 208@; 104 (6), 3079-3160. In particular,
Bor shoom et afa{i" |°’6'§8Xy3l§ﬁ8 VA8 fer et hod i nvol vi ng zi nc- cat al yzed
carboxylic acid reaction with acetyl ene, as al ready noted above. Wereas,
Al onso et al. provjde a}n anal ysis of the st %t e of t He %rg; for catalytic
addi tion chemistr ySigtilaflpvapiguigthes prosessethavg PestaeRgried MBS i ¢ acid. See
al so, Uni tijgd QhateRS BAoRlic AN isZeddRE vathact9lemeRerm (HRIcBRBspbAdient No. DE
740678 to LG Farbenindustrie AG_United States
vinyl ester. See United States Patent No. 3,607,915 to Borsboom et al. and
Transition-Metal-Catalyzed Addition of Heteroatom-Hydrogen Bonds to Alkynes,
Alonso et al., Chem. Rev., 2004, 104 (6), 3079-3160. In particular, Borshoom et
al. disclose generally another method involving zinc-catalyzed carboxylic acid
15 reaction with acetylene, as already noted above. Whereas, Alonso et al. provide
an analysis of the state of the art for catalytic addition chemistry of the reaction of
acetylene with a carboxylic acid. See also, United States Patent No. 2,066,075 to
Reppe, German Patent No. DE 740678 to 1.G. Farbenindustrie AG, United States
Patent Nos. 2,339,066 and 2,342,463 to Fischer et al., British Patent No. GB
20 641,438A to General Aniline and Film Corporation, United States Patent No.
2,472,086 to Beller et al., Swiss Patent No. CH 324667 to Staeger Reinhard,
United States Patent No. 3,062,863 to Fernholz et al., United States Patent No.
3,125,593 to Hargrave et al., United States Patent No. 3,285,941 to Engel et al.,
German Paient No. DE 1237557 to Shell Internationale Research, United States
25 Patent No. 3,646,077 to Hiibner et al., and United States Patent No. 6,500,979 to

Wiese et al.

It has also been reported in the literature that a variety of Group VI1II metal
complex catalysts are effective in the formation of vinyl esters by the reaction of
30  carboxylic acids with acetylene. See, for example, United States Patent No.
3,479,392 to Stern et al. and United States Patent No. 5,395,960 to Heider et al.



Pat ent Nos. 2,339,066 and 2,342,463 to Fischer et al, British Patent No. GB
64 1,438A to General Aniline and Film Corporation, United States Patent No.
2,472, 086woaoBei2b@p et al, Swiss Patent No. CH 324667 t eCStimegenoRes nhard,
United States Patent No. 3,062,863 to Fernholz et al, United States Patent
No. 3,125,593 to Hargrove et aI United States Patent No. 3,285,941 to
Engel et al, German Patent No. DE 1237587 to Shell International e Research,
United States Patent No. 3,646,077 to Honer et al , and United States
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acetyl ene or acet |c co ds, and Heider et al. only disclose branched
ali phatic car 669&/?’/‘1“(3,‘ SRF0HC F‘{ B acif:nd frogomethy) %‘E%‘?Pt?/llﬁgl Aon reacti on,

provi di ng eXamé}dé‘ﬁetldﬁCdliéws@Gse?of%hlb%ﬂﬂ%arﬂ%&alaghdatalésttbgrv&aybiﬂt yl benzoi c
acid, suberic acid, and nononethyl succinate. However, Heider et al.

di scl ose use &ranggsyang ﬁmn@madﬁf.‘/dﬁwavolﬁsratao efgaghoyulic asid tqaytheium,of iyl es and

empl Oy 2 BTy abdito ST 0. ThA 9, ek 3 MOXKaionchélrd DlafgdlaiRaiiym of about 25
to 100. That is, Heider et al. conditions require a |large anmunt of

catalyst per mole of vmyl ester produced. Additionally, Heider et al. employ

longer reaction times of 7 to 17 hours rendering these conditions unsuitable for an

industrial operation.

15 Palladium used as a co-catalyst with a cadmium or zinc catalyst is also
known in the vinylation art. See, for example, German Patent No. DE 1161878 to
- Farbwerke Hoechst Aktiengesellschaft and British Patent No. GB 1,130,245 to
Shell Internationale Research. Both patents disclose vinylation of benzoic acid
and acetylene in the presence of a zinc or cadmium catalyst and a palladium co-
20  catalyst. The palladium compounds taught are, however, free palladium metal or
palladium chloride, and the processes are typically operated at temperatures above

120°C.

United States Patent No. 5,430,179 to Lincoln et al. describes a
25 homogeneous process for viny! ester synthesis, such as vinyl benzoate, by
ruthenium-catalyzed addition of carboxylic acids, including benzoic acid, to
alkynes, including acetylene. Lincoln et al. disclose reaction conditions that
include an optional solvent, such as toluene or mineral oil, and a temperature
range of from about 40 to about 200°C. Lincoln et al. further disclose use of a
30 ruthenium catalyst selected from a group that includes ruthenium dodecacarbonyl

in concentrations ranging from about 50,000 ppm to about 0.5 ppm ruthenium



catal yst per nole of vinyl ester produced. Additionally, Heider et al.
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toluene or mneral oil, and a tenperature range of from about 40 to about

2000C. Lincoln et se of ~a rutheni um catalyst selected

froma group that qu:g(spg %ﬁﬁ'gie Wéﬁ%ﬁf@&‘ifé’#ﬁ@#ﬁ’mw escao‘?fff‘éeﬁ?k tions
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of the liquid ase reaction nediumoptionally in conbi natlon W|th a ligand

such as tri ph&piPousH i g iprrsence of %ewtfﬁé%%%ﬁw)ww FHiah gompgunds
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benzoic acid and acetylene in the presence of dirheniumdecacarbonyl; see
Example 1. The Example teaches a molar ratio of carboxyl group to rhenium
atom of 388, wherein the reaction takes place in a toluene solvent at 140°C over a

reaction time of 6 hours. The reported yield is 99%.

However, it has now been found that none of the existing processes is
suitable for the production of vinyl benzoate (VB) or vinyl 2-ethyl hexanoate
(V2EH) via the vinylation reaction, particularly, under heterogeneous catalytic
conditions. Moreover, the conventional zinc catalysts provided unacceptable

20  reaction rates and yields for an industrial scale-up operation. In addition, there are
no heterogeneous catalytic processes that are readily employable for an industrial
scale continuous, semi-continuous or batch operation for the production of vinyl
esters such as VB or V2EH. Thus it is desirable to develop economicélly viable
catalytically active reactions to form VB or V2EH from their respective

25  carboxylic acids under mild reaction conditions involving heterogeneous

supported metal catalysts.

Summary of the Invention

It has now been unexpectedly found that vinyl benzoate can be made on an
30 industrial scale from the reaction of a carboxylic acid, such as benzoic acid with

acetylene with high selectivity and yield. More particularly, this invention



di scl ose only one exanple of formng vinyl pivalate fromthe reaction of
pivalic acid with acetyl ene under the reaction conditions disclosed

t herei n. W02B0029@60176 Al to BASFAKti engesel | schaft pr@¢irdsgoigoprotess for
preparing vinyl carboxylates by reacting a carboxylic acid with an al kyne
conpound in the presence of a catalyst selected froma group of netal
conmpounds i ncl udi ng rheni um based conpofnds. BASF specifically discloses
reacting benzoic acid and acetylene in the presence of :

di r heni un‘decag:%%m@%l\éter%%&gt G- O#e@s for thE&ﬁeEﬁéWﬁBﬁ@Fﬂﬁﬁ e ratio of

carboxyl group to rheniu 388, erein the reaction takes place in
a tol uene sol theirtcomespord)Ogapbaxyliaacidsandiacety leneywhish compusasseactiiga r eport ed

ield is 99% er . it h f . th LSti
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processes is SR e’pro ron o zoat e

2- et hyl - hexanaathe pfeSédictipf o suppoitel metalydattyision arseisabld eactiop dempecasirahd/, under
het er ogeneous cataI%t%F coqgkliﬁns. I\/br%overIl thq.%&¥v$n5&?n%%r%inc

catal ysts proliH ARARHOBRRLINENG REERTOH PEPLTONAEVTA dSUFEF AR i ndustri al
scal e- up oper gliktar.thdreofaddi ti on, there are no heterogeneous catal ytic
processes that are readily enployable for an industrial scale continuous,
sem -conti nuous or batch operation for the production of vinyl esters such

as VB or V2EH. Thushd datdigst S@ploy@binghd stoctey 6 thip iheAfieTs adhipportvd mblap
catalytically active reactions to form VB or V2EH fromtheir, respective

carboxyl i ¢ acFalysingzamples of suppRred sietalytha are yitable iy e prasgssipé s ogeneous
suppor t ed |get yvef@ndhMideSwithout any limitation iridium, palladium, platinum, rhenium,

rhodium and ruthenium.

Any of the known catalyst supports can be employed to support the metals
of the process of this invention. Representative catalyst supports include without
15 any limitation, carbon, graphite, silica, titania, alumina, calcium silicate, calcium
carbonate, silica-alumina, silica aluminate, zirconia, barium carbonate, barium

sulfate, and the like.

It has now been found that use of certain ligands and additives enhance the
20  catalytic activity of certain catalysts of this invention, which aspect is described in
detail hereinbelow. However, it should also be noted that other combinations of
certain catalysts of this invention in the presence of certain ligands and additives
exhibit diminished activity, which again becomes apparent from the detailed
description that follows. Various ligands and additives that can bring about the
25  vinylation reaction with a carboxylic acid and acetylene can be employed in the

process of this invention.

It has also been found that by suitable selection of the catalyst'and
optionally the ligand(s) and additive(s) and utilizing them in suitable amounts
30 results in at least 50 percent (%) conversion of a carboxylic acid and the

selectivity to vinyl ester can be at least 50 percent (%). In addition, by suitable



Summary of the Invention It has now been unexpectedly found that vinyl
benzoate can be nade on an industrial scale fromthe reaction of a

car boxyl iwoaeiod29®ach as benzoic acid with acetyl ene w POTRISgMoSe128Et i vity
and yield. More particularly, this inventionprovides a heterogeneous
process for the selective formation of vinyl esters fromtheir
correspondi ng carboxylic acids and acet?lene, whi ch conprises reacting a
carboxylic acid, optionally dissolved in a suitable organic solvent, with
acetylene in E&l&lo% ?ﬁﬁ@@@erﬁfon‘fi’t i§g9§§%rlét%%t5‘fﬁta§e #@I‘: %lcbfﬁ &Hat Rastgot abl e
reaction tenperature and pressure, and optlona y int e presence of one or
nore |igands and wddiabow@80br a m xture thereof. The catal yst enployed in
the process of this invention is a supported netal catalyst. Exanples of
supported netals that are suitable in the process of this invention include
wi t hout any |i m t aDihenaspedtdandradvipaddesdf therprepérdirivantinn arddascrnibed im thedi um and

rut heni um An orts can be enpl oyed to support
the netal s’ of X?tﬂkddgﬁcélé’ggx\gﬁlovﬁp‘%th?/%lﬁ on. Representative catal yst
supports include without any linmtation, carbon, graphite, silica, titania,
al um na, calciu [ C|un1carbonate silica-alumna, silica

al um nat e, zi £E¢ BBYRat e, bariumsulfate, and the like. It has

now been found thathdﬁaeen%n CsQfeE@lU&dhﬂ @aPsel v dith deftrlehaeas tirnppdicied t he
catalytic activity of certain catalysts of this invention, ich aspect is

described in d@wiias, Wesren HIS%PWFraIISIG‘ﬁE%'@Fe similargiagt 1p the Kignie not ed t hat
ot her confnations of

Figure 1 is a schematic diagram of an apparatus suitable for producing
vinyl ester from a carboxylic acid and acetylene in accordance with the process of

the present invention;

15 Figure 2 is a process flow diagram illustrating one suitable industrial scale
system for the production of vinyl ester from a carboxylic acid and acetylene

according to this invention;

Figure 3 is an illustration of the relative selectivity to vinyl benzoate
20  achieved using a variety of catalyst metals according to the process of the

invention; and

Figure 4 is an illustration of the Relative Activity achieved using a variety
of catalyst metals according to the process of the invention.
25

Detailed Description of the Invention

The invention is described in detail below with reference to several
embodiments and numerous examples. Such discussion is for purposes of
illustration only. Modifications to particular examples within the spirit and scope

30  of'the present invention, set forth in the appended claims, will be readily apparent



certain catalysts of this invention in the presence of certain |igands and
additives exhibit dimnished activity, which again becones apparent from

t he det aiweaoteeropti on that follows. Various |igands &qd/Gsdaioodzes t hat
can bring about the vinylation reaction with a carboxylic acid and

acetyl ene can be enployed in the process of this invention. It has al so
been found that by suitable selection of the catal yst and optionally the

| i gand(s) and additive(s) and utilizing themin suitable amounts results in

at |east 50 pgrgent k(llo{% ﬁ?gr\feﬁ@@'gﬂol%y &e&ﬁér?ﬂ@' %l'vgn i@scérglnﬁﬂ}%éahﬁlgse' ectivity

to vinyl ester can n addi tion,

sui t abl epr act camgiseht winln ﬁwwmmpi&nycdnﬁmtlomssepfmstb|lrbl’nedl@t§1)aheﬂQ9zY n a Rel ative
Activity of at least 80 and up to about 2000. O her aspects and advant ages
of the present invention are described in the detalled descri ption bel ow
and in the clains. ABwseémemehPts@ig@wowafwt rsferiryatalystfiat isi&ntion i s

described in ﬁfe gé %h Wetrghcfaﬂfsquﬁf?g@atﬁl?sﬁ h§ oRiePRP HRGeAtiaNMoNgs, wherein .
| i ke nuneral s S|g ate simlar part gures: Figure 1 is a

schemati ¢ di agecmoné ommorgmf theaeaptantsnesh Bifbise @rthw%?dm&isw&wmmdse@t er froma
car boxyl i ¢ a%&lo%ngﬁa%saﬁomﬁe bRARGEALIABGR, M diTtRawal GRssRe Of the present

invention; Figure 2 1s a iagram i1l ustrafing one suitable
i ndustri al scalrﬁxcsysb@ma{stoas she hgrinduhotriogeneotis caahyst refers tora Wah’ﬂt thatar boxyl i c

acid and acet Ysl erens%ntqg &%rsgrlng ghasg ag ﬁ'le ?eac@m%nt hon;
10
Mole percent (mole %) and like terms refer to mole percent unless
otherwise indicated. Weight percent (wt % or %) and like terms refer to weight

percent unless otherwise indicated.

15 “Conversion” refers to the fraction of reactant consumed in the reaction
and is expressed as a mass percentage based on the amount of carboxylic acid in
the feed. The conversion of carboxylic acid (CA) is calculated from gas

chromatography (GC) data using the following equation:

[
20 mass CA, in - mass CA, out (GC)
CA conversion (%) = 100 *

mass CA, in

where mass CA, in = mass of carboxylic acid loaded (weighed in) into the reactor,
25  and mass CA, out (GC) = mass of carboxylic acid after the reaction based on GC

data.

“Selectivity” refers to the amount of vinyl ester produced relative to the
carboxylic acid consumed and is expressed as a mole percent based on converted
30  carboxylic acid. For example, if the conversion is 50 mole % and 50 mole % of

the converted carboxylic acid is converted to vinyl ester, we refer to the vinyl



Figure 3 is an illustration of the relative selectivity to vinyl benzoate
achi eved using a variety of catalyst netals according to the process of the
i nventi onwoant/Bp@are 4 is an illustration of the Rel atiPC&/UACI0MDL2Y5
achieved using a variety of catalyst netals according to the process of the.
invention. Detailed Description of the Invention The invention is described
in detail belowwith reference to severl enbodi nents and numerous
exanpl es. Such discussion is for purposes of illustration only.

Modi fi cati ons 0/, e of the
present i nvenfgltéc%r?glgésde‘)t'&;}s %??ﬁ :S%@L\g@g\%elgfﬁgy @?E ﬁpk&lb&la@?%@%ﬁgadl |y

appar entt o onehromategiaphy (GC)tdataLamtgtheTquwmglqua]loused herein is given its
ordi nary meani ng consistent with the exenplary definitions set forth

i mredi ately bel ow. As used herein, a heterogeneous catalyst refers to a
catalyst that is in a different phase thamltWg one@)ants during catal ysis.
In order for Séectivitacd VE%) & 100 ¢Lt-;---0Re--04---FDF--6f---t-he-+eact ant s nust
diffuse to the catal yst surface and aaebCA, @ntniolidA, odf (GC) reaction, the
products nust desorb and diffuse away fromthe surface. In contrast, as
used herein a hono us. cat refers to a cat st that is present in
the same phase as %ﬁ‘ ?é‘%f@fé%ﬁgamwtgfﬁ@ﬂfémpﬁoﬁﬂ?egr)@“‘éﬁfaa]i‘q ke terns refer

to mol e per cepirbéiiligasid Waded ikSte td&&bﬁamgexﬁf@sai“ds aﬁﬁélé@%er{t%se% or %9 and
like ternms refer to weight percent unless otherw se indicated. nversi on"

efers 1o 19heoh FEBETYA2GH loadst e FBHOTINGAIG of "f’ﬁ'éesrt"éa(yﬁ t?rFal"“late
from gas chromatography (GC) data using the following equation:

mol VE, out (GC)
Yield of VE (%) =100 *
15 mol CA, in (GC)

where mol CA, in = number of moles of carboxylic acid loaded (weighed in) into
the reactor, mol CA, out (GC) = number of moles of carboxylic acid after the
reaction based on GC data, and mol VE, out (GC) = number of moles of vinyl

20  ester after the reaction based on GC data.

The catalyst activity is determined by Turnover Number (TON) using the
following equation. TON refers to the average amount of desired product
produced by each metal atom contained in the catalyst.

25
mol VE, out (GC)
TON =

mol Cat * N Metal atoms

30  where mol Cat = number of moles of catalysts loaded (weighed in) into the

reactor, and N Metal atoms = moles of metal atoms in one mole of catalyst.



and is expressed as a nmass percentage based on the anmpbunt of carboxylic
acid in the feed. The conversion of carboxylic acid (CA) is calculated from
gas chr or0agreaEpir9( GC) data using the foll ow ng equati @6T/US20MQH812CA, in -
mass CA, out (GC) CA conversion (% = 100 * nmass CA, in where mass CA, in =
mass of carboxylic acid | oaded (weighed in) into the reactor, and nmass CA,
out (GC) = mass of carboxylic acid afteP the reaction based on GC dat a.

"Sel ectivity" refers to the anount of vinyl ester produced relative to the

carboxyl i ¢ act d conguilit@ririoR¥ Nufiberdicafud BPbIEIRAT 43 wPASed on

converted carboxylic aci or exanpl € the conversion is 50 nole % and
50 nol e % of idadingonvaborused ar the pydducticanaif dinybbengpate istdsgrmmed byl ester, we

ef toth i | iV 09 Vi : i I t VE
e o ot e PR e PhERSdR R RSLSEL g et (Y9
equati on: ol médEculauweigBOf visgl batzbate,t 18116 gMEn§l9andconPitiig asthe CA, in - nol

CA, out (&) "Yield" refers.to fhe unt of vinyl. ester. duced rel ative
to the car Boxg?qogl"éaé?rd&ﬁei%f’gg‘& va Oo‘ﬁﬂgmfesehérf%‘r(’f e, ‘2‘%‘8%5 %efﬁ as a nmol e
per cent basedniecaar Weht ofplatiand, 195a08aGgni/mbo t he reactor. Yield of vinyl
ester (VE) is calcul ated
For Turnover Numbers determined under the following conditions, the
Turnover Number is referred to herein as Relative Activity. The conditions for
10 determining Relative Activity of the catalyst or system include a batch run
duration of 4 hours, a charged molar ratio of carboxylic acid to catalyst metal of
about 385:1, and a temperature of 120°C. When a ligand is used, the ligand is

available in a molar ratio of ligand to catalyst metal of 1:1.
15 The reaction proceeds in accordance with the following chemical equation:
0

R)j\OH ' )]\ X

R 0

20  where R is an alkyl group, including a primary, a secondary or a tertiary alkyl
group; a cycloalkyl group; or an aryl group such as phenyl. Thus, when R is
phenyl, the acid employed is benzoic acid (BA) and the product formed is vinyl

benzoate (VB) in accordance with the following chemical equation.



from gas chromatography (GC) data using the foll ow ng equation: nol VE, out
(&0 Yield of VE (%9 = 100 * nmol CA, in (GC) where nol CA, in = nunber of
nol es of wearzbwxbi2e aci d | oaded (wei ghed in) into the r®aEUSRY10/00127CA, out
(G0 = nunber of noles of carboxylic acid after the reaction based on GC
data, and nol VE, out (GC) = nunmber of noles of vinyl ester after the
reaction based on GC data. The catal ystlQactivity is determ ned by Turnover
Nunber (TON) using the follow ng equation. TON refers to the average anount
of desired product p,qduced by each netal atom cont 8I ned pn the catal yst.
mol VE, out (G R = ol Cat * N Metal atons wher eNg \t\;/nunber of
nol es of catal yst$ | oaded (weighed in) into the reacto and N Metal atons
= nmol es of nmetal qtons in one nole of catalyst.For exanple, a Turnover
Nunber cal cul atedfor platinumat a 5 w %Il oading o
i henzoatte | &HE er firred—byeonpufji ng as) the nunerator:
ar wei ght of

vi nyl benzoate 145 gnm nol; and conputing as theldenomhator: the

| oadi ng val ue, times 1 gramof platinum divideo t he nol ecul ar
wei ght of plati nurn %‘95 084 gm nol . VB

Similarly, when R is 2-ethylpentyl, the acid employed is 2-ethylhexanoic
5 acid (2EHA) and the product formed is vinyl 2-ethylhexanoate (V2EH) in

accordance with the following chemical equation.

CH

»
>=
m
|
)
>:
)

10 2EHA V2EH

It has now been unexpectedly found that a vinyl ester can be made on an
industrial scale from the reaction of a corresponding carboxylic acid with
acetylene with high selectivity and yield. More particularly, this invention

15 provides a heterogeneous process for the selective formation of a vinyl ester from
its corresponding carboxylic acid and acetylene, which comprises reacting a
carboxylic acid optionally dissolved in a suitable organic solvent with acetylene in
the presence of a supported metal catalyst at a suitable reaction temperature and
pressure, and optionally in the presence of one or more ligands or additives or a

20  mixture thereof. Such solvents may include, for example, acetonitrile, butyl

benzoate, diethyleneglycoldibutylether, mesitylene, mineral oil, and toluene.



For Turnover Nunbers determ ned under the follow ng conditions, the
Turnover Nunber is referred to herein as Relative Activity. The conditions
for deterWwDnRbHgl2mePati ve Activity of the catal yst or sy®CEMSRHOI00RES a bat ch
run duration of 4 hours, a charged nolar ratio of carboxylic acid to

catal yst nmetal of about 385:1, and a tenperature of 1200C. When a ligand is
used, the ligand is available in a nmola! ratio of ligand to catal yst netal
of 1:1. The reaction proceeds in accordance with the follow ng chem cal

equati on: uhere R Ui cgbiiclt A Rrob Gl \@ndeRRDIBEY n s SB6R0Jary or 2

tertiary al kyl group; a cy group; or an ar roup s as phenyl .
Thus, when R ofthishevention toHfernacorespmdingywang/| eserbellustrativaof shi@Ba) and t he

product fornmed is win epzoat VB) i n accordance. W fol |l owi ng
chem cal equafa}r Or%(.yE a% ttélr P '§/_e,(° %‘HV?:E‘%PE a?-ai\p ﬁaﬁ\cpoétﬁ{bﬁaggt he acid
enpl oyed i s 2mehbévatdoeylandicarbacylid ahd pbld¢arbinglit hddpriHcmplesiobaliphdtic s vi nyl

2- et hyl hexanoat e 2E I n,_acco n wth the fall owi ng chem cal equation.
SErA Vorr Tt meSoER el e e P oWt et sl rOBoRS s d R an Tbe. rade
0_nt ﬁn inguls'[rh@ﬂ,_?ﬁﬁh@ciﬁlﬂ?ﬂd&f@d@?@ﬁthrﬂi&b a_ﬁd,i@étﬁﬁﬂl\i/lé eﬁ@,m@dia@gcszr,:ooxylt |h c acid
Wi acetylene wt, [ selectivity.an | . .More particularly, i's

i nvention prof%f@REe &c“ijrgt"@?‘géjl@@&ﬂﬁ‘éc %f‘ge'é%%hﬁb‘ftyrf%@"gér"éﬁt{wlg'&y‘ﬁ‘brmat ion of a-
vinyl ester fﬁé?d[‘2i-1h§th91961{t@rﬁ)ﬁl%&ﬂ,a9:ﬂ§dﬂe§%d 4cid, 2Gir6pyd RebtafAd acigne, which

conprises reacting a carboxylic acid optionally dissolved in a suitable
or gani ¢ sol v e Bivaljg acpd ag@gttigr Bereacigs such as neodecanoi¢ acid, neotridecanoic acid and

10 neononanoic acid; stearic acid, and fatty acids. Examples of aromatic mono- and
di-carboxylic acids include the following: benzoic acid, terephthalic acid,
isophthalic acid and phthalic acid. Other aromatic carboxylic acids include
substituted benzoic acid, such as for example, o-, m-, or p-toluic acid, o-, m-, or p-
chlorobenzoic acid, and the like. Examples of aliphatic di- and polycarboxylic

15 acids include: adipic acid, succinic acid, malic acid, maleic acid and polyacrylic
acids. Various other carboxylic acids that are suitable in the process of this
invention include crotonic acid, acrylic acid, methacrylic acid, salicylic acid,

cinnamic acid, and cyclohexanoic acid.

20 Preferably, the acids that can be employed in the process of this invention
include benzoic acid and various branched aliphatic carboxylic acids, such as for
example 2-ethylhexanoic acid, 2-methylhexanoic acid, 2-ethylheptanoic acid, and

the like.

25 Another particular class of carboxylic acids that are suitable in this
invention is the neo acids. Neo acids are highly branched aliphatic carboxylic
acids. In general, neo acids are trialkyl acetic acids, which include a tetra
substituted alpha-carbon. Alkyl groups on the substituted alpha-carbon create a
steric effect, i.e. hinder the ability of the neo acid to react. Methyl substituted

30 alpha-carbon neo acids are the least hindered of the neo-acids. The reactivity of

the neo acid primarily depends on the molecular weight and structure of the neo



the presence of a supported netal catalyst at a suitable reaction
tenperature and pressure, and optionally in the presence of one or nore

| i gands owoaduyvi2pezes or a m xture thereof. Such sol vent $CRaS2000D 1202, f or
exanpl e, acetonitrile, butyl benzoate, diethyleneglycoldibutylether,

mesityl ene, mneral oil, and toluene. Various carboxylic acids known in the
art can be enployed in the process of this invention to form correspondi ng
vinyl esters. Illustrative of suitable carboxylic acids for the practice of

t he i nvention e ' ' i RN j [ oxylic and
polycarboxylig %cpﬂ%bagsgk e%%r?%ﬁﬁ?%&ﬁgtic ﬁgﬁggg¥ggggwgéﬁg@?ds i ncl ude

t he fol | ow ngalpbeetrban, theigreatan theitesivi efteetaind thetess yeactveatdt deo gead-efhiec aci d,
hexanoi ¢ acid,_h [ LWd, . Qf e ' [ i oi ¢ acid,
2 ot ny pr op 85 s 1 et i Rk Gorihe ABRERALEARE 1o RREARC! © B¢
2- met hyl pent atoi ¢ aci d, 2-ethyl hexanoi c acid, 2-propyl heptanoic acid;
pivalic acid and other neo acids such as neodecanoi c acid, neotridecanoic
aci d and neononanoi ¢ acid; stearic acid, and fatty acids. Exanpl es of
aromati c nono- and di-carboxyli ®iaci dgpinclude the foll ow ng: benzoic acid,
terephthalic acid, isophthalic id %ﬁd phthalic acid. O her aromatic
carboxylic acids include supRstitgiedbenzoic acid, such as for exanple, o-,
m, or p-toluic acid, o-, m, or pchfﬁrghenzoic acid, and the [|ike.
Exanpl es of aliphatic di- and pg} ycarboxylic acids, include: adipic acid,
succinic acid, malic acid, malei ¢ acid and poIVH@WVﬂiC aci ds. Various other
carboxylic acids that are suitable in the process of this invention include
crotonic acid, acrylic acid, nephacrxlic acid, salicylic acid, cinnamc
acid, and cyc mheEyeasioefR 1aRi #nd Rs is an alkyl group having from 1 to 10 carbons and the

total carbons in Rj+R,+R; is from 3 to 30. Examples of neo acids include without
10  any limitation neopentanoic acid, neoheptanoic acid, neodecanoic acid, etc.
Several of the neo acids are commercially available, for example from
ExxonMobil Chemical Company. Specific examples of commercially available
neo acids include the ones listed above and proprietary neo acids such as neo 910
and neo 913 from ExxonMobil Chemical Company.
15
Although the process of this invention is intended to make vinyl ester from
the reaction of acetylene with a carboxylic acid, various other known primary
alkynes that can bring about such a vinylation reaction can also be employed in
the process of this invention. Generally, unsubstituted alkynes and mono-
20  substituted alkynes that do not interfere with the addition reaction of the process
of this invention may be used. Representative substituents include alkyl, alkoxy,
aryl, aryloxy, acetoxy, carboxyl and halo groups. Alkynes typically have from 2
to 10 carbon atoms and suitable alkynes include substituted or unsubstituted
primary alkynes such as acetylene, methyl acetylene, phenyl acetylene, 1-butyne,
25 l-pentyne, 1-hexyne, 1-heptyne, 1-octyne, 1-nonyne, 1-decyne, and the like.
More suitable alkynes useful in the practice of the invention include acetylene and

methyl acetylene.



Preferably, the acids that can be enployed in the process of this invention
i ncl ude benzoic acid and various branched aliphatic carboxylic acids, such
as for exsophw/R29@Phyl hexanoi c aci d, 2-nethyl hexanoi c a®Cd[US2010/001275

2- et hyl heptanoic acid, and the like. Another particular class of carboxylic
acids that are suitable in this inventign is the neo acids. Neo acids are
hi ghly branched al i phatic carboxylic aclds. In general, neo acids are

trial kyl acetic acids, which include a tetra substituted al pha-carbon.

Al kyl groups on th ' 5 f bfcEhb@rt., 1.e.
hi nder the abiIityﬁgéggﬁék%g@%g%ﬁgmﬁgnggé%?ﬁhﬁéﬁﬁyﬁxgaEgﬁﬁ?u?ed

al pha- car bon nadysic Edenplesofishppdried stetdl§ thataarespitgble ihdismsecescdfdie The ,
reactivity of. . i i [y : - wei ght and
structure of fﬁgﬁhﬁggcé?%‘giﬂﬁuge ellrnel'al %t'gﬁﬁgd?'gﬁ’e%p %élm?h@%rr@ é(lgﬁngl\rﬁﬁv\ei ght of

t he al kyl gr odpslivmnaridvethahipina- car bon, the greater the steric effect and the
| ess reactive the neo acid. The neo acids that are suitable in this

i nvention ﬁay be expressed according to fornula I: Fornula | where each of
R, R2 and R is anAal kf/the gfi®upcdeayst sgppbrtotanbetempldyed ar nppat thachetdie t ot al
carbons in R +ﬁﬁ+R3 is from3 to 3%. Exangles qf neo acidﬁ incbu?e Wi t hout
any |initatioff HEBSATAABITMEENtgn. RERSFvepREVOTEANSE PUPPORE BENAANEM M aci d, et c.
Several of thgnyRQit@fndSrnCadRaRe taba, loyaphitaisilioftiganid, aluneaeaogitiemf r om
ExxonMobi | Chem cal Cpnpang. Speci fic exanples of comrercially avail able
neo acids i nchuigdetRlsuFheasdanpte; dicadlppmagy aﬁi@ﬁP?&FﬁP?“ﬁé@“ i ds such as

neo 910 19 carbonate, barium sulfate, and the like.

The process according to the invention may be practiced using any
conventional reactor known in the art, under batch, semi-batch, or continuous
conditions. The reactor may employ a fixed bed, a fluidized bed, or a moving bed.

15 For example, a continuous stirred-tank reactor (CSTR) with acetylene sparging
system, mild mechanical agitation and candle filter filtration (to hold the catalyst
particles inside the reactor) can be a commercial option. Alternatively a trickle-
bed, where the carboxylic acid and the acetylene are introduced co-cu_rrently from
the top may be used. Another fixed bed reactor type is the bubble column where

20  acetylene comes in from the bottom, catalyst is deposited inside the reactor tower
and liquid carboxylic acid is introduced from the top. These examples are not
meant to be limiting. A modern reactive distillation system where each tray is

coated with catalyst can also be used, for instance.

25 One of skill in the art would likely select a reactor size necessary to
optimize reactor throughput by whatever variable is appropriate, for instance
reactor productivity (STY) or conversion. The size and shape of heterogeneous
catalyst particles selected are dependent upon the type of reactor used. Thus, the
catalyst may be in the form of pellets, powder, saddles, spheres, etc.

30



and neo 913 from ExxonMbil Chem cal Conpany. Although the process of this
I nvention is intended to make vinyl ester fromthe reaction of acetyl ene
with a cawvbaerw/i2e02aci d, vari ous other known primary al kpeggsedaooran bring
about such a vinylation reaction can also be enployed in the process of
this invention. Generally, unsubstituted al kynes and nonosubstituted

al kynes that do not interfere with the HWddi tion reaction of the process of
this invention may be used. Representative substituents include alkyl,

al koxy, aryl, aryl gyeodGRE Wk thERVARON e BEA QarB5:gHPECid Aidiynes typical Iy
have from2 to 10 carbon atonms and suitable al kynes include substituted or

unsubst i t ut edagetylengropn bt karriedow i i varistaefeoypfigmationgsudiyas thesediseusstd,  phenyl
acetyl ene, | - Bl dinB §RELR Feactbs NGENRE.a sTillFRIHDR ode MG aXBftinuba 0Ny NE,

1- decyne, and re surta kyn S use In the practice of the
i nvention i nckeader abetinl thneactard femdtihpdssagoygrentxetedoan duideedenpl oyed in

the process of thi ny.ent i on a.sup orted 4 I ) | es of
suppor t ed ?ﬂst §Tt§lyft§’§? ﬁﬁep%esf aﬁ 8 mve q%anﬁlrsgg’égémgsagh%%ﬁ@ i'on i ncl ude
wi t hout any | lomet la‘td»@ll’tecthhiqﬁbymﬂthqaaﬁ‘t ilmhlaymenﬁlcahﬂinmns pobessusing a r hodi um and

r ut heni um An e known c supports can t o support
the metals of 'ﬁ‘?é“ qbr(?é‘g%r ‘E)tf’ Y’?‘ﬁ\?eﬂt"lsﬂﬁﬁer cﬁﬁogggr}ﬁtﬁ?f%y%gm yst
supports incl yde layeted Fittd Béﬂ){nﬂsbﬂbilﬁﬂl AR adiaBdtiReeactor iy 8t astdcaraubell
graphite, sili ca titania, al

calcium sjlicat cal c r bonat e,
si | i ca-al uni ngnd Wb reagfonprpid iwéh ahiegt frapgf megligm oyl &9? Bﬁ?ﬂabﬁg}”ﬁ%rl um
sul fate, apd HBEcdnidsBrprise a mixture of different catalyst particles which include multiple

catalysts, ligands and additives as further described herein. The fixed bed may
also include a layer of particulate material making up a mixing zone for the
reactants. A reaction mixture including a solution of carboxylic a'cid, if so
desired, acetylene and optionally an inert carrier gas is fed to the bed as a stream
15 under pressure to the mixing zone. Alternatively, a carboxylic acid itself can be
fed with acetylene optionally with an inert carrier gas, such as nitrogen. The
stream is subsequently supplied (by way of pressure drop) to the reaction zone or
layer. The reaction zone comprises a catalytic composition including a suitable
supported metal catalyst where a carboxylic acid such as benzoic acid is reacted
20  with acetylene. Any suitable particle size may be used depending upon the type

of reactor, throughput requirements and so forth.

Although various metal loading levels on the supported catalysts known to
one skilled in the art can be employed in the process of this invention it is
25  preferred that a supported metal catalyst employed contains about 0.1 weight
percent to about 20 weight percent of metal on a suitable catalyst support. As
described further below it may also be advantageous that the supported metal
catalysts that are suitable in the process of this invention may optionally contain a
ligand and/or other additives including a second and/or a third supported metal on
30 the same catalyst support. The following metals may be mentioned as those

metals suitable as a second and/or third metal without any limitation: palladium,



The process according to the invention may be practiced using any
conventional reactor known in the art, under batch, sem -batch, or

cont i nuouwocondi2e42ons. The reactor may enploy a fixed bedT/is2100)7¥ed bed,
or a noving bed. For exanple, a continuous stirred-tank reactor (CSTR) with
acetyl ene sparging system mld nechanical agitation and candle filter
filtration (to hold the catal yst particles inside the reactor) can be a
comercial option. Alternatively a tricklebed, where the carboxylic acid
and the acety r r [ Vi foI be used.

Anot her fi xed‘L'%ﬂﬁ r‘raeégét %%d atorggglﬁgé&peﬁgugﬂﬁ%}“g lé%lpgér?ﬁ&%g{}tgﬂg@%{yl ene cones
in fromthe beippord wetakdayadyst asdedeprQihtmeij\ mashedsed mghe emtsepfth@ﬂ/ver and

| i quid carboxylic.aci are not
meant to be I?/"mentlon }%Xeve %tth Pﬂ}éﬁg |n\c/ié)rg21 &l{\%ls I'a |b8-r%9§e§i§ e@g each tray
is coated Wt lfeedat admab@mlﬁicsanhmemmed;onfomml nst ance. One of skill in the

art would Ilkely sel ect a reactor size necessary to optimze reactor
throughput by whatever variable is appropriate, for instance reactor
productivity (STY) A@hot@@ﬁl&(ﬁfés\ra@lﬂus ddtetys$ B@oﬂﬁ%osdmapﬂqe(ﬁrt daabeusgianeous

catal yst particles sel e e. dependent on the t of reactor used.
Thus, the cat SYRpSE thehp Qfalﬂ‘ﬁg“’F 19 refs dlséP%O“sﬁb%‘gg?" é‘ﬂ?ff“i spheres,

etc. I n accor dagsen, Wrdphitd, Re1ciutl M dnaf, titaMaClirMia, Alunfin£-8iliBQ s | baxivaei d wi th
acetyl ene can be carri ed out in a varj eté of confi gurations such as those
F

di scussed abovéfats. MMpgdreferablypearban, pdiyate arp?ﬂré!uml??gtlé?“éaloﬁélréo‘}‘%aa’l?t| on zone

and a contjhnugisy aegﬁ%ﬂg WORSEd Be Adisd ﬂhﬁ%?:@lﬁtsuf)&ﬁféd'nfetﬂéﬁﬁﬁﬁts Whicaugh a
fixed bed or a flui ed catal yst bed. The process of this invention can

al so be carri et spiiableisithig 1ra/|qytl@f arg pgmmercially available and may be used with or

without catalyst activation.

In an embodiment of this invention the preferred catalyst support is

15 carbon. Various forms of carbon known in the art that are suitable as catalyst
support can be used in the process of this invention. Carbon supports that are
suitable in this invention include non-activated as well as activated forms.
Activation of carbon support can be performed using any of the methods known in
the art. See for example, United States Patent No. 5,064,801, wherein a process

20  for activating a certain carbon catalyst is disclosed. Another type of carbon
support is a graphitized carbon, particularly the high surface area graphitized
carbon as described in Great Britain Patent No. 2,136,704. The carbon is
preferably in particulate form, for example, as pellets. The size of the carbon
particles will depend on the pressure drop acceptable in any given reactor (which

25 gives a minimum pellet size) and reactant diffusion constraint within the pellet

(which gives a maximum pellet size).

The carbon catalyst supports that are suitable in the process of this
invention preferably are porous carbon catalyst supports. With the preferred
30  particle sizes the carbon will need to be porous to meet the preferred surface area

characteristics.



ot her known techniques in the art such as a sem -continuous process using a
stirred tank reactor, etc. For exanple, in a single reaction zone the

cat al yst wayoter2g02bayered fi xed bed, if so desired. An &diralsaeiomoreact or
could be used, or a shell and tube reactor provided with a heat transfer
medi um coul d be used. The fixed bed can conprise a mxture of different
catal yst particles which include multiplf catalysts, |igands and additives
as further described herein. The fixed bed may al so include a | ayer of
particul ate material making up a m xing zone for the reactants. A reaction -
m xture including a solution of carboxylic acid, if so desired, acetylene
and optional |y an Thesmatalsasupperts igeleding tHeedrboo cathlgstisappats nyder eam under

pressure to the nmxing zone ernativel a_car | i id itsel f can be
fed with acet §1PEE 6P 'i%ﬁs‘r P)I/ﬁj WB?SHP@%HCP ﬁ"éj?/e’,[dgec gﬁ%??%sasﬁe?ﬁégﬁsug%&m trogen.
The stream i sasalBrssiefatd yresdgpaimind bybytrowy addorpioasising ehednald ¢fo t he

reaction zone _or |ayer. Th action _zone_co | tal yti,c conposition
i ncl uding a stltﬂamféﬂgﬁ t1r§ e‘rrfeﬁé‘?' @‘ﬁ?‘aﬁ%ggm&?@- @FE@%{/?IP'&C acid such
gs benéoijc acglﬁfaic§ar’fe§%(lhﬁﬂ1rw&é Jil‘e@-f@ﬁéryr{iﬂalefronﬁth)éh heatiof abdoptioaiohited e si ze g’ay
e used dependi ng upon the type of reactor, throughput requir nts and so
forth. At hou@%?‘?fh‘? inodferigeentane ﬁ%‘&d‘l‘h‘?@taf‘%%f@ "&ﬁh%g‘glﬁ’ﬁﬁﬂ‘r rQEﬁg’gt al ysts
known to one gki IAeg phivs 408, tritharnRale raRedRdo bapeldBs. PhOGRES of this

invention it is preferred that a supported netal catal yst enpl oyed contains
about 0.1 wei ghfacpate isrihe susfaghaygt dgermipgddiam pehedof agorntiepanthsn” a suit abl e

catal yst §YPPELbon Si%-BRAHT BRh-hdpidnB &S dRAbRWiA the PR, Rby Bob&urddy ant ageous
that the supported netal

mentioned above with particular reference to page 495.

The preferred carbon catalyst supports for use in the present invention
have a BET surface area of at least 100 m*/g, more preferably at least 200 m*/ g,
15  most preferably at least 300 m? /g. The BET surface area is preferably not greater
than 1000 mz/g, more preferably not greater than 750 mz/g.

The preferred carbon support may be prepared by heat treating a carbon-
containing starting material. The starting material may be an oleophilic graphite,
20  e.g. prepared as disclosed in Great Britain Patent No. 1,168,785, or may be a

carbon black.

As noted above, the loading levels of metal on the catalyst support is

generally in the range of about 0.1 weight percent to about 20 weight percent. As
25  already noted above, the amount of a second or third component loaded on a

support is not very critical in this invention and can vary in the range of about 0.1

weight percent to about 10 weight percent. Preferably, the supported metal

catalyst of this invention is free of any other loading. A metal loading of about

0.3 weight percent to about 6 weight percent based on the weight of the support is
30  particularly preferred. Thus, for example, 0.5 to 10 weight percent of platinum

supported on carbon, activated carbon, graphite, alumina, zirconia or titania is



catal ysts that are suitable in the process of this invention nmay optionally
contain a ligand and/or other additives including a second and/or a third
support edwvoedal 120029t he sane cat al yst support. The fol | oRCHgISe&EAIR7Iay be
mentioned as those netals suitable as a second and/or third netal w thout
any limtation: palladiumcadm um zinc _and a m xture thereof. Typically,

it is preferred that only the supportedi’etal catalyst as described herein
may be used in the process of this invention. However, other |igands and/or
additives may Cty i : liytic
enhancers or 8?@@9@?@&%&%?‘%‘2%%@2?;esﬁﬁ'g’ﬁ%@@gﬂ{'ﬁ"‘;@?b ‘é‘%%gg'r'iys known in
the art can béomsabduttS waighiarercenthio abeutsl weighs porcerith Osher suppatts siitabler ef er r ed
supports are r . ' [ i€ ' r hbonat e,
titania, al u#‘ﬁg%@ﬁﬂ%ﬁ%ﬁ?ﬁﬂ%@%%ﬁ% %%Eoﬁggrﬂys]u 1{%‘%?& rkg‘gl% ef erably,
carbon, acti vatrdon sedfampogiciamuwarboaate tind silidaa or zi rconi a are used as
supports. |t should be noted that various supported netal catal ysts which
are suitabPe in this invention are comercially avail abl e and nmay be used
w th or w thout caSBiijasly, Bcitdlysatondaining Abaim 1 esd odighepdrcant of dheiumnvent i on t he

preferred catal yst support .is carbagn. Varjous forns of carban known in the
art that are $§ pf’ﬁfﬂg%’{) bqas %F?/%Pregeﬁ’ﬁﬂ&?tf‘fyétaﬁ)tﬁeé Sﬁ'éaé’ge ‘fal';ﬁl)fsf'f’e'“ﬂl“gac%ss of
this inventi oRatalyarcBRRAINFIEUBENL IStoleRAiga percéntiof AHOURIM Suphbiited dntafdhj 0N i ncl ude
non-activated as well as activated forms. Activation of carbon, support can
be performed G capRInge oA Ine OISt PRGHH of FrHthaniin, pypporgdon Ylicaed anpl e,

United Stages cﬁgﬁlﬁr%ntﬁpling%bgﬁ‘lbtg(glweigmiél%-brﬂ ofpAlRRASSuppSticdmidadadhl N a
certain carbon catalyst i's disclosed. Another type of carbon
a catalyst containing about 1 to 6 weight percent of palladium supported on

carbon, which may also contain about 1 to 4 weight percent of platinum as a

second metal, a catalyst containing about 1 to 6 weight percent of iridium

supported on carbon, a catalyst containing about 1 to 6 weight percent of iridium
15 supported on calcium carbonate and iridium (IV) oxide itself as a supported metal

catalyst.

As already noted above, many of the supported metal catalysts useful in
this invention are commercially available. However, the supported metal catalysts
20  can also be readily prepared using any of the methods known in the art, such as
for example by metal impregnation techniques. The metal impregnation can be
carried out using any of the known methods in the art. Typically, before
impregnation the supports are dried at 120°C and shaped to particles having size
distribution in the range of about 0.2 to 0.4 mm. Optionally, the supports may be
25  pressed, crushed and sieved to a desired size distribution. Any of the known
methods to shape the support materials into desired size distribution can be

employed.

For supports having low surface area, such as for example alpha-alumina,
30 the metal solutions are added in excess until complete wetness or excess liquid

impregnation so as to obtain desirable metal loadings.



support is a graphitized carbon, particularly the high surface area
graphitized carbon as described in Geat Britain Patent No. 2,136,704. The
carbon i swprefeeeo2by in particulate form for exanple, ®&6T{shkéiens1275he size
of the carbon particles will depend on the pressure drop acceptable in any
gi ven reactor (which gives a mninmum pellet size) and reactant diffusion
constraint within the pellet (which giVvids a maxi mum pellet size). The
carbon catal yst supports that are suitable in the process of this invention
preferably are porous carbon catalyst supports. Wth the preferred particle
sizes the carbon will need to be porous to neet the preferred surface area
charact eri sti cs. Thas natehabpse, thapipoortes metallcadlysty usddan eleeriroreseefithisy st -

SUPPOTLS Y BRSNS RSl TREImcBAR RS c@Bdypdge surf ace

areas. The BET' ace ar ni trogen
adsor ption usnmlgegda&dﬁmwmdepsf FBsty tha setonEmeeid ts aadtdi Tdloved by theAm Chem Soc.

60,309 ( 1938 pl f h det d
From the niat "BER GRS JeicBRmBRERREn &P B ore< Dbt Pe AR 3hFr. hept anc

by the net hodbras4lid &a&dystmEy 8lso bamyparam cohidiblegnaims 14 thz-o4&%f with

particul ar reference e 489. The edge surface area is, the surface area
det er m ned ferﬂ“’t‘ﬂg "F’)‘Bg"%{tﬁ“é’f}? pﬁ‘tsie‘@)‘f?"ﬂ 'TH’@%@BH}?Y%FUFF%E}?%‘H from

n-heptane as diiheheoi@fioh Bf theSeddh@sry oRR)tiaryRetal. artel sedond Ml Pl RutidH sﬁbove with
particul ar reference to page 495. The preferred carbon cat alp)é?ptosupports
I

for use in th&ay ﬁ@@@mcwﬁp@ﬂ@at@ﬁ ofy igdwa prpefpal ffefals: & 05 FEAMRIS: Bast 100
n2/ g, norgqprefBseRhybdbrepfebby 28Rt Midreghation of platinum nitrate, followed by

the impregnation of palladium acetate. Again, each impregnation is followed by
drying and calcination. In most cases, the impregnation may be carried out using
metal nitrate solutions. However, various other soluble salts which upon
calcination release metal ions can also be used. Examples of other suitable metal
15 salts for impregnation include metal hydroxide, metal oxide, metal acetate,
ammonium metal oxide, such as ammonium heptamolybdate hexahydrate, metal

acids, such as perrhenic acid solution, metal oxalate, and the like.

It has now been found that the use of certain ligands and additives enhance

20 the catalytic activity of the supported metal catalysts of this invention. Various
ligands and additives that can bring about the vinylation reaction with a carboxylic
acid and acetylene can be employed in the process of this invention. Examples of
ligands include without any limitation the following: triphenylphosphine, 1,2-
diphenylphosphinobenzene (1,2-DPPB), o-bipyridyl, (£)-2,2'-bis(diphenyl-

25 phosphino)-1,1'-binaphthalene, 1,1'-bis(diphenylphosphino)ferrocene, 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene, diphenyl-2-pyridylphosphine,
oxydi-2,1-phenylenebis(diphenylphosphine), tris(p-trifluoromethylphenyl)-
phosphine [P(p-CF3CgHy)s], tris(1-naphthyl)phosphine, tris(2,4,6-
trimethoxyphenyl)phosphine and tris(4-methoxyphenyl)phosphine.

30



nost preferably at | east 300 n2 /g. The BET surface area is preferably not
greater than 1000 n2/g, nore preferably not greater than 750 nR/g. The

pr ef err edwoantyonoeapport may be prepared by heat treati RGTAS2010/001275
carboncontaining starting nmaterial. The starting material may be an

ol eophilic graphite, e.g. prepared as disclosed in Geat Britain Patent No.
1,168,785, or may be a carbon bl ack. Asl%noted above, the |oading |evels of
metal on the catal yst support is generally in the range of about 0.1 wei ght

percent to about 28a .lgb)tf <Pcﬁtr1 Snﬁclud@%llﬁﬁ1Elﬂﬁqyetﬁ9$eﬁguaébﬁl\ﬁﬁmanhe amount of a

second or third conponent foaded on a support i% not very critical in this
i nvent i on andcldaenideyeadynium atdigacetmgt, cn‘nuabrdmrlde itonhilqgide, potassiemt t o about 10

wei ght percent e&at? hllfrﬁl% dte Ht\}d\u%%?(ﬂﬁld%: ggfag%tcﬁ‘o]n(d\gtsgjj %f?ld)egz hl S invention

is free of any ef ht percent
to about 6 wekd@ihim plecrspEané sbcamﬁdetmﬂlubﬂmbona&l, gidiunoéhlbmrh sadippo i (tdldes
particularly prefert per.cent of

pl ati num stpp gy tr °E°§F%?}Ff po@f‘éf F'\’?é?f%gte’c%?f%ngoﬁ?%oﬂﬁ R?, lg&&?’&ﬁ?tﬁtg zi rconi a
olr titani ? | Zpﬂraﬁiluﬁudoafyla)tet?n@é ,phBddi el chlatiad, yﬁ1tyl advtatectrputhécnabd-y, the

pl ati num | oadi eve ro ut 0.5 wei ercent tq.about 5 weight
percent . Gheflecg [ RugGiQx Zé’cf m'é‘ﬁﬁb‘ﬂfr‘ih? tj'e%rea%?' ﬁfihyg@‘?eaf“ k'hcl udeg

W t hout any |bﬁf‘rvl)a’1ﬁ1h@6r ﬁrnlﬁatyfamnh@wﬁqn vagamfosiltint EHi@ridec@trgiugyl car bonat e and
silica. Siml a catal yst cont aij ni ht percent of

ng about 1to 3 vveu%
r heni um suppo?‘!’@@"’d’)ﬂ“ 3csipisotpdiugn pltasphase ﬁ%éftéﬁbf‘@é?%‘f%‘l"?é etalgy her suitabl e
catal ysts jnclude a catalyst containing about 1 to 6 weight percent of

r hodi um supported on carbon, a
In an aspect of this invention the process of this invention is generally

carried out in a batch operation using a stirred tank reactor. The supported metal
catalyst is slurried in a suitable solvent. To this slurry is added a solution of
carboxylic acid and any desirable ligands and/or additives. The reactor is heated to
15 desirable temperatures under an inert atmosphere, such as nitrogen, and acetylene
is fed into the reactor for a certain length of time. ‘Typically, as already discussed
above, the reaction times may vary depending upon the catalyst and can range

from about 1 hour to 4 hours.

20 In another aspect of this invention the reaction can also be carried out in a
continuous process. In this aspect, the reactants, such as benzoic acid, suitably as
a solution, and acetylene, are fed into a reactor packed with the supported metal
catalyst. As noted, the carboxylic acid can be fed into the reactor as a solution
dissolved in a suitable solvent or neat if it is in the liquid form, such as for

25 example 2-ethylhexanoic acid. Inert gas such as nitrogen may be used as a carrier
gas to feed both the carboxylic acid and acetylene at a desirable reaction

temperature as discussed herein.

Contact or residence time can also vary widely, depending upon such
30 variables as amount of carboxylic acid and acetylene, amount and type of catalyst

and reactor, temperature and pressure employed. Typical contact times range
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ess .or excess liquid . .inpregnation sg as to gbtalin des
f dpgiredo {e3pmejBafances, jds Bpiaggost oSt the SZ:‘BROéﬁeg &eil ysed

Ea‘ialysts in conjunction with an inert material to regulate the pressure drop, flow,
heat balance or other process parameters in the catalyst bed including the contact

time of the reactant compounds with the catalyst particles.

As apparent from the Examples that follow, by practice of this invention it
is possible to obtain high conversion and selectivity to vinyl esters. That is, by
suitable selection of the catalyst and optionally the ligand(s) and additive(s) it has
now been found that high conversion of carboxylic acid to vinyl ester, for example
benzoic acid to vinyl benzoate, can be achieved. More particularly, it has been
observed that utilization of a desirable amount of catalyst in combination with
optional ligand(s) and additive(s) results in at least 50 percent (%) conversion of
carboxylic acid. Additionally, the selectivity to vinyl ester is found to be at least
50 percent (%). Furthermore, by suitable practice of this invention it is possible to

attain a Relative Activity of at least 80 and up to about 2000.

The process of this reaction can be carried out using any reaction
temperature such that the intended reaction of a carboxylic acid with acetylene to
form a vinyl ester can take place resulting in high selectivity to vinyl ester and at
high conversions of carboxylic acid. Typically, such reactions in a batch
operation are carried out at a temperature range from about 100°C to about 180°C.
For example, the reaction temperature can range from about 110°C to about 170°C

under certain catalytic conditions. The reaction temperature can also range from

i rabl e
in the



invention may be binetallic catalysts. The binetallic catal ysts are
generally inpregnated in tw steps. First, the second netal is added,

fol | oned WO 20t0e12%028i n" netal . Each inpregnation step isPColUSeeM012ys dryi ng
and cal cination. The binetallic catalysts may al so be prepared by
co-inpregnation. In the case of trinetallic containing catalysts, a
sequential inpregnation may be used, stdrting with the addition of the
secondary or tertiary nmetal. The second i npregnation step nmay involve

co- i mpr egnat | gt lad-bo b PO ShAR LerlBh Bl alRiic XA, |FEE on carbon

may be prepar rst 1 npregnation atinumnitrate, foll owed by
the inpregnat caes ttbf: rqaatiidnatein perataiceianges fronmont 138%cte abnptrléQ?Cat incmrtills f ol | oned

by dr yl ng and g‘rl S(l: Iu&ac%nls% T ac%ome%peﬁoﬁ%g \r/dgg%skﬁorﬁ glpcfu?gfo?? t& Qb u fé carried

out using met & & Sof it rons vari ous e salts

whi ch upon caHoweeetr; ian cbmiirmaasaopmit@h suchns tl&aunedhsdbbrbahwsedven&»@wpl es of

ot her suitable metat salts for B rrFlr F%;,n(iti on include netal hydroxide, netal
oxi de, netal SREHUEMPUANSAMBOREIMRIOYEXi de, such as anmmoni um hept anol ybdat e
hexahydr ate, netal aC| ds, such as perrhenic acid solution, nmetal oxal ate,

and the like. It h now been found that the use of rfain |jgands and
addi ti ves enhance e?:‘%ﬁ'f’ﬁl"?’t 3o brgamigdiqut @fanfﬂffs%?)b%ﬁ{tg’ﬂ SHA W catal ysts

of this 'nVenTsélQiﬁvely&fémpﬂﬁyﬂelsﬁﬁﬂﬂrﬁ caiex AR dkcid ay Bigh blersiéi, fich agfopbout t he
vinyl ation reaction with a carboxylic acid and acetyl ene can be enployed in

the process ofXailesybraiBagpheric, a@é&ﬁ‘ﬂﬂr@@ gper-ppaseteric senrdidRnsyi t hout any

|1 tat i oot NechhihoWifipke el BRI kpRASPRCAicd du o SlcBlREN RORRRNT Nobenzene
(1, 2-DPPB), o-bipyridyl, ()-2 - bi s(di phenyl phosphi no) -

of from about one atmosphere to two atmospheres absolute. More particularly,

the reaction is carried out at atmospheric pressure conditions in an inert

atmosphere, such as for example in an atmosphere of nitrogen, helium or argon.

15 In general, the amount of acetylenic compound employed is equimolar or
slightly in excess of equimolar to the carboxylic group to be converted. Thus,
when the carboxylic acid used is a mono-carboxylic acid, a molar ratio of
acetylene to acid is generally from about 1:1 to 100:1, preferably from about 1.2:1
to 30:1, and more preferably from about 1.5:1 to about 10:1. Accordingly,

20  acetylenic compound is proportionately used in higher quantities when dibasic

and/or other polybasic acids are employed.

In an aspect of this invention, the process of this invention can be carried
out with a small amount of the catalyst. That is, large amounts of carboxylic acids
25 such as benzoic acid (BA) can be converted to a vinyl ester such as vinyl benzoate
(VB) in the presence of small amounts of catalyst material. Generally, the
reaction mixture comprises a mixture of desired supported metal catalyst and
carboxylic acid in a molar carboxylic acid (CA) to metal ratio of from about
4000:1 to about 100:1. More typically, the molar CA/metal ratio is about 1000:1.

30  However any other molar CA/metal ratio that would bring about the desired



|, 1" -bi napht hal ene, |,1"-bis(di phenyl phosphi no)ferrocene, 4,5-

bi s(di phenyl phosphi no) - 9, 9-di net hyl xant hene, di phenyl - 2-pyri dyl phosphi ne,
oxydi - 2, wopbhwbenebi s(di phenyl phosphi ne), tris(p-triflraoruseewioyi2pghenyl ) -
phosphine [P(P-CF 3C H4) ] , tris(l-naphthyl)phosphine, tris(2,4,6-

tri met hoxyphenyl ) phosphi ne and tri s(4-net hoxyphenyl ) phosphi ne. Exanpl es of
addi ti ves include al uni num acetyl acet or® e, al um num chl oride, cadmi um
acetyl acetonate, ceriumchloride, iron chloride, potassiumacetate, |ithium

acetate, |ithUDeRIRThE Soiedd kDI AREE {0F os FRLuH B BRFIEORLIR theSOd! UM

phosphat e, sodiumtetrafluorobora rum chl or1 de, um i odi de, sodi um
trifl uoroacet atoeesspbthissisvantioacet at e, par a- benzoqui none, pal | adi um acet at e,
pal | adi um acetyl acet onate, palladium chloride, vinyl acetate,

trirut heni undodecacar bonyl (Ru3(COi 2), zinc brom de, zinc chloride,

benzoi ¢ anhydri de, Intdnbthendzpédt by thisihveation, the dabliysy bxhibitse, very high

tetra-(n-buty moni um chl oride, tetrabutyl a ium acetate, sodium
phosphat e éndl'%gf‘?’%‘ﬁﬁﬂ‘&}'iyé ﬁlog?'fp?élc?&eé{f"gt.aﬁ %/tﬂmgTHT’D tﬁ%Bré’ﬁ?ss 8¥&‘fshi s invention
the process ofinvehiich. ITypRANY, @t RéatBePefiditkeyradgd frbrR dbauiBO kdabdubZ100h oper ati on
using a stirred tank reactor, The su %Prted n@tal caﬁ st is slurried in a
sui tabl e sol verfferably Relairee Aetiyitiss range diggapodt WO to2hyh I 1% MQFhoxyl i ¢ acid and

any desi rabl e pldrga1dl sromnibo@1084sladduy 800, The reactor is heated to desirable
tenperatures under an inert atnosphere, such as nitrogen, and acetylene is

fed into the reactor for a certain length of tine. Typically, as already
di scussed ;gbove, t h‘eabfuﬁﬂ@rtasﬁéat b AR Snv¥RNonY 3ry hBRRBREIVIG (PRI she, cat al yst
and can range from about 1 hour to 4 hours.

such as for example vinyl benzoate, can be obtained by suitable practice of the

process of this invention. Typically, the selectivity to vinyl ester based on

carboxylic acid consumed can at least be 60 percent. More specifically, the

selectivity to vinyl ester based on carboxylic acid consumed may be at least 80

15 percent. Even more specifically, the selectivity to vinyl ester based on carboxylic

acid consumed is at least 99 percent.

As already discussed above, depending upon the configuration of the

supported metal catalyst system and the type of reactor, the process of this

20 invention can be carried out to a desirable length of time in order to obtain the best
catalyst activity, Relative Activities and selectivity to vinyl ester, such as VB or
V2EH. Typically, the reactions are run in a batch mode for a period ranging from
about 1 hour to about 5 hours. More typically, the reaction is carried out in the
batch mode for a period of about four hours. However, the process of this

25  invention can be carried out in a semi-continuous or continuous manner using any

of the known process techniques in the art.

Thus in one embodiment of this invention, there is provided a supported
metal catalyst wherein the metal is platinum and the catalyst support is carbon,
30  activated carbon, graphite, titania, alumina, zirconia, alumina-silica, barium

sulfate and calcium carbonate. In this aspect of the invention, the loading of



I n anot her aspect of this invention the reaction can also be carried out in
a continuous process. In this aspect, the reactants, such as benzoic acid,
sui t abl y W® 2a106@b20i on, and acetylene, are fed into a r @aEUSL0PACKREE W t h
the supported nmetal catalyst. As noted, the carboxylic acid can be fed into
the reactor as a solution dissolved in a suitable solvent or neat if it is
inthe liquid form such as for exanplézb-ethylhexanoic acid. Inert gas
such as nitrogen may be used as a carrier gas to feed both the carboxylic

acid and acet glagnﬁn%ﬁan%&tb%hba%m«s@&&m@@aﬁoﬁmagm rf%r&ﬁt giedGaptped herein.

Cont act. or ence tinme can al s6 vary w del pon such
vari abl es as foowaboutdl.5 waightopeydenttozabpul 6am1gla@enc9ﬂtehethlsaﬁm§h0fthﬁd type of

catal yst and rn%%r% (it h s%’g&eﬂfe?ﬁ Hufid ﬁ'lqptc}i\g Bgeso%%gﬁal? ﬂgeln(ax ggdesg_ Y&H(ﬁgllemc ont act

ti mes rangefroma(?"r a second fo nore n several hours when a
cat al yst systamy@hlhmme thlaaatalgmé aota'dybédlelpkitluumds obaemedpyefceaasem cont act
times, at | east, for

se ti
seconds. Typi Sﬁ‘rﬁfﬁe'eﬁtwﬂef Fﬁ@ 7 eﬁtgﬁtsucg'fasft{ﬂ}zbrl cﬁ{}‘éﬁﬁf ?" %f’icaﬁﬁ)xygca c“f errpl oyed
is in a fixedabBa dr®amt GfhasBedh obisérvédubatdpam sath &n, BDPRBared pi pe or tube,
where the reactant ically in vapor .form or ion. are passed
over or throufl I‘PhF?PZplE’éE\’/@P?% ne a&'ﬁ@?‘g'gg%tf"ﬁroé “egﬁ'ﬂ%efgesctsfqntﬁ’?icaﬁlytécbul li ent
bed reactors, a&%y@pﬁ%xﬁh@&nding uf@sthe wﬁxpe}alfursemm rdasfi@aderthert i S
advant ageous to use the supported netal cataly % in conjgnctlon with an

i nert mat er i adiseYseARAMAL %‘mt‘ 5*}51”%&?9@%?%““4 o, 2ddikigp opeiraice or ot her

process pahangiditivesinfhyldi® Hadd ﬁésww‘e eheéi oh@@dﬁéﬁlbd\ﬁlaﬁrﬁlﬁn santagt time of the
reactant conpounds with the catal particles.
Examples of such additives inc ude sodium benzoate, benzoic anhydride,
tetrabutylammonium acetate, tributylamine, and the like. In general, the additives

increase the rate of conversion of carboxylic acid, such as BA.

15 In general, it has now been found that alumina, carbon, activated carbon,
zirconia and titania are the preferred catalyst supports for platinum. The

following supported platinum catalysts are particularly preferred:

0.5% platinum supported on carbon;

20 1% platinum supported on carbon;
3% platinum supported on activated carbon;
5% platinum supported on activated carbon;
0.5% platinum supported on alumina;
5% platinum supported on alumina;

25 0.9% platinum supported on zirconia; and

5% platinum supported on titania.

All of the above listed supported platinum catalysts are commercially
available and/or can be prepared in accordance with any of the literature

30  procedures known to one skilled in the art.



As apparent fromthe Exanples that follow, by practice of this invention it
is possible to obtain high conversion and selectivity to vinyl esters. That
is, by suwOabloa2eebecti on of the catal yst and optional | pCris20m0gerds s) and
additive(s) it has now been found that high conversion of carboxylic acid
to vinyl ester, for exanple benzoic acid to vinyl benzoate, can be

achi eved. More particularly, it has beetf observed that utilization of a
desirabl e anbunt of catalyst in conbination with optional |igand(s) and

addi tive(s) resultg, bRt thk GaRlity P tR&UFSIHed bPinGR MR EA@YstQhcr&REDLOXYI i C
acid. Additionally, y'%l e@’sel ecti \yi ty toﬁﬁ?{rﬁy% égt er Is fogsnd cgro be at | east
50 percent (%vithfnor¢dsimgtemperationg feom 2oyt B200¢ scatiovel 9FC .t RhesRelabivent i on it i s
possi bl e to attaj. | Vil t bout 2000.
The process 01A %%'Pgsaty Eg{':l i'gﬁr%%ga%\%lglelhécré?sﬁge%%B%%a%sﬁnﬁglagﬁﬁmgggfgﬁ }/%n S
t enper at ur e suetivitibsdre typicallppbseded at gactd HI°G oinder batchmryd operaiond wi t h

acetylene to rma vinyl .e r..cC take place resuylting.in high
celeotivity o bouEkgh Sl fiereai G e oy BF SrbRRYan - bl P aci

Typi cal |y, suoperatimaisingrasfiied bad hattohatepear kighed tenipeeaturas. r Aealready nated a
tenperature range - from about 1000C to about. 1800C. . For,. exanpl e, the
reaction terrpgﬁ’%leu‘r‘sﬁ Ogﬁwaf'hlr‘ﬁf@gﬁ"?’ ?ﬁMSlgliﬁﬁrC'e? ivesbit Of%c under
certain catal yédversiciithd RRstivilh@pscalia odticd eemRasRictiperatady. 3 12 nbwnge
fromabout 1200C toQ about 1600C under, certain other catalytic conditions. In

some cases t hBegnebssrveshthatdhs ssepf lisands sprbes tinhspylplnslting @dee P Bapout  1500C,

I n certaingot Reyibie ifffaht SRRt dHahé SRPHHQIPIABIRES B Y4t &ith 3ReRSdctiom about 135C
to about 1450C. However, in a continuous operation such as the one

descri bed abotemneiasiresi yitough batbiligandsieengsapvdewered aptiujtiasdorsupposipdd.

platinum metal catalysts, Relative Activity and conversion values increase with
increasing temperature in the presence of triphenylphosphine, whereas the values
are evenly suppressed across temperatures in the presence of 1,2-DPPB.
15

For most supported platinum catalysts, increasing temperature generally
results in an increase in the conversion of carboxylic acid, such as benzoic acid,
and a decrease in the selectivity to vinyl ester, such as vinyl benzoate. However,
as noted above, the temperature of about 160°C is preferred to obtain optimal

20  conversion and selectivity to vinyl benzoate in a batch mode.

Typically, the reaction time used in supported platinum catalysts is from
about one hour to about four hours. Preferably, the reaction time is about two to
about four hours.

25

In general, the Relative Activities increase with higher molar carboxylic
acid (CA)/metal ratio. For example, the molar CA/metal ratio can range from
about 300 to 4000, more preferably from about 380 to about 3000, and even more
preferably from about 1200 to about 2500. Relative Activities of up to 600 or

30 higher can be achieved with 0.5% platinum supported on alumina, 0.9% platinum

supported on zirconia, or 0.5% to 1% platinum supported on carbon. More



The reaction can also be carried out at any pressure condition so as to

sel ectively formvinyl ester fromcarboxylic acid at high conversions, such
as for exsopbw/RHEIat nospheric, atnospheric or super-at ROFAISRE10H01275
conditions. Cenerally, it is preferred that the reaction is carried out at
a pressure in the range of from about one atnosphere to two atnospheres
absolute. More particularly, the reacti®n is carried out at atnospheric
pressure conditions in an inert atnosphere, such as for exanple in an

at mosphere of an&Jl%%g%aﬁ‘g&b HOnYbsét Mat akgngga:?%ﬁoiplattfmmaa%y%io%;f

acetyl eni ¢ cofrpoun oyed 1s equi nolar or y I n excess o0
equi nol ar to tbvat e460bBrIvlivecAgivitigs of abdue7@oman be aedeveTland at avhelar BAdo ‘
carboxylic acid.used is 0- Car l.ic aci r.aba fi .acetyl ene
to acid. is geﬂ%?"éﬁ'? ?tof"rr(%ﬁ%’ gﬁ%ﬁfl tc%o ?’Olt%%at-%O%C%iﬁe?ogfe%ﬁglr'tg@m@?br(g%ggﬁout 1.2: 1
to 30:1, and mhie@edpreferably fromabout 1.5:1 to about 10:1. Accordingly,
acetyl enic_conpound is proportionately used in higher quantities when

di basi ¢ and/ or ot her pol ybasi c acids are enployed. In an aspect of this

invention, the progessaldf thehype of OMeIRitisoppotasmpdeyed s aredfeoudn the th a smal |
anount of the catalyst. That is, | a[rgte arTFunts of cglr b0ﬁ¥l iC Elci ds such as
weylegten

benzoi c aci d CBAFrSORRnGselecirefa APOWEeR POSEREA b Py | benzoat e

(VB) in the prRsARCH t@dhisamidii BRI AEEHRS AGRiiRkY TiadRbafibiglhighegneral |y, the
reaction m xture conprises a mxture of desired supported netal catalyst

and car boxy| i EOHETsiPN Whegeapsarien exdyiiskiahest selestiyitycA) to netal ratio of from
about 400Qy1 to about 100:1. More typically, the nolar CA/netal ratio is

about 1000: 1. o
In general, the supported platinum catalysts are dried in nitrogen

atmosphere at 100°C for 16 hours before use. The tested catalysts may be reused

after drying again at 100°C for 16 hours. The catalysts may also be dried at a

temperature range of 50°C to 100°C in air for a sufficient length of time, such as
15 for example about 16 hours. However, it is preferred that the supported platinum

catalysts are dried in an inert atmosphere such as nitrogen.

In another embodiment of this invention, there is further provided a
supported metal catalyst wherein the metal is rhenium and the catalyst support is
20  carbon. ‘In this aspect of the invention, the loading of rhenium is from one (1)
weight perceﬁt to about six (6) weight percent, preferably the loading of rhenium
is from about two (2) weight percent to about four (4) weight percent. Again in
this aspect of the invention, certain of the ligands and/or additives can be used in
combination with a supported rhenium catalyst. A specific example of a
25 supported rhenium catalyst is two (2) weight percent rhenium on carbon, which is

commercially available.

In another embodiment of this invention, there is further provided a
supported metal catalyst wherein the metal is rhodium and the catalyst support is
30  carbon. In this aspect of the invention, the loading of rhodium is from one (1)

weight percent to about ten (10) weight percent, preferably from about two (2)



However any other nolar CA/netal ratio that would bring about the

desi redconversion and selectivity to vinyl
in the prwoesw/3p02vhi s i nventi on.
catal yst exhibits a very high Relative Activity (noles of vinyl

ester such as VB can be enpl oyed
I n anot her aspect of ®PRirAIS2MPONL27HN, t he
est er/ net al

atonm) in the process of this invention. Typically, the Relative Activities

range from about 80 to about 2000, pref%ﬁ

ably Relative Activities range

from about 100 to about 1500, nore preferably from about 100 to about 1000.
In a further g3pacler@ht folibSut SW@NWeRe pef@hY AUadlinShis GGfettdtie tO Vi nyl

ester, such as for exanple vinyl benzoate, can be obtained by suitable
practice of t myepicncessigindigands andfonedditivesaan beyysed il qonbinabien sathdctivity to

vi nyl ester

More specifica

b

he selectivity to viny

consuned may beivat(5) eaght pdeptarhodinn on Earbon, vdrich is peroinkicidlly layailablee

selectivit
percent. Ag

to vinyl ester based on carboxylic acid consuned is at
al ready di scussed above,

el GALBIMSE, ASBLlRANBNIEG L & AboBhed AB3RERE POr €0

ased on carboxylic acid

| east 99

dependi ng upon the configuration of

t he supported net ait hasdeW hah obystedithanse sfheplieyipphadphine adthdr weiglite pr ocess of
this invention can be.carrie ut to.a desirable length of time.in order to
obtain the be8frogthpding O'é&%rg?nott*\} a P&Eﬁ%ﬁ ﬁsfét% Fﬁ?'t%egéonfﬂﬁ s%lg‘fqg'(':t?' ivity to
sareylastedBue asWBEH. Typically, the reactions are run in a

vi-nyl ester,

bat ch node for a period ranging fromabout 1 hour to about 5 hours.
typically, the reaction is carried out

about fourghours. HoMWBMEF embdiEméet OF BFSin@dntibR itRere is further provided a

15

20

25

30

supported metal catalyst wherein the metal is ruthenium and the catalyst support is
silica. In this aspect of the invention, the loading of ruthenium is from one (1)
weight percent to about ten (10) weight percent, preferably from about two (2)
weight percent to about six (6) weight percent. Again in this aspect of the
invention, certain ligands and/or additives can be used in combination with a
supported ruthenium catalyst. A specific example of a supported ruthenium
catalyst is 1.85 weight percent ruthenium on silica, which is commercially

available.

It has now been observed that use of a ligand such as triphenylphosphine
has a positive effect on the activity of the ruthenium supported on silica. The
reaction temperature that can be employed with a supported ruthenium catalyst is
generally from about 150°C to about 170°C in a batch operation for the conversion
of carboxylic acid to vinyl ester, such as BA to VB. Any of the solvents as
described herein can be employed with ruthenium catalysts, if so desired. An

example of a suitable solvent is butyl benzoate.

In another embodiment of this invention, there is further provided a
supported metal catalyst wherein the metal is palladium and the catalet support is
carbon. This catalyst further contains a second metal which is platinum. In this

aspect of the invention, the loading of palladium is from one (1) weight percent to

Mor e

in the batch node for a period of



invention can be carried out in a sem -continuous or continuous nanner

usi ng any of the known process techniques in the art. Thus in one

enbodi mrerwoaeh1np®e9i nventi on, there is provided a suppoPCedspevadi2eat al yst
wherein the nmetal is platinumand the catal yst support is carbon, activated
carbon, graphite, titania, alumna, zirgonia, alumna-silica, barium

sul fate and cal cium carbonate. In this ?a?spect of the invention, the | oading
ofplatinumis fromabout 0.5 wei ght percent to about 10 wei ght percent,

pref erably {1 guaRAYto)WcvRlal, RECASH!rdPaRapte &) WBEMYerfrGent . In this

aspect of the invention, as now been found that the use of certain

| i gands as deskaut Bz d6)heaight nensent. Aghiarie this dspece af te ynviertione eqripin §eagds t he
platinumas o VAdithYs dap [ [ Mwi SVt A Ru ¥ lyse€st er, such
as VB or conng?oz{;roan of car beégsﬁﬁ ﬁ%kglgﬁh%&gt}gﬂjea{asgﬁgA oipxt)ot.%. 't “has been
observed t hat Al spgafidexampihofasuppdteDprRdam catalpitérthiep idophghigegenter al | y

exhi bit positive . .or ne iV fects on.the catalyti fvity of platinum
dependi ng gpoﬁalfaﬁg gnn%géoélt gvpgl(glfr&\eﬁ%onrtae”ésc‘ﬁ?tg‘#masﬂﬁsgucr {%g# lsdi scussed bel ow.
Simlarly, it ctramealablg ab@hleobserved that addition of certain additives may
al so have positive effect on supported platinumcatal ysts. Exanples of such
addi tives include sodi um benzoate, benzoic anhydride, tetrabutylamoni um
acetate, tributyl ahdrRactidntenigetathre kieat cdrbe@Riptsyal withhaupstaiet ipyiéliunmcr ease

the rate of conversion of carboxylic acid, s as BA In gengrgl, it has
now been foun@BsHS &g '?’15’,""‘0"2’[" tolr?f(3 é@t%ﬁ?‘&tﬁéﬁ‘&ﬂ%ﬁh OperA %’hfé’éaﬁnd titania
are the pngf ecéRdrsiatdlxdbx)FidRBIANS SinfDdstep|saéH 43R exhmBle/BA toowBNg supported
pl ati num catal ysts are particularly preferred:

Again, any of the solvents as described herein can be employed with palladium

catalysts, if so desired. An example of a suitable solvent is butyl benzoate.

In another embodiment of this invention, there is further provided a
15 supported metal catalyst wherein the metal is iridium and the catalyst support is
either carbon or calcium carbonate. In this aspect of the invention, the loading of
iridium is from one (1) weight percent to about ten (10) weight percent, preferably
from about one (2) weight percent to about six (6) weight percent. Again in this
aspect of the invention, certain ligands and/or additives can be used iﬁ
20  combination with a supported iridium catalyst. Specific examples of supported
iridium catalysts are: five (5) weight percent iridium on carbon or five (5) weight
percent iridium on calcium carbonate, both of which are commercially available.
In addition, iridium(I'V) oxide can be used as such in the process of this invention
as a heterogeneous supported iridium metal catalyst.
25
Figure 1 illustrates a laboratory scale system 10 for the production of
vinyl esters by the reaction of a carboxylic acid and acetylene using the catalyst
system of this invention. The system 10 of Figure 1 comprises a stirred reactor 20
and a collector 30. The reactor 20 and the collector 30 are each provided with a
30  condenser 40, 50 for which a conventional means of pressure regulation is

provided, such as a bubbler, not shown. Briefly, a suitable reactor 20 of desired



0. 5% pl ati num supported on carbon; 1% pl ati num supported on carbon; 3%

pl ati num supported on activated carbon; 5% pl ati num supported on activated
carbon; OVBZP/AP20uM supported on al um na; 5% pl at i nuMPSTISRII0H0120H

alum na; 0.9% pl ati num supported on zirconia; and 5% pl ati num supported on
titania. Al of the above listed supported platinumcatalysts are
commercially avail abl e and/ or can be pre€pared in accordance wth any of the
literature procedures known to one skilled in the art. Typically, the

activity of t§g sWRRRLDSE b BfceMetR él‘%sﬂasl@@éé%ﬁd@}edi MRE RASLE20Mst h i ncr easi ng
tenperature from about 1200C to about 1700C. The Relative Activities

typical |y i nciniiells chirged wites desired eprberbie peiduritabintl Yiakaium Rel at i ve
Activities ar @g&&&hﬁ@édlaﬁogpé%?yafeg%_ﬁ,tanarimee&s%%mi@radmw@sh TReRle

operation. However, even higher Relative ActiVities nmay be observed in a
cont i nuous opteatacon 2 isipviged Withkddogsa dnd beatadde degired yeantitn tgheeratuesaper at ur es.

As al r eady? no}\?é%l%@e&%%en%ﬁﬁblgé infSth %a@tri](lni e t%@sip&vﬁte@i idgi ve or :
negative effect ©on the conversion or the sé ec?|V|ty especially at varied
reaction tenperdadditiesal chtbokde acmvmipetmchatgsd withcsotvieat astnieeessasy vaef liei gands

Support ed pl att MORTERRRI T Siseth Fpaprr s p drden R afsltia Fe BT g
bot h i gands ganehatkd ynd wienatinacillsdtivh dask 30 Teeippdedsed 40, S0 serve to
recover an optimal amount of product and solvent while releésing non-
10 condensible gases. The temperature of the condensers 40, 50 is regulated by
conventional means known to one of skill in the art. The order of addition of the

reactants is not crucial in the process of this invention.

Figure 2 illustrates one of a variety of suitable scaled-up reactor systems

15 100 for industrial operation. The system 100 of Figure 2 comprises a reactor 110,
a collection tank 120, and a series of knock out pots represented here by a single
pot 130. The reactor 110 is charged with catalyst through the bottom of the reactor
110 and with carboxylic acid and optionally solvent via line 114. Acetylene is
bubbled through the reaction medium via line 116 under a nitrogen atmosphere.

20  The reactor is heated to a predetermined temperature and the temperature is
maintained throughout a reaction time. Vinyl ester product is removed from the
reactor via line 118 and collected in product collection tank 120. Gaseous
substances from the reactor 110 and the collection tank 120 are routed to knock
out pot 130 via line 24. The knock out pot(s) 130 serve to condense product and

25 solvent vapors, regulate pressure, and dilute non-condensible gases.

Examples
The following examples are presented to further illustrate the present
invention and should not be taken as limiting the invention, the spirit and scope of

30 which is set forth in the appended claims. These examples are provided for



pl ati num netal catalysts, Relative Activity and conversion val ues increase
wWith increasing tenperature in the presence of triphenyl phosphi ne, whereas
t he val uesoanw/eyenl y suppressed across tenperatures i nPChaASprieserce of

1, 2-DPPB. For nost supported platinum catal ysts, increasing tenperature
generally results in an increase in the conversion of carboxylic acid, such
as benzoic acid, and a decrease in the %%Iectivity to vinyl ester, such as
vi nyl benzoate. However, as noted above, the tenperature of about 16Q0C is

preferred to ﬂ%ﬂtﬂretﬁpl;piog@lon&%\ﬂQ/Eﬁ&lﬁ@mﬁl%{:aﬁgﬁsﬁﬁéréé@c@/ réafily bdMhadenzoat e in

a bat ch node. pi ca the“reaction tinme used 1 n supported platinum

catal ysts i s fhomasbowwnsmendskilledtinthglagut f our hours. Preferably, the
reaction tine is about two to about four hours. In general, the Relative
Activities increase with higher nolar carboxylic acid (CA)/netal ratio. For
exanpl e, the nol ar EGiplet lal2 illastrae thanomarsiea dfibemoitmid to30Y1 benzd@®0, nore

Bbout 1200°1 o b G008,/ PERIOHE BT DA e HPY BRAPBRbg bF Alher can be

achi eved wi t hd@pRYediihaiihmem foip ROFigaeks Grand Mg peatively. Speqifiailynum suppor t ed
on zirconia, Qr 0.5@&@%ﬂ;96§%atinun1 ug orted on carbon. Mbne articularly,

it has now be&n2BREdillkstatendie PLgeess of i inveskiop 4sing ASyRRRFLP'EMY Rt i 0 of about

1450, Rel ati venefit taraiyétiiesbath mbasit 700 can be achieved and at a nolar BA to
platinumatomrati o of about 2300, Relative Activities of about 700 to 800
can be achieved. Cenerally, the type of catalyst support enployed has an

effect on jhe Example 2 illustrates the process of this invention using a supported

platinum catalyst in a continuous operation.

Examples 3-8 illustrate the catalytic activity of various supporfed platinum
catalysts with or without ligands and/or additives.
15 |
Example 9 illustrates the catalytic activity of various supported rhenium

metal catalysts with or without ligands and/or additives.

Example 10 illustrates the catalytic activity of various supported rhodium

20  metal catalysts with or without ligands and/or additives.

Examples 11-12 illustrate the catalytic activity of various supported

iridium metal catalysts with or without ligands and/or additives.

25 Examples 13-16 illustrate scale-up procedure for the conversion of benzoic
acid to vinyl benzoate. Examples 17-18 illustrate the conversion of 2-ethyl

hexanoic acid to vinyl 2-ethylhexanoate.

Finally, Comparative Example 1 illustrates the catalytic activity of various
30 other supported metal catalysts for the production of vinyl benzoate under

comparative reaction conditions.



conversion and selectivity to vinyl ester. It has now been observed t hat
carbon, zirconia or titania exhibit higher Relative Activities. Titania
exhi bi t s WoghgR9@onver si on whereas carbon exhi bits hi gre€stussabmet2ryity. In
general, the supported platinumcatalysts are dried in nitrogen atnosphere
at 1000C for 16 hours before use. The tested catalysts may be reused after
drying again at 1000C for 16 hours. Thelkat al ysts nmay also be dried at a
tenperature range of 500C to 1000C in air for a sufficient length of tine,
such as for exanple about 16 hours. However, it is preferred that the
supported platinumcatal ysts are dried in an inert atnosphere such as
nitrogen. |n anot hds netadalativapnest of the lippoited/metal eatalystsaee eommertighy her

rovi ded ' | Vst ' . ' i dth
Catal yst cupparapEndBe 3 et HITaELRHAFIRITed By SRR 10040 NG of
rheni umis fr amrogereatmbyphess ayhtouped §&¢1°Ctfar ahbatulté wurs. (Thy followgdg  per cent ,

preferably _the | oading.of rhenium.is fromabout two (2). weight percent to
about four 5(4fqu§ﬂ?s [btéets@é’ﬁ(fc.edlﬂggqrihel Q{eqaﬁzﬁlgng& s Eﬂ‘eka{ AP p|grrt1vent i on,
certain of theathiygaesplogatinGkic prockiss bfRis im@ntidnefotBlastrdtive paipbservamty.on With a
supported rhenium catal yst. A specific exanple of a supported rhenium
catalyst is two (2) weight percent rheniumon carbon, which is comercially
avai | abl e. I ngamapleey enbodi ment of this invention, there is further

provi ded a supported netal catal yst wherein the metal is rhodium and the
cat al yst suppéFaparatoral hwpight nereep RlatiypeRnnCasbon he j nvention, the | oading of

r h_Odi um i sof rom onpodered and meshed carbon (99 g) of uniform particle size distribution
of about 0.2 mm is dried at 120°C in an oven under nitrogen atmosphere overnight
and then cooled to room temperature. To this is added a solution of platinum
nitrate (Chempur®) (1.64 g) in distilled water (16 ml). The resulting slurry is
dried in an oven gradually heated to 110°C (>2 hours, 10°C/min.). The

15 impregnated catalyst mixture is then calcined at 500°C (6 hours, 1°C/min). The
impregnated catalyst is finally dried in an oven at 100°C in an inert atmosphere of

nitrogen for 16 hours.

Table 1 summarizes various supported metal catalysts and ligands that can
20  be used in the process of this invention to produce vinyl benzoate (VB) selectively
as described herein. Also listed are the selectivity to VB and TONs that can be
attained using these catalyst systems. The Examples that follow provide more
detailed results. It should be noted that similar selectivity and TONs are achieved
for other vinyl esters such as vinyl 2-ethylhexanoate (V2EH) and/or vinyl

25  neocarboxylates.



wei ght percent to about ten (10) wei ght percent, preferably from about two
(2) wei ght percent to about six (6) weight percent. Again in this aspect of
t he i nverwpDanlo/een2pai n | i gands and/ or additives can be ®BSEASRL0MOIDS nat i on
with a supported rhodium catalyst. A specific exanple of a supported

rhodi um catalyst is five (5) weight percent rhodiumon carbon, which is
comercially available. It has now beembbserved that use of

tri phenyl phosphine with 5 wei ght percent rhodi umon carbon has a positive
effect on the conversion and selectivity to vinyl esters such as VB. In
anot her enbodi nent of this invention, there is further provided a supported
met al cat al yst wher eiTableHeCamtyal scresning rdselts withimnebl¢ metat gtoapyst support is
silica. In this aspect of the invention, the |oading of rutheniumis from
one (1) weight percent to about ten (10) wei ght percent, preferably from
about two (2 Mﬁilg‘ht PeppoeBd Metal dadink [SleXC4talyst\Sappdt/ pef cemB  Agai TONn {hi s

aspect of the invention, certain |ilggnds and/ or additi vieSeledinitpe used in
conmbi nation wWth supported ruthenium catal yst. A spec| fi gepxappl e of

supported ruthgy um cat al YS§ gh®, RutkeaioNgRgial/PRgr cent 1 ut henizgm OIP Siqgi ca
which is co rcially available. It has now been observjed that Use of a
| i gand such as Rhri phenyl phosﬁ%Ri&;dhxaﬂCabWBP}tg,l ve effect| on 66he actisdoi ty| of

t he rutheniu rted o1y Pél}aﬂlumyfjﬁnﬁm‘ﬂ’b Joop temperat um? G OE
enpl oyed witt Pott f 1 ey r bout 15p0C
pt oy W . Supp e ,_3"‘" P‘ajadun/ atifiung/Carbon, 9° =" <] nﬂom goou

je)

to about 170 bateh—6pef o o0 convers-on—of rboxyl+e—aci d
to vinyl este \ ,.RT‘ - 10 <1
Ir 5% Iridium/Calcium Carbonate 10-50 75-80
5% Iridium/Carbon
Pt 0.5% Platinum/Carbon 50-75 35-300

1% Platinum/Carbon
3% Platinum/Carbon
0.5% Platinum/Alumina
0.9% Platinum/Zirconia
5% Platinum/T'itania

5  Gas Chromatographic (GC) Analysis of the Products
The following procedure illustrates specific GC method that can be used
for the conversion of benzoic acid (BA) to vinyl benzoate (VB). Similar methods

can be readily set-up for other vinyl esters.

10 The analysis of the products was carried out by GC using a DB-FFAP 0.25
micron column (30 m x 0.25 mm). A backflush column CP-Sil 5 (Im x 0.25 mm)
was installed to prevent high boiling solvents being analyzed on the main column.
The GC samples were generally prepared as follows. A final reaction mixture
containing the reactant and product(s) (~1 mL) was diluted with toluene (4 mL)

15  containing a precise quantity of dodecane (the internal standard). The total
mixture was stirred for either 5 or 30 minutes at room temperature in order to
dissolve the reactant and product(s). ’The 0.04 mL final sample was further

diluted with toluene to ensure correct concentration ranges for the GC analysis. In



descri bed herein can be enployed with rutheniumcatal ysts, if so desired.
An exanpl e of a suitable solvent is butyl benzoate. |In another enbodi nent
of this iwoentwam29t here is further provided a support edCraisad100a2a$ yst
wherein the netal is palladiumand the catal yst support is carbon. This
catal yst further contains a second netal which is platinum In this aspect
of the invention, the |oading of palladtZmis fromone (1) weight percent
t oabout ten (10) wei ght percent, preferably from about one (2) weight

percent to ab?&fﬁe c,sd's%%r éhg)ﬁ%?\gﬁbrg 5xt%%§ﬂ¥lutem.ﬁ@ nillgoittmuén %ﬁﬁﬁ%{n the

i nvention, certaln and/ or additives can be used In co nation with
a supported palomainpenatiad fok yse houAtsdiemveithe madany hed pbdect@upport ed pal | adi um
catalyst is three (3) weight percent palladiumon carbon, which further
contains platinum This catalyst is commercially available. The reaction
tenperature that Ccale fekesficoxdclacid afd vdnydbppoateekroatil separateddainal yst i s

generally from,abou 0pC to about 17Q0C in a batch.gperation for the
conver si on’ of Oﬁ‘ﬁrr}?%&ill]l?%d%&%’iedwlsbls‘?ﬁ aﬁ&‘l’e e@é:%ﬂrjftag%éi ngcq'?%?s "é%llgnm e BAto VB.
Agai n, any of sépagtetidtone 6ther pakdiashe dbadatbgrast. MHRAGC bas edriptatadefdr Wi t h

pal | adi um cat Ier%;s,ts,_ if so desired, An exanple of a suitable Zﬂ]levent IS

butyl benzoat 8M2Pi5 a5idanA XyLhgsaertakn pabyzingd st of folprpifmXHEs efes f ur t her

provi ded a supROhEREd WBS @hsifad @Housh toMRRILEI Tppnh6f tEREAL adiaid 3 phieT and t he
catal yst support is either carbon or cal ciumcarbonate, In this aspect of

the inventi onyinyhenrensgii Hy falowingtamperaiure peillowes (sed infeis gt mgpdent to
about ten 4§ 10k04eh@RkinRer hffite, rat( Pt QORI toN1BHRCROM kinRMEmindle, WBRIpHRT Per cent
to about six (6) weight percent. Again in this

40°C/minute to 250°C, hold time 2.25 minute — the total duration of the run = 11

minutes.

Example 1

15 A suitable reactor vessel equipped with appropriate inlets and stirring
device was charged with 100 milligrams of benzoic acid and 500 ppm of para-
benzoquinone. The reactor was purged two to three times with nitrogen and a
constant flow of nitrogen was maintained. To this mixture was added 900
milligrams of butyl benzoate with stirring and the mixture was heated slightly if

20  necessary to dissolve benzoic acid. To this solution was added 50 milligrams of
5% platinum supported on titania with stirring and the entire mixture was heated
to 180°C. The platinum catalyst was dried at 50°C in air for 16 hours prior to use.
At this time acetylene was fed into the reactor at a steady stream maintaining the
pressure of acetylene at 1.7 bars. The reaction mixture was stirred for an

25 additional 4 hour period. At this time, a sample of the reaction mixture was
removed and analyzed by GC as described above. From the GC analysis it was
observed that 65 milligrams of vinyl benzoate was formed in the reaction mixture

(54 percent yield), the TON was 280.



aspect of the invention, certain |ligands and/or additives can be used in
conbination with a supported iridiumcatal yst. Specific exanples of

support edwprotium2eat al ysts are: five (5) wei ght percentCiraisdémmorens car bon
or five (5) weight percent iridiumon calciumcarbonate, both of which are
commercially available. In addition, iridium(lV) oxide can be used as such
in the process of this invention as a H’éterogeneous supported iridium netal
catalyst. Figure 1 illustrates a | aboratory scale system 10 for the
production ofE)yAnqmézesters by the reaction of a carboxylic acid and

acetyl ene using the catal yst systemof this invention. The system 10 of

Fi gure 1 conpri sesThe catalyst @ilize@ isct weiglR@ereant platinom anditania, 3tichTihe react or 20
and the col | egh ahe303LeBREN TR QYIOES Mchil PrgFCRIRRSER 8016 fld of which a
conventional neans of° pressure regufation is prOV|de ., such as a bubbler,
not shown. Brprdritypsea suitabl e reactor 20 of desiredsize, such as a 250 nL
t hree-neck_glass flask, is enployed. The reactor 20 is initially charged
with a desfred car boxylic acid, suitable solvent and predeterm ned anounts
of catal yst, and ilh ateeessedcyor mddgansisinRewktet] thiatiny @s intekhat Midnteeero€act or 20
is purged wth nitrogen and heated to desired reaction, tenperature.

Acetyl ene is ?Q@‘H’ *H\QtFBPaé’ge ‘?frheB‘gtr?féeditg&(’?P?tbweg'ite)[‘mﬂaé“r&tth%{eg%sﬁ"rag%fsdr ate via
line 24 and asi§lint bONAbigheyRRxYplatnuaConhitaiiy. he RAARGEthe cidalylt tR@laftent as
necessary, via line 22. As the reaction proceeds, the vinyl ester product

i s renoved vi ghagingisagpraxinately phout {9 Bt ed and col lected in a col |l ection
flask 30. ;Jhe condensers 40, 50 serve to recover an optimal anount of
product and sol vent whil e rel easi ng noncondensi bl e Pases. The tenperature
of the condensers A@gedg(gmdscon@ggﬁdaqsg@tl@liy of a solution of TO0 grams of benzoic

acid in 900 grams of toluene. The reaction feed liquid is vaporized and charged to

the reactor along with acetylene and nitrogen as a carrier gas with an average

combined gas hourly space velocity (GHSV) of about 2500 hr' at a temperature
15 of about 200°C and a pressure of 22 bar. A portion of the vapor effluent is passed

through a gas chromatograph for analysis of the contents of the effluents.

Example 3
Example 1 was substantially repeated in several runs using the following

20  conditions. The reaction temperature was maintained at the appropriate

temperature; at least one run was operated at each of the following temperatures:

120°C, 140°C, 160°C, 170°C and 180°C. Butyl benzoate was used as a solvent.

The amount of benzoic acid used was 100 milligrams in combination with 500

ppm of para-benzoquinone and weight of the catalyst was kept similar so as to
25  result in same metal loading level in all cases based on 50 mg of 0.5% platinum.

All catalysts were dried at 50°C in air for 16 hours prior to use. The observed

results of TON and yield of VB are summarized in Table 2.
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is not cruci al

means known to one of skil

in the art.
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in the process of this invention.

Figure 2

i |l ustratwe 20mé120629a vari ety of suitable scal ed-up reacror/tsgeeme7300 for
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The system 100 of Figure 2 conprises a reactor

110, a

collection tank 120, and a series of knock out pots represented here by a

single pot 130. The reactor

of the reactor

114. Acetylene is bubbled through theqg
ni trogen at nosphere.
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and t he tenperature i's nalntalned throughout a reactlon tlne Vinyl ester
o—F un Ty A 3 i n product
Ceé tku substéﬁ%éE(FP pﬁP ?ggg{ liqafand t he
20 @F%I%@UMﬁdato knotd40 out pea 1830 V|aSI|ne P4. The knock
rve to condense product—ahd—solvenrt—vapers—{equl ate
ut e non-condensi bl e es nples T ﬁg fol |l pwi ng exanpl es
further illustratje T presem |nve‘tugnAandLshould not be
the invention_ the spirit and sicope of which is set forth
| ai AS% Rfasborexanpl eB0are| pri¥ided fordllusttative
various nodific ric)HDLrnﬁfqg cam rexgity be made which
skilled in the arlt. es 1-1P illustrate|the
zoic acid to vinyl bBﬂZoai 25JMe sel edtSivity|to vinyl
i Ml ac 1 o QA_19 oy o
achi eved by Exanpt c.rgol & |u40.380|.4 at U*7_15
1% Pt/Carbon 120 33 5
140 60-140 10-20
160 110-205 15-40
170 45-265 7-42
180 230-260 38-40
3% Pt/Activated Carbon 140 85-100 14-17
160 170-180 25-30
170 80-140 15-22
5% Pt/Titania 120 30 5
140 55-110 10-17
160 175-220 30-40
180 180-290 49-55

Example 4

Example 1 was substantially repeated in several runs using the following

conditions. The reaction temperature was maintained at the appropriate

temperature; at least one run was operated at each of the following temperatures:

120°C, 140°C, 160°C, 170°C and 180°C. Butyl benzoate was used as a solvent.

The amount of benzoic acid used was 230 milligrams in combination with 500

ppm of para-benzoquinone and the weight of the catalyst was kept similar so as to



di splayed in summary formin Figures 3 and 4, respectively. Specifically,
Exanple 1 illustrates the process of this invention using a supported

pl at i numwotalo/earal yst in a batch node. Exanple 2 il u®CTAtSe&100h27Hr ocess
of this invention using a supported platinumcatalyst in a continuous

operation. Exanples 3-8 illustrate the catalytlc activity of various
supported plati numcatal ysts with or wi¥hout | i gands and/or additives.
Exanple 9 illustrates the catalytic activity of various supported rhenium

metal catalys e§uanttnT &'fne%étQngdn{g'lg\‘;"en%al%gésq;aséﬁ%'%'rﬂféfo fyganpl e 10

illustrates the catalytic activity of various supported rhodi um netal
catal ysts mnthbnmmnwéhomaWMsgaﬁﬂkwanﬂﬂBClmddﬁvﬂﬁéQWSEx@ﬁpW@s'm@ 12

lustrate UG, SRERILCAUN Yid Veilho YBIdOUSHHPRRT £bd 11 dI um et al

catal ysts with or w I gands and |ves anpl es 13-16
illustrate scal e-up procedure for the conver5|on of benzoic acid to vinyl
benzoate. Exanples 17-18 illustrate the conversion of 2-ethyl hexanoic acid

to vinyl 2-ethyl hexanoate. Finally, Conparative Exanple 1 illustrates the
catalytic activity of various other supported netal catalysts for the
production of vinyl benzoate under conparative reaction conditions.As noted
above, nost of the supported netal catalysts are comrercially avail able and
can be used as such. The catalyst nay be activated by drying in a nitrogen
at nosphere at around 50-1000C for about 16 hours. The foll ow ng



exanpl e descri bes a procedure for the preparation of various netal support
catal ysts enployed in the process of this invention for illustrative

pur pose OMD\010E22G?pl e A Preparation of 1 weight percent PETAIS2HAPEAS Car bon
Powder ed and neshed carbon (99 g) of uniformparticle size distribution of
about 0.2 mmis dried at 1200C in an oven under nitrogen atnosphere

overni ght and then cooled to roomtenpelature. To this is added a solution
of platinumnitrate (Chenpur(r)) ( 1.64 g) in distilled water ( 16 m). The
resulting slurry is dried in an oven gglﬁggally heated to 1100C (>2 hours,
10C/ mn.). The inpregnated catalyst m xture is then calcined at 5000C (6
hours, 1C/ mn). The irrpregnated catal yst is fi naIIy dried in an oven at

1000C i n an i ner t—at+osph T"ogen for—] J..“au. —Tapte—t-stirrari zes
vari ous supported netal F%tws‘(sg RORG 1 gands |t ‘T ax %‘gfj ged i the
process of this i nventi on to produce vinyl benzegaye|(VB)(%ellectively| as
descri bed herei n.-A-so+i-sted-—are—the seleectivity t+6 VB andFONs—that can
be attained using these caﬁ%(rféff\\r‘g?@?ens The Eﬂg‘?rpl es that |f ol 49w pr ovi de
nore detailed regults. It should be noted that Jga [ar2agd €qt Byp-hyo and TONs
are achieved for fother vinyl esters such as vinyl 24ethyl hexanoate (NV2EH)
and/or vinyl neogarboxylates. Table 1. Catalyst 429 eéni nlP r edul tB0wi t|hi n
nobl e nmetal groug Gas ChroggtoprERnc (G0 Amatygg s of t{ie RrodygtsiThe
foll ow ng procedyre illust rafes specific GC nethod that can |be used
140 1 15
160 ~3 35
180 6.5 90
1% PUCarbon 120 6.5 90 |
140 3-28 50-420
160 10—50. 180-710
170 3-4 30-140
180 8-35 120-520
3% Pt/Activated Carbon 140 15-17 140-260
160 15-17 210-240
o
170 4-18 40-230
5% Pt/Titania 120 6.5 90
140 8-22 120-250
160 25-35 350-400
180 4-35 50-520
Example S
5 Example 1 was substantially repeated in several runs using the following

conditions. The reaction temperature was maintained at the appropriate
temperature; at least one run was operated at each of the following temperatures:
120°C, 140°C, 160°C, 170°C and 180°C. Butyl benzoate was used as a solvent.

The amount of benzoic acid used was 360 milligrams in combination with 500



for the conversion of benzoic acid (BA) to vinyl benzoate (VB). Simlar

nmet hods can be readily set-up for other vinyl esters. The analysis of the
product s Wa20WaRP(1286d out by GC usi ng a DB- FFAP 0. 25 m cPOh/USa0104m2(80 m X
0.25 mm. A backflush colum CP-Sil 5 (Imx 0.25 mm was installed to
prevent high boiling solvents being anal yzed on the main colum. The GC
sanpl es were generally prepared as follows. A final reaction m xture
containing the reactant and product(s) (~1 nL) was diluted with tol uene (4
m.) containin hglew rd). The
total m xtur ege\ag?ézﬁlﬁP?@gﬂ?ﬂ?@é&nﬁﬁﬁw@&%ﬁ?gﬁ%& eésrkte gggg?nr%g)g?rpqir ature in
order to di ssmsvlelrtthesanmmtalrioachmgjlemlmd@lb@a(stSS)baséﬂm5@!@810%_5% nal sanple was
further dil ut hAj o ges for the
GC anal ysis. PRuih"AUSHRE ohR: G B o o DGR R 88, PRTOES 1

t ol uene and sbbsened raulty SOFON cvpesrsionarel fetectivtygo Vduare sunaszdlive t he
reactant and ﬁrq gct(s). The peaks of benzoic acid and vinyl benzoate were
wel | separate t? m ot her peaks. Dodecane was used as the external

standard, which was well separated from other peaks in the chromatograph.
The GC was calibrated for benzoic acimgg lﬂng vinyl benzoate by anal yzing a
set of calibration mxtures. The GC nefhbd was sensitive enough to detect
25 ppm of benzoic acid and 5 ppm of vinyl benzoate. The foll ow ng
tenperature profile was.used in this GC nethod. 500C hold tine 1 minute,
ranp at 20C/ hin to 1608MGSUSHRR tine O |nTSRR-d, ARRD dtSelstyifi hift®vt 4 2500C,
hold time 2.25 mnute - the total durgtien 9f the run,¥peldey negs.

0.5% Pt/Alumina 140 400 65 29
170 450 50 39
1% Pt/Carbon 120 100 80 6

140 200-400 70-80 19-28
160 500-790 40-60 13-55
170 120-200 20-50 18-25

3% Pt/Activated Carbon 140 100-300 75-100 5-18
160 550 55 - 50
170 15 10 8
5% Pt/Titania 120 100 95 6
160 400-520 60 37
180 30-150 5 35-45

10 Example 6
Example 1 was substantially repeated in several runs using the following
conditions. Three different reaction temperatures were employed: 120°C, 140°C
and 160°C. Butyl benzoate was used as a solvent. The amount of benzoic acid
used was 360 milligrams in combination with 500 ppm of para-benzoquinone and
15 the appropriate amount of supported platinum catalyst was added so as to maintain
a molar BA/metal ratio of ~385. All catalysts were dried at 100°C in nitrogen for

16 hours prior to use. Various ligands were also used with each of the supported



Exanple 1 A suitable reactor vessel equipped wth appropriate inlets and
stirring device was charged with 100 mlligranms of benzoic acid and 500 ppm
of parabewoaqu/mere. The reactor was purged two to thre@CTiusesoxw2ns
nitrogen and a constant flow of nitrogen was maintained. To this m xture
was added 900 m I ligrans of butyl benzoate with stirring and the m xture
was heated slightly if necessary to di s¥ol ve benzoic acid. To this solution
was added 50 milligranms of 5% plati numsupported on titania with stirring
and the ent i iffhith Ly W8Ss fhtled i TRROC ATOQAhALBUTT AR Shikst was dr i ed
at 500C in air for ﬁours prior to use. At this tinme acetylene was fed
into the reactloOl, a@nvarss?tn@adyelstheam WBi ntai ning the pressure of acetyl ene
at 1.7 bars. The reaction mxture was stirred for an additional 4 hour
period. At this tine, a sanple of the reaction m xture was renoved and

anal yzed by GC as descri bed above Fr Enblcﬁe GC anal y5| s it was observed

S L R S e T B O T P e (5
percent platijnumon titania, Whl chis com‘r@?m ally 2 val\’IBé?ﬁ’P TR batal yst
is dried at 1000C TN 0bk%PeS@AMinkOF 16 hoursz@riforz2i o fuse.isln ajtuduf ar ,
reactor made |of stainless steel, having—arinterpad—rdiapeter—of—3681 mm and
capabl e of bging raised to a controll ed tef4 era?sdjr@e, thereé ar e4%i(r5)0rlanged 50
m of 5 weight percent platinumon titanidé0 THe Bength of the|cét al yst bed
after 0.5% PUAlumina/l 2-DPPB 120 8 3 D)
140 0 0 55
160 10 4 58
0.5% Pt/Alumina/ triphenylphosphine 120 20 18 38
140 10-15 6-11 40-42
160 25 10 70
1% Pt/Carbon 120 80 60 38
140 80 60 32
160 52 60 22
1% Pt/Carbon/1,2-DPPB 120 26 45-55 12-14
140 23 40 15
160 22 40 16
1% Pt/Carbon /triphenylphosphine 120 50 65 20
140 58 65 22
160 85 60 35
5% Pt/Titania 120 45 80 15
140 65 80 25
160 88 60 40
5% Pt/Titania/1,2-DPPB 120 0 0 0
140 0 0 0
160 0 0 0
5% Pt/Titania/triphenylphosphine 120 10 55 5
140 10-30 62-65 1-10
160 30 60 12




charging is approxi mtely about 70 mrm A feed liquid conprised essentially
of a solution of 100 grans of benzoic acid in 900 grans of toluene. The
reacti on weedio/i2en2dd i s vapori zed and charged to the re&cTars2@oonz7s t h
acetylene and nitrogen as a carrier gas with an average conbi ned gas hourly
space velocity (GHSV) of about 2500 hr 1 at a tenperature of about 2000C
and a pressure of 22 bar. A portion of the vapor effluent is passed through
a gas chromatograph for analysis of the contents of the effluents. Exanple
3 Exanple 1 \Aﬁ&arﬁéggt antially repeated in several runs using the follow ng
conditions. The reaction tenperature was nmai ntained at the appropriate
tenperature; at | eBsimped waspubstestidjyoepdated imseveabwn@ﬂsing1@eff@i)qum ng
tenperatures: 1200C, 00C, .. g . z was used
as 3 sol vent . TR ot it RabaeTpra bty Rt LA vy bl py RARZREE

conbi nati on wibedrzoateGvap psadaik apalventb &he eqoum ofibenaoid avidiugdtt wasf360he cat al yst :

was kept simlayp. so as to result..i ane tal | oadin vel in.all cases
based on 50 nﬂ“[&‘lgraﬂ?sg%c?ﬂ‘g‘f’?thwnmosp@g{ %flr%%at?%e"ﬁ%wmeno&?'i Jg@e PWreOBE in air
for 16 hours pmioGt dfSuppdred flagnuab setaV etalyse suab tised o6 atbiNhasediifférentd of VB are
summari zed in Taple 2 Table 2 Exa 4 Exa 1 was substant.i.ally
repeated in sé‘?)’étgé’?"}olﬂﬁgl\@Fﬁbraf'ﬂg&{‘3§P1 U%ﬁﬁg) é%sr(?di‘é’tvl\ﬂc?ﬁzﬁ?ﬁ*ﬁ e dted3t on
t enper at ure WagoWHh AltAlgBethr ab hbike pABIO AR, | Bdrut Bfands akiéraso wéd WRRSt one run
was operated at each of the foll ow nq tenperatures; . )
each of the supported platinum metal catalysts as summarized in Table 7 with
10  these varied molar BA/metal ratios. Also summarized in Table 6 are TON,

conversion and selectivity to VB.



1200C, 1400C, 1600C, 1700C and 1800C. Butyl benzoate was used as a sol vent.
The anobunt of benzoic acid used was 230 mlligrans in conbination with 500
ppm of pawe-2beni2edi none and the wei ght of the catal yst PARAISR@P0ORTH | ar so
as toresult in the same netal loading level in all cases based on 50 ng of
0.5%platinum All catalysts were dried at 500C in air for 16 hours prior
to use. The observed results of TON and®dield to VB are summari zed in Tabl e
3. Table 3 Exanple 5 Exanple 1 was substantially repeated in several runs
using the follow ng conditions. The reggton tenperature was maintained at
the appropriate tenperature; at |east one run was operated at each of the

fol | owi ng t enper aPusadvg legd0@alyst 14C0C, BA/GEAIC, | TIOND) S:lertivity28UB(C. CBuM: y
benzoate was |used assughofiRiMfNt - The| anpyipt of benzoi cegei d 5 360
mlligrams in b i bm-of paria-bel wei ght
of the catalyst wasOREGSVARMIE| ar so| as Bd rdsdlt |in tHé sane | oadi ng
| evel in all |cases based on 50 ng of 0.5% plfats’onim All catgl ysts Wwere
dried at 500C in air for 16 hours pfiof k0 tsgy, fhe olggerveq reggutts of
TON, conversilon and selectivity to MB_are summariized in Tablle 4 Table 4
Exanmpl e 6 Exdnple 1 was substantial]y P&Beatle®% n sevéfal runs'@sihg the
foll owi ng condiTyonsvaAlRnee2@dpPPEBEr ent meact1|ono T enperaj ur es (wese efpl oyed:
12Q0C, 1400C|and 1600C. Butyl benzopte YRS dsed—as—a %"Ivcnt. Ige anmount  of
benzoi c acid |used was 360 m | ligrang iﬁg%onﬂiﬁgtion mﬁ?h 500 ppm o
par a- benzoqui|none and 3850 100 55 5
0.5% Pt/Alumina/triphenylphosphine 385 0-20 3-10 40
1155 180 55 28
3850 210 100 5
1% Pt/Carbon 385 70 60 33
1155 160 100 13
3850 380 100 8
1% Pt/Carbon/1,2-DPPB 385 30 - -
1155 60 - ‘ -
3850 100 - -
1% Pt/Carbon/triphenyiphosphine 385 60 62 23
1155 180 85 18
3850 250 100 5
5% Pt/Titania 385 60 75-80 25
1155 200 98 19
3850 200 100 5
5% Pt/Titania/1,2-DPPB 385 10 - -
1155 5 - -
3850 20 - -
5% Pt/Titania/triphenylphosphine 385 5-30 - -
1155 80 - -
3850 70 - -




t he appropriate anount of supported plati numcatal yst was added so as to
mai ntain a nolar BA/netal ratio of -385. Al catalysts were dried at 1000C
in nitrogeE2bw129@9hours prior to use. Various |igands weTasalgoors®d with
each of the supportedplati numcatal ysts as sunmarized in Table 5. Al so
summari zed in Table 5 are TON, conversion and selectivity to VB. Table
5Exanpl e 7 Exanple 1 was substantially 4lepeated in several runs using the
foll owi ng conditions. The reaction tenperature was mai ntai ned at 1400C for
all runs. Buty| "Fﬁg oate was used as a solvent. The anount of benzoic acid
used was 360 m1 igrans in conmbination wth 500 ppm of para-benzoqui none.
The appropri at e anBxaniplof wasipibstantiadlypémaied imsenehbiuns adieg the follemsnaised t o
attain three different |evels. of nolar BA/ netal ratios. ofne 1155 and
S50, Al I cat SVREE Ly ity e hoBhed T Mt B PSR s or i o to
use. Various lIé@andhe veéctedabmperatarivas rdinteiaehthedughtie tisapapoioh Butpll at i num
net al catal ysbs as sunmmar,i zed in T;?gl e 7 wigh t hese vardi ed lggl ar BA/ net al
ratios. AlSo SSTHRAFMasESeAas #5plvete a5 AmerahP! ReprRie pYs BeFdas 1981 ectivity to
VB. Tabl e 6Exammilligrathsix asibifatibnwath 0ppmadTphaldelizdqiieat & the several runs
using the follow ng conditions. Two different reaction fenperatures were
enpl oyed: 140MRPrAMEteIaeant ofgapted platingm calalyshraquired tﬁ’/\H‘é‘“F?g;F?'lt ai ned

t hroughout t hgodsRaat el 1oRYhY levBRNERAER W8S m¢SFd.586 platimeh ¥ BdrbonlNe anount
of benzoic acid used was 100 m lligrans in_ conbination with 500 ppm of

par a- benzoqui Adrfatalyst waredrigdit dPR°Car aitregesuier 1@howtiPRIte e p{a8ioPhum cat al yst
required 49 MpLiHd@hii Kditives were also used with a few of the supported platinum

catalysts as summarized in Table 7. Also summarized in Table 7 are the

conversion and selectivity to VB.



consi stent netal |oading |evel equivalent to 50 ng of 0.5% plati numon
carbon. All catalysts were dried at 1000C in nitrogen for 16 hours prior to
use. Variwo0iowgands and additives were al so used w th RCTA®R2@H/001285
supported platinumcatal ysts as sunmarized in Table 7. Al so sunmarized in
Table 7 are the conversion and selectivity to VB. Table 7Exanple 9 Exanple
lwas substantially repeated except for ﬂ%ing the followi ng conditions. The
anount of catalyst was 50 mlligrans of two wei ght percent rhenium
supported on carbon and the reaction wyggeHun at 140 or 1600C. Butyl
benzoate was used as a solvent. The anpunt of benzoic acid used was 100

mlligrans in Bdeadinadaveliiatalyist Sypaadligasdoodddivae al BemeogSelerivg, | THVcgnver si on
of benzoic agid at 1400C was 4% and the sel ect] vity @& VMBERS 3% and at
1600C t he conhversion of bhenzoic acid was 3% and the selectivi ty tolVB was
8% An additional run was!BE¥FaPied at 1400C usi HY miner®dl oill " Hs a
g eI el b M i R
Using butyl benzoat e a3 & EON VL “The_ conver <| ohlot | berbor ¢ |acfd das 5%
and the selec¢tivity to VB was | ess than 1% Expnpdte 10 Eéanplie d8ras
subspaptiall; repeated—+Awo runs—except fa%—'siﬂg_ re—f oo .
conditions. The anount ofségﬁ@ﬁ§?t used was 50| mll1igrans of |five weight
per cent rhodium supported on carbon with and w t hut | trig3henyl p$fosphi ne
1% Pt/carbor/1,2-DPPB 140 93 3
0.5% Pt/alumina 160 90 17
5% Pt/titania (mineral oil as solvent in this run) 140 90 . 19
1% Pt/carbon/PPh, 140 85 17
1% Pt/carbon/sodium benzoate 160 82 23
5% Pt/titania/benzoic anhydride 160 76 61
0.5% Pt/carbon 140 75 1.7
160 2 68
5% Pt/activated carbon 160 62 42
5% Pt/alumina 160 60 51
5% Pt/carbon 160 59 45
10% Pt/carbon 160 58 39
5% Pt/alumina-silica powder 160 54 30
1% Pt/carbon/tetrabutylammonium acetate 160 45 37
5% Pt/Barium sulfate 160 37 13
1% Pt/carbon/tributylamine 160 36 41
1% Pt/graphite 160 26 . 9
5% Pt/calcium carbonate 160 21 12
0.04% Pt/pentasil(zeolite)-alumina 160 22 36
0.9% Pt/zirconia 160 64 70
5% Pt/silica 160 20 11
0.5% Pt/alumina/1,2-DPPB 140 62 9
5% Pt/titania/PPh; 140 63 11




and the reaction was run at 1600C. Butyl benzoate was used as a sol vent.
The anopunt of benzoic acid used was 360 ng in conbination wth 500 ppm of
par abenz oy0i20m2902%he conver si on of benzoic acid and t heCsalseaiovi2ry to VB
are sunmarized in Table 8. Table 8Exanple 11 Exanple 1 was substantially
repeated in several runs using the following conditions. In all runs the
reaction tenperature was maintai ned at B600C. Butyl benzoate was used as a
sol vent. The anount of benzoic acid used was 100 ng, 200 ng and 360 ng in
conbi nati on \/\/’E;u{hpﬁgg ppm of para-benzoqui none. Fifty mlligrans (with 100
or 200 ng of benZoic acid) or 29.44 ng (with 360 ng of benzoic acid) of
five wei ght percenExampli Lwvanwibstantiatiy pepeatedexcepttthewsingthe fllowing car bonat e or

carbon, was u " 'é'ton &% LW L (Rt Qe + 126 and 385
respectively oogmf ,ﬂberoag‘?ogh{d g%wrsrg 325:(])215’@4 ac%adf chareg%gEfrg no t he reactor.
The TON, conveesiuornsugpates ®hearbbw aridthe cadtidnokesaiimatd 40 or 1 6(8€e Butyhs ar e
summari zed_in_Table 9. Table Ex le 12 E%a l.e. 1. was su antially
repeated i h tPFr"é%at? Wﬁ%usggé%?)fo%’%‘}'aﬂ% aﬁ‘bougbo e?qlcg?cédn%seg aislr?ﬁéji um supported
on a cat al yst msltipfamstin esmtbihdiien Math0D pmwd parabenaiquih6d) TheBohwdrsiienzoat e was
used as a solvent. The anount of %en ic acid uss{gwa 00 mJligranms in
combi nati on wPtIFEUH2UGAY 16‘5 ct)ﬁ’ra%f} é’ﬂéglﬁGF'ﬁ?}hvét?' R W59, ana foo'd

the conversion of benzoic acid was 3% and the selectivity to VB was 8%. An

additional run was performed at 140°C using mineral oil as a solvent. The

10 conversion of benzoic acid was 2% and the selectivity to VB was 2%. Finally, a
run was performed using rhenium(VII) sulfide at 120°C using butyl benzoate as a
solvent. The conversion of benzoic acid was 8% and the selectivity to VB was less

than 1%.

15 Example 10
Example 1 was substantially repeated in two runs except for using the
following conditions. The amount of catalyst used was 50 milligrams of five
weight percent rhodium supported on carbon with and without triphenylphosphine
and the reaction was run at 160°C. Butyl benzoate was used as a solvent. The
20 amount of benzoic acid used was 360 mg in combination with 500 ppm of para-
benzoquinone. The conversion of benzoic acid and the selectivity to VB are

summarized in Table 8.

Table 8

Rh loading level/Catalyst Support/Ligand Temp. | Selectivity | Conv.

°C) |toVB (%) | (%)
5% Rh/Carbon 160 33 11

5% Rh/Carbon/PPh; 160 18 16

25



conversion of benzoic acid and the selectivity to VB are summarized in

Tabl e 10. Tabl e 10 Exanple 13 A suitable reactor vessel of the class shown

i n Fi gur eve 20sg120@29i pped Wi th appropriate inlets and stiPCTiusgoid®oi2ce and
was charged with 50.08 grans of benzoic acid and 2 grans of

met hyl hydr oqui none. The reactor was pur%?d two to three tines with nitrogen
and a constant flow of nitrogen was maitttai ned. To this m xture was added
133 grans of butyl benzoate with stirring and the m xture was heated
slightly, if @ggﬁ@gqqy, to di ssol ve benzoic acid. To this solution was
added 1 gram of 5% pl ati num supported on carbon with stirring and the
entire m xture wasEtamnled wassubg@oiillyaepeateil én seiverel upeusingthe folloavingd into the
reactor at a shegn Sy AAThaRE abidh EAhGaQle FlndTheFbaar B0 SaAGH T O

m xture was stirred for an additiona Aour perloa. t this tife, a sanple
of the reacti benzout was asedas a selvent e Thaardownn af beneoic bgid G@davasd@8 org, bed above.
From t he a Si_ S Lty was observed f. 25. 3 r . Vi nyh..benzoat e was
formed i nG(t;heaﬁée}e{llgtap%%éomm%%?oen%?'ﬁ%loﬁé’vr'@'?pp P%}?‘e‘ﬂ%a%a ﬂ,gg zf%tg”rn\é}r'r% IEL)' unreacted
benzoi c aci d weligransqeiten 8¢ or ZDOMag oBhearbiobciBior2939 Mg (S6thesDimg ¢ofy to VB =
71% and the TON was. 67 Exanpl e 14 A suitahble reactor vessel of the class
shown in Fi gu;g‘énzﬁlc\ﬁé@?8g{‘1‘1'ep‘ﬁ"égi?t\ﬂefcﬁmdﬂf)'f"5‘d?%§t %‘pp?ﬁ?eéjteéti‘ﬁrnod‘ c?‘FCiIWi ng devi ce
was charged WcirBonkte tza®onWasafsed) ETHOlesul@E irimaREBA/péalvati®bdf 67, 126

met hyl hydr oqui nope. The_ react or urged two to three tines with nitrogen
and a const antn4 $HGEPEcHy W%@g‘?p=§§§a‘ﬁjaq6ﬁt'%ﬁ lPFé‘EI‘."C‘?‘BdPLﬂf ed infd the

10 reactor. The TON, conversion and selectivity to VB obtained in these runs are

summarized in Table 9.

Table 9
Ir loading level/Catalyst Support Amt.of | TON | Selectivity | Conv.
BA to VB (%) (%)
5% Ir/Calcium carbonate 100 15&23 | 45&50 | 48& 80
200 37 33 90
360 21 18 29
5% Ir/Carbon 100 9 40 35
360 5 11 11

Example 12
Example 1 was substantially repeated in three runs except for using 50
milligrams of iridium supported on a catalyst support and the reaction was run at
160°C. Butyl benzoate was used as a solvent. The amount of benzoic acid used
20  was 100 milligrams in combination with 500 ppm of para-benzoquinone. The

conversion of benzoic acid and the selectivity to VB are summarized in Table 10.



m xture was added 159 grans of butyl benzoate with stirring and the m xture
was heated slightly, if necessary, to dissolve benzoic acid. To this

sol uti on waxowddea2. 67 granms of 2% pl ati num supported omCalUsROMM0127% h
stirring and the entire mxture was heated to 2000C. At this time acetyl ene
was fed into the reactor at a steady streamand at a rate of 100 nL/m n.
The reaction mixture was stirred for arfadditional 4 hour period. At this
time, a sanple of the reaction mxture was renoved and anal yzed by GC as
descri bed above. Fromthe GC anal ysi stjyie S observed that 5.37 granms of
vinyl benzoate was fornmed in the reaction mxture (25 percent yield). 12.93
grans of unreacted benzoic acid were recovered; Conversion of BA = 28%

Sel ectivity to—VB—ﬁL%q* 30— E e reactor.
vessel of the class s owﬁ%%l/ e ét%ﬁf was equi %ﬁﬁvﬁeﬁtl rfogoﬁgt e-inlets
and stirring |device and was char ged with 18. 14 g?@)ms tofVBo@ﬁ)zm ¢oracj d and 2
granms of met hythydroetitd; Th tHor—was—furgettwo—to—thr j mes with
nitrogen and [a consta%t/ HC:]' ”?rf‘aggen was na ﬁ;t ned]kTo th?g_ﬁ xture
was added 172 grams of bubyliroeiepate with stijrrieog |andithe rri><112ure was
heated sl i ghtl_)l_—l—f—nee-es% tg-di-ssolve benzoicdci-d—Fothis—spl ution
was added 1.65 grans of 295 )a‘ixi“?ﬁJm supported (o 6(:}ar bon Wi t h stsrr ng and
the entire mXture was heated to 1800C AT this tine acetylene was fed into
the reactor at a steady streamand at a rate of 100 niL/mn. The reaction

m xture was stExpmpld 1Bor an additional 2 hour period. At this tine, a sanple
of the reagtion m XIdififhdR3bAUREPHr AOGQNRONE RAFRUrFoieqlipped WhRd above.

From t he anal ysi s
approprlate mlets and stirring device and was charged with 50.08 grams of

benzoic acid and 2 grams of methylhydroquinone. The reactor was purged two to
three times with nitrogen and a constant flow of nitrogen was maintained. To this
mixture was added 133 grams of butyl benzoate with stirring and the mixture was

10 heated slightly, if necessary, to dissolve benzoic acid. To this solution was added
1 gram of 5% platinum supported on carbon with stirring and the entire mixture
was heated to 180°C. At this time acetylene was fed into the reactor at a steady
stream and at a rate of 100 mL/min. The reaction mixture was stirred for an
additional 4 hour period. At this time, a sample of the reaction mixture was

i5 removed and analyzed by GC as described above. From the GC analysis it was
observed that 25.37 grams of vinyl benzoate was formed in the reaction mixture
(42 percent yield). 21 grams of unreacted benzoic acid were recovered;

Conversion of BA = 59%; Selectivity to VB = 71%; and the TON was 670.

20 Example 14
A suitable reactor vessel of the class shown in Figure 2 was equipped with
appropriate inlets and stirring device was charged with 18.05 grams of benzoic
acid and 2 grams of methylhydroquinone. The reactor was purged two to three
times with nitrogen and a constant flow of nitrogen was maintained. To this
25 mixture was added 159 grams of butyl benzoate with stirring and the mixture was

heated slightly, if necessary, to dissolve benzoic acid. To this solution was added



observed that 4.7 grans of vinyl benzoate was fornmed in the reaction

m xture (21 percent yield). 13.6 grans of unreacted benzoic acid were
recover edyoeomwer®Pon of BA = 25% Selectivity to VB = 85%USaNE/0012&5 TON was
190. Example 16 A suitable reactor vessel of the class shown in Figure 2
was equi pped with appropriate inlets and stirring device and was charged
with 10.06 grans of benzoic acid and 2 ‘b6ram3 of net hyl hydroqui none. The
reactor was purged two to three tinmes with nitrogen and a constant fl ow of

ni trogen was %b@@ﬁm@%;ggttiim %p%?fédﬁnea]mﬁﬁaaﬁm%ﬁ?ﬂ'n %n@ﬁf'éréﬁti:‘éf but yl

benzoate with stirring an e mxture washeated slightly, if necessary, to

di ssol ve benzaoiixtuggovag heated toR08°G o ithisdimensstylgdelwds fed 380 gheapastasfat 29 pl at i num
supported on qua ] tirri e ' ] 3 gated to
2000C. Acetyl gﬁge \/vase%tﬁg%gtfae%{eioﬁ? %@?'ﬂ“/emra'egg?géra Etg%nrné&ts#éega%//\ﬁgrte? e%tm and at a-
rate of 100 mhn additionehé howpetiodnAtthisttinreca vmgplsof the mdcticormiaturadad t i onal 2

hours. At this ti ) the reaction m xture was, [. d and
anal yzed b;s/ Y %%‘g?nlaﬁggé g’ﬁ@&ea.s ﬁsrc(r)lﬁ? 2}%)8" rgrrl?e{ﬁ(ilélcsanlglty El\g\g‘s%%gbser ved
t hat 13. 4 gr awbsedfed\than i3 7peamzodtvinyhvbenzbaie wadformed inah¢ eactionomxmre@btr e (32

percent vyield). Conversi of BA.= 51%  Selecti.yity to VB = 92% and the
FoN vas 370, - By 1293 Grema anBasied et Mttt e aoe shown | n
Figure 1 was eghigsietotBA k- mpRSeReiivtyao vl €8%spdd thd TONiIwgg 1devi ce and was

charged with 49.74 grans of 2- ethyl hexanoic acid, 136.3 grans of butyl
benzoate and 2 grans of

10 Example 15
A suitable reactor vessel of the class shown in Figure 2 was equipped with
appropriate inlets and stirring device and was charged with 18.14 grams of
benzoic acid and 2 grams of methylhydroquinone. The reactor was purged two to
three times with nitrogen and a constant flow of nitrogen was maintained. To this
15 mixture was added 172 grams of butyl benzoate with stirring and the mixture was
heated slightly, if necessary, to dissolve benzoic acid. To this solution was added
1.65 grams of 2% platinum supported on carbon with stirring and the entire
mixture was heated to 180°C. At this time acetylene was fed into the reactor at a
steady stream and at a rate of 100 mL/min. The reaction mixture was stirred for
20 an additional 2 hour period. At this time, a sample of the reaction mixture was
removed and analyzed by GC as described above. From the GC analysis it was
observed that 4.7 grams of vinyl benzoate was formed in the reaction mixture (21
percent yield). 13.6 grams of unreacted benzoic acid were recovered; Conversion
of BA =25%; Selectivity to VB = 85%; and the TON was 190.
25
Example 16
A suitable reactor vessel of the class shown in Figure 2 was equipped with
appropriate inlets and stirring device and was charged with 10.06 grams of
benzoic acid and 2 grams of methylhydroquinone. The reactor was purged two to
30 three times with nitrogen and a constant flow of nitrogen was maintained. To this

mixture was added 172 grams of butyl benzoate with stirring and the mixture was



met hyl hydr oqui none. The reactor was purged two to three tinmes with nitrogen
and a constant flow of nitrogen was maintained. To this m xture was added
0. 99 gramsoab1B2eEbat i num supported on carbon w th stirPCmgiSangd/ovizes entire
m xture heated to 18Q0C. Acetylene was then fed into the reactor at a
steady streamand at a rate of 100 nL/mn. The reaction m xture was stirred
for an additional 4 hours. At this tine#7 a sanple of the reaction mxture
was renoved and anal yzed by GC as descri bed above. Fromthe GC anal ysis it

was observed fhaly s%gl%%%f%es?z{r?@\e{%) gyskolg%e&n%ik D&Y ARO & Esolfonlvaks MBgkd n the

reaction m xture ( rcent vy grans of unreacted 2-ethyl hexanoic
aci d were recbwdigeds db8Vepetinunt supportedifitarbod Mth stimihgtané tHEGNKKas 240.

Exanpl e 18 A sui.tabl e tQr sse f t I S in Fi 1 was
equi pped wi t RS Sres hégtdf o 20a X ’S‘%f’lc‘f"‘g'{eﬂa:g?*heé e Mo Rard Y ged with
40. 34 grans Oftream atdlayh raexahid0enlaeiind, THeI6acBiog naxtsreofasistitrgd fobemzoat e and 2

i 11 ogen and Keual SHeR Sl &2k e TR ST L o Xrure

\Aﬁs added 0. 9ggr anapzed b}ﬁ@@&kﬁédcﬂbéﬂ &oPROFroMth©CCanilpgnitwiat bbstvedr i ng and
the entire m xture was ated to 2000C, At this tine acetylene was fed into
the reactor athah!it &gy o t"r"e‘é&ﬁ"é‘?‘?&e Wgs igrpeg ig t re‘i“(ﬁ'@“mﬂtfﬁer{gfﬁfée‘}teacti on

m xture was siijefd)edohRFsicHofi s 90 8klediigus VBeF 9D4; andithd TON wdsme, a sanpl e
of the reaction m xture was renoved and anal yzed by GC as descri bed above.
Fromthe GC aA#l'ysis it was observed that 19.4 grams of vinyl

2-et hyl hexgnoate was fornmed in the reaction

Example 17
A suitable reactor vessel of the class shown in Figure 1 was equipped with

appropriate inlets and stirring device and was charged with 49.74 grams of 2-
ethylhexanoic acid, 136.3 grams of butyl benzoate and 2 grams of

15 methylhydroquinone. The reactor was purged two to three times with nitrogen
and a constant flow of nitrogen was maintained. To this mixture was added 0.99
grams of 5% platinum supported on carbon with stirring and the entire mixture
heated to 180°C. Acetylene was then fed into the reactor at a steady stream and at
arate of 100 mL/min. The reaction mixture was stirred for an additional 4 hours.

20 At this time, a sample of the reaction mixture was removed and analyzed by GC
as described above. From the GC analysis it was observed that 9.9 grams of vinyl
2-ethylhexanoate was formed in the reaction mixture (17 percent yield). 33 grams
of unreacted 2-ethylhexanoic acid were recovered; Selectivity to V2ZEH = 42%;
and the TON was 240.

25
Example 18

A suitable reactor vessel of the class shown in Figure 1 was equipped with

appropriate inlets and stirring device and was charged with 40.34 grams of 2-
ethylhexanoic acid, 136.3 grams of butyl benzoate and 2 grams of

30  methylhydroquinone. The reactor was purged two to three times with nitrogen

and a constant flow of nitrogen was maintained. To this mixture was added 0.99



m xture (41 percent yield). Conversion of 2-EHA = 33% Selectivity to V2EH
= 58% and the TON was 450. Conparative Exanple 1 Exanple 1 was

subst ant ivaDI291viepeat ed i n several runs except for usingPCRAAUSCUS/0012E5 Or nOr e
netal s supported on a catal yst support. The netals tested were al um num

bi snuth, cerium cobalt, chromum iron, nolybdenum nickel, |ead,

anti nony, scandium tin, vanadium tun en, and zirconiumas a single
nmetal supported on carbon. Also included in this conparative study was a

catal yst complisstagss Jaiihiabbeitadh bR AN alrhaBhhARURIGALLT, cobal

and copper supported on carbon. Another catalyst "‘tested contained a
combi nati on ofvayhdatedumPOWBEr Al thiatiae eestylene wasgpdinteihe maciontddicadyhe

reactions were r t e r t 8 endi ng upon
the type of oAttt SubeB R, g Ron Gy s MR B e B N
and W suppor t edflitiaatd hair peri@D0Q thisdinkOa sgnpié of @ reaclion miturdivaaind W
cat ol yst s: © 16000 khrSENg B 08 Mhelibe®Busd iR obunBlfh KyMETal yets:
%800C and 58 meﬁ/{ed thAk 19.BigranfSexf ving) 2-6&hylh5ﬁanohfe,wa&|ifqmi@b,in ﬁb(rjea&i;qn ﬁn, VI and

r supported catalysts. In a uns but nzoat.e was. .use he sol vent.
In all runs tH‘éXtﬁrﬁﬂ%t]Perﬁelm 5‘@@'0{:8“"5531'(31 %szé@(?ﬁds%l/gog%cv lyg?é@l%ﬁ
conbi nati on wWs§%; HAALLPONGIas@d0abenzoqui none

10  Comparative Example 1
Example 1 was substantially repeated in several runs except for using
various one or more metals supported on a catalyst support. The metals tested
were aluminum, bismuth, cerium, cobalt, chromium, iron, molybdenum, nickel,
lead, antimony, scandium, tin, vanadium, tungsten, and zirconium as a single
15 metal supported on carbon. Also included in this comparative study was a catalyst
comprising a combination of metals of lanthanum, cerium, cobalt, and copper
supported on carbon. Another catalyst tested contained a combination of yttrium,
- barium and copper supported on carbon. The reactions were run at a temperature

range of 50°C to 180°C depending upon the type of catalysts used as follows:

20
50°C and 10 mg of: Co, Cr, Mo, Ni and W supported catalysts;
80°C and 10 mg of: Co, Cr, Mo, Ni and W supported catalysts;
120°C and 50 mg of: Co, Cr, Mo, Ni and W supported catalysts;
160°C and 50 mg of LaCeCoCu, Ni and YBaCu supported

25 catalysts;

180°C and 50 mg of: Al, Bi, Ce, Co, Cr, Fe, Mo, Ni, Pb, Sb, Sc, Sn,
V and Zr supported catalysts.

In all runs butyl benzoate was used as the solvent. In all runs the amount of
30  benzoic acid used was 100 milligrams in combination with 500 ppm of para-

benzoquinone and 10 or 50 milligrams of the catalyst as noted above. The results



and 10 or 50 mlligrans of the catal yst as noted above. The resultsshowed
that TONs were below 0.1 for nost of the catalysts in this group, and none
of the TONO 28K¢ee8d 20. Wiile the invention has been d&SEASRHEA/OPIRTS
connection with several enbodi ments, nodifications of those enbodi nents
within the spirit and scope of the pre4$ invention will be readily
apparent to those of skill in the art he invention is defined in the
appended claims. WHAT IS CLAIMED |IS: 1. A heterogeneous process for

sel ective for gRed haPTORNs \Helbel &% D8 fof he¥oPthE BARIPKY krl thisdbup, BRITPT i Si Ng:
reacting a carboxylic acid optionally dissolved in a suitable organic

sol vent with seetoftherONyexcerdedP®sence of a supported metal catalyst at a
sui.tabl e reaction tenperature and pressure, and optionally in the presence
of one or nore ligands or additives or a m xture thereof; wherein said
supported netal i sWadk detimdnfiprohastbhen @smdmmﬂmtuonngsevwldu um

pal | adi um pI at t he

cat al yst and op{)(lmérrrllat m%%ryhﬁ%}m&mqgkoggk l&grg?t%%fg% ﬂ)gl?teawggfog%? gd and
utilized in aﬂ'iatpretssntsmhtnd)mwtll lsae‘eazhlbflapparwttt@thbmf\sklﬂ\lyh thesyrieTh¢ s at | east
50% 2. The proces &,gog @ d% m.1l, wherein the process is further
charact eri zed "‘Efﬁ" 5’“6% %y 1N 5%368 ESRBYsi on of at | east 50%and a
relative activity of at |east 80. 3. The process according to Caiml,
wherein said carboxylic acid is selected fromthe group consisting of
benzoi c acid, 2-ethyl hexanoic acid, neopentanoic acid, neoheptanoic acid
and neodecanoi ¢ aci d.



4. The process according to Caim1l1, wherein the catal yst support is
sel ected fromthe group consisting of carbon, activated carbon, graphite,
silica, twoani@29@Pum na, calciumsilicate, cal cium car [POmAIS2)10/001275
silica-alumna, silica alumnate, zirconia, bariumcarbonate and barium
sulfate. 5. The process according to Caim1l, wherein the supported netal
catalyst is present on the catal yst supsd)ort at a loading |evel of about 0.1
wei ght percent to about 20 wei ght percent. 6. The process according to

A aim1, whergipafis chiAlgb jgeaction mxture conprises a mxture of said
supported netal catal yst and carboxylic acid in a nolar acid:netal ratio of
from about 4000:A heterogdngons BOBss for FElectibe fopmatearnsy aadydestéendpm e G aim 1,
wherein the reac] I f o) Q0C. 8.
The process acccg%g)lggﬂk?d (%roglfpﬁgfig' %%&?ianga%%gcr%ﬁsds{??gn%g (ﬁﬁgwrg%ﬁ%ti on

m xture i s fromaxboatle ongeniatotosp hithacdtylenano tint prespiearfasupipsted otegl 9. The
process accgordin o] ai.m erein the solvent is selected fromthe
group cons?sti ngfg%l#y S%%@tsglﬁqb#rrie%',o"ge GhHTE f’i"# RS ?/'Tds?%'ﬁ)%%)lg't'g?hem ner al
oi |, diethyl ene pytsgaelof dhdor brelligands @anadditides enemixklre thepafpwitces saidccor di ng
to Caiml, wherein said ligand is selected fromthe .qrou nsi sting of
tri phenyl phosphiSH%?"”f,g?-CEﬁl H%@GW%?TB?F}LW WBB%?\%HE"%‘?F;'Q&UBPB%E@'“B’-’M pyridyl ,
ZZL g bib_s( ?Lphﬁnqumﬁsﬂht]uaﬁm;r@ﬂ%dmml' o hwhﬁﬂﬁﬁ\Fﬁm&vhe(réin the catalyst and

, 2' -bi s(di phenyl phosphi no)- 1, 1' - bi napht hal ene, e

1,1' - bis(di phenﬁpgﬂ%i’élpf ﬁli'edt%and(ﬁ)a%d&é@ﬂé?(s)on%F?if‘rf%d-a?d Byilizedyr HREYII ne,
oxydi -2, Lpphenyhenhbi seleetiviiyad HeRRa BRENE Mt least 50%.

2. The process according to Claim 1, wherein the process is further
characterized by a carboxylic acid conversion of at least 50% and a relative

activity of at least 80.

3. The process according to Claim 1, wherein said carboxylic acid is selected
from the group consisting of benzoic acid, 2-ethyl hexanoic acid, neopentanoic

acid, neoheptanoic acid and neodecanoic acid.

20 4. The process according to Claim 1, wherein the catalyst support is selected
from the group consisting of carbon, activated carbon, graphite, silica, titania,
alumina, calcium silicate, calcium carbonate, silica-alumina, silica aluminate,

zirconia, barium carbonate and barium sulfate.

25 5. The process according to Claim 1, wherein the supported metal catalyst is
present on the catalyst support at a loading level of about 0.1 weight percent to

about 20 weight percent.

6. The process according to Claim 1, wherein an initial reaction mixture
30 comprises a mixture of said supported metal catalyst and carboxylic acid in a

molar acid:metal ratio of from about 4000:1 to about 300:1.



tris(p-trifluoromethyl phenyl)phosphine [P(P-CF CH) ],

phosphi ne, tris(2,4,6-trinmethoxyphenyl)phosphine and tris(4-

met hoxypheoybioppheephi ne;

acetyl acet onat e,

trifluoroacetate, para-benzoquinone, palladium acetate, palladium

acetyl acet onat e,

pal | adi um chl oride, trirutheni undodecacar bonyl

(RU3{(CO)i 2), Zi fthepravessdesordingto Clhinot,ivwhereibtezeictomfsmperalugeranges

tri-(n-butyl)am

tris(lnaphthyl)

and said additive is sel ected PComSR10/0012031p
consi sting of alum num acetyl acetonate, alum num chl oride, cadm um
ceriumchloride, iron chloride, potassium acetate,
acetate, lithiumbromide, |ithiumchlorilde, sodi um benzoate, sodium
phosphat e, sodi umtetrafl uoroborate, sodiumchloride, sodiumi odide,

l'ithium

sodi um_

ne, .te ~( nhut ~ahmoni um chl ori de, sodi um phosphate and
tert-butylannomqﬂﬁ%%%{%fggog#wygiwgterogeneous process for selective

formation of a vinyl ester froma carboxylic acid conprising: reacting a

carboxylic_ac
acetyl ene in

Ld,optionally di ssalved ina syitabl i ¢.sol vent,
B e Pl aeeoktint PGS o w it Bl O Fedidl yor ot a

W th

sui tabl e reacti giixtuedipEoat 4bo6t che AtnpdsplerélfowoarfosphéreDatabluie. i n t he presence

of one or nore ligands or additives thereof;

wherein the catal yst and

optionally the ligand(s) and additive(s) are selected and utilized in
amount s such b hathe phRedsObrding tAChiny | [wherdin 8le sbRagtis JPRted ¥dm thee process

according to Claim1l1l, wherein said carboxylic acid is benzoic acid.
The process acc@&HPrFgniigingohpsetonitrileapezenifile Huty! bezpysymingrakeil.q s

10

15

20

25

30

diethylene glycol dibutylether and toluene.

10. The process according to Claim 1, wherein said ligand is selected from the

1.

group consisting of triphenylphosphine, 1,2-diphenylphosphinobenzene (1,2-
DPPB), o-bipyridyl, 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene, (£)-
2,2'-bis(diphenylphosphino)-1,1'-binaphthalene, 1,1'-bis(diphenylphosphino)-
ferrocene, diphenyl-2-pyridylphosphine, oxydi-2,1-phenylenebis(diphenyl-
phosphine), tris(p-trifluoromethylphenyl)phosphine [P(p-CF3C¢Ha)s], tris(1-
naphthyl)phosphine, tris(2,4,6-trimethoxyphenyl)phosphine and tris(4-
methoxyphenyl)phosphine; and said additive is selected from the group
consisting of aluminum acetylacetonate, aluminum chloride, cadmium
acetylacetonate, cerium chloride, iron chloride, potassium acetate, lithium
acetate, lithium bromide, lithium chloride, sodium benzoate, sodium
phosphate, sodium tetrafluoroborate, sodium chloride, sodium iodide, sodium
trifluoroacetate, para-benzoquinone, palladium acetate, palladium
acetylacetonate, palladium chloride, trirutheniumdodecacarbonyl (Ru3(CO)2),
zinc bromide, zinc chloride, benzoic anhydride, tri-(n-butyl)amine, tetra-(n-
butyl)ammonium chloride, sodium phosphate and tert-butylammonium

acetate.

A heterogeneous process for selective formation of a vinyl ester from a

carboxylic acid comprising: reacting a carboxylic acid, optionally dissolved in

13.



2- et hyl hexanoi ¢ acid. 14. The process according to Caim1ll, wherein the
catal yst support is carbon, activated carbon, alumna or titania. 15. The
process awoasdimg2wo C ai m 11, wherein the | oadi ng | evelrCofusehie/oneral is
fromabout 0.1 weight percent to about 10 weight percent. 16. The process
according to Claim1ll1l, wherein the car boxyl ic acid and catal yst are
provided in a nolar acid:netal ratio of 5% rom about 3000: 1 to about 380: 1.
17. The process according to Caim1ll, wherein the reaction tenperature

ranges from abouqlsuﬁgagotggme'@avtmw&w&ee%ﬂ&e uﬂhgste@érfe%ﬁ@m@omoocess for the

sel ective formation of Vinyl benzoate Trom benzolc acid which conprises
reacti ng benzoi cplatinugh mtalmaa!d‘b@t gtlasmisatilgreactioniterapsraiurg apd picgsush Ryent at a

sui Labl e 1 eact] o AIAL A& AL BALATHEE eihds DPuRFRREBRR B HDPOT o

platinum catal yst" a e preSence o enyl phosphine as a
| i gand, and opt |tbctedtzilystanﬂ qniehnalﬂyvthe $Sigdrel(s) end ddd@ime(sh eregrloctpd awhsi sting of

sodi um benzoat e, ol ¢ anh .abu cetate and
tributyl anine, 2 Wa{r}?‘gn&gl tﬁ%r%l % tt'¥tty ?t:g[%(%%{tpﬁgﬁyst i s fromabout
0.5 weight %up to about 10 wei ght % the support is selected from carbon,

activated car titania, r coni, zoi.c acid is
o ovi ded | n-a oM EPTGER uEdR LB Tk RETER StF RURTIHE 2190 PIBYEL - 300: 1 to
about 4000: 1. 19%cidThe process according to Caim 18, wherein the cat al yst
support is carbon, activated carbon, or titania.

10 13. The process according to Claim 11, wherein said carboxylic acid is

2-ethylhexanoic acid.

14. The process according to Claim 11, wherein the catalyst support is carbon,
activated carbon, alumina or titania.
15
15. The process according to Claim 11, wherein the loading level of the metal is

from about 0.1 weight percent to about 10 weight percent.

16. The process according to Claim 11, wherein the carboxylic acid and catalyst

20 are provided in a molar acid:metal ratio of from about 3000:1 to about 380:1.

17. The process according to Claim 11, wherein the reaction temperature ranges

from about 50°C to about 180°C.

25  18. A heterogeneous process for the selective formation of vinyl benzoate from
benzoic acid which comprises reacting benzoic acid with acetylene in a
suitable organic solvent at a suitable reaction temperature and pressure in the
presence of a supported platinum catalyst and optionally in the presence of
triphenylphosphine as a ligand, and optionally an additive selected from the

30 group consisting of sodium benzoate, benzoic anhydride, tetrabutylammonium

acetate and tributylamine, wherein the platinum loading of the catalyst is from



20. The process according to Claim 18, wherein the reaction tenperature
ranges from about 1000C to about 1800C. 2 1. A heterogeneous process for

t he sel ecwDwelofiepezat i on of vinyl 2-ethyl hexanoat e from PCEtusgddsendi c aci d
whi ch conprises reacting 2-ethyl hexanoic acid with acetylene, optionally in
a suitable organic solvent, at a suitable tenperature and pressure in the
presence of a supported pl ati num cat al , optionally in the presence of

tri phenyl phosphine as a ligand, and optionally in the presence of an

addi tive sel ect egofi@4MvEidRt B B abARTD Vel O fheSABIHTS B8EEQATS benzoi c
anhydride, tetrabutylammoniumacetate and tributyl'am ne, wherein the

pl ati num | oadi ncratons detivased earlont tifaniaf slemina s gircanis apgthg henapiagsidis about 10
weight % the s A ] D0 j G , titania,
al um na, or zirggﬁﬁ%%lg%3%%%2&%$g?%@?ﬁ%&%&@%@“ﬁgﬁ%&yg%%§g§$ggggin a nol ar
rati o of 2-ethyldbentad000:d. aci d: pl ati num metal of about 300:1 to about
4000: 1. 22, The process according to Caim2 1, wherein the reaction
tenperatur% ranges from about 1400C to about 2000C. 23. The process

accordi ng to @balhapidcessdeedrding té Glis URpelidrein thecarahorsupportisicarbas,ed car bon
and wherein theszati uq%js resent at a loading |evel of fromabout 0.5
vei ght percent tEEBELR W Wi YH@ per cent . 24. The process according to C ai m
21, wherein the support is carbon and the ligand is triphenyl phosphi ne. 25.
iTge process a%%.o {h%l p?gcegsoacg)rggngltc? %lair}ll\,q| g,rvsﬁe?eiﬁ t ee resa%ﬁgr? tregn%gra ulrea }alngelflsm catalyst

10 from about 100°C to about 180°C.

21. A heterogeneous process for the selective formation of vinyl 2-ethylhexanoate
from 2-ethylhexanoic acid which comprises reacting 2-ethylhexanoic acid
with acetylene, optionally in a suitable organic solvent, at a suitable

15 temperature and pressure in the presence of a supported platinum catalyst,
optionally in the presence of triphenylphosphine as a ligand, and optionally in
the presence of an additive selected from the group consisting of sodium
benzoate, benzoic anhydride, tetrabutylammonium acetate and tributylamine,
wherein the platinum loading of the catalyst is from about 0.5 weight % up to

20 about 10 weight %, the support is selected from carbon, activated carbon,
titania, alumina, or zirconia, and the 2-ethylhexanoic acid is provided in a
molar ratio of 2-ethylhexanoic acid:platinum metal of about 300:1 to about
4000:1.

25 22. The process according to Claim 21, wherein the reaction temperature ranges

from about 140°C to about 200°C.

23. The process according to Claim 21, wherein the support is carbon or activated
carbon and wherein the platinum is present at a loading level of from about 0.5

30 weight percent to about 6 weight percent.



0.5 wei ght percent platinum supported on carbon. 26. The process according
to Caim21, wherein the supported platinumcatalyst is one (1) weight

per cent pvatorwumyeapported on carbon. 27. The process a®ChrsRog/0d27T] ai m
21, wherein the supported platinumcatalyst is three (3) wei ght percent

pl ati num supported on carbon. 28. The process according to C aim 21,
wherein the supported platinum cat al ystS‘} s a conbi nati on of palladi um and
pl ati num and the support is carbon, and wherein the palladiumand platinum

are present abgardeqRslicidack&dflg t9TIdiMOM ARQH HEWEhSM is REHESMd the about 5
wei ght percent. 29. The process according to Calm 21, wherein the

supported pl at i nigné istteipResylphespbive. (1) wei ght percent pl ati num on car bon
and the reaction tenperature is about 1600C. 30. A heterogeneous process
for the selective formation of vinyl benzoate from benzoic acid which
conpri ses rea@ti Hyg fressspiccordiigdo wildim 24 cwhertie tie supparted platiatyhsatolygiaini ¢

solvent at .ate rat in.t ran f, about 1000C to about 1800C in the
presence of a Slr}%%gfiggégeﬁfeg{ P%ﬁ%@%‘%??@es oncqr%%){)s?g'n from 1% pl ati num on

carbon, 3% platinumon activated carbon, 5% platinumon titania or 0.5%

pl ati numon alym.,na and optionally.in.th resence of tr.iphen hosphi ne as
a |ligand, and zgpmhfedﬁ%(ieﬁ/acﬁwdé{‘ég? F’?{W%eWE‘Ef&B?‘efSPB?ﬂrFHQ}%P@Hffa%lggts'fssti ng of
sodi um benzoat e, orleg NZe¢ightpaivgatplatmumt sappered bl tassmni um acet ate and
tributylam ne.31. The process according to Caim 30, wherein the reaction

t enper at ure ranges

10 27. The process according to Claim 21, wherein the supported platinum catalyst is

three (3) weight percent platinum supported on carbon.

28. The process according to Claim 21, wherein the supported platinum catalyst is
a combination of palladium and platinum and the support is carbon, and
15 wherein the palladium and platinum are present at a loading level of from

about 1 weight percent to about 5 weight percent.

29. The process according to Claim 21, wherein the supported platinum catalyst is
one (1) weight percent platinum on carbon and the reaction temperature is
20 about 160°C.

30. A heterogeneous process for the selective formation of vinyl benzoate from
benzoic acid which comprises reacting benzoic acid with acetylene in a
suitable organic solvent at a temperature in the range of about 100°C to about

25 180°C in the presence of a supported platinum catalyst chosen from 1%
platinum on carbon, 3% platinum on activated carbon, 5% platinum on titania
or 0.5% platinum on alumina and optionally in the presence of
triphenylphosphine as a ligand, and optionally an additive selected from the
group consisting of sodium benzoate, benzoic anhydride, tetrabutylammonium

30 acetate and tributylamine.



from about 1100C to about 1700C. 32. The process according to C aim 30,
wherein the reaction tenperature ranges from about 1200C to about 16C0C.
33. The pwocensi2ewgordi ng to Cl aim 30, wherein the supp®crasemeoai27tat al yst
is five (5) weight percent platinumsupported on titania. 34. The process
according to Cl aim 30, wherein the selectivity to vinyl ester based on
carboxylic acid consunmed is at |east 60%Dercent.

31. The process according to Claim 30, wherein the reaction temperature ranges
from about 110°C to about 170°C.

32. The process according to Claim 30, wherein the reaction temperature ranges

5 from about 120°C to about 160°C.

33. The process according to Claim 30, wherein the supported metal catalyst is

five (5) weight percent platinum supported on titania.

10 34. The process according to Claim 30, wherein the selectivity to vinyl ester based

on carboxylic acid consumed is at least 60 percent.



