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Abstract

Transvinylation of aromatic and aliphatic diacidg¢hwvinyl acetate using several catalytic
systems have been studied under conventional lgeatid microwave activation. In any case, a
single addition of catalyst gave only low convensioto diester, due to a rapid deactivation of
the catalysts, the best results being obtained ppithdinel,- PA(OAc). Successive additions of
Pd(OAc) ascatalyst gave better results with a 65% yield olated pure divinyl dodecanedioate
after the successive addition of three catalystigqms. Kinetics and catalytic mechanism
considerations helped to discuss these results.

Keywords: Transvinylation, divinyl esters, palladium catalysicrowave activation

Introduction

Divinyl esters have found applications as co-retgem acyl transfer reactions: the
tautomerization of the vinyl alcohol formed intoetaldehyde displaces the reaction equilibrium
towards the formation of the polymeTherefore, divinyl esters are very attractive nmoees for
the synthesis of polyesters in mild reaction coodg, using either chemical or enzymatic
catalysts (Scheme 1).
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Scheme llirreversible polyester preparation using divinyiees monomers.

Divinyl esters are also very useful in the preparaof low toxicity biomaterials by
photopolymerizatiorf. However, their efficient preparation remains allemge. Only 1,10-
divinyl adipate, prepared from acetylene, is conuiadly available’ while few examples of
synthesis of divinyl esters are described in therdture, with generally low yieldsThis
situation limits the development of the use of WiWiesters in polymer chemistry. Therefore, it
would be of interest to develop a general laboyasoale, efficient method to synthesize
aliphatic and aromatic divinyl esters.

At the laboratory, monovinyl esters are genergligpared by a transvinylation reaction
between a carboxylic acid and vinyl acetatéhe use of Hg(ll) salts as catalyst is a well
established method that gives rather satisfactesplts in most casésHowever, the high
toxicity of mercury and its derivatives is now we#tablished® and numerous attempts such as
the Minamata Conventidrare engaged to banish as much as possible ttecgatr and uses of
mercury. In the case of the transvinylation reaxtisubstitutes like Pd(ll) salts have been
proposed as substitut® Palladium salts are less toxic than mercury omebshow a good
transvinylation activity, but they suffer from redion into metallic palladium, which leads to a
rapid loss of activity, requiring the use of ratii@ge amounts of costly reagents. In order to
overcome this behavior, ruthenium complexes wempgsed as alternatiVé. A reaction
mechanism of transvinylation promoted by ruthentatalyst has been propos&thre recently,
iridium complexes were also suggest&d.

Transvinylation reaction between a carboxylic aamt vinyl acetate is known to be a
reversible reaction whose equilibrium constantiése to unity* The by-product of the reaction
— acetic acid — is difficult to remove from the nsedithout extracting vinyl acetate at the same
time (Ebacetic acia= 118 °C,Ebyinyi acetate= 72.7 °C). Therefore, vinyl acetate is generalgd in
large excess in order to displace the equilibrium.

Microwave activation has become a widely used odglogy in organic chemistry.
Microwave heating has been used in the synthesiinyt esters from carboxylic acids and
alkynes!® indicating a considerable acceleration of the tiems. However, the application of
microwaves to transvinylation reactions does ngieap to have been published. Therefore, it
seemed interesting to test this method of heatiraur work.
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In the course of our research on green polyestezpapation, we were interested in the
development of an efficient preparation of aromaticl aliphatic divinyl esters. Therefore, we
decided to investigate the activity of differenttadgtic systems previously reported for the
preparation of monovinyl esters for the synthedisdiwinyl aromatic and aliphatic esters.
Conventional heating and microwave activation wath investigated and results compared.

Results and Discussion

Research of optimal conditions

One-shot catalyst addition.In a first time, isophthalic acid (benzene-1,3-dicxylic acid) was
chosen as a transvinylation reaction model. Thpayegion of divinyl isophthalate from
isophthalic acid by transvinylation is a two-steparsible system (Scheme 2).
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Scheme 2Preparation of divinyl isophthalate from isopHithacid.

Several catalytic systems reported in the litemtio be efficient for the preparation of
monovinyl esters by transvinylation were testedh@ preparation of divinyl isophthalate from
isophthalic acid. Vinyl acetate was used in a lageess to displace the equilibrium toward the
formation of divinyl esters. Conventional heating well as microwave activation have been
investigated. The different transvinylation attesnpérformed on isophthalic acid are reported in
Tables 1 and 2.

Transvinylation using mercury salts under conventimal heating. The use of mercury acetate
to catalyze the transvinylation between vinyl atetand isophthalic acid (ratio 10/1) gave only
the monovinyl intermediate with a moderate yiel®8% (Table 1, entry 1).

Transvinylation using palladium acetate.Under conventional thermal conditions, conversion

of isophthalic acid using an excess of vinyl aeetét0/1) reached 45% of monovinyl
isophthalate and about 10% of the divinyl esteb(@d, entry 2). This result can be related to
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the preparation of vinyl benzoate from benzoic athg a similar catalytic system that gives a
yield of 43%° An increase of the temperature from 60 °C to 100sfill lowered the yield to
37% (Table 1, entry 3). This behavior confirms #easitivity of Pd(OAc) to the temperature,
due to its reduction into inactive metallic palia, as already reportéd.

Using microwave activation, the total conversionisophthalic acid was increased but
without a real impact on divinyl isophthalate protion: the monovinyl ester accumulated in the
reaction medium (Table 1, entry 4). However, thectien time reduced from 48 h to 2 h (Table
1, entries 2 and 4). The use of an even largerssxoé vinyl acetate (30/1) did not change
significantly the situation (Table 1, entry 5). thermore, no reaction was observed in the
absence of solvent (Table 1, entry 6), or with esatated palladiuffi as catalyst, used under
the same reaction conditions as Pd(QAoder microwave irradiation (Table 1, entry 7).

The complexation of Pd(OAchy nitrogen bidentate ligands was reported to eohahe
stability of the catalysts during the transvinydati reaction’  Therefore,
[2,2’-bipyridyl]- PA(OAc) and [pyridine}- Pd(OAc) complexes were synthesized and tested as
catalysts. [2,2’-bipyridyl]- Pd(OAg)was tested first under conventional heating anctoniaves
activation (Table 1, entries 8 and 9). The catalyas$ found to be more stable than Pd(QAc)
metallic palladium deposition was observed on #wctor glass. However, diacid conversion
was low with no detection of divinyl ester in batases. In that case, conventional heating and
microwaves gave similar results, however in shdntee for the latter.

In contrary, when [pyriding]Pd(OAc) was used as catalyst (Table 1, entry 10), 95% of
conversion of the diacid was obtained after 48 heaiction at 60 °C, with a 2:1 monovinyl
ester/divinyl ester molar ratio.

The conversion of a symmetric diacid into its diiester through a mono vinyl ester
intermediate can be considered as a two consectgaeions system, each step being of a
pseudo-first order, considering the large excessmyl acetate involved. This kinetic system can
be analytically resolvetf The evolution of the concentrations found in thiéedént experiments
performed shows an accumulation of monovinyl estfore its slow conversion into the final
divinyl ester product. This behavior can be attidouto a first step apparent reaction rate much
higher than the second step apparent reaction(katg >> koapp. In the case of the use of
Palladium catalysts, the reaction proceeds viddimation of az-complex between Pd-complex
and vinyl acetate monomer, followed by the nucléaphttack of the carboxylic acid to give a
palladium o-complex with production of acetic acid as by-praduThis o-complex then
undergoeg-acetate elimination to give Pd-complex and virstee as a producf. Therefore, it
can be postulated that the decomposition of the-Bamplex formed with the monovinyl ester
intermediate is the limiting reaction step prevegtihe formation of the expected divinyl ester.
The results obtained in this work confirm the lotakslity of palladium-based catalyst in the
transvinylation reaction. Therefore, several neprigposed catalysts for this reaction were tested
in order to avoid this deactivation.
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Transvinylation using ruthenium catalyst in autoclave. Triruthenium dodecacarbonyl was
used for the transvinylation reaction of vinyl atetand isophthalic acid (ratio 10/1). The
reaction was performed in a pressure reactor & tegpperature (150 °C). The performance of
the catalyst was compared in the presence or abs#rsolvent (DMF) (Table 1, entries 11 and
12). No vinyl esters products were obtained forrénction in solvent, and a degradation of the
initial diacid was observed. In the absence ofalythe use of triruthenium dodecacarbonyl as
catalyst gave low conversion, similar to that obedrwith Pd(OAc) (compare Table 1, entries 3
and 12).

Transvinylation using iridium catalyst. Transvinylation reaction using chloro(1,5-
cyclooctadiene)iridium(l) dimer have been performatter conventional heating conditions.
Conversion of isophthalic acid using an excessimfl\acetate (10/1) allowed the formation of
32% of monovinyl isophthalate with no apparent fation of divinyl ester (Table 1, entry 13).
These results indicate that ruthenium and iriditasdal catalysts do not significantly improve
the transvinylation reaction efficiency in casesewehisophthalic acid is involved.

Table 1. Preparation of divinyl isophthalate from isophtbacid by transvinylation in DMF

Vinyl Final molar distribution (%) °

Catalyst acetate/ T Reaction
# Conditions® Isophthalic Monovinyl Divinyl

(5% mol) diacid (°C) time (h)

acid isophthalate  isophthalate
molar ratio

1 Hg(OAc) Conventional 10/1 60 4 67 33 0
2 Pd(OAc) Conventional 10/1 60 48 46 45 9
3 Pd(OAc) Conventional 10/1 100 48 63 37 0
4 Pd(OAc) MW ¢ 10/1 60 2 18 68 14
5 Pd(OAc) MW ¢ 30/1 60 2 11 74 15
6° Pd(OAc) MW © 30/1 60 2 100 0 0
7 Pd Encat MW € 10/1 60 2 100 0 0
8 [2, 2’-bipyridyl]- Pd(OAc} Conventional 10/1 60 48 81 19 0
9 [2, 2’-bipyridyl]- Pd(OAc) MwW*© 10/1 60 5 84 16 0
10 [pyridinel- PA(OAc) Conventional 10/1 60 48 5 65 30
11 Ru(CO)2 Autoclave 10/1 150 3 100 0 0
12 Ru(CO), Autoclave 10/1 150 3 63 30 7
13 Ci6H24CLIr, Conventional 10/1 100 24 68 32 0

2 See text for detailSdetermined byH NMR, ¢ microwave activatiorf solvent free reaction.
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Successive catalyst addition

The various attempts of transvinylation of isophthacid with vinyl acetate carried out using a
one-shot catalyst additicat the start of the reaction show that, whateverddtalyst used, the
conversion is incomplete, mainly due to a rapicalyat deactivation. Therefore, it may be
advantageous to operate by successive additiooatalfyst in order to keep a sufficient amount
of active catalyst during the course of the reactio

Microwave-assisted transvinylation with successiveadditions of palladium acetate.
Transvinylation of isophthalic acid with vinyl ae#&t catalyzed by Pd(OAc) was then
conducted under microwaves with successive addibfresh catalyst portions in order to
improve the displacement of the reaction towardidineation of divinyl isophthalate by limiting
the effect of the catalyst deactivation. After fhiet run, the remaining isophthalic acid (20% of
initial amount), the formed acetic acid and mosttloé vinyl acetate was removed and the
unseparated monovinyl / divinyl isophthalate migtyput again into reaction with fresh amounts
of catalyst (5% mol relative to initial diacid ammdyand vinyl acetate (10 eq. relative to initial
diacid). This was repeated twice (Table 2).

Table 2 Evolution of the monovinyl isophthalate/divingliphthalate ratio with successive
catalyst addition

) Monovinyl
. ) Reaction ) .
# Catalyst Conditions Experiment T °C time (h) isophthalate/divinyl
isophthalate molar ratio®
14 1% 60 2 81/19
15 Pd(OAc) MW 2" 60 2 52/48
16 3¢ 60 2 26/74

2Determined byH NMR;

Results obtained indicate that the monovinyl isbalate/divinyl isophthalate molar ratio of
about 4:1 achieved in the first experiment (Tahlerry 14) can be displaced to almost 1:1 with
a first addition of fresh catalyst (Table 2, enify) and finally to a 1:3 value after a second
addition (Table 2, entry 16). Finally, the molargent distribution obtained after the third run is
isophthalic acid: 20%, monovinyl isophthalate: 21&4d divinyl isophthalate: 60%. This
procedure appears therefore to be an efficienttaayprove the yield of divinyl ester.

Preparative applications

One-shot catalyst addition.A preparative experiment was performed startingnfra larger
amount of isophthalic acid (0.1 mol), otherwisengsihe best experimental conditions obtained
for the preparation of divinyl isophthalate i.eatayst [pyridine}- PA(OAc), vinyl acetate (10
eqg.), 60 °C, 48 h in DMF (Table 1, entry 10). Isthatlic acid, monovinyl isophthalate and
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divinyl isophthalate were then separated by préadipin and distillation under vacuum. The
molar percent distribution obtained is: isophthaaid: 5%, monovinyl isophthalate: 65% and
divinyl isophthalate: 30%. The isolated yield iwidyl isophthalate was 30%.

Successive catalyst additionln order to confirm the interest of the successadelitions of
catalyst in the preparation of divinyl esters, thiscedure was conducted on an aliphatic diacid :
dodecanedioic acid. The procedure was the sameca®psly reported for isophthalic acid but
on a larger scale (Table 3).

The dodecanedioic acid remaining after the fiust {18% of the initial amount) is removed
by selective precipitation before the second rume onovinyl /divinyl dodecanedioateolar
ratio of 3:7 reached in the first experiment (TaBleentry 17) can be displaced to more than 1:6
with a first addition of fresh catalyst (Table Bty 18) and to a 1:9 value after a second addition
(Table 3, entry 19) indicating an almost completsnversion. Finally, the molar percent
distribution obtained after the third run is dodesdioic acid: 18%, monovinyl dodecanedioate:
10% and divinyl dodecanedioate 72%.

The procedure of successive addition of catalgsttibns, completed by a selective removal
of the unreacted diacid in the first run, allowtgain divinyl dodecanedioate with a conversion
of 72% from the diacid involved and a purity of 88%e remaining impurity being the
monovinyl ester intermediate. Purification by colurhromatography allows to obtain divinyl
dodecanedioate with a 100% purity and a yield dfo6som the starting diacid. This result
compares positively with the literatute.

Table 3. Evolution of the monovinyl/divinyl dodecanedioa&io with catalyst addition

. _ T Reaction monovinyl ester /divinyl
# Catalysf Conditions Experiment ) i .
°C time (h) dodecanedioate molar ratié
17 1° 60 2 30/70
18  Pd(OAc) MW 2" 60 2 14/86
19 3 60 2 12/88

®Catalyst amount: 5% mol relative to diacid inityaithvolved,’determined byH NMR.

Conclusions

In this study, several catalysts were tested irtrdresvinylation reaction of isophthalic acid with
vinyl acetate. Conventional heating and microwastesation were both investigated. Pd(ll) salts
were found to be the most efficient catalysts. Hoavethe major problem of palladium catalysts
is their thermal instability. Therefore, palladiwatalysts stability was enhanced by using Pd(ll)
complexes. The presence of polar solvent such ab Byears to be required for the reaction to
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proceed. Recently proposed catalysts such as tutheand iridium complexes do not give
substantially improved results in our hands.

The best result obtained using the one-shot catalydition in the transvinylation reaction of
isophthalic acid with vinyl acetate was obtainedhwpyridinep- Pd(OAc) as catalyst giving an
almost complete diacid conversion with an isolatiett in divinyl ester of 30%.

The use of successive additions of palladium aedtathe reaction medium is another way to
obtain a satisfactory conversion of a symmetriccidiaeither aromatic or aliphatic, into its
divinyl derivative through transvinylation with whacetate. Indeed, divinyl dodecanedioate can
be obtained in about 65% yield and 100% purity fritn@ corresponding diacid by using three
successive additions of Pd(OAcC)

The use of microwaves activation accelerates sogmfly the reaction, thus reducing the
deactivation of the catalyst.

Experimental Section

General. Triruthenium dodecacarbonyl, chloro(1,5-cyclooctai)iridium(l) dimer, were
purchased from TCI. Mercury(ll) acetate was puredagrom Avocado. Isophthalic acid,
dodecanedioic acid, vinyl acetagetoluene sulfonic acid, CG3€OOK, Pd(OAc), 2,2’-bipyridyl

and pyridine were purchased from Sigma Aldrich aseld as received. Deuterated solvents were
purchased from Euriso-Top (Saint-Aubin, Fran¢e) NMR spectra were recorded at 300 MHz.
13C NMR spectra were recorded at 75 MHz. The elemhem@yses were realized at the Institut
des Sciences Analytiques (Villeurbanne, France)crdvave experiments: A single-mode
microwave synthesizer (Start platform, Milestorg;.] Rockford, IL) was used. This apparatus
allows controlling simultaneously the temperattine, irradiation power, and the stirring speed.

Palladium complexes preparatioft

[2,2’-Bipyridyl]- Pd(OAc) .. Pd(OAc) (1 eq.) and 2,2’-bipyridyl (1.5 eq.) were dissavi
acetonitrile (total molar concentration 0.2 mof)L The mixture was refluxed for 4 h. After
cooling to room temperature the yellow complex oled was isolated by filtration, washed
twice with pentane and then dried=(70%).Elemental analysis (% mass). Found: C (50.23), H
(3.72), N (6.41), Pd (24.62); Calculated: C (50,42)3.29), N (6.53), O (14.92), Pd (24.82).
[Pyridine] - PA(OAc). Pd(OAc) (1 eq.) and pyridine (2.5 eq.) were dissolved imiature of
diethyl ether and toluene (1:3) (total molar coricaion 0.4 mol-[Y). The mixture was stirred
for 4 h at room temperature. The light yellow coexplobtained was isolated by filtration,
washed twice with pentane and then driéd (75%).

Elemental analysis (% mass). Found: C (50.61), H6(4 N (6.42), Pd (24.11); Calculated: (C
50.19), H (3.74), N (6.50), O (14.86), Pd (24.72).
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Analytical experiments on isophthalic acid

Transvinylation reactions using Hg(OAc) catalyst under conventional heatinglsophthalic
acid (1.66 g, 0.01 mol, 1 eq.) and vinyl acetaté 8 0.1 mol, 10 eq.) were dissolved in DMF
(10 mL) and the mixture was heated at 45 °C. Hg(R4@.159 g, 5-10 mol, 0.05 eq.) and
sulfuric acid (0.05 g, 5-1t) 0.05 eq.) were added and the mixture was stategD °C for 4 h.
The reaction was stopped by addingsCBOK (0.098 g, 17 mol, 0.1 eq.) and water (10 mL).
The aqueous layer was extracted three times withlaiomethane (3x20 mL). The organic
layers were combined and washed with brine, driedr aanhydrous MgS§) filtered and
concentrated. Mixture composition was analyzedtbiNMR.

Transvinylation using Pd complexes catalysts undezonventional heating

With Pd(OACc),. Isophthalic acid (1.66 g, 0.01 mol, 1 eq.), viagktate (8.6 g, 0.1 mol, 10 eq.),
p-toluene sulfonic acid (0.172 g, £@nol, 0.1 eq.) and Pd(OAc)0.112 g, 5-1d mol, 0.05 eq.)
were dissolved in anhydrous DMF (10 mL). The migtwas stirred and heated at 60 °C for 48 h
under N. The reaction was stopped by addingsCBOK (0.098 g, 10 mol, 0.1 eq.) and water
(10 mL). The aqueous layer was extracted threestimiéh dichloromethane (3x20 mL). The
organic layers were combined and washed with bdried over anhydrous MgSiltered and
concentrated. Mixture composition was analyzedtbiNMR.

With [2,2’-bipyridyl]- Pd(OAc) ». Isophthalic acid (1.66 g, 0.01 mol, 1 eq.), viagktate (8.6 g,
0.1 mol, 10 eq.),p-toluene sulfonic acid (0.172 g, TOmol, 0.1 eq.) and [2,2-
bipyridyl]- Pd(OAc) (0.192 g, 5-10 mol, 0.05 eq.) were dissolved in anhydrous DMF rfil0).
The mixture was stirred and heated at 60 °C foh4éder N. The reaction was stopped by
adding CHCOOK (0.098 g, 13 mol, 0.1 eq.) and water (10 mL). The aqueous layas
extracted three times with dichloromethane (3%x20.nTlhe organic layers were combined and
washed with brine, dried over anhydrous MgSititered and concentrated. Mixture composition
was analyzed biH NMR.

With [pyridine] - Pd(OAc). Isophthalic acid (1.66 g, 0.01 mol, 1 eq.), vingétate (8.6 g, 0.1
mol, 10 eq.)p-toluene sulfonic acid (0.172 g, T@nol, 0.1 eq.) and [pyridingPd(OAc) (0.194

g, 5-10%°mol, 0.05 eq.yvere dissolved in anhydrous DMF (10 mL). The migturas stirred and
heated at 60 °C under,Nor 48 h. Reaction was stopped by addingsCBOK (0.098 g, 10
mol, 0.1 eq.) and water (10 mL). The aqueous layas extracted three times with
dichloromethane (3x20 mL). The organic layers wawmbined and washed with brine, dried
over anhydrous MgSg filtered and concentrated. Mixture compositionsvamalyzed byH
NMR.

Microwave-assisted transvinylation using Pd compless catalystsThe same procedure as for
conventional heating experimemtas followed. The reaction mixture was stirred imiarowave
reactor for 2 h-5 h at 60 °C. Reaction was stofipeddding CHCOOK (0.1 eq.) and water (10
mL). The aqueous layer was extracted four timeh dithloromethane. The organic layers were

Page 31 ®ARKAT-USA, Inc.



combined and washed with brine, dried over anhysrMgSQ, filtered and concentrated.
Mixture composition was analyzed by NMR.

Microwave-assisted transvinylation using successialdition of Pd(OAc), portions

First run. Isophthalic acid (1.66 g, 0.01 mol, 1 eq.), viagletate (8.6 g, 0.1 mol, 10 e},
toluene sulfonic acid (0.172 g, Eonol, 0.1 eq.) and Pd(OA£)0.112 g, 5-1d mol, 0.05 eq.)
were dissolved in anhydrous DMF (10 mL). The reactmixture was stirred in a microwave
reactor for 2 h at 60 °C. The reaction was stoppeddding CHCOOK (0.098 g, 13 mol, 0.1
eg.) and water (10 mL). Diethyl ether (20 mL) wakkled and the mixture triturated to allow
precipitation of the unreacted isophthalic acide Boueous layer was extracted three times with
dichloromethane (3x20 mL). The organic layers wambined and washed with brine, dried
over anhydrous MgSg filtered and concentrated. Mixture compositionsvamalyzed byH
NMR.

Further runs. The concentrate collected from the previous run agded with a fresh mixture
of vinyl acetate (8.6 g, 0.1 mof)toluene sulfonic acid (0.172 g, T@nol) and Pd(OAg)(0.112

g, 5-10" mol) dissolved in anhydrous DMF (10 mL). Reacti@msl work-up were as for first
run. Mixture composition was analyzed iy NMR.

Transvinylation reactions using triruthenium dodecacarbonyl catalyst. Isophthalic acid
(1.66 g, 0.01 mol, 1 eq.), vinyl acetate (8.6 ¢, @ol, 10 eq.) and triruthenium dodecacarbonyl
(0.320 g, 5-1¢ mol, 0.05 eq.) were dissolved in anhydrous DMF dne solution was
introduced into a pressure stainless steel reatha.reaction mixture was stirred for 3 h at 150
°C. The vessel was cooled and water added (10 ifig. aqueous layer was extracted three
times with dichloromethane (3x20 mL). The orgaragers were combined and washed with
brine, dried over anhydrous Mg&Ofiltered and concentrated. Mixture compositionswa
analyzed byH NMR.

Transvinylation reactions using chloro(1,5-cycloo@diene)iridium(l) dimer catalyst.
Isophthalic acid (1.66 g, 0.01 mol, 1 eq.), vingktate (8.6 g, 0.1 mol, 10 eq.), and chloro(1,5-
cyclooctadiene)iridium(l) dimer (0.335 g, 5-1@nol, 0.05 eq.) were dissolved in DMF. The
reaction mixture was stirred for 24 h at 100 °Cemi,. The reaction mixture was poured into
water and the aqueous layer was extracted fourstimith dichloromethane. The organic layers
were combined and washed with brine, dried oveydidus MgSQ, filtered and concentrated.
Mixture composition was analyzed Byt NMR.

Preparative experiments on isophthalic and dodecaioic acids

Preparative transvinylation reaction from isophthalic acid with [pyridine],- Pd(OAc)
catalyst under conventional heating using the oneast catalyst addition methodology.
Isophthalic acid (16.6 g, 0.1 mol), vinyl acete86.0 g, 1.0 mol)p-toluene sulfonic acid (1.72 g,
0.01 mol) and [pyridine] Pd(OAc) (2.55 g, 5-10° mol)were dissolved in anhydrous DMF (100
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mL). The mixture was stirred and heated at 6@ufi@er N flow for 48 h. Reaction was stopped
by adding CHCOOK (0.98 g, 0.01 mol) and water (100 mL). Dietbtther (50 mL) was then
added and the mixture triturated to allow precimia of traces of unreacted isophthalic acid.
The aqueous layer was extracted with dichlorometh@x50 mL). The organic layers were
combined and washed with brine, dried over anhysrMgSQ, filtered and concentrated.
Reaction products were separated by bulb-to-bulbtilldiion under vacuum: divinyl
isophthalateEhy 1 = 130 °C, (lit. f3: Eby1 = 120-125 °C), (oil, 6.5 gy = 30%); monovinyl
isophthalatdEby ; = 145-150 °C, (oil, 11.5 ¢, = 60%).

Preparative microwave-assisted transvinylation reaton from dodecanedioic acid with
Pd(OACc), catalyst using the successive catalyst addition thedology

First run. Dodecanedioic acid (23 g, 0.1 mol), vinyl ace{@®&0 g, 1.0 mol)p-toluene sulfonic
acid (1.72 g, 0.01 mol) and Pd(OA¢1.12 g, 5-10° mol) were dissolved in anhydrous DMF
(100 mL). The reaction mixture was stirred in a noveave reactor for 2 h at 60 °C. Reaction
was stopped by adding GEOOK (0.98 g, 0.01 mol) and water (100 mL). Dietkgther (200
mL) was then added and the mixture triturated towalprecipitation of traces of unreacted
dodecanedioic acid. The aqueous layer was extragittd dichloromethane (4x50 mL). The
organic layers were combined and washed with bdried over anhydrous MgSiltered and
concentrated. Mixture composition was analyzed by H NMR.
Further runs. The concentrate collected from the previous rus wdded with a mixture of
fresh vinyl acetate (86.0 g, 1.0 magbrtoluene sulfonic acid (1.72 g, 0.01 mol) and Pd¢RA
(1.12 g, 5.10° mol) dissolved in anhydrous DMF (200 mL). Reacsi@md work-up were as for
first run. Mixture composition was analyzed ¥y NMR. The final crude mixtures were purified
by silica gel column chromatography [CyclohexankyE/cetate (98 : 2)] and obtained as an

oil, 18.3g, Yield 65%.
9
o , o H
6 8 H 11
5 3 H
4 12

Monovinyl isophthalate. White solid, mp 140 °C (lit! mp 145 °C). UV:Amax(EtOH): 278 nm.
H NMR (300 MHz, CROD, & ppm): 8.74 (1H, m, i, 8.34-8.37 (2H, m, &), 7.77 (1H, m,
Ha), 7.75 (1H, ddJ 6 Hz and] 15 Hz, H), 5.15-5.22 (1H, m, H), 4.81-4.84 (1H, m, H). °C
(75 MHz, CDOD, & ppm): 205.28, 141.38, 134.63, 130.71, 129.64,88.3

9 9
1 H o 1 o H 1
8 8
H 6 H
10'\%\0 r 27 O)\ﬁo
H 5 3 H
12! 4 12

Page 33 ®ARKAT-USA, Inc.



Divinyl isophthalate. White solid, mp 65 °C; (Iit* mp 59-60 °C)UV: Amax(EtOH): 260 nm!H
NMR (300 MHz, CDC4, & ppm): 8.85 (1H, m, i, 8.36-8.39 (2H, m, &%), 7.65 (1H, tJ 6 Hz,
Ha), 7.53-7.60 (2H, dd] 6 Hz andJ 15 Hz, ), 5.16-5.21(2H, dd] 3 Hz andJ 12 Hz H 1)),
4.79-4.82 (2H, ddJ 3 Hz andJ 9 Hz, Ha11). **C (75 MHz, CDC}, 6 ppm): 162.71, 141.26,
134.78, 131.45, 129.67, 129.03, 123.25, 98.93.

4H /2
ﬁﬂo 1
H

Divinyl dodecanedioate Liquid, *H NMR (300 MHz, CRQOD, § ppm) : 7.26-7.33 (2H, dd, 6
Hz andJ 15 Hz, B »), 4.85-4.90 (2H, dd) 3 Hz andJ 6 Hz, H, ), 4.60-4.57(2H, dd) 3 Hz
andJ 6 Hz, H, 4), 2.41 (4H, tJ 6 Hz, K ¢), 1.59-1.70 (4H, m, ), 1.34-1.39 (12H, m, &g o
.10 10). 2°C (75 MHz, CRQOD & ppm): 25.80, 30.20, 30.37, 30.44, 34.70, 97.89,53} 172.28.
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