04 SEP 2006 *166166* *G00002* PROCESS FOR MAKI NG BUTENYL ESTERS FROM
BUTADI ENE The present invention relates to a process for naking est ér$EFoyos
reacting but adi ena with a carboxylic acid in the presence of a Bronsted or

Lewis acid cataly wumm,wm he unsaturated ester. It is known that esters
"such as n-butyl a e produced by a nunmber of 5 routes. For

i nstance, the hydrof ongekati on of propylene in the presence of acetic acid
-is a method which yields a m xture of n-butyl acetate and iso-butyl
acetate. An alternative nethod is to react ethylene with vinyl acetate in

t he presence of i |l yst, followed by the hydrogenation of the

resul tant unsat L‘,ﬁ’@,ﬂ%’”’ﬂ’@@%&[ A further nmethod is the reaction of ethylene
with ethanol in the pre of a base catalyst to form butanol 10 and the
reaction thereof wi tfi"cCetic acid to formbutyl acetate. The acid catal ysed

addi tion of butadiene to acetic acid using ion-exchange resin catalysts
havi ng bul ky counterions to inprove the reaction selectivity to two

i someric C4 butenyl agelales:is i Shkeserkri SR RhoRM ents viz., US A
4, 450, 288 (al kyl pyrﬁﬂmﬁj@,—@’fs‘%w,—amsﬁm anmoni un), US- A-
4,450, 289 (quaternary phosphoniun). Butadiene is a 15 relatively

i nexpensi ve by-product of the refining process and is a potential feedstock
for making butyl esters. It is commercially available either as a purified
chem cal or as a constituent of a hydrocarbon cut. For exanple, as a
constituent of a. m xed C4 stream obtained from naphtha stream cracking.
Typically such streans contain species such as butane, 1-butene, 2-butene,

i sobut ane and i5’?@{:}%9&iﬂv@n1ﬁ9¢é:1£tés(15'abﬁcgy?&mcstcfstbgﬁac%ﬁﬁw ageous

that a process utilising butadiene can use such stre wever,

but adi ene i s withasabexydie aid inthd piesendeoha Bropsted ar Levis pod eatadyseto famphe| s Al der
dimer of butgdien&eskhi s di mer can be thermally cracked back to butadi ene:
104 S EP 2006 WO 03/082796 PCT/ G3B03/01346 Heat 2 So any process

i nvol ving the usbisdmomthabﬁs@rriéu@wpé@arh@ce@u@cﬁelmsodmdfoaneumgﬁrgf reversible

5 routes. For instance, the hydroformylation of propylene in the presence of acetic acid is
a method which yields a mixture of n-butyl acetate and iso-butyl acetate. An alternative
method is to react ethylene with vinyl acetate in the presence of an acid catalyst,
followed by the hydrogenation of the resultant unsaturated ester. A further method is
the reaction of ethylene with ethanol in the presence of a base catalyst to form butanol

10  and the reaction thereof with acetic acid to form butyl acetate. The acid catalysed
addition of butadiene to acetic acid using ion-exchange resin catalysts having bulky
counterions to improve the reaction selectivity to two isomeric C4 butenyl acetates is
disclosed in several patents viz., US-A- 4,450,288 (alkyl pyridinium), US-A-4,450,287
(quaternary ammonium), US-A- 4,450,289 (quaternary phosphonium). Butadiene is a

15 relatively inexpensive by-product of the refining process and is a potential feedstock for
making butyl esters. It is commercially available either as a purified chefhical or as a
constituent of a hydrocarbon cut. For example, as a constituent of a mixed C,4 stream
obtained from naphtha stream cracking. Typically such streams contain species such as
butane, 1-butene, 2-butene, isobutane and isobutene in addition to butadiene. Itis

20  advantageous that a process utilising butadiene can use such streams. However,
butadiene is also in equilibrium with 4-vinyl cyclohexene, a Diels Alder dimer of

butadiene. This dimer can be thermally cracked back to butadiene:



5 reaction into consideration, EP-A-84133 describes a process for ghegp 25
production of unsaturated al cohols and/or esters of unsaturated al cohols.
The reference describes the reaction between conjugated dienes and water
or aqueous carboxylic acids. The resulting product, is a conplex mxture
"of unsaturated isoneric alcohols and esters. 10 US-A-4405808 di scl oses a
process for preparing esters of acetic acid by reacting acetic acid with
-an al i phati cWOMER™6| efin in the vapour phase in the pr@EEEBe/¥6st eam on
a catal yst selected fromthe group consisting of an aromatic di sul phonic
acids and esters thereof. There is no disclosure of using a diene instead
of an aliphatic Lower olefin. The specific Exanples in US-A-4405808 rel ate
only to the proglction of ethyl acetate and 15 i sopropyl acetate. Qur own
WO 00/ 26175 di scl oses a process for mating a butyl ester from butadi ene
whi ch conprisgs as a first_Heap the.reaction of butadiene or a hydrocarbon
fraction cont g butadiene with a saj uLQt,e’ERaI i phati c nonocar boxylic
acid, to formasm xture of n-butenyl and%condary but enyl esters. 20 The
above process is said to be suitable for catalysis by either heterogeneous
or honobgeneous catal ysts. Suitabl e honbgeneous catal ysts are said to
include NDNGSEhPRERECnASH; InF bkt drta b nmet hanesul. phoni, acid and
its salts (triflates).  Sui ab goﬁ%%gﬁén%aés%%&éﬁg%eg&sggpagg rg%%@%rd are

met hane sul pABfi® Becensidgmtion uene sul phoni ¢ acid and sul phonat ed

cal i xarenes, 25 §gaAbsy | v, ' ove proce n be perforned
wi th an. i nproved cong?sn%‘?%% ﬁr@%ﬁ%ﬁt{h}e é{%&cﬁgnno u)‘}sf%éﬁ"gedzajmgglf Fl‘bi??fer tain
speci fic cat &P pumsatuated epahglsy TheweferanesdendribesthemictiombepwesticoBgatedPr OCESS
for meki'ng a dpésihd Gateldr aqfecb @Bttt AR LERE THMMSG

rises reacting
but adi ene or a hydrocarbon fraction contalnin

[(@]=my

CQO
frac ngftﬂr@ﬁﬁ’ BRSRPEH a saturated
al i phati c moMEXREeREYEsptitated ispmeriogieohels andésters2 0 4 S E P 2006 WD 03/ 082796

PCT/ GB03/191346 C@‘g'a‘L‘msm%%%eg22?5%9?35’%#3%)&%%-ageﬂga 8@8’%9"{% ani c

sul phoni ¢ acid containing at _ ic a Enol ecul e
wherei n t he PSEFF #FidYith proalinhatie dawep plefiminibewapouw pliast in thet freSeitid GP&EandEn Sul phoni ¢
aci d groups  iaBathlid® sélcidHom tBdErBpUShEstiAf bfan' asPonlalc HaGH ange., 11 to  1:0.15.
5 In the sul gﬂhon?f aci.d catal yst enpiﬁgglggaﬁa?loréaﬁ%&ﬁ RioBl &oigy aqdiegters; os ent

i nv ention t h&Aereor There is no disclosure of using a diene instead of an eliphatic lower olefin. The

specific Examples in US-A-4405808 relate only to the production of ethyl acetate and
15 isopropyl acetate,

Our own WO 00/26175 discloses a process for making a butyl ester from
butadiene which comprises as a first step the reaction of butadiene or a hydrocarbon
fraction containing butadiene with a saturated aliphatic monocarboxylic acid, to form a
mixture of n-butenyl and secondary butenyl esters. '

20 The above process is said to be suitable for i:atalysis by either heterogeneous or
homogeneous catalysts. Suitable homogeneous catalyéts are said to include
monosulphonic acids, triflic (trifluoromethanesulphonic) acid and its salts (triflates).
Suitable organic sulphonic acids disclosed are methane sulphonic acid, p:toluene
sulphonic acid and sulphonated calixarenes,

25 We have discovered that the above process can be performed with an improved
combination of selectivity and yield by using certain specific catalysts.

Accordingly the present invention provides a process for making a buty] ester
from butadiene, which comprises reacting butadiene or a hydrocarbon fraction
containing butadiene with a saturated aliphatic monocarboxylic acid, wherein the

2



rati o of the nunber of carbon atonms to sul phonic acid groups is pr(e)&grg%l ¥[]06
inthe range 1:1 to 1:0.2, nore preferably in the range 1:1 to 1. d
nost preferably in the range 1:1 to 1: 0.7. The sul phonic acid preferably
contains 2 to 30 carbon atons, nore preferably 2 to 10 carbon atons and
nost preferably 2 to 8 carbon atons. 10 The concentration of the defined
sul phoni c acid or rhenium oxide catalyst enployed in the |iquid phase of
-the reacti oWVO§3#¥82H%e can be maintai ned constant throud€&@BIYHH6r eact i on,
or can be varied or can be allowed to vary within a broad concentration
range whi l sbatslysic bdmpaisdnirbniungVﬂ)aSﬁdea:bhteorg@wﬂpbonichw@ copiaginga@hlesshh be carri ed
out, for exa ,quot of the
defined sul r?lmc‘:: a%{%grgu%g 'ﬁhle‘f%?qgﬁe}éhnen?ﬁ%égﬁl e Ca{‘&lcﬁrbm}% Igés{ol ved in
sone or all tiefrunbe oﬁaﬁﬁhomyhaldgmupsm thevorighnidxtphokieaad xgasthb@nafgl btoadual |y
punped into thlg reaction. Under these conditions, the concentration of

cat al yst erally decreases due to the dilution effect as nore and nore
but adi enes ent erla thelselphonipuacll qetalystempioydd in the probess pfthé prasept inyeantjen the est er .

Al ternati veI . 129}1 Q]kgsrlﬂy 20 or
intermttent yoﬂﬂgaun%%fng%u?gtgﬁg%es gﬁ@l‘%& EF S&Q&M or car boxylic to
mai nt ai n t hd:1 todiiGembre ateferatdy ipftbegangallytde 1 Qﬁ@ndrtg@s@p@fﬁr@l}an themangelesi r ed

| evel . The t.aly i i The cat al yst
fed to the ﬁgieatgtloorgi %Q’f}gﬁo&k?ggp& énllyn&)g{a \E/'%ﬁ:@ogcr%rb?%ln’gﬂxgr&g t he reactants
i f desired, pefgablyht 1aarhénaomead mge peiferehdy %od carpomatding.i onal car boxylic
acid if,desire -f L@t S Maintained to
contain b 2to f‘b‘“’ég?“g‘ﬁ"t%" Eﬁadﬂé&ﬂ%’era ?éﬁg%é 0éast . Ed% vvt% nost
preferably Jcmph)yai inAlfolighid phase sithmmpmm'amirdcan(baminsmed@vmtahte r heni um oxi de
A P2 Pu oot B oo be b4 b0 Rbe IR oSy Bttt iiong T SU| PRI €
acid catalys enl un’ OXI I nvention are
preferably suohcmhﬂrmonmngswﬁtacmmmdmmbleremS@ It |s preferred that the

compri s6 tuo. or TP oh oD Bt ful Bt il Sty S shonk LA B © 110 ° 07
cat al yst $5 aratiqigt Bf the ﬂnﬁmi s:il;&mhtpmatalyamr@hemu@ oBid4 cRalimt Ris@d@E in WO 03/ 082796
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acid, benzen@ sul onic acid,
nap ht hal ene- aacﬁexdl@uﬂbph@n candiions the n@thtmmreqmatal}zst Zendiadly ﬂmw dueaci d,

4- chl or obenzgne: d - sl PHONI,Eq AGle Sutadiads oH: BREAFAM it vt e

formation of liquid ester. Altematively, the reaction can be carried out by continuously

20 orintermittently feeding in butadiene and or catalyst and /or carboxylic to maintain the
concentrations of catalyst and reactants at the desired level. The catalyst can be fed in as
solid or as a liquid. The catalyst fed to the reactor can be dissolved in solvent or in one
of the reactants if desired, e.g. the catalyst can be dissolved in additional carboxylic acid
if desired.

25 Preferably the catalyst concentration is maintained to contain 0.2 to 10 weight %,
preferably at least 0.5 to 7 wt%, most preferably 1 to 5 wt% of the sulphdnic acid
catalyst or the rhenium oxide catalyst based on the weight of the total reaction mixture.
The sulphonic acid catalysts or rhenium oxide catalyst of the present invention are
preferably soluble in the reaction mixture.

30 1t is preferred that the reaction mixture forms a single liquid phase, but the
reaction mixture can comprise two or more phases if desired. '

Examples of suitable sulphonic acid catalysts are 1,2-ethane disulphonic acid,



di sul phoni c aci d, 4-bronobenzene-1, 3-di sul phoni c acid,

4, 6-di chl or obenzene-1,3 5 di sul phoni ¢ aci d, 04 SEP 2006
2, 5-di chl orobenzene- 1, 3-di sul phonic acid, 2,4,6-trichlorobenzene-1, 3-

_di sul phoni ¢ acid, 3-chloronapht hal ene-2, 6-di sul phonic acid, benzene

tisul phonic acid and naphthal ene trisul phonic acid. The defined sul phonic
acid catal yst enployed in the present invention contains at |east two

- sul phoni ¢ aovelos@sneps per nol ecul e. The defi ned sul phomct/Gaeidsseat al yst can
10 conprise a single sul phonic acid conpound or a plurality of different

sul phoni ¢ aGk@e&oPasulsienic @66, behRnalS-aistiphvaie avitiHeniche 1 éelish]pbdﬁts ul phoni ¢

acid) provided t overal.l aver I d t f
he. dief ned JBOTBRGHIGe Lo PHpLehs ek SPaape A ra-yoiegt RO Tmedes 1% % 1"
gesi r eg t1 gez ﬂﬁéunpn&dcﬁaﬂ,phﬁmo@emmed Béitvaghysit acd, 4tﬂmrqbemmqt 34 nvention can
e use

adm re ofh nown to be

ef fective i r?SB&P%lW’i Agj{’?ﬁ@méﬁ‘& “&d)%ﬂpgo ALt Oﬁg %)?%ZC&I e’g t he defined
sul plhonl G a%sﬂlpﬁ@débl dod, ms-aiihlofbbaﬂmc)dr,aﬂdlmlph\nmb fcid 2m;ﬂthlbxphmm-la3e| d
catal yst. Pre a e defi C aC| cat e present
Chventton 1 ciSHBIge fidsdeisSrioBEaR et IR B i o By by Poct
preffarabl y %dh@&ﬁﬂexﬁ@l’l%ﬂﬂ%ﬂéad’ld}e tot al catal yst content. The use of
catal ysts conta 0]0] 9%.0 nic acid
catal yst is par w%{%ﬁﬁﬁﬁlsﬁlp%%?a@% tﬁl.ygt GTH%‘:SO% aakrgﬁeé‘gguﬁ%gc 31%:19 Qf
:AI nventi on rralyashe/oeﬁmﬂoﬁipaddlgfoupmr fholeenleo fThedefinerdosdphomic adnﬂ wtqbut@nbut adi ene.

ternati

ely, on m.xture in u be enpl oyed,
for exa @le,%f“ﬁ sats’flglﬁls"&%?&fcc?&‘grc?)‘g%oun spgurgl &dﬁ?erén?gﬂéﬂggw %t adi errlrg I>/n
one errblodi NMedainpeundaieachén gcordandel@itinthe dﬁ‘mbm:@mmah@)tpr@ahd Bt fbc)rrpn si ng,
inter alia, but di ene sohut.ene, i's
enpl oyed. ﬁlaveé?tgf Earbin VPRI ?lgié%gtlgp edeéﬁgég l‘gﬁ]q?n Qgirfgtu %@ sat ur at ed
al i phatic notﬁ@ﬁﬁgellolxwlll@.lﬁm d enployed in the present invention is

preferably a Cl feral ably a C2
to C6 acid. é{q()ﬂ%g*%&?’ onéc ‘10% y@%r eﬁhgg égh?é%g%ceagﬁbgg% ion is
pL ef erabliy c:aranmﬁdnrmm doB ot 1lﬂerc|bthe:scatalysts kfowanad lsareffeﬁtme imoatalysing thet he | i qui d
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preferably at least 50 wt% of the total catalyst content. The use of catalysts containing
20 from 80 to 100 wt% of the defined sulphonic acid catalyst is particularly preferred.

The butadiene employed in the invention may be employed in the form of a
substantially pure butadiene. Alternatively, a hydrocarbon mixture comprising
butadiene may be employed, for example, industrial hydrocarbon gas streams
comprising butadiene. In one embodiment a raw (e.g. crude or depleted) C4 stream

25  comprising, inter alia, butadiene, isobutene, 1-butene, 2-butene and butane is employed.
Such a stream may comprise up to 60 % butadiene.

The saturated aliphatic monocarboxylic acid employed in the present invention is
preferably a C; to Csp, more preferably a C; to Cys, most preferably a C; to Cs acid.
Acetic acid is particularly preferred.

30 The reaction is preferably carried out in the presence of water. For example, the
liquid phase can contain 0.01 to 10 wt %, more preferably 0.05 to 5 wt % water based

on the total liquid phase. Generally it has been found that low levels of water, e.g. in the



-desired reaction. Thus it has been found that, at |evels above 5%w/vx %EE 2006
catalyst activity tends to be significantly reduced whereas at | evél's

bel ow 0. 05%W/ w, the activity though high, unacceptable selectivity |oss
can occur. Consequently the water level in 5 the reaction zone is suitably
‘in the range from0.05 to 5 %W w on the carboxylic acid, preferably from
0.05 to 1%/ w. Also at high levels of water, hydrolysis of the product

- esters can WOIYMB™S| gni ficant and the resultant producPCHGREOLdES cont ai ni ng,
for exanple, allylic alcohols, can |ead to additional expense on product
wor k up. Theange8dtto HA itk based drethé ytal adtioR thixditt, akdhigh\Podnbititl &g N xed

| i qui d/ gas .0t h 1 esence, of sol vent. The reaction is
preferably %9&?@3&3&[ %lljursiétglra&ée(g’hg"l“{“ﬁgﬁsa@eﬁ’&lﬁabt°ﬁ%1§%“t/‘ﬂéhercé’éb’ﬁi on between the
but adi ene arativiti¢endsio e sighifiantciedicateheras btnevel Belbw 005w aBeactitify a sol vent

is enmpl oyed,pdibmn b Lal.that both reactants di ssolve conpletely in
the sol yentﬂ.ldu%%i\}_\@\]igg%cfe?’% %ﬁgglgﬁivﬁy&%ﬁ%&%uri fonsgaeatly he watelggdign i s such
that it i% dJhedrewbonzone ipuitably iothe thugesiodmy 0.0t 5ty widahe RiokAltasid, Speci fic
exanpl es of Sic. o NG U 15. rocar bon ch as decane and

t ol uene and pgxy%éf\géﬁég'@gsg)l 1\3@%’59‘5588%%%&? ater, ﬁgﬁﬁt’:‘&‘%‘%ﬂf‘d’“&‘ﬁer s, e.g.
n- but yl aCﬁtcﬁf’TéC@I’bem@if@aﬁbllb@ftﬁeﬂll]tau;ipﬁbdmﬁgﬁ:itﬁﬂb?rﬁﬂﬁng,e&)éﬁ , hi ghe][
esters suc : t s cled sec-butenyl acetate. e use o
excess car goilifﬁﬁgﬂg%}%lgazjtgg&raglgg{léﬁmsgé’ﬂprﬁgucg?ﬁ%ﬂff’ageous when the process
of the present Tlammn lawiih@ym@doasinptm_rltquidfor Rixpd QARG GasipBise @%hé act i ng
conver o o G1ohet ol BHER. Thd-ERbn Bhekob T o budft CBAHOE B0t r omoval
of but adi endhe reastien retvenst the butadione iamd thq:)cadmb{jrlibez;:idtob@rsriﬂtﬂé\liq{xid(ﬁﬁase.rﬁcovery of
but adi ene frQq [ [ i.[.es a separate processjing stage. In
t he process ao%ﬁﬁ% °g’?£°¥°ed§{‘ Esﬁlﬁ{\%?ffl ﬁ%?\haﬁ&? rga‘%f“g SSRIVRS tHeo use

pol yner i sat isefwent.niovsiveroit & a8 advantage ifthisolwhtlogeh AR@IEShA & igsuitBhll but yl at ed

hydr oxyt ol u | 6-di -tert-butyl-p-cresol). O her nmenbers
of this ser i%ggablle 8%{1_1?}3%&? Rgtﬂlthreg%ﬁ%’;(tf'r peg ??’@@ng XA‘?HM?"&W% inchdin G ba G gy,
Lowi nox(¥5) dwdrpeathons suphmtsdedand md tohome Gidemygendtalc@melthaith 6ddlyd@l por at i on,

P31 1) S Bt M S b "
ni t rosoani | ihjgler)esters 5@!;!3%08’@@@1\‘@@@ recgele). sec-butenyl acetate. The use of excess
2,2,6,6,-t etcﬁr_ﬁﬁ? i3 A3k !cgheo'el aaxgaéélgéog%ggén%gp’mc%g of the present

tetranet hyl -4 roxypi peridine-1-0
2,2,6,6, -t etnvarten ipseas pat ofdi poeeds foeytracting bhibdichelri by Bnp¥e s@ednthd 0S  Of

but adi eng t & fdNBaGALRAXY ] Ld..r t in.the addition reaction is
suitably in thgla range W%%#g%k'%mf’%gﬁb%%&gﬁf owg?é?séﬁfrﬁs’ﬁﬁht he range from1
- 1 to 5 0eHficispuy of pg@val of butadiene. In current commercial practice, the removal or

recovery of butadiene from refinery streams requires a separate processing stage.

In the process of the present invention it is also advantageous to use
polymerisation inhibitors such as alkylated phenols (e.g. BHT butylated hydroxytoluene,
25  also called 2,6-di-tert-butyl-p-cresol). Other members of this series include the
Irganox® series of materials from Ciba Gigy, Lowinox® series of material§ from Great
Lakes Chemical Corporation, tropanol® series from ICI and t-butylcatechol, nitric
oxide, nitroxides and derivatives (e.g. di-t-butylnitroxide, and n,n-dimethyi-4-
nitrosoaniline,), stable radicals (e.g. 2,2,6,6,-tetramethyl-piperidine-1-oxyl, 2,2,6,6,-
30  tetramethyl-4-hydroxypiperidine-1-oxyl and 2,2,6,6,-tetramethylpyrrolidine-1-oxyl).
The relative mole ratios of butadiene to the carboxylic acid reactant in the addition

reaction is suitably in the range from 5: 110 1 : 50, preferably in the range from 1: 1 to

5



‘WD 03/082796 PCT/ GB03/01346 1:10. The reaction is suitably carrieg out at
a tenperature in the range from 20 to 140C, preferably from20 to 430k 2006
nore preferably 30 to 120C, and nost preferably 40 to 90C The reaction
pressure is preferably the autogeneous reaction pressure which is 5

determ ned by factors such as the reaction tenperature, presence of absence
of solvent, excess of reactants and inpurities present in the butadi ene
-stream An WOdRYhal pressure may be applied to the BYRERBHIING singl e
fluid phase is preferred e.g. no butadi ene gas phase in addition to the.

l i quid phasd:1hich may optionally contain a solvent). The feed-streamto
the reaction is : engve Ccorrosi o al :0 and or
basi c inpuritiégghg%ﬁ&gggﬁ%ﬁgggﬁﬁgﬁ%%aé?mgP §HP8“6§§839g§h&+§PF m Such
corrosi on nereirebliony 2B ted 3¢°Ehmofeprefarabiynidl te 120°€ 2@t moktipleferitsly inaCt | vat e t he

sul phoni ¢ ag lLyst. aratus for carrying out the reaction wll be
wel | known ;"9 gq.t h]glgée%g °|nIpfeéﬁ%lqﬁprte'ﬁéaglyétfct?“t°ﬁ‘?§}°g‘l§i‘?%ﬁtﬁﬂné’?esfqﬁ%w}i“é%€ti on may

sui tabl y She detemmineddby Gactors sncteas tHeutepcfidnamhpermirt, Peeserde 6 abEchde of belvéngact or or a
cont i nuous Lrred tank reactor. In th ase that a plug flow reactor is
enpl oyed, itse ;‘éleésogfeé‘f't%}q?%‘gnf‘?\u estff{“ese’lfﬁ%@ggu "tnﬁa‘if%ﬁnsadgp%‘hed of f and
recycl ed t o ptdsmre maydbetapplicd tothesystap ifdingleiid plass @pératddle.g. hdbdidancase of a
plug flowr r...the. butadj.en cgn, be present partially as a separate
gas phase aggscv%’?ﬁe l%asc{ég"@f’:dogtgﬁt ‘gqt\‘}ségwgfﬁ%l hpriionally peptaina felfept)oper at i on, f or
exanpl e, in a tThedtddastrbmaltoditbatons pRfehiblyittette DR FeriliM c&fsioh kR0 but adi ene
feed can,pe added.for exanple at a plurality of places in the reactor (e.g.
at int elro\?alagéj(gﬁ)gs ﬁ%ln:%éis@b?‘ﬁmw a‘ﬁ'%ﬁtf‘ﬁ&r 9’$%W%Fs§%t&°6ﬁf‘)°?n- IS4k he case of a
bubbl e *bed dewisbe metaser bigat ad) fareamle) reacf witeml ietivate eheddglBshicRMNt er - cur rent
to the car b%%%g!tc acid feed. A typical LHSV (liquid hourly space velocity
= volunme of Tiquid feed /catal yst bed volune) for the carboxylic acid is

0.1 to 20 nore fppefabsdicymBngout the feaction wilhiee waA@owH toahRB skillédGRthe NUOUS
stirred tank rgactor |yrality.aof reactqrs .in series can be enployed if
desired, anéﬂaf%gon i lr?utgﬁgea PR Eg %‘?&ﬁ%éf’ ‘if&?@f’w&? Blge day z5agten 2 84RY pe t aken.
"1 n thi sl5casectotor aicsntinummeﬁ&ddairﬂcyeaaldﬂaﬂth%@muﬁtiﬁlugﬂWWa&t& igatalyst in a
vari ous stages, of, deact.i vat.i to Jnmprove the utjlisation of catalyst.
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reaction ch Fresh.catal ysts can be added, continuous|y or
i nterni tten'i% Trm?/beeipfesengggp?cl@&? 3 POBATAR BHPARSS 2% Wg?‘b‘é’gﬁng ofved and taie wapld; v e
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intervals along the length of a plug flow reactor). In the case of a bubble bed device, the

butadiene can , if desired, be added counter-current to the carboxylic acid feed. A

typical LHSV (liquid hourly space velocity = volume of liquid feed /catalyst bed

volume) for the carboxylic acid is 0.1 to 20 more preferably 0.5 to 5. In the case of a

O

25  continuous stirred tank reactor, a plurality of reactors in series can be employed if
desired, and a continuous bleed of any deactivated catalyst can be taken. “In this case it
is economically advantageous to run with catalyst in a various stages of deactivation to
improve the utilisation of catalyst. This can result, for example, in the total loading of
catalyst (activated + deactivated) reaching high levels, for example, 50%w/w or more of

30  the reaction charge. Fresh catalysts can be added, continuously or intermittently if
desired, to maintain the desired level of active catalyst in the reactor(s).

Preferably, the butadiene may be added gradually to the saturated aliphatic

6
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the reagent raydl clj.vi is_sianificantl reater for the

sul phoni ¢ a(s:dimcl?8 %ﬁ't geyu§?5%gé%%ﬁ§m%¥prf %_5%6 g@?{top]ﬁ\%']‘f?f%tﬁ? caﬂ’(’f‘ﬁé’or etical

process fl owsiderd butalient toibd additienlreactorearjhavea Heneffdia efféction ptodueadsy reactor is

fed with butzaggge%gvi@pd acetic acid in the presence of water and catalyst. A
a

streamis en“and mi xed with cycl ohexane before separation in a
decanter I Vl). Thesaofidebums splpbes qdckl catelystodfohk dresetthevetitiva disetd ofvhi | st t he

cycl ohexane L RL0G. hase..i s iluted. with e yat er, and passed
o a secoriiunBiit ie GRRT AR el i St P et BebbuRa w ¢
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ass € CycCl oheXxane
reactor; sulphonic acid catalysts of the present invention as shown, for example, in the Examples

20  below. Although the increased activity towards the addition reaction is tempered by a loss
of selectivity in respect to the reagents, overall productivity is significantly greater for the
sulphonic acid catalyst systems of the present invention.

A theoretical process flowsheet is illustrated in Figure 1. The liquid phase reactor
is fed with butadiene and acetic acid in the presence of water and catalyst. A stream is

25  taken and mixed with cyclohexane before separation in a decanter (V1). The aqueous
phase is recycled to the reactor, whilst the cyclohexane containing aqueofis phase is
diluted with more water and passed into a second decanter (V2) where any residual
catalyst is removed with the aqueous phase (to protect the preceding column from
fouling). Column D1 flashes the butadiene over the heads for recycle into the reactor.

30 A side draw is taken to pass the cyclohexane back into the stream from the reactor,
whilst the stream from the column base (containing water, acetic acid, crotyl acetate,

sec-butenyl acetate, and reaction byproducts) is fed to a second column (D2). This
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resulting agueous catalyst solutiaqnp, and refurnin he catal yst solution
to the rgac?tg?l.’resfﬁt B ﬁfn&ﬁ}o@rnggﬂ}|prq§1gfersg1a Quagntéegﬁg%?la%iﬁ)@f'i cable for

exanpl e, to preduys thiaf) Bftdr g periddp Blpbratichs tetuce BHedffydive AdBvinfér thed@lykton in the
preparation of . butenyl cet%t e from %t adi ene and acet]jc acid. The
reaction is DEHAMRNEERCY fp apreseted appectpf fbe Rresegtinprmtien, the catalyshiy e a bubbl e,

tube, or 15t i ¢oh@hotsBd int@d@teatly pufified BicbhbvabofRiABYGhodsbts. CPPpaRRGL&T | Ng of
unconverted reactants, reaction %y B{oduct s .and reaction products still
contai ns act{OESFEMREEY g 3,pRytior qf thezgactiqn mix e vty WajGry SXtrpgHBE  eact i on

product s f ororganicamieidls GO thokesulting tnikfere bl witimOwitEwisQsufidciiblverp, coul d
catal yse the r, lz\g@rse reaction | adiafrl}ggto | i beration of butadi ene,
[

react ants an®PuPBULcHErenfaing fhere s rgtalys dotutinmy apdiretpmppg thepent with the .
desi r abl e r eaelystolupérnd tetéactdi.t h t he catal yst under distillation conditions

can red US(? the Thus Figure 1A illustrates a scheme, applicable for example, to recycling the
sulphonic acid catalyst to the reaction in the preparation of butenyl acetate from
butadiene and acetic acid. The reaction is conducted in a vessel, which can be for
example a bubble, tube, or stirred tank reactor. The exiting product stream consisting of
unconverted reactants, reaction by-products and reaction products still contains active

25  catalyst and, if left in contact with the reaction products for extended periods of time
during the product work up, could catalyse the reverse reaction leading toliberation of
butadiene, reactants and loss of product. Minimizing the contact time spent with the .
desirable reaction products with the catalyst under distillation conditions can reduce the
degree of the reverse reaction. This can be facilitated by careful design of the

30  distillation equipment in this example the reactant outlet mixture is first separated from
the volatile components in a flash tank this generates a recycle stream of volatile

components such as butadiene and vinyl cyclohexene, and then subjected to more
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Exanpl e 1 Reepsrdtiomcanfbe fheilitetidéby@ddididnivf a petiominately datthiastubxagedtisieant S wer e
undert aken igaglcﬁgc%rvggﬂg acdca}(g}lta)(%\acIIl for batch reactions on a 20 100g total
reactant scal e,y ¥ Tl

0 run aroong at nospheric pressure. Several experinents
wer e run concufheinvdntionis novyillnbtraged with meferetios tothx folfowiag Ergnmebdtickrid i ty.

1, 2- et hanedi i i .and. .1, 5- napht hal enedi syl phoni c .aci.d were
conpared wit e?ﬁgggié%lq%ﬁgaﬁfl% %&%P?esgn%?n %%rgﬁ"}c ?{b"fﬁ"’&‘%&ﬂ ia‘éF?atﬂ?gni um( VI 1)
oxi de wad5 al BxempleSiskaivs elfeagentalsiciails f ausiethe dsr tiss eppactietlandfputificafibilsf ch. 25

Typi cal rea%;&&lygtharge: Acetic acid (containing BHT at ca. 500 ppn) 97.9 g

Example 1
Reaction of butadiene with acetic acid

These experiments were undertaken in glassware adapted for batch reactions on a
20  100g total reactant scale, to run at around atmospheric pressure. Several experiments were
run concurrently using this method to maximize reproducibility. 1,2-ethanedisulphonic acid
and 1,5-naphthalenedisulphonic acid were compared with ethanesulphonic acid, a

monosulphonic acid. Rhenium(VII) oxide was also tested. Reagents were used as supplied

from Aldrich.
25 Typical reaction charge:-
Acetic acid (containing BHT at ca. 500 ppm) 979 g "
Water 0.1g
Catalyst 20g

The water content of the acetic acid feed was determined using a Karl-Fischer
30 titration method (analysis repeated to a values within 0.05% w/w), and the level adjusted to
that required. The reaction vessel was heated through a water jacket to 60°C and loaded
with acetic acid (pre-purged with nitrogen), water, inhibitor (BHT- 2,6-di-tert-butyl-4-



Mater 0.1 Catalyst 2.0 g The water content of the acetic acid feed S
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2,6-di-tert-butyl-4 9 0 4 SEP 2006 WO 03/082796 PCT/ GB03/ 01346 .
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bel ow shows 1 ) Sec- [Q cetate
yields for ’lﬁhﬁgighn%r %glélhggﬂ%ﬁ%tsgl%ﬁﬁ%%%&?g?ﬁg%% u%(dpth‘%%gjg 938?%? 'f%gf al ysed
exper i nent s dgteaningdder bugenglpctias mdtthﬁo@érwli};emhﬁ@t _eﬂgthesxblghﬂrrmﬂlhg Wi tg t he
di sul phoni ¢ R&k HaEDP i S w a2 CALcUl a on a
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aci d groths %‘&/g%t!“btﬁ oglgplase the zraetiop selectivity. ESA to EDSA is 5:6, which
demonstrates a_ easi Salofs RHENGAIE AL @Chiu] habil SULRHpIg acid
group in the disulphonic acid system A further “enhancenen ~sul phoni ¢
aci d group afE‘ttP‘?ﬂF‘P’&Ps‘il_Eh%éﬁd Ep 8 (cthanssulphertic #vid) esialydd sxperiments e ess d (Run 5) .
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differs for the two systems. A'slight increase in ac
disulphonic acid), calculated on a weight for weight loading basis (Runs 1 to 4). The ratio

20  of sulphonic acid groups based on 2g of catalyst for ESA to EDSA is 5:6, which

demonstrates a considerable enhancement of activity per sulphonic acid group in the
disulphonic acid system. A further enhancement of sulphonic acid group activity is seen
for 1,5-naphthalene disulphonic acid (Run 5). The effect of increasing water content on the
evolution of Cy acetates differs for the two systems. A slight increase in activity is

25  observed for ESA in moving from 0.3 to 1.0% water (ca. 11%), whilst EDSA shows a
decrease in activity (14%). The idea of assisted acidity between the close proximity acid
sites would explain the activity decrease for EDSA, and is exemplified further by Run 6.
Runs 7 and 9 show similar results for the same catalysts at lower loading (a slight decrease
is observed in both cases on moving from 2 to 1% w/w). Rhenium(VII) oxide (Run &)

30  under the same conditions yields about 80% of Ci acetates in comparison to EDSA,

significantly more than ESA.

10
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Notes on the Table:
ESA - ethanesulphonic acid (comparative example); EDSA — 1,2-ethanedisulphonic acid;
5 RO -rhenium(VII) oxide; NDSA — 1,5-naphthalenedisulphonic acid.

Table 2 below compares the selectivities of the homogeneous catalysts and relates
them to their respective activities by calculating productivities. The selectivity, both with
respect to acetic acid and to butadiene, decreases for equivalent systems on moving from
monosulphonic acid to disulphonic acid groups. This suggests the assisted acidity issue for

10  disulphonic acids not only enhances the evolution of C4 acetates but also enhances routes
to side-products to a greater extent i.e. enhanced acidity favours the formation of butadiene
oligomers and Cj acetates more than C, acetates. Rhenium(VII) oxide also shows poorer
selectivity than ESA. By relating the selectivity and the activity, a productw:ty value can
be assigned to the catalysts for comparisons to be made of the overall catalyuc

15 performance. These calculations indicate that EDSA exhibits a mu¢h better overall
performance in generating C, acetates than ESA for the given set of reaction conditions.
NDSA. and rhenium(VII) oxide display productivity close to EDSA.

20
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selectivity than ESA. By relating the selectivity and the activity, a
productivity value can be assigned to the catalysts for conpari scﬂ1€ SES BBS
made of the overall catalytic 15 performance. These cal cul ations indicate
‘that EDSA exhibits a nuch better overall performance in generating C4
acetates than ESA for the given set of reaction conditions. NDSA and

rheni un(V11l) oxide display productivity close to EDSA. 20 11 0 4 S E P 2006
- WO 03/ 08279% 039203803/ 01346 Table 2 - Selectivity and PCOGBOYNILMASL Y

cal cul ations Run No. Catalysts Catalyst Water Total C4 C4 nol C4 nol

Productivityd charge gqapk@niscReBiEGaApRAGRRY cltisdis (W W) (%ww (%

w w) sel ect, Sy ased-o c—acid (b
(9% 1 ESA g Run o Caalystd Catalys| oWatery7 Totalikad &4 yohy > Gaaepl g@rofluetiyiiyt| 34 3
EDSA 2 0.3 |7.555|71. 6 Y2¢Harge. P Lontéht HD@Atates 1. Berbonf 85 pdréent [94. 4 5. 0L S5 NDSA
2 0.3 6.188 75.9194.1 4.70 6| EDSA 2[ 4,0 1.1968 81.16 97,2 1.61 7 ESA 1 0.2
1.785 91.097.7 1. 62 8(%0’1’)0%’2‘“’4".")16@/"?‘3’353 seleetigityy sglectivy \EDSA 1 0] 3 5. 426
63.1 89.7 3. 42 tes gn the [Tabl e a - ESA |-baeédvaniesdséddnoni ¢ aci dj(110. 13);
EDSA - 1, 2-let hangdi sul ghonic acid (RW5 190..20),; -IRO - rhenium VI1l) oxide
(FW 484. 40)|; NDSA - 1, 5- napt hal enedi sul phonjtadisps igctigeeidy drat e ( FW
360.36) b -| C4 selectivity (Wth respect tol bgpdi eneky= [ C4 acet ates] /
([CA acet at acet-at-ps}-—+2-dipersl—+Lolgogprsi—+t+riweis]) c -
C4 sel ecti Wi ty1 (v tH94 espe%t o Setj c*dS d §4'ﬁ?c4 g?épat es] 1’P7 ([¢c4
acetates] H @B [Ikscefatps]) 1.0 | 2.601 90.1 97.4 234

3 EDSA 2 0.3 7.555 71.6 92.4 5.41

4 EDSA 2 1.0 6.485 71.3 94.4 5.01

5 NDSA 2 0.3 6.188 759 94.1 4,70

6 EDSA 2 4.0 1.968 81.6 97.2 1.61

7 ESA 1 0.2 1.785 91.0 97.7 1.62

8 RO 1 0.3 4.165 753 93.8 3.14

9 EDSA 1 0.3 5.426 63.1 89.7 3.42

Notes on the Table
a - ESA — ethanesulphonic acid (110.13); EDSA - 1,2-ethanedisulphonic acid (FW
5 190.20); RO — rhenium(VII) oxide (FW 484.40); NDSA — 1,5-napthalenedisulphonic

acid tetrahydrate (FW 360.36)
b - Cs4selectivity (with respect to butadiene) = [C, acetates] / ([C4 acetates] + 2[Cg
acetates] + 2[dimers] + [oligomers + trimers))
¢ - C4selectivity (with respect to acetic acid) = [C4 acetates] / ([C4 acetates] + [Cs
10 acetates]) |
d - Productivity = (selectivity to butadiene / 100) * total C4 acetates ..
Similar experiments were undertaken to compare methanesulphonic acid (MSA) with
EDSA (2% catalyst loading, 0.12% water, 60°C), as illustrated in Tables 3 and 4 below and
in Figures 4 and 5.
15
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d - Productivity = (selectivity to butadiene / 100) * total C4 acetates
Simlar experinents were undertaken to conpare met hanesul phonic aci d 4 I9BR) 2006
with EDSA (2% catal yst | oading, 0.12% water, 60C), as illustrated in
Tables 3 and 4 below and in Figures 4 and 5. 15 12 0 4 S E P 2006 WO

03/ 082796 PCT/ GB03/ 01346 Table 3 Run Catal ysts Catal yst Water 2-Butenyl
Crotyl Total C4 Tenp. tine charge content (% Acetate (% Acetate acetates
-(© (h) (Yomgoapszden) W w %ww %ww 92 EDSA 2 0. 12 r2T/6B®/334897 6. 015 60
92 MBA 2 0.12 2.197 2.578 4.775 60 Table 4 5 Catal yst* Catal yst Water
Total C4 Reaction &4 nol % charge (Pantontent acetates tinme (h) selectivity
ww (% W W—Yew-wi—based—op—acetic—acd—{99 —EDSA 2 Q 12 §. 015 92 99.8
MSA 2 0.12 4 RurgCoalyge| Catalyst EDBAter 12-ButetyhpGalyls UITplab®i [Teapiid (FW 190. 20);
MSA - Met hanesdél [phoni c| gk féorfecht BelARGAE Y6l Xcdtatd tacgtgggpa@dc)to acetic aci d)
_ Lo acetatieg) | (| O4 @apbal ehhgt L BBl @IeRh ] ooyt [0} 1Te Previous

systens, thedhtia—evoruttomrot—G4—acetates—pet—actra—protd IS nuch

hi gher for dPéullBRBA; cl2t han RdAosul Bddhi ¢ 3@0%s 6016 i n[6Phi § system the C4
acetate corn@ent|M$iai onl2appr opabes ejgupt i br j2isms nofaer7sapi Bby. [Thus the final
C4 acetate levels in each systemare nuch closer together than those in
earlier runs (Figures 2 and 3). Clearly there is an advantage in using

di sul phoni ¢ acid catal ysts over nonogapighonic 15 acid catalysts for the

direct ad@lition reaction, particularly at shorter reaction tinmes (were
equi | i bri un| fcaglys®s| ChedIRBC | Watek at|e T8REC) S Redctifll t]i NB) mo%aTP! € 2
. charge (% | content acetates time (h) selectivity
WIW) e wiw) | (% wiw) based on
acetic acid (%)
#
EDSA 2 0.12 6.015 92 99.8
MSA 2 0.12 4,775 92 99.9

* EDSA — 1,2-ethanedisulphonic acid (FW 190.20);
MSA — Methanesulphonic acid

# C4 selectivity (with respect to acetic acid) = [C, acetates] / ([C4 acetates] + [Cg acetates])

10 As for the previous systems, the initial evolution of C4 acetates per acid group is
. much higher for disulphonic than monosulphonic acids, but in this system the C, acetate

concentration approaches equilibrium more rapidly. Thus the final C, acetate levels in
each system are much closer together than those in earlier runs (Figures 2 and 3).
Clearly there is an advantage in using disulphonic acid catalysts over monosulphonic

15 acid catalysts for the direct addition reaction, particularly at shorter reaction times
(where equilibrium factors on reaction rate are less limiting).
Example 2 -

1. Experimental
The reagents were used as supplied by Aldrich Chemical company v“vithout additional

20  purification. Standard “Quickfit” laboratory glassware was used in these experiments.
These experiments were conducted at atmospheric pressure unless mentioned otherwise.
A series of seven consecutive batch reactions were conducted in which the catalyst was

recovered and recycled by aqueous extraction,

13



1. Experinmental The reagents were used as supplied by Al drich Chem cal
conpany without additional 20 purification. Standard "Quickfit" | alotr &EBr3806
gl assware was used in these experinents. These experinents were conducted
‘at atnospheric pressure unless nentioned otherwise. A series of seven
consecutive batch reactions were conducted in which the catal yst was
recovered and recycl ed by aqueous extraction. 13 0 4 S E P 2006 WO

- 03/ 082796 P®N@BO301346 For the initial run a three necwedoyoednd bott oned
flask was charged with 1,2- ethanedi sul phonic acid (10.26g, 2.07% w w) and

acetic acid (48, %tggmlgxg.ﬁ% 2rde B oﬁﬁd bo?[:xge«pﬂagﬁﬂé'\ghﬂfgp&’wﬁ?‘fi Fi sher

anal ysi s) and nechani stirred to al Issolution™ (15 mns). The fl ask
was connecteihhne@u@hbm@mﬁ@ﬂéﬁg', ANEY ‘émde‘feﬁl@ml‘é(%é&&w@twawf’é? and 5 gl ass

bubbl er venf, oubl £1 4 l_glglgkmpggg%me@ 9? tg.geg@o ad g@goglgmp@bjance A flow

of butadiene was fed into t ction unti had been di ssol ved
into the rems) dheﬂmmaaconmwdma%d@n@mkéf@ddm%IH@WCP%‘P)&?‘%d and t he

flask then glﬁ%@ﬁgb%:(l oltft, %d’m ff:‘barat@?%lgbemdﬂtﬁh%ﬁlaﬁ&e 60fowyr a " Haake”

wat er bath anical stirrer tach hr ough the central neck. The
reaction wabutefisnpwes fed intrthereagtian prst 3QuiRerhad heenglispelyed ntouhs repefiodvi t ched on.

After ca. 18B4a AR a&ex(e('ft@ed v?ag)heﬂ‘ﬁglat%d(ﬁx{d"%&tﬁdgk fhePfankRRed B@GateN M xture

via a syringe through a suba seal and used for GC anal ysis of the reaction
conponents. batﬂ'm@nmptiatém%hntﬁ‘ﬂrb@l@ waiat tsthpad e mechapied] soTer aiashed: he reacti on

allowed 10 680k sbBORAGAAL 1Y realdd vEOUAINS MARSHRE QUEN kit dlae Tl | ol ng

I|qU|dI|qU| raC|ontec ni que e cru mxture was luted with
wat er (200 g\)ntchcttbnemeam t8h 2 saspleicadgrya e@h@@r‘f@ﬂ(@ s@acmmgl)xmer he aqueous

acetic acid Bgt@g&gwouggg&%g&af ﬁdg5@%&*&@@&5@?&@%&&95&%5&@ ed on a

rotary evapor nore vol atil es
coul d be r effbesticker ail avatsr batlweiere mggffmmmacrumswmmoel acid (490g), the

wat er | evel adj ‘%"ﬁ ‘ﬂﬁFQ&"L%%&g%0ﬁ&g%§%%ﬁb r%r%,llaehq?@dxture transferred

to the reaction sequent “run ca. 3g) was taken
at this poi rextrabnnnze):hniqueer'l‘rim rrede higstura v asiddrted witpwaten (2Qe) end exkraciedhar ge (GC

anal ysi 51)5 ghg gélo%am @nghggﬂaﬁggcem&ushqse%c geea%mcﬁ{e? (as

before), run I'S process was repeated until the
cat al yst hadladkaechcqms@datid bn megry eRepgesata (G, 3DuBamg0fCds en piliwbentiee sanpl i ng

for analysi Srno?eav%ﬁ%%s goulgge relgoveg a}‘kﬁl cﬁll%}as ﬁ‘é’som& iRy ggetléjlcld (490g), the

water level adjusted to ca. 1% where necessary, and the mixture transferred to the
reaction flask for the subsequent run. A sample (ca. 3g) was taken at this point to
20  determine the initial composition of the charge (GC analysis). The flask was then
charged with 30-40g of butadiene (as before), and the run restarted. This process was
repeated until the catalyst had been used 7 times.
Runs 1-7.
During these runs the sampling for analysis caused a loss of cétalyst so the amount of
25  catalyst was also measured to determine its speciﬁc activity.
(100m silica supported column) fitted with an autosampling facility. Decane (ca. 1%)
was used as an internal standard to obtain compositions of C4 acetate products and
reaction by-products (primarily Cs acetates and butadiene dimers / oligomers). Blank
30 THF samples were run after every sample run to ensure elution of the heavier elements
(e.g. butadiene trimers, oligomers) from the column, Results were quoted as % weight

for weight compositions of the total, gauged against the internal standard.
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25 cat al yst was al so neasured to determine its specific activity. GC

anal ysi s was undertaken on a Perkin-El mer Autosystem chroi nat ograph 0 { 568n3006
silica supported colum) fitted with an autosanpling facility. Decane (ca.
1% was used as an internal standard to obtain conpositions of C4 acetate
products and reaction by-products (prinmarily C8.acetates and butadi ene
dinmers / oligoners). Blank 30 THE sanples were run after every sanple run
-to ensure eMfxW30%7%6f t he heavier elenents (e.g. but adPENEBEIYEr S,
oligoners) fromthe colum. Results were quoted as % wei ght for weight
conposi tions of thiigclhidxiMe exGRMIRAh AR Werelahysbdi o SilgHur BldeReand. 14 0 4 S E
P 2006 WD 03/082796 PCT/ GB03/01346 The cycl ohexane extracts from each run
wer e anal ysBeeften ofany satalyst legsh H‘é@%‘?%ﬂi‘f’é'ecyf’lﬁémé%?f -eMHovBRces ¥Eec at al yst | eachi ng
during the ﬁa&ﬁdéﬁh@th@éaﬁ&ﬁﬁ&asfwchmwn&emmesmﬁﬁg gds.in the calcul ations
for catalyst lost during the sa l'i n S. |l e 1- Mass bal ance data
for Run 1 5 Description mtjht' a5y ‘?“(9°§ "&W&rlged (0.84% w w) 486.10

EDSA Cha§ ged 1026k Acetic—acid—+-catal \lef char nnrl 49636 ut adi ene 35.61
Reaction m xturle at the @rseripfiort he run 501 26 E!Melghagggd but adi ene uptake b
12. 77 Water ad dedAgéﬁcgglggM d@@@»@@/w)qcl ohexangggexg ract 1(198. 52
cl ohexane recovm nexane extract zl ﬁgp 73— Cycl ohexane
recovered 148. 1 broval—ot acet-e—aebd——13—11 wat er
Sanpl es renoved 7. 8ACetic @id dlcatalystichaegedt hr ough sanyP6.8fy 0 16 a - Catalyst
concentration 3 10.26 / 48fadbhe= 2. 07% W W 35.61
Reaction mixture at the end of the mn 501.26
Bstimated butadiene uptake® 12.77
Water added to mixture 195.91
Cyclohexane extract 1 198.52
Cyclohexane recovered 207.77
Cyclohexane extract 2 136.73
Cyclohexane recovered 148.13
Residue after removal of acetic acid / 13.11
water
Samples removed 7.87°
Catalyst lost through sampling 0.16°
a -  Catalyst concentration = 10.26 / 496.36 = 2.07% w/w
b -  (Mixture at end + samples taken) - (Acetic acid + catalyst charged )
¢ -  Samples removed =100 x 7.87 / 496.36 = 1.58% of total
10 d- Catalystlost=1.58 x 10.26 /100 =0.16g
Table 2 - GC data for Runl
Sample Time Weight (g) Crotyl Sec-Butenyl | Total C4
‘ acetate (% | acetate (% |.acetates (%
w/w) w/iw) w/w)
Runl-1 1 3.99 0.057 0.099 0.156
Runl-2 18 3.88 1.108 1.049 2.157
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b - (Mxture at end + sanples taken) - (Acetic acid + catal yst char Edts)E ﬁj
- Sanpl es renoved =100 x 7.87 / 496.36 = 1.58% of total 10 d - Cat al%yls P 2006
lost = 1.58 x 10.26 / 100 = 0.16g Table 2 - GC data for Runt Sanple Tine
‘Weight (g) Crotyl Sec-Butenyl Total C4 acetate (% acetate (% acetates (%
wwww wwRunl-1 1 3.99 0.057 0.099' 0.156 Runl-2 18 3.88 1.108 1.049
2.157 15 0 4 S E P 2006 WD 03/082796 PCT/ GB03/01346 Run2 Table 3 - Mass

- bal ance dat #W#82R4n1 Esti mated catal yst concentrati oRCEGBO3AI Descri pti on
-weight (9) Acetic acid recharged (1.01 %ww 490.05 Residue nmass 13.11
Resi due + ad@n2c acid charge 503. 16 Butadiene 35.20 Reaction m xture at
the end of the run 501. 35 t.i npt ut adi ene_upt ake 10.32 Water added to
m xture 197.19 Cycl ohexan?@#ﬁ@gsﬁ : %g%ﬁlfﬂrm}ane recovered 203.26 C
cl ohexane existimeted Gtalf3tcofdentrdfios F@d%aNne recovered 215. 63 Resi due after

of acetic acid / 16.99 water Sanples renoved 12.13 Catal yst | ost

renoval
through sanpling 0.24 Spdalgldend - CC datia for Ruiagy g
Acetic acid recharged (1.01 % w/w) 490.05
Residue mass 13.11
Residue + acetic acid charge 503.16
Butadiene 35.20 °

Reaction mixture at the end of the run 501.35

Estimated butadiene uptake 10.32

Water added to mixture 197.19

Cyclohexane extract 198.05

Cyclohexane recovered 203.26

Cyclohexane extract 2 201.61

Cyclohexane recovered 215.63

Residue after removal of acetic acid / 16.99

water
Samples removed 12.13
Catalyst lost through sampling 0.24
5
Table 4 — GC data for Run2
Sample Time Weight (g) | Crotyl acetate | Sec-Butenyl Total C4
%o wiw) acetate (%o | acetates (%

w/w) wIiwW)
Run2-1 0 3.52 0.062 0.06 0.122
Run2-2 16 4.77 1.045 1.003 2.048
Run2-3 18 3.84 1.3 1.21 2.51
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Sanple Tinme Weight (g) Crotyl acetate Sec-Butenyl Total C4 (% ww) acetate
(% acetates (% wwww Run2-1 0 3.52 0.062 0.06 0.122 Run2-2 16 4. 4BEp 2006
1.045 1.003 2.048 Run2-3 18 3.84 1.3 1.21 2.51 16 0 4 SEP 2006 WO

03/ 082796 PCT/ GB03/ 01346 Run 3 Estimated catal yst concentration = 1.94%
Table 5 - Mass bal ance data for Run 3 Description Weight (g) Acetic acid
recharged 1.36 %ww 490.92 Residue 16.99 Residue + acetic acid charge
-507.91 But #908p827981. 56 Reaction m xture at the end of PCHEBIXM34E08. 82

Esti mat ed but adi ene uptake 7.39 Water added to m xture 200.53 Cycl ohexane
extract 1 3L3  Cycl ohexane recovered 208.80 Cycl ohexane extract 2
198.42 Cy xane recovered 209. 36 Residue after renoval of acetic acid /
12.33 wat distimsegtahtatalyst @resptfiop =494%Cat al yst | ost through sanpling 0.13 5

Table 6 - GC data for RunNg,pRa&PMassBaidhce ddEkaHun(30) Crotyl acetate
Sec-Butenyl Total C4 (% wWw acetate acetates ww (% wWw

Description Weight (g)
Acetic acid recharged (1.36 % w/w) 490.92
Residue 16.99
Residue + acetic acid charge 507.91
Butadiene ‘ 31.56
Reaction mixture at the end of the run 508.82
Estimated butadiene uptake - 7.39
‘Water added to mixture 200.53
Cyclohexane extract 1 198.13
Cyclohexane recovered 208.80
Cyclohexane extract 2 198.42
Cyclohexane recovered 209.36
Residue after removal of acetic acid / 12.33
water
Samples removed 6.48
Catalyst lost through sampling 0.13

Table 6 — GC data for Run3

Sample Time . Weight (g) |Crotyl acetate| Sec-Butenyl | Total C4
(% w/w) acetate acetates
(%o wiw) (% w/w)
Run3-1 2 3.97 0.071 0.122 0.193
Run3-2, 138 2.51 0.87 0.851 1.721

17



JRun3-1 2 3.97 0.071 0.122 0.193 Run3-2. 18 2.51 0.87 0.851 1.721 17 0 4

E P 2006 WO 03/082796 PCT/ GB03/ 01346 Run4 Estimated catal yst 04 SEP 2006
concentration = 1.92% Table 7 - Mass bal ance data for Run4 Description
‘Weight Acetic acid recharged (1.01 %ww) 495.30 Residue 12.33 Residue +
acetic acid 507.63 Butadiene 35.20 Reaction mxture at the end of the run
504. 43 Estimated butadi ene uptake 5.43 Water added to m xture 200. 74

- Cycl ohexanewsosmta®™s 1 201. 60 C cl ohexane recovered 21PCHEBI3MIBS Ohexane
extract 2 200.48 Cycl ohexane recovered 207.84 Residue after renoval of
acetic acid gupd2. 99 water Sanmpl es renoved 8.63 Catal yst |ost through
sanpling 0.17 . 5 Tab - G&C data for Run4 Sanple Tine Wight (g) Crotyl
Sec- But eny! EFB‘F‘éth‘@?lys%l"(f’é‘fe&f‘@macétg&?“e acetates (% wWw (%wwww Rund-1 0
4.04 0.053 0.049 0.102 Rupdne7 181ads hudarde ¥R rdr FH4 1. 866 18 0 4 SEP 2006

Description Weight (2)
Acetic acid recharged (1.01 % w/w) 495.30
Residue 12.33
Residue -+ acetic acid 507.63
Butadiene . 35.20
Reaction mixture at the end of the run 504.43
Estimated butadiene uptake 5.43
‘Water added to mixture 200.74
Cyclohexane extract 1 201.60
Cyclohexane recovered 212.45
Cyclohexane extract 2 200.48
Cyclohexane recovered 207.84
Residue after removal of acetic acid / 32.99
water
Samples removed 8.63
Catalyst lost through sampling 0.17
5
Table 8 — GC data for Run4
Sample Time Weight (g) Crotyl Sec-Butenyl Total C4
' acetate acetate acetates (%
(% wiw) (%o w/w) w/W)
Run4-1 0 4.04 0.053 0.049 0.102
Run4-2 18 4.59 0.959 0.907 1.866
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‘WD 03/082796 PCT/ GB03/01346 Run 5 Estinmated catal yst concentrati on= 1.82%
Table 9 - Mass bal ance data for Run5 Description Weight Acetic adiddsgp 2006
recharged (1.78 %ww 492.62 Residue 32.99 Residue + acetic acid 525.61
‘But adi ene 37.43 Reaction mixture at the end of the run 527.44 Estinated
but adi ene uptake 9.27 Water added to m xture 199.97 Cycl ohexane extract 1
203.25 Cycl ohexane recovered 214.94 Cycl ohexane extract 2 200. 29

- Cycl ohexane WxB@828¥ed 213. 53 Resi due after renoval of @ceGBe3/@ssd / 20. 66
wat er Sanpl es renoved 7.44 Catalyst |ost through sanpling 0.14 5 Table 10
- GC data foRumBn5 Sanple Time Wight (g) Crotyl acetate Sec-Butenyl Tot al
A (WW gkl W W O w Run5-1 0 3.44 0.053 0.049 0.102
Run5-2 18 4.00 Oﬁgga%%%%tc%%itfyw]l?%\/4 SEP 2006 WD 03/082796

PCT/ GB03/ 01346 Run6 Est i mdabld?—d¥asabyigucedatadanRuek i on = 1.84% Table 11 -

Mass bal ance dgtafor Runé —Descriptiom—=rérght
Description Weight (g)
Acetic acid recharged (1.78 % w/w) 492.62
Residue 32.99
Residue + acetic acid 525.61
Butadiene 37.43
Reaction mixture at the end of the run 527.44
Estimated butadiene uptake 9.27
Water added to mixture 199.97
Cyclohexane extract 1 203.25
Cyclohexane recovered 214.94
Cyclohexane extract 2 200.29
Cyclohexane recovered 213.53 -
Residue after removal of acetic acid / 20.66
water
Samples removed 7.44
Catalyst lost through sampling 0.14
5 Table 10 — GC data for Run5

Sample | Time | Weight (g) [Crotyl acetate| Sec-Butenyl Total C4

(% wiw) acetate acetates
(% wiw) (% wiw)
Run5-1 0 3.44 0.053 0.049 0.102

Run5-2 18 4.00 0.53 0.585 1.115

19



Acetic acid recharged (1.61 % ww 490.46 Residue 21.34 Residue + _acetic
acid 511.80 Butadiene 30.35 Reaction mixture at the end of the rdrt 8%.2608
Esti mat ed but adi ene uptake 13.77 Water added to m xture 200. 05

Cycl ohexane extract 1 199.65 Cyclohexane recovered 209.64 Cycl ohexane
extract 2 201.46 Cycl ohexane recovered 212.33 Residue after renoval of
acetic acid / 12.08 water Sanples renoved 8.97 Catal yst |ost through
.sanpling 0. WP0M823%h| ¢ 12 - GC data for Run6 Sanple Ti RETGBIAHM6(g) Crotyl
acetate Sec-Butenyl Total C4 (% ww) acetate acetates ww (% ww Run6-1
0 4.57 0.000R¥%00 0.000 Run6-2 18 4.40 0.764 0.786 1.550 200 4 S E P
2006 WO 03/ Ex5miaR6 cdelykt Sorekadiba4a dn? Estimated catal yst concentration =
1.84% Tabl e 13 - Mass bal ance data for Run? Description Wight (g) Acetic
acid recharged (0.98 % w waklpdl 70"ss balgnee date fooRuiesi due + acetic acid

502. 62 But adi ene 32. 33

Description : Weight (g)
Acetic acid recharged (1.61 % wiw) 490.46
Residue 21.34
Residue + acetic acid 511.80
Butadiene 30.35
Reaction mixture at the end of the run 516.60
Estimated butadiene uptake 13.77
Water added to mixture 200.05
Cyclohexane extract 1 199.65
Cyclohexane recovered 209.64
Cyclohexane extract 2 201.46
Cyclohexane recovered ) 212.33
Residue after removal of acetic acid / 12.08
water .
Samples removed 8.97
Catalyst lost through sampling 0.17
5
Table 12 ~ GC data for Runé
Sample Time Weight (g) |Crotyl acetate| Sec-Butenyl | Total C4
(% wiw) acetate acetates
(% wiw) (% wiw)
Run6-1 0 4.57 0.000 0.000 0.000
Run6-2 18 4.40 0.764 0.786 1.550
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‘Reaction m xture at the end of the run 504.37 Estinmated butadi ene upt ake
10.47 Water added to mixture 200.22 Cyclohexane extract 1 202.81 04 SEP 2006
Cycl ohexane recovered 245.47 Cycl ohexane extract 2 208.45 Cycl ohexane
recovered 214.91 Residue after renoval of acetic acid / 14.79 water

Sanmpl es renoved 8.72 Catalyst |ost through sanmpling 0.16 5 Table 14 - GC
data for Run? Sanple Tine Wight (g) Crotyl Sec-Butenyl Total C4 acetate

- (% acet at e Vh03BR{Ates (% ww ww ww Run7-1 0 4.5PCTUGBBA1R6 000 0. 004
Run7-2 18 4.15 0.872 0.819 1.681 21 0 4 S E P 2006 WD 03/082796

PCT/ GB03/ 0138%7Tabl e 15 - Results for sul phur content of the cycl ohexane
extracts fromh&u@@mﬁy&,ncgnggpoggrl%tyon experinments Runs 1-7 Sanple Wi ght
of Sul phur Acid weight Acid weight in Cal culated cyclohexane content in in
organi c organic |ayer (g) Babledi3i+MassdylaficealatadogRIYC | ayer |ayer (ng /
aqueous discharged (g) (mg / kg) kg) Iayer (g) uncerta| n Run3-1Cl1 207.77

0.6 0.2 3.6 [0.01I7 T0. 083 _._ RUN3-1C2 14813 4—0—61+6—3-0-067
RUN3- 2C1 203—26—0—6 e_éggcgt_lgz 0017 9810 R“pg 2&’2 gbt1(5) 63 0.7 0.2 4.2 0.019
9.791 Run3-3CAceiggeidechurged@.98 B.v6wD. 17 9. 644 490.70
Residue 11.92
Residue + acetic acid 502.62
Butadiene 32.33
Reaction mixture at the end of the run 504.37
Estimated butadiene uptake 10.47
Water added to mixture 200.22
Cyclohexane extract 1 202.81
Cyclohexane recovered 245.47
Cyclohexane extract 2 208.45
Cyclohexane recovered : 21491
Residue after removal of acetic acid / 14.79
water
Samples removed 8.72
Catalyst lost through sampling 0.16

Table 14 — GC data for Run?7

Sample Time Weight (g) Crotyl Sec-Butenyl | Total C4
acetate (% | acetate (% | acetates (%
wiw) w/w) w/w)
Run7-1 0 4.57 0.004 0.000 0.004

Run7-2 18 4.15 0.872 0.819 1.681
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-Run3-3C2 209.36 0.6 0.2 3.6 0.017 9.627 Run3-4C 1 212.45 0.3 0.2 1y 35,902806
9.448 Run3-4C2 207.84 0.3 0.2 1.8 0.009 9.439 Run35C121494050

0.014 9.285 Run3-5C2 213.53 0.5 0.2 3.0 0.014 9.271 Run3-6C 1 209.64 0.3
[0.2] 1.8 0.009 9.092 Run3-6C2 212.33 0.5 0.2 3.0 0.014 9.078 Run3-7C1
'245.47 0.5 0.2 3.0 0.012 8.906 Run3-7C2 214.91 0.4 0.2 2.4 0.011 8.895
Run3-7F1 N A* 1700 [100] 1699 10.092** [9.500 - NNA 10.686 Run3-7F2 N A*

- 1600 [ 100] Wo9508279600** [8.904 - N A 10.092 Run3- 7F3PCY/GEBI3ABHD [ 100] 1599
9. 500** [8.904 l- N/A 10 092 Mass of suI phur 32 g / nmol Mass of

1, 2- et hanedi 9 X P ‘ Bﬁddiaﬁt&ﬁ*oglrsueé&ﬁzez / 32.0 =
* I N vacuo was
gl 220I v-erge| Lers-nlrgrgm(am( Igogl)e eL op é2 e%ne E'SR“ = rrgm)\r;ﬁur. ** Cal cul at ed
20 o, o, i) s 2008 gl e Pl SSERB ki 70 o
E;Eﬂsgg!ﬂr ﬁzﬁf 1[ r a(r:'? Ton%%%?% ]gc%{]adl nﬁ?argwl% °‘?§m§&iaﬁ%ﬁ)ed Ci"dbhatic 5
nonocar boxylli ¢ aci d, &P n q’ﬁ?‘”& N }‘%’t’f(@sfngrl ses rhenilupqupus) | oxi de or
an organi ¢ $ul phoni ddiachatged @)} a(mgi/kg) at Ikgast |2 sul phoni c Rérdg)gl oups per
mol ecul e wherein theg ratio of |ifigraidiAber of c¢arbon atons t9lthe nunb(ir_of
lstll)pfionbclg( FameT egps E'{;Iﬁ;e olr@g i»w %lnﬁgrll J1d§_;9ADrIZi e Sg;a ;
conpri ses thFRuﬂal'IlgE ul dABE ¢ 0400210 | and.4 he | r at i0016f t He 10@8bel of car bon
atoms to sul pheplcigci dogseups 0.6[0.0 fhe 3ange 1: b d19 9.810
: Run3-2C2 215.63 0.7 [0.2] 4.2 0.019 9.791
Run3-3C1 208.80 0.6 [0.21 3.6 0.017 9.644
Run3-3C2 209.36 0.6 {0.2] 3.6 0.017 9.627
Run3-4C1 212.45 0.3 [0.2] 1.8 0.009 9.448
Run3-4C2 207.84 0.3 10.2] 1.8 0.009 9.439
Run3-5C1 214.94 0.5 [0.2] 3.0 0.014 9.285
Run3-5C2 213.53 0.510.2] 3.0 0.014 9.271
Run3-6C1 209.64 0.3 [0.2] 1.8 0.009 9.092
Run3-6C2 212.33 0.5[0.2] 3.0 0.014 9.078
Run3-7C1 245.47 0.5[0.2] 3.0 0.012 8.906
Run3-7C2 214.91 0.4 [0.2] 2.4 0.011 8.895
Run3-7F1 N/A* 1700 [100] 1699 10.092*%* [9.500-| N/A
10.686]
Run3-7F2 N/A* 1600 [100] 1599 9.500** [8.904 — N/A
10.092]
Run3-7F3 N/A* 1600 [100] 1599 9.500** [8.904 — N/A
10.092]

Mass of sulphur 32 g / mol
Mass of 1,2-ethanedisulphonic acid 190.2 g / mol
5 scaling factor=190.2/32.0 =5.94 -
* The residue (14.79 g) after volatiles were removed in vacuo was dlssolved in acetone
(1000.51 g) and analysed for sulphur.
** Calculated acid mass in residue

10
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1: 0.2. 3. Aprocess as clained in aiml wherein the catalyst Cﬁ)ﬂp{EiPS%G
the said sul phonic acid and the ratio of the nunber of carbon atons to
sul phonic acid groups is in the range 1:1to 1 : 0.7. 15 4. A process as
claimed in any one of the preceding Cains wherein the catalyst conprises
t he said suéﬁ.ho_ni c acid and contains 2 to 30 carbon atons. 5. A process as
clai med i n ‘af{"*one of the preceding O ains wherein the catalyst acid is
-soluble in the reaction mxture or in a conponent of the reaction m xture.
6. A process as clained in any one of the preceding C ainms wherein the
reaction mxture, 20 contains 0.2 to 10 wei.ght, % of the.cat al on
t he wei ght I)(;f th‘% R ettt o ]Fﬁt%?'lihretsat?r #mAblbt? 6%“5’5%"’%%10@ %ﬂmé)l\( l%rréesdPelg%ﬁ]gny
one of the preceding C ains wherein the catalyst, co ises.the,said .
sul phoni ¢ abg’f%‘egﬁdor?§ gé‘#rgccatrbé)& fiAgin, ¢ -t%?lﬁﬁnée/uﬁa el g‘;ﬁ%n? oot aglgﬁaztlé:ne-
1, 2-di syl phoni c_aci benzene- 1, 3-di sul phoni ¢ agi d. ne- 1. 4-di sul phonic
aci d, n§pht'ﬂ%ﬂ°§?‘f Xy 1‘,’ 5a-°51f st ef) "br%lllgec c?at%l?'%} corﬁ“a?ﬁ%?sh%egﬁ@?gﬁé%éﬁgu rpﬁnor??%l:{i ngci d
and 25 -23 0 S E.P 2006 034082796 PCT/ GBO : .
apht hal enehosi rdpaag Mkt SRR sbabecipE Rl Mo g whereiy e paio ot .
fl uorobenzene- 1, 3- di.sul phoni id - ; - - di.sul I i.d,
4. 6- dichl Or},u(r)rg)gfn cgf ecre%reb_o? ?‘%‘J’g?ostﬁfg %??F 8#‘ sg?;{hgglg 9&@%%{]85 19[ ’tl?e oqéa%ﬂt SBRRQ&S aditls
2,5-dichlor.o enzenqi%,gidb§ﬁlphonic acid, 2,4,6-
trichl or obeR2EA8E 131 4P Sulphoni ¢ acid, 3-chl oronapht hal ene- 2, 6- di sul phoni ¢
acid, 5 benzene trisul phonic acid and napht hal ene trisul phonic acid. 8. A
process as Zl ai Apebcess aarlainmden @laitmhlewinreio dieti catplyst aimpsisesttbe saidsulptenisacidr at ed
al i phati c nonocarboxylic acid enployed in the present inventionis a C2 to
C6 aci 0 9.anA the etiess tlesnwhter nfchrban @orys enailphbnit heidrapedd imgthCranigers : wloer ei n
the reaction is <carried out in the liquid or mxed |iquid/gas phase in the
presence ofl a.30l vent. 10 10. A process as clainmed in daim9 wherein the
solvent is a hydrocarbon solvent. 11. A process as clained in any one of
t he precedifg CAgromssdsaramed m Clpial i whereinahd cunlyshéoniprisesr the said sudphodiedicidn t he
reaction. 12. A process as clainmed in Caim1l1l wherein the polynerisation
i nhi bi tor isdahe ragibloftist mdnbehef cdrbonldori8to Flphonic esid greups liminnthel range dnlytoone
of the preceding Cains wherein the relative

1:0.7.

15 4. A process as claimed in any one of the preceding Claims wherein the catalyst comprises

the said sulphonic acid and contains 2 to 30 carbon atoms.

5. A process as claimed in any one of the preceding Claims wherein the catalyst acid is

soluble in the reaction mixture or in a component of the reaction mixture.

6. A process as claimed in any one of the preceding Claims wherein the reaction mixture
20  contains 0.2 to 10 weight % of the catalyst based on the weight of the total reaction mixture.

7. A process as claimed in any one of the preceding Claims wherein the catalyst

comprises the said sulphonic acid and is selected from 1,2-ethane disulphonic acid, benzene-

1,2-disulphonic acid, benzene-1,3-disulphonic acid, benzene-1,4-disulphonic acid, naphthalene-

1,5-disulphonic acid, naphthalene-2,6-disulphonic acid and

25
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mol e ratio of butadiene to the carboxylic acid reactant in the addigt, Qpp 2008
reaction is in the range from5:1 to 1:50. 14. A process is clained in
Claim 11 wherein the relative nole ratio of butadiene to the carboxylic
acid reactant in the addition reaction is in the range from1:1 to 1:10. 20
"15. A process as clainmed in any one of the preceding C ains wherein the
addition reaction is carried out in the presence of excess carboxylic acid
-reactant asWPWeMs. 16. A process as claimed in any ®GEGBIMHNE precedi ng
Claims wherein the addition reaction is carried out in a plug flow
react or. 17.namtbﬂméﬁsdia@hgﬁaamd—qhhrcﬁn;zemnlf-diﬁmlbmﬁicpﬁa,c%?! ng cl a|S [r}sr o
' e RAale i ' [ e t a conti_nuous . .

}[I\Qﬁrkelrgazz[] ormgkg A f)lr’%gigg as aglphdl_%g@gge%zeff"%f?'#'}sﬁf?g?ﬁﬁ%?c P 5t he butadiene is
added- gr adua4i1=b}0r@h9nzep¢ré3@isuhhmce@idaz,sphabfobemagsammmagiagﬁqf-hé9.r eaAct L
rocess has bz [ O id R ng £} ai er ai _ _
!to enper at ur e tiﬁg]gdi)rn t heltralélrl gntsgﬁg%u?%mcfiggmgoﬁ%g{'ﬂ?g% . ZC’% %‘S‘g%%%‘é’sa&%as claimed in
any one of thazeps Eedehonis 2¢ifl andnaphihalensitiisulphenicedii t i on  reaction is carried

out under aug.0geRGHeREATHERin 2 one of the preceding claims wherein the saturated

aliphatic monocarboxylic acid employed in the present invention is a C, to Cq acid.

9. A process as claimed in any one of the preceding Claims wherein the reaction is
carried out in the liquid or mixed liquid/gas phase in the presence of a solvent.

10 10. A process as claimed in Claim 9 wherein the solvent is a hydrocarbon solvent,
11. A process as claimed in any one of the preceding Claims wherein a
polymerisation inhibitor is included in the reaction.

12. A process as claimed in Claim 11 wherein the polymerisation inhibitor is an
alkylated phenol.

15 13. A process is claimed in any one of the preceding Claims wherein the relative
mole ratio of butadiene to the carboxylic acid reactant in the addition reaction is in the
range from 5:1 to 1:50.

14. A process is claimed in Claim 11 wherein the relative mole ratio of butadiene to
the carboxylic acid reactant in the addition reaction is in the range from 1:1 to 1:10.

20 15.  Aprocess as claimed in any one of the preceding Claims wherein the addition
reaction is carried out in the presence of excess carboxylic acid reactant as solvent.

16. A process as claimed in any one of the preceding Claims wherein the addition
reaction is carried out in a plug flow reactor.
17. " A process as claimed in any one of the preceding claims wherein the addition

25  reaction is carried out in a continuous stirred tank reactor.

18. A process as claimed in Claim 17 wherein the butadiene is addedgradually to
the saturated aliphatic monocarboxylic acid. .

19. A process has claimed in any one of the preceding claims wherein the reaction
temperature is in the range 30 to 120 °C. _

30 20. A process as claimed in any one of the preceding claims wherein the addition

reaction is carried out under autogenous pressure.
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