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WO 2004/ 113262 PCT/ GB2004/ 002508 | NTEGRATED PROCESS

TO PRODUCE DERI VATI VES OF BUTADI ENE ADDI TI ON PRODUCTS
w@aokgixend of the Invention This invention rePEl/e82a0a/002508

i ntegrated processes for produci ng derivatives of

reacti on products of butadiene with a carboxylic acid
INTESRARDP E6EEs 15 PROBUCE DERNVATIVES DEEREMOIENE ABHITION RPRODUCTS

or a Lews acid catal yst The [ nventl on further

relates to |ntegr C & | HAN may be

ﬂ@tg[ ﬁn:ylgﬁ an dgaréé)%j m@qgrg qqe ﬁgocgﬁaégtfﬁ 3)2?%@@8 derivatives of

_ reachbﬁ‘ redLee 8t ‘E:Qhaf&léne aNite By serboxyidacilesroaasalcohsasy did in the

portions. Unsaturated butyl esters and ethers are
presenada wfbbn acidier aai bewis peid patelisti nbhe doveniion fugther relates to

mtegrgfjeggﬂfgs@ggé% mm&%%‘%&h?/% EOH%MO g?oetgxu?% @Qﬁé@o& dtlitdted and

unsat@FdT@(H T, Bofers ortdiRérs, afditderivaliveieme dg‘retdmhbls,eildm’rhydes, and

ketone. This invention is an integrated process to
ketongs divarying pepogignsef  but adi ene derivatives in a

ppgaa@i%te@y&i@ﬁéﬁggs%é @%rtssﬁépey\@glrlg@ggﬁfelrﬁ%&d?@sl for producing
chemitety okaely | i botybf apetepenen-butarmt) esed-butanioér allylic alcohols,
recent | y-proposed routes,

butyrajdelnylegnonamess. duiylglyed! Wghg@% bbjgi ieHbeF;gLSG{yhgygpﬁpd@nd methyl
ethyl ﬁ%q?ﬁ]e bu‘l’?ﬁ’so'ln\%hhfohe%cta' ng'xtgb'rta%é’d &8 cuéd h? a?rg’i‘fg‘éehﬁl variety of

h€ presence of an acidic”catalyst to
butadigng dedvatives S0 sshiemicalgaooess apparahe. s

: 'ﬁgltw‘?&dyﬁgyt?g%@&e B9 RO o e AU sShEnEs: o xgmele by
hydro?cﬂ]m%ﬁgn B’P n | rrpo VI 0! Bt reE:’Eﬁt'IWbrcﬁid&)éH r’é@fé%n% g., U.S.

tant solvent with siml ar
Paterttr 5,7656t71055 cﬂlscloshcmemeﬁhodcef onrkibg tbutynaldehydewend n-butanol by

cactpy SRR VAALS Mol T Bk i BB g o orm o

mlxtuﬁe?%fe?s%rﬁ&l@fuﬁ‘%‘t@bteﬁﬂ rétA6RS 3-alRsxytanénen ahdf atalkoxybutene-2,
acquers , waxes, natural resins; dewaxi ng of

|somensm she dotraer tzstrmqtieaﬁa&rpwq@ bysisameriggiem datthe enol form and
hvd hem cal internmediate that is used in the manufacture
YAroMS'%heni cal s such as n-butanol, 2-et hyl hexanol and

t Mé’tﬁylhé‘thgl kétonpAMAEKNEIshamh lmpbptlanksolaent weth dimilar properties to
r oduced a nunber of known routes

those Qﬁ‘ meﬁgﬂem witheadowar exppatplipngate. V[;|f|nd§7usen|(51 thegproduction of
transé&%%) %ﬁ ‘Pﬁ‘\g ﬂ?g% ngﬁtﬁefl@rle fHRK] HQgF@efs"l'gq o?tr'ﬂlékal surfaces

eton roge tion 0 sec- cohol
extrattidn Iaatfetﬁ lacq%si&ﬂsﬁmmbssmtwet pesds;cdewaxmg af:emlneral oils.

mutyraglebude s Mosroneph oo 195aeBE SR 5B b Fnutacture
of chg@b%Q%? ég ‘?lolgtétgﬁéi 20thgRkkaRoldndridvétA PR prdpaneS

Methyl ethyl ketone can be produced by a number of known routes. Erddl
Informations-Dienst A. M. Stahmer, vol. 37, no. 28 (1984) discloses a process for
making methyi ethyl ketone by the dehydrogenation of sec-butyl alcohol.

U.S Patent 3,196,182 discloses co-production of acetic acid and MEK by
catalytic oxidation of butane. U.S. Patent 3,215,734 and JP 46-2010 disclose
production of MEK by the direct oxidation of n-butenes. DE-OS 2300903 discloses

decomposition of sec-butylbenzenehydroperoxide to provide phenol and MEK.
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deconposition of sec-butyl benzenehydroperoxi de to
provi de phenol and MEK. -1 WO 2004/ 113262
wEOAEBR6D4/ 002508 DE 935503 di scl oses that PCT/GB2004/002508
aut oxi dati on of sec-butyl al cohol gives MEK and
hydrogen peroxide. n-Butyl esters, such as n-butyl

DE 985503t ¢iscloby's bt RiRckesshroyf %&%Pﬁg Bichol ﬁ%%%ﬁ;grﬁfhydrogen

For instance, hydrofornylation o ropylene 1n
peroyideésence of acetic 5 acid produces a mixture of

S FSE SRS iPE R b ektnfod M annumber of

' eForamit tishtSFriieb | i
IS r g 98 O e g oo
o

acid gprogeres & anidtyret of at- ddsjatehantly isoeydylabetataf Thise method

A furth .method is . the
nowd B eHEf6s 4" Sb AraVnBRh Tem St Wik rse il casts. An
alterbathe mRithdd & td redke ctiiend witnghyl aedtatd'm fh%ﬁ?r%b@ﬁ?é’fof an acid
¢ It ht:toﬁroduced butanol wth acetic acid to form buty
catalys

pwed by theihydregenalion ofidse resultantsinsetuated ester.ofA further
it s ' ' K h a
it e Lol B My TG i S ST Sy on oot
formdiudges], and thexpestivnvef et prodated dithrrstRAFPALETR acid to form butyl
stages. Acid catal ysed addition of butadiene to _
acetafgeq f’b aé@ﬁl?”usﬁ' n@"eﬁsénméﬂ?ﬂ% gy ratsiusecett aiten elativaln gxpensive
' ' t n .
feedBEKYsLAURS &thABRe [ahd %&gﬁeﬁﬁu{ﬂgﬁg\/ﬁa@%@& Leaction stages, or

selectivity to two 1sonmeric
expedeiyerdatalysisnand Separfadibardtagds.4 i@ 88talysetb8d@Bdn ocAtiitadiene to

. . . d 1

cceti A T o S eBRb R r B K ey iatn fosimprove

the reBdtio %I@&Mt?it@”tW@%JhQHCOQ Y BAN | CREethRsC AT pgééﬁjiﬂe in U.S.
acids ma be” cat al ysed by honbgeneous cat al ysts, suc

Patenis 4,460 ), &,460,287 (ard 4,450,289 3/ Th8XEopatentnprimiarisr &le directed

[ S l.phuric aci.d (described in U S. Patent
to pr@&d@@pﬁ%@p@ﬁﬂg&l tﬁ“@%@fe _t§'r gnificant |oss of
sdliss khoivhyisthaetheoad bR deaewon of bgﬁaﬁéléﬁ’eeﬁ) e4balid B8ids may
formati on of by-products. This patent al so descri bes

be gaRSed Bynthdmoganaguser catalysts,wi sich omsexaifiphoic  acids  (cf.
i ; ' ; t]on
WOARE151, 60 AT 38, MR i . Pt

6,465688ny| Inesll erases shsigaBicarndssy of astlbSIVGYNBESEE Dt Butadiene is
[ ut adi ene_selectivity_to the crotyl ester.

0bse"t\f§'é£$¥§ t‘tP Rﬁ% ?0%%@% ef SytRrodugtsy gIb@ ratent alsecdesasibeschow the
Id j . [ nts.

cont G NS S o A Sienafhd rB8eo PR o HR W thibrove the

reactionx eelectvitit madndeswibesi howgrécyate of esezoaddry butenyl ester to the

et A Al Aol b BERShShe el Aok ooty ester,
Despité @hi! Some SelbEtity 18584 &filP 0BBGr based on both the carboxylic acid and
butadiene components.

WO03/020681 discloses reacting acetic acid with a mixed C4 stream
comprising iso-butene and 1,3-butadiene in an addition reactor, withdrawing a
product stream comprising iso-butene, sec-butenyl acetate, n-butenyl acetate and t-
butyl acetate and recycling the t-butyl acetate to the addition reactor. This
suppresses further reaction of the isobutene and increases the selectivity on
carboxylic acid.
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butyl acetate and recycling the t-butyl acetate to the
addition reactor. This suppresses further reaction of

w0 b@4i1s2but ene and i ncreases the sel ectivity oPCT/GB2004/002508
carboxylic acid. -2 WD 2004/ 113262 PCT/ GB2004/ 002508
Unsat urated ethers, such as butenyl ethers, may be

pU‘ﬁBéfLﬁQté@N eﬁheYélrédtWa@bufhrfyﬂ efts, m&yfbwprep@rwlby a variety of
ethers, for exanple, n-butyl gl col ether, have

differgmtocnetbadsonridkyi athieys.hyor iexammiest Nty gb/ﬁotamtla%lhave been

prodqﬂg&&p@ﬁ 2 ef@‘yngfi’ E‘fbebgeea};\BP 022@ §I rtu?]l‘?/\tl Prz/) L5 fﬁ\xé)gﬁe such as e.g.

ethy Iéﬁél%b(fdélaﬂilo@e\?éfo%ﬂbhcé prOYEEE wédbympfr@dtmtr&ntlohoof a significant
exanpl e, l'ycol ethers. The presence of by- products

amomﬂdﬁ ww\mt yyProdUE R clas E@TRIEONOBEOL pBegbs THEPTasRYFe of by-
h
proc R " Boebbrivolo i SRR B GRS HIGh oS tners of

glyco%aﬁnbecéﬁaé‘d\,%dsdwtéﬁem thkcplugess cedomomies. m bttnsralsof known that
i sonmeric unsaturated ethers. U.S. Patent 922,

butadiere canee reaced With analorbe! & Torak ?d@'%@e?fylﬁogﬁﬁ'&rlg‘saturated
ctherh? 9% FEAGHE 282004 AUERELAL o el iRl bnkliy putep thers
by reéttifd butaicrewith ainsaicolsoldin sloe p@nlce dﬁlénﬁacﬁ«ﬁﬁ@@ﬁmxchange resin

catalfauﬁfj Posian o procssalng 1S Gptiesed vt Dinh- F58608, Cent i ol
I eORSIRRE Isora '@lﬁtl(}g\yb‘rﬂeﬂ cPShBr %g%?gd@éthgfsh drbcéﬁbon refining

comerci al ['y aval e elther as puri f chem cal
processessard o res poterdial feédstod fhy dnaking kml’ﬁylc%terSF@nd ethers. It is

comTe SR, ayRIsleS P Eoadk PRETBRCYTIGHG TLE 8 Eptijoent of a

hydr&f’abﬁér'i &8 ‘F‘b‘ﬂte@daﬁﬁ)lé PES aeSoritiblertof PHiREE C4Jst|@#n¢ Rierived from
tene, isobutane, and isobutene in addition to

naphtha sisiaemeracking eperatioas seele 8UEUER &1 Siresimeeaiaingsspreies such as

butarg%:‘ggpgq?@ Zaglé eﬁg fs%%pEﬁengq%dsg ﬁ{%rei 'E?néﬁ?v%“ n H) butaq|ene. Itis

advaﬁbé@e@bgﬁﬁ@@a pPoced8 Udire) Buthlditsiie carmase eﬂcfm mlmhl et!reams
di mer can be thermally cracked back

b&d@m\@febu@d'e”e als Isin thisal QQWP%H%N'%%‘{'R}Y'&‘@’CH@W“G a
u f ed d
Diets; 3ict pfipe ol RRGIEnBLT oS AR Ead bd Mmlhe crasked back to
butadiEhén achi eved by recycle of this 25 material to the
carboxylic acid or alcohol addition reactor. Simlarly
when crude C4 streamfroma steam cracker is used
i nst gad of butadiene, recycle of t-butyl ester,
for fromthe eqﬁgltibriumlirrited addi tion

Z

Thus, a process involving the use of a butadiene feedstock needs to take this
reversible reaction into consideration and this is often achieved by recycle of this
material to the carboxylic acid or alcohol addition reactor.

Similarly when a crude C, stream from a steam cracker is used instead of
butadiene, recycle of t-butyl ester, formed from the equilibrium limited addition
reaction of isobutene to the carboxylic acid, may be used to suppress the forward
reaction of isobutene resulting in the formation of a stream rich in isobutene
commonly referred to as raffinate 1.

-3-



10

15

reacti on of isobutene to the carboxylic acid, may be
used to suppress the forward reaction of isobutene
wo e@dl11i2ey in the formation of a streamrich i PCT/GB2004/002508

i sobutene 30 commonly referred to as raffinate 1. -3
WD 2004/ 113262 PCT/ GB2004/ 002508 For exanple, when an
n-Fort pkaemlesr when hams-butyy lestsresadte dssblilye AQshteer) the desired
eaction ?roduct fromthe reaction of crude CA's wit

reaclion BF%&?M fom £ne geactiar P ceudss Cpamith a Rerboxplia gtidaretycle of both

the A SR BBV ke e Bar e PN %0 0 0 0

Raffimate I 10O ~\~ Y1 tJ/ RR R OH O Crotyl ester
Recyc O+bu!;%sdrogenation Butyl ester 5 The other
reaction by+pawducts are commonly ol igoners of
butgdi ége whi ch nmay havg t e car boxylic acid or

al €ohol i ety incorporat ed and the for i e of
these materials current r

gpresents a lost of ,
sel eclivity SOt t he buf adiefi fe%%‘k\ﬁldinliafﬁml
sone |[speci es of the carbgxylig¢ acid or aN¢oho
fe k. 10 In an at t t8 reducé the forfation of

by- prod¥€ts, DE-A-4431528 describes/ a process, which
i nvol Vs the use of afines. In thig docunent, a
threekfoyur step proc€ess is propgged conprising

addi ti T he to butadi epe, isomerisation of

the addi™on product to an epafr ne, hydr oRys¥¥! 6F t he
i e that rraymb)&\opti onal |y

enam ne to but yral d
hydr ogenated to the correspondi ng al cohef, td

15 U S. Patent 6,403,839 describes a process for
maki ng n-butyral dehyde and nethyl ethyl keton
conprising addition of a carboxylic acigatd.Rutadi ene
to forma mxture of crotyl ester and sec-but enyl
ester in equilibrium

Butyl ester

The other reaction by-products are commonly oligomers of butadiene which
may have the carboxylic acid or alcohol moiety incorporated and the formation of
these materials currently represents a lost of selectivity on both the butadiene
feedstock and in some species of the carboxylic acid or alcohol feedstock.

In an attempt to reduce the formation of by-products, DE-A-4431528 describes
a process, which involves the use of amines. In this document, a threeffour step
process is proposed comprising addition of an amine to butadiene, isomerisation of
the addition product to an enamine, hydrolysis of the enamine to give butyraldehyde
that may be optionally hydrogenated to the corresponding alcohol, if desired.

U.S. Patent 6,403,839 describes a process for making n-butyraldehyde and
methyl ethyl ketone comprising addition of a carboxylic acid to butadiene to form a
mixture of crotyl ester and sec-butenyl ester in equilibrium:
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-4 WD 2004/ 113262 PCT/ GB2004/ 002508 O 11
CH3CH=CHCH2--O-CR H2C=CH i HCH3 O (;KI I O Crotyl

WEi0en1xrexr - But enyl Ester As noted above, the aPCT/GB2004/002508
contains many different processes to formthe
but adi ene derivatives which may be produced in the
integrated process of this 5 invention. In at pro;:ess
0 3d QGGRLH to thissnvention riety of
s?%?ﬁ'ﬁg— mat é:—id%:igq may De used, &'@%ﬁcgsHéﬁ?e but adi ene
and but adi ene contained in a mxed CAOr&IR nery
stream which nmay be reacted with car bong ic acids or
al cohol s g,l ncl udi ng pol yhydoxyl conpounds such as

- gl ycol s§4hES!¢hen further processedsitenyi esen desired
products in controlled proportions. 10 For exanpl e,
addi tion of butadiene to carboxylic acids produces two

| SUTEL] r vativ .sec-hutenyl ester that can

be concé}égtéﬁo\?eg WEK gn%%?%’?@lmgﬁ}’eq'#eﬁ@t Plogesges to form the

butadiene edérbtivesbwhichahgghpee protieeddimghe , infdgfa@dd process of this
utyral dehyde can be co-produced w th the "advant ages

inverﬁmﬁ‘er ta ipﬁomn%ﬁrégedoﬁcg@réim tedhishisveniitya variefy of starting

: - I VA ' [ . a_mxture .
ek 8%, T Y8001t A B SRR G BaPiidl 0 v
C4 refioant swearst, adictainagvze ferciddwithrdarbbxyic ddids 6EbRLhYR (including

anount s of NMEK and but yral dehyde produced. Addition )
polytBBxTh Sermenunds sGat B8 Bhiols) diIctiear uahes Rercssape do form desired

i ive alternative as a source of
prodﬂnkétt@ml%gttrﬁ!)llbld Elte({pgﬁgdsbut yral dehyde and ot her

ddwisXasaple paddition ©f huthdiese doidaroaylic fapixts prdiuces tivo isomeric

e he new praocess 20 and us foi re
Ca oBNANbERG: barmifRbE S dbaE 38bs GPoviered cauVEK and crotyl ester
that d=rElBe COAYeRES tSbutyHIGERydeS AcdigmhdhP MER ﬁfc{ bl‘}tyﬁéﬁe@/de can be
process which is capabl'e of produCi'ng a selection of
CO‘PVQQPP%W'%@eoﬁdV@ﬂtwynbﬂ@rﬁ@mendmmlewmiésqale.aIFud:lehsrecycle of
n ed by direct addition of,
the S%E:%}gg?g egrvm %Egtﬁe%%[\ﬂ%ggs e !rgg&ur?h@préc ed i, one Isomer to the
butadiepe addltioneredction siageuttiews feaile ebbitreff ofIHE el UrhSurits of MEK
a,si Iedn'anufact ring unit 25 conprising addition
and Qutyy ‘%ﬁ@’ eRIPEHERG-0n facilities and sections capabl e
of ' ' | sat i r QLUSI .
h)ﬁéfrdggd(;ﬂng? [ gH uncét .S@n?%v%%ﬁ ?%'?ﬁ?rsggngpﬁ?%‘ar Q{Sé)d provides an
attractive alternative as a source of methyl ethyl ketone, butyraldehyde and other

downstream products and a significant feedstock cost advantage to the new process
and use of impure butadiene raffinate streams may further reduce feedstock costs.
There is a need for an efficient process which is capable of producing a
selection of derivatives of primary and secondary butenyl alcohols, ethers and glycols
produced by direct addition of butadiene with a reactive species. There is an
especial need to produce a variety of such products in a single manufacturing unit
comprising addition reactors, separation facilities and sections capable of forming
isomerisation, hydrolysis, and hydrogenation functions, which forms an integrated
process. Further, recycle of unreacted and by-products produces an efficient

process without environmentally detrimental waste streams.



10

15

20

25

30

process. Further, recycle of unreacted and by-products

produces an efficient process wthout environnentally
waledoniinent al waste streams. -5 WO 2004/ 113262 PCT/GB2004/002508

PCT/ GB2004/ 002508 Summary of the Invention An

i ntegrated chem cal process to formderivatives of

but adi ene addi ti on Spnudant of thenpvérgs f or mi ng an

addi tiqgn Ipr%gu t of butadiene and a sel ected

ca OJ{ﬁPQ@t i enicdlo RErcessy iy fgiEw| derivgtives mfabutadiene addition

td ' cant.ai HRE~AL I

Prod o o en 2B pleiRs & BuBith¥e ey, a selected
carbouyplio acidyqledtolr eaghyjicoh topfonmius treatidry fsixiupé GobtdifiGBat least a

crotfl 47iiéh dfpduh i Sec-bilenyT aHENGD: maRsh mamaRng the reaction
prodRich Ghixt#eCiritd StRhHE " &Rbising P4 O&yﬁﬁ Joroligdt éﬁ%%ah?gats%%—butenyl

anmounts of crotyl addition pgoduc
prodaigtiistrieam, amedddeasindne nstesarh esbritainihige bther rebibed and unreacted

. i o iehiver I i
prodyf g itk 1 anboita o ciotleGEeNIBR eioRuP | sresDutenyl additon
prodiat @hdl DhRALES ﬁr@é&ét§ﬁhsthea?€%cg{oﬂdl+ﬁitﬁréjrb‘gleéglg’ﬁgti%g at least a

further reaction wth one ano subjectrn
portippraf saibpeparated pireatns to seactmmscarditions iarwiioh enpsated seactants

ans LA S A5t L SRECSRA8. ctng cre o e
seppatseipotest speaRer td 0Bt AN InHIRC PYEELIRY s%gfcigd &hE hydrolysis,

resul ting product derivatives. In preferre
hydraggnafionsnegd: Heoraadzation ob doony Ipredutitt idenivativesucin, preselected

~hut.eny, pL.O an unreacted.,
pronS AR HEcoidiid BRaTi i el il ives. n pretomec
embpdiopents ithesambuhiseof pragluadiditibn §sBBuct, -sec-ButBAYIt A@MiH product
all of a separated crotéj6 product stream and/or a
and ap UEREied Piadygiscaresdetesminast by raeyclipg crlested tpropattions of the
C i 4N if [ Brief
Prod e <o PRy &, o 98 ' b PareRRE by Hnlfd Sheam analor
sec-buipnigls pradudt ostrexim aand nothgr gireductr streamst mayr BAUFSCycled to the
dd'q?OSSi %Ite oxygenat ed products according to this
adalioR s Yn. Fi g. 2 is a schematic representation of an

i ntegrated procepgget PeR % t ; @d but yl
car boxyl at e accor_c_l%r‘ﬂ;;ﬁgt_oﬁdf;i of 4 I?t'é%n. 25 Fig. 31is
a H@hdnig iac sehgmeatie reptasentationaof i ant éufegtatdd pprocess thoproduce
hyde. n-butanol , and 2-et hyl hexanol
possg)gég gggéeenng&%%%f (%#LEC?? ﬁ%?{fjf%{.é t%fsgl_n\/gn I3 schematic
r figegelst at semerphtidtepfisetitaiorr of'Af f5ie 5
but yr al dehyde and net ﬁyl et hyl ketongﬁagf:ég?gm%%tequs produce

bUta'ﬂ‘Hi?é‘di brfdrarbexyl#eqcosTdisgdo gais inverdiont ogr am of a
tyR4.C3l isCat atndhstid F851sRRtAARH b Uh Ri8aHGy o;grocess to produce

butyraldehyde, n-butanol, and 2-ethylhexanol according to this invention. -

Fig. 4 is a schematic representation of an integrated process to co-produce
butyraldehyde and methyl ethyl ketone according to this invention.

Fig. 5 is a gas chromatogram of a typical catalytic reaction addition product of
butadiene and acetic acid according to this invention.

Fig. 6 is a gas chromatogram of a concentrated by-product mixture from
Example 1.
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30 but adi ene and acetic acid according to this
invention. Fig. 6 is a gas chromat ogram of a

w@omgan2sat ed by-product m xture from Exanpl ePAT/GB200MIT02508
2004/ 113262 PCT/ GB2004/ 002508 Description of the

Invention In the process of this invention, a

hydr ocar bon strear@%@'gﬂi$gh@|mlggat ed diene such

as butadiene is c reactive conpound, Q
Umiﬂ’fe pridiest @i this imaintionna hydrbaanieon eteainoronjaininga @onjugated

denes St 2 el S L Db Bt s acion

condfﬁSﬁé d Y55 reddiRnCHradues! §€?§+h€ébe r@HWIé’(Y efnd 'Tuﬁhér converted to

resent invention is suita C10 aliphatic

consttliumﬁan integrgite pradess uo m@dmejbehadwr@réerw%\/e&t adi ene,
3- pent.adi e

L eI 1o T GBS0 ARR Ry a o
ahphét*i’é‘ﬁ?éflilee Nghkambiés 8f S0RabBYdiBResIHRE 1, B-batdféRe! 1 @L;bé/ntadlene 2-

ormor I'n a hydrocarbon 1o mi xture. But ‘adi ene is
methyl-1 BHautadieng i(isopranei ve Thy- presiupreferredly gieneyr Sord,3-butadiene

refini rocesses and i s.co
(butagfiried, "the Befrey i T SPEEENGRRLbireltRn Bl nyprocarbon
mixtiteNY BUBSAERO s Gl Felafi@dly Sr@XpBErsived by aitbenet of hﬁdrocarbon refining
constituent of a mxed C4 stream containing conpou

processes apdbist spmmercially eavailable, Ritigs, as soWiARE, C %{ﬁd:a| or as a

Y
Cs4 sﬁéalﬁub@ﬁﬂaﬂﬂﬁgldbnmmt slich %lsChuisiheeanlsuteaét Ierlgbne isobutane,

[ er or |lower concentrations nay b seful in th

and jachuiene. ThGVaHageRUSIf a( PECERE LG DMAHIENS s SR Streams.
. i r oV of f

ropigliv, B 5Pl BOEVENLOF RRyehe 615L46, A s Sidi, athougr

highétesri lswer mescaﬁ:htmswnai;abg useful3n thig praassvat i ves V\/m ch
are, for exa 20 c r.boxy] at es, (fther

et i @m@f@hnﬁ%aasg vesticB,Rtridesan i agy dderens for the

Sa r gdrd NIt Fod tyl
oo s, et PLRAL, s byttt ars pluiad, oy

denvatmesessandanseﬂcx‘dame bubg-eny td@élva athS?#’n bafeadifene example,

b bes SIS b EABR PG A o7 516 08Rg0 Wttnr ot

prodﬂ{:t‘.%o*f*tflJ exdriplel Buti@aldengde, ndutdhiol, batyd esferél,ybkntlybethers and butyl
cohol s, provides an al ternative entry to b%

glycaleethers. i VEE OIOGasst 63N qclﬁ(b\hedgged gor ﬁly@rrgmp(v jofbyadiene from

rofinfiy SFA bR I BNP i BB hoe TS by the

PYFIP@?@%éTwna&Eﬂ %urtadfen@rwmeraecamoxjplad gcid| dehajetshal, including mono-,
di-, @ﬁd ;rfr\&'ed@@@g@r}{qéggr%@i&é&ogn ta te?/r%aguve enntry % Bu{yl derivatives currently

provided by hydroformylation of propene known as the OXO process. Currently the
major route to butyl derivatives is by the hydroformylation of propene to
butyraldehyde, followed by hydrogenation to yield n-butanol. Butyraldehyde also is a
valuable intermediate for materials such as 2-ethylhexanol and trimethylol propane.

In an aspect of this invention, alkylene ethers, especially alkylene glycol
ethers, can be synthesised by an improved process employing certain homogeneous
sulphonic acid catalysts.
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valuable internediate for materials such as
2- et hyl hexanol and trinethyl ol propane. 30 In an
wa@g@aai32ef this invention, alkylene ethers, esperiGakiog/002508
al kyl ene glycol ethers, can be synthesised by an
i nproved process enploying certain honogeneous
g%@sgeélcbﬂﬂﬁ@timéfﬁbﬁ; a dinYfe 2RErichl &n6grated process unit is
2004/ 002508 I n one aspect of this invention, a
capable nfpeoduiing such ianvargﬁtﬁtoédlsﬁgtli@@m@iﬁ@‘ qf@"&'ﬁﬁ‘aﬁﬂoguﬁﬁs- Such
. .producin uch,a varni et u : ] :
an intEoRAert it SRR WUl olpdleet® Hultp o BHE BIfich rEaRED, P brimary
produ&toé%fdrﬁﬁor@ uBi! adiyarstyid diniti amydesgenationairit, iameran isomerization
product separation unit, a hydrolysis unit, a
unit tdgetheravit pomamniand ERRYClen PiPi@Ndz 6eNERl Unith tAdvantageously,
toget her , wi t ' I iJai : ;
some yaits RS e ¥ Sl MG <fofl 8 ctinBRincBBicAzation and
hydroﬁs%i. ngheadwafithgs Yf sueh asintograted farility dsdleixibiity om saledting the
ydrol ysis. An advantage of_ such w |q&egr t.ed it ¢
quantitiesi ofi desites prasiicks pmtﬁiqeﬁ fsametyshipGite @ﬂaattl‘?iség‘e unit to
of desi el o) I dabg- | Bfficientl
produp SUER, & B NS pRIARKS Fiorps <R Siecoyciaisdlgk-of i Effiiently
scaled UAR eRidsperntisaasdactidreofon selection shlpvarfvolumefrrodudiat | y
1o scaled unit and permts, productioon of  a selectio

oPnpaRpect 8l tHinNPoliR: (san iltedTalgpLereBice Racess Fomising

i gyan | .ot e orﬁfng I QgR%Pn CeBRIprBiAYY bahdiene with a
c [ n{:%sgﬁ@/drgoc r o?g?ﬁe%‘rih conpr i siﬂrl;g rit%t adi elnecla1

comp%ht(ldégseleotanifmd d@m@wﬂ@ef’flnaﬁiﬁ%onpogngi def i n(e:? as:

o erein nis or 0, an s a -

C20 al Byﬁ%ia)ﬂ‘zjﬁcmz - C20 al kenyl group or Rl is a C6 -
Coo arylygkeiPn & 1@r67/andCl1l aral kyl group, which may
be unsubst)jtuted or independently substituted

by,
hydr oxy dRdisG Cq -2 alkibsiya &red- ORWEnMWPé‘QWre’%hh@ra Ce — C1o
groups, 20 under additi omr ' Ndiat: i f .
a reacti gty r)?tugr@' % e gagggypgrga / Q\éﬁléﬁgﬁat){/ Fle Nstibstituted

addi ti on g pdepéndétiyassiestittiedeny Ihyaidobyt end @y edCed alkoxy and
(b) separating the reaction product m xture into
streans clikghysrawy ether 8EQHPS. pr oduct cont ai ni ng

underg%{jﬁ@gbt r%ggzg(gﬁ g{b&ﬁﬂl’@nscﬁnfﬁﬁp LN ARFiOH Yhkxtsre EaMtairtiY at least a

eam cont al ni ng other reacted and
crotyllHt R prbducbdid assec2buteayl additiompradugtt he proportion
of the product streans

o?b)a Sggg@rﬁti@g the 5@@@@\? ﬁ{ggﬂ &{l)‘ftg%ﬂ%éﬁgﬁrtg?ﬁ% cc%pl%ihg a crotyl
produfcg %pﬂ’gﬁi@ﬁé :sttli%%ﬁrﬂ %é%‘?‘gpm' 8BAtaihy ProMictEtedans avpasleast one
stream containing other reacted and unreacted products;

(c)  controlling the proportion of the product streams by recycling a portion
or all of a separated crotyl product stream and/or a sec-butenyl product stream and
other product streams to the addition reactor;

(d)  subjecting one or more separated product streams to one or more
process selected from- hydrolysis, hydrogenation, and isomerization to form product
derivatives in preselected proportions; and
(e)  recovering one or more resulting product derivatives.

An aspect of this invention also is to provide an improved process for the

synthesis of crotyl and secondary-butenyl derivatives (i.e. esters or ethers). A further
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(d) subjecting one or nore separated product streans

to one or nore process selected from hydrolysis,
whyadogeeat i on, and i sonerization to form prodeCT/GB3@4/002508

derivatives in preselected proportions; and (e)

recovering one or nore resulting product derivatives.

,objecﬂnlsaw%“rbvﬁfe tehipsodeeefiri tHe alyathesks of theswi der|\aa1|ves in higher

roved process for the synthesis of crotyl and
sele@ydtasdaf\ycwmngiyl thgepriepgnt {rventipn ds a@smrng pepgrssshor making

crotyf‘gBjH gg?gfngaryao%?gﬁogféryo?f%%ep Wcén%%@%&étqg %Bﬁ@)nsmg

e a Process for the synthesis
these deacwsg buesiiéme bi afterdrosarben tfiactibh @pmprising butadiene with

Accordi ngly, the present invenfio an i npro
a como@claésQ Mngahbierqgeneéald‘pgmu@nla*(ggr}}@rélgjr\yh@,r@grénﬁ 8or1and R'is

et gz(i) r?%% cﬁrhgrk%ngf gF&g}"\Aﬁ‘gél‘?qﬁa n§h89htuf’bd or independently

Qrea en rocar ract I on

substifuted ibyi Nar R ad Cenalkoky gro@saordgnbou achyQrivavgrogipsher R is a Cs
general fornmula

— Cqp gryl grayp or ety apﬂyprezyfyl igrmw a @pé}tgw gmp@hwﬁéﬁh%growso that R’
cont%gupw&éﬁg LbstitidaPeNdent yln %@fﬁréééﬂc%d oP¥an! aeid guch as a

groups or by 2 "hydroxy groups,
Bronisled acid t6dorm aﬂiﬁ)darreyd:orgpnmpg(at Ieast‘ll)ihe:cfotyxlrcmm/wtlve and (ii) the

th t that R1
secqeRnabHEr b IRy teyD B coAsime He Pnox 10§t he
Prgsencg ettty af !éias‘f’%lf‘t 8bthe ﬂé?acﬁbﬁr}’ﬁb@lﬁeaw 8 depat&tidh step to

a mxture-conprising at least (i) the crotyl
remale iat aleast aapart( of the rmotyé,edmw@av«y (Huesdiar ther seaendary butenyl

t t least part of th
derase RO e areter R ati on ctep to Tomove at

I east arRgelindto ‘tl'ik@ figstodtube @y loYQhe \fﬁ‘oées)s at(ast 4 pertion of the
secondary butenyl derivative (ii) fromthe reaction

reactiprtoixdure1ffom whigly dhe privative il af‘@/f)rsﬂlh@éls(la§efbfrem%{ed said
porBh 5 RSl 5E e G HSReRS YRR A A i) butacione

dimériyaivad.ors GHvil oD@mmeﬂﬁatﬁm’rmn siving redctiomasaf csmhordlmnensatlon or

by- products derived f iii) butadiene dinerisation
oligasherisationonitly 6ABPONAHIQ, (v) reaction of such

di geri spldQBriRg th ?c‘r&gﬂgﬁéi/%?tsb&?ndé t’bLHQWICHAEHPF#/a@/es'j‘Q@parated in

207d. recoverl rotyl and econdary butenyl
stepd®).i vati ves separ ated in step (b). In another aspect,

fgﬁs'@ﬁ" g‘ Iaggggtugfé gfi‘/fégﬁﬂﬁ b?g\gégg%gérg ro %rsﬁ)r?)dblﬁmg at least one
prodtRFBrb Sk se(lé’éteﬂ %mﬂﬁéitﬁ)rﬁ cOMPTRARY: bon stream

conprising a - conjugated diene 25 with a
co@oundombsmng@t lexﬁrocanbpmmnmgmrsmea GsC1o conjugated diene

with a compound Q selected from compounds defined as:
R'(CO),~OH

wherein nis 1 or 0, and
R'is a Cy — Cy alkyl or a Co — Cyp alkenyl group or R'is a Cs — Cqo
aryl group or a C; — Cq4 aralkyl group, which may be unsubstituted
or independently substituted by hydroxy and C4 — Cz alkoxy and
alkyl hydroxy ether groups,

under addition reaction conditions to form a reaction mixture containing at least one

allyl addition product;
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R (COn -OHwhereinnis 1or 0, and RLis a C1 - C20

al kyl or a C2 - C20 al kenyl group or R is a C6 - C10
wa@eoo/1gezp or a C7 - Cl1 aral kyl group, whi chP@EEGBR@®4/002508

unsubstituted 30 or independently substituted by

hydroxy and Cl - C20 al koxy and al kyl hydroxy ether

gr@dyps, sepatating sk ké=fion W@@u&ﬂnb‘(ﬂn@lﬁtb‘ml%a‘iﬁs f:&'hﬁhéing at least
one @jactl on mxture containing at |east one

ot Prefugty elerin; ang @bl mqqmnpmtmmqmmzaeacted and

unreé Z&B L.ng the reaction product m xture into
Bt)ed cgfrsr:f)rl sing at |least one allyl product stream

ar(d) at inedrsaininea seaction mixiire Whegeitdoipdmats 8f AANMchst at least
unrea? eﬂﬁgroducts (c) maintaining a reaction
a popian QF &t IgRsk ene A sialdnesparatrd strepmssiroar slepag) is Subjected to

eachh Loiths ok SHIRRCPb, 02 5 A, B ESRRRubE T anc

I'S su
allyl atidition @irydu p@rﬁblpae] ingategLikbritme reddtion conpound Q and
(iii) allyl addition (Iproduct participate in an
equi l i briumreaction () @))iB> (iii); (d)

I ii)..and . .
¢\ BRI IR o SRR (6Ll i Y g reacton
mlxturezbty adjustngitheosize of safd ;acbrtlbﬂaﬁtat st OhesTisdich SOFdBiRstreams
a}_l IS subjected to the reaction conditions
that '51‘5”2’{%39?%9 G(@aCF‘@'&é‘%ﬁﬁt'ﬁ@SQfst%@ one conponent of
08T BBSE b Bty oS BBl Byoams rom st

(a) asdlof tha req:tionenmturamfetepe(zx)vmced conponents to one or
139m)re r oc ss sel ected from hydrol ysi s,

r ogWARNBHY: SUNREHRG QNeoRr nacKe E‘P%’I@f% EePaNENnis to one or
morel%r@@é% sé%btétﬂfrb#ﬁ@drﬂ!e/gfseﬁ éir%?eﬁgtlé’ﬁ OBGfnlei Qﬁﬁo ?ﬁg\'@éckmg to

exar(rip , resent protes be read
formlp&dllfé erivativesoin m“ES@ac@dlmnpomdﬂs f or exarrpl e,

d or, amxt re oftheeters
i 4Py OF et e B ghb Riodos. iy, ies ceadibeadapied to the
reactitredfabethdme \Wigls, FoE akamblé, aéefe 2oy to 3691 at ‘xﬁﬁfe% the esters n-
acet at e@ the desired C4 acet ate(s) prefera ng

but-2eriyh asetate (plsgrineme aseratyl acatateyd G anetade) amdasewnﬂary but-2-

oyt o8 %550 cbite] CA AR " pobBfa B by BB ceparated
from Snefarotiogre | If nglycme bfethu éahd @4 estetigUthe 38RRA prodUtt| theMther C,
estertc%% tr>§ ?gctryllc?ed ?3/ t e lnltlal react|on stage (a). Such recycling can be with or
without separation from the reaction by-products.

Similarly, the process can be readily adapted to the reaction of butadiene with
mono- or dihydric alcohols to produce the corresponding ethers or glycol ethers. In
this case the main products of, for example, the reaction of an alkanol with the
butadiene are the crotyl ether (1-alkoxy-but-2-ene) and secondary butenyl ether (3-
alkoxy-but-1-ene). These two isomers can be separated and isolated or recycled to
the reaction stage as indicated for the analogous acetate esters referred to above.

When the target product is the crotyl derivative of compound Q rather than its
isomer, the secondary butenyl derivative, said secondary butenyl derivative can be
recycled directly or indirectly to Stage (a) of the process if desired. Direct recycle to

Stage (a) is believed to result in the isomerisation of the secondary butenyl derivative

-10-
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Simlarly, the process can be readily adapted to the
reacti on of butadiene with 25 nono- or dihydric
wa@bk@ahai2s2 t 0 produce the correspondi ng et hers PCT/GBY®ai002508

ethers. In this case the main products of, for’

exanpl e, the reaction of an al kanol with the
. | - L - A - . e .
o 42 08 S AVENRE 1] pEIBAS AL IR s ific quitoris
existiibeaeheweactomeniztuean Suailaﬂpawbe@m@twgés pfaaluet iothe secondary

st.a i ndi cated for the

buter&ﬁa%@*&sﬂ%a%@t Sowesrapd Aeniveq CrRbB lerivaliveygrihbe recycled
to thé @a%@rﬁ Bladtiopd “Rﬁoﬂq%r toFiﬁgﬁ ok tﬁ@ra'bp%'c‘fr‘éumgtances is to crack

und rather | SOner, e secon
the uhwaeute}d! ispenénzdckvie, the statting cuatesials, butaemﬁe ded lcwatpouad Q, and

to retbl?ﬁ] pﬁg Cﬂ{rgg l ?\pdi iggqcrhlgé rr?%felpg | Bf t@' t a%&gé{;‘) Processes
I h
or Sl b s ST T A Seors

carb®@lic @GBRDSW rgpsaderial it wethknbwash tisoat. cr oty

caie Feiicle 'O P i 3P -feetalatin LovBNTH Sameld U Gerivative and
react%rfTbberbMuct‘éh%h bBeddr eeveraf Welys! STWB?&%%IQ%% are (i) the

uteng rat her than the isoneric crotyl derivative
Y

separationcbydjstillation Jrom e targebisomeryand decycle ohetr@rdga@tnmns to the

B o DL B e S5 BB HEATE LRt cose
(i) provésy, lf@ll@wnr@lte’t@h/énﬁoﬁbdtm%% @16 a@é’ctlohoﬁfoﬂu@f fwo columns
one or nore of these starting materials to the stage

are S(L&yabfyeatqw@ed t@ra#@wsg@@.araﬂ@n afhdecisemariegbuty! Sefwiwes i.e. the
crotyFaEfvativel afd @ggég#%yﬁt%hsﬂzq&%ﬂﬁé ?é‘t%\ﬁea("ﬂ?) gr}.] O&ﬁ%ﬂﬂ\?/{fﬁg the low

carboxyl1 ¢ aci erira
levelsudf . wét_iee enaplpged ghfing hiseetoc azeotf@mdgtmmmres nwiioh &shn hinder the

T T s
target E)godﬁ'&lo%@tlé epl’ogétflél‘ Wlt"ﬁt EREbS' ﬁ?cieﬂﬂs Eﬁ{cﬁﬁg -prSQTBS can be

recycle of oth ractions to
recoveasadtand mmyc(ed jo tee (nifialbaddition meactiepaiTheeCs dedvatires (i.e. the

buterhGRIAIVER) B Hie Reaib AR of ifhe . BaeipB by PRRANaS (fhter reaction

condﬁn@hﬁ Wﬁl@rcéﬁv‘érﬁ\mtﬁ %Qllte\/dlélﬁé’Vﬂré’@ @aFtbe%b %‘Mds %‘P\@r el &Bty‘PHerlvatNe
he isoneric butyl derivatives, i.e crotyl

In th@l second iocasediiy metreatma@m siag@fnyﬂre dmludad iv &e{ seeysl [pop for the

com i S RapbA° OV NE! Srlot S SRR Rt to oo

carbd?ﬁc ot asragliconoloand hﬁﬁ@dlleﬁ@nemh@s dani b@tdoneeniehtly Githieved by
the isoneric derivatives is not a target product,

treatmgentin H@rﬁapwﬁ@u%phm withya expidic sappartslichngs an acidic zeolite,
and QIYmﬁﬁ uﬁE%IL{s o SucH %@%ﬁér%ﬁe %E%t %%8}1 rl&otci tﬁ?e return to the

I'on reactio erlva ves

addltldmere%\@tdru(lSQpI b) deayi batbenesiciah tdaetionjrate hyd stelé(hmty grounds.
action by-products under yreactjon conditions

A Sm?ﬁtpé?%ﬁ(?@rqf the reagliondel-grrducts sRowdievigenee gk an exigtance of a
dynabdie e§liftbMlim35&tWé@hithE€m and the other reaction products. These materials

if not removed could build up in the recycle streams and hence will necessitate a
bleed stream from one or more of the recycle loops.
In this process, compound Q has the general formula R'(CO),—OH in which n

is1or0andR'isaCq—Cyp alkyl or a C, — Co9 alkenyl group or R'is a Cg ~ C1o aryl
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In the second case (ii), pretreatnent stages are
included in the recycle I oop for the conversion of
wo b@4amseent ed C4 derivative and/or reacti on byP@QF/GB®HS02508
to free carboxylic acid or al cohol and butadiene.
This can be conveniently achieved by 25 treatnent in

‘group & ¥a@our g, C&#éﬂiylpbm \Mlﬁll?n nagigd 9n§t&l§§!@utbd56ﬁ ﬁhoﬂe?)endently

an acidic zeolite; al um na.” The use of such

substteted hyydirexyt aEdllG’rEﬂﬂz(pﬂ‘k@Ky aodtaiey! hyduaxy etber g@ups When n
is onggggﬁﬁyqdi Clisg% &S?@&E al)a\c/‘"{fe](o begﬁﬁ neﬁ"-@g@ﬁg%nd preferably is a

saturﬁfétpanshétrt SdrbbRelic #aa! 'F%fe%blyf adysés nehevhtdsh a free hydroxyl if
evi dence of an eXi stence of ynam c equilibrium

Q is Becarboxylichaeid {he., ufme =ot hier pneyaait cr@ﬁs ification THYeéerably, such

s e T4 SR e iy + o

atoms! NBSse fﬁrbféfbﬁwelfolsmec@ﬁlpbhﬁdf@f@’@d@dMS In this
process, conpound Q has the genergl formula Rl( azlf,o 4
i Howieer, if N ds 1zesp, theasempouns R'(G0) €Obi i 1gn alohg!, R'OH,

wherk 51550 PSR o204 Bl e OB gyl Kbty ot

alcotfsl adrkaibl. fPreferabihitied ateshaheRUDHI s bi §a1t1mie@rC1 to Czo monohydric
i ndependent | substi tut ed bﬁ‘,hhydr oxy

alcohglirxy Gntp &b ydinydrigr alephek n eg?'ﬁQB@' 3 %wbﬂv Cpgt%'h% up to 10
caro TR 1ok GRIGANY, Lepiclys RSB pOARE, ol of

swtaBreefraoablhydrlcQaHmmfmlmaarecumthanola éthanohydrapaylol,i isoprepanol, n-

b [ =1 t
butabSh Gy PUG P terbbutasbhnpetandl Tl et s Ppderel, benzy
alcoticﬂBﬁ@&Yédd? &5 SothyIRExArbIL Wefé‘?@&?%‘t Iée{k‘t’%ﬂb'd?'ihé ARG groups

arbon atons.  Mbst preferably, IS on
is prlnm‘rp::)lmau@ble dilystriccaleatial may)hevahydrdxyhgtwpze:rmadment carbon

an al cohol , Rl rein Rl
atomoh S oRararate caapen TRl n e, of Suebls M g)Sanols are
al gl |, iebre-ad-yiol, h -
ethyl&ab@%ohé? p%ﬂé g|§lgO|s;tC:ﬁ? g%%)gl)é% QPJ gOCZO m)nohyg:? C exane
14Ch®|cohol or a C2 to C20 dihydric al cohol. The al cohol
Igftﬁggrﬁ%e%sgﬁf g'! k e‘éBn{ gwsgelﬂ’géorg Z\&Bgﬁ' tlgt% %'I‘%h%g% EQT{szdrIC alcohol
reacm‘nt ftujst @bhebapﬁo:hxeskamplal aobatusatede aﬂtihlaan,olstralght chain glycol

pre@&@%%ﬂ%%ﬁ%% mﬁéf’ B isbsiciied) s & piteeeibrdric alcohol.

ok
> GkA Blyogh B ¥,280 BHBIC1s SDARLAROkAroxy or allyl hydroxy
etheh}g]‘oowsll diheupsrm |“glypol”rrasgd iA this t aiplicatiohyidcludes glycol ether
al cohol rra&% have lj%gbo_xyl groups on adj acent carbon
compe 3nd 5repEess Ycarbon atons. Exanpl es of
sui tabl e di hydric al coth|@ (GHR'CRRNw gne gl ycol ,
1, 2- propyl ene glycol, 1, propyl ene gI ycol ,
bmvheneJrlRAadd &R’ arlaeae@hendapendﬂnjly a hydrocarbyl group or, preferably,

hydrogen, and n is at least 1, preferably, 1 to 10, and more preferably, 1, 2 or 3.

Suitable hydrocarbyl groups include alkyl groups, for example, those having 1
to 10 carbon atoms. Such alkyl groups may be linear or branched. Preferred alkyl
groups are C4 to C,4 alkyls such as methyl, ethyl, propyl and butyl. In a preferred
embodiment, the glycol is either monoethylene glycol (MEG) or diethylene glycol
(DEG).

-12-



20 In the process of the present invention, when the
al cohol is a dihydric alcohol reactant, it is can be,
wo ooo4exRepl e, a saturated, aliphatic, straightPChaBr004/002508

gl ycol preferably having 2-10 carbon atons. Ethylene

glycol is a preferred dihydric alcohol. Qis a glycol

i The @i eeactong éxpecteds t@mnuﬁmmwremthyﬂoﬁbmtmene with the

al kyl hydroxy ether groups., The te )(7:15 col" used i
defingthcompapnddaicas be r@@r%%e@rigﬁ&sam@%%@ﬁ" the fRiloMiRg scheme:

and i s represented by: CHR CHR'O nH whereijy R and

R' are each |ndependently a hydrocar byl group”)r,

preferably, hydrogen, is at least 1,
preferably, 1 to 10, nd}ﬁiﬂe referably, ok R3.
Suitable h car byl gr nl Ncl ude a groupd, for
exanple%¢ﬁﬁiékhgvinq:t:iﬁt¢nﬁio carbpn atons. Such
al kyl groups mayybe |inear or branched] Preferred

al kyl groups are Cl1 to &4 alkyls s as net hyl,

et hyl, propyl and butyl. I a prefefred enbodinent,
the glycol is either no ene glycol (MEG or

di et hyl ene gl ycol ( )(¥ @2\ 2004/ 113262

PCT/ GBZ2004/ 0f)2508 Th "n meactlons expected to
occur [ n thejlreaction of tadi ene with the defined

conmpoynd Q cgn be represent i agra tically by the
foIIo ng scfjenre: o Il 11 Rl ON,CR1 knol I

@] 'olefin R1nO C8 olef I RL COHtn
S i.c C8 flerivatives of Q | IR '
ﬁgﬁ%ﬁflc species RL C OH

Q=0

¢\ C8 olefin /I {\
l [ \\OH

Butadiene ﬁ

polymeric \ /
species /Ici\ oH
C12 olefin \
Isomeric C12 derivatives of Q

Isomeric C8 derivatives of Q

F

cl\
Higher oligomers /I\\
\ Higher oligomeric derivatives of Q

When n=zero, the derivative is an ether and
when n=1 the derivative is an ester.

The majority of the reaction products and by-products are formed by reactions which
are under equilibrium control. The path on the left side of the diagram (above)
showing single arrows represents a possible minor reaction path giving rise to by-

products whose recycle does not improve the reaction selectivity.
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Cl2 olefin in Isonmeric Cl2 derivatives of Q O I Rl

C OH Hi gher oligoners n H gher oligoneric derivatives
woRoo@113hen n=zero, the derivative is an et herPErdBadIe/002508

n=1 the derivative is an ester. The majority of the

reacti on products and by-products are fornmed by

I effd bOMS-uptifGuichpraf@ctersify bé prévdred by sePratg andeiscarding
path on the left side of the diagram (above) show ng

a smallrgiieana of preducs fioss which useivt prasiustsand vatusile statting materials

navolBb6h R0 i b0 HE BARFAE! oy MBI SBY Be6r S e rom o
simpROReydiedaeg. PCT/ GBB2004/ 002508 The bui | d- up of such

products can_ be prevented by separating and discardin
a Wihen thet majan tafggh rsadest isrlypyialdehydes dhe presessuistepntrolled to

d,v art | ni hav r . .
provBRs A B odBE AR ALY AEGRRHRTRY Bgguse i i
readily eohverted intb ebutgeldshydeoopndér WWede tittunsthnced,adtdesst some of

roduct is buty[aldehyde, the process is. controlled to
r

p . .
the peerndasy DWENY: ISANeRIol iTeRYEEd t 19 the Additier meagtarywhere it can
som R A RSP URRLEOIS, i BRNRRLYSALE Eahfiions in saic
reackone of the secondary butenyl isomer is recycled to
diti, eact or it can onerise to th

the a r where it ' _he

rSTgarie it i FOFON KIS, RREUE, A MER, dBe (RTGReSs 1S controlled to
provieRs, e stShiTBat o i RO LAl Jerelut Bty ip readiy
convettedgodVEHe Hndeyj ivespraineumstances, af heast sooralaf the crotyl isomer is

recyglalcl® e 8P skl et if SR stmebRE B b seEolfy buteny
derivatigger is recycled to the addition reactor where it

can isonerise to the secondary butenyl 15 derivative.
Andneiber optionrindet e aheve pscwnsiancefds o ceacki spre of the isomer

i B8y SR 3o 50 Wi o Bl B o A2 . anc
to returnr@ieldnmone of theser stafiingt Mateiald & tHegtaget(8) rezictioh O Processes
for t%\gecr%tcﬁi%g (()fa )bu{eenayclzteisct)gr's SF %(t:r?grssetso provide butadiene and aicohol or
carboxylic acid starting material is well known in the art.

Thus in one embodiment of the present invention, butadiene is reacted with,
for example, acetic acid, to form a mixture of the esters n-but-2-enyl acetate (also
known as crotyl acetate) and secondary but-2-enyl acetate. The isomers are at least
partly separated from the reaction mixture and at least some of each isomer is
converted to provide MEK and butyraldehyde in the desired quantities. The balance
of the isomer not required for conversion can be recycled to the addition reactor.

Similarly, the process can be readily adapted to the reaction of butadiene with
alcohols to produce the corresponding ethers. In this case the main products of, for
example, the reaction of an alkanol with the butadiene are the crotyl ether (1-alkoxy-
but-2-ene) and secondary butenyl ether (3-alkoxy-but-1-ene). These two isomers
can be separated and isolated or recycled to the reaction stage as indicated for the

analogous acetate esters referred to above.

-14-



10

15

20

25

30

for the cracking of butenyl esters or ethers to

provi de butadi ene and al cohol or 20 carboxylic acid
wGer@snine material is well known in the art. TPCEGBR004/002508

one enbodinment of the present invention, butadiene is

reacted wth, for exanple, acetic acid, to forma

t
gl s 08 Mg Ry eSS Bbng 498 ooy cartc

out indiee digaid p’lhme Botner preseacatof Iaesalt/entpalit is ;aotsepsaratacmat both the

reac{abgﬁrgtsga\;egggfgmﬂélgm Ty arvg\r,y? Il-ig)&%/g s % an a%vantage if the
solvéiﬁt deerievdfer thathe lsdgﬁit ? CHabld bf ssol m‘?%k!ﬁitﬁriﬁé reactants.

e I'somer not required for conversion
Specific gxheplasoof bectaddivientsinobuds bydrocsibeansasuch asteeg. decane and

oS SsSaUher e SR RIERS Bioh Sebli SR L S hemyic o (o

Q = 8biY; lio 'd&hdghérfd ERGss! BRoABI {ToP(PdUél&éhcﬂf red®ant. The use of an
exanple reaction of an al kanol wi th the butadiene

exceas ®f tthe conyiopindeQrasr a (eactakbsgn bS(ﬁdeiang!@) whe the process of

o RSSO e85} il e =

facilitled REadtRMCAt High EbRESsRf bMBlitedich@ erﬁ p‘i'dilﬁass&@ﬁhggw efficiency
acetate esters referred to above. -14 WD 2004/ 11326

of revapyaipehdutadienes Cwentiyathe sempvahee recaernyuohdiubadiene from

R e S R RS R

eSBﬁ@tneabtnémah steph(d)hin th@ambaess; ofi tmolpv&mwmweh%ry can be
in the solvent. Hovvever i s an advant age i f
condistec i ach@gmeingogwf heierogengauissphassh, ¥l @‘ rcatalyst is

usedj'tﬁﬁoéchggs Qtﬁuttapfy & ﬁ&@HSm ﬁ’nesﬂsfér%g Snédli hgée%r ease of

SucC vent's drocarbons suc

separation todlthe neoduacts dxgrgehmat rexhctioh vaixtigesuthe atnatbmgﬁlneous catalyst
Xcess ca = car.

Phagkora badiuisk SU930 605 0 AgHEaptioiedlis,MuidCAtHE Rovhers, and
part%ggﬁ %ﬂ\%&g ﬂalggeoﬁe%‘f 8blid ReropMaeldd (eQ asHy &S@Iﬁéa@ﬁrong acid

when t he process the present
macrareetitulanand gektype ien-exclhange t&amjmd&etemﬂ%yamdﬁagfwngsten or

treamas,it facilitates reac n.a
molbeleRiRL  Bhicy TavEadeane 1o erhiaid aufliel dlihpogigd on a carrier
matéHdl). CV\ﬁfé?ré a RbmMoBBRYAls ehtdystadepiifoydd it i disspveldn the reaction
renoval or recovery of butadiene from refinery

mixtgrer @adscardqé Bestrang anid aﬁt@hpaéoﬁéehq»rg%aca@e(mm di- and poly-

suIpﬁﬁ@igrﬁc?@ndrgbaﬁé%goéﬁ%a%ﬁC (Obgtr&ié) 88@S1m) ghgg l?gﬁ*? 884 having a pKa

of oi@beledgeneous phase. Although if a cat alyst is 15
used, the E)mocess is_suitably, conduct eql in the
hePePreieiiabisu Prearsseot Hils davantian deparsalvllg pPnpggnous catalysts.

SUIt%)tSI?d#&trﬁplgé %?gg@%s{@@ﬁé ﬁ%{g:ﬂdﬁ?‘g?{zg %CTZ% Z'ﬁ}h?ﬂ&gé R/ sulphonic
acidambttlwtedrpcﬂyﬂnecwlsdeh ds gtrodg aadidliion{exthamges resind e.g. amberlyst
15H, phosphoric acid functionalised polymers, acidic oxides e.g. HY zeolites, strong
Lewis acids e.g. lanthanide triflate salts, organic sulphonic acids such as methane
sulphonic acid, orgainc di- and tri- sulphonic acids, sulphonated calixarenes,
heteropolyacids such as tungsten Keggin structure, strong acid ionic liquids such as
those described in our prior published EP-A-693088, WO 95/21872 and EP-A-

558187. The activity of the above catalysts can be further modified by the use of
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partially solvated polyners) or solid strong acids
(e.g. HY zeolite, strong acid nmacrorecticular and gel
w0 ye/11262 exchange resins, and het er opol yaci dsP@f/GB2004/002508
tungsten or 20 nol ybdenum whi ch have been
i on- exchanged and/ or supported on a carrier
e ) e e tg tan o.

addltﬁ@s d&ggﬁ) ze/sel?nl%ﬂ lcﬁt?igggt Iagﬁﬂéﬁlé}g fgﬁ gg‘lﬁgﬁ{]ﬂ?ﬁ é(l‘?dj ddaternary
phosphowiom amrdpsum:dls asactul ghonmlnich amay (beontbre hahdeanosmphates or

carbdigidiess Ta@ioon Bahghe checpRashv ChWRT 3%,7 TeRln ddjuvant can
also Egﬁﬁ%?é@/ éﬁ@é@ﬁ]@@&hﬁ}/ Fé{n‘acﬁ-ﬁéctﬂféztcff' tﬁe'dé‘f@lgéﬂso nlnuﬁl%sprocess of

e "honobgenous catal ysts itab npl es of
the peegartyistentiohdt isnalgo bdvasiadeons tadee poliménisationaohibitors such as

o.0. Ky B RAendE ash Fe BHT- by fiBrPoidiicng st taRkH 2.6-ditert-
butylgﬁe.%%tsprdtﬁeﬁﬁ«éinw@%f PilsbAgd iMAIETRS IrgRost] Serfes] @ltematenals

zeolites, strong Lews acids e.g. |anthanid
frothub‘a Apecialtyt Sheonigalsi d-awinph aseriesaof dnatarists sfsom Great Lakes
hon| aci d,

Che@@pgﬁféﬁﬁ)(&raggp,dﬁopgm p??cﬂ?gt féor g@#'a an éfpé@{/]lca{echol nitroxides such

as MEH&d& OhNA.C inftForXadls N pRscursbYas tdi-bid@aitridxkig, Uindr en n-dlmethyl-4-
strong acid ionic liquids such as those describe

nitrogaanilifi€, dritrisueXife hsi@blepradicalsoagh a@@%msﬁyamhﬂﬂmmerldme-ﬁ

oW orther moaira sty d-RRS BRGS0 and
2 Z,Mtﬁﬁéwrﬁy%ﬁ@n&e/adﬂylt to Qﬁe\&m Inh@s;)owmsfﬂusaiwnmﬁgomﬂnsatuon of

uaternary al kyl ammoni um and quat ernary honi um

the 6R8s r@ﬁ@‘l@nt)f IR dwaitede RAEMRE | tﬂbsp hes Praseneg of the
afore?l?entﬁﬁ{ekaoéﬁféletcgﬁl g addition to these, the presence

as a reattron adjuvant can also beneficially
afOiher exaenples iofidajalgsis saitadde ifor peoih ﬂ'ieaeaddltlahymastlon of the
resent inve s, al so

th f .5 th
butadig0sn o FOTUROUNS |3 o250 MARIO0SAE R, SAHHNEIR diosedBh” Song acid
macﬁegtwlﬂbﬂ‘}dr@é%a‘?ﬁ%n@sﬁsﬂbﬁh é‘g_ﬁﬂ_?m@#tdf'tﬁb%’cldlc sites exchanged

roxyt ol uene al'so call ed tert-
with bukylcopntar@ﬂelsucbtasee gneteatbasfiumitasinéeipes i ncl ude

t L r x_serje teri r ' ialt -
Ry aRee oo Baet Bt i oo 3 {28, it Evatable acidic

sites-akRas bEBRTOGA tHONNEVEI0df V\ﬁat@noa:reo&eqweueat reuvem élﬁwe 5%wiw
and t-butyl catechol, nitroxides such 1o as nitoxid

the catalysi aetbityde sigrificandht eeduiced. whergasi 2t leyelsebelons0. 05%w/w the
actlvﬂ%%%ﬁﬁ ﬁ@‘ul |ﬁ4fagmé\5 B)%Z%‘gj%' { 5 ?%%QV?LB#‘ Cogﬁéé %%éalﬁélab&ﬁnsequently
the M}éf lev%l h théredationararichigl suitdiiyd rmﬂlqoramge flome0 D500y5 %w/w on
ino et 2ot BT D Pl ST 0,

o ASUREER a8 SRS ey SR BMBEES BT rssent venton
especnally in addition of butadiene to an alcohol or glycol, typically in a ratio of the
number of carbon atoms to sulphonic acid groups is preferably in the range 1:1 to
1:0.2, more preferably in the range 1:1 to 1:0.5 and most preferably in the range 1:1
to 1: 0.7. The sulphonic acid preferably contains 2 to 30 carbon atoms, more
preferably 2 to 10 carbon atoms and most preferably 2 to 8 carbon atoms. Examples
of suitable sulphonic acid catalysts are 1,2-ethane disulphonic acid, benzene-1,2-

disulphonic acid, benzene-1,3-disulphonic acid, benzene-1,4-disulphonic acid,
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O her exanpl es of catalysts suitable for use in the

addition reaction of the butadiene to conpound Q are
whedoenogeneous catal ysts based on strong aci d PCT/GB2004/002508

macor ecti cul ar i on-exchange resins with a proportion

of the acidic sites exchanged wi th bul ky counterions

e T osPupofl SRE0THMAeHELE ditibnafi o ebithalene-
2,7- dléuﬁih:oﬂhi eaid;| dl-mlombbﬁzené-ﬂ Msdt[ﬂmmnd oamd t4fitiotobanzene-1,3-

dusulptn%éueccZacgcﬁ,yﬁrgézqat{ﬂﬁzéﬁgé' Smdenin 790, dbbclemolibrazene-1.3-
dlsulq?galcg?/q?iqs %@8 og)%ﬁg%}é’ |1f/gﬁlson c#ﬁk't: Léeblcg ggﬁ@tmlﬂ&obénzene-

1,3- di@QIﬁﬁﬁhi@ablbyS dhifsronaplethalenee?, 6i-distlpbonieaaxtid, oberxmme trisulphonic

suitably in the range fromO0.05 to 5 %W w on 25 the
acid ang paRl al?nsctrlaulpbP@Pe%G&gl y from0.05 to 1 %/ w. A

f’ ﬁ‘be ‘U;g X nrﬁt? bgldccaaftéﬁgé’tsémg@geﬁ &n 'tﬁéeﬂrés@zni MeRligs %éﬁta‘ﬂfs at least

nven ecially 1n addition of

two sblﬁl@@\icﬁ:fa@dthguoms pecolotécute. Jhecnllphanipacial ¢atalyst gan comprise a
ratio of t

v o e S B SRS oounas

provn@éc??t?étqg% ?vlbf]éllteﬂge E@rbb_nl shgmbnfb &léﬁﬁtlcﬁfﬂﬁ‘tthe catalyst is in the
ranges Ul:pHoni c 0al& anpirthfae raiubglét &ht wt%sofztheb cgmme@é rsulphonic acid

comwércgﬁf i 5t RsSh Sl oS REF pedFe it abi e
r%h \erdr@tien GF i dp(ﬁérﬁc Hcfd %a%iﬁt remnpiogied uh phenigaid phase of
aci enzene-1, 2- disul phonic acid

the réasticenmidyr® aars bepneiitaingdi epnskant ABFrughout dhe reastian, O can be
vaneﬁa%rmcﬁgl éﬁev\@mé f‘éjxfagﬁqgﬁtlfﬂé C@%Qg%grqgeﬁﬁlsatlon range whilst still

achi Heairghie- RsGisli SThehreactorncad, be apntieédicnefor example, under
2, 7-di sul phoni c_aci d, 4-chl orobenzene-1, 3-di sul phonic
batchaer gontinuoUgSI0pEEIePENe- 1, 3- di sul phoni ¢ aci d,

4- l@{c%ﬂ;oﬁ?ﬁ g?](izltéo:’résfj' ?*&é@ﬁ?&’s u?aﬁhﬁle ag%lljot of the sulphonic acid

catal?st51sildnb$@1vedbemzeme bf 3t s*elaptams cpaefenably the alcohol, and to
2,4,6-trichlor i sul

b
contiglieysy SR 'gt éeagégﬁl tg‘lebﬁSﬂ? n éh%*e?%eﬂfz%rngxample in the
reac%d IR Fﬂé@férfé wily eg‘u Sk aI@yst ARBI Ab %ﬁhﬁ)ﬁdﬂl@dbllf&m be Aidsdlved in the

honi ¢ aci enpl oyed in the present
glycodl Iamelrthe dnmtamema(msga@eoue@sthqu rr@mpgnm gragbaly pymagd into the
reactpn iHEE s ANERbITE B ErOosoRSo i Bree Ertiot b ABSE Senerally

decré hddcagdto me BINGrceREt0as ATEIE WindSmbee Riiens dﬂldar$ et I|qu1d phase
e overall average carbon: sul phonic acid ratio fo

with thﬂa ermaiioyls@f liquid ethere Apatiips methodoficarying o dne Redction is to

ast 5 0
°°“t'88%§h/n‘af 'r&gﬁ%geﬁilgt@%g;ﬁ@ su'lL' p%rgdn% g%% gr%l]Jdps{oE)grlcoml to
mairfi@hetid eondéitrationeeot rcatdlpst ahd srelaptamis catathied deaired ylevel. The

enpl oyed in the |iquid phase of

catalyst can be fed in as solid or as a Ilqwd 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 alcohol or diene reactant if desired.
Preferably a sulphonic acid catalyst concentration is maintained in the range
0.2 to 10 weight %, preferably 0.5 to 7 wt%, most preferably 1 to 5 wt% based on the

weight of the sulphonic acid catalyst in the total reaction mixture. The sulphonic acid
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the reaction m xture can be nmaintai ned const ant
t hroughout the reaction, or can be 15 varied or can
wheooalilxeed to vary within a broad concentr at i PCT/GB2@a/002508

whil st still achieving desirable results. The reaction

can be carried out, for exanple, under batch or

cont i.nyou [ i
catalfSi ' Pregit; Bfifon 8 GreRitaplt QRIS 1P e reagtion mixure.
Typicafy, ahysieacBoninsixtury gorms acsirglef liquitk phaset lauit may comprise two or

preferably the al cohol, and to 20 continuously or
mOTelnﬁw@ﬁﬁ‘nttently add the other reactant thereto. For

@@ﬂb&q ded hBF %@ﬁx‘zét@”h@% Qehasicrattds, pENLLRIs that are

e su onlc aci dIS ved T n

soludﬂé ¥tite mattlbhenb(wredaadeacmrdnggiy eases obsuch qataiysﬂsnmlhe present
can be gradual |y punped | to the , reaction,

inventinBe largRls OVerssiNes dhe, fewing: @rﬁ@%‘ﬁmsatqséﬂc'@?é a‘f‘”éh yte use of
heterﬁggﬁégu%léateﬂ&%‘t ds?g%gﬁse %@Ié%iﬁ?f&hb%ri&%rﬁﬁéﬁbd@s The reaction

and nore st I qui'd phase W t
betwé&e the almhoband fthé idipnedisqirbtarablirosyitied oubtrhtm pfesence of water.

t.th t tI |
For examsties Pediiid resa caneantaind §4S 3B b indh pretiraply 0.05
to 4 \ﬁf‘f?\%ér b&sed'8h ‘Pﬁé‘tcﬂai |Rﬁ.lld;eﬂ§§é]t rations of catalyst

reactants at desired level. The catal yst can .
ba" Hee nbao’moasssmltablwcamedaowtu iguhe. liqnid of ankegldiquidigas phase in

eactor can be_. di o ed. in t f
the RriReRGEag! ZneQupRt aTb e ds rhafEfaely oyt it Y@eP ponditions
suchghéﬁfﬂeVR%cth HEdvbbAMRE drerohad ties atiobiot obe@mst lﬁrthell‘bmd phase.
esired. Preferably a sul phonic acid cata

If a sobverdnis emplloyed, gt ﬁ}al’lﬁﬁt%ﬁsﬁéﬂaﬁ hat heth Eﬁﬁjéanté @S&inqgompletely in
e 350, HouBhB 1o e aeb it EPRbpERAGRRH Byl trat i i

capabid éf disbolvin V\g hethttheakactaats and the chtalyst. 'Bp}ecsﬁd examples of such
acid -17 2004/ 113262 PCT/ GBZOOé/ 002508 at aleﬁlsi S vent
solvegts iy BY@mCATbANE IR ABCRRS PR JBHGRE ANcPo el solvents

such %?%yrﬂ@s 'Br?&f Hﬂfers faf%ﬁb% 1IDLibER%SPRANE! @tkﬁrﬁ/drofuran and

asin bUt’ may conprise two or
1,4-dioxgnephases. Foul i ng does not deactlvate hom)geneous
cat al ysts sts that are

r A duitber fﬁ%@p[ﬁ Q? ?%%ﬁg%%lngHVﬁ%ﬁI%p pE%Véé%S‘r li"g ﬁ}g sef)g%tlon of the
sulpﬁﬁrﬁl@@éﬁf éafaﬂ/stt "Fl‘?)nF? I®§9AtolatilRVieBIdues that BRlYbGKEUE W RIse reaction

I ng  ens"associated with the use of

mixtivet Mgmaemmy(%lﬁaohtlysrewedmat&mtdﬁe@el reastore §HP|’® iseparation
e B BE LB P s B 459008 e Scioe

watéf"aWereaé:Qhe epeiied. aktd1@ithes unsblpbm eorc 8olublntomilyn . tﬁé organic

O Wm% and nore preferably 0.05 Ioto4vvt%¥va"t‘
compasmismf thieraastian mixiued phEGeforTexamplgcracoNensof the sulphonic

amd% %‘gtgg) ﬁchlg{/éé B tPelltrddht DPEhd HbtBnhixthreSHith WiteR /3 treating

the involatile residues from the reaction mixture with water and thereafter separating
the aqueous phase from any residue. The aqueous phase is preferably extracted
with an immiscible organic solvent, for example cyclohexane, to assist the purification
of the aqueous sulphonic acid solution. The aqueous phase containing the sulphonic
acid catalyst can then be concentrated if necessary and returned to the reactor.
Alternatively, the separation of the catalyst, for recycle, from the reaction
mixture can be achieved simply by decantation in the case of a heterogeneous phase
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the presence of a solvent. The reaction is preferably
carried out under conditions such that the reaction
wheimeen26l he di ene and the al cohol occurs in tPer/GBeuitai02508
phase. |If a solvent is enployed, it is not essenti al
that both reactants dissolve conpletely in 15 the
S sy<HHEV: hhyt | ilitate
lquid HAGEH Yo P (byip FRNELEN] 858G of BAHTE WA o foc
the phaeer sedrativs. ahd thdiecasat af wsfullysbemogeneeuamatﬁystothe volatile
such oIvents bnclude rocar.pons

u ecane
reaction| &R U%tﬁdcﬁ‘iy engeRerale] & %ugﬁsgsdbc’l ?&an film
S, r%'gpé idbfoy €6 héise further re ct on or back
evap??a{ﬁ‘raghy Peﬁign a h|slar% (ﬁgﬁane 20 A furtuher fegtllJre
reactmjh vaeying eeﬁdéncm‘hma, ﬂemnppraiuredesdfpﬁeswfé slepivaluesnof each of
Th sf honic acid catalyst fromany involatile
thesq\g{gli aclitatle f418- nay build up in the reaction nixture,

a%lét‘i\fe Eétﬁ)sctff Huthdieh8 EQ YRS e6mpatiall 3 in the dddition reaction is

reactor. separation can be achieved by virtue of
suitabliydn me:tangmﬂromrﬁ1§u|1pﬁﬂgrprefeaablugn theranpgeciram 1:1 to 1:10.

"k émbeuRd R B P ORI S0 e BT Re REBa el e i sutably

carriéPIReReH forfiperidifrel Rathiel RN oM 20 tdMBO°C, qcsremramgl feom 40 to
recovery of the sulphonic acids can be achi eve

110°€r ekiomever,of compausdc®i isna menehyslrig emdiydees alQﬁh%ythe addition

[ { t h
racli 1B tapt oo S S5 AR S840 20, proferaby
aboveOUe il B4yl BBoveB) PEsand ehe Tompenaitne smphasagesup to 130,
preferably extracted wth an

prefesab eI to 1% cnddpioal: eIt ALR e, AFEeIRSp IS andg s 40 to 90 °C.
Sgﬁé rggétl Neaf oo ctaﬂ?ecﬁ%ﬁ?%sarﬁPH@Qﬁgﬂ m@%&’re but |s preferably

e agueous ase conttal ni e sul p

carriéd iotit aﬂtm a@tbgeauust heactioa pressunet miicdisi detamm&dabwfactors such
and returned to,the reactor.

as the peadianolerapcrafidec RIeRNe, OF g S?'é‘é%/&tfeso‘?‘f%n'%?\eess of reactants
and uﬂﬁ%ﬁé’sﬂ I#ri?l ﬁf@"bgﬁacﬁ&% QRAns! fT,ISlhya@c‘}itlé'lﬁﬁélaib\lfe%*smféi1 may be

t erogeneous Fhase -18 WO
appli2d0/ mesg&zemaf/acﬁagwlmdzﬁiwe Si pr@‘f@rre@teag ythere yg penputadiene

ges Phkse I A0860 3% ok SoBLuE HACPI AR i BAR® ke butadiens
streafrHJs EMCH%%@GEQ%‘S GRé @aﬁé?&hés@em‘a |dinisist of lotlert ¢amponents, which
ucts can be separated by e|t er flash distillation

can addtcathe W'faystﬁm@ﬂ%ﬁ%“‘atl on. Key features of this are
Og&elﬁ?f\% @Ercf?wg‘%{j@ﬁe d{egééﬁ h régéfcfr{ Bwel Eﬁg\ﬁg t those skilled in

the &t ESPhE %dditl@w feictien (Qtfepe@)hm?éy behnatabw biarrfeaicotuh inaa elug flow
this. Relative nole ratios

reactmnpihiibe @nuged rwt%sagn@ being Washacba 280 160y TIaR g theyreactor via a
vap PR B i el b8 BRI Bk ecton. n o
casd ba ey flownreaetart immdtadme(ma)rb bé presentgiariially as a separate gas
phase as well as being dissolved and this _would result in either a trickle bed
operation or a bubble bed operation. Diene feed can be added for example at a
plurality of places in the reactor (e.g. at intervals along the length of a plug flow
re‘actor). In the case of a bubble bed device, the diene can, if desired, be added

counter-current to the reactant feed. A typical LHSV (liquid hourly space velocity =

volume of liquid feed /catalyst bed volume) for the compound Q is 0.5 to 20 more
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lo carried out at a tenperature in the range from 20

to 150C, preferably from40 to 110C. However, if
w@opouwe2 Q i s a nmonohydric or di hydric al cohoPCT/GB2004/002508

addition reaction (step (a)) is suitably carried out

at a tenperature of above 20, preferably above 40 and

i callyzab o 0 ur,
proeffy 571 7SR oot B 1G5 TRERYIE BRINGAROHARY of any
deacfivatéd pcatbgstdam bangkehs #Oist ec&ﬁbrﬁicaﬂy') é’d\@ntmﬁdusoto run with
can be carried out at any desired pres [

catalysidnes ¥BIIQUS Elagascal daRCtHEIIoR O AMPERNEN i Ctiisatonady catalyst. In
this cgérggstfiﬂrt‘at %‘écﬁh |o5F c%?élg Eﬁ@at@é‘ A éé’crv%tédécébn fé%cﬁr}ﬁgh levels

enper s énce or absence
suchexs e56%/wr eﬁdhent@ctlandclnamerl tThes hutediene feed lvan be added

sequgéﬁﬁﬂéglggeStfw%ﬁl%ﬂﬁ%?*e?c%%cﬁ WP g QiTabd grin a counterfiow
modé’”?frgferrﬁglyed net %peoé agagd ué&?élﬁ”t% 3995&@ PE@é’r?aé n alcohol,

b the sofvate ase. In t case o
for exampleg bbmnalﬁplmejecmbnsansossteht plsassumjm ﬁ:batnh nelaetoga:By adding

shase cqnsj st of oth onents, whi,.ch
the e SEAQUAININ dh S ANpSe e EAOAORS SEDAY Biehe Famageation can
be mﬂﬂfr\%a addition reaction is vvel | known to those
din the art. The addition reaction (step (a))
mdgomerisatiarabf gllyl 4e.9. em‘otyband rsea—hzute@yl) dewatwgs to corresponding

enol i@ g kA B FRENGRE, oY o1iaSh YEpihd AfEeeRIc bases or
transtRRPARLS coriplexeslud éﬂo@ blade Qﬁét@?ﬁtﬂhﬁtéﬂall maﬁ b@ hlétébbgeneous

reactor. In the case of reactor,
or hdsoogeneanus. cléthe)éeﬁv@ty@morﬁams|aa¢ar§aowate Bwapaaiéygtag mixture to

ve BB SR Bl o 8 YEH RISt A bnerse

catalypeeadtvatiob) émﬁrésﬂﬂﬂfmﬁﬂnb&trald;é@dnfmd saptmifnea&bn a R¥ alcohol
plurality of places in the reactor i nterval s

based deriyatives ISHﬁQQ fbases sushias sy el anP'qu AESIumebutoxide
are g{y O%%Q @bAI%eP?ﬁ\e‘?ﬁ@o%eflﬁh?% 980" @éﬁéﬁnf &g, 19@(3 (1988),

ount’er-current act ed. A
J.ChehiSSo¢ Petkind 1i5$5r(l1972b318@8(\1976):)1ty = voI une of I | quid

t SowerinEon Of s S0 HectaDy S EbBs APdhS=tsfrespanding enol
derl\)%"t|€é§ r&8b yméyt Be> car'rfé;dt @it Gesifg OrarsiBdi ! it eé'&lhﬁrexeé These

cont1 nuous any deactivated catal yst can
reactmh@mayltle hemgenews,ar hetesidgemaauscous to run W|th

| f .d
e Jomesd va\afr:@,@tSoﬁéf%%eiaﬁtaﬂg}ﬁﬁgé%% oLfehdbe g jn,the liauid
phaéeDWherH %@ﬁxm &t thase rysdtiondah ithaligdid+plstescéittyart teshhogeneous or

can reach | evel s 5 such as 50%W w of the reaction
hetemgmg@usméalwahsmrbh@ ysesk Hhepe nigeesp staggsedrei epargted in the

aasf R S RoRhahlE BERRLAS. MY alidr RISERRL oo
homegatesld vatalysts Used fanthesisomerisation dandbselected from a variety of
transition metal element compounds, particularly those containing Groups 1, 5, 6, 7,
8, 9, and 10 (formerly known as Groups Ib, Vb, VIb, Vilb, and VIilb) elements,
preferably copper, vanadium, chromium, molybdenum, tungsten, rhenium, iron,
cobalt, nickel, ruthenium, rhodium, palladium, platinum, osmium and/or iridium.
Suitable catalysts are, for example, the salts of these transition metals, particularly

their halides, nitrates, sulphates, phosphates, or carboxylates soluble in the reaction
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for exanple, by multiple injections at constant

pressure in a batch reactor. By adding the diene
w@e@dogd2by in this manner, side reactions suchP@rGH2@®AH02508

pol ynerisation can 10 be minimsed. |sonerisation of

allyl (e.g., crotyl and sec-butenyl) derivatives to

Amedu@r%:r ?pgg‘?@ﬁge ngﬂgnucﬂ 6°ph|%r 8)%&1%@ h&,hPlR ¥ShHatlY, acetates,

ases or transition
propibR4tek, 2athylpsRsnoates ahalsathe cratesy tartrates enalatesyayalonates,

be het er ogeneous h If the d
maleatst ai b SRR LS TPRAIES ondit { EXARS it egulfonates,
benz%rg?%gfotn g ed Sh%hﬂt feriidifbaatdsal | ffcﬁl‘lfeﬁ’élefbﬁﬁtes or

A aci d wat er ot herw se
tnfludi@méthanﬁsmmnem res:ylamdbspm rhceztmfhwroberartem argerchlorates, or

f
nexclig@iophasEia(sS, ABBSaINEI ALK PLE RS L Re matals pqarticu'arly

e PRI AP ey A B Ao RURD e, 40086, gmonio

phosibﬂugﬁlﬁn( 1%%3)11&653( $8@FGNIUmM 2alts s oﬁwanadwmmwfamds;tmenlum OXy-
and sec- but en er t t ndi [ 4

acitrsh Se ok o S AR L S R R B SP aeniun
hept&’a&%l sdlaR!ifs nlcTé’tﬁﬁﬁleerdlﬂfh% ofthebe efesenNpadularly their

‘et er ogene | sonerisation can be carri ed
aquootammlrre thaéo,gabmhm@rﬂmmteb eyane ©f gmico complexes as well as

o BERERY LR SAAE AR I B Sbgzcocn o
acetPScatdRE; dibkinh&€F6r BXxARPRS cﬁécﬂﬂﬂalo&irﬁe ofugildibxithd, rmrttieazndloxme

gaseous phase, heterogeneous catalysts are prefe
ethylenediaminatetrazinetic hapidge Aitieiriacetis| yaaid, u@ltraoﬁﬂsthawi ureas or

o BELS SRS BB HE, BEARING phopanirotnes
8- hy@nﬁ{))kmuggh% o@r@WlﬁSetﬂaersﬁor 60Iy¥alkyl8ne S@;Iyauh)d 48 v{élbasmargqnometalllc

compouifisnof thege F;fag}sgp@bmptgbﬁkgpen@a,ﬁ%ﬂ%ﬁﬁnp& quﬁbgﬁyl complexes
such™! Qdew Kégﬂgﬁlﬂ‘i‘%%“ | ?ﬁRﬁ@l(d(?ﬂﬁewl@ﬁﬁéh&lphBé;SH‘iﬁé)3, RuH,

rut ent um osm um and

(CO)(PPdg)ngul-{iu(l?lalb)geomIr&lﬂC)@)(E’Phra)e (th@rahbrawptl@n FPRk3 designating

s of .t t t |
t”PhﬁaWPB%gOh'ﬂﬁgfsj:eé;a glpg‘grt e te? pﬁgﬁ%: Ié)g Ul %rleXOtrlop(SHemum(Vll)
yl atgapsol ugke | rea
com BB ey 004D %08 ﬁe“‘z."?n’{"r? onie V), partioularly

methytitsioxortentao(\dhr boxy| eydepentagienyt f or w&&'@@rh%‘é‘ﬂﬁv& or
opi onat es

et hyl hexanoates, and al so the citrates,
phe{yéﬁrtpxgl{hgg %\ﬁgt es, malonates, maleates, or

f UPREADRS, o SliSEutRt @t iy bexasadl for sthheatalysts wnatdes to render
benzenesul f onates, naphtha | enesul f onat es,

them ohelenegarneossatvith, respect: (o f thﬁarléﬁmaﬁté%rm $igRatRElude supports
conta?/?r?g A%ic LrebiRbE U RSP BRARDES st laRIdi §6n &lchange resins, and

sulphonic acids such as paratoluenesulphonic acid. It is possible to carry out this

process stage using a heterogeneous catalyst.

The supported strong base catalysts referred to above enable a process with
a sequential or simultaneous/combined isomerisation and hydrolysis stages to be
employed. It is essential for carboxylic acid derivatives in this case that the
isomerisation stage either precedes the hydrolysis stage or is carried out

simultaneously with the hydrolysis stage. Otherwise, the ester will split into an allylic

-21-



10

15

20

25

30.

hexaf | uor ophosphat es, al so soluble salts of the

oxy-acids of these netals, particularly the alKkali
waoredoal11326 kal i ne earth netal, or onium salts, BCDGBa®4/002508

amoni um  phosphoni um arsonium or stiboniumsalts,

of vanadi um oxy-aci ds, rhenium oxy- acids, or

aIcoHRﬁrihhé&iliﬁbﬁ@rhdwitﬁrth,bhéarib@h%;liﬂ iadRb afll &t Neifleb@Giedsssary to devise
particul arly dirhenium 1o hept oxi de, sol ubl e inorganic

methesismfshiftogpor equilibriumbadbe slesired direciien.t Tbalraepyery of the lower

ol Sl 3P0 OrAB, B3 Beur SR Kaon AEREEL 7 kel 5,00 more
enerh effciéthahtscparaiigine dérivatiobs! Thienutgetddis/deusid atethyl ethyl

acetyl acetone, dioxines, for exanple, diacetyldioxine,
ketongr BP dfmer, may benAptianally ngonverted to derivatives, for example,

catalfily o SPRENIR HARTF S iy Secsblidhl o' ©
bi ‘Fifd (xpphériiondraphydolysisestagbs pYgo whagess conducted consecutively
erpyridi nes, phenanthrol i nes, - hydr oxyqui nol i ne

t 8 ,

or sequstialiy.hdt s RRssiRie o SoRpiRs Samerisstion ofihe,@plyl a8d sec-butenyl
ol i f t Asi L
cer BEATEHE] s TR 0 aEo WP buryracenyoe
and @ﬂl(@%ﬂ@;ﬂgﬁ%% HSUCI (?(F?)Pghgxyl diI phen)élophOSEhi ne) 3,
u ) PP 3 (th .

AEURSAERTEnPIPEkS sy BL (R e VARTCID Y e 9T HURb P riyresponding
oo A (AR B2 ddEbARaLGT, SAIRSLIABIPTHTN out uncer
hetepaganenulsazdnditionst dydrtanyosuitaida icatalyat! )Examples of suitable catalysts

inciuergRembBk AR N AKS! /6. Ses AP KON g, paladium, ppich may be
empl‘fﬁf)édbﬁs weetdls§ &F nmistsicsapalngs. s Nltﬁoggﬁﬂni@pbﬁ_@dﬁata@&s may be
t hem het erogeneous with respect to the isonerisation

empiayed, Itis preferahie pouse catalyataisnppgriad iom ipert @aririessughpas carbon

or TR U Ml oA D FBRAE s Mg i, and

ruthésiuRPss chlr.0 carry out this process stage using a
het er ogeneous catal yst. The supported strong base
cabampsteagtantsy stght as & elysobispmeadPisvisvissieastipn stage may be
i al i / [ j Sat i ;
resBnt ST oy e SRR SREP B o ARV ES. A onent s o
required foathisxgactiorading dactivatcandse carricd sutdasm alhgasivapour phase
i soneri sation, stage either, precedes,the hydrolysi .
or ag & guOHNESE WixtuieaqinyiHe aHeh §456n 8 JIMY yeaston W be operated in
w Dy dr i ' t ik | i) |
cithe & IS o b ST S el s MR TSt BB Forcexample,
comaletioholof i hydnpgehation uofi wi-but-24enyt agljoxdy letheracicanahe determined

wil.l pe. necessary to devise ,nethads, of shiftin he
conBRUETNEIoR S ARIOR8 ST GeratPBT DRITOYAE PR, ap T the case of
botht ISw! AN bat&Pirkh&Brd ByNdafipiy ¥Wndl deblysie By néblY! such as Gas
ethyl ketone fromQiS likely to be nore
Chromatography and ultraviolet (UV) spectroscopy.
The hydrogenation may be carried out at 20 to 200 °C, preferably, 40 to 160°C
The hydrogenation may be carried at a pressure of 1 to 100 barg, preferably, 5 to 50
barg. The hydrogenation can be carried out in a slurry and/or flow reactor.
Direct addition of butadiene is illustrated by some examples. Figure 2 of the
Drawings shows a possible scheme for co-production of butanol and the butyl

derivative of a carboxylic acid such as acetic acid. When the carboxylic acid is acetic
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energy efficient than separating the derivatives. The
but yr al dehyde and nethyl ethyl 5 ketone so forned may
wheooeptizenal | y converted to derivatives, for eRenpB204/002508
catal ytically hydrogenated to form n-butanol and
sec-butanol. The isonerisation and hydrol ysis stages

acid ﬁi|§%cﬁ§de@chﬂble€taecblﬂenf9edhE| medwtloseqﬁapbmtahblyand butyl
possible to conblne i somerisatipon of the. c

aceta@mﬁb@dﬂf@ﬁ@%;ﬂf th@eﬁfﬁ%%n | PUENHQN dhdpr KRRIGVEMER 5t th¥ chemical
e I
iSRRI Ao Sy Al e o eapon b
produusiéuch 5888038 olefins| ﬁ)émarlgmglatay Oag olBjmrseQ@d:atbnxylates and other
correspondi n sat urate d
hlgheﬂ'—lﬁﬂ'%‘érﬁ&'{m&ﬁg{ %@df?@ec%fﬂﬁ* BN étéﬁ‘d)éﬁg H{& ra}ag %of}@‘ese are
showﬁ ARG §i3 ?a h 4s %n%@\’écrﬁ’a%&cfét aI*I}i@rec;@fé"’Q?ﬂe%?n ® conveniently

I'tabl e yst's ude ‘rut heni um Pl ati num

obtalmd; :dehngethg buté?dleep :Nlcytmnprqmldt aﬂyhmalomhobreowyr}betags shown
oyed as

as a pHBTIASN BaxC VRIGRLY dhéh Seppratop e Bpicts &' dfived by distilation
and tﬂé%ﬁfiﬁglcﬁ'dépﬁfjf}% Sﬁhﬁé pdints SF ARPFéRBoANprodaEss; production of by-

riers, such as carboh or siliceous supports.
prodlmtepreedscmt they sheice raf|the statipgoieastankaa gy, aicekkexylic acid. In

i 3hecs bR BTSSR BT S CBLA e S Gipdopes b

the a%@ﬁéé‘tof stet Bbﬁa@hs@ﬁ@mr dRiilirig"poine fraetibe thawaceticacid and
catal ysts. A solvent is not required for

this
the hlglawlsl can beneecoygred @8 2 drighdalling peint gifteam. aﬁlt%n@tlvely these

e e SRR Byt IR Bt Bk ac ca be

reco@érbbetﬁy Judter @dd&ld@ﬁéndrd@dmmtdre d&etdermplpaer( ptedominamn organic

d F
|ayergﬁn$§g§ce’2u@n§§v l@vé‘%f%&més‘»’@ﬁ'@ Bomdnalor Bl A a0 R dynamic

equuﬁ)(?@l Wil sfté}flnggﬁﬁfén% Jgég@o?ﬁh% ﬁﬁ%l‘soﬂa Ie stream could

en up ake a
bundbap Ctb uﬁacde(ptablbylesebpiﬁm@lendj froma | thei @dyylem hgbléaken Water

exveplanrnay By S TR ST b 2 e bapeggs solutir
forrf—zrg&Cfegffgmhg gggb@éldy 40 to 160C The hydr ogenati on

carrie at a pressure of 1 to 100 barg
pr‘ﬁi@cﬂtﬂylwarﬁoxsdawcproeowqbby@he Taécmﬂﬁgmer@nwmﬁ carboxyllc

SRR T
3 sHowUBe pdsSibld Behefleafdrngs-prbdlngtioh e SRithlatdetniiembutamnol and 2-

co- production of butanol and the butyl derivative of
ethythexanolothat | cam beduset o deplacet the Rytpformuationstage of an OXO

LRSI OEAA R, e A 3B s 2 o

havd @ comencipinteatedistorroly] acbidtaraid aad betgdmbined to co-produce
butanol, butyl carboxylate, butyraldehyde and 2-ethylhexanol.

Steam cracking of naphtha produces among other products a raw C, stream,
which contains butadiene, isobutene, butenes and butanes as major components.
This is often selectively hydrogenated to remove trace acetylenic impurities and is
referred to as a crude C, stream. The refinery crude C4 stream currently is used in
several ways. A process in commercial operation is to exiract the butadiene to

produce a stream containing predominately isobutene, butenes, butane and trace
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acetate. The process of the present invention is for
i nprovenent of the chemcal efficiency of the
wheiradiese addition stage by recovery and recyRPdCEGBR004/002508
reacti on by- products such as C8 olefins, C8
car boxyl ate, Cl12 ol efins, Cl12 carboxylates and other 5
butaulagieertm&risormommm;/ beleatively e hpdibgenatealx tb atenvert the residual
ont ai ning materi e are own i.n the diagr

The sh ,
putagfBe™ ¢y Bilehes nf s aeSii piag il S oiereland 1o a8 5 Tattinate 1.
Raffify eni sl Vise OS a Mad Aufibna_ bBeak WIRALASE fBEGLbERNaNd for its

product allylic alcohol recovery stage s
conglituenti canpomerdsx .Forypiampley raffivatecpds aftenneaétedrwﬂucmeihanol to

prod e RIS F5uBlihe’ sprinely caler o T uten 1Y tiih I eiifinated to
gené}h&ﬂ Y ouPiRe@T isEutéAe PStRERIAT Snd Setiitaten lﬁé?ﬁar?(%] Ofcff ere%ilcle The

he startlng react ant, €. g., a carboxy I C acCl
purlfteh:b ischiiene siteam dsaai Blughblee chemidat mt&rgieeilaié alaah finds use in

oo bl 550 OB o T RBERGGH S sobutene

extr@dtnl stagéiisl aditbant kenting rﬁe@@rﬂnﬁé&el&ﬂﬁﬁéﬁéﬁgné%u@ane with trace
hi gh borling point stream Alternatively these

isobigner that ds ipnimenly gefarradh & rasdeaffireteedl wWeheereaction of a crude C4

s VA bt SHRS yB88. 45, 840 BB ot SERHE valuai

olefuprcedmmiaatsewhusir@ﬁ#pr@dub@g&faluéblem@gbhét@st o @@mple, both the
evel s of high boili n%&OI nt materials that are not in

CrotsdﬁMﬁe,c-b@mM capPyyintast aret ow t@ pei A gavlibepmawith feee butadiene
I I

and R2fio b} BRT8065 o1 8 SIREE S0 dho I3 ettt formatr

andtlatklahoant theseeallyliactarboxylaiesbeanskes usedr Er@x&ract butadiene and

gendiaie Fopyi BuRHine RNES 06 & bydEEars shparT Puch 2s crude Cs.

The %F&Q&Wb %bﬁd @ﬁdﬁﬂtﬁ@%é’d‘tldmé‘oﬁcﬁﬁ@ﬁé far &fta@éﬁé‘é‘dﬁﬁ%n‘%%o active

a car oxy acid can al so be converted
towayds wddlltmgm isobyteneonnd ipseducas an cpqwtlhnuhyhmﬁed Fingpouret of t-butyl

oo R Ry BR IS o e i BB S s o o ot

t-bul;&ﬁ%étérocérﬂbba@@d s Hytoedsy Wbﬂﬁé&@t@‘t@%’o&c@% pe isobutene
5 process to n-butanol and 2-et hyi hexanol .

stre@aherﬁ@ remgyal af éwtaqheneg@m@slsgb@h@aesfrom\aecwdaoﬁmatream will

rochBh TS 21 SHUARRIC! ol o6 By AP BBy e action

reacwrdwﬂe&i hystémeding dével Sf eebatylr estisr l@gndfe nsphtd supprstiscie forward
ucts a raw C4 stream, which contains

reacligh i S tenBof BiScPdSaR AR BGth o aud) s Steam minus
butaﬂ%ﬂéo{%@éléctlvégﬂyd%gt y%)t?orpfd Rnsde ?&élﬂt‘@' %théﬁgﬁgg.%'éatlﬁqeflnenes

to rehove trace’ ac enic Inpurities an
alsof maeysba equited CAF sim el alﬁbeercafnmtmmtlomeudie céA bérs=en that the

ever al roc

* addfiinsl e patisoien 57 s [ soieke VBiaGR en@rogents from a

hyderQﬂ)‘é‘hest?ea‘-iﬁ IsBBAEXHas T 6., gp baERITE RS iSoRUtERE R Re 1, raffinate
but enes, butane and trace -

2. An |mportant common feature of this chemlstry is the reaction of butadiene with

carboxylic acids. The process of the present invention by improvement of the

chemical efficiency of the butadiene addition stage provides an overall improvement

of the refinery integration and oxygenated product options. Figure 1 shows some of

these options.
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WD 2004/ 113262 PCT/ GB2004/ 002508 but adi ene, this is
comonly sel ectively hydrogenated to convert the

wo e®isdureb2 but adi ene to butenes and the resul t BEIT/GB2004/002508
product is referred to as a raffinate 1. Raffinate 1
finds use as a raw material as an al kyl ati on feedstock

anTheaboveschemistriyi deseribed domeadokglic &cids ermirallel chemistry for
raffinate.1 js often reacted with nethanol to

the pﬁl‘éﬁﬂfﬂed%‘faﬂwstmb&@%/lpréﬁﬂ@r invesHapn| )FQEaPXQmPiﬂTBE the case of
methdh %Hen réatitidn 8f &kl %ultgﬁpet%!]gnoleﬂ}e%rér{d BE (methyl

I SO ene stream and re- | | or recyc

tertidityebuiyl reltrﬁergzd lekMITBEecem bead:’rabkedi ba@kttabisebam aad methanol
i nt ermsdl n {léﬁr}gs use,in polyi sobutene,
usinge (WelleGS} ﬁ i detipgiyir shemistry. A by the oprsa o theru%thylene glycol

derlﬁtg%gﬂﬁg %heﬁﬁét@%ﬂdﬁé‘aé&%ﬁo' theDuiyl g‘rfﬁf& %ﬂ@rﬁ" WhitH are important

m nat e tenes and butane

industréad sobrents. héﬁhe mpmrtamel of reebeenyeand ceagle of feéaution B-products
ction of a cr [

I th b .
for 8 QYT GRS Tarreantd An.a FeoTIcant BMAsNLeY Ahsybsfiution by reaction
of bM@d@)ﬂ% ﬁnth ot 'aTHo‘hoFﬁﬁmléﬁélﬁléMBdrﬁg t Wr%ﬁgﬂg the rgactlon of

val uabl e oxygenates. For exanpl e "the
but@h@:&nmtbr@thyleaemamygnm esemﬂmeeamamodusm:bsntwqd;speuesmg 1,2- di

(croﬁggﬁ’r@g LﬁﬁB{s and ar box Lllsgrg?c?)lg/g -|s§c-tbrl]1$oxy ethane.

f 0Wﬁ%lhé?résb'écﬁaﬂtﬁesﬁrbgémqﬁv@rf]tldmtbsﬁo@ideyéﬁ fmproved process for the
carboxyl ates can used to extract butadi ene and

co—ny@dwtmneoa rpethy! tﬁihyaldk@tnaes(MSKm gnch buiyraldenydar wader conditions

which BEAFAHE D TR oVl B8O alR 8 WAl 2 furner

asp@ctt toV;@rovtd@V\an dpesidid potes® fbﬁﬂ@b@-@ﬁocﬁftﬁiloﬁfmﬂ@ﬂﬁ/l @thyl ketone
ibriumlimted anount of t-butyl ester. This

(MEKéaﬁrtd bHtyraldehyde whessin tbepveralh drimatiosnet wawapted by-products is
redcdg@! ysis and the isolated 20 t-butyl ester can be

used as a process internediate to produce a pure

i sttbohe raspest o’eﬁme inVertiorg aoravkersibn lofibatbdierse tmmethyl ethyl ketone

and, Bipreideayds R Befiiiad Ay BeciER & sediboRds geid or alcohol to
butdo?éﬁ/é E@Fbrhpatrﬁ&tlﬁécﬁftlé&ﬂené %ﬂ?ﬁ@ést@l’se(c?r &hé I”ﬁ“1'”9ut 2-enyl ester

l'evel of t-butyl ester can be used to suppress
(or ¢ihvennand a secondary di-bubbiamyt ester Tior $tlp>ert),dpaléml recycllng of one of

the el #8lEs (" Eufidt Tunoald dpilu® BF edidioteh treatment o the
reméﬁﬁrhgjlaﬂ!/hé)lés@&se@ﬁ emers)i i idrhessdtn aﬁHSﬁydrﬁ%rsbgtage to give
required).- Fromthe above considerations it can

metb)éleﬁih‘.t/'H@tOlM@ndéi’d*@lﬂtvfaid\ei@fd&;ar boxylic acids can be

y Bsbitingl e pXéefiohbaioar 1E%Es & ProBess, dor. gg-production in
con!rGIme?@ﬁld@ ofl ety dthyl kétoneadrrlbdtyraidehygeoby ant
commmon ature of this chemstry is the reaction of

bufadi efRAGHNGHPWAdIeAL IS hygrogarhen fraglion cerpsisingr bytagiene with
|
a coZl?;?l i enc@é«g& {tlﬁé‘eggﬂ?ﬂamrﬂm\{ﬁw (t‘,@grhﬁl*? wHE §2 ) or 1 and R'is

adiene addi stage provi
a Covapldkyil mpradimyégtoupowmchenayfbenmsubsﬂtlﬂed @i'lsubsﬁtutbd by 1 or 2
% %ﬁ(nat ed Br oduc Qgt [ ure 1 shows, sgne of
Cq- OXy groups or -C1o a?y I group or a C; -C44 aralkyl group or a
methyl group, in the presence of a Bronsted acid to form a mixture comprising at
least (i) a crotyl derivative of compound Q and (ii) a secondary-butenyl derivative of

the compound Q,
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t hese options. -24 WD 2004/ 113262 PCT/ GB2004/ 002508

The above chem stry described for carboxylic acids has
weamalii®eb2 chem stry for the al cohol derivati veBCDEGB2(I98/002508

present invention. For exanple, in the case of

met hanol the reaction of crude C4 will result in

alpl yl i goptihgsgslprst Miesmittomtyngubjecting i atr Lealstjtgdrt of the reaction

ether). The MIBE can be cracked back to iso
mixture tha(/6e 05 MaFe genalation rasessasetp (1) %%wafqn %?Wart of the

o o555 gL S e s vt
)

steps\{bi1§ analr ©2) bemigt cartied budsmUliamieoasly\mrﬂequemhally and in any order,

i nportance of d I f
b;:.p pr odg@y@l?]gf{%e tcﬁgrsé } r éfc th%sg;qugg%ggggga Jortion of the

reactgdr? gja lﬁ%n?ro?rﬂ‘\gﬂkn °f|‘| éﬁ‘%’ ddrivativen r'?d’/ol‘ e@e! seBond®ry-butenyl

I'ene wi functionalities can oocur:
derivbtiVe ehasbeen tdmoveﬂacs;amnptmmomocd)mpasingnat \¢ash one or more by-

prodﬁggcc}.f:tgeeesﬁgge 'a‘)ﬁ‘?eeéﬁu%ﬁ( &q%@ggg‘??d@}qg}éﬁg HeRvEe H6rs ) butadiene
dme%%%@wﬁ,k&gggBﬁiao?%ﬁ@ﬁﬁgorﬁeﬁééﬂd?ﬁb‘r?(m? PEadidnOsys i @ifferisation or

' ect of the present invention to provide an
oligoimgyisatied nno«hmcﬁssrvm’rmomp@lmb%laﬁductl on of methyl ethyl

ke one . and_ but yr al d t
it eI oty Sheersigoy caeh) gt iREE dbnERsyrAldsiide and
conv@Ftlﬁ@ fh'e s garéﬁed%lftlﬂ-é [derivatids BS flethy d@lﬁ}il\lde&m@n
nproved process for the co-production of nethyl ethyl

keﬁcﬁuﬁhen\@gedmﬂ the Pyesand dmyatsionHpyidesta Brasese afPT co-production

in confl8% pighcipt HR ety RIS nd hunraidthdte b 00°
mej hyl  @fadlihg lritadiene ana Mﬁmcﬂb@ﬁﬁy@tﬂldnscmaprﬁ@ngthene with
addition of a carboxylic acid or,alco

a compaiic:: hayingoth® aeneral u‘Prémd)‘ﬁ RSOReW efeém { ﬁ:%@%‘&%@ alkyl or

- 1- byt
alkeé)@c%rg%lg ﬁighb a]legn r% goﬁfsel{ 5%8963) 1anj 23C,-Cyo alkoxy
grouPSCdﬂRI lsga Ch- anerydfgromﬂner aI ﬂ:yomammhgsompmr atrheth)ybgroup, in the
rom said nm xture, of roducts, then t.reatmnment .of
prespERRIh ArganSI 9 PEidde BT & GVt o BPHE B0 Sghart Odt Fouy! ether o

comﬁag {P@éﬁ{%@ éséé&ﬁlﬁar& Busig etHB?tdehe ebmoukat@ne and

25 Accordi'ngly, the present invention
prbyi desoratlrpmmbsgr flniermdtmhfda@bjedﬁng rat least part efj the reaction

o T ey, B, B e o
crotfl WTRE} §h6&ot(52§l§ Rgél%té\ﬂa‘t east artrpe il s@zbmyanygblﬁéﬁyl ether steps

general formula )r, -OH wherein n =0
(b1)land ébmbemg:mrmckput @Hntdtamwslyg%angtauyrﬁdgd meany order the

coBRAR P S4By QBB By o o

. butenyl &thdr Fbkadnvarsion it methyl ethyl ketone and butyraldehyde,

C. recycling to the first stage (a) of the process, directly or indirectly, at
least some crotyl ether or secondary butenyl ether, and

d. converting the desired quantity of the separated crotyl derivative to
butyraldehyde and the but-2-enyl derivative to methyl ethyl ketone.

An example of the process of this invention is formation of methyl ethyl ketone
and butyraldehyde by the addition of carboxylic acids or alcohols to butadiene.
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15

met hyl group, in the presence of a Bronsted acid to

forma m xture conprising at least (i) a crotyl
waletosnra2erve of compound Q and (ii) a secondar yP&TGanook/002508

derivative of the conpound Q -25 WD 2004/113262

PCT/ GB2004/ 002508 b. continuously or intermttently

subj ing at |east part of the reaction mxture to

one gﬁgnnggnéepavatioﬂ processes to (bl) separate at

| east part f the crotyl derivativ d (b2) separate

at | east part of the secondary- butenyl ivative,

steps (bl) and (b2) being caxried out sinmuNt aneously

or sequentiallly and in any orger, 5 c. recygling to

the first stage (&actod the process at | east portion

of the reactijfon ftrPetigre from ;ﬁﬁ‘#ﬁ?“crotl

derivative andf or the secondary-%utenyl derijvative

has been renoved, said porti conprising at/| east one

or norg by- products of theAStage (a) reacti‘on, the

by-proéycts bei ng der rom (i) butadie

di FSatth@eoyor (i4) but adi ene oligpﬁﬁFF§g?TB%?W6r

“(iii) reaction of such dinerisation“or 10
ol i geNBlrsiaki@n products with conpougpgdyQs.d d.
converting the separated crotyl derivative to0
but yr al depydaseagghionconverting the separated |but - 2- enyl
deHjdwatis Ve t @ et hyl ethyl ketone. AWPthen depeitonof
the presept invention provides a process forf Catalyst
co-producfion in controlled proportions of {nethyl
et hyl ketone and butyral dehyde by 15 a. readting
but adi ene or a hydrocarbon fraction conprising
but adipgne with a conmpound Q having the genera
formulig RIOH whertin RL i Ra C2-C20 al kyl e\ agHgyl
gr oap i may be unsubstituted or substituted by
or 2 C1-C20 al koxy groups or RL is a C6-Cl0 aryl
gr Mefy! BhvlEgtore7- C11 ar al kyl group or a net hyduy@ka@up, in
the presence of a Bronsted acid to forma m xture
co LS t least (i) a crotyl ether of 20 conpound
Q gﬁgb F??#g secondary-butenyl ether of the conpound
Q b. cujtigbRlisry v intermttently subjecting at
| east part ‘Of the reaction mixture to one or nore
sePhe aeholh) jsooerissdiont @anb Hydselysisatséages |camstbepagarriel out in

acocSa e S oe e ot 447 8RB o4 B3R frohs anc
isomefisafios 3t Hhe aidxyBldTHEHARRRLT b d Q. SS FHHERE 5, 7D6 W 0aNtbr the ether

In-any order, the” 25 separation being carried out to
derivadivea).e the desired quantities of crotyl ether: sec-

PRSI AL 05 SHUTANED O SuTBH P, A oot
with o shhgaisdenpkaticiglyest Iry tiss preséricecof \a catalystebsides the reaction

- --erotyt -ether er--secondary but enyl—ether, and
conditions, butadiene in the C4 stream reacts with glycol to produce n- butenyl and

sec-butenyl glycol ether. The sec-isomer may be recycled to the reactor, or cracked
back to the starting materials. The n-isomer, on the other hand, is recovered and
hydrogenated to produce n-butyl glycol ether, which is a useful solvent.

Not all the glycol ether initially fed to the reactor is consumed in the
butadiene/glycol addition reaction. Instead, some of the glycol ether reacts with the
iso-butene present in the mixed C, feedstock to produce t-butyl glycol ether. This by-
product is isolated from the product mixture and cracked back to iso-butene and
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d. converting the desired quantity of the separated
crotyl derivative to 30 butyral dehyde and the
whoio421eey| derivative to nethyl ethyl ketone.P@&GB2004/002508
exanpl e of the process of this invention is fornmation
of nmethyl ethyl ketone and butyral dehyde by the
glycadléitheéroT hef isodnieney Is recaversd by ddtilatioh sand sbid, 38 8R8mple, as a

- 26 2004/ 113262 PCT/ GB2004/ 002508 + Q Reacti on

feeddIak Tor B1F REchian OF RoleakUteng GIAlS). e vRol ctheds recydled o
t apvl et gL /et t e/ " . .

the FRBci SRV B8 &It i R B 4% Afldition reactions occuring
theregoneri sation Catalyst O+ Q+ |j~ Methyl

Et h%ll%}fet oge But r.a.?%h de R(CONOH=Qn=1 =

car'pBx§iacsingAng disd! egiapent sequirast inrtheiproeeshef U.S. Patent
6,620 ' [ ' reQl oy si n

Z0IOTS oS LOR AR AR 18,8 oML BEReE8TL IE thaygtpre among
the ohjetsof thet presert inoantBBOto( pravideyan altysiativepiocess for trgating such

o] i sation of the carboxylate derivatives) and U
mlxééwfﬁtr%a,%& 707 (for the ether 5 derivatives). As

d . . . . i .
eFWcoREfg it the d%re?éitﬁﬁ@erﬁn&ﬁ%@@rsaﬁogﬁ%td% pg{:éeg%nﬁr treating a

. may be contacted w a saturated
mixed &4 (stieasn cemprisingdselulteae andmid+butadiene asdit process comprising:

o S5t At et Myl it o seaBtiman esgiog roeeser
et bgrwitAdrawies 4 pas@ict "Sedia &&%gbﬁngt Ig‘rbibg@er, %&-Bﬁtenw glycol

or cracked |lo back to the startin
ethef. pduieny! gdheol athepand t-iylglysal etherdvemdbie addition reactor, and

3 SRR R AP S Bensoc

thatfed to the reactor is consuned in the
d) t-butyl glycol ether is recycled to said addition reactor.

For the avoidance of doubt, sec-butenyl glycol ether and n-butenyl glycol ether
have the following structures:

YL

sec-butenyl glycol ether, and

n-butenyl glycol ether.
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but adi ene/ gl ycol addition reaction. Instead, sone of
the glycol ether reacts with the iso-butene present
wo poorhes2ed xed C4 feedstock to produce t-butyl BETC8R004/002508
ether. This by 15 product is isolated fromthe product
m xture and cracked back to iso-butene and -27 WO

2006t B8 GshdratingBAationa 25 0%e lediﬁ(% r@éétéf t—tﬂ’c?l glygol ether is

i so-butene is recovered by distillation,
be"e\ésaatq;be in gguiiibrieepredeninately witle mbumnﬁ amh gbicol, and to a lesser

exter? With g@?’k‘lég %%cﬁ C#sf%but&hﬁlyﬁ%é’ g lguﬁél Tli%%wgqq%ghng the t-butyl

glycoadmetrlbmkﬁ@akté réuston tieel afmditht of RBUB)I glycﬁl Sthr i ﬂﬁé‘fé@;tlon loop
and distillation equipnment required I'n th ea& ocess 0

is belipved eyeniHally to epprasoh a substantiely constant yapleeByt gontooliing the

amolo 4] yREPEARE: b NER FhgB i of ol an

|sobumneaco|a$umed i treee sacltion Betwabh eblsilishe ant gifbdPds maintained at a
nms. Accordi to the present invention, there is

SUbStﬁPB@'i? WiErAuceg; lgugls dn rodher; wekis, ysignificantypsanertion of thesobutene
d
pros T 1 B> e RSl ol ot o8y SRRBR"SE o aveo

feedsddocleismeducedth addition reactor, b) withdrawi ng a
GTpeorbutit §8RST SHEEreRe gisR &“ﬁéﬁ&@ﬁ;ﬁg%%mm process, as a
sepaﬂité/ aPButt Qf%of Bt &%cﬁﬁi@ %fag'éhfseﬁ LRh eﬁnrgg red to recover the

recovering n- but enyl
lSObUﬁQr‘raaaﬁtl\thQ!.m saabgter@as |nn>t prédudesdt bgl)craelungytl-btwyglycol ether as

descrﬁ%fgfféj](,ﬂll,{%e rl%ﬁga{)ﬁ ggb@?lq%éﬁgﬁ%étgay@uﬁé% @rlgwy present in the
ongm@ml hﬂ)‘(éwm Sll*eéﬁﬁ)'m Bérrecb@é’r@dt f é)éé'rﬁr%" [gﬁ'b%@b%éih?%s will be

sec- but eny %g et her, and
descrih%htb@lﬁw ?jh?d@lxeé’t rstreae eDpiyed/ a&:fzﬁeedstock in the present

proceRET 7 OB P20 rod oy B RBBAAR ! R b gBRe e butene
dehydrogbaamdm erwaphtira slmam erbukintRtSUch widdt C3 erebARe nydcomprise
lsobu?erye and 1a§1 %u%a%lgné he mlxed C4 stream may also comprise one or more
of isobutane, n-butane, 1-butene, trans-2-butene, cis-2-butene, 1,2-butadiene,
propadiene, methyl acetylene, ethyl acetylene, dimethyl acetylene, vinyl acetylene,
diacetylene, and Cs acetylenes. In one embodiment, the mixed C, stream is a by-
product of naphtha steam cracking comprising isobutane (e.g., 1 - 2 %v/v), n-butane
(e.g., 2 - 4%vlv), isobutene (e.g., 25 - 29%vV/v), 1-butene (e.g., 8 - 10%vV/v), trans-2-
butene (e.g., 6 - 8%vlv), cis-2-butene (e.g., 3 - 5%v/v), 1,3-butadiene (e.g., 43 -
48%viv), 1,2-butadiene (e.g., 0 - 2%vlv), propadiene (e.g., 0 - 1%v/v), methyl
acetylene (e.g., 0 - 1%V/v), ethyl acetylene (e.g., 0 - 1%v/v), dimethyl acetylene (e.g.,
0 - 1%v/v), vinyl acetylene (e.g., 0 - 1%v/v), diacetylene (e.g., O - trace) and Cs
acetylenes (e.g., 0 - trace). The precise composition of the latter stream may vary
depending on factors such as the naphtha feed composition and the how the cracker
is operated.

As described in step a), the mixed C4 stream is reacted with glycol in an

addition reactor. The reaction conditions employed in the addition step are described
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extent, with glynmes such as t-butyl glynme (see bel ow).
Thus, by recycling the t-butyl glycol ether back to

W b@4neret or, the anmount of t-butyl glycol etheeT/GB2G0h®02508
reaction loop 5 is believed eventually to approach a
substantially constant value. By controlling the

in deRIPHNU. QfPéteHHB)dzo%w Olfheeﬁélﬁlﬁveom@%lﬁaﬂbsl oF Blitb8iene in the mixed
manner, the anount col and isobutene consuned

C, strearnfte alyest ethen nayt b@érﬂ bEOt prederably, Ji Y o 10

el ReCt=B5E 6% Bt P, o e SRHIRE o € et or 20 10

170°g;r, &rably, 561@0 qsyite rfd ﬁfdr@fp‘ﬂ‘éfe?alﬁl?fm wnge@@evhe adsktion may

dnsumption of the dlycol 10 feedstock is reduced.
be cé’ﬂniedtmtiuls;ﬂg ghpowgeaehus or bejerbgenéauts catalyst neviedcriloed above.

o1 Waerhaybiereseann e adiibrajep Helealbrtiah afolBEbepreen 0.0

and @epréfé%BW emnes ahd @%h% SB&%(P% itige n6ftal m@gée@ e reactor.
cracking t-butyl glycol ether as described in

Althcughe higresr6amoants; oinyatenr eculd doe |mesamter@ctwrtygamd\me}ectnvuty will
d gresent in the 15 original mxed C4 stream nay be
ECrP@%vered, for exanple, by boiling point, as will be

dejpceerpsif é&'e@WtheTB@tl\myXé‘ﬂ h@féré@ér‘?@dl]seﬁ@ﬂaﬁbsw n@dy decrease after
feedstock in t present process may a by- product

prolasfges MQ;Q)CThlﬁrﬁ]‘la)s he Klugstopbloskage of @g{l\@@ltes by butadiene oligo- and

ol SEPESHASTABIAGR. B SHER VbdsE A HECHNR U KBy ot o

addlﬂ-@? rédetion GHdertdopriitiomsyofahigh sheapr as dighnshear nabasaiObelieved to
i sobut ane, n-butane, 1-butene, trans-2-

reduge JDlockage gk active siies Ry thee orrqg,tlgla £Lfi gh Oﬁ@f-h?[\d polymerisation
prodgggt. )%It%ﬂlzatl\%y"éﬂ} aé&‘lﬁéﬁéﬁ‘)ﬁ j)o dﬂg@ﬁéﬁ)ﬂn Mitdré '?ﬁay }Sb réﬂded to the

acet acety enes
reactiobohixterd., Suble mh»baixbrscélaret mediFiriosvra lbythqorartiuWhem oligo- and

polyl%a )S% an Sﬁqg@?{ %:gzg s ggedﬁqlﬁghe 8@;1955 0{3 gé'%'bﬁ\o&f?é/%(’ th&se may be
reco%éred é’r?c%’édybled]toQHé ?é‘é‘ctb? g., 8 - 10%W/v), t rans 2 25
, ci s-2- but ene (e.g

5%7V|e)add_t|@q Uaaatmremax ebeg carriesl .out8l9§mg)any 'swtable reactor. For

exarﬁp/é, ﬁx‘?ﬁsﬁﬁéi gﬁ’é&epﬁq‘& é)e N bé:)s |o§b°8ii‘?W§e5é %g? >f?ﬁlgtor may be

empﬁg@ﬂyl ene (e.g., 0 - | %/v), dinet hyI acetyl ene
0- 1 %/v), vinyl acetylene
1wﬁe)reagﬁlqt@gw% the ngixed (C4 s{regebpngréhngzne glycol produces a
prod@??%%ég S?\{h & & witirawh! #5&) the ; dﬁ’ér?? fgﬁ&%g ti ) ?Hls product

ef Stream nmay vary epen
streérncébrﬂprl§ésaaddlﬁbh fmotﬂ@@td soofwwsbmﬂeuyl glydot bthdn,osect-batenyl glycol

cracker is operated. As described
ethe k@él'tmglé’??'e&mqrs Pr@&%’?@l}’ vPYah gﬁ(&d&ﬂ |er8QHgtSa§8?QLIrEnf°r 1 to

oo P15, erlfBe: S ORI HOYRGEVSRUER Tt Bouer and sec-
buteﬁW@l@ZlOﬁhbfmma from the addition of glycol to 1,3- butadiene, while the t-
butyl glycol ether results from the reaction between glycol and iso-butene. Such
addition reactions, however, do not génerally go to completion and are controlled by
a number of factors including how the reaction is conducted (e.g. LHSV), reaction
kinetics and equilibrium constants. For this reason, unreacted isobutene and,
optionally, unreacted 1,3- butadiene are also present in the product stream. These

unreacted C, components are relatively volatile, and may be separated, for example,
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in detail in US. Patent 6,620,975. The relative nole

rati os of butadiene in the mxed C4 streamto glycol
we@tdveni1izeyy be 5:1 to 1:50, preferably, 1:1 to BCTGB2004/002508

Preferably, the addition reaction may be carried out

at a tenperature of 20 to 170C, preferably, 50 to

by gb%oﬁiseagdg@méﬂt Riskice aap| suitable sepaifion Uhit seetctasoa flash drum.
e carried out usi ng a honngeneous or

Dunngt%\cbg@ separation: siepsothes velaiile (sePraBenRNts \iattBe Riaguct stream,

sucl'g s %Z%fcgég i§b Qrgc ggfggﬁe'g? 1 rbﬁgﬁﬁe taée (% Bh{e)hezr?. af %J}?dTBH "Yeparated.

Wh&@&ﬁda@@né% predeit i ltive sepamtédhmmtemtme sep@raiwugixture may be
gher amounts of__water could be gresent activit

seleg%\reéttfwoquq»enﬁtw Tlagcﬁ%@we hysirpg %%tﬂ%ﬁwpca@é’@m'%ﬁ@?y converts
buta?i?éri & kd Y -HitchE! %qﬂﬂ%‘ﬁ% , &@E%?ﬁk@ﬁgﬁnin 16 9. Eﬁ%eaéér?roccur as
I'S 8y’ ’be due to bl ockage ‘o

onged  use. active
welI%stfaﬁthhwmgdnaﬂmw td bgtaneand pol yneri sation

product s uch case it ma e advant ageous t
P eTho  sokarpid TRUHITE Oh UEaRGIPNCar T beasS: Mas Dgy used as a

feeclr%('gcg'g(c S é’(&ﬂ% fBr gﬁélﬁﬂ{ or & ﬁéa@{/ &rabRér Nt%?'nétﬂlely, the mixture of

ctivé sites the formation 0
unreaotdd 0(134 gnDTmrubmsuldlzlwr beaSGpmaleii degdbyt physical and/or chemical
t
methagaINELPLS plyise SRTRArSRE: farsehs oY UEF oRoH HEne Jor exemple, may
be HeﬁBV@He‘d%ﬁd fi‘foWM@ﬂuéed‘&PWPodllfbet pély %bbutéﬂ@(ﬁlB)' H@B’uteﬁ@dand/or 2-

pO ynerlsatlon pro ucts are present In roduct
butester mambermparated forea@mple, aea mme@:r@tjuwcgass adyel additive.

1 75 B 251030, B, e, T

mayf béeé’ar’ﬁ@d o@c' usih arW Isgltéﬁeb%barbtiﬁg |t  foprexahrgiléli 61@@1 or more
bed reactor nay g’h% The reacti on between t
n

distiffatien coumyis: é?meamowm frytenyl glyesl géleer may be cracked back

o RS 4G9 29O AL [0 e 8 s
used@dthd batadismslwaidior glycdl ethentprogilices ywa) bet llwycled to the reactor.
Altesﬁ?e%wgfyigt%a%'&né’aa % PORRSGHIR Mavhed AU ol Bfieingtive use. For
exaﬁ'&) éamy %)Efad? é'_éot M ﬁﬁs@‘ﬁ%ﬁt enﬁ'{é?gt%%‘é@t as a feedstock for

eny and sec- col ethers
othereshdrichl madtlbesaddmh iasrthef prgidyction tof al batyl esterdiremethe reaction

the t- | gl ycol . . .
with S2eSoiC pesised ey el el i HERtliet SERIPem, Gutedigne and a
cartglc%(g% IR to PW butPestets ¥ aesalined 4P defaiciMAI@0PZ6175 (U.S.

are controlled by 30 a nunber of factors includin
Patenin61465,683c t .Rmferabgformmv@d the gecoveey nrudenyloglycol ether is

ki neti c an m constants. For this reason,
hyd[ﬂﬁeé?g? S d%g%rﬁ#%iggéy]% optionally, unreacted 1, 3-

bUtA@j'd@Q@nlﬁd? m’ﬂ'sﬁ% R:Demtyll@yé&eembﬁdsmbcavét@dﬁfrom the product

These unreacted nponents are rel ati vel

stroD) 80 Irecy el trie FRadiEhaiNg EREOVEDY SRS carried out using any
suitable separating unit, for example, a distillation column. The recovered t-butyl

glycol ether stream may also comprise other reaction products and/or unreacted
reactants including, for example, water and unreacted C4 compounds.

Optionally, sec-butenyl glycol ether may be recovered from the product
stream. The separated sec-butenyl glycol ether may be recycled to the reactor, or

isolated for, for example, sale, direct use (such as a solvent), or further processing. In
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di sengagenent using any suitable separation unit, such
w@sgooa/1fI2esh drum  During such a separation stREI/GBR(v002508
volatile C4 conponents.in the product stream such as
unreacted isoneric butanes, 1-butene and 2-butene nmay
e
one R fighFBFIRE ilon e L ML BUISHP P RRgg gkl crackea

backstd buradleﬂelahd@lyweemad On‘éhors beth ei:these mdrrrggmaebenajsr may be
edom nat el y .conver, but adi en
recy B e HBR PAGIOT JoRAIsQ BHS bieata it At SES anecpiMggpmponents to an
alterBSVE us@s FoY‘SJQanﬂ:ﬁef Hhy Pes- H@l’é’dr@ﬂ@rﬁbdﬁ&d % kﬂﬂ'r%ar“r‘r%nner may be
e Sseparate ture of ‘unreacted C4 conponents nay
usedes s febdstock fof extlolart clidmichbreastianp] syclf as the kprbdudtiom of a butyl

estof frogn % dorsh BB ReRP G it "k, abaic ol o e, Feaction between
butaBid%e! &7d a:d?f)&( Ii%hé“d?@l ¢ pro@idorsty b8les 8eSCribBY iR detail in WO

conmponent or ‘sale or use | so- butene, for exanple,
00/264y5. be recovered and pol yrmeri sed to produce

pg}bé Et)ecfep(() S?P;Htél i n aﬂﬁfm%iergﬂ@ )ﬁ:tgggﬁ}gga dsec—butenyl

grycértethea gthé% td Pe $é&ﬂ/e€éd fr%nbtﬁeeﬁbddlﬂ:t }éﬁ'@énﬁtﬂhﬁﬁ ma§/ be carried
recovered fromthe product stream Thi

T 15
out gsingi @y canverdiongl argthedi ferexarspleartyt drsgllarmrt Pﬂf@rnatlvely, this

R A,

usebﬁéheormdidt&@bﬁﬁpm@mbeﬂiwco' et her, or recycl ed to
the reactor. cracking step is  used

bult @bp@webenamthgr Vb@qid@@'hé? agﬁ@am%ad%tff Sél@hraesc@reutqryl glycol
ether séd'6ufe ?gFQ&Eolbetﬁleh?lr? Lﬁ%ﬁl’ efffer, BRSHrodilet Efreélgrgmthdrawn in

nmponen térnative use.
stepelx)ar‘rrdyealsan@omptreeilpel‘wnmsalimebly-rpmdljuts suehnas Qgeglefies (e.g. di-

. used as a feedsto r,othe emcgIu qeaction%, )

isobyieRe LM his * OSHRtIeRES biag, 1a; Butddie o butadiene) and
i I i.C

a3, Yo SO 356 5o (oo v

cyclphedunect butadiers,t @ Gs okefidels butasiend)n @lymse and dighpme by-products
0Q/ 26175 Pat ent, 6, 465, 683 Pref er abl .
may o BB Pre e et araklen iRt RAMesH DG BBRel ether isgmployed as
the gsy/gép%%ﬁtféé’dsiécld% pidyP pshor ke butddierits 56 pro@std thesfalibwing by-
, t-butyl glycol ether is recovered fromthe product
prodsictssam and recycled to the reactor. The recovery step
may be carried out using any suitable separating
unlt for exanple, a distillation colum. The

vere t butyl glycol ether stream may al so
conp | er cti oduct s d/or unreacted 30
reactants i nCl udi n for e 7 water and unreacted

C4 conpounds. Opti onal | y, sec-butenyl glycol ether nmay
be recovered fromthe product

2 Butadiene + MEG = crotyl sec-butenyl glyme,

\/\/0\/\0

SN

2-butadiene + MEG = crotyl glyme, and
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stream The separated sec-butenyl glycol ether may be

recycled to the reactor, or isolated for, for
wex@aples2 sal e, direct use (such as a sol vent)PCDGB2004/002508

further processing. In -31 WO 2004/113262

PCT/ GB2004/ 002508 one enbodi mrent of the invention,

the sec-butenyl glycol ether is thermally cracked

o put at |east one of
the conpdnents to an alternative use. For exanple,
any 1, 3-Qut adi ene produced iy this manner nay be 5
used as a feedstock for othe m cal reactions, such
as the production of a butyl ester fromthe reaction
Wi th carboxylic acid, |like acetic acid. The reaction

oot picsier s MECE sBIRURATERAI: T 77 o “ob 26175,

5 As descri bed above, t-butyl glycol ether, n-butenyl
gggpql ether and sec-butenyl |o glycol ether may have
t oolfilafi¥c o lle® e RATItAN t FRAGIORI uBEIVEREN: o fODHERRE, éun@élene and

or GO o 48] BB ORGSR B, o

separation step nmay be carried out by azeotropic
distillation. This may require the use of one or nore
azeotroping agents. It should be noted that in

adqgiéggzigbjffL;ion products sugh as n-butenyl glyco
15 TNsec- ug.enyl col etWer, t-butyl glyco
et her; the odué?\s(ng%T | awn in step b) may

al so conprise polynerisation by products such as C8
10 olefins (e.g. di- isobutene from i sobutene)

octatrienes (eg from butadi ene + butadi ene) and

oct adi enes (e.g. from butadi ene and i sobutene), and

Clao eyl TR oA Uy,

by-prgoducts 20 nay al so be prgsent. For exanple, where
er is/enployed as the glyco

i th butadiene to
produce the foll ow ng by- prloducts: 25 2 Butadiene +
MEG = crotyl sec-butenyl glynme, o 0 2-butadiene +
MEG = crotyl glyme, and -32 WD 2004/113262

PCT/ GB2004/ 002508 O

15 butadiene + isobutene + MEG = {-butyl sec-butenyl glyme, and

><O\/\o .

2 isobutene + MEG = t-butyl glyme.

20 Where diethylene glycol ether is employed as the glycol ether feedstock, on
the other hand, the following by-products may be produced:
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O 2-butadiene + MEG = sec-butenyl glynme. 5
Simlarly, the addition reaction between isobutene,
wheicadiese and nonoet hyl ene gl ycol may produckCT/682004/002508
foll owi ng by-products: 10 isobutene + butadiene + MEG
crotyl t-butyl glynme, 15 butadi ene + isobutene + MEG

={-butyl sec-butenyl glyne, and )~00 2 isobutene +
VEG\= tyl bWere di et hyl ene gl ycol ether
is enpl oyed™~as th ycol ~@t her feedstock, on the

ot her hand, the follow ng/by-products nmay be produced:
-33 WD 2004/ 113262 004/ 002508 . ~ 02

but adi ene + DEG z0Crotyl diglyme, o O 5 2-butadiene
+ DEG = crotyl Sec-butenyl diglyne, o0 0 2

but adi ene + DES = sec-butenyl diglynme, 10 -34 WO
2004/ 113262 PCT/NGB2004/ 002508 O O Butadi ene +

i sobutene + DEG/~Z crotyl t-butyl diglyme, ~ o0 00

But adi ene + | sgbutene + DEG = sec-butenyl t-butyl

di gl yne, and

2 butadiene + DEG

\/\/O\/\O
O/\/

crotyl diglyme,

/

2-butadiene + DEG = crotyl sec-butenyl diglyme,

=
P

2 butadiene + DEG = sec-butenyl diglyme,
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OO flo 2 isobutene + DEG = t-butyl diglyne. Such
pol yneri sati on and gl yne by-products (hereinafter the
wao eoilireused to 1o include diglyme by-produckGT/GB2004/002508

unl ess specifically stated otherw se) may be renoved
fromthe product stream for exanple, by distillation,

or ecy d to the addition reactor. Such a recycle

can e supPress i her fornmation and thereby

i nprove the overal™reacton selectivity. It should

be noted that the éfgxggﬁkﬁation and gl yme by-products
descri bed 15 above origrdate either from butadi ene

al one, or the reae?ion between butadi ene and the

gl ycol reactant<enpl oyed. In other words, these

by- products mms, formed when iso-butene is absent
fromthe react/ant stream Accordingly, a second aspect
of _the, invention provides a process for treating a C4
st BH%H'W r'?%h’%@ng 0BG 3 grAwd-buy; diglypiescess

conprising: 2Q a) regcting an aliphatic glycol wth
sai ' \Won reactor, -35 WO
2004/ 1132p2 PCT/ (B2004/ (02508 b) wi t hdrawi ng a product

rising c- butenyl glycol ether, n-butenyl
gl ycol ether a a polVynerisation and/or a glyne

by- prod the addition reactor, and c)
recovering utenyl glycol ether fromthe product
stream ch rised in 5 that d) polynerisation
and/or gly by-product is recycled to said addition
re ' 0 I ' . ot

o Paflene V1ob0liEnd300EE, e Rur W PG challg o
may be a mixed C4 stream as described in connection

with the fjrst spect of the present invention. 10
Rec Mf\(he reacti on by-products obtained
esS o

inth ocC f appects of the present invention
can bge advanta us /because sone of these are wunder
reaction copgf'tions in dynamc equilibriumwth the

reactant s, HO OCH = Ethyl ene A ycol = "EG' = Butadiene
= "BD" " - 1-but-2-enyl or 2-but-3-enyl

2 isobutene + DEG = t-butyl diglyme.

Such polymerisation and glyme by-products (hereinafter the term is used to
include diglyme by-products, unless specifically stated otherwise) may be removed
from the product stream, for example, by distillation, or recycled to the addition
reactor. Such a recycle can serve to suppress further formation and thereby improve
the overall reaction selectivity.

It should be noted that the polymerisation and glyme by-products described
above originate either from butadiene alone, or the reaction between butadiene and
the glycol reactant employed. In other words, these by-products may be formed when
iso-butene is absent from the reactant stream. Accordingly, a second aspect of the
invention provides a process for treating a C4 stream comprising 1,3-butadiene, said
process comprising:

a) reacting an aliphatic glycol with said stream in an addition reactor,
-35-



10

15

EG+ BD\//\_ H2 OCCH2ZOH H2 H2 O C CH2OH n-Butyl

gl ycol ether C40 OCq But adi ene diner (eg octatriene)
wo-2¢o4amtehi gher ol i goneri sati on C8 and hi gher BCTH/G8R004/002508

ethers by-products 15 The sul phonic acid catal ytic

addi tion of al cohols and gl ycols aspect of the

prbkwibdrawinge pmdecttstmanpcompmemga%@bm@ﬂ?ﬁglye&@!ﬁém9 -butenyl

| esseni ng the anpunt of oducts conpared t
Q'VC‘@ ?%%% ?B gP@MW@é'SQER‘h aéhd/%f & QFY@&%tbSbﬁerrL%becsmothe addition

react¥r! n@n oI efin oxide, and (ii) adaptability of the
process to produce a variety of n-butyl glycol -36 WD
20C)47eC08e6ing PATuteBPIOglyicd G2b@sfromt ther sroduct siteamg chatatterised in
thatdi gl ycol ether and butyl propylene glycol ether by
varying the glycol reactant. Such C4 butadi ene based
r Bvdy .
oSBT o Yy P aect e {24 aBffton reactor.
di Inpibis, aspegtheinthe inseniitn, athelﬁsstrbandﬁmyt (D(MﬁiStCéSS@ﬁtla"y of 1,3-

butaiBhg] RRGAEY & Bribiet"Ge e 25 devesbad i epriection with the first

aspeet bf the prelsBaning@nfio@l ent aci dic hydr ogen
concentrations for nmono-sul phonic acids. This

i riveedlerefamanyney the [ﬁ?@ﬂcnl by-preducienobtaine@4in the process of

r ut adi e
aspercfé%éﬂ?*é’ pRei Byaifiont LR, alantautus bt somecf these are
unddpyeadtion é@idltimllsm dmmwleqambmrrﬁmw% acﬁéﬁtﬁm el
Gener al,o Pr ocedureo Reaction of butadiene wth acetic
aci d Addryjon acti on=of acdithytenaGlydolt = but atlE@ne was
conducted in batch node. A 15 ten-liter stainless
steel autoclave equi pped with a high efficiency
i nmpello irrer _and a ssuri sed but adiene
handling facility was used fgﬁt ??\t‘gse experi me ﬂ{) The
aut ocl ave had nounted in the formof a stationary
annul us around«the stitrer ta nl ess
steel bag. Thlali‘s was used tloguéf%r?fl%l ﬁrn?a’ i %{P’L| yst and
prevent attrition

= \/\—O—-CZ—CHZOH

H,
i \ J \
Hz
O—C—CH,0H n-Butyl glycol ether

\ |

& C40 0C,4
Butadiene dimer (eg octatriene)
and higher oligomerisation \\ Cg and higher glycol ethers
by-products

The sulphonic acid catalytic addition of alcohols and glycols aspect of the
process of the invention provides advantages including (i) lessening the amount of
by-products compared to conventional routes such as e.g. reaction of butanol with an

olefin oxide; and (ii) adaptability of the process to produce a variety of n-butyl glycol
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during stirring and served to facilitate nultiple

reactions involving the sanme catal yst 20 charge. The
wa@uineeirye was al so equi pped with a sanpling veECT/6B2004/002508

arrangenent which allowed sanpling during the course

of the reaction. In a general nethod used for these

ethelfsemdlthding,bmw diglyceksthen gddr BstyNprsdyldhieeglysblestie by arying the
extractible materials by use of a soxhlef extraction

glycohpigactanis. Aehirfge utadighe veased iautass sigedeglativlngnibd reaction
condl8ps1 e g8l ek Tsle EANRIETIE st el BB Aohonic

acids evigisditen debetivationc bihetdrogéheousvehtdipstndbderved due to fouling.
macrorecti cul ar type resins, nethanol was used as the

Use &) didaaly-sHiphonic agidsaplse aiferds higharnaetivity k@ni aquivalent acidic
' i N T L.e

nydr e P B oo B o b RotE Boidk”  Er v fiGh MG msplbe used
in treaémentoh@, téfinerg streams fohremeval lof utadiénact or and

repeating the extractign with nethanol or. another i

o PR IMUSRETS o isther TleiskPieshdd 14| Robvdigniagerpydr iheg following
Exani1|51e§ nitrogen streamprior to use. The resin to be

tested was then wei ghed and charged to the stainless

StESAMPAAES nent i oned previously. -37 WD 2004/ 113262

P% GBéIOO4/ 002508 The cl ean autocl ave had secured in

pdsf@MBIE the stainless steel bag with the trial

catehdral Prdddife AThe autocl ave was then seal ed,

pressure tested with nitrogen pressure, and pressure

p Regalionf ofdrytadiesewith acaticorsid The acetic acid feed

TR e L Ry PR R o
ten-lidrh@B NS steEhauttrifie équisbed Withha hidteeflicarey TRipellbefpe stirrer
to the experinental target |evel by either

and grisesswinadebytogiane hardling fasiiy wagelsad foy these eyperiments. The

Nl I CadCl i Qr d_.. .
autofBy & e BB LFpRElnP bl 8ot A BB B v a e
meshastainiebaistee| thagl HEhis warclisetk tovesntaire theat stalyisb ahdlppevent attrition

bring into solution and add any i nhibitor or other

during, $tiTing fNd porvedly fagiitaie anulliple-repciings Jeveldsgdhaswmne catalyst
cnark" THE ARGEGe s ek Bl WIR o B PILG AN Rinont which
alloweslssampling denmgthe cowseiof thestéaationg, at which poi nt
t he but adi ene .char ge s.,added to the autoclave as a
| 115 Gepsr Bredfind WRd TREIEsEdrartions. cn @veidRege Tesin was pre-
clearfdPHRERrIGHIE matbfifls BY GSOBEH H%Blet RIESHES agBﬁﬁatG@.' A range of
of this addition was taken as t=0 m nutes and the 15
solvants wasdused depanding ot thet _atuee of tunresinl &ior exguipde, with gel type

crork 8 Y B 188 Rt RSB g pive
wet AP FRIfmaspsdtRURH thhé Fesingl iMethaindl fakUsedsss Be solvent and the

vol ati | e butadi ene ) ) ] )
cleaned resin was then dried in a stream of nitrogen prior to use. This was achieved

by stirring in glassware the solution for 16 hours before replacing the resin in the
soxhlet extractor and repeating the extraction with methanol or another suitable
solvent. The cleaned resin was then dried in a nitrogen stream prior to use. The
resin to be tested was then weighed and charged to the stainless steel bag
mentioned previously.
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fromthe autocl ave sanples, it was found to be

advant ageous to add 0.1-1% ww on the acetic acid
webanges2ef decane as an internal standard for PEEGBa®4/002508

chromat ographic 20 (GC) anal ysis. Control experinents

with and wthout this added decane denonstrated that

NoTi5é @M aaiclald Bsd e @éltlér'ﬂ% ﬁl'egé‘ été?ﬁedég with the
The identity of the GC peaks S esta

trial sgtalyst shargs. Hibweautoobapemtrmemewspre(swsr@temd with nitrogen

e RTBlre oL Sy R 5t T ol oo ves

subjésted  toba ety Fisepet alater éﬁ@IZQQGKMtQUFe‘?Bbe B2%HAk AH/€0.05 except
and 4-vinyl cycl ohexene her 1 ng

whengy mandioneds otheswisehe Thacwaten lewek in dbisi fpeed wase meatified to the

oo I ErbELIR, S RSB B iAoy aciag

watepOI Thematetic acidqrtes MLUSeCHEBI Q188 phgeat Wi’(h nitidden to remove
gher boiling point nmaterials are coIIectlver

dlssqlwéwgeno He 'agptin @cid chargedta the ertaslavet wasuged also to help

30 CGeneral
bring 365 s ol M EahyiEAARE of She tiEFAddtiye <, W Thou
PriEhé raceticeaicid ThergengdsiladiRidnes thes autdiisher ey ea Vieddish, the
used except that Anberlyst 15H resin was used as

autoglgve) Yas fhen pEessiren w9§dpmtheaitwenh@nﬁahaam @ ehe reaction

omyB D A9 UFIESR ERE ORI L RIS hdon (e
auto@laye a&catlmuchbycfoﬁ:ﬁrﬁ@yze md&tehal mdfremea lfiélglgeﬁ Sﬁﬁ@%ﬁl ssel wnth
i tions m . Anal ysi s e

nitroggt gL BIRRSULS oG RO G i ARTHEN oS tkeBrAR ISR minutes and the
stlrre'gi; gu@g{dgngor‘{ﬂ(eﬁgéu ;A)g'r@ m?gﬁlt /ﬁéﬁ i?ulb?é}\xfmélsa%@ \%‘n%lysed by gas
chrogmaganppby ¢equipped ththEa flfamedonigation d2te®%or)6 8. 95

L Igge %og&roblems associated with analysis due to loss of volatile butadiene
from the autoclave samples, it was found to be advantageous to add 0.1-1% w/w on
the acetic acid charge of decane as an internal standard for the gas chromatographic
(GC) analysis. Control experiments with and without this added decane
demonstrated that no significant effect was seen on the reaction itself. The identity
of the GC peaks was established by the synthesis of model compounds and GC/MS
(MS = mass spectrometry). The GC was célibrated by means of the purchase and
synthesis of pure compounds i.e. acetic acid, butenyl acetate, secondary-butenyl
acetate, and 4-vinyl cyclohexene. The higher boiling by-products from the reaction
were assigned the same response factor determined for butenyl acetate and thereby
roughly quantified. All these higher boiling point material peaks were combined
together - the higher boiling point materials are collectively referred to as "highers" -
and the calculated %w/w used to calculate the reaction selectivity.

General Procedure B '

Use of Amberlyst 15H as catalyst without pre-treatment.
The general method described above was used except that Amberlyst 15H
resin was used as catalyst in the form as supplied by the manufacturer.
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7 9.49 10.24 1.25 4.34 8 10.49 11.72 1.26 5.07 24
10.98 14.21 0.77 6.55 10 These results illustrate that

W b@4m1ex6 i on proceeds to give predom nately tPET/GB2004/002508
isoneric C4 acetates and that sonme | oss of selectivity
occurs to higher boiling point materials particularly
atTth)ngEnponeatstmhmgedmautoﬂm/dwerdI on product was a

eII i qui h darkened on standing. A
p%m@g?[l ‘Hﬂ"’%&lf‘\gﬁ@%g&s Chromatogramis shown in
Fi AcBtR éeldl%%oiﬂ is illustrates that although the
isoneric C4 acétates are the principal products, a
si haiButadiene B sel ectivity occurs due to the

f i on of .by-product higher boiling point _
rr&y{%%t%ﬂnsc r§l§ ation and ldentification of Reaction

B f of the reaction product fromthe
aé%q@tt;?%ﬁﬁb g‘?ﬂ?gﬁw s concentrated 20 by reduced
pressure flash distillation. The resulting residue was
anal ysed by gas chromat ography/ mass spectroscopy

( IS Anal ysis of the fragmentati onThpatter ns (i)

al ese were (i
ol RS afe SOV e ™ 5000

PCT/ GB2004/ 002688c¢ndarypr ¢ neutenglf  acyd-bingl or Highers
cyql c/arormtl c, hat eri al and i) presence of Aan
acat i M&r oup byigoy {ack ofCatgiar ent |Q}’ﬁQ!ﬂeéfeﬁ2t al | ow
cal on of | ecul mul a.| (o re 5
theqlg;%@ﬁgl t he c%ér%gfr?t)ratei%y-p?oduct r{1Fx re. Tn&g%’)
retlention tine(%w/ve) CPSI L5 colum ig strongly rel ated
t o hprt T ng—potpt—THhts—was—econrtrred h\' 5 the naks
spectrumresults, which i Wi cated t hdt 3he or der | Bf

t he ecli es on e GC ch ogr am gr Retenti

Ti 1 $Pm nut es) 1'I17- 16 16-2 25(?25 C8 [Acet at es 0122'85
Hydleocar bons q1895cet at es P18¥se regi qnis2@re not | 3.91

absegtute——i fre—C12 "'m‘erbu 'q—ray-be rethined
10]dn the col un%z’ponger twgq 290 i nut és_?gThese | 4-§4
assiggnment s werfp g4§ed Tor|{igo Specresy 4g txanpt 507
Despite removal of nopre twan 0% of tlhe reaction
m x€dre vol ung 10.98 heati pg4.21o 90C WidtT7a 5 fol [dg.55
excess—of—acetiec—ae-d—enproyed—n—thetreaction, sone
but adi ene (a | ow boiling point conmpound) renains as
alfhesduesilts ililtrate ERNRE" ¥aRfioh Hbceeds to give predominately the

isomeric C4 acetates and that some loss of selectivity occurs to higher boiling point

materials particularly at longer reaction times. The reaction product was a pale
yellow liquid which darkened on'standing.

A typical reaction product Gas Chromatogram is shown in Figure 5.
This illustrates that although the isomeric C, acetates are the principal

products, a significant loss of selectivity occurs due to the formation of by-product
higher boiling point materials.

Separation and ldentification of Reaction By-products

A sample of the reaction product from the addition reaction was concentrated
by reduced pressure flash distillation. The resulting residue was analysed by gas
‘chromatography/mass spectroscopy (GC/MS). Analysis of the fragmentation
patterns allowed several levels of assignment. These were (i) total carbon number,
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15 butadiene is |liberated fromthe product m xture on
heating (wth no catal yst being present). In
wez@enizents in which pure sanples of crotyl aPdI/GB2004/002508
sec-butenyl acetate are prepared by distillation,
but adi ene has not been observed. Further, acetic acid
(ii) pnesenagodf aegdid ou nyb!ictarbma‘tiormatbrmudamd t(tig ppesence of an acetate

con_ghtl o&(s. 20 Thu alcggear tha ut adi ?ne is bein

grougenthaslack of anpaiedt ign gicbhote oW BRIt gt e molgRHIar formula,

FlguF@% SHows Qﬁég?% cﬁqﬁﬁt&&‘kehf?ﬁbe‘?f B?n‘brrédlﬁ’& rRAlxedrt a%g SC C retention
y e equ riu

I's determ ne bet ween products
tlmercnraat@iHSH_E ocoluhm isestinighnretateiduim bailivdn poimt.t Adis was confirmed by

arate ent mai nt ai ned: Rec ng of .the
the RS SPECTY PRl EIdTIndRl il ane; ot AL U sesies g the GC
chroHéﬁo répn Bf@sent invention, in its preferred aspects,

I'S partlcul arly conveni ent nmanner of controlling
the position of the equilibrium as it allows the

pro rials
and' Retehtion Timedmtiutesp be control | ed. This prjw des

a ns. for tfh N1 gher”™ con S to drive|the
reﬂmfflﬂf‘6 ey-Aa @’Sg‘)u' | igbr: S

pr ob@gﬂoetatehe (D{g&slwnbcarbmagt i QrC4 Avgstatest he
generation of the 30 desired products as they break

down into, for exanple butadi ene, or butadi ene and
- {Dhage zmjanaasezaat a&mi@zoow E30122 (P hydrqmmbdnsgmef,um retained

acco by .an oygrall reduction in
on 8L, Jorr “FRAe2f  mies, YR assiiipul weft, uséd for the
speﬁé‘gzmgxgm rejghe pri nC| pl e behind the present invention
which is that the nmgjority of the reaction
byDgspitritarsovahal merert aa&@ﬁé toif)ﬂ!ﬁsreaﬂ@qummtremsnlumetmth heating

LD Sstartin rlasan d reaction
to 90 €5 it 25 ol BbeFR ¥ 5031 e8Pl B TnutFS rP e, 3me butadiene
(a oW BHINRY %ﬁttrwnpbmcreﬁnaiysscagtérphm?natwowtdehﬁw%tes that
of reactants and products. This con
butagigneoisniikereied &iem dhe ipheduat pabduredoprhwraiing {thryopecatalyst being
res-e[Ffrj by separating the reaction product m xture into
P eans of different conposition, including at |east

onia ekpetimentsdincivhivhr pave sardpids’ @fiﬁfotyloalﬁ@lsl@lcfrﬂ.ltéﬁﬂ edcetate are
10 react.ed and unreacted products, and subjectin

preparRa by Jistliatien: Butadisng Bas mot dees ‘éféﬁer}gie@pd'?ltl’thﬁﬁ,sacetlc acid has
not ﬁﬁrpfbhﬁe tSthb@%nﬁgrEH&bV@éﬁﬁ onponents of the

roduct m xture tal ne or exanpl e,
coTrtum &ram)erafs ﬂtatlbe@uela\e mbemgrgerferatedl feasit thergy-product mixture

and Figh foTb A b AGSIRS ARLIECIS ERoPePncor Balatiene | giaternined by
the Lﬁﬂ?nurﬁ 'H&w@@ﬁ'@?&&%t@a‘ﬁﬂq’e%btéﬂts &) ltﬁ/é résididnl r?l%dlum in which the

product partici I'n an equilibriumreaction
separated components are maintained.-

Recycling of the "higher" by-products in accordance with the process of the
present invention, in its preferred aspects, is a particularly convenient manner of
controlling the position of the equilibrium, as it allows the proportions of unreacted
recycled starting materials and reaction products to be controlled. This provides a
means for these "higher" components to drive the reaction dynamic equilibria in
Stage (a) of the process of the present invention towards the generation of the
desired products as they break down into, for example butadiene, or butadiene and
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(i) + (ii) (ii1) The anpunts of conponents (i), (ii),

and (iii) in this reaction mxture may be controlled
whooadizel i ng the size of the portion of at | eBSI/GBR®4/002508

of the separated streans that is subjected to these

reaction conditions. 20 Exanple 2 Exanple 2 was

comp&ind € Sukh Asc W}@rad@@mpdh@d@mrﬁo\ﬂerawm.omﬁwgeneratuon

resin was use he reacti on was conti nued until the
ofundg‘so'ablﬁobwam had to come to equilibrium(i.e.,

t Le cf'rAt ré?mc];w‘}ﬁ%hﬁﬂt r}waLd M@Wﬁ@esﬁf J@%&?Bﬁ%@hmh is that

the Iﬁhjdr dfbf i feRegen ® ?fprod.étsfha%f bésfovindt tbebe2im equilibrium with the
but adi ene renpved fromthe equilibrated_m xture by

startingnmaierielg arctithe desiregdheeagiion presiists. TtT@uaerthemrﬁ@ess may be

cont%’ﬁl%gctoa@rggpc%td'e%%@g{l iU :t‘%gg qoﬂﬂ%llﬁw?geac%lgg r{éfr?}]&}(s% bfTFeactants and

prodiess. bvhig conrbl ialibe sarformesb by eohiroking e parated phbduct recycle.
whi_ch g| ves fast physical equilibration of gas

vaplus, bysapataiing dke repctipn (roduel BuXtiEe éntph@‘,ﬁegrgpieq;,f different
coméﬁs@ﬁ}é{nﬂy%éﬂeﬁétﬁ%ﬁ% réllglhpliohﬁ?ﬁé’ﬁéﬁﬂ‘éﬂgﬁ éicfmé‘ cBhtéining other

reacteabahdtudrledetbd wrodinst svalhdleab@cang ¢hgseesiseamado med:ﬁ:ié in selected
For sec- butenyl /crot%qf gcet ate, acetic acid

PromBEQ, GHRECIq 2 AABIET Of ik BRSPS Gédhe rspdegt mixture
mayct?é oBFe%é@” FoT@ahﬁﬁ@oéﬁfngf)ﬁéﬁ R of &Y ledst Qttﬂﬁ'hor?%'f‘%‘?%t one of

crotyl acetate was 'used e C8 diners
saldasepamm sttdamsfiomeistep (a)is WObreter mmﬂon condltlons under which

() Cagyp SannBRE L aiedentD aersip il Bt i) 21bh dpfiigB 176l participate

in ar?é uFWBFu?ﬁH ,fe%t,,_t,,hese m xtures of conpounds. Tine Sec-
utenyl C8 BD C8 Cl12 BD oligoners Acetic Butadiene

(Am ns) But egyl Acet at e(ipi gy s~>afiét ates triners acid
cetate 4 524 0.6843 0.,0219 642 0,.0285.
10%933'60‘?%@ Ol3gOrHPEnSN 3{6 @6@1) @“6’2@ ip. tg'fsret?cﬁgﬁé“"‘t”re may be

contpel%%egy a8ufirg the' Size o@%é’géﬁ%r@oﬁﬁ%a& Shedf Belsbparated streams
0. 0603 0.0293710.961 0.77 104 522 0.6620 0.0223

thatds subjectedidodhese pacction cpditmes0 153 0. 518 0. 6601
g224 pgééﬂ 0.0618 0.0296 10.966 0.767 1229 0.509
A8M 216 0.113 0.0612 0.0285 10.994 0.808 1319

E%nﬁ)@@@ag-dé?rl&i Qui &8 dedipibedGnRdEmple. P06xdstAvashed resin
1437 0.501 0.6393 0.0217 0.111 _0.0619 0.0264 11. 009

wasqusgghk The reaction was continued until the major components had to come to
equilibrium (i.e., little or no change with time in amount was observed by GC). At this
point the mixture was analysed, the stirrer switched off, and a portion of the
butadiene removed from the equilibrated mixture by controlled venting of the gés
phase. The vent line was closed, stirring resumed, and the reaction time taken as
t=0. The stirring of the reaction mixture was by a high efficiency gas turbine type
impellor which gives fast physical equilibration of gas and vapour space species.
Liquid samples were then taken to follow the relaxation of the system towards a new
chemical equilibrium. The gathered GC data is tabulated below. The values are
expressed as moles/L. For sec-butenyl/crotyl acetate, acetic acid and butadiene,
samples of pure compounds were used for GC calibration. The response factor for a

model compound crotyl acetate was used for the Cg dimers, Cg acetates, C+, trimers
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1557 0.499 0.6388 0.0216 0.112 0.0617 0.0274 11.011
0.829 1678 0.499 0.6414 0.0206 0.114 0.0617 0.0287
wa1000063262 819 2683 0.490 0.6280 0.0217 0. 111 BPCODEBR004/002508
0.0281 11.031 0.844 2783 0.483 0.6222 0.0215 0.1112
0. 0612 0.0290 11.044 0.858 2914 0.485 0.6253 0.0215
; 1

and Riighichs, it Gibveq e Epriattite LonteRdih iy Mags/live to be
estintatéd dor hesa00ixtured 8f compeunds.0265 11. 052 0.891 4108
0.477 0.6158 0.0218 0.108 0.0605 0.0264 11.060 0.892
---4219 -0.-470- 0.6062- 0.0247- -0.107 0.0602 0.0273
— I, 077 0. 906 4379 U.4FY U. 6pP83_U. 0PT9 0. 108 0. 0§04 _
Time . 02Bec-11. (7BHteNYgBaBE Ifhese [EsBPt s|[OUIRRETS nAEetchgButadiene

(minsfddi [BLRAYI I ¢RetateOr|dipeRd [4etiSted itndreact ant s arjacid n

cheni cal equilibrjia. Thus, renoval pf butadi ene from

fho p@-amd nhaca lhv yvioht i ey Hf £ it ods HIPZ SR 2 2P
PTITeto T Ty veTtT Ty P11 U u.un \,IIC i url

vagﬂupsﬂzla ©.6848U0I0R219n Ot Hi® [ v@fdRe| 00.0280e a’tﬁ:l933 on0.733

nal-o ac+tbhao 1 oo ot ,
\,/\u.llpl T aAS- L ITT IUVC U LaLC
and6|C®.522et @t&ﬁOée 00284 9,118 | i090598a s e0. 02\84 he10 %ﬁﬁ)Unﬂ 783
—HCCL; e—#ett—ard—butadiener+——s—observed—¢{2 WO
2008y 0182262 OF&BBBGBZEQ& QoPE08 O(E@mal@og%iol‘l%_%hg O

t-on theTeactTon

PEEP—Y ol L
rocicuur © I:}\al

SR el A W iy Q0460 | BORS f | E96bhaP-760
dstittati g to Separatea _bytadieng-T11Ch ractl

cr168ly 10-ifet| BN @Wzﬁﬁa@trﬂn dheb18 $ee-0B%9R y| 10.966 To.767
aecetEte-TTah—fTragtiomn. The 5

1920 A20% 0.Q#51HO-02d8¢0- b HnD@ué%m ng;qraéégp&gé:%gor&sos
TOT e {0 OB DR Dt 1 | EOE ] oD OBER b 0D b 0.823
33, oo [ifesadpdad] e 5%@3 BRSO g2
BB e Bl W L] S T cPigpLF o &1 B7FTS oo
R R okt e At el s 10 ol Wil
Rkl | £idly | !?féé%srd)e)o 3} £4! ¢6@3d 'Vg.?)g?vs 11081 PnD.844

nmor e flnlshnq stieps selec romHh

A Sl i oM AT i P o Y W
mogr d.084 ¢ d%yo?@ﬂ'ydmelsmém 3abiopBe MiKoins | 0.872

ced by hvd ySi S sec-butenyl estef foll pued

baooa ptekadt 1@ 6 ‘0@l i @n10 150.6b0£1 natdoee! Y11barh 0.878

but yral dehyde andl MEK gmy he lco- produced-in

1edeteagn Fqﬁemgo|mm2doc ne 168 |V0.068lr gworeebot h1.0621 y10.891
and _Bec-but anyl ol i-n—a

4108| 0.477 | 0.6158 |{0.0218| 0.108 | 0.0605 | 0.0264 | 11.060| 0.892

—-—4219|—0:470--| 0.6062-(0.0217-0.107 | 0.0602 | 0.0273 |[11.077} 0.906

4329| 0.469 | 0.6083 |0.0219| 0.108 | 0.0604 | 0.0276 |11.075| 0.901

These results show that the addition reaction products and reactants are in
chemical equilibria. Thus, removal of butadiene from the liquid phase by venting off
butadiene in the vapour phase results in the reverse of the addition reaction. For
example, as the level of crotyl acetate and Cg acetate decreases, an increase in the

amount of acetic acid and butadiene is observed.
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predet erm ned proportion, converting the separated

streans to desired products, and controlling crotyl
w@naioi326ec- but enyl ester recycle streans to tPEI/GB2004/002508

reactor. 20 -43 WD 2004/113262 PCT/ GB2004/ 002508 What

is clained is: 1. An integrated chem cal process

cmﬁﬁb@ (a) conbining a hydrocarbon stream

conprising butadiene with a conmpound, Q sel ected from, ]

c drghlowinis thie firoeeture: ofs ERAMDE) 2, @GHPowias 6f the regctiorpmixture is

withcgpwﬁgggg iﬁagq@e&%&to%%fgbhéfr )qfsﬁigsgqﬁ t-8r %%g{ek %gﬂtadiene-rich
fractidha! & dro§! AéRtatdlchn fﬁé%ﬂoﬁeah’dﬂsalké‘elci-liutyle@cewte-ricg fraction. The

I ndependént |y substituted by hydroxy and Cl1 - C20 ]
butadiekexichdrattionds ateydledjaithexseastine migiusepand degending upon which

it . e . . .
o 8 EREHSRL0048 Bl B0 A 8B eptti
fractidnd(id. 186 prodesyivhrtidist hehrayunddcto bebjeceed@ddtis tecydied to the

r_eact_l on pr oduct m xture into st_rearrs conprising a
reactioromjxtureyr b overadiracass thust prexiges ansidtedsatashpriocess to produce

.. caontai.ni t n st r
ctnef 3 B B Sl S T B sk BS TS Soodiersl 8ct are
thenCebhvgndd ng ddireplr Ppodudto(e.gf buheakiehydet ors methyiettiketone) by
recycling a portion or all of a separated cro

el ( \/ .
subjestisigudbe sp aiod/ane dngre: -fiflishing | *§P§d§8t90§ﬁ4 egﬁ?maﬁ‘ddm'ys's,
: . a t aghChic gl : :
nydrGhpaich, RHicri 4ot Bha ' Sabiia PERhLIR AR Ploddcelt by hydrolysis
of crofyd esterrfoliewe@ Bypcaialytis iscrhexzatibnt r biEkh jsdpradpsid by hydrolysis of
hydr ogenat | ?n, ia&smeri lz ti,on, and. cracking to form
Sec‘BH“@G‘ME?St%h lowed\RysCcata ngé%‘%m%? ¥ or oportions; and
(eAltéﬁl%ﬂ\‘/élg,' ngomq_ﬁgﬁlgr&@éﬁydeesb\ha' MERT Ogegt be co-sproduced in

derivative rocess of claim1l whefein Qi )
predetdradned propontions Hux withdrawingsbothoaradylnamd sectiyutenyl esters in a

predlémied PERATINTE, Cayiicn s s iegh s ¢ gt bipaucts, and
contFQcﬂl,ir?é)cbeI %ﬂlcﬂtéé@sbut%n%/I_Télﬁepfétﬁ_‘/@FéSsttéarﬁé & thelreseesrei n

I's selected fromacetic acid, nethanol, and
et hanol . 4. The process of clains 1-3 wherein the
recycle stream conprises at
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| east one or nore by-product derived from butadi ene
di nerisation or oligonerisation 30 or reaction of
WG emh/1di2eer i sati on or oligonerisation with conpouo#26@4/002508
5. The process of claim1l in which butyral dehyde and
nmet hyl ethyl ketone are co-produced in controlled

prjiet is claimey id:ormati on of a crotyl ester or ether
and a sec-butenyl ester or ether by catalytic
adbi t i ofndftegralad isbrMical PsRERESHOAPEYAGI to - 44 WO

208 BRG] P kP g i o
compotd Q sslbetedofromesdneponrmd defp@dtasin of sec- but enyl

ester or,ether, recycling the remaining products to
the addRt(CAnr&ddtor to control the desired amount of

crotyl an - e r or ether, converting the
separatedq@?%?gFHggyéﬁob?hgther to butyral dehyde by 5

i soneri zgtRbis agmq -hgzlgd alkylsorsa Cc;nd(hlg@alkenyli grgﬁplrm R s a Cs— Co
separ ate sec- but en ester or t her to net Yy et Yy .
ket one by argloa@Mpz%ﬁ # & akat @He%h group, whichrpiaypbe didsybstituted

of claim &; j ' ' [ -dut epy|

acetate i ?,) rs@f’é@?'ﬁ%‘ﬁy g%@@%tﬁta r@flhg/g@&r §§§c¢1ea— ?%0 alkoxy and

t he addi t iadkyl hydoixyrether groupsa  great er proportion of
unddjo3sditiofdepPhigh SoNgfiops Jpafo8M, A TRAFEN ANKrE datang at least a
crotﬂ%PKWnLﬂn%&uéi 8nd aré&dou’eehgmdcﬁﬁ&] bRfiRE! sed to an

enol ether using a strong base. 8. The process of
cl )ns Separating nheveadiioat produst mixterecinthstreamis denyptising a crotyl

prodifs iR Sh/84im SR Blohu| SIBETAE bRl B, o ot east one
strealli cORtdIHING GthePRshobed Bhd Garéaotel prédddts; co- 15

produced in controlled proportions by formation of a i
cr®yl eantepling dhe pserarbion efhe psadest sirearas Myyrecycling a portion

o of S el oAt S 2NBgh Tyt o o

separation O
othet peoduat isireans r theratidittry@acta; t he remai ni ng  products
to the adgiti_on reactor to control the desired anopunt

of (Br ot ¥bIESHRG One: GFVBPES F§PRFRICd cRFRNNEE $lTeRRIS o one or more

I r m@ﬁ a :
proc%%%\%glretsc?%(?]’ﬁg)?ﬁlu 2? 81Ir gast’ @dg%%ég%ﬂb suchi%@tn Y ?Hd%@acklng to form
prodeiat deriydtives in préselected proportianspaydi ¢ aci d by

hygqr ol ysis and recycling of hhe car,bo Jl Lc.acid to the
Adlf)t i oFPOYRHNG ONE Mot SSHGSIOgHCLIRNAYSS n whi ch
bupyr al #REYSRCEES dudidim CRIWMMRMhate]s SERCERY Mot Wabxylic acids
in controlled groportl ons by formation of a crotyl
conteining 1atdl & caseon Aiomsy Imenelwdrisyalcahalsy containiogt1 da 10 carbon

f boxylic i d to butadi eqe in an addition 25
atonfe, TG aler Pl oottt 28 TOZaoT B ¢ e
crgtyl Thkepradibsr of yelhimd1 t RefeieQNiid GelddtedUfibf tdtetic acid,
the addition reactor to control the desired anount of
methgnalyane sthanol.

4. The process of claims 1-3 wherein the recycle stream comprises at
least one or more by-product derived from butadiene dimerisation or oligomerisation
or reaction of such dimerisation or oligomerisation with compound Q.

5. The process of claim 1 in which butyraldehyde and methyl ethyl ketone
are co-produced in controlled proportions by formation of a crotyl ester or ether and a

sec-butenyl ester or ether by catalytic addition of a carboxylic acid or alcohol to
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converting the separated crotyl ester to butyral dehyde
and carboxylic acid by isonerisation and hydrolysis
waea4neyrl i ng of the carboxylic acid to the apdi/GBRIV4/002508
reactor. 30 11. The process of clainms 9-10 in which
the carboxylic acid is acetic acid. 12. The process
butadfeng &i am dddifion meadtor, hedparation adiatrieastoatpartiondf crotyl ester or
hydr.ocar bon sgrean1coggr|ses a C4 refi stream -45

ethelyans D BRI BS e UERYbESIED Op P eCyeiad Hie karegining products to
the g& }18?1 Yeattdr W' cORtrdl %r&éﬁt%cfgnﬂh‘ﬁt%rf%?éclﬁll Qﬁg%léﬁtcputeréyl ester or

sec- butenyl pro I'S cracke
ethe@nobmmepmlgwdtr@ Separdied porot@dsestdr draiethdr ito Vibutplald@hyde by

. . I I t he fornul a: CHR CHR'O" H 5
isomtiZBlT A2 yohEiSaRad QSEHG“'Hggé@r?&EHfﬁt99ﬁ§8r%%Wl@St%r o ether
o m@WI%WIkR)é{or@W%?E@HFQEon%dt yG@[ bons atorrs, and

I's at” | eas ne process c[a|m14|n whi ch
Q 6s noiibet pidcese afl glash Hrin Whanrh)ﬂz daeagpticcatid aAd dec-butenyl

acet@g%g eﬁf@cqyeﬁ'yaﬂéc%?':ug' s é‘gﬁ?% pl@pnadé@) _reggtor to form a
gresfENprepatRsh @ﬂ&agﬂ a&éﬂalﬂa a,vmegweaﬁv&té@ioe&itgféléé@ae

conpounds defin wherein
and. Rl Thegprogess szcﬂam Ryih wihicl adigl ethezdeavatmeﬁlargrfouped which

015 | Cr - Cl11
are &b &5l P steralti YlhS BETROE T uted or
l ngepentﬂ“ﬁ@tﬂr}éc%ﬂ)éi tlaithe & &y 7 hi A a@'l@las@orre @Qu tyraldehyde or

al koxy and yl hydroxy ether groups, under ad I on

methy @élﬂyldﬁetmm hydm@enaied e m correspendtng alcahol e

o 2,8 b85S 1 oSBT At e oo

producedariscdrmmledspmpoﬁtonbebbﬁtfornm’t&)rﬁbf wl croty distdr ahd easec-butenyl
and at | east qne stream contai ni ng@ot her reacted and

esteﬂ Yegatebdicppdsditien of 4 eartaie AAd ke hukedippe daran gddtion reactor,
r a | N t f

sopifEig O 13 87 BF e, LORYBRE LR el v romaining

prochtctsaatnstheo adddiond deacton to2Bontealc thee ; desired amount of crotyl ester,

converting the separated crotyl ester to butyl carboxylate by hydrogenation and

conversion of at least a portion of such butyl carboxylate to butanol and carboxylic
acid by hydrolysis and recycling of the carboxylic acid to the addition reactor.

10. The process of claim 1 in which butyraldehyde and butyl carboxylate
are co-produced in controlled proportions by formation of a crotyl ester and a sec-
butenyl ester by catalytic addition of a carboxylic acid to butadiene in an addition
reactor, separation of at least a portion of the crotyl ester and recycling the remaining
products to the addition reactor to control the desired amount of crotyl ester,
converting the separated crotyl ester to butyraldehyde and carboxylic acid by
isomerisation and hydrolysis and recycling of the carboxylic acid to the addition
reactor.

11.  The process of claims 9-10 in which the carboxylic acid is acetic acid.

12.  The process of claims 1-11 in which the butadiene-containing

hydrocarbon stream comprises a C4 refinery stream.
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(d) - subjecting one or - nore- separated product
-streans to one or nore process selected from
whyanolizst s, hydrogenation, isonerization, andPCT/&BRIOAY2508
to form product derivatives in presel ected
proportions; and (e) recovering one or nore resulting
pr 63uct Therproaess/efcladn 1lin wiich g podiessofthecdratyinptdduct and/or a

ich,th ' di s 1, 3-but adi ,
seo PUSTHA RS R gk eg rbfiete andsointend Gag The
D bt aerogess Geciui Ah TS5 LA e 13R5uss
19. The process of clai nHO(CHREBCHR @Hildh t he addition

react on . is catal ysed by a ho eneous_ sul phoni ¢ aci d X
whebgfidr, &R % arofh ritenea oty RUTEORRors dDRBRERrEYI Group having
up t8"@URIFboRY atohs, MPAGSEt Rasghal s 1-3 and 16-18 in

whi ch one or nore streans 5 containing isobutene,

r aflbi naiffbe1 psereessafofi elaire 24aire Whiochafeds amnoathylene glycol or

ol for producing at |east one product stream of
d'etgg%i%égﬁ:oeconposi tion, conprising: (a) conbining a

hy d60c appaiftetfraRAeHPHREI ﬁﬂo&@s@c&ﬁpﬁéﬂlgconj ugat ed
diene wth a conpound Q sel ected Trom conpounds

def@)ned cambiniog Ripipeadan sirraneicomprising adis-G;o eonjugated diene

e - I - I group or Rl
WIthiazcgmgéu[ldgge%g% frgﬁoﬁﬁ?u%@efﬁ'{%‘iggar al kyl group,
whi ch mR}(®@)BHbstituted or independently

substituted by hydroxy and C1 - C20 al koxy and 15
al kyl hydrehered Rds 1grfu@ad under addition reaction

condi ti onspt m a1 ' I XtAur L D] t,
| east onesRa% %/FLaTjg:lz? ?gﬁ‘ B?gd@cftéé@ %il&g'%g}r{aqp{]%gﬁt %23 Co = Cro
Ir eaction parg:jtilgmltumbv(gtmﬁ—i (Dhcaratloybg:‘jmjp: OIlvmch shay bat unsubstituted
east one a roduct stre a t | east _one
stream corﬂ%\#ﬁ&%?ﬂ SH %@PE{B QMH"V‘EGXmﬁPQaQU et G20 alkoxy and
products; 4k Itgﬁirébhﬁétﬂbﬂgr gsgacti on mxture, wherein
t a

conponents ot | eéast ast a portion of at |east
undehgdditiop aeaciepepaditidns to dams af reaction apix{uad dantaining at least one

aly R G508 at od i ene. (11) compound @ and (111)

?Iegtz)lt i gﬁdbé&a@iﬁgnn@ FuattidpidducPAfiRuIlind sB8dhls drhpiRing at least
one allyl product stream, and at least one stream containing other reacted and
unreacted products;

(c)  controlling the proportion of the product streams by recycling a portion
or all of a separated allyl product stream and other product streams to the addition
reactor,

(d) - subjecting one or-more separated product streams to one or more
process selected from hydrolysis, hydrogenation, isomerization, and cracking to form
product derivatives in preselected proportions; and

(e) recovering one or more resulting product derivatives.

17.  The process of claim 16 in which the conjugated diene is 1,3-butadiene,
1,3-pentadiene, or 2-methyl-1,3-butadiene.

18.  The process of claim 16 in which the conjugated diene is 1,3-butadiene.
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25 (i) + (li) H(iii); (d) controlling the anount of

conponents (i), (ii) and (iii) in said reaction
woreootatrredby adj usting the size of said porti onP@F/G&R004/002508

| east one of said separated streans that is subjected

to the reaction conditions of step (c); (e) recovering

at19. eaSTh@pmdésﬁnﬂrmmsomﬂBansﬂmah dheaddditionaemcliowis catalysed
step 30 (a) and of thereactlon m xture of step

by aahgmpg?nggw swiphopic agid satalyy eandaiping gt éea%ctwpeseﬁhomc acid

gouﬁgn'ponents to one or nore process selected from
ydrol ysi s, hydrogenation, isomerization, and cracking

t @0.f orTn@rmdc@sts declamasi 18sand 18-¢8dhaghied one or more streams
proportjons. -47 WO 2004/ 113262 PCT/ GB2004/ 002508 22.
CO”@HE‘%F%@'é@ﬁeofafﬂm%tﬁrﬂ and raffigatecs ardisokigfugat ed di ene
| 3-hbu e
252rr1t15t hy'!ISe é&)?eggt 1Zg’(IJI'l é"‘ﬁﬁg@f aa'dfhlc%ggtr odg‘[ss sp rggriu%tl gtr(renagnl olf nSGIGCted
compdmmdmtdmnmmpgtgat ed diene is 1,3-butadiene. 24. The
rocess of claim?21 in whic the conj

D & ureamBig A byArachbon slerm saMRESHGIS Crgvo pplugated diene
with er&mm Rk g iR ctfihBcAedluet st reams

onpri se, crot ester an ec- butenyl ester and at
I east dR%(Qﬂ)ns-(Dd-h streans is converted by hydrolysis
and i somerhzall O 43 b,4a8nd
R'isa Ci—Cxp alkyl or a C; — Cy alkenyl group or R'is a Cg — C1o
aryl group or a C; — C44 aralkyl group, which may be unsubstituted
or independently substituted by hydroxy and Cy — Cy alkoxy and
alkyl hydroxy ether groups,
under addition reaction conditions to form a reaction mixture containing at least one
allyl addition product;

(b)  separating the reaction product mixture into streams comprising at least
one allyl product stream, and at least one stream containing other reacted and
unreacted products;

(c) maintaining a reaction mixture, wherein components of at least at least
a portion of at least one of said separated streams from step (a) is subjected to
reaction conditions under which (i) C4-C4o conjugated diene, (ii) compound Q and (iii)
allyl addition product participate in an equilibrium reaction

(i) + (ii) « (iii);

(d) controlling the amount of components (i), (i) and (iii) in said reaction
mixture by adjusting the size of said portion of at least one of said separated streams
that is subjected to the reaction conditions of step (c);

(e) recovering at least one component of the separated streams from step
(a) and of the reaction mixture of step (c); and

(f) optionally, subjecting one or more recovered components to one or
more process selected from hydrolysis, hydrogenation, isomerization, and cracking to
form product derivatives in preselected proportions.
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22.  The process of claim 21 in which the conjugated diene is 1,3-butadiene,

1,3-pentadiene, or 2-methyl-1,3-butadiene.

23.  The process of claim 21 in which the conjugated diene is 1,3-butadiene.
24.  The process of claim 21 in which the conjugated diene is 1,3-butadiene,

n=1, and R' is methyl.
25. The process of claim 24 in which the product streams comprise crotyl
ester and sec-butenyl ester and at least one of such streams is converted by

hydrolysis and isomerization.
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