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In accordance'rwth the present invention, there is provided a process for
tthe i sonerization of [err] epoxyal kenes to the correspondi ng

2, 5-di hydr of uran conmpounds, whi EmOBI®0E:B1 conpri ses contacting a [err]
epoxyal kene or [err]-epoxycycl oal kene with a catalytic anbunt of a
quaternary organic oniumiodide, e.g., a conpound consisting of an
anmoni um phosphoni um or arsonlunrca ion and an iodide anion, under 50

i somerization conditions, oglte ra and pressure. The [err] epoxyal kene
and [err]-epoxycycl oal k 4#»2 y contakm)from4 to 20 carbon atons,
preferably from4 to 8 carbo at 0of. Exanpl es of the epoxyal kene and
epox@cycloalkene reactants include conpounds having the structural formula:
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,4 epoxycycl ooctene, 3, 4-epoxy-1-butene, 2,5-dinethyl-2, 4-hexadi ene non-

OepOXI de, and the |ike. Ihe e Qxyal kene reactant of pri mary interest is

3, 4- %poxy 1- butene. The 2 uran conpounds obt ai ned in accordance
wi th our novel process ﬁame/t e uctural formpglyar 20
[err] [err] [err] 25 V\/n ﬂ.e’NDe‘[égﬁ] substituent’'s are defined above. O
t he conpounds whi ch nmay be ob®ai ned in accordance with our invention, the
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(VI) 1
56

whersin
each R? independently is selected from hydrogen, alkyl or substituted alky! moieties having up to 20
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[err] 50 3-[-err] 55 wherein each R2 independently is selected from
hydr ogen, al kyl or substituted al kyl noieties having up to 20 4 EP 0 518
973 Bl carbon atons, cycloal kyl &P ccsisfzs®Bited cycl oal kyl having 5 to 20
carbon atons, or aryl or substituted aryl having 6 to 20 carbon atons; or
when Y is P, each[err] also nmay be sel ected from al koxy of up to 20 carbon
at ons, B’PB&PR‘EJ c'ﬁ'ky'smtsﬁbsﬂytee &Y‘I?R?Pfy'zilaﬂfr‘ﬁs5 00,3650 a‘B’f‘s 6” ! %G”’??&‘r“l% Avht ons
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[err] araviog thherraulas each R4 i s i ndependently sel ected from hydrogen or
al kyl of ufPR'o 20 carbon atons and X is hal ogen. As used herein, the terns
"hydr tcar byl ene noieties" refers to al kyl ene noieties having up to 6 carbon
atons, arylene or polyarylene noieties having 6 to 20 carbon atons. 26
The preferred oni um i odi de catalfysiss are)}t he _quat ernary anmmoni um and
Qh)at ernary phosphoni um i odi de™c nﬁounds. E?éﬁpl'ary anmoni um conpounds

I ude tetrapentyl anmmoni um i odi de, tetrahexylam nonium i odide,

tetrafct '?me {um i odi de tet radecyl anmoni um i odi de, tet radodecyl ammoni um
' Od' de y;ﬁlé n l?ﬂylrsa t??ﬂo%%& a“tt;w g‘@? gne oms and X i
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di i odisde, tHoBrbfd é&%ﬁiﬂ dathtyBr¥ lafed hbdiu&\!ﬂnﬂw %ohiamaldé%ﬂnﬂd pHEsphonium

N, N, N, N iodide, ddmpbimds Esiamiasy hr)uasmmeompbm%s GHeraa R Rapsty Ik inGilingl Rdide, tetrahexylam-
N, N, N, N mdNiumNodibe Xettadargartmionuail iodide - tdtradiedtiammonitrh Usdidd] teredotécylammonium lodide,
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i odi de, iedidepé "(‘ﬂecyl )phosphonr um i odide, triphenyl - dodec¥ %phosphonr um
\L-Odl de, teF’f"ﬁ? mgglﬂth dﬁﬁaﬂﬁwlﬁhﬁfﬂh m iodide, tetrabutylphosphonium :
tris(2- r‘l%’f 5 hosphomum iodide, tribenzyl(octyi)-

trioh n)ﬂ Tﬁ' IE enyl(decyl)phosphomum iodide, triphenyl-

t ph rk'nﬁp xg l;' ? E\ ylprop )phosphoriium fodide, tris(2-methylpropyl)(butyl)-

i{'}p en 9 yI )phosphonium iodide, triphenyl{3-methylbutyl)phosphonium

rodrde tris(2- methylbutyl)(s methylbutyl)phosphomum iodide, triphenyl[2-trimethylsilylethyllphosphonium io-
dide, tris(p-chlorophenyl)(dodecyl)phosphonium iodide, hexyltris(2,4,8-trimethylphenyl)phosphonium iodide,
40 tetradecyltris(2,4,8-trimethyiphenyl)phosphonium iodide, dodecyltris(2,4,6-trimethyliphenyl)phosphonium io-
dide, and the like.
Tetra-substituted ammonium and phosphonium iodide compounds containing a total of 16 to 60 carbon
atoms are especially preferred. Such compounds have the formulas

“ 5 + 6 +

R5— --—R5 I and RG—— --R6 I
5 ' 6 :

50 (VII) (VIII)

whersin
each R® subsfituent independently is selected from alkyl of up to 20 carbon atoms and each R°®
55 substituent is independently selected from RS, benzyl, phenyl or phenyl substituted with up to 3 sub-
stituents selected from lower alkyl (alkyl of up to 4 carbon atoms) lower alkoxy or halogen; or
two RS substituents collectively may represent alkylene of 4 to 6 carbon atoms including alkylene of 4
to 6 carbon atoms substituted with lower alkyl; provided, as specified above, that the quaternary iodide
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i odi de, tris(2-nmethylbutyl)(3-nethyl butyl)phosphoni um i odi de,
tri phenyl [2-trinmethylsilylethyl]phosphoniumio- dide,
tris(p-chlorophenyl) (dodecyl) prerpthdzanBi odi de,
hexyltris(2,4,6-trinethyl phenyl ) phosphoni um i odi de, 40
tetradecyl tri s(2 4, 6-tri met hyl phenyl ) phosphoni um i odi de,

dodecy FeRRounds cantgin 16 1p B2.£a4bA "#ﬁg hos hon| um | o- di de, and the
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have_ t R& PBH% ?°£‘§°T" TP PPy FT (VI1)
(W Iﬁ) wherein each R5 substituent i ndependent ly is selected from aI kyl of
up to 20 carbon atonms and each [ ergg SS54substituent is independently '
selected from([err], T phe, .p.hgﬁyl sulpStituted with up to 3 sub-
stituents sel ected from ower al kyen(al kyl of up to 4 carbon atons) | ower
al kgxy or hal ogen; or two [err] subsfituents collectively nay represent
al kylene of 4 to 6 carbon atons including al kylene of 4 to 6 carbon atons
subst i hdr&l RMstdafiled\aBdve ahd X lis thed fesidietd @n aziBicEdm@Rank iof lafabioxt®alkdnb abvirigecto
guat er maring daden dems (indklding tielBc68 aidins Grothp @bove gereeah foanute), ., tRabifclcmatabis N
at ons. azabicyclonenapg, diazabioyciqoctafecand thd eermoni um i odi de conpounds are conpri sed
of Ng al kVvihe agigmiq?z@ogampamdqgﬁ@ewqﬂ pve mgydgbe employed in combination with a Lewis
N, [ er r peigj# o Jheq Bameri (9!" (Péﬂ°k3&rfé oMo Hyetions Examplen & suchraplional kayissaddocor2 1 ng
car bonc%ﬁ“(f eg'e aliggli 'E?HQPé "Aagpp Far'lée i} balidgseling) halides. | |
X T % ﬁ“’r’ e"P:!P °H8?f 415 d’a' fé"“f‘ °‘°f"e‘§h'&' sd'i""an
azabl c '5’??(8?1” 8 3r|a' ‘é lﬁﬁ\? Vﬁi ?’c
n C u ii ﬁ nes eer |o I cige |ta IUI'P
(i ir nget ge |taﬁ tnta f zrco 3}1 g?nese
azabi C}izucé. f?dﬁﬁga 'Tlgld &L%P Lélh el'hel5
The onidy w&d qﬁe’ Peaearé' SR Db
onbi nﬁt&dum IWIMeazurle&:M(l\@fdd e, aﬂd esletinllyZ Snclibtide! an@ HEil) 8 d on process Of our
I nveat i Ofhe i So-Sdhaly3HBmaIVbIY G| be L8NS R Brghrdtin AVLaAN Yighioahtifohyiflg t he
al kal i coipodrds hatlch d&s hydrodioylial irififies, NANEARGAHbYINN ahiides , trikydfocirbyiin haldbsles,
tin (1 \dralptrbiattaBin dombeuntisl Bad teWahytratary@Atimony thalidies) NBxérhplds of such organometallic
t et r a- tanweundalinklodd dbewounds having thaorplly) hal | des, manganese (11) halides, iron
(I1r1) halides, or iron (111) acetylacetonate. Preferably, the Lewis acid
co- gat & ysentHelan and ®Ak-Shreltall | odi de, zinc 20 iodide, zinc chloride,
magnesi umiodide, tin (I1) iodide, tin (IV) Il odide, titanium (I1V) iodide,
tltanlﬂ'i‘ﬁ"’("l t et r amet hoxi de, tltanl um ( etraethOX|de titanium (1V)
&t r ai % ot gg(all"g:??é'r'gf"ﬁ’ycﬁrﬁeﬁ% a:::g‘g?’cféq% il gﬁ‘ﬁb@@"t 6 wg%)r'g] q’tgre:’:%?mz anese
(1) c r g L (3P
Con n§3"f°8b¥i’ ffré'r"émg S 0 eoby S Pt Ry@vtg oA SRS |
preferre bl.e i ) or exanple, titanium(IV)
i‘edi de, %illa h 7 e%‘ ﬁoé)% J:haé b?meO? aeferé&é’ o8 a’l’({ zinc iodide and tin (I I)
i odi deExa%u Blos of 0 G‘z Vl%:coﬁxﬁblﬂdsc Riclodd b fﬁ- %JanﬂE N@bdiif )édH@ytn&‘i‘yﬂBik&Eet
Fr 0B Of Rk ol ko AR Yiodidd, KR OHIAISe, Sbtfeblu byl tin
tri hal trigiRyttidliowys! rasenzyai isdids, eime@ytid Bfodids, rd.&wmtﬁ%dmél friphniitn bndﬁiﬁje and
t et r ahedppegaltimdni Ra@@npounds and tetrahydrocar byl anti nmony hal i des.
Exanpl es Tad peiserbd oggmmenali adbrhpoonds eopaisads (Vniotidetchading1ihe whale gaseral mgmilhe
f or nul and a total carbon content of 3 to 24 carbon atoms wherein
45 each R’ substituent independently is selected from alkyl of up to 12 carbon atoms, benzyl, pheny! or
phenyl substituted with up to 3 substituents selected from lower alkyl, lower alkoxy or halogen;
Hal is iodo; and
nis2or3.
The quaternary organic onium iodide catalyst, or the quaternary organic onium ifodide-Lewis acid
50 catalyst system, may be employed in the process provided by this invention in either a supported or
unsupported form. The supported catalysts of this invention comprise an essentially non-acidic catalyst
support material having one or more quaternary organic onium iodide compounds distributed on the surface
thereof as a substantially continuous and uniform film and, optionally, one or more of the Lewis acids
described above, e.g., an alkali metal halide, zinc halide, magnesium halide, tin (ll) halide, tin (IV) halids,
55 fitanium (IV) halide, titanium (IV) lower alkyl alkoxide, organotitanium (IV) halide, zirconium (IV) halide,
manganese (ll) halide, iron (IH) halide, iron (lil) acetylacetonate or one of the organotin compounds or
organoantimony halides described hersinabove.
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30 J[err] wherein each R7 independently is selected from al kyl or
substituted al kyl noieties having up to 20 carbon atons, cycloal kyl or
substituted cycl oal kyl having 5 tEP @o1&W3h at ons, carbocyclic aryl or

- substituted 35 car bocycl ic aryl having 6 to 20 carbon atons, or heteroaryl
or substltut ed het eroar nmoi eti es havin u to 20 car bon atons; Hal is a

Stl’
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tetr aphemeh@dat Fovaiample? BbidR; sphétes, Rhda! Stied] oxtiudsd Y ifabi8) dnb %eqmmma%pwsmrl se
tin (1V)so 161l & @EchiiMéria hbVaQiiniagivis a0 PaRKiAY cHarEBREG s338l orulibwiorihe faadyDsbasage
contend fgastolisreattanCantl PRAUCH theoiiGh A\Pkedli df fidldized bed GraNd calafbt under Wdadtioh lcoriibns.

i ndependenEkgmples of thb @tatetials hichmay s/ bmgidyeti @s the sippot @icldzind GIUs,; zieciadbyhate,
phenyl omagnhasguny loxigal 3gita, talvindre, ttartium oxde, danBarsimbeddet baort sitrigde | waherrbidepsiidoower
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zi rconi umcphidephate, as well as nixtures of any two or nore thereof. The
pr ef erred The supported catalysts described hersin may be prepared by a variety of procedures as will be readily

apparent to those skilled in the art. For example, the supported catalysts may be prepared by the steps
comprising:
50 (a) impregnating a suitable support with a solution of one or more quaternary organic onium iodide
compound and, optionally, one or. more Lewis acids, and thersafter .
{b) removing the solvent from the impregnated support.
Solvents contemplated for use in the impregnation step include polar solvents capable of substantially
dissolving the quaternary organic onium jodide and the optionally employed Lewis acid. Such solvents
s5 include water, lower alcohols such as methanol, ethanol, isopropyl alcohol, and the like. Preferred solvents
are those which can be easily removed by standard evaporative techniques once the desired impregnation
has been carried out.
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Thus, for the unsupported catalyst systems containing an inorganic Lewis acid, such as titanium (IV) iodide,
zirconium (lV) iodide, zinc iodide and tin (ll) iodide, the preferred onium iodide:co-catalyst weight ratio is
200:1 to 5:1 and for the organotin (IV) compounds and organoantimony (V) halides the preferred onium
iodide:co-catalyst weight ratio is 1:100 to 50:1. Particularly preferred unsupported catalyst systems com-
50 prise a mixture of one or more of the tetra-substituted ammonium or phosphonium iodide compounds
described hereinabove and tin (ll) iodide, zinc iodide or an organotin iodide.
The unsupported quaternary organic onium iodide and/or Lewis acid catalyst may be used with an inert
organic solvent if desired to alter the reaction conditions and/or reactor configuration. The optional, inert
organic solvent may be used, for example, to change the concentration of the quaternary organic onium
65 iodide and/or the Lewis acid or to assist in heat and/or mass transfer characteristics of the catalytic process.
Thus, another embodiment of our invention comprises the isomerization of an epoxyalkene to the
corresponding 2,5-dihydrofuran in the presence of a homogeneous catalyst solution. This embodiment may
be carried out in the presence of one or more of the above-described organometallic compounds although

8



: |nteract|

EP 0 518 973 Bl The volune of solvent required.is 0.5 to 20.0 m of solvent
('pl us ‘quat er nary organic oniumiodide and, optional Lew s acid) per gram of
support, the mninmum vol ume of sBP®HI8 %%Bﬂg defined as that vol une
required to cover the catal yst support. The support and |rrpr egnati on
sol ution areartat ally by rota turrb for t 2.0 hrs at
sli ght | y'eaé g\lg %é& ﬁ OI¥ cyomumzteé %6 IS og neous
éi %l&f ﬁ &( bove-~ descnbed
f eta!h 9 e{Crrb |odr gs in (i) an
pref er enf naJ a¥ic s o.r rr;rr. aas@;%‘ Joydaons
t errpeg atrbﬁc@ﬁts oﬁ{hg 2r!'>gdr yﬁr‘ama tsl' os th@ sLI@ n{s Ht rW:hQé ar affe
heat ed f 3§ GRfhafd hydd68MBonsObuc % th 4o tolushed) 3pdciie|of d%@feﬁéé £0idibmb eand
cat al yStmeafidb Riibgbridtell NHadbUARAS Euch/ﬂ‘stdﬁromésr&sﬂaga 24dlRorSBbhAInY,Sdnd | 151, 286Nt 0 be
| oaded igtbdhane; 'BRAdsBuch B EyRiohdxBnoRé NEAdtyi-D-Bexaktie, Canll 2LngSthnond; tethe:%rbuapww kene
under i sinyBrofudant teRdhydirSHih, Land BEB(2-rhdiRdxfalilyRdtss Lostbid subiphs RO YicoldRe! ahe tertiary
Subj et ashide® sjidheast N-eathpeerdyrralidinchie! Napdohakyl-2-pyrlidinvde, t NesLR-plrdlidinahef dndN,@Nt t O
act i vat dlirgsthiythcagtatidd. \Notmallp| fast éase ot espatipnpthe tspleent ed mxiuteabfysiventsT gpplayatl have
pre-tr edviimgnpointoatdeast 8 atfove thatboltimgdpdint ieh the tSedinydrofyrap iraglact and tepesatwratede  at
| east agidahygh otlotonbiby-preductsng poi nt of said quaternary o ani ¢ oni um i odi de,
but no gr eHeerneREators DS the orgapometallic spmppund gnd thepptipnal gnk ‘éﬁ in theinertmorganic] O
hour s'® 'Pﬁ'é°“& Gafcker Yapprssubstantighy slapenpling. dor gxam ﬁ'ﬁ' esﬁvarpeﬂier&a ctphdicaljy-offectiva-¢opwpy y
npl oyed®fth P nt, {8], ?S'GI" srrer °2‘§?'|sc¥ﬁ°’15°‘ de'é‘%'*é W’V%[F’%‘:& é’l"d%? g”""’
he

e vt §€° e Erfo té@tﬂr it St

veIo or exanple t he

pr ocess m [err]
C al t houg \,tn msg‘fgé,h}dres o%f o'ﬁZOO E[%te#%'? dC 3&‘?‘@%?@%)9%4(?2&4 %ﬂég?‘o‘ta
reaction pressure may be in the range of 1.02 to 70 bar (absolute) with the
preferred@pree—heing 1.1 to 20 bar total pressure. 20 The gas hourly
spacesvel ocity may be varied substantially, e.g., from1l to 10, 000,

al t hough ensreipr ocess normally is perfornmed using gas hourly space

vel oci ti es ieact Hiesubstihgat indepdnOertlp ist seieCted@@n lkyl pluprtd B carbbdmoatamso kgnay! Jghorey!l or
react ant piepylcorstituied witheupuip 3tsobsii0@1$ sefectbditonf owe atkpinioweriatkpxyrer balogempnde f ed

al ong wi th avist.Zeder4laddient wherein volune rati o of the epoxyal kene:inert
di | uefit c@ih! ieASyvelghtneragntgf @ detrp-gRgiiuted angmeninesor phesphasiym| "»}d'ﬂhrOE formplal (VH)@ad/ero
4:1. Exerrgﬂ'@z dinert gas diluents include helium ar ni trogen, carbon.
di oxi de P"QB’“’H Eﬂaﬂﬁé?'t?ﬂh%e‘eﬁﬁf’ é’ﬂ"‘é‘r’ﬁm“@%%ﬂg %H%Pd?‘é%'t"fbsﬁ Re¥Rg F'? F°o s

f t
voreuﬁéabjgf g; 5 :td %ggr' e;eﬁ%ﬁ%e”t 'aefr bane" b oot A eete lyeoe
carr i 6d 6 Bﬁ%sg o bark %ﬁeq.q .§ L8 u5h 98 gté: fi BuadRRRI6G o
L{Fsupporhg {onz Léed or

Lt &%Lrﬁfng(ogé%?'s‘JH&@H rQnQﬁre%EIlvethg GRaslohly &
the art can?:&: out at atmgp.e b6 suidraimbSphericprélab) BY! bSe 22 er rsbaaut s
t enpepat Ur\s Rbdebd bmPIBYirY\the atat SHRABME miaj) e "Rkl It MOA fbhtc@fsehhébnﬁﬂd&iseérnar y
Or gani C contihibids imads cfeoperdtion. Fdleedinpld) Batchadpatalicit mayScombrisd refRiiny € mibitwe Bithd i 50
poi Nt ampoxgatitepé sndacatatysis UdS ttdttyitia liddide lahd) teirgheptilad@oniunt iotlide, e echwat guch as p-
mai nt ai mylertedorcantingd sudficientrto sonverhiessentially Glll dhwespexidshto titfecd. 5-dilnerofueens Thpepraxfucts e
gaseous teeedraiell pr oittilationniyine thel @ixtufes Tho undigitidr ¢atdlysti soluiet msw riteaienssdtime
cat al4jstulisppuepieeactionct or vol ume. An up-flow reactor is suitable for this
pur pose si The ecafafyt ion peetearablyq 'smnhvaq’ s at ‘F?é"'t‘:'@ttsa'lnw °f39°°rﬁ*|°'t H@'ﬂ%&r ofriate

posi ti Oﬁp‘?xﬁa"feﬁ%""r’é b‘fcyc' o(I re “'ﬁ‘géeé' talygjssoly
e b %?d t%ﬁ iy s

oval

catal S::tt]e rocess can be rform are con muou tan élg Eﬁ I% %IE Or F "gH‘ lCht h
especi a LP rn%& tf:es.g Q & ly % ?X%&mén s%lu\{&% %e l m a
cl osed lag c%tt 1" I'on "appa
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can exit frontthe top of the reactor - The unsupported catal yst
systeg preferably is used in our process as a nelt of an intimate m xture
of one or nore of the quaternary oniumiodi de conpounds and, optionally,
one or nore of the Lewis acid co- catal ysts descri bed herelnabove The
oni um i‘odi de: co-catal yst wei ght ratio of the unsupported catal yst system
can vary substantially, e.g. from500:1 to 1:100, depending on the:
particul ar co-catal yst sel ected. 9



The preferred onium i odi de: co-catal yst wei ght rati os depend on whether the
co-cat'alyst is (1) an organotin 45 (I1V) conpound or an organoanti mony (V)
hal i de or (2) one of the ot her EPeOW8 W3iBlls descri bed herei n above. Thus,
for the unsupported catal yst systens containing an inorganic Lewi s acid,

such as_titanium (I i odi de, zirconium (1V) iodide, zinc iodide and tin
(11) iwmmp AT T84 oni um i odi de: co-catal yst weight ratio is 200:1

to 5:1 @@ﬁ Eor the organotin (1V) conpounds and organoantinony (V) halides

t he pr oni um i odi de co catal yst weight ratio is 1: 100 to 50: 1.
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assist in heat and/or mass transfer characteristics of the catal ytic
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t he gene3us at al yst solution preferably conprises a catal ytic anount

of (|) pofpLRs nmore of the above-described organonetal Iic conpounds and (ii)
one or—mJT'e—Uf t he above-descri bed organic oniumiodides in (iii) an inert
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({m‘sol vents enpl oyed have boiling points at | east 20 C above the boiling
nt of the 2,5-dihydrofuran product and the unsaturated al dehyde or
ketone by- pr oducts. The concentrations of the or ganonetal I i ¢ conpound and
the,pptional oniumiodide in the Inert, organic 15 solvent can be varied
substantially dependi ng, for exanple, on the particul ar
catal ytically-effective conpo- nents present, the design of the reactor
system etc. Typically, the concentration of the organonetal lic conpound
will be 1 to 50 weight percent and the concentration of the oniumi odide
conmpound, when present, will be 1 to 70 wei ght percent, both concentrations
bei ng based on the total weight of the catalyst solution. Normally, the
nole ratio of oniumiodide to organonetal lic conpound is at least 1:1. 20
The preferred catal yst solutions conprise (i) 1 to 25 weight percent of an
organotr n i odide containing about a total of 3 to 24 carbon atons and
havfhg the formula [err] 25 wherer n

55

10



each R7 substituent independently is selected fromalkyl of up to 8 carbon
atonms, benzyl, phenyl or phenyl substituted with up to 3 substituents

sel ected from !l ower alkyl, |owerEBIOGIBP7dBIhal ogen; and n is 1, 2, 3 or 4;
and 30 (i) 1 to 25 weight percent of a tetra-substituted ammoni um or
phosphoni um i odi de of formula (VII) ar‘r’lgg%r (MI1); and (iii) an inert
organi ¢ solvent selected from hydroca s and chl orinated hydrocarbons
havi ng yp-t.0-1Q carbon atons. Toluene . mixed or specific xvlepe .QDWELF
chl or obd n@@melp m xed or speci Pisateratincrign biidnzene | somer S, %lpmeUmqune,
and ngsiltylenelare particularly preferred solvents. The igomeri zhPproent

process [may4 be [ ggfdotRanidniodide |1 qui d phase using the ¢atasyst &3y ulions
descri bgd hgr eil raRRuGIaRhon@hiodidd I Ng a [err]-epoxyal kene of zno 29
[ err]-epoxygycli agkdpeitRanirhorfunt idideer at ure of 50 to 200 C, piefzapabl y20l00(t o
150 [er] Cr de}pembmmramt"h&,drael vent or m xture of sol vemt gnenp] oasd. | The
pr ocess | mays be | gardott@ammordiuntiodidad nospheri ¢ or super - at nosphezhG py essIur ¢S,

e.g., up to922|lraradéaymiionita Jodidd0 The process enpl oyi hgzhre fatsal y$t
sol uti oﬁ mag bg Tetsadpdeeglaroudniunmiodidebat ch, semi - conti nuous of &odtijhuids pode
of operati ah. [Fdriccttammyniom idsiidech operation may conprise réf ZoRi ng 24.0m kture
of the [ler A% epdopalapeaeivmjedideat al ysts, e.g. tributyltin ifodh@e pntdo
t et r atfept yd I‘HCUH“FBEIP‘Hé’d'dPn a sol vent such as p- xyI eng FB? a t13rPe

sufficignt 1fo Mé’r"?e"'@ ipgriginiyrp, diiog @ an.
The pr ouctg th : p’(ﬂ ‘f"? ‘Ppé "P’i%ﬂ" ‘P‘H r o ‘Prge

I sti l l e Ca - xa- an:-1 ammonlu'r:%nodlde ubsequ on.
The cat P4 enmpl o B n “%C8nt i nupu d %fo
oper atr n mm@gkene or [err] epoxycycl ol Eﬁe s”q,dd,d to
a recir¢ul géed qgtt,ag ,os hlidladeWhi ch is then introduced|i %fd} al c@y i puous
reactor ] Abjer Wﬁ%@debﬁé}%&ﬁm ,gd?@e reaction streamis fed { Osﬁ)zdl t11ld ation
system fo SiRLVATAS simejoiv Simviviv Samv at-a
sol utdson es o Qn us react desr ns in wh 50 the pr 0Cess
can be. parTE: g% iy L'Jﬁfgz gve@tab % ffrmq B gsc g e e ow:;":
reactor n grven ¥or < ch ex ;glé I}gg éj-c t 3{ é ‘ﬂ '{‘:r %3{ tﬁ
ConMposi t dj;ge ;; :Ag%
i1l USt r%&tﬂ%& pB uﬂWbM tperck?th (-] &s T1ON
OF CAF bifst dac of the Tabf® ufé} wapgroni um i odi de 6 9 was

di ssol vede%p%éb@ﬁzf] nrmarei?aebdeah&mhmun(.%daﬂn)smzn a 250 rrL round bottom
flask. Zi pranplkh 8844 5. Q6% Tekdottyianmbmym pauslar zigas added and the m xture was
\agr t at ed Eqimplesa®ig N TeBaostyIpkbSprdnitr iocdidedn 8i0p ot ary evaporator. The zinc
oxXi deasuseaxah@dsaesurfamTalmatylplﬁosﬂmo&um@pdmenBﬁers per g (err) and a
partiCle dianmeter in the range of 75 to 150 m crons. The al cohol was then
renoved on the rotary evaporator at 40 C under vacuum The supported

¢t al yst obtai ned contai ned 18.2 wei ght percent 10 t et rabutyl ammoni um

i odi de. EXAMPLE 2 Tetradodecyl anmoni um i odi de (51.24 g), zinc iodide (1.06
g) angd ethyl alcohol (200 nL) were placed in 15 a one-liter, fluted flask
and placed on a rotary evaporator and agitated for five mnutes in a
60[err] C bath. Silica extrusions (400 g, Calsicat [err] pellets, 6.64 nm
di aneter having a surface area of approximtely 0.5 n2/g and a general
conposition of 100%[err]) were then added and agitation continued for

t went4 m nutes

50

65
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in the bath at 60[err] C The al cohol was then renoved on the rotary
evaporator at 60[err] under vacuum The supported catal yst obtained
contained 11 wei ght percent tetERG&4@873 BImoni um i odi de and 0.23 wei ght 20
percent zinc iodide. EXAMPLE 3 Tri phenyl (hexyl ) phosphoni um i odi de (0.250 Q)
?gdozi )nc i odi gg 80. _(I)_ESO _gl) ~were pl a;;drii%tn a 5?- mL fl ask 25dagd thendsi i fﬁ
.0 g) was added. e silica suppoqiapgint g4 al was prepared by grinding e
silica extrudate described in ExarrpI'rs,‘_—?“d'rm]'| classifying the ground nateri al
and using the portion which passed_ a 10 nesh sieve aﬂglﬂh§ retained on a 20
mesh, The flask &XamRYRed on a r ERrSREEYSEat or anBe&geBAted for 20
n‘inu%es with the flask in the bath at 6£ C. Met hanol @/ai removed while the
flask was in the 6 rr] C bath using Atzum The suppor &d catal yst
obtai ned (2.25 g) tained 11 wei ght cent triphenyl (hexyl)- 30
phosphoni um i odi de%d 0. 11 wei ght ?"E@ﬂ zinc iodi dé.‘ ﬁ?'he cat al yst
compgsi tions set fogdh in the exanpl eg,pf Table | we\r/\gi_ggepar ed using the
procedures described in the preceding exanmpl es. The ight Percent given in
Table | refers to tyw weight percent gfyfhe quaternary ggi umiodide present
based on the total weight of the catal ys?. The zinc oxide and silica used
as the support matezgals were the sangnps the supportipmmperi als descri bed
in Bxanples 1 and 3. 35 40 45 50 55 10 EP 0 518 973 B1 TABLE | Exanple

. Quaternary Onium | a7 de - MgI, Support WeOgRe Percent 4 _
Tetrapropyl anmoni um i odi de - Zn0O 15.8
& 5 Tetrabutyl am@fhi um i odi de MnI, 0.22 ZnO
22 6 Tet rapent yl ar nnmoni um i odi de ZnO
20. £°7 Tet r ahex38 ammoni um i odi de 2xrIy 0.27
Zn0O 22.5 8 Tetraoct yl ammpni um i odi de
ZnO 26.0 9 36ret radecyl amoni uktfodi de 0.22
ZnO 18.0 10 5, Tetradodecyl annon; um j odi de 0.22
ZnOgs 21.0 11 Tri oct yl ammont Gt tg ra .

Zn0O 21.0 12 D octyl ammonTT i Fece

Zn0O 18.0 is 13 Cctyl nj { odi
32 - .11 . . .
Zn0O 13.0 14 N, N - Di net &E&Eﬁéx‘%ﬁ}pi p(e)ril:zll ni um di i odi de
ZnO 20.0 15 _
N, N=Di et hyl - N- hexadecyl - N-[ 3- pyrrol i di nonopropyl ] -ammoni um i odi de Zn0O

19.0 16 N, N, NN, N, N - hexa- (dodecyl ) - oct ane- 1, 4- di ammoni um di i odi de
Zn0O 30.0 17 N, NNN' , N , N - hexa- (dodecyl ) - but ane- 1, 4- di anmoni um
Wi odi de zZnO 29.0 20 18 N- Cct yl pyri di ni um i odi de
Zn0O 16.0 19 Tetraoct yl phosphoni um i odi de
[erf 11.0 20 Tet r abut yl phosphoni um i odi de
[err] 11.0
Y.
40
45

50

55
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21 Tet radodecyl amoni um i odi de - [err]
11.0 25 The catal ysts set forth in Table Il were prepared froma

guat ernary onlum i odi de conpoundEPD§W®A78 Bici d co-catal yst and a support
material according to the procedures described in Exanples 1-3. The Wi ght
Percent given for each exanple refers to the weight of the co-catalyst
present on the supported catal ystriesedrpn(ébett ptal wei ght of the

catal yst. The materials described Tn Exanples 1 and 3 were used as the 30
catal yst supports. The onium i odi de conpound and t he wigit per cent 't her eof
present on each cagzewpleand the su@eoidatmdtyesrti al of cedresitthe Table ||
exanples were: Exanples 22-32: 11% Tet r adodecyl ammoni um i odi de on [err]
Exanpl es 33-42: 26%3Tet r aoct y| ammoni ¥mIi-odi de on ZnOlexanpl es 43-48:

11% Tetraoct yl phosphoni um i odi de on [err] 35 Exanpl es 49-51: 11%
Tet r abut yl phosphoni uddi odi de on Si 2 4™ 50 55 EP 2 %18 973 Bl TABLE

1 Werght Exanpl e Co- cat al yst Percent_ 5 22
Znl 2 0.33% 23 Snlgerr] 1.8 .22 10
24 | 2 0..27 25 [err]
0.54 26 §% [err] Lil "1 10 27 1.5 [err]
0.22 28 [err] 0.22 20 0 29
[err] 0337 30 Znlo Tila 2 0.22 31
Titanium tetra- g0. 22 25 7nl 3.4 isopropoxide 32
l,ron (111) acetyl - 8.11 acetonate 30 35 40 45 50 55 12
o 39 Znl, 8.5
® 40 sni, 0.27-
25 42 Snl, 1.1
43 Znl, 0.055
44 Znl, 0.11
. a5 . Znl, 0.15
U 46 Znl, | 0.23
U, 48 Snl, 0.11
49 Znl, 0.11
“ 50 : Znl, 0.55
51 Znl, 2.3

45
The supported catalysts described in Example 52-57 were prepared by procedures analogous fo
Example 3 using the silica support material described in Example 3, zinc iodide and the quaternary
ammonium iodide compound given in each example. Each catalyst contained 11 weight percent of the
quaternary ammonium iodide compound and 0.11 weight percent zinc iodide, based on the total weight of
50 the catalyst.

EXAMPLE 52
N-Hexyl-1,4-diazabicyclo[2.2.2]octane iodide
85

EXAMPLE 53

N-Tetradecyl-1,4-diazabicyclo[2.2.2]octane iodide

13



- EP O 518 973 Bl TABLE || (cont.) Weight Exanple

Co- cat al yst Percent 33 Znl 2

1.7 34 | EB(0r518 973 B1 2.2 10 35

[err] 1.8 36 Li

1.5 15 37 Znl 2

0938W Znl 2 3.4 39

Znl 2 el dcdinabicue 8.5 . Q. . o [err]

0. 27 AELHGXV' 1,4-diazabicyclo[2.2.2]oCtane lgé)ldeﬁ'hy[ilglroglfe 0.54 25

42 [err] 1.1 43
EXAMPLE 55

7n1 2° = 0.055 44 Znl 2

0.11 3(N-Batylazabicyclo[2.2.2Joctane iodide [err] 0.15 46

[err] 0.23 35 47

Znl 2 EXAMPLE 56 0.55 48 [err]

0. 111049 -~ [err] 0.11 40 50

[err] WN-Methyl-N-dodecylpyrrolidinium @did® 51 Znl 2

2.3 45 The supported catal ysts described in Exanple 52-57 were prepared by

pr oced @MPERSA ogous to Exanple 3 using the silica support material

described in ExanEIe 3, zinc iodide and the quaternary anmoni um i odi de

conpBuri@tri sd%W“WH‘@ﬁEW"@& F@e Each cata st contained 11 melghtupercent
P

f th P{;?r‘?d %ﬁ‘ '%ﬁ pggech by pracedyips
IOOd;[ dg ug g@gl Bﬁg %8‘1 Sg m%g g(l the ; gj‘;lt:eo:::rny\ ¢
)
E*X/foié 5 éﬂb J,ﬁ,xq Wegh o E@é? aB“ B £A 379

EXAMPLE 58

Tribenzyl(octyl)phosphonium iodide
® EXAMPLE 59
Triphenyl(hexyl)phosphonium iodide
‘30 EXAMPLE 60
Tribenzyl(dodecyl)phosphonium lodide
EXAMPLE 61
35.
- Triphenyl(octyl)phosphonium iodide
EXAMPLE 62
40 Triphenyl{decyl)phosphonium iodide |
EXAMPLE 63
Triphenyl(dodecyl)phosphonium iodide
EXAMPLE 64
Tris{2-methylpropyl){(butyl)phosphonium iodide -
so  EXAMPLE 65
Tris(2-methylpropyl)(3-methylbutyl)phosphonium iodide -
EXAMPLE 66

65
Tris(3-chlorophenyi)(dodecyi)phosphonium iodide -

14



- N-Hexyl -1 ,4-di azabi cycl o[ 2. 2. 2] oct ane i odi de hydroi odide 5 EXAMPLE 55

N- Cct yl azabi cycl o] 2. 2. 2] oct ane i odi de EXAMPLE 56 10

N- Met hyl - N- dodecyl pyrrol i di ni um EBd &18 SZXBVPLE 57 15

Tet r aki s- ( 3- met hyl but yl ) ammoni um i odi de The supported catal ysts descri bed
i n Exanple 58-71 were prepared by procedures anal ogous to and using the
silica s@ﬁw&%ﬁteri al described in Exanple 3, zinc iodide and the

guat er naf sphoni i odi de ¢ ound given in each exanple. Each catal yst
cont ai ng'fi'}éﬂéi'a&e'ﬁ%ﬂ"g@h(?? P '°&R;2 quat er nary phosphoni um i odi de conpound
and 0.11,L5epAps €s 58 and 60) or 0.055 (Exanples 59 and 61-72) weight 20

p'erceﬁt Zztnc—todi de, based on the total weight of the catal yst. EXAMPLE 58

Tri benzy: - &ﬂ%ﬁ‘mﬂ ' Ladi EXAMPLE 59

Tri pheny*njrﬁegilg']l"?p osp %ﬁw)ﬂ’,{rﬁsé’gﬂ?ﬂgw%g EXAMPLE 60

Tri benzyg{zippesgy ! ) phosphoni um i odi de EXAMPLE 61 35

Tri phgnyT{octyl) phosphoni um i odi de EXAMPLE 62 40

" Tr i phenyiri@aBtindty@asyNRdxynphbspaontlen iMVPLE 63 Tri phenyl (dodecyl ) phosphoni um
i odi de 45 EXAMPLE 64 Tri s(2-met hyl propyl) (butyl) phosphoni um i odi de - 50
EXAMPLE B@MPLE 8¢ 2- et hyl propyl ) ( 3- met hyl but yl ) phosphoni um i odi de - EXAMPLE
66 55 Tris(3-chl orophenyl) (dodecyl)phosphoni umi odi de - 14 EP 0 518 973
Bl EXAVPIHE248-timdgthyipbenylidciepdiphepphgoitry iodigaosphoni um i odi de 5 EXAMPLE 68

Tri phenyé)&%ﬂrPLErr%[ hyl si | yl met hyl ) phosphoni um i odi de EXAMPLE 69

+

J/

— Tris(2,4,6-trimethylphenyl){tetradecyl)phosphonium iodide
: 20

EXAMPLE 72

Tetrakis(2-methylpropyl)phosphonium iodide
25 EXAMPLE 73

Silica support material described in Example 3 was contacted with teiraoctylphosphonium iodide,
tetradodecylammonium iodide and zinc iodide to obtain a supported catalyst bearing 5.5 weight percent
tetraoctylphosphonium iodide, 5.5 weight percent tetradodecylammonium iodide and 0.22 weight percent

3o zinc iodide.
Examples 74-83 describe supported catalysts prepared from a quaternary ammonium compound and a
variety of support materials. The percent given in each of the examples refers 1o the weight percent of the
/ quaternary ammonium compound specified on the support based on the total weight of the catalyst. The
catalysts of Examples 78-83 also contained 0.23 weight percent zinc iodide. :
35
EXAMPLE 74

26% Tetraoctylammonium jodide on silicon nitride powder having a surface area of 11.9 m?%g and a mean
particle size of 60 microns. :

40
EXAMPLE 75

26% Tetraoctylammonium iodide on boron nitride powdsr having a surface area of 2.9 m?/g, a bulk density
of 2.1 g/em3 and a particle diameter in the range of 50-100 microns.

a5
EXAMPLE 76

22% Tetrabutylammonium iodide on zinc carbonate powder having a particle diameter in the range of 75-
150 microns.

50
EXAMPLE 77

22% Tetrabutylammonium iodide on magnesium oxide powder having a surface area of 1.0 m?%/g and a

particle diameter in the range of 75-150 microns.
55
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10.Tris(2,4,6-trimethyl phenyl) (hexyl ) phosphoni um i odi de EXAMPLE 70 is
Tris(2,4,6-trinethyl phenyl) (dodecyl ) phosphoni um i odi de EXAMPLE 71
Tris(2,4,6-trinmethyl phenyl) (tet ERBOFIBISFPHBIsphoni um i odi de 20 EXAMPLE 72
Tet r aki s(2- et hyl propyl ) phosphoni um i odi de 25 EXAMPLE 73 Silica support
mat eri gl gﬁgri bed in Exanple 3 was contacted with tetraoctyl phosphoni um

I odi de, decyl ammoni um i odi de and zinc iodide to obtain a supported
\(,:V:‘;[ glh%/ % b'?e?ra og(gla Z'%%é%na::ide o%ra%e ina {Delg ca %% ¥| Qﬁ?@%ﬂ' % e’?e%(%%?l%?ds gg Zi ne
odi ¢l G cr
eaatgrq%: deg;@ru ggcor?poungd?‘%d am\%giel et e#o sfﬁ%porfbgnaﬁe% al spm?’h

percent given in each of the exanples refers to the weight percent of the
guat er rgaype NI um conmpound speci fied on the support based on the total

wei ght 0 Thé catal yst. The catal ysts of Exanples 78-83 al so contained 0.23
wei ght 1Pper tradodgdyR®momich Gidide 3 almifl/Mdror 9552/0fpd: G135 a0e tiygsaaviiya suifaceQidale on
si | i corof 048 mk/gea pllshes vdiaes di §.32 cs (Hol/grs.ca medisn pofe ddnebor 071 agpacking demsity of

parti cloB0/aré, o e5hemicalraompositidd) b=XgidiRlpbredts o2 3O et 8316 SiG:| m B0 e 08i de on
bor on rMi®r ¥ @d. GrONa X1, NgQi 3. NagQ =f b &Qre@dl.of 2.9 n2/g, a bul k density of
2.1 g/[err!and a particle dianeter in the range of 50-100 m crons. 45
EXAMBL Tetrabutyl ammoni um i odi de on zinc carbonate powder having a
partlcle d| aneter in the ran e of 75- 150 mcrons 50 EXAVPLE 77 22%

| i€ ) ofr
Tetrab t rea 9.3 QPng ?g 'BWH'PG‘E? %ﬂ?%@%ge%

of 1. 0

5. ot é’etﬂy %ﬁeg‘eﬁ kel |é§§39ﬁ9¢ﬂﬁ9m° L

(Cal % Jat phe’res mﬂd aneter spher surface area of 10
lerr] %)@gp@émpore vol urre = 0.44 cc (Hg)/ g, packing density of 0.81 [err],
crush 5—trength 8.2 Kg and a general conposition by weight percent of:

[err]=194Q. ﬂdra&o@édy]ammoﬂurﬂuocﬁiﬁ% zZincCoxille AdkidaE FRd) extridadS3.2 mm diameter extrudate
25 with a surface area of 3.0 m?g, a packing density of 1.5 g/om®, a crush strength of 11 pounds, and a
nominal chemical composition of 100% ZnO.

EXAMPLE 82

30 18% Tetradecylammonium iodide on alumina (Norton 82326) spheres: 4.76 mm iameter spheres having a
surface area of 0.39 m#/g, a total pore volume of 0.36 cc(Hg)/g, a median pore diameter of 5.4 microns, a
packing density of 0.94 g/cm?®, and a chemical composition by weight percent of: A,O; = 93.1, Si0; =

1\ 5.6, Fe20; = 0.3, MgO = 0.3, TiOz = 0.1 and Na,O = 0.1. _

35 EXAMPLE 83

&g{ 18% Tetradecylammonium iodide on fitanium dioxide (Degussa) extrudate: 3.2 mm diameter extrudate
having a surface area of 50 m%g and a chemical composition by weight percent of: TiOz = 99.5, Al;05 =
0.3, and Si0z2 = 0.2
40 The following examples illustrate the preparation of the catalyst compositions comprising an organic
onium iodide and an organotin halide on a catalyst support material.

EXAMPLE 84

45 Triphenyl(hexyl)phosphonium iodide {0.75 g) and triphenyitin iodide {(0.0151 g) were placed in a 50 mL
flask and dissolved in 30 mL of anhydrous methanol at 30°C. To this solution was added 6.0 g of silica
support. The silica support material was prepared by grinding silica pellets 4.76 mm (0.1875 inch) in
diameter and classifying the ground material and using the portion which passed a 10 mesh sieve and was
retained on a 20 mesh. The flask was placed on a rotary evaporator and agitated for 20 minutes with the

so flask in the bath at 50°C. Methanol was removed while the flask was in the 60° C bath using vacuum. The
supported catalyst obtained (6.75 g) contained 11 weight percent triphenyl(hexyl)phosphonium iodide and
0.22 weight percent triphenyitin iodide.

EXAMPLE 85
55 -

A supported catalyst consisting of 11 weight percent tetradodecylammonium iodide and 0.22 weight
percent tributyllin fodide on silica was prepared according to the general procedure described in Example
84.
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EXANPLE 79 10 11% Tetradodecyl amoni um i odi de on al um na (Norton 5552)
rings: 6.35 mmrings having a surface area of 0.43 [err], a total pore
volume of 0.37 cc (Hg)/gm a nedERO @ ¥3dBtnet er of 7[err], a packi ng
density of 0.80 g/[err] and a chem cal conposition by wei ght percent
of :[err] = 93.1 [err] = 5.6, [err] =0.3, I =0.1, Ca0O=0.1, MO =
0.3, Na2 E 86 K20 = 0 1 15 EXAI\/PLE 80 11% Tetradodecyl anmoni um i odi de

on alumna Nor"ro&lcot y%pgp gazg elosdvvrtg1a15 ace.
e o Seoonaring Lo i St -

conposrtron by wei ght percent of : [err 84.7, [err] 20 13. 4, [err] =

0.21, [ efsbhEszTléZl oFEexyelrefks MJO = 0. 12, Na20 = 0. 15, [err] = 0.26.
EXAMPLE 8T I1% TetTadodecylanmmoni um i odi de on zinc oxi de (Cal si cat Zn0O)
extrudat e: Tie Jugpbedi &merdeeeﬁowd&tmﬁabz@ wib {UocP 105 186rhéle® 3 eBakyOtbutbng ubd¥ I'] ;
a packd ngedde nsdie )éoﬂﬂftuoﬂs b e atmodpherel Sifgis-bdse T@W hreidtor 1shstord.UMKLS reacttrdiube MasN nal
cheni cal cobsiripies bt Ryesx gieks dridQRé chtayst dhx§d/iBtredhd. Béhd 28Ag) wdsrmald arCiylaca vy brivknsiof
i odi de oaPwabuglasa &it THe pb@wetre2 8469 respidrand satalydt peBiclenns Beticisded depitewas cHosenitng a
surf ace wpintain @hd edRrentig ue kinatiotand cqlalytic aspelcts mé thefre@ @G Get hiddg)y Apace elenitigs an
pore di at@ES¥rmbpasied pa koubpes migcatedyel far g axpedments o withirgibe gangerst abgutPOp to
chemi c‘ﬁal 30@%@65‘?"!%"6?1“%9”%%{9 sb%ﬂ“@ém s‘%’f'ess Blep!vjes smpeddpdyifhin the ptalyst ‘Rﬂg‘@ =
]’as““’ ° et Samperatyreg EXAI\/PLE 83 18‘V Tet r adec I ammnr

0. 3,

|od|de on g

Ravi ng lif;} g%'; o n '??fa(%tFm %f‘? f 1

per CeF};t IQ%E : Ejt rator r (? lfro -1%& v&fﬁaﬁrl Ej flo ut?:e'ﬂt:og%%.( %WI ng

an or gana,vg éﬂig' mﬁﬁem eq'gac{ %%lel’s'
rt

'ﬂ?es )p |emr si pﬂ

mat eri al reaca%m‘if rérﬁ 001 to Iraa Bawépsﬂerxm Dfae%&m@béamer ‘%ae ol and
tri phenygifel atotarpereésare(&% d3Broimatdly Wab Q 5PlaR GEGHSWraAginOirdi- 30 toostl t h me&cved

i N 30297Lanallysed Rd3)iebil QB SoeRbAFRRMON dtalysts) wore MAdd bking af GH-ib lgﬁé’lsdﬁib&gaﬁiﬁﬁﬁnrﬁctgd g of
Silica sdipgyrid theliet sfi 4 Varan S0GPGHstchrofaRgraph. Thé teaftion prRidads Ware @hdlyzeld Dgingsa | | ca
pel | et s phcké@ Giwan{oSorth 80 colurarh §2.44 rmaiéra g t2emm dirifelioe kiametbrf Byrexgglése eagjifanyucotbimn)

mat er i al coamedted & afipmietianizption tdetectorwhi ch passed a 10 nesh sieve and was

retai ned ofurther2 Oy mesits. of Bhewitthingsvelveat wesl possikle tondivertrthe feeq sieepmptivioeghcthe inrdide

agi t afledsample I0p RTPMigtReasagd ever thacatglyst: In [thiss way, quaniitative #pslysist of Y® fepd siteem And |

was renoiPERariRen e the rerespending data fron thecreaptar fffupnt yere, Pessiplp fhva%arﬁrid'm@rv

}S\Ur/ppor t 5?"'8%!? anelgsyremaﬁf %%Q?W;C‘g% Is é?ﬂﬂ'%ﬂ”ﬁ%ﬂi%‘!‘“%e? e ‘°"';;:$$]
h
L od: de. @ 5‘@&“?‘8‘[56‘8(?"8‘8’ el e it e ré; 2% rs’ér'&em

t et raffodet 'f Condensatmn us Ztﬁe \][gﬁ]wg]’bt o cent J% éhgghdé
g[‘],' ca Vm Jt 5, Bﬁo@:@&% Brﬂ&e‘? ro Eﬁ\ io”c {:mpl e

min u h was held for 7 minutes. The helium GC carrier rate was 20
mL per mmute

40 The catalyst and conditions employed and the results obtained in each of the isomerization experiments
are set forth in Tables Il and IV wherein Temp Is the temperature in °C at which the reaction occurred,
Press is the 3,4-epoxy-1-butene partial pressure in bars absolute of the gas fed, GHSV is defined above,
Conv is the mole percent of moles 3,4-epoxy-1-butene converted to other compounds per moles of 3,4-
epoxy-1-butene fed and Select is the mole percent of 3,4-epoxy-1-butene converted to 2,5-dihydrofuran

45 based on the moles of 3,4-epoxy-1-butene converted.

EXAMPLE 87-114

These examples demonstrate the use of supported catalysts bearing only a quaternary onium iodide as

so the catalytic component. In Examples 87-96 and Examples 99-101 the catalysts were subjected to a

pretreatment at elevated temperatures in an inert atmosphere for 30-60 minutes prior to starting the reactant

feed. The pretreatments were performed at 140°C except in Examples 87 and 88 wherein temperatures of
160°C and 150" C, respectively, were used.

55
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., A sypported catal yst consisting of 11 weight percent tetradodecyl anmoni um
iodide and 1.1 weight percent triphenyltin iodide on silica was prepared
according to the general pro®&®Qpt8 WERY i bed in Exanple 5 84.
| SOVERI ZATI ON OF EPOXYBUTENES The supported catal ysts descri bed herei nabove
were used to isonerize 3, 4-epoxy-1-butene under 10 steady state conditions
in a 1 atnosphere, single-pass flow reactor system The reactor tube was .
constructed of Pyrex glass and TABEdddl yst charge (between 0.1 and 20.0 g)
was held In placea®uiR@ans of a Pyrex glass frit. The geonetries of the
rgact or Egafiptat abfs Expaipliec! €T welpdreas be@GHBWt h olve Fulsedt t 0 mai ntain
and neasure the true kinetic and catalytic aspects of the reaction. Gas
hourly spa8& vel ocitiges (GHSV139L gas Of.&@dB per 2ddur peré nL cail yst) for all
experinments fell within the range of about 30 up to is 3000. A
chronel / al el ther mdcoupl e sidd hed i0n 0k ai nl2dds st was hbedded within -
the catal yst bed to neasure the true reaction tenperature. The
3, 4- epoxy- 89but ene r&actant wd#%added By | owiZkP hel i4fn t hr ABh a
quuid-vapgr saturatqQr contain- ing the liquid reactant. The reactant was
mai nt ai ned’8t consta t enper a0 e by Oc&?pl i n&‘t%e satdratorio a
refrigerat const ant. tenperatuyre circgul ator th whi was pabl e of
nﬂﬁntaininggthe t enper ature oh %he 20%1q%nnd96§gor é%?uratdﬁﬁat 1 [err]C
accuracy fb?m -10 [err]C to +114%0[err]OC.O3The held um fll-pw usegghto sweep the

. 3,4- epoxy-I-butene vapor fromthe saturator to the reactor 1nlet was

(_Tai nt ai nedgysing a ngss flow gaptrol | gf gaver ty rangg 2- 1004l (standard
temperature and pressure) per mnute. The feed conpositions fed to the
réactor copgi sted of gfrom 0. 02s0 0. 33 ey 3, Sgapoxy-.lg-but engey pressure
(absolute) with the balance He to give a total pressure of approximately 1
to 1.5 bar9gt GHSV ranging fr@so30 toB3@P. Rexari on I8 oduct9fL5 anal yses
(as well as feed conposition anal yses) were nade using an in-line gas
sgipling | 86p connectBed directlldp to te Ol et 540 a V&G an 37D gas
chromat ograph. The reaction products were anal yzed usi ng a packed
Chr omosor b9701 col um? (2. 44 mét3ér s by @2 &fn i nf24q or dft&anet er®®Pyrex gl ass
capillary columm) connected to a flane ionization detector. Further, by
means of a®8wi tchi ng%al ve, i &3 as poki®i e t P4 vert’8 he fel stream
t ke ough the In-line_ 30 sanple _loop prigr.to ssage pver the catalyst. In
t hi's way, gaanti t at ilae anal ysilsaoof thd %%d st m an-g9 corrpa&r son to the
correspondi,ng data fromthe r tor effluent possj bl e, er eby

S—provi di _ng%@ry accwlgte msasu:igi nts o@“%’oth gﬁl er sisgjn Ieve‘*&; and product
sel ecti vi gbgs. Qut pyty from thg 44 ame id)ra;laiati ojpd FI) ¢let ect ggl was
i At egrat ed Using a conputing integrator ich was programred to give both
absol ute ggantitiesqiand rates iafp formgigen. Aldgg eacto exitzfines were

“fieat ed and mai ntai néd at 125-140 C to prevent 35 product condensation. The
GC anal ysipgiwas perfiarmed usi ngo he f @ .logav ng Fgrper agur e pregr anm ng
sghedule: an initial tenperature of 100 C was held for 2 m nutes, followed
by a tenmpaoature pradg amrate 130 +10[ &@.r3C per3ati nute 2p to afi nal
tenperature of 200 [err] C which was held for 7 m nutes. The helium GC
carrier rafP® was 2015 per mirdfi%. 400.03 The HH al ysi5 and cehditi ons
enpl oyed and the results obtained in each of the isonerization experinents
are set f&Pfh in TaBlbes 111 addd VvV whr-d@h TerdPls t S tenmpet4ture in
[err] C at which the _reaction occurred, Press is the 3 4-epog¥il-butene

partial pr@dsure inMars absolkdle of thP%as AP GHARZis detd ned above,
Conv is t nol e percent of l.es 3,4-¢e y-1- ene nvert to ot her
cgir)rpounds‘hlggr nol es “df 3, 4- rerm- 1- b&@% fed‘-PQ;%d Se%c';e)ct is9e(?he nol e
perfcent o , 4- epoxy-1- but ene vert 2, 5 hydrgof uran 4 based on

t he nol esagg 3, 4- epOXy- 1- buter“ilgbgonver%f'e&df E 87-114 Thgeoge exanpl es
denonstrate the use of supported catal ysts bearing only a quaternary onium
iodide as 50 the catalytic conponent. |In Exanples 87-96 and Exanpl es

99; 101 the catalysts were subjected to a pretreatnent at el evated

tenperatures in an inert atnosphere for 30-60 mnutes prior to starting the
react ant

18



feed. The pretreatnents were perforned at 140 * C except in Exanples 87 and
88 wherein tenperatures of 160[err] C and 150[err] C, respectively, were
used. 55 17 EP 0 518 973 Bl TAEPD $18/973@it al yst 5 Exanpl e of Exanple

Tenp Press GHSVY  Conv Sel ect 87 4 130 0. 03 240
6 21 88 1 140 0. 03 240 48 68 89

5 140 0.03 240 0 5 160

0. 03 240 52 63 15 radil 311 (86nt: 140 0. 03

240 28 78 92%atalyst 7 140 0. 03 240 -1; . 83
93 : 03 7emp40 predd GHSVI4 2OBn94 Select 38

125 ° 0_§gﬁ£ng%o.___§§;m2£%1 ot ng 5 130 0.03 540
13 94 2510 96 18 8 130 0403 20003 72540 8026

95 97 9 130 0. 03 240 58 90 98 10

130 0. 03 111 240 is 02260 99 0.03 11300 1130 19 0.03
240 4679 69 100 12 130 0.03 300 73 40
35 101 112 13 19 130 130 0.09.03 300300 g7 2 62102

14 130 0. 03 300 5 31 103 14 41 170

0. 03 300 132 £8 40 104 140 18.03 3890 20.03 300

2 3 105 15 167 0.0 300 55 6% A5

106 15 1p 114 1389 0.03169 300 %'°39 300 g, 004y 54 16

130 0. 09 300 32 91 108 17 130 0. 03

300 97 90 50 109 17 130 - 0.03 600 93

90_55 18 ., kPO 518 973 BL TABLE |11 (cont.)

20

These examples demonstrate the favorable effect of using a Lewis acid co-catalyst in conjunction with a
quaternary onium iodide compound as evidenced by an increase in the conversion of the 3,4-epoxy-1-
butene reactant and/or increasing the selectivity to the desired 2,5-dihydrofuran. In Examples 137-140 the

catalysts were subjected to a pretreatment in flowing helium at 140 ° C for 30-60 minutes prior to starting the
25 reactant feed.

| TABLE IV
Catal&st_
30 Example of Example Temp Press GHSV Conv Select
115 2 125 0.17 75 64 91
u.
116 2 125 0.17 190 38 94
35 _
L 117 2 130 0.17 75 83 93
Saet
118 2 130 0.17 190 50 93
0 119 2 130 0.17 750 14 92
120 21 120 0.09 300 0.2 36
121 21 - 130 0.09 300 0.3 45

122 21 140 0.09 300 0.6 67

50

55
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Cat al yst Exanple of Exanple Tenp Press &GSV Conv  Sel ect 110

18 130 0.03 240 72 80 111
19 - 120 0. 03 EP 0518 9331 1 19 10

112 19 130 0.03 300 2

31 113 19 140 0.03 300 2

41 15 114 20 160 0.03 /300
0.4 54 EXAVPLES 115-250 ZABLEe3¥ ¢sambl ps denonstrate the favorable

effect of using a Le '§ g co-catalyst in conjunction with a quaternary
\é“a by an increase in the conversion of the

rect ot fgé
oni unsi odi deexa undag enc
3, 4- epoxy- 1-‘5&1%e T‘g'a%‘}r‘aﬁr{#i%nd%d ncEE&EEng SV selQomvi viSegeke t he
desired 2, 5-dil2gdrofurap2 | n Exanpjes 13§- go t he cat a%sts wer e subj ect ed
to a pretreatnent in flow ng helium at 10%err] % or - 60 mPAutes prior
to starting tR8425 reac2ant feed13BABLE pVp&atalys 30 E?anl e of
GHSV cof?  sePéct 115

ExanpPe Tegg Pr ess
2 8 240,17 120 750.09 6o 5 91 9%6
2 325 0.17 190 38 94”35 117
1
2 13% 245717 130 750.09  g®O 7 93 448
2 139 24 0.17 190 50 93 40 119
> 130 0.17 4% 750°-09  3pg 8 92 990
21 12820 25 0.09 190 3P L2 36 121
2y 130 0. 09 B B35 7 . Mt
2 129 49 25  0.09 130 Wdo 308-6 1, 7. 50 55 19
EP 0218973 BL jlABLE IV %cont .) Catalyst 5 Exanpl e of | e Tenp
Press GHSV™ "~ Conv S@Fect 123 120 2209 300130709 0.9 300
28 93 124 3 130 0.09 300 15 87 10
125 24 ﬁo ol.%é 06° 300 ®9 1265 24
130 0.0a32 300 28 7 127 24 140 0. 09
300 2 8 133 98 128 2513%(9 0.-980. 3000 098 3003 7
94 129 5 29 130  13¢0.09 ¢ 800 2 93 20 130
26 129, 0. 09 300 10 96 3002 15 98
30 130 0.09 300 2 95
30 135 31 130 0.09 300 6 71
136 37
O 130 0.09 300 8 95
137 33 . 130 0.03 300 86 90
% 138
. 34 130 0.03 300 84 85
et 139 35
130 0.03 300 56 72
o 140 36 130 0.03 300 73 85
141 37 130 0.03 300 62 89
142 38 130 0.03 300 90 82
5 143 39 130 0.03 300 92 62
144 40 120 0.09 300 7 99
145 40
s 140 0.09 300 8 98

146 41 . 120 0.09 300 13 94

55
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132 28

131 27 130 0.09 300 6 75
130 0.09 300 93 25 133 29 130 0.09
300 15 98 134 30 EP 0518 9731BD 0.09 300 2
95 30 135 31 130 0.09 300 6 71 136
32 130 0.09 8 95 137 33 130
0.03 300 86 90 138 34 130 0.03 300 84
85 139 35 130 IABLE 0¥ (cosfin) 56 72 140 36
130 0.03 300{§ta1 85 40 141 37 130 0.03
300 62 130 03 30, 90
82 45 5~ %&_ ——%E-L-_ Pregs GHSQ'?’OGCOnV ,.gelect 62 144
40 120147 0.092 300 129 7 0_0@9 14%0 10 20 96 140
0. 09 300 8 98 50 146 41 0.09 300
i3 94 55140 EP4@ 518 973184 TABLE d9 (camb.) Cabal ysteés
Exanplieg of Exanple Tenp Press GHSV  Conv  Sel ect 147 42
120 0.09 149300 480 980148 0.09 4300 12 13097  0.09
300 15 65 10 149 43 130 0.09 300 12
97 150 44130 18900 O 3P 16 95 1% 44
130 0.13 300 5 152 4 120 0.09
60 1§ Wiy 4 130152 013 YBogy 13,070 934 95
20 154 352 46 45 12820 O O 3@Q 39 98 97 155
46 - 130 0.09 32 96 156 4 140
0@9 300 1%% 484 25 157120 0.9 240 12035 (999 300
55 85 158 48 120 0.09 300 7 93 30
159 48154 136 0.820  300.09 11300 394 16097 49
120 0.09 300 8 161 4 130 0.09
300 3 155, S 240 0.09 900 32 96
156 46 140 0.09 300 37 94
25
157 47 120 0.09 300 55 85
158 48 120 0.09 300 7 93
20 159 48 130 0.09 300 11 94
160 49 120 0.09 300 18 97
~ 161 49 130 0.09 300 23 96,
% 162 50 120 0.09 300 54 85
St 163 51 125 0.03 300 92 80
" 164 51 135 0.03 300 93 75
165 51 150 0.03 300 96 68
166 52 140 0.09 300 10 85
4 167 52 150 0.09 300 16 85
168 52 160 0.09 300 23 83
169 53 140 0.09 300 6 91
50
170 53 150 0.09 300 12 88

55
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162
125
300

68 166
52

0. 09

6

21

Pr ess
86 172
53

0. 09
27

88 174
160
300

88 25
57

0.09 15

300

86 186

3 S

0. 09

300

94 191

58

0. 09

25
- 30
36

40

50

55

22

50 120 0. 09 300 54 85 163 51
0. 03 300 92 80 164 51 135 0.03
93 75 40 165 EBD 518 973 B1 150 0.03 300 96
52 140 . 0.09 300 10 85 45 167
150 0. 09 300 16 85 168 52 160
300 23 83 169 TABLE IVggcont.) 140 0. 09 300 -
91 50 170 faﬁggs't 150 0. 09 300 12 88 55
P o itangte Por anely (Pl ) E3edbYS! QTP Gond) SEIAMR! 8 TETD
53170 Pe®9 0309 46o 26 30 3@ 173
180 0. 09 300 56 75 174 54 131
300. 118 5380 175 170 54 .09 30441 44 0.89 300
82 15 176 55 130 0. 09 300 9
BB 53140 18009 0.390 3404 56 90 738 55
0. 09 300 13 82 20 179 56 120 0. 09
10 1745 180 >4 57 131 0198 30 09 18 3008° 1o
182 7 30 0. 09 30 13 87 182
140 0.05'ii 300 14%8 0.0357713%0 %27 57 82 160
300 18e 538 30 130 18490.09 360 9 13@s 0.09
17 85 185 3 140 0. 09 300, - 27
1w 55150 14009 ©0.890. 340 11 88 39 187
160 0. 09 300 50 86 188 3 . 170
300 18y 585 40 160 1gg90.09 3@0 13 1-§2 0. 09
18 3 190 58 1 09 300 26
3575.9 140 ¥ o °3§8 3@0 10 94 48 192
150180  0.087 300 12¢t3  0.0993 1960 10 ©9 ss 130
60 38 89 s
181 57 130 0.09 300 13 87
182 57 140 0.09 300 18 87
183 57 160 0.09 300 34 88
184 3 130 0.09 300 17 B5
185 3 140 0.09 300 27 86
186 3 150 0.09 300. 42 88
187 3 160 0.09 300 50 86
188 .3 170 0.09 300 57 85
189 58 120 0.09 300 18 a3
190 58 130 0.09 300 26 94
191 58. 140 0.09 300 30 94
192 58 _150 0.09 300 43 93
193 59 130 0.09 60 38 89
194 59 140 0.09 60 84 89



0. 09 60 84 89 50 55 22 EP O

194 ’ 29 140 Exanpl e of Exanple  Tenp
518 973 Bl TABLE IV (cont. ) Catalyst > wepy —omh, Of Examle  Te
Press GHSV Conv Select 195 130 0. 09 300 35 95 10
60 91 196 60 e 92 198 61
60 160 0.09 300 160 0.09
197 300 26 90 199 61 300 30
140 0.09 TABIE IV (cont 140 0.09 5
300 41 90 15 200@@ 5 09 200 45 90 20 1330
1 62 t ' 3 64
2§ 20 5 138xample 0.0 Exa;%ﬁ@ Téﬁ%fi Press94 égﬁb Convo_gglectSOO 24
0.09 300 27 9 4 09 26 79 206
92 5 20895 66 1410409 09 230270 57 91 170
300 : 0
67 130 196 0. 096?5 30 208130 0689 300 1495 §5 09 gg
0. 09 300 160 0. 09 300 12 71 0
11 ™ 62 20997 1880 0.d$0 308-05 8300 585 23192 0 og
69 ' 1 14 .
iég 0.09 19800 64 213 330212 -9.09 7300160 26  0.9D 300215
: 5 40 80
00" g o ¢2 16840 0.09. 09309 300, 12f@ 125
5 - 300 7
72 160238 0.09% 217 140 73 0.09 330 300 09 9§ 52
0.09 300 | 130 0.03 540 81
50 21803 %{ 6ﬁ 0.09 300 45 90
qg/ EP 0 518 973 Bl TABLE IV (c
202 0.09 300 37 94
203 64 130 0.09 300 27 90
204 65 140 0.09 300 24 92
2 205 66 140 0.09 300 26 79
206 67 130 0.09 300 9 61
207 67 170 0.09 300 15 75
30
208 68 140 0.09 300 11 62
U 209 69 160 0.09 300 12 71
35 210 69 180 0.09 300 68 95
o 211 70 160 0.09 300 64 93
212 71 140 0.09 300 34 95
40 213 71 160 0.09 300 50 94
214 72 140 0.09 300 12 80
215 72 160 0.09 300 28 85
45
216 73 125 0.09 300 22 95
217 73 130 0.09 300 37 94
218 74 130 0.03 540 5 81

50
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Catal yst 5 Exanpl e of Exanple Tenp Press GHSV  Conv  Sel ect

219 74 150 0.03 540 20 80 220 75
130 0. 09 540 3  EP3051897381 75 130 0.03
540 7 80 222 75 160 0.03 540 29 73
15 223 76 140 0.03 240 15 50 224
76 160 0.03 240 50 49 225 77 140
0.03 540 10 35 226TABLE IV 7(cont.) 160 0.03 540 15
41 227 Cata£%§ 0.03 240 61 228 - 78
125 5 0 50 1 25 1 0. 09
75 JF——%’B—% of EXample T2y é’%gss %ﬁﬁ Cony, S—ejgéi 84
30 23%19 894 1540 0.8317 54090 2068 go 93 232
80 125 0.17 250 34 92 233 . 80 125
0.17 500 2206 793 234 130 80 0.09 345 3 0.1780 1000
8 1 93 235 80 130 0.17 1000 8 93 40
236 81221 125 0.18P 26003 54 78 23780 81
130 0.17 250 3 85 238 82 130 0.03
60 11 282 45 73 239 160 8203 54035 29 (3 60
25 77 24 82 3 60 48 83 241
6
g3 ™ %23 0.038 160 JlA"Q’sz °9 3 59t%42 5 g3° 135
0.03 160 2236 764 55 24 10 EP 005@g 9732@1 TABIGE |V geont . )
Gat:al yst 5 Exanpl e of Exanpl e Terrp . Press GHSV
Qonv  Sel ect 2233 77 83 140 0.0340 540 1® 03 35 160
53 2 67 244 84 150 0:09 - 600
8 81 102285 77 84 160 0.03p0 540 1% 09 41 600
10 78 85 0 09 300
14 08 %é@ 47 170 88'8§ 240 %%b 61 .09
600 8228 987848 125 83.17 150 k¥ 51 0.09
300 2 22 08
229 79 125 0.09 75 55 86
230 79 125 0.09 190 29 84
30 231 80 125 0.17 90 68 93
-~ 232 80 125 0.17 250 34 92
V 233 80 125 0.17 500 16 93
.35
R 234 80 125 0.17 1000 8 93
s 235 80 130 0.17 1000 18 93
w 236 81 125 0.17 250 8 78
237 81 130 0.17 250 13 85
238 82 130 0.03 60 11 64
% 239 82 135 0.03 60 25 77
240 82 140 0.03 60 48 83
. 241 83 130 0.03 160 32 63
242 83 135 0.03 160 36 64

55
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249 ; 86 130 0. 09 300 13
99 20 250 86 140 0. 09 300 26
98 25 EXAMPLE 251 -255 Using the BP0 818/823 Bf Exanple 2 and the
i sonmeri zation procedure described herei nabove, two other [err] epoxyal kenes
and a [err]-epoxycycl oal kene were isonerized to 2,5-di hydrofuran conpounds.
The reactants used and the desi ifydy of uran product obtained were: 30
Exanpl e React ant iﬁgtéjfol(CO&iﬁltihydrofuran Product 251, 252
2-N®thy|-3,4-epoxy-1cagii§ag 3-net hyl - 2, 5-di hydr of uran 253, 254

anf

2, 3-Di_met hyl- 3. 44 EpOX¥- ne 4- Dy yl - @gydi - dighydr @lellledyt 35
255 ° 3,4%%%%%%%%%%%—& le_l’ii_g ggg‘%%:g‘bi c%‘rﬂg‘m4. Z IThon- 7-ene The
results obtaigggd are segzforth injhabl e Vowparei nigenv i $3 he n@7e percent
of noles of reactant converted to other products per noles of reactant fed

and- Sel ect isahlge perceglg nol es ofispeact apt, ggonverioed 40 t8o t he 8lesired
2, 5-di;piydr of uran product based on the noles of reactant converted. TABLE V

Exanple  Tenp4s Press 84GHSV dsiov Sol.edt 45600 10 78
251 126 0.04 60 65 66 252 126 0.04
120 46 246 67 2585 127130 0.©®30% @300 o 981 254

127 0. 05 60 46 81 255 130 0.01 60

61 1B 90 EXRKRLE 256- 830 55 IMese efaff es &Honstrdfl e thefise of the
unsupported catal yst systens of this inventign in_the is rizat{on of

3, 4- epoxy- 1- bé#8ne to 283 di hydr of#lan ac% ng Y he cglgeral pér)ocedure
described rel gative to t pr ecedi | sonmer, i on npl - Bec e the

cat al ost can gfigst in at&(s%ubstanti glg‘ﬁdy nol tde'floag;tate I thg'&[)rocegés}éi S

oper at'ed abov he nelti poi nt of,d he quatgy naryy@pi um4edi de ggl t, the
react or was ngto EP O 8 973 Blcic%)ter at egﬁi(ﬁg an upwar d f?ow node wher eby

t he gaseous feed entered bel ow the catal yst bed and passed through a gas

di spersion frit upon which the unsupported catal yst system was supported to
mai nt g NekAMPLE@ERSESt i n the proper position in the reactor. Alternatively,
the catalyst was naintained in a vessel wth a closed bottominto which the
feed gas wasingithe @atalip loDExainpie 2| 28y tb isdmeiization prdedumdescibbd/hei@iab®®, thabyiér st by
5 neansepofyalkerga andla §pepoycniodipa e Umelizad 02 brdihgiairar coonpodnds) Mhatréactasts t he
gaseous usedariddhe deskdddihytirofuamprodest pigainedwerect ed f eed and product exited the
top ofethe reactor into the downstream assenbly descri bed herei nabove. In

the exanples u | Elafp39 an unsupRQtded catalyst spigfaRfkantPisau&at al st

rcgzzponents wer g—freatret—n—an—tretrt—gas—+ov - TP) per
rhute of heli Hﬁmﬁ&-’:?i I Z-me-WW‘ggﬁut%npo SretviRG-dydpiwgn 5 10; nol ten
state, At this|pGiHf! ja2a ei"‘dfs'g Qslipdengs | 34 Pimetyleo-ddiyfralieEn as

i ntroffuced int d_t K& rair P '3?0’(8‘#8'0 9P am and |t ekl Vﬁ'Elﬁi‘}m?'Z's‘?@r iagn was
initiated. Typical nolar concentrations of 3,4-epoxy-1-butene In the

carri er Twmsresults iobtdindd amm 8t foch 35 FebleV twhe®int Gont Gs #islyeale gertdme ofmsles oforenatant y
used f eetbneared torpthenprodigts pPhmolenTd rgagiant fadding Select isdhe noteentanpiss of reactart ¢oeverod wer e
pr epaggedeifip 4a¢ited i2 Sy grofiian piogict Pasedon theyinglps¢f reapiant converted.

TABLE V
Example | Temp | Press { GHSV | Conv | Select

% 251 126 | 0.04 60 85 66

252 126 0.04 120 46 67

253 127 0.03 60 51 81

254 127 0.05 60 46 81
50 255 130 0.01 60 61 80

EXAMPLE 256-300

65 These sxamples demonstrate the use of the unsupported catalyst systems of this invention in the

isomerization of 3,4-epoxy-i-butene to 2,5-dihydrofuran according to the general procedure described
relative to the preceding isomerization examples. Because the catalyst can exist in a substantially molten
state if the process is operated above the melting point of the quaternary onium iodide salt, the reactor was

25



components while in the solid state and were used in Exanpl es 256-326. For
cat al yst conponents which 15 were potentially air sensitive, care was taken
to prevent contact with air whi|EP088BE73B1I nto the catalytic reactor. (i)
Tetradodecyl ammoni um i odi de (1.20 g) and zinc iodide (24.0 ng) (ii)

Tri phenyl (hexyl phosphoni um i odi de (1.00 and zi nc | odi de é 5.0 mgg .Si i)
Tr | ph enﬁ* ){% j némﬁ ff?@’rﬂ'?ﬂ?’l qhslapyﬁ@e ese\e)@ i d entered below the catalyst bed and SO

i o z it mg’mﬁ@g‘f 1 T e

zi ng I O‘éﬁ 5,fe s 5 yée e eve glsu gsIta mol sﬁa by

E:Ilrlb 'ltétly § g jt & aH{qué%é gnd
tri phe g,,{agovbo [ 02. tE pheny I exyl ‘% hgpseprﬁom um'i odi 3e (10.0

9) and tr oM ¥lahiples Iume.h@len (n%u.%nab caea'ﬁ,st syéeé.lnl the cbiy<P BERPLhéniCWrs heuRSPBONI UM
i odide jhdDgdd By, Bpangi1hdmy|ETR) pdi inmoth @B nd)ilm, Adhtitbot éaxalyst] GhipasbAE ARigb@I@NI UM
i odi ge fdien Gtafd) ABKE doint, GCpaytlal prdssuddf ARt-dpOxy3iGoutbhe (Wis introduced into the carrier gas

Tr i phenstleérh @ng thp phiaipirheadtionwasoiditide. TidcaDmgihr concbnirationsodf \Bl4teipoxytiekditedie in(tbe 25 Q)
 (xi) Tetarriabgeisybriad$romi3uer2$9%,0iit € t¢ B B Gelgg the rrasttcommarily/ksed feed cabcehtraticd.. 54 Q)
(xi1) Tet Moeowtsydrartesionatalysh systeinelistedSob@ vgle pierdret iby physichily and intjaiatdlg nixing3Be g) 30
(xiii) crmppreeyhiqiethd oitheisie eoth Wermusestin deariplep. 256-836. Rercratalyptnempgrents whithdi de
(0.2% gye E’Sé?i’tw'a"w i $aBFiiMe( PREX IPS) TokRASYP IREAVPNL PPt Witk a'( Yhilegloggting dmiel ther qalglylitiy | t i n
i odi de xv Tri phenyl hexxl )'{) osphoni um | odi de (11.6 g) and

tri phenyl( T ’a "I:?'“ ?f’éﬁ phosphonl um i odi de (6.0
gL/and t r(l ’ﬁ‘i"

arae hoH.u Sod deg t@@%fg.% RS A ROBRRRANoHR
T d h I did
(i1 '4') %‘f"bﬁf : 9 i m’%“"%" “9'”93@’9) L0 0y Pand tr1 phenyl £ n

i odi de ( nﬁ)laeiaé/ 16@ é&ﬁ)uibla&% %w&%g' de (2 0 g) and
tricycl ohg )Gy p'hé,{’w(ﬂ Lnd FibuB/MA heond)) p hosphoni um i odi de
(2. 0260) Qv ThineRMASYI ;}vbdﬂhdrﬁﬂi |d&de(( éaea dibl@tn dhbdidd 01 g nc i odide to

quat er nargy) Tetadétacy@emtk@unt RERO 104 ghdnd itibcRis fadiod (0BagRl yst systens (i) and
(1) 1s 4% Tiphenyd(@erphhssphéniineindideo(g@lg) ana trioctylfiroivdiden@.25 g)pport ed cat al ysts of

Exanpl es (@2retatityBfpnivre indide (8.00@) ynd ticfliifiovide @ebtgh yst 45 Exanpl e

System (i) Tetraoctylarsoffigmyiodide (§40cg) snd trioofiB\odide (GIBDY  Sel ect 256 (i)

110 3o (xiii) Qrighenyl(hexyl)phgrphonium iodide)(T1.6 g) and triphEpyltygiodide (0.24 g) 257 (i)

120 - (xiv) Triphgayi(hexyl)phgsphonium iodide (416 g) and triphenyjtimigdide (0.59 g) (i)

130 - (xv) Fiphenyl(hexyl)phggphonium iodide {1 .6 g) and triphegyltinjogide (2.33 g) (i)

1% (xvi) n@gnyl(he Bplosphonium iodide (| gg) and triphe ;&n gglde (6.0 g) 260 (ii)

14 {xvii) I nyl(h osphonium lOdldG g) and tnpherg tmﬂgﬁde (1 )0 518 973 Bl TABLE

Vi (% ont {xviii gexy osphonugc g 8Henylt|n iodid Oﬁg Pr e ss GHSV
Sel( exyl phos ho um IO ) locrtzg 90 10

Cg?(\/ {'n I(hexyl) % m ig ld trlcyc h Q)

26 'Th henyl(hexyl;) §sphomum i dlci 2.0 trlbenzyltl dide (10.9 ?

The ratio of zinc iodide to quaternary onium iodide compound(s) in each of catalyst systems (i) and (i) is
40 the same as the analogous ratio for the supported catalysts of Examples 22 and 59, respectively.

TABLE VI
Catalyst e
“ Example System Temp Press GHSV Conv Select
256 (i) 110 0.09 500 17 77
50 257 (i) 120 0.09 500 44 90
258 (1) 130 0.09 500 60 93
259 (i) 140 0.09 500 88 94
® 260 (ii) 140 0.09 1200 25 91
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263 (ii) 160 0.09 2400 18 91 264 (iii)

130 " 0.09 600 17 82 265  (iii) 140 0.09 600
43 92 266 (iii) 166P0518973@3 600 59 86 20
267 (iii) 180 0.09 600 72 80 268 (iv)
130 0. 09 120 95 " 95 269 (iv) 130 0. 09
300 75 98 25 270 BLE V&'K% 0ty . 130 0. 09 600
60 99 271 (v) : 240 96 96 272
(V) 130 97 30 273 (v) 130
0.09 ;1200 Epxdflple § vidp v cBn®9 ge184P 98
98 35 ° 275—2-g T%gj—‘ em ress o SHy ) Bnd) seredb O3
(vi) 13 : 1200 99 277 (vi) 140
0.09 240 931 Qﬁlﬂo 278 150 (vig.09 120040 30 0.0990 600
89 98 279 (vi) 140 0.09 1200 75 98 45
280 10 (vii) 262 140(ii) 0.09160 1200.0%81200 813881 87(vii)
140 0. 09 600 88 282 (vn|; 130 0. 09
240 71 263 50 28911> (viiid6o Quﬁ? 400g 09 18 gpoo 91 37
94 55 27 E 18 Bl TABLE V (con Cat st 5 npl e
System - Ter%%é Pr e§:'s Y GHsv geloegct %é% (1‘vi i) E§§ 130
0.09 1200 2és 85 4y|||) 0.09 Q 09 240 80
90 10 286 vf??%g 14%0 % 09%$ 1200 43 22 727 92 287
(i x) 130 266 0 00iii) 600 1610 0.089 28%0 50i X) 8¢ 130
009 1200 20 98 15 289 (ix) 140 0. 09 600
68, 98 290267 (t3di) 1YED .03 6DRO0 726 - 80 99 20
291 (ix) 140 0. 09 240 89 96 292 (x)
130 0. 09 26%00 6Bv)  dgBho3 0.09 (xR20 . 9%30 93 0.09
600 30 92 2 ,
2 (iv) 130 0.09 300 75 98
% 270 (iv) 130 0.09 600 60 99
271 (v) 130 0.09 240 96 96
" 272 (V) 130 0.09 600 83 97
273 (v) 130 0.09 1200 34 96.
W 274 (viy - 130 0.09 240 98 98
35 275 (vi) 130 0.09 600 78 99
L 276 (vi) 130 0.09 1200 55 99
277 (vi) . 140 0.09 240 98 95
40 .
278 (vi) 140 0.09 600 89 98
279 (vi) 140 0.09 1200 75 98
& 280 (vii) 140 0.09 120 68 81
281 (vii) 140 0.09 600 24 88
282 (viii) 130 0.09 240 71 93
50
0.09 600 37 94

283 (viii) 130

55

27



294 (X) 130 0.09 1200 14 94 295 (x)

140 0. 09 600 43 91 30 296 (X) 140
0.09 1200 20 93 297 EP 051§ 973)B1 130 0.09 300 80
97 298 (xi) 130 0.09 600 65 98 299 (xii)
130 0.09 300 28 98 300 (xii) 130 0.09
600 18 98 301 (X dnrp vr 39 0.10 300 38 93
40 302 (xiii) 130  IARRRQI (gopd.) ) 94 303 (xi V)
130 0.10 300 cat8Qst 93 45 304 (Xi v) 130
0.10 600 Exafidle System’05 Temp(Xl }?‘}ess GHSY  con0: 5@1ect300 88
92 3d6. Tx1VJ T40 %0 77 92550307
(xV) 130284  Oi@i) 300 13087 0.09 95 FF0®8 21FP0518973B1 TABLE
VI (cont.) Catalyst Exanple System Temp Press GHSV
Conv  Sel ect 293 (viii) (xv) 140 0189 240 0.810 90 600
69 10 95 309 S (xv) 140 0. 10 300
91 95 34%F (viii)(xy) 140 9499 1200 o 23 92 600
71 94 . (xV) 4 0. 600
64 95 I 1D Mt ¢ gg 60 o.%@ % 300 100
97 313 24&Vvi)  (ix) _ 13Q30 0, 9910 1200 G  0g 99 97
314 1 (xvii) | 130 0.10 300 100 98
315 (xvi2g9 (ix) 130 140 00169 600 60068 1008 98
316 (XVvii) 130 0.25 300 . 99 97
25/ 31250 (@Gii) 140 Q309 1200 0. 2% 98000
o1 97 318 (XVIII) 130 0.10 ° - 300
80 97 ¥ ()i i) 140 9309 240 o AP 96 500
67 97 ( VIII) 3 0. 600
62 97 %15 )ix(xi x) 130 ‘} gg 300 o.%g’ - 99 300
68 96 33 322" 130 (XpXdo 600 130 g3 0.10
600 5 56 96 334 (xX) 130 8. 10
300 14 294 96 324 130 (xX)o0.09 120030 14 9@. 10
600 9 96 40 325 (xxi) 130
0. 10 30%P5 70x) 380326 0.09  (600) 43 9130
0. 10 600 54 81 45
e 296 (x) 140 0.09 1200 20 93
297 (xi) 130 0.08 300 80 97
W,
298 (xi) 130 0.09 600 65 98
o ® 299 (xii) 130 0.09 300 28 98
N | 300 (xii) 130 0.09 600 18 98
" 301 (xiii) 130 0.10 300 38 93
302 (xiii) 130 0.10 600 22 94
303 (xiv) 130 0.10 300 80 93
45 304 (xiv) 130 0.10 600 67 93
305 (xiv) 140 0.10 300 88 92
306 (xiv) 140 0.10 600 74 92
50
307 (xv) 130 0.10 300 87 95
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EXAMPLES 327-331 The foll owi ng exanples illustrate the isonerization of

3, 4- epoxy-1-butene to 2,5-di hydrofuran using the so catal yst sol utions
descri bed herei nabove. The gas chERa&I®grEPhi c (CGC) anal yses were perfornmed
on a Hew ett-Packard 5890A gas chromatograph with a DB5-30Wcapillary
colum; tenperature program35 [err] C (4.5 mnutes), 20[err]C/ mnute to
260 C (hold 6 mnutes). 1 H NI\/RmmJ:ys;as eyt ger f ormed on a Varian Gemini
300 spectrometer (300 MHz) using | 3 as solvent and tetramethyl sil ane as
internal standard. 55c&¥&MrPsE 327 To a nitrogen-purged, 500-nl, _four-neck
flask equi pyextamplé a Spetemnet er Tempdi t Puassunn@HESVconBen¥er Sed@&ket i c

stirrer, and heating mantle was charged 170.57 g of p-xylene, 21.62 g
(0.05185 nol es30®f 29 (xEP 0 5181893 B1 PriButyl PR i odfe, and>39.76 g
(0.07394 nol es) of tetraheptylamoni umiodide. The m xture was ted to
109 C and 34. 0309 (0. 48%¥Vioi es) &#03, 4-eforf-1 - B¥ene added dr opwi se

over 19 mnutes at 109- 117[ERR] C. Thirt i nut e fter ,the adgy,tion the
reaction was cdHPl ete a$§X¥Aown byg@&. Af t r’T(?ooI i %8% the’ onden?ér was '
replaced with ractional .distil i on appalat us d t he ,m xtur

distilled. A 3@?%1 g fra®on 5 Lblglbl i ng gt'% 2- 131??@rr] C%v?/as colgl%ect ed

whi ch had the | ow n assay: 11% f @y g, O. 3, oxy- lg7 but ene,

1. 32%ter ot onal éghyde, g§g§é% 2.5- &?Rydr of Hr'g'rr?, and%%(g.) 393%031?xyl erjlge. The

yi el d of 2,5-dghydrof ur FiYas 96. 3%y EXAMgLG 0328 ¥doTo a gy troge’ purged,
500-nmL, four-neck flask equipped wth a thernoneter, addition funnel,
cndenser, maggghi ¢ Stikkign, and heating mamd e waso@hariged 213,98 g of

p- xyl ene, 28.81 g (0.06910 noles) of tributyltin iodide, and 32.27 g

(0. 05785 nol esBasf dogesillityr i phenyashosphaniiom i odidfe. THE ni xt 8% was
heated to 110 [err] C and 34.66 g (0.4945 nol es) of 3,4-epoxy-1 -butene was
added dropwi se3téer 1§xwiddytes 1513 110-0L12F err]390 Thi r4%-fi ve® fii nut es
after the addition the reaction was conplete as shown by GC. Aft cool i ng,
the cgopdenser #ad repl(aydd Wi th a¥30%cti orf2i st399%t i orPhpparal is and t he
mxture distilled. A 35.22 g fractjion boiling at 5 -%OS[e@] C pcollected
whi ch had the 888 owi(¥®yiddlassay: B Dw% 3,49-7e%bxy-1 0% utent® 0. 49%

cr ot onal dehyde 7.2% 2. 5-di hydr of n, a 6% pzay! eneg.- The ygel d of

2, 5-di hydr of ur 3t %nas @Viseh) 20 EXME 32&j e pr gscde(%s of T his i%?/!enti on

may bewoperate ontinuausldy as s by thise exa . Thgsconti gyous
%2 onsi‘givs"%ts)lr [w 61 ??) Bo¢ ?ﬁ%

reaction syste a hea pl ug-fTow react or 5 nm., Utube of

Pyrex gl ass) i whi ¢ 3,4 2 poxy-g: gt enezggd reggrcul aped
catal yst sol ut ??ﬁ is pu ’He}g) Afte%'%@resi denigg time in the reactor at the

rearrangenent tyggperatuy -,Hae honoggmeous ¢ epgti onggdbr eansgeeds PBtO the
center®of a fractional distillation colum. The volatile materials are
condensed with pivater-cgpkpd condepser ano.Tol | ecded in Lae rec@8bver. The
stxrﬁfpped catal yst solution fromthe distillation pot is returned to the
reactor along @24 fresh(dx - epoxyi3d- but edel0Thi s689stem Ras ch&bged with
a solygion of 41.7 g (0.100 nole) of tributyltin iodide, 47.4 g (Q.123 30
mol e) “of tetraBRY| phos{kioh) um i odt3@, and0%28 ni 3P00- di €Al or ob&rzene. The
reactor tube was heated to 130[er rl C and the distillati OB pot wgﬁ_ heat ed
to reflux (pot 32per at (¥81205-213189. TheOcAPal ysB980) ut P8n was®rtecycl ed
at a rate of 30.2 nL/mnute and 3, 4-epoxy-1-butene was fed at a rate of 1.2
g/mnute giving a total flowrate through the reactor of 32 nL/mnute for a

reactor residence tinme of 15 mnutes. Atotal of 400.2 g
EXAMPLES 327-331

The following examples illustrate the isomerization of 3,4-epoxy-1-butene to 2,5-dihydrofuran using the

s0 catalyst solutions described hereinabove. The gas chromatographic (GC) analyses were performed on a

Hewlett-Packard 5890A gas chromatograph with a DB5-30W capillary column; temperature program 35°C

(4.5 minutes), 20°C/minufe to 260°C (hold 6 minutes). TH NMR analyses were psarformed on a Varian
Gemini 300 spectrometer (300 MHz) using CDCI3 as solvent and tetramethylsilane as internal standard.

55 EXAMPLE 327

To a nitrogen-purged, 500-mL, four-neck flask equipped with a thermometer, addition funnel, condenser,
magnetic stirrer, and heating mantle was charged 170.57 g of p-xylene, 21.62 g (0.05185 moles) of
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(5.710 pole) of 3, 4-epoxy-1-butene was fed to the systemand 371.5 g of -

distillate (bp 66 C) was obtained. 35 The distillate had a GC anal ysis of

92. 7% 2, 5-di hydr of uran, 2.95% of EB0%516@@3B11- but ene, and 0. 48% of

crot onal dehyde. The assay yield of 2,5-dihydrofuran was 86. 1% EXAMPLE 330

40 To a nitrogen-purged, 100-nl, three-neck flask equipped wth a

t her momekutyitin desiddeand 0,76 95(@197@94 @olgy)jof felsshoptylamenim fodide. Fam mbdurqup@s heplad ded 50

m. of p-% 1%ﬁ'§’ 344’435(09‘3?70’“9‘1?)4?‘ ierxy "t.'?f‘te't'er Y"'&‘ﬁﬁ 1’4 F’ﬁW‘%’cﬂ"&e‘f’ 'B'"!!Qs 4 ‘Q 0121 .

nol es) df' 't%tTl'“étM ’E saﬁ‘?ﬁ’o‘i’i? Gﬁ’ﬂ"PBd'Peo‘émH '"9 he
“T&'SP'@‘F

3,4 et ae on
gl?w %’ﬁﬁé °§%9M8§%Jv %%' %‘yﬁd vﬁ%fr?l gnd 09 sgt I;r One FI' Id 5-8 %dhof:ran

coollng, ?
m xt ure (fls Ied A1l7.26 g 45 fraction boiling at 82-120 vaas col l ected

whi ch h | 1 owi ng NVR wei ght - percent assay: 70.3%p- xylene, 24.3%
3- et [yl @(AMBPE{S drofuran, and 5.5% 2-net hyl -2-butenal. The yield of
3-met hyl - 215 mﬁdgba/mreefduso@rannmar-&& Rk Gfipdd Vith 4l tRkrrRonthter 2 BBdnttitinel ZcoRébngd Al
was 9. 2%aghelib\\dikdr, dwilnheabingl Marftle NVids chGGEY R1DISBEG of B3yibile, 20.87 gEr0.088 ridie3s bt

equi ppedrisiylth ictideN 8idIXBZt o (0,05783 AP B dod 8y BKipRérydhebhohiuml iodide) Ghd) Mbduregas

mant | e wasted toain el arki234%6 il (0.4945 roteg) &fr3at-epbxyddbutpné @ad@Bedidop@ide avbr t8rribudsy| t i n
i odi de, al 16B11§°C.OTHOGFivel miitee SAftercthe tdrition ieptegdtiommwes campldto dé dowarpd GC. P@erg

(0. 0235 cadlihg dhe aofhdeBset waprorigeod with 8 iractional digillation ggparatiip andthecmbriues digtitedn®3§22d t o
refl ux (@lfEsfiaarbofingt 59:40% “& wasi oplieciee whish haddthe BBeWinaFC essay: B8Hplcearexgkbulenemn by
55 GC. 04 erotopdidahydey 87 2Te2 b-aibydsgiesat ynd BBdn Poieneo dhel ¢ieldodfi 2&ditslralirgn waser ed
then théfttrate was filtered through a small pad of silica gel and rinsed
with - 3 he solvent was distilled off at atnospheric pressure

| eavi ng f an oil which had the foll ow ng NVR wei ght - percent assay:

320>8<0a/0b?qy aig j&%g Agm(igsén 3138 Thay be & (3nt ougiy/o %sﬁm gon{?rigg(lgn {ion
d, L, Uslub
has bge e oo .@ca@@\a@jﬁ é“eom o mp%JmAhsf reéa&\ee ithe O 8 et o

enbodi nﬁ randofErit Shperatitt thd homgéreoddfe &brsdnPRshstifiéthe Yshidr 8id RldfonaMitilation

modi fi ce&blumerhs aaatﬁbemg&faﬁqr@&nmnkéu Mthtamht&@bdwatcoadadses aRRIidtod lifBe redwigant i ON.

5 O ai nhe tripgst @aiaIFS sbiGtion Frb@ theSdistRitibrz fut isGBudbd B therbéictor QBRI Yithl floetn 8,4-@poxp-

[ er r] - epebuteay Thie aystetneast abarpdtewith@r solatignain di. g (021,06 -mold) ¢f\wtbutyftinl iodlide, W4 @H0.123

conpr dos emle} ohibizabityiplpsphopiemrigdidepand\sab ik roé odichloropepzeand.-hp avagios/ wbewdsideated fon t he

gas phas@o\d and tie distitiaibry pit evas hestedtto sfluxolpel temperatirec205:243 *€D.IThe pataysysahition wasi um

npoundeayder aiarite gf %2 midmisyte gndiHA-epoxy-hitene wasfed aha rafe of b2 giminpte givings teeing

C1 m 1 f'ﬂﬁéﬁ*‘%ﬁ“f?“ﬁm tpaeierey’ 4a My ?af?f’ ibfei'ﬁ‘ﬂ' mﬂde@ﬁﬁ@a At Saigutesn A tqtl o402 9 er r]
1 mc%eé ptr:L engxy-1 -butene was fod to the sy g orf |late (bp 66 ° C) was obtained.

S o Tom clohe b syl ceae o5 6,73 SR % SR PUere: PR W Plogen

alkyl orff™ ?JQ‘T“P’?%F%‘“S%HVRW"‘ 5é‘t“P’ PURLIPSE ' to

N2
EXAMPLE 330

40 To a nitrogen-purged, 100-mL, three-neck flask equipped with a thermometer, condenser, magnetic
stirrer, and heating mantle was charged 50 mL of p-xylene, 4.35 g (0.0104 moles) of tributyitin iodide, 6.49
g (0.0121 moles) of teiraheptylammonium iodide and 10.28 g (0.1222 moles) of 3,4-spoxy-3-methyl-1-
butene. The mixture was heated to refiux (119° C). After two hours the reaction was complete as judged by
GC. After cooling, the condenser was replaced with a distillation head and the mixture distilled. A 17.26 g

45 fraction boiling at 82-120°C was collected which had the following NMR weight-percent assay: 70.3% p-
xylene, 24.3% 3-methyl-2,5-dihydrofuran, and 5.5% 2-methyl-2-butenal. The yield of 3-methyl-2,5-
dihydrofuran was 40.8% and the yield of 2-methyl-2-butenal was 9.2%.

EXAMPLE 331
. 80
To a nitrogen-purged, 25-mL, three-neck flask equipped with a thermometer, condenser, magnetic
stirrer, and heating mantle was charged 12.5 mL of p-xylene, 0.94 g (0.023 moles) of tributyltin iodide, 1.69
g (0.00314 moles) of tetraheptylammonium iodide and 3.10 g (0.0235 moles) of 3,4-epoxycyclooctene
{94.1%). The mixture was heated to reflux (125 ° C). After five hours the reaction was complete as shown by
66 QC. After cooling, the tetraheptylammonium iodide solids were filtered then the filtrate was filtered through a
small pad of silica gel and rinsed with. p-xylene. The solvent was distilled off at atmospheric pressure
leaving 2.43 g of an oil which had the following NMR weight-percent assay: 42.8% 8-oxabicyclo[4.2.1]non-7-
ene and 57.2% p-xylene. The yield of 9-oxabicyclo[4.2.1]non-7-ene was 35.7%.
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20 «carban atoms, cycl oal kyl or substituted cycl oal kyl having 5 to 20 carbon
atons or aryl or substituted aryl having 6 to 20 carbon atons ; ferrocenyl

; or when Y is P, each R2 al so nayEP® 516192884d from al koxy of up to 20
carbon atons, cycloal koxy of 5 to 20 carbon atons, aryloxy of 6 to 10
carbon atoms_35  or halogen;, two or three R2 substituents collectively
may repr esenlhe] iByepfion s, brop dascHRAd i dotall vith partighiar ceferensp i RrefafRd pmbgdiments thereof,
pol y- cycl iRt i P e wpderstaop that varjations ang rgdificationsiray, be piiectad, itfinthe sriit gngiapope;of the

i ndenpenddf®™sel ect ed from hydrocarbyl ene noieties or substituted
hydrocarby‘%sng noi eties; 40 x is Oorl,and Yis N, P or As ;

provi ded thatt he guat ernary oni-um i odi de contains at |east 6 carbon atons.

3. Processy apgol Ifd?%e'té'% ihidh of 2 WHS leg & aor,é?%gaﬁiéyduo%r&gté 0§ QorRidpondihg 25-
tenper at ur'é Gy R wtich botmprisah SInERE ab%s-epbky bikond 80a 1 £bokycheidaitbherin Rb Gahads Of
1.02 to 70 b@fn aRE@ES SRduit & cheld? EanakoraanacPJnﬂﬁesq‘;npa&mroﬂtaﬂﬂg faPlebdt F M
3 for tfee i Sediuniatorisi on of 3, 4-epoxy-1-butene to 2, 5-di hydrofuran which
conprises contacting the 3, 4-epoxy-1 -butene in the gas phase at a -

t enper at ure Biocek® Becbding BOCIRIAM hefsinaimCkuatejparg sfyeariconim domboiing hadth@rmud t h a
catal ytic anmount of a catal yst conprising one or nore quaternary onium

i odi des. 50 8BBkB1~ err] EP 0 518 973 Bl The invention has been descri bed
in detatsl w tHRDYRP-¥UTRBR+x12$ erence to preferred enbodi nents thereof, but
it wll be understood that variations and nodifications can be effected
within the spirit and scope of the in:ﬁgntion. 5 Cainms 1. Process for the

i shogrization of a [err]epo&al keng~0 Nerrgléze oxycycl oal kene to the
correspondi ng 2,5- di Bydr of( amw co * %Qﬂt}ﬁctil’].g{.a ou
[err]-eBoxyal kene or a [err]-epoxycy Iﬁxfplzgne in the gas phase with a
catal ytic amount of one or nobre quaternary organic oni um-conpound
containing at least 6 10 carbon atons. 2. Process according to Caim1l
wherein the quaternary organic oniu ound has the fornmula [err] 15
[err] R3 [err] 20 - _ r] 25.-
[err] 30 . wherein &ach Iﬁfzi)r‘q endé’??tly 'g*'sxe({lgc)t’éd fs“}c?h‘i hydr ogen, al kyl
or substituted al kyl noieties ha\?iph'\uﬁ 0 20 carbon atons, cycl oal kyl or
substituted cycloal kyl having 5 to 20 carbon atonms or aryl or substituted
aryl having 6 to 20 carbon atons ; ferrocenyl ; or when Y is P. each R2

al so nmed be whdredbrt ed from al koxy of up to 20 carbon atons, cycl oal koxy of 5

to 20 carbon ateehsR independanily isf seipcted frarp hydipdenrrikyt @5 prbstituted alkyl moieties having up to
20 carbon atoms, cycloalkyl or substituted cycloalkyl having 5 to 20 carbon atoms or aryl or substituted

N\ aryl having 8 to 20 carbon atoms ; ferrocenyl ; or when Y is P, each R? also may be selected from
alkoxy of up to 20 carbon atoms, cycloalkoxy of 5 to 20 carbon atoms, aryloxy of 8 to 10 carbon atoms
85 or halogen ; '
. two or three R? substituents collectively may represent joined hydrocarbylene groups which form a
\F mono- or poly-cyclic ring with the Y atom to which they are bonded ;
each R? is indenpendently selected from hydrocarbylene moisties or substituted hydrocarbylene
moieties
40 xis0Oor 1, and
Y is N, P or As ; provided that the quaternary onium iodide contains at least 6 carbon atoms.

3. Process according to Claim 1 wherein the process is carried out at a temperature of 60 to 225°C,
preferably 100 to 200 °C and a pressure of 1.02 to 70 bar, preferably 1.1 to 20 bar.

4. Process according to Claim 3 for the isomerization of 3,4-epoxy-1-butene to 2,5-dihydrofuran which
comprises contacting the 3,4-epoxy-1-butene in the gas phase at a temperature of 100 to 200°C and a
pressure of 1.1 to 20 bar with a catalytic amount of a catalyst comprising one or more quaternary
onium iodides.

50
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35 or hal ogen; two or three R2 substrtuents col | ectrvel*y*—ﬂ‘ayh—reepr—e—sem
j oi ned hydrocar byl ene groups which forma nono- or pol y

the Y atomto which they are bonded; each [err] is inde ﬂmnﬂl m'ﬂmtad
from hydrocar byl ene noi eties or substit ut ed hydr ocar byl ene

x is Oor 1l,and Yis N, P or As; provided that the quaternary oni umrodr de
contains at |east 6 carbon atons. EP @5tecs¥8Bhccording to Caim1l wherein
the process is carried out at a terrperature of 60 to 225[err] C, preferably
100.to 200 C and a pressure of 1.02 to 70 bar, referabl 1.1 to 20 bar. 45
4. Process aWdMERtaR hasgeen dpseritedsin detallwith Ragticula 'ffafef‘Ean(?f ‘?‘3"9519 P onts Bereehn e
to 2,5-di RYdhYY be wrewed fabgraiors A mestications Fry berpdected wibig S48 st ans{ seapp-ofithe
the gas p qWoL 4 tenperature of 100 to 200 [err] C and a pressttre of 1.1

to 20 bgr W&:Q a catalytic anount of a catal yst conprising one or nore
quaternary onrum i odi des. 50 55 31 EP 0 518 973 B1 5. Pr ocess accordi ng.

to daim4 ‘”ﬂ@ée@é #3 ‘?so%nﬁ%eofQ%Ee%as&ér&éﬁe%wfiw&v& £I€e ;?oh&il\g S5
[err] [err] kg icRicB g.es J-deldRalkod HGRS! c)balke%e sikase
from al kyl o&uhup cstay:%oam,r. n81dP MRore hlﬁﬂerﬁé?f lolgaié! Raitrh déﬁrﬂéu‘ﬁd co@.luaaaﬁd latvraher 8
may r epgesendarh kipmene of 4 to 6 carbon atons or al kylene of 4 to 6 carbon
atons substituted with |ower al kyl and the quaternary anmoni um i odi de

cont ai ns 26 RroceSPaccatibgto GléimTsvhetbin the qUateoraas@ganicOoiui cagpduod Bsathatorinuidher ei n '

one or nore quaternary oniumiodide have the fornula [err] 20

[err] CH2 wh@ef'n” errJ is alkyl of up to 20 carbon atons and Ais the
resi dudsof an ERXHRLYARBat-tame or 25 di azabi cycl oal kane having 6 to 12
ring carbon atons. 7. Process according to Claim4 vvherer n one or nore
guaternary oni um i odi de have the for n%;a 30
[err] [err] [err] R6 35 wherein e bstrtu S |ndependently
sel ectgd fromal kyl of~up H® QQYé"a-r\Qn a %'M-x I"y, Ou

. R3\
® I~ . (R2)y*T—R3 YF(RZ)y Iy
RrR3

30 wherein . .
each R? independently is selected from hydrogen, akyl or substituted alkyl moieties having up to
20 carbon atoms, cycloatkyl or substituted cycloalkyl having § to 20 carbon atoms or aryl or substituted
aryl having 8 to 20 carbon atoms ; ferrocenyl ; or when Y is P, each R? also may be selected from
alkoxy of up to 20 carbon atorns, cycloalkoxy of 5 to 20 carbon atoms, aryloxy of 6 to 10 carbon atoms
35 or halogen ;
two or three R? substituents collectively may represent joined hydrocarbylene groups which form a
v mono- or poly-cyclic ring with the Y atom to which they are bonded ;
sach R3 is indenpendently selected from hydrocarbylene moieties or substituted hydrocarbylene
moieties ;
40 xisOort, and
Y is N, P or As ; provided that the quaternary onium iodide contains at least 6 carbon atoms.

3. Process according to Claim 1 wherein the process is carried out at a temperature of 60 to 225°C,
preferably 100 to 200" C and a pressure of 1.02 to 70 bar, preferably 1.1 to 20 bar.

4. Process according to Claim 3 for the isomerization of 3,4-epoxy-1-butene to 2,5-dihydrofuran which -
comprises contacting the 3,4-epoxy-1-butene in the gas phase at a temperature of 100 to 200°*C and a
pressure of 1.1 to 20 bar with a catalytic amount of a catalyst comprising one or more quaternary
onium iodides. ' :

50

55
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‘phenyl or phenyl substituted with up to 3 substi tuenmllmm‘twmmg“\l ower
al kyl, l'ower al koxy and hal ogen and the phosphoni um sNS =16 to
60 carbon atons. 40 8 Process acEreeigigrami Cains 1 to 7 for the

i somerization of a [err]-epoxyal kene or a [err]-epoxycycloal - kene having
the fornmula 45 [err] [err]

[err] [ ePr]Prongsyascardies teSianed wherein Aty @ Moreuateany PRIY™ RVR AWifIBY e he f or mul a 55
32 - EP O 518 973 Bl [err]. wherein each [err] is hydrogen or up to 2 [err]
substituents each nmay be al kyl of to 8 carbon or 10 col l ectively
straight or branched chain al kyl ene, of up to 8 carbon atons, which
conprises contacting the [err]-epoxyal kenetor a [ err] epoxycycl oal kene in

t he gas phase at a tenperatureR%*F—-Gl@)—t-oRQZS [err]IT and a pressure of 1.02
to 70 bar with a catal ytic anount sa supported quaternary organic onium
compound having a nelting tenperature not exceeding 225 [err] C and having
the fqognula as defined in any of Clainms 1 to 7. 15 9. Process according to
C ai m 8 whegRielh dabie RE 3hiRtitMénk inAGPERdnBER sbidoteddiroln BiRyl 30uy\RI Bhdarbidf eGB!l twd e at

| east one CHuBstiRBRE EYleQivgh Mag reprisehinaRAéne f Ado B @urbbiatbrhs brealiylendd of o BOCRrdh OIS
cal cul at ed aasnswabs}inited with idweraaiigh fastbal qaateridne armbdrium fodidg ledntakis téhe 6dadegton St
and (2) O.Gtenmiso 30 wei ght percent, based on the total weight of the

catal yst, of a Lewis acid and (3) an essentially non-acidic catalyst
support FatRsedess accadingtg Clajm 6 wherein erecas materpyaterparrprigniiodidehaye dedforpuld  t he

quat ernary iodi de conpound, cal cul ated as weight iodide, constitutes 0.1 to
30"-\\/@ ght percent of the total THht of the catalyst; (2) 0.01 to 10

wei ght percent, based on the tofal v%irght_ sthe catal yst, of an inorganic
Lewi s *Acid and (3) an essentialy ngaacidic catalyst support material. 25
11. Process according to C ai m 10CHgerein the catalyst conprises (1) 0.5 to
20 wei ght percent, calcul ated as wei ght iodide and based on the total

wei ght - 0f_ LikGrefakale gk G uBl1o! MASHooR MonflUHeCA 18 REERNLLIR SlaniBaRERIE Y UM
i odi dgs ( 2)gidatitgcibdikarns hhvis b W2 A§ E&bdAlatonrdased on the total weight of the
catal yst, of titanium (I i odide, zirconium (l1V) iodide, zinc iodide or
tin (1) 7 celécdss Reddingith Cliin 2 WER6 briél dr YhoRQjRatarhiard biéursBdide have Bbadryieik Suppor t
material. 12. A process according to Claim 1l wherein the catal yst support
material is zinc oxide, silica or aluymna. 13. Process according to Caim1l
for the isonmerization of a [err]-epdkyal kene or a [err]-epoxycycl oal kene 35
having the formula [err] [err] to tHe corresponding 2, 5-di hydrofuran having

the fornul a R6_P__ RS I~
N\ !
RS
35
\,, wherein each R6 substituent is independéntly selected from alkyl of up to 20 carbon atoms benzyl,

pheny! or phenyl substituted with up to 3 substituents. selected from lower alkyl, lower alkoxy and
halogen and the phosphonium iodide contains 18 to 60 carbon atoms.

40

8. Process according to Claims 1 to 7 for the isomerization of a ,5-epoxyalkene or a +,s-epoxycycloal- .

kene having the formula
4 : Rl Rl Rr1
: § i ] 1
RlL - C=¢ - C—C - R (1)
o \ 7/
R1 o)

§0
to the corresponding 2,5-dihydrofuran having the formula

55
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+ 45 [err] 55 wherein each [err] is hydrogen or up to 2 [err]

substituents each may be al kyl of up to 8 carbon or coll ecu

or branched chain al kyl ene of up teEp6s¢&8roB1 at ons, which mﬂlmmmmm”m
contacting the [err]-epoxyal kene or a [err]- epoxycycl oal ken& ih tthemgas =+
phase at a tenperature of 60 to 225[err] C and a pressure of 1.02 to 70 bar
with a catalytic anount of a catal yi{l corrprl ]9ng a nelt of (1) at |east one
33 EP O 518 973 Bl \ S * quaternary organic

oni um i odi de conpound cont ai ni ng m?t\Le_ast- qarbdt atons and having a

mel ting tenperature not exceedi NG, 1225 err| a?rekﬁ]avi ng the fornula as
defined®in any of the Clains 1 to 7 an 2Y titantum (1V) iodide, zirconium

(1V) iodide, zinc iodide or tin (I1) iodiQe ; wherein the weight ratio of
(1): (2) is 200:1 to 5:1. 5 14. Process according to any of the preceding

cl ai ms V\’her Clireirl Eack G i$ h ggn lop uﬁ% 8 Gt Sl diluid 84 GmdyOsl £l ©F ug tohe Cdrbn or

i odi de. ol I&Q@eﬁ/sstﬁ@ dchelt @ndi ﬁky@n@ of 6 told\Grtlon GioMb, whithi caMpiitbs dontacting
[err] epoxyal Q@eﬂfxy@(e ee&rr 7.5 dpaRy¥fcioa Q@i*ﬁ@@astdhas'b(ltateﬂpbﬂtu%mf 6C6H 25 ang a2, 5
hydr of ur an $alie GO NDI 1050 DaCwithladdatalylidarfouhiedt & Jsustpfodyakisieare o@aniconium compound
[err] epOXyCYIﬁ‘dviﬁ@h meltifg@mpétatii @otgRceepingi 325 * GiahdhaRing &b ddrintila es dafitagit anyfof Glaims
catal yst compteising (1) at | east one quaternary organi c oni um conpound as
definedsin any of the preceding clainms and (2) an organotin (IV) conpound
or or ganost i Proceissl accowing daifldim 8 Ghereip the Relglys SomprisesftliP-hdp 3bwetyhh ipereent of i daagl n
at | east onecrerqyaisane orgahic enieo eproRAHE heying Eblepsh 8 cprgemeloras palquiated \af wpight jodids
ea@ R7 i ndegndrigeast gnythe dotal aeightt of dher oatalystaandy?) Q1 te PB tejaht pascen P?ng}?rfrﬁleé?tia'es

havi ng Ceg p tovegt Efd'f‘%‘fﬂ?'y&% efisLovis geid %(ﬁ)ﬁ“ °6‘°t°"'£aﬂb%‘1"|a?'ﬂ'f’ ggjalys) pyPptt aving 5
to 20 rbon_at ons %. stjt t V|n 6r§a°%|a9 LOQb R

%@%W%@ﬁg'@% @@?W;ﬁ%ﬁ@
as wei ght |o ;f @Q alw' fth[ o otal noé& engat ysten?)f at ceast

one quajger nary a nirum or phosphonl um i od| de (2) 0.02 to 20.0 weight

per Cent B3SEPceR adchRing & Ahim¥R! viBeinGle dalbfysCRmprissS (1,) 08%o M&iﬁé&é&nt, Baléutadd

hal i de cont abs Wt iBditid andbabedl dAQKL BiaOWBighbttnd \GlslyBibr bi6asi 6o kibtematP) arh@brim or
wher ei N eachprgdpneniis tidddeS @) oionde BRNagH lpyrcérs, Imeddead e thtalomignt kst the abtalyg, bf0
12 carbon at @afum (Mnadide, zilRGrNY IV)addiddPzinc iodidette iy (i) Ruide tid (@) acbsvantidlly agn-dcigiic3
substi tygent Scateisestibgust riateian | ower al kyl, | ower al koxy or halogen ; and n.is
2 or 3 ; and (3) an essentially non-acidic catalyst support material. 18.
Process adeoA giongs aecoingt@idity Mtvderein thetchialye surppry metedah igFint Sxide, siliggeer alurgpe. (1)
at\least one quaternary anmmoni um or phosphoni umiodide, (2) at |east one

or ganot i n 184 Repcassjategetingdp tCigim i 1nfgr te fdsgmerirationrgh @rp: fpoxyalkeng Qs 7. %\?R?"’f‘fé?}‘?a"fﬁn"t he

f or nul a% having the formula

W
Rl Rl Rl
) ] :
1. ¢c=C - CeoC - Rl I
© R c ? c\ cC - R ( )
R1 o’

to the corresponding 2,5-dihydrofuran having the formula

- _ YV

55 wherein each R' is hydrogen or up to 2 R1 substituents each may be alkyl of up to 8 carbon or
collectively straight or branched chain alkylene of up to 8 carbon atoms, which comprises contacting
the ,5-epoxyalkene or a y,8-epoxycycloalkene in the gas phase at a temperature of 60 to 225°C and a
pressure of 1.02 to 70 bar with a catalytic amount of a catalyst comprising a meit of (1) at least one
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al kyl of up to 12 carbon atons, benzyl, phenyl or wth
up to 3 substituents sel ected fr@Ero618973BKY| , Iovver en ;
and nis 2 or 3; wherein the weight ratio of (1) (2) is 1:100 to 50 . 50
19. A supported catal yst conposition for the |sorrer| zation of a

[ er r] - epoxyRPRYIE RE9aRly onjum dqdide ¢ Bd, eqnipining o {ppt ‘P'i"% aa'ﬁg a melting
essenti al | Q“PR?FF“%&%F‘H ercepding#29 %ﬁ? fhejermula; aapefg 61‘ g7 and
quat er nary ¢ E%@’g (Hﬁ— AYRPETHY gl dgene iustee;on ¥ '°8‘F’°tﬁ'e° Eé'a'F’ Jo%i ns
“distributed’s f¥YUce thereof as a substantiall y continuous and

uni f orm b e &9«@8&9&5@% Gt U BN hd s A5EL Sl b CBolod©

wherein |at e
consti tut es . to 30 wei ght percent of the total weight of t he catal yst.

34 2145 HRBAY dcslifPlodidimty @m%&m&dz%n %P&QS—%oQﬁhu&aﬁb 6Flaa4 mp%%cymmsueno( 1)
the quat er ARy sbrrbPBndily 2EPRVRRIIA, whith lcbrhpridésLedntBslingV8 by §8poxyaMdhdlst a 58pSlyciditar S
0.1 to 30 wehdRtthggdsCohase Wikh & h&tal{rtiéta’!ﬂouw @hdataRbt dofPrisingt (R 4t Séast dnd)quiteridry t O
30 wei ght pegaieBhium bersgdindods defied inQing bf tuemgdaamg)éla.hamdqa)taaloygaﬁqﬁn %) cdmp&mll S
aci.d, and . (c8prganostiegi@n tongdolnd. non- aci di ¢ catal yst support material. 5 22.
Supported catal yst conposition according to Caim 21 wherein the quaternary
or gani'e bhiRmresscadeaiiingcio Gaipu Hawhersinet leashoumirganpmetalisrompdund haste thefigsodimd  whi ch
constitutes 0.5 to 20 wei ght percent, calculated as weight iodide and based
on_ the tot dFvetngrielon ot (Fe« cB 2MFst and the Lewis acid i's selected from

al KaJ i metal i od| des ZI nc | odi de, zinc chI oride, rragne5| um | od| de tin
(1) |od|dé”°‘9

) on | éa )
onganeoe f% ?ﬁlf%[':? i Bﬁ"fsf °(§“3Y\Z}kw W o P%% éﬁm? FTVI 'sa& "§§a Fom

whi ch const S0 Ot ¢ agdS 0 wei ght percent of the total weight of the
cat al yst. yst conposi tion according to Caim19 wherein the
suppong rrat er| aI' | s 2| n oxide, silica or 15 al um na. 24. A supported

cat al ySt 17 QHERES dobdMingte TRkl 16 Gndréin (b Bkt st SorkMBBY (1)50.9'6 20 WeRASRRbAt A diated
non- aci di C a deight)iShide S BA6Y ofithb Qdtdl Meightady the Gat@jt odt 16atiofle GUaRKMRF EAMObNRIMGANI C
oni um i odi QAospRIIRALIBEIGe, () D02t B0.@ deight pblaent Hasddashathd BRI REht dBtha catalyst, of an
subst ant i alokrgandtio (IV) halideLcentainiol 31toi 24 @arborf dtdnis aad davingectormulag an or ganoti n
conpound or 20 or ganosti bi ne conpound. 25. Process for the

i someri zat i@ -dn -defmer r ] - epoxyal kene or a [err]-epoxycycl oal kene to the
correspondi ng 2, 5- dlhydrofuran whi ch conprises contacting a

[eM] - epoxy@P"R'Ene or a [err]-epoxycycloal kene in the |liquid phase with a
sol uti on cE&AflY F"’s?Lﬁ 't@"*t 'Eﬁeﬂﬂ‘dﬁﬂ!’ﬂ’ dhielested frerm alkgof ¥p tog Pg’&f?@'hﬁ‘?’&? | Begzyt: 8RRV PR d

[err] wherein 45 each R7 substituent |ndependent M‘EH ect ed from

‘havi n@ t he Po&yy! s"be ?F bsm@ aghfrom lower alkyly loper[alkoxy) orihglagage ALt | v
i s L\?rgl ected® ?’c?maa‘i' 'PSé' TEfcsgte ftmp"ﬁﬂ\a@f'ﬁ“es haV| ng up to 20 car bon
ato,cyap orsba e‘cnyggisg ha.vn q a‘bj

s ccordin =] the rises a loas rna
aryl or Sut; Tm .wﬁ Briab s ??9 &n@fgegﬁa.? nlringty 8131 ool 000
, and,r 1s ms nd mQ {he renuth
(R} - SN - Lyu—ny
wherein
45 each R7 substituent independently is selected from alkyl of up to 12 carbon atoms, benzyl, phenyl or
phenyl substituted with up to 3 substituents selected from lower alkyl, lower alkoxy or halogen ; and
nis2or3;

wherein the weight ratio of (1):(2) is 1:100 to 50:1.

50 19. A supported catalyst composition for the isomerization of a y,5-epoxyalkylene or a v,5-epoxycycloal-
kylene comprising an essentially non-acidic catalyst support material having one or more quaternary
onium iodide compound as defined in any of the preceding claims distributed on the surface thersof as
a substantially continuous and uniform film

56 20. Supported catalyst composition according to Claim 19 wherein the quaternary iodide compound,
caiculated as weight iodide, constitutes 0.1 to 30 weight percent of the total weight of the catalyst.

34



+ 35.26. Process according to Claim25 for the isoneriz
a[err]-epoxyal kene or a [err]-epoxycycl oal kene havi ngﬂim |ﬁa “NH “I
[err] [err] [err] 45 to the corresEgpadiI®g7@Bb- di hydr of ¥l a6l navisn

‘formul a 50 [err] [err] [err] wher ei n
each [err] is hydrogen or up to 2 [err] substituents each ma be aIk I

up to 8 ca&i-bprdied CalplyR cpMRRSitign P'&ﬁ" Fﬂ C'@‘l‘“ bgr‘é('i'Pé?‘féﬂ) &ﬁaﬂ“ﬁeﬁ?' 3}‘7 § to
8 carbon at o‘fﬂé’”‘aﬁﬂﬂ’lﬁ%ﬂe'% 'IdP scé%"“ y’%p‘me '#SW I§f°atay3t

* C L o3 'Iaf g{j i ’hé“e Pl P} BB G PIchl RERES £ (R ="

l'i quid ghaseesa‘fn %{Yf‘g & 38‘?” g fe 200 Cwith a solution of a catalytic

t bf . i
anount bt ﬁ%o a%ﬁg : tapg%io% o0 aéc%g:.gg to CRAP b1 aﬁé?e.mu,%t OAkY ;?,S'J‘:ﬁﬁ;,'?*" Qﬁfm
[err] R3 [e tiodlde Qédrbn‘?ﬁectbtal dmsof 'ﬁ%@%ﬁ@& ﬁ&' Xevﬁé?édi’ocis 88loctetOM
hydr ogen, al auseeﬁ. rﬁé! Fdidos! LR iGhdSY rind BHidRbd, BiaghtaimNEHidePtid @) #didé,3h RN i0aikie s,

cycl oal gyl Oﬁtanmﬁbﬁv)l .waeet%taﬁ.ml(mltdw lowBRAMNoREesb zikcBniwh (IVAI0MAS) rdngaiese M) 10Hider
substituted g@nghneBaly Eibrife, iren @ ivars, P oAl Etetylabetdnete vkl tanstihites/d 210 5.0 wsigii?,
each [err] apesdentIorthdastasmigards @ chiaigsn al koxy of up to 20 carbon atons,
cycl oal koxy of 5 to 20 carbon atoms, aryloxy of 6 to 10 carbon atons 25
or hal oger2s. Awetalpst dompesitiof @rqofdinguto SGlaim L®Nyhereo the cwprottehateriahip zire prides eilica or
j 0i ned dydr ogamify| ene groups which forma nono- or poly-cyclic ring with
the Y atomto which they are bonded; each [err] is |ndependently sel ect ed
fr om hydr @4ah Syapertes qaiglvetqomposiien aeeprgling tthF'e'a‘ | as7RBtiglp PR acidic. catglyst
x {570 or 1 @Reprymateria\having ope prmore Bpaterpary, o ﬂ’ﬁ‘t"a °F’ corpRRHRSS flistrbuied “lehe
for mul a [ er riuriacs thereof a5 #substanially spatiniqup, andoiiam fim and;canteining a0 orggngtin saMRQU
subst i t%t ed PW'b%F%‘EW%’? havi ng up to 20 carbon atons, cycloal kyl or

2 ok SR B RS oo s

phase with a solution comprising 1 to 50 weight percent of an organometalhc compound having the
25 formula

(R7}o—Sn—Hals-p) and (R7);—Sb—Hal

wherein
30 each R? independently is selected from alkyl or substituted alkyl moieties having up to 20 carbon
atoms, cycloalkyl or substituted cycloalky! having 5 to 20 carbon atoms, aryl or substituted aryl having
6 to 20 carbon atoms ;
Y Hal is bromo or iodo ; and
nis 1, 2, 3, or 4 ; in an inert organic solvent.
35
E 26. Process according to Claim 25 for the isomerization of a y,3-epoxyalkene or a y3-epoxycycloalkene
A having the formula

40 Rl Rl Rl
) ] ]
Rl - ¢c=c - ¢—C - Rl (1)
| \./

45

50 r1 Rl
1. >=2 1
R\./"—-\./R
R \ S Rl

55

wherein each R' is hydrogen or up to 2 R! substituents each may be alkyl of up to 8 carbon or
collectively straight or branched chain alkylene of up to 8 carbon atoms, which comprises contacting
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nis 1 2, 3 or 4; in aninert organic solvent. ccordlng to
Caim 26 V\/nerel n the process is carried out at a terrper mﬁ ﬁ'ﬂﬂ”ﬂﬂ“‘"
200[err] Cin a catalyst solutiorEROSIS®RBY (1) 1 to.7

cal cul ated as weight iodide, of at |east one 45 guat er nary anmmori uth or
phosphoni um i odide: (2) 1 to 50 weight percent of an -organonetallic
conpound cdft ¥ PRONG, 'kS“GtQS ayg- %%%Ha'gﬁl"ﬁﬁs‘h%d'ﬂﬂ'dwaﬁe eresrate of §040 PO Cjwil o
wher ei n each® ‘é‘P E gﬂ%‘Y‘lctWE’H'ﬂt 9 38 E’ﬁo‘é’ﬂ‘ﬂ' aéE?’@cF“F‘P@Wé’f Qe ogEm
to -8 car bor®4{& Y98 FIVANInG 5 87K P oY °"paFPé'ﬁ37f’ Tuted with up to 3

substi t uent ggl ect ed fromlower alkyl, |ower aI koxy or halogen ; and n is
2 or 3: an ’(3) an inert organic solvent, wherein the concentrations of
conponents (1) and (2) are based on the 55 total weight of (1), (2) and
(3). 28. Process according to C1a|m2 for the isonerization of

3, 4- epoxy-1-butene to 2, 5-di hydrofus whi ch conprises contacting

3, 4- eppxy- 1-but ene i g—t he(hl-'Z yiydh ase\t' yR(@®?*)enal ur@if, kO to 150[err]C
with a 36 EP 0 518 973 B1 cata%‘s Iutlon corrprlsmg(l) 1to 25

wei ght percent, calcul ated as wei ght odi de, of one or nore quaternary
ammoni um i odi des .having the formula 5

R5 + [err\ R5 10 wherein each [err] %lzbstltuent i's independently selected
fromabkyl of up to 20 carb q_t W\é?tqnary anmoni um i odi de
contains 16 to 60 cakbon é?gﬁﬁf )sper ders of an organotin
(1'V)-iodide containing 3 to 24 ca\bﬂm ons and havi ng the fornula 15

[ ek} wherein each [err] substituent independently is selected from al kyl

of up to 8 ar bon atom; benzyl phenyl or phenyl substitut ed with up to 3

subst i* uent ﬂ ﬁ( )|
2 mdependent cted i vl ute! alk hvu p to
nis Zgr 320?@;3 %a& b ﬁf&ﬁﬂg:&%ﬁw Lang qus?éégﬁg i g%f o

hd Sy
xyl ene, BE?J‘éh » ca EEthF\Q Wﬁ&?y’of B%i)eéb‘i‘a%m&ﬁs Q{ylo!?"ye&'ett&( @&‘?oon
Process accdp;, bgeg;to Claim 26 for the isonerization o 4-"epoxy- I but ene

to 2,5-di hydr%t& o VIR sGIIEHID ol ScBvbIyCrAMY rasé oM Joirba hySHasaityIede Gtotipe Mich forrk Be
i qui d phasfonator poli-eyieirmyivith eheOf atdhfd viizh I ade®biided © Wi t h a catal ytic
sol uti on conpeédcsiRigs (ntigpeideintly 2dlecwwd i fphi hydmicarbyidne midfdtiesl brasubstivass] hydiogdibylene
| odi de, of nkgiesor nore quaternary anmmoni um i odi des having the fornmula 30
[err] sperr] xisOor1,and '
YisN,PorAs;
{2) an organometallic compound having the formula

AN
(R?)i—Sn—Haly_y and (R7)s—Sb—Hal
35
wherein
\s each R independently is selected from alkyl or substituted alkyl moieties having up to 20 carbon

atoms, cycloalky! or substituted cycloalkyl having 5 to 20 carbon atoms, aryl or substituted aryl having
6 to 20 carbon atoms ;
40 Hal is bromo or iodo ; and
nis 1, 2, 3 or 4;in an inert organic solvent.

27. Process according to Claim 26 wherein the process is carried out at a temperature of 50 to 200°C in a

catalyst solution comprising (1) 1 to 70 weight percent, calculated as weight iodide, of at least one

45 quaternary ammonium or phosphonium iodide : (2) 1 to 50 weight percent of an organometallic
compound containing 3 to 24 carbon atoms and having the formula

(H7 ),,—Sn—l(4_ n) and (R7 Ja—Sb—l

50 whersin
each R? substituent independently is selected from alky! of up to 8 carbon atoms, benzyl, phenyl
or phenyl substituted with up to 3 substituents selected from lower alkyl, lower alkoxy or halogen ; and
nis2or3;and
(3) an inert organic solvent, wherein the concentrations of components (1) and (2) are based on the
&5 total weight of (1), (2) and (3).

28. Process according to Claim 27 for the isomerization of 3,4-epoxy-1-butene to 2,5-dihydrofuran which
comprises contacting 3,4-epoxy-i-butene in the liquid phase at a temperature of 100 to 150°C with a
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CH2 35 wherein [err] is alkyl of up to 20 carbon at resrdue.
of an azabi cycl oal kane or di azabi cycl oal kane havi ng w“ﬁmﬁj!“ gjg bon
atoms, (2) 1 to 25 wei ght percerBP @61&8r3dBYHanotin (| ning 3
to 24 carbon atons and having the fornula 40 [err] wherein each [err]

substi tuent ndeg t is selected from car bon at ons,
tlonco

benzyl, pH& h‘é%rv{gg{ %FU ??'\t PEeEY W%lﬁ“h?f ‘E’%gh% '°§Hf‘!s°f' P rYe

sel ected {98 “?%\%'P""?J{‘I"RW 3 %‘5& or halogen; and nis 2 or 3; and
(3) -an inert organic solvent, wherein the concentrations of conponents (1)
and (2) are based on the total wei ggh of (1), (2) and (3). 50 31. Process
according to Caim26 for the isomgrization.of 3,4-epoxy-1-butene to

2, 5-di hydr of uran whi ch conpri §€§ ngta ng 3, 4f_poxy- 1-butene in the
I|qU|d phase at a tenperature’of 1 150 Cwith a catal yst solution
-conprising (1) 1 to 25 weight perceRﬁ cal cul ated as wei ght- i.odi de, one or
_nor e sguat ernary phosphoni um i odi des having the formula 55 37 EP 0 518
973 B1 wherein each R substituent is ifdepenieritly selésted flom aliyl of p to*20RGrbpre btbrhs Bt e R6G

- 5 quaternary ammonium lodide contains 18 to 80 carbon atonfse(2) |1 ERESweightiparcemoh aperr |
subst i t uersrgapedini(iMdedidaadetaining 3 toa2dagibenatémeoand hbvinglthedbrmyls t 0 20 car bon at ons,
benzyl, 10 phenyl or phenyl substituted with up to 3 substituents -

sel edted fRmMIohen al kyl, lower al koxy and hal ogen and t he phosphoni um
i odi de cont ai ns 16 to 60 car bon atoms (2) 1 to 25 weight percent of an

organotin P’?}" ntain 24 carbon ato nd havi e
l\f‘gr mul a 150r her? ngt § ?‘:81; uby %ﬁne leﬁszesf{? ﬂlﬁygév}e IEIEHE ﬁ Y O tal @'?a};y'
sel egf edfrB pt8§ 'Y na?% r{zaf' ‘ﬁ'ﬁ@% 5 ﬁ'éh%/

' subst | tute oH;Qm Q,d,g tsubst ituents selected fromlower alkyl, |ower

al koxy or a ogen 20 nis 2 or 3; and (3) an inert organic

ol vent gg LS &c&r& P Blaff{) b6 Whbr&i e hort BFRMANSINoft 1§ Sdleddtlirdn? holh& AL on

the total ogloSdhkeref didickdbenderd, psddbochsne PRk&DAISPr Uche 25 1. Verfahren zur
| sonmgg i si erung eines vy, b- Epoxyal kens oder el nes vy, - Epoxycycl oal kens in das

ent spr eso. FnBssicacdordindtohGialh FsUbtratie iskidrizitios ofl3S-eftay i -Bitéread @[5-dHyrofaran which
, a- Epoxy alckmaprise chdtacting rdaisspyxySi-tiufeo inctie ligoidl phadecan 8 tenipechere SE10( lvatbe* Crivtth &1 ner
kat al yti schiemticd\iintier eimpdsingodet in2hweight pergent rcelevtaledoas weight ivdide. hoé one or more
Oni unver biaueiernane ammeniunhicdideshedngstheformitdl enst of f at omen unf aBt .
30

i

S\ \ e
. : CH2

N*—RS I-
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s ~wherein R° is alkyl of up to 20 carbon atoms and A is the residue of an azabicycloalkane or
) diazabicycloalkane having 6 to 12 ring carbon atoms, (2) 1 to 25 weight percent of an organotin (IV)
iodide containing 3 t0 24 carbon atoms and having the formula |

40
(R )p—Sn—lia-)
wherein
each R’ substituent independently is selected from alkyl of up to 8 carbon atoms, benzyl, phenyl
45 or phenyl substituted with up to 3 substituents selected from lower alkyl, lower alkoxy or halogen ; and

nis2or3;and
(3) an inert organic solvent, whersin the concentrations of components (1) and (2) are based on the
total weight of (1), (2) and (3).

s¢ 31. Process according to Claim 28 for the isomerization of 3,4-epoxy-1-butene fo 2,5-dihydrofuran which
comprises contacting 3,4-epoxy-1-butene in the liquid phase at a temperature of 100 to 150°C with a
catalyst solution comprising (1) 1 to 25 weight percent, calculated as weight iodide, one or more
quaternary phosphonium iodides having the formula

56
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30 2. Verfahren nach Anspruch 1, wobei die quarternire organi sche
Oniwunverbi ndung die Strukturfornel (R2)4y+ - 1- (R2)3Y+- H:s Y+( HZ)A+X =X

35 EP0518978B1- (R2)2Y+
oder R3 40 .3 1- (R2)y+ R3 Y+X(R2)x 1-x, hat, worinje WHHII
It i SH stltlw er

vonei nander ausgewAhit ist aus Wasserstoff, Al kyl- oder

Al kyl - Resten bis zu 20 Kohl enst of f at gigen, Cycloalkyl oder substltU|erten1
Cycloalkyl mt 5 bis 20 50 . KohIeTstoffat Qmren oder Aryl oder
substituiertem Aryl mit 6 bis 20 Kohlienst qf f at onen, Ferrocenyl, oder wenn Y
gleich P ist kann jedes R2 auchR§ deh sein &as Al koxy mt bis zu 20
Kohl en’t of f at omen, Cycl oal koxy m t 5 I s 20 Kohl enstoffatonen, Aryloxy mt
6 bis 10 Kohl enstof fat omen oder Fblogen zwei oder drei Re- Subst i t uent en
kénnen zusanmen fTr verkni pfte Kohl enwasserstof fgruppen stehen, die einen

nono- oder ket stk rk SEEERodRiHddBbidoRl Bolcidl RS Bhi LR Tp 1780 Gitdn GlomsOBhRdEN
sind, s phem%%né‘n’% SuBStit IR JpOio DB YRBHRbGNR NEREId HEH RWeh hikyl,AbkPer alkoxy and
Kohl enwas s exafolyéHf dn @l ghbspRehRim isaidesdohthikéd f9'th 8ticdfsilapRwasser st of fresten, x i st
0 oder 1 ung) i Ztweight phreddest af\Srgantlifi AVSIEdEdortiningl 8 2iBcargh alofE BRY Kaving the
Oni um odi d feimadest ens 6 Kohl enst of f at one 38 EP 0 518 973B1

I 1 L M S1 enth~lt. 3. Verfahren nach Anspruch 1, wobei das
Ver f altsen aB8ge$rttwty wi rd bei einer Tenperatur von 60 bis 225 C,

vor zugswei se 100 bis 200 C, und el nem Druck von 1,02 bls 70 bar,

vor zugswei swherpin bis 20 5 bar . 4 Verfahren nach Ans ruch 3 zur

I smrl si eL?lfi(?i ac!?d:h ;!t “‘Sjﬁ W‘d%ﬁ’t E | % d?(§r°3' ﬂggs'&ﬁrgvl phenyl
K kti ! P fo_
Vgn 1 ! ers 29%50 Bélﬁ sq? n eél at s[ofg?uwéopei iq’an )ur

are WGI

"EFB@ '°v§° °'1

katalytlschen nge BI'Hes Ka é Y a 0 der elne oder 10 mehrere

quat er n~ 'i’gtemh &di de enthalt, unf aBt 5 Ver f ahren nach Anspruch 4, wobei
ei nes oder rere quaternare Oni unver b ncdungen die Strukturfor- nel 15 R5

| 25 1. véfidhren zur Isomerisierung eines ~,5-Epoxyalkens od'eR%i‘n&' FBEpoxycycloalkens in das entspre-| -

20 chende 2,5-Dihydrofuran, welches das Kontaktieren eifida y[3Hp6)yalkeVe B&ir en@lf3-Epoxycycloal-

R5- Subst i t URRd inUdbR IEASHhEG! Bit GRGCHaRB RN AbHHE VMRS bller inschrefd JuaNeitlifer Bighnidthed ZU
20 Kohl enst aridneebigungerzmie minBRistebs! b Kbhldnsteifdtoaten kibfaBien zusamen flr el nen

Al kylenrest mt 4 bis 6 Kohlen- 25 stof fat onen stehen oder fUr el nen

Al kyl emr @st Verfatirerdnagh Ansfruétoh Iweles tie bastowéne organigche RaivmvertindpngadieeStaktuddningl] r est en
substituiert ist, und das quatemare Ammoni um odid enthalt 16 bis 80

Kobl enst of f@DOfE. 6. Verfahren nach Anspruch 4, wobel eines oder nehrere

que/er nl r e "OfPLKTBYY 885tk EXSt r ukt ur f or nel

35

Y*X(R2) 144 Iy, oder,

I~ (R2)yt R3 YtX(R2), Iy,
45 _ R3

hat, worin jedes R? unabhéngig voneinander ausgewahit ist aus Wasserstoff, Alkyl- oder substituierten
Alkyl-Resten bis zu 20 Kohlenstoffatomen, Cycioalkyl oder substituiertem Cycloalkyl mit § bis 20
50 Kohienstoffatomen oder Aryl oder substituiertem Aryl mit 6 bis 20 Kohlenstoffatomen, Ferrocenyl oder
wenn Y gleich P ist kann jedes R? auch ausgewdhlt sein aus Alkoxy mit bis zu 20 Kohlenstoffatomen,
Cycloalkoxy mit § bis 20 Kohlenstoffatomen, Aryloxy mit 6 bis 10" Kohlenstoffatomen oder Halogen,
zwei oder drei R?-Substituenten knnen zusammen flir verknlipfte Kohlenwasserstoffgruppen stehen,
die einen mono- oder poly-cyklischen Ring mit dem Y-Atom bilden, an das die gebunden sind,
55 jedes R® ist unabh#ngig vonemander ausgewdhlt aus Kohlenwasserstoffresten oder substituierten
Kohlenwasserstofiresten,
x ist 0 oder 1 und
Y ist N, P oder As, vorausgesetzt, daB das quaterndre Oniumiodid mindestens 6 Kohlenstoffatome
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gg haben wobei R5 ein Al kylrest mtzg-z 'zA\u 20 KohI enstommlmmu"uull”mWZ

ein Azabi cycl oal kan oder Di azabi c\eF @sigkegnyr@st ist nit 6 bi s“12

Ri ngkohl enstof fatonmen. 7. Verfahren nach Anspruch 4, wobei el nes oder
mehrere quaternare Onium odide die Strukturfornel 40 R6 | + R6_ P_
R6 enthdlt.| - 45 R6 haben, wobei jeder R6- Substituent unabh~ngi g o
vonei nander ausgewahit ist aus Alkyl mt bis zu

Kohl enst ofif SMegehean naga Anspruch pp o ""E‘?d‘é‘?’“"i5 ‘Epeﬂé'h"b 'fq | ielopr T?W“F“ﬁ'f §°'¥EP§
Subst it uent eqﬁsa(ﬁé’@’éWﬂﬂ?' Qﬂsb'srﬁ ofes adPiAg Pruck yan! Aﬁ‘ak& vgspese Ll 8aR,
und dag Phoé“ﬁ'honl um odid enthalt 16 bis 60 KohI en- stoffatorre 8. Verfahren

nach den gnspri.che % Pé% oM ng 1 VER $A%pBh NGtel o8- FRMMGD Sas0BE T
rfahfen Anspruc 0l p
el ner y, 6> ioru Q-ﬁ-ﬁ éF gt gh’ ?E PRl vay oanEE’oo%c

973 Bl emr::\ktg:uck von 1, 1 busosz)1 bar mit elne|1 I h|:chen ehge elni : s&tgr . der HN;-o:’fer

L M 46S * rdhrere quatern% Onuﬂodﬁe efttimiit, umeBt 0 in das
entsprechende 1,5-D hydrofuran mt der Strukturfornel 10 RS

R 0 wobeg,| verghesh fadnh Xispmer & twdbdi cinsd odefi@éhrére GuatdindZe Bhiunbishbindurigere tib SRukibiomen
jeweils einmdikyl mt bis 8 zu 20 Kohl enst of f at onen sei n oder zusammen
~ein geradkettiger oder verzweigtkettiger A kylenrest mt bis zu 8

Kohl enss of f at onen, das di e Kontaktiergng des vy, 6- Epoxyal kens oder sines

y, 8- Epoxycyl oal kens in der Gasphase Pel einer Tenperatur von 60 bis 225 C
und einen Druck von 1,02 bis 70 bar t ei n&r katal yti schen Menge ei ner

t r\dger gest Ut zt en quatemanren or gan-skhenRBNi unver biffdung mit el ner

Schnel zt enperatur, die nicht 225 C Ubgrstel gt, und die eine Strukturfornmel
‘hat, w?® sie in einemder 25 AnsPiUche 1 bis 7 angegeben ist, unf aBt.

9. Verfahren nach Anspruch 1, wobei der Kat aI ysator (1) 0,1 bis 30 Gew. -

m ndest ens Qer gslat ﬁﬂ%sueﬂg%&&n £k a&uﬁ' stAmnrmI@ggénfzo

Kohl enst of f ag ssam emu .némk .%991%{14&!;'
?Cfgs ant gew f}ﬁoff yo% {8f BiHen b mQ 4Opke B i@nidridtoti@¥ieny wBIBHeP Gftnidddfen das

Gesarg l@ﬁé&e‘ﬁ Ebsﬁlﬁl@rt KR ¥58 JLAdrRe ArﬁﬁnB\ﬂfmldeﬂMnﬁlhIS@GJIBIQGOIMIe(\QGﬂaﬁMB im
wesent | i chen ni chtsaures Kat al ysa- tortr~germaterial unfal3t. 10. Verfahren
nach Anspe.UokrshrenabieAnsprigh 4] wbbel] bifdséranebreleOglisidinins [Mintachivdige dib Strexturfoetel al s
Gewi cht des

: CH
s0 L 2\
A Nt - RS I-
N\ \ CH 2
35
- haben, wobei R® ein Alkylrest mit bis zu 20 Kohlenstoffatomen ist und A ein Azabicycloalkan oder
oo Diazabicycloalkanrest ist mit 8 bis 12 Ringkohlenstoffatomen.

7. Verfahren nach Anspruch 4, wobei eines oder mehrere quaternére Oniumiodide die Strukturformel
40

45 §

haben, wobei jeder R6-Substituent unabhéngig voneinander ausgewdhit ist aus Alkyl mit bis zu 20

50 Kohlenstoffatomen, Benzyl, Phenyl oder Phenyl substituiert mit bis zu 3 Substituenten ausgewahit aus
niederem Alkyl, niederem Alkoxy und Halogen, und das Phosphoniumiodid enthélt 18 bis 60 Kohlen-
stoffatome.

8. Verfahren nach den Anspriichen 1 bis 7 zur Isomerisierung eines v,5-Epoxyalkens oder einer «,5-
65 Epoxycycloalkens mit der Strukturformel
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|l odids, 0,1 bis 30 Gew. - % des Gesant gewi chts des Katal ysat oren ausnacht,

(2) 0,1.bis 10 Gew.-% 35 bezogen auf das Gesant gevm ch:“muﬂ“ul“”l'””“l
Kat al ysat oren, emme anor gani scheER®/&18-983B1e und (3) ein i

ni cht saures Katal ysatortr~germaterial. * 11. Verfahren nach Anspruch 10
wobei der Katalysator (1) 0,5 bis 20 Gew.-% berechnet als Gew cht des

| odi ds, bezogen auf das Gesanigew chfy d Kat al ysat oren, m ndestens ei nes
guat er naren Amoni um 40 ader Phosophoni um odids, (2) 0,02 bis 5,0

Gew. - % bezogen auf das GBg‘an‘t &6 chF-d-e KatRd ysatoren{I)i tan(l V)i odid,
Zircopiun(lV)iodid, Zinkiodid oﬂqr z (I'l)iodid und (3) einim

wesent | i chen nichtsaures Katal ysatortragermaterial unfalt. 12. Verfahren
nach Anspruch 11, wobei das Katal ysatortragermaterial Zinkoxid,

Si i ci unDXintia®6kddprethdnld N5-Dinfdtofuran mkl @B Gudktbrimel 13.  Ver fahren nach Anspruch 1
zur |somerisierung eines y, 3- Epoxyal kens oder vy, S-Epoxycycl oal kens mt der
Strukfeur fornmel 50 R1 R1 Rl R 0 55 in das entsprechende

2,5-Di hydrofuran mt der Strukturfsgf Rl R - - =-- R1
worin Rl jeweils Wasserstoff !st e.r\bl s 2 Rli-Substituenten kénnen
jeweils ein Alkyl mt bis zu 881_]0\ gnst-eRr¥ at onen sein oder zusammen
ei n geradkettiger oder verzwei gi:l@e‘r |ger/?/ky~!\e% fest mt bis zu 8

- Kohl efist of f at onen, das di e Kontaktier y, 8- Epoxyal kens odor el nes

Y, 8- Epoxycycl oal kens in der Gasphase bé? el ner Tenperatur von 60 bis 225 *
C und ei nem Druck von 0,02 bis 70 bar mt elner katalytischen Menge ei nes

Kat al ysat or der e ne 1) m ndestens e| ner quaterna-
r éaof gani %ﬂgﬂo g Fﬂé%ﬁe Rt Fat one

o bR dasj*:@% e ?g = es.,..,oxgﬁ,.jgsgj?&atg

und di e dig, 5iUg; epTg;ﬁ eratW\ﬁ‘)n

nd (2) Ti iaw.écm Mhgh oifbr 9&5&;%4 o 5 damoe
vvobel das $aneeBinerain &latnl%htszzé ube{ré@a.gt deSst kt&rfohﬁén hatLftie s’éqaita @8 nach
ei nenssder xrepm&@he;mﬁghgé@aaf.agmastmbel d| e Lew s-Saure ausgewahlt I st aus
20 Zi nki odid oder Zinn(ll)iodid. 15. Verfahren nach Anspruch 1 zur

| soner i i evaralrerenanke Snsprudh Epaiyl albkicittysaoigr) 0,1, Bs SGen-eyfihduatolesisor fittedifon
ent spr echesrganisghed -Cripohvabioduag mitwihdeies elKablehastia@bobn, deractpetcdlsGSwicht des lodids
, » 6- Epoxy alrdenezpgoniayt des Aesgmigo@cht Bpoltepalyshiorem|uke (5 0,01 bid 40 GEASp bezdgerraut daer
kat al%ti schesamigpwignt des Kntalysilorem lsipgrdionisSiura nfidi@) ¢in iewespritlichrbnichtsaures Ketkbysa-ens
ei ne quat eﬁewag%“%?f@hlfﬁ‘f%he Oni unver bi ndungen, wi e in einemder vorstehende
AnsprUche def i ni ert und (2) eine Organozjnn(iV)verbindung oder

ganost “HYRERRR, i %Lﬁ'%l ) die pyatergiicp fodidvarbindung bereshnst ale Ferisht dasbe|

dest ens' @?%81 s\{’? s dfatglypaioren aHsMaRhHR) Odobis 10 G;‘R'7'21

S - %l (£ nﬂpﬁeq, 2 urgg“g o oot MR e db Ay
vonei nande’ ausg 2 o Q?Slma "Bdor substituiertem Al kyl - Resten m t

bils zu 39 r@rﬂ%ﬁ{\ﬁsﬁugﬁ B%{%Lﬁkéﬁ)é&oﬂ s SYRPEb. Y 85 &%%Cé ac'h% m t

S bis 20 K QIVQ Hn? Min&d lhdgs dﬂg?a

Kohl epst of dgat ﬂﬁ@dﬂnhorkﬂlodi&t(zﬁ@rﬁswée 9flbe36gen auf dd@gggaﬁglw?fpg satoren,
Titan(IV)iodid, Zirconium(IV)iodid, Zinkiodid oder Zinn(l)iodid und (3) ein im wesentlichen nichtsaures
Katatysatortragermaterial umfaBt.

12. Verfahren nach Anspruch 11, wobei das Katalysatortrigermaterial Zinkoxid, Sificiumoxid oder Alumini-
45 umoxid ist.

13. Verfahren nach Anspruch 1 zur Isomerisierung eines v.5-Epoxyalkens oder ~,5-Epoxycycioalkens mit
der Strukturformel

50
Rl Rl Rl
| |
rRL - C_C - c—C - R? (I)
1 N 7/
R1l o)
55

in das entsprechende 2,5-Dihydrofuran mit der Strukturformel
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17. Verfahren nach Anspruch 15, wobei der Katalysator—(1) 0.5 his 20
Gew. - % berechnet als Gewi cht des |odids und bezogen auf das Gesant gew cht
des Kat al ysat oren, m ndestens ei neEP (548 878 BEn Anmoni i ﬂﬂ"ﬂl um
Phosphoni um odids, (2) 0,02 bis 20,0 Gew. -% bezogen u cht
des 40 Kat al ysat oren, eines Organozinn(lV) haI ogenids mt "3 his 24

‘Kohl enst of f at omen und der Strukturforrrel (R?) Sn - 1(4-n) worin jeder -
R7- Substi tuent unabhangi g vonei nand usg |st aus Alkyl mt bis zu
12 Kohl enstoff- 45 at onen, Ph:e edeR Phenyl substituiert mt
bis zu 3 Substi tuent en ausgewdhl {ﬁ] eder mWﬁwl , hi ederem Al koxy oder
Hal ogen®und n ist 2 oder 3, (3) d elk wesent | i chen ni cht saures

Kat al ysatortragermaterial unfaBt. 18. Verdahren nach Anspruch 15, wobei der
Kat al ysat or ei ne Schnei ze (1) m ndestens ei nes quatemaren 50 Anmoni um

oder Phos phov%rHr% E&Jeﬁéw&g&om&q&%é% 251G DsthdeBBn RFrnsH fowers Bl AgEmit g8 zilst 3
bi's 24 fohl eﬁo‘iﬁe 1RIoRBE BoirtBer ARBmmbH &tk etadketigsR baet Fofzwelhticettigeid Alkylddrdst mit)oiscn
worin j eder £ KohmheRrdtdmeR Nias LA REVUREENGhg \He$ § I3 ERGXGIKons bidsg BIndd1) b-Epdxicyelomkend iy |
mt bis zu lgerakdhesaHeDéiter TarhsoratuR vorBeoGIy 225 * Sluad yihend Dtk ¥ain @0 |bissA0lbat ikt sinerr t
mt bis zu 3kaRuyascherd Megb @hetkadatbrs |uinfafill Horrvine ehnaeiae/Auk (1) mindestarie pigen gobtarndcy
oder Hal ogenten Wnghniachies tOntiimeerbihdug cedtmeis dieu ind@tens \Go ISetilenstofiatome enthéit und elne
Gewi chtmsver hddhmelzemperatur. haf, 2o NichiO2R2S e gbeg,@eig, ynddie dipyStrukturfagmelwig, ie den Ansprlichen
trager gest Ut ¥ bis Aengedepen el unds@nThan@iedids Fycoplym(Y)igigefinkiadicy e Ziaadhigdd. wobel
yS: Epoxyal kefies Guishtsverhiinis ) @EBQ)&%?&F%aI kens, die ein i mwesentlichen

ni sht saur es Kat al ysat ortrager mat er i al mt ren qu aren
Oni umi odi ddeYesiebiat, ﬁgﬁ? '% or yarstegupen, ﬁ?ﬁpﬁjﬁhedé@b?}of% t"g‘ﬁ%% Yl\i e‘%r@c'nt adé
vertei ¥ auf BEQdIogs8y #MEpdd-qa0n al's ein i m wesent|ichen kont| nui erli cher

d h | .
aratyees (i Mt Eal R e

| odi dver bi n- hE Widr 'RhtaifARSheh QWE & talsStoral ufeREY, do(fles
Cesant ggwi Chﬁlﬁtd f;‘a)l’e?‘ﬂ"li o thrbm&ﬂg&lwnige%? ';W %Sbrg{bﬁ’d:@a Anspriiche

Kat al ysat or Zﬁﬁlﬁm% é; &hbﬂ@rgﬁh%g (W&Bnﬁ&lﬁb ode? OrgaRdatonirhyerisdandlalbieRtl I €
| odi dverbi n- dung, berechnet als Gewi cht des lodids, 0,1 bis 30 Gew. -% des

Gesant gew 1gh/&tahtes ndsA AadpiBR I 5) Wobbi Mihdesnl bine O@)noﬁyeﬁﬂyebinsur@@ie@mktummdl ezogen
auf das Cesantgew cht des Katalysatoren, elne Lewis- Siure und (3) ein im
wesent | sochen(Rij, € Bb s Halg-gunléR’al-\BbatHer t r ager mat erial . 15 22. Tragergest Et zte
Kat al ysat or zusanmenset zung nach Anspruch 21, worin die quaternare

ani sche ChituwabeldRd ieweilsi wiebitingie ivensinaqdet sagnhip ist puspi ‘I’PGh F‘EW@?’E?FhHEMg

di e 0, 5Restey M biscau 204Kohlarsisipioraqn. Lveloatiyl,pder, s"%@'eﬂm ik M ggq%‘?
auf das Gesakiehnasipiiatpmencey! iRegr srRsEtipgmAYY! ait8 H'ﬁé’ﬂf‘”lﬁﬂ‘ﬁ‘mlﬁmg‘eﬂ’é" 5t Bom 0
ausgewAfl t a ptdalidRIe: | i odi den Z| nki odi d, Zinkchlorld, Magnesium odid,

ZQ' ; Zi nn(l l Od' d Z' n SIG ore: als Gewicht des
Ti \a'n( V) g s%{, ?52 M oni-
hngan(1 ) cf ff'iwgg fger.iézz.% s Q“? “ﬁ{é e o

yrco

bi s 5, 0,Gew aii GonidS uadefé msﬁm&s Prukt dﬂﬁ‘el
Kat al ysatorzusa nsetzung nach nspruch 19, wobei das Tragernaterl al
Zi nnoxi d, Si|drgil.gpoxlyd 25 oder Al umi niunmoxid ist. 24. Eine

tr~gergest U zte Kat aI ysat or zusanmenset zung nach Anspruch 19, die ein im
wesent | i chenwsinGéder R7-Substituent unabhiingig voneinander ausgew&hit ist aus Alkyl mit bis zu 12 Kohlenstoff-
45 atomen, Benzyl, Phenyl oder Phenyl substituiert mit bis zu 3 Substituenten ausgewéhit aus niederem
Alkyl, niederem Alkoxy oder Halogen und n ist 2 oder 3, (3) und ein im wesentlichen nichtsaures
Katalysatortrégermaterial umfaBt.

18. Verfahren nach Anspruch 15, wobei der Katalysator eine Schmelze (1) mindestens eines quaternéren
50 Ammonium- oder Phosphoniumiodids, (2) mindestens eines Organozinn{lV)halogenids mit 3 bis 24
Kohlenstoffatomen und der Strukturformel

(R7)n - 8n - ka-n)
665 worin jeder R7-Substituent unabhZingig voneinander ausgewZhlt ist aus Alkyl mit bis zu 12 Kohlenstoff-
' atomen, Benzyl, Phenyl oder Phenyl substituiert mit bis zu 3 Substituenten ausgew&hit aus niederem

Alkyl, niederem Alkoxy oder Halogen, und n ist gleich 2 oder 3, umfaBt, wobsei das Gewichtisverhilinis
(1) : (2) 1:100 bis 50:1 ist.
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saures Katal ysatortragermaterial unfalt mt einer odor nehreren quatendren
organi schen Onl uni odi d- verbi ndungen verteilt auf der CH“ | s
i mwesentlichen kontinuierlicher gpd sggersBiormi ger 30 ‘“H“m:m]ﬁﬂ”m
enthal tend ei ne Organozi nnver bi ndung oder Organosti bi nvet binding" 25. *
Verfahren zur Isonerisierurig eines -y, 8 Epoxyal kens oder eines

y, 8- Epoxyl@y Ehotiidersagitrte Kﬂdusa@ﬁvmnse@hmelsqn@swmfrawanyalkpag od¢y gines
Kont akt i er ungERaxyryglogikeps, mify i dinkeagentistrey nightsawres Yatgysaiopsdgerpatpiish mitegirer joder

fl assi ger PRavereRiapatamasen Oniyaigeidyerbidunggn gpradBs der Elafipition, der yrstehenden Anspriiche

Or ganonet al yareit vk g6t Sbwﬁcﬁ%ﬂdﬁvo Oqlseelal@ wesentlicherskontinyiqrlichey . ypd| einheitlicher Film
(R7) f 1 & Sn- HRYMest n) und (R7)4 Sb-Hal hat, worin R? unabhl ngi g vonei nander

gﬂsggwﬁg JI'rﬁteé qs ,éﬁ%ﬁ'ys er SUbStuntﬁlégegr} nsPiu{: Stg%}asa gg'%re |0dl rb|
20 Kohl enst er su |t'3| er em°Ar %(Lta
Kohl engt offat orren i st Brom oder | od und n i st 1, 2, 3 oder 4, in einen

i nerten %gwgégéa@ateh@ﬂy@aq&mssménsmneIna&. Ang§uch M8 doBE( rgra.mstbm&emw&nn%
zur | SOMer i Ging bERdhdk B8 GeWichr ded QoK) & FBR URIw.-@! 8 GedanfigdwiiitsYdeY Ka@idatorsho
kens mt desusmbéhy K2)Uo 610658 GB.-%, bezodad auf dad desamtgewichi des Katalys&élen, eine Lewis-

Rl - C= - Cs#ure urid]3) ein im wesentlichen nichtsaures Katalysafohribbrmaterial. O i n das ent sprechend
2,5-Difaydrofuran mt der Strukturformel 55 42 EP 0 518 973 B1 _

| 111111 2RuFEgdrgestitkic] KdtalyspibrziisammensetzungVhach Sndprfieh 21, worin die quatbrnBre orgamsche
~~~~~~~~~ R Oniurpiodidverbindung eine ArRboriudn- oder {Rlsisefionipradheindmig 8 kee .8 thisf 20 Gew.-%eder
bi 2 R - Subssechne alstGewichicies dosiids ag bpasaen| duj HesnBesamigawisty, des Keihysatpren.GLrerctinen
sein oder z¥YafierbeviePiireyist avsrendhlt gus Alpimptaljesidenyedinkiodids ZipkshlpridyMagnesiymiedid, 1y
bi s z78 KoFfF'éWQi“GfZF'E‘t'Y)WE'H Titga()i %T'F&‘J%‘f’ﬁm "‘%‘P%g\@% Zirgpnigm Bﬁ‘?dﬂ%@ﬂ@" "oder
eTnes , 8- Epge%‘hgﬂqgé%ﬂ) Eﬁe"&@!"d'f'l s Figeihpel das 07 eRp TNt Pon
50 bis 2000 Wit ges ﬁa&%ﬁ’@’ atal yti schen Menge ei nes Kat al ysat or en

unf a8t , r n r L. 15

dune 1 el O0 PSR P A A il

(R) Y+ 1 R3 (R2) 2Y %

T wy X( R%)tlEﬁe tréger estbtz% Kaﬁ(;@diorﬁganaéensetzung nach Anspruch 19, die ein im wesentlichen nicht-

R3 03 (R2) YéauraR&atag)“a%ﬁ drhaterlaX uiBEriRCoind odbR mehré/AR GiatdritkhSord2RisthBR DRIGHIBHE

vonei nander veas.tmg@eﬁhéﬁemlast de 0Beriths 8veh 81§ fm wé¥oktidhen RAGUIeHIIRS Lind Kiedrfiger

Al kyl -dRest eFilnbing ertHalidfl disedrgandtinnivérbihdun® Bder Oxahadtideyrbin@mgr substitul ertem

Cycl oal kyl mt 5 bis 20

_ 25. Verfahren zur Isomerisierurig eines v,5-Epoxyalkens oder eines v.5-Epoxycycloalkens in das entspre-
chende 2,5-Dihydrofuran, das die Kontaktierung eines y,5-Epoxyalkens oder eines v,5-Epoxycycloalkens
in fllissiger Phase mit einer Ldsung, die 1 bis 50 Gew.-% einer Organometallverbmdung enthilt, dis die
35 Strukturformel

s (R7);—Sn—Halyy-y und (R7)s—Sb—Hal
: hat, worin R’ unabhingig voneinander ausgewshit ist aus Alkyl- oder substituierten Alkyl-Resten mit bis
40 zu 20 Kohlenstotfatomen, Cycloalkyl oder substitulerte Cycloalkyl mit 5 bis 20 Kohlenstoffatomen, Aryl
oder substituiertem Aryl mit 6 bis 20 Kohlenstoffatomen, Hal ist Brom oder lod und n ist 1, 2, 3 oder 4,
in einen inerten organischen L6sungsmittel umfaBt.

26. Verfahren nach Anspruch 25 zur Isomerisierung eines -y,a-Epoxyalkens oder emes +,5-Epoxycycloal-

45 kens mit der Strukturformel
Rl R1 Rl
] ! {
s Rl - c=C - c-\——c - rl (I)
R1 _ 0/

in das entsprechend 2,5-Dihydrofuran mit der Strukturformel
55



Kohl enst of f at onen, Aryl oder substituiertem AryI mt 649+¢ 20

Kohl enst of f at onen, Ferrocenyl, oder wenn Y gle

auch ausgewi hit sein aus Al koxy m tgpop 51828yt Kohl enstof lllj l“)'“mml IH“I
Cycl oal koxy mt 5 bis 20 Kohl onstoffatonen, Aryloxy mt

Kohl enst of f at onen oder Hal ogen, zwei odor dre| R2- Subst i t uent en kennen
zusammen ftr verknupfte Kohl enwasser st of f gruppen stehen, die einen nono-
oder polycyklischen Ring mit dem Y-Atam an d%s_ sie gebunden sind, bilden,
j edes R3 ist unabhangi g vonei nander ausgewAjJA/t aus _Kohl enwasser stoffresten

oder substituierten Kohl onwassers r,est =X, istRY oder 1 und Y ist N, P
oder As,’ 40 (2) eine organonmegati sche E?bﬁ‘mﬁmg mt der
Strukturformel (R7)n-Sn-Halc4-n) und (RN 4- Hal wobel jedes R7 unabh~ngig

vonei nander ausgew~hlt ist aus Al kyl- odo@® substituierten Al kyl-Resten mt
45 bis zu 20 Kohl enst of f at omen, Cycl oal kyl oder substituiertem

Cycl oal kyl mﬁg a(,@aeé R0 J's%ﬂsgtj;éieﬁtbgn? 1-sibe mkei;a RetP L,sirsumﬁ,n LR ! 8
mt 6 bi's 20 KQB\serRbRdn RYdB bus br ¥ e ol r AiRjlentest ik bis zu
oder 4, in eigRifleRitdRidman; Had dle GoHEERh gEié’s' ~ $EoRfalkens2oder Mﬁﬂs AERRYciidhdalRens in
Anspr uch 26, 48P AiRkigsta Bhals bbiadiic? TelBdraté! V3R 150 BAYTRUOF BLrkif oiHéL6Rshg irfer ReMytisction i
ei ner 60 NicRb @ biliesor afuilyls@6rai Gmidbt) @dn @8 inlintledtensl eind, quetbraliré bigedisché Onivdiodiavatbiniy
berechnei al lufg dieditidestas 6 Kotlistbioffatome eleitilt @ndsdie Bindirfermalt enmr en Anmoni um
oder Phosphonium odids, (2) 1 bis 50 Gew.-% einer organonetallischen

Ver bi ndung mi®3*Bi s 24 Kohl enst of fatomen und der- Strukturfornel (R

) 64Sn-1(4-n) und (R7)4-Sb-1 55 wobei jeder R7-Substituent unabhangig
voneinander ausgewahit ist aus Al kyl rR;;t bis zu 8 Kohl enstoff- atonen,
Benzyl , 2Phenyl oder Phenyl SUbStIUJ.I/e t bis zu 3 Substituenten
ausgewdhi t aus ni eder gm Al k2) nite A +¥ial ofen! ofwlrn ist 2
oder 3, und (3) ein inertes organisc q@ 6sungsmttel 43 enth~lt, wobei
di e Konzentration der Bestandteile (1) und (2) bezogen sind auf das

Gesant ggg/vi cht von (1), (2) und (3). 28. Verfahren nach Anspruch 27 zur

| someri Sierung von 3, 4- Epoxyl - buten zm D hydrofuran, das die 5

Kont akti erung von 3, 4- E_poxy | Ir/hﬁﬁfl@s,sg zg Phage_bei einer
Tenperatur von 100 bi 7 150-@& Katakysat or | §ung ufff af 1 t, wel che
(1) 1 bis 25 Gew. -% berechnet als WtAt des lodids, eines oder mehrere

quat er ngs e Ammoni um odide mt der Strukturfornmel RS 10 R5 NR5

|- R-5 15 wobhei, wpisilpdesRe-ubabibsrigig vofdiiandn atidgewtit (5t BB Rastaftai Alkgiuicdge sublstitdiories t
aus Al kyl ni tAHyi-Besen GROziKeb|Kehletsoititoment Geoslkyinatiod agbstjuierteer Gyalaalkyl mit 5 bis 20
Amoni um odi dlobierstvétoment Ayl asleiGiibtibiertem atvbinft & bts 28 Kolfighptotfatdsien, FAFo@ayl, odobwenme s
Or g=hozi nn( | \Y) dleich @ist, kams RS ieyells auch lausgpedihlitseinfaus Alirexvamnit Ris|zu 2Qritphignstoffatomen,

St r ukt uef or medyclpgikoxy mit W 60 S§ﬁb'i Faigmeanafryloomisi6 Gis # Kohtepstafiatpaen toderfialogen,
unabhangi g vEHei ¥anerelr Srpen z“&ﬂg'“%‘l ’HZY"’ ?“°b’F°§'°2"EFs??"3t°“9'“PP°“ stehen,
Koh{ enst of f at45R¥R" "B@ 'p Iy Apipd jpfide

'UP
SubST ¢ uent h diyeig varangp g B?‘E‘ﬁ?eiﬂ ot e, Sealsgen
_ugdsnI i ;fnzegg“é?ne rga ;‘ghx {E%ﬁiér:ﬂ E%F es 25 SI?Gsungrgsm ttegtl
nth~lt.
(R7)s—Sn—Halg-ny und (R )e—Sb—Hal

wobsi jedes R?7 unabhingig voneinander ausgewihit ist aus Alkyl- oder substiiuierten Alkyl-Resten mit

45 bis zu 20 Kohlenstoffatomen, Cycloalkyl oder substituiertem Cycloalkyl mit 5 bis 20 Kohlenstoffatomen,
Aryl oder substituiertem Aryl mit 6 bis 20 Kohlenstoffatomen, Hal ist Brom oder lod und nist 1, 2, 3
oder 4, in einem organischen L&sungsmittel umfast.

27. Verfahren nach Anspruch 26, wobei das Verfahren bei einer Temperatur von 50 bis 200°C in einer

50 Katalysatorlsung durchgeflihrt wird, dis (1) 1 bis 70 Gew.-%, berechnet als Gewicht des lodids,

mindestens eines quaterndren Ammonium-~ oder Phosphoniumiodids, (2) 1 bis 50 Gew.-% einer
organometallischen Verbindung mit 3 bis 24 Kohlenstoffatomen und der Strukturformel

(H7 ,,—Sn—l(4_ n) und (R7)4._Sb—|

5
wobei jeder R -Substituent unabhiingig voneinander ausgew&hlt ist aus Alkyl mit bis zu 8 Kohlenstoff-
atomen, Benzyl, Phenyl oder Phenyl substituiert mit bis zu 3 Substituenten ausgewi#hit aus niederem
Alkyl, niederem Alkoxy oder Halogen, und n ist 2 oder 3, und (3) ein inertes organisches L&sungsmittel

43



29. Verfahren nach Anspruch 28, wobei das inerte organi sches Losungsmttel
ausgew hjt.i st aus Toluol, Xylol, Chlorbenzol, D chlor

oder Mesityl en. 30 30. VerfahrerEmoglnaévsspfuch 26 zurwnmmlummmml
3, 4- Epoxy-i - buten zu 2, 5-Di hydrofuran, wel ches die Kontdktfertind® von *

3, 4- Epoxy-1-buten in der filUssi gen Phase bei einer Tenperatur von 100 bis
1500C mit eanthdkt, wobei slleyifonzeotmtion des Bastendisie @ Bund (2)ibezagan sind ayf dasBpsamigewiohy von
berechnet als@di@®ht des | odids, eines odor nehrere quaternnre

Ammnl um od| de mt der Strukturfor mel .35 A

- N+- R5 CRB Vaga 7 Wi’t'“ﬁ'r*%s'eﬂﬂgz'e" RArPebiuing 2y HBivdradyran, des dej o

e| n Azabi cy'fﬂ“@ﬁ!e ?1"° ‘%fﬂ '8 ?'genlf °F?§§?'“%TP"‘%°' g %%’o bis 150°G

Ri ngkohl ensT' peligig- (8o f;'mr 8 ﬁ%& "‘?g 995 3% PRSIt 58 Efgld?ht 3
bi s 24 Kohl BIEEST Maf'67e F“°'§‘f"“&' Ut °' 7) 6-Sn-1(4, wobei

j eder R7-Substituent unabh| ngl g vone| nander ausgewl hit ist aus Alkyl mt
bis zy,8 Kohl enstoff- atonen, BenzyR Phenyl oder Phenyl substituiert mt
bis zu 3 Substituenten ausgevvl hit ads ni ederem 50 Al kyl , ni ederem _
Al koxy odor Hal ogen, und n ist 8 _odgr.3gpsund (3) Fin Inertes organisches
Losungsmittel enthdit, wobel di"e Konzentration der Bestandteile (1) und (2)
bezogen sind auf das Gesantgewi cht &), (2) und (3). 31. Verfahren nach
Ansprueh 26 zur |sonerisierung von 3, 4-Epoxy-1 -buten zu 2, 5-Di hydrof uran,
das di e 55 wobsi jétenBakibstiwentugabhdngi@yoheibgnderyabisgewdni iist aws Al mit bi€ze 2@ KohidRbleibe
bei ei ner Taamssruad das qualernd@(AnimopiumBaid @nthiilt 16chi5 80 Kellensivfiatomb o] 6 big kG Gawfabt |
we| che (1) elnepOeganmin@id)iodids, dasSrhiscd4ritohlenstofatorssenthiiitivacie Sleuktuferaislds, ei nes
odd\r_/mahrere guat er ngre Phosphoni um odide mt der Strukturfornel 44 EP O

518 973 Bl (R’)n—S"“'«—n) 111 11111 1! 11 R6 5
R6- PR6 R6 st tu t unabhfn von |nander S
aus Al kyl t“ V°"°'"a§%f1 g’ﬂ '%ﬁ
on r Ph I sub tituio; en on_au us
subst i tUI e %thgpgv E}%ﬁ% %
ni eder t oni um od|
"Kohl enstoffat 3 i bI s 25 Gew % e| nes Or ganozi nn( I V) [ od| ds mt 3 bis

24 Kohl epg t\%fvfilf?énox%ﬁ‘ ARELCH 28, walobitdsh tHoftd BHmlscﬂég?&SQun%l&& ﬁudgl wih® isMRBEToniceder

R7- Subst i t U, CHIBABEBINGILIor VAR FRAREEMoPsBORMMNGT. | St aus Alkyl nit bis zu 8
Kohl enst of f - atonmen, Benzyl, Phenyl oder Phenyl substituiert mt bis zu 3

Subst isb uemt\&ﬁahraumglewhdfﬂdch @8 umisaabeisierong ok \8.4-Epokyetlifitehnau/d, scDintrohai®y, whitheegen,
und n i st i Hetakiigrungnan (33 Epekyrt -butedr ih eler tisgigan Bhabee bei Lleitet Merapwrdidr aon a0d hial t ,
wobei di e K&z mitreiter katalydiecheBbEsung dnieBt] die (10)1 kindS GRY.-*b.oeeagbret gls iGdwizbtf dedas

- Gesamnt gewi deridsyeines 2der mehre(elquaternd@p AgmgnigraipdideRpit dan §irdiurfoines 1. Pr oc~d4 pour
1" hsom~risation d' un y, 8-4poxyal cbne ou d' un -, yb-poxycycl oal cbne en |le

2, 5- di*hydr of u-

L N+—R5 -

A N/ I
CH,y

40

wobei R® Alkyl mit bis zu 20 Kohlenstoffatomen ist und A ist sin Azabicycloalkan- oder Diazabicycloal-
kan-Rest mit 6 bis 12 Ringkohlenstoffatomen, (2) 1 bis 25 Gew.-% eines Organozinn(lV)iodids mit 3 bis
24 Kohlenstoffatomen und der Strukturformel

45
(H7)n—sn—'(4—n)

wobei jeder R7-Substituent unabh#ingig vonsinander ausgewihit ist aus Alkyl mit bis zu 8 Kohlenstoff-
atomen, Benzyl, Phenyl oder Phenyl substituiert mit bis zu 3 Substituenten ausgew#hit aus niederem

50 Alkyl, niederem Alkoxy oder Halogen, und n ist 2 oder 3, und (3) sin inertes organisches L&sungsmittel
enthdlt, wobei die Konzentration der Bestandteile (1) und (2) bezogen sind auf das Gesamtgewicht (1),
(2) und (3). :

31. Verfahren nach Anspruch 26 zur Isomerisierung von 3,4-Epoxy-1-buten zu 2,5-Dihydrofuran, das die
55 Kontaktierung von 3,4-Epoxyl-buten in der filissigen Phase bei einer Temperatur von 100 bis 150°C
mit einer Katalysatorlésung umfaBt, welche (1) 1 bis 25 Gew.-%, berechnet als das Gewicht des lodids,

eines oder mehrere quaternére Phosphoniumiodide mit der Strukturformel



25 ranne cqrrespondant, qui conprend la mse en contact d'un
-,, 5-6poxyal cbne ou d'un , 6-6poxycycloal - cbne en phase gazeuse avec umne

guantit6 catal ytique d un ou pl usi gpeEs@EYBREI6S d on| um |
quat ernaire contenant au noins 6 atones de carbone. ;m“l”"m“m II”HIII
revendi cation 1, dans | equel |e conmposd d' onium orgam gue *quét ehri ¥ e sa pour

30 formule: (R)Y+ 1- 1- (R2)SY+-R3-Y+(R2)2+x |-x, 35 R3 |- (R2)2Y/
-Y+X(R2) 1+ | X ou 40 : R6 R3 I-

(R2) Y+- R3-Y+X(R2)x |-x, 45 I \' R~"R3

formul es dans | esquelles 50 chaque R2 gst ch0| si, ind6épendamment, parm

un atonm€ d' hydrogbne, un fragment aTF?fe 0 aIkerIéubstltue ayant jusqu' A
20 atomes de carbone, cycl oal kyl e ou cgél oal kyl e substitu6 ayant 5 a 20
at ones de carbone ou aryle ou aryle substitu6 ayant 6 A 20 at ones de

car bone; un re fedLreF{‘ rs‘aﬁ&mt%nah% | Rbinahddt A4S RERE AR o btGind??
peut egzy oo e e, P bl & B Moo réth ARG
de carbone, GgdrelR m%yunam en-an BoRbHRimiddR dnMBIP F8 s 607Koh eﬂéﬁ&ﬂaﬁ%@ﬁﬁ) Hpi

10 55 at Fesw.0% ofmed O Qﬁzumavwaudghﬁlmuscb4h@h|&ﬂ{bﬂ&omémﬂa détStrliktHofmel
substituants R2 peuvent repr~senter collectivenent, des groupes

hydr ocar byl brerg—sat-is,qui forment un noyau m)nocycl I que ou pol ycyclique
avec |'#onme de Y auquel fls sont fixss; chaque R3 est choisi,

I ndependamre mobei jEeemi’ -Sbbstitientagabingly Yopeinandea rabsgwinii dst eus Alled mit bisgrdrifoblensioff-
EP 0 518 973 a@men, Benzyl, Phenyl oder Phepyl shljsfitbiert mit|bis Fuj3 $qbﬂ]tuemt§mj@yggewéru; aus pledeygm

'S¢ Wydr ocar by¥keneiedesTbiaxy ades Halsgepcure ndst 3igder 3, und (9 eindpsaries aramnisches Lisupgsmitis! |
I a conditi on 9 t. rohep i Kenzamtigiian fiey Beriendipliad1)ruad @) hezeean sind auf dap Brsamipeniot yen;
de carbdhe. $)3DWIERdd6 selon | a revendication 1, dans | equel |e procede
est ms en_oeu A une tonperature de 60 A 2250C de pr6f6rence 100 a
2001 C, et BY¥§Q 'fﬁ'é’ T)reSS| on de 1,02 A 70 bar, de prdference 1,1 a 20 bar.

o o ooy § RO et S I s

cont act dU 3c eCHH ¥se kPR uillg %&t@%&xﬁ% pHi3Rurk %6%&& d’Unﬁl

200 C et souguém,eawgemg,qgu ABind 6 dtomes?de dadbne. 2VEC une quantit6 catal ytique
d' un catal yseur conpronant un ou pluslours |odures d onium quaternaire. 15
5. Proc6d6z. s®taeus! seiohe eedhdication0on dhns Wane 14 eau.ﬁ:ké AoV JigadRiie dlidtontaite ANBour
quat erna r es fama@e: ont |la formule: |

R5 N- R5 | -
o : (H2)4Y+ I~
N I (R2)a Y*-Ro-Y**(R2)a4 I,
35
o ' R3\ |
I~ (R2)2Y+\ Y*®(R2) 14 ITx, OUu
40 . - R3
R3
. I~ (R2)Y* R3 Y*R(R2)x  I7y,

formules dans lesquelles
50 chaque R? est choisi, indépendamment, parmi un atome d’ hydrogéne, un fragment alkyle ou alkyle
substitué ayant jusqu'a 20 atomes de carbone, cycloalkyle ou cycloalkyle substitué ayant 5 & 20
atomes de carbone ou aryle ou aryle substitué ayant 6 4 20 atomes de carbone; un reste ferrocényle;
ou bien, lorsque Y représente P, chaque R? peut également &tre choisi parmi un groupe alcoxy ayant
jusqu'a 20 atomes de carbone, cycloalcoxy ayant 5 & 20 atomes de carbone, aryloxy ayant 6 & 10
55 atomes de carbone ou un atome d'halogéne ;
deux ou trois substituants R? peuvent représenter collectivement, des groupes hydrocarbylénes reliés
qui forment un noyau monocyclique ou polycyclique avec I'atome de Y auquel ils sont fixés ;
chague R3® est choisi, indépendamment, parmi des fragments. hydrocarbylénes ou des fragments
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25 dans IaqueI | e chaque substituant R5 est choi si , 1 ndépendament,

par,m . un groupe al kyle ayant jusqu' & 20 atones de car bo mm" Iuml“ L
substituants Rs pouvant represenigpros@d78@1 venent un ¢ ﬂ“l “I nt
4 & 6 atomes de carbone ou al kyl bne ayant 4 & 6 atones dé carbbne” et® qui
est substitud par un groupe al kyle infdrieur, et I'iodure d" amonium
guat enmi rehwmaib&lmesfg)satuﬁo atones de carbone. 30 6. Procddé selon |a _
revendi cat xomut@oudefts | equel un ou plusjeurs. iodure(s) d' onium (lu%t er nal re
a ou ont 14 rpqﬁqqﬁp@l Pog A ) Ia condition que l'iodure d'onium quaternaire contlerAleau moins _
R- CHé 40 de carfppRs Iaquel I e R5 repr esente un groupe alkyle ayant ]USC]U & 20
atones de ca Sz aza |csycl oal cane o un

n El cé mis’en peuvre 4 uné do 6
di azabi C§/CI2 ?%% sﬁ@{é 3WP1£ (ig rgé cw% n@%re%gt; c?en‘FOéf 76'8&4% pr férearﬁf Qog?l
selon la rg endlcg on 4, dans usi'eurs I odure
guat er nai re "a ou ont pour forrrule 45 R6 i

OR Py, R@ Procédé selon la revendiicatibi3 H&lR PisdrigistRbd &u §hW1-SMQ§tehthQ%tdi%oﬁﬁﬁne,

choi si | NGGRBMERAATRMise dhcdofihct U 3ALPKYA-balbka/ b pridéifdzelst 3 Qe mpérature de 200

at ones de Q3200006st RENUN Presstii~dvy & 2120 HAE NS UL QDS dstalPtinng diuh adatalypans qU' a
troi s substcoipradhiunl Piusibs joaurss d'anlumi qeatbi@alml Kyl e i nfdrieur, al coxy
inferieur et hal og~no, et |'iodure de phosphonium contient 16 a 60 atones
de cardohie.Protédé selod laPeveadichtionst Hang ldquel un ewpiveitius Pniu# guatemalirgs aayent la formule :

| " i somerisation d un Y, 8-6poxyal scne ou d' un 7,6- 6poxycycl oal cbne ayant

pour formule: 5 Rl R1 Rl 1 I i
R CC-C C-RLR 010 & le 2, 5 di hydr of uranne correspondant
ayknt pour fornule: t5 l Rl - ZR R

| ~ 2 R 20 fornul es dansnlseﬁ.qq@_l.qts chaque R~ represente un atone
d' hydrogene ou blen jusqu'a deux sulsti- tuants R peuvent chacun
reprdsenter un groupe al kyl e ayant Rusqu' & 8 atones de carbone ou,
col | ectivenent, un groupe al kylbne Il n6alre ou ram fid ayant jusqu'a 8

at omeg, de %Qﬁstl%aneca uQ%&b@ﬂgﬁt ROSP ErRRP HusdeRdamindht, FAAmGRYripd alldfe ayant jusqu'a
Y, 6- 6D0XY 226 2ol do Gabbhe, ddtx GHRMEHAY A Bk Aftrossibr RAIBSREBSH BN SRuFs Akyiane
une tenper afdhk & aGCatdibs e 33’50ne o aRRrdQAYdnt 48D diunfeS Ub Baibde eflqui st Subsfitudxsar un avec
une quant i ighup@iiioteyihféripue etd'iddiire @RMMORIGM duatsialie catieha g X|6Eatcihiastdaicaronee
supporte ayant une tenperature de-fusion n'exc~dant pas 225 * C et ayant |a
f or mube 6.elPreeédfumplod ef revendicatiom4: dansrienuejwe loc ologjeves iddume(s) &ppintl iqoatérnayag ob opt 1§, 9.
Proc~d6 solf@mulba revendi cation 8, dans | equel |e catal yseur conprend (1)
0,1 A 30 %en poids d au 30 noi ns un conpose d' oni um or gani que
guaternaire ayant au noins 6 atm&sz de carbone, calcull en

~ 35 A/ \N"' - RS I~

N CHZ
\-/;

40 dans laquelle R® représents un groupe alkyle ayant jusqu'a 20 atomes de carbone, et A est le reste
d'un azabicycloalcane ou d'un diazabicycloalcane ayant 6 & 15 atomes de carbone de noyau.

7. Procédé selon la revendication 4, dans lequel un ou plusieurs iodure(s) d'onium quaternaire a ou ont
pour formule : .

50 ]

dans laquelle chaque substituant R® est choisi, indépendamment, parmi un groupe alkyle ayant jusqu'a

55 20 atomes de carbone, benzyle, phényle ou phényle substitué comportant jusqu'a trois substituants
choisis parmi un reste alkyle inférieur, alcoxy inférieur et halogéno, et I'iodure de phosphonium contient
16 & 60 atomes de carbone.



~

poi'ds d'iodure. et sur |la base du poids total du catal yseury
30 % en poids, sur |la base du poids total du catal yseur, JIMqumHlmmll
Lewis, et (3) une mati bre essenti ckp 0528873 Bh aci de de supportc

catal yseur. 35 10. Procede solon |a revendication 9, dans lequel (1) le
conpose d'iodure quaternaire, calcul6 en poids dO odure, constitue 0,1 A 30
% du poi d& typepe aa‘%d%mz%@mﬂons (23 Topey Vigongrisetion 'ynoy Brépoxyiseng gu KB ey Hy
poi ds t ot al ‘fﬂ‘}"y&‘éf’t"’ﬂ"?’?eﬂ!? PO fAMUIRI de de Lewis nin6rai, et (3) une matiere
essentiell ement non aci de de support de catal yseur. 40 11. Procede sol on

| a revend| cation 10, dans |oquel, Ie ca{al pgeur conprend (1) 0,5 a 20 %en .
poi ds, Talcule en poi ds d' |odur % base du poids total du

catal yseur, d'au noins un Hbd-ure=cl armn.mam-onlde phosplgepi um quat ernai re,
(2) 0,02 & 5,0 %en poids, sur angase\ poids total du catalyseur,

d' | odure de titane (1V), d' i odur e zi¥coni um (IV), d'iodure de zinc ou

d iodurg d etain (I11) et (3) une mati bre essentiell enent non aci de comme
support de Céiligbyamidrofurdine berespin@aesl@ants@lrasimid : r evendi cation 11, dans

| equel |la matiere de support du catal yseur est de |'oxyde de zinc, de |la
silice . ou de |I"alumne. 13. Proc~d6 solon |la rfvendi cation 1 pour

| i somerisation d' un y, 6-6poxyal cbne Bk d' un 6poxycycl oal c6- so . ne de
formul os R1 R1 RL | N RY- C—_;,RlC-C R1
(I)Ri 0 47 EP 0 518 973 - - , g1 !ICLlillIM!* en le

5- di hydr of uranne correspondant &%ant\pgur/or rruF‘a R ~Rl1 R1\

1054 ~~~~~~~ dans | aquel |l e chaque R repr~gente un atonme d' hydrogbne ou bien
j usqu' a deux substl tuants R peuvent etre chacun un groupe aI kyI e ayant
Jusqu rmétf sIes le c prése &, tIV nt un ﬁ eXx substi-
lin6al r e ou tﬁﬂ gl ﬁ; uH%a%Tfésfntg ! EE §;°§ Zfc{:rboma ou,
conpr enant ln un groupg il Jire % ﬂ togugs on éd§:
TS oponycy el aﬂaqmseea. aah@a%ug%mﬁoe ;z iy %‘%ﬁi
sous ung pPr ems dpsdfireldelsd 25006 Oc Bedous @r\é‘%ﬁes’éﬂ@d&“@i‘é b @arCﬁB@Lr)é duﬂ’h’iﬁ Hﬂque
catal yseur CaifoRBe:8id'oHin oRRBER uRBHAKR stifpoftéldyaindRinpératthd db RRIH Fresbs

Or gani que quazb €C By laG6rHul a8 Guendéfinid#dns I'dhe JLEKTRGuo W8S RRdnBIOAIBNL & ayant u ne
tenperature de fusion n'excddant pas 225 C, et ayant la formule telle quo
d~f i ni e dansPrbcéos esianuie IrevendipationB? darnsdat@eldée eatblysetrscotp®nd (1) 011 A &) %0ed poids @GUT €
de titame 20moins nl ddmposded'dniumociganinuel quatdrmaire ayantray indihs 6 cdombs Ho darbane deicals B8 Ou
de |'i odur e reideidigdare (et bur Ia basedy pgifsdetal ducatdidsent, otig) A1) 3 3Q% engioks tsurl@base d&.
5:1., 14. Prrodétaidy eaia'xfsetunéurncﬂsmlp doheyie eﬂébunpw&ndmatﬂplbmntppdmamwon
dans | equel q°'°5'éW€Pé' de Levvl s est choi si parm de |'iodure de zinc ou

| " i odure g eta n 15, Pr006d6 se on Ia r vendl catl on 1 pour

1 isondfi °" "W 6'%%;? giprgairec 'C”HcP"e‘f?'dPe
t % I’?f‘ id
2 \/hydr of urJd?&‘I'%}etﬁ eur, un dmde vﬁs mum ral, e I gl Bivcd Tsa&'

une matiere essentl ement non acide de

support de catalyseur

40 11. Procédé selon la revendication 10, dans lequel le catalyseur comprend (1) 0,5 2 20 % en poids, calculé
en poids d'iodure et sur la base du poids total du catalyseur, d'au moins un iodure d'ammonium ou de
phosphonium quaternaire, (2) 0,02 4 5,0 % en poids, sur la base du poids total du catalyseur, d'lodure
de titane (IV), d'iodure de zirconium (IV), d'iodure de zinc ou d'iodure d'étain (ll) et (3) une matidre
essentisllement non acide comme support de catalyseur.

45

12. Procédé selon la revendication 11, dans lequel la matidre de support du catalyseur est de I'oxyde de
zing, de la silice ou de I'alumine.

13. Procédé selon la revendication 1 pour lisomérisation d'un -,5-8poxyalcéne ou d'un y,5-6poxycycloalci-

50 ne de formule :
rl Rl Rl
Rl <': c : : 1
- C=C = Ceem(C - R I
55 i N (I)
R1 (o]
47
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)

6poxyal cbne, ou d'un y, 5- 6poxycycl oal cbne, en phase gazeuse, avec une
quantite catal ytique d' un catal yseur conprenant (1) au nbins un conmpos4d —

d' oni um organi que quaternaire, tekpqsggdedBni dans 30 MIIH e
des revendi cations prec6dentes, et (2) un conpose d orJ WIMI ﬂmrun
conpos6 d' organosti bonium 16. Proc~d4 selon |a revendi cationt15* dans -

| oquel au n®lipdSyikvdefsaeconspadeiateal aopiferauls :pour fornule 35 (R7),, - Sn -
Hal (4- f) et (R7)4 - Sb - Hal fornules dans | esquelles chaque R7 est

choi si, inddpendamment, parm un fragnent al kyle ou al kyl e substitue ayant
jusqu'a 20 40 atones de carboneglcycl oalRyl e ou cycl oal kyl e substitu6

ayant 5 a 20 atones de carbone, a{yl e\og_a(yl e__§ﬂmstitu6 ayant 6 & 20
atomes. de carbone; Hal reprdsent® tm gr6Upe drono ou iodo ; et n vaut 1, 2,
3 ou 4. 45 17. Proc6d6 selon |agt ver‘xﬁoc?/(on B} dans | oquel le

catal yseur conprend (1) 0,5 a 20 %en p b s. calcul 6 en poids d'iodure et
sur | a,base du poids total du catal yseur, d"au noins un iodure d' amoni um
ou de phosphoni um quatenmaire, (2) 0,02 A 20,0 % en poids, sur |a base du
poi ds t ot al adlsl If@éie! chaqierR! @prsdnt8 AnOgend. BBlydloglhd) o ®Rh Jusou'd Id¥ix subsinRRBM 3 a
24 at ones dgsutent SRNMadtih uAgBide dMYierayind jusgitses atlries de carbbid)dd form&ncolleciifefhret)undans
| aguel | e chgroupe atkyltrst lindairaiob rdbfiéagént jubgriss gtorhascio perhol@MaprocédéEamprenantila gniseup.
al kyl ersayanén gonsciiduar.s¥poxabicime su den eafirsyryclodicdne ph ehasp béayse & ue tepipdmtptecie
substitue péfaj2B% queiRsors uiespression tdet1.fdrk 0 barotves ynectiantivh catelytigve dipn GEalyseur
groupe al ky$amprenrt ppesmpsse fondugyde (1)ref Gnoing yp iadure idoniyy @ragniguecquatgrmaivg gontonagh puz
et Q(«'«x) une MeiPS B elomas de Garborp| o ARt Unedpmpgratye de fusioq E']SEFPE"’“H gasc22B 268 @ygnt lag g
EP O

518 9g7lermy te_;lle que définie flans l'une ql:x.ecc‘gq e ?&“FP ' ' 6 t( d? E‘%'f:ﬂ:ﬁ’ j eon
15 Cadhe | ik lgggggggggg-gmawawaW e Tgor1HeR (b EPoRCoTBR e
i odure d' antBhGRMSL" hosphoni um quaternaire, (2) au noins un hal ogenure

Fo7r9heo% bl g USROS 8L 0B U BB

choi sij i ndc B'gnpéam‘rent, parm un groupe kyl e ayant jusqu' A 12 atones de
carbone, 1BeHZUE soldtE RYbrfRicRidn R PBENIsEmEdRRA 1M S.s-BithyalcRIdl dn"\P-époxycycloalcs-
substituantg ehad Sishydrb@hd EesPondant, £0 procéddd cothipéham! 16 YrhiSe ioh f@hthd U'un R5-COXY
i nfrieur ousdamjaRPRNEU d'ullysBpdigeliciodesnsl b, pHase HaxiRa) vep @REl Quantits Ctatalytlgue (Rh

val ant 1: 10étafyséd .cdmprdridnt @paPMGihd Ur0 EongheséCalbrilny BrgaHiqus WdhaterAdid el due [WfiHi dans

| ' i soror i s altune huettontue Vesrevipdizationslppdcisdeates ot ) uncoppésé diogganoétain (IV) ou un composé
6poxycycl oad'rgdmagibordompr enant une nati bre essentl el l enent non aci de de
support de catal yseur ayant un ou plusieurs |odure(s) d' onium quaternaire,
sel | a 16:47rPesiié selon tel eavendicatipn 18, dang ipquelAuanainsivg gemensé orgenpméiliqueta Resformule
precddentes, distribu6(s) sur sa surface sous forne d une pellicule
“sensi PP enent ,coptinue et uniforme. 20 20. Conposition de catal yseur sur
support sel G 13 1 Rendt &k 78R, dans | aquel l e | e conpose d'iodure
guaternaire %%Isggnls(?esen oi ds dM odure, constitue 0,1 A 30 % du poids total

T quelles
du catal yseﬁﬁue R’ est choisi, indépendamment, parmi un fragment alkyle ou alkyle substitué ayant jusqu'a 20
40 atomes de carbone, cycloalkyie ou cycloalkyle substitué ayant 5 & 20 atomes de carbone, aryle ou

aryle substitué ayant 6 & 20 atomes de carbone ;
Hal représente un groupe bromo ou iodo ; et
nvaut1, 2,3 ou 4.

45 17. Procédé selon la revendication 15, dans leque! le catalyseur comprend (1) 0,5 & 20 % en poids, calculé
on poids d'iodure et sur la base du poids total du catalyseur, d'au moins un iodure d'ammonium ou de
phosphonium quaternaire, (2) 0,02 & 20,0 % en poids, sur la base du poids total du catalyseur, d'un
halogénure d'organoétain (IV) contenant 3 & 24 atomes de carbone et ayant pour formule :

50 (A7) =8N - ka—ny

dans laguelle

chaque substituant R7 est choisi, indépsndamment, parmi un groupe alkyle ayant jusqu'a 12 atomes de

carbone, benzyle, phényle ou phényle substitué par jusqu'a trois substituants choisis chacun parmi un
55 groupe alkyle inférieur, alcoxy inférieur ou halogéno ; et

n vaut 2 ou 3 ; et (3) une matiére essentiellement non acide de support de catalyseur.

48



21.: Conposition de catal yseur sur support solon la re ' 1 on 19, dans
| aguell e (1) | e conpose d'iodure quaternaire, calcul 4rM@ﬁwDWHEMe
constitue 0,1 A 30 % du poids totaEP@s18araBYseur; [le*C L . '
contenant aussi] (2) 0,01 A 30 % en poids, sur |a base du poids tot al - du
catal yseur, d' un acide de Lewis et (3) une nmati bre essentiellenent non

aci de” de Sppopide gelon !it"’a‘f‘:g@‘éﬂ?". 15 gansclegvplde ic?t?'b?‘if"o‘i?"@'&f'dd}‘gﬁ'é%?ﬁe ?ﬂ?“esﬂﬁrdycﬁ‘t
selon |l a rev@ﬂ'%&'h‘f’?'%‘hd nonipihu de-phigsahpniun qualemaire, (2) 2y AOWRY PRIRRRYR, L organoe-
quat er nai re BC{VhgPtepIrhd 2 84 gORAIS TR 24P8 RHGEBM BRI um qui constitue 0,5 a
20 %en530 7 PQHF’ calcule en poids d'iodure et sur |a base du poids
total du catsﬁ&?seur,“"&t | " aci de de Lewis est choisi parm des iodures de
nmet aux al cal &QE’ Gfie! ' 10odure de zinc, du chlorure de zinc, de Il'lodure de

a

magnesi um  dgol oo BUHGn & SLihdisi (hdébonddhindnt, ipan.w,egrsl.'fp@s@;»@a;a%asqwgez Lo 4T €
)

de titane (I fnonsl@and! SridsIEALHHRASsuBstitus par jusqua told|sBbstitiaisSchEisis 1i:ﬁstc@tnf‘an(\il ) -
de | i Ogur & gleueiahiie ekl (dokly imdfout o @i - manganese (1), 'du_chlorure
de manganesen(dut2ougle | 'iodure de fer (I'll) ou de |"acetylacetonate de fer
(111), qui cenéabpbrt psdbsral@e @3:(2kvdlanD1:#603%50:1. du poids total du catal yseur.
23. Conposition de catal yseur selon |a revendication 19, dans laquelle la
mat i bre da9sOpmositionedd celly$eun xyrdsippet poun d'jsoaiérishtion sd'in @.e-6pmiyatigidhé al udinnes- 40
24. Composi t érorycycoaliuipre. gumranan yne metidemssentiaiibroent hop acide dmslippart decoatalygsur ayant
conpr enant utreownplpsigyrscioduse(s) ifanium) quaterpeire; seingna géfinilen desnéadans unerquelgenque des
cat al yseur, %“yandipafions, prégrdantere disiiibis)| BIr Senurfepestors e ime grelligyie) Sprsibplegient

i odur es d' onfANAYS PYEIYRBe quaternaire sous la forme d' une pellicule

sensi bl engnt _continue et unifornme, et |la conposition conte t un coppose
d or garfbeth FoTRESAT e e ?yﬁ?ﬁ 'El_?"ﬂ%"?'d?i'.‘s ipglioc oy oiddrd

| i soneri sat TBR @ URIPCLPERERST SPEBTREHe &' A0 % LS %f’%&‘?@@ﬁ'ﬁ' en le

2, 5-di hydiQf b 8RG GO SHPHP ARB sefbillia SUNRERO1d, BorlThsdons ) OB dockld

Y, 8- 6poxyal cﬁg o, Qaldth 5’?;% d Ers_y éag.} 0,1G800% deeoaaé’g\‘aéﬁdfaaéw ﬁe flo BSfsebN€
sol utiog CO”&B@Ha?a%usliz 201 % RN NI gbiis Csub 1 1586THY PEIdLIRPAPERAR6LY! arurfiabitedsant
pour for mul eewaGt (3) unelrhafidra vS¥antafidnicfit noh a@ldle deldBpoft-doRatali®dly. dans | esquel | es
chaque R7 est choisi, inddpendanmment, parm |e fragnment al kyle ou al kye
substi t ue 2yedMpojitihgie datadibeart QIBEPPIAR RRA O MEvendicatidn024, ladhse lagublis Yiotipa | diovium
substitu4 ayagdnigbe guaRtithairé estis coteposdi tib@maniund by He ptspholium qui cansfitue 0SULL2N %eteane
ayant Goa 20poidsocalsiéd® mis ohitiore dtialr Ia dpsechicovide total ducstkigsdor, ehtacida de dews estt n
vaut 1, 2, 3choiai parmicten dodunas dométamt aleaiicgade diodure deerince du gijorure dBRING, €®11Bpdgre3leBi

. I NE 11111mggnfsiums te Tipdure d'étain (IDale I'ofese dd@@indW). de lipdure dotitand iV desgftrepisogintasy

| ' Y som-ri satiniéfputy detitane_ (W sieyliadems e Z{SEP"H'"LKW)-)HGS'JQS‘JHGW papage. (s v shienyg o
pour for mul gnanganese (In, de iipdure fg fer(lll) ou de Racétylagétenate_derfar (), gui constitupnt 82 2°6,0 %
10 - Bn | duPols (gl Jy PSP Unne correspondant ayant pour formule: RI

Rl\.;flS R 23. éom7pogtion de catalyseur selon la revendication 19, dans laquelle la matiére de support est de I'oxyde

de zinc, de la silice ou de I'alumine.

40 24. Composition de catalyseur sur support selon la revendication 19, comprenant une matiére essentielle-
ment non acide comme support de catalyseur, sur la surface de laquelle sont distribués un ou plusieurs
iodures d'onium organique quaternaire sous la forme d'une pellicule sensiblement continue et uniforme,
et la composition contenant un composé d'organoétain ou un composé d'organostibine.

45 25. Procédé pour lisomérisation d'un y,5-6poxyalcéne ou d'un vy 3-époxycycloalcéne en le 2,5-dihydrofu-
ranne correspondant, qui comprend la mise en contact d'un ~,5-6poxyalcéne ou d'un y,5-époxycycloal-
céne, en phase liquide, avec une solution comprenant 1 & 50 % en poids d'un composé organométalli-
que ayant pour formule : '

50 (R7)y—Sn—Haly-p) ot (Ry)e—Sb—Hal

dans lesquelles

chaque R’ est choisi, indépendamment, parmi le fragment alkyle ou alkye substitué ayant jusqu'a 20

atomes de carbone, cycloalkyle ou cycloalkyle substitué ayant 5 & 20 atomes de carbone, aryle ou
56 aryle substitué ayant 6 & 20 atomes de carbone ;

Hal représente un reste bromo ou iodo ; et

n vaut 1, 2, 3 ou 4 ; dans un solvant organique inerte.



20 fornul es dans | esquel | es chaque R reprdsente un atome d' hydr ogene ou

bi en¥j usqub deux substi- tuants Rl peuvent etre chacu ‘ul"mlﬂ'm("“mnr
ayant jusqu' a 8 atomes de car bon€Pausfs@e?s®d col | ectiv

al kylene, lineaire ou ramfie, ayant jusqu' A 8 atones de car bon

procede conprenant |la m se on contact du vy, 5- 4poxyal cene ou d'

y, 6- 6pox§ee Pedcéds solonda igyenpipation 2% P%’Ul'ﬂ&“é"%?"'%d un v, @’alc@'}?p?@rdd{"m’?p%c‘@@a'a 200
C, avec unéerecvent per famylee quantit6 catalytique d' un catal yseur conprenant

(1) au noins un |odure d'onium organi que quaternaire, conpose contenant au
noi ns 6 atonmes de carbone et aglant m:iur Hbr mule: (R2)4Y+ 1', 30 R3 fI

(R2) 2Y+ . Y+X Iéj 1y ou 35 ' |
R3 R3 40 l{ 8<Y+ = Y+>§R2) X I-( )RS dans | esquel |l es

45 chaque R2 est ch0| si, |ncmpenda3ment parm un atone d' hydrogbne, un
fragnent al kyle ou al kyl e substitu6 ayant jusqu' A 20 atonmes de carbone,

cycl 0@:} kyl § %Jz&af.@id%lrMéeon%sﬁaﬁaahw&uammrméea 20 atones de carbone, aryle
ou aryle su stltu ayant 6 a 20 atones de carbone, ferrocenyle ; ou bien,

| orsque Y represente P, chaque R2 peut dgal enent 8tre choisi parm un
fragnent al coxy ayant Jusqu' A 20 atones de carbone, cycloal coxy de 5 a 20
at ones de carbone, aryloxy de 6 a at ones Rfe 50 car bone ou hal ogdno;
deux o4 trois substituants R2 p gavent e esent NL g4l pris ensenbl e ou '

col | ectivenent, des groupes hydrgg}r'byl bnes r~e.L| s qui fornment un noyau

nonocycl i que ou pol ycyclique av a\one Y Rt | oquel Us sont fixes:
chaque R3 est choisi, indépendamment, pgyym des fragnents hydrocarbyl enes
ou\des fragments 55 hydrocar byI enes substitues x vaut O ou 1, et Y

repr 6§‘ént e N P Ou s.que Ies) chaque l-% sesent(gr aa'?o(r)nrgdé ﬁm,: ?a?t udrewj Qﬁ)&y €.

i i p
(R7) 6- Sn I—laFIJ Ef ? ° .%z éfa n ||n9; 2 S 7ou form s
choi si, Bg ?%ﬁ %p'ﬂ ?crg i L% %.x” éﬁi?{é}o Em&nsls %r.asw .&yant

j usqu’ ? 20 u’e\ QezooCJCLJS@ s'suuﬁm SVl QRhttY |cBtalghiRs drnUgutaRdeunt 5
a 20 at Omascoﬂﬁreﬁa?lf PRE moﬁi@%%dﬂ#é %Mnﬁo@&%ﬁ& iqhiaténahy 2ddinpSsécoriGnant STRGIngle

car bone; HahoreS 5 BA6IAb 6t dybnt @b ¥A@uIO OND ou i odo; et n vaut 1, 2, 3 ou 4 ;
dans un sol vant organi que inerte. 10 27. Procede selon la revendi cati on 26,

dans | equel®hgar+proc6de est m s en oeuvre & une tenperature de 50
) 30 S

‘ _R3
e / \ -
w I=  (R2),¥* Y*X(R2) 14  ITxs ou
\ 3
"85 ' R
\\J /R3\
w0 I~ (R2) Y+ ——R3—— Y*X(R2),, Iy,
\R3/

dans lesquelles
45 chaque R? est choisi, indépendamment, parmi un atome d'hydrogéne, un fragment alkyle ou alkyle
substitué ayant jusqu'a 20 atomes de carbone, cycloalkyle ou cycloalkyle substitué ayant 5 & 20
atomes de carbone, aryle ou aryle substitué ayant 6 & 20 atomes de carbone, ferrocényle ; ou bien,
lorsque Y représente P, chaque R2 peut également étre choisi parmi un fragment alcoxy ayant jusqu'a
20 atomes de carbone, cycloalcoxy de 5 & 20 atomes de carbone, aryloxy de 6 2 10 atomes de
50 carbone ou halogéno ;
deux ou trois substituants R2 peuvent représenter, pris ensemble ou collectivement, des groupes
hydrocarbylénes reliés qui forment un noyau monocyclique ou polycyclique avec I'atome de Y sur
lequel ils sont fixés ;
chaque R® est choisi, indépendamment, parmi des fragments hydrocarbylénes ou des fragments
56 hydrocarbylénes substitués ;
x vaut O ou 1, et
Y représente N, P ou AS ;
(2) un composé organométallique ayant pour formule :
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& 200 C* dans une sol ution' de-cat'al yseur conprenant (1) 1 & & 70 % enpoteds—_
cal cul e en polds d'lodure, d au nolns un | odure d' anmonl um

phosphonl um quaternalre ; (2) 1 a ¥ ¢6mwemaids d' un conposm'mﬂ”,”"lﬂm,ﬂyﬂ
organonbtal | i que contenant 3 a- 24 atones de carbone ayant pour ¢fo
(R7)f-Sn-1(4-n) et (R7)4-Sb-1 formules dans | esquelles chaque substituant

R7 est choisi, ind;ﬂendamrent parm un fragnent al kyle ayant jusqu' & .8.

at omes 20 Rore-SeaHBomeet BramBpr¥al phenyl e ou phenyl e substitue par jusqu' h’
trols substituants choi SI s chacun parm un reste al kyle inferieur, aI coxy

i nfefieur ou %A’ Bs - vut ou slvat or.gan e
| a concént ratCP‘Eﬂ'i glﬂ q @i” g;‘g ni’? gaé%% ‘ébgﬁ%uéé' £%€
total de (1) 2 j\bs car g e‘Pe Tyg 8108k | %ﬁar e'p(% .
| ' i sonmeri sat |ﬁ§ ;B it J&éeF 2, 5-di hydr ofur anne, qui conprend
la m se en cg, q‘ Q,%g,vi : g{me f&n phase liqulde & une
tenperatjire de . avec une sol ution de catal yseur conprenant (1)
1 A 25 % ey, rpdcBds seﬁaluacméﬁa.eﬁorp@d dnsocuél (/prBesdél odt Midah dalHé b QhY Bmpdistuts @8 50

d" ammoni um Qo8 ¢ adnk Ane6RMAéN Mdt’alyﬁéﬁf 88pRonant Q1) IRA 76 938n poids, calculé en poids d'lodure,
R5-N-1- R5 dars rhagusl béurd Bagthenidn b6 tde tphesphonidm quiterraind ¢4) .1 4 B0l 6P en geivsTa'nd |
parm un fragoepdsé alghnpmétatiguacbntéant 3 2 24uanes 8e 28barb eyaetpodefommiebone, et

| ' | odur es d' ammoni um quaternaire contlent 16 A 60 atomes de carbone, (2) 1 A
25 % en poi d$R—En—lodet&)d-8hrdanoetain (1V) contenant 3 & 24 atones de
carbone et ayant pour fornule: (R7)n-Sn--1(4-_ 45 dans |aquell e chaque
subs#i t uant mmgqua@ﬁ@p@plles, ndependament, parm un fra rrent al kyl e ayant
jusqu' a_8 at Shwwe a'é’si‘,t%ﬁ“bﬁnés‘ cb%%z ééend Ipér H,?E% ky&ﬂ?@?‘l"{sﬂ'éé &lomes
jusqu' a®troi §°§6‘B ﬁﬂ%& £haaylg oy “&'ﬁ Qi pgituaty Ghaisis Gap paTY |
al coxy inféri Bu‘?’tecﬁfaé'ﬁéﬂ coxy i "%'bm‘ t 2 ou 3; (3) un solvant
organi que in d V. | , | e
solvant or ga é’a“ﬁssag '%f’% it EM%F%% ﬂ%gg%"%fﬂ%’%&?>2§éﬂ§‘%i“§fﬁh?£§ﬁ‘ o pie
chl or obgnzene i robenzbne du pseudocunbne ou du nesityl bne. 55 30.
Procede SeJ!@ brdcBud VRN kdvdtalc@ion 26 dR@Uisoérisafitdul $PépoP1-6lRne en 2,5-dihydrofuranne,

3, 4- 6poxy- 1- kit d3MBrofd)1anist- 6hl dOMtEL @l 5.4-8P0XF-1-blttie, 6PPHAEENYTINS 8 uid BRpERuE DA
du 3, 4- 6poxy-1de 1) kB @ne SUUHAS Catdlysélid ic6lfprénatt(6) 1 £ PRI el ddide, cdiRuld B0 pdsldibliufs,
avec une sol uitun@d plsidupd igduredtamer@nim @D@sThaire Zyanflpofr Aimulb:an poi ds, cal cul e en

Fse tbu

poi ds dad odure, 51 EP 0 518 973 Bl ITiipll
o B
l +
36 RS~—N— RS I~
C RS
U

dans laguells chaque substituant R5 est choisi, indépendamment, parmi un fragment alkyle ayant

40 jusqua 20 atomes de carbone, et lodure d'ammonium quaternaire contient 16 - & 80 atomes de
carbone, (2) 1 & 25 % en poids d'un iodure d'organoétain (IV) contenant 3 & 24 atomes de carbone et
ayant pour formule ;

(R7)i—Sn—l4-n)

dans laquelle
chaque substituant R7 est choisi, indépendamment, parmi un fragment alkyle ayant jusqu'a 8 atomes
de carbone, benzyle, phényle ou phényle substitué par jusqu'a trois substituants choisis chacun parmi
un reste alkyle inférieur, alcoxy inférieur ou halogéno ; et

50 nvaut2ou3;
(3) un solvant organique inerte.

29. Procédé selon la revendication 28, dans lequel le solvant organique inerte est choisi parmi le toluéne,
le xyl&ne, du chlorobenzéne, du dichlorobenzéne, du pseudocuméne ou du mésityléne.
55
30. Procédé selon la revendication 26 pour l'isomérisation de 3,4-époxy-1-buténe en 2,5-dihydrofuranne,
qui comprend la mise en-contact du 3,4-6époxy-1-buténe, en phase liquide & une température de 100 &
150°C, avec une solution catalytique comprenant (1) 1 2 25 % en poids, calculé en poids d'iodure,
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d' uir ou plusieurs |odures d' ammoni um quaternaire ayant pour fornmure—GC2 5
A OoN+-R5 |- CH2 dans | aquelle Rs repr6jm nent
al kyl e ayant jusqu'a 20 atones deep@ar5199e3Bet A est le re Nﬂm"”‘”@ﬂw”ﬂ
azabi cycl oal cane ou d' un di azabi cycl oal cane ayant 6 A 12 at'onts de SOOM
‘de noyau; (2) 1 A 25 %en poids d un |odure d' organodtain (IV) contenant 3
A 24 at omesd'deouwRiysipuisdodures d'gmmeniyinaueterngiraqypet poyrfermyle Sn- 1(4-n) t5 dans

| aquel | e chaque substituant.R7 est choisi, ind~pendamment, parm un
fragment al kyle ayant jusqu'a 8 ewgnes de carbone, benzyle, phdnyle ou

phl nyl e substitu4 par jusqu' & 4 ol s\s*Lb_s_g'guants cfgl si s chacun parm un
reste &l kyle inf6rieur, alcoxy*xnf 6pfeur 'Ou hal og6rio ; et 20 n vaut 2
ou 3; et (3) un solvant organi quesnerte, | es concentrations des
constituants (1) et (2) 6tant fond6es sur le poids total de (1), (2) et

(3). 31. PrafsolGucht r®Regrdserh &%&&é&h Al a?“‘}&% 20 abori3LHE batitnb AR ALYk fe reste
3, 4- 6p@XY - 1aWiAh& cRilcane ﬁé'h K JIoRIEIRE ay=ft 2 12 atdths do QEBSHR/HE nbydu M1 S€ €N
contact du @) 4-2680%YenlpoidB R RALR L' RGERSRaid (1) WohtenantSs 4 DR afoRBPES Bdrbtn6 ofif)adt00 &

150 C, avecpddp@msud Ution de catal yseur conprenant (1) 1 a 25 %en polds,
calcul 6 en polds d'lodure, d un ou plusieurs d'iodures de phosphoni um

guat er nai r e(RAy-asd—Iipour formule: so  ~~mmmee R6 |
+ R6- PsR6 |- R6 35 KJ-' dans | aquel | e chaque
substit uantdérRélaqeelle choi si, inddpendanment, parm un fragment al kyl e ayant

jusqu' k 20 eheepesybselitvartdy rghehoish isdépendammentdpapnicunditramerd elkyie aymnbivsquid fhaterees
j uswt' & t r off&sCAN9RY PPRZYIArRNENYIS QY RhFRYlecTYBRIIG PRIAKSIN'E (RIS GHRSIRBROtSANRISS Shacyt R e ur |
al coxy i nf ~n '88ip alkyle ipfriqyp ajqexy inffrieyr-ou SgfegéRo o phospho- 40 ni um cont i ent

(1Y coner i 2w Al i Bt b ot SRR

(1V) contenihi" ¥
(R7)n--5n- | ZT}-’??,“)Ag s laquel l e chaque substituant R7 est choisi,

i nddpendagmBRiss REEa r%%niiéaff} {:ous’ﬂ'riéa%e%sa%&ﬁm 34 S B BuBnPbPEB SinflforsaB.one.
benzyl g, Phgii ¥érfpréd 1PREREH EonBidiRitd, 4 &55xPRbutInk 3A bhase iduidb, S Gd Rehidatatid\de>100 2
choi si s chafggRcPREine Wbiutbh A RetaieliydompleRdnE 1) € Wr25 %R 6 Pofds, bAkduR! dn§idids Bibdure,

hal 0g~no ;| &bn &lusieurs Aiddards de’pHobhdnium Gatenaire wantg;ebr\f&n.me@r gani que inerte,
| es concentrations des constituants (1) et (2) dtant fond6es sur |e poids

total de (1), (2) et (3). 55 52

30 RS
] +
U R6—p —RS I-
ks
35
\J | dans laquelle chaque substituant R® est choisi, indépendaminent, parmi un fragment alkyle ayant

jusqu'a 20 atomes de carbone, benzyle, phényle ou phényle substitué par jusqu'a trois substituants
choisis chacun parmi un groupe alkyle Inférieur, aicoxy inférieur et halogéno, et Iiodure de phospho-
40 nium contient 16 & 80 atomes de carbone ;

(2) 1 & 25 % en poids d'un iodure d'organoétain (IV) contenant 3 & 24 atomes de carbone et ayant
pour formule :

(R7)i—Sn—l4-n)

45
dans laquelle
chaque substituant R7 est choisi, indépendamment, parmi un fragment alkyle ayant jusqu'a 8 atomes
de carbone, benzyie, phényle ou phényle substitué par jusqu'a trois substituants choisis chacun parmi
un groupe alkyle inférisur, alcoxy inférieur ou halogéno ; et

80 n vaut 2 ou 3 ; et (3) un solvant organique inerte,
les concentrations des constituants (1) et (2) étant fondées sur le poids total de (1), (2) et (3).
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