PROCESS FOR--THE- SEPARATI ON OF OLI GOVERI C MATERI ALS FROM A CATALYSTﬂM%%FURE
This invention pertains to a process for the 5 recovery of cataly%f

val ues” from m xtures of catalyst and oligoneric materials. Mre .
specifically, this invention pertains to a process for 'the recovery of t he
conponfents of a catal yst systemutilized in-the manufacture of-

2, 5-di hydrofurans by the isonerization of 10 [err]-epoxyal kenes. The
preparation of [err]-epoxyal kenes by the sel ective nonoepoxi dati on of -

but adi ene and anal ogous dienes is described in U S. Patents 4,897,498 and

4,950,773. U. S. Patent 5,082,956 discloses-p&otesses 15 for the
preparatlon of 2, 5- dlhydrofurans by |soner|2|ng [err] epoxyal kenes in the
presence of catalyst systens co 1 # gpounds and,
optionally, an inorganic Al Toidyo s CeLt &gg% rc halide
conpounds. The discl osed 20 HTotesses— v y processes

wherein a vapor of the [err]- epoxyalkene reactant is passed through a
reaction zone cont ai niThis hnwettilors pesyration ®hi shproceast fier{ Bheén of a

mol ten saltgor a {-ééawzgy%f (ATt RATuedC icton ﬁ!ﬁﬁﬁfésnafeéaaélyé'ﬂl s gas

phase process e an i1nert gas diluent suc f ﬁﬁen or’
heliumand is co t%%PQRm%F%QHﬂﬁﬁ%ﬁ -ab¥er et FRSf %?ﬁb $oi HEEBf the
catal ytical | y-act ineestion jsdrtnifEon@ntas prby:]essalfby aheareenpemtqfetm 130
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di hydrofurans in mammfaQﬂnIbrﬂﬁnﬂaSrﬂmhyde£@raﬂﬁthoth§hésﬁﬁﬁﬁézﬂEEQF|%%d
catal yst sygten1|p gubpoxyalkenes.

The preparation of vy,6—epoxyalkenes by the
selective monoepoxidation of butadiene and analogous
dienes is described in U.S. Patents 4,897,498 and
4,950,773. U.S. Patent 5,082,956 discloses processes

15 for the preparation of 2,5-dihydrofurans by isomerizing
7,6¥epdxyalkenes in the presence of catalyst systems
comprising certain onium iodide compounds and,
optionally, an inorganic Lewis acid andsor certain
organometallic halide compounds. The disclosed

20 processes include vapor phase processes wherein a vapor
of the vy,é—-epoxyalkene reactant is passed through a
reaction zone containing the catalyst system which is in
the form of a molten salt or a film deposited on a non—
acidic support material. This gas phase process employs

25 an inert gas diluent such as nitrogen or helium and is
conducted at a temperature above the melting point of
the catalytically—active catalyst components, typically
at a temperature of 130 to 150°C. :

In another embodiment of the isomerization process

30 disclosed in U.S. Patent 5,082,956, y,8—epoxyalkenes are
isomerized to dihydrofurans in the liquid phase using a
solution of the above—described catalyst system in an
extraneous, inert solvent and a temperature of 100 to
150°C. This procedure uses a hydrocarbon or halogenated

35 . hydrecarbon solvent, such as mesitylene, pseudocumene or



extfaneous, inert solvent and a tenperature of 100 to [err]. This procedure
uses a_hydrocarbon or hal ogenated 35 hydr ocar bon sol vent, such as
!nesitylene, pseudocunene or . -2- dichlorobenzene, having a boiling point
hi gher than the 2, 5-di hydrofuran product to facilitate isolation of the
‘product fromthe catalyst solution by distillation. 2,5-D hydrofuran may be
thydrogenated as described in 5 U S. Patent 4,962,210 to
tetrahydrofuran, a val uabl e conpound useful as a chem cal process sol vent -
and as an internediate in the preparation of2pelynmers such as
pol y(tetranet hyl ene ether)glycol. A particularly convenient neans for the
preparation 10 of di hydrofurans by the isonerization of [err]-epoxy-
al kenes' conpri sesdichloxokendans, heorirg@oboidingepoinkchighen than the
Lerr] - epoxyal keney} Alii il dvotdrdf idie e sabi1eata! shushesl 62 Al
thereafter is continuous fed toa solution_of the catalﬁst I n_the
2, 5- di hydr of ur an REPAUCt ftxpR the cafalyst. godpddonubyndpsbddiatien- be
reco?/ered fromthe, ﬁmw&&sﬁmwﬁ'iwgﬂyﬂm ' _hll:rafli an fﬂéﬁ_&_ﬁdbé@sinA_
cat al yst system whi een- speci.a ectiy ri ses
an oniun1io%ide 2@h%bd%%a?§%Hﬂﬁgﬁgﬁﬂéﬁgﬁh%ﬁ%F% y8ﬁ8§éﬁ§ﬁFU§1V8§F%§f%nd 20
an organotin conpoempound nseful tas fa dhesdicall processi gelventivandads eari de
products of the i sopErhedidl & Y PrepRParabhtBes pbeyleP¥dLabnr a8 are
I[err]-unsaturated carbonyl co oundsrij%% as crotongldgﬁyde (0.5-3% and
! ‘ poly(tetramethylene ether)glycol.
A particularly convenient means for the preparation

10 of dihydrofurans by the isomerization of v,é—epoxy—
| o - alkenes comprises a liquid phase, continuous process
' wherein a vy,8—epoxyalkene initially is fed to a melt of
the catalyst system and thereafter is qbntinuously fed
to a solution of the catalyst in the 2,5-dihydrofuran

15 product. The 2,5—dihydr6furan product may be recovered

from the mixture by conventional distillation
procedures. A catalyst system which has been found to
be especially effective comprises an onium iodide
compound such as an ammonium or phosphonium iodide and
20 an organotin compound such as a trihydrocarbyltin
iodide.
Unavoidable side products of the isomerization of
Y. 6—epoxyalkenes to dihydrofufans are a,B—unsaturated
carbonyl compounds such as crotonaldehyde (0.5-3%) and
25 an oligomer of the y,é—epoxyalkene (1—6%). The «,B8—
S unsaturated carbonyl compound by-product is removed from
the reaction mixture as a vapor during product recovery.
However, the oligomer is non—volatile énd accumulates in
the catalyst solution, increasing the volume and '
30 viscosity of the catalyst solution and decreasing
catalyst concentration. It is apparent that operation
of a continuous, commercial-scale process for isomer-—
izing v, —epoxyalkenes to dihydrofurans is not feasible
unless a means is provided for removing some or all of



25 - an oligomer of the [err]-epoxyal kene (1-6% . The a,B- unsaturated
car bonyl conpound by-product is removed fromthe reaction mxture as a
vapor during product recovery. However, the oligomer is non-volatile and
jaccunmul ates in the catal yst solution, increasing the volume and 30
l'viscosity of the catal yst solution and decreasing catal yst concentration.
It is apparent that operation of a continuous, comercial -scale process for,
i somer- izing [err]-epoxyal kenes to di hydrofurans is not feasible unless a
means is provided for renmoving sonme or all _of _ - 3 - the oligonmer from
the isonerization process. For the isonerization process to be economnically
feasi ble and environnental |y acceptable, the recovery and reuse of the
expensi ve cat al ystheoophgenés fsomnties aisomerization prodésshaveodi thevered

an efficient proc : epar ation of the catalyst nents _fromthe
above- descri bed g??&%%%ggﬁ?'ihggﬁ‘?%ﬁst%a’?%h":"%@@%@ﬁf%ﬁ@ﬁ and
continuous oper at eoMigpnnentatlyeaceeptanle cdthe orecoiary and yeusel ofoner
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preferentiaPly extract¥8 Rave EhEceweEed san fifiahantipraness fegethe
cat al yst/ extract asepabattonsos ephé at£th Iysin ddnfpoidrgadraanahe abdviehe

SoLent e | BedbHTodd o1jadnbElAlIah dAE AL, ThDE RSy
process or continuous operation of the isomerization reaction.
: ' The catalyst.oligomer separation is accomplished in -

10 accordance with the present invention by a liquid-liquid
extraction process in which the catalyst compounds are
preferentially extracted from the catalyst-ocligomer
mixture. The catalyst-extractant phase is separated
from the oligomer phase and the solvent removed to give

15 a catalyst mixture which may be reused in the

! isomerization reaction. |
i The present invention therefore provides a process
for the separation of a catalyst system comprising

; _ (i) an onium iodide compound, (ii) an organotin iodide
' 20 compound, or (iii) a mixture thereof from a mixture of
the catalyst system and an oligomer of a y;S—epoxyalkene
by the steps comprising:
(1) intimately contacting the mixture with an
extraction solvent selected from hydrocarbons
25 having 5 to 12 carbon atoms and chlorocarbons;
(2) allowing the mixture of step (1) to phase separate;
and _
(3) .recovering the extraction solvent phase containing
iodide compounds (i) andror (ii). |
30 As explained hereinabove, the oligomer referred to in
the above process description is formed as a non—
volatile, by—-product of an isomerization process wherein
the vy, §—epoxyalkene is isomerized to the corresponding
2,5—-dihydrofuran. The isomerization process typically



for the separation of a catalyst systemconprising (i) an oniumi odi de
.compound, (ii) an organotin iodide 20 ~conmpound, or- (iii) a mxture
thereof froma m xture of the catalyst systemand an ol i goner of a _
[err]-epoxyal kene by the steps conprising: (1) intimtely contacting the

‘m xture with an extraction solvent selected from hydrocarbons 25

having 5 to 12 carbon atons and chl orocarbons; (2) allowing the m xture of
step (1) to phase separate; and (3) recovering the extraction sol vent phase
cont ai ni ng i odi de compounds (i) and/or (ii). 30 As expl ai ned

her ei nabove, the oligoner referred to in t fie %above process description is
formed as a non- volatile, by-product of an isonerization process wherein

the Lerr]- epoxyal WenGdrs o0 BRL! £odnbRrLA, C814 22 PO0 N diode fnlidyy dipletienn.
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from et hyl ene OXI
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reactant in a manner analogous to the formation of
polyether oligomers and polymers from ethylene oxide and
10 propyléne oxide.

The extraction solvent (extréctant) employed may be
selected from a variety of hydrocarbons and chloro—
carbons depending, for example, upon the particular
v, 6—epoxybutene reactant and catalyst components used in

15 the isomerization process. Generally, the extractant
should satisfy four réquirements: (1) it should form a
separate liquid phase at equilibrium when contacted with
a mixture of the catalyst components and the oligomer,
(2) it should have a higher selectivity for dissolving

20  the catalyst components than the oligomer, (3) it should
have characteristics that enable it to be separated from
the catalyst components by evaporation, distillation,
crystallization, or some other separation operation, and
(4) it should be inert to the catalyst components,

25 . starting material and products. It is possible that an

” extraction solvent may function both as the solvent for
the isomerization reaction and the oligomerlremoval
process if the dihydrofuran product is removed prior to
phase separation. 1In general, the extraction solvent
30 should be non-polar to-avoid dissolving the oligomer.
The extraction solvent may comprise a mixture of two or
more solvents. ' ' ' _

Examples of extraction solvents include cyclic and

straight— and branched-chain, acyclic alkanes containing



The extraction solvent (extractant) enployed may be selected froma variety
.of hydrocarbons and chl oro- carbons dependi ng, for exanple, upon the
particul ar [err]-epoxybutene reactant and catal yst conponents used in 15
the isomerization process. Generally, the extractant should satisfy four
requi rrements: (1) it should forma separate liquid phase at equilibrium
when contacted with a mixture of the catal yst conponents and the oligoner,
(2) it should have a higher selectivity for dissolving 20 t he catal yst
conponents than the oligoner, (3) it shoul & IBawe characteristics that
enable it to be separated fromthe catal yst conponents by evaporation,
distillation, crystallization, or sone other separation operation, and (4)
it should be inerfrea §h§°cé?ap§§b°ﬂo%§@m%ntsspgﬁlflc QXQRRIQRJQﬁﬂ&hq al" and

products. It is BQ&%&QEGahkaheaéxefééﬁﬁﬁténlﬁéiﬁﬁﬁﬂ dftard|Hdxamedot h as

t he sol vent for tgﬁ |soner|z tion reaction_ and ‘g ner reanaI process
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general, the extr heptanesol méred36ctaneshoiscodeamsn- $tﬂddaﬁd)5bmmeit
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two or nore solve raction sol I ¢ and
strai ght- and braﬁ@ﬁé§d§h§Yﬁ1°Heyéﬁngra¢¥§#@ﬁﬁ%§ﬂﬁeu¢N¢k?hePQ§ﬂQWDW|5 to 12

carbon atons. Speey&uaoetaﬁal efiefhy i Ofc BolEkare 2l d0de i dA¥uTH RE ude
pentane, -hexane, fe ngg genésPoggggﬁeg?CSgﬁgnég)gadrgggggii, m xed
aromatic hydrocarbons such as benzene, toluene, xylene,
10 mesitylene;'and-chlorocarhons such as carbon tetra—
chloride also may be used as the éxtractant. The
preferred extraction solvents are alkanes having 6 to 12
carbon atoms. When the y,8—epoxyalkene reactant is
3,4—epoxy—14butene, the extractant preferably is a
15 straight—chain alkane of 6 to 12 carbon atoms,
especialiy heptane, octane, nonane, and decane.

The onium iodide compound inveolved in the present
invention may be selected from a variety of tetra(hydro—
carbyl)ammonium iodides and tetra(hydrocarbyl)phosphon—

20 ium iodides, preferably having a total carbon atom
content of 16 to 72 carbon atoms. Such compounds have
the formulas

1 + 2+
25 ~
R'—§—=k! 1~ anda R*—p—R* I~
30 1 R P
(I) _ (II)

wherein
each R‘substituent'independently is selected from
alkyl of up to 20 carbon atoms and each R’ substituent
35 is independently selected from R!, benzyl, phenyl or
phenyl substituted with up to 3 substituents selected
from lower alkyl,'e.g., alkyl of up to 4 carbon atoms,
lower alkoxy or halogen; or



hept anes, m xed octanes, isooctane, Stoddard solvent, 5 - and the |iKke.
Exanpl es of the cycl oal kane extractants include cycl opentane, cyclohexane,
cycl ohept ane, cycl ooct ane, nethyl cycl ohexane, etc. Al kenes such as hexenes,
hept enes, octenes, nonenes and decenes; aromatic hydrocarbons such as
benzene, toluene, xylene, 10 . "nesitylene; and chl orocarbons such as
‘carbon tetra- chloride also may be used as the extractant. The preferred
extraction solvents are al kanes having 6 to 12 carbon atons. Wen the
[err]-epoxyal kene reactant is 3, 4-epoxy-1-buteere, the extractant preferably
s a 15 straight-chain al kane of 6 to 12 carbon atons, especially

hept ane, octane, nonane, ang decane. The onium i odi de conpound i nvol ved in

the present invention ¥¥p Be sWhsieitientsomod legtize)yomayer PRERFERE-

carbyl) ammoni um i edik§aenanest at €a( BySasrseh bataﬂgomn?@ alky 1gHa igrdigdes,
preferably having_ a total carb n aton*cont %o 72 on at ons.

Such conpounds hal® @hEaFBPHuP omB o P 59&&#@#% ?W?ﬁ ﬂtuent
i ndependent |y is gprloadided,f asmspekjfied uhove,2£hatuthﬂlquanernany(zndlde

[err] substig uent c%gl oundsS 59‘11?23”93”%&3’75 %ﬁ%‘?’q &gglercéecqri
phenyl or phenyl STDEC e ue s sel e romlovver
alkyl, e.g., al ky|e1@mn}|95t etsther sahmat m1d¢m¢abys<fo>&pmn°mfo
-6 - may be recovered according to the present lnventlon
include tetra-n—octylphosphonium iodide, tri-n—octyl—
(n—dodecyl)phosphonium iodide, tri—n—octyl(n—hexadecyl)—
10 phosphonium iodide, tri—n—octyl (n—octadecyl)phosphonium
iodide, tetra-n—dodecylphosphonium iodide, tetra-—n—hexa—
decylphosphonium iodide, tetra—n—octadecylphosphonium
iodide, tetra—n—dodecylammonium iodide, tetra-—n-hexa-—
decylammonium iodide,'and tetra—n—octadecylammonium
15 iodide. The preferred onium iodides are tetra-n-alkyl-
phosphonium iodides containing 32 to 72 carbon atoms,
especially compounds of formula (II) above wherein each
R? is straight—-chain alkyl of 4 to 18 carbon atoms.
Tetra—n—dodecylphosphonium iodide, tetra—n—hexadecyl-—
20 phosphonium iodide, and tri-—n-octyl(n—octadecyl)—
phosphonium iodide are especially preferred.

The organotin catalyst component may be selected
from organotin'(IV) iodides such as hydrocarbyltin
triiodides, di(hydrocarbyl)tin diiodides, and tri(hydro—

25 ' carbylftin iodides. Examples'of such organotin (IV)
iodide compounds have the general formula

3

(R”) —sn—I (III)

30 (4—n)

wherein _
each R’ independently is selected from alkyl or
sﬁbstituted alkyl moieties having up to 20 carbon atoms,
35 cycloalkyl or substituted cycloalkyllhaving 5 to 20
carbon atoms, carbocyclic aryl or substituted



two [err] substituents collectively may represent alkylene of 4 to 6 carbon
atons jncluding alkylene of 4 to 6 carbon atons substituted with | ower

ial kyl ; provided, as specified above, that the quaternary iodide 5

conmpounds contain 16 to 72 carbon atons. Specific exanples of the onium-:

i odi de- cat al yst conponent which nay be recovered according to the present
'invention include tetra-n-octyl phosphoniumiodide, tri-n-octyl- L
(n-dodecyl ) phosphoni-um i odi de, tri-n-octyl (n-hexadecyl)- 10 phosphoni um
i odi de, -tri-n-octyl (n-octadeéecyl)phosphoni um odi de, :

t etra- n- dodecyl phosphoni um i odi de, tetra-n-hexa- decyl phosphoni um i odi de,
tetra-n-oct adecyl phosphoni umi odi de, tetra-n-dodecyl anmoni um i odi de,
tetra-n-hexa- decGRERRE¥F&ATI BEY HNAVNI 121130 cﬁ%ﬁ?@cﬁtgmnf’ﬁ'm 15

i odide. The pref getedoaliylinot oshibetsi tutted dieteroatkly moiettdeshbavinygi édi des

containing 32 to 72 ggi?gnggggagi%ﬁﬁg ciglly conpounds of formula (I1)

above wherein each[ | . -chain al kyl of 4 to 18 carbon atons.
Tet r a- n- dodecyl phosphoni s Led2de@r t®ira- n- hexadecyl - 20 phosphoni um

| odi de, a”d?t r- nsggtcxhs&e- QQA@HEEA! l3f ElOHUNAEEA Clnpounde enpaabal By~
preferred. The organotin catalyst,K conponent ngy e, sel ected frqom organotin
(1V) iodides suchhxubydtdBafbeaife  (Fr5bedRiey Hhimth ades b iR
di i odi des, and triocydtdn 2bdide, ctriphenyItimdicteiie, Erdmelthylgfinsuch
organotin (1V) iodide . conpo e.lhe gener il whgsgaen each
[err] independent Il39 'lgege egpgglgi%r%%?’k?/ %?’ %%%%%%%Ek; rmilet,i'es
having up to 20 cartien(atwethyl52-phenylprepylitin inadide t H eazyLEaPKy |
having 5 t9g20  jodide, dimethyltin diiodide and diphenyltin diiodide. -
Other organotin halides such as chlorides and bromides
may be used in the process wherein they are converted to
the iodide compounds. The preferred organotin iodide

compounds have the general formula:

15 | | (R%) ;—Sn—I (IV)

wherein each R® independently is selected from alkyl
20 having 4 to 10 carbon atoms or phenyl. Tri-n—octyltin
iodide and triphenyltin iodide are especiallylpreferred.
The ratio of the onium iodide and organotin iodide
components of the.catalyst system can vary substantially
_ depending; for example, upon the particular compounds
25 used. Generally, the quaternary onium iodide:organotin
_ iodide mole ratio is within the range of 20:1 to 0.05:1.
For the preferred catalyst system comprising a
phosphonium iodide and an organotin iodide, a phos—
phonium iodide:organotin iodide mole ratio of 5:1 to
30 0.2:1 is especially preferred. '
The.catalyst recovery process of this invention may
be carried out in a batch, semi—continuous or continuous
mode of operation. For example, batch operation may
comprise removal of the volatile components from the
35 isomerization reaction mixture by distillation followed
by additibn of the extraction solvent, agitaﬁion,



carbon atons,. carbocyclic aryl or substituted 7 carbocyclic aryl having
6 to 20 carbon atons, or. heteroaryl or substituted heteroaryl noieties -
‘having 4 up to 20 car bon atons; and nis 1, 2, or 3. 5 Specific .
‘exanpl es of the organotin conpounds include di- n-butyltin diiodide,
‘tri-n-butyltin iodide, tri-n- octyltin iodide, triphenyltin iodide,
trinmethyltin iodide, n-butyltin triiodide, tricyclohexyltin iodide,
tris-(2-nethyl-2-phenyl propyl)tin iodide, tribenzyltin 10 i odi de,

di methyl tin diiodide and di phenyltin dii odidg Other organotin halides such
as chlorides and brom des may be used in the process wherein they are
converted to the iodide conpounds. The preferred organotin iodi de conpounds

have the general fQupiligy [ ahtl] pn/a%ega 82a0ibAL M Iwé rgske@mdemlﬂen@e
sel ected from al kyl__20 havi n E car on ato

Tri-n-octyltin i odtide &FdSUPSEAB P#FH P&&rd@ atReg %E%Va]r$ ?#%9%%% The
ratio of the oni urpdcifitie @atadyseroligomedi dtxtunposinmtes tie tvelatailes),st
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catalyst system cupid Yeéna BI950RARI 4R LAL! dRralck 8on CSSEvOAEN Imeh de, @
phos- phoni um i odi de: organoti n i1 0di de nol e ratLo of tvpicall
volatl e components of the catalyst system ypi )4
constitute 5 to 30 weight percent of the catalyst~/
oligomer mixture that is extracted. One of the layers _

10 or'phases comprises the extraction solvent containing
the onium iodide and organotin iodide catalyst
components. The second oligomer layer may be extracted
repeatedly as needed to give the desired degree of
catalyst recovery. The combined solvent layers are

15 concentrated by solvent evaporation or distillation to
give a crude catalyst mixture which usually is handled
as a molfen liquid and is recycled to the isomerization
process reactor without further purification. A
fraction of the original oligomer content is usually

20 still present in this crude catalyst mixture. The
oligomer layer may be used as a by—product or sent for
disposal. It may be possible to recover one or both of
the catalyst components by the crystallization thereof
from the extraction solvent. _

25 ' The temperature of the extraction/separaﬁion
process normally is controlled at a slightly elevated
temperature to ensure good solubility of catalysts in
the solvent and decreased oligomer viscosity. The
temperature preferably is held below the boiling point:

30 of the solvent so that the process may be operated at
"atmospheric pressure. The process normally is carried
out at a temperature of 40 to 125°C.

| Oour novel extraction process preferably is operated
continuously or semi—continuously in a countercurrent



30 0.2:1 is especially preferred. The catal yst récovery process of this
invention may be carried out. in a batch, sem -continuous or continuous: nbde
‘of operation. For exanple, batch operation may conprise renoval of 'the

volatile components fromthe 35 i somerization reaction m xture by
distil'lation foll owed by addition of the extraction solvent, agitation,
i-8- settling, and phase separation. We prefer to renove all, or
substantially all, of the volatile conponents fromthe cat al yst/ol i goner
m xture since the volatiles, i.e., the 2,5-dghydrofuran, the
[err]-epoxyal kene reactant 5 and the [err]-unsaturated carbonyl

conpound, solubilize some of the oligonmer in the extraction solvent. The
vol atile corrponenihSnﬁért heThié atectinispnd crad Mg callly knowst ihutheSart, 30

wel ght percent of hlcq b S¥S{1 Bl QR LIS dh Ak acRebRact de Operof

the layers 10 ases CO I'Ses ractlon sol vent contal hi ng the
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|l ayer may be ext raftgsl{réﬂe%mla'c mesded it Haieibhe ﬁ%&b@@é 8881 ¢8nof
catal.yst recovery, The conbi ned sol vent layers are 15 ncentrated b

y
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process reactor V\LSP? ﬁ%‘; %él'BH{'I fk%q;[ d %ldanf rg__gg__h%gn fdégﬁ ori gi nal

ol i gomer content TS u presen e catal st
m xture. The contactor, and Karr reciprocating plate column. he
continuous mode of operation, a portion of the catalyst/
10 = oligomer mixture is removed from the reactor and

volatile materials are evaporated off. The concentrated'
mixture is then fed to the continuous multistage
extractor in a direction countercurrent to the flow of

_ the extraction solvent. As in the batch operation, the

15 catalyst solution is concentrated to give the non-—
volatile catalyst components and recovered solvent. As
mentioned above, it may be possible to isolate the
catalyst components from the catalyst solutlon by
crystallization. .

20 ' The concentration of the onium iodide and organotin
iodide compounds in the oligomer material which is
extracted in accordance with our invention typically is
in the range of 20 to 90 weight percent based on the
total weight of the catalyst/oligomerumixture. The

25 amount of extraction solvent employed can vary
substantially depending, for example, on the particular
onium iodide and organotin iodide compounds present in.
the oligomer material, the extraction solvent being
used, and the manner in which the extraction process is

30  operated.: However, the weight ratio of the extraction
solvent to the catalyst/oligomef mixture to be extrac;ed
normally is in the range of 10:1 to 0.1:1.

The vy, é—epoxyalkene reactants may contain from 4 to
8 carbon atoms. Examples of the epoxyalkene and



ol i gomer | ayer may be used as a by-product or sent for disposal. It may be
possible to recover one or both of the catal yst conponents by the
Icrystallization thereof fromthe extraction solvent. 25 The

t enperature-of the extraction/separation process nornmally is controlled at
la slightly elevated tenperature to ensure good solubility of catalysts in
't he sol.vent and decreased ol i goner viscosity. The tenperature preferably. is
hel d bel ow t he boiling point 30 of the solvent so that the process may
be operated at atnospheric pressure. The prapess normally is carried out at
a tenperature of 40 to [err]. Qur novel extraction process preferably is

operated continuously or sem -continuously in a countercurrent = -9-
manner. This techePgy¥cygdopikene| reactants inglude compeugidse haviapl Ehe
efficiencies of exkiacthedl P8Pmuids example, T. C Lo, M H |. Baird, C

Hanson, Handbook of Sol vent Extraction, Reprint Edition, Krieger Publish- 5
I ng Conpany, Ml abar, Florida, 1991. 4 pi nter- current extraction
systens i ncPude the mixer/settler, f4l tg ay i_g*urm, Kuﬂly col um,
rotating disk contactor, and Karr reciprhraty ate col nﬁ..ln t he

conti nuous1l@ode of operation, a portion of the catalyst/ 10 ol igoner
mxture is renoved fromthe reactor and volatile materials_are evaporated

off. The concent r ¥hegeinxeark Rs ishdndepgndsnthy esherhedu sy om RYLogRn
extractor in a di aaat neBhgQUBEEE CRY kabktieubhesk LV1eEtively may

represent an alkylene radical which forms a ring having
15 5 to 8 carbon atoms. The preferred epoxyalkene

reactants comprise compounds of formula (V) wherein a

maximum of four of the R* substituents individualiy may

represent methyl. Exemplary compounds contemplated for

use in the practice of the present invention include
20 3, 4—epoxy—3-methyl—-l-butene, 3,4—epoxy—2-methyl-—1-

- butene, 2,3-dimethyl-3,4—epoxy—1l-butene,
3,4—epoxy—l-butene, 2,5—dimethyl—2,4—hexadiene'mono—
epoxide, 3,4—epoxycyclooctene and the like. The
epoxyalkene reactant of primary interest is 3,4—epoxy-1—

25 butere. S
' The z,s;dihydrofuran compounds obtained in
accordance with our novel process have the structural

formula: _
4 4
30 o4 P\.=./‘R}4
. | 4;./ N, . (VI)
.35 R \0/ R

40 wherein the R' substituents are defined above. Of the
compounds which may be obtained in accordance with our
invention, the most important is 2,5-dihydrofuran.
A particularly preferred embodiment of our
45 invention is represented by the process for the
separation of a catalyst system comprising (i) an onium

iodide compound and (ii) an organotin iodide compound,



t he extraction solvent. As in the batch operation, the 15 * catal yst -

sol ution is concentrated to give the non- volatile catal yst conponents and
irecovered solvent. As nentioned above, it may be possible to isolate the
icat al yst conponents fromthe catal yst solution by crystallization. 20

IThe concentration of the oniumiodide and organotin iodide conpounds in the
‘ol i goner material which is extracted in accordance with our invention :
typically is in the range of 20 to 90 wei ght percent. based on the total

wei ght of the catalyst/oligonmer mxture. -Hd 25 amount of extraction
sol vent enpl oyed can vary substantially depending, for exanple, onthe
particul ar oniumiodi de and organotin iodide conpounds present _i,n the

ol i gomer mat eri al ErpReacRixEexe R e Gtk sY&Er and #Re OldHRBET; AT
whi ch the extract EOBI,DL@ﬁeﬁﬁ-iSb@tﬁbne b Riatsitbps [dompedisinghe wei ght ratio
of the extraction vent.to the catal ysi/oli.-goner m Xxtur be extracted
normally is in théiyanbﬁ bTaﬁ..ﬁ.??PY?%%ﬁPg'ﬁﬂé%%ﬁﬁ?ﬁ%%é§§§l ghe reactants
may contain from4 to 8xtmatoiomtsolverikselastasi fiton @diapgskbayingds -
10 - epoxycycl oal kene gega | 4l compounds having the structural
f or mul a: [e%r]'mhereinﬁgag é???ﬁﬁi,lndbpendently selected fromh dr% en
he

and nethyl or 2 [éR)] 3ibavingcHle mixtuxe Q| SEem (Ve P03SesFeRPES
radi cal which forns a ahag having :

(3) recovering the extraction solvent phase containing
iodide compounds (i) and (ii);
10 wherein
the onium iodide compound is a phosphonium iodide
containing 32 to 72 carbon atoms and having the general
formula
15
20 ' , 2
wherein
each R? substituent is independently selected
from'straight—chain_alkyl of 4 to 18 carbon atoms;
25 and '
' the organotin iodide compound has the formula
(R%) ;—sn—I
30 :
wherein each R® independently is selected from

alkyl having 4 to 10 carbon atoms or phenyl.

The process of the present invention is'further
35 illustrated by the following examples wherein _
distillates were analyzed by gas chromatography on a
Hewlett-Packard 5890A gas chromatograph,with a DB5-30W
capillary column; temperature program 35°C (4.5
minutes), 20°C.minute to 260°C (hold 6 minutes). .
40 Catalyst and oligomer samples were analyzed by !H NMR



15 = 5 to 8 carbon atons. The preferred epoxyal kene reactants conprise
conpounds of formula (V) wherein-a maxi numof four of the [err] :
substituents individually may represent nethyl. Exenplary conpounds
contenplated for use in the practice of the present invention include 20
3, 4- epoxy- 3- net hyl - 1- but ene, 3, 4- epoxy-2-net hyl - 1- but ene, '
2,3-dinethyl-3,4-epoxy-1-butene, 3, 4- epoxy- 1- but ene,

2, 5-di met hyl - 2, 4- hexadi ene nono- epoxide, 3, 4- epoxycyclooctene and t he

i ke. The epoxyalkene reactant of primary |n%€rest is 3,4-epoxy-1- 25

but ene. The 2, 5-di hydr of uran conmpounds obtaih®ed i-n accordance with our
novel process have the structural fornula: [err] 40 wherein the [err]

substituents are i \'; ned |n
accordance with oS?JFhsgﬁﬁggnee?lgin%gﬁ %ﬁportant 'S gﬂ% g hydfeghg
particularly pref &eMEErorhsarrEarmons splvent and fafnanath K#ﬁ%k#%%éﬁted by
the process for tHateepalastandarda thai ﬁssaﬁéafﬁmd ﬁimgte(llghtan oni um
i odi de conpound agg % ék an,Qorganotin i d|d on1a m xture of
the catal yst syst 56 -an 5P|g§ﬁe?x%?p %’4 r%%F by the steps
conprising: 51) i Msehecsiyitylit arei gsecheomt&wr@mqnmremfr@tei on

sol vent sel ect ed E&%@l@hﬁ%@@saﬁévfgﬁeﬁ 5respect1veflp ko carbon atons; - (2)

allowing the mxture of step ( % to phase s gara e;
Conversion = 100% — Weight Percent EpB

Welght Percent DHF _
Welght “Percent DHF + Weight Percent HCr HCr

10 Selectivity =

in which EpB refers to 3, 4—epoxy—l-butene, DHF refers to
2,5~dihydrofuran and HCr refers to crotonaldehyde. The
15 amounts of materials fed and materials recovered in the
examples may not balance due to losses resulting from
evaporation, material transfers, leaks, etc.

E PLE 1
20 Isomerization
Triphenyltin iodide (25.0 g), tri-n—octyl(n—octa—
decyl)phosphonium iodide (39.4 g), and 2,5-dihydrofuran
(10.0.g) were placed in a 200-mL, four—-neck, round-
bottom flask equipped with a thermocouple, magnetic
25 stirrer, distillation head, oil heatinq bath and
' reactant feed tube. The mixture was heated to 105°C and
feeding -of 3,4—epoxy—1;butene addition was bequn while
maintaining the temperature at approximately 105°C. A
total of 2431 g of 3,4-—epoxy-—-l-butene was added over a
30 period of 40 hours. The pressure within the flask was
gradually lowered to 100 torr (13.30 kPa) to compietely
distill the volatile components from the catalyst~
oligomer residue. A total of 2369 g of distillate was
collected (97.4% weight recovery). The composition of
35 the distillate was 6.50% 3,4—epoxy—l-butene, 92.5%
2,5—-dihydrofuran, and 0.95% crotonaldehyde. The



and (3) recovering the extraction solvent phase containing iodi de conpounds
(i) and (ii); 10  wherein the oniumiodi de conpound is a phosphonium

i odide containing 32 to 72 carbon atons and having the general formula
[err] wherein each [err] .substituent is independently selected from

strai ght-chain alkyl of 4 to 18 carbon atons; 25 and the organotin
:i odi de conpound has the fornula [err] 30 wherein each [err] independently
'is selected fromal kyl having 4 to 10 carbon atons or phenyl. The process
of the present invention is further 35 —iljd ustrated by the foll ow ng
exanpl es wherein distillates were anal yzed by gas chromatography on a

Hewl ett - Packard 5890A gas chromatograph wth a DB5-30Wcapillary colum;

t enperat ure progreaangénsién. Gfrﬁrm-t-m)xy-flequﬂenmma@ 93 -[5& @nd( hol d 6

mnutes). 40 ghﬁh de gl 3 OR0ERL Wan'Rias dwlogzed by [err] NWR
- 12 - on a Varian m ni 0 spectrone er (300, MHz) using
deut erochl orof orm as solvent and tetra as internal standard.
Anal yses are reported THe\gk€Pictions in this and subsequent examples

5 were carried out in a 500-mL, jacketed, glass vessel

equipped with a mechanical stirrer, thermocouple, and
bottom stopcock. Each extraction mixture was heated to
a constant temperature (t 1°C) by circulating heated
glycol water from a constant temperature bath to the
10 jacket. The catalystroligomer mixture was added to the
alkane extraction solvent and heated to the desired
temperature while stirring vigorously. The extraction
mixture was stirred for at least 5 minutes, stirring was
discontinued and the layers were allowed to completely
15 ~ separate.
In this example, heptane (150 mL) was added to the
stripped catalyst/bllgomer residue (approximately 90 g)
~and the mixture was agitated while being heated to
65-75°C and then allowed to separate into two layers.
20 . The'layers were separated and the bottom (oligomer) |
' ' layer was extracted as described above two more times
with 150 mL portions of heptane. The heptane layers
were combined and the solvent removed by rotary vacuum
evaporation [to 70°C and 30 torr (3.99 kPa)]. The
25 catalyst—containing material (80.3 g) thus recovered had
the following approximate composition: 32.9%
triphenyltin iodide, 51.8% tri—n—octyl(n—octadecyl)—
phosphonlum iodide, and 15. 3% oligomer. The amount of
oligomer removed by the extractlon procedure was 8. 7 g.
30 '
EXAMPLE 2
The catalyst—containing material recoveredlin
Example 1 was returned to the reaction flask and the



perdent. In the exanpl es, "conversion" and 5 "selectivity" are based on
the canposition of the distillates and refer, respectively, to: Conversion

= 100% - Wei ght Percent EpB 10 Selectivity = [err] in which [err]
refers to 3, 4-epoxy-1-butene, DHF refers to 2,5-dihydrofuran and HCOr refers
to crotonal dehyde. The 15 anounts of materials fed and nmaterials

recovered in the exanples may not bal ance due to | osses resulting from
evaporation, material transfers, |eaks, etc. EXAMPLE 1 20

| someri zation Triphenyltin iodide (25.0 grzyﬁﬁfrkoctyl(n-octa-'

decyl ) phosphoni umi odi de (39.4.g), and 2, 5- dihydrdfuran (10 0 g) were

placed i n 2 200" MhaohQHi 0EFkn f:Ail R0 " Trlait el BRRY W blrdoa o

t her mocoupl e, TTrer T diety M eat.ng Bath
and reactant f eed28 ubeurshea rtotak i 2k @f Bo Wm%d’%@ﬂ?n@aﬁf

3, 4- epoxy- 1- butensdadélah&nlm &Zﬁwramllqaﬁ.@ Riad) @dlqehlﬁadtqaaeaature at
approximately [err]. A total f 3, 4-epoxy-1-butene ma ggged over

a 30 peri od oVelﬁhFoﬁ?§°VeqYﬁ? pﬂ3§§d¥¥”W§qﬁﬁq? Fﬁé3ﬂﬂ§§P°ﬁ¥s gaf vy
| onered to $00 towas(43.89 &ih)sélecninpityt adoy zjlas-tdﬂliydrbfurahawmsew 8%.
conponents fromthe catal ysts oligoner . total of 2369 g of
distillate was collected (97.4% wei ght %%2%##%%F£'The conposi tion of 35
the distillate was 6.50The, aatplgtloiganey, resishiey rengimingofEPRnthend

0. 95% crot onal dehydgmeFfgation process was extracted by the procedure
described in Example 1. The catalyst—containing
10 material thus recovered had the following approximate
composition: 17.1% triphenyltin iodide, 44.6% tri-—n—
octyl (n—octadecyl) phosphonium iodide, and 38.3% '
oligomer. The amount of oligomer removed by the
extraction procedure was 30.7 g.
15
EXAMPI,
Isomerization
The catalyst—containing material recovered in
Example 2 was returned to the reaction flask and the
éo  isomerization procedure was repeated. Over a period of
12 hours, a fotal of 669 g of 3,4-epoxy—l—butene was
added and 623 g of distillate was collected (93.1%3
weight recovery). The conversion of 3,4-epoxy—l-butene
was 88.9% and selectivity to 2,5-dihydrofuran was 98.9%.
25 Extraction
The catalyst-/oligomer residue remaining from the
isomerization process was extracted by the procedure
described in Example 1. The catalyst¥containing.'
material (112.5 g) thus recovered had the following
30 approximate composition: 19.0% triphenyltin iodide,
| 47.2% tri—n—octyl (n—octadecyl)phosphonium iodide, and
33.7% oligomer. The amount of oligomer removed by the
extraction procedure was 33.6 g. '



- 13 - conversion of 3, 4-epoxy-1-butene was 93. 5% and selectivity to

2, 5-di hydrofuran was 99.0% Extraction The extractions in this and
isubsequent exanples 5 - were carried out in a 500-n, jacketed, glass
vessel equipped with a nmechanical stirrer, thernocouple, and bottom:
|stopcock. Each extraction m xture was heated to a constant tenperature
I[err] by circulating heated glycol/water froma constant.tenpergture bath
to the 10 = jacket. The catalyst/oligoner mxture was added to the

al kane extraction solvent and heated to the desired tenperature while
stirring vigorously. The extraction m xture Was stirred for at least 5

m nutes, stirring was discontinued and the |layers were allowed to

conpl etely 15 E tg. In this exanple, heptane (150 nL) was added to

the .stripped catalyst/oligonmer residue_(approxipately 90 g) and the m xture
was agitated while being heated to [er;%gﬁgﬁléﬁgigallomed to separate into

two | ayers. 20 TheTheyeatalpste-capeairtioty aatertialbaecoveteli gnner)

| ayer vas extract ggagsydescibloge Bt WP I GdddBionehack AndlLhgr i ons

of heptane. The hep?a e -renoved b

: layers were conbined an e solven Y
rotary vacu§n1evaé&PB@Féﬁ??%@n[EF??eQHRF1&?%(?&?%?&3#9 k PYPF. aTRer2gd o
cat al yst -;:ont alni pg _HBhQé',fZib §§€aﬁ ﬂﬂ é‘il‘;}tl_sg r@?’,&ﬁ"-@id&@%}%&t&ﬁ@ @4kng
appr oxi mat e conposi.tiqn: otri nyltin_iodide, 81. 8% :
tri-n-octyl (n-oct 38%8% ?pgpﬂgépﬂoﬂfdfﬁ%)‘di]t?&e dAF £8 ocgﬁfigéﬁgr.a%The
amount of ol i goneweighbvedcbyeryk. eXTheaconvenwicredifr 8 ,4aepdxy—j—ba0ene
was 76.4% and selectivity to 2,5-dihydrofuran was 98.9%.

10 Determination of Distribution
Coefficients and Extractio electivities

The extraction apparatus described in Exémple 1 was
used in the determination of the distribution
coefficients for triphenyltin iodide, tri-n—octyl-

15 (n—octadecyl)phosphonium iodide, and oligomer. The
catalyst/oligémer residue remaining from the above
isomerization process was vigorously mixed with either
octane or heptane at a temperature of 40, 60 or 80°C.
The extraction mixture was allowed to separate into two

20 layers and a small sample of each layer was taken by
syringe, weighed, rotary evaporated to 70°C and 30 torr
(3.99 kPa), reweighed to determine weight loss (the
amount of alkane removed), and analyzed by NMR to
determine the amount of triphenyltin iodide, tri-n—octyl-

25 (n—octadecyl)phosphdnium iodide, and oligomer present.
Then additional alkane was added to the mixture and the
extfaction, sampling.énd analysisfwere repeated as
described above. Three or four dilutions were performed
for each solvent—-temperature combination to calculate

30 distribution coefficients and extraction selectivities.

Using the values thus obtained, the distribution
coefficiénts for triphenyltin iodide, tri-n—octyl-
(n—octadecyl)phosphonium iodide, and oligomer were
calculated:



EXAMPLE 2 |sonerization The catal yst-containing material recovered in
Example 1 was returned to the reaction flask and the - 14 -

| somerization procedure was repeated. Over a period of 28 hours, a total of
1728 g of 3, 4-epoxy-1-butene was added and 1648 g of distillate was
col | ected (95.4% wei ght recovery). The conversion of 3,4-epoxy-1-butene 5
was 92. 1% and sel ectivity to 2, 5- di hydrof uran was 97.8% Extraction The
catal yst/ol i gomer residue remaining fromthe isonerization process was
extracted by the procedure described in Exanpge—1. The catal yst-contai ni ng
10 material thus recovered had the foll ow ng approxi mate conposition:
17.1% triphenyltin iodide, 44.6%tri-n- octyl (n-octadecyl)phosphoni um

i odi de, and 38. S%DMSngMmm;oﬁhe mount Weighti peneent eXivirecalkanehelayer -
extraction procedfoefifdicisat? g. EﬁEIE%E BersentrX zin iakiddmer layer
cat al yst-containing material recovered in Exanple 2 was returned to the
reaction fl &k anFhehextyactionsgadectivibheprBerdthe triphapddin iodide a

period of 12 hour and that-al-oet yﬁgﬂ-eceéaé ?ﬁﬁéﬂpﬂoﬁ&ﬁlﬁ%d’m aieed and
623 g of distillate_wa oII 3. 1% rec verfgn JQE% fﬁ?ﬁﬂéﬂ on
of 3,4-epoxy-1-buF@ﬁ§u 1ng their aistrib -
: by the related oligomer distribution coefficient.
_ The catalyst-soligomer residue remaining from the
10 isomerization process of Example 4 was extracted
according'to the procedure dest¢ribed using the following
alkane—temperature combinations:
Example 4A — Octane, 40°C.
Example 4B — Octane, 60°C.
15 Example 4C — Heptane, 60°C.
Example 4D — Heptane, 80°C.
The average of the distribution coefficients and the
- extraction selectivities determined are shown in Table I
wherein SNI, PHOS and OLIG refer to the organotin iodide
20 compound, the phosphonium iodide compound and the
oligomer present in each example.

EXAMPLE 5
. o Isomerization

25 . The procedure of Example 1 was repeated except that
the initial charge of materials was triphenyltin iodide
(25.0 g), tetra—n—dodecylphosphonium iodide (44.0 g),
and 2,5-dihydrofuran (10.0 g). Over a period of 17
hours; a total of 1061 g of 3,4—epoxy—l-butene was added

30 and 1041 g of distillate was collected (99.0% weight
recoVery). The conversion of 3,4—epoxy—l-butene was
93.6% and selectivity to 2,5-dihydrofuran was 99.0%.

Extraction
The catalyst.oligomer residue remaining from
35 - the isomerization process was extracted with octane

using the procedure described in Example 1. The



was 88.9% and selectivity to 2,5-di hydrofuran was 98. 9% 25 _
Extraction The catal yst/oligonmer residue remaining fromthe isonerization
process was extracted by the procedure described in Exanple 1. The

‘catal yst-containing material (112.5 g) thus recovered had the follow ng 30
lapproxi mate conposition: 19.0%triphenyltin iodide, 47.2%

'tri-n-octyl (n-octadecyl)phosphoni umi odi de, and 33. 7% ol i gonmer. The anount .

of oligoner renoved by the extraction procedure was 33.6 g. - 15 -
EXAMPLE 4 |sonerization The catal yst-containjpg material recovered in
Exanple 3 was returned to the reaction flask and the 5 - 1 somerization

procedure was repeated. Over a period of 21 hours, a total of 977 g of
3, 4- epoxy- 1- but eneavaiystdedntaiin®i§ Hadrii Bt (14 .8 e;)vva—mwlﬂgaav@i-eaga_aa%

11O ecover ) oG SOREES) S0plds RURIpAS AN S Rt o
Det ermi nati on of Dhenyilbini dndDdef f 62i 3ht tetral-redodeny lphas@hentivg t i es The

extraction appar atjugideschhicd. 58 g%g§3$ 1 was used in the determnation
of the distributién éoefficients for rlﬁﬂenyltin i odide, tri-n-octyl- 15

(n-octadecyﬁ)phﬁsphoniun1iodee, and oligoner. The catalyst/oligomner
resi due remai ni ng EXANPLENE above isomerization process was vigorously m xed

wi.th either | | Isomerizatio
The catalyst—containing material recovered in
Example 5 was returned to the reaction flask and the
10 isomerization procedure was repeated. Over a period of
21 hours, a total of 1311 g of 3,4—epoxy—l-butene was
added and 1267 g of distillate was collected (96.6%
weight recovery). The conversion of 3,4—epoxy—l-butene
was 91.1% and selectivity to 2,5-dihydrofuran was 99.4%.
15 Extraction
The catalyst-soligomer residue remaining.from the
isomerization process was extracted with octane by the
i procedure described in Example 1. The catalyst-—
containing material (92.2 g) thus recovered had the
20 following approximate composition: 23.8% triphenyltin
iodide, 53.1% tetra-n—dodecylphosphonium iodide, and
23.1% oligomer. The amount of oligomer removed by the
extraction procedure was 18.3 g. ' |

25 EXAMPLE 7 |
Isomerization
The catalyst—containing material recovered in
Example 6 was returned to the reaction flask and the
isomerization procedure was repeated. Over a period of
- 30 18 hours, a total of 795 g of 3,4—epoxy—l-butene was
added and 730 g of distillate was collected (91.8%
weight recovery). The conversion of 3,4—epoxy—l—-butene
was 90.7% and selectivity to 2,5-dihydrofuran was 98.6%.



octdne or heptane at a tenperature of- 40, 60 or [err]. The. extraction

m xtur.e was allowed to separate into twe 20 ‘layers and a snmall sanple
of each | ayer was taken by syringe, wei-ghed, rotary evaporated to [err] and
30 torr (3.99 kPa), reweighed to determ ne weight |oss (the anmount of

al kane renoved), and anal yzed by NVR to determ ne the anount of
triphenyltin iodide, tri-n-octyl- 25 (n-oct adecyl ) phosphoni um i odi de,
and ol i gomer present. Then additional al kane was added to the m xture and
the extraction, sanpling and analysis were repeated as descri bed above.
Three or four dilutions were perforned for" i~ sol vent -t enperat ure

conbi nation to cal cul ate 30 distribution coefficients and extractio

selectivities. Using the val ues thus obtguneqﬂ IQ$ distribution - '

coefficients for triphenyltin iodide, tryee: (n-oct adecyl phosghdnrum
i odi de, and ol i goner weThecahtalystdoligomen Gresidiug memaindmacsarm &hent
[err] 5 The e ; e5bbdbid dd RRY lddtarieoBydenand
tri-n-octyl(n-OCtg%%@%%?gﬁggghoﬁ%ﬁ%#%%giﬁ%qgﬁég%iﬁ(nﬂ ated b div?g?ng their
di stribution coef precedusepdesaribed oin ExAMRAek: oINS iRKEWYF oef fi ci ent .

The catal ystg/ ol i ge@RtaifshgURateFRALI (96 [3 af) (tHusl Gecoversdmiaid hieon
R kL

iodide, 49.9% tetra—-n—dodecylphosphonium iodide, and

27.9% oligomer. The amount of oligomer.removed by the

extraction procedure was 20.9 g.

10
EXAMPLE 8
Isomerization
The catalyst—containing material recovered in

Example 7 was returned to the reaction flask and the
15 isomerization procedure was repeated. Over a period of
21 hours, a total of 952 g of 3,4—epoxy—l—butene was
added and 890 g of distillate was collected (93.5%
weight recovery).' The conversion of 3,4—epoxy—l-butene
was 90.2% and selectivity to 2,5-dihydrofuran was 98.7%.
20 ' ~ Extraction
The Caﬁalyst/oligomer residue remaining from the
isomerization process was extracted with octane by the
procedure described in Example 1. The catalyst—
containing material (96.7 g) thus recovered had the
25 following approximate composition: 16.5% triphenyltin
iodide, 46.0% tetra—n—dodecylphosphonium iodide, and
37.5% oligomer. The amount of oligomer removed by the
extraction procedure was 35.8 g.
Prior to using the catalyst—containing material in
30 Example 9;_8.6 g triphenyltin iodide was added to it.
The resulting material (105.3 g) contained 21.5%
triphenyltin iodide, 44.5% tetra—-n-dodecylphosphonium
iodide, and 34.0% oligomer.



Exanpl e 4A - Cbtane,"[err]'EXaane 4B - Cctane, [err] 15 Exanpl e 4C -
Hept ane, [err] Exanple 4D - Heptane, [err] The average of the distribution
%coeffrcients and the extraction selectivities determ ned are shown in Table

| wherein SNI, PHOS and OLIG refer to the organotin iodide 20 conpound,
.t he phosphoni um i odi de conpound and the oligoner present in each exanple.
EXAMPLE 5 | sonerization 25 The procedure of Exanple 1 was repeated

except that the initial charge of materials was triphenyltin iodide (25.0
g), tetra-n-dodecyl phosphoni umi odi de (44-031®) ~ and 2, 5-di hydrofuran (10.0
g). Over a period of 17 hours, a total of 1061 g of 3, 4-epoxy-1-butene was
added 30 and 1041 g of distillate was collected (99. 0% wei ght
recovery). The cOEXYABMBLEM of 3, 4-epoxy-1l-butene was 93. 6% and sel ectivity
to 2,5-di hydrofuran was 99.0% ExtractyogndpPe,ceishyst/oligoner residue
remai ning from 35 the isonerizati ol process was extracted wth_octane
usi ng the procedure deBhe|eatrlystecanhadiningrmateriad: gegeversa: andi ng
material (76.8 Q)shppsenéneed it ad iigheraldignicdidepiax ERanpleospeast i on:
Szt BnenyILip 198 des & PAAAHE TiluieaP IR igthetibadids, and
. procedure was repeated. Over a period of 16 hours, a
total of 970 g of 3,4—epoxy—l-butene was added and 918 g
of distillate was collected (94.6% weight recovery).
The conversion of 3,4—epoxy—1—bﬁtene was 90.0% and
10 selectivity to 2,5-dihydrofuran was 98.6%.
' Extraction .

The catalystroligomer residue remaining from the
isomerization process was extracted with octane by the
procedure described in Example 1. The catalyst—

15 containing material (103.6 g) thus recovered had the
following approximate composition: 19.9% triphenyltin
iodide, 42.6% tetra—n—dodecylphosphonium iodide, and
37.5% oligomer. The amount of oligomer removed by the
extraction procedure was 39.3 g. _

20 The catalyst—containing material recovered in this
example was recombined with the separated oligomer and
the distribution coefficients for the triphenyltin
iodide, tetra-n—dodecylphosphonium iodide, and oligomer
‘were determined as described in Example 4 using octane

25 °  and 80°C. The distribution coefficients and extraction

selectivities determined are shown in Table I.

EXAMPLE 10 o
- N Isomerization
30 ' The procedure of Example 1 was repeated except
that the initial charge of materials was tri-n—octyltin
iodide (30.7 g),'tri—n—octyl(n—octadecyl)phosphonium
iodide (39.7 g), and 2,5—dihydrofuran (2.9 g). Over
a period of 83 hours, a total of 2173 g of



EXAMPLE 6 |sonerization The catal yst-containing material recovered in
Exanple 5 was returned to the reaction flask and the 10 i someri zation
procedure was repeated. Over a period of 21 hours, a total of 1311 g of

3, 4- epoxy- 1-but ene was added and 1267 g of distillate was .collected (96.6%
wei ght recovery). The conversion of 3, 4-epoxy-1-butene was 91. 1% and
selectivity to 2,5-di hydrofuran was 99.4% 15 ' :
Extraction The catal ystoligonmer residue remaining fromthe isonerization
process was extracted w t-h octane by the proeedwr e described in Exanple 1.
The catal yst- containing material (92.2 g) thus recovered had the 20

fol | ow ng approxi mate conposition: 23.8%triphenyltin iodide, 53.1%

t et r a- n- dodecyl phosphotRURtlotiuteneg was2 addedopngodBB2 ghef Abshillate

ol i gomer renmoved hyad heoErddtaed i (@3.8%0GRIGHE YaEo¥Ery) U- FRe conve¥¥iddF 7
| someri zation Theéggpf{%st-contalnln mat éri_al reco¥ereg I n, Exanpl e 6 was
returned to the retd iRk isvy wagm2ie 73: pBA PRLRSHHYEENLEe
repeated. Over a 2d8-+dihydrcihran was boung. a total of 795 g of

3, 4- epoxy- 1-but ene was added and 730 g OEXQ' E.‘ ate was coll ected (91. 8%
wei ght recovery). The conversion of 3,4- =f-put ene was 90. 7% and
selectivity to 2,5-di hyds faelysgs 9digomer residgue remaining from the

isomerization process was extracted with octane using

the procedure described in Example 1 to give 99.6 g of

catalyst—containing material. The amount of ocligomer
10 removed by the extraction procedure was 14.8 g.

EXAMPLE 11
The catalyst—containing material recovered in
15 Example 10 was returned to the reaction flask and the
isomerization procedure was repeated. Over a period of
64 hours, a total of 1669 g of 3,4—epoxy—l-butene was
added and 1596 g of'distillate was collected (95.6%
weight recovery). The conversion of 3,4—epoxy~l-butene
20 was 90.6% and selectivity to 2,5—dihydrofuran was 98.9%.
Extraction |
The catalyst-/oligomer residue remaining from the
isomerization process was extracted with octane by'the
procedure described in Example 1 to give 143.6 g of
25 catalyst—-containing material. The amount of oligomer
removed by the extraction procedure was 36.4 g.

E PLE 12
Isomerization
30  The catalyst—containing material recovered in
Example 11 was returned to the reaction flask and the
isomerization procedure was repeated. Over a period of
46 hours, a total of 1189 g of 3,4—-epoxy—l-butene was
added and 1141 g of distillate was collected (96.0%



Extraction The catal yst/oligomer residue remaining fromthe isonerization
process was extracted wth octane by the procedure described in Exanple 1.
%The catalyst- 5 containing material (86.3 g) thus recovered had the
ifoll owi ng approxi mate conposition: 22.3%triphenyltin iodide, 49.9%

t et ra-'n- dodecyl phosphoni um.i odi de, and 27.9% ol i gonmer. The anount of
oligomer renpbved by the extraction procedure was 20.9 g. 10 EXAMPLE 8

| sonmeri zati on The catal yst-containing material recovered in Exanple 7 was
returned to the reaction flask and the 15 _ ,,isomerization procedure was
repeated. Over a period of 21 hours, a tota? of 952 g of

3, 4- epoxy- 1- but ene was added and 890 g of distillate was collected (93.5%

vei ght recovery) . wEigheOR¥ebeeey) Of Bnd- SoRVIrdidwtenes Whsegtikydb-trtene
selectivity to 2,5-di"hydrof ur

n s 98. 7% ﬁg ,
Extraction The ca¥afy8er3 iSBﬁngiﬁgfﬂﬁét¥e i%i?ﬁf*q¥ﬂﬁ?§ﬂfqﬁnﬂﬁﬁi%ﬁﬂ%ﬁdn
process was extractgd.mﬁth oct ane by t heEgtpaetio® descri bed in Exanple 1.
The catalyst- cont aini ngydREeELalst It {oltet NHos RO FeRELAR, it She
fol | owi ng approxi mate canpositron: 16.5% trrphenyltin |odide, 46. 0%
tetra-n-dodécyl phdsomexigation BEOCERE 8IS SexbFRgEeR Vith ok Prthe
ol i ngm?r removed Ryodeaueet lElé%Ek’QBear Qﬁeﬂﬂ&lﬁpx@SﬁS.'ﬁ;ﬁ.cﬁawsﬁ-@ usi ng Ej he
catal yst-containing nmaterial in 30 anp 9. 8.6 tr'd; é;' i odi de
was added to it. PREEAIDHG MRtRAECRL &5(‘10‘8?3%‘}%‘6%‘?%?%3 Faq e N
following approximate composition 34.9% tri-n—octyltin
iodide, 41.3% tri-n-octyl (n—octadecylphosphonium iodide,
10  and 23.8% oligomer. The amount of oligomer removed by
the extraction procedure was 45.5 g.

The catalyst-containing material recovered in this
example was recombined with the separated oligomer and
the distribution coefficients for the tri-n—octyltin

15 iodide, tri-n—octyl(n—octadecyl)phosphonium iodide, and
oligomer were determined as described in Example 4 using
octane and 60°C. The distribution coefficients and
extraction selectivities determined are shown in

Table I.
20 TABLE I
' _ Average
Residue Average Distribution Extraction
From Coefficient . _Selectivity
Example SNI PHOS OLIG SNI PHOS
25 ~4A 0.61 1.67 . 0.16 4.42 9.73
4B 0.70 1.33 0.27 3.14 6.33
4C 0.71 1.88 0.33 2.24 - 5.66
4D 0.66 1.04 0.34 1.96 '3.06
9 - 0.75 4.09 0.20 3.83 19.94

30 12 - 0.85 - 0.91 0.18 4.39 4.65

The values reported in Table 1 establish the
effectiveness of the extraction process provided by the
present invention since the extraction selectivity only .



triphenyltin iodide, 44.5%tetra-n-dodecyl phosphoni umi odi de, and 34. 0%
ol i goner. - 19 - EXAMPLE 9 I|sonerization The catal yst-containing

mat eri al recovered and supplenmented with triphenyltin iodide in Exanple 8
was 5 returned to the reaction flask and the isoneri Falj0

was réppeat ed. Over a period of 16 hours, a total of 970 ;?Efts gHEﬁOﬁﬁglﬁE‘EN
13,4- epoxy- 1- but-ene was added and 918 g of distillate was|coll REPEACED 4. 600
wei-ght recovery). The conversion of .3, 4-epoxy-1-butene was 90. 0% and 10
selectivity to 2,5-di hydrofuran was 98.6%—E& racti on The catal yst/ol i goner
residue remaining fromthe isonerization process was extracted with octane

by 't he procedure described in Exapple 1. The, catal - 15 t @l ning
material (103.6 gPeedSs tPePS\/EFEﬁgE’édﬂ?% ?%F%vf%%ﬁpre&r@ﬁtg%% _‘?:o od
conposition: 19. 9%pleraplenyltin i odi de, 42.6% tetra-n-dodecyl phosphoni um

i odi de, and 37.5% ol igoner. The anmount of oligoner renoved by the
extraction procedure was 39.3 g. 20 The catal yst-containin

material recovered in ﬁNes_iaxanpienyhsSrMWWQ% %%@%Edér&{ :

ol igoner ang the QapieiichiibirORe¢@PEALE! €5l Sréfirid dukiddiaunits tHer@ods,

t et ra- n- dodecyl phosphaqni um._i Ogl de, .and olé ner. were 1gl.et erm rasd as-

described i n Exanp& 4%,#11d be; ypdesstoo g?ﬁt (52 L00% 3%t ri buti on

coefficients and modifdidatiions can be effected within the spirit and
scope of the invention. '

This Sheet Has Been ; ]ilaced
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sel ectivities deternmined are shown in Table |I. EXAMPLE 10 |sonerization 30
The procedure of Exarrmr‘epeat—ed—ex'cept that the initial charge of

materials was tri-n- oc 30.7 g), '
tri-n-octyl (n-oct adecy ﬂmmm ide (39.7 g), and 2,5-di hydrofuran
(999) Over a period e otal of 2173 g of - 20 -

-3, 4- epoxy- 1- but ene was added and 2082 g of distillate was collected (95.8%
wei ght recovery). The conversion of 3,4 epoxg 1- but ene was 91. 5% and

sel ectivity to 2,5-di hydrofuran was 99. 1% —523

Extraction The cat al yst/oligomer residue remaining fromthe isonerization
process was extracted w th octane using thE ?ﬁgedure descri bed in Exanpl e
1 to give 99.6 g of catalyst-containing na The amount of oligoner 10
removed by the extWeacYad®:procedure was 14.8 g. EXAI\/PLE 11 I soneri zation

The catal yst-cont al ni NGrddeds or' %@Vgéﬁgrbﬁléﬁ of a ¥yt Gyien
returned to the reactiaon flask.and t [ sorrerl zation roce ur e was

repeated. Over a FRRTGFINET d4)nhahr in'&mt $0dide s campaund, i (11) an organo-
3, 4- epoxy- 1-8hut eneciund caddiad cangohn86 grof{ifiptalmbttenwestiatdas thxbn X. 6%
wei ght recovery). JER% e} - - 1- but ene 90. 6%
and selectivity to r& hla’\"‘:‘(:jrli:g1 uregﬁgv\gnggpgﬁ%m R&l &t lzl%omer 6 a

Y, s—epoxyalkene by the steps comprising: :

(1) intimately contacting the mixture with an

extraction solvent selected from hydrocarbons

10 having 5 to 12 carbon atoms and chlorocarbons;
(2) allowing the mixture of step (1) to phase separate;
and ' '

(3) recovering the extraction solvent phase containing
iodide compounds (i) andror (ii). )

15 | |
2. Process according to Claim 1 wherein the ¥y, §~epoxy-—
alkene contains 4 to 8 carbon atoms and has the formula:

0 K8 N5 5 SR

4 N\,
25

wherein each R* is independently selected from hydrogen

and methyl or 2 R* substituents collectively may _

represent an alkylene radical which forms a ring having
30 5 to 8 carbon atoms.

3. Process according to Claim 1 wherein:
the process is carried out at a temperature of 40
to 125°C; ' '

35 the onium iodide compound is a tetra(hydrocarbyl)-
ammonium iodide or a tetra(hydrocarbyl)phosphohium
iodides having a total carbon atom content of 16 to 72
carbon atoms and formula: -



Extraction The catal yst/oligoner residue remaining fromthe isonerization
process was extracted with octane by the procedure.described in Exanple 1
to give 143.6 g of 25 ning mterial. The anmount of

ol i goner rem)ved by the H"Im’m'"/ﬂl L ure was 36.4 g. EXAWPLE 12

| soneri zation The datalyst eontai ning material recovered in
Exanpl e 11 was returned to the reaction flask and the isonerization
procedure was repeated. Over a period of 46 hours, a total of 1189 g of

3, 4- epoxy-1- but ene was added and 1141 g of dj g}lllate was col lected (96. 0%
- 21 - weight recovery). The conversion of” “epoxy- 1- but ene was 88. 9% and
sel ectively to 2,5-di hydrofuran was 98. 7% Extraction The catal yst/oligoner
residue remaining fromthe 5 | soperi zation process, wag. extracted with
octane by the procedure descri h in Exanple 1. The tal yst- containing
material (98.4 g) thus recog tyre f ddpow matge- conposi tion
34.9%tri-n-octyltin iodide, 4118%tri-n-octyl (n-octagecyl phosphoni um

i odi de, 10 ~and 23.8%oligo i*gorrer renoved by the
extraction procedwheredn 45.5 g. The catal yst-containing material recovered

In this exagple was regogp ﬁ‘e%u#stﬂth%ts@Bﬁ%p&ﬁgeﬁl:woﬂ‘s‘rsé‘fgcéé‘f from

distribution coefficients for t
alkyl of up to 20 carbon atoms and each R? substituent

is independently selected from R!, benzyl, phenyl or
phenyl substituted with up to 3 substituents selected
from lower alkyl, lower alkoxy or halogen; or two R!
15 - substituents collectively may represent alkylene of 4 to
' 6 carbon atoms including alkylene of'4 to 6 carbon atoms
substituted with lower alkyi;
the organotin iodide compound has the formula:

3
20 (R”) —Sn—I

@u

(4-n)

wherein
25 each R® independently is selected from alkyl or
substituted alkyl moieties having up to 20 carbon atoms,
cycloalkyl or substituted cycloalkyl having 5 to 20
carbon atoms, carbocyclic aryl or substituted
carbocyclic aryl having 6 to 20 carbon atoms, or
30 . heteroaryl or substituted heteroaryl moieties having 4
up to 20 carbon atoms; and
nis 1, 2, or 3; and
the v, é—epoxyalkene contains 4 to 8 carbon atoms
and has the formula: ) '

R45§:grgf—§ik‘i | (I)

\o/

35
40

wherein each R* is independently selected from hydrogen
45 and methyl.



15 ° i odi de, tri-n-octyl (n-octadecyl)phosphonium iodide, and ol i-gomer
were determ ned as described in Exanple 4 using octane and [err]. The

di stribution coefficien ! selectivities determ ned are shown
in Table I. 20 mlm I|f "[m MIII TABLE | Average Residue
_ ! 0

Average Distribution c trmactsi om From Coeffi ci ent

Sel ectivity Exanple SNI - PHOS oLl G SNI PHCS 25 .

4A 0. 61 1.67 0.16 - 4.42 9.73 4B 0.70 1.33
0. 27 3.14 6.33 4C 0.71 1.%% 0. 33 2.24 5. 66
4D .0.66  1.04  0.34 1.96 = %306 9 0.75  4.09
0.20 3.83 19.94 30 12 0. 85 0.91 0.18 4.39

4.65 The val ues rggortggglégs%';@%ﬁ%}dfﬁ a%iéfh.{xf'ea ‘%Me‘ifetj.inV%l?%ssy,%f-eggt .an

.extraction process _provide / prese I'nvention since the ‘extr
'sel ectivity only alkengpis Beduepexyht—liten®s. than unity for the
extraction to be operable. The invention has been described in detail with

5 articular reference to preferred enbodj nents thereqf. - .23 -
] P 5. %rocess or the separation ofsa catéiyst system

5 comprising (i) an onium iodide compound and (ii) an
organotin iodide compound from a mixture of the catalyst
systemfand an oligomer of 3,4—epoxy—l-butene by the
steps comprising:

(1) intimately contacting the mixture with an
10 extraction solvent selected from alkanes having 6
to 12 carbon atoms;
(2) allowing the mixture of step (1) to phase separate;
) and
(3) recovering the extraction solvent phase containing
15 iodide compounds (i) and (ii);
wherein |
the onium iodide compound is a phosphonium iodide
containing 32 to 72 carbon atoms and having the general

formula:
20 2 +
25 RZ—p—R?> I~
2
wherein
30 ‘each R’ substituent is independently selected
from straight—chain alkyl of 4 to 18 carbon atoms;
and _ '
the organotin iodide compound has the formula
35 | (R3)3—_-Sn—I

wherein each R} independently is selected from
alkyl having 4 to 10 carbon atoms or phenyl.
40



CLAI'MS 1. Process for the separation of a catalyst system conprising (i)

an onium i odi de conpo i no- 5 - tin iodide conmpound, or
(iii) a mxture thereFﬂmHm!u"mﬂﬂr*@n of the catal yst systemand an .

ol igoper of a [err]-epexyal kener bys TRe steps conprising: (1) intimately
contacting the mxture with an extraction solvent selected from

hydrocar bons 10 having 5 to 12 carbon atonms and chl orocarbons; (2)
al lowi.ng the mxture of step (1) to phase separate; and (3) recovering the
extraction solvent phase containing iodi decggrmpounds (i) and/or (ii). 15 2.
Process according to Claim1 wherein the [err]-epoxy- al kene contains 4 to
8 carbon atons and has the fornula: - [err] 25 wherein each [err] is

i ndependent |y sel éct edPikocessydcogedingdtoeClyim & wherein thehpriocesst ds
collectively may ¢ n n, al ky 2 £a! ' r ' Ravi ng 30
5 to 8 carbon ator?é?&g.aa BB?oggsé %%@g?{‘l ngfflooeguacf%cjlolvﬁr%a?\i:dqt e process
is carried out atweighfpzasiorefothepexbrackiqn splvent to the,cagalyst”

i odi de .compound i 13gbRibramikdneeaisyin -t PangENdOdicta do d.1:1.
tetra(hydrocarbyl)phosphoni umi odi des having a total carbon atom content of
16 to 72 carbon atoms and fornul a: '

. Process for the separation of a catalyst system
comprising (i) an onium iodide compound and (ii) an
organotin iodide compound from a mixture of the catalyst
system and an oligomer of 3,4—epoxy-l-butene by the

10 steps comprising: _

(1) intimately contacting the mixture with an
extraction solvent selected from heptane, octane,
nonane and decane at a temperature of 40 to 125°C;

(2) allowing the mixture of'step'(l) to phase separate;

15 and o |

(3) recovering the extraction solvent phase containing
iodide compounds (i) and (ii); ' _

wherein the onium iodide compound is tetra—n—dodecyl—

phosphonium ibdide, tetra—-n—-hexadecylphosphonium iodide

20 or tri—n—octyl(n—octadecyl)phosphonium iodide; and the
organotin iodide compound is tri—n—octyltin iodide or
triphenyltin iodide.



- 24+ - [err] wherein 10 o each [err] substituent i ndependently is
sel ected fromal kyl of up to 20 carbon atons and each LeLLl_substltuent I's.
|ndepéndently selected from[err], benzyl, phenyl or ph&n g
with up to 3 substituents sel ected from | over al kyl, |pwer
‘hal ogen; or two [err] 15 substituents coIIectrver
al kylene of 4 to 6 carbon atons including alkylene of 4 to 6 carbon
substituted with lower alkyl; the organotin iodide compound has the
formula: [err] wherein 25 each [err i ndependently is sel ected

from al kyl or,substituted alk I nnretres havr 20 car bon_at ons
cycl oal kyl or s ggsggE G MATERFALS FROM

car bocyclic ar |¥ ?Hp%arbocycl%g%?gagghaV|ng 6 to 20 carbon-
atonms, or 30 - het er grgh grdsugstrtutg %eroa}@/ ermr etreqﬁ;avrtegﬂf up:
to 20 carbon atons; RC-@S8d 35 3, PEOCRTR 1% A% e EHAl % ns
4 to 8 carbon atoNBlaﬁa ﬁasthExtnreslaf ¢axtalysthecanpowssh st r] is
i ndependent |y sel ggigtnkr98 RYELPIETs 4O The FFELIEL Pilovides for the
5 separation of (i) an onium iodide compound, (ii) an
organotin iodide compound, or (iii) a mixture thereof
from a mixture thereof in an oligomer of a vy, §—epoxy—
alkene by the steps of (1) intimately contacting the
mixture with an extraction solvent selected from
10 'hydrocarbons having 5 to 12 carbon atoms; (2) allowing
the mixture of step (1) to separate into 2 phases; and
(3) recovering the extraction solvent phase containing
iodide compounds (i) and (ii). The oligomer mixture of
compounds (i) andsor (ii) is formed during the
15 manufacture of 2,5-dihydrofurans by the isomerization of
N ' v, —epoxyalkenes. '
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- 25 - 4. Process according to claim 3 wherein the [err]-epoxXyssezsi-Hkene is
3, 4- epoxy- 1- butene. 5. Process for the separation of a catal ystrrssystem 5
conprising (i) an onium i odi de conpound and (ii) an organotin iodide
compound froma m xture of the catal yst systemand an oligoner of"
3, 4-epoxy-1-butene by the steps conprising: (1) intimately contacting the
m xture with an 10 . extraction solvent selected from al kanes havi ng
6 to 12 carbon atons; (2) allowing the m xture of step (1) to phase
separate; and (3) recovering the extractiomrdotvent phase containing 15
i odi de conpourEROCESS FOR (THE ; SEPRRATION hGF O.0LIGAMEBTE-(& MATERIALS | EROM
- phosphoni um | Gli CRTALYSRIMIXTURE to 72 AL E ons and havi ng the genera
formula: 20 [err] wherein 30 [err] substituent is
i ndependent |y selecteulécbasedrasghtpnhaamsa@«ydtnﬁ redavely o partadiysts;
and the organoti d S n each [err

9 Ya iﬁgé £rb ”B?H{E‘ﬁiﬁéﬁ %f h@aéﬁﬁ% 6&{&1 adhely [err]

| ndependently is se ected rom a { avl ng car on atons or phenyl.
40 oligomeric materials. The process provides for the

s separation of (i) an onium iodide compound, (ii) an
organotin iodide compound, or (iii) a mixture thereof
from a mixture thereof in an oligomer of a v, é—epoxy—
alkene by the steps of (1) intimately contacting the
mixture with an extraction solvent selected from

o/ 10 =~ hydrocarbons having 5§ to 12 carbon atoms; (2) allowing .
" the mixture of step (1) to separate into 2 phases; and
(3) recovering the extraction solvent phase containing
iodide compounds (i) and (ii). The oligomer mixture of
compounds (i) andror (ii) is formed during the
15 - manufacture of 2,5—-dihydrofurans by the isomerization of

v.6—epoxyalkenes.
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-26-. 6. Process according to Claim5 wherein the process is deaspised out
at a.tenmperature of 40 to [err] and the *weight ratio of the extrmedion
solvent-to the catalyst/ oligonmer mxture is in the range of 10:1 to 0.1:1.
5 7. Process for the separation of a catalyst systemconprising (i) an
oni um i odi de conpound and (ii) an organotin iodide conmpound froma m xture
of the catal yst system and an ol i goner of 3,4-epoxy-1-butene by the 10
steps conprising: (1) intimately contacting ége_m' xture with an extraction
sol vent sel ected from heptane, octane, nonané“and decane at a tenperature
of 40 to [err]; (2) allowng the mxture of step (1) to phase separate; 15
and (3) recoverinthddis ®d il igrdated ¢aah RRAEP 6P 8hoI ERLLACE fin COIMSMINS
(1) and (ii); wherein the oniumiodide conpound is tetra-n-dodecyl -
phosphoni um i odi d&PPYERAYEL - hexadecy! phosphoni um i odi de 20 or
tri-n-octyl (n-octadecyl)phosphoni umi odi de; and the organotin iodide

conpound | S' tri-n-octylgdd QU8 N nhls' BAGRYhbkBriB9h98n detail with

5 particular reference to preferred embodiments thereof.
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