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| someri zation reaction. 15 The isonerization of vinyl oxirane to

2, 5- di hy fihefinyentionsreiates tone processufesrtbesseparation ef vligpmers of ainybroxirang US

5, 082, 95BomEm Bomerization calalyst/ incdrder toarettoler the catalygufop H9e isohteriationgf

i soner i zényboxirarie tpo2rdibydrpfyrandessentially compristhgian oniwm dodide aa dhalide tdfe

react i @nzimcxtiny eobslite or bismythpdnd toptiohsity afdonan ligand oihel catalysi sortamivistbad.

It is  wiRictibomersBekrSMixediwith aTRYEpeIaF hy&focaRsort extrhot drfl OFhidtinst ur e

i n orderafefhy dtocal%ﬁeé)dra%ttﬁﬁ et o d@é%ﬁﬁ@ﬂ%&ﬁ 'sbBArated @ndas Frﬁ
L angfnagtéf g%bl;lf then bétﬁbc‘%efn &ab §ﬁu t? ééecgté%oﬁ@é e O
form ITB.kI ng | POSSI Efy Etéi“recy g |t o t 8' %@I’I z ‘phase w t hout

| oss of® h this aim vi.ew, U scrlbesth

separ at i ﬁe(ﬁorgér |9é‘r‘i) Vi ’Stﬂﬂ,et‘é’ Srdibydre gﬁﬁf‘l'ﬁ e?ﬁMl’kﬁFmSFPl!ﬁ‘ p@#’nyl
oxirane gt Specicationss 89a ﬁ@ﬁ%@@@ R 412366 (WO 18 HibkhnarduRE-A

i odi des éﬁ@"{tﬁ%henyl tin iodide or tri-n-octyltin iodide, by the addition
of a non-pol ar sol vent, separation of the oligoneric byproducts undi ssol ved
in thezosBmiagtisamesizatimm pligomerio dy-products ane formed whichoacadmulate dolthent .
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result O(N ht?ns aim ﬁ\c\tzlewrﬁs 5,238,889 describes the separation of oligomeric byproducts
formed during isomerization of vinyl oxirane to 2,5-dihydrofuran catalyzed using
%0 tetraalkylphosphonium iodides and triphenyltin iodide or tri-n-octyltin iodide, by the
addition of a non-polar solvent, separation of the oligomeric byproducts undissolved

in the solvent as second phase and removal by distillation of the solvent.

- A drawback of combining the isomerization with separation of byproducts as de-
35 scribed in US 5,238,889, on an industrial scale, is the use of the said expensive or-
ganotin iodides, which are not available in gross quantities, as catalyst components.

Another disadvantage is that organotin halides are readily decomposed by water or
other protic reactants. Thus there is the danger of traces of water in the vinyl oxirane

- 4 used for the isomerization Ieadmg to deactivation of the catalyst as a result of the
reactions: -

*Ho0
RsSnl ——3» R3SNOH + Hi

RsSNOH——3» (R3Sn),0 + H0

Two equivalents of the organotin iodide are here converted by one equivalent of wa-
ter to form a catalytically inactive organotin ' oxide.
50 .



[err] 45 | Two equi val ents of the organotin iodide are here converted by
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removed, by distillation, in which the mxture of the oligoners with a
cat al yst Aceersiingly,heyinventionzelates te agrepess fordhe separation.hq ecafalyst from ap)
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2 sisting of

a) an onium iodide,

- b) a Lewis acid selected from the group consisting of the chloride, bromide or
25 jodide of cobalt, bismuth, tin or zinc and optionally :

c) a donor ligand

(1) s thoroughly mixed with a hydrocarbon or chlorinated hydrocarbon containing
o from 5 to 14 carbon atoms,

(2) the phase containing the catalyst is separated from the resulting 2 phases and

/ (38) the catalyst is-isolated by distilling off the solvent.

35
The separating process can be carried out continuously or batchwise and integrated
in the isomerization process. The isomerization of vinyl oxirane is carried out as de-
scribed in US 5,238,889. This patent is included herein by reference, also in respect
of the description of the onium halides, and the statements therein should be re-

« garded as forming part of the present description except for the other type of Lewis
acid (b) used.

Accordingly the hydrocarbon extracting agent or chlorinated hydrocarbon extracting
agent containing from 5 to 14, preferably from 8 to 12, C atoms. includes

& straight-chain or branched-chain, acyclic or cyclic compounds. Specific examples of
acyclic extracting agents are pentane, hexane, heptane, octane, nonane, decane,
mixed decanes, mixed heptanes, mixed octanes, or isooctane.

Examples of cyclic hydrocarbon extracting agents are primarily cycloalkanes con-
s taining from 6 to 12 C atoms. Specific examples are: cyclohexane, cyclooctane, and
cyclododecane, and also decalin.



(1) is thoroughly m xed with a hydrocarbon or chlorinated hydrocarbon -

contai ni posoK®B317 from S to 14 carbon atons, (2) the phase contai ning
the catalyst is separated fromthe resulting 2 phases and (3) the
catalyst is isolated by distilling off the solvent. 35 The separating
process can be carried out conti nuously or batchwi se and integrated I n
the iso S nerl vinyl oxir .s carried
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ref er enc8°u5¢§8° 'W@%E t°1 ?FR!“%!escrl ption of the onium halides, and
the statenents therein shoul d be re- 40 garded as forming part of t he
pr esents Ssifablepnium enapoundsda) ane alh of the cgmpounds defined in WS 5238889 slut.
Accor di ngspecially thoseafdnétormutar act i ng agent or chl ori nated hydrocarbon
extracting agent containing fromb5 to 14, preferably from8 to 12, C
atons includes 45 straight-chain or branched-chain, acyclic or cyclic
conpounds. Specific exanpl es O'F@ acyclic extracting agents. are pentane,
hexane, ¢ hept ane, octane, nomrRART-Rdecane, miXeéd decanes, m xed hept anes,
m xed octanes, or isooctane. Exanpl es of cyclic hydrocarbon extracting
agents are primarily cycl oal kanes con- 50 taining from6 to 12 C atons.
Speci fic exanples are: cycl ohexane, cyclooctane and cycl ododecane, and
al so decal | 005 6317 Preferre f .suitable
chi or | nadfMRIRR SeRpiss R RAREAhan Tacisd) St ETEe FoM 415 B G té8e ai i ng 11 om
8 to 1¥C atons. 5 Sui tabl e oni um conpounds (a) are all of the conpounds
defi ned Swyitebles @W%s@mments@e%fﬁaphgsnhﬁz@@m 9mphpsphaganium iodides
R 10 containing from 60 to 144 Catems over and aboverthe erivat campounds desartbed
radi cal dotlSi5R238;889,0selacted feord theognoupldonsisting of tetraalkylammonium and/or
tetraarylammonium iodides and tetraalkylphosphonium and/or tetraarylphosphonium
» iodides containing from 16 to 72 C atoms and the individual compounds cited in said
reference, provided these are at least 10 soluble in the extracting agents to be used
in the present invention, at room temperature or, possibly, at elevated temperature.
Phosphazenium iodides are particularly suitable. These phosphazenium iodides are
- selected from the group consisting of the compounds defi ned in DE-A 4,424,219 of
- 2 the formula

= 1T T4
PopaN=t 2
T T

30 . .
in which the radicals T to T® have the meanings stated in DE-A 4,424,219 and

¥2 denotes a counter-anion.

s Those compounds are particularly suitable, in which T1 to T6 denote phenyl radicals
which are substituted by a total of from 6 to 18 low molecular weight alkyl radicals.

The Lewis acids b) used in the invention are the chlorides, bromides or iodides of
cobalt, tin, bismuth, or zinc or mixtures of these compounds. Of these, zinc iodide is
4 preferred.

To achieve good selectivity of the isomerization of vinyl oxirane toward 2,5-dihydro-
furan the Lewis activity of, eg, the zinc halide is diminished by a weakly basic donor
ligand c). Suitable compounds are the compounds described in DE-A 4,424,219.

& Tertiary amides such as N,N-dimethyloctane carboxamide, N,N-dimethylbutyramide,
lactams such as N-cyclohexylpyrrolidone, N-octylpyrrolidone, N-octylcaprolactam, or
ureas such as tetrabutylurea, tetraoctylurea, N,N-dioctylethylene urea or N,N-diocty-
Ipropylene urea are particularly noteworthy examples where the amides, lactams, or
ureas should contain from 16 to 54 C atoms.
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d|s fling off the extracting agent. In this- case all or virtually all of the volatile compo-

: nents should be removed from the catalyst/oligomer mixture, as otherwise a portion

of the oligomers will be solubilized in the extracting agent. The amount of the volatile

components of the catalyst system is usually from 5 to 30 wt% of the catalyst/ oli-

% gomer mixture to be extracted. The extraction of the oligomer phase can be re-

peated, if necessary, and the extracts combined by evaporative concentration for pu-

rification purposes. The catalyst system is obtained as a molten liquid which can be

recycled to the isomerization process without further purification. Small amounts of

(% oligomer still remaining in the catalyst system have no undesirable effect when re-
35 used in the isomerization.

The oligomer can be isolated as by-product or it can be discarded. The catalyst com-
ponents may, if desired, be isolated by crystallization from the molten catalyst mix-
ture, but direct recycling is preferred.

The extraction process of the invention is usually carried out at slightly elevated tem-
perature to ensure good solubility of the catalyst in-the solvent and reduced viscosity
of the oligomers. However, a temperature below the boiling point of the solvent is
advantageously selected in order to make it possible to operate at atmospheric pres-

s sure. This means that the extraction is usually carried out at temperatures ranging
from 400 to 125°C.

However, the extraction is usually carried out semi-continuously or, preferably, con-
tinuously by standard prior art procedures, eg as specified in T.C.Lo, M.H.l.Baird,
s C.Hanson, Handbook of Solvent Extraction, Reprint Edition, Krieger Publishing Com-
pany, Malabar, Fla. U.S.A. 1991. Typical counter-current extraction systems are, for
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have remained in the two octane phases.

o' idine and 98.5 % of the zinc

Following combination of the two octane phases, these are evaporated off in a rotary
4 evaporator at a bath temperature of 80°C and a pressure of 14 mbar, 135 g of resi-
due remaining, which solidifies at room temperature. '

Example 1a (catalyst feedback)

s The evaporation residues from the octane phases of Example 1 are heated to 125°C.
With stirring, 800 g of vinyl oxirane are pumped in continuously at a rate of 35 gh
and 2,5-dihydrofuran is distilled off together with unconverted vinyl oxirane. When the
feed is complete, the low boilers are substantially removed, by distillation, by reduc-
tion of the pressure to 1Q mbar. There are obtained 747.2 g of distillate having the

s following composition: 82 % of 2,5-dihydrofuran, 16.5 % of vinyl oxirane, and 1.5 %
of crotonaldehyde.



50 C. Hanson, Handbook of Solvent Extraction, Reprint Edition, Krieger

Publ i shpsety4e897 pany, Malabar, Fla. U S A 1991. Typical counter-current
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have renained i.n the two octane-phases——FoH owi ng conbi nation of the two
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the 50 fol | owtheymixtayeoof thewmligoflier§onith 2 catatlishebsehtialbyncortiprigingo of vi nyl
oxirane, and 1.5 % of crotonal dehyde. 0050/ 46317 Example 2
A mxture of 4%.8 an@nitirijodidect y! (-n-octadecyl)phosphoni umi odide, 1.92 g
of zinc io- 5 dide, and 33 ¢ of tri-n-octyl phosphane oxide is heated to

125C wi g h stigyi ng SNFPSthbehdride, bréRide 20
g/ h. Th1£e 2, 5- hyd;plifggga%degélé qﬁ%ﬁnfﬁgg@ﬁ&‘aﬁhml nur:)usl y I

renoved, by distil 1on onver Vi ny oxi rane and
traces of crot nalgdy e gn the feed is conplete, the pressure |s
gradual | y red&éed #BQ? in order to renove the | ow boilers,

distillation, as far 10 as possible. - In all, there are Obta'”ﬁyg 370g

of dist®llate havikl this thﬂromlysgmase@wm ajhydrogarbop or ghiarinated FQﬁauT an,
1.1 % of crotonal dehydebongniainingdram Storid carkpn@temsiThi s gi ves,

cal culation, a selectivity of 93 % and a conversion of 86.8 % 15 The
borfoms are extrac{2y athelphase keritainingthencatalyistis separated fromithe resiiting.
and once with 172 nlL ofphlasestamee. Fol | owi ng evaporation of octane
residueg at 80C/ 16 nbar there remain 22 g of a residue conprising

oligomeric vinyl oxgfanfne BiafstiOiplated By Wistilingloft soigghine and 0. 015 o

of zinc. It can be oncl ud ese ta t 20 98 % of the iodine and

phases. 3%;2?@;55% BT ol bbb g B e srpdtied H 8

h an kane contai

s 3. A process as defined in claim 1, wherein the mixture is extracted with a cata-
- lyst essentially comprising a phosphonium iodide, zinc iodide and a
straight-chain or cyclic N-substituted amide or a tnalkylphosphane oxide. '

3 4. A process as defined in claim 1, wherein the extraction is carried out using a
hydrocarbon containing from 8 to 12 carbon atoms.



changed activity and selectivity under the conditions described above and
can be godopeysr €d to the isonerization reaction after further purification.

0050/ 46317 Pat ent C ai ns: A process for the separation of a
catal yst froma m xture containing oligoners of vinyl oxirane, as
is fornmgd duri isonerizatipn.to 2.5:-di hydrofuran and from.. whi ch
vt ol FRodase B e SRRl p Bidcérie bialitcds St fprif Bton catalyst
wherein the m xture of the oligoners with a catal yst, essentially
conpr i siygmary a) an oniumiodide, 10 b) a Lewis acid

selected fromthe group consisting of the chloride, bromde

or i ods deprotcessforithe separatioh,ofta catalystfrom amixtope containipg oligomers oftyinyl a
donor | iogirade, dsis formed during (sbmerizatibhdo @§dihydrofuean antdHrem twhiich adntdson or
chl ori nallg&lirefahedew-boilers have been removed, byodistiifztion, Whegeihrthen ruixtureldf
carbon #é&BRgomers with a catalyst, esgentidliy @ohipifhgeont ai ning the catal yst is

separated fromthe resultihng 2 phases and 20
(3) t cat al.yst: d.S~gal ated by distilling off the sol vent. 2. A
pr ocesfgg S d%ho:r{élg’nﬁ%&?%i m 1, wherein the mxture to be separated is ex-

| tracted with_a Jsk 1§ & i,y B_o 0 i t i oié,‘bro dBrgeess
o e e e i g e e

straight-chain or cyclic N-substituted am de or a trial kyl phosphane oxi de.
30 4. 1 Ch pr &denordigagdfined in claim 1, wherein the extraction is carried

out using a hydr ocarbon containing from8 to 12 carbon atons.
L (1) is thoroughly mixed with a hydrocarbon or chiorinated hydrocarbon
containing from 5 to 14 carbon atoms,
20 (2) the phase containing the catalyst is separated from the resulting 2
phases and

(3) the catalyst is isolated by distilling off the solvent.



