
;e3erp6Trbt|vonmmn ~h PROCESS FOR THE PRODUCTION OF 2,5-0IHYDROFURAN
BACKGROUND OF THE INVENTION 1. Field of the Invention 5 This invention
pertains to isomerization processes and, more particularly, to processes
whereby y,a-epoxyalkenes and y-epexycycloalkenes are isomerized to obtain
the corresponding 2,5dihydrofuran compounds in the presence of a catalyst
system comprising certain organotin compounds and an alkali metal iodide in
the presence or absence 9 0 of a solvent at a temperature of 50 to 2D0C. 2.
Description of the Related Art Dihydrofurans ace reactive hetErocyclic
species which are useful in a variety of applications, e.g., as
intermediates in the production of useful 15 polymers and chemicals.
However, the use of dihycirofurans for such purposes has heretofore been
restricted due to the non-availability of cost effective preparative
procedures. U.S. Patent Nos. 3,932,46S and 3,s96,248 disclose the
production of 2,5-dihydrofurans by the rearrangement of substituted or
unsubstituted 20 epoxyalkenes with a homogeneous catalyst system comprising
hydrogen iodide or hydrogen bromide and a transition metal lewis acid in an
organic solvent. This process suffers disadvantages of the use of-con-osive
hydrogen halides, high level of oligomer formation, and complications in
~ o ~u~ Zoot -2 product isolation. We have found that the process of U.S.
Patent Nos. 3,932,468 and 3,99B,248 also results in the unwanted production
of up to 15~ a, p-unsaturated aldehydes or ketones. U.S. Patent No.
5,034,545 describes a method for the isomerizabon 5 of epoxyalkenes to
2,5-dihydrofurans) in the liquid phase, in the presence of a catalyst
system containing an alkali or alkaline earth metal halide or an opium
halide, a Lewis acid, and an organic solubifizer. The best reported results
were attained by using the combination of a zinc halide and an alkali metal
halide. We have found that such combinations of catalyst system 10
described in U.S. Patent No. 5,034,545 gave very poor catalyst lifetime.
The catalyst activity and the reaction of the epoxide decrease considerably
after a short operation time and result in a high level of oligomer
formation. Therefore, this method is uneconomical. Furthermore, U.S. Patent
No. 5,315,019 discloses the isomerization 15 of epoxybutenes in the liquid
phase, wherein organotin and a tetraalkylammonium or phosphonium iodide are
used as the catalyst system. A similar process is disclosed in W4 911'(3682
which describes in Example 327 the isomerization of 3,4-epoxy-1-butane to
2,5-dihydrofuran using a catalyst system consisting of tributyltin iodide
and tetraheptylammonium 20 iodide. European Patent No. 0 691 334 A1
discloses a method for the rearrangement of epoxybutenes to
2,5-dihydrofurans) in the liquid phase in the presence of a Lewis acid and
a phosphazenium halide or a phosphazanium halide in an organic solvent.
Catalysts used in these   1 Q J U L 2002 _g_ methods are expensive. Some of
them ere not readily commercially available. Moreover, relatively large
quantities of catalysts must be used in order to obtain satisfactory yields
and selectivities. The invention under consideration was thus based on the
task of 5 finding a catalyst system for the isomerization of epoxybutenes
to 2, 5-dihydrofurans, which is free of the aforementioned disadvantages.
SUMMARY 4F THE INVENTION 



We have discovered a catalytic process with a novel catalyst system 10 for
the isomerization of y,&-epoxyalkenes to produce dihydrofurans. The process
provides high levels of epoxyalkene conversion with high selectivity to the
desired dihydrofuran product. Long catalyst lifetimes are realized and the
product may be recovered by relatively simple means since the catalyst and
reaction mixture are readily separated by such simple '15 techniques as
distillation, decantation, filtration, gas stripping methods, gas lliquid
flow separation, and the like. Catalysts involved in the process of this
invention are readily obtainable by simple synthetic preparations or are
commercially available. In accordance with the present invention, there is
provided a process 20 for the isomerization of y,8-epoxyalkenes to the
corresponding 2,5-dihydro furan corn pounds, which process comprises
contacting a ~, 8-epoxyalkene .. or y,i5-epoxy-cycloalkene with a catalytic
amount of an organotin (11r) compound selected from hydrocarbyitin iodides,
dihydrocarbyltin iodides)   1 0 Jlll ?2n? -4 trihydrocarbyftin iodides, and
tetrahydrocarbyltin compounds in combination with an alkali metal iodide to
catalyze the isomerization process of the invention at a temperature of 5a
to 200C. 5 DETAILED DESCRIPTION OF THE INVENTION T'he y,a-epoxyalkene and
y,8-epoxycycloelkene reactants suitable for use in the process of the
invention may contain from 4 to 20 carbon atoms, preferably from 4 to 8
carbon atoms. Examples of the epoxyalkene and epoxycycloalkene reactants
include compounds having the structural 10 formula (I): R~ R~ R~ R~ R~ (!)
R~ O 15 wherein each R' is independently selected from hydrogen, alkyl of
up to 8 carbon atoms, a carbocyclic or heterocyclic aryl group of 5 to t0
carbon atoms or halogen, or any two R' substituents collectively may
represent an alkylene group forming a ring, e.g., alkylene) containing in
the main chain 20 up to 8 carbon atoms -= The preferred epoxyalkene
reactants comprise compounds of formula (I) wherein only two of the R'
substituents individually may represent lower alkyl, e.g., alkyl of up to 8
carbon atoms, or collectively   ao~~~~  represent straight or branched
chain alkylene of up to 8 carbon atoms. Exemplary compounds contemplated
for use in the practice of the present invention include
3,4-epoxy-3-methyl-1-butane, 2, 3-tiimethyl-3,4-epoxy-1butene,
3,4-epoxycyclooctene, 3,4-epoxy-1-butane, 2,5-dimethyi-2,4 5 hexadiene
monoepoxide, and the like. The epoxyaikene reactant of primary interest is
3,4-epoxy-1-butane. The 2t5-dihydrofuran compounds obtained in accordance
with the novel process have the structural formula (ll): 



10 R'~~ ~R~ R1 (I!) R wherein the R' substituents,are defined above. Of the
compounds which 15 may be obtained in accordance with the invention, the
compound of primary interest is 2,5-dihydrofuran. The preferred alkali
metal iodides for use in the present invention include lithium iodide,
sodium iodide, and potassium iodide) Lithium iodide and potassium iodide
are particularly preferred. 20 The alkali metal iodide is used in
combination with an organotin (IV) compound selected from orgaootin (iV)
compounds such as hydrocarbyltin .. iodides) dihydrocarbyltin iodides,
trihydrocarbyltin iodide.., and tetrahydro carbyitin compounds to catalyze
the isomerization process of the invention.   10 J U l 2002 -6 Examples of
such organometallic compounds include compounds having the formula: ~~~n -
Sn -- 1(4.n) 5 wherein each R2 independently is selected from alkyl or
substituted alkyl moieties hawing 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 heteroaryl or
substituted heteroaryl moieties having 4 up to 20 carbon atoms; and n is ~
) 2, 3, or 4. 10 Specific examples of the organometallic compounds include
dibutyltin diiodide, tributyltin iodide, trioctyltin iodide, triphenyltin
iodide, trimethyltin iodide, butyltin triiodide, tetrabutyltin,
tetraoctyltin, triphenyltin iodide, tribenzyltin iodids, dimethyltin
diiodide, diphenyltin diiodide, tricyclohexyltin iodide, and dicydohexyltin
diiodide. 15 The preferred organometallic compounds comprise tin (IV)
iodides having the above general formula and a total of 2 to 36 carbon
atoms wherein each R2 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 n is
2 20 or 3. -= Some of the tetra-alkyl or-aryl substituted tin compounds may
react with the alkali metal iodide co-catalyst under the conditions of
isomerization   10 ,~~ld _7_ to form in situ organotin iodide compounds.
Such tetrahydrocarbyltin compounds include tetraphenyttin. The amount of
the organotin component of the novel catalyst compositions of this
invention can vary substantially depending on the 



5 mode in which the isomerization process is operated) the particular
organotin compound and alkall metal iodide present, etc. The catalyst
system is preferably employed in the process as an intimate mixture of one
or more of the organotin compounds and one or more of the alkali metal
iodides described hereinabove  The organotin 10 compound:alkali metal
iodide weight ratio of the catalyst system can vary substantially, e.g.,
from 200:1 to 1:100, depending on the particular catalyst components
selected. The preferred organotin compound: alkali metal iodide weight
ratio is 5D:1 to 1:50. Particularly preferred catalyst systems comprise a
mixture of one or more of the organotin compounds described 15 hereinabove
and lithium iodide, potassium iodide, or sodium iodide. The organotin
compound and alkali metal iodide catalyst system may be used with an inert
organic solvent, if desired, to after the reaction conditions and/or
reactor configuration. The optional, inert organic solvent may also be used
to assist the catalytic process. 20 Thus, another embodiment of the
invention comprises the ismerization of an epoxyalkene tithe corresponding
2,5-dihydrofuran in the presence of a catalyst solution. This embodiment
may be carried out in the presence of one or more of the above-described
organotin compounds   10 JiIL tol _5_ and alkali metal iodides.
Accordingly) the catalyst solution preferably comprises a catalytic amount
of (i) one or more of the above-described organotin compounds and (ii) one
or more of the above-described alkali metal iodides in {iii) an inert
organic solvent, Le., a solvent that does not 5 react with me
~y,8-epoxyatkene or y,8-epoxycycloalkene reactants or the 2,5-dihydrofuran
products. Examples of the solvents which may be used include aliphatic end
aromatic hydrocarbons such as heptane, toluene, specific or mixed xylenes,
pseudocumene, and mesitytene; halogenated hydrocarbons such as
chlorobenzene, 1,2-dichlorobenzene, and 1g,2,2 10 tetrachloroethane;
ketones such as cydohexanone) 5-methyl-2-hexanone, and 2-heptanone; ethers
such as 2,5-dihydrofuran, tetrahydrofuran, and bis(2-rnethoxyethyl~ether;
esters such as isobutyl acetate; and tertiary amides such as
N-methyl-2-pyrrolidinone, N-cyclohexyl-2-pyrrolidinone,
Nethyl-2-pycrolidinone, and N, N-dimethylacetamide. Normally for ease of 15
separation, the solvent or mixture of solvents employed have boiling points
at least 20C above the boiling paint of the 2,5-dihydrofuran product and
the unsaturated aldehyde or ketone by-products. The concentrations of the
organotin compound and the alkali metal iodide in the inert, organic
solvent can be varied substantially depending, 20 for example, on the
particular catalytically-effective components present the design of the
reactor system, etc. Typically; the concentration of the organotin compound
will be 1 to 70 weight percent and the concentration of the alkali metal
iodide will be 1 to 70 weight percent, both concentrations   10 JUl 200? -s
being based on the total weight of the catalyst solution. Normally, the
mole ratio of alkali metal iodide to organotin compound is in the range of
50:i to 1:50. The preferred catalyst solution comprises: 5 (i) 1 to 50
weight percent of an organotin compound containg a total of 2 to 36 carton
atoms and having the formula: (R2)n - Sn - I~~r,) 10 wherein each RZ
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, and halogen, and n is 9 , 15 2, 3 or 4;
(ii) 1 to 50 weight percent of an alkali metal iodide; and (iii) an inert
organic solvent selected from tertiary amides 



such as N-methyl-2-pyn-oiidinone, N-cyclohexyl-2pyrrolidinone,
N-ethyl-2-pyrrolidinone, and 20 N,N-dimethylacetamide, with
N-alkyl-2-pyrrdlidones _- being particularly preferred. ._ _ Some organotin
compounds, some alkali metal iodides, and the reaction mixture can be
mutually soluble. The reaction mixture can include   10 ,~~L 200 -10 the
epoxyatkene itself and mixtures of epoxyalkene) 2,5-dihydrofuran,
epoxyaikene oligomers, and polymers which are formed as a consequence of
the reaction. As a result, the addition of an inert organic solvent may not
be necessary. This is particularly true when trioctyltin iodide and lithium
5 iodide are used as the catalyst system. Moreover, if desired, a mixture
of epoxyalkene with the reaction product 2,5-dihydrofuran and/or the
epoxyalkene oligomers and polymers formed in the course of the reaction can
be used in combination with, or in lieu of, the inert organic solvent in
the reaction from the beginning. 10 The isomerization process may be
carried out using the catalyst solutions described hereinabove by
contacting a y,o-epoxyalkene or Y,S-epoxycyctoalkene at a temperature of 50
to 200C) preferably about 80 to 160C, depending on the solvent or mixture
of solvents employed. The process may be carried out at atmospheric or
super atmospheric pressures, 15 e.g., up to 22 bar (absolute). The process
employing the catalyst solution may be carried out in a batch,
semi-continuous, or continuous mode of operation. For example, batch
operation may comprise refluxing a mixture of the y,8-epoxyalkene and
catalysts, e.g., tributyltin iodide and lithium or potassium iodide, in a
20 solvent such as N-methylpyrrolidone for a time sufficient to convert
essentially all of the epoxide to the 2,5-dihydrofuran. The products are
then separated by distillation from the mixture. The undistilled catalyst
solution may be reused in a subsequent reaction   ~ o ~u~ Zooz  The
catalyst solution preferably is employed in a continuous mode of operation
wherein a y,8-epoxyalkene or y,a-epoxycyctoalkene is added to a
recirculated catalyst solution which is then introduced into a continuous
reactor. Alter isomerization, the reaction stream is fed to a distillation
5 system for removal of product or products and recycle of the catalyst
solution. Example of continuous reactor designs in which the process can be
performed are continuous stirred tank reactors and plug-flow reactors. The
novel isomerization process and the catalyst systems, compositions, and
solutions useful in practicing the invention are further 10 illustrated by
the following examples. The conversions and selectivities reported in the
examples were determined by gas chromatographic analyses performed on a
Hewlett-Packard 5890 series 11 gas chromatography.   10 JUi ?0D7. -12
EXAMPLE 1 To a 100 mL three-neck stirred flask equipped with a
distrillation head and a thermowell were placed 11.70 g (0.02 mol) of
trioctyltin iodide and 8.01 g (0.06 mol) of lithium iodide in 50 g
N-methylpyrrolidonE;. The mixture 5 was heated to 135C . With a
quantity-regulated pump, 10 g of epoxy butane per hour were metered in. At
the same time, a mixture of 2,5-DHF and the unreacted epoxybutene was
distilled off. After 72 h, 7e4.9 g of epoxybutene were pumped in and 6S8.4
g of distillate were obtained. After reducing the pressure to 30 Ton- (4
kPa), another 20.6 g of dyslillate was 



10 obtained. Oligomer (25.9 g) remained in the pot. GC analysis of the
combined distillates indicated the following composition: 89.79 wt%
2,5-dihydrofuran; 7.84 wt% epoxybutene; and 15 2.11 wt% crotonaldehyde.
With a 92.43% conversion, therefore, a selectivity of 513.7% was attained.
The formation of oligomers was 3.81%. For the purpose of evaluating the
activity of the catalyst system, 20 samples were taken periodically as
distillate for GC analysts. Results are listed in Table 1 which illustrate
the relationship of the conversion of epoxybutene to 2,5-dihydrofuran vs
reaction time (excluding the formation of oligomers).   ~ o uu~ ~aa~ -13
TABLE 1 Reaction Tirne hourConversion to 2,5-I)1~~F1882873.587687 ~789 8__
90328955 _g170.593 72_ 92 5 As illustrated in Table 1, the catalyst
reactivity remain; unchanged after 72 hours of reaction run. EXAMPLE 2 To a
100 mL three-neck stirred flask equipped with a distillation head 10 and a
thermowell were placed 5.85 g (0.01 mol) of trioctyltin iodide and 4.05 g
(0.03 mol) of lithium iodide in 50 g N-methyfpyrrolidone. The mixture was
heated to 135C. With a quantity-regulated pump, 10 g of epoxybutene per
hour were metered in. At the same time, a mixture of 2,5-DHF and the
unreacted epoxybutene was distilled off. After 71.5 h, 835.88 g of 15
epoxybutene were pumped in and 771.02 g of distillate were obtained After
reducing the pressure to 30 Torr (4 kPa), another 26.12 g of distillate   1
0 (! U l 2fl02 -14 was obtained. Oligomer (38.74 g) remained in the pot. GC
analysis of the combined distillates indicated the following: 85.24 wt%
2,5-dihydrofuran; 5 13.42 wt% epoxybutene; AND 



1.14 wt% crotonaldehyde. With an 87.20% conversion, therefore, a
selectivity of 9e.22% was attained. The formation of oligomers was 5.31 %.
10 For the purpose of evaluating the activity of the catalyst system,
samples were taken periodically as distillate for GC analysis. Results are
listed in Table 2 which illustrate the relationship of the conversion of
epoxybutene to 2,5-dihydrofuran vs. reaction time (excluding the formation
of oligomers). 15   10 J U l 2002 -15 TABLE 2 Reaction Time hourConversion
to 2,6-DI-!F1852853.5884.58622.5852685 _3084 46.5_ 83 _5585 _71.586 As
illustrated in Table 2, the catalyst reactivity remains unchanged 5 after
72 hours of reaction run. EXAMPLE 3 To a 100 mL three-neck stirred flask
equipped with a ~~i;~tillation head and a thermowell were placed 5.85 g
(0.01 mol) of trioctyltin iodide and 4.98 10 g (0.03 mol) of potassium
iodide in 50 g of N-methytpyrrolidc~n~:. The mixture was heated to 135C.
With a quantity-regulated pump, 10 g of epoxybutene per hour were metered
in. At the same time) a mixture of 2,5-DHF and the unreacted epoxybutene
was distilled off. P,fr~:r 76.5 h, 732.5 g of epoxybutene were pumped in
and 693.24 g of distillate were 15 obtained. After reducing the pressure to
30 Torr (4 kPa), another 16.42 g of   ~ o ~u~ ~ooz -16 distillate were
obtained. Oligomer (23.06 g) remained in the ~~a~:. GC analysis of the
combined distillates indicated the following: 84 wt% 2,5-dihydrofuran; 5
12.75 wt% epoxybutene; and 2.99 wt% crotonaldehyde. With an 87.65%
conversion, therefore, a selectivity of 9!.85% was attained. The formation
of oligomers was 3.56%. 10 For the purpose of evaluating the activity of
the catalyat system, samples were taken periodically as distillate for GC
analysis. Results are listed in Table 3 which illustrate the relationship
of the conversion of epoxybutene to 2,5-dihydrofuran vs. reaction time
(excluding tl~e formation of oligomers). 



15   ' 1 ~ J U L 2002 -17 TABLE 3 Reaction Time hourConversion to 2,5-(DEiF
(%)18928918862186 _25.5864284 _4784 _ '-518170.58076.580 As illustrated in
Table 3, the catalyst reactivity slightly di:creased 5 after 76 hours of
reaction run. EXAMPLE 4 In a 300 mL Fischer-Porter glass reactor were
charged trioctyltin iodide (6.0 g, 0.010 mol)) potassium iodide (4.0 g,
0.024 mol), epoxybutene 10 (30 g, 0.43 mol), and N-methylpyrrolidone (50
g). The react~~r was purged three times with nitrogen and was pressurized
to 2.4 bar ab:~a,ute (20 psig) with nitrogen. The reactor was agitated by a
magnetic stirrer ~~nd heated by an oil bath. The temperature was brought up
to 145C and held at this temperature for 120 minutes. After cooling to room
temper~~ture, the 15 reaction mixtures were analyzed by gas chromatography.
CMG indicated that all epoxybutene was converted to 2,5-dihydrofuran and
crotonaldehyde   1 0 JUl 200Z -18 with selectivity of 96.16% and 3.14%,
respectively. Distillation of the reaction mixtures afforded
2,5-dihydrofuran in 89.6% yield. Distillation under high vacuum afforded
only 1.6 grams of oligomers. 5 EXAMPLE 5 To a 100 ml three-neck stirred
flask equipped with a distillation head and a thermowell were placed 6.0 g
(0.01 mol) of trioctyltin iodide, 4.0 g (0.024 mpl) of potassium iodide)
and 50 g of N-methylpyrrolidane. The mixture was heated to 135C. With a
quantity-regulated pump 15 g of 10 epoxybutene per hour was metered in. At
the same time, a rni xture of 2,5-DHF and the unreacted epoxybutene was
distilled off. ~~ftsr 36 hours) a total of 510 g of distillates was
collected. GC analysis of tree combined distillates indicated the following
composition: 15 86.5 wt% 2,5-dihydrofuran; 7.6 wt% epoxybutene; and 1.2 wt%
crotonaldehyde. The above distillate was fed into the flask containing
i:h~: same 



20 catalyst adducts at 135C. With the same quantity-regulated pump, 15 g of
the above distillate per hour w~ metered in. At the same time:, a mixture
of 2,5-dihydrofuran and the unreacted epoxybutene was distillEal off. After
25 hours under these conditions, a total of   10 JUG 2002 -19 367 g of
distillates was collected. GC analysis of the combined distillates
indicated the following composition: 93.8 wt% 2,5-dihydrofuran; 5 0.9 wt%
epoxybutene; and 3.1 wt% crotonaidehyde. COMPARATIVE EXAMPLE 1 To a 100 mL
three-neck stirred flask equipped with a die,tillation head 10 and a
themnowell were placed 5.85 g (0.01 mol) of trioctyltin io~~ide and 22.53 g
(0.03 mol) of trioctyl(octadecyl)phosphonium iodide. The mixture was heated
to 135C. With a quantify-regulated pump, 10 g of epoxybutene per hour were
metered in. At the same time, a n~iixture of 2,5DHF and the unreacted
epoxybutene was distilled off. After 7;S h, 695.5B g 15 of epoxybutene were
pumped in and 660.09 g of distillate wE:r~3 obtained. After reducing the
pressure to 30 Torr (4 kPa), another 3.69 g of distillate was obtained.
Oligomer (31.80 g) remained in the pot. GC analysis of the combined
distillates indicated the following: 20 74.13 wt% 2,5-dihydrofuran; --
21.59 wtJ`epoxybutene; and -  4.095 wt% crotonaldehyde.   10 Jlll_ 2~Z -20
Wrth a 79.40% conversion, therefore) a selectivity of 89.10% was attained.
The formation of oligomers was 5.76%. For the purpose of evaluating the
activity of the catalyst system, samples were taken periodically as
distillate for GC analysis. Results are 5 listed in Table C-1 which
illustrate the relationship of the conversion of epoxybutene to
2,5-dihydrofuran vs. reaction time (excluding the formation of oligomers).
TABLE C1 Reaction Time (hour)Conversion to 2,5-DHF (%)2
~684825.582218127.57729.5774776~.5 -7371667361 10 Y As illustrated in Table
C-1, the catalyst reactivity noticeably 



decreased after 73 hours of reaction run.   1 0 J U L ?00? -21 COMPARATIVE
EXAMPLE 2 To a 100 mL three-neck stirred flask equipped with a dis~lllation
head and a thermowell were placed 1.89 g (0.D1 mol) of SnCl2 and 4 98 g
(0.03 mol) of KI in 50 g of N-methylpyrrolidone. The mixture was heated to
5 135C. With a quantity-regulated pump, 10 g of epoxybutenE: per hour were
metered in. At the same time, a mixture of 2,5-DHF and the un reacted
epoxybutene was distilled off. After 25 h) 258.4 g of epoxybutene were
pumped in and 167.89 g of distillate were obtained. After reclu~,ing the
pressure to 30 Torr (4 kPa), another 13.57 g of distillate were! obtained.
10 Oligomer (7fi.94 g, 31.61 % of reacted EpB) was obtained. C~C analysis
of the combined distillates indicated the following: 72.26 wt%
2,5-dihydrofuran; 8.32 wt% epoxybutene; 15 10.44 wt% crotonaldehyde; and
8.97 wt% other low boilers. With a 94.2% conversion, therefore, a
selectivity of 5;3.i37% was attained. Oligomer formation was 31.61 %. 20
For the purpose of evaluating the actlvlty of the catalyst: system, simples
were taken periodicaNy as distillate for GC analysis Results are fisted in
Table C-2 which illustrate the relationship of the conv~:rsion of
10JUl2UOI -22 epoxybutene to 2,5-dihydrofuran vs. reaction time (excluding
the formation of oligomers). Table C-2 Reaction Time (hour)Conversion to
2,5-DHF (%)19128738448057677486923.5fi3I 5 As illustrated in Table C-2) the
catalyst reactivity decreased rapidly just after 25 hours of reaction run.
10 COMPARATIVE EXAMPLE 3 To a 100 mL three-neck stirred flask equipped with
a distillation head and a thermowell were placed 2.49 g (0.01 mol) of
Bu2Sn0 and 4.98 g {0.03 mol) of KI in 50 g of N-methylpyrrolidone. The
mixture was heated to -Q35C. With a quantity-regulated pump, 10 g of
epoxybutene per hour were , 15 metered in. At the same time, a mixture of
2,5-DHF and the unreacted epoxybutene was distilled off. After 8.33 h, 63.6
g of epoxybutene were pumped in and 61.72 g of distillate were obtained.
After reducing the 



1 0 JUL 20D2 - 23  pressure to 30 Torr (4 kPa), another 6 g of distillate
were obt~~ined. Oligomer (1.88 g) remained in the pot. GC analysis of the
co~rl~ined distillates indicated the following: 5 1.42 wt%
2,5-dihydrofuran; 96.69 wt% epoxybutene; and 1.89 wt% crotonaldehyde. With
a 6.16% conversion) therefore) a selectivity of 22.45% was 10 attained.
Oligomer formation was 47.96%. For the purpose of evaluating the activity
of the catalyst system, samples were taken periodically as distillate for
GC analysis. lZesults are listed in Table C-3 which illustrate the
relationship of the conversion of epoxybutene to 2,5-dihydrofuran vs.
reaction time (excludincj the formation 15 of oligomers). TABLE C-3
Reaction Time hourConversion to 2,6-C~I-IF21.5541.368.331.34 20 As
illustrated in Table C-3, the catalyst reactivity is e~ctremely low.   1 0
JUL 2U02 -24 COMPARATIVE EXAMPLE 4 To a 10D mL three-neck stirred flask
equipped with a distillation head and a thermowell were placed 3.19 g (0.01
mol) of zinc iodide, 4.98 g (0.03 5 mol) of potassium iodide, and 7.97 g of
18-crown-6. The mixture was heated to 135C. With a quantity-regulated pump,
10 g of epoxybutene per hour were metered in. At the same time, a mixture
of 2,5-DHF and the unreacted epoxybutene was distilled off. After 29.25 h,
370.42 g of epoxybutene were pumped in and 325.36 g of distillate were
obtained. 10 Oligomer (45.69 g) remained in the pot. GC analysis of the
combined distillates indicated the following: 31.02 wt% 2,5-dihydrofuran;
64.74 wt% epoxybutene; and 15 3.72 wt% crotonaldehyde. With a 43.13%
conversion) therefore, a selectivity of 63.16% was attained. The formation
of oligomers was 28.60%. For the purpose of evaluating the activity of the
catalyst system, 20 samples were taken periodical>`y as distillate for GC
analysis. Results are  listed in Table C-4 which illustrate the
relationship of conversion of epoxybutene to 2,5-dihydrofuran vs. reaction
time (excluding the formation of oiigomers).   1 0 JUG ZDD? 



- 25  TABLE C-4 Reaction Time hourConversion to 2,5-t)I~IF %
_1422413264.25276.25287.752723.253426.253328.2533 _29.2534 5 As illustrated
in Table C-4, the catalyst reactivity was ve ry low. COMPARATIVE EXAMPLE 5
Tv a 100 mL three-neck stirred flask equipped with a di:~tillation head and
a thermowell were placed 3.19 g (0.01 mol) of zinc iodide and 4,98 g 10
(0.03 mol) of potassium iodide in 50 g of N-methylpyrrolidon~e. The mixture
was heated to 135C. With a quantity regulated pump, 10 g of epoxybutene per
hour were metered in. At the same time) ~~ mixture of 2,5 DHF and the
unreacted epoxybutene was distilled off. After 25.25 h, 265.55 g of
epoxybutene were pumped in and 209.47 g of distillates were 15 obtained.
After reducing the pressure to 30 Torr (4 kPa), ar~oi;her 6.5 g of   . 10 J
U l 2002 -26 distillate were obtained. Oligomer (49.58 g) remained in the
F~a~t. GC analysis of the combined distillates indicated the foNowing: 83.7
wt% 2,5-dihydrofuran; 5 14.18 wt% epoxybutene; and 1.43 wt% crotonaldehyde.
With an 88.85% conversion, therefore, a selectivity of 76.62~6 was
attained. The formation of oligomers was 21.01 %. 10 For the purpose of
evaluating the activity of the catalyst system, samples were taken
periodically as distillate for GC analysis. IZesutts are listed in Table
C-5 which illustrate the relationship of conver:~icn of epoxybutene to
2,5-dihydrofuran vs. reaction time (excluding c;~ligomer formations). 15
TABLE C-5 Reaction Tlme hourConversion to 2,5-I:~HF1873864874.678721782378
_2575 25.5_ 71   . ( 1 0 J U L 2002 -27 As illustrated in Table C-5, the
catalyst reactlv'~ty decrea;~ed rapidly 



just after 25.5 hours of reaction run. 5 COMPARATIVE F~(AMPLE 6 In a 300 mL
Fischer Porter glass reactor were charge~j zinc iodide (3.0 g, 0.009 mol),
potassium iodide (1.0 g) 0.006 mol)) alumirn~m acetylacetonate (1.9 g)
0.006 mol), epoxybutene (30 g, 0.43 m ~I), hydrogen iodide (2.0 g, 0.008
mol), and N-methylpyrrolidone (120 g). The reactor 10 was purged three
times with nitrogen and was pressurized to ~:.4 bar absolute (20 psig; 138
kPa) with nitrogen. The reactor was agitated by a magnetic stirrer and
heated by an oil bath. The temperature v~~as brought up to 120C and held at
this temperature for 90 minutes. After cooling to room temperature, the
reaction mixtures were analyzed by cjac; 15 chromatography. GC indicated
that all epoxybutene was con;~umed. Distillation of reaction mixtures
afforded 2,5-dihydrofuran (113,;j g, 54% yield) and crotonaldehyde (1.5 g,
5%). Distillation under high vacuum afforded 10.2 grams of oligomer (34%).
20   10 JUL 2002 . 28 _ CLAI MS 1. A process for the isomerization of
y,8-epoxyalkenes or y,5-epoxy cycloa4kenes to 2,5~ihydroiurans, which
process comprises contacting a 5 y,b-epoxyalkene or y,8-epaxycyctoalkene
with a catalytic amount of an organotin (IV) compound selected from
hydrocarbyltin iodides, dihydro carbyltin iodides, trihydracarbyltin
iodides, and tetrahydrocarbyltin compounds in combination with an alkali
metal iodide at a temperature of 50 to 200C. 10 2. The process according to
claim 1, wherein the y,8-epoxy alkene or y,8-epoxycycloalkene has the
following structural formula (I): R~ R~ ._R1 15 \~ I r ~ c) 0 wherein each
R' is independently selected from hydrogen, alkyl of up to B 20 carbon
atoms, a carbocyclic or heterocyclic aryl group of 5 to 10 carbon atoms or
halogen, or any two R~ substituents collectively may represent an alky(ene
group forming a ring containing in the main chain up to 8 carbon atoms.   1
0 J U L 2002 



2g _ 3. The process according to claim 1, wherein the y,a-epoxy alkene or
Y,8-epoxycycloalkene is 3,4-epoxy-3-methyl-1-butene, 2, 3-dimethyl-3,
4-epoxy-1-butene, 3,4-epoxycyclooctene, 3,4-epoxy-1S butene) or
2,5-dimethy(-2,~-hexadiene monoepoxide. 4. The process according to claim
1, wherein the alkali metal iodide is lithium iodide, sodium iodide, ar
potassium iodide. 10 5. The process according to claim 1, wherein the
organotin compound is dibutyltin diiodide, tributyltin iodide, trioctyltin
iodide, triphenyltin iodide, trimethyltin iodide, butyltin triiodide,
tetrabutyltin, tetraoctyltin, triphenyltin iodide, tribenzyltin iodide,
dirnethyltin diiodide, diphenyitin diiodide, tricyclohexy(tin iodide, or
dicyclahexyltin diiodide. 15 6. The process according to claim 1, wherein a
50:1 to 1:50 weight ratio of organotin compound:alkali metal iodide is
used. 7. The process according to claim 1, which is carried out in the 2D
presence of an added inert organic solvent. 8. The process according to
claim ~, wherein the inert organic solvent is heptane, toluene, xylene,
pseudocumene, rnesitylene,   1 0 J U L 200 -30 chlorobenzene, cydohexanone,
5-methyl-2-hexanana) 2-hsptanon~. 2,5 dihydrofuran, tat ~ahydrofuran,
bis-(2-methoxyethyl)ether, isobutyl acetate, i N-methyl-2-pyrrolidinone,
N-cyclohexyl-2-pyrrolidinone) N-ethyl-2pyrrolidinona)
N,~-dimethylacetamide) or mixtures thereof. 9. T'h~ process according to
claim 1, which is carried vut in the absence of an added inert organic
solvent. I 10. A process for the preparation of 2,5-dihydrofuran, which 10
process compris I s contacting 3,4-epoxy-1-butane with a catalyst system
comprising an or ~ anotin (IV) iodide selected from hydrocarbyltin iodides,
dihydrocarbyltin il dides, and trihydrocarbyltin iodides and an alkali
metal iodide at a temperature of 50 to 2D0C. I I 15 11. The process
according to claim 1D, wherein the organotin iodide is trioctyltir~ iodide
and the alkali metal iodide is lithium iodide. 12. Thel process according
to claim 1 D, wherein the organotin iodide is tnoctylti~ iodide and the
alkali metal iodide is potassium iodide. 20 _- ~ 3. They process according
to claim 10, which is carried out in the presence of N-m Ithylpyrroiidone.
I   10 JUl 2002 - 37  14. The process according to Gaim 10, which is
carried opt in tile absence of an added inert organic solvent.
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