; e3erp6Trbt | vonntm ~h PROCESS FOR THE PRODUCTI ON OF 2, 5- 0l HYDROFURAN
BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 This invent iﬂp UL 2001
pertains to isonerization processes and, nore particul t 0 rocess‘és
wher eby vy, a- epoxyal kenes and y-epexycycl oal kenes are dmwﬁwmmmﬂmu obt ai n

t he correspondi ng 2, 5di hydr of uran conpounds in the pr at al yst
system conprising certain organotin conpounds and an al kal®émwetal i odide in
t he presence or absence 9 0 of a solvent at a tenperature of 50 to 2D0C. 2.
Description of the Related Art Di hydrofurans ace reactive het ErOR(R/CI iC
speci es whi ch are uRROCESS EORTHE PRODUGTIONHDF Z&-DIHYPROBYIRAN
internmediates in the production of useful 15 polyners and chem cals.
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. BATCKGROBINDOB THIDINVENTION| ose the

production of 2,5-di hydrofurans by the rearrangenent of substituted or

unsubstituted 2Q, epoxysll e aesSindehtio® honobgeneous cat al yst system conpri sing
hydr ogen i odi de or hydrogen bromde and a transition netal lewis acid in an

organi ¢ solgvent. TE: Z-Pp%' ﬁg@ﬁt?%’?ﬁé’f‘ééé tgi%ﬁ?gﬁoﬁsﬁ?ﬁﬁﬂ_ con-osi ve

hydr ogen hal i des, eve ol 1'goner npl'ications in

~ 0 ~u~ Zoot -2 product isolation e .f t Q of U S.
Pat ent Nos. 3, QQ%ﬂifg@arh’naoQ%?ﬁ%F@Y&Wa’%ﬁﬁnﬂéﬁ%gﬁlbr oducti on
of up to 15~ a, p-unsaturated al dehydes or ketones. U. S. Pafent

5, 034, 545 descr icgglgafteﬁgﬁ 8621 (Sasreriaed tP&PE@PitEaEBHESP%d?BS@éfQWSm@W%
2,5-di hydrofurans) in the liquid phase, in the presence of a catal yst

syst em cont ai ni FGTHRPURNCR AN the)PreseRas Pha CEiR!Y$t SYStRM CREIANGINGPRTER Nopi um
halide, a Lewis acid, and an organic solubifizer. The best reported results
were attai ned byrganetin compownds anrd aoalkal metal indidain e pregence af kbsengeet al
hal i de. W have found that such conbinations of catal yst system 10

descri bed 100 U. Sf aPadieanit die. temp@patufetof §0¥e@200%Q. poor catal yst lifetine.
The catal yst activity and the reaction of the epoxi de decrease considerably

after a short operation tine and result in a high |evel of oligoner
formati on. Therefore, this nmethod is uneconom cal. Furthernore, U. S. Patent

No. 5,315,019 disclo riBEoh PR RéRidPRA1S of epoxybutenes in the Iiquid
phase, wherein or ganﬁ%‘amm?rm%yﬁg’nwoni um or phosphoni umi odi de are
used as the catal yst '%mf{f Wy ] I | i (3682
whi ch describes in Exlziﬁg{‘e é‘t%héeqél%(@xgrﬁ%@%ﬁﬁoﬁ%ﬁf@ﬁ%%&?%ﬁ%i ge'to
2, 5-di hydrofura [ y Lsti.ng. of [ yletinei,odi de
and tetraheptyl Q%%M%m%é%g&d?{%tgééﬁ ﬁg%gﬁgéJéfe(asn'Bqu _pr%&@f%hﬁysﬂul

di scl oses met hod for the rearrangenent of epox enes to

2, 5-di hydrﬁ‘c‘f ur a (flyrpﬁrs[ ﬂﬁF‘ﬂ%{U\c&?spﬂgg‘é{eY?f}%Bﬁ? §E§M§W§W@sn‘8&f'§°‘5ci d and
a phosphazeni um hal i de or a phosphazani um halide in an organic_sol vent.
Catal ysts used iR¥rPpEashas hergtoforg peemestrigled diisiodhe noa-aviailahiity ef cosne of
themere not readily commercially available. Mreover, relatively large
guantities of ceﬁ@%@@@%&tl‘{ﬁpmdut%-order to obtain satisfactory yields
and selectivities. The invention under consideration was thus based on the
task of 5 finding a ddSaPatentiNas S83H468 kedi 3996 248 aiscusethegproxiubiidreat s

to 2, 5-dihydrofurans, which is free of the aforenenti oned di sadvant ages.
SUMVARY 4F THE |I\&Eifydebfurans by the rearrangement of substituted or unsubstitutsd

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 corrosive

hydrogen halides, high level of cligomer formation, and complications in

LT
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We have di scovered a catalytic process with a novel catalyst system éq] f@; 0
the isonerization of y, & epoxyal kenes to produce di hydrofurans. The roé 750
provi des high | evel s of epoxyal kene conversion with high selectivity to the
desired di hydrofuran product. Long catalyst lifetines are realized and the
product may be recovered by relatively sinple nmeans since the catal yst and
reaction mxture are readily separated by such sinple '15 techni ques as
distillation, decantation, filtration, gas&tripping nethods, gas |liquid

fl ow separation, and the like. Catalysts involved in the process of this

commor o 8l |y avBrads ISR s el BulR R Hked O TS Rt Nof, e

provi ded a process 20 for the iso i zatign,of vy, 8-epoxyal kenes to the

cor r espondi ng 2,3%-4%56df3@%§%£gk°58§!4@§ !"%Wﬂﬂ@ggg%‘i “r’f}r‘?fs)%po
contacting a ~, 8-epoxyal kene .. or y,i5-epoxy-cycloal kene wth a catalytic
amount of an or §akotifrudatuiated aisiahydes or &8tas®si r om hydr ocar byi tin i odi des,
di hydrocarbyl tin iodides) 1 0 JIIl ?2n? -4 trihydrocarbyftin iodides, and
tetrahydrocarbyl tin Co8pPatett Nol 500845645 describas & methad Ker therisamerizatibrde t o
catal yze the isonerization process of the invention at a tenperature of 5a
to 200C. 5 5DETALEBRbkfkan d3Tto@\6LdinydrbfurvE N tdlliduidephasa; ropis\srekencs and
y, 8- epoxycycl oel kene reactants suitable for use in the process of the

invention may c } ; 2Ph3A 8
I(:a\r/bonI at omsy E%;Srfaf)? lggtf %ﬁ%‘ﬁe@é@ﬁ@ﬁﬁg&gtﬁg%ﬁgﬁ?gm oalbbl?éﬁgwgéég,gthgnt S

i ncl ude conpounds; I t ayl k) ~ e BB (1)
R~ O 15 wherei nggédgﬁﬁhﬂgle'sglﬁ%%%ﬁégénﬁ ?ﬁ%éégfélﬁgﬂ-ﬁl?ﬁ{hﬁﬁ ?gegﬁreé%w&% of
up to 8 carbon atons, a carbocyclic.or.heteracyglicearyl gro of 5 to .10
carbon atoms or 'R Bg&R'S aﬁ‘a'aﬂ@%é’ W “"&%%’P?‘Péﬁﬂ‘? of E&YT%@?IAJFE‘FVF fRyAlkal
represent an al kyl ene 0 form ing,.e.g...alkylepe) containing in
the main chain i%ﬁtagh?'%ee%w@B%aﬁﬂ%w?&ﬁﬁépﬁxﬁm
reactants conprise conpounds of formula (1) wherein only two of the R
substit uert® i ndlesraed in/UihyPatept NechO3ddiis gavayery rogs catalystifetimeup to 8
carbon atons, or collectively ao~~~~ represent straight or branched
chai n al kyl ene dthegatalysBactivity@nddhereactiteobinerspaxidedecrease considerattiyd
for use in the practice of the present invention include

3, 4- epoxy- 3- et [affer &-dndrbopsration e ametdedlt- iR, ethighdayel B aligomer formation.

3, 4- epoxycycl ooct ene, 3, 4-epoxy-1-butane, 2,5-dinethyi-2,4 5 hexadi ene
nmonoepoxi de, andHenéforé Khis mBicRINg tinatckabmidggact ant of primary interest is
3, 4- epoxy- 1-but ane. The 2t 5-di hydrofuran conpounds obtained in accordance
with the novel proceggfiutfobdl U S Patdit' 6. 4,815101 dididses the isomerization

15 of epoxybutenss in the liquid phase, wherein organctin and a tetraalkyl-
ammonium or phosphonium iodide are used as the catalyst system. A
similar process is disclosed in WO $1/13882 which describes in Example
327 the isomerization of 3,4-spoxy-1-butene to 2,5-dihydrofuran using a
catalyst system consisting of tributyltin jodida and tetraheptylammonium

20 iodide. European Patent No. 0 681 334 A1 discloses a method for the
rginangement of epoxybutenes to 2,5-dihydrofurans, in the liquid phage, in

the presance of a Lewis acid and a phosphazenium halide or a

phosphazanium halide in an organic solvent. Catalysts used in these



10 R~~ ~R~ R1 (I!') Rwherein the R substituents, are defined above. O the
conpounds which 15 nay be obtained in accordance vmth the invention, 1tthey, 2002
conmpound of primary interest is 2,5-dihydrofuran. The preferred al kal'

metal iodides for use in the present invention include |ithiumi odide,

sodi um i odi de, and potassium i odide) Lithiumiodide and potassium i odi de

are particularly preferred. 20 The alkali netal iodide is used in
conbination with an organotin (1V) conpound, sel ected from orgaootin (iV)
conpounds such as hydrocarbyltin .. iodidés)  di hydrocarbyltin iodides,
trihydrocarbyltin iodide.., and tetrahydro carbyitin conpounds to catal yze

the isonerizati CEeSS i t npl es of
such organonet aﬁ@tl‘i&q%%%?ﬁggtsﬁﬁclﬁg df%%rlrjlnaéé%a\‘}éénd"yt e o&r’rﬁ@l ~~~n -
Sn -- 1(4.n) 5 wherein c d I e

substituted al k?Ya'[?&l%t F@é’eﬂ%ﬁfﬂr ﬁ‘%%f %?gé %&bﬁ%% éf%tﬁ@? s%ycpﬁﬁi)b}s
substituted cycloal k havi n 5 to 20, .carbgn atagns, carbocyclic aryl or
substit ut ed carBGL%VégPPt%{F)W ﬁféﬂ%y@@%a’i‘gs@%g‘ﬁéﬁtonﬁ or heteroaryl or
substituted heteroar noi eties having 4 up . to 20 carbon atons; and n is ~
) 2, 3, or 4. 10 Spe}éhﬁul@vmmmrwr@pnﬁlﬁi@@tmhweﬁﬂmh#%edc%ﬁm%qfnm ude
dibutyltin diiodide, tributyltin iodide, trioctyltin iodide, triphenyltin
i odi de, trBmet hfihding a catatyst sysiem for the isiomaﬂzaﬁpmoéapamn#ememto
tetraoctyltin, triphenyltin iodide, tribenzyltin iodids, dinethyltin

di i odi de, di phegyd-tinydebfucatisdehidir isdres of the)dforementitingd, disadamtagemhexy! tin
diiodide. 15 The preferred organonetal lic conpounds conprise tin (1V)

i lodi des having the above general fornmula and a total of 2 to 36 carbon
atons wherein each R2 substituent independently is selected from al kyl of

up to 12 carbon atons, benzyl, @%hwpbmhﬁgw“\@;mgn uted with up to 3
substituents sel ected fromlovver a ower al Koxy, or hal ogen; and n is
2 20 or 3. -= Sone O [

Wé 'Fx%a{e %Vgtéﬁc/ !(a) pﬁfqlﬁ&’ém%a?é&hth r‘?&'vél nc%taﬁf%ﬁsg&o

react with the al kali under

i soneri zat,ion mlnstu organotin Odld onpqunds.
Such t et réﬁkjdroé%frtayﬂ%?rne%#m#d&% Bliefie? KRB RV PReSaRn B of
the organotin conponent of the novel catalyst corrp03|t| ons of this

i nvention can va&Fgcessrodidesdigly layelspfprrxyslkengeonversion with high selectwlty

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 simpla
15 techniques as distillation, decantation, filtration, gas stripping methods,
gas/liquid 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,5-epoxyalkenes to the comresponding 2,5-dihydro-
firan compounds, which process comprises contacting a y,8-epoxyalkene
or y,8-epoxy-cycloalkene with a catalytic amount of an organotin {IV)

compound selected from hydrocarbyitin iodides, dihydrocarbyitin icdides,



5 node in which the isonerization process is operated) the particul ar
agrganotin conpound and al kall netal iodide present, etc. The catalyst( i 72%
systemis preferably enployed in the process as an intimte mxture of one
or nore of the organotin compounds and one or nore of the alkali netal

i odi des descri bed herei nabove The organotin 10 conpound: al kal i et al

i odi de weight ratio of the catal yst system can vary substantially, e.g.,
from200:1 to 1:100, depending on the particular catal yst conponents

sel ected. The preferred organotin conpound:4al kali netal iodide weight

ratio is 5D:1 to 1:50. Particularly preferred catal yst systens conprise a

1 Xt f ) f the_ ' . ' 15 h i nab
and 11 thi um § ooy rpRRRYE IRrbH, B rary St Pt Roaror i n
o gan € S0l vent STIbIGRAST Wil SCAERl WEla RSP o PR (e PORCERNRD or

reactor configuration. The optional, inert organic solvent may al so be used
to assi st the cdrarsss &f thedovensionsl aremperaite REFOLRROI Gent of the

i nvention conprises the isnerization of an epoxyal kene tithe correspondi ng
2,5-di hydrofuran in the presence of a catalyst solution. This enbodi nent
may be carried out in the presence of one or nore of the above-described
organotin c®nmpounds 10 DETALED DESCRIPTHONMOF THEANVENTION .
Accordingly) the catalyst solution preferably conprises a catal ytic anount
of (i) one or nore of SREErafkered 8 ;ggg@&b a a&anfslifdble one
or nore of the above-.l(-:liés]g’ri bed "al kal iéﬁfaféi o] idel;b Pﬁﬁ{a?ﬁi& an infadrwtlé

ofgani c sol vent ¢ lecs i@%&&%@@&s {Dﬂg\% iﬂ9§§lid?’9|tna§ doRtdih fr‘q]nlie QQH?%E%'?SP of ur an

~y, 8- epoxyat kene "or 'y, oxycyc kene reactants or t

products. Exanpl f | vent i used _incl | iphatic end
aromati c hydr oca?e%gﬁs péﬁr}gﬁ%&g?’rﬁgﬁ 5‘%1,\@ é?%ﬁéwgﬁssgégﬁr%s %&%ﬁ%@%y %F@ﬁes,
pseudocunene, and sitytene: hal ogenat ed drocar bons such 3as

ohl or obenzene, - BN BPCIICYEOBIEIE TBECEAE InGHe TP AT AHias i stavgture!

ket ones such as cydohexanone) 5-nethyl -2-hexanone, and 2- heptanone; ethers
such as 2, 50di hyf@fBu@ @&k, tetrahydrofuran, and bis(2-rnet hoxyet hyl ~et her ;
esters such as isobutyl acetate; and tertiary am des such as

N- et hyl - 2- pyrrol i di none, N cyclohexyl-2-pyrrolidinone,

Net hyl - 2- pycrol i di none, and N, N-dinethylacetam de. Normally for ease of 15
separation, the solvent or mixture gi sol\g@nts enpl oyed have boiling points
at | east 20C above the boiling_pain 15-di hydr of uran product and

t he unsaturated al dehyde or k ucts. The concentrations of the
organotin conpound and the al kal i dide in the {thert, organic

sol vent can be varied substanti al png, 20 for exanple, on the
particular catal ytically-effective conponents present the design of the
reactor syggem etc. Typically; the concentration of the organotin conpound
will be 1 to 70 weight percent and the concentration of the al kali netal

iodide will b ' : ' ? -
bei ng. based on tNESielY SPERE dn P ERRenty beleCRRA ORI A Akl of b 6"
nol e ratio of alkali tal iodide tp or otin.conqpund [ 5%”1 he éange of
50:1 Lo 1 50, THEABPRIRpRE® Eatticyele 8L ARRRVRLS BV P oB s o rarhoss

wei ght percent of an organotin coqﬁoundicontainﬂ a total of 2 to 36 carton
atons and havi ng3iORS PRAIREEN. RNMWO By, substifupiits cqiieglivaly mavdspresent an
substituent independently is selected fromalkyl of up to 12 carbon atons,
benzyl, phenyl ofikgleasmgrodn ferminaedingic: 8. afkyienes conigining irthesmein ebriad
fromlower alkyl, |ower al koxy, and halogen, and nis 9, 15 2, 3 or 4,
(ii) 1 to B0 wei ypto perarbon atfmsain al kali netal iodide; and (iii) an inert
organi ¢ solvent selected fromtertiary am des

=  The preferred epoxyalkene reactants comprise compounds of

formuia (1) whersin only two of the R' substituents individually may

represent lower alkyl, e.g., alkyl of up to 8 carbon atoms, or collectively



such.as N-nethyl - 2- pyn-oiidi none, N cyclohexyl-2pyrrolidinone,

N- et hyl - 2-pyrrolidinone, and 20 N, N-di net hyl acetami de, with 10

N-al kyl -2-pyrrdlidones - being particularly preferred. ._ _ Sone orQQWB@$%
conpounds, sone al kali netal iodides, and the reaction mxture can be
mutual Iy sol uble. The reaction m xture can include 10 ,~~L 200 -10 the
epoxyat kene itself and m xtures of epoxyal kene) 2, 5-di hydrof uran,

epoxyai kene ol i goners, and pol ymers which 9§q 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 Iithium

5 iodide are “S\?MQF%%tehPQtr&igﬁ%ryéﬁanéﬁéa %‘f\ﬁékﬂ?ﬁﬁw u?flo Ssdrbss atimBl Xt ure

of epoxyal kene e reaction product drofuran and/or the

| k i | ' i
e ued i n conbi R ureHEoRTEY forkBhfletfor 3% R Eatlod dingTEROAY o1
th ti f t h i nni.ng. 10 The | i,zati b
carri o out usi QVAHEraHAPG S -epP-POREIHEI A BaD Do BrRIBbI By
0 2000) ot of o BHRGTAnePBRY IR RIS 2 SR 0 4t L1 e

of solvents enployed, The process may, be carrjed out at atnospheric or
super at nospher iRExgAena Mesoendxide,@nd he likg. Jthe,apoXyaieiResrantRé process
enpl oyi ng the catal yst solution may be carried out in a batch,

seni - cont i nuous,promanydntsirestds 8, 4repgexyof -mfemnat i on. For exanpl e, batch
operation nmay conprise refluxing a mxture of the y, 8-epoxyal kene and
catal ysts, e.g., triitheRi5-dihyddfdananinpddrtisiobtaineddt assondente titkethei n a
20 sol vent such as N-nethyl pyrrolidone for a tine sufficient to convert
essentially all dvel BRociz@Hade the stristufaFofhdaquef uran. The products are
then separated by distillation fromthe m xture. The undistilled catal yst
solution may be reused in a subsequent reaction ~ 0 ~u~ Zooz The

catal yst solution preferably is enployed in a continuous node of operation
wherein a yg8-epoxyal kene or Y, gt epoxycy 10al kene is added to a

recircul ated catal yst solution whkgh isAhen introduced into a continuous
reactor. Alter isonerization, t eactj og!streamis $ed to a distillation
5 system for renoval of product (y rogkfct s and rec%y e of the catalyst
sol ution. Exanple of conti NUOU eactdr Y¥signs in which the process can be
performed are continuous stirred tank reactors and plug-flow reactors. The
novel isonerization process and the catal yst systens, conpositions, and
solutions useful in practicing the invention are further 10 illustrated by
the follow ng exanples. The conversions and selectivities reported in the
exanpl es were dewvaergimte By sybsiitoantsane dgfingt sbovsaOf the compbunde avhich a
Hew ett - Packard 5890 series 11 gas chronat ography. 10 Ju ~?0D7. -12
EXAVPLE 1 T3 a l10@yibe oibtesedinsacestdancedvith thekineetioqup ée eompoand of primary
distrillation head and a thernmowel| were placed 11.70 g (0.02 nol) of
trioctyltin iodiiherastis®, S-Hitgydr&fupdn.nol ) of lithiumiodide in 50 g

N- net hyl pyrrolidonE;. The m xture 5 was heated to 135C . Wth a

quantity-regul ated putRe piétefellaliclionEtd ISAAEs RRTUSBQH the'\BfékemBlir/epliohn: At
the sane tine, a mxture of 2,5-DHF and the unreacted epoxybutene was

distilled off. fdeh o ; AS8. 4
g of distillate norgelfli bhftie] sBabin RAMY WiPRaLELE BUERE 1A l0a0s,
kPa), anot her 2Oalf?d go%fssﬂ}f'ﬁ Eé&ié@%?e Egr‘cticularly preferred.

20 The alkali metal iodide is used in combination with an organotin (1V)

compound selectad from organotin (V) compounds such as hydrocarbyitin
iodides, dihydrocarbyitin iodides, trihydrocarbyltin iodides, and tetrahydro-

carbyltin compounds to catalyze the isomerization process of the invention.



10 obtained. digoner (25.9 g) remained in the pot. GC analysis of the
.conbined distillates indicated the follow ng conposition: 89.79 gt[?/JU 2007
2, 5-di hydrofuran; 7.84 wt % epoxybutene; and 15 2.11 w % cr ot onal dehyde.
Wth a 92.43% conversion, therefore, a selectivity of 513. 7% was att ai ned.
The formation of oligonmers was 3.81% For the purpose of evaluating the
activity of the catalyst system 20 sanples were taken periodically as

distillate for GC anal ysts. Results are listed in Table 1 which illustrate
the relationship of the conversion of epox§butene to 2,5-di hydrofuran vs
reaction tinme (excl uding the formation of oligoners). ~ 0 uu~ ~aa~ -13

L Bttt AR R R TG BB Py °—

reactivity remain; unchanged after 72 hours of reaction run. EXANPLE 2 To a
100 nL three- ndBR fTRTMYIRed f 1 ask equi pped with a distillation head 10 and a
thernmowel | were placed 5.85 g (0.01 E&)) of trloctyltln iodide and 4.05 g
(0.03 mol) of lithiumiodide in 50 Mmblldone The m xture was
heated to 135C. Wth a quantity-regulated punp, 10 g of epoxybutene per
hour were nmetered in. At the sane tine, a mxture of 2,5-DHF and the
unreact ed epoxybutene was distilled off. After 71.5 h, -835.88 g of 15

epoxybut eng werwheneirpedch R? amtkpantieftly i sslectisdtfidnh atky! oesebstiiotedratkyiAf t er
reduci ng the pressure to 30 Torr (4 kPa), another 26.12 g of distillate 1

0 (! Ul 2f102 mbtbtieshaviigumesi20 chitppratomis38ydidaliyl crestbstinded eytibalkypt . GC
anal ysis of the conbined distillates indicated the follow ng: 85.24 wt%
2, 5- di hydr of ur aRgvifg 53040 c‘.’!r%ﬁ@%@,@a@ﬂé‘éycﬁ&‘@wl or substituted carbocyclic ary!
having 6 to 20 carbon atoms, or heteroaryl or substituted heteroaryl
moieties having 4 up to 20 carbon atoms; andnis 1, 2, 3, or 4,

10 Specific examples of the organometallic compounds include
dibutyitin diiodide, tributyltin iodide, trioctyitin iodide, triphenyltin iodide,
Ui{nethyltin iodide, butyltin triiodide, tetrabutyltin, tetracctyltin, triphenyitin
iodide, tribenzyltin iodide, dimethyltin diiodide, diphenyltin diiodide,
tricyclohexyltin iodide, and dicyclohexyltin 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 R? 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, iower alkoxy, or halogen; and nis 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



1.14 wt % crotonal dehyde. Wth an 87.20% conversion, therefore, a
~selectivity of 9e.22% was attai ned. The formation of oligonmers wa$ 02)J82M0b
10 For the purpose of evaluating the activity of the catal yst system
sanples were taken periodically as distillate for GC analysis. Results are
listed in Table 2 which illustrate the relationship of the conversion of
epoxybut ene to 2,5-di hydrofuran vs. reaction tine (excluding the formation
of oligoners). 15 10 J Ul 2002 -15 TABLE 2 Reaction Tinme hourConversion
to 2,6-Dl-1F1852853. 5884. 58622. 5852685 -3084 46.5_ 83 _5585 _71.586 As
illustrated in Table 2, the catalyst reactivity remai ns unchanged 5 after
72 hours of reaction run. EXAVPLE 3 To a 100 nL three-neck stirred flask
equi pped Wi t htaform in-gifu ¢reanottnl¢éi&tﬁmpauﬂ%rﬁﬁmmtfmﬁdéoﬁ@%@ 5.85 g
(0.01 nol) of trioctyltin iodide and 4.98 10 g (0.03 nol) of potassium

i odi de in 50 gomipolindsiditigey tetaphednyltin. . The m xture was heated to 135C.
Wth a quantity-regul ated punp, 10 g of epoxybutene per hour were netered

in. At the sane ti mhk @msirtcitee efgahdinRdmparbrit iof thenneveiteatalgsioxybut ene
was distilled off. P,fr~r 76.5 h, 732.5 g of epoxybutene:-were punped in

and 693.24 §_@bfcSitionsaamidahenisn@ahaidip dubdahakly @aShdiSg bhaner essur e to
30 Torr (4 kPg) anE)t r?gr 16@3 on ~dc?)(?~3~ ~00Zz ){16 di stl |l ate were

obt ai ned ai egﬁlﬁlt of the
conbi ned d| sti tes | ﬁ@?@ggsed EdB? dlrg%\né%gs og%rated% ﬁélgr of ur an;

12. 75 wt % epo e han8765°/

conver si 031 P @ﬁéﬂoﬁ{ﬁ corﬁ&gé Eﬁ?g}h %&Eg@ﬁ%gm t{':il ned. The f(:)rmat i on
of oligoners was 3 6‘V or .t he vaI the activity of

t he ca? al yat syste : gé&’(ﬁé?'@ '? E@Y ﬁ‘ée%d?%%ﬁﬁ?%ﬁe fgr
anal ysis. Results are I i sted in Table 3 whi ch | I | ustrate the rel atlonshl p

of the conver é”tﬁﬁa@fméﬁﬁﬁﬂfﬂr&@ mereofithg gganelinFAnPYNds aEGNEOL i ne

(excluding tl~e formation of oligoners).
more of the alkali metal iodides described hareinabove. 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 50:1 fo 1:50. Particularly preferred catalyst systems
comprise a mixture of one or more of the organotin compoundé described

18 hereinabove and lithium iodide, potassium iodide, or sadium iodide.

The organotin compound and alkali metal iodide catalyst system may
be used with an inert organic solvent, if desired, to alter the reaction
conditions and/or reactor configuration. The optional, inert organic solvent
may also be used {o assist the catalytic process.

20 Thus, ancther embodiment of the invention comprises the
isomesization of an epoxyalkene to the 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



15 ' 1 ~J UL 2002 -17 TABLE 3 Reaction Tinme hourConversion to 2,5-(DE F
(99 18928918862186 _25.5864284 _4784 _ '-518170.58076.580 As illust@adtedmyn
Table 3, the catalyst reactivity slightly di:creased 5 after 76 hours of
reaction run. EXAMPLE 4 In a 300 nmL Fischer-Porter glass reactor were
charged trioctyltin iodide (6.0 g, 0.010 nol)) potassiumiodide (4.0 g,
0.024 nol ), epoxybutene 10 (30 g, 0.43 nol), and N-nethyl pyrrolidone (50
g). The react~~r was purged three tines with nitrogen and was pressuri zed
to 2.4 bar ab:~a,ute (20 psig) with nitrogeR.” The reactor was agitated by a
magnetic stirrer ~~nd heated by an oil bath. The tenperature was brought up

2 S8 TR AR O L

Ton m Xt ures Wwet e ana gas' chrondt ogr aphy.

CMG i ndicated that_all epoxybutene S nvert 0 - Gl and
cr ot onal dehyde COMRYISAS %%%lpﬁnwy}ﬁ@fg@pé\%tqﬁﬁ?{? %ﬁhgégfgééd:ge%&“&g%%
respectively. Distillation of the reaction mxtugges afforded . .

2, 5- di hydr of ur arP"BRNGH GOMPPENgs ang diliane:or are At 59%"3%%%@#9@'#‘6‘! ded
only 1.6 grans of oligonmers. 5 EXAMPLE 5 To a 100 ml three-neck stirred
flask equi pped vinetal ipdides in (ibandnen o5eanie solverhdempmeplvenktnet grasewts. 0 g
(0.01 nol) of trioctyltin iodide, 4.0 g (0.024 npl) of potassium i odi de)
and 50 g of5 N nueap! with the y daepoxyaikena ot ydepraycynioalkene rcadas avthe a
guantity-regul ated punp 15 g of 10 epoxybutene per hour was netered in. At

the sanme tine, g sadihydrofifanpredictEHExamMBIENEF thersohintsl whithkmaythenasads
distilled off. ~~ftsr 36 hours) a total of 510 g of distillates was

col | ected. GC anabigesliphafié 8Rd @PoAALE ydicthrddrit! dieh dvheptaRd, tdigere)! | ow ng
conposition: 15 86.5 wt % 2, 5-di hydrofuran; 7.6 w % epoxybutene; and 1.2 w %

crot onal dehyde. gl el BedBdodfend!dhd FshBAL; 118B58haieas
hydrocarbons such as chiorobenzene, 1,2-dichlorobenzene, and 1,1,2,2-
10 tetrachloroethane; ketones such as cyciohexanone, S5-methyl-2-hexanone,
and 2-heptanone; sthers such as 2,5-dihydrofuran, tetrahydrofuran, and
bis(2-methoxyethyl)ether; esters such as isobutyl acetate; and tertiary
amides such as N-methyl-2-pyrrolidinons, N-cyclohexyl-2-pyrrolidinone, N-
ethyl-2-pyrrolidinone, and N,N-dimethylacetamide. Normally, for ease of
15 separation, the solvent or mixture of solvents employed have boiling points
at lsast 20°C above the boiling point 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, baoth concentrations



20 catal yst adducts at 135C. Wth the sane quantity-regul ated punp, 15 g of
the above distillate per hour w~ netered in. At the sane tine:, qﬂrqmtﬁpze
of 2,5-di hydrofuran and the unreacted epoxybutene was distillEal ofY. ter
25 hours under these conditions, a total of 10 JUG 2002 -19 367 g of
distillates was collected. GC anal ysis of the conbined distillates

i ndicated the follow ng conposition: 93.8 w% 2, 5-di hydrofuran; 5 0.9 wt%
epoxybut ene; and 3.1 wt % cr ot onai dehyde. ARATI VE EXAMPLE 1 To a 100 nL
three-neck stirred flask equipped with a di®;tillation head 10 and a

t hermowel | were placed 5.85 g (0.01 nol) of trioctyltin io~~ide and 22.53 ¢

' |1 vere | of trio | . J
(0.03 mol) o tgg%ﬁ%ﬁé@gﬁﬁaﬁﬁﬁ@ﬂ?g@gtﬂ@%mm@ Nbrrhallye thesdieat e

to 135C. Wth a™g ate epoxybut ene pér hour were
nmetered in. At I A =il

epoxybut ene s TS kel sl 1Bptb Ehbiifothl edmpnliia ] thofald SFEOA%e |
punped in and 6 09 g of distillate wk:r~3 obtained. After reducing the

0
pressure to 30 o (4 kPa), another 3.69 g of distillate was obtai ned.
O igomer (31.80 g) remained in the pot. GC analysis of the conbined
di stillates indicatedherrefasracomtatyst selutian EaMpNISES: 5. di hydr of uran; - -
21.59 w J epoxybutene; and - 4.095 wt % cr ot onal dehyde. 10 JIil_ 2~zZ -20
Wth a 79. $0% conver §i)on, t her dftora) weaight petasny of gnergadWtrogevpeUAdt ai ned.
The formation of oligonmers was 5.76% For the purpose of evaluating the
activity of the catal yst systempntaimpgestobalof 2ttaldécarbonadomaldnd baving
distillate for GC analysis. Results are 5 listed in Table C 1 which
illustrate the relationship of thénéoramdaer si on of epoxybutene to
2, 5-di hydrofuran vs. reaction tinme (excluding the formation of oligoners).
TABLE Cl1 Reaction Tinme (hour)Conversion to 2,5-DHF (% 2
~684825. 582218127. 57729. 5774776~.5 -7371667361 10 Y As illustrated in Table

C- 1, the catalyst reactivity noti ceab(lgz)n__sn_‘(m

10
wherein each R? substituent indepandently 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, andn is 1,
15 2, 3or4;
(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-pyrrolidinone, N-cyclohexyl-2-
pyrrolidinone, N-athyl-2-pyrrolidinone, and
20 N,N-dimethylacetamids, with N-alkyl-2-pyrrolidones
being particularly preferred. L

Some organotin compounds, some alkali metal iodides, and the

reaction mixture can be mutually soluble. The reaction mixture can includse



decreased after 73 hours of reaction run. 1 0J UL ?00? -21 COVPARATI VE
EXAMPLE 2 To a 100 nmlL three-neck stirred flask equi pped with a d'$ﬂUUUﬂMﬁ”‘
head and a thernowel|l were placed 1.89 g (0.D1 nol) of SnC 2 and 4 98

(0.03 nol) of KI in 50 g of N-nethylpyrrolidone. The mixture was heated to
5 135C. Wth a quantity-regul ated punp, 10 g of epoxybutenE: per hour were
metered in. At the sanme tine, a mxture of 2,5-DHF and the un reacted
epoxybut ene was distilled off. After 25 h)1858.4 g of epoxybutene were
punped 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 O i gomer ( 7f theddpoxy=ikerdlitsaifend maxures afspRxyalsens 2 brdiaydrofuraanal ysi s
of the combined distillates indicated the following: 72.26 W%

2, 5- di hydr of ur agpoRyaiRend Bligamensh ahd pajymeérsithidd ave formeat asalcdebgdesnand
8.97 wt % ot her Iom1b0|lers Wth a 94. 2% conversion, therefore, a

sel ectivity of o thd REKI¥AS ARl AlsuftdtheQdditerpof & iner organitesoldntthafnol0
For the purpose of evaluating the actIvIty of the catalyst: system sinples

were taken perig gl,f@aag éié bﬁ:@ul&ﬂ&tf@@ﬁ"i@difﬁ&ylﬁ?lﬂdi&éaﬁﬂﬂtﬁmmt ed in

Table C 2 which i1l e relationship of the conv~:rsion of

the f or mat Fon oD 3T éh%@ﬁ% 38%%@*@@5%%%@??’\"‘5? .“nea'fﬁéﬁﬁ%onv'ef@f‘%%"?;”i
2,5-DHF (9% 1912873844805767 6923..5f i 3l C 2

cat al yst(r/()eactl FPEY gﬁ?%ﬁ‘g‘g‘é P IpRdian ?ragycéiﬁdll\%%%ﬁgn#r-{@ ctei on zutn ©
10 COVMPARATI VE EXAI\/PLE3 Tq a 100 n$_ s{Eree eck red fla gh (ég ed W th
a distillation §PRIYRKENS CHBRPRGETT P F"@rﬁl%f?:’@fj 9?“(’(?

Bu2Sn0 and 4.98 g {0.03 nol) of KI in 50 g of N et hyl pyrrol i done The
m xture was heatc@a heousaBimEompinatian qdan@r indisuefthe Bartareanic soieniin the
epoxybut ene per hour were , 15 netered in. At the sane tinme, a m xture of
2, 5- DHF and t he reattiencirent tbpdeginringie was distilled off. After 8.33 h, 63.6
g of epoxybutene were punped in and 61.72 g of distillate were obtained.
After redud ng the The isomerization process may be carried out using the catalyst
solutions described hereinabove by contacting a vy,6-spoxyalkena or
v .8-epoxycycioalkene at a temperature of 50 to 200°C, preferably about 80
to 180°C, 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 outin a
batch, semi-continuous, or continuous mode of operation. For example,
batch operation may comprise refluxing a mixture of the y,6-epoxyalkene
and catalysts, e.g., fributylfin 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 subseqguent reaction.



1 0 JUL 20D2 - 23 pressure to 30 Torr (4 kPa), another 6 g of distillate
were obt~~ined. Oigoner (1.88 g) remained in the pot. GC analysis Idf JUihs?
corrl~ined distillates indicated the following: 5 1.42 W%

2, 5-di hydrofuran; 96.69 w % epoxybutene; and 1.89 w % crot onal dehyde. Wth
a 6.16% conversion) therefore) a selectivity of 22.45% was 10 attai ned.
Aigonmer formation was 47.96% For the purpose of evaluating the activity
of the catalyst system sanples were takemqperiodically as distillate for
GC anal ysis. | Zesults are listed in Table CG3 which illustrate the

rel ati onship of the conversion of epoxybutene to 2,5-di hydrofuran vs.
reaction time (excl (thenestatysesbiatiompreferatiy & emplayexidn @ corilifBbEs Cndde of
Reaction Time hour Conversion to 2,6-C~l-1F21.5541. 368. 331. 34 20 As

ilTustrated in dbbgofwherdin® ,Blﬁid*?élkéﬁéﬁri /blepokfoyeicdikenelsyaddyd to al 0
JUL 2U02 -24 CO-\%’;\RATI VE EXAIVPfE To a 10D nY1V_ -tbﬁrez?neck stirred flask

equi pped wi th argﬂigé]lé%o@%été@%%@?%ﬁ%iE‘iﬁé’i‘Pded&Bﬁn | aesfintdds 9_(0-01

nol ) of zinc iodi of potassi um i odi and 7.97 g of

18-crown-6. The_m xture was heat t. 1 - W X L LY ted punp,
10 g of epoxyblfle?ﬁ T-p@&teﬁ{ﬁﬁmwg‘gﬂeﬁ'&égg,“%%kp a&n%?é@%&tqa#gﬁﬂéﬁm xture
of 2,5-DHF_and the unreacted epoxyputene s distilled off. After 29.25 h,
370.42 g of epo?yﬁgqmg?fere\m\@‘ﬁgﬂf%@#ﬂra‘?ﬂvﬁﬁ%.a eX ea{éﬁ?qtﬁlﬁ'étmere
obtained. 10 A igomer (45.69 g) renmained in the pot. GC analysis of the
combi ned di sti I%‘g‘l’f&"-i PalesPfopatinyPysRacer designs Wt“f@l?béhéipﬁ%ﬁﬁﬁ%ﬁrhn;
64. 74 W % epoxybutene; and 15 3.72 wt % crot onal dehyde. Wth a 43.13%
conversi on) t heteperermed ges eentindous siiregdank seariersand piuadiowrrastersmat i on
of oligoners was 28.60% For the purpose of evaluating the activity of the
catal yst system 20 Frepbesl isemerizatiomnpnocespadnddhe catalgstsysteinid, ate for GC
analysis. Results are listed in Table G4 which illustrate the
rel ati onshi p of campposiicns) mref schrpnshuefindgn tpractidingl tHyidvehtisrRBre/furtieeact i on
time (excluding the formation of oiigoners). 1 0 JUG ZDD?

10 illustrated by the following examples. The conversions and selectivities

reported in the examples were determined by gas chromatagraphic
analyses performed on a Hewlett-Packard 5890 series Il gas

!
chromatography.



- 25 TABLE C-4 Reaction Tinme hourConversion to 2,5-t)I~IF %

1422413264. 25276. 25287. 752723. 253426. 253328. 2533 _29. 2534 5 As i 10wt 7emed
in Table G4, the catalyst reactivity was ve ry |ow. COVPARATI VE EXAVPLE 5
Tv a 100 nL three-neck stirred flask equi pped with a di:~tillation head and
a thermowell were placed 3.19 g (0.01 nol) of zinc iodide and 4,98 g 10
(0.03 nmol) of potassiumiodide in 50 g of N-nethyl pyrrolidon~e. The m xture
was heated to 135C. Wth a quantity regul-af2ed punp, 10 g of epoxybutene per
hour were nmetered in. At the sane tinme) ~~ mxture of 2,5 DHF and the
unreact ed epoxybutene was distilled off. After 25.25 h, 265.55 g of
epoxybut ene were punped in and 209. 47 GXAMBLEfi || ates were 15 obt ai ned.
After reducing the pressure to 30 Torr (4 kPa), ar-~oi;her 6.5 g of .10 J

Ul 2002 -26 distil R a 100rmL thise-meck stitedofaskrequigpedwith a distillatiod headt he
F~a~t. GC analysis of the conbined distillates indicated the foNow ng: 83.7

Wt % 2, 5-di hydr ofdy 2ihermhoWelilWeid Bfaee@ww§mozm) &f 41d idderand dehyde.

Wth an 88.85% conversion, therefore, a selectivity of 76.62~6 was

ttained. The f ' ' . 0 . f
val uating the S01 PP Bionfo IeRUR ot b Oi-MetrhiiRdidons. Riiednature

i odi cal disti]lat anal ysis. | Zesut iistied in Tabl
&5 wni on 311 ustesbeaterBoriasil: Vefl Satihdrogiated Audb 18 6 ek 1o
2, 5-di hydrofuran vs. reaction tinme (excluding c;~ligoner formations). 15
TABLE C-5 ReactbW@nepgehauuweshmetenedin: Atﬂ}%sﬁmeﬁM%ﬁaB'MBfmf?%%ﬂ%ﬁsm?s

2575 25.5_ 71 . (10J UL 2002 -27 As jLIustrated in Table G5, the
cat al yst react |and-the uveacted-appxybuteme\was distilled off. After 72 h, 7:4.9 g of

epoxybutene were pumped in and 688.4 g of distillate were obiained. After
reducing the pressure to 30 Torr (4 kPa), another 20.6 g of distillate 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 82.43% conversion, therefore, a selectivity of 93.7% 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 analysis. Results are
listed in Table 1 which illustratethe relationship of the conversion of
epoxybutene to 2,5-dihydrofuran vs. reaction time (excluding the formation

of oligomers).



just .after 25.5 hours of reaction run. 5 COMPARATI VE F~(AMPLE 6 In a 300 nL
Fi scher Porter glass reactor were charge~) zinc iodide (3.0 g, O. qqu bons
pot assiumiodide (1.0 g) 0.006 nol)) alumrn~macetylacetonate (1.9 ?P

0. 006 nol), epoxybutene (30 g, 0.43 m~l), hydrogen iodide (2.0 g, 0.008
nol ), and N-nethyl pyrrolidone (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 tenperature v~~as brought up to 120C and hel d at
this tenperature for 90 m nutes. After cooling to roomtenperature, the
reaction m xtures were anal yzed by cjac; 15 chronmatography. GC indicated
that all epoxybutene was con;~unmed. Distillation of reaction m xtures

af forded 2, 5-di hydrofuran (113,;] g, 54%ABEEd) and crotonal dehyde (1.5 g,
5% . Distillation under high vacuum afforded 10.2 grans of oligoner (34%.

20 10 JUL 2002 . ZMWWWﬁ n of
y, 8- epoxyal kenes or 5- epox (ﬁ&ﬁioa kenes [to 2, ~: )(Qr)m ar ans, ich

process conprises cofpaet+ b—epoxyatkene—e ﬁfpaxyeyﬁ% al kene
with a catal ytic ano sel-ecte m
hydrocarbyl tin iodi dgs, di hydro2carbyltin ilodides tr8hydracarbylin

i odi des, and tetrahyfirocarbyl vyl t i35 conpounds |i n_conbi na87on with ard al kal i
nmetal iodide at a tefperature o8 50 to 200¢. 10 2. Th@87process adgcording to
claim1l, wherein thejy, 8-epoxy @l kene or y,|8-epoxycycg@al kene hasf t he

follow ng structural OI‘TTUIa—(I8 R R RO IS U=TT go~ C) 0 erein each

R is i ndependent | y $erect ed—frm nym‘ugcll, ot 't\yi OT -B—-26—cjar bon
atons, a carbocycl i cler—heterociettc—ary group of—5- 19 carbeA at ons or

-+ —+

hal ogen, or any two al ky(ene
group forning a ringlcontaininf0d the maing chain up 83 8 carbon ktons. 1
0J UL 2002 72 92

5 As illustrated in Table 1, the catalyst reactivity remains 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 mo)) of trioctyltin icdide and 4.05
g (0.03 mol) of lithium iodide in 50 g N-methylpyrrolidone. The: mixture was
heated to 135°C. 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: nbtamed

After reducing the pressure to 30 Torr (4 kPa), another 26.12 j of distillate



2g _ 3. The process according to claim11, wherein the y, a-epoxy al kene or
Y, 8- epoxycycl oal kene is 3, 4-epoxy- 3-net hyl - 1- but ene, 2, 3-dinethy]U§Ulzm2
4- epoxy- 1- but ene, 3, 4-epoxycycl ooctene, 3, 4-epoxy-1S butene) or

2, 5-di met hy(- 2, ~- hexadi ene nonoepoxi de. 4. The process according to claim
1, wherein the alkali nmetal iodide is Iithiumiodide, sodiumiodide, ar
potassiumiodide. 10 5. The process according to claim1l, wherein the
organotin conmpound is dibutyltin diiodidesl4ributyltin iodide, trioctyltin
iodide, triphenyltin iodide, trinethyltin iodide, butyltin triiodide,
tetrabutyltin, tetraoctyltin, triphenyltin iodide, tribenzyltin iodide,
dirnethyl tin di wasichtaingdpiQligpmen{38i74g)iremained intheaedx G ARalysisiaidhe or

di cycl ahexyltin diiodide. 15 6. The process according to claim1l1, wherein a
50: 1 to 1: 50 wetcoimbiredt distillstes irghicaied thefolipwingd: al kal i nmetal iodide is
used. 7. The process according to claim1l, which is carried out in the 2D
presence of an added inert organic solvent. 8. The process according to
claim~, wherein the inert organic sol vent is heptane, toluene, xylene,

pseudocunene, rnesityl ene, fr obenzene, cydohexanone,
2 e St

5- et hyl - 2- hexanana) 2- hsptanon~ uran, tat ~ahydrofuran,

bi s- (2- net hoxyet hyl ) et her, i solyt N hyl - 2- pyrrol i di none,
N-cycl ohexVl - 2- pyrrol i di none) H%W’C%W%‘Fiaaﬁéﬁg

N, ~-di met hyl acet ami de) or m xtyres thereof h~ process according to
claim1, which is carried vut nMWV"aPéQ'@HE@BJSWJ% added inert organic
solvent. | 10. A process for the preparation of 2,5-di hydrofuran, which 10
process conpris | s contacting 3, 4-epoxy-1-butane with a catal yst system
conprising an or ~ anotin (1V) iodide selected from hydrocarbyltin iodides,
di hydrocarbyltin il \Vitkean 837r20% rconyersiom therefore, a sdledtivitypofidinR2% Was i

netal iodide at a tenperature of 50 to 2DOC. | | 15 11. The process

according to cl attainkd. THefornatibh of eligeretd Wwas 88196, is trioctyltir~ iodide
and the alkali netal iodide is lithiumiodide. 12. Thel process according

o, ol aim hoD. vher el kot B BiB88'dr ByRAkAG sheatiig ortho selsi dgsdhf e

al kal i netal i odi de I s pot ey proce s adcording

1°°16 3. 2000 SSmles §3Fd Hiin %%&@s@eﬁ'ﬂ?é@iﬁﬁ'ﬁ&%%ﬁn?% L e

CHer S!S o i o oo o
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9UXo\ <70{ j bqu| weRA¥YbYteae &?cﬁaﬂi@xﬁaiqlm]\@armqu (exciudipg H)efmation] ca] c
a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c™a] caljc”aUcalc(aUc(a u;{

doj JX\ D\ I { vql gbpXpligdroats)a] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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TABLE 2

Reaction Time Conversion to 2,6-DiHF
(hour) (%)
1 85
2 85
3.5 88
45 86
22.5 85
26 85
30 84
46.5 83
55 85
71.5 86

As illuétrated 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 distillation 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-methylpyrrolidcni. The

mixture was heated to 135°C. 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. Aftier 76.5 h,
73&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
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distillate were obtained. Oligomer (23.06 g) remained in the po.. GC

analysis of the combined distillates indicated the following:

84 wt% 2,5-dihydrofuran;
5 12.75 wt% epoxybutene; and

2.99 wt% crotonaidehyde.

With an 87.65% conversion, therefore, a selectivity of 9:..85% was
attained. The formation of cligomers was 3.56%.

10 For the purpose of evaluating the activity of the cataly:st system,
samples were taken peﬁodicélly 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 the formation
of oligomers).

15
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Reaction Time Conversion to 2,5-DHF
(hour) (%)
1 89
2 89
18 86
21 86
25.5 86
42 84
47 84
51 81
70.5 80
76.5 80

As illustrated in Table 3, the catalyst reactivity slightly decreased

5 after 76 hours of reaction run.

EXAMPLE 4
in a 300 mL Fischer-Porter glass reactor were charged trioctyltin

jodide (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 reactor was purged

three times with nitrogen and was pressurized to 2.4 bar absio.ute (20 psig)

with nitrogen. The reactor was agitated by a magnetic stirrer and heated by

an oil bath. The temperature was brought up to 145°C and held at this

temperature for 120 minutes. After cooling to room temperature, the

15 reaction mixtures were analyzed by gas chromatography. GC indicated

that all epoxybutene was converted to 2,5-dihydrofuran and crotonaldehyde
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under high vacuum afforded only 1.6 grams of oligomers.

5 EXAMPLE 5
To a 100 ml three-neck stirred flask equipped with a dislillation head

and a thermowell were placed 6.0 g (0.01 mol) of trioctyltin icdide, 4.0 g
(0.024 mol) of potassium iodide, and 50 g of N-methylpyrrolidone. The
mixture was heated to 135°C. With a quantity-regulated pump 15 g of

10 epoxybutene per hour was metered in. At the same time, a mixture of
2,5-DHF and the unreacted epoxybutene was distilled off. Aftar 36 hours,
a total of 510 g of distillates was collected. GC analysis of thie 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 the same
20 catalyst adducts at 135°C. With the same quantity-regulated pump, 15 g of
the above distillate per hour was metered in. At the same time, a mixture of
2,5-dihydrofuran and the unreacted epoxybutene was distilled off. After 25

hours under these conditions, a total of
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367 g of distillates was collected. GC analysis of the combined distillates

indicated the following composition:

83.6 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 dizdillation head

10 and a thermowell were placed 5.85 g (0.01 mol) of trioctyltin iodide and

22.53 g (0.03 mol) of trioctyl(octadecyl)phosphonium iodide. The mixture

was heated to 135°C. 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 7. h, 695.58 g
15 of epoxybutene were pumped in and 660.09 g of distillate wers 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 wt%epoxybutene; and -—

4.095 wt% crotonaldehyde.
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With 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 C-1
Reaction Time Conversion to 2,5-DHF

(hour) (%)
2 ' 68

4 82
5.5 82
21 81
27.5 77
29.5 77
47 76
54.5 73
71 66
73 61

10
As illustrated in Table C-1, the catalyst reactivity noticeably

decreased after 73 hours of reaction run.
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To a 100 mL three-neck stirred flask equipped with a distillation head

and a thermowell were placed 1.89 g (0.01 mol) of SnCl; and 4 88 g (0.03
mo!) of Kl in 50 g of N-methylpyrrolidone. The mixture was hieated to
5 135°C. 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 25 h, 258.4 g of epoxybutene were
pumped in and 167.89 g of distillate were obtained. After recluiing the
pressure to 30 Torr (4 kPa), another 13.57 g of distillate were: cbtained.

10 Oligomer (76.94 g, 31.61% of reacted EpB) was obtained. GiC 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 wit% other low boilers.

With a 94.2% conversion, therefore, a selectivity of 53.87% was
attained. Oligomer formation was 31.61%.
20 For the purpose of evaluating the éctivlty of the catalyst system,
samples were taken periodicalty as distillate for GC analysis. Results are

listed in Table C-2 which illustrate the relationship of the conversion of
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of oligomers).

Table C-2
Reaction Time Conversion to 2,5-DHF
(hour) (%)
1 91
2 87
3 84
4 80
5 76
7 74
8 69
23.5 63
25 63
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 distiltation head
and a thermowell were placed 2.49 g (0.01 mol) of Bu;SnO and 4.98 g
(0.03 mol) of Kl in 50 g of N-methyipyrrolidone. The mixture was heated to
_135°C. 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
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pressure to 30 Torr (4 kPa), another 6 g of distillate were obtziined.
Oligomer (1.88 g) remained in the pot. GC analysis of the combined

distillates iﬁdicated 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 wa; 47.96%.
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 C-3 which illustrate the relationship of the conversion of

epoxybutene to 2,5-dihydrofuran vs. reaction time (excluding/the formation

15 of oligomers).
TABLE C-3
Reaction Time Conversion to 2,6-DHF
(hour) (%)
2 1.55
4 1.36
8.33 1.34

20 As illustrated in Table C-3, the catalyst reactivity is extremely low.
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COMPARATIVE EXAMPLE 4
To a 100 mL three-neck stirred flask equipped with a distillation head
and a thermowell were placed 3.18 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 135°C. 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 83.16% was
attained. The formation of cligomers was 28.60%.
For the purpose of evaluating the activity of the catalyst system,
20 samples were taken periodically 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 oligomers).
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Reaction Time Conversion to 2,5-DIIF

(hour) (%)

1 42

2 41

3 26
4.25 27
6.25 28
7.75 27
23.25 34
26.25 33
28.25 33
29.25 34

5 As illustrated in Table C-4, the catalyst reactivity was very low.
COMPARATIVE EXAMPLE 5

To a 100 mL three-neck stirred flask equipped with a distillation 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-methylpyrrolidone. The mixture
was heated to 135°C. 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,
26_=5=.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), ariother 6.5 g of
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___ Y [ vUA distillate Méfé cbtained. Oligomer (49.58 g) remained in the pot. GC

analysis of the combined distillates indicated the following:

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% 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. Results are
listed in Table C-5 which illustrate the relationship of conversicn of

epoxybutene to 2,5-dihydrofuran vs. reaction time (excluding ¢ligomer

formations).
15
TABLE C-5
Reaction Time Conversion to 2,5-IHF
(hour) (%)
1 87
3 86
4 87
4.67 87
21 78
r— 23 — 78
25 75
25.5 71
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zjjjjj3kd |[:vU410 3 010% $ & ()- Y.s10%$ & ()- *10% $ & ()-

10% $° & ()- 94.0% * &n @)300 sl Fisehesr-Rorter-glassraactor wererharga ribc iodide 10° $°
Y f:10%$ & ()- F 99310% $ & ()- F 710% $ & ()- 4940% $° & () -F
210% $" & () - 1181014, 0. 00ty potaShif i66ide X1.0 , BlumiAumLO% F& () -
f109% F& ()-- 109 F& ()--!+)10%" (' & ()-||| IIIIsV\F 101v #109% F& ()- v
#1095 F& () - v debfitlicdidnate (110 410406 Folf,)spoxybutene (30 g, 0.43 mol), hydrogen

iodide (2.0 g, 0.009 mal), and N-methylpyrrolidone (120 g). The reactor

10 was purged three times with nitrogen and was pressurized to 2.4 bar
absolute (20 psig; 138 kPa) with nitrogen. The reactor was agitated by a
magnetic stirrer and heated by an oil bath. The temperature was brought
up to 120°C and held at this temperature for 90 minutes. After cooling to
room temperature, the reaction mixtures were analyzed by ga:

15 chromatography. GC indicated that all epoxybutene was consumed.
Distillation of reaction mixtures afforded 2,5-dihydrofuran (16.3 g, 54%
yield) and crotonaldehyde (1.5 g, 5%). Distillation under high vacuum

afforded 10.2 grams of oligomer (34%).

20
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CLAIMS

1. A process for the isomerization of y,5-epoxyalkenes or y,6-epoxy-
cycioatkenes to 2,5-dihydrofurans, which process comprises contacting a
5 ¥,6-epoxyalkene or y,8-epoxycycloalkene with a catalytic amount of an
organotin (IV) compound selected from hydrocarbylfin iodides, dihydro-
carbyltin iodides, trinydrocarbyltin iodides, and tetrahydrocarbyttin

compounds in combination with an alkali metal iodide at a temperature of

50 to 200°C.
10
2. The process according to claim 1, wherein the y,8-epoxy-
alkene or y,6-epoxycycloalkene has the following structural formuia (1)
1 1
1 R R T 1
15 R\, )\ R
‘ T ()
R’ o)

wherein each R! is independently selected from hydrogen, alkyl of up to 8
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

alkylene group forming a ring containing in the main chain up to 8 carbon

atoms.
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1, 10%) & ()-krrrrrrrrsreD 1, 1, & 10% & ()-10k)10k) 10k) 1,10%) & ()-k&

3. The process according to claim 1, wherein the y,5-epoxy-
alkene or y,d-epoxycycloalkene is 3,4-epoxy-3-methyl-1-butene,
2,3-dimethy!-3,4-epoxy-1-butene, 3,4-epoxycyclooctene, 3,4-epoxy-1-

5 butene, or 2,5-dimethyl-2,4-hexadiene monoepoxide.

4. The process according to claim 1, wherein the alkali metal

icdide is tithium iodide, sodium iodide, or potassium iodide.

10 5. The process according to claim 1, wherein the organotin
compound is dibutyltin diiodide, tributyltin iodide, trioctyltin icdide,
triphenyltin iodide, trimethyltin iodide, butyitin trilodide, tetrabutyltin,
tetraoctyitin, triphenyitin iodide, tribenzyitin iodide, dimethyltin diiodide,

diphenyitin diiodide, tricyclohexyltin iodide, or dicyclohexyltin diiodide.

15
8. The process according to claim 1, wherein a 50:1 fo 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
20 presence of an added inert organic solvent.
8. The process according to claim 7, wherein the inert organic

solvert is heptane, toluene, xylene, pseudocumene, masitylene,
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21 10998& ()-zz{K{{A }|[:bU410 yy 10WE)V& ()-M ,%0%E)' & ()- 10%)& () -

10%) & () -  10%drbiuran, tetriahydroﬁ.lran, bis-(2-methoxysethyl)ether, isobutyl acetate,
N-methyl-2-pyrrolidinone, N-cyclohexyl-2-pyrrolidinone, N-ethyl-2-

pyrrolidinone, N,rrl-dimethylacetamide, or mixtures thersof.

9. Thé process according to claim 1, which is carried outin the

absence of an added inert organic solvent.

10. A p!rocess for the preparation of 2,5-dihydrofuran, which
10 process comprises contacting 3,4-epoxy-1-butene with a catalyst system
comprising an organotin (V) iodide selected from hydrocarbyltin iodides,
dihydrocarbyltin iodides, and trihydrocarbyltin iodides and an alkali metal

iodide at a temperature of 50 to 200°C.

15 11.  The process according to claim 10, wherein the organotin

iodide is trioctyltin iodide and the alkali metal iodide is lithium iodide.

12.  The process according to claim 10, wherein the organotin

iodide is trioctyltin iodide and the alkali metal iodide is potassium iodide.

20

13.  The|process according to claim 10, which is carried out in the

presence of N-me;thylpyrrolidone.
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