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corresponding 5 i someric 2,5-di hydrofurans. Mre specifically, this

i nvent i onW@ISRIBhs to the catal ytic isonerization of PCT/U 27

2,5-di hydrofurans to 2, 3-di hydrofurans by contacting in a

het er ogenous node of operation a 2,5-di hydrofuran with a supported,
pal | adium or platinumcatalyst in the-d@® = presence of certain epoxides,
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1,248,669 fo%o%%:\i‘ﬁret,i e a ;igcimf-gr 8% U 38¥ more thereof. The
2,3~dihydrofurans produced by the present process are
useful as intermediates for the manufacture of
precursors for polymers and pharmaceuticals. For
15 example, 2,3-dihydrofuran is readily converted according
to known processes into 1,4-butanediol, a precursor
monomer used in the manufacture of polyurethanes and
polyesters, and cyclopropanecarboxaldehyde, a compound
which may be used in'the synthesis of physiologically
20 active compounds.

It is known (U.S. Patent 2,556,325) that 2,5-di-
hydrofurans may be isomerized to 2,3-dihydrofurans in
the presence of alkali metal alkoxides. German Patent
1,248,669 discloses the catalytic isomerization-of

25 2,5—dihydrofuran to 2,3—dihydrofuran using certain metal
catalysts such as palladium, platinum, cobalt, ruthenium
and nickel. However, the selectivity of the process of
German Patent 1,248,669 for converting 2,5-dihydrofurans
to the desired 2,3-dihydrofuran is only in the 75-85%

30 range. _

Finally, U.S. 3,651,092 teaches the use of a
supported nickelarsenic catalyst in the presence of a
combination of hydrogen and carbon monoxide. Again,
however, the selectivity to the desired 2,3-dihydrofuran

35 is relatively low. It should be noted that hydrogen is
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i ncreasing anpeint @Predenca oFl dahxatasel est£Iydt ¥6 convert the 2,3-di-

hydrofuran to a mixture of 2-hydroxytetrahydrofuran and

4-hydroxybutanal. _ )
The present invention provides a process for the

preparation of a 2,3-dihydrofuran (2,3-DHF) compound

15 wvhich comprises contacting at an elevated temperature a
2,5-dihydrofuran (2,5-DHF) with a sqppprted, palladium
or platinum catalysf_in the presence of a selectivity-
increasing amount of (i) an aldehyde selected from
alkanals containing 2 to 5 carbon atoms and alkenals

20 containing 3 or 4 carbon atoms, (ii) an epoxide selected
from 1,2—-epoxyalkanes containing 2 to 5 carbon atoms and
3,4-epoxy-l1~-butene, (iii) carbon monoxide, or (iv) a
mixture of. 2 or more of such aldehydes, epoxides or
carbon monoxide. The selectivity of the novel

25 - isomerization process typically is in excess of 85 mole
percent and, when pﬁegating under a preferred
combination of process conditions and in the presence of
carbon monoxide, sé;ectiv;gy typically exceeds 95 mole
percent. As is known to_thcse'skilied in the art,

30 conversion and selectivity commonly are interrelated in
catalytic processes and an increase in one typically
results in a decrease in the other. Nickel, rhodium and
ruthenium have been found to be less effective than
palladium and platipum.as catalysts for the process.



al kanal s containing 2 to 5 carbon atons and al kenal s 20 containing 3 or
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2,5-DHF - - 2,3-DHF
wherein each R is independently selected from hydrogen
20 and C,—C, alkyl groups or 2 R substituents collectively
may represent an alkylene radical which forms a ring
having 5 to 8 carbon atoms. 'Each R preferably is
hyarogen or methyl. The reactant and product compounds
preferably contain up to a maximum of 7 carbon. _
25 Specific examples of the 2,5-dihydrofurans reactants -
include 2,5-dihydrofuran, 2,5—d1methyl—2,5-dihydrofuran,
'2,2,5~trimethyl~2,5-dihydrofuran, 2-methyl-2,5-dihydro—
furan, 2,2,3,4,5-pentamethyl-2,5-dihydrofuran and the
like. Of the compoundsuwhich may be obtained in
30 accordance with our invention, the most important is
2,3-dihydrofuran.

The present isomerization process may be carried
out under a broad range of pressure and temperature
conditions. Pressure is not an important feature of the

35 process and thus pressures modefaiely above or below
atmospheric are used. Pressures of 1-50 bars absolute,
preferably 1-30 bars absolute, and most preferably 1-20
bars absolute may be used. It is apparent that vapor
phase operation requires the use of pressures which, in

40 combination with the process temperature, will cause the
reactant and product to be present in the reactor as
vapors. The isomerization may be carried out at



wherein each R is independently sel ected from hydrogen 20 and

Cerr]-Cerr] alkyl groups or-2 R substituents collectively may
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(1) (I1)

15 wherein R! is hydrogen, C;—C; alkyl or vinyl and R? is
C;—C4 alkyl, vinyl or allyl. Specific examples of the
epoxides and aldehydes include 3,4—epoxy-—l-butene (EpB),
ethylene oxide, propylene oxide, butylene oxide, croton—
aldehyde, acetaldehyde, propionaldehyde, n-butyralde-—

20  hyde, isobutyraldehyde, valeraldehydes, acrolein and

' vinyl acetaldehyde.  These compounds may be added to the
2,5-DHF feedstream intentionally or be present in the
feedstream as impurities, e.g., 1,3-butadiene may be
selectively oxidizeq to EpB which in turn can be

25 converted to 2,5—bHF, all according to known processes,
to give 2,5-DHF which may contain trace or minor amounts
of crotonaldehyde and-or EpB.

The amount of the ahove—descrlbed epoxides and/or
aldehydes which may be used to exert a favorable effect

30 on selectivity varies substantially depending upon such
factors as the particular catalyst and reaction
conditions, especially temperature, used and the mode of
operation, e.g., gas or liquid phase. Generally, the
amount of epoxideraldehyde present in the feed to the

35 isomerization process is in the range of 5 to 20,000
parts per million by volume (ppmv), preferably 10 to
10,000 ppmv and, most preferably, 100 to 5000 ppmv based



-4- tenperatures in the range of 30 to 200[err]C, preferably in
the range of 40 to 185[err]C, and nost preferably in the range of 50

TOo I75[errC_Generarty, thete
catal ysts are higher than those 5 used with palladium catal ysts.

Exanpl eg, of the epoxides and al dehydes which may be Cﬁﬁ@“ﬁﬁﬂ? process
to prov“&b’%q ncrease in selectivity i ncl ude t hos® he gener al

formulas O// Rerr]-CHCHerr] : Rlerr]-C\/
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Rlerr] is hydrogen, (err]-Cerr] arkﬁ “or vinyl and Rlerr] is
Cerr]-err] alkyl, vinyl or allyl. Specific exanples of the
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feedstreamas inpurities adi ene selectively
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t he above- e used to
exert a faﬁﬁ?hHPEYéFPg ‘Bbi‘%ﬁﬁ éé?%ﬁﬂi FN&? §GS§P§ﬂtP§IIy dependi ng
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COr1 46 915 SRS EBUERLELY] Syedf o thd Bt Shammssol 1100,
present in % g88 PY iﬁﬁ“ d ph ase.’ Genera ally, the amount

carbon monoxide present during isomerization is in the
range of 5 to 5,000 parts per million by volume (ppmv)
based on the total volume of the gas fed to the reactor,

15 i.e., the volume of the 2,5-DHF reactant and any diluent
gas or 11quld present. Those skilled in the art ﬁill
reccgnize that operation in the liquid phase may require
carbon monoxide concentrations higher than those used in
vapor phase operation. This is required to achieve

20 adeqguate levels of carbon monoxide dissolved in the
liquid, Thus, liquid phase operation preferably is
carried out using carbon monoxide concentrations of 100
to 5000 ppmv in the liquid fed to the reactor. In gas
phase operation, the carbon monoxide concentration

25 preferably'is 10 to 500 ppmv, most preferably 20 to 200
ppmv. A typical carbon monoxide concentration in the
feed in gas phase operation is about 50 ppmv. High
levels of carbon monoxide tend to give better

' selectivity to the desired 2,3-DHF product. Hoiever, if
30 the selectivity is too high the rate of formation of
' 2,3-DHF is reduced to an unacceptable level.

Carbon monoxide optionally may be used in combina-—
tion with one or more of the above-—described epoxides
and aldehydes to enhance selectivity. For example,

35 carbon monoxide may be added to a 2,5~DHF reactant which
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I ncrease the selectivity of the catalytic can vary substantially
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gas or |iqui preéﬂ%ﬁ?ﬁ#ﬁg§3°§ﬂF?F€ g T?ﬂ?é%ﬁ?\ﬁqq)g% gg&‘ﬁﬁ@ﬁ%ﬁi%@ﬂihat
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concentrations hi qagy ybachfit3a10y depéhaing uptdd Back2aerepsrasi @ie This
is required to achieve 20 ade

o e e o e e T e b4 pegos] geoghssol ved 1
reactant, the particular catalyst and reaction -

10 conditions, especially temperature, used and the mode of
operation, e.g., gas or liquid phase. Generally, the
amount of carbon monoxide which optionally may be added
to the feed is in the range of 5 to 5,000 ppmv based on
the total volume of the gas fed to the reactor, i.e.,

15 the volume of the 2,5-DHF reactant and volumes of the
above—described epoxides and/or aldehydes and any
diluent gas or liquid present. As mentioned above,
operation in the liguid phase may require carbon
monoxide concentrations higher than those used in vapor

20 phase operation. Thus, liquid phase operation requires
carbon monoxide concentrations of 5 to 5000 ppmv in the
liquid fed to the reactor. In gas phase operation, the

" carbon monoxide concentration preferably is 10 to 200
ppmv, most preferably 20 to 100 ppmv. A typical. carbon

25 monoxide concentration in the feed in gas phase
operation is 25 ppmv. As in the case of the above-
described epoxides- aldehydes, the effect of carbon
monoxide also is reversible and thus, the removal of
both epoxide/aldehyde'and carbon monoxide from the

30 process restores the activity of the catalyst to that
which existed before the epoxideraldehyde and carbon
monoxide were added. '

When employed at the optimum concentrations, the
above—described_epoxides, aldehydes, andsor carbon

35  monoxide give high Seléc£i§ity with essentially no



carried out using carbon nonoxide concentrations of 100 to 5000 ppnv

inthe liquid fed to the reactor. In gas phase operation, the carbon
| s~16—t0o-500 ppmr—rost—preferabty

20 to 200 ppmv. A typical carbon nonoxide concentration in the

feed in gas hase operation is about 50 ppmv. High | evel s of carbon

nonoxi deWP b give better selectivity to the dediGHEF9%092hHr

product. However, if 30 the selectivity is too high the rate of fornmation
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appar ent { nghrtheufEpiy aﬁaﬁ&n ous fes%mnoeveﬁélﬂ@vw%b cdgi combi nati on

th one or .nore t he e-descri bed es or al dehydes,
il SAnEhet the %%# e enenaass, SRRREAS AR ¢ an vary

subst ant i al earbepencnoxideds mmﬂerfséh‘lcr.s Zbusicremoval zobd btie of
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catal yst and react!on .10 n peci al erature, used and
t he node ofpt°°°s’dﬁ%ﬁ ?¥§ﬁ1éh?gjcti§3§y09§ ﬁﬂﬂl %ﬁ%ﬁ% ly, the
amount of cwhich existed oefureh thet epoxiide aldehypde daxsl ad_ded.

10 This phenomenon is referred to as reversible Langmuir
adsorption, which simply means that the etfect of the
epoxide/aldehyde is reversible and is controlled by the
level of epoxidesaldehyde employed in the process.

Th;s very desirable feature allows the catalyst

15 performance to be modified as needed over a wide range
of performance parameters by simply changing the amount
of epoxideraldehyde being added to the feedstream. )
Because catalyst activ1ty generally decreases with
increasing levels of’ epcxide/aldehyde, vhile

20 selectivity to the desired 2,3-DHF product increases
with increasing 1evels of epoxideraldehyde, the desired
.combination of activity and selectivity to the 2,3-DHF
compound can be selected by adjusting the amount of
epoxide-aldehyde in the feed. | |

25 The performance characteristics of heterogenecus
catalysts usually are modified by adding solid addenda
to the surface of the active catalyst, which often is an
imprecise approach and not easily controlled since it is
largely irreversible. Thus,'cns is left with the

30 particular performance characteristics of that catalyst
composition. A "tunable" catalyst perfcrmance is very
desirable when the feed composition changes, heat
transfer conditions change or if selectivity demands
change for a particular application.
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PCT/ US96/ 00927 comprising 0.5 to 3.0 weight percent palladium.arg.sc in
the rate of 2, 3- DHfpdwkimilaon prrederrads, the
10 The support material component of the catalysts may

be selected from the large number of nonacidic, conven—
tional, pdrous, refractofy catalyst carriers or support
materials which are essentially inert in the presence of
the reactant, product, diluent and carbon monoxide

15 present in the processes in which the catalysts are
employed. Such conventional materials may be of natural
or synthetic origin and preferably are of a mesoporous
Oor macroporous structﬁre,-i.e.,'support materials having
a surface area below'loo square'meters per gram (m?/g).

20 These support materials typically have an apparent
porosity of greater than 20%. Supports having a
siliceous andror aluminous composition are, in general,

preferred. .
Specific examples of suitable supports are the
25 aluminum oxides (ingluding the materials sold under the

trade name "Alundum®), pumice, magnesia, zirconia,
kieselguhr, fuller's éarth, silicon carbide, porous
agglomerates cqmpriéing'silicon and-sor silicon carbide,
silica, selected clays, artificial and natural zeolites
30 and ceranmics. 'Refracgdry supports particularly useful
in the preparation of the catalysts useful in the
process of our invention comprise siliceous and/or
aluminous materials, and in the case of aluminous
- materials, part;cularly'those containing alpha alumina.
35 In the case of alpha alumina—containing supports,
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comeal o "JOlh e oL b1k IboSHE T RN g, S5 0
sel ectivity den@wrface ar@ﬁa9§e29U$°dﬂg@htPcGP&Plappchuplﬁne of
0.3 to 0.7 cc(Hg)g, median pore diameter of
100-500 microns (u), and a chemical composition
15 composed substantially of sioz.
II. Norton SN-08228, 0.1875 inch pellets with a surface
area of 0.26 migy, a total pore volume of 0.23 cc
(Hg)7gm, median pore diameter of 19 #%, a packing
_density of 0.90 g/cm3, and a chemical composition
20 (weight percent) of: alumina —~ 84.7, 8i0, — 13.4,
 Fey03 - 0.21, TiO, — 0.47, CaO — 0.21, MgO — 0.12,
Naj0 — 0.15, K,0 — 0.26. |
III. Norton SA-5252, 0.1875 inch spheres with a surface
area of 0.39 mi-g, a total pore volume of 0.36
25 cc(Hg)gm, median pore diameter of 5.4 u, a packing
density of 0.94 g-/cm® and a chemical composltion
(weight percent) as follows: 31203 - 93.1, sio, ~
5.6, Fe,0; — 0.3, Ti0, ~ 0.1, Cad — 0.1, Mgo — 0.3,
Naj0 — 0.1, K,0 — 0.1.
30 IV. Norton 5552 Alumina Rings'f 0.25 inch rings having
a surface area of 0.43 m’/g, a total pore volume of
0.37 cc (Hg)um, a median pore diameter of 7 u, a
packing density of 0.80 grcm®, and a chemical
composition (weight percent) of: Al,0; — 93.1,
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- 8- The supported——Tcatal ysts used in tte present I nvention
conprise palladium platinum or a mxture thereof, in the form of

netal s, deposited on a catalyst support material . The ano M,
pal | adi um and/ orw%"mﬁ’ati num net al conponent of the catal ysts

t he range of 0.1 to 10 wei ght percent with amounts of 0.2 to

5.0 wei ght percent being preferred. Supported1 cat al-ysts conpri si ng
0.5 to 3.0 weight percent palladiumare partlcul ar preferred. 10

The support materi al corrponent of the catal ysts may be sel ected from

the | arge nunber of nonagid ?C- 596!}/% 203 — O. BLO!DRD P @.ays cavetr 8CL9r NgO
catal yst carriers or suppor o'E (ed‘haﬁ are essentially inert in
the presence of the Pe36t§ﬁ¥ prioduct 2 d|| &ht and carbon monoxi de 15
present in the proc®sesNontehi SH&@%&t%IW%i@PB spheregnmm a Such

con¥ent Ib fmal mat]gerl al s rr&ﬁrbﬁcafafaatwlo 13 m?g, ayoebal poﬂé I Tueit &
preferably are a mesopop macr poro

suppozfﬁ mat ]e;l )asloszgaw _rll_ﬁB cc&"%%gﬂé;@& Pg' elyllbémhan ‘lr-‘refge'rss ”r!tera
gram err]/g packingpden pmﬁ echenigadar en
porosity of greater thancgg%sﬂpmr velit 'iﬁr%ent) cfsl |A£§I93U5- #8dioQr

al-um nous conposition ar e re e ecific
exanpl es of suitable supgap gfg 4‘ne“2’5 the §Bﬁ'ﬂ1‘ﬂ%ﬂ?o§? % lf%?él'uaiﬁg' t he
materials sol d under theCao, Mg®; Mmyhand KaPunduni'), pumice, magnesi a,

zirconi a, 10 Ki eagkfislign het! eﬁemsd h,otwe!ﬂ 88 gpSﬂtbndeerme%ich

aggl omerates conprising,silicgn,a r ] ircon ,car
sglgect ed clays, ngrt?"PVgPﬁl “ﬁﬁg m%]fff‘g? |°?‘é‘§ 30" g‘arﬁa‘é%’?%rﬂc%“r ace

Refractory supportsapgeat pfudaloymigefand a partiqleheipc eplar2i-+2H0 of; t he
catal ysts useful intibgnia, e.§! PORSirY L 'Wur'faveNated 68NP!s SRR lanaeaus
and/ or particle size of 40~75 u; calcium oxide; barium oxide,
15 e.g., having a surface area of 1 m?/g and a particle
size of 40-75 u; boron nitride; and silicon carbide.

A préferred:61ass of support materials comprise
extruded star-shaped silica supports which have
relatively uniform pore diameters and are more fully

20 characterized by having (1) B.E.T. specific surface
areas of from 20 m?/g to 80 m?/g, preferably 70 m?-g,
and (2) apparent porosities of from 20% to 70%,
preferably from 30% to 60%.

The actual physlcal form of the catalyst support is

25 not particularly important. While the form of the
catalyst support has little effect on catalyst activity,
practical considerations such as ease of heat transfer,
mass transfer, pressure drop due to fluid flow
restrictions, efficiency of gas-liquid-solid contacting,

30 catalyst durability, and the like make the use of
defined shapes such as stars, spheres, pellets,
extrudates, rings, saddles, and the like preferred.

The process of the invention may be carried out in
the vapor phase_ by feeding a mixture of the 2,5-DHF

35 reactant, one or more of the epoxides and-or aldehydes



alum nous materials, and in the case of al um nous mat eri al s,

particularly those containing al pha alumna. 35 In the case of al pha

; —_— —YW0—967 23781 .
PCT/ U896/ 00927 -9- pr ef erence
s giv hose having a specific surface are : red by the
B.E. T. %%‘ﬁ?&mof from0.03 to 10 nerr]/g and aﬁ‘%@ﬂ%ﬁ# porosity
as neasured by conventional mercury or water absorption techniques
of 5 from25 to 50% by volune. The B.E.T. nethod for det er mi ni ng
specific surface ar ea | s descri bed™i Ald®t ai | I n Brunauer, S., Emett,
P. H and Teller, E., J. Am Chem Soc., .60, 309-16 (1938).
The follo gﬁm% %% c gs tiperqat al yst
supports y be used(i”'S Pﬁﬁgﬂ%

t ar ‘;?ng Si |ca sup ort,
typically ﬁ%ﬂ??ﬁ? iluent to a reactgr.contai &gdé total pore
vol une of of one or moxfb @ﬁmhﬁ catalygtr/ descreibaxh qhme.dl et er of

100- 500 mﬁ, )ﬂ?a%&'ﬂeﬁl rm#;%%‘ieﬁm |ﬁ8gngIe?ets

substanti
with 8 surt &»{!ﬂ‘ t to the reagtoy gimplifies regctantpraduct, e vol ume of
0.23 cc separation (dt!;:){agﬂrgmﬁren the ereacimet or 'mfe iﬂqm}a a packing

e oont Of?ﬁ&)&g/m lg'] ‘fﬂg q’érr %m%&m ZﬂmﬂFe[ err] Loe ot

percent) um na - Jerr] -
0.21, Ti gqelwrality of factors)inel the particular design or
configuration of the reactor since_ heat generated by the
10 isomerization process must be removed from the reactor.

Examples of diluents which may be used include heliunm,
argon, krypton, neon, carbon diqxide, nitrogen and-or
~ one or more C;—Cg alkanes. The diluent:2,5-DHF reactant
volume ratio may be in the range of 1:10 to 1:0.02 with
is5 volume ratios in the range of 1:1 to 1;0.1 being more
typical. Unlike the process described in U.S. Patent.
3,651,092 the process of this invention preferably is:
carried out in the substantial absence of hydrogen,
e.g., hydrogen is not added intentionally to the 2,5-DHF .
20 reactant andror optional diluent. :
The gas hourly space velocity (GHSV) used in vapor
phase operation of the process typically is between 100
and 10,000, with GHSV‘s in the range of 200 to 8000
being preferred and values of 300 to 5000 being most
25 preferred. GHSV is the volume of gas (reactant plus any
diluent used) fed to the reactor per hour divided by the
volume of the catalyst present in the reactor. The
degree of conversion of the 2,5-DHF reactant fed to the
desired 2,3-DHF product is inversely proportional to the
30 GHSV employed, provided othef_process parameters are the
same. Thus, the degree of conversion desired determines
the GHSV which is used.
The process also may be operated in the liquid
phase. One mode of liqqid_operation comprises feeding
35 a two—phase, liquid mixture comprising liquid 2,5-DHF



Na[',err]O- 0.15, Klerr]0 - 0.26. 'II_I. Norton SA-5252, 0.1875 inch

spheres with a surface =~ area of 0.39 nferr]/g, a total pore
vol.une of 0.36 25 cc(Hg)/gm nmedian pore dianeter of 5.4 [err], a
packi ng nsrty of 0.94 g/cnferr] and a chem cal co |t

(wei ght percent) f8ows: A1203 - 93 .1, Si derr] - ”%s‘léﬁ%%”’
Fe[err]O[err] - 0.3, Tiderr] - 0.1, CaO 0.1, MmyO - 0.3, '
Na[err]O - 0.1, Klerr]O - 0.1. 30 Nortqn 5552 Alumina Rings - 0.25
i nch rings having a surface area ofﬁo 43 nferr]/g, a total pore

vol une of 0.37 cc (Hg)/gm a nedian pore dianeter of 7 [err], a
packing density of GeRetant]l & ah nd.faéﬁm GHa or gaseous SEEBG i on

I(DV\CFH %gt%;)gggggt) of monox[.xsr an err :I.nert dln.lnent whickoig\oli? :g(; under the

Sigerr] - 5.6, Fe[propessr cbnditicns Ttaja mdactay. contathing. dne \yOmore
nch spher 65 havi ng ao of bbé “02%? casatyite, "EhaOHpid Pl 070
pore vol ume of as fiows, 8:97. in 3P ”";:J réd"&ﬁgﬁﬁre rﬁ%r%‘lé?q's
[err], a inpackodg dﬁmpuyatﬁom wEeyred toras fihocded Hued cal

conposi tion (weight 056&82%31 of & :[@i 1 [ "\Jont 83 Buch liquid phasa d err]
- 12.0, andthererrarnrngmiofs Fee ei?rtr;x erLr O,

MyO, Na[err]O and KeREFRbL ePFe%"eo?’Ffe‘Feﬁrpport
mat eri al s which Typ:&a;lbn,&sw:mw seaightxirdtios. whichhaweydoen fed

surface W ea gb idlidlphasé opehtAtidr the présSert procert ['d lin
the range of 1:10 to 1:0.1.

In another mode of liquid operation, a mixture
comprising the 2,5-DHF reactant, gaseous carbon monoxide
and, optionally, an inert, gaseous diluent is fed to an

15 inert, liquid diluent or reaction medium, e.g. a hydro—
carbon paraffin such as mineral o0il, in which the
catalyst is suspended. The 2,3~DHF product is removed
from the liquid reaction medium as a vapor.

20 The process of this invention is further
illustrated by the following examples. The procedures
of the examples utilized a single pass, vapor phase
reactor constructed 6f Pyrex glass tubing. The catalyst
charge was held in position by a Pyrex glass frit. The

25 geometry of the reactor (10 mm inside diameter) and
catalyst particles (0.4 to 0.8 mm diameter) were chosen
to maintain and measure true kinetic and catalytic
aspects of the reaction. A fhermocouple {Chromel/Alumel
alloy) sheathed in stainless steel was embedded within

30 the catalyst bed to measure the true reaction
temperature. The reactor was loaded with 1.0 to 2.0 g
of a supported catalyst.

A vapor of 2,5-DHF and helium was added to the feed
stream by'swequng:helium'through a liquid reservoir of

35 2,5~-DHF maintained at a predetermined temperature,



titania, e.
si ze of 40-

75 [err]; calciumoxide; barium oxide, 15 e.g., hav

surface area of T merrjrg and a particre
nitride; and silicon carbide.

mat eri al.s, c rise extruded star-shaped silica s ) - whi ch have

rel ativworm pore dianeters and are nore fully ng%%tteri zed by
having (1) B.E T. specific surface areas of from20 nferr]/g to 80
mMerr]/g, preferably 70 nferr]/g, and (2) apparent porosities of from
20% to 70% preferably from 30%3 0 60% The act ual

physi cal form of the catal yst support is 25 not particularly inportant.
Wi le the fianmhq BB% uchcékgéy e Qe %%&ihht %i?;ﬁ%fﬁgi: gn catalyst
activity, Feaf Eonsider att oHs such & %ransfer

mass trans{VaL; %b?ﬂﬁﬁ“d%bﬁodtﬁ 1344 | BRP Hroﬁr°t°“31FG§Y¢Pcﬂ§‘hs

A preferred class of su

g., having a surface area of 0.5 nferr]/g and a particle

ing a

ST7ze—of—46=75—ferr—boron

ppor t

eLf | fl Encywn‘s @ddel gyoml- SAdividwdl arpors-1iduid eqaliauﬁiudurablhl ity, and
t he I Ke e r spne

”%&%u&ﬁ%ok‘é dngintaineadf‘é ﬂ%l T &%ﬁr?é e&grg - Male
$low FHEant‘EnS%% ?4!6/ w&rm .cmwrpﬁ on of the vapor

pell ets

Bpadcrotondldéhyde Oin tife Zduddtredns. caasbﬁr&onﬁaﬁa@r

res,

nor e of

ggfgﬂdﬁsiiéﬁdéﬁy£ﬁ§ feedstreans GQQnEGQgg%géénic mass . ..ribed

&drWorontreklers qonrnested, to & gas supply containing
1000 ppmv of carbon monoxide in helium. The actual

levels of carbon monoxide in the feedstream were
determined by controlling the gas flow rates of the
carbon monoxidehelium mixture in the total flow of 2,54
DHF, the above~described epoxides-aldehydes, helium and
carbon monoxide. In these cases, typical 2,5-DHF
concentrations were similar to those employed when no
carbon monoxide was added to the feedstream. The
2,5~-DHF used in the examples was of very high purityi;nd
contained no other detectable organic componenté. AiI
gas flows were deliyéred using mass flow controllers.
Gas chromatography analyses were made using in-line

~gas sampling valves which permitted the analysis of the

The prices
phase. . by
t he epOXId
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gas stream both above and below the catalyst bed. Aall
reactor feed and effluent lines were heated at 100°C to
prevent condensation of feed andror effluent materials.
The levels of conversion were determined by comparing
the composition of the gas stream above the'catalyst bed
with that below the catalyst bed. The gas
chromatographic separations were made using a 10 foot
(3.05 meters)—long Pyrex glass column.(? mm internal
diameter) packed with Carbowax 20M (20%) supported on
Chromosorb W, acid washed. The non—-selective co-
products formed in the process consisted primarily of
furan and tetrahydrofuran, in apprcximately equal
amounts.

a



gaseous diluent to a reactor containing one or nore beds of one or

nor-e of the catal yst descritbed—above. The operation of the process

wi thout feeding an inert 5 diluent to the reactor sinpl ifies

react ant/ product separ ation downstream fromthe reactor. e of a
diluent as wel | XOMBount thereof depends upon a pl uraf ﬁ@gsmoos
factors including the particul ar design or configuration of the
react or since heat generated by the 10 i someri zati on process nust be
removed fromthe reactor. Exanpl es of di Rdemts whi ch may be used

i ncl ude helium argon, krypton, neon car bon di oxi de, nitrogen and/or
one or nore Clerr]- Lk

volune ratio may be i tl ' - - e rati os
in the range of 1:1 to 1: Gr ﬁgamverted F?p?cﬁ?”nﬂrﬁﬁ’mw oo daes

des](c:rr bg:ﬂ in US. Pahbbire—descrﬂuf&]v Aot phaser pﬁ'&ﬁﬁdﬁf’et!ﬁhﬁlg v efdactiion
refera is a S

2. g., hydr/ogen |s not aééfgt Jnk:'jﬁ Vﬁf& ?h&ﬁ gngéﬁq%bﬁi% %ﬁ%’-bnp

and/ or optional 8di | ughd. heliun an Maﬂpﬁssﬁﬁckﬁe#%ﬂﬂrm\/)
used in vapor ﬁbﬁéﬁiaﬁﬁrﬁwnﬁl hlasenpsoaﬁasoi-yeaﬂséﬂ mcmb:&mé/\ae.n thel

and 10,000, with GHS f 20 0 g red
and val ues of 300 t Xgﬁgbp%er I ‘%’é‘t‘i"% Q‘B%e grgge t a-b#i} ﬁ%{éﬁ

of gas (reactant pluScnaisted o on-rmaqigageerr@eattwchd*%cqmrsiﬁépahour
di vided by the eXtrudités. { the TatalystPwRBcpietedtdd AN Eivu withea

degree of conv sron tant Jf€

2, 3- DHF produc |s [ géré&t%ropdﬁii%ﬁgﬁ ?Q ?é gg%&é%ent hg&?(?g%g and
provi ded ot her proce88 ml%tm%hﬂlém at 225M¢ forrir.0 mﬁiegm of
conver sion desired dz;s-tmrrsasotal hellil® VoTumehi&0io Sofisdib feed gas was'he

Braratson corpr see FLEAT ot JibHe'Srad Stco tnoPgSEor 3 LUk O0e [ 11 ¢
liquid 2, 5-DHF 0.043 g per minute. . The experiments const;tutlng
15 Examples i~4 and Comparative Examples C~1 and C-2 were
carried out for a sufficient length of time to attain
steady-state conditions.
The results obtained in these examples are set
 forth in Table I wherein the values for "EpB" and *"CO"
20 are ppmv concentration of 3,4—epoxy-l-butene and carbon
monoxide, respectively, in the feed gas, "2,5-DHF Conv"
is the mole percent conversion of 2,5-DHF defined as:

1 v to
25 Moles 2,5~DHF fed

and “2,3-DHF Select" is the mole percent selectivity to
2,3-DHF defined as:

X 100

—Moles 2,.5-DHF converifed to 2 .3-DHF
30 Moles 2,5-DHF coriverted to total products X 100
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- 12 - _ reactant, epoxide, aldehyde and/or gaseous carbon
| ' whith—i s | rgurd—umder t he pPr-ocess

conditions to a reactor containing one or nore beds of one or nore
cataly‘é% Th Iqu|d m xture 5 flows, e.g., in an di rection,
over th I n a node of operation referre #boded bed
operation. A SU|tabIe di luent in such liquid phase operation is the 2
, 3- DHF product of the process. pi cal 2,5-DHF: 2, 3- DHF wei ght ratios
mhlch may be fed 10 to liquid phasel%ﬁération of the present process are
in the range of 1:10 to 1:0.1. | n anot her node of |iquid
operation, ‘a m xture conprishﬂthpi 2,5-DHF reactant, gaseous carbon
nonoxi de and, optionally, an“inert, gaseaqus.diluent is fed to an 15

inert, liquygd._diluent or reaction nmegium e.&!%i dro- 2¢3=DHE 5, hon
paraffln sa%ﬁmgggnlneral in mh#g%-the gﬂn!batalys#g*§g§uspended. The

2,3-DHF prod&t® is renoved 0 fradRthe |ig98dOreacti on9%edli um as a

vapor.s 20 1 The progges of thgss inventipgnai s furtheg.g
il lustrated bé the foll ow exawM<§% The prgg gures %f t he exanpl es
utilized a sifngle pass, va phase reallor constru®fell of Pyr ex

gl ass tubing. 3The cat al ys1400 ch®@%e was hé#bd5i n posi t$DB by a Pyrex
glass frit. the 25 geonetéy of the reactoneplg mminsifig ¢li ameter) and
catal yst particles (0.4 8 nn1d| met er) re_chosen to maintain
and neasure tfue kinetic d% catalytlc mggpgctS(ﬁ t9 % eaction. A
therﬂ@boupﬂbb@ehloﬁBOW$dth!ﬂeffect of lany epokddehguchnast ai nl ess steel was

enbedded wit, hl-al?aﬁy—ﬁ-mt&?é BpHE) Q%dvh%@%s!&%we Mﬂ? di@ction

tenperat ureithou ech‘? Crt: OIII;OI\IIOVaXiA oade tWe convgrtsgor% of gz,s-nru-‘
2,3-DHF in the presence of a palladium catalyst.
Selectivity levels of 2,3-dihydrofuran at 97-98% are

15  achieved with or without carbon monoxide being present.
A lower selectivity results when both EpB and carbon
monoxide are absent whereas EpB in combination with  i”
carbon monoxide gives an improvement in selectivity when
compared to that obtained with carbon monoxide alone.

20 Because EpB functions in the same reversible manner as
carbon monoxide, the carbon mdnoxide can be removed from

the feedstream when sufficient EpB is present.

25 The procedure used in the preceding exanples were
used in Examples $—10 and Comparative Examples C~3 and
C-4 except that differing amounts of crotonaldehyde,
rather than EpB, were used. A fresh catalyst charge
(1.25 g) activated in the manner described above was

30 used in Examples 5-10 and Comparative Examples C-~3 and
C-4. The results obtained in these examples are set
forth in Table II wherein “Croton" is the ppmv
concentration of crotonaldehyde in the feed gas and
wcon, w2, 5-DHF Conv", and "2,3-DHF Select" have the

35 meanings given above.



of b.supported cat al yst. A vapor of 2,5-DHF and helium was added

to-the feed stream by—sweepimg heliumthrough-a liquid reservoir of 35
2,5-DHF mai ntai ned at a predeterm ned tenperature, ' W) 96/ 23781

PCT/ US96/ 00927 - 13 - | ]
20[err] C, such tWQP6#¥8! 2 5. DHF: hel i um vol ume ratio var i eﬁ%ﬁé@#’

1:20 to 1:4. EpB or crotonal dehyde al so was added from i ndi vi dual
vapor-liquid equilibrium -saturators maintained at the proper
tenperatures and 5 flowrates to give the ¥stred concentration of

EpB/ r ot onal dehyde in the feedstreans. Carbon nonoxide was supplied to
the feedstreans using el ectronic mass C%?%%ﬁﬂﬁﬁontrollers connected to a
gas supply cont ai ni ng 1000 ppnv of noxi de in helium The
actual 10 | evel s_of carbon nonoxide in the feedst Re@mPi¥re  2,3-DHF

det erni ned by cont rA¥3BRAR t he gaSERESH rat es—ER-the CMVcarbon Select
nonoxi dee/ hel i um m xte#3® in the totab fl ow of @, 5- 100DdF, the 31. 6
above-descri beg epoxi dgs/ al dehydesgygel i um ang, calglaon nDnOX|F§

t hese cases, typical 2,5-DHF 15 concentrations were S|n1Iar to those

enpl oyed when no 6 carbon nond2Bfe was addRd to the3Peddst reanP6TPe
2,5-DHF used in the exanpl es was aB70ery highgurity and9.5 - congaizaed no
ot her detectable orggqif conmponents. oAl l . gg gas flom? gvgre deliy y§r §d
using mass flow controllers. 20 Gas chronatogra anal yses were-
made using in-line & gas sanmpl P3§ val ves %hich pernﬁ +&d the aP&t9Ysis
of the i0 - 9 1040 1 58.1 95.7

10 2070 55 44.2 95.9
Table II shows the effect of various levels of croton—
aldehyde, with or without carbon monoxide present, on
the conversion of 2,5-DHF to 2,3-DHF using a palladium
15 catalyst freshly pretreated and activated in a mixture
of hydrogen and heljum. Comparative Example C-3 shows
that very low selectivity to 2,3-dihydrofuran occurs
with no crotonaldehyde'or carbon monoxide present.
cOmparatiVe Example C-4 demonstrates that the presence
20 of carbon monoxide alone gives an improvement in
selectivity. However, an even greater improvement is
- obtained when carbon monoxide is combined with the .
crotonaldehyde (Examp;eé 8-10) or is replaced altogether
with a somewhat higher level of crotonaldehyde (Examples
25 §~7). The data show that carbon monoxide and
crotonaldehyde have similar effects on catalyst
performance. Thus, the actual level of carbon monoxide
used as a feed additive can be balanced with the amount
of crotonaldehyde présent as a feed impurity or additive
30 to achieve the optimum desired balance selectiv;ty and
‘conversion to 2,3-dihydrofuran.

2 ,5~DHF was converted to 2, 3~DHF according to the
35 above—-described vapor phase procedure using 1.25 g of a



gas stream both above and bel ow the catal yst bed. All reactor feed

and effluent lines were heated at |OJerr]C to prevent condensation
"0 (]3] rials—25 The—tevets of converstor—were
determi ned by conparing t he conposition of the gas stream above the
cat al yst bed - with that bel ow the catal yst bed. The

chr onmat é’rm& separations were nade using a 10 foot 9(@”63
neters)-long Pyrex glass colum (2 nminternal 30 di aneter) packed with
Car bowax 20M (20% supported on Chronosorb W acid washed. The
non-sel ective co- products formMdd<in the process consisted primarily
of furan and tetrahydrofuran in approximtely equal anounts.

35 2
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AND COVPARRRNRAdwm\PpE8iLiga /extxudates. The fepdsgaprcopsistederted to
2, 3-DHF ace® @, sg»nna aha helium ahw\ee-2}cDHFIRE1iaROVoRIRAG eX@EDSedur e usi ng

ti ' i sti f
5 5o CBOf 1ias RERCAfEEEELY f‘%gé'ﬁﬁigé §§§§F3°Beﬁg%§%§8n§;fbbﬂg °
nonoxifte, |in519§ﬁng ne cprbemdronoxifdierdn Fhrospaparati ‘conparative
exanpl es. ekamplebal Y3|5{BHR vl oD !te) tHe reactaﬁnstSieﬁheé d£.0 veight

percert bel 4oL Blrliity., e WoebIRiiEe RRERLALIEL 125, el oaled
and Zxapplefelicit cand Ronparnahives Examples  Gr5 cand R ereThe
2, 5- DHF: t ocakriiedi sut Veor € suisividnt h&n&&ﬁdoﬁaﬁiﬂésto attain
10 steady—-state conditions. :
The result obtained in these examples are set forth
~in Table III wherein "Rxn Temp"™ is the reaction
temperature in °C measured by the thermocouple embedded
in the catalyst charge; *CO%, "“2,5-DHF COnv" and
15 "2,3-DHF Select" have the meaning given above, angd "Prod
Rate" is the rate of production of 2,3-DHF, a measure:of
overall productivity, defined as the g of 2,3-DHF .. . .
produced per g of catalyst per hour. )

ja=

20 - TABLE III .
Rxn 2,5-DHF 2,3-DHF Prod 5

Example Temp _CO conv : 5.219.2; Rate

c-5 90.9 0 100 72.5 1.45

11 90.8 10 99.3 88.3 1.75

25 12 90.6 25 98.2 91.5 1.80

13 90.2 50 96.0 94.7 1.80

14 90.2 100 88.4 96.2 1.70

15 86.0 205  44.0 98.0 0.86

c—6 82 0 98.5 €9.0 1.36

30 16 82 35 64.2 94.6 1.22

17 82 134 30.2 96.5 0.58

18 82 490 7.2 98.0 0.14

Table III shows that a promoter effect for carbon
monoxide exists even at levels of 490 ppmv in
35 combination with a 1.0% Pd-silica catalyst for



1: 5. 2,5-DHF was fed to the reactor at a rate of 0.043 g per mnute.
The experinents constitutimmg—i5— Exanpl es 1-4-and Conparative Exanpl es

C1 and G2 were carried out for a sufficient length of tine to
attain steady-state conditions. The results obtain LN

t hese exanpl es aWo%@p781 forth in Table | wherein the val ued EM@
and "CO' 20 are ppnmv concentration of 3,4-epoxy-I|-butene and carbon
nonoxi de, respectively, in the feed gas, "2, 5 DHF Conv" is the nole
percent conversion of 2,5-DHF defined as: 18 Mol es 2. 5- DHF
converted to products 25 Mol es 2, 5- DHF fed X
100 and "2, 3- Qbnwét&fdn dtsztml €op§r§-eﬂ!Fse|§'é§d tBalevels of
2, 3-DHF defined as: O;k‘%bel (1 3}

bl es 2, 5- DHF conver$ 63 RHF a% 98 NEFEEUBP & of carbgp

96/ 23781 monoxide present. When thep@mﬂusgeﬂusggne is not

- 15 - present selectivity 1%AB4én | 1over 28 evidenced by
250 2 50 e g 5€

Sel ect C- 1 Compara Eyample 5,an onpazggiye Examplg 8y

1 220 Examgyles 11-1478how that vexy glesirable space time yield
630 25 véifes are obtaifled with carbon.dioxide 1&%@ds of - 102P00

_46'5 9.5 ppav. It is apparent that the use of higher

concentrations of carbon monoxide, which result in very

10 high selectivity but lower conversion values, normally
will regquire the recovery and recycle of unreacted '
2,5-DHF.

EXBMPLES 19-25 :
1s The procedure and catalyst (1.25 g) used in the

preceding examples were used in Examples 19-25 except
that gas feeds consisting of 3 different 2,5-DHF:heliunm
volume ratios were used. The results obtained in these
examples are set forih in Table IV wherein "Rxn Temp",

20 wecon, %2,5~-DHF CDnv" and “2, 3-DHF Select" have the
meanings given above and "DHF:He" is the 2,5-DHF:helium
volume ratio of the gas fed to the reactor.

25 o Rxn ' 2,5-DHF 2,3~DHF
19 86 91 1:19 80 97.7
20 86 130 1:19 76 98.2
21 93 90 1:10 90 94.0

30 22 90 111 1:10 82 96.0
23 88 115 1:5 66 96.8
24 93 115 1:5 80 94.9

25 97 115 1:5 93 91.0



C 2 0 0 100. 0 79.0 4 800 -
0 60. 0 96.8 10 Table | shows the effect of an epoxide such ~
as S A Epoxy-=buteme— EpB)—at—various—i evel s, wi th—ant———— wi thout °
car bon nonoxi de, on the conversion of. 2,5-DHF 2,3-DHF in the presence®
of a pal |l adi um cat al yst . Select|V|ty | evel s of 2 3-di hydr of uran at

97- 980, WP&6/23781 ,chieved with or without carbon nonoxi B@Pé@’ﬂresent

A lower selectivity results when both EpB and carbon nonoxi de are
absent whereas EpB in conbination mﬁth car bon nonoxi de gives an

| nprovenent in selectivity when 19conpared to that- obtained with carbon
nonoxi de al one. 20 ~Because EpB functlons |n the sanme reversible manner

as ;” Br & LAY, 2NPHARSr B £ from t he
f eedst r ean it B I o E%S 10 AND
COVPARATI VE EXA’RMEEFQ?%"%-‘.’G-SP d in Exanples, I}<dff, @M sed in the
precedi ng compuprativerExanples s&dand Ox6npassrépdatehdxomptar ati ve

Exanpl es Gega: é;é% tcﬂfﬂ B t onal dehyde,
r at hera thagngp%gi;mg‘%ﬁlse da?ire%:%;i% a if“" r%g;e t&ﬂf Iag%
activadted t PRAXYEG € es 5-10 and
Conparati vpefaamplphﬁrﬁmm sil;ca&ttrﬁ@teesulm a&mm]n:sd in these

- exanpl es a&ﬁt§ ed in tﬁ% lﬁr&'swef% i qta‘iﬁe 'J:Eét he ppnv
concentrat i on ° 4 onn ehyde | nt -

e_feed. gas an "2,5-DHF
Conv", andW ?%“DIMI%P 'ha99 ¥ he2g§D ’Fre%ﬂ G PsPEhove.
WO 96/ 23788elect”, and "Prod Rate" have the me_a_ningd:’w&mﬁﬂ

10 |
IABLE V .
2,5-DHF  2,3-DHF  Prod
Example IEEE ~£o_ Conpv SQIEEI Rate
c-7 144 0 34.3 82.9 0.57
15 c-8 168 0 54.5 77.2 0.82
26 144 50 21 85.4 ~ 0.36
27 144 100 19.8 89.3 0.35.
28 168 S0 54.1 °  80.2 0.87.

Table V shows that carbon monoxide ha_s a favorable

20 effect on the 2,3-dihydrofuran selectivity at both sets
of temperatures (144°C and 168°C) although the activity
of the platinum catalyst is less than that of the
palladium catalyst. As in the case of palladium—
catalyzed isomerization, the non—selective products are

25 furan and tetrahydrofuran in approximately equal
amounts. ' |

€O OO — O
The procedure described in Examples 11-18 and
30 Comparative Examples Cc-5 and C—6 was repeated except
that the supported palladium catalyst was replaced with
2.2 g of a supported catalyst consisting of 50.0 weight
percent nickel on silicaralumina. The catalyst was
activated in situ by passing a gas mixture consisting of
35 40 volume p_erceﬁt hydrogen and 60 volume percent helium



- 16 - TABLE | |

2, 5- DHF 2, 3- DHF —Exanpte Cr ot on Co Conv
Sel.ect C3 0 0 100.0 31.6 5
5 620 0 63.THIS S 6
1380 0 W05 5 7 R}éﬁtc\cg *BEEN 197 CHUSNN02Y,
49.5 96. 2 ' C4 - e 55 88.9
93.3 8 530 . b5 . . 68. 4 94.9 10 9
1040 55 58.1 = 95.7 =~ 295 2070 55
44, 2 95.9 Table Il shows the effect of various |evels of
fLOt on- _ al ?egy&ﬁr Viit{éﬁ d&lti-\:ﬁzgolt_ ﬁsbbcnfdliﬂl')@?ﬂdi&snr eThEl redillts

e conversion o , A- . 33 i ap C S
freshly pretreated a%&t%?‘ﬁ&%e ﬁeagifﬁgﬁ?% &ke asdéé(;?‘%)%r 8-“6#‘%% k:él ium

Conpar at i ve Exanpl e Wherein iRxn Templ'|)o'COR) y"2 AR Sonwi t V2¢ 3—DHF

2, 3-di hydrof uran oc@&Xect®, and "pProa RACE®RAVE Ul meanifgB0giveAOXbEeve.
present. nparative Exanple C-4 denonstrates that the presence 20

of carbon nonoxTde al one gives an inprovenent in selectivity.

However, an even greater inprovenent is IABEE\¥E ned when carbon nonoxi de
is conbined with the crogepal dehyde (Expsanegs 8- 3Qh-pHFI S T epl pegd

al t oget her W tExagnerewngiembi ghegol evel ginwr ot ongedabyde ( Exopatés
25 5-7). The data gshow thaé 4Car bongy monoxi de and 82 %r ot onal dghyde
have simlar effects on‘°cataly P erfornmance. Thus, ‘fhie actual T&vel
of carbon nono¥@de  ©€-10sed a94a fee@Padditi®%%%an be BRr&nced wi tP-%he

anmount of crotomglydehydejpsesentsas a fesxl3 npuritgsos additive,sP

to achieve the optinurg desired,Ral ancg,sel ectiyty and conversjion to
2, 3-di hydr of ur an. 843 EXAM‘JEES 11798° AND ARATI VEPESRMPLES G & kD

C6 2, 5- DHEC-#&s convBfted toP2, 3- DM -Zcordi n88+® the 0.41

15 The invention has been described in detail with
particular reference to preferred embodiments thereof,
but it will be understood that variations and
modifications can ‘be effected within the spirit and
'scope -of the invention.

20
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35 above-descri bed vapor phase procedure using 1.25 g of a
WD 96/ 23781 PCT/ US96/ 00927

- I7= supported cdtalyst—tunsrsrrng~of 1.0 wei

palladiunlon S|I|ca extrudates; . The feed gas consisted of 2,5-DHF and”
heliumin a DHF: hel i um vol [i el 1:15 and differing amounts
of car bWPmkl de, 5 incluf 1i"ﬁlg QHEI%%E{ Sr?Ergt@ oxi de HCHYSMIEDar ati ve

exanptes—2-5-bH—was—fed to thetreac a.rate of. 0. 043 g per

m nut e constltutlng Exanpl es 11-18 and conparative
Exarrpl mE@ME carTi®h but for a sufficient length of time
to att t&te condltlons . The result obtained in

t hese exanples are set forth le 11l wherein "Rxn Tenp" is the
reaction gnperature in [err]C sured by the thernocoupl e enbedded
in the cat X%y S3adWirge; "CO', "2, 5- DHE Conv" and 15 - "2, 3-DHF Sel ect” have

t he nmeani n@ g|vProebssefonnﬂhésznparatiod%mmeh g 3+-Adhyatrefatapr oducti on of
2 50T A campsaolnien coBfelels, auiy b apiicgyga 1 0 O 2
Ren B ‘g?°5‘ Eg 2’ .'5'dihE§£ RPREAR Tenp -CO
Conv Sompotind - anthInalectivity;fhcreas&ﬁgQamounﬁ of anl100 72.5
1.45 aldLﬂyde sefgcéhd fQéh alkaﬁ%&s?comtaingﬁg32.to slcggian
atoms and alkenals containing 3 or 4 carbon atonms; an
epoxide selected from 1,2~epoxyalkanes containing 2 to 5
10 carbon atoms and 3,4—-epoxy-l1-butene; carbon monoxide; or
a mixture of 2 or more of such aldehydes, epoxides or
carbon monoxide with a supported, palladium or platinum

catalyst.

15 2. Process according to Claim 1 wherein the process is.
carried out at a temperature of 30 to 200°C, the feed
mixture contains 10 to 10,000 parts per million by .
volume of the epoxide, aldehyde or mixture thereof and :
the 2,5—dihydrofuran'and 2,3—dihydrofuran compounds each

20 contains up to 7 carbon atoms. é

3. Process according to Claim 1 wherein the process is
carried out at a temperature of 40 to 185°C, the feed
mixture contains 100 to 5000 parts per millidn by volunme
25 3,4—epoxy—l-butene or crotonaldehyde and the 2,5-
dihydrofuran and 2,3-dihydrofuran compounds each
contains up to 7 carbon atoms and have the formulas:

20 §
RS N R S |
35 R7 /’CER R’ /’Q\R
2, 5~DHF 2, 3-DHF

40 wherein each R is independently selected from hydrogen

] mu I




25, 12 90. 6 25 98. 2 91.5 1.80 13

90; 2 50 96.0 94—+——1. 80 ' 14 90. 2 100

88, 4 ~96.2 1.70 15 90.0 205 44.0 ' 98.0
0. 86 C- 6 82 0 R0 53 1.36 30 16

82 35 W0osRIT8L  94.6 . [ 1.2 " R%%EL&??[? ﬁﬁ g2  PCT{UHH6/00927
30.2 96.5 0. 58 T8~ “hh 490 7.2 98.0

0.14 Table I'll shows that a pronDter .effect for carbon nonoxi de

exi sts even at levels of 490 ppnmv in 35 con®? mation with a 1.0% Pd/silica
catal yst for W) 96/ 23781

PCT/ US96/ 00927 version
. P cording to Claim 3 Wherein the feed
of. 2. 5-DHF to 2, 3-%—{ Zqcess accorfing to fla

. 8%
noted with high | evituie ajsq,contai nsrrbﬂo‘i?d@%%’éﬁ permgﬁ,ﬁ &r bon

nonoxi de i s not volywes mrbonsmbaokidety i s nuch | ower as evidenced by 5

Conparative Exanple 5 and Conparative Exarrpl e 6. Exanpl es 11-14 show
that very desirable space tinme yield ues ar obtalneg wi.t h car bon
di oxi de | evel sSof 1 10Frocess ﬁﬁ?rdiF9|§° €84,928 gher

concentrations of amudprisﬁugozuBedihbdzbfn:nnutanrinaamydiauenhbghnd 10 to
sel ectivity but |owgy *ﬁ&-%bogg%%ﬁiz ﬂga,gBH&A%ne 3, 4-¥polyL 2Bt énb "6r
recovery and recycle 'of ufr eact
crotonaldehyde is contacted with a supported palladium
catalyst at a temperature of 30 to 200°C.
10
6. Process according to Claim 1 wherein a feed gas
comprising 2,5~dihydrofuran, an inert diluent, 100 to
5000 parts per million by volume 3,4—epoxy—l-butene or
crotonaldehyde and 10 to 200 parts per million by volume
15 carbon monoxide is contacted with a supported, palladium

catalyst at a temperature of 30 to 200°C.

7. Process according to Claim 1 wherein a feed gas
comprising 2,5-dihydrofuran, an inert diluent, 100 to

20 5000 parts per million by volume 3,4-epoxy-l-butene or
crotonaldehyde and 20 to 200 parts per million by volume
carbon monoxide is contacted with a supported palladium
catalyst comprising 0.5 to 3.0 weight percent palladium
on a catalyst support material at a temperature of 50 to

25 175°C.

8. Process according to Claim 1 wherein a feed gas
comprising 2,5—-dihydrofuran, an inert diluent, and 10 to
500 parts per million by volume carbon monoxide is

30 contacted with a supported, palladium catalyst at a
temperature of 30 Fo 200°C.

9. Process according to Claim 1 wherein a liquid feed
comprising 2,5-dihydrofuran, an inert diluent, and 100
35 to 5000 parts per million by volume carbon monoxide is

\\ll\l\f\liii\fﬁ\ei‘\i\e\ i I



EXAMPLES 19-25 15 The procedure and catalyst (1.25 g) used in the ._"‘

precedi ng exanpl es were used in Exanples 19-25 except t hat gas feeds .
- conststingof —3—drfferem—2,5- DHFteti um Vot ume Tat T oS were used:—The ;
results obtained in these exanples are set forth in Table IV wherein

'r'remégi IS ‘g‘f‘@é%‘abo'\'/goz'ihd" ZDaFTQ'ﬁ%%ggéO%EB—F hDgl::i ﬁerﬁ&% : hav_{eutrger atio

of the gas fed to the reactor TABLE |V 25
Rxn 2, 5- DHF __22§-QHF Exanpl e Tenp CO
DHF: He Conv Sel ect 9 86 91 1:19

80 97.7 20 86 130 1:19 76 98. 2
21 930ntac99c1 with & Jdi:ppc:ort:etl,9Ba1].ad:i.mn YataBfst at a22 90
111 %ggperature 30 to %@ Qc 23 88" 115 15

66 0 e 93¢+ 115 15 80 94. 9
25 115 1:5 93 91.0 WO 96/ 23781

PCT/ US96/ 00937 Process according to Claim 1 wherein I feed gas EXAWPLES

doceri Boa EoRREGng £EMIneRrorarah Sh snert iduent, BBCEBRRI G 6 vas

r epeat ed ex@@gtparts per million by volume carbon monoxide is
contacted with a supported palladium cata].yst comprising
0.5 to 3.0 weight percent palladium on a catalyst
support material at a temperature of 50 to 175°C.
10

_—
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that -t'he support'ed paiTadi'Um cat al' yst Wwas replaced witfi. 5 1.2 g of "a
supported catal yst consisting of 1.0 weight percent platinum on
silica extrudates. The results obtained in these exanples are set
forth in Table I wherein "Rxn Tenp", "CO', "2,5-DHF Conv", "2,

3- DHF Sel ect", and "Prod Rate" have th&0neani ngs gi ven above. 10
Rxn 2, 5- DHF 2, 3- DHF Pr od Exanpl e Tenp CO
Conv "~ Sel ect Rat e C 14 0 34.3

82.9 0 5y OFST thG: gatalyst 3§gis0°Cofor 2 Ppurs. The Fesults
0.82 26 obtaindd4in thése exafiples are s&f £forth in Maile VI

27 144 in “%d # BHodn ny gt n a8 168
50 ©  sa1  whapein il Temgy, SWcon, nz, 8 @&isihgv\%m.{ Hat %’2‘? Bon
nmonoxi de has a f ket 2and "RBredcRata’t have Fhe meanings g abova.y

at -both sets g of tenperatures (144[err]C and 168[err]C) al t hough the
activity of the platinum catal yst ii |££s Ehan that of the

pal | adium catalyst. As in the case of pa ; catal yzed

i sonerization, the non-sel e(Rxwe products 2,8-PHF f @ 3+DHE Prod

t et rahydr of ur an Exanmkexi ndlefy equa® camyunts. Salact COVPARER&/E
EXAMPLES G- 9 - G 14 g 104 The prgcedureggdescri bed igy Bxanples Igl-
and 30 Conpar ative Exanples G5 and C-6 was repeated except t hat
the supportelOpal | &k cat a¥9%t was? epl ace8*wlt h 8L g of a0.55

supported catal yst Gltsi sti ngodf 50.80wei ght 57.3 per.c@%,yi ckel orp.s52

silical/alum na. The,ca al yst S activaked in sit Yo Passi ng S
m xture consi sti ng%of 5 h?fvol ujr'r%opercentisﬁ?drogen ?nagoGO vol urrecj’i"‘q’a
0

percent helium C~-13 44.2 88.0 0.41
15
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ALY AN S R U 1 LU SURN S | GO Y I - .
g ST ey R catéfyst at'§BbTerth for 2 hoyrs. The resul %
obtained in these_exanples are set forth in Table VI ~ ' wherein "RXn
.Eeqp",h"CO', "2,5-DHF ConV', "2, Select", and "Prod Rate"
ave the neani ngsu, m 5 TABLE VI RXN
2, 5- DEF 2, 3- DH "m ,' Mﬁll””lll Exanmpte21l ~Fenp Cco Conv
Sel ect Rat e * 104 0 63.3 82.2
0.55 - 10 C 10 104 25 61.5 85.1 0.55
C 11 104 50 57.3 85. 4 CLAIMS > C 12 104
100 47.0 we 8§an, 0. 43 : C 13 86 44, 2

~88.0 0.41

1. Process for* the|mgﬁﬁﬁﬁf? ﬁ°5ft§°2P§%mﬁ%%§¥?“ of a 2 sygiﬁﬁg
conpound whi ch cfupanseempounsdc whighatcanpriseat edntacting ak ameleatated a
feed m xturegof Ebﬁ?érgtﬁ¥qrgf%%ﬁﬂ mixture of &C2PSUAInIAFFuran

sel ecti vi ty- I ncreasl ng anount
compound and a selectivity—increasing amount of an

aldehyde selected from alkanals containing 2 to 5 carbon
atoms and alkenals containing 3 or 4 carbon atoms; an
epoxide selected from 1,2—-epoxyalkanes containing 2 to 5
10 carbon atoms and 3, 4—epoxy-i-butene; carbon monoxide; or
a mixture of 2 or more of such aldehydes, epoxides or
carbon monoxide with a supported, palladium or platinum
catalyst. '

15 2. Process according to Claim 1 which is carried
out at a temperature of 30 to 200°C wherein the feed
mixture contains a 2,5-dihydrofuran compound and 10 to
10,000 parts per million by volume of the epoxide, '
aldehyde or nixture thersof and the sﬁarting '

20 2,5-dinhydrofuran compound and 2,3-dihydrofuran compound
thus obtained each contains up to 7 carbon atoms and
have the formulas '

G o
30 NZa N R
2,5-DHEF 2,3-DHF

35 wherein each R is independently selected from hydrogen
and methyl.

3. Process according to Claim 1 which is carried
out at a temperature of 40 to 185°C, the feed mixture
40 contains a 2,5-dihydrofuran compound and 100 to 5000
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hﬁ"” ﬂ” ) apamrd bamtded— T BN LoDty

aIdehyde selected fron1a|kana|s confalnlng 2710 5 carbon ‘at ons

and al kenal s tontaiming—3 or 4 carbon atons; an epoxi de

se|l ected from ontaining 2 to 5 10 carbon atons
and 3, 4- epoxyigm g 'mm“ E nonoxi de; or a mxture of 2 or
nore of such al ce es, epoxi des or =~ 22 —carbon nonoxide with a
support ed, paIIadlunlor pl ati num cat al yst. 15 2.

Process according to C aim ich, is rr ut at a
t enperat ure of 3@”(‘ ‘gs 2B8F epi]lgg\ﬂﬁepé’ i Pf"S'ﬁ’é“q g’e’a"’e*"’xy_l"butﬂ‘?t BFe
contai ns a 2, 5- dttgtionaldehydenpndnéthanagtixting 2, S-dihydrdfug@@a parts per

R i 33 SHRSS o Lyl bk e ool

conpound “sach eanLtainEaiRed0edc FAERAT %%ﬂ?héHFbEBGatons and
have the forsul aformulas: 25 [err]
2, 5- DHF 2, 3- DHF 35 wherein each R S |ndependently
sel ected from hydrogen R\ R and net hyl . Process
according t@eqaClaim1l wWRig arrled a tenperature of 40
to 185[err] t he feed n1¢/u conta| G\glhydrofuran
conmpound and 100 to 5080°
2,5-DHF ; 3—~DHF
wherein each R is independently selected from hydrogen
and methyl.
20 _
4. Process according to Claim 3 wherein the feed .
mixture also contains 10 to 200 parts per million by
volume carbon monoxide.
25 8, Process according to Claim 1 wherein a feed gas
comprising 2,5~dihydrofuran, an inert diluent, and 10 to
10,000 parts per million by volume 3,4-—epoxy—l-butene or
crotonaldehyde is contacted with a supported, palladium
catalyst at a temperature of 30 to 200°C.
30 '

6. Process according tc Claim 1 wherein a feed gas
comprising 2,5-dihydrofuran, an inert diluent, 100 to
S000 parts per million by volume 3,4-epoxy-—l-—butene or
crotonaldehyde and 10 to 200 parts per million by volume

35 carbon monoxide is contacted with a supported, palladium
catalyst at a temperature of 30 to 200°C.

7. Process aécording to c1aiﬁ 1 wherein a feed gas
comprising 2,5-dihydrofuran, an inert diluent, 100 to
40 5000 parts per million by volume 3,4—epoxy—l-butene or

| REPLACEMENT SHEET.
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parts. per ool on by vol une 3, 4- epoxy- 1- but ane or. ““¢r ot onal dehyde and

the starting Zﬂhhyd%comound and 2, 3-di hydr of uran conpound
t hus obt ai ned a " iwt" ns up to 7 carbon atons and have the 5
Uil

f ormul as: 5 DHF 2, 3- DHF wherein
each Ris indep firom hydredsh ~ and nethyl. 20 4.
Process accordlng to Cla|n13 mhereln the feed m xture al so contains 10
to 200 parts per mllion vol une carbon nonoxide. 25 5. Process
according to C a?ﬁ?§°ﬂ/ﬁéﬂﬁ¥’ﬁ(d§ RO 4Pa &0 20¢ Bt ipRr ZELULondbyf vodunean
gnzrt dllu§nL aedrﬁantﬁonoxiﬁﬂ Q%gd@ﬁﬁabﬂéﬁ wﬁﬂﬂiswsﬁypﬁgt allad um
epoxy- ute e cant act wth a su é
pal | adi um '?gF t c%ﬁ%&ﬁ% @y %e Iiqu V?ez’tﬁhf%r?fffmﬁg Bgﬂﬁg
Process accordlngnt% G!&ﬂ#ystwhapmqmtana&arxﬁ%;at a ctampesatigre of 50 to

2,.5-di hydr of wr any788¢i nert diluent, 100 to 5000 parts per mllion by
volune 3, 4- epoxy- 1| - butene or crotonaldehyde and 10 to 200 parts per
mllion by volunme 35 carbon nonoxide is contacted with a supported,

gal I'adi um dcas al yst @r@céweamEan daocuaiaOQ[ Whick@in a feed gas
rocess accordi eed g
2, 5-di hydrofurang':"&‘(i’:'gﬁil él’p’h'gtjrf’yaf(%j YERY0 a%dd’{;fzg%?%i\b%pgm ?F?oﬁ°b§°
vol une 3, 4-epoxyS@ebparhe per million by volume carbon monoxide is
10 contactad with a supported, palladium catalyst at a
tamperature of 30 to 200°C.

g. Process according to Claim 1 wherein a liquid
feed comprising 2,5-dihydrofuran, an inert diluent, and

16 100 to 5000 parts per million by volume carbon monoxide
is contacted with a supported, palladium catalyst at a
temperature of 30 to 200°C.

10. Process according to Claim 1 wherein a feed gas
20 compriSing.2,5—dihydrofuran, an inert diluent, and 20 to
' 200 parts per million by volume carbon moncxide is
contacted with a supported palladium catalyst comprising
0.5 to 3.0 weight percent palladium on a catalyst
support material at a temperature of 50 te 175°C.
25 '
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23 - : crot onal dehyde and 20 to 200 parts per million by vglgrx;?
car bﬁﬁ—ﬁmﬁmd—de—ks—eﬁﬁhrebed—mﬁ-h—a—s&ppeﬁed—p&%adl um

conprising 0.5 to 3.0 wei ght percent palladium %/)(7 on a catal yst
support material at a tenperature of SOrCZ\d)r‘f? '!(6 5[err] C 483
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(57) Abstract

Disclosed is a process for the preparation of 2,3-dihydrofurans from the comresponding isomeric 2,5-dihydrofurans wherein a feed
mixture comprising a 2,5-dihydrofuran compound and an aldehyde selected from alkanals containing 2 to 5 carbon atoms and alkenals
containing 3 or 4 carbon atoms; an epoxide s¢lected from 1,2-epoxysikanes containing 2 to 5 carbon atoms and 3,4-epoxy-1-butene; carbon
monoxide; or a mixture of 2 or more of such aldehydes, epoxides and carbon monoxide is contacted with a supported, palladium or platinum
catalyst to effect the isomerization of 2,5-dihydrofurans to 2,3-dihydrofurans,




