WD 03/ 042201 PCT/ US02/ 37318 TI TLE HYDROGENATI ON OF 3, 4- TETRAHYDROFURANDI CL
TO TETRAHYDROFURAN 5 FIELD OF I NVENTI ON 3, 4-Tetrahydrofurandiol is

hydr ogenawedsiom2bhe presence of metal catal ysts to form tecmarspdssigiran and
precursors. BACKGROUND 10 Tetrahydrofuran is an industrially inportant

sol vent and nononer. Commercially it is prepared from nonrenewabl e
petrochem cal feedstocks. Wth the potential depletion of the world' s oi
reserves, a need exists to develop a-qEEpe of tetrahydrofuran from
renewabl e sources such as bi oness. Bi+ nprises primarily a

carbohydrat e cont il YDROGENATIQN OF53 &T&?@%HE(QR@FHRAP@IObEOCOWpH sing a

pol ysaccharide material. It canTEtERHYBROEORAN Si ng cel | ul ose,
hem cel | ul ose, or lignocellul ose naterials: for exanple, the biomass as

obt ai ned from wood, plants, residue from agriculture or forestry, organic
conponent sof nuni ci pal and i ndugt|ELB OFWRYENSTION | mary sl udges from paper

manuf act ure, waste te 20 WO ri.cul tural

resi dues such as &Eﬁ%ﬁ@w@?&ew@q{&@yd& ?8@feﬁidp\l\€e p§%sr%\ﬁ% '@E starch
from corn, weegdlystatts formmethehyideyfuravbane preguasdrsmat er i al from hard wood or
beech bark, fi berboard I ndustry waste water, bagasse pity, bagasse,

nol asses, post-fernentation liquor, furfural still residues, aqueous oak
wood extracts, rice hull, oats resBAGHEGRAMND25 sugar slops, fir sawdust,

napht ha, Eor ncob f'ltgthl'Hgﬁkofﬁcor n‘%lumﬁ%ttri%n){ pﬁb&ﬁant srdl\?&lt a?hﬁﬂ%ﬁho:%%ybea”

skin, soybean oil resi opseed hul |'s,
starch, pot atGrBmesgially itsprarssed fnoarw@%r@new&@i%p%%@erwﬁb eggstaskPdues,

sunf | owgr Sethlﬂﬁé@otéiﬂPéOGépléugﬁrofﬁth@@ﬁﬂ@'se)élgégér\Qs amﬁ@@fté It(ﬂm sggar
cane and sug ets, corn an canbi nati on t he above.
Car bohydr at eﬁ%ﬁf 3308%%#%83’@9&”??%“ ﬁ@?eé’?’ogo P SORTGSY ?Wg' Frultiple
reactive hydrtm(mbsgrlblonassm;msbsawbaaﬂdy@fcarbshynyatmsontaahmmalerémes i's

the need,ko rg \égs c%‘[ﬁ éfgmga[‘?]da%%?ﬁ@ﬁ&hg éolgﬁé%cc‘f'la? ErrﬁQ‘Bé‘fll%PXNt&%ane is a

4-carbon ugar Coho hree 1soneric forns:
erythritol, teﬂ@o mese ¢ATpiising calwose, hefBGe&WGS%QHIQéHOFSUU'Oﬁ Waterials) s

used as a '0%Péi<é>rh|o% $w@9to¢ﬁl@srs aé\db@w;@rfrcsmbﬁ@@d Ylen@neksidud frohcal |y
produced comrer er ment at tar.ch. ThrF|t0I has

limited comTlﬁQf'iCHﬂu r%‘?lru‘épé%?t[% é’r%?n'ﬁ%mpﬁﬂ?”g%fnmuﬂ'c\}&?ﬁ@@Pdﬁ%%
PCT/ US02/ 373 Mastbe, mimdncsddgesafrondpdperabamufacfure heasteyiapsranastesoner  of

teg;it fi;i € 58" duodd le.gt REwdR QAL FediRF MG eStuds Sudh 4s!ddhh ALKKE RorRUbpEe are

rice hulls, straw, bagasse, starch from corn, wheat oats, and barley, waste
plant material from hard wood or beech bark, fiberboard industry waste
water, bagasse pity, bagasse, molasses, post-fermentation liquor, furfural
still residues, aqueous oak wood extracts, rice hull, oats residues, wood

25  sugar slops, fir sawdust, naphtha, corncob furfural residue, cotton balls,
rice, straw, soybean skin, soybean oil residue, corn husks, cotton stems,
cottonseed hulls, starch, potatoes, sweet potatoes, lactose, waste wood
pulping residues, sunflower seed husks, hexose sugars, pentose sugars,
sucrose from sugar cane and sugar beets, corn syrup, hemp, and

30 combinations of the above. Carbohvdrates offer a convenient starting
material, with their multiple reactive hydroxyl groups, but a drawback of
using most carbohydrates is the need to remove the unwanted hydroxyls.

1,2,3,4-Tetrahydroxybutane is a 4-carbon sugar alcohol, or tetritol,

and can have three isomeric forms: erythritol, the meso form; D-threitol

35 . and L-threitol. Erythritol is used as a low calorie sweetener and sugar
substitute and is typically produced commercially via the fermentation of
corn starch. Threitol has limited commercial manufacture or use, but can




cycl odehydrated to form anhydroerythritol or anhydrothreitol, which are

I soneric forns of 3,4-tetrahydrofurandiol. S5 HOOH | I I | _ OHOHOHOCH +
H20 H2C wB-03@#20H2 0 Tetrahydr oxybut ane 3, 4- Tet r ahydr of ecanioos7318vlich
wor k has been done on the dehydration of erythritol to various products

i ncl udi ng anhydroerythritol (U S. Patent No. 4,939,277, 10 Hudson et al.
(J. Og. Chem (1967), 32(11), p3650), Montassier, et al., (J. Ml. Catal.
(1991), 70(1), p65) raca, .et al . Organonet . 9 17(1-2),
p41)). but e eised B iRoq ﬁ?}b%?{ﬁ]‘&r? '?Jﬁ%%!?‘gﬂsp@.r@%ﬁi‘%deﬁ'ﬁm

6, 013, 812 detteyisbeterie forms e$ 4,4, 84-telrahydrpalbaahgdratsasily of a 4- car bon
polyol in the f : -acihd catal yst
nd added wapoSSRRRGER g oLy RrlT o anfR el FNAFAE T

et hers. U.S. isBatarict fonns of Jdetestydigfesandielr bonaceous pyr opol yner

| npregnated with a transition nmetal to hydrogenate polyols to produce a

| arge variety of conpounds. U S. Patent No. 4,313,884 prepares

anhydr opol yol s fromthe correspondi ng 20 pol yol s usi ngowari ous netal ions
as catal ysts; howevgl ngyexgppl es are described using erythritol. SUMVARY
OF THE | NVENTI The¢ inyentijon is directed towards a process 4 0 ppepare 25
t et rahydr of ur gn,_an regursqrs to tetrahydrofurgn conprising: contacting
3,4-tetrahydrofurandi ol "with & catal ytic anount | east one net al
catalyst. In a preferred enbodi nent, the process cdnprises contacting
anhydroerythritol with a catalytic anount of one or nore netals selected

from Periodi ¢ G oeiphgdroyfaianet he netal is opSidfeilahydreiymdioled 30 on a
solid support. PrefieshaRbik AdEb&® abné nIRE Ieh9drdtionbfidhgtheitte consi sting

R T N A e O g T W
preferably selugebr@tial.q0) Oeg.i O, GOBTPS3AH 111 b3680y Mentassier,set ednd@/.Sn 2 WO
091042201 PCiGEZLT G381, T hoel ek 6L CRhoah gk BT o0 oot o
preferably P#17¢u2), p41)), but little or no tetrahydrofuran was prepared.
U.S. Patent No. 6,013,812 describes a process for the
cyclodehydration of a 4-carbon polyol in the presence of a supported
15 metal catalyst, an acid catalyst and added water, producing a mixture of
various hydroxylated cyclic ethers. U.S. Patent No. 4,401,823 uses
carbonaceous pyropolymer impregnated with a transition metal to
hydrogenate polyols to produce a large variety of compounds. U.S.
Patent No. 4,313,884 prepares anhydropolyols from the corresponding
20  polyols using various metal ions as catalysts; however no examples are
described using erythritol.

SUMMARY OF THE INVENTION
The invention is directed towards a process to prepare
25  tetrahydrofuran and precursors to tetrahydrofuran comprising: contacting
3,4-tetrahydrofurandiol with a catalytic amount of at least one metal
catalyst. In a preferred embodiment, the process comprises
contacting anhydroerythritol with a catalytic amount of one or more metals
selected from Periodic Group 8, where the metal is optionally supported
30 on a solid support. Preferably the metal is selected from the group
- consisting Rh, Re, Pd, Ru and Ni. A preferred support is carbon and a
preferred metal is Re.
The invention may additionally comprise a metal promoter,
preferably selected from Periodic Groups 8, 11, and 12 metals, and Sn
2




or Ru. In one enbodi ment, the invention further conprises the conversion 5
to tetrahydrofuran of the precursors. In another enbodinent, the

unsat ur atwo opioexzor sors are recycled back into the said pr®ceaso2/It3es
invention is also directed towards a process to prepare tetrahydrofuran
and unsaturated precursors of tetrahydrofuran conprising the steps of: -
10 a) converting 1,2, 3, 4-tetrahydroxybutane to 3, 4- tetrahydrofurandiol;

b) optionally separatingt 4at e of yal: d contacti ng
3,4-tetr ahyd@&pﬁa?%nﬁodﬁ%mfeﬁa@yb@tea[} @W%%{%L@%# ﬂjgpq fHée%r(sé%]pone net al
cat al yst. 15 corsiatingof BESCH, ST, O, Of, AgEAuNeaNRtoMoshprafarabli PhrAu,s a

process to prg e tetrahydrofuran and its precursors by contacting

3,4-tetrahydrofurandiol with a catalytic ampunt of one or nore netals.
Preferably the netlalogesmebedigianbeinedaventandyphsr comprpes thi e9mesBIOD t he
metal s are sqbestat)droRirah BEtH PreRUPIS] IRtdrtghdemBedimdr, thBu and Ni. By
"3, 4-tetrahydrof E’[Ya%% lol" is nmeant apei;q t())%tk;_.‘c{'il | S%ﬁr or m xture thereof
of the conmpolti§aLHBIRY RIECHIRO 8 DIFCYR Nt hg SAd PEQGESSs | soners of

3, 4- t et r ahydr of ur anai iavention iscedsakirgdieddowahds a procemsdoqwapaieot hreitol . A
preferred is i ritdol. . " a4 : anedi ol ,
Cnsat ur at ed taramiioflth Y sumbedibREUIER bt el i EaRbrats

unsat urated floestepsefs 30 represented by Fornulae I, 711, and Il bel ow

wnerei n qach R i S o ndgpoBripR 1 Judseasrapbyihe g hel r i somer o form.
Preferrega precursgrs ar e ft@rén’ ’n& 1, 4-di hydrof uran. 3 WD 03/042201

PCT/ US02/ 37318 R R HRelapydtoRrandioR x' \ RORRRRR | Il Il 5 The
process of the i ngj)amiptioRukysésarating tiieisdetrabgamsfiadidieand

c) contacting 3,4-tetrahydrofurandiol with a catalytic amount of at
least one metal catalyst.
15
DETAILED DESCRIPTION OF THE INVENTION
The invention is a process to prepare tetrahydrofuran and its
precursors by contacting 3,4-tetrahydrofurandiol with a catalytic amount of
one or more metals. Preferably the metals are from Periodic Group 8;
20 more preferably the metals are selected from the group consisting Rh, Re,
Pd, Ru and Ni. By "3,4-tetrahydrofurandiol" is meant any optical isomer,
or mixture thereof of the compound shown below:

HO OH
H H
H H
H © H

25
Various isomers of 3,4-tetrahydrofurandiol include anhydroerythritol

and anhydrothreitol. A preferred isomer is erythritol.
By "precursors" herein is meant butanediol, unsaturated furans,
and hydroxylated forms of tetrahydrofuran and unsaturated furans, as
30 represented by Formulae I, Il, and Ill below wherein each R is
independently hydrogen and OH, and their isomeric forms. Preferred
precursors are furan and 1,4-dihydrofuran.



conversion of the precursors of tetrahydrofuran. This nmay be done by any
of the nmethods known in the art. See Ul nmann's Encycl opedi a of |ndustri al
Chem strywoSBi4Bd1 , Vol. A26, pp. 222-223 for a descripti eaTafsomsasys of 10
t hese net hods. The instant process may al so conprise the recycling of the
precursors back into the process for further conversion to
tetrahydrofuran. The process of the instant invention may additionally
conprise converting 1,2, 3, 4-tetrahydrobutane to 3, 4-tetrahydrofurandiol;
optionally 15 separging the 3, 4-tetgahydrogturandi okR; and Rhen contacting
the 3,4 tetrahydrofurandiol/wth a catal yti £ anmount o

from Periodic Goup 8 repare tetr of uran and turat ed
precursors of tetRahydrof . A pref ess ¢ i§es the
conversion of erythr} anhydr o Pr ef tals are
sel ected fromthe CONgi st i 0 Pe nd Ng. The

conversion of erythritol to 3,4-tetrahydro%urahdioi may be done by any

met hod known in the art. See Advances lfn Car bohydr at e |ghemi stry, S.
Sol t zberg, Vol . 25, pg. &29-231, 1970 tor a description of many of these
met hods. The anhydroerythritol nmay be isolated before contact with the
metal catal yst. .THite peocelse of theirstarsynanfionsnap furifieseemmisertBeart, such as

distillation,.4 Q/%?é?éﬁﬁ% dcBifdors brtdtt AR SrarR T TR I bk @one Biarmpt al

.
catal yst can optionally coﬁtal_n a pronpte preferably ‘a .nmefal “selected
fromthe groul themetbpfninewnpethearte Qﬁmgf‘"f%”cci/ﬁﬁ)pf?'a H{EG‘QI‘@&' nd Sn
iand P?-h ByS'(')g}mgémt&ry; r5ltlhe|1=_@.i, P’ﬁ'-s‘\z@w 22203 for thidscripti®® opmeswrdf at cij evgl s
ess a wei 0 e maj or . , Sn,
b Ag. shobefiptiate.he WeipRt RlaoBs: Biay abb SRS RE T 6t i o
catal yst i s Rag prec@rsprebaci info thespiReess far furthet eonvyergipoter bei ng Ru, Rh,

Pd, N, Pt, é aﬁgllo ﬂpreferred solid supports include SiQ(err)
(silica), Al gﬂ % ?gjﬁum' na), TiQ2 (titanja), l\/gé) gma esia) .or ZrQz
(zirconia), zeolitBse prapese diheinstant ipentiosopay 24d 'O”gEY EeMPrigeays, or

m xtures thergpfverfifi o3 adefrhjdrobumes tos3,altétrafaisefurahdioh optienalgut r al  and
PR S S R L e e A R L
Vol . 2, pp. teR@hyfidfulndiol witheptatalytis ahecwarst of oheNorunpreemetaly franess,
and S, A o GroRP & uRPE Brehptdturer RELhSaty R PRGASIRT. O ons
are those wi tof tetrabydraferan: o prefouedBropRsSTHANRIRES) PEICOBNBISIAT Ok an be in
the form of P&gﬁﬁ&ol toHrMYdrSsrytHRbl Fireferfid etals bl selSeterliromrthel an
optimal F%er agrougacrotnls?slti%gsc;lefh, Re, Pd, Ru and Ni. The conversion of erythritol to

3,4-tetrahydrofurandiol may be done by any method known in the art. See

Advances in Carbohydrate Chemistry, S. Soltzberg, Vol. 25, pg. 229-231,

1970 for a description of many of these methods. The anhydroerythritol

may be isolated before contact with the metal catalyst. This can be done

25 by any method known in the art, such as distillation, decantation,
recrystallization, or extraction.
The metal catalyst can optionally contain a promofer, preferably a
metal selected from the group consisting of Periodic Group 8, 11, and 12
metals, and Sn and Pb. By “promoter” herein is meant a metal that is
30 present at levels less than 50% by weight of the major metal. ‘
Preferred are Au, Zn, Cd, Sn, Pb, Cu, Ag, Pt, and Au. More
preferred are Pt and Au. A preferred metal catalyst is Re; more preferred
" is Re with a metal promoter being Ru, Rh, Pd, Ni, Pt, Au.
""" : Suitable preferred solid supports include SiO, (silica), Al,O3

35  (alumina), TiO, (titania), MgO (magnesia) or ZrO, (zirconia), zeolites,

4



10 for the catalyst will depend upon such process paraneters as reactor
residence tine and desired reactor flow rates. The netal catal yst

pr ef er ablwoghoud2di contai n about 1 % to about 50% by wei glrCTiusvzZB73n®et al
(catal ysts and pronoters) on the solid support; nore preferably about 5%
to about 20% The relative percentages of the 15 pronoter may vary, but
shoul d preferably be | ess than or equal to 50% of the netal catalyst. The

nmetal catal yst can be prepared (? in the %t' One
preferred neCREPN slayg, PFrBW@BF?&t%ﬁ@leh re @‘{;%q GFE 85§ 19%Ri pi ent

wet ness W t hygHigh 8fe ﬁ%@l@fdﬂﬁa@lbtnﬁsurfa@;blmd b}ormabnlynﬂjcbn Zi)pll'hg

' any st t Al o teggneacotsnge YTk Eel e Koo iidlha i DL TE
fixed plug, &€ GatescketerogeneascCatalisisMah 2 eAdrd.dp. LiShariioat ure is
preferably agayto %g%%@e%p@&%m b6 SHEE Yl osaatimierd&PSolp_about

250C, nost prefera rocess refer f d_ at
pressures of SHPP@RLS 1@1%?3@9”66 ?nfjcf"ébo& R‘%%@éeafgg%éd%d%{’m ¥
ggfig:\??' ?/Saﬁls ahebh. thQrepﬁﬂefér%’ed“fcMB@hs aT@chfdmNmea(ﬁurBa@b\maa or Imxture of
r oy sol. vent ntal t

cat al yst, rezi é/tg a.:gpg tatlys?ﬂquo SR INd tgﬁ?gﬁﬁgfggﬁ@e t pal’tng ly or
t olt al It y of t I@‘aammes(,qmamsnrc?dm fike.s SeRetibn afvahl otienal @yecageapariclensize t he
selectiv e I t act
o th ¢ he et 397D AECwR aePER o e BoESBARRICE ACfedad "l o' o
i ncreased wheesidehee timecand desifedemactord @’f@@ .ng a mxture of reactant and
product may be pasﬁ%dm%fbﬁﬁ:‘éfal{@rp‘?efe?éﬁ‘?%h@tf@c&ﬂi‘&in%o@'t 198tRhlsit under the

The. pr ocess. §0% A WeiGRLAIAITFREHGRGH T FMAGIPHICRE) ) B gHe SUPReiE &
recovery or gk ﬂé}a@f étﬂidt By € alfmutaao%norr@nblamelriarcmtages ofititee of the
5 WO 03/ 042201 P /USOZ 1,S_C rret hod
known i nlfhe PEPHOL %&reﬁvaefy! ﬁ)ﬂé?ﬁ?lﬁétﬂ%ﬁ@@&r{?aﬁ %‘ﬂl‘ﬁg)ép? ation, or
extract hogeréﬁi)%\w%taﬁcatélywat erials and Methods The fol | owi ng abbreviations
E’[ ﬁyFZﬁe gl ycol d% W?%%&%%%éur%aﬁbgg%%h g’bﬁgﬁé@l\ﬂz
art. One preferred method is by impregnating the catalys support Vi
incipient wetness with one or more metal saits, followed by calcination.
20 The process is preferably performed in the liquid phase, and can be
performed in any suitable reactor such as but not limited to a fixed bed,
slurry, fixed plug, and a trickle bed reactor system. The reaction
temperature is preferably about 100°C to about 300°C, more preferably
about 150°C to about 250°C, most preferably 200°C. The process is
25  preferably performed at pressures of about 100 psi (0.69 MPa) to about
2000 psi (13.8 MPa),'preferably at about 500 psi (3.4 MPa).
The choice of solvent or mixture of solvents is not critical provided
the solvent is not detrimental to catalyst, reactant and product. The
solvent can also consist partially or totally of the recycled precursors.
30 It will be appreciated that the selectivities and yields of product may .
be enhanced by additional contact with the metal catalyst. For example,
yields and selectivities may be increased where the reactor effluent
containing a mixture of reactant and product may be passed one or more
times over the metal catalyst under the reaction conditions to enhance the
35 °© conversion of reactant to product.
- “The process of the instant invention-may additionally comprise the
recovery or isolation of tetrahydrofuran and optionally one or more of the

5



3- HTHF 3- hyd roxytetrahyd rofu ran tetrahydrofuran tetrahydrofuran 15
Support Source Sibunit carbon Boreskov Inst. of Catal ysis, Novosi birsk,
Russi a Cawseiosat22enr bon' Engl ehard Corp., E. Wndsor, CT @alrgmsa2/P3B car bon
Cal gon Corp. Pittsburgh, PA 20 The nmetal catal ysts were prepared using the
foll owi ng general procedure. In a 150 m beaker, a solution or slurry was
made up of the netal precursors and deioni zed H20. The carbon support was
first dried and redu f fior 400C or
4500 25 Unl @CCUPRE: 11 LB B fhebPRAp AR HoR kb NS ARt Hion 8 (e

Cal gon PCB. ditidationcecantations secrystadizajien orepactiafcl 3. 3H20 Re207, Pdd 2,

Re207 (Al fa Aesar, Ward Hill, MA), RuCl3-xH20O (Aldrich, MIwaukee, W),
H2Pt CI 6 (Johnson Matthey, Ward Hill, (Al fa). The support was
added to the slurry. The slurry was o stand at for 1 hour at room

30 tenpergture with occasi onal dWaterialscarchMettids dri ed at 120C over ni ght
wth frequent stirtin until, fr . 1 .reaction was perforned by
pl acing the appx. T W'%%%%Fgfékghg%%ﬁ%ﬁq E(E%Feé " anhydroerythritol

di ssolved in the solvent listed, if wused, with appx. 100 ng of the netal
catalyst in a 2 m gygssure vessel . 33 4.gliignedissel was charged with H2 to
the pressure shown 1n the Table, N2 v%as aﬁ}?&d if necessary to bring the
total pressure to S¥Fpsi (3.4 MPa), LHPRYERTYAR vessel was heated to
150C, 173@ or 200CH@pME hours. 6 WOERYIRAG2ANcoPETM&tRPRAI318 The vessel
was then cool ed, mj_iéﬂgxyet hyl et her wag'st}ﬁgged as an internal standard and
the products analy on an HP 6890 s using a colum of CP-Wax 58
(FFAP) 25 m x 0.25@BLI D from Chr onpadkamBa-bulyrelacteget he areas of

i ndi vi dual conponenf TﬁﬁJ ative to the 4_ dpgand and appl ying
response factors thrgeﬁyl eld to each of %ﬁ%&foggﬂe\t}?gzal products were

cal cul ated. The seltetahydrofuragel ) of de¥ahydafudBual product was then

cal cul atq4 as the vaj percent of theypeeduct in the total product

wei ght i ncl usive of_unreacted reactants. 7 03/042201 37318 4 O
Q, 000 0O 0O%bunEsaHB N m c%nof?%% '\(4\(6%- 8?8%"%?'?« @g%ﬁ%‘ % N- N 0)

co MN O Russia '

Calsicat carbon’ Englehard Corp., E. Windsor, CT
Calgon PCB carbon Calgon Corp. Pittsburgh, PA
20

The metal catalysts were prepared using the following general
procedure. In a 150 ml beaker, a solution or slurry was made up of the
metal precursors and deionized H,O. The carbon support was first dried
and reduced under an atmosphere of H, for 2 hours at 400°C or 450°C.

25  Unless otherwise specified in the Table, the carbon used was Calgon
PCB. The precursors used were NiClo:6H,0, AuClz:3H,0 RexO7, PACly,
Re, 07 (Alfa Aesar, Ward Hill, MA), RuCl3-xH,0 (Aldrich, Milwaukee, WI),
H,PtClg (Johnson Matthey, Ward Hill, MA), and (Alfa). The support was
added to the slurry. The slurry was allowed to stand at for 1 hour at room

30 temperature with occasional stirring and then dried at 120°C overnight
with frequent stirring (until free flowing).

The reaction was performed by placing the appx. 100 mg
feedstock, a solution of anhydroerythritol dissolved in the solvent listed, if
used, with appx. 100 mg of the metal catalyst in a 2 ml pressure vessel.

35 . The vessel was charged with H,, to the pressure shown in the Table, N5
was added if necessary to bring the total pressure to 500 psi (3.4 MPa),
and then the vessel was heated to 150°C, 175°C or 200°C for 2 hours.
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PCT/ US02/ 37318 CLAIMS What is cl ai is:. 1. A process for preparing
tetrahydrofuran or a mxture of tetr uran and precursors of

t et r ahydr of ungRat ish@aipieRriess conprising 5 contacting

3, 4-tetrahydrof di ol th tal.yti

catalyst 3 The o odbBotess Sfitmparid i Oty of h oRERG of 0 ™7

t et r ahydr of urtetrdhydrofuran @myidsrecursors of tetrahgdrofaranpiheprasess comprisind o C ai m

L wher ei n st Ne.J1et dlnoCohabiShydrfurdBaRPhRR Pehtbh AL 0P UPIcERABhS! | NG Of
Lﬁ? reval’s. 4 ep

Peri odi c éro rocess according to Caim1l wherein the
met al cat al ygneias catalyst.

2. The process according to Claim 1 wherein the 3,4-
tetrahydrofurandiol is anhydroerythritol.

3. The process according to Claim 1 wherein the metal catalyst is

10 selected from the group consisting of Periodic Group 8 metals.

4. The process according to Claim 1 wherein the metal catalyst is
selected from the group consisting of Rh, Re, Pd, Ru and Ni.

5. The process according to Claim 1 wherein the metal catalyst is
supported on a solid support.

15 6. The process according to Claim 1 further comprising converting
the precursors of tetrahydrofuran to tetrahydrofuran.

7. The process according to Claim 1 further comprising converting
the precursors of tetrahydrofuran to tetrahydrofuran by contacting said
precursors with a catalytic amount of at least one metal catalyst.

20 8. The process according to Claim 1 wherein the metal catalyst
comprises a metal promoter.

9. The process according to Claim 8 wherein the metal promoter
is selected from Periodic Groups 8, 11, and 12 metals, and Sn and Pb.

10. The process according to Claim 8 wherein the metal promoter
25 is selected from the group consisting of Zn, Cd, Sn, Pb, Ru, Ag, Au, and

Pt.
11. The process according to Claim 5 wherein the solid support is
carbon.
12. The process according to Claim 11 wherein the metal catalyst
30 isRe.
12. The process according to Claim 10 wherein the metal promoter
is Pt, Au, or Ru.

13. The process according to Claim 1 wherein the process is
performed at a temperature of 100°C to 300°C and a pressure of
35 © 0.69 MPato 13.8 MPa.
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sel ected fromthe group consisting of Rh, Re, Pd, Ru and Ni. 5. The process
according to Claiml wherein the netal catalyst is supported on a solid
support. Wb 08/042Bhe process according to Caim1l further ce®cpriss2/smis
converting the precursors of tetrahydrofuran to tetrahydrofuran. 7. The
process according to Caiml further conprising converting the precursors
of tetrahydrofuran to tetrahydrofuran by contacting said precursors with a

catal yti c anmount of | east one C v ess
according to C ai%-l P ECRST ﬁgcﬁ@ﬁ@d toc(gt’ag'b ﬁ‘b’hegeg?rgﬁ é-'teb?egg%cet al
pr ormlt er. 9. pBrformedcasstenpenatiiraftiG0CCdD rﬁ%ﬂmﬂe&l pressereref 810 MiPenot er
Is selected ftE)Ql%g)ﬂf’é.Od'C Goups 8, 11, and 12 netals, and Sn and Pb. 10.
The process according to Claim8 wherein H}Te] mehal ) {om)ter 25 is selected
fromthe group cotfsis h%_BVWﬁSiﬁPCQﬁS’,mQSWC N Ry 69%'},‘) NRUPTOSRSS 9t . 11. The
B;ggg:: Z?gg{&iinﬁgcf(éa ﬂ@smﬁgmﬁr@k@ fr??melgrduﬁld:ppeilstingsfetmdé)mﬂ. 12. The
0 | .wherein,the alyst 30 is Re. 12. The
process accorg(jy dfrﬂegyg?tﬁéﬁ@'mtee?ﬁdtrﬂ'étugg%me%%m)ter is Pt, Au, or Ru.
33. Thet pr ocefss a't&ormprcg:dsefﬁt pieparingteirahydrofusapaodggecursorspel f or ned at a
enperature : .0.69 MPa to 13.8 Mra.
13 WO 03/ 0423672 Rphad i figted BOGRENIE Ao stebs of P U0 Gaim 1
wherein the process i@ pehvering he détetigadioxiutane 1588-t o 2500C and a

pressure ¢f 3.0 MPa to Qegag({lj@mf andibhe process according to Caiml
wherein the process is 5 con '

consi sting of ethyler® &W@Gﬁﬁ%gﬁﬂépﬁ\}‘ﬁ@ﬁﬁ%gt‘{'g?r%@"ée(hg)%’%g@ﬁ%o% Pgsgroup
o Shyar o ur o e boSTSRY gt abyatidentin o sl Ty of
1,2,3,4-tet rahyar oxybgt aﬁaﬁée@%fn‘ei@@?&épﬁ%&fg?u?a'nd?él ?Olr)];/e{)folt ingnal ly
:s))egf[ ZE |r ng 'Ej:]e 3, 17t ?Theib;ubeséwcanwimg fo Glaimd)6 wheteit thend,2,3,4-
o ooy U O ol Bl K S Bl e et
anhydroerythritol.
18. The process according to Claim 16 wherein the metal catalyst
is selected from the group consisting of Periodic Group 8 metals.
19. The process according to Claim 17 wherein the metal catalyst
20 is selected from the group consisting of Rh, Re, Pd, Ru and Ni.
20. The process according to Claim 17 wherein the metal catalyst
is supported on a solid support. .
21. The process according to Claim 17 further comprising
converting the precursors of tetrahydrofuran to tetrahydrofuran.
25 22. The process according to Claim 17 wherein the precursors of
tetrahydrofuran are recycled back into said process.
23. The process according to Claim 17 wherein the metal catalyst
comprises a metal promoter.
24. The process according to Claim 23 wherein the metal promoter
30 is selected from Periodic Groups 8, 11, and 12 metals, and Sn and Pb.
25. The process according to Claim 23 wherein the metal promoter

is selected from the group consisting'of Zn, Cd, Sn, Pb, Ru, Ag, Au, and

Pt.
26. The process according to Claim 20 wherein the solid support is
35 - carbon.
27.- The process according to Claim 26 wherein the metal catalyst
is Re.
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15 tetrahydroxybutane is erythritol and the 3,4-tetrahydrofurandiol is
anhydroerythritol. 18. The process according to Caim 16 wherein the netal
cat al yst wosmetzect ed fromthe group consisting of PeriodPCT@Sop7388 et al s.
19. The process according to Caim1l7 wherein the netal catalyst 20 is
selected fromthe group consisting of Rh, Re, Pd, Ru and Ni. 20. The
process according to Claim1l7 wherein the netal catalyst is supported on a
solid support. 21,,Th rocess accordi 0. iml7. further,conprising
conver L1 ng the pr 88 SBPETBreT TRy APPSR 28 T P DR PTGt 250 The
process accor i Aty Awp oCiRli.m 17 wherein the precursors of tetrahydrofuran
are recycl ed back 5ignt | ; AFRTSi i t0 Claim1l7
wherein the netal Z?at Zpéargcg%%@%@agoggﬁq IZP{?rom)élgi‘at?:'(égﬁ&é%e'&process
accordi ng to EeHPrmed aliadesineraitiee pelB0°GiwdBREr and@ presswiecdt ed from

Peri odi ¢ GoupssdBipklic f0d MBgnet al s, and Sn and Pb. 25. The process
according to C ai %1 23 gfner eiln the netal pronoter is selected fromthe group
consi sting of zn, 98d, T8/ PregessRCCokding Ag Claimy 17 wthereip thepsoerssdess
according to pkfbrmed atbaeriperatiee 8P 50PC tPRSVC hAd aFresauieast-3.8 MPa The
process accorflclbgglz&g, Claim 26 wherein the netal catalyst is Re. 14 WO

03/ 042201 PCT. 7318 28. The process according to Caim25 wherein the
metal pronoter i 81Pt ThéprocessRaccar@ing To €lainod e svhereindhdipngedss i€l ai m 17

wherein t p i 1 [ . 0C and a
pressure 2@ 5b§ﬁ§§ﬁﬁ;ﬂ>§1 %%i\%?@%g%%@oﬁ%%ggﬁggggé%ﬁgg?%&% Claim17
wher ei n t he pglycekdimeathylptherodigsanatand midpasdherasfof 150C to 250C and a
pressure of 3.0 MPa to 4.0 MPa. 31. The process according to Claim17
wherein the process is 10 perforned in a solvent selected fromthe group
consi sting of ethylene glycol dinethylether, dioxane, and m xtures

t hereof. 15
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