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formtetrahydrofuran and its precursors. 10 April 2006 WD 03/042201
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still residues, aqueous oak wood extracts, rice hull, oats residu wood
25 sugar slops, fir sawdust, naphtha, corncob furfural resi Pr“@ga@on
balls, rice, straw, soybean skin, soybean oil residue, corn husks, cotton
stens, cottonseed hulls; starch, potatoes, sweet potatoes, |actose, waste
wood pulywb@gestei dues, sunflower seed husks, hexose sp@piiseesRENt 0Se
sugars, sucrose from sugar cane and sugar beets, corn syrup, henp, and 30
conbi nati ons of the above. Carbohydrates offer a convenient starting
material, with their nmultiple reactive hydroxyl groups, but a drawback of
usi ng nost carbohydrates is the neej{@&remve t he unwant ed hydroxyls.

1, 2,3, 4-Tetrahydroxybutane is a 4-c sugar al cohol, or tetritol, and
can have three i sHYBROGENATION RS MTETRAHYDROREBANDIOLTM-t hreitol 35 .

and L-threitol. Erythritol is -ﬂg—ﬂq DROFPMEOG! ori e sweetener and sugar
substitute and is typically pro uc%@'?cormerci ally via the fernentation of

corn starch. Threitol has limted comerci al nmanufacture or use, but can |
10 April 2006 WO 03/042201 PCTEIEED2DE IBIBNDIONT oduced via nodification of

t he equival ent i o) artarl.c.acl d. ol I sonmeric. fo of
S, St ahyar SR LR S Fioodetest e PRRERCA f el
anhydr oer yt hecatalystsdo fanmhigthabydrofuiraroaind precerisorsc e i soneric forns of
- 3,4-tetrahydrofurandiol. HOOHOH OH OH OH H2CCI CHCH2 + H20O

Tet r ahydr oxybut ane 3, 4- Tet rahydr of urandi ol _~ Much work has been done on the
dehydration of erythritol to var s including anhydroerythritol

g LZJ( fl) Pal%gg No. N’ﬁet%%?d%?ﬂran iséléh hﬁdm?lqupalftam(sblvefﬁt gnd ﬂmﬁmef.(l)??;) ' 065)

, P ntassier, et -al . ., p65),
Braca, et al &'E‘H?erﬁhﬁ'@éﬁbsn%"?l?ar&ﬂzhm ?%@gﬂng\/a%ie B%%%_%léé‘li%ﬂs}qcz%ut little or
no t et r ahydrWiithrthe pakentipk dapiation of theSvorlks ehiesryes6a 0esd exisisdescri bes a ‘

process for ghgiody shorsy dirhl@dnfhn o eAERANeRBLXES siith he presence of a
supported 15 et a

at al yst ; acld catal ys nd added. wat er, producing a
o e or - GamaShIRTHES SgRtERs W ekonidia EnEnng iR 901 093
uses catbponBivarass cayradgrohgan as compesing b @dlysacdhaside nadsidll Hranetal to

hyd t et f A0S, Pat ent
o, 4515, oadoph i e ERuRes TecdlflesE, o BnobaIRRMINREr ", o1 yol o

usi ng vari oufor pseraple; Hiesbipmaswearhisingd fiogwaoed, Hantergrigle§oBr e  descri bed
usi ngder yt hr é@r@ultum\étrﬂ%@bﬁ? beEbHén@U}f fsicipal and irdosirial <r1I|S r fgt ed
tetr anydr of (PaRCe TRy A6 firlidreh oot f8 I aBREEHERE! & Wi 1 o
~catal yti20 anwoed (&g., sawieel) agdeutural regiduesaugh pstcorn huskspearn epbed
| cmrenc, Rheainoeaag g, enc o, Wostiugl ser s kot 2
et the bRt mesl oS el Bb et 5486 TR oot PRLSELUEERT . hrefer iy
the netal i swateldmgedsd piynbapassgy; oniasses) post-fenpematiombgudPdurial and Ni . A
preferred sugpqelialiSs, GRLEOH 88wBod BRRIE, Fied hiB s felidies, wood
‘ .25 sugar slops, fir sawdust, naphtha, corncob furfural residue, cotton balls,
rice, straw, soybean skin, soybean oil residue, corn husks, cofton 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. Carbohydrates 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 lypically produced commercially via the fermentation of
corn starch. Threitol has limited commercial manufacture or use, but can
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The invention may additionally conprise a netal pronoter, referably
selected from Periodic Goups 8, 11, and 12 netals, and Sri‘%Aﬂﬂzﬁﬁﬁil 2006
WO 03/ 042201 PCT/US02/ 37318 and Pb. Mre preferably, the pronoter is
selected fromthe group consisting of Zn, Cd, Sri, Pb, Cu, Ag, Au, and Pt
nmost prefwoakbagzdtt ., Au, or Ru. In one enbodi nent, thepiRusnikras further
conpri ses the conversion 5 to tetrahydrofuran of the precursors. In

anot her .enbodi nent, the unsaturated precursors are recycled back into the
said process. The invention is also directed towards a process to prepare

tetrahydrofuran and unsaturated precursor f tetr dr.of ur.ap conpri si ng
the steps ofbe Prodiced Via snaaticeting 01t estkalent 1SomFl cb Ryt 2RE- b 3, 4

t e'élr a;]ydr of uheisbingdric folms op1 2Eratdtmhydrpayiaitamgartehansdy I4 t et r ahydr of u][ andi ol ;
and c) cont ct@attr . unt of at
oast one madkioABLydplrefih TR BB kR R KB BN o e
i nventi on i gsemprotems of 3,plctypbydrofusandiely dr of uran and its precursors by
contactirg 3,4-tetrahydrofurandiol with a catalytic anount of one or nore
netals. Preferably the netals are fromPeriodic Goup 8; 20 nore preferably
the netals are selected fromthe group conBbsting B4 Re, Pd, Ru and N .
By "3, 4-tetrahygrobyrangli obfjy i s nmeant any opt\cal /i soner, or mxture
- thereof of the}conjoun shivvn hel ow 25 Variofis i §omers ok H,0

3, 4-t et r ahydngeurgndi opy-Lnghude anhydroerythrfitol } and anhydrothreitol. A
preferred isomer is erythritol. By "precursors< kérein is neant butanediol,
unsaturated furans, and hydroxyl ated forns of Petrahydrofuran and
unsat ur at ed furarQ? oL €present ed by lLl, and 111 bel ow

rul.a
wherein each Ri's rgi"hr’(g%)ﬁyebﬁ%ent | y hydrogen agg'-rgéfhygrﬂ#&fapﬂlgli r isoneric forns.
Preferred preculdushswarkéakiean dane on the dehydiatishuofanythdolitd April 2006 WO
03/ 042201 PCL/: Neal r-a&ess of the
i nst ant invg&#@%%@f#ﬁ%@?ggg%dr??gg{ﬁrﬁ)eﬂ@b%#agnstiNghl%aZ*:@_tﬁ, recursors of
t et r ahy dkOof Jiugsonmiial (shel)rgo £haem E196). a3 1 1)eP365%0, entassier rb@wivin the art .
See U | mann' goEmay4] @peth, Z0@h, P65y USrath adt al, QeDigahbmet. BHenE¢901Yol . A26, pp.

may al so cofbyi b} Bl s @*%#e?ﬁab%%oﬁﬁi'iﬁegﬁi%%ﬂ%%kTPﬁt o the. process
for further convdl.Si BatenbNo. 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 fo
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




- fixed bed, slurry, fixed pl ug,, an
~reaction tenperature is preferab

tetrahydrofuran. The process of the instant invention may additionally
conprise converting 1,2, 3, 4-tetrahydrobutane to 3, 4-tetrahdMgil ¢P8hdi ol ;
optionally 15 separating the 3, 4-tetrahydrofurandiol; and then contacting
the 3,4 tetrahydrofurandiol with a catalytic amount of one or nore netals
from Perg@@igdgioup 8 to prepare tetrahydrofuran and pRggdgdhsaied
precursors of tetrahydrofuran. A preferred process conprises the
conversion of erythritol to anhydroerythritol. Preferred netals are
selected fromthe 20 group consisting of Rh, Re, Pd, Ru and Ni. The

conversi on of thritol to, . 3,4-tetrahydrqfuyrandi ol may be done by any
net hod knoma'i‘cﬁﬁghgf{oé?f’!’ef@@@% e RRme ri'%s%&ﬁgﬁ?@r B HMeni stry, S.

Sol t zberg, Vednsistiig op@n, CE.B12Fh, Cul BgPALandProst prefarably &f, Amny of t hese
nmet hods. The hydroerythritol may be isolated before contact with the
nmetal cat al ygt. This can be done 25 by any method known in tthe art, such
as distillation, laepasmhadspent; herdpeandipnfurther sampasesdRecanyersion The net al

cat al yst §antoqsirémmparp&ﬁﬁ@gﬂec_armrrﬁ)hﬁéthepémb@dimbhv tge metal selected
fromthe grou er i

onsi sting of odi ¢ .G pu 11, and 12 nmetals, and Sri
and Pb. By " # --prﬁg?rg?rﬁ e r%ﬁ‘ﬁ‘fi bgcﬁg&%ﬁ‘iet%q PYO®SH present at |evels
| ess than 50% by Weiigientioh is hleo ditpcied fewarts a fPoesfssito piepare Au, Zn, Cd, Sri,
Pb, Cu, Ag, . t AranRoRinfik@Er €d net al
catalyst is %‘er?hf%}rgfe.pr% epﬁseaé%gsﬁe%staﬁeoaf%ngt Irpr oﬂntoetpﬁbelbng Ru, Rh,
Pd, Ni, Pt, thestepssfitabl e preferred solid supports include SiQ2 (silica),
A1203 3t (al um ry) corvering 1,2idteahyitpiyifutagats3,a) or ZrQ2 (zirconia),

zeolites, RRRR1 ' "03/ 042201 PCT/ US02/ 37318 carbon, cl ays,
or m xtures thereof QGt%?'&P'lé)I&gg&S}éﬁ d supports are those which are neutral

and have | ow sur ficepherelly segaatioghthe 3i4defrahydetiwagdiek andr t r eat ment of

supports with metcdl ccabelines 3-t6RahyRfoflRINaR! Wth aBatdRtich&snt ofiai er ogeneous
Catal ysis, Vol. 2, d Shapiro, 5 Texas A & M University

. 1-29, .. B. L.
‘Press, College Sta F%?:‘O'T@(mei gatalyslef erred solid supports include carbon,

A1203, aml S102. A nore preferred solid support s carbon. Mure preferred
carbons . are those w tih=9a8 i BESCRIEH 2 e veNPRygat al yst support can

be in the form of_po . ; ) ke, Selection of an
optimal average pAtetnYendiosiisa proagss & pierareiglrahydefugan andithend upon such
process par-apret@ksrsdsy comtading 3 itehpdefurantiolawith destalytid anpaat of f 1 ow

rates. The ta f I I Joto about 50%
by wei ght tg&}ﬁ érn‘ﬁ&%%%%iﬁ’ ﬁ?@?@@ﬁ% rﬁ%lg%rﬂq%?@w%%ﬂf@ggg%‘ﬁ% support; nore
pref er ab?0y abore preferakly douetatpate seirctedframithe grspoensistieg Rbf Rehe 15
Phe et al oo, B o e e et hod known
in the art.ordﬂ%ﬁ‘ﬁ?mwfgcg&%?%ﬂoqrgwwngiﬁ?%nati ng the catal yst support

by incipient wetness with one or nore netal salts, followed by

cal cination. 20 The process is | performed in the |iquid phase,

and can be perfornmed in any sui ctor such as but not limted to a

ri gkl e bed reactor system The
oyt 100C to about 300C, nore

preferably 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 !l below wherein each R is ,
independently hydrogen and OH, and their isomeric forms. Preferred
precursors are furan and 1,4-dihydrofuran.



about 150C to about 250C, nost preferably 200C. The process is
preferably perfornmed at pressures of about 100 psi (0.69 I\/P?agA?rdizgﬁ%ut
2000 psi (13.8 MPa), preferably at about 500 psi (3.4 MPa). The choice of
solvent or mxture of solvents is not critical provided the solvent is not
det ri mentwgb od/gazmat al yst, reactant and product. The sopygHénEREs al SO
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 wth the nmetal catalyst. For exanple, yields and
selectivities may be increased where the reactor effluent containing a
m xture of reactant gand pr@duct may be pagsed onegor norge tinmes over the
nmet al catal yst under \the rg&action canditi/ons to emance/the 35"
conversi on of reactan ¢ I nstant i.nvention
; t et rahydrof uran and
optionally one or PCT/ US02/ 37318
precursors. This .c he ard, such as
distillation, decantation, recrystallization, or extraction. EXAMPLES
Material s and Methods The fol l owi ng gpbreviations ang used herein: BDO DHF
10 EGDME .FUR GBL 3 HF tetrahydrofuran 15 Support Si bunit carbon
. Cal si cat %ar bon' gon PCB carbon, 20 1, 4-Butapedi ol Ah Di hydr of ur an

Et hyl ene gl ycol- dePFbPWFﬁé‘i pldhe pstant inveaRemIsY, '&emﬁéé
3- hydr oxyt et &@me%@ﬁ of e pré@]r‘é@‘b)oﬁteiifahydrf)furﬁﬂu'fms nioy [Esdane byaty  of

Catal ysi s sibirs 3 Cal gon
Corp. Pi ttsbBer/tglﬁ mg éf%gn@rfgntﬁ% %’?gﬁn&%ﬁ NG OP %ﬁﬁﬁldgusﬁﬁge f ol ?OWI ng
general  pr oEhduistry, 51 Ed.19d. A6, lﬂpaR 223 fas @ @ﬁﬁcﬂnﬂQﬂOfsﬂ‘%W‘}f was made up of

the net p I §¥May 4RR6 coaippies tisaepslingwds first dried:
and redug{)ad ﬂfégé n$étﬁ§d§”ﬁhé’ﬁ:b&'ﬂtﬁ%e ol 5 ourpiir at 400%é0r 450C. 25

Unt ess ot h_ermeslgfgﬁ‘gg@isft?% IRy ﬂi’%@“’?ﬁ?ﬁg@ %qrﬁugr EAMEGHONOd was cal gon |

tetrahydrofuran.
The process of the instant invention may additionally comprise
* converting 1,2,3,4-tetrahydrobutane to 3,4-tefrahydrofurandiol; optionally
15 separating the 3,4-fetrahydrofurandiol; and then contacting the 3,4-
| tetrahydrofurandiol with a catalytic amount of one or more metals from
Periodic Group 8 to prepare tetrahydrofuran and unsaturated Precursors
of tetrahydrofuran. A preferred process comprises the conversion of
. erythritol fo anhydroerythritol. Preferred metals are selected from the
20 group consisting of Rh, 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 deséription of many of these methods. The anhydroerythritol
may be isolated before contact with the metai cata]yst; This can be done
25 by any method known in the art, such as distiliation, 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 SiQ, (silica), Al;03
'35 (alumina), TiO, (titania), MgO (magnesia) or ZrO, (zirconia), zeolites,
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PCB. The precursors used were N d 2. 6H20, Aud 3. 3H20 Re20r7, PdCl 2 Re207
(Al fa Aesar, Ward Hill, MM, RuC 3xH20 (Al drich, M | waukee, 104yri 2006pt C1 6
(Johnson Matthey, ward Hill, MA), and (Al fa). The support was added to the
slurry. The slurry was allowed to stand at for 1 hour at room 30

t enper at uwe oydpioccasi onal stirring and then dried atpdgf€e2@%es ni ght with
frequent stirring (until free flowing). The reaction was perfornmed by

pl aci ng.the appx. 100 ng feedstock, a solution of anhydroerythritol

di ssolved in the solvent listed, if used wi th appx. 100 ng of the netal

catalyst in a 2 m pressure vessel : The vessel was charged with H2 to
the pressur eCahRMEIaYs, PhabiyBes theregf. PM§rreﬁ&E'§H5qﬁpoﬁ§@é% P to bring the

total pressuyRich@rdRButhfiant hade Miegdurface afeddielorhimeniyasedl was heated to

150C, 175C QoC f
et o Ol o
standard andBt 6eGptesdHetesogangbys 64 aﬂﬁfsaHOHIﬂ, pBob28EdME: 4 GbaRiE?.a  col um of
CP- Wax 585(':Fé%s p’cﬁ M‘Uhnﬂer&@ Prasd, @diié i‘a'mﬁrrmcm:iBWrefealea@brw the areas

of i ndi vi dual atj. v i nt er nal appl yin
response fac?‘dﬁpé’ ?Aee‘l"eﬂ ﬁnaﬁ?’ h(ﬁi—z M&‘?f&.%ﬁ&r’egﬁ%}a" H\Nepp yine
cal cul at ed. e, el*dbne»préﬁerr(e&ebbbou‘s acathiose mith\a sluice@realuct  was t hen

caI cul ated ag (5d1ﬁ‘12 gﬁtle ?ngfrﬂggg@{mh?ﬁbgﬁmrh% bg\g%é,ot al product

wei ght |nclu3|ve of¥ unreac 03/ 042201
PCT/ US02/ 373amnules| pelietn 0o therifg) gize

IIQII-CI %)(Iil(\?\;\er%%\( g@N@re c@alystqu@@@ p%ﬁ)@éh &fe@ bms\'fe@&oﬁo F- od;
(99 OOC_ At od M AN afs 0 C 3

ot ON- VcoQ0)

The metal catalyst preferably should contain about 1% to about

50% by weight total metal (catalysts and promoters) on the solid support;
~ more preferably about 5% to about 20%. The relative percentages of the
15  promoter may vary, but should preferably be less than or equal to 50% of
' the metal catalyst.

The metal catalyst can be prepared by any method known in the
art. One preferred method is by impregnating the catalyst support by
incipient wetness with cne or more metal salts, 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 perfbrmed at pressures of about 100 psi (0.69 MPa) to about '
2000 psi (13.8 MPa),'preferab!y 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
sclvent 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

; .
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precursors. This can be done by any method known in the art, such as
distillation, decantation, recrystallization, or extraction.

EXAMPLES
5 : Materials and Methods
The following abbreviations are used herein:

BDO 1,4-Butanediol

: DHF ' _ 1,4-Dihydrofuran

10 - EGDME Ethylene glycol dimethylether
FUR Furan
GBL Gamma-butyrolactone
3-HTHF 3-hydroxytetrahydrofuran
tetrahydrofuran tetrahydrofuran

15 Support Source _

- _ Sibunit carbon Boreskov inst. of Catalysis, Novosibirsk,
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. Ina 150 ml beaker, a solution or slurry was made up of the
metal precursors and deionized HpO. The carbon support was first dried
and reduced under an atmosphere of Hy 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 NiCl,*6H,0, AuClz-3H,0 Re07, PdCly,
Re,07 (Alfa Aesar, Ward Hill, MA}, RuClz-xH,0 {Aldrich, Milwaukee, WI),
" HoPiCls (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 (untit 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, Ny
" 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.

6
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The vessel was then cooled, methoxyethylether was added as an internal
standard and the products analyzed on an HP 6880 GC/Mass using a
column of CP-Wax 58 (FFAP) 25 m x 0.25 mm ID from Chrompack. By
relating the areas of individual components relative to the internal

5  standard and applying response factors the yield to each of the individual
products were calculated. The selectivity (Sel) of each individual product
was then calculated as the weight percent of the product in the total
product weight inclusive of unreacted reactants.
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CLAIMS

What is claimed is:
1. A process for preparing tetrahydrofuran or a mixture of

tetrahydrofuran and precursors of tetrahydrofuran, the process comprising
5 contacting 3,4-tetrahydrofurandiol with a catalytic amount of at least one

metal catalyst.
.2. The process according to Claim 1 wherein the 3,4-

tetrahydrofurandiol is anhydroerythritol.
3. The process according fo 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 tetrahydrefuran 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 cataiyst
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, Ay, and
Pt. -
' 11. The process according fo Claim 5 wherein the solid support is
carbon.
12. The process according to Claim 11 wherein the metal catalyst
30 isRe.
T 13. The process accofdihg fo Claim 10 wherein the metal promoter'

ls Pt Au, orRu.
14. The process according to Clalm 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.

13



00000ONOO Cl 4co cLOp CO{ jCCcoC (CO(CDO(O0 CD 12 10 April 2006 WD 03/042201
PCT/ US02/ 37318 CLAIMS What is clained is: 1. A process for pliOehil 2036 -
tetrahydrofuran or a mxture of tetrahydrofuran and precursors of
tetrahydrofuran, the process conprising ‘5 contacting

3, 4-t et r Woyadroat2or andi ol with a catalytic anount of at pe@gderengs et al
catalyst. 2, The process according to Claim1l wherein the 3, 4-

t et rahydrof urandi ol is anhydroerythritol. 3. The process according to Caim
-l wherein the netal catalyst is 10 selected fromthe group consisting of

Peri odic G oup 8 tal 4. The ocess gccording.t L. k. wherein the

met al cat al yst |s1nr‘;'3 elﬁ‘:?tpéacq'ﬁsoarﬁ% ggtf’o 5‘%@%’&'?'%“ ﬁge'(ag?éegﬁ,ls Re, Pd, Ru and
Ni . 5. The pesiosvsdatea terdpergivre oS00 fo }ECand a pressure af 3duMBayst i s )
supported oRea $MIPd support. 15 6. The process according to Caiml

further conprising conyertin t he sors of te rah dr of ur an

to-tet rahydrofuré% Y‘?rﬁ’éo §ageyd E‘Q ﬁ(‘ﬁ”ﬁ& \ezla)er@néfn CPW Bher conpri si ng
converti idg dohduq:te&dma solutiom feleeteddturd tiaf groap cbmﬁtﬂgmﬁbﬂlﬂmfwr an by
ontact 19 S GPIGIASAY. Hothd e AbAeLIrageLr! of o east one metal
conpri ses a net all17pr orfppE@pessHfor maﬂ%@é@ély%re@&ruawbpﬂesw@%ﬁ% 8 wherein the
net al prom&arahyumfa@hegkqﬂoégggmdﬁgmsq@me(& eRE 8, 11, and 12 netal s, and

Sri and Pb 10. Th roce a Io rein the netal '
pronoter 25 |s sel € d’OPYFt'TﬁW ﬁéo:é: Jﬁﬁaléﬂgﬁ'gygﬂﬁt%@ n, Cd, Sri, Pb, Ru,
Ag, Au, 1&nd Pt. 11. THetrghydodsmndiolording o Caimb5 .wherein the solid

support is carbon. )12 g&@@s%ﬁslsa%"gggégu%ﬂ%@%fgﬁﬁm Lhgwherein the

" netal catalyst 30 i's E’ﬂ S’ accar g to CJaim 10 wherein the
“nmetal promoter is $t, ceptactng Rd-tetrahydratirgndinl silh apatdyiis amovdt G ai m 1
wherein the process i s of geehastidnROmatal data erature of 100C to 3009C and a
pressure of 35 6 9 03/ 042201
DS rane, o187 Thi bkl Soldg ot WBlibrfR0R Y0a02/ 002201 (1
‘ - 15 tetrahydroxybutane is erythritol and the34~tetrahydrofurandtol is

anhydroerythritol. .-
19.  The process according to Claim 16 wherein the metal catalyst

is selected from the group consisting of Periodic Group 8 metals,
) 20.  The process according to Claim 17 wherein the metal catalyst
20 is selected from the group-consisting of Rk, Re, Pd, Ru and Ni.
21.  The process according to Claim 17 wherein the metal catalyst
is supported on a solid support. .
' 22. The process according to Claim 17 further comprising
convertmg the precursors of tehahydrofuran to tetrahydrofuran.
25 23.  The process according to Claim 17 wherein the precursors of
tetrahydrofuran are recycled back into said process.
24.  The process according to Claim 17 wherein the metal catalyst
' comprises a metal promoter. o
25.  The process according to Claim 23 wherein the metal promo{er
30 s selected from Periodic Groups 8, 11, and 12 metals, and Sn and Pb.
. 26.  The process according to Claim 23 wherein the metal promoter
is selected from the group-consisting of Zn, Cd, Sn, Pb, Ry, Ag, Au, and
Pt |
; 27.  The process according to Claim 20 wherein the solid support is
- 35 - carbon, | :
' 28.  The process according fo Claim 26 wherein the metal catalyst is Re.

14



perfornmed at a tenperature of 150C to 250C and a pressure of 3.0 MPa to
4.0 MPa. 16.. The process according to Caim1l wherein the H%%ﬁﬁggoqs

- conducted in a solution selected fromthe group consisting of ethylene

gl ycol dinethyl ether, dioxane, and m xtures thereof. 17. A process for

pr epar i ngwoeseqatwdr of uran and precursors of tetrahydr ebyigaiszdfe process
conprising the steps of a) converting 1, 2,3, 4-tetrahydroxybutane to 3, 4-
tetrahydrofurandiol; b) optionally separating the 3, 4-tetrahydrofurandiol;
and d) contacting 3,4-tetrahydrofurandiol with a catalytic amount of at

| east one netal cagaly SS, ac n116 wherein the
1,2,3,4 15 tetrahégroqu Pé%gsgggéﬁwﬁ%ﬁ1¢@f %ﬁdﬂFﬂéng“ﬂnﬁ ORAR o ur andi o
is anhydroery‘ﬁlﬁ'lhlll)IOr Uu9. The process according to C|a|n116 mherein t he
met al catalyst |53§eleqhg JJ S ol ic Goup-8
met al s. The Cor Eb&&ﬁmﬂ alﬁ$€9§dﬂ%$%?ﬁ &%%%ﬁgl catal yst 20
is sel ect ed f f"‘ %’Bpﬁ %CGPQQH?Cﬂéﬂﬂ?H?SMQQﬁd Ni. 21. The
process acScor(hEQlMRaioCI.’;aBMHa? vvherei n the netal catalyst is supported on a -

solid support. . rocess according to_Claim 17 further conprising
converting the iﬁur s£§§BB’Pe§%?‘f°8FF§W@fQJg'Hh1-{B’h?'t?t‘rfﬁﬁﬁ?‘éﬁsﬁﬁsan 25 23. The
process acco ﬁgn%atsaéemmmtum&ﬁﬁmcmasm@anaacpresmre of 0 My dr of uran .
are recycledﬁpqgwmpato sai d process. 24. The process according to Oaim 17
wherein the netalﬁga st conprises a netal pronmoter. 25. The process
according to d ai fF23 WREPEIGESE Recardingfo Bland¥ evhergio thesproe¢ssdeed from |
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group conS|s?&%g(@?géwﬁgﬁéehikéﬁb hﬁﬂugﬁﬁﬂo *and Pt. 27. The process
according to Caim 20 wherein the SO|Id support is . 35 <carbon. 28. The
process according to Caim26 wherein the netal catalyst is Re. 14 10 April
12006 WO 03/ 042201 PCT/ US02/37318 29. The -process according.to C aim25
wherein the nmetal pronmoter is Pt, Au, or Ru. 30. The process according to
Claim 17 wherein the process is perforned at a tenperature of 100C to 300C
and a pressure of 5 0.69 MPa to 13.8 MPa. 31. The process according to
Cllaim 17 wherein the process is performed at a tenperature of 150C to 250C
and a pressure of 3.0 MPa to 4.0 MPa. 32. The process according. to Claim
17 wherein the process is 10 performed in a solvent selected fromthe
group consisting of ethylene glycol dinethylether, dioxane, and m xtures
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