HYDROGENATI ON OF 3, 4- TETRAHYDROFURANDI OL TO TETRAHYDROFURAN _Abstract :

Di sclosed is a nethod whereby 3, 4-tetrahydrofurandiol is hy@%@’é‘@g%d I n
the presence of Rb, Re, Pd, Re and NI catalysts, optionally supported, to
formtetrahydrofuran and its precursors. 10 April 2006 WD 03/042201

PCTI USO02/v3@ 33$k22bk TLE HYDROGENATI ON OF 3, 4- TETRAHYDRORM AN hSks18T O
TETRAHYDROFURAN FI ELD OF | NVENTI ON 3, 4- Tetrahydr of urandi ol i s hydrogenated
in the presence of nmetal catalysts to formtetrahydrofuran and precursors.
BACKGROUND 10 Tetrahydrofuran is an industrially inportant solvent and
nmononer. Commercially it is prepare m nonr enewabl e petrochem cal
feedstocks. Wth the potential deplet+ren of the world' s oil reserves, a
need exists to ddVBRAGENABIN &Fd3 HTETRAMMDIROGURANDIONT:newabl e sour ces

such as bionass. Biomass conpfi-pREHPDRMRLIRAN S carbohydrate containing
material. 15 Bi omass can al so nmean as conprising a pol ysaccharide material .

It can also nean conprising cellulose, hemcellulose, or lignocellul ose
materi al s5 for exanple, the bFi@RsSFgvERTONed from wood, plants, residue

from agricultur . forest r,gani ¢ conponent  of _muni cj and

i ndustrial wast g’é‘?’%&?hﬁ%ﬁ%ﬂfgﬂg%H¥$ﬁﬁ“§£ﬁ£wqhﬁﬁmsge?%?@g{%st e paper,
wast e 20 woochtélysty.to faravigirahydrofugan and precarsorsesi dues such as corn husks,

- corn cobs; rice hulls, straw, bagasse, starch fromcorn, wheat oats, and

barl ey, waste plant material fromhard wood or beech bark, fiberboard
I ndustry waste water, bagasse p , hol asses, post-fernentation

l'iquor, ferfural Tettdhyirof@ah ib&s indasiigiBumpoaknieuhibnexnd awindmer.i ce hul |,

est due, Sﬁféew“n‘ﬁei%ﬁﬁvg“ %’&g@er%'gﬁ&mé%%@ﬁé‘§§gr%&%§rﬁ§,ég3%%%@{42&.?23{ de.
corn husks, Withtiba potentis| deplationeif decuorii’s oikressvescanegdexstsds, sweet
potatoes, | agiid a W8S c8 ofifhhydrofuran from renewable sources such as
S biomass. Biomass comprises primarily a carbohydrate containing material.
15 Biomass can also mean as comprising a polysaccharide material. I can.
also mean comprising cellulose, hemicellulose, or lignocellulose materials:
for example, the biomass as obtained from wood, plants, residue from
“agriculture or forestry, organic component of municipal and industrial
wastes, primary sludges from paper manufacture, waste paper, waste
20 wood (e.g., sawdust}, agricuitural residues such as corn husks, corn cobs,
rice hulls, straw, bagasse, starch from com, wheat oats, and barley, waste
piant material from hard wood or beech bark, fiberboard industry waste
water, bagasse pity, bagasse,' molasses, post-fermentation liguor, furfural
stil residues, aqueous cak 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, 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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can have three isonmeric forns: erythritol, the neso form Dthreitol 35 .

and L-threitol. Erythritol is used as a | ow calorie sweetener and sugar

substitute and is typically produced co rciall ja the fe ntation of

corn st ar ch.berpogpe V'ﬁégoa;ﬁ'cptﬂt'f"éﬂf rﬁ?é‘weé\%'ﬁﬁ’ﬁ'}%Pg%?@P%aﬁ'p'%@: but can |

1g Apri ZPQﬁe‘i@rﬁéﬂdﬁﬁ}aQﬂﬁ PEB Ahididkdolienpamcasdyl vi a ][mdi fi c?ti on of

t he equival e [ . ns o

12, 32t ot raRyHEBITBIRER 1O Eyrcil gl antyBh AT EN o5 T

anhydr oer yt Hsometic farmaif gat-etrahydrobrandigli ch are i someric forms of

3,4-tetraghydrofurandiol. HOOH OH OH OH OH H2CC I CHCH2 + H20

Tet r ahydr oxybut ane 3, 4- Tet rahydr of urandi ol Mich work has been done on the

dehydration of erythritol to various produB®s inclufing anhydroerythritol

(U.S. Patent Ney 40B3%R77p0n 10 Hudson et al N . Chem (1967),

- 32(11), p3650)lE Mot as ieri et al . (J Ml. . (1991) ,14,60(1), p65),
Braca, et al ,gJd— M, Chem (1991),. [417(1x2), p4l)), but little or

no tetrahydr’_ofur an was prepared. U S. Patent o , 013,812 describes a

process for the cyclodehydration of a 4-carbon”polyol in the presence of a

supported 15 ne I . an acid catal d.added water, producing a

m xt ure of varﬁ%h%h%ﬁ@gfbé%b?at ed cyclic et?rg'tr-rgéar}'tvfr l g?’ent No. 4,401, 823

uses car bonaceoldughywalidiagieenidope egribe dehydrationcofterythetiotioon netal to

hydr ogenat e \%%MQB%Mtﬁhﬂ%ﬁﬁ@ggpggﬁﬁfﬁéli(ﬁtg Fertdgrauage 7). S. | Patent

No. 4,313, 88 ci)gﬂe_l ares an r mtheoﬁorrespo,n I 29 pol yol s
usi ng vakl oddudrenat al.dvsOrgks Chgima (1887 . S blle RS dVentarsiele 8t @rndJ. descri bed
Louards 3 praceee Loy Coa A et e e Sore o

t et rahydr of u‘?‘gﬁf’?brﬂ?f@sﬁﬁgftﬁ%éﬁqca%ﬁ':éﬁg&_ @Q%W@gpg%} c(_{5f urandiol with a
cat al yti c armount Wb8. Batentbot 6,6h3 82 dascribestaaproeess fonthg preferred

embodi ment, %Er%deh fiéh 604 BIckfddh m{&myp@e@mé@m%ﬁ dHdd Ol with.a

catalytic a nt of ., opne or . nor tgls elected from Perjodi¢c Goup 8,
wher e’ t hie rré'f'%tﬁ'} ?%tab’ﬁ{:?Bﬁ&lc{%@ﬁ%&st@&ea@@%{np@dé’gpg6‘"Q Pt. Preferably
the metal i wasieliebyddx§lateddyblis ghensp WLBnBateht Ng. £401,B23 ukes Ru and Ni. A
referred s l ; 5 i The invention nma
gddi tionall %@%‘;rﬁﬁr‘#é‘éggﬁ@@?’&ﬁ’@g%’@éﬁ?@,&%@ﬁg‘f@%‘°§‘ @%t egt ed from Peri odi cy
. Groups 8, 1Thvdegenate pelyels & predudcespilarge varigly of coppeiddotss/ 042201

PCT/ US02/ 37 Feflermtdo.Ph313yB8£piehafed diblyiiropblyelsifromtiecstorisspssdiegt ed from the
group. —cgns 'pﬁ}}.orﬂsguﬁﬁg GBriodsnetal fons B8 cafdiystd FowsVer i Skaipled B2t PT eferably

Pt, Au, “Jor'’ .
- 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




I n one enbodi nent, the invention further conprises the conversion 5 to
tetrahydrofuran of the precursors. In another enbodi nent, t¥WeAprii@8e& ur at ed
precursors are recycled back into the said process. The invention is al so
directed towards a process to prepare tetrahydrofuran and unsaturated

pr ecur songo gdsbRy r ahydrof uran conprising the steps of perud@sdig converting
1,2,3,4-tetrahydroxybutane to 3,4- tetrahydrofurandiol; b) optionally
separating the 3,4-tetrahydrofurandiol; and c) contacting
3,4-tetrahydrofurandiol with a catalytic amount of at |east one netal

catal yst. 15 | LED DE T|,ON OF THE | ON The invention is a
process to p?'ﬁé@ek’l%é?%%%bgf OIRLerilg §é}¥§$g%8%%?§rw cont acti ng

3, 4- t et r ahy dearfsistiag @f 2h, @dl,t3n, #b; QualAgt Ao, sl most preferablpPtvu,e net al s.
Preferably t netals are fromPeriodic Goup 8; 20 nore preferably the
netals are seleCted fromthe group consisting Rh, Re, Pd, Ru and Ni. By
"3, 4- t et r ahydr of Un gnagiembodireemethetinvanfion fitrthes compasas the copversighur e t her eof

of the cogmpowigursieeruRe] She BRecUPIor W ahSIRBPERbSdImEnt the&t r ahydr of ur andi ol
i ncl ude anhydr %! {ggl‘l tol and anhx\gr L hgel tﬂllﬁ A gr eferred isoner is
erythritol . B regiirsers e Keaycled bagk jito fig SALBIOSPSS ynsat ur at'ed furans,
and hydr oxyl at ed Theringerdiontisalsaldirdetofl towarda adrocesatopegpee f ur ans, as 30
represent ed S a i

i ndependent lfé‘t’rﬁﬁ@{r%a;\?gﬁ%uggtu%ﬁ ‘%rhg?rrgeés?grtreri gﬁ #dglgr%g%P gfsggr ed
precursors a -and 1, 4-di hydrofuran. 3 10 April 2006 WO 03/042201
PCT/ US02{1$7318 RaR cbrihdRl B Fu-1etrdhytitoxybutdhetqd,dcess of the instant

invention may furt h? trarcp&g%g%gggihgeg conversion of the precursors of

tetrahydrofuran. Thi's | y any of the nethods known in the art.
See U | mann's Endycbpiedilly separatiog ther 3. ditetrallydrafignangiol snd Ed., Vol . A26, pp.

222-223 for a dewicsﬁtiaegﬁ,gﬂf@f? o bRrioF 34 Bk arfiitionat ant pr ocess

may al so conprise’'t the precursors back into the process

e recycli 0
for further conversre(ﬂ"?{f’ ”leé]r%émﬁt-ofuran. The process of the instant

inventioms may additionally conprise converting 1,2,3,4-tetrahydrobutane to

3, 4-t et r ahydr of ur andi g~ j ' ,
3, 4-tetrahydrof ur andi‘@#T—A@.rE SERIPTION BEPRIEIN ﬂﬂﬂslt r ahydr of ur andi ol

with a catal ytic HiedoyRntien ipaeresessis Brepateetahydspiuraseandi$ ¢ Group 8 to
p{ :]pg feg et ';%’Sg@?@istﬂyﬂcfb_rﬁéénﬁng [BohtatahyGrafpasdio gt $ catafytic eh‘{oaht/@l’r ofuran. A
gn hydr oer y!tO hP (grl mg‘%ﬁ?@% E&é%ﬁqbﬁ@‘éjﬁ%h%%rgirp g‘?ﬁ@r‘é {Sﬁéeupz% roup

consi sti2fy ohorprefRsablpthe metakhareNelecterbiremibe geiupreopsistirg RhrReol to

3, 4-t et r ahy do@fialy 3N BieY 4 8trslRARNMNARY iTRIcBALS |BofBE art. See
Advances in Car.%)h%/ﬂ{ﬁ%t% em st rg . Sol_teﬁbe,rg, ol . 25, pg. 229-231,
1970 for a d¥JBFIYS 0! thgn§CBP Q'Pﬁgﬂ@w. s. The anhydroerythritol

"HO, OH

H H

H H

Q
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.



may be isolated before contact with the netal catalyst. This can be done
25 by any nethod known in the art, such as distillation, detdfterd 2086
recrystallization, or extraction. The netal catalyst can optionally contain
a pronoter, preferably a netal selected fromthe group consisting of
Periodi c whosgazths 11, and 12 netals, and Sri and Pb. Byrmsnefseder” herein
is neant a netal that is 30 present at |evels |less than 50% by wei ght of
the major netal. Preferred are Au, Zn, Cd, Sri, Pb, Cu, Ag, Pt, and Au.
More preferred are Pt and Au. A preferred netal catalyst is Re; nore
preferred is Re wwth a metal pronoter being Ru, Rh, Pd, N, Pt, Au. -
Sui tabl e preferred solid sgpports igicl udegSi @2 (sglica),r A1203 35
(alumna), Ti (titania),/ MJO (magnhesi a)f or Zr2 Y zircpnia), zeolites, RR
R R 10 April 2006 WO i ays, or mxtures
thereof. Preferreg.solid eutral and have | ow
surface areas. Conmmowly u t echiy or trea supports with
metal catalysts c rl N 7 C. teg, Hateroge is Catal ysis, Vol.
2, pp. 1-29, Ed. B. L. Shapiro, 5 Texas A & M University Press, Coll ege
Station, TX, 1984. Prefgrred solid gupports includgjcarbon, A1203, and
S102. A rrﬁre preferred solid support is carbon. Mdre preferred carbons are
. those with a surface area >200_m2/g{m The cat al yst supFor can be in the
form of powder,- Grepiocess opiae instant inyentigmay RuthesPEPRISR % an opti mal
average part tehrsibd ef theCréfursdraof eatadlgrofuran.| Thid emmniae dqngmbgsamh proc _(Ia_rs] s
paraneters as.feactpr . .resjide b r tes. e
nmet al cat al ygtthsﬂ?tng%F 6‘@%%%%@5%9%{[%""2@@&@%@@ ? %H%b"éb'émgf?& by wei ght
total netal Chamigtyst® EchdVer A2Bitpm: 292-833 fai@ descriptianugigeany of nor e
preferabhy apaub Rdhbds. PR insRAPProtBEs Mmay alsb\conipeis e R@gdingfoft he 15
pronoter may vary, but shouyld referablj ﬁﬁ-}% | ess than, or equal to 50% of
the netal caf@ R))éFL.'rsqﬁebﬁth'@P tﬁ%?@l“?%% ° BECYMERIPRIP by any net hod known
in the art. tdfidygrodiranr ed method is by inpregnating the catal yst suppor
by  incipient wet | ; At by -
ﬂ’gés gro‘@e&? of A& u%rtarifgrﬁxgegf@ﬁ @Igy %P&lﬁgal{ﬂ&nﬁ%ﬁg.

cal cination. 20 Tr roceéss 1s pre 1 the |iqguid phase,
‘and can be pedvesingt2i3vi-deirahydiobdiane te ddcleliahydie raA'EJ?QJLHPtWB?& imted to a
fi X_efl_,beqlﬁt §épﬁrﬁ¥ng fhie?@d-talraf:gdromlndnaiot; Bhd ket doethotingtiies,4syst em  The
reaction tepperatute is. pr r A nmor e
preferably E%Wdrfgﬁ@%SP‘g@'bﬁtcg%&%R%E&80?‘%%‘?3@{%%%8%%% process is
25 pr ef er abl Pepiedit Girawpel 84o pepess tetebydrpfusgvand mwtw@{ectwﬁe@'mma) to about
ol Vent of nE KR R o e Ok o ol vent | 5. ot
det ri nent al ?@W&?‘é??gﬁydff’sa@fﬂﬂt ﬁiﬁ%rrﬁg ?.ar%ée‘ﬁgﬁﬁr\?gh{ﬂgcan al so

consi st par t gedupyconsisting af Riz, B¢, Rd Ru ared Mi. dhemosversirof ergbrifottowi | | be

P Ladi 1 onalb e ibl\thdy ' Uthey. Sbe enhanced
by additiona @%&%ﬁ@ﬁﬂfﬁ'ﬁ"‘%‘ﬁ@ Efg?ﬁlfgyw 8l 1ioaR

sel ecti viti eAd¥eesdn Gaehhydeate %@F@tﬁyhé? #é%?fﬁl*: W@F%ﬁ&lﬁg&% ':: g?ngng'
m xture of regpo furta destriptisiofahampyf thesepastheds.offke anhydroerytiritates over the
Conver s on Py dRUBURIe IR Rl ARSI ORECRANE RIS Ead B ol (o,
may addi 26 onky epy swthed keowmis the éﬂoﬂWﬁfﬁsﬂug’@b‘l"&ﬁeﬁﬂn@ﬂoﬁvet rahydr of uran and
optionally Of&r@’ta[ﬁﬁt@npbr &RRchéh. April 2006 WO 03/ 042201 '
| 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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PCT/ US02/ 37318 precursors. This can be done by any nethod known_in the art,
such as distillation, decantation, recrystallization, or b Arpll 208G,
EXAMPLES Materials and Methods The fol | ow ng abbrevi ations are used
herein: BDO DHF 10 EGDME FUR GBL 3-HTHF tetrahydrofuran 15 Support

Si buni t cwoplogmageal si cat carbon' Cal gon PCB carbon 20 pedusmdbasigdi ol

1, 4-Di hydrofuran Ethylene glycol dinethylether Furan Ganma-butyrol actone
3- hydroxyt etrahydrof uran tetrahydrofuran Source Boreskov Inst. of

Cat al ysi s, Novosi birsk, Russia Englehard Oorp , E. Wndsor, CT Calgon
Corp. Pittsburgh, PA The npetal catalysts epared u the foll ow ng
general pr oexsBon.laysyoambduesihepraiy Frefeye (§P $ Off# aé?ﬁ‘PF’% was made up of

the metal %ﬁﬁﬁ@@héuﬁl@né%@@@!o&ﬁﬂndﬂ%@ar&é& Canbenlyusedort was first dried

d reduced
i ese of her (ReBauSLicP BB of bellS v@ﬂrrp%ts'"&ﬁg'@s@ ca %E%l% Balgon” Pca.
The . precursoBscL@et;esmHe@rweuegussQatalysmbfpla 23ppd B. el Bhapiro, Re207 (Al fa

Aesar, - , Cl 6
(Johnso\r?ﬁfwat *tr% sA ¥V UM@WEQ, QdIegd SfbthM Tx/aweae Prwe}realasgﬁdjtadded o the

slurry. The §‘I’Ri%fty°‘ *‘Gﬂ%dea‘l’qrg‘é%ﬁ% @gﬁéﬁ\‘%ﬁ fr%qrefrﬁ%ugg i 2iredo

t enper at ur e isidatbarc ddeleqralerret icarbong aamtlhosemthcasmfacatareazoc overnight wth

frequent sti £§éd‘ﬁlzf§grgt The b4tEGs{dupibitdan b3 HieBfh o Poliey, P formed by

pl aci ng the ap olution o rythritol
di ssol ved |ng¥laﬁ§|e§olpell§tﬁ: or thexlika, Sefect;%giﬁm RPtﬂrﬂa:ﬂYGf@geJRﬁﬁt' Si3g¢ the netal

catal ystign ﬁar%yé%atﬁl&@t&ﬁ[wa@ éﬁ%ﬁ%n sush procEJse pegfifistera/msrealior ged with H2 to
the pressure shown i.nh added i f necessary to bring the

total pr essuFeé'dtel}c%@G‘erﬁﬂd %%S'fagkﬁﬁéfm’ﬁ ﬁ'r{atetshen the vessel was heated to
150C, 175C or 200 metal chtalyskpreterdiiy ﬂmﬂ!di cattamh awoud 3%0ez2poat PCT/ US02/ 37318

l[‘znézfZeLnS@?ﬁéﬂ“@ﬁ’%éﬁé*{ﬁ"@ﬁgﬁ?@%%9 Btﬁﬁﬁ%*sy%%é?‘%@ﬁg?&*' A col um of
CP- Vax 58 ( Fmar preferaply @02155&(41’4‘1’ pbpyt rQ(QFﬁ chie FRiative pemsentages of r‘%ﬁg the areas
of i ndi viisluaproppi@Onapvary! Blitahola prefetdbéy barlees tiedn 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

; .



standard and applying response factors the yield to each of the individual
products were cal cul ated. The selectivity (Sel) of each ind%ﬂﬁgpoebroduct
was then cal cul ated as the wei ght percent of the product in the total
product weight inclusive of unreacted reactants. 7 10 April 2006 WO

03/ 04220 w&eFé4e02/ 37315 ~j UO000000' - NN OO0 OOOL Cc o Neg-rriidveyy Miér C NTr O
NCf)corrf ACAONO C ~ Q(0000000)a0) @) 0O O oCVrO-0OOOQ(V co CO F- od;
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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),
| H,PiClg (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.
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The vessel was then cooled, methoxyethylether was added as an internal
standard and the products analyzed on an HP 6890 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
contacting 3,4-tefrahydrofurandiol 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
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.

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.

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

isRe.

isPt, Au,orRu. _
14 The process according to Claim 1 wherein the process is

performed at a temperature of 100°C to 300°C and a pressure of
0.69 MPa to 13.8 MPa.
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13. The process accofdihg to Claim 10 wherein the metal promoter'
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PCT/ US02/ 37318 CLAIMS What is clained is: 1. A process for pliOshil 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

Periodic Goup 8 tal.s. 4. The progcess 4ccording.t L. k. wherein the

met al cat al yst isfg'asel tpéacq'ﬁsoarﬁ%f’ﬁnggtpo(aﬁmbg}@?%ﬂﬁge'(ag?éegﬁls Re, Pd, Ru and
Ni . 5. The eooesed ateaderdpergitre ofiia010e o MCaind a pressure af 3dbMBAY st i s .
supported oRea $MIPd support. 15 6. The process according to Caiml

further conprising conyerting the precursors of tetrahydrofuran
to-tetrahydrofuré%‘: 7.TY‘?rﬁ’é° 8@8%%“_‘&‘966 iR ‘ﬁ"&er@“éf'?rf’[‘yc?ﬁ? Bher conpri sing
convertisg dohdugteddua solutioméeltetiddor thef groap consistiag roflefiiarieur an by :
~contacting | : + \M | M1 unt of at |east one netal
cat al yst. ng[ q’ﬁfe E}r c}ggéglo\géégo’r%?ﬁ@b@%r%%@nﬁq wherein the netal catal yst
conpri ses a net all17pr orfppE@pessHfor H’?‘P@aﬂf‘@@é@g%@@'ﬁ?w%mﬁém@@i% 8 wherein the
net al pr onoigtkahytifofiRhetiegsloddstrdnairissl theGtepee: 8, 11, and 12 netals, and
Sri and Pb. 10. Th proce%ﬁ?aﬁéo ing Lo, Cl |$ 8tW$ rein the netal '
promoter 25 |s sel e®t efOPYIHNY. ';é:r éﬁﬁa‘wﬁ%’f@{‘ A§'%P“zn, cd, Sri, Pb, Ru,
Ag, Au, 1&nd Pt. 11. THetrghydodsmndiolording o Caimb5 .wherein the solid
support is carbon.y\12. 8 : ki ‘ Y erein the
" netal catalyst 30 [?)s gg&@@s%ﬁglsa?ﬁgggég4?@@%}3@?0{9&?&3@&%%10 wherein the
“netal pronoter is $t, cpptactng Rd-tetrahydratirgndicl wifh aatalylis amovet 0 ai m 1
wherein the process i Sof gEeasidROmatal aatlafaper ature of 100C to 3009C and a
pressure of 35 6,69 a to 13.8 MPa. 13.10 ril 2006 03/ 042201
bCT] US02137318 125 ThEPOSESS a0 a K Gol TR Mk ¢ he pr ocess i s
“per fornkdl atetahydiopybutane is epfthiited end the23ddetnaiydeofpraedivlise of 3.0 MPa to
4.0 MPa. 16 ss according to Claim1 wherein the process is
anh}m@? 1SS gt p > 1S
conducted in a so rﬁ?‘lﬂon sel ected fromthe group consisti nP of et hylene
gl ycol dimet hyl et%her , TR BrRssRs acereding %gﬁﬁ% 1¢ wBeeshy the metal catalyst
' is selected from the group consisting of Periodic Group 8 metals.
i 20.  The process according to Claim 17 wherein the metal catalyst
20 is selected from the group consisting of Rh, Re, Pd, Ru and Ni.
21. The process according to Claim 17 wherein the metal catalyst
is supported on a solid support. .
o 22. The process according to Claim 17 further comprising
converting the precursors of tetrahydrofuran 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. '
25.  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.
. 26.  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 '
; 27.  The process according to Claim 20 wherein the solid support is
- 35 - carbon. | S
' 28.  The process according fo Claim 26 wherein the metal catalyst is Re.

14



17. A process for preparing tetrahydrofuran and precursors of .
tetrahydrofuran, the process conprising the steps of a) con\defrl 4806

- 1,2,3,4-tetrahydroxybutane to 3,4- tetrahydrofurandiol; b) optionally
separating the 3,4-tetrahydrofurandiol; and d) contacting

3, 4-t et r aWgaseRzmandi ol with a catalytic anount -of at pL-pagdy:9de netal
catal yst. 18. The process according to Claim16 wherein the 1,2,3,4 15
tetrahydroxybutane is erythritol and the 3, 4-tetrahydrofurandiol is o
anhydroerythritol. 19. The process according to Claim 16 wherein the netal

catal yst is selechgd f [ consi.sti f Periodic Goup 8 netals.
20.. T%e process aggbr d?ﬁgpﬁ;}%&g g?%?q@g&?ng%@ %gt rejRihg m@%ﬂ BWO{)EIEJEFZO- i's

sel ect ed frornsPhAyrasil.consi sting of Rh, Re, Pd, Ru and Ni. 21. The
process accordi ngspo i ' » I : LS. .supported on a
solid support. .. 22. Pfﬂgb r%%a%\,gg%&%@g %@g?ah%?érhﬁﬁé r&?%%e'? conprising
converting t WETioPBeE AL 8 temperafure o ﬁ@ﬂfpdf’ 0FC esdacpressweobf ur an. 25 23. The
process acdcorlBhlyiRactoG 38 MFla/ wherein the precursors of tetrahydrofuran
are recycl ed. backstnt O aid process, 24. The 'Pr ocess according to Claim1l7
wherein the netal “tat al 6%?“’0 THPTGOEHR o Gaail 7 BnETRR e Prosessthe process
accor di ng t oPerfaimedat allempemnturéof Hiealto REOTG R a BEssure sE3.00Rg from
Periodi c Gowpg.08apal. and 12 netals, and Sn and Pb. 26. The process
according to Caim23 wherein the netal Br onoter is selected fromthe

group consi sting 8f zn Theroasss acmsdingip Clagin 1&whesgia tm proggss iThe process
accor di ng0t op&fammedin awslveritselebdfohi tﬂaﬁfgwm&lt)néiﬁingl?o? etr@_jynla%n. ii 1-(I)-h§\p -
process acco : er .Lhe netal _.catalyst “Is Re. ri
2006 WO 03/ Ogg}i@%ilfbgtfﬂﬁf&% é@%' ?gﬁ P"Pﬁﬂr E@%@?E according to Claim25 '
wherein the nmetal pronmoter is Pt, Au, or Ru. 30. The process according to -
Claim 17 wherein the process is performed at a tenperature of 100C to 300C
‘and a pressure of 5 0.69 MPa to 13.8 MPa.. 31. The process according to
Claim 17 wherein the process is perfornmed at a tenperature of 150C to 250C
and a pressure of 3.0 MPa to 4.0 MPa. 32. The process according. to Caim
17 wherein the process is 10 perforned in a solvent selected fromthe
group consisting of ethylene glycol dinethylether, dioxane, and nmi'xtures -

t hereof. 15 _

15 .





