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5- METHYLBUTYROLACTONE FROM LEVULINIC ACID 5 FI ELD OF I NVENTION This
i nventi oiwo et/endged to a process for produci ng 5-net hyl but yPETASOYNE7E r om

| evulinic acid utilizing an optionally supported netal catalyst. 10
BACKGROUND Levulinic acid is a well-k Eproduct of hexose acid

hydr ol ysi s,

Consequent | y, RRODUGHON ORbtMEFHMBUT YIgOACTONE FROM bEMILANIGany
useful 5-carbon conpounds such as net

and i s inexpensively obtat fromcel |l ul ose feedstocks.

can be produced fromlevulinic acid as shown below. 0 CH O

trahydrof uran and derjvatives. 15

5- met hyl but yr ol act one, al so known as -ggerol actone or yvﬂllm%{m B’m
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*5- val er ol act supgethidbbityrBricesrie flom leviiific il @hilizitigrar dptioRalCSIppordd
5-val erol act On?alf ria%lstgvul inic acid using a reduced copper oxide catalyst.
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22 di scl oses preparation of 5-alkyl-butyrol actones

25 fromlevulinic esters using netal catal ysts. SUMVARY OF THE | NVENTI ON

The presgnt I nvention is a processBR& %@Nﬁ\g 5- net hyl but yr ol act one

conprising heating levulinic acid nce of 30 h%/dro en with a

catal yti c amunt beévuliniaaeidysa well-knewa prgdue 9f hexpse agiti

¥drelysis, cl osi ng

functi on, Wf‘@ﬁ&ié“inb? efgivél bﬁtaihédardmhéhmoéf@ﬁ]é@étééks@aeahyéduve\;lr)ﬁlgom i onal 'y

supported on a catal yst support. I?re,feragqulé,
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e cat t b/ 074760
mrwe%gfy?'éﬁ%%f car bon,

Si 02, and Al ggiapodhds BOElE aBmeéthyiiealnairofuraih apdriviativesber i s carbon. The

d I b i datiyvel | :
T Pl v BT ARE s TRRORR o5 R BBbE R M EUABRES
of G oup VI Icdrcbeyred@eddijront levhkiniPacicoas shdwblbelak. El enent s,
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rheni um rhodi um and rut heni um and conbi nati ons t her eof.
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I sting
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the nmetal catalysd is ruthenium nost preferably supported on oxidatively
stabl e carbon.
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US Patent No. 5,883,266 discloses the use of a bifunctional
catalyst having a first function of hydrogenating and a second function of
ring opening to prepare a variety of products from levulinic acid including
5-valerolactone. U.S. Patent No. 2,786,852 disclosed production of
5-valerolactone from levulinic acid using a reduced copper oxide catalyst.
U.S. Patent No. 4,420,622 discloses preparation of 5-alkyl-butyrolactones
from levulinic esters using metal catalysts.

SUMMARY OF THE INVENTION
The present invention is a process of preparing
5-methylbutyrolactone comprising heating levulinic acid in the presence of
hydrogen with a catalytic amount of a catalyst having a hydrogenation and
a ring-closing function, wherein the catalyst is a metal. The metal catalyst
is optionally supported on a catalyst support. Preferably, the catalyst

1 VAT

*¥15D159%

U



10 The process of the instant invention is preferably perforned at a
tenperature from about 100C to about 200C, nore preferably at a tenperature
of about wWd02/0800. The process is also preferably perfor mPETAISOAOP®sSsUr e
of about 0.5 to about 10.0 MPa, nore preferably at a pressure of about 4.0

to about 6.0 MPa. The process is also 15 preferably carried o ILn aliquid
phase. The c&HBPYE{S ﬁ?lgﬁ%’ &%tgﬁtgmm&ﬂ?g'émaﬁ%ﬁpﬁo %é‘bz-;ﬁ"ﬁgk t edq
with at | eastThemomy preféred catatystistippprivhembet isecarbonptre st net al .
(G oups 8. 1oprarRea atavrEditHetiber e Buivel SR EGher odi ¢ Tabl e of
El enents, nore pr dhermbtal catalyst ofithe inventidn cape seleeted fr@p thegoRIpPTI ON OF
+THE | NVEN{I . ' ) ' t RS ration of
5- et hyl B%-t 3?8@%?%%?%@@%%%‘% 8E?Ov)ta _etﬁgrgégtpr_le-rérere éﬁ\glegio %ctone) 25
from | evul i nipcefgrably salectrd froasthecaroyp cengisting of iidiyrs palladiensat al yst  of
'tg% invgnteir O'E)I&%!rﬁ,f‘rﬁbHﬁﬁn,%Pdﬁfm gﬁa%f@rmdrﬁ a?@' ﬁiﬁﬁiﬁfaﬁbﬁ@tr@r?bﬂ VI
bref orabl y. - MRIEGBRSABY 5P SRPRLCRIRS FA-TIIEY MR R Te5RAY] num eni um
r hodi um and rsubb@né@mn Midativeipstabis eanpon. _30 can optionally be sgpported on
Tet hod Klbun |-t Hoepo8Es Bf i etantiNerioh a7 pféfeld BBRRhGa o 0%, B
10% by wei ghttemperattie fromeaizout @0°CrHeo aboub200°C nmoee prafesatipblaabout 5%
tionally, | _%LQEO 5 Preferabl
Eﬁe promgerﬁ%pgfégg}%aﬁ%@gpﬂ%ire 'hzﬁgﬁ(ﬁﬁﬁsﬁmiﬁéﬁblfn | ess thany
about 50 wei gerfopaeddatta prespuraef akputiks e abeutctR.QiNRa, mase preferakly
02/ 074760 PCR HSORLQIBS dicth ¥ @RS ¥bbines. DMFR! el Srosess puasy! || or a Group
IB (Group_11 tal of .the t(I:.eri di, '[‘able of El ements. Each catal yst
i ndi vi dudfly ﬁgﬁﬂyﬁaé"‘#tﬁ\‘ '@eﬁhﬁ%'@ﬂ? 238 a ring closing function; that is,
t he rleaclt i OE Iorocami;sh caTtalystlefﬂteﬁpstaﬂimﬂendunafaﬁobﬁidrtéllqprrunmtedf t he g
pentyl al cohgl.s s nt [ t J e any solid,
I nert subst aIW!&' ?ﬁé?ﬁﬁ'ﬁ‘gﬁrodﬁgﬁgbﬁelf?%p@e‘&ﬁé%,ﬂl'%é)[@#%g%ir%eegﬁ‘s%@h as silica,
al umi na, and Rrefesably, thenpromaoteoissselecteti drane thengeoupednsisting oh a surf ace
area greater _ | f or m of
powder , gr anuc%'}g’g,a @g%ﬁq{{"%@,@?"t&%’%}“?"’ﬁg @%qu dgpﬁg'l‘?%gt’ QL e carbon” is

her eby défi n&ﬁrwi%-eﬁﬁgl@rpftﬁfﬁmﬁ%i'BPEGSP@W@WQ‘QI silyer Rd GOPRST1 i ty when

heated in air. Such carbons are described further in International

Publ i cation WO 971 30932 M E i ahpans are heated in
air at 125C for 30 m ngEEss—t5—fEe-rowed—bHy SR8 : for 30 m nutes,
fol | owed by heat i richeninvantish fsodiré@fiedito atprecessofor dhve: préparation ofig at 350C f or

2t 450C Top Z’%H%Wéﬂ?@%{ﬁ%%ﬁeﬂ%!S?i@%%ﬁ%ﬁ?ﬁ%éf sl Ry ypeat ! o
ni nut es, 26he feam Rvdinihatid jr the presenee of edastal gatalysts i nvention 1 ose | ess
than 20% of 20 thefrg Stalj3t of tH FVERNBILEAR itiudé BRe ¥R FhdreTRetans Ur e
conditions f Osrelected from Group VIl (Group 8-Group 10) elements from the Periodic
Table of Elements, more preferably, the group consisting of iridium,
palladium, platinum, rhenium, rhodium and ruthenium. The metal catalyst
30 can optionally be supported on a catalyst support. The metal can be
deposited on the support using any method known in the art. Preferably,
the catalyst has about 1% to about 10% by weight of metal present on the
support; more preferably about 5%.
! Optionally, the catalyst can include one or more promoters.
35 Preferably the promoter is also a metal, where the promoter is present in
‘ less than about 50 weight percent compared to the metal catalyst. More




eval uating the effect of heating carbon sanples in air is defined herein as
the "W/C Tenperature Test". The WC Tenperature Test nmay be run using

t hermal gvavemteo c anal ysis (TGA). Carbons whi ch when subC®aisez1078e8 t he W/C
Tenperature Test | ose about 20% of their weight, or |ess) are 25 consi dered

Sources are AEIRADIY 16 PiBGEDiSa Bratp I ST omA B CTabeyt 1dgtal Foal
coconut shel kise Pbfiodig, Tdbl@be%mentsr ol eum based residues and sugar

Chose sold tnder ERGNGEA Yo NOMALEY s hath e REfipbiariabdiid Ty, | "'
Dar coTM Nuc klosiig fuGotiom;that MWe&hﬂbmﬁnoee&dMﬁMn(ﬁe@cnndmﬁuce@al gon
BPLTM W tv T e process i s best

per f or ed at @odrﬁ;]%g?[:gg{e{mw%ut %gﬁ%‘?%fﬁg FQ‘ 100C tgggrl‘oout 200C,
and nore pref er abiThesatalysisuppaoiscan bezmnytssli betangs e

"performed aty, g Hbﬂﬁﬁiﬂé&td’fmé@?Bkld%sts%cﬁbéi.uénlnéé)%ll%iﬁbs&F\Grtﬂémfaoaﬁd'VPa to 10

MPa) . Prefera ressure of about 40 to

rocess I's perfor
about 60 at n§3pIARS 3’% ferred gresca ?@'FBC@C?’QT?@JSC?E gy 6.0 MPa). The

process is p@odan?rgeh. Inh@@amlyst%nip@bﬁ czin el iretheyfdhagsfipovder, granulgs, xt ur e of
hydr ogen Qnth ntgrt @‘aslg(s The process is preferably carried out in a

liquid pﬂ seP €f solvent is not critical provi ded the solvent is
not detrinmental t8Oxidativelytstatiecanborinis harebypdefihexd as sarborf that ed sol vent is

di 5- l.e, bed d
Slurry. The PAfoRSSBSENRE weldrf sEHIRY WHEACACATH ot Slfodrbbit afp °CF, 21
and Met hods Tiescrilegd glﬂhﬁg nalrﬁemat@mabﬁyb%mooe\ﬁhomwa%zarlwomed herein: 10
té\eée?ﬁ'e' | o pafd ?:'Ma”?ﬁ'?“ox.d&%{’"% s?‘?“”fe‘(y"%ﬂiﬁz?c R e o t s
were testéd fo”oW)ﬁQ Bnneating at 200° E}"?'Higﬁaéﬂ ﬁ‘é’ﬁﬂ%ﬂeﬁﬁi r\,gsg@%g"grdl ng
a 06t/hgo>/\)gckgwml mmmt@sng\llvea néétl mwcbio@% minutes; fSilch?ﬁm bycar 3on55=
. 6% S St . I |1 ca grade
n.a. W R &8@@"@3&8.69% ru nu%ﬁ @A"f\)@egify @%&H&ﬁf‘?‘@ éﬁgl eha?d
Coorp., E V\Mﬁdnmuieﬁnd:ﬁhgﬂmfdﬂﬁﬂtechbyobaawmt\ﬁﬂ)m fiT@8 minutes, the
Naperville, I dgggg’éf)m@&o%ﬁg‘of%s i?ﬁrent&?é{% Rathar 26% E?(A'VP'-ES

The cat al ysts vvere pr regna g[ yst_support
i hci pi en20wethrisweighth Q'Sﬁ@fwe% @ftlmqa\@n eEpesatute gaeditigas for

evaluating the effect of heating carbon samples in air is defined herein as
the “WVC Temperature Test”. The WVC Temperature Test may be run
using thermal gravimetric analysis (TGA). Carbons which when subjected
to the WVC Temperature Test lose about 20% of their weight, or less, are
25 considered to be advantageously oxidatively stable. Carbon from any of
the following sources are useful for the process of this invention; wood,
peat, coal, coconut shells, bones, lignite, petroleum- based residues and-
sugar. Commercially available carbons which may be used in this
invention include those sold under the following trademarks: Bameby &
30 Sutcliffe™, Darco™, Nuchar™, Columbia JXN™, Columbia LCK™,
Calgon PCB™, Calgon BPL™, Westvaco™, Norit™ and Barnaby Cheny
NB™.
The process is best performed at from about 50°C to about 250°C,
preferably 100°C to about 200°C, and more preferably at about 140°C to
35 about 160°C. The process is performed at a pressure of about 5 to about
100 atmospheres (0.5 MPa to 10 MPa). Preferably the process is
performed at a pressure of about 40 to about 60 atmospheres (4.0 to
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30 N 26H20 (Al fa Aesar, Ward Hll, MA), Re207 (Alfa), Pdd 2 (Al fa),

Rud 3xH20 (Al drich, MIwaukee, W), HZPtd 6 (Johnson Matthey, Ward Hil I,
MA) ) 5% RWowusTIgelRnCl 3xH20 (Al fa), Re207 (Al fa) and |rd 3 PCTRED2/()BGHNson
Mat t hey). The sanples were dried and reduced at 400C in H2 for 2 hours. The

reacti on was rfor b | aci,ng the feedstock, 1 nL 35 of .a 50% sol ution
of Ievul i nic@.;&i'\&g?)geﬂ‘l%ﬁ sqils ReffaEmed & ap aiweaﬁbe@roo%wrawowa 2
E}r(esslure \{e;éws, gﬁhergxmgdfhyamgjm@hmeﬁgbselt& to 800 psi OI(5.5 MPa) f(2)r15c
a es 1- an . . . 23, to

formz) hours. The é%p?@al\%ﬁéfﬁﬁrgﬁr?mg%"gémﬁ%&aﬁéﬁhﬁlsgg%gg&l ed and
vent ed and t lof spivestistnatrcsitigaleproyidedthesalantds net detxipnantal tetdatalysts an
‘internal sta r i P i t er med
La Con” Per doaciint FE Hddud & crBRifed e i diodfie s-TaRGBLIR, | Pl T
renai ni ng andUatertad reagtaridasigngcace rickle Recban¢hslurel: anount of levulinic

*aci d (LA initial | yrreffollSWiHg EXahples Bket ilBstra fleGaiantst.5- MBL Sel (% LA
Con (9% Feedstock (1) Cafalyst (ny) 17005% It | Al 20370. 336. 3974. 5103. 227005%
Ir | Cal gon ddaterigls angedioss g37005% Ir | Cal sicat C98. 140. 4972. 89848005%

Ir I Calsicat C98. oll@d g dislsre?ftionk ndr ddfiniiidrss aretused herein: _ _
C95. 499. 131890. 110167005% Ir | Sibunit C95.140.8984.8106.178005% Ir / Sibunit

C97. 067. 3998. 299. 888005% I r | Si.buni t , C96. 963. 5989. 9100. 797005% I r |
Si 0285. 719. 9986. 314Y. 7108004RYBlNIC &8ld 5on Cc89. 015. 7967. 599. 1118005% Pd |

Cal si cat C92. 432. BBRIBEIO. 41ZBMeARyIphrhm@abutycdact6Ré. 869. 4976. 698. 6 ' 138005%
Pd | Cal sicat C91.566. 8991. 899. 7148005% Pd / Si bunit'

C72. 125 31017, 5105 AAVSOBRGHS ySed A Usd i, TRHE BN sabisosos P
gilbu(r)\int m@;lémms&amfsupp@mo ﬁ&ﬁré’tteéte_&fﬁ?ﬂeigmgtabﬂﬂyvml 22070g§/%ReReI |
. . A ()
Sbuni ¢ Cr. A0 PSR e PN T VB TSI d 00506 o
Cal gon C96. 162. 1989. 9105. 2257005% Rh | Cal si cat C97. 630. 7934. 8100. 4268005%
Rh | Cal sicat CS%_?%QQQO. 610 R REUE% Rh | @ Fheat
ibilpi

C96. 1100. 0986. 1 005% Rh TSI Quni §82. 1164—8982 2.7 5 \AD 02/ 074760
PCT/ i JS02/ 07878 itep | yst 5TMEBL  SePOeFHON '@8%0%879%1%@8@ ock

(mg) Cat abgst (g} 298005% Rh / Si bunit CORNGYOZILFERRASsiZ308005% Rh | Si buni t
C97. 596. 4990. 110Q,; 506 Rh | Si_0283. 943. 3993, 297. 43280059

Al 20364. 742. 3998&&8%.&%2%8%5% Rug.la'Cai goﬁ'(@s&i%‘?? élﬁ@%’%ﬁ@%%@% Ru |

Cal gon C73. 232. 604lgicat carb®hs005%#&9% CaEngiehesd GBp., 5 Wirdsor,/358005% Ru /

ol 1 cat 76, CRROTGECE T8I n, NI Slenfical COINAREA 2005 R

C97. 0100. 0985. 214008408005% Ru | N@l si cailarshawghemiesl £ o¢layelanshsos Ru |
Si bunit @87.45Q. 0990. 1105. 2428005% Ru | Sibunit C81.531.5975. 710. 2438005%
Ru / Sibunit C80.947.9974.710. 8448005% Ru | Si buni t

C97. 797. 3980. 4100458005% Ru | Si bunit C98.598. 3988. 6100. 1468005% Ru /

Si 0281. 637. 11010. 999. 3 EXAMPLES

The catalysts were prepared by impregnating the catalyst support
by incipient wetness with a metal salt. The precursors used were
30 NiCl,"6H50 (Alfa Aesar, Ward Hill, MA), Re;O7 (Alfa), PdCl, (Alfa),
RuClz-xHo0 (Aldrich, Milwaukee, WI), HyPtClg (Johnson Matthey, Ward
Hill, MA), 5% Rh using RhCl3xH,0 (Alfa), Re207 (Alfa) and IrCl3 - 3H,0
(Johnson Matthey). The samples were dried and reduced at 400°C in H,
. for 2 hours. The reaction was performed by placing the feedstock, 1 mL
35 of a 50% solution of levulinic acid in dioxane with the listed amount of
catalyst in a 2 ml pressure vessel. The vessel was charged with Hy to
800 psi (5.5 MPa) for Examples 1-22 and 700 psi (4.8 MPa) for
Examples 23-32, and heated to 215°C for 2 hours. The sample was then
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WD 02/ 074760 PCT/ US02/ 07878 CLAI M5 What

is clained is:

1. A process for

preparing 5-nethyl butyrol actone conprising heating levulinic acid in the
pr esence Vo0 019d7e9gen and a catal yti c anount

S of a net alPCFAISAL/YBI3 sai d

nmetal catalyst having both a hydrogenation and a ring-closing function. 2.
The process as recited er.ein g e tal yst is supported
on a catal ysf© %'8@ Ve'%edﬁﬂa tE]?(Rfmg‘éCtz%”qlgﬁdt@/déﬁnN%aﬁ 2, wherein the
cat al yst suppmthoﬁyéthwetherastadntemm staadgrd)UResuitssaret sk in Tableoh, Si 02,
and Al 203. 4 & r.bon is

oxi dat  vel y BN oFheCORM RrbEEl 170 Co: torBlstiotm BRI o, bR e et a
catal yst is Bwascrediby suhtractmggt’rm@mammsamngnmf levdinic wtid from thee

“Per i odi ¢ dTablflladrlof WRURic vid I8 (REEREEA daighbs.ed n Claim 1,

wher ei n t e netal catalyst t he group’ consi sting of
pl ati num rhenium rutheni um rhodium iridium palladium and conbinations
thereof. 7. The process as recited i mABEEM 6, V\/nerel n the nmetal catalyst
i's 20 rut lfengpm 8, Thg pro sBS T EC BIWeB] gl T Feeéﬁﬁt%’k TELANE nbon
i s oxidatilvely sta 2 9. The process asel [eBci|t (%ﬂ %@y vl%e*l el(ntn‘ﬂ aid
process i9d et f-orn We)UI er-fromatyoty 31 A b ut Z80£—25 10.
The proceds as rlecitedlin aim wherein _sai assbrocess IS nerforrred at a
t enper at urle 2of aboi@€0 140G% &/ &olgan C16PC.9671. | ThHY 4r gce®®-As |recil@BR in
Claima1l, ey ETTT St Fr“&“’/ﬁ"‘l‘??Cél?ICé{@ for ly&u'l at OLI»O‘:H EYSUGHS. e)l abougg -5 1MPa
to about 0 MRa. 12 |The process as|recited in Caim1l erein sai
process i 30 perf8Phed &% k&/Grlaisal& e of98Hholt WD NPad86t adout 1009 Ma.
13. The pr{OGESS [@SghFECI|T & irNehbigatd 1) VUsey €T ggE DT Oggsp T[S Caqgql €d jout
in a liquild phase 14 IThe process aslrecited in Aaim1, erein_the |met al
catal yst i|s fptilond®y |prBhH/&PURItCh ht Bdast oS plon®i4ed . 1881 The
process as recitiedgom U asgurksibusher €] N d7ive Ar agmd €1] 1 o NHT al .go 4
02/ 07N760 IRCT/LUS02/ 07848

8 '800 5% Ir/ Sibunit C 96.9 63.5 989.9 100.7

9 700 5% Ir / SiO2 857 19.9 986.3 101.7

10 800 5% Pd/Calgon C 89.0 15.7 967.5 99.1

11 800 5% Pd/ Calsicat C 92.4 32.1 982 100.4

12 800 5% Pd / Calsicat C 96.8 69.4 976.6 98.6

13 800 5% Pd / Calsicat C 91.56 66.8 991.8 99.7

14 800 5% Pd / Sibunit C 82.2 16.3 981.3 102.3

15 800 5% Pd/ SiO9 67.0 17.7 1028.5 99

16 800 5% Pt/ Calgon C 721 253 1017.8 105.8

17 700 5% Pt/ Calsicat C 82.5 15.6 940.7 99.7

18 800 5% Pt/ Sibunit C 81.8 184 958.1 97.7

19 800 5% Pt/ SiO9 7.9 19.0 981.9 97.2

20 700 5% Re/ Calgon C 83.2 7.8 970 97.6

21 700 5% Re / Calsicat C 82.3 8.9 961 97.9

22 700 5% Re / Sibunit C 764 11.1 957 102.2

23 800 5% Rh/AlpO3 81.0 52.8 962.3 103.3

24 800 5% Rh / Calgon C 96.1 62.1 989.9 105.2
: 25 700 5% Rh / Calsicat C 97.6 30.7 934.8 100.4

26 800 5% Rh / Calsicat C 96.0 99.9 990.6 100.9
’ 27 800 5% Rh/ Calsicat C 96.1 100.0 986.1 98.3

28 800 5% Rh / Sibunit C 82.1 54.8 982 102.7




16. The process as recited in Caim15, wherein the pronoter is selected

fromthe group consisting of Goup VIII
Peri odi c wialb/er4aéo El enent s.

and G oup IB elenents of the

8 . A9F. As. AsN9. A& AA&. Ac& . ARCATUSOZOTsNB

/U wr | gb\ W cal] ca] ca] ca] c"al ca] ca] ca] caj caU] cal cj a] ca] c"a] ca] cal] ca]ca]ca] ca

eal AN

] ca] ca] c" ateatealcaletqtecal U]T;a\.] X
##" #1#} $3)) ﬁ)\?w ngb A% ¢al ca]:cﬁiyc’\a] cq] ?szg @%LU] tq%t%a ‘Egjdsm]dca Cc?}‘aaﬁs cg]g(): ta] ca]
ca] ca] ca] t2alecallcaLihl¢a }ealeateatedd¢atlea GNEEE2:
44555555#) $§j) wr i ] wuf’%’ Lﬂ”"]ng al cgrga] ta l9|‘7ca] ~al 8Ra] ca] ]cg]zcza] ca] cay]
ca] cal ca] (,a]soa] ca] 8@0 ca] 6%|Rre|SiaintTa] jcaldyda] ¢al9ba] ca 990.1 100.8
UZ] >y 109& H= ““Q&W 5 %C"/d 839 a3 933 74
& ()-! 52#10/&?’?&' @) Y& (/'5 2591689 |() -NF\: 1| s fo%&' (%-' 10%& Q-l@l
109%&' () -gylB2&' (|) - 8@ 1QYR5Y%)RU/IAID3 64.7 423 599.9 96.8
100/&!()_9(V\ ll\‘ll"l-}-lj_k LARY I II‘JL.L!’IG/ | AN | Ii\ll J/’(Zm d.Ub lltll\n (&I()
-y 0%& ( Zv#lC%&B?% auéﬂu({ jag]%‘c( 8%%_& ?5371&' )%&?61) 9]0%&'1 5; 10 10
10! &910%&| ( B43a | / podu$1 5% Ru@Calgbd %L, ()-7©§F 100%2:6() 1 - 199@ 109& (19-5- 109& () -
0 10%6& ()~ W—‘r%?v"”*‘ ey 576 59.0 107
109%&' ()-! ()(cﬁ 1 10%n& (- 0(]*&/?5]%’3} ' () -1 po@ Pk (31 " 11009 H()-!f
0@ ! 10%¢&36) - HNK8001.0 | ; %%,/ Calsinpi &' |( ) 92R109& §1) 87.6 97.8
37 800 5% Ru / Calsicat C 73.5 50.0 1002 10
38 800 5% Ru / Calsicat C 76.0 65.1 980.7 10.2
39 800 5% Ru / Calsicat C 97.0 100.0 985.2 100.9
40 800 5% Ru / Calsicat C 94.2 100.0 996.5 97.8
41 800 5% Ru / Sibunit C 974 52.0 990.1 105.2
42 800 5% Ru / Sibunit C 815 31.5 975.7 10.2
43 800 5% Ru / Sibunit C 80.9 47.9 974.7 10.8
44 800 5% Ru / Sibunit C 97.7 97.3 980.4 100
45 800 5% Ru / Sibunit C 98.5 98.3 988.6 100.1
46 800 5% Ru/ SiOg 81.6 37.1 1010.9 99.3
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10T heating levulinic acid in the presence of hydrogen and a catalytic amount
5 of a metal catalyst, said metal catalyst having both a hydrogenation and a
ring-closing function.
2. The process as recited in Claim 1 wherein the metal catalyst is
supported on a catalyst support. '
3. The process as recited in Claim 2, wherein the catalyst support
10 is selected from the group consisting of carbon, SiO,, and Al;O3.
4. The process as recited in Claim 3, wherein the carbon is
oxidatively stable.
5. The process as recited in Claim 1, wherein the metal catalyst is
selected from the group consisting of Group VIl of the Periodic Table of
15 Elements.
| 6. The process as recited in Claim 1, wherein the metal catalyst is
selected from the group consisting of platinum, rhenium, ruthenium,
rhodium, iridium, palladium, and combinations thereof.
7. The process as recited in Claim 6, wherein the metal catalyst is
20  ruthenium.
8. The process as recited in Claim 7, wherein the carbon is
oxidatively stable.
9. The process as recited in Claim 1, wherein said process is
performed at a temperature from about 100°C to about 200°C.
25 10. The process as recited in Claim 1, wherein said process is
performed at a temperature of about 140°C to about 160°C.
11. The process as recited in Claim 1, wherein said process is
performed at a pressure of about 0.5 MPa to about 10.0 MPa.
12. The process as recited in Claim 1, wherein said process is
30 performed at a pressure of about 4.0 MPa to about 6.0 MPa.
13. The process as recited in Claim 1, wherein the process is
carried out in a liquid phase.
14. The process as recited in Claim 1, wherein the metal catalyst is
optionally promoted with at least one promoter.
35 15. The process as recited in Claim 14, wherein the promoter is a
metal.
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