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5-METHYLBUTYROLACTONE FROM LEVULINIC ACID 5 FIELD OF INVENTION  This
invention relates to a process for producing 5-methylbutyrolactone from
levulinic acid utilizing an optionally supported metal catalyst. 10
BACKGROUND Levulinic acid is a well-known product of hexose acid
hydrolysis, and is inexpensively obtained from cellulose feedstocks.
Consequently, it is an attractive starting material in producing many
useful 5-carbon compounds such as methyltetrahydrofuran and derivatives. 15
5-methylbutyrolactone, also known as 5-valerolactone or y-valerolactone,
can be produced from levulinic acid as shown below. 0 OH O O O US Patent
No. 5,883,266 discloses the use of a bifunctional 20 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
25 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 30 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    WO 02/074760
PCT/US02/07878 support is selected from the group consisting of carbon,
Si02, and AI203. The more preferred catalyst support member is carbon. The
most preferred catalyst support member is oxidatively stable carbon. The
metal catalyst of the invention can be selected from the group 5 consisting
of Group VII (Groups 8-10) of the Periodic Table of Elements, preferably
selected from the group consisting of iridium, palladium, platinum,
rhenium, rhodium and ruthenium and combinations thereof. More preferably
the metal catalyst is ruthenium; most preferably supported on oxidatively
stable carbon. 



10 The process of the instant invention is preferably performed at a
temperature from about 100C to about 200C, more preferably at a temperature
of about 140-160C. The process is also preferably performed at a pressure
of about 0.5 to about 10.0 MPa, more preferably at a pressure of about 4.0
to about 6.0 MPa. The process is also 15 preferably carried out in a liquid
phase. The catalyst of the instant invention may optionally be promoted
with at least one promoter, preferably where the promoter is a metal.
Preferably, the promoter is selected from the group consisting of Group VII
(Groups 8-10) and Group IB (Group 11 ) elements of the 20 Periodic Table of
Elements, more preferably gold, silver and copper. DETAILED DESCRIPTION OF
THE INVENTION The invention is directed to a process for the preparation of
5-methylbutyrolactone, also known as 5-valerolactone or y-valerolactone) 25
from levulinic acid in the presence of a metal catalyst. The catalyst of
the invention can include one or more metals selected from Group VIII
(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 2   WO
02/074760 PCT/US02/07878 preferably the promoter is a Group VIII or a Group
IB (Group 11 ) metal of the Periodic Table of Elements. Each catalyst
individually has both a hydrogenation and a ring closing function; that is,
the reaction proceeds in one step and produces 5 little or none of the
pentyl alcohols such as pentanediol. The catalyst support can be any solid,
inert substance including, but not limited to, metal oxides such as silica,
alumina, and titanic, and carbons. Preferred are carbons with a surface
area greater than 200 m2/gm. The catalyst support can be in the form of
powder, granules, 10 pellets, or the like. "Oxidatively stable carbon" is
hereby defined as carbon that exhibits substantial weight stability when
heated in air. Such carbons are described further in International
Publication WO 97I30932. More particularly, when the carbons are heated in
air at 125C for 30 minutes, 15 followed by heating at 200C for 30 minutes,
followed by heating at 300C for 30 minutes, followed by heating at 350C for
45 minutes, followed by heating at 400C for 45 minutes, followed by heating
at 450C for 45 minutes and finally followed by heating at 500C for 30
minutes, the carbons employed for the process of this invention lose less
than 20% of 20 their weight. This sequence of time and temperature
conditions 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 SutcliffeTM,
DarcoTM, NucharTM, Columbia JXNTM, Columbia LCKTM, Calgon PCBTM, Calgon
BPLTM) WestvacoTM, NoritTM and Barnaby Cheny NBTM. The process is best
performed at from about 50C to about 250C, preferably 100C to about 200C,
and more preferably at about 140C to 35 about 160C. 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 3   WO 02/07L760 PCT/US02/07878 6.0 MPa). The
process is performed in an atmosphere of pure hydrogen gas, or a mixture of
hydrogen with inert gases. The process is preferably carried out in a
liquid phase. The choice of solvent is not critical provided the solvent is
not detrimental to catalyst, 5 reactant and product. A preferred solvent is
dioxane or 5-valerolactone.  Preferred reactor designs are trickle bed and
slurry. The following Examples further illustrate the invention. Materials
and Methods The following abbreviations and definitions are used herein: 10
LA Levulinic acid 5-MGBL 5-methyl-gamma-butyrolactone Catalyst supports
used are listed below. The oxidatively stable 15 carbon catalyst supports
were tested for weight stability via thermogravimetric analysis according
to the WVC Temperature Test. Support ~ Weight loss Source Sibunit carbon
1.6% Boreskov Inst. of Catalysis, 20 ~ Novosibirsk, Russia Silica grade 55
n.a. W. R. Grace & Co., Columbia, MD Calsicat carbon 14.9% Englehard
Coorp., E. Windsor, CT Calgon PCB carbon 49% Nalco Chemical Co.,
Naperville, IL AI2O3 n.a. Harshaw Chemical Co., Cleveland) 25 OH EXAMPLES
The catalysts were prepared by impregnating the catalyst support by
incipient wetness with a metal salt. The precursors used were 



30 NiCl26H20 (Alfa Aesar, Ward Hill, MA), Re207 (Alfa), PdCl2 (Alfa),
RuCl3xH20 (Aldrich, Milwaukee, WI), HZPtCl6 (Johnson Matthey, Ward Hill,
MA)) 5% Rh using RhCl3xH20 (Alfa), Re2O7 (Alfa) and IrCl3  3H20 (Johnson
Matthey). The samples were dried and reduced at 400C in H2 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 H2 to 800 psi (5.5 MPa) for
Examples 1-22 and 700 psi (4.8 MPa) for Examples 23-32, and heated to 215C
for 2 hours. The sample was then 4   WO 02/074760 PCT/US02/07878 cooled and
vented and the product analyzed by GC-MS using methoxyethylether as an
internal standard. Results are shown in Table 1 below. The column termed
"LA Con" refers to LA Conversion, which is measured by subtracting the
remaining amount of levulinic acid from the initial amount of levulinic
acid (LA initially-LA remaining). TABLE 1 Ex.H2 siCatalyst5-MGBL Sel (%)LA
Con (%)Feedstock (mg)Catalyst (mg)17005% Ir I AI20370.336.3974.5103.227005%
Ir I Calgon C96.731.4979.3103.837005% Ir I Calsicat C98.140.4972.89848005%
Ir I Calsicat C98.598.7986.4100.958005% Ir I Calsicat
C95.499.4990.110167005% Ir I Sibunit C95.140.8984.8106.178005% Ir / Sibunit
C97.067.3998.299.888005% Ir I Sibunit C96.963.5989.9100.797005% Ir I
Si0285.719.9986.3101.7108005% Pd / Calgon C89.015.7967.599.1118005% Pd I
Calsicat C92.432.1982100.4128005% Pd I Calsicat C96.869.4976.698.6 '138005%
Pd I Calsicat C91.566.8991.899.7148005% Pd / Sibunit'
C82.216.3981.3102.3158005% Pd / SI0267.017.71028.599168005% Pt / Calgon
C72.125.31017.8105.8177005% Pt / Calsicat C82.515.6940.799.7188005% Pt I
Sibunit C81.818.4958.197.7198005% Pt / S10271.919.0981.997.2207005% Re I
Calgon C83.27.897097.6217005% Re ! Calsicat C82.38.996197.9227005% Re I
Sibunit C76.411.1957' 102.2238005% Rh / AI20381.052.8962.3103.3248005% Rh I
Calgon C96.162.1989.9105.2257005% Rh I Calsicat C97.630.7934.8100.4268005%
Rh I Calsicat C96.099.9990.6100.9278005% Rh I Calsicat
C96.1100.0986.198.3288005% Rh l Sibunit C82.154.8982102.7 5   WO 02/074760
PCT/iJS02/07878 ExH2 siCatalyst5-MGBL Sel (%)LA Con (%}Feedstock
(mg)Catalyst (mg}298005% Rh / Sibunit C97.397.6993102.2308005% Rh I Sibunit
C97.596.4990.1100.8318005% Rh I Si0283.943.3993.297.4328005% Ru /
AI20364.742.3999.996.8338005% Ru / Caigon C88.557.51010103.2348005% Ru I
Calgon C73.232.6974.610.5358005% Ru / Calgon C67.659.9975.110.7368005% Ru /
Calsicat C92.281.0987.697.8378005% Ru I Calsicat C73.550.0100210388005% Ru
/ Calsicat C76.065.1980.710.2398005% Ru I Calsicat
C97.0100.0985.2100.9408005% Ru I Calsicat C94.2100.0996.597.8418005% Ru I
Sibunit C97.452.0990.1105.2428005% Ru I Sibunit C81.531.5975.710.2438005%
Ru / Sibunit C80.947.9974.710.8448005% Ru I Sibunit
C97.797.3980.4100458005% Ru I Sibunit C98.598.3988.6100.1468005% Ru /
Si0281.637.11010.999.3  



WO 02/074760 PCT/US02/07878 CLAIMS What is claimed is: 1. A process for
preparing 5-methylbutyrolactone comprising heating levulinic acid in the
presence of hydrogen and a catalytic amount ' S 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, Si02,
and AI203. 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 VIII 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 100C to about 200C. 25 10.
The process as recited in Claim 1, wherein said process is performed at a
temperature of about 140C to about 160C. 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. 7   WO
02/07N760 PCT/US02/07878 



16. The process as recited in Claim 15, wherein the promoter is selected
from the group consisting of Group VIII and Group IB elements of the
Periodic Table of Elements. 8 .A9F.As.AsN9.A&.AA&.Ac&: .A&.AlN "\oN
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