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CONVERSION OF OLIGOMERIC STARCH, CELLULOSE, OR SUGARS
TO HYDROCARBONS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 61/669,980, filed
July 10, 2012, the entirety of which is incorporated by reference herein.

GOVERNMENT RIGHTS

The United States government has rights in this invention pursuant to Contract No. DE-
AC52-06NA25396 between the United States Department of Energy and Los Alamos National
Security, LLC for the operation of Los Alamos National Laboratory.

TECHNICAL FIELD

The present invention is directed to the one step selective conversion of starch, cellulose,
or glucose to molecules containing 7 to 26 contiguous carbon atoms. The invention is also
directed to the conversion of those intermediates to saturated hydrocarbons. Such saturated

hydrocarbons are useful as, for example, fuels.

BACKGROUND

Saturated hydrocarbons containing from about seven to about sixteen carbons, up to
about twenty-six carbons, are used as fuels, as well as other materials. Such hydrocarbons are
typically extracted or generated from petroleum, a non-renewable resource. Methods of

generating fuel- and high-quality hydrocarbons from renewable sources are thus needed.

SUMMARY

The present invention is directed to processes for preparing saturated hydrocarbons
comprising heating an oligosaccharide under acidic conditions for time sufficient to form a
depolymerized oligosaccharide mixture; adding a suitable metal catalyst and a dicarbonyl to the
depolymerized oligosaccharide mixture under conditions to yicld an intermediate mixture; and
adding hydrogen and a suitable hydrogenation catalyst to said intermediate mixture under

suitable conditions to yield the saturated hydrocarbon.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the NMR spectra from an unpurified product of example 2(a), an

embodiment of the invention.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Oligosaccharides such as starch, cellulose, hemicelluloses, chitin, and cotton are
abundant and easily obtainable materials that can be potentially used as precursors for fuels and
chemical feedstocks. But to access the sugar molecule building blocks, i.e., 5- or 6-carbon
containing units, located within these biopolymers and to transform them into useful fuel
precursors, depolymerization followed by chain extension is needed. The present invention is
directed to methods for readily performing these transformations.

In the present invention a suitable oligosaccharide can be converted to a saturated
hydrocarbon in a process, with or without isolation of intermediate products. In one aspect of the
present invention, the process of converting an oligosaccharide to a saturated hydrocarbon is

achieved in a single pot or reaction vessel without isolation of any intermediate products.

As used herein, “saturated hydrocarbon” refers to organic compounds comprising
saturated, straight or branched chain alkane moieties. Preferred saturated hydrocarbons of the
invention include 7-26 carbon atoms, preferably 7-16 carbon atoms. One particularly preferred
saturated hydrocarbon is 3-ethylnonane.

As used herein, “intermediate mixture" refers to a compound or mixture of compounds
derived from processes of the invention, i.e., combining depolymerized oligosaccharide mixtures
with dicarbonyls. The intermediate mixtures of the invention can contain 7 to 26 contiguous
carbon atoms, preferably 7-16 contiguous carbon atoms. Within the scope of the invention,
intermediate mixtures can also include additional moicties, for example, esters. The addition of
such moieties does not contribute to the contiguous carbon count of the resulting saturated
hydrocarbons of the invention.

As used herein, "starch" refers to an oligosaccharide comprising glucose units.

As used herein, "triflate”, also referred to as trifluoromethanesulfonate, is a group with
the formula [CF3SO3]". As used herein, the group [CF3SO;] may also be designated as "OT{."

As used herein "oligosaccharides" are compounds including more than one saccharide
molecule. Oligosaccharides within the scope of the invention include starch, cellulose,
hemicelluloses, glucose, cellobiose, chitin, and cotton. “Oligosaccharides” of the invention also
include compounds comprising monomeric building blocks derived from sugars such as 2-amino
glucose, galactose, xylose, and the like. Disaccharides are within the scope of the

oligosaccharides of the invention.
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As used herein, "Lewis acids" are substances that are electron-pair acceptors. Examples
of Lewis acids are known in the art and include La(OTf);, Fe(OTf);, CeCls, ZnCl,, ZrCly, BiCls.
Sc(OT1)s, Y(OTH1)s, La(OTHf)s, and Fe(OTH)s.

As used herein, "Bronsted acids" are substances that are able to donate a proton.

Examples of Brensted acids are known in the art.

In a first step, an oligosaccharide, for example, starch, is heated under conditions to yield
a depolymerized oligosaccharide mixture. Such heating can be provided by, for example,
heating at reflux or by microwave heating. The heating is preferably conducted under acidic
conditions such as those provided by the addition of dilute hydrochloric acid, triflic acid, acetic
acid, trifluoroacetic acid, or a combination thereof. Lewis acids or Bronsted acids can also be
added to the heating step. Use of mixtures of acids during the heating step to form the
depolymerized oligosaccharide mixture are also within the scope of the invention.

Alternatively, thermally stable amylases or cellulases, or room temperature
depolymerization with native enzymes, can be used to depolymerize the oligosaccharide mixture.

Within the scope of the invention, the depolymerized oligosaccharide mixture is
combined with a dicarbonyl to form an intermediate mixture. Preferred dicarbonyls for use in
the invention include methyl acetoacetate, ethyl acetoacetate (EAA), iso-propyl acetoacetate (i-
PrAA), 2,4-pentanedione (PD), n-propyl acetoacetate, esters of cyanoacetate, esters of malonate,
and the like, as well as mixtures thercof. 2,4-pentanedione is particularly preferred.

The combination of the depolymerized oligosaccharide mixture with the dicarbonyl to
form the intermediate mixture can optionally be conducted in the presence of a catalyst, for
example a Lewis acid catalyst or a Brensted acid catalyst, although any suitable acid catalyst can
be used in the processes of the invention. Particularly preferred Lewis acids include, for
example, Lewis acids of the formula Ln(X), wherein Ln is a lanthanoid; X is halide, triflate,
bis(triflamide), C, ¢ alkyl, aryl, amine, oxide, Cy¢ alkoxide, or aryloxide; and n is 2 or 3.
Preferred Lewis acids are La(OTf); and Fe(OTf);. Other Lewis acids for use in the invention
include CeCls, ZnCl,, ZrCly, and BiCls. The Lewis acids of the invention can also include a rare
earth triflate. Examples of rare earth triflates that may be used in accordance with the present
invention include Sc(OTf);, Y(OTf);, and La(OTf);, with lanthanum triflate being particularly
preferred. Another preferred triflate is Fe(OTf);. Additional Lewis acids may be used in the
present invention and are well known to those skilled in the art.

The combination of the depolymerized oligosaccharide mixture with the dicarbonyl to

form the intermediate mixture can also be conducted in the presence of acids such as triflic acid
_3-
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(trifluoromethanesulfonic acid) and HCl. Such acids have been found useful in forming the
intermediate mixture.

Preferably, the formation of the intermediate mixture is achieved in the presence of
cerium chloride, iron chloride, indium chloride, bismuth chloride, lanthanum triflate, zirconium
triflate, copper triflate, iron triflate, or a mixture thereof. In exemplary embodiments, the
formation of the intermediate mixture is achieved in the presence of cerium chloride, iron

chloride, lanthanum triflate, iron triflate, or a mixture thereof.

Conversion from the intermediate mixture to the saturated hydrocarbon can be
accomplished by hydrogenation of the intermediate mixture and can be carried out with a
suitable hydrogenation catalyst, for example, palladium on carbon (Pd/C). A suitable acid, for
example acetic acid, hydrochloric acid, triflic acid, preferably triflic acid or hydrochloric acid,
can be added. It is preferred that the reaction mixture be aqueous. Those skilled in the art can
readily identify suitable reaction temperatures using routine experimentation. For example, the
hydrogenation can be achieved at room temperature or above room temperature. Preferably, the
hydrogenation reaction can be accomplished at temperatures of about 200 °C to 250 °C under a
hydrogen atmosphere.

Preferred hydrogenation catalysts include those comprising palladium, platinum, iron,
cobalt, copper, chromium, nickel, or mixture thereof. Catalysts comprising these metals are
known in the art. A preferred catalyst is Pd/C. The skilled person can determine a suitable
amount of catalyst needed to perform the methods of the invention by routine experimentation.

During hydrogenation, the hydrogen can be supplied at either atmospheric pressure at
pressures above atmospheric pressure. Preferred pressures of hydrogen are from about 15 psi to
about 500 psi, with about 100 psi being preferred.

The skilled person can readily determine appropriate temperatures for the steps of the
invention without undue experimentation. Temperatures from about ambient temperature to
about 250 °C are preferred, with temperatures from about 200 °C to 250 °C being particularly
preferred for the hydrogenation methods.

Oligosaccharide Conversion to Branched Alkanes.

Coupling can be performed using a variety of oligosaccharides and diketones to give the
general (furan) intermediate mixture A shown in Scheme 1. Scheme 1 is general and applicable
to all combinations of the invention. Starch extracted directly from a Russet potato and treated

by the procedures of the invention yielded identical products and reactivity.
-4 -
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Scheme 1

OH

dicarbonyl 0, oH
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Oligosaccharide R

0O O :
dicarbonyl = )l\/ll\ R = CHj;, OMe, OEt, O'Pr, C,H2n+1y (N =210 7)
R

The following examples are illustrative only and are not intended to be construed as

limiting of the invention.

Example 1: Preparation of 1-(5-(3,4-dihydroxytetrahydrofuran-2-yl)-2-methylfuran-3-
yDethanone (1).

To a 2-neck round bottom flask equipped with a thermometer and reflux condenser was
charged with starch (1.00 g, 9.25 mmol according to molecular weight 162.12) and 0.1 M
hydrochloric acid (10.0 mL). The mixture was heated to 90-95°C for 24 hours. The mixture was
removed from heat, and to this was added cerium chloride heptahydrate (0.186 g, 0.500 mmol),
EtOH (22.5 mL) and 2,4-pentanedione (0.617 g, 0.63 mL, 6.17 mmol). The mixture was then
heated again at 70-75 °C for 48 h. The solvent was removed by rotary evaporation and the
residue was purified on silica gel with 50% EtOAc/hexanes to provide 0.890 g (64%) of 1-(5-
(3,4-dihydroxy-tetrahydrofuran-2-yl)-2-methylfuran-3-yl)ethanone as a light yellow solid'H
NMR (CDCl3) 8 6.61 (s, 1 H), 4.66 (d, ] =6.7 Hz, 1 H), 4.49-4.33 (m, 2 H), 4.27 (dd, J = 10.1,
4.7Hz, 1 H), 3.90 (dd, ] =10.1, 2.9 Hz, 1 H), 2.58 (s, 3 H), 2.39 (s, 3 H).

Examples 2(a) — 2(e): Conversion of (1) into 3-ethylnonane.

Method (a). Compound (1) (0.200 g, 0.885 mmol) was dissolved in glacial acetic acid (5
mL) and added along with Pd/C (0.100 g, 5 wt. % Pd, 0.005 g Pd, 5.30 mol % Pd) and La(OTf);
(0.100 g, 0.171 mmol, 19.0 mol % La) to a stainless steel Swagelok sample tube. The tube was
then pressurized with 100 psi H; and heated to 225 °C for 14 hours. Upon cooling, the pressure
was released and reaction mixture extracted from the vessel with methylene chloride (2 x 1 mL)
and water (2 x I mL). The combined layers were filtered and the organic layer separated, dried

over NaSQ, and solvent removed in vacuo to yield 3-ethylnonane as a colorless oil (0.102 g,
-5-
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85%). *C NMR (101 MHz, CDCL) & 40.54 (CH), 32.92 (CH,), 32.08 (CH,), 29.94 (CH,), 26.87
(CHb,), 25.58 (2 x CHy), 22.82 (CHy), 14.20 (CHs), 11.01 (2 x CHz). 'H NMR (400 MHz, CDCls)
5 4.10 (m, 1 H), 1.25 (m, 14 H), 0.82 (m, 9 H).

Method (b). Compound (1) (0.200 g, 0.885 mmol) was dissolved in 1M HOTf (5 mL)
and added along with Pd/C (0.100 g, 5 wt. % Pd, 0.005 g Pd, 5.30 mol % Pd). The tube was then
pressurized with 100 psi H and heated to 225 °C for 14 hours. Upon cooling, the pressure was
released and reaction mixture extracted from the vessel with methylene chloride (2 x 1 mL) and
water (2 x 1 mL). The combined layers were filtered and the organic layer separated, dried over

NaSO, and solvent removed in vacuo to yield 3-ethylnonane as a colorless oil.

Method (¢). Compound (1) (0.200 g, 0.885 mmol) was dissolved in 0.1M HOTf
(trifluoromethane sulfonic acid, 5 mL) and added along with Pd/C (0.100 g, 5 wt. % Pd, 0.005 g
Pd, 5.30 mol % Pd). The tube was then pressurized with 100 psi H, and heated to 225 °C for 14
hours. Upon cooling, the pressure was released and reaction mixture extracted from the vessel
with methylene chloride (2 x 1 mL) and water (2 x 1 mL). The combined layers were filtered
and the organic layer separated, dried over NaSO, and solvent removed in vacuo to yield 3-

ethylnonane as a colorless oil.

Method (d). Compound (1) (0.200 g, 0.885 mmol) was dissolved in 1M HCI
(hydrochloric acid, 5 mL) and added along with Pd/C (0.100 g, 5 wt. % Pd, 0.005 g Pd, 5.30 mol
% Pd). The tube was then pressurized with 100 psi H, and heated to 225 °C for 14 hours. Upon
cooling, the pressure was released and reaction mixture extracted from the vessel with methylene
chloride (2 x 1 mL) and water (2 x 1 mL). The combined layers were filtered and the organic
layer separated, dried over NaSQOy and solvent removed in vacuo to yield 3-ethylnonane as a

colorless oil.

Method (e). Compound (1) (0.200 g, 0.885 mmol) was dissolved in glacial acetic acid (5
mL) and added along with Pd/C (0.100 g, 5 wt. % Pd, 0.005 g Pd, 5.30 mol % Pd) and Fe(OTf);
(0.100 g, 0.283 mmol) to a stainless steel Swagelok sample tube. The tube was then pressurized
with 100 psi H; and heated to 225 °C for 14 hours. Upon cooling, the pressure was released and
reaction mixture extracted from the vessel with methylene chloride (2 x 1 mL) and water (2 x 1
mL). The combined layers were filtered and the organic layer separated, dried over NaSQ,4 and

solvent removed in vacuo to yield 3-ethylnonane as a colorless oil.
-6 -
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Example 3. One pot preparation of 3-ethylnonane.

A 300 mL stainless steel Parr reactor equipped with thermal and pressure control system
was charged with 1.00 g (9.25 mmol) starch (using the molecular weight 162.12 g/mol based on
molecular weight of glucose), 20 mL of H,O, and triflic acid (final concentration, 0.1 M). The
mixture was stirred and heated to 90-95 °C for 24 hours. Cerium chloride heptahydrate (0.186 g,
0.5 mmol), EtOH (22.5 mL) and 2,4-pentanedione (0.617 g, 0.63 mL, 6.17 mmol) was added and
the temperature was maintained at 90-95°C for 48 h. At this point Pd/C (0.100g, 10 wt. % Pd) is
added. The mixture was degassed (3x) and pressurized with 100 psi H, and was heated to 225°C
for 14 hours. Upon cooling, the pressure was released and reaction mixture extracted from the
vessel with methylene chloride (2 x 1 mL) and water (2 x 1 mL). The combined layers were
filtered and the organic layer was separated, dried over NaSO, and solvent removed in vacuo to

yield 3-ethylnonane as a colorless oil.

Example 4.

Various experimental conditions were employed for the conversion of starch into (furan)
intermediate molecules, with results and conditions for different conditions illustrated below in
Table 2. The general procedure involved combining starch with a metal catalyst (mol % of
catalyst relative to dicarbonyl donor) in water, heating this mixture in a microwave reactor to
release glucose monomers from the starch polysaccharide chains, then adding a dicarbonyl donor
to the reaction and further heating either in the microwave reactor or under reflux. The yields
reported in Table 2 are obtained either after product isolation via chromatography or determined
directly using liquid chromatography mass spectrometry (LCMS). For the LCMS method, an
aliquot is taken from the reaction mixture and combined with a known concentration of *Cs
enriched intermediate molecules made independently using "*Cy glucose such that comparison
of the two molecular ion peaks (M+1 vs. M+7) in the LCMS allows for quantitative
determination of product yield.

Tables 2 and 3 demonstrate various outcomes using lanthanum triflate, cerium chloride or
iron chloride as catalysts. The dicarbonyl donor was selected from ethyl acetoacetate (EAA),
isopropyl acetoacetate (i-PrAA), or 2,4-pentanedione (PD). It is preferred that the starch be
hydrolyzed prior to condensation with the donor. Optimal conditions resulted from the
combination of 10 mol % CeCl;, EAA, starch (excess; 1.25 equiv), and a microwave reaction

temperature of 140 °C for 48 h.
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Table 2. Depolymerization of starch using a Lanthanide or Fe catalyst, by microwaving at
140 °C for 1.5h before combining with donor and additional heating.

Using 1.25 Donor Catalyst/Loading Conditions Product Yield
equiv
Starch EAA 2.5% La(OTf); Reflux w EtOH 32%, LCMS
72h
Starch EAA 10% La(OTf); 140°C 1.5h w 12%, LCMS
H,O
Starch EAA 10% CeCl; 140°C 1.5h w 30%, LCMS
H,O
Starch iPrAA 10% CeCls 140°C 1.5h w 35%, Isolated
H,O
Starch EAA 10% CeCl; Reflux w H,O 40%, LCMS
48h
Starch iPrAA 10% CeCl; Reflux w H,O 35%, LCMS
48h
Starch PD 25% FeCl; Reflux w H,O 15%, Crude
24h
Starch PD 25% FeCl; 1st Reflux w H,O 30%, Crude
recycle 24h
Example 5

Table 3 shows the production of glucose from starch hydrolysis/depolymerizarion with

various lanthanide containing catalysts using a microwave reactor at 140 °C for various

durations.

Table 3. Conversion of starch to glucose.

Catalyst/Loading Conditions Yield of Glucose
2.5% La(OTHf)s 140 C 3h 30min in H,O 51% LCMS
5% La(OTHf); 140 C 3h in H,O 42.2% LCMS
10% La(OTf)3 140 C 3h in H,O 45.6% LCMS
20% La(OTf)s 140 C 3h in H,O 57% LCMS
10% CeCls 140 C 2h in H,O 55% LCMS
Example 6.

Table 4 illustrates that starch hydrolysis/depolymerization can be performed concurrently

with the condensation reaction.

Table 4. Results of concurrent starch hydrolysis/depolymerization into glucose and

conversion into C;; product

E/It:gli*]ilagl Donor | Catalyst Loading | Temperature Mi?[ri(:::;ave Co;f\(::slion P;i(:li(;l: t
Starch PD Celcog‘;llfﬁ o 130°C 3.5hrs No rxn
Starch | PD Celcolji‘;lgﬁ o 150°C 3.5hrs 83% 33%

-8-
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20mol% o
Starch PD CeClae7H,0 150°C 3.5hrs NA

*product yield determined by NMR spectroscopy

Example 7.
Table 5 shows the effect of different concentrations of CeCl; and reaction time on yields

of products that result from reaction of glucose with EAA or glucose with iPrAA

Table 5. Outcome of reactions of glucose with EAA or glucose with iPrAA in the presence
of CeCl1.7H,0 (catalyst loading relative to Glucose)

Startilolg Donor Catal.yst Temperature Mic1“.0wave Totalo Pr.()duct
Material Loading Time Conversion yield*
Glucose EAA | 531‘:107132 o 100°C 6.5hrs 56% 41%
Glucose | iPrAA | 531‘:1071;;2 o 100°C 6.5hrs 72% 43%
Glucose | iPrAA | 531‘:1071;;2 o 110°C Shrs 58% 48%
Glucose | iPrAA c:((:)gmoo;gﬁ o 100°C 4hrs 57% 26%
Glucose | iPrAA Ce5(§13m-071;ﬁ ol 100°C dhrs 50% 31%
Glucose | iPrAA |, 533071;?2 o 100°C 4hrs 34% 22%
Glucose | iPrAA | 533071;?’2 o 100°C 4hrs 48% 24%

*product yields determined from NMR spectra

Example 8

Table 6 shows that starch can be converted in reasonable yields into the corresponding
furan intermediates using cerium chloride as the catalyst. Depolymerizing the starch via
microwave promotion is carried out first, followed by then reflux in the presence of the ketone
donor at 97°C for 48 h. Additionally, when starch isolated from a russet potato was used,
coupling with PD resulted in the corresponding C;; adduct in 36% yield (based on the potato
containing 50% starch). Mathews, K. R., Landmark, J. D., Stickle, D. F., J. Chem. Ed. 2004, 81,
702.

Table 6. Starch depolymerized in microwave 2hrs at 140°C, and heat at reflux.

Using 1.5 equiv Donor Catalyst Loading Total Product
Conversion Yield*
Starch iPrAA 25mol% CeClz*7H,0 100% 61%
Starch iPrAA 50mol% CeClz*7H,0 100% 68%
Starch iPrAA Recycled 50mol% 100% 65%

-9._
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Using 1.5 equiv Donor Catalyst Loading Total Product
Conversion Yield*
CeC13°7H20
Potato Starch PD 25mol% CeClz*7H,0 50% 36%

*product yields determined by NMR spectroscopy

Example 9

Table 7 shows the effect of conventional heating (i.e. no microwaving) in various solvent

and solvent mixtures on the CeCl; catalyzed reaction between starch and PD under acidic

conditions. A slight excess of starch to PD was used and the product yields are listed as isolated,

purified yields.

Table 7. Conventional heating of starch in the presence of PD.

solvent catalyst Temperature yield (%)
(24h)
0.25 M HCI CeCls*7H20, 80-90°C 24
Na2M004
0.25 M HCI FeCls 83-85°C 5
0.05% w/w HCI CeCly*7H,O 90-95°C NR
0.1 M HCI-EtOH | CeCl3*7H,0 (9%) 90-95°C 42%
(1:2)
0.25 M HCI-EtOH CeCly*7H,O 70-75°C NR
0.1 M HCI CeCl3*7H,0 90-95°C 17%
(20%)
0.1 M HCI CeCl3*7H,0 (8%) 90-95°C 24%
0.1 M HCI-EtOH | CeCl3*7H,0 (8%) | 90-95°C (48h) 44%
(1:1)
1 M HCI-EtOH CeCl3*7H,0 (7%) 90-95°C 18%
(1:1)
0.1 M HCI-EtOH | CeCl3*7H20 (8%) 90-95°C 55%
(1:2)
0.1 M HCI-EtOH | CeCl3*7H,0 (8%) 90-95°C 33%
(1:3)
0.1 M HCI-EtOH CeCl3*7H,0 90-95°C 62% (starch
(2:3) (10%) 1.2 eq.)
0.1 M HC1 CeCl3*7H,0 90-95°C 29% (starch
(10%) 1.2 eq.)
0.1 M HCI-EtOH | CeCl3*7H,0 (8%) 90-95°C 64% (starch
(2:3) 1.5eq.)
0.1 M HCI-EtOH | CeCl3*7H,0 (8%) 90-95°C 63% (starch
(1:1) 1.5¢q.)
0.1 M HCI-EtOH CeCl3*7H,0 90-95°C 64% (starch
(1.5:1) (10%) 1.2 eq.)
0.1 M HCI-EtOH CeClz3*7H,0 90-95°C 59% (starch
(2:1) (10%) 1.2 eq.)

- 10 -
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Example 10.

Glucose was reacted with 1.5 equivalents of i-PrAA, and 25 mol% Fe(OTf); (with respect
to glucose), in boiling ethanol, for 12 hours. The ethanol was then removed by evaporation.
Water was added and the mixture was subsequently extracted with an organic solvent. Removal

of solvent gave rise to an 88% yield of the bis-furan isopropyl ester.

Example 11

) & LuCly/HC} IHJ:‘/
M MW (110°C) HO Ho 1

Method A:  The dicarbonyl (1.266 mmol, 2.2 equivalent) was combined with the
disaccharide (0.575 mmol, 1.0 equivalent), lutetium (III) trichloride (0.163 mmol, 0.3
equivalent), and 0.5 M HCI (0.35 mL), in 3.0 mL of water. The mixture was subjected to
microwave conditions at 110 °C for 4 hours. Purification by silica gel chromatography gave rise
to a mixture of the depicted compound and a compound of molecular weight 208 in 95% overall
yield.

Method B: The dicarbonyl, water, HCI, LuCl;, and the disaccharide was combined
and the mixture was processed under microwave conditions at 110 °C for 4 hours. The mixture
of the of the depicted compound and a compound of molecular weight 208 was obtained in 95%

yield.

© WW LLP 2012
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What is Claimed:

L.

10.

A process of preparing a saturated hydrocarbon comprising:

heating an oligosaccharide for time sufficient to form a depolymerized oligosaccharide
mixture;

combining the depolymerized oligosaccharide mixture with a dicarbonyl under
conditions suitable to form an intermediate mixture; and

adding hydrogen and a hydrogenation catalyst to the intermediate mixture under

conditions suitable to form the saturated hydrocarbon.

The process of claim 1 wherein the dicarbonyl is methyl acetoacetate, ethyl acetoacetate,
i-propyl acetoacetate, 2,4-pentancdione , n-propyl acetoacctate, malonate esters,

cyanoacetates, or a mixture thereof.
The process of claim 2 wherein the dicarbonyl is 2,4-pentanedione.

The process of any one of the preceding claims wherein the saturated hydrocarbon is 3-

ethylnonane.

The process of any one of the preceding claims wherein the hydrogenation catalyst is

palladium/carbon.

The process of any one of the preceding claims, wherein the heating is achieved using

microwave radiation.

The process of any one of the preceding claims wherein the heating of the
oligosaccharide to form the depolymerized oligosaccharide mixture is under acidic

conditions.

The process of claim 7, wherein the acid conditions are achieved using hydrochloric acid,

triflic acid, acetic acid, trifluoroacetic acid, or a combination thereof

The process of any one of the preceding claims, wherein the heating of the
oligosaccharide to form the depolymerized oligosaccharide mixture is conducted in the

presence of a Lewis acid catalyst or a Brensted acid catalyst.

The process of claim 9, wherein the Lewis acid catalyst or the Bronsted acid catalyst is

cerium chloride, iron chloride, lanthanum triflate, iron triflate, or a mixture thereof.
_12-
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11. The process of any one of the preceding claims, wherein the combining of the
depolymerized oligosaccharide mixture with the dicarbonyl is conducted in the presence

of a Lewis acid catalyst or a Brensted acid catalyst.

12. The process of claim 11, wherein the Lewis acid catalyst or the Brensted acid catalyst is

cerium chloride, iron chloride, lanthanum triflate, iron triflate, or a mixture thercof.

- 13 -
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