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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to the production of anhydrosugar alcohols, also known as anhydroalditols or, in
some cases, anhydrohexitols. More particularly, the present invention relates to a process for the production of anhy-
drosugar alcohols from sugar alcohol or monoanhydrosugar alcohol starting materials using elevated temperature and
pressure.

2. Related Art

[0002] The chemicalformation of closed-ring organic molecules has posed many issues for structural organic chemists.
This has been particularly true with regard to synthetic reactions involving sugars and polyols, the acid dehydration of
which leads to internal anhydro compounds (mono- and dianhydro products). Fleche and Huchette, Staerke 38:26-30
(1985)

[0003] The earliestwork in this area was done on 1,4:3,6-dianhydro-D-mannitol by Faucommier in 1884. Only sporadic
work followed until the 1940’s and 1950’s, when intensive work was done on all possible isomers of 1,4:3,6-dianhydro-
hexitols. Stoss and Hemmer, Adv. Carbohydrate Chem. and Biochem. 93-173 (1991) . Since then a large body of
chemical literature has developed in this area.

[0004] The 1,5:3,6-dianhydrohexitols belong to the so-called "biomass-derived substances," obtainable from natural
products. Therefore, these compounds are classified as "regenerable resources." Furthermore, 1,4:3,6-dianhydrohex-
itols, such as isosorbide, can be used as starting materials and intermediates in various organic synthetic reaction
schemes. For example, isosorbide is useful in the formation of numerous pharmaceutical compounds, in food production,
cosmetic production, plasticand polymer production, and in other industrial uses such as in the production of polyurethane,
polycarbonate, polyesters, and polyamides. Stoss and Hemmer, 1991. Examples of specific compounds in which iso-
sorbide is used are isosorbide dimethyl ether, which is useful as an industrial solvent, a pharmaceutical additive, and in
personal care products, and isosorbide dinitrate, which is useful as a medication to relieve the pain of angina attacks or
reduce the number of such attacks by improving blood flow to the heart.

[0005] Of the known isohexides, isosorbide is considered to be that of the highest importance. Stoss and Hemmer
(1991) describe putative steps leading from D-glucitol (also referred to in the art as sorbitol) to isosorbide. Acidic media
are generally used for dehydrating the sugar alcohol substrate. Especially to enhance the yield and to avoid side reactions,
certain modifications of the reaction conditions have been employed over the years, with various impacts on yield of
isosorbide product.

[0006] Several processes for the production of anhydrosugar alcohols (including isohexides such as isosorbide) have
been reported. For example, PCT application number PCT/US929/00537 (WO 00/14081), discloses collecting methods
and a continuous production method with recycling of organic solvent. Most methods involve the use of concentrated
acids and organic solvents. Goodwin et al., Carbohydrate Res. 79:133-141 (1980) have disclosed a method involving
the use of acidic-cation-exchange resin in place of concentrated, corrosive acids, but with low yield of isosorbide product.
An alternative is the supersaturation-based method, as disclosed in U.S. Pat. No. 4,564,692 (Feldmann, et al., Jan. 14,
1986). However, a need continues in the art for a process for production of very pure isosorbide, at reasonable yields.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention relates to a process for the preparation of anhydrosugar alcohols from sugar alcohol or
monoanhydrosugar alcohol starting materials using elevated pressure and elevated temperature.

[0008] In accordance with one aspect of the present invention, there is provided a process for producing an anhydro-
sugar alcohol comprising heating a pentitol or hexitol sugar alcohol or monanhydrosugar alcohol starting material, with
solvent and catalyst, at an elevated temperature and pressure for a length of time (dependent on reaction conditions)
sufficient to provide an anhydrosugar alcohol according to claim 1. The starting material may be heated, for example,
until it is molten. The solvent that is added may be an organic solvent or an inorganic solvent. Following preparation,
the anhydrosugar alcohol produced by a process of the invention is purified. Purification is accomplished, by use of a
film evaporator according to claim 1.

BRIEF DESCRIPTION OF THE FIGURES

[0009] Figure iis a flow chart showing a continuous reactor process as taught herein. The reactor vessel may be, for
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example, but is not limited to a pipe, tube, or wire.
DETAILED DESCRIPTION OF THE INVENTION

[0010] In one aspect, the invention provides a process for producing an anhydrosugar alcohol comprising heating a
pentitol or hexitol sugar alcohol or monoanhydrosugar alcohol starting material under elevated pressure until molten,
with or without an organic solvent and with a catalyst, until the pentitol or hexitol sugar alcohol starting material has
yielded an anhydrosugar alcohol according to claim 1.

[0011] In a further aspect, the acid catalyst is a solid acid catalyst.

[0012] Inafurtheraspect, the starting material used in the process is mixed with water to form a starting material solution.
[0013] In a further aspect, the solid acid catalyst is an inorganic ion exchange material selected from the group
consisting of acidic ion exchange resins and acidic zeolite powders.

[0014] In a further aspect, the solid acid catalyst is an acidic ion exchange resin. In another embodiment, the acidic
jon exchange resin is selected from the group consisting of AG50W-X12, Amberlyst 35, Amberlyst 15, RCP21H, and
Dowex 50Wx4. In another embodiment, the acidic ion exchange resin is Amberlyst 35. The acidic ion exchange resin
may also be a sulfonated divinylbenzene/styrene copolymer acidic ion exchange resin.

[0015] In a further embodiment, the solid acid catalyst is an acidic zeolite powder. In one embodiment, the acidic
zeolite powder is selected from the group consisting of CBV 3024, 5534G, T-2665, T-4480, and CS331-3. The solid acid
catalyst may be a calcined zeolite.

[0016] Inafurther embodiment, the acid catalyst is a soluble acid catalyst. In one embodiment, the soluble acid catalyst
is selected from sulfuric acid, phosphoric acid, p-toluenesulfonic acid, and p-methanesulfonic acid.

[0017] It is disclosed that the catalyst is present in an amount between about 0.10 equivalents of starting material to
about 0.4 equivalents of starting material by weight. In a further disclosure the catalyst is present in an amount of about
0.20 equivalents of starting material by weight.

[0018] According to the invention, the production of an anhydrosugar alcohol is followed by purification comprising
recrystallization of the anhydrosugar alcohol, the recrystallization is a melt recrystallization. It is disclosed that the
recrystallization is a solvent recrystallization. It is disclosed that the solvent recrystallization comprises heating said
anhydrosugar alcohol with a solvent followed by gradual cooling at a rate of from about 8 °C to about 12 °C per minute.
It is disclosed that the solvent recrystallization is performed with acetone as the solvent.

[0019] ltisdisclosed thatthe purification further comprises a solvent wash followed by filtration. In anotherembodiment,
the solvent wash is performed with a solvent which, for example, comprises methanol, acetone, ethyl acetate, and/or
ethanol. It is disclosed that the solvent wash is performed with acetone.

[0020] Itis disclosed thatthe purification further comprises distillation of the anhydrosugar alcohol mixture in a second
film evaporator. It is disclosed that the second film evaporator is a wiped film evaporator. It is disclosed that the distillation
in the second film evaporator is performed under the same temperature and pressure conditions as the distillation in the
first film evaporator.

[0021] Itis disclosed that the process further comprises purification of the product anhydrosugar alcohol by centrifu-
gation. It is disclosed that the process further comprises separation of the anhydrosugar alcohol by filtration.

[0022] In a further embodiment, the sugar alcohol or monoanhydrosugar alcohol starting material is selected from
arabinitol, ribitol, sorbitol, mannitol, galactitol, iditol, erythritol, threitol, and mixtures thereof. In a preferred embodiment,
the sugar alcohol or monoanhydrosugar alcohol starting material is sorbitol. In another preferred embodiment, the sugar
alcohol or monoanhydrosugar alcohol starting material is mannitol.

[0023] It is disclosed that the anhydrosugar alcohol is a dianhydrohexitol. It is disclosed that the dianhydrohexitol is
isosorbide. It is disclosed in the invention, the process produces a monoanhydrohexitol, sorbitan, also known as sorbitol
anhydride.

[0024] In one embodiment of the invention, dehydration is performed at a temperature of from about 150 °C to about
350 °C. In a further embodiment, dehydration is performed at a temperature of from about 200 °C to about 300 °C. In
another embodiment, the dehydration is performed at a temperature of from about 210 °C to about 290 °C. In another
embodiment, the dehydration is performed ata temperature of from about 215 °C to about 280 °C. In another embodiment,
the dehydration is performed at a temperature of from about 230 °C to about 270 °C. In another embodiment, the
dehydration is performed at a temperature of from about 240 °C to about 260 °C.

[0025] Itisdisclosed thatthe dehydration is performed atatemperature of about 280 °C. This temperature is particularly
suitable for conversion of sorbitol to isosorbide. Those skilled in the art will recognize, with the benefit of this disclosure,
that necessary and/or optimal temperature for the reaction of the invention will vary with selected pressure. Use of certain
catalysts, for instance, ion exchange resins, may dictate that the reaction be conducted at a lower temperature (for
instance, at about 150 °C), resulting in a limited rate per amount of catalyst.

[0026] In a further embodiment, the dehydration is performed at an elevated pressure of from about [300 psi] 20.68
bar to about 137.90 bar [2000 psi]. It is disclosed that the dehydration is performed at an elevated pressure of from about
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55.16 bar [800 psi] to about 82.74 bar [1200 psi]. It is disclosed that the dehydration is performed at a pressure of about
68.95 bar [1000 psil. It is disclosed that the dehydration is performed at a pressure of about 82.74 bar [1200 psil.
[0027] In a further embodiment of the disclosure including purification by distillation, the distillation in the first film
evaporator is performed at a vapor temperature of from about 120 °C to about 190 °C and a pot temperature of at least
the distilling point of the dehydrated anhydrosugar alcohol. It is disclosed that the distillation in the first film evaporator
is performed at a vapor temperature of from about 160 °C to about 180 °C and a pot temperature of at least the distilling
point of the dehydrated anhydrosugar alcohol. It is disclosed that the distillation in the first film evaporator is performed
at a vapor temperature of from about 165 °C to about 170 °C and a pot temperature of at least the distilling point of the
dehydrated anhydrosugar alcohol. It is disclosed that the distillation in the film evaporator is performed at a vapor
temperature of about 170 °C and a pot temperature of at least the distilling point of the dehydrated anhydrosugar alcohol.
The purification may preferably occur under normal atmospheric pressure or a vacuum, though those skilled in the art
will recognize that an elevated pressure may also be used.

[0028] In a further embodiment of the disclosure including a purification step, the distillation in the first film evaporator
is performed at a vacuum pressure of from about 0.000013 bar [0.00019 psi] to about 0.052 bar [.76 psi]. It is disclosed
that the distillation in the first film evaporator is performed at a vacuum pressure of from about 0.00013 bar [0.0019 psi]
to about 0.013 bar[.19 psi]. It is disclosed that the distillation in the first film evaporator is performed ata vacuum pressure
of from about 0.0013 bar [.019 psi] to about 0.013 bar[.19 psil.

[0029] The invention provides a process for producing an anhydrosugar alcohol comprising: (a) heating a pentitol or
hexitol sugar alcohol or monoanhydrosugar alcohol starting material under elevated pressure until molten; (b) dehydrating
the molten starting material in the presence of a solid acid catalyst to form an anhydrosugar alcohol mixture; (c) distilling
the anhydrosugar alcohol mixture in a first film evaporator to produce a first anhydrosugar alcohol distillate; and (d)
further purifying the anhydrosugar alcohol from the first anhydrosugar alcohol distillate according to claim 1.

[0030] According to the invention, the first film evaporator is a wiped film evaporator.

[0031] It is disclosed that the further purification of the first anhydrosugar distillate comprises distillation of the first
anhydrosugar alcohol distillate in a second film evaporator. In a further embodiment, the second film evaporator is a
wiped film evaporator.

[0032] Itis disclosed that the further purification of the first anhydrosugar distillate comprises solvent recrystallization
of the first anhydrosugar alcohol distillate. According to the invention, the further purification of the first anhydrosugar
distillate comprises melt recrystallization of the first anhydrosugar alcohol distillate. It is disclosed that the further puri-
fication of the first anhydrosugar distillate comprises a solvent wash followed by a filtration.

[0033] In a further embodiment of the disclosure including purification, the distillation in the first film evaporator is
performed at a vapor temperature of from about 165 °C to about 170 °C and a pot temperature of at least the distilling
point of the dehydrated anhydrosugar alcohol.

[0034] It is disclosed that the distillation in the first film evaporator is performed at a vacuum pressure of from about
0.0013 bar [0.019 psi] to about 0.013 bar [0.19 psi].

[0035] It is disclosed that the sugar alcohol or monoanhydrosugar alcohol starting material is sorbitol.

[0036] It is disclosed that the anhydrosugar alcohol is isosorbide.

[0037] In a further embodiment, the solid acid catalyst is an acidic ion exchange resin. In another embodiment, the
acidic ion exchange resin is Amberlyst 35 (Rohm & Haas). In another embodiment, the solid acid catalyst is a zeolite.

Starting Materials

[0038] Typical sugar alcohols, for example pentitols and hexitols, are suitable for use as starting materials in the
process of the invention. As used herein, "pentitol" refers to a sugar alcohol or monoanhydrosugar alcohol having five
carbon atoms (e.g., ribitol). As used herein, "hexitol" refers to a sugar alcohol or monoanhydrosugar alcohol having six
carbon atoms (e.g., sorbitol or mannitol). The starting materials can include sugar alcohols or monoanhydrosugar alco-
hols, or a mixture of such sugar alcohols or monoanhydrosugar alcohols. Examples of starting materials include, but
are not limited to, arabinitol, ribitol, glucitol (also referred to in the art as sorbitol, and referred to herein as sorbitol),
mannitol (also known as manna sugar or mannite), galactitol (dulcitol), iditol, erythritol, threitol, and the like. Sorbitol is
a particularly preferred starting material because it is readily available and because pure isosorbide (also known as
dianhydrosorbitol) is very useful in a number of chemical and pharmaceutical applications. Sorbitol is commercially
available in a 70% aqueous solution (Archer-Daniels-Midland Company) making it a preferred form of starting material
for industrial use.

[0039] The process of the invention may also produce sorbitan, also known as sorbitol anhydride. Sorbitol esters are
reportedly useful in cleaners and detergents, as polymer additives, in the textile industry as emulsifiers, as wetting agents,
and as viscosity modifiers. Interest in sorbitan has also been expressed in the gel capsule industry.

[0040] In an initial step of a process of the present invention, the selected starting material may be combined with a
solvent in a vessel capable of withstanding the enhanced temperatures and pressures of the invention. Such a solvent
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may be, for example, water. In another embodiment, a starting material solution (including or not including a catalyst as
described below) may be transferred at a measured rate through a heated, pressurized tube or tubes for a period of
time necessary to produce a desired yield (and constant or near-constant throughput) of product.

[0041] In a still further embodiment of the invention, a mixture of starting material and water may be subjected to
microwave irradiation in which pressures suitable for the invention are also applied. Elevated pressures may be applied
by placing the reactants in a sealed pressure reactor vessel prior to insertion in the microwave reactor. As with the other
embodiments of the invention, pressure and/or temperature may be varied to produce difference amounts of the final
product or of any desired intermediate.

Catalysts and Dehydration.

[0042] A catalyst that will facilitate the dehydration of the sugar alcohol is added to the starting material solution.
Typically the catalysts used to facilitate the dehydration of sugar alcohols are acid catalysts. The classes of acid catalysts
useful in the practice of the present invention include, but are not limited to, soluble acids, acidic ion exchange resins,
and inorganic ion exchange materials. Reusable or recyclable catalysts are preferred for use in the reaction, as they
provide for increased efficiency, and economic and industrial feasibility. As used herein, the term "recyclable catalyst"
refers to a catalyst which is not irreversibly expended as a result of the reaction. In other words, the catalyst may be
used again.

[0043] Solid acid catalysts often comprise a solid material which has been functionalized to impart acid groups that
are catalytically active. Solid acid catalysts may have a broad range of composition, porosity, density, type of acid groups
anddistribution of acid groups. Solid acid catalysts may be recovered and reused, optionally with a treatmentto regenerate
any activity that may have been lost in use. Some solid acid catalysts that may be used in the disclosed process include,
but are not limited to, ion-exchange resins, inorganic ion exchange materials, Lewis acids, clays, and molecular sieves.
[0044] Soluble acids. In some embodiments, the acid catalyst of the present invention comprises a soluble acid.
Soluble adds including, but not limited to, sulfuric acid, phosphoric acid, p-toluenesulfonic acid, and p-methanesulfonic
acid are preferred for use in the present invention. One of skill in the art would recognize that other soluble acids with
similar properties may be useful in the present invention although not specifically listed here.

[0045] Inorganic ion exchange materials. Zeolites are Inorganic ion exchange materials. In some embodiments, the
acid catalyst of the present invention comprises a zeolite, specifically an acidic zeolite, and more specifically, a type H-
ZSM-5 zeolite. Preferred acid zeolites include H-Y zeolite, H-Mordenite zeolite, H-beta zeolite, and DA-Y zeolite. Ex-
amples of zeolites that are useful in the practice of the present invention include, but are not limited to, CBV 3024 or
CBV 5534G (both available from Zeolyst International), T-2665, T-4480 and/or CS331-3 (the latter three available from
United Catalysis, Inc.), and the like. One of skill in the art would recognize that other zeolites with similar properties may
be useful in the present invention although not specifically listed here. Calcined zeolites are particularly preferred in the
practice of the invention, especially for the production of isosorbide from sorbitol. One way to prepare a calcined zeolite
is, for example, to take a zeolite as described above and heat it at a temperature of between about 300 °C to about 600
°C for about 2 hours. Calcined zeolites may also be purchased commercially. Sulfated metal oxide catalysts are those
that comprise a mixture of metal ions, or a single metal ion, capable of being sulfated to produce a strongly acidic surface.
A preferred sulfated metal oxide catalyst is sulfated zirconia. Calcination is generally required to activate sulfated zirconia.
[0046] Acidic lon Exchange Resins. In some embodiments, the acid catalyst of the present invention comprises an
acidic ion exchange resin. The acidic ion exchange resin may be, for example, a sulfonated divinylbenzene/styrene co-
polymer acidic ion exchange resin. Examples of acidic ion exchange resins useful in the practice of the present invention
include, but are not limited to, AG50W-X12 from BioRad Laboratories, Amberlyst 15 or Amberlyst 35 from Rohm & Haas,
RCP21H from Mitsubishi Chemical Corp., Lewatit $2328, Lewatit K2431, Lewatit S2568, Lewatit K2629 from Bayer
Corporation, and Dowex 50Wx5 (Dow Chemical Co.). The sulfonated divinylbenzene/styrene co-polymer acidic ion
exchange resin Amberlyst 35 is a particularly preferred resin in the practice of the present invention, specifically for the
production of isosorbide from sorbitol. One of skill in the art would recognize that other acidic ion exchange resins with
similar properties may be useful in the present invention although not specifically listed here.

[0047] The amount of catalyst used will vary depending upon the reaction conditions and starting material, as those
of skill in the art will appreciate with the benefit of this disclosure, but will generally be on the order of from about 0.10
equivalents to about 1.0 equivalents by weight, about 0.10 to about 0.35 equivalents by weight, about 0.10 to about 0.30
equivalents by weight, about 0.10 to about 0.25 equivalents by weight, about 0.15 to about 0.35 equivalents by weight,
about 0.15 to about 0.30 equivalents by weight, or about 0.15 to about 0.25 equivalents by weight. A preferred amount
of catalyst is about 0.2 equivalents by weight.

[0048] It is possible to perform one or more dehydrations of the starting sugar alcohol during the reaction, producing,
for example, a mono- or dianhydrosugar alcohol. The reaction may also be controlled so as to produce a combination
of mono- and dianhydrosugar alcohols by adjusting either the reaction conditions or the starting materials, which as
those of skill in the art will appreciate, could contain both sugar alcohols and monoanhydrosugar alcohols.
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[0049] The dehydration in the presence of the catalyst can be carried out under pressure, at elevated temperatures,
and with stirring of the reaction mixture. The pressure can range over a pressure of from about 20.68 bar [300 psi] to
about 137.90 bar [2000 psi], with disclosed pressures of from about 35.16 bar [800 psi] to about 103.42 bar [1500 psil.
As a specific example, a preferred pressure for the dehydration step in the process of the present invention in which
isosorbide is made from sorbitol is from about 35.16 bar [800 psi] to about 82.74 bar [1200 psi].

[0050] A range of temperatures are suitable for use in the invention. In one embodiment of the invention, dehydration
is performed at a temperature of from about 150 °C to about 350 °C. In a further embodiment, dehydration is performed
at a temperature of from about 200 °C to about 300 °C. In another embodiment, the dehydration is performed at a
temperature of from about 210 °C to about 290 °C. In another embodiment, the dehydration is performed at a temperature
of from about 215 °C to about 280 °C. In another embodiment, the dehydration is performed at a temperature of from
about 230 °C to about 270 °C. In another embodiment, the dehydration is performed at a temperature of from about 240
°C to about 260 °C. In the production of isosorbide from sorbitol, for example, the dehydration can be carried out for
approximately 30 minutes, with constant stirring, at a temperature of about 280 °C.

[0051] It will, of course, be appreciated by those of skill in the art that, in a process such as that of the present invention
that involves application of both elevated temperature and pressure, the specific parameters of the process, including
the time it takes to carry certain steps to completion, will vary depending upon the temperatures and pressures used.
For example, the inventor has determined that higher pressure and temperature levels lead to a faster reaction time;
however, excessively longreaction times may lead to degradation and polymerization of the desired product. An additional
variable is the selected starting material, which will have a particular melting point and optimal pressure for reaction.
This is equally true for the purification processes described below. However, given the disclosure presented herein, it
is within the level of skill in the art to optimize the process parameters of the invention for a particular application. This
can be done with only afew preliminary experiments, and without undue experimentation, in light of the instant disclosure.

Purification

[0052] Following the dehydration procedure, the product may be neutralized and water removed by rotary evaporation.
Neutralization may be accomplished by, for example, addition of sodium hydroxide. Following the dehydration procedure,
the resultant anhydrosugar alcohol mixture is purified. According to the invention, a vacuum distillation is used for
purification, the vacuum distillation is performed using a wiped film evaporator. One example of a wiped film evaporator
apparatus that is useful in the present invention is a vertical agitated thin-film processor. Advantages of using a wiped
film evaporator include handling of viscous solutions, improved product purity, and low residence time, which leads to
a reduction or elimination of product degradation. Specifically with respect to production of isosorbide from sorbitol, use
of a wiped film evaporator provides approximately 80% yield on distillation, negligible water loss during distillation (which
results in reduced polymerization), and provides for further recovery of isosorbide and sorbitan from the residue. The
distillation process results in a first anhydrosugar alcohol distillate.

[0053] As noted above, the parameters for vacuum distillation will vary depending upon the material to be purified,
and the temperature and pressure, as will be appreciated by those of ordinary skill in the art. The pot temperature will
depend upon the temperature at which the material to be purified distills (i.e., the distillation point), which, again, will
depend on the vacuum applied in the system. For example, in the case of isosorbide, a range of vapor temperatures of
from about 140 °C to about 190 °C is preferred; more preferred is from about 160 °C to about 170 °C; even more preferred
is from about 165 °C to about 170 °C. The vacuum pressure can be from about 0.000066 bar [9.6 x 104 psi] to about
0.053 bar [0.77 psi]; preferably about 0.013 bar [.019 psi]. For example, and specifically with regard to vacuum distillation
ofisosorbide, avacuum pressure of about[.019 psi] 0.013 bar, a pottemperature of about 180 °C, and a vapor temperature
of from about 160 °C to about 170 °C are most preferred.

[0054] Alternative purification methods of the anhydrosugar alcohol mixture such as filtration of the anhydrosugar
alcohol mixture, or the addition of activated carbon with subsequent crystallization of the anhydrosugar alcohol mixture,
are also useful in the present invention.

[0055] Itis disclosed that to further purify and isolate the anhydrosugar alcohol, an anhydrosugar alcohol distillate is
subjected to a second vacuum distillation, specifically in a film evaporator, and more specifically in a wiped film evaporator.
The second wiped film evaporator can be of the same type as, or different than, the first wiped film evaporator. The
conditions (e.g., vacuum pressure and temperature) of the second vacuum distillation can be the same as, or different
than, the conditions of the first vacuum distillation, the parameters of which are described above. The use of two film
evaporators allows for purification of anhydrosugar alcohols, specifically isosorbide, without the use of potentially harmful
organic solvents.

[0056] In another aspect of the invention, to further purify and isolate the anhydrosugar alcohol, the first anhydrosugar
alcohol distillate is subjected to melt crystallization. The recovered distillate product is heated until molten, and then
cooled over time until the crystallization point is reached, but not so much that the material solidifies. In fact, a slurry-
like consistency is preferred, so that the material can be centrifuged. As used herein, the term "slurry-like consistency"
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refers to recrystallized anhydrosugar alcohol distillate that is a mixture of liquid with several finely divided particles. The
centrifugation is performed at a relatively high speed for a relatively short period of time to avoid solidification of the
material, and also to avoid having the desired purified anhydrosugar alcohol end product be drawn off with the remaining
impurities. For example, the centrifugation can be performed at about 3000 to about 4000 rpm for about 5 minutes.
However, one of skill in the art will appreciate that the time of the centrifugation will vary depending on the amount of
material to be purified. The resulting anhydrosugar alcohol product can be at least 98% pure, and in most cases will be
greater than 99% pure (depending upon the solidity of the "slurry"). Alternatively, the first anhydrosugar alcohol distillate
is subjected to solvent recrystallization in order to further purify and isolate the anhydrosugar alcohol. Solvents that are
useful in the present invention include, but are not limited to, acetone, ethyl acetate, and low molecular weight alcohols
such as ethanol and methanol.

[0057] Itisdisclosed thatin order to further purify and isolate the anhydrosugar alcohol, the first anhydrosugar alcohol
distillate can subjected to a solvent wash followed by filtration. Preferably, the solvents are cold, specifically at a tem-
perature of about 0 °C to about 23 °C. Solvents that are useful in the present invention include, but are not limited to,
acetone, ethyl acetate, and low molecular weight alcohols such as ethanol and methanol. Filtration can be carried out
be means that are well known in the art.

[0058] The present invention is described in further detail in the following nonlimiting examples.

EXAMPLES
Example 1

[0059] Sorbitol (25.21g) was dissolved in water (500 ml) and then transferred to a 1L autoclave reactor vessel. The
catalyst, MFI-40 (HZSM-5 zeolite, 5.02 g), was added. After flushing three times with hydrogen, pressure was set to
20.68 bar [300 psi] and the reactor was heated with stirring to 280 °C. The pressure increased to 75.84 bar [1100 psi]
with heating. Timing began when the reactor reached 280 °C. After 30 minutes a 42.4% yield of isosorbide (calculated
as mol isosorbide produced/mol starting sorbitol) was obtained.

Example 2

[0060] Sorbitol (37.78 g) was dissolved in water (500 ml) and transferred to a 1L autoclave reactor vessel. The catalyst,
calcined CBV 3024E (Zeolyst International, 7.55 g), was added and after flushing the reactor three times with hydrogen,
pressure was set to 34.47 bar [500 psi]. The reactor was heated, with stirring, to 280 °C, over a time period of about 30
to about 45 minutes. The pressure increased to 82.74 bar [1200 psi] over time. After 15 minutes at 280 °C, the yield of
isosorbide was 51.4%.

Example 3

[0061] Sorbitol (75.4 g) was dissolved in water (500 ml) and transferred to a 1L autoclave reactor vessel. The catalyst,
CBV 5524G (Zeolyst International, 15.10 g), was added and after flushing the reactor three times with hydrogen, pressure
was set to 68.95 bar [1000 psi]. The reactor was allowed to heat to 280 °C with constant stirring (940 rpm). The pressure
increased to 79.29 bar [1150 psi] over time. After 30 minutes at 280 °C, the yield of isosorbide was 41.4%.

Example 4

[0062] Tables 1 through 8, below, detail the results of further additional experiments conducted according to the novel
process of the invention. The experiments were conducted using the methods and apparatus as described in Example
1, with the reagent amounts as set forth in the table. The resulting amounts of isosorbide produced over time are also
listed.

Table 1
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Example 6

[0063] Example 6 demonstrates the formation of sorbitan and isosorbide from sorbitol using a process of the invention.
In test No. 8A 75 g of sorbitol was mixed with 15 g of calcined CS331- 3 catalyst as described above and subjected to
increased temperature using the method and apparatus described in Example 1, but with the parameters described in
Table 8. After twenty hours of reaction at the given conditions, sorbitan was obtained in a yield of 57.6%, and isosorbide
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Example 7

[0064] Example 7 demonstrates the formation of sorbitan and isosorbide from sorbitol.

Concentrated sulfuric acid (0.20 mL) was added to a 70% sorbitol solution (50 g). The reaction was carried out in a
sealed pressure reactor vessel at a pressure of about 1.00 bar [14.5 psi]. The vessel was introduced to the Milestone
MicroSynth microwave reactor for 30 minutes at 170 °C. The final product comprised 50.4% sorbitan, 7.8% isosorbide,
and 11.9% sorbitol.

Example 8

[0065] A sugar alcohol or monoanhydrosugar alcohol solution is pumped through a heated continuous coil reactor to
form an anhydrosugar alcohol. A continuous coil reactor may be similar, for example, to the one shown in Figure 1 of
U.S. Patent No. 2,735,792, incorporated by reference herein. The temperature and flow rate is controlled to produce
high yields of an anhydrosugar alcohol. A second pass of a monoanhydrosugar alcohol containing solution through the
heated coil generates higher yields of an anhydrosugar alcohol.

[0066] Having now fully described the present invention in detail by way of illustration and example for purposes of
clarity of understanding, it will be apparent to one of ordinary skill in the art, with the benefit of this disclosure, that the
invention can be performed by modifying or changing the invention with a wide and equivalent range of conditions,
formulations and other parameters thereof. Furthermore, it will be apparent to the skilled practitioner with the benefit of
this disclosure that such modifications or changes are intended to be encompassed within the scope of the appended
claims.

[0067] All publications, patents and patent applications mentioned in this specification are indicative of the level of
skill of those skilled in the art to which this invention pertains.

Claims
1. A process for the production of an anhydrosugar alcohol, comprising:

(a) mixing a pentitol or hexitol sugar alcohol or monoanhydrosugar alcohol starting material with a solvent to
form a starting material solution, and, optionally, stirring said starting material solution;

(b) heating said starting material solution;

(c) pressurizing said starting material solution; and

(d) forming an anhydrosugar alcohol mixture in the presence of a catalyst selected from the goup consisting of
at least one solid acid catalyst and at least one soluble acid catalyst;

(e) purifying the anhydrosugar alcohol mixture by vacuum distillation using a wiped film evaporator resulting in
a first anhydrosugar alcohol distillate and

(f) the first anhydrosugar alcohol distillate is subjected to melt crystalisation.

2. The process of claim 1, further comprising collecting said anhydrosugar alcohol.

3. The process of claim 1, wherein said pentitol or hexitol sugar alcohol or monoanhydrosugar starting material is
selected from the group consisting of arabinitol, ribitol, glucitol, mannitol, galactitol, iditol, erythritol, threitol, and
mixtures thereof.

4. The process of claim 1, wherein said hexitol sugar alcohol starting material is glucitol.

5. The process of claim 1, wherein said solvent is water.

6. The process of claim 1, wherein said catalyst is selected from the group consisting of sulfuric acid, phosphoric acid,
p-toluenesulfonic acid, and methanesulfonic acid, and an inorganic acid exchange material.

7. The process of claim 6, wherein said inorganic acid exchange material is a zeolite, preferably a calcined zeolite, or
wherein said inorganic acid exchange material is an acidic ion exchange resin.

8. The process of claim 7, wherein said zeolite is selected from the group consisting of CBV 3024, CBV 5534G, T-
2665, T-4480, and CS 331-3.
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The process of claim 7, wherein said acidic ion exchange resin is selected from the group consisting of AG50W-
X12, Amberlyst 15, Amberlyst 35, Amberlyst 36, Amberlyst 131, Lewatit S2328, Lewatit K2431, Lewatit S2568,
Lewatit K2629, Dianion SK104, Dianion PK228, Dianion RCP160, and Relite RAD/F, RCP21H, and Dowex 50Wx5,
and a sulfonated divinylbenzene/styrene copolymer acidic ion exchange resin

The process of claim 1, wherein said catalyst is present in an amount between about 0.10 equivalents to about 1.00
equivalents by weight of starting material.

The process of claim 1, wherein said starting material solution is reacted at a pressure between about 20.68 bar
[300 psi] to about 137.90 bar [2000 psi].

The process of claim 1, wherein said starting material solution is heated to a temperature selected from the group
consisting of a temperature between about 150 °C to about 350 °C, a temperature between about 200 °C to about
300 °C, a temperature between about 210 °C to about 290 °C, a temperature between about 215 °C to about 280
°C, atemperature between about 230 °C to about 270 °C, and a temperature between about 240 °C to about 260 °C.

The process of claim 1, wherein said heating and pressurizing steps under microwave irradiation and/or in at least
one tube during a constant throughput of starting material.

Patentanspriiche

1.

Verfahren zur Herstellung eines Anhydrozuckeralkohols, umfassend:

(a) Mischen eines Pentit- oder Hexitzuckeralkohol- oder Monoanhydrozuckeralkohol-Ausgangsstoffs mit einem
Lésungsmittel um eine Bildung einer Ausgangsstofflosung zu bilden und gegebenenfalls Rilhren der Ausgangs-
stofflésung;

(b) Erhitzen der Ausgangsstofflésung;

(c) Unter-Druck-Setzen der Ausgangsstofflosung; und

(d) Bilden eines Anhydrozuckeralkoholgemischs in Gegenwart eines Katalysators, der aus der Gruppe ausge-
wahlt ist, die aus wenigstens einem festen sauren Katalysator und wenigstens einem léslichen sauren Kataly-
sator besteht;

(e) Reinigen des Anhydrozuckeralkoholgemischs durch Vakuumdestillation unter Verwendung eines Dinn-
schichtverdampfers, was zu einem ersten Anhydrozuckeralkohol-Destillat fuhrt; und

(f) das erste Anhydrozuckeralkohol-Destillat wird einer Kristallisation aus der Schmelze unterzogen.

Verfahren gemaR Anspruch 1, das weiterhin das Auffangen des Anhydrozuckeralkohols umfasst.

Verfahren gemaR Anspruch 1, wobei der Pentit- oder Hexitzuckeralkohol- oder Monoanhydrozuckeralkohol-Aus-
gangsstoff aus der Gruppe ausgewahlt ist, die aus Arabinit, Ribit, Glucit, Mannit, Galactit, Idit, Erythrit, Threit und
Gemischen davon besteht.

Verfahren gemaR Anspruch 1, wobei es sich bei dem Hexitzuckeralkohol-Ausgangsstoff um Glucit handelt.
Verfahren gemaR Anspruch 1, wobei es sich bei dem Lésungsmittel um Wasser handelt.

Verfahren gemaf Anspruch 1, wobei der Katalysator aus der Gruppe ausgewahlt ist, die aus Schwefelsaure, Phos-
phorsaure, p-Toluolsulfonsdure und Methansulfonsédure sowie einem anorganischen sauren Austauschermaterial

besteht.

Verfahren gemafl Anspruch 6, wobei das anorganische saure Austauschermaterial ein Zeolith, vorzugsweise ein
calcinierter Zeolith, ist oder wobeidas anorganische saure Austauschermaterial ein saures lonenaustauscherharzist.

Verfahren gemaR Anspruch 7, wobei der Zeolith aus der Gruppe ausgewahlt ist, die aus CBV 3024, CBV 5534G,
T-2665, T-4480 und CS 331-3 besteht.

Verfahren gemaR Anspruch 7, wobei das saure lonenaustauscherharz aus der Gruppe ausgewahlt ist, die aus
AG50W-X12, Amberlyst 15, Amberlyst 35, Amberlyst 36, Amberlyst 131, Lewatit S2328, Lewatit K2431, Lewatit
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S2568, Lewatit K2629, Dianion SK104, Dianion PK228, Dianion RCP160 und Relite RAD/F, RCP21H und Dowex
50Wx5 und einem sulfonierten Divinylbenzol/Styrol-Copolymer als saurem lonenaustauscherharz besteht.

Verfahren gemaf Anspruch 1, wobei der Katalysator in einer Menge von etwa 0,10 Gewichtsaquivalenten bis etwa
1,00 Gewichtsaquivalenten des Ausgangsstoffs vorhanden ist.

Verfahren gemaR Anspruch 1, wobei die Ausgangsstofflésung unter einem Druck von etwa 20,68 bar [300 psi] bis
etwa 137,90 bar [2000 psi] umgesetzt wird.

Verfahren gemaf Anspruch 1, wobei die Ausgangsstofflosung auf eine Temperatur erhitzt wird, die aus der Gruppe
ausgewahlt ist, die aus einer Temperatur von etwa 150 °C bis etwa 350 °C, einer Temperatur von etwa 200 °C bis
etwa 300 °C, einer Temperatur von etwa 210 °C bis etwa 290 °C, einer Temperatur von etwa 215 °C bis etwa 280
°C, einer Temperaturvon etwa 230 °C bis etwa 270 °C und einer Temperatur von etwa 240 °C bis etwa 260 °C besteht.

Verfahren gemaR Anspruch 1, wobei die Schritte des Erhitzens und Unter-Druck-Setzens unter Mikrowellenbestrah-
lung und/oder in wenigstens einem Rohr wahrend eines konstanten Durchsatzes von Ausgangsstoff durchgefiihrt
werden.

Revendications

1.

Procédé de production d’un alcool de sucre anhydre, comprenant :

(a) le mélange d’un alcool de sucre pentitol ou hexitol ou un matériau de départ d’alcool de sucre monoanhydre
avec un solvant pour former une solution de matériau de départ et, facultativement, agiter ladite solution de
matériau de départ ;

(b) le chauffage de ladite solution de matériau de départ ;

(c) la pressurisation de ladite solution de matériau de départ ; et

(d) la formation d’un mélange d’alcool de sucre anhydre en présence d’un catalyseur choisi dans le groupe
consistant en au moins un catalyseur acide solide et au moins un catalyseur acide soluble ;

(e) la purification du mélange d’alcool de sucre anhydre par distillation sous vide a 'aide d’un évaporateur a
film essuyé aboutissant a un premier distillat d’alcool de sucre anhydre ; et

(f) la soumission du premier distillat d’alcool de sucre anhydre a une cristallisation a I'état fondu.

Procédé selon la revendication 1, comprenant en outre la collecte dudit alcool de sucre anhydre.

Procédé selon la revendication 1, dans lequel ledit pentitol ou I'alcool de sucre hexitol ou le matériau de départ de
sucre monoanhydre est choisi dans le groupe consistant en I'arabinitol, le ribitol, le glucitol, le mannitol, le galactitol,
liditol, I’érythritol, le thréitol, et leurs mélanges.

Procédé selon la revendication 1, dans lequel ledit matériau de départ d’alcool de sucre hexitol est le glucitol.
Procédé selon la revendication 1, dans lequel ledit solvant est I'eau.

Procédé selon la revendication 1, dans lequel ledit catalyseur est choisi dans le groupe consistant en I'acide sulfu-
rique, 'acide phosphorique, I'acide p-toluénesulfonique, I'acide méthanesulfonique, et un matériau d’échange d’aci-
de inorganique.

Procédé selon la revendication 6, dans lequel ledit matériau d’échange d’acide inorganique est une zéolite, de
préférence une zéolite calcinée, ou dans lequel ledit matériau d’échange d’acide inorganique est une résine échan-

geuse d’ions acide.

Procédé selon la revendication 7, dans lequel ladite zéolite est choisie dans le groupe consistant en CBV 3024,
CBV 5534G, T-2665, T-4480 et CS 331-3.

Procédé selon la revendication 7, dans lequel ladite résine échangeuse d’ions acide est choisie dans le groupe

consistant en AG50W-X12, Amberlyst 15, Amberlyst 35, Amberlyst 36, Amberlyst 131, Lewatit S2328, Lewatit
K2431, Lewatit S2568, Lewatit K2629, Dianion SK104, Dianion PK228, Dianion RCP160, et Relite RAD/F, RCP21H,
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et Dowex 50Wx5, et une résine échangeuse d’ions acide copolymére de divinylbenzéne/styréne sulfoné.

Procédé selon la revendication 1, dans lequel ledit catalyseur est présent dans une quantité entre environ 0,10
équivalent et environ 1,00 équivalent en poids du matériau de départ.

Procédé selon la revendication 1, dans lequel ladite solution de matériau de départ est mise a réagir a une pression
entre environ 20,68 bars [300 psi] a environ 137,90 bars [2 000 psi].

Procédé selon la revendication 1, dans lequel ladite solution de matériau de départ est chauffée a une température
choisie dans le groupe consistant en une température entre environ 150 °C et environ 350 °C, une température
entre environ 200 °C et environ 300 °C, une température entre environ 210 °C et environ 290 °C, une température
entre environ 215 °C et environ 280 °C, une température entre environ 230 °C et environ 270 °C, et une température
entre environ 240 °C et environ 260 °C.

Procédé selon la revendication 1, dans lequel lesdites étapes de chauffage et de pressurisation sont effectuées
sous irradiation de micro-ondes et/ou dans au moins un tube pendant un débit constant de matériau de départ.
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FIGURE 1
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