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SPECIFICATION

METHOD FOR PRODUCING AROMATIC NITRILE COMPOUND AND
METHOD FOR PRODUCING CARBONIC ACID ESTER

TECHNICAL FIELD
[0001]
The present invention relates to a method for producing an aromatic nitrile
compound such as cyanopyridine or the like, and a method for producing a carbonate

ester.

BACKGROUND ART

[0002]

"Carbonate ester" is a generic name of a compound obtained as a result of one
atom or two atoms among two hydrogen atoms of carbonic acid, CO(OH),, being
substituted with an alkyl group or an aryl group, and has a structure of RO-C(=0)-OR' (R
and R' each represent a saturated hydrocarbon group or an unsaturated hydrocarbon
group).

[0003]

A carbonate ester is used as an additive, for example, a gasoline additive for
improving the octane value and a diesel fuel additive for decreasing the amount of
particles in exhaust gas. A carbonate ester is also used as, for example, an alkylation
agent, a carbonylation agent, a solvent or the like for synthesizing resins or organic
compounds. such as polycarbonate, urethane, pharmaceutical drugs, agricultural chemicals
or the like, a material of an electrolytic solution of lithium ion cells, a material of
lubricant oil, or a material of an oxygen absorber for rust inhibition of boiler pipes. As
can be seen, a carbonate ester is a very useful compound.

[0004]
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According to a conventionally mainstream method for producing a carbonate ester,
phosgene, which is used as a source of a carbonyl, is directly reacted with an alcohol.
Phosgene used in this method is highly hazardous and highly corrosive, and therefore,
needs extreme caution when being handled, for example, transported or stored. It is
highly costly to control and manage, and guarantee the safety of, production facilities of
phosgene. According to this method, the materials and catalysts used for producing a
carbonate ester contain halogen such as chlorine or the like, and the produced carbonate
ester contains a trace amount of halogen, which is not removed by a simple purification
step. When the carbonate ester is used for a gasoline additive, a light oil additive or an
electronic material, such halogen may undesirably cause corrosion. Therefore, a thorough
purification step is indispensable to decrease the trace amount of halogen present in the
carbonate ester to the level of an extremely trace amount. In addition, recently,
administrative offices provide a strict administration guidance and do not permit new
establishment of production facilities using this method because this method uses
phosgene, which is highly hazardous to the human body. In such a situation, a new
production method of a carbonate ester that does not use phosgene is strongly desired.
[0005]

There is another known method for producing a carbonate ester. According to this
method, a carbonate ester is directly synthesized from an alcohol and carbon dioxide
using a heterogeneous catalyst. Regarding this method, studies had been made on using
2-cyanopyridine or benzonitrile as a wettable powder to significantly improve the
production amount and the production speed of the carbonate ester, to allow the reaction
to advance easily at a pressure close to normal pressure, and to increase the reaction speed
(see Patent Documents 1 and 2). However, there was a problem regarding the method for
treating or using benzamide or the like generated as a by-product.

For example, benzamide generated by the reaction of benzonitrile and water is
limited to being usable for some of pharmaceutical and agrochemical intermediates.

Therefore, regarding the method of producing a carbonate ester using benzonitrile as a
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wettable powder, benzamide generated as a by-product is desired to be regenerated into
benzonitrile and reused. It is now an issue to realize a regeneration reaction with a high
level of selectivity (because it is considered that if a by-product is generated, benzonitrile
is not easily used as a wettable powder) and a high yield (because if the yield is low,
benzamide remains in a large amount, which increases the amount of work, namely, work
load, of separating benzamide and benzonitrile from each other).

[0006]

In light of the above-described situation where regeneratidn of benzamide or the
like into benzonitrile or the like involves problems, there is a known method for realizing
the regeneration with no use of a strong reagent and with the generation of a by-product
being suppressed (Patent Document 3).

However, according to this method, generation of nitrile by dehydration of an
amide compound requires 400 hours and thus is not well balanced with, namely, is not
usable together with, a carbonate ester synthesis reaction, which requires only 24 hours.
This method also has a problem that steps of extraction, infiltration and the like are
necessary for solid-liquid separation of a catalyst, which increases the number of

production steps and complicates the production process.

CITATION LIST

PATENT LITERATURE

[0007]
Patent Document 1: Japanese Laid-Open Patent Publication No. 2010-77113
Patent Document 2: Japanese Laid-Open Patent Publication No. 2012-162523
Patent Document 3: W02015/099053

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0008]
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In light of the above-described technological problems, an object of the present
invention is to provide a method for regenerating an aromatic amide compound, for
example, pyridine carboamide, into a corresponding aromatic nitrile compound, namely,
cyanopyridine, the method realizing a dehydration reaction of providing a target
compound selectively at a high yield, with generation of a by-product being suppressed.
Another object of the present invention is to provide a method for producing an aromatic
nitrile compound that decreases the number of steps of the dehydration reaction and
significantly improves the reaction speed to shorten the reaction time even at a pressure
close to normal pressure.

A still another object of the present invention is to apply the above-described
method for producing an aromatic nitrile compound to a carbonate ester production

method to provide a method for producing a carbonate ester efficiently.

SOLUTION TO PROBLEM
[0009]

In order to achieve the above-described objects, the present inventors made
studies on a method for producing an aromatic nitrile compound such as cyanopyridine or
the like by dehydration of an aromatic amide compound. More specifically, the present
inventors studied reaction conditions for dehydrating an aromatic amide compound, and
as a result, found the following. In the case where a predetermined solvent is used, a
process of dehydration reaction is realized by which the reaction speed is significantly
improved to shorten the reaction time, the target compound is obtained selectively at a
high yield while generation of a by-product is suppressed, and the aromatic nitrile
compound is easily recovered. The present inventors also found the following. Since the
process of dehydration reaction conceived by the present inventors does not need solid-
liquid separation of a catalyst, the number of steps of the dehydration reaction is
decreased. Preferably, the dehydration reaction is advanced in a state where the solvent is
boiled.

[0010]
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By the present invention described above, the speed of regenerating an aromatic
nitrile compound by a dehydration reaction of an aromatic amide compound, and the
speed of synthesizing a carbonate ester from CO, and an alcohol using the aromatic nitrile
compound, are now well balanced. Namely, the dehydration reaction and the carbonate
ester synthesis reaction are now established as a series of commercial processes. Based
on this, the present inventors also made studies on applying the above-described
knowledge to a method for producing a carbonate ester. Namely, the present inventors
have found the following regarding the carbonate ester production method of directly
synthesizing a carbonate ester from an alcohol and carbon dioxide. In the case where, for
example, a solvent having a boiling point higher than that of the aromatic amide
compound is used, the number of steps of the reaction is decreased and the method is
simplified with no need of solid-liquid separation of a catalyst. The present inventors
have confirmed that such a carbon ester synthesis method may be combined with the
dehydration reaction, using a predetermined solvent, of an aromatic amide compound to
generate an aromatic nitrile compound, so that a splendid effect is provided. The gist of
the present invention is as follows.

[0011]

(1) A method for producing an aromatic nitrile compound, comprising:

a dehydration reaction of dehydrating an aromatic amide compound;

wherein the dehydration reaction uses a solvent containing one or a plurality of
substances selected from 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene.

(2) The method for producing an aromatic nitrile compound according to (1)
above, wherein a total amount of the one or the plurality of substances selected from 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene is 5% by weight
or greater with respect to the solvent.

(3) The method for producing an aromatic nitrile compound according to (1) or
(2) above, wherein the solvent is formed of only the one or the plurality of substances
selected  from 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-

trimethoxybenzene.
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(4) The method for producing an aromatic nitrile compound according to (1) or
(2) above, wherein the solvent is a mixed solvent further containing a compound having a
boiling point that is higher than the boiling point of the aromatic nitrile compound and the
boiling point of water and is lower than the boiling point of the aromatic amide
compound.

(5) The method for producing an aromatic nitrile compound according to any one
of (1) through (4) above, wherein the solvent is used in an amount larger than, or equal to,
an equimolecular amount of the aromatic amide compound.

(6) The method for producing an aromatic nitrile compound according to any one
of (1) through (5) above, wherein the dehydration reaction is performed in a state where
the solvent is boiled.

(7) The method for producing an aromatic nitrile compound according to any one
of (1) through (6) above, wherein the dehydration reaction is performed under the
condition of normal pressure or a reduced pressure.

(8) The method for producing an aromatic nitrile compound according to any one
of (1) through (7) above, wherein a reaction solution of the dehydration reaction has a
temperature of 170°C or higher and lower than 230°C.

(9) The method for producing an aromatic nitrile compound according to any one
of (1) through (8) above, wherein the aromatic amide compound contains pyridine
carboamide, and the aromatic nitrile compound contains cyanopyridine.

(10) The method for producing an aromatic nitrile compound according to any one
of (1) through (9) above, wherein the dehydration reaction uses a catalyst containing
cesium.

(11) A method for producing an aromatic nitrile compound, comprising:

a dehydration reaction of dehydrating an aromatic amide compound;

wherein the dehydration reaction uses a solvent containing one or a plurality of
substances selected from 1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-
dimethoxybenzene and 1,3,5-trimethoxybenzene, and a catalyst containing cesium.

(12) A method for producing a carbonate ester, comprising:
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a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in a solvent containing one or a plurality of substances selected from
1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene;

wherein at least a part of the aromatic nitrile compound regenerated in the second
reaction step is used in the first reaction step.

(13) The method for producing a carbonate ester according to (12) above, wherein
a total amount of the one or the plurality of substances selected from 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene is 5% by weight
or greater with respect to the solvent.

(14) The method for producing an aromatic nitrile compound according to (12) or
(13) above, wherein the solvent is formed of only the one or the plurality of substances
selected  from 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene.

(15) The method for producing a carbonate ester according to (12) or (13) above,
wherein the solvent is a mixed solvent further containing a compound having a boiling
point that is higher than the boiling point of the aromatic nitrile compound and the boiling
point of water and is lower than the boiling point of the aromatic amide compound.

(16) The method for producing a carbonate ester according to any one of (12)
through (15) above, wherein the solvent is used in an amount larger than, or equal to, an
equimolecular amount of the aromatic amide compound.

(17) The method for producing a carbonate ester according to any one of (12)
through (16) above, wherein the dehydration reaction is performed in a state where the

solvent is boiled.
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(18) The method for producing a carbonate ester according to any one of (12)
through (17) above, wherein the dehydration reaction is performed under the condition of
normal pressure or a reduced pressure.

(19) The method for producing a carbonate ester according to any one of (12)
through (18) above, wherein a reaction solution of the dehydration reaction has a
temperature of 170°C or higher and lower than 230°C.

(20) The method for producing a carbonate ester according to any one of (12)
through (19) above, wherein the aromatic amide compound contains pyridine carboamide,
and the aromatic nitrile compound contains cyanopyridine.

(21) The method for producing a carbonate ester according to any one of (12)
through (20) above, wherein the dehydration reaction uses a catalyst containing cesium.

(22) The method for producing a carbonate ester according to any one of (12)
through (21) above, wherein the carbonate ester generation reaction uses a catalyst
containing cerium.

(23) The method for producing a carbonate ester according to any one of (12)
through (22) above, wherein the alcohol contains an alcohol having a carbon number of 1
through 6.

(24) A method for producing a carbonate ester, comprising:

a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in a solvent containing one or a plurality of substances selected from
1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene by use of a catalyst containing cesium;

wherein at least a part of the aromatic nitrile compound regenerated in the second

reaction step is used in the first reaction step.
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(25) A method for producing a carbonate ester, comprising:

a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in a solvent formed of only one or a plurality of substances selected
from 1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and
1,3,5-trimethoxybenzene by use of a catalyst containing cesium;

wherein at least a part of the aromatic nitrile compound regenerated in the second

reaction step is used in the first reaction step.

ADVANTAGEOUS EFFECTS OF INVENTION
[0012]

According to the present invention as described above, an aromatic nitrile
compound such as cyanopyridine or the like is efficiently produced (regenerated) from an
aromatic amide compound such as pyridine carbonamide (picolinamide, nicotinamide or
the like), benzamide or the like. More specifically, the dehydration reaction of an
aromatic amide compound for the regeneration is performed to obtain a target compound
selectively at a high yield, while generation of a by-product is suppressed. Even under
mild reaction conditions, for example, at a pressure close to normal pressure, the reaction
speed is increased. Therefore, according to the present invention, the reaction time of the
dehydration reaction of regenerating an aromatic nitrile compound is significantly
shortened as compared with the reaction time required by the conventional method.

Also according to the present invention, an aromatic nitrile compound is produced
as described above, and as a result, a method for producing a carbonate ester efficiently is

realized.
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BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1 shows an example of device for producing a carbonate ester.

FIG. 2 is a chart showing the state of each of substances at each of steps in the
production performed by use of the production device shown in FIG. 1.

FIG. 3 is a graph showing the composition of the solvents in the mixed solvent
and the nitrile selectivity (ratio of the amount of the aromatic nitrile compound and the
total amount of impurities).

FIG. 4 is a graph showing the ratio of the yields (generation ratios) of nitrile and

pyridine in an example and a comparative example.

DESCRIPTION OF EMBODIMENTS
[0014]

Hereinafter, a preferable embodiment of the present invention will be described in
detail with reference to the attached drawings. In the specification and the drawings,
components having substantially the same functions or structures will bear the same
reference signs, and the same descriptions will not be repeated.

[0015]
<1. Method for producing an aromatic nitrile compound>

According to a method of the present invention for producing an aromatic nitrile
compound, an aromatic nitrile compound such as cyanopyridine or the like is produced by
dehydration of an aromatic amide compound such as pyridine carboamide (2-pyridine
carboamide, 3-pyridine carboamide or 4-pyridine carboamide) or the like. According to
this method, an aromatic amide compound is subjected to a dehydration reaction in the
presence of, for example, a catalyst containing a carried basic metal oxide and a
predetermined solvent to generate an aromatic nitrile compound.

[0016]

[Chemical formula 1]

10
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7 N—coNH, > ¢ N—cN
=N =N

[0017]

Catalyst, - H20

(Catalyst)

The catalyst usable in the above-described dehydration reaction according to the
present invention contains an oxide of an alkaline metal (K, Li, Na, Rb, Cs), which is
basic. It is especially preferable that the catalyst usable in the above-described reaction
contains an oxide of at least one of Na, K, Rb and Cs (cesium). A carrier of the catalyst
may be a substance that generally acts as a carrier of a catalyst. As a result of studies
made on various carriers, it has been found that a catalyst containing one or two of SiO,
and ZrO, as a carrier exhibits an especially high level of performance.

[0018]

Examples of methods for producing a catalyst usable for the above-described
dehydration reaction will be described. In the case where the carrier is SiO,,
commercially available powdery or spherical SiO; is usable. Preferably, SiO, is sized to
100 mesh (0.15 mm) or less so that an active metal is uniformly carried, and is pre-baked
at 700°C for 1 hour in the air in order to remove the moisture. There are various types of
Si0, of various properties. SiO; having a larger surface area is more preferable because
as the surface area is larger, the active metal is dispersed more highly and the generation
amount of an aromatic nitrile compound is increased. Specifically, a surface area of
300 m? or greater is preferable. It should be noted that there may be a case where the
surface area of the prepared catalyst is smaller than the surface area of SiO, alone as a
result of, for example, mutual action of SiO, and the active metal. In this case, the
surface area of the produced catalyst is preferably 150 m? or greater. The metal oxide
acting as an active species may be carried by an impregnation method such as an incipient
wetness method, an evaporation-to-dryness method or the like.

[0019]

11
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A metal salt acting as a precursor of the catalyst merely needs to be water-soluble.
Examples of usable alkaline metal salts include various compounds such as carbonate,
hydrogencarbonate, chloride, nitrate, silicate and the like. An aqueous solution of a
precursor formed of a basic metal is impregnated with a carrier, then is dried and baked.
The resultant substance is usable as a catalyst. The baking temperature, which depends
on the precursor used, is preferably 400 to 600°C.

[0020]

The amount of the catalyst to be carried may be set appropriately. For example,
the amount of an alkaline metal oxide to be carried, converted to the metal, is set to
preferably about 0.1 to 1.5 mmol/g, and especially preferably about 0.1 to 1 mmol/g, with
respect to the total weight of the catalyst. In the case where the amount to be carried is
larger than such a value, the activity may undesirably be decreased. The amount of the
catalyst to be used for the reaction may be set appropriately.

[0021]

A catalyst preferably usable in the present invention includes a carrier formed of
one or two of SiO; and ZrO, and only an alkaline metal oxide(s) of one, or at least two,
types carried by the carrier. The catalyst may contain, in addition to the above-described
elements, unavoidable impurities incorporated in a step of, for example, producing the
catalyst. Nonetheless, it is desirable to avoid incorporation of impurities to a maximum
possible degree.

[0022]

The catalyst, usable in the present invention, including a metal oxide acting as an
active species and carried by the carrier may be in the form of powder or a molded body.
In the case of being a molded body, the catalyst may be spherical, pellet-like, cylindrical,
ring-shaped, wheel-shaped, granular or the like.

[0023]
(Reaction format and reaction vessel)

With the method according to the present invention for producing an aromatic
nitrile compound using the catalyst, there is no specific limitation on the form of the

reaction. A flow reactor such as a batch reactor, a semi-batch reactor, a continuous tank

12



10

15

20

25

30

G1608US

reactor, a tube réactor or the like is usable. For the catalyst, a fixed bed, a slurry bed or
the like is usable.
[0024]

With the method for producing an aromatic nitrile compound according to the
present invention, it is desirable to perform the reaction to produce an aromatic nitrile
compound while removing by-product water generated by the dehydration reaction. For
example, it is desirable to perform reflux or distillation or to provide a dehydration agent
such as zeolite or the like in the system, so that the reaction is performed while the by-
product water is removed. As a result of the active studies made by the present inventors,
it has been found that the generation amount of an aromatic nitrile compound may be
increased as follows by use of, for example, a reaction distillation device having a
decompression device attached thereto. A catalyst, an aromatic amide compound and a
solvent are put into a reaction tube, the pressure is reduced to control the temperature of
the reaction solution, and the solvent is refluxed to distill the reaction liquid to separate
and remove the by-product water from the system.

[0025]
(Solvent)

A solvent usable for the above-described dehydration reaction contains one or a
plurality of substances selected from 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and
1,3,5-trimethoxybenzene. In addition to the above-listed three substances, 1,2,3,4-
tetrahydronaphthalene may be included in a list of usable solvents. In the dehydration
reaction using a solvent containing one or a plurality of substances selected from 1,2,3,4-
tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene as described above, it is preferable to use a catalyst containing cesium.

For the dehydration reaction, it is preferable to use a solvent formed only of one or
a plurality of above-listed substances, namely, 1,2,3,4-tetrahydronaphthalene, 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene (hereinafter,
these four substances will each be referred to as a "specific solvent compound).
Alternatively, a mixed solvent containing another compound is also usable.

[0026]

13
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The mixed solvent usable for the dehydration reaction may contain another
compound in addition to any of the four specific solvent compounds listed above or any
of the three specific solvent compounds listed above other than 1,2,3,4-
tetrahydronaphthalene. In the case where the mixed solvent contains a compound other
than the specific solvent compounds, it is especially preferable that the compound has a
boiling 'point that is higher than the boiling point of the aromatic nitrile compound to be
produced (regenerated) and also the boiling point of water and is lowér than the boiling
point of the aromatic amide compound to be dehydrated. The compound contained in the
mixed solvent as a compound other than the specific solvent compounds is, for example,
diphenylether. Diphenylether has a high boiling point of about 259°C and suppresses the
evaporation amount of the mixed solvent containing the specific solvent compound(s),
and thus advances the dehydration reaction efficiently. Therefore, diphenylether is
preferably usable.

[0027]

With respect to the mixed solvent used for the dehydration reaction, the total
amount of the four specific solvent compounds (or the three specific solvent compounds
other than 1,2,3,4-tetrahydronaphthalene) is preferably 5% by weight or greater, more
preferably 20% by weight or greater, and especially preferably 40% by weight or greater.
In the case where the total amount of the specific solvent compounds is adjusted to be
within such a range, the selectivity (mol%) of the aromatic nitrile compound represented
by expression (1) below (ratio of the amount of the generated aromatic nitrile compound
with respect to the amount of the reacted aromatic amide compound; hereinafter, this
selectivity will also be referred to as "nitrile selectivity"; regarding the details, refer to
FIG. 3 described below) is improved while another compound having a preferable
property such as, for example, a preferable boiling point is allowed to be contained in the
solvent.

[Expression 1]

Amount of aromatic nitrile compound (mol) / (amount of pre-reaction aromatic amide
compound (mol) - amount of post-reaction aromatic amide compound (mol)) x 100

... expression 1

14
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[0028]

The amount of the solvent to be used for the dehydration reaction is, for example,
greater than, or equal to, the equimolecular amount of the aromatic amide compound,
which is the target of the dehydration reaction. If the amount of the solvent to be used is
too small, the speed of the dehydration reaction is decreased to increase the amount of by-
products. Therefore, the amount of the solvent to be used for the dehydration reaction is
preferably five times the molar amount, more preferably 15 times the molar amount, and
especially preferably 25 times the molar amount, of the aromatic amide compound.

[0029]
(Conditions for the dehydration reaction)

It is preferable that the reaction conditions are selected from the points of view of
the dehydration reaction speed, the boiling point of the solvent, the by-product generated
by the reaction such as pyridine or the like, the economic efficiency and the like. In the
case where a mixed solvent is used in the dehydration reaction, it is difficult to accurately
define and measure the boiling point of the solvent. It is generally preferable that the
boiling point of the mixed solvent is higher than the boiling point of the aromatic nitrile
compound and the boiling point of water and is lower than the boiling point of the
aromatic amide compound. In the case where a mixed solvent having a boiling point in
such a range is used in the dehydration reaction, the evaporation of the solvent is
suppressed while water, which is a by-product, is efficiently removed to the outside of the
system as described below in detail.

[0030]

The usual reaction conditions for the method for producing an aromatic nitrile
compound according to the present invention may be as follows. The temperature of the
reaction solution is 170°C to 230°C; the pressure is normal pressure (101.3 (kPa)
(760 Torr) to reduced pressure (13.3 (kPa) (100 Torr)); and the time is several hours to
about 100 hours. The reaction conditions are not limited to the above.

For example, the temperature of the reaction solution is preferably 180 to 228°C,
and more preferably 190 to 210°C. The reaction pressure is preferably 1.33 to 60 (kPA)

15
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(10 to 450 Torr), and more preferably 13.3 to 53.3 (kPa) (100 to 400 Torr). The reaction
time is preferably 4 to 24 hours, and more preferably 8 to 24 hours.
[0031]

In the case where a molecular sieve is used as the dehydration agent, there is no
specific limitation on the type or fhe shape of the molecular sieve. For example, a general
molecular sieve that has a high water absorption rate such as 3A, 4A, 5A or the like and is
spherical or pellet-like is usable. For example, Zeolum produced by Tosoh Corporation is
usable. Preferably, the molecular sieve is dried in advance, for example, at 300 to 500°C
for about 1 hour.

[0032]
(Example of the dehydration reaction)

[Chemical formula 2]

@—comz %[@—COOH A, 7N
=N =N 2 =N

[0033]

In the dehydration reaction of the aromatic amide compound, it is considered that
as shown above, the aromatic amide compound is decomposed to produce an aromatic
carboxylic acid, from which pyridine is produced as a by-product. However, a reaction
solution obtained after the dehydration reaction performed using the reaction conditions
according to the present invention contains an aromatic amide compound in an unreacted
state, an aromatic nitrile compound as a reaction product and a solvent, but a by-product
such as pyridine shown in the above formula or the like is not generated almost at all.
[0034]

In the case where a specific solvent compound is used as a solvent in the
dehydration reaction described above, an aromatic nitrile compound is selectively
produced in a short time as described below in detail. Therefore, any of the four specific
solvent compounds is preferably usable for the dehydration reaction.

[0035]
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In the case where, for example, 1,3,5-trimethoxybenzene, among the specific
solvent compounds, is used in the above-described dehydration reaction, the reaction
phase is entirely liquid, except that the catalyst is solid, for the reason that the melting
points of the substances are 110°C (2-picolinamide), 24°C (2-cyanopyridine), 19°C
(cyanopyrazine) and 50 to 53°C (1,3,5-trimethoxybenzene), and the boiling points of the
substances are 275°C (2-picolinamide), 232°C (2-cyanopyridine), 100°C (water) and
255°C (1,3,5-trimethoxybenzene). A reaction distillation device having a decompression
device attached thereto is used, the distillation column is heated to have a temperature
that is higher than the boiling point of water at the reaction pressure and is lower than the
boiling point of 1,3,5-trimethoxybenzene at the reaction pressure, and the reaction
solution is heated to have a temperature that is higher than, or equal to, the boiling point
of 1,3,5-trimethoxybenzene at the reaction pressure and is lower than the boiling point of
2-picolinamide at the reaction pressure. In this manner, 1,3,5-trimethoxybenzene
partially gasified in the reaction system is cooled by a cooling device and returns to the
reaction tube, whereas the by-product water is efficiently separated by distillation from
the reaction solution and removed to the outside of the system. Therefore, a nitrile
regeneration reaction advances at high speed, and thus the time of the dehydration
reaction is significantly shortened.

As can be seen, use of, for example, 1,3,5-trimethoxybenzene especially allows
the dehydration reaction to be advanced efficiently and allows the aromatic nitrile
compound to be recovered easily. Namely, since the boiling points of the substances
present in the post-reaction system are different from each other as described above, the
components are easily separated from each other by distillation.

[0036]

It should be noted that even a specific solvent compound having a relatively low
boiling point allows an aromatic nitrile compound to be selectively produced in a short
time as described above, and thus is considered as being suitable to be used for the
dehydration reaction. Therefore, in the dehydration reaction using a specific solvent
compound having a relatively low boiling point as a solvent, for example, the reaction

conditions such as the temperature and the pressure may be appropriately adjusted, or a
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mixed solvent containing a compound having a relatively high boiling point together with
a specific solvent compound may be used. In this manner, the aromatic amide compound
is converted into an aromatic nitrile compound especially efficiently.

[0037]

<2. Method for producing a carbonate ester using an aromatic nitrile compound>

As described above, as a result of the dehydration reaction of regenerating an
aromatic amide compound into an aromatic nitrile compound, the target compound is
obtained selectively at a high yield with no use of a strong reagent and with the
generation of a by-product being suppressed. In addition, the reaction speed is
significantly improved to significantly shorten the reaction time. Therefore, the speed of
regeneration by the dehydration reaction from an aromatic amide compound into an
aromatic nitrile compound, and the speed of carbonate ester synthesis from CO, and an
alcohol using the aromatic nitrile compound, are now well balanced; namely, the above-
described regeneration and the above-described synthesis may be used together. These
reactions may be established as a series of commercial processes. The present inventors
applied this knowledge to a carbonate ester production method to conceive the following
method for producing a carbonate ester.

[0038]
(First reaction step)

A first reaction step of the method for producing a carbonate ester according to the
present invention includes, for example, directly reacting an alcohol and carbon dioxide
with each other in the presence of a solid catalyst containing CeO; (cerium oxide) or the
like and an aromatic nitrile compound to generate a carbonate ester (carbonate ester
generation reaction).

[0039]

In this step, an alcohol and carbon dioxide are reacted with each other. As a result,
a carbonate ester and also water are generated. The aromatic nitrile compound, which is
present in the reaction system, and the generated water are subjected to a hydration
reaction to generate an aromatic amide compound. The generated water is removed from

the reaction system or decreased in the amount. Water is removed from the reaction
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system efficiently as described above, so that the generation of the carbonate ester is
promoted. For example, the reaction is expressed by the following formula.
[0040]

[Chemical formula 3]

H3C—O
CO; + 2CH30H —> >=0 + H0
H3C"'O |
a3
Hz20 + | — NH,
& y
[0041]
(Alcohol)

As the alcohol, any one, or two or more, selected from primary alcohol, secondary
alcohol and tertiary alcohol are usable. Examples of preferable alcohols include methanol,
ethanol, 1-propanol, isopropanol, 1-butanol, 1-pentanol, 1-hexanol, 1-heptanol, 1-octanol,
1-nonanol, allylalcohol, 2-methyl-1-propanol, cyclohexanemethanol, benzylalcohol,
ethyleneglycol, 1,2-propanediol, and 1,3-propanediol. These alcohols increase the yield
of the target product and also increase the reaction speed. The carbonate esters generated
by use of the above-listed alcohols are respectively dimethyl carbonate, diethyl carbonate,
dipropyl carbonate, diisopropyl carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl

carbonate, diheptyl carbonate, dioctyl carbonate, dinonane carbonate, diallyl carbonate,

" di-2-methyl-propyl carbonate, dicyclohexanemethyl carbonate, dibenzyl carbonate,

ethylene carbonate, 1,2-propylene carbonate, and 1,3-propylene carbonate.

In the case where the obtained carbonate ester is used as a material of diallyl
carbonate, it is preferable to use an alcohol having a carbon number of 1 to 6, and it is
more preferable to use an alcohol having a carbon number of 2 to 4.

It is preferable to use a monohydric alcohol or a dihydric alcohol.

[0042]
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(Catalyst usable for producing a carbonate ester)

In the first reaction step of the method for producing a carbonate ester, it is
preferable to use one or both of CeO, and ZrO, as a solid catalyst. For example, it is
preferable to use only CeO,, only ZrO,, a mixture of CeO, and ZrO,, a solid solution of
CeO; and ZrO,, or a composite oxide of CeO, and ZrO,. It is especially preferable to use
only CeO;. The mixing ratio of CeO, and ZrO; in the solid solution or the composite
oxide is basically 50:50, but may be changed appropriately.

[0043]

The catalyst used in the first reaction step may be in the form of powder or a
molded body. In the case of being a molded body, the catalyst may be spherical, pellet-
like, cylindrical, ring-shaped, wheel-shaped, granular or the like.

[0044]
(Carbon dioxide)

In the present invention, carbon dioxide prepared as industrial gas, or carbon
dioxide separated and recovered from exhaust gas of plants producing various products,
steel manufacturing plants, power plants or the like, is usable.

[0045]
(Solvent in the carbonate ester generation reaction)

For the carbonate ester generation reaction, it is preferable to use a solvent having
a boiling point higher than that of the amide compound to be produced. More preferably,
the solvent in the carbonate ester generation reaction contains at least one of
dialkylbenzene, alkylnaphthalene, and diphenylbenzene. Specific examples of preferable
solvents include barrel process oil B28AN and barrel process oil B30 (produced by
Matsumura Oil Co., Ltd.), each of which a contains component such as dialkylbenzene,
alkylnaphthalene, diphenylbenzene or the like.

[0046]
(Separation by distillation)
After the reaction, the obtained substance may be distilled to be separated into a

carbonate ester as a main product, an aromatic amide compound as a by-product, an
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unreacted aromatic nitrile compound, and a solid catalyst such as CeO; or the like. Thus,
the products are recovered.

[0047]

(Second reaction step)

In a second reaction step according to the present invention, the aromatic amide
compound generated as a by-product in the first reaction step is separated from,
preferably, the system obtained after the carbonate ester generation reaction, and then an
aromatic nitrile compound is produced by a dehydration reaction. The second reaction
step corresponds to the above-described method for producing the aromatic nitrile
compound, and thus will not be described in detail.

[0048]
(Reuse of the aromatic nitrile compound)

The aromatic nitrile compound regenerated by the second reaction step is reusable
for the first reaction step (hydration reaction).
[0049]

According to the present invention, as described above, a solvent containing a
specific solvent compound is used in the dehydration reaction of an aromatic amide
compound, so that an aromatic nitrile compound is efficiently regenerated from the
aromatic amide compound while generation of a by-product is suppressed. In addition,
for example, the temperature of the reaction solution is adjusted, so that the step of solid-
liquid separation of the catalyst is made unnecessary, and also the aromatic nitrile
compound is easily recovered. In the carbonate ester generation reaction, a catalyst
having a boiling point higher than that of aromatic carboamide is used, so that the step of
solid-liquid separation of the catalyst is made unnecessary. As can be seen, according to
the present invention, an aromatic nitrile compound is selectively regenerated from an
aromatic amide compound, and a series of reactions are allowed to be advanced while the
components are separated from each other only by distillation without a step of solid-
liquid separation of the catalyst. Thus, an efficient process as described below in detail is
realized.

[0050]
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<3. Device for producing a carbonate ester>

Now, a production device usable in the present invention will be described in
detail by way of a specific example. FIG. 1 shows an example of preferable production
device. FIG. 2 schematically shows the state of each of the substances in each of the
steps performed by the production device.

[0051]
(First reaction step)

In the first reaction step, a carbonate ester reactor 1 (first reaction portion) is filled
with one or both of CeO, and ZrO; as a solid catalyst (solid phase), alcohol (1-butanol
(BuOH); liquid phase), 2-cyanopyridine (2-CP; liquid), barrel process oil (B28AN; liquid
phase) as a solvent, and carbon dioxide (CO,; gas phase) supplied via a pressure raising
blower (not shown). The solid catalyst (CeO,; solid phase) may be newly supplied before
the reaction or recovered from a catalyst separation column 2. New 2-cyanopyridine is
used at the start of the reaction. Alternatively, unreacted 2-cyanopyridine 19 (gas phase)
separated and purified in a dehydration agent separation column 3 and an amide
separation column 4, and 2-cyanopyridine 22 (liquid phase; 2-cyanopyridine 26 via a
solvent recovery column 24) regenerated from 2-picolinamide purified in a water
separation column 7, are reusable.

[0052]

In a direct synthesis device for a carbonate ester usable in the present invention,
one or both of CeO, and ZrO, are used as a solid catalyst. The synthesis device may be a
flow reactor such as a batch reactor, a semi-batch reactor, a continuous tank reactor, a
tube reactor or the like.

[0053]
(Temperature of the reaction solution)

The temperature of the reaction solution in the carbonate ester reactor 1 is
preferably 50 to 300°C. In the case where the temperature of the reaction solution is
lower than 50°C, the reaction speed is low, and the carbonate ester synthesis reaction or
the hydration reaction with 2-cyanopyridine does not advance almost at all. In this case,

the productivity of the carbonate ester tends to be low. In the case where the temperature
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of the reaction solution is higher than 300°C, the reaction speed of each reaction is high,
but the carbonate ester is easily decomposed or denatured and 2-picolinamide is easily
reacted with an alcohol. Therefore, the yield of the carbonate ester tends to be low. The
temperature of the reaction solution is more preferably 100 to 150°C. An ideal
temperature of the reaction solution is considered to vary in accordance with the type or
the amount of the solid catalyst, or the amount or the ratio of the materials (alcohol and 2-
cyanopyridine). Thus, it is desirable to set the optimal temperature appropriately. Since
the preferable temperature of the reaction solution is 100 to 150°C, it is desirable to pre-
heat the materials (alcohol and 2-cyanopyridine) with steam or the like on a stage before
the carbonate ester reactor.

[0054]

(Reaction pressure)

The reaction pressure in the carbonate ester reactor 1 is preferably 0.1 to 20 MPa
(absolute pressure). In the case where the reaction pressure is lower than 0.1 MPa
(absolute pressure), a decompression device is required, which makes the facilities
complicated and costly. In addition, a motive power energy to reduce the pressure is
necessary, which decreases the energy efficiency. In the case where the reaction pressure
is higher than 20 MPa, the hydration reaction with 2-cyanopyridine does not easily
advance, which decreases the yield of the carbonate ester. In addition, a motive power
energy to raise the pressure is necessary, which decreases the energy efficiency. From the
point of view of increasing the yield of the carbonate ester, the reaction pressure is more
preferably 0.5 to 15 MPa (absolute pressure), and still more preferably 1.0 to 10 MPa
(absolute pressure).

[0055]
(Amount of 2-cyanopyridine)

2-cyanopyridine to be used for the hydration reaction is desirably introduced into
the reactor before the reaction in a molar amount that is 0.2 times or greater and 5 times
or less of the theoretical molar amount of water generated as a by-product by the reaction
of the alcohol and CO; as the materials. The molar amount of 2-cyanopyridine is more

desirably, 0.5 times or greater and 3 times or less, and especially desirably 0.8 times or

23



10

15

20

25

30

G1608US

greater and 1.5 times or less, of the theoretical molar amount of water generated as a by-
product by the reaction of the alcohol and CO, as the materials. In the case where the
molar amount of 2-cyanopyridine is too small, the amount of 2-cyanopyridine
contributing to the hydration reaction is small, which may undesirably decrease the yield
of the carbonate ester. By contrast, in the case where the molar amount of 2-
cyanopyridine is too large with respect to the alcohol as a material, the by-reaction of 2-
cyanopyridine is undesirably increased. The ideal amounts of the alcohol and 2-
cyanopyridine with respect to the solid catalyst are considered to vary in accordance with
the type or the amount of the solid catalyst, the type of the alcohol, or the ratio of the
alcohol and 2-cyanopyridine. Thus, it is desirable to set the optimal conditions
appropriately.

[0056]

(Separation of the reaction products)

Preferably, the separation of the reaction products is entirely performed by
distillation. After the reaction in the carbonate ester reactor 1, a reaction solution 10 is
transported to the catalyst separation column 2. From the bottom of the catalyst
separation column 2, the catalyst and the solvent (in this example, barrel process oil
(B28AN) (liquid phase; 11)) are recovered. From the top of the catalyst separation
column 2, CO, (12) and a mixture (13) of BuOH, dibutyl carbonate (DBC), 2-
cyanopyridine and 2-picolinamide are recovered. The catalyst, the solvent and CO, that
are recovered are recycled to the carbonate ester reactor 1.

[0057]

The mixture (13) recovered from the catalyst separation column 2 is transported to
the dehydration agent separation column 3. From the bottom of the dehydration agent
separation column 3, a mixture (14) of 2-cyanopyridine and 2-picolinamide is recovered.
From the top of the dehydration agent separation column 3, BuOH and DBC (15) are
recovered.

[0058]
The mixture (14) recovered from the bottom of the dehydration agent separation

column 3 is transported to the amide separation column 4. From the bottom of the amide
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separation column, 2-picolinamide (18) is recovered. From the top of the amide
separation column, the 2-cyanopyridine (19) is recovered. @ The recovered 2-
cyanopyridine is recycled to the carbonate ester reactor 1. The 2-picolinamide (18)
recovered from the bottom of the amide separation column 4 is transported to a nitrile
regeneration reactor 6.

[0059]

The BuOH and the DBC (15) recovered from the top of the dehydration agent
separation column 3 are transported to a carbonate ester recovery column 5. From the
bottom of the carbonate ester recovery column, DBC (16) is recovered. From the top of
the carbonate ester recovery column, BuOH (17) is recovered. The recovered BuOH is
recycled to the carbonate ester reactor 1.

[0060]

The 2-picolinamide (2-PA; 18) recovered from the amide separation column 4 is
transferred to the nitrile regeneration reactor 6 (second reaction portion) to be regenerated
into 2-cyanopyridine.

[0061]
(Second reaction step)

In the second reaction step, 2-cyanopyridine (2-CP) is generated by a dehydration
reaction of 2-picolinamide in the nitrile regeneration reactor 6. The production device
used in the present invention (nitrile regeneration reactor 6) performs the dehydration
reaction of 2-picolinamide in the presence of a catalyst containing a carried basic metal
oxide and a solvent containing a specific solvent compound to generate 2-cyanopyridine.
There is no specific limitation on the form of the reaction. A flow reactor such as a batch
reactor, a semi-batch reactor, a continuous tank reactor, a tube reactor or the like is usable.
For the catalyst, a fixed bed, a slurry bed or the like is usable. The temperature of the
nitrile regeneration reactor 6 is variable in accordance with the form of the reaction. A
reaction distillation device having a decompression device attached thereto is used.
Preferably, the distillation column is heated to have a temperature that is higher than the
boiling point of water at the reaction pressure and is lower than the boiling point of the

solvent at the reaction pressure. As described above, the temperature of the reaction
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solution is adjusted to be higher than, or equal to, the boiling point of the solvent at the
pressure reaction and lower than the boiling point of 2-picolinamide at the reaction
pressure. With such an arrangement, the solvent partially gasified in the reaction system
is cooled by a cooling device and returns to the reaction tube. The by-product water is
efficiently separated by distillation from the reaction solution and removed to the outside
of the system. Therefore, the nitrile regeneration reaction advances at high speed.

[0062]

Among 1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-
dimethoxybenzene and 1,3,5-trimethoxybenzene as the specific solvent compounds, any
of the three compounds having a relatively low boiling point other than 1,3,5-
trimethoxybenzene may be used as a main component of a solvent. In such a case, the
solvent recovery column 24 may be provided, so that the solvent is recovered efficiently.
Namely, the solvent recovery column 24 shown in FIG. 1 may be provided, so that a first
recovered solvent (21) recovered from the water separation column 7 and also a second
recovered solvent (25) separated from the 2-cyanopyridine (22) in the solvent recovery
column 24 are reusable.

[0063]

The 2-cyanopyridine (22) may be recovered from the water separation column 7
during the reaction or separated by distillation and recovered after the reaction. The
recovered 2-cyanopyridine 22 is transported to the carbonate ester reactor 1 and reused
for the production of the carbonate ester.

[0064]

As described above, according to the present invention, a reaction product and a
compound to be reused are separated from each other merely by distillation, with no need
of solid-liquid separation. Therefore, according to the present invention, a carbonate ester
is produced efficiently with a simpler production device and a smaller number of
production steps.

[EXAMPLES]
[0065]
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Hereinafter, the present invention will be described in more detail by way of
examples. The present invention is not limited to any of the following examples. First,
examples and comparative examples of method for producing cyanopyridine will be
described.

[0066]
(Examples 1 through 6)

In examples 1 through 6, only a specific solvent compound was used as the
solvent to perform the dehydration reaction.
[0067]

(Example 1)

SiO, (CARIACT, G-6, surface area: 535 m?%/g; produced by Fuji Silysia Chemical
Ltd.) for a carrier was sized to 100 mesh or less, and pre-baked at 700°C for about 1 hour.
Then, in order to cause Cs to be carried as an alkaline metal, an aqueous solution was
prepared using Cs,COs (produced by Wako Pure Chemical Industries, Ltd.) such that the
final amount of Cs metal to be carried would be 0.5 mmol/g, and SiO, was impregnated
with the aqueous solution. Then, the resultant substance was dried at 110°C for about 6
hours and was baked at 500°C for about 3 hours. As a result, a Cs,O/SiO;, catalyst was
obtained. An NayO/SiO, catalyst used in some of comparative examples described below
was produced by substantially the same method as the Cs;O/Si0; catalyst.

[0068]

Next, a 3-necked round-bottom flask was used as a reactor. A magnetic stirrer,
the Cs,0/Si0; catalyst (1.0 g (Cs: 0.5 mmol)), 2-picolinamide (2-PA; 6.1 g (50 mmol);
produced by Tokyo Chemical Industry Co., Ltd.), and 1,3-dimethoxybenzene (51.8 g
(375 mmol); produced by Tokyo Chemical Industry Co., Ltd.) were introduced into the
reactor.

A thermometer and an air-cooling tube containing 10 g of molecular sieve 4A
were attached to the reactor. A Liebig condenser was attached to a top end of the air-

cooling tube. The resultant device was to be used as a reaction device.
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Then, the reaction was performed in a state where the reaction solution was heated
at the normal pressure and kept in a boiled state while by-product water was adsorbed to
the molecular sieve without being returned to the reactor.

The start of the reaction was set to the timing when the reaction solution started to
be boiled, and the reaction was continued for 24 hours.

After the reaction, the temperature was cooled to room temperature. The reaction
solution was sampled and diluted two-fold with ethanol, and 1-hexanol was added thereto
as an internal standard substance. The resultant substance was subjected to a qualitative
analysis with GC-MS (gas chromatograph-mass spectrometer) and to a quantitative
analysis with FID-GC. As a result, 2-cyanopyridine was found to be generated as shown
in Table 1. The yield of 2-cyanopyridine was 69.1 mol%, and the generation ratio of
pyridine as a by-product was suppressed to 0.88 mol% (see Table 1).

[0069]
(Examples 2 and 3)

In examples 2 and 3, the reaction was performed in substantially the same manner
as in example 1 with different specific solvent compounds. The results are shown in
Table 1.

[0070]
(Example 4)

A Cs,0/Si0, catalyst was produced in the same step as in example 1. Next, a 3-
necked round-bottom flask was used as a reactor. A magnetic stirrer, the Cs;O/SiO;
catalyst (1.0 g (Cs: 0.5 mmol)), 2-picolinamide (2-PA; 6.1 g (50 mmol); produced by
Tokyo Chemical Industry Co., Ltd.), and 1,3,5-trimethoxybenzene (176.6 g (1.05 mol;
produced by Tokyo Chemical Industry Co., Ltd.) were introduced into the reactor.

Then, a thermometer was attached to the reactor. A distilling head having a
thermometer attached thereto was attached to a top end of a first air-cooling tube. A
second air-cooling tube, a receiver, and a vacuum pump were connected to the distilling
head. The resultant device was to be used as a reaction distillation device. A ribbon

heater was wound around the first air-cooling tube, so that the temperature of the first air-
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cooling tube would be adjustable. A cooling trap was cooled with liquid nitrogen, so that
gasified pyridine would be recovered.

Then, the pressure in the reaction distillation device was reduced by the vacuum
pump to 52.3 kPa (392 Torr). The first air-cooling tube was heated to 87°C, which was
higher than the boiling point of water at the reaction pressure and lower than the boiling
point of 1,3,5-trimethoxybenzene at the reaction pressure. The reaction solution was
maintained in a boiled state at 229°C, which was higher than, or equal to, the boiling
point of 1,3,5-trimethoxybenzene at the reaction pressure and lower than the boiling point
of 2-picolinamide at the reaction pressure. The temperatures were adjusted in this manner,
so that the reaction was performed in a state where 1,3,5-trimethoxybenzene partially
gasified in the reaction system was cooled in the first air-cooling tube and returned to the
reactor while the by-product water was separated by distillation and removed to the
outside of the system without being returned to the reactor.

The start of the reaction was set to the timing when the reaction solution started to
be boiled, and the reaction was continued for 4 hours.

After the reaction, the reaction solution was cooled to room temperature. The
reaction solution was sampled and diluted two-fold with ethanol, and 1-hexanol was
added thereto as an internal standard substance. The resultant substance was subjected to
a qualitative analysis with GC-MS (gas chromatograph-mass spectrometer) and to a
quantitative analysis with FID-GC. As a result, 2-cyanopyridine was found to be
generated as shown in Table 1. The yield of 2-cyanopyridine was 53.1 mol%, and the
generation ratio of pyridine as a by-product was suppressed to 1.67 mol% (see Table 1).
[0071]

(Examples 5 and 6)

In examples 5 and 6, the reaction was performed in substantially the same manner
as in example 1 with a mixture of specific solvent compounds. The results are shown in
Table 2.

[0072]
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In examples 1 through 6, the aromatic nitrile compound (2-cyanopyridine) was
generated at a high yield while the generation of pyridine as a main by-product was
suppressed as described below in detail.

[0073]
(Examples 7 through 12)

In each of examples 7 through 9 and 11, the dehydration reaction was performed
in substantially the same manner as in embodiment 4 using a solvent containing a specific
solvent compound and also diphenylether as another component. As a result of these
examples, it has been confirmed that even in the case where a mixed solvent having a
total amount of the four specific solvent compounds of 20 to 60% by weight is used, a
high nitrile selectivity (mol%) (amount of aromatic nitrile compound (mol)/(amount of
pre-reaction aromatic amide compound (mol) - amount of post-reaction aromatic amide
compound (mol)) x 100) is realized in a dehydration reaction having a relatively short
reaction time of 6 hours or 12 hours (see Table 3). Namely, as shown in examples 7
through 9 and 11 and the graph in FIG. 3, use of a mixed solvent containing 20% by
weight or greater of 1,3-dimethoxybenzene, which was one of the specific solvent
compounds, realized a high nitrile selectivity of 80 mol% or higher.

[0074]

In examples 7 through 9 and 11 with a short reaction time, the yield of the
aromatic nitrile compound (nitrile yield) is considered as not being as high as in examples
1 through 6. However, in examples 10 and 12, in which only 1,3-dimethoxybenzene as a
specific solvent compound was used as the solvent, and the dehydration reaction was
performed with a reaction time of 6 hours or 12 hours, like in examples 7 through 9 using
the mixed solvents; the yield of the aromatic nitrile compound was generally equal to the
yield in examples 7 through 9 (see Table 3). In example 1, the dehydration reaction was
performed for a longer time of 24 hours using only 1,3-dimethoxybenzene as the solvent,
and a high nitrile yield of about 70% was realized. In consideration of these results, it is
considered that even in a dehydration reaction using a mixed solvent in examples 7 and
thereafter, a high nitrile yield would be realized in accordance with the reaction time.

[0075]
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(Comparative examples 1 through 17)

In the meantime, in comparative examples 1 through 17, a solvent containing none
of the four specific solvent compounds was used. In comparative examples 10, 14 and 16,
the dehydration reaction was performed in substantially the same manner as in example 4.
In the other comparative examples, the dehydration reaction was performed in
substantially the same manner as in example 1. As a result, 2-cyanopyridine was
produced from 2-picolinamide (see Table 4).

In comparative example 1 with a significantly longer reaction time of 400 hours,
an aromatic nitrile compound was generated at a high yield, and the generation of
pyridine as a by-product was suppressed. However, the dehydration reaction requiring
such a long reaction time is not suitable to practical use. In comparative examples 2 and
thereafter with a reaction time of 24 hours (only in comparative example 10, the reaction
time was 12 hours), the nitrile yield was significantly lower, and the generation amount of
pyridine with respect to the generation amount of the nitrile compound (2-cyanopyridine)
was larger, than in examples 1 through 6 having a reaction amount of 24 hours or
significantly shorter than 24 hours.

[0076]

The results in examples 1 through 12 and comparative examples 1 through 17 are
shown in Tables 1 through 4 below.
[Table 1]
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[0077]

As described above, the dehydration reaction in examples 1 through 12 using a
specific solvent compound as a solvent resulted in generating the aromatic nitrile
compound as a target compound at a high yield while suppressing the generation of a by-
product such as pyridine or the like. Especially in examples 1 through 5 and 7 through 12,
in which the temperature of the reaction solution was adjusted to the range of 170°C to
230°C, a high yield of the nitrile compound and the reduction of the generation of the by-
product were both confirmed be realized.

By contrast, the comparative examples, in which a solvent containing none of the
specific solvent compounds was used, resulted in a low yield of the aromatic nitrile
compound (see FIG. 4, which shows the results of the examples and the comparative
examples exhibiting a relatively high yield). In some of the comparative examples, the
generation of pyridine was suppressed. However, even in these comparative examples,
the nitride yield was low. In comparative example 1, the nitrile yield was high, but the
required reaction time was too long. Thus, comparative example 1 was inferior to the
examples.

[0078]

For evaluation of the catalysts, control tests were performed among which only
the type of the catalyst was different. The catalysts used were the catalysts usable for the
dehydration reaction. In the control tests, the type of the solvent was different from that
in example 1 and the like. The tests were performed under the reaction conditions
suitable to the boiling point of the solvent. The results are shown in Table 5.

[Table 5]
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[0079]

As described above, it has especially been confirmed that in the case where Cs,O,
Rb,0, K0 or NayO is used as the catalyst in the dehydration reaction according to the
present invention, the aromatic nitrile compound is obtained selectively at a high yield.
[0080]

(Example 13)

A 5L 3-necked round-bottom flask was used as a reactor. A magnetic stirrer, the
Cs,0/Si0; catalyst (10 g (Cs: 5 mmol)), 2-picolinamide (61 g (0.5 mol); produced by
Tokyo Chemical Industry Co., Ltd.), and 1,3-dimethoxybenzene (1727 g (12.5 mol);
produced by Tokyo Chemical Industry Co., Ltd.) were introduced into the reactor. A
reaction distillation device was structured in substantially the same manner as in example
L.

The reaction was performed under the same conditions as in example 2 to obtain a
reaction solution containing 38.5 g of 2-cyanopyridine.

The reaction distillation device was used continuously to distill the reaction
solution at a pressure of 1.3 kPa to obtain 33.5 g of 2-cyanopyridine. As a result of an
analysis performed with FID-GC, the purity thereof was 99.9%.

[0081]

It has been confirmed that in the case where, as described above, 1,3-
dimethoxybenzene is used and the temperature of the reaction solution is adjusted by
pressure control, the reaction speed is significantly improved to shorten the reaction time,
the target compound is obtained selectively at a high yield, and the aromatic nitrile
compound is recovered easily.

[0082]
(Example 14)

Now, examples of method for producing a carbonate ester using cyanopyridine
(carbonate ester generation reaction) will be described. The 2-cyanopyridine obtained in
example 13 was used. First, commercially available CeO, (impurity concentration:
0.02% or lower) was baked at 600°C for 3 hours in an air atmosphere to obtain a powdery

solid catalyst.
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A magnetic stirrer, the solid catalyst (0.17 g (1 mmol)), butanol (7.4 g
(100 mmol); produced by Wako Pure Chemical Industries, Ltd.), barrel process oil B-
28AN (5 g) as the solvent, and 2-cyanopyridine (5.2 g (50 mmol)) were introduced into a
190 mL autoclave (reactor). The air in the autoclave was purged three times with CO»,
and then CO, was introduced into the autoclave such that the pressure would be 5 MPa.
The temperature of the autoclave was raised to 132°C by a band heater and a hot stirrer.
The timing when the temperature reached the target temperature was set as the reaction
start time. During the reaction, the pressure reached 8 MPa. The reaction was continued
for 24 hours at the temperature of the reaction solution of 132°C as described above.
Then, the autoclave was cooled with water. When the autoclave was cooled to room
temperature, the pressure in the autoclave was reduced. The solution in the autoclave was
diluted two-fold with acetone, and 1-hexanol was added thereto as an internal standard
substance. The resultant substance was analyzed with FID-GC. Dibutyl carbonate was
obtained in this manner.
[0083]
(Examples 15 through 47)

In examples 15 through 47, a carbonate ester was obtained from an alcohol and
CO, using 2-cyanopyridine under the conditions in which at least one of presence/absence
of the solvent, the type of the solvent, the amount of the solvent, the reaction time, the
type of the alcohol (substrate), the concentration of the alcohol (substrate), the type of the
catalyst, and the amount of the catalyst was different from that in example 14.
Specifically, the conditions different from those in example 14 were the type and the
amount of the solvent in examples 15 through 18, 41 and 45 through 47 (regarding the
solvent, "-" indicates that no solvent was used), the reaction time in examples 18 through
21, 23 through 30, 33 through 39, 43 and 45 through 47, the value of the alcohol/2-
cyanopyridine as the materials in examples 23 through 28, 35, 37, 42 and 45 through 47,
the amount of the catalyst in examples 25 through 30, 35, 37 and 45 through 47, the type
of the catalyst in examples 31 through 34, the temperature of the reaction solution in
examples 37 through 47, the reaction pressure in examples 43 and 44, and the type, the

amount and the like of the alcohol as the material in examples 35 through 47.
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[0084]

Table 6 below shows the results of the examples of production of the carbonate

ester.

[Table 6]
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[0085]

As described above, in examples 14 through 47, it has been confirmed that the
carbonate ester is obtained at a high yield within a short reaction time of 24 hours or
shorter while the hydration reaction of an aromatic cyano compound with the by-product
water was advanced at the same time as the carbonate ester generation reaction.

[0086]
(Example 48)

Now, an example of recovery of the catalyst from the carbonate ester reaction
solution will be described. The carbonate ester was produced by use of the production
device shown in FIG. 1. First, commercially available CeO, (impurity concentration:
0.02% or lower) was baked at 600°C for 3 hours in an air atmosphere to obtain a powdery
solid catalyst.

The solid catalyst (1.72 g (10 mmol)), butanol (74.1 g (1 mol); produced by Wako
Pure Chemical Industries, Ltd.), barrel process oil B-28AN (50 g) as the solvent, and 2~
cyanopyridine (52.1 g (0.5 mol)) were introduced into a 1.9 L autoclave (reactor) with a
stirrer. The air in the autoclave was purged three times with CO,, and then CO, was
introduced into the autoclave such that the pressure would be 5 MPa. The temperature of
the autoclave was raised to 132°C by a ceramic heater while the substances in the
autoclave were stirred. The timing when the temperature reached the target temperature
was set as the reaction start time. During the reaction, the pressure reached 8 MPa.

The reaction was continued for 24 hours at the temperature of the reaction
solution of 132°C as described above. Then, the pressure in the autoclave was returned to
the atmospheric pressure. The reaction solution was introduced to a middle portion of a
distillation column having a reduced pressure of 2.7 kPa, and simple distillation was
performed. From the top of the distillation column, a mixture of BuOH, dibutyl
carbonate, 2-cyanopyridine and 2-picolinamide was recovered. From the bottom of the
distillation column, the catalyst and barrel process oil were recovered.

The catalyst and the solvent recovered above, butanol (74.1 g (1 mol); produced
by Wako Pure Chemical Industries, Ltd.), and 2-cyanopyridine (52.1 g (0.5 mol)) were

introduced into a 1.9 L autoclave (reactor) with a stirrer. The air in the autoclave was
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purged three times with CO,, and then CO, was introduced into the autoclave such that
the pressure would be 5 MPa. The temperature of the autoclave was raised to 132°C by a
ceramic heater while the substances in the autoclave were stirred. The timing when the
temperature reached the target temperature was set as the reaction start time. During the
reaction, the pressure reached 8 MPa. After the reaction was continued for 24 hours, the
autoclave was cooled with water. When the autoclave was cooled to room temperature,
the pressure in the autoclave was reduced, and a part of the reaction solution was sampled.
The sampled reaction solution was diluted two-fold with acetone, and 1-hexanol was
added thereto as an internal standard substance. The resultant substance was analyzed
with FID-GC. As a result, the yield of dibutyl carbonate was 54 mol%.

Then, the reaction solution was distilled in the order shown in FIG. 1 to obtain
40 g of dibutyl carbonate. An analysis with FID-GC showed that the purity was 99.9%.

As can be seen, it has been confirmed that even in the case where the catalyst once
used is recovered and used again for the carbonate ester generation reaction, the carbonate
ester is obtained at a high yield.

[0087]

As described above, it has been confirmed that also in the carbonate ester
generation reaction, in the case where a solvent having a boiling point higher than that of
aromatic carboamide is used, the components may be separated from each other merely
by distillation with no need of the step of solid-liquid separation of the catalyst. Thus, an
efficient process is realized.

[0088]

Preferable embodiments of the present invention have been described above in
detail with reference to the attached drawings. The present invention is not limited to any
of the embodiments. A person of ordinary skill in the art of the present invention would
obviously conceive any of various altered or modified examples within the technological
scope defined by the claims, and such altered or modified examples are construed as

being duly encompassed in the technological scope of the present invention.

REFERENCE SIGNS LIST
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[0089]

1

2
3
4
5
6
7
8

Carbonate ester reactor

Catalyst separation column
Dehydration agent separation column
Amide separation column

Carbonate ester recovery column
Nitrile regeneration reactor

Water separation column

Decompression pump
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CLAIMS

1. A method for producing an aromatic nitrile compound, comprising:

a dehydration reaction of dehydrating an aromatic amide compound,;

wherein the dehydration reaction uses a solvent comprising one or a plurality of
substances selected from 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene,

wherein the dehydration reaction is performed in a state where the solvent is
boiled,

wherein the aromatic amide compound at least comprises pyridine carboamide,
and the aromatic nitrile compound at least comprises cyanopyridine,

wherein the dehydration reaction uses a catalyst comprising cesium, and

wherein a total amount of the one or the plurality of substances selected from 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene is 40% by
weight or greater with respect to the solvent.

2. The method for producing an aromatic nitrile compound according to claim 1,
wherein the solvent is formed of only the one or the plurality of substances selected from
1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene.

3. The method for producing an aromatic nitrile compound according to claim 1,
wherein the solvent is a mixed solvent further comprising a compound having a boiling
point that is higher than the boiling point of the aromatic nitrile compound and the boiling
point of water and is lower than the boiling point of the aromatic amide compound.

4. The method for producing an aromatic nitrile compound according to any one
of claims 1 through 3, wherein the solvent is used in an amount larger than, or equal to,
an equimolecular amount of the aromatic amide compound.

5. The method for producing an aromatic nitrile compound according to any one
of claims 1 through 4, wherein the dehydration reaction is performed under the condition
of normal pressure or a reduced pressure.

6. The method for producing an aromatic nitrile compound according to any one
of claims 1 through 5, wherein a reaction solution of the dehydration reaction has a
temperature of 170°C or higher and lower than 230°C.

7. The method for producing an aromatic nitrile compound according to any one

of claims 1 through 6, wherein the aromatic amide compound is pyridine carboamide, and
the aromatic nitrile compound is cyanopyridine.
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8. The method for producing an aromatic nitrile compound according to any one
of claims 1 through 7, wherein the dehydration reaction uses a catalyst comprising
Cs,0/SiOs.

9. A method for producing an aromatic nitrile compound, comprising:

a dehydration reaction of dehydrating an aromatic amide compound,;

wherein the dehydration reaction uses a solvent comprising one or a plurality of
substances selected from 1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-
dimethoxybenzene and 1,3,5-trimethoxybenzene, and a catalyst comprising cesium,

wherein the dehydration reaction is performed in a state where the solvent is
boiled,

wherein the aromatic amide compound at least comprises pyridine carboamide,
and the aromatic nitrile compound at least comprises cyanopyridine, and

wherein a total amount of the one or the plurality of substances selected from
1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene is 40% by weight or greater with respect to the solvent.

10. A method for producing a carbonate ester, comprising:

a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in a solvent comprising one or a plurality of substances selected from
1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene;

wherein at least a part of the aromatic nitrile compound regenerated in the second
reaction step is used in the first reaction step,

wherein the dehydration reaction is performed in a state where the solvent is
boiled,

wherein the aromatic amide compound at least comprises pyridine carboamide,
and the aromatic nitrile compound at least comprises cyanopyridine,

wherein the dehydration reaction uses a catalyst comprising cesium,

wherein the carbonate ester generation reaction uses a catalyst comprising cerium
and

wherein a total amount of the one or the plurality of substances selected from 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene is 40% by
weight or greater with respect to the solvent.
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11. The method for producing an aromatic nitrile compound according to claim10,
wherein the solvent is formed of only the one or the plurality of substances selected from
1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-trimethoxybenzene.

12. The method for producing a carbonate ester according to claim 10 wherein the
solvent is a mixed solvent further comprising a compound having a boiling point that is
higher than the boiling point of the aromatic nitrile compound and the boiling point of
water and is lower than the boiling point of the aromatic amide compound.

13. The method for producing a carbonate ester according to any one of claims 10
through 12, wherein the solvent is used in an amount larger than, or equal to, an
equimolecular amount of the aromatic amide compound.

14. The method for producing a carbonate ester according to any one of claims 10
through 13, wherein the dehydration reaction is performed under the condition of normal
pressure or a reduced pressure.

15. The method for producing a carbonate ester according to any one of claims 10
through 14, wherein a reaction solution of the dehydration reaction has a temperature of
170°C or higher and lower than 230°C.

16. The method for producing a carbonate ester according to any one of claims 10
through 15, wherein the aromatic amide compound is pyridine carboamide, and the
aromatic nitrile compound is cyanopyridine.

17. The method for producing a carbonate ester according to any one of claims 10
through 16, wherein the dehydration reaction uses a catalyst comprising Cs,0/SiO, .

18. The method for producing a carbonate ester according to any one of claims 10
through 17, wherein the carbonate ester generation reaction uses a catalyst
comprisingCeO,.

19. The method for producing a carbonate ester according to any one of claims 10
through 18, wherein the alcohol comprises an alcohol having a carbon number of 1 to 6.

20. A method for producing a carbonate ester, comprising:

a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
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amide compound in a solvent comprising one or a plurality of substances selected from
1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene by use of a catalyst comprising cesium;

wherein at least a part of the aromatic nitrile compound regenerated in the second
reaction step is used in the first reaction step,

wherein the dehydration reaction is performed in a state where the solvent is
boiled,

wherein the aromatic amide compound at least comprises pyridine carboamide,
and the aromatic nitrile compound at least comprises cyanopyridine,

wherein the carbonate ester generation reaction uses a catalyst comprising cerium
and wherein a total amount of the one or the plurality of substances selected from 1,2,3,4-
tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and 1,3,5-
trimethoxybenzene is 40% by weight or greater with respect to the solvent.

21. A method for producing a carbonate ester, comprising:

a first reaction step including a carbonate ester generation reaction of reacting an
alcohol and carbon dioxide in the presence of an aromatic nitrile compound to generate a
carbonate ester and water, and a hydration reaction of hydrating the aromatic nitrile
compound with the generated water to generate an aromatic amide compound; and

a second reaction step of, after the aromatic amide compound is separated from a
reaction system of the first reaction step, regenerating the aromatic amide compound into
an aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in a solvent formed of only one or a plurality of substances selected
from 1,2,3,4-tetrahydronaphthalene, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene and
1,3,5-trimethoxybenzene by use of a catalyst comprising cesium;

wherein at least a part of the aromatic nitrile compound regenerated in the second
reaction step is used in the first reaction step,

wherein the dehydration reaction is performed in a state where the solvent is
boiled,

wherein the aromatic amide compound at least comprises pyridine carboamide,
and the aromatic nitrile compound at least comprises cyanopyridine and

wherein the carbonate ester generation reaction uses a catalyst comprising cerium.

47



