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SPECIFICATION

METHOD FOR PRODUCING AROMATIC NITRILE COMPOUND AND
METHOD FOR PRODUCING CARBONATE ESTER

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

ester.

BACKGROUND ART

[0002]

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

[0003]

A carbonate ester is used as an additive, for plgna gasoline additive for
improving the octane value and a diesel fuel adglifior decreasing the amount of
particles in exhaust gas. A carbonate ester s aéed as, for example, an alkylation
agent, a carbonylation agent, a solvent or thedgable for synthesizing resins or organic
compounds such as polycarbonate, urethane, phamtedelrugs, agricultural chemicals
or the like, a material of an electrolytic solutiaf lithium ion cells, a material of
lubricant oil, or a material of an oxygen absorfwrrust inhibition of boiler pipes. As
can be seen, a carbonate ester is a very usefyarord.

[0004]
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According to a conventionally mainstream method pooducing a carbonate
ester, phosgene, which is used as a source ofberodr is directly reacted with an
alcohol. Phosgene used in this method is highatdous and highly corrosive, and
therefore, needs extreme caution to be handleceX¥ample, transported or stored. It is
highly costly to control and manage, and guaratiieesafety of, production facilities of
phosgene. According to this method, the mateaald catalysts used for producing a
carbonate ester contain halogen such as chloritieedike, and the produced carbonate
ester contains a trace amount of halogen, whictoisemoved by a simple purification
step. When the carbonate ester is used for aigasadiditive, a light oil additive or an
electronic material, such halogen may undesiraslyse corrosion. Therefore, a thorough
purification step is indispensable to decreasdrtiee amount of halogen in the carbonate
ester to the level of an extremely trace amoumi. addition, recently, administrative
offices provide a strict administration guidance alo not permit new establishment of
production facilities using this method because sgleoe is highly hazardous to the
human body. In such a situation, a new produati@thod of a carbonate ester that does
not use phosgene is strongly desired.

[0005]

There is another known method for producing amaalke ester. According to this
method, a carbonate ester is directly synthesireoh fan alcohol and carbon dioxide
using a heterogeneous catalyst. Regarding thifiadetstudies had been on using 2-
cyanopyridine or benzonitrile as a wettable powder significantly improve the
production amount and the production speed of #tbanate ester, to allow the reaction
to advance easily at a pressure close to normsspre, and to increase the reaction speed
(see Patent Documents 1 and 2). However, thereaagblem regarding the method for
treating or using benzamide or the like generasea lay-product.

For example, the use of benzamide generated byetwtion of benzonitrile and
water is limited to being for some of pharmaceutmad agrochemical intermediates.

Therefore, regarding the method of producing a @ate ester using benzonitrile as a
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wettable powder, benzamide generated as a by-présldesired to be regenerated into
benzonitrile and reused. It is now an issue ttizea regeneration reaction with a high
level of selectivity (because it is considered thatby-product is generated, benzonitrile
is not easily used as a wettable powder) and a Yigld (because if the yield is low,
benzamide remains in a large amount, which inceedmeamount of work, namely, work
load, of separating benzamide and benzonitrile feach other).

[0006]

In light of the above-described situation whergereeration of benzamide or the
like into benzonitrile or the like involves problepthere is a known method for realizing
the regeneration with no use of a strong reagethtvéth the generation of a by-product
being suppressed (Patent Document 3).

However, according to this method, generation itrilen by dehydration of an
amide compound requires 400 hours and thus is etitbalanced to be adopted with a
carbonate ester synthesis reaction, which reqoimgés24 hours. This method also has a
problem that steps of extraction, infiltration atie like are necessary for solid-liquid
separation of a catalyst, which increases the numibproduction steps and complicates

the production process.

CITATION LIST

PATENT LITERATURE

[0007]
Patent Document 1: Japanese Laid-Open PatentcBtibii No. 2010-77113
Patent Document 2: Japanese Laid-Open PatentcBtibhi No. 2012-162523
Patent Document 3: WO2015/099053

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0008]
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In light of the above-described technological peafis, an object of the present
invention is to provide a method for regeneratimg aaomatic amide compound, for
example, pyridine carboamide or pyrazine amidey etcorresponding aromatic nitrile
compound, namely, cyanopyridine or cyanopyrazihe,method realizing a dehydration
reaction of providing a target compound selectivaha high yield, with generation of a
by-product being suppressed. Another object ofgresent invention is to provide a
method for producing an aromatic nitrile compouinat tdecreases the number of steps of
the dehydration reaction and significantly improwbs reaction speed to shorten the
reaction time even at a pressure close to nornesispre.

A still another object of the present inventiontds apply the above-described
production method of the aromatic nitrile compoundsa carbonate ester production

method to provide a method for producing a carb®eater efficiently.

SOLUTION TO PROBLEM
[0009]

In order to achieve the above-described objetts, gresent inventors made
studies on a method for producing an aromaticleittompound such as cyanopyridine,
cyanopyrazine or the like by dehydration of an ato amide compound. More
specifically, the present inventors studied reactionditions for dehydrating an aromatic
amide compound, and as a result, found the follgwiin the case where diphenylether
having a boiling point higher than that of the aadia nitrile compound to be generated
and lower than that of the aromatic amide compoasidhe material is used, and the
reaction temperature is adjusted, a process ofdiatign reaction is realized by which
the reaction speed is significantly improved to rgho the reaction time, the target
compound is obtained selectively at a high yieldlevigeneration of a by-product is
suppressed, and the aromatic nitrile compoundssye@covered. The present inventors
also found the following. Since the process ofydieation reaction conceived by the
present inventors does not need to perform salgidi separation of a catalyst, the
number of steps of the dehydration reaction is ekswd. Preferably, the dehydration

reaction is advanced in a state where diphenyléthawiled.
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[0010]

As a result of the above, the speed of regengraimaromatic nitrile compound
by a dehydration reaction of an aromatic amide aamg, and the speed of synthesizing
a carbonate ester from G@nd an alcohol using the aromatic nitrile compguard now
well balanced. Namely, the dehydration reaction #ime carbonate ester synthesis
reaction are now established as a series of conmhgnocesses. Based on this, the
present inventors also made studies on applyingatieve-described knowledge to a
method for producing a carbonate ester. Nameby ptfesent inventors have found the
following regarding the carbonate ester productmethod of directly synthesizing a
carbonate ester from an alcohol and carbon dioxidehe case where a solvent having a
boiling point higher than that of the aromatic aenicbmpound is used, the number of
steps of the reaction is decreased and the methadnplified with no need of solid-
liquid separation of a catalyst. The present ilmenhave confirmed that such a carbon
ester synthesis method may be combined with thgdtation reaction of an aromatic
amide compound to generate an aromatic nitrile @amg, so that a splendid effect is
provided. The gist of the present invention isalisws.

[0011]

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

a dehydration reaction of dehydrating an aromaticde compound,

wherein the dehydration reaction uses diphenytethe

(2) The method for producing an aromatic nitriempound according to (1)
above, wherein the dehydration reaction is perfdrnmea state where diphenylether is
boiled.

(3) The method for producing an aromatic nitriempound according to (2)
above, wherein the diphenylether has a boiling tpihiat is higher than the boiling point
of the aromatic nitrile compound and the boilingnp@f water and lower than the boiling
point of the aromatic amide compound.

(4) The method for producing an aromatic nitritenpound according to any one
of (1) through (3) above, wherein the dehydratieaction is performed at a reduced

pressure.
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(5) The method for producing an aromatic nitricenpound according to any one
of (1) through (4) above, wherein a reaction solutof the dehydration reaction has a
temperature that is 170 or higher and lower than 230.

(6) The method for producing an aromatic nitric@enpound according to any one
of (1) through (5) above, wherein the aromatic amabmpound contains pyridine
carboamide or pyrazine amide, and the aromatidendompound contains cyanopyridine
or cyanopyrazine.

(7) The method for producing an aromatic nitritenpound according to any one
of (1) through (6) above, wherein the dehydratieaction uses a catalyst containing
cesium.

(8) A method for producing a carbonate ester, aBimy:

a first reaction step including a carbonate egégreration reaction of reacting an
alcohol and carbon dioxide in the presence of amatic nitrile compound to generate a
carbonate ester and water, and a hydration reaatibypdrating the generated water to the
aromatic nitrile compound to generate an aromatiicla compound; and

a second reaction step of, after the aromatic @manpound is separated from a
reaction system of the first reaction step, regativeg the aromatic amide compound into
the aromatic nitrile compound by a dehydration tieacof dehydrating the aromatic
amide compound at a temperature of a reactionisolaf 170C or higher and lower
than 230C;

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

(9) A method for producing a carbonate ester, atsimy:

a first reaction step including a carbonate egégreration reaction of reacting an
alcohol and carbon dioxide in the presence of amatic nitrile compound to generate a
carbonate ester and water, and a hydration reaatibypdrating the generated water to the
aromatic nitrile compound to generate an aromatiicla compound; and

a second reaction step of, after the aromatic @amampound is separated from a

reaction system of the first reaction step, regativeg the aromatic amide compound into
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the aromatic nitrile compound by a dehydration tieacof dehydrating the aromatic
amide compound in the presence of diphenylether;

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

(10) The method for producing a carbonate esteording to (8) or (9) above,
wherein the aromatic amide compound contains pyigiarboamide or pyrazine amide,
and the aromatic nitrile compound contains cyanidpye or cyanopyrazine.

(11) The method for producing a carbonate esteording to any one of (8)
through (10) above, wherein the dehydration reaatiges a catalyst containing cesium.

(12) The method for producing a carbonate esteording to any one of (8)
through (11) above, wherein the carbonate esteergdon reaction uses a catalyst
containing cesium.

(13) The method for producing a carbonate esteording to any one of (8)
through (12) above, wherein the alcohol containalaahol having a carbon number of 1
to 6.

(14) The method for producing a carbonate esteording to any one of (8)
through (13) above, wherein the first reaction ateps a solvent having a boiling point
higher than the boiling point of the aromatic amidenpound to be generated.

(15) The method for producing a carbonate estewrding to (14) above, wherein
the solvent contains at least one of dialkylbenzemdkylnaphthalene, and

diphenylbenzene.

ADVANTAGEOUS EFFECTS OF INVENTION
[0012]

According to the present invention as describedvap an aromatic nitrile
compound such as cyanopyridine, cyanopyrazine er lite is efficiently produced
(regenerated) from an aromatic amide compound sashpyridine carbonamide
(picolinamide, nicotinamide or the like), benzamutethe like. More specifically, the
dehydration reaction of an aromatic amide compdonthe regeneration is performed to

obtain a target compound selectively at a highdyielhile generation of a by-product is
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suppressed. Even under mild reaction conditioos,ekample, at a pressure close to
normal pressure, the reaction speed is increaddterefore, according to the present
invention, the reaction time of the dehydrationctea of regenerating an aromatic nitrile
compound is significantly shortened as comparedi e reaction time required by the
conventional method.

Also according to the present invention, an aramatrile compound is produced
as described above, and as a result, a methodddugng a carbonate ester efficiently is

realized.

BRIEF DESCRIPTION OF DRAWINGS
[0013]
FIG. 1 shows an example of device for producimgrioonate ester.
FIG. 2 is a chart showing the state of each of&uires at each of steps in the
production performed by use of the production dewicown in FIG. 1
FIG. 3 is a graph showing the ratio of the yigldeneration ratios) of nitrile and

pyridine in an example and a comparative example.

DESCRIPTION OF EMBODIMENTS
[0014]

Hereinafter, a preferred embodiment of the presemntion will be described in
detail with reference to the attached drawings. the specification and the drawings,
components having substantially the same functemstructures will bear the same
reference signs, and the same descriptions wilbagepeated.

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

According to a method of the present inventiongarducing an aromatic nitrile
compound, an aromatic nitrile compound such as ayynidine, cyanopyrazine or the
like is produced by dehydration of an aromatic amibmpound such as pyridine
carboamide (2-pyridine carboamide, 3-pyridine carbime or 4-pyridine carboamide),

pyrazine amide or the like. According to this nmethan aromatic amide compound is
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subjected to a dehydration reaction in the presefider example, a catalyst containing a
basic metal oxide and diphenylether to generatgramatic nitrile compound.
[0016]

[Chemical formula 1]

Catalyst, - H20

7 N—conH, > ¢ N—cN
=N =N

[Chemical formula 2]

N N
/ \ Catalyst, - H20 / \
CONH, CN
—N —N
[0017]

The catalyst usable in the above-described detigdraeaction according to the
present invention contains an oxide of an alkalmetal (K, Li, Na, Rb, Cs), which is
basic. Preferably, the catalyst usable in the edm®scribed reaction contains an oxide of
at least one of Na, K, Rb and Cs. A carrier of tiagalyst may be a substance that
generally acts as a carrier of a catalyst. Assalt®f studies made on various carriers, it
has been found that the catalyst exhibits an ealbhediigh level of performance when
being carried by one or two of Si@nd ZrQ.

[0018]

Examples of methods for producing a catalyst wsdbt the above-described
dehydration reaction will be described. In the ecashere the carrier is SiO
commercially available powdery or spherical Si®usable. Preferably, Sids sized to
100 mesh (0.15 mm) or less so that the active ngetaliformly carried, and is pre-baked
at 700C for 1 hour in the air in order to remove the rgis. There are various types of
SiO;, of various properties. Sphaving a larger surface area is more preferaltauses
as the surface area is larger, the active metéispersed more highly and the generation

amount of an aromatic nitrile compound is increase®pecifically, a surface area of
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300 nf or greater is preferable. It should be noted thatsurface area of the prepared
catalyst may be smaller than the surface area®f &lione as a result of, for example,
mutual action of Si@and the active metal. In this case, the surfaee af the produced
catalyst is preferably 150T0r greater. The metal oxide acting as an actpeeies may
be carried by an impregnation method such as aipié@mt wetness method, an
evaporation-to-dryness method or the like.

[0019]

A metal salt to be a precursor of a catalyst nyereleds to be water-soluble.
Examples of usable alkaline metal salts includeousr compounds such as carbonate,
hydrogencarbonate, chloride, nitrate, silicate #mel like. An aqueous solution of a
precursor formed of a basic metal is impregnatetl wicarrier, then is dried and baked.
The resultant substance is usable as a catalyst. ba@king temperature, which depends
on the precursor used, is preferably 400 ta°600
[0020]

The amount of the catalyst to be carried may begpropriately. For example,
the amount of the alkaline metal oxide to be cdrrieonverted to the metal, is set to
preferably about 0.1 to 1.5 mmol/g, especially @rably about 0.1 to 1 mmol/g, with
respect to the total weight of the catalyst. la tdase where the amount to be carried is
larger than such a value, the activity may be desmd. The amount of the catalyst to be
used for the reaction may be set appropriately.

[0021]

A catalyst preferably usable in the present ineenincludes a carrier formed of
one or two of Si@ and ZrQ and one, or at least two, types of alkaline metaties
carried by the carrier. The catalyst may contamnaddition to the above-described
elements, unavoidable impurities incorporated dutire production of the catalyst. Itis
desirable to avoid incorporation of impurities tmaximum possible degree.

[0022]
The catalyst, usable in the present inventioriuding a metal oxide acting as an

active species carried by the carrier may be ifah@ of powder or a molded body. In
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the case of being a molded body, the catalyst neagpherical, pellet-like, cylindrical,
ring-shaped, wheel-shaped, granular or the like.
[0023]

With the method according to the present invenflenproducing an aromatic
nitrile compound using the catalyst, there is nec# limitation on the form of the
reaction. A flow reactor such as a batch reaet@emi-batch reactor, a continuous tank
reactor, a tube reactor or the like is usable. tRercatalyst, a fixed bed, a slurry bed or
the like is usable.

[0024]

In the production method of the aromatic nitrilerpounds according to the
present invention, it is desirable to perform teaation to produce an aromatic nitrile
compound while removing by-product water generdedhe dehydration reaction. For
example, it is desirable to perform reflux or diation or to provide a dehydration agent
such as zeolite or the like in the system, so ttmatreaction is performed while the by-
product water is removed. As a result of the a&csitudies made by the present inventors,
it has been found that the production amount cdramatic nitrile compound is increased
as follows by use of a reaction distillation devie/ing a decompression device attached
thereto. The catalyst, an aromatic amide compaaumd diphenylether are put into a
reaction tube, the pressure is reduced to cortitémperature of the reaction solution,
and diphenylether is refluxed to distill the reantiiquid to separate and remove the by-
product water from the system.

[0025]

Diphenylether has a high boiling point of abou®25, and is preferable for the
dehydration reaction.
[0026]

Desirably, the reaction conditions are selecteacitordance with the dehydration
reaction speed, the boiling point of diphenyletlgemeration of pyridine as a by-product
as a result of the reaction, and the cost perfocman

[0027]

11
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The usual reaction conditions for the method fardpcing an aromatic nitrile
compound according to the present invention magd®llows. The temperature of the
reaction solution is 170 to 230; the pressure is normal pressure (101.3 (kP&) Tosr)
to reduced pressure (13.3 (kPa) (100 Torr)); ardtithe is several hours to about 100
hours. The reaction conditions are not limiteth® above.

For example, the temperature of the reaction mwlus preferably 180 to 228,
and more preferably 190 to 21} The reaction pressure is preferably 1.33 tgk&6®\)
(10 to 450 Torr), and more preferably 13.3 to 5§8Ba) (100 to 400 Torr). The reaction
time is preferably 4 to 24 hours, and more prefigr8lio 24 hours.

[0028]

In the case where a molecular sieve is used adehgdration agent, there is no
specific limitation on the type or the shape of th@lecular sieve. For example, a general
molecular sieve that has a high water absorptimgach as 3A, 4A, 5A or the like and is
spherical or pellet-like is usable. For exampleoldim produced by Tosoh Corporation is
usable. Preferably, the molecular sieve is dnieddvance, for example, at 300 to 500
for about 1 hour.

[0029]

[Chemical formula 3]

QCONH —-“—%Q—COOH —2 Q

[Chemical formula 4]

<I\L_I>7C>ONH2 o, Q}COOH " &w

—NH; -CO»

[0030]

In the dehydration reaction of an aromatic amidegound, it is considered that
as a result of the above-described decompositiothe@faromatic amide compound, an
aromatic carboxylic acid is generated, from whighigine or pyrazine is generated as a

by-product. However, the reaction solution obtdiney the dehydration reaction

12
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performed under the reaction conditions accordmghe present invention contains an
unreacted aromatic amide compound, an aromatitercwmpound as a reaction product,
and diphenylether, but does not contain the by4rbdepresented by each of the above
formulas at most at all.

[0031]

The melting points of the substances are as fatldd0C (2-picolinamide), 24C
(2-cyanopyridine), 19 (pyrazinamide), 1€ (cyanopyrazine), and 28
(diphenylether). The boiling points of the substs) are as follows: 276 (2-
picolinamide), 21%C (2-cyanopyridine), 35C (pyrazinamide), 8/6 mmHg
(cyanopyrazine), 10€ (water), and 25€ (diphenylether). Therefore, the reaction
phases are all liquid except that the catalystlisl.s A reaction distillation device having
a decompression device attached thereto is usatistilation column is heated to have a
temperature that is higher than the boiling poihtvater at the reaction pressure and
lower than the boiling point of diphenylether. Theaction solution is heated to a
temperature that is higher than, or equal to, toiiniy point of diphenylether at the
pressure reaction and lower than the boiling poin2-picolinamide. With such an
arrangement, diphenylether partially gasified ia teaction system is cooled by a cooling
device and returns to the reaction tube. The lbghpet water is efficiently separated
from the reaction solution by distillation and rerad outside the system. Therefore, a
nitrile regeneration reaction advances at high épaed thus the time of the dehydration
reaction is significantly shortened.

The boiling point of diphenylether is consideredlte higher than the boiling
point of an aromatic nitrile compound and the Ingllpoint of water and lower than the
boiling point of an aromatic amide compound. Dipylether fulfilling the relationship
between the boiling points between the reactionstauizes is used, so that the
dehydration reaction is performed highly efficigrdind the aromatic nitrile compound is
recovered easily.

[0032]

13
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The boiling points of the substances present énrédaction system are different
from each other as described above. Thereforesubstances are easily separated by
distillation.

[0033]
<2. Method for producing a carbonate ester usingramatic nitrile compound>

As described above, the dehydration reaction gémerating an aromatic amide
compound into an aromatic nitrile compound is perked, and the aromatic amide
compound as a target compound is obtained selbctiwea high yield with no use of a
strong reagent and with the generation of a byqcbteing suppressed. The reaction
speed is significantly improved to significantlyosten the reaction time. Therefore, the
speed of regeneration by the dehydration reactimm fin aromatic amide compound into
an aromatic nitrile compound, and the speed ofaraate ester synthesis from €é&nhd an
alcohol using the aromatic nitrile compound, arevneell balanced so that these
reactions can be concurrently adopted. Theseioeacimay be realized as a series of
commercial processes. The present inventors apfhis knowledge to a method for
producing a carbonate ester to conceive the follgwnethod for producing a carbonate
ester.

[0034]
(First reaction step)

A first reaction step of the method for producangarbonate ester according to the
present invention includes, for example, a reactbmirectly reacting an alcohol and
carbon dioxide with each other in the presencesul@ catalyst such as Cg©Or the like
and an aromatic nitrile compound to generate a ocemte ester (carbonate ester
generation reaction).

[0035]

In this step, an alcohol and carbon dioxide aaeted with each other. As a result,
a carbonate ester and also water are generateglardbmatic nitrile compound, which is
present in the system, and the generated watesudnjected to a hydration reaction to
generate an aromatic amide compound. Thus, therwyanerated by the reaction of the

alcohol and carbon dioxide is removed from the tieacsystem, or is reduced in the
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amount, so that the generation of the carbonater éstpromoted. For example, the
reaction is expressed as follows.
[0036]

[Chemical formula 5]

HsC—O

CO; + 2CH30H &—> >=O + H0
H3C"‘O |

| v N N
o (J =y
# Z
[0037]
(Alcohol)

As the alcohol, any one, or two or more, seleftexsh primary alcohol, secondary
alcohol and tertiary alcohol are usable. Exampfgweferable alcohols include methanol,
ethanol, 1-propanol, isopropanol, 1-butanol, 1-geal, 1-hexanol, 1-heptanol, 1-octanol,
1-nonanol, allylalcohol, 2-methyl-1-propanol, cyeéxanemethanol, benzylalcohol,
ethyleneglycol, 1,2-propanediol, and 1,3-propanedithese alcohols increase the yield
of the target product and also increase the reasfi@ed. The carbonate esters generated
by use of the above-listed alcohols are respegtaiehethyl carbonate, diethyl carbonate,
dipropyl carbonate, diisopropyl carbonate, dibutgtbonate, dipentyl carbonate, dihexyl
carbonate, diheptyl carbonate, dioctyl carbonaieordine carbonate, diallyl carbonate,
di-2-methyl-propyl carbonate, dicyclohexanemethydrbonate, dibenzyl carbonate,
ethylene carbonate, 1,2-propylene carbonate, &drbpylene carbonate.

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

It is preferable to use a monohydric alcohol diteydric alcohol.

[0038]
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(Catalyst usable for producing a carbonate ester)

In the first reaction step of the method for prcidg a carbonate ester, it is
preferable to use one or both of Ge#hd ZrQ as a solid catalyst. For example, it is
preferable to use only CeQonly ZrG,, a mixture of Ce@and ZrQ, a solid solution of
CeQ and ZrQ, or a composite oxide of Ce@nd ZrQ. It is especially preferable to use
only CeQ. The mixing ratio of Ce®and ZrQ in the solid solution or the composite
oxide is basically 50:50, but may be changed optign
[0039]

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

[0040]
(Carbon dioxide)

In the present invention, carbon dioxide prepaasdindustrial gas, or carbon
dioxide separated and recovered from exhaust gasaofs producing various products,
steel manufacturing plants, power plants or the, i& usable.

[0041]
(Solvent in the carbonate ester generation regction

For the carbonate ester generation reaction piteferable to use a solvent having
a boiling point higher than that of the amide coomubto be produced. More preferably,
the solvent in the carbonate ester generation iogactontains at least one of
dialkylbenzene, alkylnaphthalene, and diphenylbrazeSpecific examples of preferable
solvents include, for example, barrel process eR8AN and barrel process oil B-30
(produced by Matsumura Oil Co., Ltd.), each of wh& contains component such as
dialkylbenzene, alkylnaphthalene, diphenylbenzerbelike.

[0042]
(Separation by distillation)
After the reaction, the obtained substance waslleits to be separated into a

carbonate ester as a main product, an aromaticeasothpound as a by-product, an
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unreacted aromatic nitrile compound, and a soltdlgst such as Cefr the like. Thus,
the products are recovered.

[0043]

(Second reaction step)

In a second reaction step according to the presgattion, the aromatic amide
compound generated as a by-product in the firsti@astep is separated from the system
after the carbonate ester generation reaction, amdaromatic nitrile compound is
produced by a dehydration reaction. The secontticgastep corresponds to the above-
described method for producing the aromatic nitatenpound, and thus will not be
described in detail.

[0044]
(Reuse of the aromatic nitrile compound)

The aromatic nitrile compound regenerated by du®isd reaction step is reusable
for the first reaction step (hydration reaction).
[0045]

According to the present invention, as describeova, the dehydration reaction
of an aromatic amide compound uses diphenylethgichahas a boiling point higher than
that of the aromatic nitrile compound to be gereztand lower than that of the aromatic
amide compound as the material, and the temperafule reaction solution is adjusted.
With such an arrangement, the step of solid-ligeggbaration of the catalyst is made
unnecessary, and the aromatic nitrile compoundasilyerecovered. In the carbonate
ester generation reaction, a catalyst having angopoint higher than that of aromatic
carboamide is used, so that the step of soliddicgeparation of the catalyst is made
unnecessary. As can be seen, according to thergresention, a series of reactions are
advanced while the components are separated fromather only by distillation with no
need to perform a step of solid-liquid separatidnthe catalyst. Thus, an efficient
process as described below in detail is realized.

[0046]

<3. Device for producing a carbonate ester>
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Now, a production device usable in the presenention will be described in
detail by way of a specific example. FIG. 1 shamsexample of preferable production
device. FIG. 2 schematically shows the state cheaf the substances in each of the
steps performed by the production device.

[0047]
(First reaction step)

In the first reaction step, a carbonate estertoedc(first reaction portion) is filled
with one or both of CePand ZrQ as a solid catalyst (solid phase), alcohol (14boita
(BuOH); liquid phase), 2-cyanopyridine (2-CP; lidyi barrel process oil (B-28AN;
liquid phase) as a solvent, and carbon dioxide(@@s phase) supplied via a pressure
raising blower (not shown). The solid catalyst Qgesolid phase) may be newly
supplied before the reaction or recovered fromtalgst separation column 2. New 2-
cyanopyridine may be used at the start of the i@actAlternatively, 2-cyanopyridine 22
(liquid phase) regenerated from the unreacted 2aygidine 19 (gas phase) separated
and purified in a dehydration agent separationral and an amide separation column
4 and 2-picolinamide purified in a water separatiolumn 7 is reusable.

[0048]

In a direct synthesis device for a carbonate agtable in the present invention,
one or both of Cepand ZrQ are used as a solid catalyst. The synthesis elenvay be a
flow reactor such as a batch reactor, a semi-bagahtor, a continuous tank reactor, a
tube reactor or the like.

[0049]
(Temperature of the reaction solution)

The temperature of the reaction solution in thebaaate ester reactor 1 is
preferably 50 to 30. In the case where the temperature of the madolution is
lower than 50C, the reaction speed is low, and the carbonatr eghthesis reaction or
the hydration reaction with 2-cyanopyridine does advance almost at all. In this case,
the productivity of the carbonate ester tends ttobe In the case where the temperature
of the reaction solution is higher than 3G0the reaction speed of each reaction is high,

but the carbonate ester is easily decomposed @ataled and 2-picolinamide is easily
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reacted with an alcohol. Therefore, the yieldhaf tarbonate ester tends to be low. The
temperature of the reaction solution in the carbomester reactor 1 is more preferably
100 to 150C. The preferable temperature is considered tp Maaccordance with the
type or the amount of the solid catalyst, or theoam or the ratio of the materials
(alcohol and 2-cyanopyridine). Thus, it is preldeato set the optimum temperature
optionally. Since the preferable temperature efrdaction solution is 100 to 18D, it is
desirable to pre-heat the materials (alcohol anglatiopyridine) with steam or the like on
a stage before the carbonate ester reactor 1.

[0050]

(Reaction pressure)

The reaction pressure in the carbonate esterarehds preferably 0.1 to 20 MPa
(absolute reaction). In the case where the reagtieessure is lower than 0.1 MPa
(absolute reaction), a decompression device isimnejuwhich makes the facilities
complicated and costly. In addition, a motive poweergy to reduce the pressure is
necessary, which decreases the energy efficiehcthe case where the reaction pressure
is higher than 20 MPa (absolute reaction), the dyaoin reaction with 2-cyanopyridine
does not easily advance, which decreases the gidlie carbonate ester. In addition, a
motive power energy to raise the pressure is napgssvhich decreases the energy
efficiency. From the point of view of increasinigetyield of the carbonate ester, the
reaction pressure is more preferably 0.5 to 15 N#eolute pressure), and still more
preferably 1.0 to 10 MPa (absolute pressure).

[0051]
(Amount of 2-cyanopyridine)

2-cyanopyridine used for the hydration reactiordésirably introduced into the
reactor before the reaction in a molar amount &2 times or greater and 5 times or
less of the theoretical molar amount of water gateer as a by-product by the reaction of
the alcohol and CPas the materials. The molar amount of 2-cyandpyi is more
desirably, 0.5 times or greater and 3 times or, lasd especially desirably 0.8 times or
greater and 1.5 times or less, of the theoretiadamamount of water generated as a by-

product by the reaction of the alcohol and,G the materials. In the case where the
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molar amount of 2-cyanopyridine is too small, thenoant of 2-cyanopyridine

contributing to the hydration reaction is small,ieth may decrease the yield of the
carbonate ester. By contrast, in the case wherenttlar amount of 2-cyanopyridine is
too large with respect to the alcohol, the by-reacbf 2-cyanopyridine is undesirably
increased. The amounts of the alcohol and 2-cyaidipe with respect to the solid
catalyst are considered to vary in accordance tiéhtype or the amount of the solid
catalyst, the type or the amount of the alcohol,tle ratio of the alcohol and 2-
cyanopyridine. Thus, it is desirable to set thénopm amounts appropriately.

[0052]

(Separation of the reaction products)

The separation of the reaction products is egtpelformed by distillation. After
the reaction in the carbonate ester reactor laetiom solution 10 is transported to the
catalyst separation column 2. From the bottomhefdatalyst separation column 2, the
catalyst and the solvent (in this example, barretgss oil (B-28AN) (liquid phase; 11))
are recovered. From the top of the catalyst séiparaolumn 2, C@(12) and a mixture
(13) of BUOH, dibutyl carbonate (DBC), 2-cyanopymel and 2-picolinamide are
recovered. The catalyst, the solvent and, @t are recovered are recycled to the
carbonate ester reactor 1.

[0053]

The mixture (13) recovered from the catalyst safp@m column 2 is transported to
the dehydration agent separation column 3. Frambititom of the dehydration agent
separation column 3, a mixture (14) of 2-cyanopgedand 2-picolinamide is recovered.
From the top of the dehydration agent separatidnnwo 3, BUOH and DBC (15) are
recovered.

[0054]

The mixture (14) recovered from the bottom of tleydration agent separation
column 3 is transported to the amide separationnenl4. From the bottom of the amide
separation column 4, 2-picolinamide (18) is receder From the top of the amide

separation column 4, 2-cyanopyridine (19) is recegte The recovered 2-cyanopyridine

20



10

15

20

25

30

G1489

is recycled to the carbonate ester reactor 1. ZFpeolinamide (18) recovered from the
bottom of the amide separation column 4 is trartegdio a nitrile regeneration reactor 6.
[0055]

The BuOH and the DBC (15) recovered from the tbphe dehydration agent
separation column 3 are transported to a carbaesit recovery column 5. From the
bottom of the carbonate ester recovery column SCIPBS) is recovered. From the top of
the carbonate ester recovery column 5, BUOH (1v@dsvered. The recovered BuOH is
recycled to the carbonate ester reactor 1.

[0056]

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

[0057]
(Second reaction step)

In the second reaction step, 2-cyanopyridine (2-@P generated by the
dehydration reaction of 2-picolinamide in the mtétriregeneration reactor 6. The
production device used in the present inventiotrif@iregeneration reactor 6) performs
the dehydration reaction of 2-picolinamide in tmegence of a catalyst containing a basic
metal oxide and diphenylether to generate 2-cyamdipg. There is no specific
limitation on the form of the reaction. A flow iar such as a batch reactor, a semi-
batch reactor, a continuous tank reactor, a tubetoe or the like is usable. For the
catalyst, a fixed bed, a slurry bed or the likeusmble. The temperature of the nitrile
regeneration reactor 6 is variable in accordantle thie form of the reaction. A reaction
distillation device having a decompression devictached thereto is used. The
distillation column is heated to have a temperatba is higher than the boiling point of
water at the reaction pressure and lower than diknd point of diphenylether. The
reaction solution is heated to a temperature thatigher than, or equal to, the boiling
point of diphenylether at the pressure reaction laweer than the boiling point of 2-
picolinamide. With such an arrangement, diphehgepartially gasified in the reaction

system is cooled by a cooling device and returnthéoreaction tube. The by-product
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water is efficiently separated from the reactiotuson by distillation and removed
outside the system. Therefore, the nitrile regatiem reaction advances at high speed.
[0058]

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

[0059]

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

[0060]

Hereinafter, the present invention will be desedikin more detail by way of
examples. The present invention is not limitecdny of the following examples. First,
examples and comparative examples of method fodyming cyanopyridine will be
described.

[0061]
(Example 1)

SiO; (CARIACT, G-6, surface area: 535y, produced by Fuiji Silysia Chemical
Ltd.) as a carrier was sized to 100 mesh or les$ pae-baked at 70C for about 1 hour.
Then, in order to carry Cs as an alkaline metala@ueous solution was prepared using
CsCO; (produced by Wako Pure Chemical Industries, Lsdgh that the final amount of
Cs metal to be carried would be 0.5 mmol/g, and, 8@ impregnated with the aqueous
solution. Then, the resultant substance was ditetilOC for about 6 hours and was
baked at 500C for about 3 hours. As a result, a,GEIO, catalyst was obtained. An
N&O/SiO, catalyst was produced by substantially the samthadeas the GO/SIO,
catalyst.

[0062]
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Next, a 3-necked round-bottom flask used as atoeagas provided with a
magnetic stirrer, the @9/SiO;, catalyst (1.0 g (Cs: 0.5 mmol)), 2-picolinamideRA;

6.1 g (50 mmol); produced by Tokyo Chemical Indpso., Ltd.), and diphenylether
(212.5 g (1.25 mol); produced by Tokyo Chemicalistdy Co., Ltd.).

A thermometer and a first air-cooling tube as stiléation column were attached
to the reactor. A distilling head having a therneten attached thereto was attached to a
top end of the first air-cooling tube. A secondaoling tube, a receiver, and a vacuum
pump were connected with the distilling head. Témultant device was to be used as a
reaction distillation device. A ribbon heater wasund around the first air-cooling tube,
so that the temperature of the first air-coolingetwould be adjustable. A cooling trap
was cooled with liquid nitrogen, so that gasifigdighne would be recovered.

Then, the pressure in the reaction distillatiomicks was reduced by the vacuum
pump to 13.3 kPa (100 Torr). The first air-coolitudpe was heated to 8D, which was
higher than the boiling point of water at the reactipressure and lower than the boiling
point of diphenylether. The reaction solution waaintained in a boiled state at 184
which was higher than, or equal to, the boilingnpaif diphenylether at the reaction
pressure and lower than the boiling point of 2-f@onide. The temperatures were
adjusted in this manner, so that the reaction veafopned while diphenylether partially
gasified in the reaction system was cooled in its¢ &ir-cooling tube and returned to the
reactor, and the by-product water was separatedidijlation and removed outside the
system without being returned to the reactor.

The start of the reaction was set to the timingnvthe reaction solution started to
be boiled, and the reaction was continued for 2&$0

After the reaction, the temperature of the reacsystem was cooled to room
temperature. The reaction solution was sampledddated two-fold with ethanol, and 1-
hexanol was added thereto as an internal standdrstasice. The resultant substance
was subjected to a qualitative analysis with GC-Mgs chromatograph-mass
spectrometer) and to a quantitative analysis witrGC. As a result, 2-cyanopyridine
was generated as shown in Table 1. The yield ofaopyridine was 35.7 mol%, and

the generation ratio of pyridine as a by-producs wappressed to 0.3 mol%.
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[0063]
(Examples 2 through 5, 7 and 8)

In examples 2 through 5, 7, and 8, 2-cyanopyridiveess produced from 2-
picolinamide under the conditions in which at leasie of the concentration of 2-
picolinamide in the reaction solution, the typetloé catalyst, the type of the additive to
the reaction solution, the temperature of the reactolution, the reaction pressure, the
temperature of the first air-cooling tube and thaction time was different from that in
example 1 (see Table 1). The yield of 2-cyanopyedand the generation ratio of
pyridine as a by-product were as shown in Table 1.

[0064]
(Example 6)

In example 6, pyrazinamide (produced by Sigma-4aljrwas used instead of 2-
picolinamide. Cyanopyrazine was produced from pyamide under the conditions in
which the temperature of the reaction solution, riection pressure, the temperature of
the first air-cooling tube and the reaction timaevdifferent from those in example 1 (see
Table 1). The yield of cyanopyrazine and the gatian ratio of pyrazine as a by-product
were as shown in Table 1.

[0065]
(Comparative examples 1 through 17)

In comparative examples 1 through 6, 2-cyanopyeidivas produced from 2-
picolinamide, or cyanopyrazine was produced fromapyamide, under the conditions in
which at least one of the type of the additivehte teaction solution, the temperature of
the reaction solution, the reaction pressure, ¢éngperature of the first air-cooling tube,
the reaction time and the method of dehydration diisrent from that in examples 1
through 8 (see Table 1). In the comparative exampkcept for comparative example 4,
a Soxhlet extractor filled with molecular sieve fkied in advance at 300 for 1 hour)
and a Liebig condenser were connected with a attibe, and the resultant device was
used as the reaction device. The temperatureeot@ndenser was set to°@) and the
magnetic stirrer was set to stir at 600 rpm. Tkaction was performed after the

condenser, the Soxhlet extractor and the testware purged with Ar gas. The yield of
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the like as a by-product

ipyridine or

f

lorora

the like and the generat

ine or

2-cyanopyr

were as shown in Table 1.

[0066]

Table 1 shows the results of examples 1 througimd comparative examples 1

through 17.
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[0067]

As described above, the dehydration reaction iamgtes 1 through 8 using
diphenylether as an additive to the reaction smiutesulted in generating the aromatic
nitrile compound as a target compound at a higlu yidnile suppressing the generation of
pyridine and so on as by-products. Especially xangples 1 through 6, in which the
temperature of the reaction solution was adjustethé range of 170 to 230, a high
yield of the nitrile compound and the reductiontleé generation of the by-product were
both confirmed be realized.

By contrast, the comparative examples, in whighhdnylether was not used and
the reaction conditions were different from thasehe examples, resulted in a low yield
of the aromatic nitrile compound (see FIG. 3, wmhétiows the results of an example and
a comparative example exhibiting a relatively higéld). In some of the comparative
examples, the generation of pyridine was suppresised even in these comparative
examples, the yield of the nitrile compound was.ldw comparative example 1, the yield
of the nitrile compound was high, but the requiredction time was too long and thus
comparative example 1 was inferior to the examples.

[0068]

For evaluation of the catalysts, a control tess warformed in which only the
type of the catalyst usable in the dehydrationtieacvas changed. In the control test,
the type of the additive to the reaction soluticaswdifferent from that in example 1 or the
like. The test was performed under the reactiorditmns in accordance with the boiling

point of the additive to the reaction solution. eTlesults are shown in Table 2.
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[Table 2]
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[0069]

As seen from Table 2, in the case where espe@®lp, RO, KO or NgO was
used as the catalyst for the dehydration reactemoraing to the present invention, the
aromatic nitrile compound was confirmed to be otgdiselectively at a high yield.

[0070]
(Example 9)

A 3-necked round-bottom flask used as a reacta pvavided with a magnetic
stirrer, the Cg£/Si0, catalyst (10 g (Cs: 5 mmol)), 2-picolinamide (6(@5 mol);
produced by Tokyo Chemical Industry Co., Ltd.), aighenylether (2125 g (12.5 mol);
produced by Tokyo Chemical Industry Co., Ltd.). eTieaction distillation device was
structured in substantially the same manner azamele 1.

The reaction was performed under the same condiis in example 2 to obtain a
reaction solution containing 38.5 g of 2-cyanopiyred

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

[0071]

It has been confirmed that in the case where,easribed above, diphenylether
having a boiling point higher than that of the aadia nitrile compound to be generated
and lower than that of the aromatic amide compoasdhe material is used and the
temperature of the reaction solution is adjustegi@ssure control, the reaction speed is
significantly improved to shorten the reaction tjntee target compound is obtained
selectively at a high yield, and the aromatic l@tdompound is recovered easily.

[0072]
(Example 20)

Now, examples of methods for producing a carbomeater using cyanopyridine
(carbonate ester generation reaction) will be desdr The 2-cyanopyridine obtained in
example 9 was used. First, GeBISA20; produced by Solvay) was baked at°€Dtbr 3
hours in an air atmosphere to obtain a powderydscéitalyst. A 190 ml autoclave

(reactor) was provided with a magnetic stirrer, #adid catalyst (0.17 g (1 mmol)),
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butanol (7.4 g (100 mmol); produced by Wako Purer@ical Industries, Ltd.), barrel
process oil B-28AN (5 g) as the solvent, and 2-oygmidine (5.2 g (50 mmol)). The air
in the autoclave was purged three times with,,G@d then C®was introduced into the
autoclave such that the pressure would be 5 MRw t@mperature of the autoclave was
raised to 132C with a band heater while a hot stirrer was usgdsfirring. The timing
when the temperature reached the target temperatseset as the reaction start time.
During the reaction, the pressure reached 8 MPde {Emperature of the reaction
solution was raised to 132 as described above, and the reaction was coutifune24
hours. Then, the autoclave was cooled with wat&dthen the autoclave was cooled to
room temperature, the pressure in the autoclave redgsced. The solution in the
autoclave was diluted two-fold with acetone, antiekanol was added thereto as an
internal standard substance. The resultant sutestaas analyzed with FID-GC. Dibutyl
carbonate was obtained in this manner.
[0073]
(Examples 21 through 53)

In examples 21 through 53, a carbonate ester Wwasned from an alcohol and
CO, using 2-cyanopyridine under the conditions in vaht least one of presence/absence
of the solvent, the type of the solvent, the amaifnthe solvent, the reaction time, the
type and the concentration of the alcohol (subsgrand the type and the amount of the
catalyst was different from that in example 20.e@fically, the conditions different from
those in example 20 were the type and the amouttiteo$olvent in examples 21 through
24 and 47, the reaction time in examples 25 thro2ghthe value of the alcohol/2-
cyanopyridine as the materials in examples 29 tgito82 and 48, the amount of the
catalyst in examples 33 through 36, the type ofddmalyst in examples 37 through 40,
the temperature of the reaction solution in exasgle through 46, the reaction pressure
in examples 49 and 50, and the type and the amafutite alcohol as the material in
examples 41 through 53.
[0074]

Table 3 shows the results of the examples of mtbaiu of the carbonate ester.

[Table 3]
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[0075]

As described above, in examples 20 through 53, dhebonate ester was

confirmed to be obtained at a high yield within reor$ reaction time of 24 hours or

shorter while the hydration reaction of the by-predwater with an aromatic cyano

5

compound was advanced at the same time with th®ate ester generation reaction.

[0076]

(Example 54)
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Now, an example of recovery of the catalyst frdm tarbonate ester reaction
solution will be described. A carbonate ester wesduced by use of the production
device shown in FIG. 1. First, Ce@mpurity concentration: 0.02% or less; producgd b
Daiichi Kigenso Kagaku Kogyo Co., Ltd.) was bakdd6@C®C for 3 hours in an air
atmosphere to obtain a powdery solid catalyst. .ALlautoclave (reactor) with a stirrer
was provided with the solid catalyst (1.72 g (100l butanol (74.1g (1 mol);
produced by Wako Pure Chemical Industries, Ltda)rdd process oil B-28AN (50 g) as
the solvent, and 2-cyanopyridine (52.1 g (0.5 mol)je air in the autoclave was purged
three times with C@ and then C@®was introduced into the autoclave such that the
pressure would be 5 MPa. The temperature of theckve was raised to 132 with a
ceramic heater while the substances in the autechare stirred. The timing when the
temperature reached the target temperature wass 3b€ reaction start time. During the
reaction, the pressure reached 8 MPa.

The temperature of the reaction solution was daieel32C as described above,
and the reaction was continued for 24 hours. Tlies,pressure in the autoclave was
returned to the atmospheric pressure. The reastitution was introduced to a middle
portion of a distillation column having a reducedegsure of 2.7 kPa, and simple
distillation was performed. From the top of thetillation column, a mixture of BUOH,
dibutyl carbonate, 2-cyanopyridine and 2-picolindenivas recovered. From the bottom
of the distillation column, the catalyst and bapricess oil were recovered.

A 1.9 L autoclave (reactor) with a stirrer was\pded with the catalyst and the
solvent recovered above, butanol (74.1 g (1 malpdpced by Wako Pure Chemical
Industries, Ltd.), and 2-cyanopyridine (52.1 g (®&l)). The air in the autoclave was
purged three times with GDand then C@was introduced into the autoclave such that
the pressure would be 5 MPa. The temperatureeoétitoclave was raised to 282with
a ceramic heater while the substances in the avweadlere stirred. The timing when the
temperature reached the target temperature wass gbe reaction start time. During the
reaction, the pressure reached 8 MPa. After thetien was continued for 24 hours, the
autoclave was cooled with water. When the auteclass cooled to room temperature,

the pressure in the autoclave was reduced and afpéie reaction solution was sampled.
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The sampled reaction solution was diluted two-folith acetone, and 1-hexanol was
added thereto as an internal standard substanbe. réBultant substance was analyzed
with FID-GC. The yield of dibutyl carbonate was 5I%.

The reaction solution was distilled in the ordeown in FIG. 1 to obtain 40 g of
dibutyl carbonate. An analysis with FID-GC showiedt the purity was 99.9%.

The carbonate ester was confirmed to be obtaihachaggh yield by the carbonate
ester generation reaction performed using theysitased and recovered.

[0077]

As described above, it has been confirmed thanh emethe carbonate ester
generation reaction, in the case where a solvenhga boiling point higher than that of
aromatic carboamide is used, the components arrated from each other merely by
distillation with no need of the step of solid-liquseparation of the catalyst. Thus, an
efficient process is realized.

[0078]

Preferable embodiments of the present inventiore Heeen described above in
detail with respect to the attached drawings. pitesent invention is not limited to any
of the embodiments. A person of ordinary skiltle art of the present invention would
obviously conceive any altered or modified examplehe technological scope defined
by the claims, and such an altered or modified gtans duly encompassed in the
technological scope of the present invention.

REFERENCE SIGNS LIST

[0079]

Carbonate ester reactor

Catalyst separation column
Dehydration agent separation column
Amide separation column

Carbonate ester recovery column
Nitrile regeneration reactor

Water separation column

© N o 0 A W N P

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 diphenylether,

wherein the dehydration reaction is performed in a state where the diphenylether
is boiled and;

wherein the diphenylether has a boiling point that is higher than the boiling point
of the aromatic nitrile compound and the boiling point of water and lower than the boiling

point of the aromatic amide compound.

2. The method for producing an aromatic nitrile compound according to claim 1,

wherein the dehydration reaction is performed at a reduced pressure.

3. The method for producing an aromatic nitrile compound according to any one
of claims 1 and 2, wherein a reaction solution of the dehydration reaction has a

temperature that is 170°C or higher and lower than 230°C.

4. The method for producing an aromatic nitrile compound according to any one
of claims 1 through 3, wherein the aromatic amide compound contains pyridine
carboamide or pyrazine amide, and the aromatic nitrile compound contains cyanopyridine

or cyanopyrazine.

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

of claims 1 through 4, wherein the dehydration reaction uses a catalyst containing cesium.

6. 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
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carbonate ester and water, and a hydration reaction of hydrating the generated water to the
aromatic nitrile compound 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
the aromatic nitrile compound by a dehydration reaction of dehydrating the aromatic
amide compound in the presence of diphenylether;

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 diphenylether
IS boiled and,;

wherein the diphenylether has a boiling point that is higher than the boiling point
of the aromatic nitrile compound and the boiling point of water and lower than the boiling

point of the aromatic amide compound.

7. The method for producing a carbonate ester according to claim 6, wherein the
aromatic amide compound contains pyridine carboamide or pyrazine amide, and the

aromatic nitrile compound contains cyanopyridine or cyanopyrazine.

8. The method for producing a carbonate ester according to any one of claims 6

and 7 , wherein the dehydration reaction uses a catalyst containing cesium.
9. The method for producing a carbonate ester according to any one of claims 6
through 8, wherein the carbonate ester generation reaction uses a catalyst containing

CeOy.

10. The method for producing a carbonate ester according to any one of claims 6

through 9, wherein the alcohol contains an alcohol having a carbon number of 1 to 6.
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11. The method for producing a carbonate ester according to any one of claims 6
through 10, wherein the first reaction step uses a solvent having a boiling point higher

than the boiling point of the aromatic amide compound to be generated.

12. The method for producing a carbonate ester according to claim 11, wherein
the solvent contains at least one of dialkylbenzene, alkylnaphthalene, and

diphenylbenzene.
13. The method for producing a carbonate ester according to claim 6, wherein the

dehydration reaction of dehydrating the aromatic amide compound is performed at a

temperature of a reaction solution of 170°C or higher and lower than 230°C.
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