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DESCRIPTION

TITLE OF THE INVENTION:
METHOD FOR PRODUCING UNSATURATED ACID ESTER OR UNSATURATED
ACID
TECHNICAL FIELD
[0001]

The present invention relates to a method for producing an unsaturated-acid ester

or unsaturated acid.

BACKGROUND ART
[0002]

Industrially widely used as a method for producing methacrylic acid and methyl
methacrylate is the ACH method (acetone cyanohydrin method), in which methacrylic acid
and/or methyl methacrylate is produced from acetone and hydrocyanic acid (hydrogen
cyanide).

However, hydrocyanic acid is highly toxic, and use thereof is undesirable.

[0003]

Known as methods in which hydrocyanic acid is not used include, for example, a
method in which isobutene or tertiary butyl alcohol is oxidized and a method in which
propionic acid or a propionic acid ester is reacted with formaldehyde or the like.

However, isobutene is in a C4 fraction from ethylene plants or cracking gasoline
plants, and there are limitations in procuring the compound for use as a material for methyl
methacrylate production. In addition, it can be produced only in places equipped with a
naphtha cracker.

In the method for production from propionic acid, the conversion to methyl
methacrylate is low and the catalyst life is short. In addition, the Pd complex used as a
catalyst for obtaining propionic acid from ethylene is not easy to synthesize and the
stability thereof is problematic.

[0004]

Meanwhile, also known is a method in which methacrylic acid or a methacrylic
acid ester is obtained from a 1,1,1-trihalo-2-methyl-2-propanol. For example, a method is
known in which 2-methoxy-2-methylpropanoic acid is obtained from 1,1,1-trichloro-2-
methyl-2-propanol and the methyl ester thereof is obtained, and then subjected to alcohol
elimination to obtain methyl methacrylate (Non-Patent Document 1).

In this method, however, it is necessary for obtaining 2-methoxy-2-
methylpropanoic acid that a basic compound should be used in an amount at least 3 times
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by mole the amount of the starting-material alcohol. In addition, when methyl
methacrylate is obtained from the methyl 2-methoxy-2-methylpropanoic acid, it is
necessary that a phosphorus compound, metal chloride or the like should be used in an
amount not less than an equivalent amount. The method is hence not considered to be an
industrially practicable production method. Moreover, although the chlorine moiety in
the starting material becomes a salt with the basic compound, it is difficult to effectively
utilize the salt as such.

[0005]

Known as another method for producing methacrylic acid is a method in which 2-
chloro-2-methylpropanoic acid is heated at from 250°C to 600°C in the presence of a
catalyst such as calcium chloride (Patent Document 1). Known as a method for
producing methyl methacrylate is a method in which methyl 2-chloro-2-methylpropanoate
is heated as a starting material at from 480°C to 550°C without a catalyst and then heated
at from 250°C to 350°C in the presence of a dehydrohalogenation catalyst such as a metal
chloride (Patent Document 2). The 2-chloro-2-methylpropanoic acid and the methyl 2-
chloro-2-methylpropanoate can be produced, for example, by a method in which 2-bromo-
2-methylpropanoic acid is obtained by reacting 1,1,1-tribromo-2-methyl-2-propanol with
potassium hydroxide (Non-Patent Document 2).

In these methods, however, it is necessary to use a basic compound in an amount
at least two times by mole the amount of the starting-material alcohol. In addition, the
halogen salts obtained are difficult to be used effectively.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0006]

Patent Document 1: JP-A-S48-64018

Patent Document 2: JP-A-S49-18823
NON-PATENT DOCUMENTS
[0007]

Non-Patent Document 1: J. Am. Chem. Soc. (1948), Vol.70, pp.1153-1158

Non-Patent Document 2: Khimicheskii Zhurnal Armenii (2000), Vol.53(1-2),
pp.99-104, English abstract; CAN 134:41908

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
[0008]
An object of the present invention is to provide a method for producing an

unsaturated-acid ester or an unsaturated acid on an industrial scale without using any
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highly toxic compound and without using a large amount of a chemical such as a basic
compound.
MEANS FOR SOLVING THE PROBLEMS
[0009]

The present invention relates to a method for producing an unsaturated-acid ester
or an unsaturated acid, described the following (1) to (7).
[0010]
(1) A method for producing an unsaturated-acid ester or an unsaturated acid,
containing a step of reacting a compound (1) represented by the following formula (1) with
a compound (2) represented by the following formula (2) (excluding the compound (1)) in
the presence of a Lewis acid catalyst at a temperature of the boiling point of the compound
(1) or higher and 350°C or lower, thereby obtaining products including a compound (3)
represented by the following formula (3):
[0011]
[Chem. 1]

R1 ORS

R"’\ /R“ e (1)
/N

R® CXs3

[0012]
(in formula (1), R, R?, and R* each independently are a hydrogen atom, a deuterium atom,
or an alkyl group which has a carbon number of from 1 to 3 and may have been substituted
with a halogen atom and/or a deuterium atom, R? and R’ each independently are a
hydrogen atom or a deuterium atom, and X is a chlorine atom, a fluorine atom, a bromine
atom, or an iodine atom);

R®-OR’ )
(in formula (2), R® is a hydrogen atom, a deuterium atom, an alkyl group which has a
carbon number of from 1 to 11 and may have been substituted with a halogen atom and/or
a deuterium atom, or an aryl group which has a carbon number of from 1 to 11 and may
have been substituted with a halogen atom and/or a deuterium atom, and R'isa hydrogen
atom or a deuterium atom); and
[0013]
[Chem. 2]

R! R4

ORG --.(3)




10

15

20

25

30

35

[0014]
(in formula (3), R!, R?, and R* are the same as defined above with regard to formula (1),
and R® is the same as defined above with regard to formula (2)).
[0015]
2) The method for production according to the above-mentioned (1), in which the
Lewis acid catalyst is any of compounds represented by the following formula (4) or a
mixture of these.

MinYm “@
(in formula (4), M is a cation of hydrogen or a metal or metalloid selected from the group
consisting of elements of Group 2 and Groups from 4 to 14 of the periodic table, Y is an
anion selected from the group consisting of oxide ions, halide ions, a sulfate ion, a nitrate
ion, a carbonate ion, a hydrogen carbonate ion, a sulfide ion, a hydroxide ion, alkoxide
ions, a phosphate ion, an acetate ion, and a perchlorate ion, and n and m are numbers
satisfying (valence of the cation M)xn=(valence of the anion Y)xm).
[0016]
3) The method for production according to the above-mentioned (2), in which the M
is a cation of a metal or metalloid selected from the group consisting of zinc, zirconium,
silicon, chromium, iron, aluminum, lead, magnesium, indium, cobalt, manganese, and
nickel.
[0017]
“4) The method for production according to the above-mentioned (2) or (3), in which
the Y is an oxide ion.
[0018]
() The method for production according to the above-mentioned (1), in which the

Lewis acid catalyst is a solid acid.

[0019]
(6) The method for production according to the above-mentioned (5), in which the

solid acid is at least one member selected from the group consisting of activated clay, acid
clay, zeolites, heteropolyacids, and ion-exchange resins.

[0020]
(7 The method for production according to any one of the above-mentioned (1) to
(6), in which the reaction is conducted in a gas phase.
EFFECTS OF THE INVENTION
[0021]

According to the present invention, an unsaturated-acid ester or an unsaturated
acid can be produced on an industrial scale without using any highly toxic compound and

without using a large amount of a chemical such as a basic compound.



10

15

20

25

30

35

MODES FOR CARRYING OUT THE INVENTION
[0022]

' In this description, a compound represented by formula (1) is referred to as
"compound (1)", a compound represented by formula (2) (excluding the compound (1)) is
referred to as "compound (2)", and a compound represented by formula (3) is referred to as
"compound (3)".

Furthermore, in this description, methacrylic acid is also called "MAA", methyl
methacrylate is also called "MMA", and 1,1,1-trichloro-2-methyl-2-propanol is also called
"TCMP".

The following definition of terms holds throughout the description and the claims.

The term "Lewis acid" means an electron pair acceptor, and is a conception which
includes Bronsted acids.

The term "Brensted acid" means a proton donor.

The term "solid acid" means a substance which is solid and shows acid nature.

"Batch mode" is a mode of reaction in which starting materials and a catalyst are
introduced into any desired reaction vessel and are allowed to react for a given time period
at a given reaction temperature and the resultant reaction products are taken out at a time.
Small-amount treatments are possible, and the reaction time, reaction temperature,
amounts to be reacted, and the like can be changed at will.

"Continuous mode" is a mode of reaction in which starting materials are
continuously fed at a given rate to a catalyst layer in any desired atmosphere and are
allowed to reside in the layer for a given time period to react, to thereby continuously
produce a reaction product. Since large-quantity production is possible through a
continuous operation, this mode is suitable for industrialization.

The term "boiling point" means boiling point measured at ordinary pressure (1
atm; 101,325 Pa).

[0023]

The method of the present invention for producing an unsaturated-acid ester or an
unsaturated acid contains a step of reacting a compound (1) with a compound (2) in the
presence of a Lewis acid catalyst at a temperature of the boiling point of compound (1) or
higher and 350°C or lower, thereby obtaining products including compound (3).

The present invention is explained below in detail.

[0024]
Compound (1)

In the present invention, the compound (1) is used as one of the starting materials.

The compound (1) is a compound represented by the following formula (1).
[0025]

[Chem. 3]
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(In formula (1), R', R? and R” each independently are a hydrogen atom, a deuterium atom,
or an alkyl group which has a carbon number of from 1 to 3 and may have been substituted
with a halogen atom and/or a deuterium atom, R® and R each independently are a
hydrogen atom or a deuterium atom, and X is a chlorine atom, a fluorine atom, a bromine
atom, or an iodine atom.)

[0027]

Examples of the alkyl group which has a carbon number of from 1 to 3 and may
have been substituted with a halogen atom and/or a deuterium atom include a methyl
group, an ethyl group and a propyl group, and these groups in which at least one of the
hydrogen atoms has been replaced with a halogen atom and/or a deuterium atom.

It is preferable that R!, R% and R* should each independently be a hydrogen atom,
a deuterium atom, or an alkyl group which has a carbon number of from 1 to 3 and may
have been substituted with a deuterium atom.

R® preferably is a hydrogen atom or a deuterium atom.

More preferred of the compounds according to the definition are compounds in
which R! to R? each independently are a hydrogen atom or a deuterium atom and R* is a
methyl group in which any of the hydrogen atoms may be a deuterium atom.

The compound (1) may be in the form of a hydrate thereof, etc.

[0028]

The compound (1) to be used in the present invention may be a commercial
product, or may be one synthesized from other compounds.

Examples of methods for synthesizing from other compounds include: a method
in which a ketone or an aldehyde is reacted with a trihalomethane in the presence of a basic
compound (JP-A-S49-82611; U.S. Patent No. 2,462,389; J. Org. Chem. (2000), Vol.65,
pp.7211-7212); a method in which a ketone is electrochemically reacted with carbon
tetrachloride (Tetrahedron Lett. (1986), Vol.27(27), pp.3129-32); and a method in which a
trihaloacetoaldehyde or a trihaloacetone is reacted with an aromatic compound (J. Org.
Chem. (2000), Vol.65, pp.1597-1599; Japanese Patent No. 3883354).

[0029]

In the case where in the compound (1), R! to R? each independently are a
hydrogen atom or a deuterium atom and R* is a methyl group which may have been
substituted with a deuterium atom, it is preferred to prepare this compound (1) from
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acetone which may have been substituted with a deuterium atom and a halogenoform or a
heavy halogenoform.

Heavy halogenoforms, in particular, heavy chloroform, are easily available as
compared with deuterium cyanide, and are suitable for use as starting materials for
producing deuterated unsaturated-acid eaters.

[0030]
Compound (2)

In the present invention, the compound (2) is used as the other starting material.

The compound (2) is a compound represented by the following formula (2)
excluding the compound (1).

R6-OR’ Q)

(In formula (2), R is a hydrogen atom, a deuterium atom, an alkyl group which has a
carbon number of from 1 to 11 and may have been substituted with a halogen atom and/or
a deuterium atom, or an aryl group which has a carbon number of from 1 to 11 and may
have been substituted with a halogen atom and/or a deuterium atom, and R’ is a hydrogen
atom or a deuterium atom.)

In the case where R° is an alkyl group which may have been substituted with a
halogen atom and/or a deuterium atom or an aryl group which may have been substituted
with a halogen atom and/or a deuterium atom, it is preferable that the number of carbon
atoms thereof should be from 1 to 8.

[0031]

Examples of compound (2) include water, heavy water, alcohols such as
methanol, ethanol, propanol, isopropanol, butanol, isobutyl alcohol, tertiary butyl alcohol,
pentanol, hexanol, cyclohexanol, heptanol, octanol, 2-ethylhexanol, phenol, benzyl
alcohol, and tolyl alcohol, and those in which at least some of the hydrogen atoms in the
molecule thereof have been replaced with a halogen atom and/or a deuterium atom.

Examples of the alcohols substituted with a halogen atom (halogen-substituted
alcohols) include 2,2,2-trichloroethanol, 2,2,3,3-tetrafluoropropanol, 1,1,1,3,3,3-
hexafluoro-2-propanol, and fluoroalkyl alcohols represented by the general formula
CpF2p+1(CH2)qOH (p is an integer of from 1 to 8, and q is an integer of from 1 to 3).
Specific examples of the CpF2,+1(CH,)qOH include CF;CH,OH, CF;CF,CH,OH,
CF;CF,CF,CH,;0H, CF3(CF,);CH,OH, CF3(CF,)sCH,OH, CF3CF,CH,CH,0H,
CF;(CF,);CH,CH,0H, CF3(CF,)sCH,CH,OH, CF3(CF,);CH,CH,OH, CF;CF,(CH;);0H,
CF3(CF;)3(CH;);0H, and CF3(CF;)s(CH,);0H. Preferred of these are
CF3(CF,);CH,CH,0H and CF3(CF;)sCH,CH,OH.

Examples of the alcohols substituted with a deuterium atom (deuterium-
substituted alcohols) include alcohols having a carbon number of from 1 to 3, in which at
least a part thereof has been substituted with a deuterium atom.



10

15

20

25

30

35

[0032]

Preferred of these compounds (2) are water, heavy water, methanol, ethanol, or
those in which at least some of the hydrogen atoms thereof have been replaced with a
halogen atom and/or a deuterium atom. More preferred is methanol which may have
been substituted with a deuterium atom.

[0033]

In the present invention, the amount of the compound (2) to be used is preferably
from 0.5 to 20 mol, more preferably from 1 to 10 mol and most preferably from 1 to 5 mol,
per 1 mol of the compound (1).

In the case where the amount of the compound (2) used is the lower limit or more,
a sufficient conversion is obtained. In the case of the upper limit or less, an increase in
volume efficiency is attained. Consequently, the efficiency of production of an
unsaturated-acid ester or unsaturated acid improves.

[0034]

In the present invention, in the case of using an alcohol as the compound (2), an
unsaturated-acid ester is apt to be efficiently obtained in one step, and in the case of using
water or heavy water, an unsaturated acid is apt to be efficiently obtained in one step.

Incidentally, the compound (2) may be used as a mixture with the solvent or
diluent gas which will be described later.

[0035]
Compound (3)

According to the present invention, the compound (3), which is an unsaturated-
acid ester or an unsaturated acid, is obtained as the desired reaction product.

The compound (3) is represented by the following formula (3).

[0036]

[Chem. 4]
R! R4

ORSE --+(3)
R2

(]
[0037]
(In formula (3), RY, R? and R* are the same as defined above with regard to formula (1),

and R° is the same as defined above with regard to formula (2).)

[0038]
Examples of R® include a hydrogen atom, a deuterium atom, and a methyl group,

an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a
tertiary butyl group, a pentyl group, a hexyl group, a cyclohexyl group, a heptyl group, an
octyl group, a 2-ethylhexyl group, a phenyl group, a benzyl group, and a tolyl group, and

8
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these groups in which at least one of the hydrogen atoms has been replaced with a halogen
atom and/or a deuterium atom.

Examples of the groups substituted with a halogen atom include a 2,2,2-
trichloroethyl group, a 2,2,3,3-tetrafluoropropyl group, a 1,1,1,3,3,3-hexafluoro-2-propyl
group, and fluoroalkyl groups represented by the general formula CpFp+1(CHz)q (p is an
integer of from 1 to 8, and q is an integer of from 1 to 3). Specific examples of the
CpFap+1(CHy)q group include a CF3CH,; group, CF3CF,CH, group, CF;CF,CF,CH, group,
CF5(CF;);CH; group, CF3(CF,)sCH; group, CF;CF,CH,CH; group, CF5(CF,);CH,CH,
group, CF3(CF,)sCH,CH, group, CF3(CF;);CH,CH, group, CF;CF»(CH,); group,
CF3(CF;)3(CH>)3 group, and CF3(CF;)s(CH>); group. Preferred of these are a
CF3(CF,)3;CH,CH; group and a CF3(CF,)sCH,CH; group.

Preferred as R, other than the groups substituted with a halogen atom, is a
hydrogen atom, a deuterium atom, or an alkyl group having a carbon number of from 1 to
3, which may have been substituted with a deuterium atom. More preferred is a methyl
group which may have been substituted with a deuterium atom.

[0039]

The compound (3) obtained by the present invention is used as a monomeric
starting material for synthetic resins for use in various applications including chemical
products or coating materials, and is exceedingly useful industrially.

Meanwhile, polymers obtained by using the deuterated unsaturated-acid ester are
utilizable as optical fibers usable in high-capacity high-speed transmission systems and the
like.

[0040]

Furthermore, from the compound (3) produced by the present invention, other
esters or carboxylic acids may be synthesized by known methods.

Examples of such methods include a method in which water or an alcohol is
heated together with the unsaturated-acid ester or unsaturated acid in the presence of a
catalytic amount of an acid or base.

In particular, by esterifying the acrylic acid with an alcohol, the corresponding
acrylic acid ester is easily obtained.

[0041]
Reaction

The present invention is characterized in that the reaction is caused to proceed at a
given temperature especially in the presence of a Lewis acid catalyst.

The Lewis acid catalyst, reaction conditions, and the like in the present invention
are described below in detail.

[0042]
(Lewis Acid Catalyst)
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A Lewis acid catalyst is used in the reaction according to the present invention.

Examples of the Lewis acid catalyst to be used in the present invention include
one member selected from the group consisting of compounds represented by the
following formula (4) (excluding water) or a mixture of two or more members thereof.

MiYm @

(In formula (4), M is a cation of hydrogen or a metal or metalloid selected from the group
consisting of elements of Group 2 and Groups from 4 to 14 of the periodic table, Y is an
anion selected from the group consisting of oxide ions, halide ions, a sulfate ion, a nitrate
ion, a carbonate ion, a hydrogen carbonate ion, a sulfide ion, a hydroxide ion, alkoxide
ions, a phosphate ion, an acetate ion, and a perchlorate ion, and n and m are numbers
satisfying (valence of the cation M)xn=(valence of the anion Y)xm.)

[0043]

From the standpoint of more effectively obtaining an unsaturated-acid ester or
unsaturated acid, it is preferable that the M should be a cation of a metal or metalloid
selected from the group consisting of zinc, zirconium, silicon, chromium, iron, aluminum,
lead, magnesium, indium, cobalt, manganese, and nickel. Especially preferred of these is
a cation of a metal or metalloid selected from the group consisting of zinc, silicon, indium,
cobalt, manganese, and nickel.

Meanwhile, the Y preferably is an oxide ion.

[0044]

Other examples of the Lewis acid catalyst to be used in the present invention
include solid acids such as an activated clay, an acid clay, a zeolite, a heteropolyacid, or an
ion-exchange resin.

[0045]

The activated clay is a one obtained by treating naturally occurring acid clay
(montmorillonite clay) with a mineral acid such as sulfuric acid, and is a compound having
a porous structure. The activated clay contains SiO,, Al,O3, Fe,0O3, CaO, MgO, and the
like as components thereof.

The term zeolite means a class of substances which have a structure formed by
replacing some of the silicon (Si) atoms of a substance containing silicon dioxides as the
basic framework with aluminum (Al) atoms. Specifically, it means the zeolites provided
for by the International Zeolite Association (IZA), and examples thereof include ones at
least contain oxygen, aluminum (Al), and phosphorus (P) and ones at least contain oxygen,
aluminum, and silicon (Si), as atoms constituting the framework structure.

Heteropolyacids generally are composite oxide acids each constituted of a
composite of two or more different oxides and those in which some or all of the protons
thereof have been replaced with other cations. A heteropolyacid is configured, for

example, of oxoacid ions of an element such as phosphorus, arsenic, tin, silicon, titanium,

10
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or zirconium (e.g., phosphoric acid or silicic acid) and oxoacid ions of an element such as
molybdenum, tungsten, vanadium, niobium, or tantalum (e.g., vanadic acid, molybdic acid,
or tungstic acid). On the basis of combinations thereof, various heteropolyacids are
possible.

The elements of the oxoacids which constitute the heteropolyacids are not

- particularly limited. Examples thereof include copper, beryllium, boron, aluminum,

carbon, silicon, germanium, tin, titanium, zirconium, cerium, thorium, nitrogen,
phosphorus, arsenic, antimony, vanadium, niobium, tantalum, chromium, molybdenum,
tungsten, uranium, selenium, tellurium, manganese, iodine, iron, cobalt, nickel, rhodium,
osmium, iridium, and platinum.

Ion-exchange resins are resins which contain as a framework a polymer based on
a fluorocarbon, hydrocarbon or the like and into which ion-exchange groups have been
introduced. Use can be made of one having, as ion-exchange groups, one or plurality of
cation-exchange groups such as sulfonic group, carboxylic group, or phosphate group.
Especially desirable is an ion-exchange resin constituted of a perfluorocarbon framework
which has chemical resistance and into which sulfonic groups have been introduced as ion-
exchange groups. Examples thereof include Flemion, manufactured by Asahi Glass Co.,
Ltd., and Nafion, manufactured by DuPont.

[0046]

The Lewis acid catalyst of the present invention may be fixed to a support.

In the case of conducting the reaction in a continuous mode, the kind of the
support is not particularly limited. Examples thereof include oxides of either metals or
metalloids, salts thereof, and inorganic carbon. Specific examples thereof include silica,
alumina, titania, zirconia, zeolites, and activated carbon.

In the case of conducting the reaction in a batch mode, the kind of the support
may be the same as in the continuous mode. Specific examples thereof include silica,
alumina, titania, and zirconia.

In the case where such supports are Lewis acids, the supports also are capable of
functioning as a Lewis acid catalyst.

[0047]

Preferred as the Lewis acid catalyst or as the Lewis acid catalyst fixed to a
support, to be used in the present invention, are ZnO-ZrO,, ZnO-Al,03, ZnO-TiO,, In,O3-
Zr0,, NiO-ZrO,, CoO-ZrO,, MnO-ZrO,, activated carbon, silica gel, y-alumina, ZrO,,
7Zn0-Si0;, Zr-PbOy, Al,03-Zr0O,, MgO-Zr0,, ZnO-Cr,03, TiO,, and Zr-NiOy. More
preferred are ZnO-ZrO,, ZnO-Si0,, Z1rO,, ZnO-TiO,, Iny03-ZrO;, NiO-ZrO,, CoO-ZrO,,
and MnO-ZrO,. Most preferred are ZnO-ZrO,, ZnO-Si0,, ZnO-TiO,, In;03-ZrO,, and
NiO-ZrOs,.

[0048]

11
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The amount of the catalyst to be used, per 1 mol of the compound (1) present in
the reaction vessel in a batch mode or per 1 mol of the compound (1) residing in the
reaction vessel in a continuous mode, is preferably from 0.001 to 1 mol, more preferably
from 0.01 to 0.2 mol and most preferably from 0.02 to 0.1 mol.

In the case where the amount of the catalyst to be used is regulated so as to be the
lower limit or more, the efficiency of the production of an unsaturated-acid ester or
unsaturated acid can be improved. In case of regulating so as to be the upper limit or less,
the volume efficiency improves.

[0049]

Although the function mechanism of a Lewis acid catalyst in the present invention
has not been entirely elucidated, an example of the function mechanism is presumed to be
as shown by the following reaction schemes. Specifically, in the case where TCMP and
methanol are used as starting materials to produce MMA by using ZnO as a catalyst, the
hydroxyl group of the TCMP interacts with the Zn and MMA is yielded via a three-
membered-ring intermediate through dechlorination or the like.

[0050]
[Chem. 5]
@
ZnO Cl Cl) a
{ CCl, > >'/< cl >
@
OH \J ﬂ-lg\?Cl @j cl
nO o\
ZnOH
\ & A<
> Ci Cl > C
/ \ —HCl
'Q —2n0 (@)
Zn
ar.yd
__MeOH OMe
-HCI —HCI
(@]
[0051]

Consequently, in the present invention, the Lewis acid catalyst is not consumed by
the reactions as shown by the function mechanism and can hence be reused.

In the case where the catalyst has been deactivated, some or all thereof can be
regenerated and used. Examples of regeneration methods include a method of heating in
an inert gas or in a gas containing oxygen, a method in which the catalyst is treated with a

12
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hydrogen halide gas or with an aqueous solution of a hydrogen halide, and a combination
of thereof.

[0052]

(Reaction Temperature)

The reaction according to the present invention is conducted at a temperature of
the boiling point of the compound (1) or higher and 350°C or lower.

The reaction temperature is suitably set in accordance with the starting-material
compounds or the kind of the catalyst.

Specifically, it is preferably from 170 to 350°C and more preferably from 200 to
300°C.

In the case where the reaction temperature is the lower limit or higher, an
unsaturated-acid ester or an unsaturated acid is efficiently obtained. In the case of the
upper limit or lower, decomposition of the starting materials and the product and increase
of side reactions are less apt to occur.

[0053]
(Reaction Phase)

According to the present invention, the compound (3) is obtained by conducting
the reaction either in a gas phase or in a liquid phase. In the case of conducting in a gas
phase, the compound (3) is obtained more efficiently.

Whether the reaction is conducted in a gas phase or a liquid phase depends on the
boiling points of the starting materials. However, it can be suitably changed, depending
on the setting of the reaction temperature described above or of the reaction pressure
described later.

[0054]
(Solvent or Diluent Gas)

In the reaction according to the present invention, a compound or gas which does
not chemically react with the starting materials and reaction products can be used as a
solvent or a diluent gas from the standpoints of handling of the starting materials and
control of heat of reaction. '

Examples of the solvent include pentane, hexane, heptane, petroleum ether,
dimethyl ether, diethyl ether, tetrahydrofuran, 1,2-dimethyoxyethane, dichloromethane,
chloroform, carbon tetrachloride, dichloroethane, acetic acid, benzoic acid, acetic
anhydride, ethyl acetate, acetone, 2-butanone, acetonitrile, dimethylformamide,
dimethylacetamide, dimethyl sulfoxide, benzene, toluene, chlorobenzene, dichlorobenzene,
benzonitrile, nitromethane, nitrobenzene, and mixtures thereof.

Examples of the diluent gas include nitrogen, helium, argon, and mixtures thereof.
Nitrogen is preferred of these because it is easily available and is inexpensive.

[0055]

13
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The amount of the solvent or diluent gas to be used is preferably in such a range
that the concentration of the compound (1) is kept at 5% by mass or higher, and more
preferably at 10% by mass or higher.

In the case where the concentration of the compound (1) is regulated so as to be
the lower limit or more, an unsaturated-acid ester or an unsaturated acid can be more
efficiently produced.

[0056]
(Reaction Mode)

The reaction mode of the present invention may be a batch mode or a continuous
mode. In adopting either mode, the effects of the present invention can be obtained.

In the case of conducting in a continuous mode, the space velocity is preferably
from 1 to 500,000 h™', more preferably from 100 to 50,000 h™!, and most preferably from
100 to 10,000 h™.

In this description, the term "space velocity" is mass space velocity per unit mass
of the catalyst, and is a value obtained by dividing the flow rate (kg/h) of the compound (1)
by the mass (kg) of the catalyst including a support or the like. Incidentally, the
reciprocal of the space velocity is called contact time or residence time.

[0057]
(Reaction Pressure)

It is preferable that the reaction pressure should be suitably regulated in
accordance with the vapor pressures of the compound (1), the solvent, and other gases. It
may be either an elevated pressure or a reduced pressure. It is more preferably from 0
MPa to 10 MPa, even more preferably from 0.05 MPa to 2 MPa, and most preferably from
0.1 MPa to 1 MPa, in terms of absolute pressure.

[0058]
(Reaction Time)

The reaction time can be suitably set in accordance with various conditions
including the catalyst and the temperature.

For example, in the case of conducting in a batch mode, it is preferably from 10
minutes to 12 hours and more preferably from 30 minutes to 3 hours.

In the case of conducting in a continuous mode, it is preferably from 0.1 second to
60 minutes and more preferably from 0.5 seconds to 30 minutes. Especially in the case of
conducting in a continuous mode in a gas phase, it is preferably from 0.5 seconds to 30
seconds. In the case of a continuous mode, the reaction time is also called contact time or
residence time.

Alternatively, while the reaction is being allowed to proceed, some of the crude
reaction liquid is taken out and examined by gas chromatography or the like to determine
the concentration of a reaction product, and the yielded amount is presumed from the
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concentration, and at the time when the reaction product has been yielded in a desired
amount, the reaction may be terminated.

[0059]

(By-products of the Reaction)

In the present invention, a hydrogen halide (including a deuterium halide) is
obtained as one of by-products of the reaction.

The hydrogen halide can be utilized in various applications.

For example, it can serve as a starting material for vinyl halides, halogenated
methanes or other alkyl halides, aryl halides, halogen gases, or metal halides. Further, in
the case where a halogenated methane or the halogen gas is obtained, it can be recycled as
a starting material for synthesizing the compound (1).

[0060]

Since a hydrogen halide, which is a strong acid, is yielded as a by-product in the
reaction according to the present invention, it is preferable that a reactor used in the present
invention should be one which can withstand strong acids.

Examples include iron, chromium, nickel and alloys containing these as main
components, quartz, glass, glass linings, fluororesins such as ethylene/tetrafluoroethylene
copolymers (ETFE), or fluororesin linings. Preferred from the standpoint of corrosion
resistance are nickel-chromium alloys such as Hastelloy, Inconel and Carpenter, glass, or
fluororesins.

[0061]
Purification of Compound (3)

In the present invention, the compound (3) obtained by the reaction may be
purified.

Examples of methods for purifying the compound (3) include distillation,
crystallization, sublimation, washing with a liquid, filtration, or combinations of these.

In the present invention, purification by distillation or crystallization is preferred,
and distillation is more preferred.

[0062]

The distillation can be conducted by a known method.

Examples of distillation columns include general distillation columns such as
sieve trays, dual trays, bubble-cap trays, Sulzer packings, Technopack, Mellapak, Raschig
rings, Pall rings, Cascade Mini Ring, or a combination of these.

In the distillation, a polymerization inhibitor may be added.

Examples of the polymerization inhibitor include hydroquinone (HQ),
monomethyl ether of hydroquinone (MEHQ), phenothiazine (PTZ), hindered-amine radical
scavenger compounds, or catechols such as tertiary butylcatechol or di-tertiary
butylcatechol. To cause an oxygen-containing gas to be present is also effective for
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inhibiting the polymerization. Furthermore, metals containing copper also can inhibit the
polymerization.

In the case where no polymerization inhibitor is added, it is preferred to select a
distillation column of the type which contains few portions where stagnation occurs, from
the standpoint of preventing unintended polymerization.

With respect to the temperature and pressure in the distillation operation,
conditions in common use in the distillation of unsaturated acids or esters thereof may be
employed. For example, a temperature not exceeding 80°C is selected in order to inhibit
polymerization in the column bottom part, and a vapor pressure is determined in
accordance with the set temperature.

[0063]

The crystallization also can be conducted by a known method.

Crystallization is an operation in which a component of a solution is crystallized
out by cooling, heating, depressurization, or the like while utilizing the temperature or
pressure dependence of solubility, to achieve selective isolation.

[0064]

In the case where the reaction product according to the present invention is MMA,
this is often obtained as a mixture with methanol. It is known that these compounds form
an azeotrope.

In such cases, there may be mentioned, for example, a method in which the MMA
and the methanol are recovered by using a method in which a distillation is conducted with
using an azeotropic solvent or a method in which they are separated by utilizing layer
separation (JP-A-H11-124347).

[0065]

Since impurities can be removed by purification, the unsaturated-acid ester or
unsaturated acid obtained by the present invention comes to be usable in a wider range of
applications and it becomes possible to produce therefrom polymeric materials which have
better heat resistance and transparency, are colorless, and have high quality.

[0066]
(Effects)

According to the present invention, an unsaturated-acid ester or an unsaturated
acid can be produced on an industrial scale without using a large amount of a chemical
such as a basic compound. In particular, in the case where the reaction according to the
present invention is conducted in a gas phase, the unsaturated-acid ester or unsaturated acid
can be efficiently produced.

In the present invention, in the case of using an alcohol as compound (2), an
unsaturated-acid ester is apt to be efficiently obtained, and in the case of using water, an

unsaturated acid is apt to be efficiently obtained.
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The Lewis acid catalyst used in the present invention can be reused.
According to the present invention, a by-product yielded from the halogen moiety
of a starting material can be obtained as a hydrogen halide which is easy to utilize

effectively.

EXAMPLES
[0067]

The method of the present invention for producing an unsaturated-acid ester or an
unsaturated acid is described below in detail by reference to Examples. However, the
present invention should not be construed as being limited to the following Examples.
[0068]

(Example 1)

A catalyst constituted of 5% by mass zirconium-supported zinc oxide (5% ZnO-
Zr0;) was obtained by an impregnation method.

Into a glass tube having a length of 30 cm and an inner diameter of 14 mm was
packed 8.2 g of the 5% ZnO-ZrO, catalyst. The temperature was kept at 200°C.

While nitrogen gas was being fed to the glass tube at a flow rate of 0.05 L/min, a
TCMP 0.5-hydrate dissolved in methanol at 50% by mass was fed thereto at a flow rate of
10.0 g/hr to conduct a reaction in a gas phase. In this Example, 26.5 g of the 50% by
mass methanol solution of TCMP 0.5-hydrate, that is, 12.6 g (0.071 mol) of TCMP was
fed. The amount of the TCMP used is expressed by X (mol).

[0069]

The gas obtained by the reaction was cooled with dry ice to obtain a crude
reaction liquid. In this Example, 22.6 g of the crude reaction liquid was obtained. The
amount of the crude reaction liquid obtained is expressed by W (g).

The concentration of MMA, Z (mol/g), in the crude reaction liquid was
determined by gas chromatography by using dichloromethane as an internal reference.

The total amount T (mol) of the MMA obtained by the reaction was calculated by
using the equation T=ZxW.

The yield Y (%) of the MMA was calculated by using the equation Y=(T/X)x100.
[0070]

(Examples 2 to 15)

In Examples 2 to 15, crude reaction liquids were obtained by conducting reactions
in the same manner as in Example 1, except that the kind of catalyst, catalyst packing
amount, reaction temperature, flow rates of the TCMP solution and nitrogen gas, solution
amount and amount X (mol) of the TCMP used were changed as shown in Table 1. The
concentration of MMA, Z (mol/g), in each crude reaction liquid was determined.

17



[0071]

[Table 1]
Catalyst Amount of
SR . Flow rate Amount of Oufl ©
Reaction Flow rate TCMP in the
Amount of TCMP TCMP .
X temperature . of N, . solution
Kind packed solution . solution
(°C) (L/min) X (mol)
(2 (g/hr) (8 >
x10
1 5% ZnO-ZrO, 8.2 200 10.0 0.05 26.5 7.10
2 5% ZnO-ZrO, 8.9 250 10.0 0.05 28.2 7.56
3 10% ZnO-Zr0O, 9.5 250 2.8 0.10 11.3 3.03
4 silica gel 3.8 250 2.8 0.05 9.0 2.41
5 y-alumina 13 250 10.5 0.05 32.4 8.69
6 7Zr0, 8.3 250 2.8 0.10 11.3 3.03
7 Zn0-Si0, 9.5 200 10.0 0.05 26.4 7.08
Example 8 Zr-PbOy 12.4 200 10.0 0.05 259 6.94
9 MgO-ZrO; 10.0 250 10.5 0.05 324 8.69
10 Zn0-Cr,03 10.0 250 2.8 0.10 11.1 2.98
11 Zr-NiOy 12.2 250 2.7 0.10 11.0 2.95
12 1.6% InyO3-ZrO, 11.6 200 10.0 0.05 24.9 7.02
13 10% NiO-ZrO, 6.4 200 10.0 0.05 25.3 7.13
14 10% CoO-ZrO, 6.5 200 10.0 0.05 24.7 6.96
15 10% MnO-ZrO, 6.4 200 10.0 0.05 24.4 6.87
C ti
G 5% Zn0-Zr0; 1.4 140 ; ; 3.5 1.69
Example 1
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[0072]

The total amount T (mol) of the MMA in each crude reaction liquid obtained, W
(g), and the yield Y (%) of the MMA were calculated in the same manners as in Example 1.
[0073]

(Comparative Example 1)

In a 50-mlL eggplant type flask equipped with a Dimroth condenser, 1.4 g of a 5%
Zn0-ZrO; catalyst obtained by an impregnation method in the same manner as in Example
1 was prepared.

Thereto were added 3.0 g (16.9 mmol) of TCMP and 0.5 g (16.9 mmol) of
methanol.

The contents were stirred with a stirrer at 140°C for 1 hour to conduct a reaction
in a liquid phase.

After the stirring, the contents were cooled to room temperature, and the catalyst
was removed.

In this Comparative Example, 3.47 g of crude reaction liquid was obtained.

In the same manners as in Examples 1 to 15, the concentration of MMA, Z
(mol/g), in the crude reaction liquid was determined and the total amount T (mol) and yield
Y (%) of the MMA obtained in this Comparative Example were calculated.

[0074]

In Table 2 are shown the amounts W (g) of the crude reaction liquids obtained, the
amounts T (mol) of the MMA produced, and the yields Y (%) of the MMA based on the
TCMP, as results of Examples 1 to 15 and Comparative Example 1.

[0075]
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Table 2]
. Amount of
Crude MMA concentration of i
. T MMA Yield of
reaction crude reaction liquid
Lo produced MMA
liquid Z (mol/g)
W (@) {0’ T (mol) Y (%)
X
. x10?
1 22.6 2.27 5.14 72.3
2 20.0 2.66 5.31 70.2
3 6.2 2.06 1.28 42.3
4 6.1 0.16 0.097 4.0
5 30.0 0.14 0.42 4.8
6 8.9 0.47 0.42 13.9
7 19.4 2.35 4.56 64.4
Example 8 25.1 0.07 0.18 2.6
9 31T 0.07 0.23 2.6
10 9.0 0.41 0.37 12.4
11 9.2 0.26 0.24 8.1
12 21.7 2.21 4.80 74.5
13 21.7 1.82 3.96 60.2
14 22.6 131 3.41 48.0
15 22.6 0.99 2.24 35.8
Comparative
3.47 0.04 0.012 0.7
Example 1
[0076]

The results given above showed that MMA was obtained in sufficient yields in
Examples 1 to 15, in which the reactions were conducted at high temperatures by using

Lewis acid catalysts.

Namely, it was demonstrated that according to the present invention, MMA is

obtained in one step from TCMP and methanol as starting materials.
Relatively high yields of MMA were obtained especially in Examples 1 to 3, 7,
and 12 to 15, in which ZnO-ZrO,, ZnO-Si0,, In,03-Zr0,, NiO-ZrO,, CoO-ZrO,, and

MnO-ZrO, were used as the catalysts.

In particular, Examples 1 to 3, 7, 12, and 13, in

which ZnO-Zr0,, Zn0-Si0,, In,03-Zr0O,, and NiO-ZrO, were used, gave remarkably high

yields.

On the other hand, in Comparative Example 1, in which the reaction was
conducted at 140°C, MMA was not sufficiently obtained.

[0077]
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The causes of the results that the yields of MMA in Examples 1 to 15 were far
higher than that in Comparative Example 1 include the difference between Examples 1 to
15 and Comparative Example 1 in whether the reaction was conducted in a gas phase or a
liquid phase.

In the case where the reaction is conducted in a liquid phase, it is highly probable
that the methanol functions as a Lewis base and combines with the Lewis acid catalyst to
deprive the catalyst of its function.

On the other hand, in the case where the reaction is conducted in a gas phase, the
methanol gasifies and is hence present in a low concentration in the field of reaction and
less apt to deactivate the Lewis acid catalyst. It is hence thought that the catalytic
reaction proceeds easily and MMA is produced in a high yield.

Consequently, when the reaction according to the present invention is conducted
in a gas phase, a methacrylic acid ester is obtained more efficiently.

It has been concluded that by setting the reaction temperature to 170°C or higher
in view of the boiling point of TCMP of 169°C, the effects of the present invention are
further enhanced.

[0078]
(Example 16)

In this Example, TCMP and water were used as starting materials to be reacted
and the reaction was conducted at 200°C.

Into a metallic tube (manufactured by Morimoto Seikan) made of Hastelloy C-276
and having a length of 20 cm and an inner diameter of 21.3 mm was packed 43.12 g of a
5% ZnO-TiO; catalyst obtained by an impregnation method in the same manner as in
Example 1. The temperature was kept at 200°C.

In this Example, the starting materials were gasified beforehand in order to more
efficiently conduct the reaction. Specifically, a metallic tube (preheating tube) made of
Hastelloy C-276 and heated at 200°C was prepared separately from the reaction tube, and a
TCMP dissolved in chloroform at 85% by weight and water were fed to the preheating tube
at flow rates of 57.3 g/hr and 4.9 g/hr, respectivefy, and gasified. The resultant gas was
mixed with nitrogen being supplied at 29.5 mL/min, and then fed to the reaction tube and
allowed to react for 3 hours. The amount of the 85% by mass chloroform solution of
TCMP fed was 164.5 g, and the amount of the water fed was 13.3 g.

The gas obtained by the reaction was cooled with dry ice to obtain 114.7 g of a
crude reaction liquid. The hydrogen chloride gas yielded as a by-product was absorbed
with caustic potash and recovered.

The concentration of MAA in the crude reaction liquid was determined by gas

chromatography by using dichloromethane as an internal reference.
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The total amount and yield of the MAA and the amount of hydrogen chloride
were calculated in the same manners as in Examples 1 to 15.

As aresult, the yield of the MAA was 70.1%, and hydrogen chloride was
recovered in an amount of 55.01 g.  The recovery rate of the hydrogen chloride based on
a theoretical value was 74.6%.

[0079]
(Comparative Example 2)

In this Comparative Example, a reaction was conducted in the same manner as in
Comparative Example 1, except that water was used in an amount of 0.3 g (16.9 mmol) in
place of the methanol as a starting material to be reacted

In this Comparative Example, 3.47 g of a crude reaction liquid was obtained.
[0080]

In Examples 1 to 3 and 16 and Comparative Example 2, the concentrations of
MAA in the crude reaction liquids were determined by gas chromatography using
dichloromethane as an internal reference, and the yields of the MAA were calculated.

In Table 3 are shown the yields of the MAA in Examples 1 to 3 and 16 and

Comparative Example 2.

[0081]
[Table 3]
Yield of MAA (%)

6.7

Example L3

6.7

16 70.1

Comparative Example 2 0.31
[0082]

The results given above demonstrated that according to the present invention,
MAA is obtained in one step from TCMP and either methanol or water as starting
materials.

In particular, it was shown that when water is used a starting material to conduct
the reaction in a gas phase, MAA is efficiently obtained.
[0083]
(Example 17)

In this Example, mass-production of MMA by the present invention was
investigated.

Into a metallic tube (manufactured by Morimoto Seikan K.K.) made of Hastelloy
C-276 and having a length of 30 cm and an inner diameter of 21.3 mm (reaction tube) was
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packed 77.5 g of a 5% ZnO-ZrO, catalyst obtained by an impregnation method in the same
manner as in Example 1. The temperature was kept at 200°C.

In this Example, the starting materials were gasified before being fed to the
reaction tube in order to more efficiently conduct the reaction. Specifically, a metallic
tube (preheating tube) made of Hastelloy C-276 and heated at 170°C was prepared
separately from the reaction tube, and a TCMP dissolved in acetone at 85% by mass and
methanol were fed to the preheating tube at flow rates of 13.17 g/hr and 16.9 g/hr,
respectively, and gasified. The resultant gas was mixed with nitrogen being supplied at
27.4 mL/min, and then fed to the reaction tube. The reaction was conducted for 11.5
hours. The amount of the 85% by mass acetone solution of TCMP fed was 155.5 g, and
the amount of the methanol fed was 187.6 g.

[0084]

The gas obtained by the reaction was cooled with an ice bath to obtain a crude
reaction liquid. Furthermore, in order to collect the chloromethane obtained by the
reaction of the by-product hydrogen chloride with the methanol, the gas was cooled with
dry ice to collect the by-product gas. In this Example, 216.0 g of the crude reaction liquid
and 113.2 g of the chloromethane were obtained.

The concentration of MMA in the crude reaction liquid was determined by gas
chromatography by using tetraethylene glycol dimethyl ether as an internal reference.

The total amount and yield of the MMA were calculated in the same manners as
in Examples 1 to 16.

As a result, the yield of the MMA was 93.9%, and it was ascertained that the
hydrogen chloride which was yielded as a by-product of the reaction has been substantially
wholly converted to chloromethane.

Namely, the results of this Example show that the method of the present invention
is a method capable of producing MMA on an industrial scale.

[0085]

While the present invention has been described in detail and with reference to
specific embodiments thereof, it will be apparent to one skilled in the art that various
changes and modifications can be made therein without departing from the spirit and scope
thereof.

The present application is based on Japanese Patent Application No. 2013-
146864, which was filed on July 12, 2013, the contents thereof being incorporated herein

by reference.
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CLAIMS

[Claim 1]

A method for producing an unsaturated-acid ester or an unsaturated acid,
comprising a step of reacting a compound (1) represented by the following formula (1)
with a compound (2) represented by the following formula (2) (excluding the compound
(1)) in the presence of a Lewis acid catalyst at a temperature of the boiling point of the
compound (1) or higher and 350°C or lower, thereby obtaining products including a
compound (3) represented by the following formula (3):

[Chem. 1]

R? ORS®

Rz\ /R4 Lo (1)
7\

RS CX;

(in formula (1), R, R? and R* each independently are a hydrogen atom, a deuterium atom,
or an alkyl group which has a carbon number of from 1 to 3 and may have been substituted
with a halogen atom and/or a deuterium atom, R® and R’ each independently are a
hydrogen atom or a deuterium atom, and X is a chlorine atom, a fluorine atom, a bromine
atom, or an iodine atom);

R®-OR’ )
(in formula (2), Rlisa hydrogen atom, a deuterium atom, an alkyl group which has a
carbon number of from 1 to 11 and may have been substituted with a halogen atom and/or
a deuterium atom, or an aryl group which has a carbon number of from 1 to 11 and may
have been substituted with a halogen atom and/or a deuterium atom, and R’ is a hydrogen
atom or a deuterium atom); and
[Chem. 2]

R] R4

{ OR6 -..(3)
R
@)

(in formula (3), R!, R? and R* are the same as defined above with regard to formula (1),

and R® is the same as defined above with regard to formula (2)).

[Claim 2]
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The method for production according to claim 1, wherein the Lewis acid catalyst
is any of compounds represented by the following formula (4) (excluding water) or a
mixture of these.

MnYm “4)
(in formula (4), M is a cation of hydrogen or a metal or metalloid selected from the group
consisting of elements of Group 2 and Groups from 4 to 14 of the periodic table, Y is an
anion selected from the group consisting of oxide ions, halide ions, a sulfate ion, a nitrate
ion, a carbonate ion, a hydrogen carbonate ion, a sulfide ion, a hydroxide ion, alkoxide
ions, a phosphate ion, an acetate ion, and a perchlorate ion, and n and m are numbers
satisfying (valence of the cation M)xn=(valence of the anion Y)xm).

[Claim 3]
The method for production according to claim 2, wherein the M is a cation of a
metal or metalloid selected from the group consisting of zinc, zirconium, silicon,

chromium, iron, aluminum, lead, magnesium, indium, cobalt, manganese, and nickel.

[Claim 4]
The method for production according to claim 2 or 3, wherein the Y is an oxide

ion.

[Claim 5]
The method for production according to claim 1, wherein the Lewis acid catalyst

is a solid acid.

[Claim 6]
The method for production according to claim 5, wherein the solid acid is at least
one member selected from the group consisting of activated clay, acid clay, zeolites,

heteropolyacids, and ion-exchange resins.
[Claim 7]

The method for production according to any one of claims 1 to 6, wherein the

reaction is conducted in a gas phase.
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