DESCRIPTION
TITLE OF THE INVENTION: METHOD FOR PRODUCING ALCOHOL

COMPOUND

TECHNICAL FIELD
[0001]
The present invention provides a method for obtaining an alcohol

compound from an ester compound with high purity and by easy operation.

BACKGROUND ART
[0002]

An alcohol compound is frequently used as a raw material, intermediate,
and final product in the process of manufacturing pharmaceuticals, agricultural
chemicals and the like. When an intended compound is synthesized through
multiple stages, a hydroxyl group of an alcohol compound is protected using
various protecting groups due to its high reactivity, and after that, the protecting
group 1s removed at an appropriate stage. As a protecting group for the
hydroxyl group, an acyl group is typically used since it is a protecting group
resistant to acidic, weakly alkaline, oxidation, and reduction conditions.
Therefore, it 1s an important subject to develop a simple method of protection by
an acyl group and removal thereof for an alcohol compound. Thus, in addition to
appropriate protection of the hydroxyl group, it is also important that
deprotection can be performed easily.

[0003]

As a method for producing an alcohol compound with high purity from an
alcohol compound having a hydroxyl group protected with an acyl group, namely
an ester compound, there are various known methods such as a method using

potassium carbonate in a methanol-water mixed solvent, a method using sodium



methoxide in methanol, a method using potassium cyanide in ethanol, a method
using a phase-transfer catalyst and sodium hydroxide in water, a method using
aqueous ammonia in methanol, a method using BF3+OEtz in acetonitrile, a
method using Sc(OTf)s in a methanol-water mixed solvent, a method using
Yb(OTf); in isopropanol, and a method using hydrazine in methanol (Non-Patent
Document 1).
[0004]

Hydrolysis is generally employed as a method for removing an acyl group
from an alcohol compound protected by the acyl group, namely an ester

compound.

[0005]

[0006]
In addition, alcoholysis is also often employed as a method for removing
an acyl group from an alcohol compound protected by the acyl group, namely an

ester compound.

[0007]
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NON-PATENT DOCUMENT
[0008]
Non-Patent Document 1: Peter G.M. Wuts, & Thodora W. Greene. Greene’s

Protective Groups in Organic Synthesis (4th ed.), 230-232.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION



[0009]

However, in the methods described in Non-Patent Document 1, when
inorganic bases such as potassium carbonate, potassium cyanide, and sodium
hydroxide are used, an extraction operation is required for separation from
desired products. When ammonia or hydrazine is used, acyl groups that have
been removed are converted to amides having a high boiling point, and hence
column purification and crystallization are required for separation from desired
products. Therefore, these methods cannot be regarded as easy considering a
post-treatment.

[0010]

Furthermore, in the method for removing an acyl group by hydrolysis,
hydrolysis hardly proceeds without a catalyst, and hence a strong acid such as
hydrochloric acid and sulfuric acid, or a strong alkali such as sodium hydroxide
and potassium hydroxide is often used as a catalyst. In order to obtain an
alcohol compound with high purity after the hydrolysis reaction, separation from
the strong acid or strong alkaline catalyst used and a carboxylic acid as
byproduct is required. Since a carboxylic acid generally has a high boiling point,
it 1s not efficient to distill it off by concentration. For this reason, it is common
to perform extraction of removing the carboxylic acid into an aqueous layer as a
salt. However, in extraction, washing with water has to be repeated in many
cases in order to remove the carboxylic acid and the used catalyst. In washing
with water, there is no problem when the alcohol compound as a product is
hydrophobic. However, when the alcohol compound as a product is hydrophilic,
loss of the alcohol compound into the aqueous layer may occur, and it is thus
necessary to repeat extraction more than once for the purpose of increasing a
recovery ratio thereof. When the alcohol compound has a low boiling point, the
alcohol compound is liable to volatilize to loss by vacuum distillation off of an

extract. In addition, when a high water content has negative effect on the next



reaction, it is necessary to perform concentration repeatedly for dehydration.
Although hydrolysis reaction itself is very simple, a subsequent treatment is
actually complicated, which has been a factor that significantly reduces
productivity in an industrial-scale production.

[0011]

Even in a method for removing an acyl group by alcoholysis, since a
reaction does not proceed only by adding alcohol, Lewis acids such as aluminum
chloride, boron trifluoride, and calcium chloride, or bases such as sodium
alkoxide, potassium alkoxide, sodium carbonate, and potassium carbonate are
often used as a catalyst. Moreover, it is necessary to add a large excess of
alcohol to complete the reaction.

[0012]

In order to obtain a desired alcohol compound with high purity after
alcoholysis, the used catalyst must first be separated. Also in this case, a
procedure in which water is added to a reaction solution to remove the catalyst
into an aqueous layer and extract the alcohol compound is generally employed.
Therefore, a complicated extraction operation has to be conducted as explained in
the above hydrolysis. In addition, since the efficiency of extraction decreases
due to the large excess of alcohol, the alcohol has to be distilled off under reduced
pressure beforehand. Although removal of the catalyst by filtration can be
considered, part of the catalyst is dissolved in the large excess of alcohol, and
thus, it is practically difficult to remove the catalyst completely. In the method
by alcoholysis, since an ester derived from an acyl protecting group is produced
as a by-product, it is required to take separation from the alcohol compound into
account. As described above, the method by alcoholysis cannot be also regarded
as a good method from the viewpoint of productivity in industrial-scale
production.

[0013]



In view of the problems of the conventional techniques described above,
an object to be achieved by the present invention is to establish a production
process that is capable of obtaining an alcohol compound from an ester compound

with high purity and by easy operation.

SOLUTIONS TO THE PROBLEMS
[0014]

As a result of intensive studies for achieving the above object, the
inventors have found that transesterification is conducted by passing a methanol
and/or ethanol solution of an ester compound through a column packed with an
anion exchange resin having methoxide and/or ethoxide as a counter anion, and
then, a methyl ester and/or ethyl ester produced as a by-product and the
methanol and/or ethanol used as a solvent are distilled off together, whereby an
alcohol compound can be obtained as a concentrate with high purity.

[0015]

That is, the present invention relates to a method for producing an
alcohol compound having one or more features described below.

[1] A method for producing an alcohol compound, comprising:

passing a solution containing an ester compound and methanol and/or
ethanol through a column packed with an anion exchange resin having
methoxide and/or ethoxide as a counter anion to generate a methyl ester and/or
ethyl ester; and

distilling off the methyl ester and/or ethyl ester together with the
methanol and/or ethanol.

(2] A method for producing an alcohol compound from an ester
compound formed by protecting an alcohol compound with an acyl group,
comprising:

passing a solution containing the ester compound and methanol and/or



ethanol through a column packed with an anion exchange resin having
methoxide and/or ethoxide as a counter anion to decompose the ester compound
into the alcohol compound and a methyl ester and/or ethyl ester containing the
acyl group; and

distilling off the methyl ester and/or ethyl ester together with the
methanol and/or ethanol.

[3] The method according to [1] or [2], wherein the alcohol compound
has a boiling point of 170°C or higher, and the methyl ester and/or ethyl ester has
a boiling point of lower than 170°C.

(4] The method according to any of [1] to [3], wherein the alcohol
compound is obtained with a purity of 80 wt% or more.

(5] The method according to any of [1] to [4],

wherein the ester compound is represented by the following formula (1)

O

R JL_, ()

0~ "R?

wherein R1 is a substituted alkyl group having 1 or 2 carbon atoms, an optionally
substituted alkyl group having 3 to 20 carbon atoms, an optionally substituted
cycloalkyl group having 3 to 20 carbon atoms, an optionally substituted alkenyl
group having 2 to 20 carbon atoms, an optionally substituted aralkyl group
having 7 to 20 carbon atoms, an optionally substituted aryl group having 6 to 20
carbon atoms, or an optionally substituted heteroaryl group having 3 to 20
carbon atoms, and R2 is a hydrogen atom, an optionally substituted alkyl group
having 1 to 5 carbon atoms, an optionally substituted cycloalkyl group having 3
to 5 carbon atoms, or an optionally substituted alkenyl group having 2 to 5
carbon atoms,

the methyl ester and/or ethyl ester is represented by the following

formula (3):



O

R, )

0~ "R?
wherein R? 1s the same as above, and R3 is a methyl group or ethyl group, and

the alcohol compound is represented by the following formula (2):

RLO,H (2)

wherein R! is the same as above.

(6] The method according to [5], wherein R? is a hydrogen atom,
methyl group, trifluoromethyl group, or tert-butyl group.

[7] The method according to any of [1] to [6], wherein the ester
compound is (2R,3R)-2-difluorophenyl-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-yD)-
butan-2-ol, and the alcohol compound is (2R,3R)-2-difluorophenyl-1-(1H-1,2,4-
triazol-1-yl)-2,3-butanediol.

(8] The method according to any of [1] to [7], wherein the ester
compound is (2R,3R)-2-(2,4-difluorophenyl)-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-
yD-butan-2-ol, and the alcohol compound is (2R,3R)-2-(2,4-difluorophenyl)-1-(1H-
1,2,4-triazol-1-y1)-2,3-butanediol.

[9] The method according to any of [1] to [8], wherein an operational
temperature during the passing of the solution containing the ester compound
and methanol and/or ethanol is 0°C or higher and 90°C or lower.

[10] The method according to any of [1] to [9], wherein a space velocity
(SV) of the solution containing the ester compound and methanol and/or ethanol
is from 0.01 to 100 hr1.

[11]  The method according to any of [1] to [10], wherein the total
content of the ester compound, methanol, and ethanol is 80 mass% or more in the
solution containing the ester compound and methanol and/or ethanol.

[12] The method according to any of [1] to [11], wherein the ester
compound is contained in an amount of 5 mass% or less in 100 mass% of a

solution obtained after passing through the column.
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[13] A method for producing an anion exchange resin having
methoxide and/or ethoxide as a counter anion, comprising:

passing methanol and/or ethanol through a column packed with an anion
exchange resin having a hydroxide ion as a counter anion.

[14] The method according to any of [1] to [12] using the anion

exchange resin produced by the method according to [13].

EFFECT OF THE INVENTION
[0016]

In the present invention, it is possible to efficiently produce a large
amount of alcohol compound, which is useful as raw materials, intermediates,
and final products of pharmaceuticals, agricultural chemicals and the like.
[0017]

According to the production method of the present invention, a
complicated extraction operation is unnecessary, and a high-purity alcohol
compound can be obtained at a high yield by conducting a concentration
operation only once. In addition, since a reaction is performed in a column, not
only is a separation operation of an anion exchange resin after the reaction
unnecessary but also the advantage of improvement of production efficiency

afforded by continuous production can be enjoyed.

MODE FOR CARRYING OUT THE INVENTION
[0018]

The present invention will be described in detail below.

The ester compound used in the present invention is not particularly
limited and may have one or more ester functional groups in the molecule

thereof. The ester compound is preferably represented by the following formula

(1):



[0019]
o

R L (1)

0~ "R?
wherein R! is a substituted alkyl group having 1 or 2 carbon atoms, an optionally
substituted alkyl group having 3 to 20 carbon atoms, an optionally substituted
cycloalkyl group having 3 to 20 carbon atoms, an optionally substituted alkenyl
group having 2 to 20 carbon atoms, an optionally substituted aralkyl group
having 7 to 20 carbon atoms, an optionally substituted aryl group having 6 to 20
carbon atoms, or an optionally substituted heteroaryl group having 3 to 20
carbon atoms.
[0020]

Examples of a substituent on R! include an optionally substituted aryl
group having 6 to 10 carbon atoms such as phenyl or difluorophenyl; an
optionally substituted heterocyclic group formed by removing one hydrogen atom
from a heterocyclic ring (preferably a 3- to 10-membered ring, more preferably a
5- to 6-membered ring) composed of carbon and heteroelement (for example,
nitrogen, oxygen, sulfur or the like), such as triazole or 3-acetamido-2,4,5-tri-
acetoxytetrahydropyran; a halogen atom such as fluorine atom, chlorine atom,
bromine atom, or iodine atom; a hydroxyl group; an alkoxy group (preferably
having 1 to 10 carbon atoms) such as methoxy, ethoxy, phenoxy, or benzyloxy; an
alkylthio group (preferably having 1 to 10 carbon atoms) such as methylthio; a
halogenated alkyl group (preferably having 1 to 5 carbon atoms) such as
trifluoromethyl; an acetyl group; a benzoyl group; a cyano group; a nitro group; a
carboxy group; an amido group (preferably having 1 to 10 carbon atoms) such as
acetylamino or benzoylamino; an acyl group (preferably having 1 to 10 carbon
atoms) such as acetoxy or benzoyloxy; a monovalent group formed by removing a
hydrogen atom from a compound having an ether bond (for example, a

monovalent group formed from a cyclic ether such as 1,3-dioxane); an



alkoxycarbonyl group (preferably having 1 to 10 carbon atoms) such as
methoxycarbonyl or ethoxycarbonyl; a dialkylamino group (preferably having 1 to
10 carbon atoms) such as dimethylamino, diethylamino, or pyrrolidyl; and a
protected amino group such as benzyloxycarbonylamino, tert-
butylcarbonylamino, acetylamino, or benzoylamino. The optionally substituted
heterocyclic group is preferable, and an optionally substituted nitrogen-
containing or oxygen-containing heterocyclic group is more preferable. The
number of substituents is not particularly limited.

The aryl group having 6 to 10 carbon atoms and the heterocyclic group
exemplified as the substituent of R! each may have a halogen atom such as
fluorine atom, chlorine atom, bromine atom, or iodine atom; a hydroxyl group; an
alkoxy group (preferably having 1 to 10 carbon atoms) such as methoxy, ethoxy,
phenoxy, or benzyloxy; an acetyl group; a benzoyl group; a cyano group; a nitro
group; a carboxy group; an amido group (preferably having 1 to 10 carbon atoms)
such as acetylamino or benzoylamino; an acyl group (preferably having 1 to 10
carbon atoms) such as acetoxy or benzoyloxy; an alkoxycarbonyl group
(preferably having 1 to 10 carbon atoms) such as methoxycarbonyl or
ethoxycarbonyl; a protected amino group such as benzyloxycarbonylamino, tert-
butylcarbonylamino, acetylamino, or benzoylamino; or the like as a substituent.
The number of substituents is not particularly limited.

[0021]

As the alkyl group having 1 or 2 carbon atoms of R!, methyl group or
ethyl group can be given, and methyl group is preferable. As the substituent of
the alkyl group having 1 or 2 carbon atoms, the optionally substituted
heterocyclic group is more preferable.

[0022]
As the alkyl group having 3 to 20 carbon atoms of R1, an alkyl group

having 3 to 10 carbon atoms is preferable, and an alkyl group having 3 to 6
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carbon atoms is more preferable. As the substituent of the alkyl group having 3
to 20 carbon atoms, the optionally substituted aryl group having 6 to 10 carbon
atoms and/or the optionally substituted heterocyclic group are more preferable.
[0023]

As the cycloalkyl group having 3 to 20 carbon atoms of R?, a cycloalkyl
group having 3 to 10 carbon atoms is preferable, and a cycloalkyl group having 3
to 6 carbon atoms is more preferable.

[0024]

As the alkenyl group having 2 to 20 carbon atoms of R!, an alkenyl group
having 2 to 10 carbon atoms is preferable, and an alkenyl group having 2 to 6
carbon atoms is more preferable.

[0025]

As the aralkyl group having 7 to 20 carbon atoms of R1, an aralkyl group
having 7 to 10 carbon atoms is preferable, and a benzyl group is more preferable.
[0026]

As the aryl group having 6 to 20 carbon atoms of R!, an aryl group having
6 to 10 carbon atoms is preferable, and a phenyl group is more preferable.

[0027]

As the heteroaryl group having 3 to 20 carbon atoms of R, a heteroaryl
group having 3 to 10 carbon atoms is preferable.
[0028]

R! is preferably the substituted alkyl group having 1 or 2 carbon atoms,
the optionally substituted alkyl group having 3 to 20 carbon atoms, or the
optionally substituted aralkyl group having 7 to 20 carbon atoms.

[0029]

In the formula (1), R? is a hydrogen atom, an optionally substituted alkyl

group having 1 to 5 carbon atoms, an optionally substituted cycloalkyl group

having 3 to 5 carbon atoms, or an optionally substituted alkenyl group having 2
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to 5 carbon atoms. Specific examples thereof include a hydrogen atom; a linear
or branched alkyl group having 1 to 10 carbon atoms such as methyl, ethyl, n-
propyl, isopropyl, tert-butyl, or n-pentyl; a halogenated alkyl group having 1 to
10 carbon atoms such as trifluoromethyl; an alkoxyalkyl group having 2 to 10
carbon atoms such as methoxymethyl or dimethoxymethyl; an alkyl cyanide
group having 2 to 10 carbon atoms such as cyanomethyl; a cycloalkyl group
having 3 to 10 carbon atoms such as cyclopropyl or cyclopentyl; and an alkenyl
group having 2 to 10 carbon atoms such as vinyl or methallyl. R2is preferably
hydrogen atom, methyl group, ethyl group, trifluoromethyl group, or tert-butyl
group, and more preferably methyl group or tert-butyl group. When two or more
different ester functional groups are included in the molecule, deprotection can be
selectively conducted by appropriately adjusting a reaction temperature and/or
residence time.

[0030]

The ester compound (1) is preferably (2R,3R)-2-difluorophenyl-3-
pivaloyloxy-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol such as (2R,3R)-2-(2,4-
difluorophenyl)-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol or (2R,3R)-2-
(2,5-difluorophenyl)-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol, benzyl
acetate, or pentaacetyl-8-D-glucosamine.

[0031]

The alcohol compound obtained as a product of the present invention is
not particularly limited and may have one or more hydroxyl groups in the
molecule thereof. The alcohol compound preferably has a boiling point under
atmospheric pressure of 170°C or higher, more preferably 185°C or higher,
particularly preferably 200°C or higher, and preferably 650°C or lower. When
the boiling point of the alcohol compound is high, it may be difficult to determine
the boiling point by actual measurement. Thus, a calculated value may be used

as appropriate in that case.

12



[0032]
The alcohol compound is more preferably represented by the following

formula (2):

R o,H (2)

wherein R! is the same as above. The alcohol compound (2) is preferably
(2R,3R)-2-difluorophenyl-1-(1H-1,2,4-triazol-1-y1)-2,3-butanediol such as (2R,3R)-
2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2,3-butanediol or (2R,3R)-2-(2,5-
difluorophenyl)-1-(1H-1,2,4-triazol-1-y1)-2,3-butanediol, benzyl alcohol, or N-
acetyl-B8-D-glucosamine.

[0033]

The methyl ester and/or ethyl ester produced as a by-product by
transesterification in the present invention are not particularly limited since they
depend on the structure of the ester compound used. The methyl ester and/or
ethyl ester may have one or more methyl ester functional groups and/or ethyl
ester functional groups in the molecule thereof. The methyl ester and/or ethyl
ester preferably have a boiling point under atmospheric pressure of lower than
170°C, more preferably 150°C or lower, particularly preferably 130°C or lower,
and preferably 30°C or higher.

[0034]

The methyl ester and/or ethyl ester is more preferably represented by the

following formula (3):

[0035]
o

R L . (3)

0~ "R?
wherein R? is the same as above, and R3 is methyl group or ethyl group. Specific
examples of the methyl ester or ethyl ester (3) include methyl formate, ethyl
formate, methyl acetate, ethyl acetate, methyl trifluoroacetate, ethyl

trifluoroacetate, methyl methoxyacetate, ethyl methoxyacetate, methyl
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dimethoxyacetate, ethyl dimethoxyacetate, methyl cyanoacetate, ethyl
cyanoacetate, methyl propionate, ethyl propionate, methyl butyrate, ethyl
butyrate, methyl isobutyrate, ethyl isobutyrate, methyl pivalate, ethyl pivalate,
methyl hexanoate, ethyl hexanoate, methyl cyclopropanecarboxylate, ethyl
cyclopropanecarboxylate, methyl cyclopentanecarboxylate, ethyl
cyclopentanecarboxylate, methyl acrylate, ethyl acrylate, methyl methacrylate,
ethyl methacrylate, and the like. The methyl ester or ethyl ester (3) is
preferably methyl formate, ethyl formate, methyl acetate, ethyl acetate, methyl
trifluoroacetate, ethyl trifluoroacetate, methyl pivalate, or ethyl pivalate, and
more preferably methyl acetate, ethyl acetate, methyl pivalate, or ethyl pivalate.
[0036]

Next, the anion exchange resin used in the present invention will be
described.

Examples of the anion exchange resin include strongly basic anion
exchange resins and weakly basic anion exchange resins. From the viewpoint of
Improving a reaction rate, strongly basic anion exchange resins are preferable.
[0037]

Strongly basic anionic resins are classified into type I and type II
according to the structure of the ion exchange group. The type of a resin to be
used in the present reaction is not particularly limited, and either the type I or
the type II may be used.

[0038]

Higher water retention capacity of the strongly basic anion exchange
resin enables the improvement of a reaction rate of the present reaction. The
water retention capacity is, for example, 40% or more, preferably 55% or more,
more preferably 60% or more, particularly preferably 65% or more. Although
the upper limit is not particularly limited, the water retention capacity is 90% or

less.
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[0039]

As commercially-available products of the strongly basic anion exchange
resin, for example, AMBERLITE (registered trademark) IRA900J (manufactured
by Organo Corporation), IRA904 (same), IRA400J (same), IRA458RF (same),
TRA410J (same), IRA910CT (same), IRA900(OH)-HG (same), ORLITE (registered
trademark) DS-2 (same), DS-5 (same), DOWEX (registered trademark) 1 x 2
(manufactured by Dow Chemical Company), 1 x 8 (same), MONOSPHERE
(registered trademark) 550A(0OH) (same), DIAION (registered trademark)
PA306S (manufactured by Mitsubishi Chemical Corporation), PA308 (same),
HPA25L (same), PA312LOH (same), SA100H (same), and the like can be used.
DOWEX (registered trademark) 1 x 2 or DIAION (registered trademark) PA306S
1s preferably used. These strongly basic anion exchange resins may be used
singly or in combination of two or more. When these are used in combination of
two or more, the mixing ratio thereof is not particularly limited. In the selection
of the anion exchange resin, reactivity (which is generally affected by size of
surface area, high water retention capacity, a low degree of crosslinking, and the
like), particle size, price, and the like are preferably appropriately taken into
consideration.

[0040]

In the commercially-available products of the strongly basic anion
exchange resin at the time of purchase, a counter anion is a chloride ion (CI-
form), hydroxide ion (OH- form), or the like. Therefore, in order to convert a
counter anion to methoxide and/or ethoxide, a pretreatment for converting an
anion exchange resin having a chloride ion (Cl- form) or a hydroxide ion (OH-
form) as a counter anion into an anion exchange resin having methoxide and/or
ethoxide as a counter anion has to be conducted.

[0041]

When a counter anion is a chloride ion (Cl-form), a replacement solution
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such as a methanol solution of lithium methoxide, sodium methoxide, potassium
methoxide, calcium methoxide, magnesium methoxide or the like, or an ethanol
solution of lithium ethoxide, sodium ethoxide, potassium ethoxide, calcium
ethoxide, magnesium ethoxide or the like is preferably passed through an anion
exchange resin having a chloride ion (Cl-form) as a counter anion, thereby to
produce an anion exchange resin having methoxide and/or ethoxide as a counter
anion (pretreatment process 1). As the replacement solution, a methanol
solution of sodium methoxide or an ethanol solution of sodium ethoxide is
preferable, and a methanol solution of sodium methoxide is more preferable.
These solutions may be used singly or in combination of two or more. When
these solutions are used in combination of two or more, the mixing ratio thereof
1s not particularly limited.

[0042]

The concentration of the replacement solution is not particularly limited
as long as no solid precipitates. The lower limit of the concentration of the
replacement solution is usually 0.01 mol/L, preferably 0.05 mol/L, more
preferably 0.1 mol/L, and the upper limit thereof is 100 mol/L,, preferably 50
mol/L, more preferably 20 mol/L.

[0043]

As for the using amount of the replacement solution, a too large amount
1s not preferable in terms of cost, and a too small amount causes insufficient
exchange of counter anions. Therefore, the lower limit of the using amount of
the replacement solution is usually 0.1-fold volume, preferably 0.5-fold volume,
more preferably 1.0-fold volume, and the upper limit thereof is 100-fold volume,
preferably 50-fold volume, more preferably 30-fold volume, relative to the using
amount of the anion exchange resin.

[0044]

In the present method, before passing the replacement solution, it is also
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preferable to pass methanol and/or ethanol through the anion exchange resin
having a chloride ion (CI- form) as a counter anion. By passing methanol and/or
ethanol in advance, impurities derived from resin that dissolve in methanol
and/or ethanol can be removed.

The using amount of the methanol and/or ethanol is preferably 0.1-fold
volume or more, more preferably 1-fold volume or more, and preferably 100-fold
volume or less, more preferably 30-fold volume or less, relative to the amount of
the anion exchange resin having a chloride ion (Cl- form) as a counter anion.
[0045]

After the counter anion of the anion exchange resin is sufficiently
exchanged to methoxide and/or ethoxide, methanol and/or ethanol are preferably
further passed through the resin in order to remove excess solution. As for the
using amount of the methanol and/or ethanol, a too large amount is not
preferable in terms of cost, and a too small amount causes insufficient removal of
inorganic salts. Therefore, the lower limit of the using amount of the methanol
and/or ethanol is usually 0.1-fold volume, preferably 0.5-fold volume, more
preferably 1.0-fold volume, and the upper limit thereof is 100-fold volume,
preferably 50-fold volume, more preferably 30-fold volume, relative to the using
amount of the anion exchange resin after the replacement solution has been
passed through.

[0046]

When a counter anion is a chloride ion (Cl- form), first, an aqueous
alkaline solution such as an aqueous lithium hydroxide solution, an aqueous
sodium hydroxide solution, or an aqueous potassium hydroxide solution may be
passed through an anion exchange resin having a chloride ion (Cl- form) as a
counter anion to convert the counter anion to a hydroxylate ion, thereby to
produce an anion exchange resin having the hydroxide ion (OH- form) as a

counter anion. Subsequently, methanol and/or ethanol may be passed through
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the anion exchange resin having a hydroxide ion (OH- form) as a counter anion
through which the aqueous alkaline solution has been passed to convert the
counter anion to methoxide and/or ethoxide, thereby to produce an anion
exchange resin having methoxide and/or ethoxide as a counter anion
(pretreatment process 2).

[0047]

The concentration of the aqueous alkaline solution is not particularly
limited as long as no solid precipitates. Usually, the lower limit of the
concentration of the aqueous alkaline solution is 0.01 mol/L, preferably 0.05
mol/L, more preferably 0.1 mol/L, and the upper limit thereof is 100 mol/L,
preferably 50 mol/L, more preferably 20 mol/L.

[0048]

As for the using amount of the aqueous alkaline solution, a too large
amount is not preferable in terms of cost, and a too small amount causes
insufficient exchange of counter anions. Therefore, the lower limit of the using
amount of the aqueous alkaline solution is usually 0.1-fold volume, preferably
0.5-fold volume, more preferably 1.0-fold volume, and the upper limit thereof is
100-fold volume, preferably 50-fold volume, more preferably 30-fold volume,
relative to the using amount of the anion exchange resin.

[0049]

As for the using amount of methanol and/or ethanol that is passed though
the resin after passing the aqueous alkaline solution, a too large amount is not
preferable in terms of cost, and a too small amount causes insufficient removal of
inorganic salts. Therefore, the lower limit of the using amount of methanol
and/or ethanol is usually 0.1-fold volume, preferably 0.5-fold volume, more
preferably 1.0-fold volume, and the upper limit thereof is 100-fold volume,
preferably 50-fold volume, more preferably 30-fold volume, relative to the using

amount of the anion exchange resin through which the aqueous alkaline solution
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has been passed.
[0050]

In the present method, before passing the aqueous alkaline solution, it is
also preferable to pass water through the anion exchange resin having a chloride
ion (Cl-form) as a counter anion. By passing water in advance, impurities
derived from resin dissolved in water can be removed.

The using amount of the water is preferably 0.1-fold volume or more,
more preferably 1-fold volume or more, and preferably 100-fold volume or less,
more preferably 30-fold volume or less, relative to the amount of the anion
exchange resin having a chloride ion (Cl-form) as a counter anion.

[0051]

It is also desirable to pass water through the anion exchange resin after
passing the aqueous alkaline solution through the anion exchange resin having a
chloride ion (Cl-form) and before passing methanol and/or ethanol through the
anion exchange resin, thereby removing inorganic salts. A too small amount of
the water used causes insufficient removal of inorganic salts. Therefore, the
using amount of the water is preferably 0.1-fold volume or more, more preferably
1-fold volume or more, and preferably 100-fold volume or less, more preferably
30-fold volume or less, relative to the amount of the anion exchange resin
through which the aqueous alkaline solution has been passed.

[0052]

When a counter anion is a hydroxide ion (OH- form), methanol and/or
ethanol may be directly passed through an anion exchange resin having a
hydroxide ion (OH- form) as a counter anion to convert the counter anion to
methoxide and/or ethoxide, thereby to produce an anion exchange resin having
methoxide and/or ethoxide as a counter anion (pretreatment process 3). As for
the using amount of the methanol and/or ethanol, a too large amount is not

preferable in terms of cost, and a too small amount causes insufficient exchange
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of counter anions. Therefore, the lower limit of the using amount of the
methanol and/or ethanol is usually 0.1-fold volume, preferably 0.5-fold volume,
more preferably 1.0-fold volume, and the upper limit thereof is 100-fold volume,
preferably 50-fold volume, more preferably 30-fold volume, relative to the using
amount of the anion exchange resin.

[0053]

In the present invention, from the viewpoint of operability, it is
particularly desirable to use the anion exchange resin having methoxide and/or
ethoxide as a counter anion that is produced by passing methanol and/or ethanol
through a column packed with an anion exchange resin having a hydroxide ion as
a counter anion.

[0054]

It is preferable that a feeding rate of each liquid in a series of
pretreatments be as high as possible from the viewpoint of improving
productivity. However, if the feeding rate is too high, exchange of anions and
washing of inorganic salts may become insufficient. Therefore, usually, the SV
(space velocity) is preferably from 0.01 to 100 hr-!, more preferably from 0.05 to
50 hr1, particularly preferably from 0.1 to 30 hr~!. The operational temperature
of the series of pretreatments is not particularly limited as long as the packed
resin suffers no deterioration or the like. The operational temperature can be
usually in a range up to about the boiling point of methanol and/or ethanol used
and 1s preferably 90°C or lower, more preferably 70°C or lower, particularly
preferably 60°C or lower, and usually 0°C or higher.

[0055]

Next, a step of producing a desired alcohol compound by passing a
solution containing the ester compound and methanol and/or ethanol through a
column packed with the anion exchange resin having methoxide and/or ethoxide

as a counter anion to generate a methyl ester and/or ethyl ester, and distilling off
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the methyl ester and/or ethyl ester together with the methanol and/or ethanol
will be described. In other words, the present invention relates to a method for
producing an alcohol compound from an ester compound formed by protecting an
alcohol compound with an acyl group, and the method including: passing a
solution containing the ester compound and methanol and/or ethanol through a
column packed with the anion exchange resin having methoxide and/or ethoxide
as a counter anion to decompose the ester compound into the alcohol compound
and a methyl ester and/or ethyl ester containing the acyl group; and distilling off
the methyl ester and/or ethyl ester together with the methanol and/or ethanol.
[0056]

In the present invention, the "distilling off the methyl ester and/or ethyl
ester together with the methanol and/or ethanol" means that the methyl ester
and/or ethyl ester and the methanol and/or ethanol are distilled off together.
More specifically, it means that the methyl ester and/or ethyl ester and the
methanol and/or ethanol are distilled off together by a series of concentration
operations.

[0057]

The using amount of the methanol and/or ethanol is not particularly
limited as long as the ester compound does not precipitate as a solid. The lower
limit of the using amount of the methanol and/or ethanol is usually 0.1-fold
weight, preferably 0.5-fold weight, more preferably 1-fold weight, and the upper
limit thereof 1s 100-fold weight, preferably 50-fold weight, more preferably 20-fold
weight, relative to the ester compound.

[0058]

There is no need to use a reaction solvent because the methanol and/or
ethanol also serves as a solvent. However, a reaction solvent may be mixed as
appropriate for the purpose of adjusting the viscosity and liquid permeability of a

solution. A solvent to be mixed is not particularly limited as long as it does not
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participate in the reaction, and specific examples thereof include an aliphatic
hydrocarbon solvent such as n-hexane, cyclohexane or methylcyclohexane; an
aromatic hydrocarbon solvent such as benzene, toluene, or xylene; an ether
solvent such as diethyl ether, diisopropyl ether, tetrahydrofuran,
methyltetrahydrofuran, methyl t-butyl ether, 1,4-dioxane, or cyclopentyl methyl
ether; a halogenated solvent such as dichloromethane, 1,1,1-trichloroethane, or
chlorobenzene; a ketone solvent such as acetone, methyl ethyl ketone, or methyl
1sobutyl ketone; a nitrile solvent such as acetonitrile, propionitrile, or
butyronitrile; and an amide solvent such as N,N-dimethylformamide, N,N-
dimethylacetamide, or N-methylpyrrolidone. These solvents may be used singly
or in combination of two or more. When these solutions are used in combination
of two or more, the mixing ratio thereof is not particularly limited. In the
present invention, the content of the reaction solvent is preferably as small as
possible from the viewpoint of purification. That is, in 100 mass% of the
solution containing the ester compound and methanol and/or ethanol to be passed
through the anion exchange resin having methoxide and/or ethoxide as a counter
anion, the total content of the ester compound and the methanol and/or ethanol is
preferably 80 mass% or more, more preferably 90 mass% or more, further
preferably 95 mass% or more, particularly preferably 100 mass% (that is, the
solution is composed of the ester compound and methanol and/or ethanol).

[0059]

The using amount of the anion exchange resin is not particularly limited
as long as the reaction proceeds, and is usually 0.001-fold weight or more,
preferably 0.01-fold weight or more, more preferably 0.05-fold weight or more,
and usually 200-fold weight or less, preferably 100-fold weight or less, more
preferably 50-fold weight or less, relative to the ester compound.

[0060]

The operational temperature during passing of the solution containing
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the ester compound and methanol and/or ethanol is not particularly limited as
long as a packed resin suffers no deterioration or the like. The operational
temperature can be usually in a range up to about the boiling point of methanol
or ethanol used, and is preferably 90°C or lower, more preferably 70°C or lower,
further preferably 60°C or lower, particularly preferably 50°C or lower, and
usually 0°C or higher, preferably 15°C or higher, more preferably 30°C or higher.
[0061]

It is preferable that a feeding rate of the solution containing the ester
compound and methanol and/or ethanol be as high as possible from the viewpoint
of improving productivity. However, if the feeding rate is too high,
transesterification may become insufficient. Therefore, usually, the SV (space
velocity) is preferably from 0.01 to 100 hr-1, more preferably from 0.05 to 50 hr1,
particularly preferably from 0.1 to 30 hr~1, even more preferably from 0.3 to 20
hr~1, most preferably from 0.5 to 10 hr1,

[0062]

The reaction is usually performed by standing a column packed with the
anion exchange resin vertically and passing the methanol and/or ethanol solution
of the ester compound through the column. The flowing direction of the solution
1s not particularly limited, and an upflow method or a downflow method can be
used.

[0063]

There are no specific restrictions on the above-mentioned column, and a
material for the column may be appropriately selected depending on the demands
for resistance to solvents and bases, pressure resistance, heat resistance, and the
like. For example, metals such as iron, titanium, copper, nickel, chromium, and
aluminum, alloys such as stainless steel, hastelloy, and Monel, glass, silicon,
silicon carbide, various types of ceramics, peak resin, tetrafluoroethylene, and the

like can be used.
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[0064]

A solution obtained after passing through the column by the above
operations contains a desired alcohol compound, methanol and/or ethanol as a
solvent, and a methyl ester and/or ethyl ester as a by-product. Since this
solution does not contain a catalyst, a complicated extraction operation for
removing a catalyst is unnecessary, and there is no worry of loss of the alcohol
compound which is hydrophilic into an aqueous layer. Since the alcohol
compound is a component with the highest boiling point among this mixture,
concentration is performed by heating at atmospheric pressure, pressure
reduction, heating at reduced pressure, or the like, so that the desired alcohol
compound can be highly purified. The purity of the alcohol compound thus
obtained is usually 80 wt% or more, preferably 90 wt% or more, more preferably
95 wt% or more. The larger the difference in boiling point between the desired
alcohol compound and the methyl ester and/or ethyl ester produced as a by-
product, the less the loss of the alcohol compound at the time of concentration, so
that the yield is improved.

[0065]

Furthermore, since the solution obtained after passing through the
column contains almost no ester compound used as a raw material, it is easy to
obtain the desired alcohol compound. In 100 mass% of the solution obtained
after passing through the column, the content of the ester compound as a raw
material is preferably 5 mass% or less, more preferably 3 mass% or less, further
preferably 2 mass% or less, still more preferably 1 mass% or less, still further
preferably 0.5 mass% or less, particularly preferably 0 mass%.

[0066]

The desired product thus obtained has sufficient purity to be used in a

subsequent step. In order to further increase the purity, a commonly used

purification technique, such as crystallization, fractional distillation, column
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chromatography, or the like, may be used.
[0067]

In addition, the anion exchange resin through which the solution
containing the ester compound and methanol and/or ethanol has been passed has
a reduced catalytic activity, so that it is difficult to use again as itis. In the
present invention, the above-described pretreatment process 1 or 2 is conducted
for the anion exchange resin through which the solution containing the ester
compound and methanol and/or ethanol has been passed, whereby the anion
exchange resin having methoxide and/or ethoxide as a counter anion can be
regenerated to reuse. When regenerating the anion exchange resin, by replacing
the "anion exchange resin having chloride ion (Cl- form) as a counter anion" in
the pretreatment processes 1 and 2 with the "anion exchange resin through
which the solution containing the ester compound and methanol and/or ethanol
has been passed", the pretreatment process 1 or 2 can be appropriately applied.
[0068]

This application claims benefit of priority based on Japanese Patent
Application No. 2016-254626 filed on December 28, 2016. The entire content of
the specification of Japanese Patent Application No. 2016-254626 filed on

December 28, 2016 is incorporated herein by reference.

EXAMPLES
[0069]
Hereinbelow, the present invention will be more specifically described in
examples. These examples do not limit the present invention.
[0070]
(1) Production of benzyl alcohol
(Example 1)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
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1.76 g (about 2.4 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 25
mL of 1 mol/Li sodium methoxide solution previously prepared was fed into the
column at a rate of 0.16 mL/min (SV: 4 hr-1) using a syringe pump (manufactured
by YMC CO., LTD.). Next, 49 mL of methanol was fed into the column at a rate
of 0.82 mL/min (SV: 20 hr 1) using a syringe pump to wash the resin.

[0071]

Subsequently, 17 g of methanol was added to 3 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 0.20 mL/min (SV: 5 hr-1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 2.12 g of desired benzyl alcohol (boiling point: 205°C)
was obtained (yield: 98%). In the obtained reaction solution, only methyl acetate
(boiling point: 57°C) was identified, and no acetic acid was identified. Although
the reaction rate gradually decreased due to a long-time feeding, the resin was
regenerated by feeding a sodium methoxide solution to the column after use,
whereby the reaction rate was recovered to the initial reaction rate.

[0072]

(Example 2)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
1.61 g (about 2.4 mL) of an anion exchange resin (DIAION (registered trademark)
PA308, Cl form) was packed, and the column was placed in a column oven whose
temperature was adjusted to 25°C, stood vertically and fixed. Next, 25 mL of 1
mol/L sodium methoxide solution previously prepared was fed into the column at
a rate of 0.16 mL/min (SV: 4 hr™1) using a syringe pump (manufactured by YMC
CO.,LTD.). Next, 49 mL of methanol was fed into the column at a rate of 0.82

mIL/min (SV: 20 hr-1) using a syringe pump to wash the resin.
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[0073]

Subsequently, 17 g of methanol was added to 3 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 0.20 mL/min (SV: 5 hr™1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 1.94 g of desired benzyl alcohol was obtained (yield:
90%). It was possible to selectively remove methyl acetate produced as a by-
product by concentration operation. In the obtained reaction solution, only
methyl acetate was identified, and no acetic acid was identified. Although the
reaction rate gradually decreased due to a long-time feeding, the resin was
regenerated by feeding a sodium methoxide solution to the column after use,
whereby the reaction rate was recovered to the initial reaction rate.

[0074]

(Example 3)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
1.60 g (about 2.4 mL) of an anion exchange resin (DIAION (registered trademark)
HPA25L, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 25
mL of 1 mol/L sodium methoxide solution previously prepared was fed into the
column at a rate of 0.16 mL/min (SV: 4 hr™1) using a syringe pump (manufactured
by YMC CO., LTD.). Next, 49 mL of methanol was fed into the column at a rate
of 0.82 mL/min (SV: 20 hr-1) using a syringe pump to wash the resin.

[0075]

Subsequently, 17 g of methanol was added to 3 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 0.20 mL/min (SV: 5 hr-1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the

reaction solution containing 1.84 g of desired benzyl alcohol was obtained (yield:
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85%). It was possible to selectively remove methyl acetate produced as a by-
product by concentration operation. In the obtained reaction solution, only
methyl acetate was identified, and no acetic acid was identified. Although the
reaction rate gradually decreased due to a long-time feeding, the resin was
regenerated by feeding a sodium methoxide solution to the column after use,
whereby the reaction rate was recovered to the initial reaction rate.

[0076]

(Example 4)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
1.56 g (about 2.4 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 25 mL of 1 mol/L sodium methoxide solution previously prepared
was fed into the column at a rate of 0.16 mL/min (SV: 4 hr-1) using a syringe
pump (manufactured by YMC CO., LTD.). Next, 49 mL of methanol was fed into
the column at a rate of 0.82 mL/min (SV: 20 hr-1) using a syringe pump to wash
the resin.

[0077]

Subsequently, 17 g of methanol was added to 3 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 0.20 mL/min (SV: 5 hr-1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 2.12 g of desired benzyl alcohol was obtained (yield:
98%). It was possible to selectively remove methyl acetate produced as a by-
product by concentration operation. In the obtained reaction solution, only
methyl acetate was identified, and no acetic acid was identified. Although the
reaction rate gradually decreased due to a long-time feeding, the resin was

regenerated by feeding a sodium methoxide solution to the column after use,
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whereby the reaction rate was recovered to the initial reaction rate.
[0078]

(Example 5)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
1.55 g (about 2.4 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 60°C, stood vertically and
fixed. Next, 60 mL of 1 mol/L sodium methoxide solution previously prepared
was fed into the column at a rate of 1.0 mL/min (SV: 25 hr-1) using a syringe
pump (manufactured by YMC CO., LTD.). Next, 60 mL of methanol was fed into
the column at a rate of 1.0 mL/min (SV: 25 hr-1) using a syringe pump to wash
the resin.

[0079]

Subsequently, 34 g of methanol was added to 6 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 1.0 mL/min (SV: 25 hr-1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 4.28 g of desired benzyl alcohol was obtained (yield:
99%). It was possible to selectively remove methyl acetate produced as a by-
product by concentration operation. In the obtained reaction solution, only
methyl acetate was identified, and no acetic acid was identified. Although the
reaction rate gradually decreased due to a long-time feeding, the resin was
regenerated by feeding a sodium methoxide solution to the column after use,
whereby the reaction rate was recovered to the initial reaction rate.

[0080]
(Example 6)
Into a column (Omnifit (registered trademark), inner diameter: 10 mm),

1.84 g (about 2.9 mL) of an anion exchange resin (AMBERLITE (registered

29



trademark) IRA900 (OH)-HG, OH form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 10 mL of methanol was fed into the column at a rate of 0.19 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.) to wash the
resin.

[0081]

Subsequently, 17 g of methanol was added to 3 g of benzyl acetate to
prepare a homogeneous solution, the prepared solution was passed through the
column at a rate of 0.19 mL/min (SV: 4 hr-1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 1.86 g of desired benzyl alcohol was obtained (yield:
86%). It was possible to selectively remove methyl acetate produced as a by-
product by concentration operation. In the obtained reaction solution, only
methyl acetate was identified, and no acetic acid was identified. Although the
reaction rate gradually decreased due to a long-time feeding, the resin was
regenerated by feeding a sodium methoxide solution to the column after use,
whereby the reaction rate was recovered to the initial reaction rate.

[0082]
(2) Production of (2R,3R)-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-y1)-2,3-
butanediol (5)

[0083]

The alcohol compounds described in Examples 7 to 19 and the starting
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material products of Reference Examples 1 and 2 were analyzed by HPLC under
the following conditions and quantified, and then the yields or the reaction
conversion rates were calculated.

HPLC conditions

Column: SHISEIDO CAPCELLPAK C18 TYPE MG (250 X 4.6 mm)

Mobile phase A: 0.1% phosphoric acid aqueous solution

Mobile phase B: acetonitrile

Flow rate: 1.0 mL/min

Detection wavelength: UV 210 nm

Column temperature: 30°C

Retention time: (2R,3R)-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-
2,3-butanediol (5); 7.1 minutes, (2R,3R)-2-(2,4-difluorophenyl)-3-pivaloyloxy-1-
(1H-1,2,4-triazol-1-yD-butan-2-ol (4); 28.7 minutes, (2S,3R)-1-chloro-2-(2,4-
difluorophenyl)-3-pivaloyloxybutan-2-ol (6); 38.0 minutes

Gradient conditions

Time (min) Mobile phase A (%) Mobile phase B (%)

0 70 30

15 70 30

25 40 60

45 40 60

50 10 90

60 10 90

60.1 70 30
[0085]

(Example 7)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 20 mL of 1 mol/L sodium methoxide solution previously prepared

was fed into the column at a rate of 0.33 mL/min (SV: 5 hr-1) using a syringe
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pump (manufactured by YMC CO., LTD.). Next, 20 mL of methanol was fed into
the column at a rate of 0.33 mL/min (SV: 5 hr-1) using a syringe pump to wash
the resin.

[0086]

Subsequently, 11.33 g of methanol was added to 2 g of the compound (4) to
prepare a homogeneous solution, the temperature of the column oven was
adjusted to 40°C, the prepared solution was passed through the column at a rate
of 0.025 mL/min (SV: 0.4 hr-1) using a syringe pump, and the reaction solution
was collected from an outlet of the column. As a result, the reaction solution
containing 1.40 g of desired compound (5) was obtained (yield: 92%). In the
obtained reaction solution, only methyl pivalate (boiling point: 102°C) was
1dentified, and no pivalic acid was identified. It was possible to selectively
remove the methyl pivalate produced as a by-product by concentration operation.
Although the reaction rate gradually decreased due to a long-time feeding, the
resin was regenerated by feeding a sodium methoxide solution to the column
after use, whereby the reaction rate was recovered to the initial reaction rate.
[0087]

(Example 8)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
2.48 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 40°C, stood vertically and
fixed. Next, 20 mL of 1 mol/L sodium methoxide solution previously prepared
was fed into the column at a rate of 0.33 mL/min (SV: 5 hr-1) using a syringe
pump (manufactured by YMC CO., LTD.). Next, 70 mL of methanol was fed into
the column at a rate of 0.33 mL/min (SV: 5 hr-1) using a syringe pump to wash
the resin.

[0088]
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Subsequently, 36.83 g of methanol was added to 6.5 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 40°C, the prepared solution was passed through the column at a rate
of 0.025 mL/min (SV: 0.4 hr-1) using a syringe pump, and the reaction solution
was collected from an outlet of the column. As a result, the reaction solution
containing 4.90 g of desired compound (5) was obtained (yield: 99%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0089]

(Example 9)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/Li sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr-1) using
a syringe pump to wash the resin.

[0090]

Subsequently, 18.51 g of ethanol was added to 2.5 g of the compound (4) to

prepare a homogeneous solution, the temperature of the column oven was

adjusted to 75°C, the prepared solution was passed through the column at a rate
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of 0.33 mL/min (SV: 5 hr-1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.36 g of desired compound (5) was obtained (yield: 89%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0091]

(Example 10)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/L sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr1) using
a syringe pump to wash the resin.

[0092]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 60°C, the prepared solution was passed through the column at a rate
of 0.33 mL/min (SV: 5 hr-1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution

containing 1.48 g of desired compound (5) was obtained (yield: 97%). In the
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obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0093]

(Example 11)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/Li sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr 1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr1) using
a syringe pump to wash the resin.

[0094]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 0.33 mL/min (SV: 5 hr-1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.29 g of desired compound (5) was obtained (yield: 84%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate

produced as a by-product by concentration operation. Although the reaction rate
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gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0095]

(Example 12)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/Li sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr-1) using
a syringe pump to wash the resin.

[0096]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 0.065 mL/min (SV: 1 hr 1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.52 g of desired compound (5) was obtained (yield: 100%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the

reaction rate was recovered to the initial reaction rate.
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[0097]

(Example 13)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed
in a column oven whose temperature was adjusted to 25°C, stood vertically and
fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/L sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr1) using
a syringe pump to wash the resin.

[0098]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 0.131 mL/min (SV: 2 hr 1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.51 g of desired compound (5) was obtained (yield: 99%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0099]
(Example 14)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
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2.96 g (about 3.9 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 8 mL
of methanol was fed into the column at a rate of 0.26 mL/min (SV: 4 hr-1) using a
syringe pump (manufactured by YMC CO., LTD.). Next, 31 mL of 1 mol/L
sodium methoxide solution previously prepared was fed into the column at a rate
of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL of methanol was
fed into the column at a rate of 0.66 mL/min (SV: 10 hr-1) using a syringe pump
to wash the resin.

[0100]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 0.065 mL/min (SV: 1 hr 1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.50 g of desired compound (5) was obtained (yield: 98%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0101]

(Example 15)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
2.50 g (about 3.9 mL) of an anion exchange resin (DOWEX (registered
trademark) 1 x 2 100-200 Mesh, Cl form) was packed, and the column was placed

in a column oven whose temperature was adjusted to 25°C, stood vertically and
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fixed. Next, 8 mL of methanol was fed into the column at a rate of 0.26 mL/min
(SV: 4 hr1) using a syringe pump (manufactured by YMC CO., LTD.). Next, 31
mL of 1 mol/Li sodium methoxide solution previously prepared was fed into the
column at a rate of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL
of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr-1) using
a syringe pump to wash the resin.

[0102]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 40°C, the prepared solution was passed through the column at a rate
of 0.065 mL/min (SV: 1 hr 1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.42 g of desired compound (5) was obtained (yield: 94%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0103]

(Example 16)

Into a column (Omnifit (registered trademark), inner diameter: 10 mm),
2.96 g (about 3.9 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 8 mL
of methanol was fed into the column at a rate of 0.26 mL/min (SV: 4 hr-1) using a
syringe pump (manufactured by YMC CO., LTD.). Next, 31 mL of 1 mol/L

sodium methoxide solution previously prepared was fed into the column at a rate
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of 0.26 mL/min (SV: 4 hr-1) using a syringe pump. Next, 79 mL of methanol was
fed into the column at a rate of 0.66 mL/min (SV: 10 hr1) using a syringe pump
to wash the resin.

[0104]

Subsequently, 14.81 g of methanol was added to 2.0 g of the compound (4)
to prepare a homogeneous solution, the temperature of the column oven was
adjusted to 40°C, the prepared solution was passed through the column at a rate
of 0.065 mL/min (SV: 1 hr 1) using a syringe pump, and the reaction solution was
collected from an outlet of the column. As a result, the reaction solution
containing 1.36 g of desired compound (5) was obtained (yield: 89%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding a sodium methoxide solution to the column after use, whereby the
reaction rate was recovered to the initial reaction rate.

[0105]
(Example 17)

Into a jacketed column (KIRIYAMA, inner diameter: 22 mm), 150.46 g
(about 197.67 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, the temperature of the jacket was adjusted to
25°C, the column was stood vertically and fixed. Next, 198 mL of water was fed
into the column at a rate of 3.29 mL/min (SV: 1 hr1) using a diaphragm pump
(manufactured by KNF Co.). Next, 494 mL of 1 mol/L aqueous sodium
hydroxide solution previously prepared was fed into the column at a rate of 3.29
mL/min (SV: 1 hr-1) using a diaphragm pump. Next, 890 mL of water was fed
into the column at a rate of 3.29 mL/min (SV: 1 hr 1) using a diaphragm pump.

Next, 890 mL of methanol was fed into the column at a rate of 3.29 mL/min (SV:
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1 hr 1) using a diaphragm pump to wash the resin.
[0106]

Subsequently, 235.8 g of methanol was added to 42.4 g of the compound
(4) to prepare a homogeneous solution, the temperature of the jacket was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 3.29 mL/min (SV: 1 hr-1) using a diaphragm pump, and the reaction solution
was collected from an outlet of the column. As a result, the reaction solution
containing 31.96 g of desired compound (5) was obtained (yield: 99%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding an aqueous sodium hydroxide solution to the column after use, whereby
the reaction rate was recovered to the initial reaction rate.
[0107]
(Example 18)

Into a jacketed column (KIRIYAMA, inner diameter: 11 mm), 23.7 g
(about 31.2 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, the temperature of the jacket was adjusted to
25°C, the column was stood vertically and fixed. Next, 31 mL of water was fed
into the column at a rate of 0.52 mL/min (SV: 1 hr1) using a diaphragm pump
(manufactured by KNF Co.). Next, 78.3 mL of 1 mol/L aqueous sodium
hydroxide solution previously prepared was fed into the column at a rate of 0.52
mIL/min (SV: 1 hr-1) using a diaphragm pump. Next, 140.9 mL of water was fed
into the column at a rate of 0.52 mL/min (SV: 1 hr1) using a diaphragm pump.
Next, 281.7 mL of methanol was fed into the column at a rate of 1.04 mL/min
(SV: 2 hr1) using a diaphragm pump to wash the resin.
[0108]
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Subsequently, 651.3 g of methanol was added to 120.3 g of the compound
(4) to prepare a homogeneous solution, the temperature of the jacket was
adjusted to 50°C, the prepared solution was passed through the column at a rate
of 1.04 mL/min (SV: 2 hr-1) using a diaphragm pump, and the reaction solution
was collected from an outlet of the column. As a result, the reaction solution
containing 88.02 g of desired compound (5) was obtained (yield: 96%). In the
obtained reaction solution, only methyl pivalate was identified, and no pivalic
acid was identified. It was possible to selectively remove the methyl pivalate
produced as a by-product by concentration operation. Although the reaction rate
gradually decreased due to a long-time feeding, the resin was regenerated by
feeding an aqueous sodium hydroxide solution to the column after use, whereby
the reaction rate was recovered to the initial reaction rate.
[0109]
(Example 19)
Durability evaluation of an anion exchange resin

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
2.96 g (about 3.9 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 9.8
mL of 1 mol/LL aqueous sodium hydroxide solution previously prepared was fed
into the column at a rate of 0.26 mL/min (SV: 4 hr1) using a syringe pump
(manufactured by YMC CO., LTD.). Next, 11.8 mL of water was fed into the
column at a rate of 0.66 mL/min (SV: 10 hr-1) using a syringe pump. Next, 17.7
mL of methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr-1)
using a syringe pump to wash the resin.
[0110]

Subsequently, 841.43 g of methanol was added to 145 g of the compound

(4) to prepare a homogeneous solution, the temperature of the column oven was
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adjusted to 50°C, the prepared solution was passed through the column at a rate
of 0.065 mL/min (SV: 1 hr-!) using a syringe pump (feeding time: 163 hours).
During the feeding, the reaction solution was appropriately sampled from an
outlet of the column, and the reaction conversion rates were measured, whereby
the following results were obtained. The reaction conversion rates were
calculated based on the following formula from the HPLC analysis results of the
sampled reaction solutions.

Reaction conversion rate = area value of compound (5) / (area value of

compound (4) + area value of compound (5)) x 100 [%)]

[0111]
[Table 1]
Reaction time (hr) 18 47 66 94 158 163
Reaction conversion rate (%) 99.9 99.7 99.4 98.2 66.7 55.9
[0112]

Next, into the column containing the resin through which the reaction
solution had been passed for 163 hours, 9.8 mL of 1 mol/LL aqueous sodium
hydroxide solution previously prepared was fed at a rate of 0.26 mL/min (SV: 4
hr-1) using a syringe pump. Next, 11.8 mL of water was fed into the column at a
rate of 0.66 mL/min (SV: 10 hr-1) using a syringe pump. Next, 17.7 mL of
methanol was fed into the column at a rate of 0.66 mL/min (SV: 10 hr-!) using a
syringe pump to wash the resin.

[0113]

Subsequently, a methanol solution (14.7 wt%) of the compound (4) was
passed through the column (50°C) at a rate of 0.065 mL / min (SV: 1 hr-1) using a
syringe pump. As a result of analyzing the reaction solution sampled from an
outlet of the column, the reaction conversion rate was found to be improved to
99.9%.

[0114]

(3) Production of N-acetyl-8-D-glucosamine (8)
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OAc OH
o] S —— 0] + AcOMe
Aﬁgo OAc Hﬁ(;gQ,OH

AcHN AcHN
{7} (8)

[0115]
(Example 20)

Into a column (EYELA (registered trademark), inner diameter: 10 mm),
3.0 g (about 3.9 mL) of an anion exchange resin (DIAION (registered trademark)
PA3068S, Cl form) was packed, and the column was placed in a column oven
whose temperature was adjusted to 25°C, stood vertically and fixed. Next, 12
mL of 1N aqueous NaOH solution was fed into the column at a rate of 0.065
mL/min (SV: 1 hr-1) using a syringe pump (manufactured by YMC CO., LTD.).
Next, 22 mL of water was fed into the column at a rate of 0.13 mL/min (SV: 2
hr-1) using a syringe pump to wash the resin. Next, 19 mL of methanol was fed
into the column at a rate of 0.13 mL/min (SV: 2 hr~1) using a syringe pump to
obtain a methoxide-form resin.

[0116]

Subsequently, 50.0 g of methanol was added to 0.73 g of pentaacetyl-8-D-
glucosamine (7) to prepare a homogeneous solution, the temperature of the
column oven was adjusted to 50°C, the prepared solution was passed through the
column at a rate of 0.13 mL/min (SV: 2 hr™1) using a syringe pump, and the
reaction solution was collected from an outlet of the column. As a result, the
reaction solution containing 0.27 g of desired compound (8) (boiling point: 595°C,
calculated using Advanced Chemistry Development (ACD/Labs) Software V11.02)
was obtained (yield: 65%). In the obtained reaction solution, only methyl acetate
was identified, and no acetic acid was identified. It was possible to selectively
remove the methyl acetate produced as a by-product by concentration operation.

Although the reaction rate gradually decreased due to a long-time feeding, the
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resin was regenerated by feeding an aqueous NaOH solution, water, and then
methanol to the column after use, whereby the reaction rate was recovered to the
initial reaction rate.

[0117]

(Reference Example 1)

Production of (2R,3R)-2-(2,4-difluorophenyl)-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-
yD-butan-2-ol (4)

Into a flask, 30 g of (2S,3R)-1-chloro-2-(2,4-difluorophenyl)-3-
pivaloyloxybutan-2-ol (6), 9.04 g of triazole, and 90 g of DMA were added and
completely dissolved, and the temperature of this solution was adjusted to 55°C.
Then, 34.17 g of DBU was added dropwise to the flask slowly, and the mixture
was stirred at the same temperature for 12 hours. Thereafter, the reaction
solution was cooled to 25°C, 150 g of toluene and 60 g of water were added
thereto for extraction, and the obtained organic layer was washed twice with
further 60 g of water. The organic layer was concentrated under reduced
pressure, and 42.45 g of a concentrate containing 24.79 g of the compound (4) was

obtained (yield: 75%).

[0118]

{6} (4)
[0119]
(Reference Example 2)
Production of (2R,3R)-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-y1)-2,3-
butanediol (5)

The concentrate (pure content: 19.76 g) obtained in the above Reference
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Example 1, 13.83 g of toluene, and 25.69 g of THF were added into a flask, and
the temperature of this solution was adjusted to 40°C. To the flask, 28% sodium
methoxide/methanol solution was added dropwise slowly, and the mixture was
stirred at the same temperature for 2 hours. Next, the reaction solution was
separated by adding 29.64 g of water to thereby obtain 80.9 g of organic layer
containing 14.0 g of the compound (5) (yield: 93%). The loss of the compound (5)

into an aqueous layer was 1.2 g (8%).
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CLAIMS

1. A method for producing an alcohol compound, comprising:

passing a solution containing an ester compound and methanol and/or
ethanol through a column packed with an anion exchange resin having
methoxide and/or ethoxide as a counter anion to generate a methyl ester and/or
ethyl ester; and

distilling off the methyl ester and/or ethyl ester together with the

methanol and/or ethanol.

2. A method for producing an alcohol compound from an ester compound
formed by protecting an alcohol compound with an acyl group, comprising:

passing a solution containing the ester compound and methanol and/or
ethanol through a column packed with an anion exchange resin having
methoxide and/or ethoxide as a counter anion to decompose the ester compound
into the alcohol compound and a methyl ester and/or ethyl ester containing the
acyl group; and

distilling off the methyl ester and/or ethyl ester together with the

methanol and/or ethanol.

3. The method according to claim 1 or 2, wherein the alcohol compound has
a boiling point of 170°C or higher, and the methyl ester and/or ethyl ester has a

boiling point of lower than 170°C.

4. The method according to any of claims 1 to 3, wherein the alcohol

compound is obtained with a purity of 80 wt% or more.

5. The method according to any of claims 1 to 4,
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wherein the ester compound is represented by the following formula (1)
(@)

rRL L, ()

0~ "R?
wherein R! is a substituted alkyl group having 1 or 2 carbon atoms, an optionally
substituted alkyl group having 3 to 20 carbon atoms, an optionally substituted
cycloalkyl group having 3 to 20 carbon atoms, an optionally substituted alkenyl
group having 2 to 20 carbon atoms, an optionally substituted aralkyl group
having 7 to 20 carbon atoms, an optionally substituted aryl group having 6 to 20
carbon atoms, or an optionally substituted heteroaryl group having 3 to 20
carbon atoms, and R2 is a hydrogen atom, an optionally substituted alkyl group
having 1 to 5 carbon atoms, an optionally substituted cycloalkyl group having 3
to 5 carbon atoms, or an optionally substituted alkenyl group having 2 to 5
carbon atoms,

the methyl ester and/or ethyl ester is represented by the following

formula (3):
O

r:. JL_ (3

0~ "R?
wherein R? is the same as above, and R3 is a methyl group or ethyl group, and

the alcohol compound is represented by the following formula (2):

Rl 0,H (2)

wherein R is the same as above.

6. The method according to claim 5, wherein R? is a hydrogen atom, methyl

group, trifluoromethyl group, or tert-butyl group.

7. The method according to any of claims 1 to 6, wherein the ester compound
is (2R,3R)-2-difluorophenyl-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol, and

the alcohol compound is (2R,3R)-2-difluorophenyl-1-(1H-1,2,4-triazol-1-y1)-2, 3-
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butanediol.

8. The method according to any of claims 1 to 7, wherein the ester compound
is (2R,3R)-2-(2,4-difluorophenyl)-3-pivaloyloxy-1-(1H-1,2,4-triazol-1-yl)-butan-2-
ol, and the alcohol compound is (2R,3R)-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-
1-yD-2,3-butanediol.

9. The method according to any of claims 1 to 8, wherein an operational
temperature during the passing of the solution containing the ester compound

and methanol and/or ethanol is 0°C or higher and 90°C or lower.

10. The method according to any of claims 1 to 9, wherein a space velocity
(SV) of the solution containing the ester compound and methanol and/or ethanol

1s from 0.01 to 100 hr1.

11. The method according to any of claims 1 to 10, wherein, in the solution
containing the ester compound and methanol and/or ethanol, the total content of

the ester compound, methanol, and ethanol is 80 mass% or more.

12. The method according to any of claims 1 to 11, wherein the ester
compound is contained in an amount of 5 mass% or less in 100 mass% of a

solution obtained after passing through the column.

13. A method for producing an anion exchange resin having methoxide and/or
ethoxide as a counter anion, comprising:
passing methanol and/or ethanol through a column packed with an anion

exchange resin having a hydroxide ion as a counter anion.
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14. The method according to any of claims 1 to 12 using the anion exchange

resin produced by the method according to claim 13.
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