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(54) AROMATIC COMPOUND PRODUCTION METHOD

(57) Provided is a method for producing an aromatic
compound, which can produce a particular aromatic com-
pound at high yield and can be industrially utilized. Ac-
cording to the invention, there is provided a method for
producing an aromatic compound, including an aromati-
zation reaction which includes reacting an oxime com-
pound represented by Formula (1) with an acylating
agent in the presence of a hydroquinone compound and
a palladium compound, and thus obtaining an aromatic
compound.
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Description

Technical Field

[0001] The present invention relates to a method for producing an aromatic compound that is useful as a raw material
for agrochemicals and highly functional materials.

Related Art

[0002] Aromatic amines and anilides are used as raw materials for agrochemicals and highly functional materials (see,
for example, Patent Documents 1 and 2). Regarding a synthesis method for an aromatic amine, a method of using
cyclohexene as a starting raw material, and subjecting the same to reactions with acetic anhydride, and then acetyl
chloride or hydrogen bromide, thereby performing hydrolysis (Patent Document 3), a Semmler-Wolff reaction performed
using a palladium catalyst (Non-Patent Document 1), and a Semmer-Wolff reaction performed using acetic anhydride
and sodium iodide (Patent Document 4; Non-Patent Documents 2 and 3) are known.

Prior Art Documents

Patent Documents

[0003]

Patent Document 1: JP2004-307412A
Patent Document 2: JP2004-307413A
Patent Document 3: JP2009-514867A
Patent Document 4: JP2012-532186A

Non-Patent Documents

[0004]

Non-Patent Document 1: J. Am. Chem. Soc., 2013, 135, p. 13664-13667
Non-Patent Document 2: Org. Process Res. Dev., 2012, 16, p. 1746-1753
Non-Patent Document 3: Tetrahedron Letters, 2014, vol. 55, p. 3348-3350

SUMMARY OF THE INVENTION

[0005] The Semmler-Wolff reaction described in JP2012-532186A and the like has a problem that the yield is not
always sufficient, and there is a need for improvement in order to industrially utilize the reaction.
[0006] Thus, the present invention provides a method for producing an aromatic compound, which allows a particular
aromatic compound to be obtained at high yield and can be industrially utilized.
[0007] In the reactions of JP2012-532186A; Org. Process Res. Dev., 2012, 16, p. 1746-1753; and Tetrahedron Letters,
2014, vol. 55, p. 3348-3350, a two-step acylation of an oxime and an elimination reaction proceed, and it has been
considered that as NaI is used, a highly active acylating agent (Ac-I) is produced, and second acylation is accelerated.
Meanwhile, the inventors of the present invention found that by using a hydroquinone compound and a palladium
compound as catalysts, the reaction is carried out efficiently, and the yield of the product is increased, thus completing
the invention. Meanwhile, it is speculated that the hydroquinone compound and the palladium compound function as
oxidation-reduction catalysts (redox catalysts).
[0008] That is, the invention provides a method for producing an aromatic compound, comprising an aromatization
reaction which includes reacting an oxime compound represented by Formula (1):
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(in the formula, R1 represents a halogen atom, a C1-6 alkyl group, a C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl
group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or a heteroaryl group;
Z1, Z2, and Z3 each independently represent a carbon atom, a nitrogen atom, or an oxygen atom, while the ring
formed by Z1, Z2, and Z3 is an aromatic ring;
n represents an integer from 0 to 3;
in a case where n is 2 or greater, a plurality of R1’s existing therein may be identical with or different from each other;
m represents an integer of 1 or 2; and
in a case where m is 2, a plurality of Z3’s existing therein may be identical with or different from each other)

with an acylating agent in the presence of a hydroquinone compound and a palladium compound, and thus obtaining
an aromatic compound represented by Formula (2):

(in the formula, R1, Z1, Z2, Z3, n, and m respectively have the same meanings as described above; and R2 represents
an acyl group).
[0009] The acylating agent is preferably a carboxylic acid anhydride or a carboxylic acid halide, and is more preferably
acetic anhydride.
[0010] The amount of use of the acylating agent is preferably 1 to 10 times the molar amount of the oxime compound.
[0011] The hydroquinone compound is preferably a hydroquinone compound having a C1-12 alkyl group, and is more
preferably a hydroquinone compound having a C4-12 alkyl group containing a quaternary carbon atom.
[0012] The hydroquinone compound is preferably 2,5-bis(1,1,3,3-tetramethylbutyl)hydroquinone, 2,5-di-t-amylhydro-
quinone, or 2,5-di-t-butylhydroquinone, and is more preferably 2,5-di-t-butylhydroquinone.
[0013] The palladium compound is preferably Pd(OAc)2, Pd2(dba)3, Pd(acac)2, or Pd/C, and is more preferably
Pd(OAc)2.
[0014] The ratio of the amounts of use of the palladium compound and the hydroquinone compound is preferably 1:1
to 1:50 as a molar ratio.
[0015] The reaction solvent for the aromatization reaction is preferably an aromatic hydrocarbon, and is more preferably
toluene, xylene, or ethylbenzene.
[0016] It is preferable that the oxime compound represented by Formula (1) is an oxime compound represented by
Formula (3):

(in the formula, R3 and R4 each independently represent a hydrogen atom, a halogen atom, a C1-6 alkyl group, a C3-8
cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or a heteroaryl
group); and the aromatic compound represented by Formula (2) is an aromatic compound represented by Formula (4):
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(in the formula, R3 and R4 respectively have the same meanings as described above; and R2 represents an acyl group).
[0017] The production method of the invention can produce a particular aromatic compound at high yield and is
therefore suitable for industrial production of aromatic compounds. Furthermore, the aromatic compound obtainable by
the production method of the invention is useful as a raw material for agrochemicals and highly functional materials.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] The present invention will be described in detail below.
[0019] In the invention, unless particularly stated otherwise, % means % by mass.
[0020] In the invention, unless particularly stated otherwise, the various terms have the following meanings.
[0021] A halogen atom means a fluorine atom, a chlorine atom, a bromine atom, or an iodine atom.
[0022] The C1-6 alkyl group means a linear or branched C1-6 alkyl group such as a methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, isobutyl, tert-butyl, pentyl, isopentyl, 2-methylbutyl, 2-pentyl, 3-pentyl, or hexyl group.
[0023] The C3-8 cycloalkyl group means a C3-8 cycloalkyl group such as a cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl group.
[0024] The C1-6 alkoxy-C1-6 alkyl group means a C1-6 alkyloxy-C1-6 alkyl group such as a methoxymethyl, methoxyethyl,
or 1-ethoxyethyl group.
[0025] The ar-C1-6 alkyl group means an ar-C1-6 alkyl group (aryl-C1-6 alkyl group) such as a benzyl, diphenylmethyl,
trityl, phenethyl, 2-phenylpropyl, 3-phenylpropyl, or naphthylmethyl group.
[0026] The C1-6 alkoxy group means a linear or branched C1-6 alkyloxy group such as a methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, or hexyloxy group.
[0027] The aryl group means a phenyl or naphthyl group.
[0028] The heteroaryl group means an aryl group having a heteroatom, such as a pyridyl group, a pyrazyl group, a
pyrimidyl group, a pyridazyl group, a pyrrole group, a pyrazolyl group, an imidazolyl group, a triazolyl group, a benzoxazolyl
group, a benzothiazolyl group, or a quinolyl group.
[0029] The acyl group means a formyl group, a C2-6 alkanoyl group, an aroyl group, or a heterocyclic carbonyl group.
The C2-6 alkanoyl group means a linear or branched C2-6 alkanoyl group such as an acetyl, propionyl, valeryl, isovaleryl,
or pivaloyl group.
[0030] The C4-12 alkyl group containing a quaternary carbon atom means a C4-12 alkyl group containing a quaternary
carbon atom, such as 1,1,3,3-tetramethylbutyl, t-amyl that is bonded to a carbon atom, or t-butyl that is bonded to a
carbon atom.
[0031] The C1-12 alkyl group means a linear or branched C1-6 alkyl group, such as an n-heptyl group, an n-octyl group,
an n-nonyl group, an n-decanyl group, an n-undecanyl group, or an n-dodecanyl group, in addition to the C1-6 alkyl group
and the C4-12 alkyl group containing a quaternary carbon atom.
[0032] Next, the production method of the invention will be explained.
[0033] The production method of the invention includes an aromatization reaction which includes reacting an oxime
compound represented by Formula (1):

(in the formula, R1 represents a halogen atom, a C1-6 alkyl group, a C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl
group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or a heteroaryl group;
Z1, Z2, and Z3 each independently represent a carbon atom, a nitrogen atom, or an oxygen atom, while the ring
formed by Z1, Z2, and Z3 is an aromatic ring;
n represents an integer from 0 to 3;
in a case where n is 2 or greater, a plurality of R1’s existing therein may be identical with or different from each other;
m represents an integer of 1 or 2; and
in a case where m is 2, a plurality of Z3’s existing therein may be identical with or different from each other)

with an acylating agent in the presence of a hydroquinone compound and a palladium compound, and thus obtaining
an aromatic compound represented by Formula (2):
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(in the formula, R1, Z1, Z2, Z3, n, and m respectively have the same meanings as described above; and R2 represents
an acyl group).
[0034] The inventors of the present invention speculate that as the hydroquinone compound and the palladium com-
pound function as redox catalysts, the aromatization reaction proceeds smoothly, and high yield is obtained.
[0035] The hydroquinone compound is a compound having a structure in which two hydroxyl groups are bonded to a
benzene ring, and the hydroquinone compound may have a substituent. A hydroquinone compound having a C1-12 alkyl
group is preferred. The number of C1-12 alkyl groups carried by the hydroquinone compound is an integer from 1 to 4,
preferably an integer from 1 to 3, more preferably an integer of 1 or 2, and even more preferably an integer of 2.
[0036] Examples of the hydroquinone compound having a C1-12 alkyl group include a hydroquinone compound having
a C1-2 alkyl group, and a hydroquinone compound having a C4-12 alkyl group containing a quaternary carbon atom;
however, a hydroquinone compound having a C4-12 alkyl group containing a quaternary carbon atom is preferred. The
C4-12 alkyl group containing a quaternary carbon atom is preferably a C3-8 alkyl group containing a quaternary carbon
atom, and is more preferably 1,1,3,3-tetramethylbutyl, a t-amyl group, or a t-butyl group.
[0037] Such a hydroquinone compound is preferably 2,5-bis(1,1,3,3-tetramethylbutyl)hydroquinone, 2,5-di-t-amylhy-
droquinone, or 2,5-di-t-butylhydroquinone, and 2,5-di-t-butylhydroquinone is particularly preferred.
[0038] In a case in which the hydroquinone compound has a C4-12 alkyl group containing a quaternary carbon atom,
by-products produced by a reaction between the oxime compound as a starting raw material and the hydroquinone
compound can be suppressed, and by using the hydroquinone compound in combination with the palladium compound
according to the invention, further enhancement of yield and productivity can be promoted.
[0039] Here, the hydroquinone compound having a C1-2 alkyl group may be a hydroquinone compound having a methyl
group. The number of methyl groups carried by the hydroquinone compound is an integer from 1 to 4, preferably an
integer from 1 to 3, and more preferably an integer of 2. Examples of the hydroquinone compound having a C1-2 alkyl
group include methylhydroquinone, 2,6-dimethylhydroquinone, 2,5-dimethylhydroquinone, 2,3-dimethylhydroquinone,
and trimethylhydroquinone. However, 2,6-dimethylhydroquinone, 2,5-dimethylhydroquinone, and 2,3-dimethylhydroqui-
none are preferred, and 2,6-dimethylhydroquinone is particularly preferred.
[0040] The amount of use of the hydroquinone compound is preferably 0.1 mol% to 50 mol%, more preferably 1 mol%
to 40 mol%, and even more preferably 10 mol% to 30 mol%, with respect to the oxime compound as a starting raw material.
[0041] The palladium compound is not particularly limited as long as the palladium compound functions as a redox
catalyst, and any known palladium compound can be used. Pd(OAc)2 (palladium(II) acetate), Pd2(dba)3 (tris(dibenzyli-
deneacetone)dipalladium(0)), Pd(acac)2 (bis(2,4-pentanedionato)palladium(II)), or Pd/C (palladium carbon) is preferred,
and Pd(OAc)2 is particularly preferred.
[0042] The amount of use of the palladium compound is preferably 0.01 mol% to 20 mol%, more preferably 0.01 mol%
to 10 mol%, and even more preferably 0.01 mol% to 5 mol%, with respect to the oxime compound as a starting raw
material. In this invention, by using the palladium compound in combination with a hydroquinone compound, the aro-
matization reaction can be carried out with a smaller amount of use of the palladium compound, and cost reduction in
industrial production can be promoted.
[0043] The ratio of the amounts of use of the palladium compound and the hydroquinone compound is preferably 1:1
to 1:50, and more preferably 1:5 to 1:30, as a molar ratio. In a case where such a ratio of the amounts of use is satisfied,
the oxidation-reduction reaction in the reaction is optimized, this contributes to an increase in the yield, and the amount
of use of the palladium compound can be reduced. Therefore, cost reduction in industrial production can be promoted.
[0044] Regarding a combination of the palladium compound and the hydroquinone compound, a combination of
Pd(OAc)2 and a hydroquinone compound having a C4-12 alkyl group containing a quaternary carbon atom is preferred,
and a combination of 2,5-di-t-butylhydroquinone and Pd(OAc)2 is particularly preferred. In regard to the oxidation-re-
duction reaction, if any of oxidation and reduction is too strong, the reaction does not proceed smoothly; however, the
present inventors speculate that in a case where such a combination is employed, a balance is achieved between
oxidation and reduction, and the reaction proceeds efficiently.
[0045] Next, the oxime compound represented by Formula (1) and the aromatic compound represented by Formula
(2) described above will be explained.
[0046] In regard to the oxime compound represented by Formula (1), R1 is preferably a halogen atom, a C1-6 alkyl
group, a C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl group, an ar-C1-6 alkyl group, or a C1-6 alkoxy group; and is
particularly preferably a C1-6 alkoxy-C1-6 alkyl group or an ar-C1-6 alkyl group. Regarding the C1-6 alkoxy-C1-6 alkyl group,
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a C1-3 alkoxy-C1-3 alkyl group is preferred, and a methoxyethyl group is particularly preferred. Regarding the ar-C1-6
alkyl group, an ar-C1-3 alkyl group is preferred, and a benzyl group is particularly preferred.
[0047] Z1, Z2, and Z3 mentioned above are each independently preferably a carbon atom or a nitrogen atom.
[0048] n is preferably an integer from 1 to 3, and more preferably 1.
[0049] m is preferably 1.
[0050] In regard to the aromatic compound represented by Formula (2) thus obtainable, suitable ranges of R1, Z1, Z2,
Z3, n, and m are the same as those of the oxime compound represented by Formula (1). Furthermore, R2 is preferably
a C2-6 alkanoyl group, and is particularly preferably an acetyl group.
[0051] In regard to the production method of the invention, even in a case where the aromatic compound represented
by Formula (2) is an indazole, a benzimidazole, an indole, an isoindole, a quinoline, an isoquinoline, a quinoxaline, a
quinazoline, a benzofuran, or an isobenzofuran, the production method is useful because these aromatic compounds
can be synthesized efficiently. Among these aromatic compounds, the production method is suitable for the production
of an indazole, a benzimidazole, an indole, or an isoindole.
[0052] In regard to the production method of the invention, it is preferable that the oxime compound represented by
Formula (1) is an oxime compound represented by Formula (3):

(in the formula, R3 and R4 each independently represent a hydrogen atom, a halogen atom, a C1-6 alkyl group, a C3-8
cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or a heteroaryl
group); and the aromatic compound represented by Formula (2) is an aromatic compound represented by Formula (4):

(in the formula, R3 and R4 respectively have the same meanings as described above; and R2 represents an acyl group).
[0053] In regard to the oxime compound represented by Formula (3), R3 is preferably a hydrogen atom. R4 is preferably
a halogen atom, a C1-6 alkyl group, a C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl group, an ar-C1-6 alkyl group, or a
C1-6 alkoxy group; and is particularly preferably a C1-6 alkoxy-C1-6 alkyl group or an ar-C1-6 alkyl group. The C1-6 alkoxy-
C1-6 alkyl group is preferably a C1-3 alkoxy-C1-3 alkyl group, and is particularly preferably a methoxyethyl group. The ar-
C1-6 alkyl group is preferably an ar-C1-3 alkyl group, and is particularly preferably a benzyl group.
[0054] In the aromatic compound represented by Formula (4) thus obtainable, suitable ranges of R3 and R4 are the
same as those of the oxime compound represented by Formula (3). Furthermore, R2 is preferably a C2-6 alkanoyl group,
and is particularly preferably an acetyl group.
[0055] Furthermore, it is preferable that the oxime compound represented by Formula (3) is an oxime compound
represented by Formula (5):
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and the aromatic compound represented by Formula (4) is an aromatic compound represented by Formula (6):

In the formulae described above, R3 and R4 respectively have the same meanings as described above, and R2 represents
an acyl group. Suitable ranges thereof are similar to those of the oxime compound represented by Formula (3) and the
aromatic compound represented by Formula (4).
[0056] Furthermore, it is preferable that the oxime compound represented by Formula (3) is an oxime compound
represented by Formula (7):

and the aromatic compound represented by Formula (4) is an aromatic compound represented by Formula (8):

In the formulae described above, R3 and R4 respectively have the same meanings as described above, and R2 represents
an acyl group. Suitable ranges thereof are similar to those of the oxime compound represented by Formula (3) and the
aromatic compound represented by Formula (4).
[0057] Next, the acylating agent described above will be explained.
[0058] The acylating agent is preferably a carboxylic acid anhydride or a carboxylic acid halide. Examples of the
acylating agent include acetic anhydride, acetyl chloride, trifluoroacetic anhydride, chloroacetic anhydride, chloroacetyl
chloride, dichloroacetic anhydride, and trichloroacetic anhydride, and acetic anhydride is particularly preferred. The
amount of use of the acylating agent is 1 to 10 times, preferably 1 to 5 times, and more preferably 1.5 to 4 times, the
molar amount of the oxime compound.
[0059] In the following description, other conditions for the aromatization reaction will be explained.
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[0060] The solvent for the aromatization reaction is not particularly limited as long as the solvent does not affect the
reaction. Examples of the solvent include aromatic hydrocarbons, and toluene, xylene, or ethylbenzene is preferred.
These solvents may be used singly or as mixtures.
[0061] The amount of use of the solvent is not particularly limited; however, the amount of use may be 1 to 500 times
the amount (v/w) of the oxime compound.
[0062] The aromatization reaction is performed by stirring a reaction mixture at an adequate temperature (for example,
0°C to 200°C) for a certain time period (for example, for 10 minutes to 12 hours). The reaction temperature is preferably
50°C to 150°C, more preferably 90°C to 140°C, and even more preferably 110°C to 130°C. The reaction time is preferably
for 10 minutes to 7 hours, more preferably 10 minutes to 5 hours and even more preferably 30 minutes to 3 hours.
[0063] According to the invention, the aromatization reaction proceeds at low temperature for a short time period, and
the target product is obtained at high yield. Therefore, the production method is suitable for industrial production.
[0064] The aromatic compound represented by Formula (2), (4), (6), or (8) thus obtained may be further converted to
a salt by reacting the aromatic compound with a mineral acid such as hydrochloric acid, hydrogen bromide, or sulfuric acid.
[0065] Next, a method for producing the oxime compound as a production raw material will be explained.
[0066] The oxime compound can be synthesized based on the methods described in known literatures, and for example,
the oxime compound can be synthesized by the method described in Tetrahedron Lett., 2014, 55, 3348-3350.
[0067] Among the oxime compounds represented by Formula (5), an oxime compound in which R3 represents a
hydrogen atom can be produced by, for example, the following reaction by using cyclohexane-1,3-dione as a starting
material.

In the formulae, R4 has the same meaning as described above, while a suitable range thereof is similar to that described
above; and Me represents a methyl group.

EXAMPLES

[0068] Hereinafter, the invention will be described by way of Examples, Comparative Examples, and Reference Ex-
amples; however, the invention is not intended to be limited to these.
[0069] For medium-pressure preparative column chromatography, Smart FLASH EPCLC-W-Prep 2XY (Yamazen
Corporation) was used.
[0070] The mixing ratio for the eluent is a volume ratio. For example, the description "ethyl acetate/hexane = 1:1 →
ethyl acetate/hexane 4:1" implies that an eluent of 50 mass% ethyl acetate/50 mass% hexane is changed finally to an
eluent of 80 mass% ethyl acetate/20 mass% hexane.
[0071] The 1H-NMR spectra were measured using tetramethylsilane as an internal standard and using Bruker AV400N
(Bruker Corporation), and all of the δ values are expressed in ppm.
[0072] In an ultra performance liquid chromatography-mass spectrometry, measurement was performed using AQUITY
UPLC H-Class System (Waters Corporation). Hereinafter, this will be abbreviated to UPLC-MS.
[0073] Various abbreviations used in various Examples have the following meanings.

Me: Methyl
Ac: Acetyl
Ph: Phenyl
Bn: Benzyl

Reference Example 1

[0074] 1-Benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime was obtained by the reaction described below, by referring
to Tetrahedron Lett., 2014, 55, 3348-3350. The results of 1H-NMR are presented below.
1H-NMR (CDCl3) δ value: A 1H-NMR analysis was performed, and as a result, the ratio of E-form/Z-form was 70:30.
1H-NMR (CDCl3) δ value:
1.88-2.06 (2H, m), 2.44-2.50 (1.4H, m), 2.59 (0.6H, t, J=6.0Hz), 2.63 (1.4H, t, J=6.0Hz), 2.71 (0.6H, t, J=6.0Hz), 5.28
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(0.6H, s), 5.31 (1.4H, s), 7.12 (2H, d, J=8.0Hz), 7.25-7.36 (3H, m), 7.69 (1H, s), 7.78 (0.3H, s), 8.27 (0.7H, s)

Example 1 (Pd(OAc)2-DTBHQ method)

[0075] 241 mg of 1-benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime obtained in Reference Example 1, 2 mL of xylene,
4.4 mg of palladium acetate, 44 mg of 2,5-di-tert-butylhydroquinone, and 189 mL of acetic anhydride were mixed, and
the mixture was stirred for 2 hours at 120°C. After being cooled to room temperature, the reaction liquid was purified by
medium-pressure preparative column chromatography (eluent ethyl acetate/hexane = 1:1 → ethyl acetate/hexane 4:1),
and 150 mg of N-(1-benzyl-1H-indazol-4-yl)acetamide, which was a colorless oily substance, was obtained in the following
scheme. The yield of the product was 57%. The 1H-NMR data of the product are shown below.
1H-NMR (CDCl3) δ value:
2.22 (3H, s), 5.53 (2H, s), 7.06-7.37 (7H, m), 7.66 (1H, d, J=7.6 Hz), 8.00 (s, 1H), 8.08 (s, 1H)

Example 2 (Pd(OAc)2-DMHQ method)

[0076] 241 mg of 1-benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime obtained in Reference Example 1, 2 mL of xylene,
4.4 mg of palladium acetate, 27.6 mg of 2,6-dimethylhydroquinone, and 189 mL of acetic anhydride were mixed, and
the mixture was stirred for 2 hours at 120°C. The reaction mixture was analyzed by UPLC-MS, and production of N-(1-
benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio based on a comparison with the internal standard
(4-ethylbiphenyl) was 45%.

Example 3 (Pd2dba3-DTBHQ method)

[0077] 241 mg of 1-benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime obtained in Reference Example 1 was mixed with
2 mL of xylene, 10 mg of tris(dibenzylideneacetone)dipalladium-chloroform complex, 44 mg of 2,5-di-tert-butylhydroqui-
none, and 189 mL of acetic anhydride, and the mixture was stirred for 2 hours at 120°C. The reaction mixture was
analyzed by UPLC-MS, and production of N-(1-benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio
based on a comparison with the internal standard (4-ethylbiphenyl) was 54%.

Example 4 (Pd(OAc)2-2,5-di-tAmHQ method)

[0078] 241 mg of 1-benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime obtained in Reference Example 1 was mixed with
2 mL of xylene, 4.4 mg of palladium acetate, 50.1 mg of 2,5-di-tert-amylhydroquinone, and 189 mL of acetic anhydride,
and the mixture was stirred for 2 hours at 120°C. The reaction mixture was analyzed by UPLC-MS, and production of
N-(1-benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio based on a comparison with the internal
standard (4-ethylbiphenyl) was 58%.

Example 5 (Pd(OAc)2-2,5-bis(1,1,3,3-tetramethylbutyl)HQ method)

[0079] 241 mg of 1-benzyl-6,7-dihydro-1H-indazol-4(5H)-one oxime obtained in Reference Example 1 was mixed with
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2 mL of xylene, 4.4 mg of palladium acetate, 66.9 mg of 2,5-bis(1,1,3,3-tetramethylbutyl)hydroquinone, and 189 mL of
acetic anhydride, and the mixture was stirred for 2 hours at 120°C. The reaction mixture was analyzed by UPLC-MS,
and production of N-(1-benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio based on a comparison
with the internal standard (4-ethylbiphenyl) was 51%.

Comparative Example 1

[0080] A reaction similar to that of Example 1 was performed, except that the palladium acetate and 2,5-di-tert-butyl-
hydroquinone used in Example 1 were not used. The reaction mixture was analyzed by UPLC-MS, and production of
N-(1-benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio based on a comparison with the internal
standard (4-ethylbiphenyl) was 1%.

Comparative Example 2

[0081] A reaction similar to that of Example 1 was performed, except that the palladium acetate and 2,5-di-tert-butyl-
hydroquinone used in Example 1 were not used, and 75 mg of sodium iodide was used. The reaction mixture was
analyzed by UPLC-MS, and production of N-(1-benzyl-1H-indazol-4-yl)acetamide was confirmed. The production ratio
based on a comparison with the internal standard (4-ethylbiphenyl) was 24%.

Comparative Example 3

[0082] A reaction similar to that of Example 1 was performed, except that the palladium acetate used in Example 1
was not used. The reaction mixture was analyzed by UPLC-MS, and production of N-(1-benzyl-1H-indazol-4-yl)acetamide
was confirmed. The production ratio based on a comparison with the internal standard (4-ethylbiphenyl) was 9%.

Example 6

[0083] Production was carried out in the same manner as in Example 1, except that 1-benzyl-6,7-dihydro-1H-indazol-
5(4H)-one oxime was used as the oxime compound. Thus, N-(1-benzyl-1H-indazol-5-yl)acetamide, which was a colorless
oily substance, was obtained in the following scheme. The yield of the product was 43%. The 1H-NMR data of the product
are shown below.
1H-NMR (CDCl3) δ value:
2.19 (3H, s), 5.57 (2H, s), 7.15 (1H, s), 7.17 (1H, d, J=1.2Hz), 7.24-7.34 (5H, m), 7.35 (1H, s), 7.97 (1H, d, J=1.2Hz),
7.99 (1H, s)

Example 7

[0084] Production was carried out in the same manner as in Example 1, except that 1-t-butyl-6,7-dihydro-1H-indazol-
4(5H)-one oxime was used as the oxime compound. Thus, N-(1-(t-butyl)-1H-indazol-4-yl)acetamide, which was a color-
less oily substance, was obtained in the following scheme. The yield of the product was 52%. The 1H-NMR data of the
product are shown below.
1H-NMR (CDCl3) δ value:
1.77 (9H, s), 2.28 (3H, s), 7.28 (1H, t, J=6.0Hz), 7.46 (1H, d, J=6.0Hz), 7.67 (1H, s), 7.72 (1H, d, J=6.0Hz), 7.95 (1H, s)
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Example 8

[0085] Production was carried out in the same manner as in Example 1, except that 1-isopropyl-6,7-dihydro-1H-indazol-
4(5H)-one oxime was used as the oxime compound. Thus, N-(1-isopropyl-1H-indazol-4-yl)acetamide, which was a
colorless oily substance of the following reaction formula, was obtained. The yield of the product was 87%. The 1H-NMR
data of the product are shown below.
1H-NMR (CDCl3) δ value:
1.59 (6H, d, J=6.8Hz), 2.29 (3H, s), 4.83 (1H, m), 7.21 (1H, d, J=7.8Hz), 7.33 (1H, t, J=7.8Hz), 7.62 (1H, s), 7.71 (1H,
d, J=7.8Hz), 8.01 (1H, s)

[0086] The production method of the invention can produce a particular aromatic compound at high yield, and the
production method is useful for industrial production of aromatic compounds.

Claims

1. A method for producing an aromatic compound, comprising an aromatization reaction which includes reacting an
oxime compound represented by Formula (1):

(in the formula, R1 represents a halogen atom, a C1-6 alkyl group, a C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6
alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or a heteroaryl group;
Z1, Z2, and Z3 each independently represent a carbon atom, a nitrogen atom, or an oxygen atom, while the ring
formed by Z1, Z2, and Z3 is an aromatic ring;
n represents an integer from 0 to 3;
in a case where n is 2 or greater, a plurality of R1’s existing therein may be identical with or different from each
other;
m represents an integer of 1 or 2; and
in a case where m is 2, a plurality of Z3’s existing therein may be identical with or different from each other)

with an acylating agent in the presence of a hydroquinone compound and a palladium compound, and thus obtaining
an aromatic compound represented by Formula (2):

(in the formula, R1, Z1, Z2, Z3, n, and m respectively have the same meanings as described above; and R2 represents
an acyl group).
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2. The method for producing an aromatic compound according to claim 1, wherein the acylating agent is a carboxylic
acid anhydride or a carboxylic acid halide.

3. The method for producing an aromatic compound according to claim 2, wherein the acylating agent is acetic anhy-
dride.

4. The method for producing an aromatic compound according to any one of claims 1 to 3, wherein the amount of use
of the acylating agent is 1 to 10 times the molar amount of the oxime compound.

5. The method for producing an aromatic compound according to any one of claims 1 to 4, wherein the hydroquinone
compound is a hydroquinone compound having a C1-12 alkyl group.

6. The method for producing an aromatic compound according to any one of claims 1 to 5, wherein the hydroquinone
compound is a hydroquinone compound having a C4-12 alkyl group containing a quaternary carbon atom.

7. The method for producing an aromatic compound according to any one of claims 1 to 6, wherein the hydroquinone
compound is 2,5-bis(1,1,3,3-tetramethylbutyl)hydroquinone, 2,5-di-t-amylhydroquinone, or 2,5-di-t-butylhydroqui-
none.

8. The method for producing an aromatic compound according to any one of claims 1 to 7, wherein the hydroquinone
compound is 2,5-di-t-butylhydroquinone.

9. The method for producing an aromatic compound according to any one of claims 1 to 8, wherein the palladium
compound is palladium(II) acetate, tris(dibenzylideneacetone)dipalladium(0), bis(2,4-pentanedionato)palladium(II),
or palladium-carbon.

10. The method for producing an aromatic compound according to any one of claims 1 to 9, wherein the palladium
compound is palladium(II) acetate.

11. The method for producing an aromatic compound according to any one of claims 1 to 10, wherein the ratio of the
amounts of use of the palladium compound and the hydroquinone compound is 1:1 to 1:50 as a molar ratio.

12. The method for producing an aromatic compound according to any one of claims 1 to 11, wherein the reaction
solvent for the aromatization reaction is an aromatic hydrocarbon.

13. The method for producing an aromatic compound according to claim 12, wherein the aromatic hydrocarbon is
toluene, xylene, or ethylbenzene.

14. The method for producing an aromatic compound according to any one of claims 1 to 13, wherein the oxime
compound represented by Formula (1) is an oxime compound represented by Formula (3):

(in the formula, R3 and R4 each independently represent a hydrogen atom, a halogen atom, a C1-6 alkyl group, a
C3-8 cycloalkyl group, a C1-6 alkoxy-C1-6 alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy group, an aryl group, or
a heteroaryl group); and
the aromatic compound represented by Formula (2) is an aromatic compound represented by Formula (4):
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(in the formula, R3 and R4 respectively have the same meanings as described above; and R2 represents an acyl
group).
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