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DESCRI PTI ON

Title of Invention

CYCLI C COVPOUND AND METHOD FOR PRCDUCI NG CYCLI C COVPOUND

Technical Field
[ 0001]
The present invention relates to a cyclic conpound and

a method for producing a cyclic conpound.

Background Art

[ 0002]

A cyclic conpound having a specific structure is used,
for exanple, as a starting material for various
applications such as chem cal products, fragrances,
cosnetics, pharmaceuticals, and agricultural chem cals.

[ 0003]

PTL 1 discloses a nethod for synthesizing a
hydr oxybenzene conpound by decar boxyl ati ng a hydroxybenzoi c
acid under a catalyst as a nethod for producing a
hydr oxybenzene conpound. 1In addition, PTL 1 discloses, as a
catal yst, a zeolite made of an al um nunisilicon-containing
conposite oxide and having an FAU structure.

[ 0004]

However, the production nethod disclosed in PTL 1 does
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not provide a sufficient yield of hydroxybenzene conpounds.
Therefore, there is a need to inprove the yield. 1In
addition, even if the yield is high, in a case where the
quality of the produced hydroxybenzene conpound is |low, for
exanple, in a case where a degree of coloring is large, the
hydr oxybenzene conpound cannot be used effectively.

[ 0005]

PTL 2 di scloses a nethod for producing an aromatic
conmpound from an aromatic carbon resource through an
oxi dation step and a decarboxylation step. |In addition, PTL
1 discloses that a decarboxylation step is carried out by
using a cuprous oxide as a catalyst and carrying out a heat
treatnent in subcritical water in the presence of the
catalyst. The cuprous oxide is a solid and can be easily
recovered, and thus can be reused. Therefore, the nethod
di sclosed in PTL 2 can reduce costs conpared to, for
exanpl e, a nethod using a noble netal as a catal yst.

In addition, in the nmethod disclosed in PTL 2,
reaction efficiency of the decarboxylation reaction is
i ncreased by carrying out the heat treatnent under high
pressure.

[ 0006]

However, the catalyst disclosed in PTL 2 is considered
to be a solid even under heating. Therefore, the nethod

disclosed in PTL 2 has an issue in that it is difficult to
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i ncrease contact efficiency between the aromatic carbon
resource and the catalyst. 1In addition, using subcritical
water is expected to increase the reaction efficiency of

t he decarboxyl ati on reaction, but maintaining subcritical
wat er requires equi pnment that can maintain a high pressure,
and t hus high equi pnent costs are inevitable.

[ 0007]

PTL 3 discloses a phenolic resin having a structure
derived from pl ant-derived phenols. By providing a
structure derived from pl ant-derived phenols, a phenolic
resin wwth a high plant-derived rate can be obtained. 1In
addition, PTL 3 discloses that by preparing a rubber
conposition containing such a phenolic resin and a rubber
conponent, a rubber conposition with inproved rubber
strength can be obt ai ned.

[ 0008]

In addition, PTL 3 discloses that a proportion of
structures derived from pl ant-derived phenols in the
phenolic resin is 50%to 65% by mass. By including the
structure derived from pl ant-derived phenols in such a
proportion, it is possible to obtain a phenolic resin with
a high plant-derived rate of the phenolic resin and
i mproved conpatibility with rubber.

[ 0009]

However, in the phenolic resin disclosed in PTL 3, the
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proportion of structures derived from pl ant-derived phenol s
is 50%to 65% by nmass. In a case where the plant-derived
rate of the phenolic resinis at this level, an effect of
suppressing an increase in carbon dioxide in the atnosphere
at atime of disposal, that is, the contribution to carbon
neutrality, is limted.

[ 0010]

In addition, plant-derived phenols often contain
m scel | aneous conponents. Therefore, plant-derived phenols

have an issue that the quality tends to be unstable.

Ctation List

Patent Literature
[0011]
[ PTL 1]: JP2016-23136A
[ PTL 2]: JP2016- 179950A

[PTL 3]: JP2017- 119765A

Summary of Invention
Techni cal Probl em

[0012]

An object of the present invention is to provide a
nmet hod for producing a cyclic conpound that can produce a
hi gh-quality cyclic conpound in a high yield froma cyclic

carboxylic acid conpound.
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I n addition, another object of the present invention
is to provide a cyclic conpound that greatly contributes to
carbon neutrality and has stable quality, and a nethod for

produci ng the sane.

Solution to Probl em

[ 0013]

Such objects can be achieved by the present invention
described in the following itens (1) to (20).

(1) A method for producing a cyclic conpound,
including: a step of causing a decarboxylation reaction in
a cyclic carboxylic acid conpound by subjecting a starting
material containing the cyclic carboxylic acid conpound to
a heat treatnent of heating under a catalyst to obtain a
cyclic conpound,

in which the catal yst includes zeolite forned of an
al um nunt sili con-cont ai ni ng conposite oxide, and

in which the zeolite has an SiQ/ A 2% ratio of 7 to
500.

[ 0014]

(2) The nmethod for producing a cyclic conpound
according to (1), in which an acid anount of the zeolite
determ ned by an NHs- TPD nethod is 0.1 to 2.5 [mmol /g].

[ 0015]

(3) The nethod for producing a cyclic conpound
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according to (1) or (2), in which the catalyst includes at
| east one of FER type zeolite, M-I type zeolite, BEA type
zeolite, and MOR type zeolite.

[ 0016]

(4) The nmethod for producing a cyclic conpound
according to any one of (1) to (3), in which the zeolite
has a pore dianeter of 0.4 nmor nore and 1.5 nmor |ess.

[0017]

(5) The nmethod for producing a cyclic conpound
according to any one of (1) to (4), in which the zeolite
cont ai ns hydr ogen.

[ 0018]

(6) A method for producing a cyclic conpound,
including: a step of causing a decarboxylation reaction in
a cyclic carboxylic acid conpound by subjecting a starting
mat eri al containing the cyclic carboxylic acid conpound to
a heat treatnent of heating in a presence of a non-solid
acid to obtain a cyclic conpound,

in which the non-solid acid has an acid dissociation
constant pKa of 5.00 or |ess.

[0019]

(7) The method for producing a cyclic conpound
according to (6), in which the non-solid acid includes an
i norgani c aci d.

[ 0020]
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(8) The nmethod for producing a cyclic conpound

according to (6) or (7), in which the non-solid acid
i ncl udes an organi c acid.

[ 0021]

(9) The nmethod for producing a cyclic conpound
according to (8), in which the organic acid is an aliphatic
carboxylic acid or a derivative of the aliphatic carboxylic
aci d.

[ 0022]

(10) The method for producing a cyclic conmpound
according to (6), in which the heat treatnent is further
carried out in a presence of a solid acid.

[ 0023]

(11) The method for producing a cyclic conmpound
according to any one of (6) to (10), in which a tenperature
of the heat treatnent is 150°C to 350°C.

[ 0024]

(12) The method for producing a cyclic conmpound
according to any one of (1) to (11), in which the starting
materi al does not include a solvent.

[ 0025]

(13) The nethod for producing a cyclic conmpound
according to any one of (1) to (12), in which the cyclic
carboxylic acid conpound is 4-hydroxybenzoic acid, 3,4-

di hydr oxybenzoi ¢ acid, 4-am nobenzoic acid, or shikimc
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[ 0026]

(14) The method for producing a cyclic conmpound
according to any one of (1) to (13), in which the starting
material is derived from bi onass.

[ 0027]

(15) A cyclic conpound produced by causing a
decar boxyl ation reaction in a cyclic carboxylic acid
conmpound derived from bi onass by subjecting a starting
material containing the cyclic carboxylic acid conpound to
a heat treatnent,

in which a concentration of radioactive carbon 4C in
all carbon atons is 80%to 100% when a concentration of
radi oactive carbon C in circulating carbon as of 1950 is
set to 100% and

in which a proportion of a nmain conponent having a
single nolecular structure is 90 to 100 nol %

[ 0028]

(16) The cyclic conpound according to (15), in which
the main conponent is an aromati c conmpound derived from
bi onass.

[ 0029]

(17) The cyclic conpound according to (15) or (16), in
which a tenperature of the heat treatnent is 150°C to

350°C.
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[ 0030]

(18) The cyclic conpound according to any one of (15)
to (17), in which the starting material does not include a
sol vent.

[ 0031]

(19) The cyclic conmpound according to any one of (15)
to (18), in which the cyclic carboxylic acid conpound is 4-
hydr oxybenzoi ¢ acid, 3, 4-di hydroxybenzoic acid, 4-
am nobenzoi c acid, or shikimc acid.

[ 0032]

(20) A nethod for producing a cyclic conpound,
i ncluding: a step of causing a decarboxylation reaction in
a cyclic carboxylic acid conpound derived from bi onmass by
subjecting a starting material containing the cyclic
carboxylic acid conpound to a heat treatnent to obtain a
cyclic conpound,

in which a concentration of radioactive carbon #C in
all carbon atons of the cyclic conmpound is 80%to 100%
when a concentration of radioactive carbon 14C in
circulating carbon as of 1950 is 100% and

in the cyclic conpound, a proportion of a main
conponent having a single nolecular structure is 90 to 100

mol %

Advant ageous Effects of Invention
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[ 0033]

According to the present invention, a high-quality
cyclic conmpound can be produced froma cyclic carboxylic
acid conpound in a high yield.

[ 0034]

In addition, according to another enbodi nent of the
present invention, a cyclic conpound that greatly
contributes to carbon neutrality and has stable quality can
be obt ai ned.

In addition, according to another enbodi nent of the

present invention, the cyclic conpound can be produced.

Brief Description of Draw ngs

[ 0035]

FIG 1 is a step diagramfor explaining a nethod for
produci ng a cyclic conmpound according to each enbodi nent of
the present invention.

FIG 2 is a distribution diagramcreated by plotting a
yield and a degree of coloring of a cyclic conpound
produced in each Exanple and each Conparative Exanple on an

ort hogonal coordinate system

Description of Enbodi nents
[ 0036]

Hereinafter, the nmethod for producing a cyclic
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conpound of the present invention will be described based
on suitabl e enbodi mrents shown in the acconpanyi ng draw ngs.

FIG 1 is a step diagramfor explaining a nethod for
produci ng a cyclic conpound accordi ng to each enbodi nent of
the present invention.

[ 0037]

<Fi rst enbodi nent >

First, a first enbodi nent of the nethod for producing
a cyclic compound of the present invention will be
descri bed.

The nmethod for producing a cyclic conmpound accordi ng
to the present enbodi nent includes at | east a step of
causi ng a decarboxyl ation reaction in a cyclic carboxylic
aci d conpound by subjecting a starting material contai ning
the cyclic carboxylic acid conmpound to a heat treatnent of
heati ng under a catalyst to obtain a cyclic conpound. Here,
as an exanpl e, an enbodi nent including a starting materi al
preparation step SO01, which is an optional step, and a
heati ng step S02 described above will be descri bed.

[ 0038]

1. Starting material preparation step SO1

In the starting material preparation step S01, a
starting material containing a cyclic carboxylic acid
conpound is prepared. The present step nay be carried out

dependi ng on the necessity, and can be omtted in a case
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where a product has al ready been prepared.

[ 0039]

The cyclic carboxylic acid conpound is a general term
for a conpound having a cyclic structure and a carboxy
group bonded to the cyclic structure. The cyclic carboxylic
acid conpound is, for exanple, a conpound represented by

Formula (1).

[ 0040]
COOH
R'E RE
(1)
RS R3
4

[In the fornmula, ring Ais a 5-nenbered ring of a
saturated ring, a partially saturated ring, or an aromatic
ring, a 6-nenbered ring of a saturated ring, a partially
saturated ring, or an aromatic ring, or a fused ring
containing a 5-nmenbered ring or a 6-nenbered ring. REto RS
(RRto RRin a case where ring Ais 5-nenbered ring) are
each independently a hydrogen atom a hydroxyl group, an
am no group, an al koxy group, a carboxy group, or a
car bonyl group. ]

[ 0041]

Exanpl es of the 5-nenbered ring of a saturated ring, a
partially saturated ring, or an aromatic ring include a

furan structure, a thiophene structure, a pyrrole



10

15

20

25

13

structure, a pyrrolidine structure, a tetrahydrofuran
structure, a 2,3-di hydrofuran structure, a pyrazole
structure, an imdazole structure, an oxazole structure, an
i soxazol e structure, a thiazole structure, an isothiazole
structure, and the Ilike.

[ 0042]

Exanpl es of the 6-nenbered ring of a saturated ring
i ncl ude a hydrocarbon-based saturated ring such as a
cycl ohexane structure, a nitrogen-containing saturated ring
such as a piperidine structure, a piperazine structure, a
triazinane structure, a tetrazinane structure, a
pent azi nane structure, and a qui nuclidine structure, an
oxygen-contai ning saturated ring such as a tetrahydropyran
structure and a norpholine structure, a sulfur-containing
saturated ring such as a tetrahydrothi opyran structure, and
the |ike.

[ 0043]

Exanpl es of the 6-nenbered ring of a partially
saturated ring include a hydrocarbon-based partially
saturated ring such as a cycl ohexene structure and a
cycl ohexadi ene structure, a nitrogen-containing partially
saturated ring such as a piperidine structure, an oxygen-
containing partially saturated ring such as a pyran
structure, a sulfur-containing partially saturated ring

such as a thiazine structure, and the |ike.
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[ 0044]

Exanpl es of the 6-nenbered ring of an aromatic ring
i ncl ude a hydrocarbon-based aromatic ring such as a benzene
structure, a nitrogen-containing aromatic ring (nitrogen-
cont ai ni ng unsaturated rings) such as a pyridine structure,
a pyridazine structure, a pyrimdine structure, a pyrazine
structure, a triazine structure, a tetrazine structure, and
a pentazine structure, and the I|ike.

[ 0045]

Exanpl es of the fused ring include a fused ring of a
6- menbered ring and a 5-nenbered ring, a fused ring of two
6- menbered rings, and the like. Anmong these, exanpl es of
the fused ring of a 6-nenbered ring and a 5-nenbered ring
include an indole structure such as indole, indolenine,
i ndol i ne, isoindole, isoindolenine, isoindoline,
i sodoridine, purine, and indolizidine. Exanples of the
fused ring of two 6-nenbered rings include quinoline
structures such as quinoline, isoquinoline, quinolizidine,
qgui noxal i ne, cinnoline, quinazoline, phthal azine,
napht hyri di ne, and pteridine.

[ 0046]

In a case where the ring Ais a 6-nmenbered ring, R2 to
R6 are each independently a hydrogen atom a hydroxyl group,
an am no group, an al koxy group, a carboxy group, or a

carbonyl group. In addition, in a case where the ring Ais
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a 5-nmenbered ring, RR to RS are each independently a
hydrogen atom a hydroxyl group, an am no group, an al koxy
group, a carboxy group, or a carbonyl group.

[ 0047]

Note that in a case where any of RR to R6 when the
ring Ais a 6-nenbered ring, or any of R2 to R® when the
ring Ais a 5-nmenbered ring is a carbonyl group, this
indicates a structure in which a ring-constituting atom of
the ring Ais a carbon atom and the carbon atom and an
oxygen atom are |inked via a double bond, and refers to a
car bonyl group.

[ 0048]

Specific exanples of the cyclic carboxylic acid
conpound i ncl ude various hydroxybenzoi c acids such as 2-
hydr oxybenzoic acid (salicylic acid), 3-hydroxybenzoic acid
(msalicylic acid), 4-hydroxybenzoic acid (p-salicylic
acid), 2,3-dihydroxybenzoic acid (pyrocatechic acid), 2,4-
dihydroxybenzoic acid (B-resorcylic acid), 2,5-

di hydr oxybenzoic acid (gentisic acid), 2,6-dihydroxybenzoic
acid (y-resorcylic acid), 3,4-dihydroxybenzoic acid
(protocatechuic acid), 3,5-dihydroxybenzoic acid (o-
resorcylic acid), 3,4,5-trihydroxybenzoic acid (gallic
acid), 4-hydroxy-3-nmethoxybenzoic acid (vanillic acid), and
3- hydr oxy- 4- met hoxybenzoi c acid (isovanillic acid), various

am nobenzoi ¢ aci ds such as 2-am nobenzoic acid, 3-
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am nobenzoi c acid, and 4-am nobenzoic acid, various
shi ki m ¢ acids such as dehydroshi kim c acid and shikimc
aci d, nethoxybenzoic acid, syringic acid, and the |ike.

[ 0049]

Among t hese, the cyclic carboxylic acid conmpound is
particul arly preferably hydroxybenzoic acids, am nobenzoic
acids, or shikimc acids. These can be easily prepared from
a bionmass-derived starting nmateri al

[ 0050]

In addition, the cyclic carboxylic acid conmpound is
particul arly preferably 4-hydroxybenzoic acid, 3, 4-

di hydr oxybenzoi ¢ aci d, 4-am nobenzoic acid, or shikimec
acid. Through a decarboxyl ation reaction, these produce
cyclic conpounds that are particularly useful as starting
mat erials for chem cal products, fragrances, cosnetics,
pharmaceuticals, agricultural chemcals, and the |ike.

[ 0051]

A nol ecul ar wei ght of the cyclic carboxylic acid
conmpound is not particularly limted, but is preferably 120
to 1,000, and nore preferably 130 to 850.

[ 0052]

The starting material containing the cyclic carboxylic
acid conmpound nay be a starting material derived from
fossil resources, but is preferably a bi omass-derived

starting material. Biomass refers to plant-derived organic
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resources. Specific exanples include plants that have been
converted and stored in the formof starch, cellul ose, and

the like, animals that grow by eating plants, products made
by processing plants or aninmals, and the |iKke.

[ 0053]

In order to prepare a starting material containing a
cyclic carboxylic acid conpound from bi onass, pretreatnent
is first carried out. Wth this, mxed sugar such as
ol i gosacchari des or pol ysacchari des having glucose units is
obt ai ned fromthe bi onmass.

[ 0054]

In a case where the cyclic carboxylic acid compound is
4- hydr oxybenzoic acid, for exanple, a starting materi al
cont ai ni ng 4- hydroxybenzoic acid can be obtained from m xed
sugar by the method di sclosed in Biotechnol ogy and
Bi oengi neering Vol. 76, Section 376, 2001. Specifically,
for exanple, 4-hydroxybenzoic acid can be obtained by
fermentati on using bacteria or reconbi nant bacteria and
usi ng m xed sugar such as glucose as a carbon source.
Bacteria or reconbi nant bacteria used for fermentation are
not particularly limted.

[ 0055]

Note that crystallization fernentation is carried out
usi ng m croorgani sns that can grow in weak acidity near the

acid dissociation constant (pKa) at which 4-hydroxybenzoic
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aci d becomes insoluble, and a target 4-hydroxybenzoic acid
may be obtained by solid-liquid separation.

[ 0056]

In addition, by adding an am ne solvent that is
immscible wiwth water to an anmonium salt type 4-
hydr oxybenzoi ¢ aci d aqueous sol uti on obtai ned by
fermentati on and heating thereof, ammonia is renoved and an
am ne sol ution of 4-hydroxybenzoic acid nmay be obtai ned.

[ 0057]

Furt hernore, 4-hydroxybenzoic acid is esterified with
al cohol , an obtai ned 4-hydroxybenzoic acid ester is
purified by distillation, then the 4-hydroxybenzoic acid
ester is hydrolyzed, and 4-hydroxybenzoic acid may be
pr oduced.

[ 0058]

On the other hand, for exanple, in a case where the
cyclic carboxylic acid conpound is 3, 4-di hydroxybenzoic
acid, a starting material containing 3, 4-dihydroxybenzoic
acid can be obtained by fernentation using reconbi nant
bacteria and using m xed sugar such as glucose as a carbon
source. The reconbi nant bacteria used for fernmentation are
not particularly limted.

[ 0059]

Note that the present step nay be a step of preparing

a cyclic carboxylic acid conmpound produced by recycling and
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the like, for exanple.

[ 0060]

As described above, in the present enbodinent, it is
preferable to use a biomass-derived starting material as
the starting material containing a cyclic carboxylic acid
conpound. By including such a step, fossil resources are
not consunmed during the preparation of the cyclic
carboxylic acid conpound, and thus an increase in a
concentration of carbon dioxide in the atnosphere can be
suppressed. Therefore, this can contribute to suppression
of global warmng. Note that the starting material may be a
m xture of a material derived fromfossil resources and a
material derived from bi omass

[ 0061]

In addition, the starting material containing a cyclic
carboxylic acid conmpound nay or may not contain a sol vent
in addition to the cyclic carboxylic acid conpound.

[ 0062]

Among these, it is preferable that the starting
materi al does not contain a solvent. 1In a case where no
solvent is used, a reaction rate of the cyclic carboxylic
acid conmpound in the heating step S02 descri bed bel ow can
be increased. In addition, an anmount of heat required for
the heat treatnent in the heating step S02 can be reduced.

Therefore, production efficiency can be particularly
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i mproved. Note that “not containing a solvent” refers to a
state in which a content of a solvent is 1% by nass or |ess
of atotal starting material.

[ 0063]

On the other hand, in a case where the starting
material contains a solvent, the fluidity of the starting
mat eri al can be increased, and thus the handl eability of
the starting material can be favorable. However, in a case
where an amount of the solvent is too |arge, an anount of
heat required in the heating step S02 increases.

[ 0064]

Therefore, in a case where the starting materi al
contains a solvent, a content of the solvent is nore than
1% by mass of the entire starting material, and a nmass
ratio of the solvent to the cyclic carboxylic acid conpound
is preferably 150 or less, and nore preferably 15 or |ess.

[ 0065]

Exanpl es of the solvent include water, alcohol,
al kyl ene glycol, aromatic hydrocarbons, ethers, and the
i ke, and one alone or a mxture of two or nore of these,
or a mxture of at |east one of these and other solvents is
used.

[ 0066]

Exanpl es of the al cohol include nethanol, ethanol,

propanol , isopropyl alcohol, butanol, pentanol, hexanol,
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[ 0067]

Exanpl es of the al kyl ene glycol include ethylene
gl ycol, diethylene glycol, triethylene glycol, 1,2-
propyl ene glycol, 1, 3-propanediol, 1,4-butanediol, 1,5-
pent anedi ol , 1, 6-hexanediol, and the |ike.

[ 0068]

Exanpl es of aromati c hydrocarbons include benzene,
t ol uene, xylene, phenol, cunene, nesityl ene, naphthal ene,
tetraline, NWP (N-nethyl-2-pyrrolidone), and the Iike.

[ 0069]

Exanpl es of the ethers include di phenyl ether,
di net hyl ether, and the |iKke.

[ 0070]

2. Heating step S02

In the heating step S02, the starting material is
subj ected to a heat treatnent of heating under a catalyst.
Wth this, a decarboxylation reaction is caused in the
cyclic carboxylic acid conpound. As a result, a cyclic
conmpound i s obt ai ned.

The decarboxyl ation reaction of the cyclic carboxylic
acid conmpound is represented by the follow ng formnul a.

[ 0071]
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[0072]
The above-described reaction fornula is represented as
follows in a case where the cyclic carboxylic acid conmpound
5 is, for exanple, 4-hydroxybenzoic acid (p-salicylic acid).

[ 0073]

COOH
CO,

H H
[ 0074]

I n addi tion, the above-described reaction fornula is
10 represented as follows in a case where the cyclic
carboxylic acid conmpound is, for exanple, 3,4-
di hydr oxybenzoi ¢ acid (protocatechuic acid).

[ 0075]

COOH

15 [ 0076]
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I n addition, the above-described reaction fornula is
represented as follows in a case where the cyclic
carboxylic acid conpound is, for exanple, 4-am nobenzoic
aci d.

5 [ 0077]

COOH
CO,

NH; NH;

[ 0078]
In addition, the above-described reaction fornula is
represented as follows in a case where the cyclic

10 carboxylic acid conpound is, for exanple, shikimc acid.

[ 0079]
COOH
CO;
S a—
HO™ ™ OH HO™ Y “OH
OH OH
[ 0080]

Specifically, the present step is carried out as
15 foll ows.
First, a starting nmaterial containing a cyclic
carboxylic acid conpound is placed in a reactor. The

reactor is not particularly limted as |long as the reactor
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is made of a material that does not cause denaturation of
the starting material. |In addition, although the reactor
has a function of adjusting tenperature, it may al so have a
function of adjusting pressure.

[ 0081]

Next, a catalyst is placed to the reactor. Then, a
heat treatnment is carried out to heat the inside of the
reactor. As a result, the catalyst acts on the cyclic
carboxylic acid conpound contained in the starting
material, and strong carbon-carbon bonds are broken. That
i's, the decarboxylation reaction of the cyclic carboxylic
acid conmpound is pronoted by the catalyst. Wth this, a
cyclic compound can be obtained in a high yield. Note that
the catal yst may be placed in the reactor first, or the
starting material and the catal yst may be placed in the
reactor at the same tine.

[ 0082]

A tenperature in the heat treatnent is preferably
150°C to 350°C, nore preferably 180°C to 300°C, and further
nore preferably 200°C to 290°C. By carrying out the heat
treatnment at this tenperature, the decarboxylation reaction
can be further pronoted. Wth this, the cyclic conmpound can
be efficiently produced at a | ow cost.

[ 0083]

Note that in a case where the heating tenperature is
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less than a lower limt value, there is a concern that the
pronoting action of the catal yst on the decarboxyl ation
reacti on decreases, and the yield of the cyclic conpound
decreases. On the other hand, in a case where the heating
5 tenperature exceeds an upper limt value, the yield wll
hardly increase, but energy consunption increases, |eading
to an increase in production cost.
[ 0084]
The heating tenperature may be adjusted depending on a
10 nelting point of the cyclic carboxylic acid conmpound. The
heating tenperature is preferably higher than the nelting
poi nt of the cyclic carboxylic acid conpound, nore
preferably 10°C or higher than the nelting point. This
makes the reaction system nore honogeneous, and thus the
15 catal yst pronotes the decarboxyl ation reaction nore
mar kedly. As a result, the yield of the cyclic conmpound can
be further increased.
[ 0085]
For exanple, since the nelting point of 4-
20 hydroxybenzoic acid is 214°C, the heating tenperature in a
case where the starting material containing 4-
hydr oxybenzoic acid is subjected to a heat treatnment is
preferably higher than 214°C and 350°C or |ess, and nore
preferably 224°C or higher and 290°C or | ower.

25 [ 0086]
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In addition, since the nelting point of 3,4-

hydr oxybenzoic acid is 221°C,

case where the starting materi

the heating tenperature in a

al containing 3, 4-

hydr oxybenzoic acid is subjected to a heat treatnent is

preferably higher than 221°C and 350°C or |ower, and nore

preferably 231°C or higher and 290°C or | ower.

[ 0087]

On the other hand, since the nelting point of 4-

am nobenzoic acid is 187°C, the heating tenperature in a

case where the starting materi

al containing 4-am nobenzoic

acid is subjected to a heat treatnent is preferably higher

than 187°C and 350°C or | ower,
hi gher and 290°C or | ower.

[ 0088]

and nore preferably 197°C or

In addition, a heating time at such a heating

tenperature is appropriately set in consideration of the

reaction rate of the decarboxylation reaction and ot her

reaction conditions, but as an exanple, the heating tine is

preferably 5 mnutes or nore and 24 hours or |ess, nore

preferably 10 m nutes or nore

and 12 hours or less, and

further nore preferably 30 mnutes or nore and 6 hours or

| ess.

[ 0089]

A pressure inside the reactor during the heat

treatnment is not particularly

limted, and nmay be nor mal
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pressure, |less than normal pressure, or above nor nal
pressure. Normal pressure refers to 86 kPa or nore and 106
kPa or less. In a case where the pressure is norm
pressure, the pressure resistance of the reactor can be

| onered, and thus the reactor can be easily enl arged.

[ 0090]

On the other hand, in a case where the pressure inside
the reactor is lower than normal pressure, the volatility
of the cyclic conpound obtained after the decarboxyl ation
reaction can be increased. Wth this, the cyclic conmpound
can be purified by condensing the volatilized cyclic
conmpound, and a cyclic conpound with higher purity can be
pr oduced.

[ 0091]

The specific pressure is preferably 0.01 atm (1 kPa)
or nore and | ess than nornmal pressure, and nore preferably
0.1 atmor nore and less than 0.7 atm (71 kPa). 1In
addition, in a case where the pressure in the heat
treatment is less than the lower limt value, there is a
concern that the volatility of the cyclic carboxylic acid
conpound contained in the starting material al so increases,
and the yield decreases.

[ 0092]

In addition, in a case where the pressure inside the

reactor is made to exceed normal pressure, the tenperature
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i nside the reactor can be made to be equal to or higher
than a boiling point of the solvent. Wth this, the
decar boxyl ati on reaction by the catalyst is nore
significantly pronmoted. As a result, the yield of the
cyclic compound can be further increased.

[ 0093]

The specific pressure is preferably higher than norma
pressure and 10 MPa or |less, and nore preferably 200 kPa or
nore and 1 MPa or less. This elimnates the need to
i ncrease the pressure resistance of the reactor nore than
necessary, making it easier to reduce costs.

[ 0094]

In addition, the atnosphere inside the reactor is not
particularly limted, and may be, for exanple, an air
at nosphere, an inert gas atnosphere, or the like. Anmong
these, an inert gas atnosphere may be sel ected when
suppressing side reactions such as oxidation of a cyclic
conpound. Exanples of the inert gas include nitrogen,
carbon di oxi de, argon, and the I|ike.

[ 0095]

The reactor may be a batch reactor, a sem -batch
reactor, a continuous reactor, or a flow reaction system
reactor. Anong these, the flow reaction systemreactor is a
reactor in which a starting material is inserted into one

side of a reaction tube filled with a catalyst, and a
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product is taken out fromthe other side.

[ 0096]

Mor eover, since the cyclic carboxylic acid conpound
beconmes a gas under heating conditions of the boiling point
or higher of the cyclic carboxylic acid conmpound, the
reaction node is preferably a fixed bed type, a noving bed
type, or a fluidized bed type. Anong these, the fixed bed
type is particularly preferabl e because the reactor
structure is not conplicated and the construction cost is
relatively low. 1In the case of heating, a tube heating
furnace type that heats fromthe outside can be used.

[ 0097]

Furthernore, the reactor may have a structure that
allows the starting material and the catal yst to be seal ed,
or may have a structure that does not seal the reactor.

[ 0098]

In addition, after the cyclic conpound is produced, a
step of separating or purifying the cyclic conpound nay be
provi ded dependi ng on the necessity.

[ 0099]

Next, the catalyst will be expl ai ned.

Constituent materials of the catalyst include zeolite.
Zeolite is a material that is made of an al um nunisilicon-
cont ai ni ng conposite oxide and contains many pores. The

al um nuni silicon-containing conposite oxide refers to a
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substance in which alum num oxi de and silicon oxide are
chem cal |y conposit ed.

[ 0100]

The al um nuni silicon containing conposite oxide is
represented by General Formula (1).

Mez/ xQ Al 2Gs/ nSi &/ NHO (1)

[0101]

In the formula (1), Me is an X-val ent cation present
in the pores of the zeolite. mis referred to as an
SiQ/ Al 203 ratio (silica alumna ratio) and takes a val ue of
2 or nore. n represents an anount of adsorbed water.

[0102]

The SIi G/ Al 203 ratio of zeolite is 7 to 500. The
Si G/ Al 20; ratio of zeolite is a ratio of a nolar anmount of
SiG; to a nolar anmount of Al20; in the zeolite, and is an
i ndi cator that represents the acid strength and acid anount
when the zeolite behaves as a solid acid.

[ 0103]

The present inventors found that the SiQ/A 20 ratio
of zeolite is related to the performance of a catal yst used
during producing a cyclic conpound froma cyclic carboxylic
acid conpound. The present inventors also found that when
the SiQ/ A 03 ratio is within the above range, the
decar boxyl ation reaction in a cyclic carboxylic acid

conpound is particularly pronoted by a catal yst, thereby
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conpl eting the present invention.

[ 0104]

Therefore, in a case where the SIQ/A 2% ratio is
wi thin the above range, the efficiency of the
decar boxyl ation reaction is particularly increased by the
action of the catalyst, and the yield of the cyclic
conpound can be particularly increased. Note that in a case
where the SiQ/ A 20 ratio is below the lower limt value,
the acid strength of the solid acid decreases. Therefore,
the performance of the catal yst deteriorates and the yield
of the cyclic conpound decreases. On the other hand, in a
case where the SiOQ/ A >3 rati o exceeds the upper limt
val ue, the acid anount in the solid acid decreases.
Therefore, the performance of the catal yst deteriorates and
the yield of the cyclic conpound decreases.

Note that the Si G/ Al 2O rati o can be obtained by, for
exanpl e, fluorescent X-ray analysis and the I|ike.

[ 0105]

As descri bed above, the nethod for producing a cyclic
conmpound according to the present enbodi ment includes the
above-descri bed heating step SO02. In the heating step S02,
the starting material containing a cyclic carboxylic acid
conmpound is subjected to a heat treatnent of heating under
a catalyst. Wth this, a decarboxylation reaction is caused

in the cyclic carboxylic acid conpound. As a result, a
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cyclic compound is obtained. The catalyst contains zeolite
made of al um nuni silicon-containing conposite oxide. The
Si &/ Al 203 ratio of the zeolite is 7 to 500.

[ 0106]

According to such a production nethod, the efficiency
of the decarboxylation reaction is particularly increased
by the action of the catalyst, and the yield of the cyclic
conpound can be particularly increased. Furthernore, the
obt ai ned cyclic conpound exhibits high quality, for
exanple, less coloring and the Iike.

[0107]

In addition, the Si G/ Al 20; ratio of the zeolite is
preferably 7 to 50, nore preferably 10 to 45, and further
nore preferably 15 to 43.

[ 0108]

The cyclic conpound obtained through the present step
is a conpound obtained by renoving the carboxy group of the
cyclic carboxylic acid conpound, as shown in the above-
descri bed reaction fornula.

[ 0109]

For exanple, in a case where the cyclic carboxylic
acid conmpound is 4-hydroxybenzoic acid, the produced cyclic
conmpound i s phenol. In a case where the cyclic carboxylic
acid conpound is 3, 4-di hydroxybenzoic acid, the produced

cyclic conmpound is catechol. 1In a case where the cyclic
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carboxylic acid conpound is 4-am nobenzoic acid, the
produced cyclic conpound is aniline.

[0110]

Cyclic conmpounds produced fromcyclic carboxylic acid
conpounds are particularly useful as starting materials for
products such as chem cal products, fragrances, cosnetics,
phar maceuticals, and agricultural chem cals. Anong these,
exanpl es of the chem cal products include materials for
el ectrical/electronic parts, materials for synthetic
fibers, resin materials, and chemcal nmaterials. Note that
the starting materials include internedi ates.

[0111]

An acid anount of the zeolite contained in the
catal yst determ ned by the NH- TPD nethod is preferably 0.1
to 2.5 [mmol /g], nore preferably 0.4 to 2.2 [mmol /g], and
further nore preferably 0.8 to 1.9 [mmol/g]. An acid anount
of the zeolite determ ned by the NHs-TPD nethod affects the
performance of the catalyst. Specifically, in a case where
the acid anobunt is increased, the performance of the
catalyst is inproved and the yield of the cyclic conpound
can be increased. In addition, in a case where the acid
anount of the zeolite determ ned by the NH- TPD nethod is
wi thin the above range, the purity of the cyclic conmpound
can be increased, and thus, for exanple, coloring of the

cyclic conmpound can be suppressed. Wth this, when
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produci ng various products using the cyclic conpound as a
starting material, the quality of the product can be
inproved. In other words, the quality of the cyclic
conpound can be inproved. Furthernore, it is possible to
omt the purification of the starting material and reduce
t he nunmber of processes in the purification step, and thus
contributes to reduction of the nunber of processes for
produci ng the product.

[0112]

The NHs- TPD net hod is an eval uation nmethod in which
NHs gas is neasured by adsorbing NHs gas onto a sanple to be
nmeasured, and continuously raising a tenperature to desorb
NHs gas. The above-described acid amobunt is a val ue
measured by the NHs- TPD net hod according to “Measurenent of
solid acid properties by ammoni a tenperat ur e- programed
desorption nethod, catalyst, vol. 42, p. 218 (2000)".

[0113]

Specifically, the acid anmount of the zeolite
determ ned by the NHs- TPD nmet hod i s neasured as foll ows.

[0114]

First, 0.4 g of a sanple is left standing under vacuum
evacuation at 500°C for 1 hour, and this is used as
pretreatnment. A mxed gas containing 10% by vol une of
ammoni a and 90% by vol une of heliumis passed through the

sanple after 1 hour of pretreatnent at roomtenperature to
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carry out saturated adsorption of ammonia onto the sanpl e.
After flowing the mxed gas for 15 mnutes, a tenperature
of the sanple is raised up to 100°C while flow ng helium
gas instead of the m xed gas. After raising the

t enperature, vacuum evacuation is carried out at 100°C for
5 mnutes to renove ammonia remai ning in the atnosphere.
After renoving the remai ni ng anmoni a, the tenperature is
raised to up to 700°C at a tenperature rising rate of
10°C/mn while flowing heliumgas at a flow rate of 60
m./mn. Then, using a TCD detector, an anount of ammoni a
measured during the tenperature rising process is neasured.
From t he neasured anmoni a anount, the adsorbed ammoni a
anount per unit nmass of the sanple is calculated, and this
is defined as the acid anmount (nmol/g).

[ 0115]

The al um num silicon-containing conposite oxide has
crystallinity. The alum nunisilicon-containing conposite
oxi de often contains regularly arranged pores derived from
the crystal structure.

[0116]

The skel eton structure of the zeolite contained in the

catalyst is conpiled into a database by the Internationa
Zeolite Society, and is expressed by a structural code
consisting of three capital letters. Exanples of the

zeolite contained in the catalyst include LTA type zeolite,
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FER type zeolite, MW type zeolite, M type zeolite, MOR

type zeolite, LTL type zeolite, FAU type zeolite, BEA type
zeolite, and the |ike.

[0117]

Among t hese, the catalyst preferably contains at |east
one of FER type zeolite, M-l type zeolite, BEA type
zeolite, and MOR type zeolite, and nore preferably contains
at | east one of MFI type zeolite, BEA type zeolite, and MOR
type zeolite.

[ 0118]

A zeolite having such a skeleton structure has a
structure in which pores having a dianmeter appropriate to
t he nol ecul ar size of the cyclic carboxylic acid conmpound
are distributed. In other words, a zeolite having such a
skel eton structure has a structure which has pores having a
di aneter (pore dianmeter) through which a cyclic carboxylic
acid conpound can easily enter, and has a sufficiently
| ar ge nunber of pores. Therefore, the catal yst containing
this zeolite greatly contributes to pronoting the
decar boxyl ati on reaction and can particularly increase the
yield of the cyclic conpound.

In addition, this structural code includes one or two
or nore of crystal forns.

[0119]

Exanpl es of the crystal formof LTA type zeolite
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include A type and the |like. Exanples of the crystal form

of FER type zeolite include ferrierite type and the |ike.
Exanpl es of the crystal formof MMVtype zeolite include
MCM 22 type and the |ike. Exanples of the crystal form of
MFI type zeolite include ZSM5 type and the |ike. Exanples
of the crystal formof MOR type zeolite include nordenite
type and the like. Exanples of the crystal formof LTL type
zeolite include L type and the Iike. Exanples of crystal
formof FAU type zeolite include X type, Y type, faujasite
type, and the like. Exanples of the crystal form of BEA
type zeolite include beta type and the |ike.

[ 0120]

In particular, the zeolite contained in the catal yst
preferably contains at |east one crystal form anong
ferrierite type, ZSM5 type, beta type, and nordenite type,
and nore preferably contains at | east one crystal form
anong ZSM5 type, beta type, and nordenite type.

[0121]

Zeolite containing such a crystal formparticularly
i nproves the performance of the catal yst, and thus has an
excel l ent effect of producing a highly pure cyclic
conmpound, and can suppress coloring of the cyclic conpound,
for exanple. Wth this, the zeolite has an effect capable
of producing various products using the cyclic conpound as

a starting material, and easily inproving the quality of
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t he product.

[0122]

As described above, the pore dianeter of the zeolite
is optim zed depending on the nol ecul ar size of the cyclic
carboxylic acid conmpound, but as an exanple, is preferably
0.4 nmor nore and 1.5 nmor less, nore preferably 0.5 nm
or nore and 1.0 nmor |ess, and further nore preferably 0.5
nmor nore and 0.8 nmor less. |In a case where the pore
dianeter is within the above range, nolecules of the cyclic
carboxylic acid conmpound will easily enter into the pores.
Therefore, the decarboxylation reaction caused within the
pores is particularly pronoted, and the yield of the cyclic
conpound can be particularly increased. |n addition,
exanpl es of negative effects of having a too | arge pore
di aneter are that nol ecules larger than those of the cyclic
carboxylic acid conpound are all owed to pass through the
pores, shape selectivity of the zeolite for the cyclic
carboxylic acid becones poor, and the yield of the cyclic
conmpound i s decreased.

[ 0123]

Note that in a case where the pore dianeter is |less
than the lower limt value, nolecules of sone types of
cyclic carboxylic acid conpounds will have difficulty in
entering the pores, and there is a concern that pronotion

of the decarboxylation reaction by the catalyst is
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inhibited. On the other hand, in a case where the pore

di anet er exceeds the above upper Iimt value, there is a
concern that even nol ecules |arger than those of the cyclic
carboxylic acid conmpound are all owed to pass through the
pores, and thus the opportunity to pronote the

decar boxyl ati on reaction is reduced.

[ 0124]

In addition, in a case where the zeolite has a
plurality of pores with different pore dianeters, it is
sufficient that at |east one pore dianeter is wthin the
above range. Moreover, the pore dianeter can be neasured,
for exanple, by a nitrogen adsorption nethod.

[ 0125]

The cations conpensate for the negative charges in the
skel eton structure of the zeolite. Exanples of the cations
i ncl ude hydrogen ions, potassiumions, sodiumions,
ammoni umions, and the like. In other words, the zeolite
preferably contains hydrogen, potassium sodium ammobnium
and the like. Note that in addition to the above ones, the
cation may be an organic cation (tenplate).

[ 0126]

Moreover, the zeolite particularly preferably contains
hydrogen. The zeolite containing hydrogen behaves as a
solid acid. The solid acid is particularly useful in a

car bon-carbon bond cl eavage reaction, and particularly
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pronotes a decarboxylation reaction. Wth this, the yield
of the cyclic conpound can be particularly increased. In
addition, in a case where the zeolite contains hydrogen, it
is easy to increase the purity of the cyclic conpound, and
t hus, for exanple, coloring of the cyclic conmpound can be
suppr essed.

[0127]

A content of the zeolite in the catalyst is preferably
60% by mass or nore and 100% by mass or less. Wth this,
the zeolite is present domnantly in the catalyst, and thus
the catalytic action of the zeolite is sufficiently
exhibited. In addition to zeolite, various additives such
as a binder, a formng aid, and a water-sol uble sodiumsalt
may be added to the catalyst.

[ 0128]

Exanpl es of the binder include clay, silica sol,
al um na, and the I|ike.

Exanpl es of form ng aids include cellul ose, alcohol,
[ignin, starch, guar gum and the |iKke.

[ 0129]

Exanpl es of the water-sol uble sodiumsalt include
i norgani ¢ sodium salts such as sodi um phosphate, sodi um
silicate, and sodium alum nate, organic sodiumsalts such
as general organic carboxylic acid, am nocarbonate, ether

carboxyl ate, and vinyl-type polyner sodiumsalt, and the
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l'ike.

[ 0130]

The formof the catalyst is not particularly limted,
and may be, for exanple, a form such as powder, granul es,
and formed bodies. In particular, catalysts shaped to a
certain size are preferably used as catal ysts for fixed bed
reactors. Exanples of the shape of the shaped catal yst
i ncl ude spherical, tablet, pellet, ring, and honeyconb
shapes, which are appropriately sel ected depending on the
flowrate or pressure. In addition, different forns of
catal ysts nmay be used in conbination

[ 0131]

An average particle dianmeter of the powdered or
granular catalyst is preferably about 1 to 500 um, and more
preferably about 2 to 300 um. In a case where the average
particle dianmeter of the catalyst is within the above
range, a specific surface area of the catal yst becones
sufficiently large, and the handl eability of the catalyst
becones rel atively favorabl e.

[ 0132]

Note that the average particle dianmeter of the
catalyst is a value obtained by averaging particle
di aneters of 10 or nore catal ysts when the catal ysts are
observed under a m croscope.

[ 0133]
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An addition anount of the catalysts to the starting
material is not particularly limted, but is preferably an
amount such that the ampbunt of zeolite is 0.01 to 1.5 nol,
and nore preferably an anount such that the anmount of
zeolite is 0.10 to 1.0 nol per 1.0 nol of the cyclic
carboxylic acid compound. Wth this, a necessary and
sufficient anount of catalyst acts on the cyclic carboxylic
acid conmpound. As a result, it is possible to sufficiently
increase the yield of the cyclic conmpound, and to suppress
t he negative effect due to an excessive anount of the
catal yst, for exanple, a defect such as a decrease in the
separability of the cyclic conpound.

[ 0134]

In addition, in the case of a flow reaction system

reactor, the WF is preferably 0.01 to 10,000 [g - h/nol],

and nore preferably 0.1 to 1,000 [g-h/nol]. Note that Wis

a mass (g) of the catalyst filled in the reaction tube, and
Fis aflowrate (nol/h) of the cyclic carboxylic acid
conmpound flowing to a layer filled with the catal yst.
Therefore, WF is a ratio of the nmass of the filled
catalyst to the flowrate of the cyclic carboxylic acid
conpound flow ng into the reaction tube.

[ 0135]

In addition, the specific surface area of the zeolite

is preferably 100 to 1,000 [n%¥/g], and nore preferably 200
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to 600 [n¥/g]. If the specific surface area of the zeolite
is within the above range, it nmeans that the zeolite has
pores with a sufficient density. Therefore, the yield of
the cyclic conpound can be particularly increased.

Note that the specific surface area of zeolite is
nmeasured, for exanple, by the BET nethod.

[ 0136]

<Second enbodi nment >

Next, a second enbodi nent of the nethod for producing
a cyclic conpound of the present invention wll be
descri bed.

Hereinafter, the second enbodi ment of the nethod for
produci ng a cyclic conpound of the present invention wll

be descri bed, but the differences fromthe first enbodi ment

will be mainly described, and the explanation on the sane
matters will be omtted.
[ 0137]

The method for producing a cyclic conmpound of the
present enbodi nent has at | east a step of causing a
decar boxyl ation reaction in the cyclic carboxylic acid
conpound by subjecting the starting material containing the
cyclic carboxylic acid conpound to a heat treatnent of
heating in the presence of a non-solid acid to obtain a
cyclic compound. That is, the nmethod for producing a cyclic

conpound of the present enbodinent is the sane as the
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above-described first enbodi ment, except that instead of
subjecting a starting material containing a cyclic
carboxylic acid conpound to a heat treatnent of heating
under the above-described catalyst, the starting materi al
containing a cyclic carboxylic acid conpound is subjected
to a heat treatnent of heating in the presence of the non-
solid acid.

[ 0138]

Here, as an exanple, an enbodi ment having a starting
materi al preparation step S01, which is an optional step,
and t he above-described heating step SO02 will be descri bed,
but the starting material preparation step S01 of the
present enbodinent is the sane as the starting materi al
preparation step S01 of the first enbodi nent, and thus the
explanation will be omtted.

[ 0139]

2. Heating step S02

In the heating step S02, the starting material is
subjected to a heat treatnent of heating in the presence of
a non-solid acid. Wth this, a decarboxylation reaction is
caused in the cyclic carboxylic acid conpound. As a result,
a cyclic compound is obtained.

Not e that the decarboxylation reaction of the cyclic
carboxylic acid conpound is as shown in the above-descri bed

first enmbodi ment.
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[ 0140]

Specifically, the present step is carried out as
fol |l ows.

First, a starting nmaterial containing a cyclic
carboxylic acid conpound is placed in a reactor. The
reactor is not particularly limted as |long as the reactor
is made of a material that does not cause denaturation of
the starting material. |In addition, although the reactor
has a function of adjusting tenperature, it may al so have a
function of adjusting pressure.

[ 0141]

Next, a non-solid acid is placed in the reactor.

Then, a heat treatnent is carried out to heat the inside of
the reactor. Wth this, the non-solid acid acts on the
cyclic carboxylic acid conpound contained in the starting
mat eri al, and strong carbon-carbon bonds are broken. That
i's, the decarboxylation reaction of the cyclic carboxylic
acid conpound is pronoted by the non-solid acid. Wth this,
a cyclic compound can be obtained in a high yield. Note
that the non-solid acid may be placed in the reactor first,
or the starting material and the non-solid acid may be

pl aced at the sane tinme. In addition, the starting materi al
may contain a non-solid acid together with the cyclic
carboxylic acid conpound.

[0142]



10

15

20

25

46

A tenperature in the heat treatnment is preferably
150°C to 350°C, nore preferably 180°C to 300°C, and further
nmore preferably 200°C to 290°C. By carrying out the heat
treatment at this tenperature, the decarboxylation reaction
can be further pronoted. Wth this, the cyclic conmpound can
be efficiently produced at a | ow cost.

[ 0143]

Note that in a case where the heating tenperature is
| ess than the lower Iimt value, there is a concern that
the pronoting action of the non-solid acid on the
decar boxyl ati on reacti on decreases, and the yield of the
cyclic compound decreases. On the other hand, in a case
where the heating tenperature exceeds an upper limt val ue,
the yield will hardly increase, but energy consunption
i ncreases, leading to an increase in production cost.

[ 0144]

The heating tenperature may be adjusted depending on a
mel ting point of the cyclic carboxylic acid conmpound. The
heating tenperature is preferably higher than the nelting
poi nt of the cyclic carboxylic acid conpound, nore
preferably 10°C or higher than the nelting point. Wth
this, since the reaction system becones nore honbgeneous,
the non-solid acid pronotes the decarboxyl ation reaction
nmore markedly. As a result, the yield of the cyclic

conpound can be further increased.
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[ 0145]

For exanple, since the nelting point of 4-
hydr oxybenzoic acid is 214°C, the heating tenperature in a
case where the starting material containing 4-
hydr oxybenzoic acid is subjected to a heat treatnment is
preferably higher than 214°C and 350°C or |ess, and nore
preferably 224°C or higher and 290°C or | ower.

[ 0146]

In addition, since the nelting point of 3,4-
hydr oxybenzoic acid is 221°C, the heating tenperature in a
case where the starting material containing 3, 4-
hydr oxybenzoic acid is subjected to a heat treatnment is
preferably higher than 221°C and 350°C or | ower, and nore
preferably 231°C or higher and 290°C or | ower.

[0147]

On the other hand, since the nelting point of 4-
am nobenzoic acid is 187°C, the heating tenperature in a
case where the starting material containing 4-am nobenzoic
acid is subjected to a heat treatnment is preferably higher
than 187°C and 350°C or lower, and nore preferably 197°C or
hi gher and 290°C or | ower.

[ 0148]

In addition, a heating time at such a heating
tenperature is appropriately set in consideration of the

reaction rate of the decarboxylation reaction and ot her
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reaction conditions, but as an exanple, the heating tine is
preferably 5 mnutes or nore and 24 hours or |ess, nore
preferably 10 m nutes or nore and 12 hours or |ess, and
further nore preferably 30 mnutes or nore and 6 hours or

5 less.

[ 0149]

A pressure inside the reactor during the heat
treatment is not particularly limted, and nay be nornal
pressure, |less than normal pressure, or above nor nal

10 pressure. Normal pressure refers to 86 kPa or nore and 106
kPa or less. In a case where the pressure is norm
pressure, the pressure resistance of the reactor can be
| onered, and thus the reactor can be easily enl arged.

[ 0150]

15 On the other hand, in a case where the pressure inside
the reactor is lower than normal pressure, the volatility
of the cyclic conpound obtained after the decarboxyl ation
reaction can be increased. Wth this, the cyclic conmpound
can be purified by condensing the volatilized cyclic

20 conpound, and a cyclic conmpound with higher purity can be
pr oduced.

[ 0151]

The specific pressure is preferably 0.01 atm (1 kPa)
or nore and | ess than normal pressure, and nore preferably

25 0.1 atmor nore and less than 0.7 atm (71 kPa). In



10

15

20

25

49

addition, in a case where the pressure in the heat
treatment is less than the lower limt value, there is a
concern that the volatility of the cyclic carboxylic acid
conpound contained in the starting material al so increases,
and the yield decreases.

[ 0152]

On the other hand, in a case where the pressure inside
the reactor is set above normal pressure, the tenperature
inside the reactor can be raised to a tenperature higher
than a boiling point of the solvent. Wth this, the non-
solid acid pronotes the decarboxyl ation reaction nore
mar kedly. As a result, the yield of the cyclic conmpound can
be further increased.

[ 0153]

A specific pressure is preferably higher than nornmal
pressure and 40 MPa or |less, and nore preferably 200 kPa or
nore and 10 MPa or less. This elimnates the need to
i ncrease the pressure resistance of the reactor nore than
necessary, making it easier to reduce costs.

[ 0154]

In addition, the atnosphere inside the reactor is not
particularly Iimted, and may be, for exanple, an air
at nosphere, an inert gas atnosphere, or the like. Anmong
these, an inert gas atnosphere may be sel ect ed when

suppressing side reactions such as oxidation of a cyclic
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conpound. Exanples of the inert gas include nitrogen,
carbon di oxi de, argon, and the I|ike.

[ 0155]

The reactor may be a batch reactor, a sem -batch
reactor, a continuous reactor, or a flow reaction system
reactor.

[ 0156]

Mor eover, since the cyclic carboxylic acid conmpound
beconmes a gas under heating conditions of the boiling point
or higher of the cyclic carboxylic acid conmpound, the
reaction node is preferably a fixed bed type, a noving bed
type, or a fluidized bed type. Anong these, the fixed bed
type is particularly preferabl e because the reactor
structure is not conplicated and the construction cost is
relatively low. In the case of heating, a tube heating
furnace type that heats fromthe outside can be used.

[ 0157]

In addition, the reactor may have a structure that
allows the starting material and the non-solid acid to be
seal ed, or may have a structure that does not seal the
starting material and the non-solid acid.

[ 0158]

In addition, after the cyclic conpound is produced, a
step of separating or purifying the cyclic conpound nay be

provi ded dependi ng on the necessity.
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[ 0159]

Next, the non-solid acid will be explained. As
descri bed above, in the heating step S02, the starting
material is subjected to a heat treatnment of heating in the
presence of a non-solid acid.

[ 0160]

The non-solid acid used in the heating step S02 is an
acid that is present as a liquid or gas during the heat
treatnent. In the case of a non-solid acid, the non-solid
acid can be honogeneously m xed with the starting materi al
when heated in the reactor. Therefore, the efficiency of
contact between the starting material and the non-solid
acid increases. Exanples of the non-solid acid used in the
heati ng step SO02 include inorganic acids, organic acids,
and the |ike.

[0161]

Exanpl es of the inorganic acid include sulfuric acid,
carboni c acid, phosphoric acid, nitric acid, hydrochloric
acid, and the like, and one or a mixture of two or nore of
t hese may be used.

[0162]

In a case where a material containing an inorganic
acid is used as the non-solid acid used in the heating step
S02, since the inorganic acid is easily dissolved in water,

the solubility of the non-solid acid in water can be easily
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increased. Wth this, in a case where the non-solid acid is

used as an aqueous solution, a concentration of the non-
solid acid can be easily adjusted. Therefore, the acid
anount relative to the amount of cyclic carboxylic acid
conmpound can be easily adjusted. As a result, excess or
deficiency of the non-solid acid is less likely to occur,
and the yield of the cyclic conpound can be easily

i ncreased whil e suppressing the occurrence of a surplus of
t he non-solid acid.

[0163]

In addition, many inorgani c aci ds have a hi gher
boiling point than organic acids. Therefore, when the
produced cyclic conpound is separated by evaporation
separation and the like, the difference in boiling point
bet ween the cyclic conpound and the non-solid acid can be
increased. Wth this, the separability of the cyclic
conmpound becones favorable, and the yield and purity can be
easily increased.

[ 0164]

On the other hand, in a case where a materi al
containing an organic acid is used as the non-solid acid
used in the heating step S02, the strength of the organic
acid as an acid is appropriate, and thus the |oad on the
equi pnent can be reduced. Specifically, organic acids are

less likely to destabilize a passive filmof netal, and
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therefore less likely to cause corrosion of the netal.
Therefore, it is not necessary to take special anti-
corrosi on neasures for the equipnent, and the cost of the
equi pnent can be reduced.

[ 0165]

Furthernore, organic acids have noderate strength as
acids conpared to inorganic acids, and therefore are |ess
likely to produce by-products. By-products cause col oring
of the produced cyclic conpound or cause a decrease in
purity. Therefore, by suppressing by-products, it is
possible to inprove the quality of the cyclic conpound.
Note that a colored cyclic conpound can be decol ori zed by
additional purification treatnent.

[ 0166]

Exanpl es of the organic acids include various
carboxylic acids such as aliphatic carboxylic acids (fatty
acids) and the derivatives thereof, various sulfonic acids
and the derivatives thereof, and the |ike, and one or a
m xture of two or nore of these is used. In addition,
vari ous carboxylic acids include nonocarboxylic acids,

di carboxylic acids, and tricarboxylic acids. Various
sul foni c acids include nonosul fonic acids, disulfonic
acids, and trisulfonic acids. Exanples of derivatives

i nclude esters, am des, acid anhydrides, acid chlorides,

and the |ike.
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[0167]

Among t he above ones, the organic acid used in the

heating step SO02 is preferably an aliphatic carboxylic acid

or a derivative thereof. Aliphatic carboxylic acids or
derivatives thereof are particularly unlikely to produce
by-products during heat treatnment. Therefore, aliphatic
carboxylic acids or derivatives thereof are useful as
organic acids used in the heating step S02.

[0168]

Exanpl es of aliphatic carboxylic acids include

saturated aliphatic nonocarboxylic acids such as formc

acid, acetic acid, propionic acid, butyric acid, isobutyric

acid, valeric acid, isovaleric acid, pivalic acid, caproic
acid, glycolic acid, lactic acid, gluconic acid, and
pyruvi c acid, unsaturated aliphatic nonocarboxylic acids
such as acrylic acid, methacrylic acid, oleic acid,
linoleic acid, and a-linolenic acid, saturated aliphatic
di carboxylic acids such as oxalic acid, malonic acid,
succinic acid, malic acid, tartaric acid, a-ketoglutaric
acid, glutaric acid, 2-oxoglutaric acid, and adi pic acid,
unsaturated aliphatic dicarboxylic acids such as nmaleic
acid and fumaric acid, and tricarboxylic acids such as
citric acid, isocitric acid, and aconitic acid.

[ 0169]

In a case where the organic acid used in the heating



10

15

20

25

55

step S02 is an aliphatic carboxylic acid, the nunber of
carbon atons in the aliphatic carboxylic acid is not
particularly limted, but is preferably 1 or nore and 8 or
| ess, nore preferably 2 or nore and 6 or |less, and further
nore preferably 3 or nore and 5 or less. The aliphatic
carboxylic acid having such a nunber of carbon atons has a
mel ting point at which the aliphatic carboxylic acid
becomes a liquid or a boiling point at which the aliphatic
carboxylic acid becomes a gas at the above-descri bed
heating tenperature. Therefore, by perform ng a heat
treatnent in the presence of the aliphatic carboxylic acid
havi ng t he above-descri bed nunber of carbon atons, a
reaction systemin which the aliphatic carboxylic acid is
honmogeneously m xed with the starting material can be
created. In such a reaction system the aliphatic
carboxylic acid that acts |like a catal yst has many
opportunities to cone into contact with the cyclic
carboxylic acid conpound. Therefore, the decarboxyl ation
reaction of the cyclic carboxylic acid conmpound can be
efficiently pronoted by the aliphatic carboxylic acid.

[0170]

Based on the above, the nelting point of the non-solid
acid is preferably 350°C or lower, and nore preferably
300°C or lower. Wth this, the non-solid acid becones a

l[iquid or gas during the heat treatnent, and thus the
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reacti on system between the starting material and the non-
solid acid beconmes nore honobgeneous. As a result, the
decar boxyl ati on reaction can be particularly pronoted.

[0171]

In addition, the boiling point of the non-solid acid
is preferably 80°C or higher, nore preferably 90°C or
hi gher and 350°C or lower, and further nore preferably
100°C or higher and 250°C or lower. Wth this, the
probability that the non-solid acid becones a gas during
the heat treatnent is increased. As a result, non-solid
acid can act particularly |like a honbgeneous catal yst, and
particul arly pronote decarboxyl ation reactions.

[0172]

In addition, in a case where the cyclic conpound to be
produced is purified and recovered by evaporation
separation, the boiling point of the non-solid acid is
preferably different fromthe boiling point of the cyclic
conpound to be produced. Specifically, when an absol ute
val ue of the difference between the boiling point of the
non-solid acid and the boiling point of the cyclic conpound
is defined as the “boiling point difference”, the boiling
point difference is preferably greater than 0°C, nore
preferably 10°C to 250°C, and further nore preferably 30°C
to 200°C. In a case where the boiling point difference is

within the above range, the separability of the cyclic
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conmpound i n evaporation separation can be further inproved.
That is, when the cyclic conmpound is evaporated and
recovered as the tenperature rises, it is possible to
suppress the non-solid acid frombeing mxed into the
cyclic compound as an inpurity.

[ 0173]

Note that even in a case where the boiling point
difference is outside the above range, the cyclic conpound
can be purified and recovered by addi ng anot her separation
treat ment.

[0174]

In addition, anong the aliphatic carboxylic acids,
saturated aliphatic nonocarboxylic acids and saturated
al i phatic dicarboxylic acids are preferably used. These are
also referred to as saturated fatty acids and are
chem cally stable. Therefore, deconposition, denaturation,
or the like is less likely to occur during a heat
treatment. Therefore, it is easy to increase the purity of
the cyclic conpound obtained by the decarboxyl ati on
reaction.

[ 0175]

On the other hand, the strength of a non-solid acid is
represented by the acid dissociation constant pKa. The acid
di ssoci ati on constant pKa of the non-solid acid used in the

heating step SO2 is not particularly limted, but is



10

15

20

25

58

preferably 5.00 or less, nore preferably -5.00 or nore and
4.80 or less, and further nore preferably -4.00 or nore and
4.50 or less. In a case where the acid dissociation
constant pKa is within the above range, the action of the
non-solid acid becones particularly large. Wth this, the
yield of the cyclic conpound can be particularly increased.
Note that the acid dissociation constant pKa of the non-
solid acids is a value for an aqueous solution of each non-
solid acid at 25°C. In a case where a non-solid acid has
two or nore acidic hydrogens, acid dissociation occurs in
stages and has a plurality of acid dissociation constants
pKa. In this case, the | owest acid dissociation constant is
used.

[ 0176]

As descri bed above, the nethod for producing a cyclic
conmpound according to the present enbodi mrent has a heating
step SO02. In the heating step S02, the starting materi al
containing a cyclic carboxylic acid conpound is subjected
to a heat treatnent of heating in the presence of a non-
solid acid. Wth this, a decarboxylation reaction is caused
in the cyclic carboxylic acid conpound. As a result, a
cyclic compound is obtained.

[0177]

According to such a production nethod, the efficiency

of the decarboxylation reaction is particularly increased
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by the action of the non-solid acid, and the yield of the
cyclic compound can be particularly increased. |In addition,
the non-solid acid used in the heating step S02 is present
as a liquid or gas during the heat treatnent and is
honmogeneously m xed with the cyclic carboxylic acid
conpound contained in the starting material, and thus can
act like a so-called honbgeneous catalyst. Wth this, the
reaction efficiency of the decarboxyl ation reaction can be
easily increased w thout using subcritical water in the
related art. Wth this, it is possible to easily reduce the
cost of equi pnent used for producing the cyclic conpound.

[ 0178]

An addi tion anmount of the non-solid acid to the cyclic
carboxylic acid conmpound is not particularly limted, but
an addition concentration of the non-solid acid to a total
of the cyclic carboxylic acid conpound and the non-solid
acid is preferably 0.1 to 10.0 [nol %, nore preferably 0.4
to 5.0 [nol %4, and further nore preferably 0.7 to 3.0
[mol%4. Wth this, a necessary and sufficient anount of
non-solid acid acts on the cyclic carboxylic acid conmpound.
As a result, it is possible to sufficiently increase the
yield of the cyclic conpound, and to suppress the negative
effect due to an excessive amount of the non-solid acid,
for exanple, a defect such as a decrease in the

separability of the cyclic conpound.
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[0179]

The cyclic conpound obtained through the heating step
S02 is a conmpound from which the carboxy group of the
cyclic carboxylic acid conpound is renpoved, as shown in the
above-descri bed reaction formul a.

[ 0180]

For exanple, in a case where the cyclic carboxylic
acid conmpound is 4-hydroxybenzoic acid, the produced cyclic
conmpound i s phenol. In a case where the cyclic carboxylic
acid conpound is 3, 4-di hydroxybenzoic acid, the produced
cyclic conpound is catechol. In a case where the cyclic
carboxylic acid conpound is 4-am nobenzoic acid, the
produced cyclic conpound is aniline.

[ 0181]

Such cyclic conpounds are particularly useful as
starting materials for products such as chem cal products,
fragrances, cosnetics, pharmaceuticals, and agricul tural
chem cals. Anong these, exanples of the chem cal products
include materials for electrical/electronic parts,
materials for synthetic fibers, resin materials, and
chem cal materials. The starting materials include
i nt ermedi at es.

[ 0182]

Note that the non-solid acid used in the heating step

S02 may include both an inorganic acid and an organi c acid.
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In this case, while perform ng the heating step S02, there

may be a tinme when the inorganic acid and the organic acid
are sinmultaneously present in the reactor, or there may be
a time when the inorganic acid and the organic acid are
separately present.

[ 0183]

In addition, the heat treatnent nmay be further carried
out in the presence of a solid acid. That is, in the
heating step S02, a non-solid acid and a solid acid may be
used together. A solid acid is a solid that has acidic
points on a surface. The solid acid has a function of
donating protons to reactants and receiving electron pairs
fromthe reactants. Simlar to the non-solid acid, such a
solid acid al so pronotes the decarboxyl ation reaction of a
cyclic carboxylic acid conpound.

[ 0184]

In a case where a non-solid acid and a solid acid are
used together, there may be a tinme when the non-solid acid
and the solid acid are sinultaneously present in the
reactor for a period of time, or there may be a time when
the non-solid acid and the solid acid are separately
present for a period of tinme.

[ 0185]

Exanpl es of solid acids include zeolite, clay m neral,

cation exchange resin, activated carbon, netal oxide, netal



10

15

20

25

62

sul fide, metal salt, conposite oxide, heteropolyacid,
hydr at ed oxi de, oxygen aci d-supported netal oxide, and the
i ke, and one is used alone or two or nore of these are
used in conbination.

[ 0186]

Anmong these, zeolite is preferably used as the solid
acid. Zeolite is a material that is nmade of an
al um nuni si l i con-contai ni ng conposite oxide and contai ns
many pores. The alum nunisilicon-containing conposite oxide
refers to a substance in which al um num oxi de and silicon
oxide are chem cally conposited. Zeolite has excellent
durability and is easy to reuse, and thus is useful as a
solid acid.

[ 0187]

The al um num silicon containing conposite oxide is
represented by General Formula (1).

Mez/ xQ Al 2Gs/ nSi &/ NHO (1)

[ 0188]

In the formula (1), Me is an X-val ent cation present
in the pores of the zeolite. mis referred to as an
Si Q/ Al oOs ratio (silica alumna ratio) and takes a val ue of
2 or nore. n represents an anount of adsorbed water.

[ 0189]

The Si G/ Al 2O ratio of the zeolite is preferably 7 to

500, nore preferably 7 to 50, further nore preferably 10 to
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45, and particularly preferably 15 to 43. The Si O/ Al 2O

ratio of zeolite is a ratio of a nolar amobunt of SIG: to a
nmol ar amount of Al in the zeolite, and is an indicator
that represents the acid strength and acid anmount when the
zeolite behaves as a solid acid. In a case where the
SiG/A 03 ratio is within the above range, the efficiency
of the decarboxylation reaction is particularly increased
by the action of the solid acid, and the yield of the
cyclic compound can be particularly increased.

Note that the Si &/ Al 20; ratio can be obtai ned by, for
exanpl e, fluorescent X-ray analysis and the I|ike.

[ 0190]

The acid anmount of the zeolite contained in the solid
acid neasured by the NH-TPD nethod is preferably 0.1 to 2.5
[mol /g], nore preferably 0.4 to 2.2 [mmol/g], and further
nore preferably 0.8 to 1.9 [mmol/g]. The acid anopunt of the
zeolite determ ned by the NHs-TPD net hod affects the
performance of the solid acid. Specifically, in a case
where the acid amount is increased, the perfornmance of the
solid acid is inproved and the yield of the cyclic conpound
can be increased. In addition, in a case where the acid
anount of the zeolite determ ned by the NH- TPD nethod is
wi thin the above range, the purity of the cyclic conmpound
can be increased, and thus, for exanple, coloring of the

cyclic conmpound can be suppressed. Wth this, when
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produci ng various products using the cyclic conpound as a
starting material, the quality of the product can be
inproved. In other words, the quality of the cyclic
conpound can be inproved. Furthernore, it is possible to
omt the purification of the starting material and reduce
t he nunmber of processes in the purification step, and thus
contributes to reduction of the nunber of processes for
produci ng the product.

[0191]

The NHs- TPD net hod is an eval uation nmethod in which
NHs gas is neasured by adsorbing NHs gas onto a sanple to be
nmeasured, and continuously raising a tenperature to desorb
NHs gas. The above-described acid amobunt is a val ue
measured by the NHs- TPD net hod according to “Measurenent of
solid acid properties by ammoni a tenperat ur e- programed
desorption nmethod, solid acid, vol. 42, p. 218 (2000)".

[0192]

Specifically, the acid anmount of the zeolite
determ ned by the NHs- TPD nmet hod i s neasured as foll ows.

[0193]

First, 0.4 g of a sanple is left standing under vacuum
evacuation at 500°C for 1 hour, and this is used as
pretreatnment. A mxed gas containing 10% by vol une of
ammoni a and 90% by vol une of heliumis passed through the

sanple after 1 hour of pretreatnent at roomtenperature to
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carry out saturated adsorption of ammonia onto the sanpl e.
After flowing the mxed gas for 15 mnutes, a tenperature
of the sanple is raised up to 100°C while flow ng helium
gas instead of the m xed gas. After raising the

t enperature, vacuum evacuation is carried out at 100°C for
5 mnutes to renove ammonia remai ning in the atnosphere.
After renoving the remai ni ng anmoni a, the tenperature is
raised to up to 700°C at a tenperature rising rate of
10°C/mn while flowing heliumgas at a flow rate of 60
m./mn. Then, using a TCD detector, an anount of ammoni a
measured during the tenperature rising process is neasured.
From t he neasured anmoni a anount, the adsorbed ammoni a
anount per unit nmass of the sanple is calculated, and this
is defined as the acid anmount (nmol/g).

[ 0194]

The al um num silicon-containing conposite oxide has
crystallinity. The alum nunisilicon-containing conposite
oxi de often contains regularly arranged pores derived from
the crystal structure.

[ 0195]

A skeleton structure of the zeolite contained in the
solid acid is conpiled into a database by the International
Zeolite Society, and is expressed by a structural code
consisting of three capital letters. Exanples of the

zeolite contained in the solid acid include LTA type
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zeolite, FER type zeolite, MMWNtype zeolite, M-I type

zeolite, MOR type zeolite, LTL type zeolite, FAU type
zeolite, BEA type zeolite, and the |ike.

[ 0196]

Anmong these, the solid acid preferably includes at
| east one of FER type zeolite, M-I type zeolite, BEA type
zeolite, and MOR type zeolite, and nore preferably includes
at | east one of MFI type zeolite, BEA type zeolite, and MOR
type zeolite.

[ 0197]

A zeolite having such a skeleton structure has a
structure in which pores having a dianmeter appropriate to
t he nol ecul ar size of the cyclic carboxylic acid conmpound
are distributed. In other words, a zeolite having such a
skel eton structure has a structure which has pores having a
di aneter (pore dianmeter) through which a cyclic carboxylic
acid conpound can easily enter, and has a sufficiently
| arge nunber of pores. Therefore, the solid acid containing
this zeolite greatly contributes to pronoting the
decar boxyl ati on reaction and can particularly increase the
yield of the cyclic conpound.

In addition, this structural code includes one or two
or nore of crystal forns.

[ 0198]

Exanpl es of the crystal formof LTA type zeolite
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include A type and the |like. Exanples of the crystal form

of FER type zeolite include ferrierite type and the |ike.
Exanpl es of the crystal formof MMVtype zeolite include
MCM 22 type and the |ike. Exanples of the crystal form of
MFI type zeolite include ZSM5 type and the |ike. Exanples
of the crystal formof MOR type zeolite include nordenite
type and the like. Exanples of the crystal formof LTL type
zeolite include L type and the Iike. Exanples of crystal
formof FAU type zeolite include X type, Y type, faujasite
type, and the like. Exanples of the crystal form of BEA
type zeolite include beta type and the |ike.

[0199]

In particular, the zeolite contained in the solid acid
preferably includes at |east one crystal form anong the
ferrierite type, the ZSM5 type, the beta type, and the
nordenite type, and nore preferably includes at |east one
crystal formof the ZSM5 type, the beta type, and the
nor deni te type.

[ 0200]

Zeolite containing such crystal fornms particularly
i nproves the performance of the solid acid, and thus is
excellent in producing the cyclic conpound with high
purity. Therefore, coloring of the cyclic conpound, for
exanpl e, can be suppressed. Wth this, the zeolite has an

ef fect capabl e of producing various products using the
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cyclic compound as a starting material, and easily
i mproving the quality of the product.

[ 0201]

As described above, the pore dianeter of the zeolite
is optim zed depending on the nol ecular size of the cyclic
carboxylic acid conpound, but as an exanple, is preferably
0.4 nmor nore and 1.5 nmor less, nore preferably 0.5 nm
or nore and 1.0 nmor less, and further nore preferably 0.5
nmor nore and 0.8 nmor less. |In a case where the pore
dianeter is within the above range, nolecules of the cyclic
carboxylic acid conpound will easily enter into the pores.
Therefore, the decarboxylation reaction caused within the
pores is particularly pronoted, and the yield of the cyclic
conpound can be particularly increased. |n addition,
exanpl es of negative effects of having a too | arge pore
di aneter are that nol ecules larger than those of the cyclic
carboxylic acid conmpound are all owed to pass through the
pores, shape selectivity of the zeolite for the cyclic
carboxylic acid becomes poor, and the yield of the cyclic
conmpound i s decreased.

[ 0202]

Note that there is a concern that in a case where the
pore dianmeter is belowthe lower Iimt value, nolecules of
sone types of cyclic carboxylic acid conpounds will have

difficulty in entering the pores, and the pronotion of the
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decar boxyl ation reaction by the solid acid is inhibited. On
the other hand, in a case where the pore dianeter exceeds

t he above upper Iimt value, there is a concern that even
nmol ecul es |l arger than those of the cyclic carboxylic acid
conpound are allowed to pass through the pores, and thus
the opportunity to pronote the decarboxylation reaction is
reduced.

[ 0203]

In addition, in a case where the zeolite has a
plurality of pores with different pore dianeters, it is
sufficient that at |east one pore dianeter is wthin the
above range. Mreover, the pore dianeter can be neasured,
for exanple, by a nitrogen adsorption nethod.

[ 0204]

The cations conpensate for the negative charges in the
skel eton structure of the zeolite. Exanples of the cations
i ncl ude hydrogen ions, potassiumions, sodiumions,
ammoni umions, and the like. In other words, the zeolite
preferably contains hydrogen, potassium sodium ammobnium
and the like. Note that in addition to the above ones, the
cation may be an organic cation (tenplate).

[ 0205]

Moreover, the zeolite particularly preferably contains
hydrogen. The zeolite containing hydrogen behaves

particularly favorably as a solid acid and can particularly
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increase the yield of the cyclic conmpound. In addition, in
a case where the zeolite contains hydrogen, it is easy to
increase the purity of the cyclic conmpound, and thus, for
exanpl e, coloring of the cyclic conpound can be suppressed.

[ 0206]

A content of zeolite in the solid acid is preferably
60% by mass or nore and 100% by mass or |less. Wth this,
the zeolite is present domnantly in the solid acid, and
thus the action of the zeolite is sufficiently exhibited.
In addition to zeolite, various additives such as a binder,
a formng aid, and a water-sol uble sodiumsalt nmay be added
to the solid acid.

[ 0207]

Exanpl es of the binder include clay, silica sol,
alum na, and the like.

Exanpl es of form ng aids include cellul ose, alcohol,
[ignin, starch, guar gum and the I|iKke.

[ 0208]

Exanpl es of the water-sol uble sodiumsalt include
i norgani ¢ sodium salts such as sodi um phosphate, sodi um
silicate, and sodium alum nate, organic sodiumsalts such
as general organic carboxylic acid, am nocarbonate, ether
carboxyl ate, and vinyl-type polyner sodiumsalt, and the
like.

[ 0209]
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The formof the solid acid is not particularly
limted, and may be, for exanple, a form of powder,
granul es, fornmed bodies, or the like. In particular, solid
acids shaped to a certain size are preferably used as solid
acids for fixed bed reactors. Exanples of the shape of the
shaped solid acid include spherical, tablet, pellet, ring,
and honeyconb shapes, which are appropriately sel ected
depending on the flow rate and pressure. In addition,
different fornms of solid acids may be used in conbination.

[ 0210]

An average particle dianmeter of the solid acid in
powder or granule form is preferably about 1 to 500 um, and
more preferably about 2 to 300 pum. In a case where the
average particle dianeter of the solid acid is within the
above range, the specific surface area of the solid acid
beconmes sufficiently large and the handleability of the
solid acid becones rel atively favorable.

[0211]

Note that the average particle dianmeter of the solid
acid is a val ue obtained by averaging the particle
di ameters of 10 or nore solid acids when the solid acid is
observed under a m croscope.

[0212]

An addition anount of solid acid to the starting

material is not particularly limted, but is preferably an
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amount such that the anount of the solid acid is 0.01 to
1.5 nol, and nore preferably an anobunt such that the anount
of the solid acid is 0.10 to 1.0 nol per 1.0 nol of the
cyclic carboxylic acid conpound. Wth this, a necessary and
sufficient anobunt of solid acid acts on the cyclic
carboxylic acid conmpound. As a result, it is possible to
sufficiently increase the yield of the cyclic conpound and
to suppress the negative effect due to an excessive anount
of the solid acid, for exanple, a defect such as a decrease
in the separability of the cyclic conpound.

[ 0213]

In addition, in the case of a flow reaction system

reactor, the WF is preferably 0.01 to 10,000 [g - h/nol],

and nore preferably 0.1 to 1,000 [g-h/npol]. Note that Wis

the mass (g) of the solid acid filled in the reaction tube,
and Fis the flowrate (nol/h) of the cyclic carboxylic
acid conpound flowng to a layer filled with the solid
acid. Therefore, WF is aratio of the mass of the filled
solid acid to the flowrate of the cyclic carboxylic acid
conmpound flowing into the reaction tube.

[ 0214]

In addition, the specific surface area of the zeolite
is preferably 100 to 1,000 [n?/g], and nore preferably 200
to 600 [n¥/g]. |If the specific surface area of the zeolite

is within the above range, it neans that the zeolite has
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pores with a sufficient density. Therefore, the yield of
the cyclic conpound can be particularly increased. Note
that the specific surface area of zeolite is neasured, for
exanpl e, by the BET net hod.

[ 0215]

<Thi rd enmbodi ment >

Next, a third enbodi nent of the cyclic conpound of the

present invention and the method for producing a cyclic
conmpound of the present invention will be descri bed.

Hereinafter, the third enbodi nent of the cyclic
conpound of the present invention and the nethod for
produci ng a cyclic conpound of the present invention wll
be described bel ow, but the differences fromthe first and
second enbodi ments will be mainly described, and the
expl anation on the sane matters will be omtted.

(Met hod for producing cyclic conpound)

The nmethod for producing a cyclic conmpound accordi ng
to the present enbodi nent has at |east a step of causing a
decar boxyl ation reaction in the cyclic carboxylic acid
conmpound by subjecting a starting nmaterial containing the
cyclic carboxylic acid conpound derived from bi omass to a
heat treatnment to obtain a cyclic conpound. Here, as an
exanpl e, an enbodi ment including a starting materi al
preparation step S01 and a heating step S02, which are

optional steps, wll be described.
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[ 0216]

1. Starting material preparation step SO01

In the starting material preparation step S01, a
starting material containing a cyclic carboxylic acid
conmpound derived from bionass is prepared. The present step
may be carried out depending on the necessity, and can be
omtted in a case where a product has already been
pr epar ed.

Note that the cyclic carboxylic acid conpound is a
conpound described in the above-described first enbodi nent.

[0217]

Here, the starting material containing a cyclic
carboxylic acid conpound is a biomass-derived starting
material. Biomass refers to plant-derived organic
resources. Specific exanples include plants that have been
converted and stored in the formof starch, cellul ose, and
the like, animals that grow by eating plants, products nmade
by processing plants or aninmals, and the like. By using
bi omass, fossil resources are not consumed during the
preparation of cyclic carboxylic acid conpounds, and thus
it is possible to suppress an increase in the concentration
of carbon dioxide in the atnosphere. Therefore, this can
contribute to carbon neutrality. Note that the starting
material may be a m xture of a material derived from fossi

resources and a material derived from bi onass.
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[0218]

Carbon in biomass contains radioactive carbon “C to
the sane extent as in the environnent. 1In contrast, carbon
in fossil resources contains al nost no radioactive carbon
14C. Therefore, by producing a cyclic conpound using a
bi omass-derived starting material, a cyclic conpound
cont ai ni ng radi oactive carbon 14C can be produced. Such a
cyclic compound exhibits an effect of suppressing an
increase in carbon dioxide in the atnosphere at the tinme of
di sposal, and therefore can contribute to carbon
neutrality. Note that the cyclic conpound cont ai ning
radi oactive carbon #C will be described in detail later.

[ 0219]

To prepare a starting material containing a cyclic
carboxylic acid conmpound from bi omass, first, the biomass
is pretreated. Wth this, mxed sugar such as
ol i gosacchari des or pol ysaccharides having glucose units is
obt ai ned fromthe bi omass.

[ 0220]

In a case where the cyclic carboxylic acid compound is
4- hydr oxybenzoic acid, for exanple, a starting materi al
cont ai ni ng 4- hydroxybenzoic acid can be obtained fromm xed
sugar by the method di sclosed in Biotechnol ogy and
Bi oengi neering Vol. 76, Section 376, 2001. Specifically, 4-

hydr oxybenzoic acid is obtained, for exanple, by
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fermentati on using bacteria or reconbi nant bacteria and
using a m xed sugar such as glucose as a carbon source.
Bacteria or reconbi nant bacteria used for fernentation are
not particularly limted.

[ 0221]

Note that crystallization fernentation is carried out
usi ng mcroorgani sns that can grow in weak acidity near the
aci d dissociation constant (pKa) at which 4-hydroxybenzoic
aci d becomes insoluble, and a target 4-hydroxybenzoic acid
may be obtained by solid-liquid separation.

[ 0222]

In addition, by adding an am ne solvent that is
imm scible with water to an amonium salt type 4-
hydr oxybenzoi ¢ aci d aqueous sol uti on obtai ned by
fermentation and heating thereof, ammnia is renoved and an
am ne sol ution of 4-hydroxybenzoic acid nmay be obtai ned.

[ 0223]

Furt hernore, 4-hydroxybenzoic acid is esterified with
al cohol, an obtai ned 4-hydroxybenzoic acid ester is
purified by distillation, then the 4-hydroxybenzoic acid
ester is hydrolyzed, and 4-hydroxybenzoic acid may be
pr oduced.

[ 0224]

On the other hand, for exanple, in a case where the

cyclic carboxylic acid conpound is 3, 4-di hydroxybenzoic
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acid, a starting material containing 3, 4-di hydroxybenzoic
acid is obtained by fernentation using reconbi nant bacteria
and using a m xed sugar such as glucose as a carbon source.
The reconbi nant bacteria used for fernentation are not
particularly Iimted.

[ 0225]

Note that the present step nay be a step of preparing
a bionmass-derived starting nmaterial produced by recycling
and the like, for exanple.

[ 0226]

In addition, the starting material containing a cyclic
carboxylic acid conmpound nay or may not contain a sol vent
in addition to the cyclic carboxylic acid conpound.

[ 0227]

Among these, it is preferable that the starting
materi al does not contain a solvent. 1In a case where no
solvent is used, a reaction rate of the cyclic carboxylic
acid conpound in the heating step S02 described bel ow can
be increased. In addition, an anmount of heat required for
the heat treatnment in the heating step S02 can be reduced.
Therefore, production efficiency can be particularly
i mproved. Note that “not containing a solvent” refers to a
state in which a content of a solvent is 1% by nass or |ess
of atotal starting material.

[ 0228]
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On the other hand, in a case where the starting
mat erial contains a solvent, the fluidity of the starting
mat eri al can be increased, and thus the handl eability of
the starting material can be favorable. However, in a case
where an anmount of the solvent is too |arge, an anount of
heat required in the heating step S02 increases.

[ 0229]

Therefore, in a case where the starting materi al
contains a solvent, a content of the solvent is nore than
1% by mass of the entire starting material, and a nmass
ratio of the solvent to the cyclic carboxylic acid conpound
is preferably 150 or less, and nore preferably 15 or |ess.

[ 0230]

Exanpl es of the solvent include water, alcohol,
al kyl ene glycol, aromatic hydrocarbons, ethers, and the
i ke, and one alone or a mxture of two or nore of these,

or a mxture of at |east one of these and ot her solvents is

used.

[ 0231]

Exanpl es of the al cohol include nethanol, ethanol,
propanol , isopropyl alcohol, butanol, pentanol, hexanol,

and the like.
[ 0232]
Exanpl es of the al kyl ene glycol include ethylene

gl ycol, diethylene glycol, triethylene glycol, 1,2-
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propyl ene glycol, 1, 3-propanediol, 1,4-butanediol, 1,5-

pent anedi ol , 1, 6-hexanediol, and the I|ike.

[ 0233]

Exanpl es of aromatic hydrocarbons include benzene,

t ol uene, xylene, phenol, cunene, nesityl ene, naphthal ene,
tetraline, NWP (N-nethyl-2-pyrrolidone), and the Iike.

[ 0234]

Exanpl es of the ethers include di phenyl ether,

di ret hyl ether, and the liKke.

[ 0235]

2. Heating step S02

In the heating step S02, the starting material is
subjected to a heat treatnent. Wth this, a decarboxylation
reaction is caused in the cyclic carboxylic acid conpound.
As a result, a cyclic conpound is obtained.

Not e that the decarboxylation reaction of the cyclic
carboxylic acid conpound is as shown in the above-descri bed
first enbodi nent.

[ 0236]

Specifically, the present step is carried out as
fol |l ows.

First, a starting material containing a cyclic
carboxylic acid conpound is placed in a reactor. The
reactor is not particularly limted as |Iong as the reactor

is made of a material that does not cause denaturation of
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the starting material. |In addition, although the reactor
has a function of adjusting tenperature, it may al so have a
function of adjusting pressure.

[ 0237]

In addition, a catalyst may be placed in the reactor
dependi ng on the necessity. Exanples of the catal yst
i nclude acid, alkali, hydrogen, transition netal conpound,
and the like. Anong these, acid is preferably used. Acid
is relatively easy to obtain and can take various forns,
and thus tend to inprove catal yst efficiency.

[ 0238]

Exanpl es of the acid include solid acid, inorganic
acid, and organic acid. Note that in the foll ow ng
expl anation, inorganic acid and organic acid may be
referred to as “non-solid acids”.

[ 0239]

Anong t hese, exanples of the solid acid include
zeolite, clay mneral, cation exchange resin, activated
carbon, netal oxide, netal sulfide, netal salt, conposite
oxi de, heteropol yacid, hydrated oxide, oxygen acid-
supported netal oxide, and the |ike, and one or a
conbi nation of two or nore of these nay be used.

[ 0240]

In addition, exanples of the inorganic acid include

sul furic acid, carbonic acid, phosphoric acid, nitric acid,
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hydrochloric acid, and the |like, and one or a m xture of
two or nore of these is used.

[ 0241]

I n addition, exanples of the organic acid include
vari ous carboxylic acids and derivatives thereof such as
al i phatic carboxylic acids (fatty acids), various sulfonic
acids and derivatives thereof, and the |ike, and one or a
m xture of two or nore of these is used. In addition,
vari ous carboxylic acids include nonocarboxylic acids,

di carboxylic acids, and tricarboxylic acids. Various
sul fonic acids include nonosul fonic acids, disulfonic
acids, and trisulfonic acids. Exanples of derivatives

i nclude esters, am des, acid anhydrides, acid chlorides,
and the |ike.

[ 0242]

Exanpl es of aliphatic carboxylic acids include
saturated aliphatic nonocarboxylic acids such as formc
acid, acetic acid, propionic acid, butyric acid, isobutyric
acid, valeric acid, isovaleric acid, pivalic acid, caproic
acid, glycolic acid, lactic acid, gluconic acid, and
pyruvi c acid, unsaturated aliphatic nonocarboxylic acids
such as acrylic acid, nmethacrylic acid, oleic acid,
linoleic acid, and a-linolenic acid, saturated aliphatic
di carboxylic acids such as oxalic acid, malonic acid,

succinic acid, malic acid, tartaric acid, a-ketoglutaric
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acid, glutaric acid, 2-oxoglutaric acid, and adi pic acid,
unsaturated aliphatic dicarboxylic acids such as naleic
acid and fumaric acid, and tricarboxylic acids such as
citric acid, isocitric acid, and aconitic acid.

[ 0243]

In a case where a solid acid is used as the acid, the
addi tion anmount of the solid acid to the starting materi al
is not particularly limted, but is preferably an anount
such that the amount of the solid acid is 0.01 to 1.5 nol
per 1.0 nol, and nore preferably an anount such that the
anmount of the solid acidis 0.10 to 1.0 nol per 1.0 nol of
the cyclic carboxylic acid compound. Wth this, a necessary
and sufficient anount of catalyst acts on the cyclic
carboxylic acid conmpound. As a result, it is possible to
sufficiently increase the yield of the cyclic conmpound, and
to suppress the negative effect due to an excessive anount
of the catalyst, for exanple, a defect such as a decrease
in the separability of the cyclic conpound.

[ 0244]

In addition, in a case where a non-solid acid is used
as the acid, the addition anbunt of the non-solid acid to
the starting material is not particularly limted, but is
preferably an amount such that the addition concentration
of the non-solid acidis 0.1 to 10.0 [mol %, nore

preferably an anmount such that the addition concentration
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of the non-solid acid is 0.4 to 5.0 [nol %, and further
nore preferably an anount such that the addition
concentration of the non-solid acid is 0.7 to 3.0 [nol%4 to
the total of the cyclic carboxylic acid conmpound and the
non-solid acid. Wth this, a necessary and sufficient
anount of catalyst acts on the cyclic carboxylic acid
conmpound. As a result, it is possible to sufficiently
increase the yield of the cyclic conmpound and to suppress
t he negative effect due to an excessive anount of the
catal yst, for exanple, a defect such as a decrease in the
separability of the cyclic conpound.

[ 0245]

In addition, in a case where a non-solid acid is used
as the acid, the nelting point of the non-solid acid is
preferably 350°C or |ower, and nore preferably 300°C or
lower. Wth this, the non-solid acid becones a liquid or
gas during the heat treatnent, and thus the reaction system
between the starting material and the non-solid acid
beconmes nore honobgeneous. As a result, the decarboxyl ation
reaction can be particularly pronoted.

[ 0246]

In addition, in a case where a non-solid acid is used
as the acid, the boiling point of the non-solid acid is
preferably 80°C or higher, nore preferably 90°C or higher

and 350°C or lower, and further nore preferably 100°C or
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hi gher and 250°C or lower. Wth this, the probability that

the non-solid acid becones a gas during the heat treatnent
is increased. As a result, non-solid acid can act
particularly |ike a honbgeneous catal yst, and particularly
pronot e decar boxyl ati on reacti ons.

[ 0247]

Note that in a case where the cyclic conpound to be
produced is purified and recovered by evaporation
separation, the boiling point of the non-solid acid is
preferably higher than the boiling point of the cyclic
conpound to be produced. Specifically, the difference
obt ai ned by subtracting the boiling point of the cyclic
conpound fromthe boiling point of the non-solid acid is
preferably higher than 0°C, nore preferably 10°C to 250°C,
and further nore preferably 30°C to 200°C. In a case where
the boiling point difference is within the above range, the
separability of the cyclic conpound in evaporation
separation can be further inproved. In other words, when
the cyclic conpound is evaporated and recovered as the
tenperature rises, it is possible to suppress the non-solid
acid from evaporating together.

[ 0248]

Note that even in a case where the boiling point
difference is outside the above range, the cyclic conpound

can be purified and recovered by addi ng anot her separation
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treatnent.

[ 0249]

In addition, the catalyst nay be placed in the reactor
first, or the starting nmaterial and the catal yst may be
pl aced sinultaneously in the reactor. Moreover, the
starting material may contain a catal yst together with the
cyclic carboxylic acid conpound.

[ 0250]

Next, a heat treatnent is carried out to heat the
inside of the reactor. Wth this, the decarboxyl ation
reaction is caused in the cyclic carboxylic acid conpound
contained in the starting material, and strong carbon-
carbon bonds are broken. As a result, a cyclic conmpound is
obt ai ned.

[ 0251]

The tenperature in the heat treatnent varies slightly
dependi ng on the presence or absence of a catalyst, but is
preferably 150°C to 350°C, nore preferably 180°C to 300°C,
and further nore preferably 200°C to 290°C. By carrying out
the heat treatment at this tenperature, the decarboxylation
reaction can be further pronoted. Wth this, the cyclic
conmpound can be efficiently produced at a | ow cost.

[ 0252]

In addition, in a case where the heating tenperature

is less than the lower limt value, the efficiency of the
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decar boxyl ati on reacti on decreases, and there is a concern
that the yield of the cyclic conpound decreases. On the

ot her hand, in a case where the heating tenperature exceeds
an upper limt value, the yield will hardly increase, but
energy consunption increases, leading to an increase in
production cost.

[ 0253]

The heating tenperature may be adjusted depending on a
mel ting point of the cyclic carboxylic acid conmpound. The
heating tenperature is preferably higher than the nelting
poi nt of the cyclic carboxylic acid conpound, nore
preferably 10°C or higher than the nelting point. Wth
this, since the reaction system becones nore honbgeneous,

t he decarboxyl ati on reaction becones nore marked. As a
result, the yield of the cyclic conpound can be further
i ncreased.

[ 0254]

For exanple, since the nelting point of 4-
hydr oxybenzoic acid is 214°C, the heating tenperature in a
case where the starting material containing 4-
hydr oxybenzoic acid is subjected to a heat treatnment is
preferably higher than 214°C and 350°C or |ess, and nore
preferably 224°C or higher and 290°C or | ower.

[ 0255]

Furthernore, since the nelting point of 3, 4-
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di hydr oxybenzoic acid is 221°C, the heating tenperature in

a case where the starting material containing 3, 4-

di hydroxybenzoic acid is subjected to a heat treatnent is
preferably higher than 221°C and 350°C or |ower, and nore
preferably 231°C or higher and 290°C or | ower.

[ 0256]

On the other hand, since the nelting point of 4-
am nobenzoic acid is 187°C, the heating tenperature in a
case where the starting material containing 4-an nobenzoic
acid is subjected to a heat treatnent is preferably higher
than 187°C and 350°C or |lower, and nore preferably 197°C or
hi gher and 290°C or | ower.

[ 0257]

In addition, a heating time at such a heating
tenperature is appropriately set in consideration of the
reaction rate of the decarboxylation reaction and ot her
reaction conditions, but as an exanple, the heating tine is
preferably 5 mnutes or nore and 24 hours or |ess, nore
preferably 10 m nutes or nore and 12 hours or |ess, and
further nore preferably 30 mnutes or nore and 6 hours or
| ess.

[ 0258]

A pressure inside the reactor during the heat
treatnent is not particularly limted, and may be nor nal

pressure, |ess than normal pressure, or above norna
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pressure. Normal pressure refers to 86 kPa or nore and 106
kPa or less. In a case where the pressure i s nornmal
pressure, the pressure resistance of the reactor can be

| onered, and thus the reactor can be easily enl arged.

[ 0259]

On the other hand, in a case where the pressure inside
the reactor is lower than normal pressure, the volatility
of the cyclic conpound obtained after the decarboxyl ation
reaction can be increased. Wth this, the cyclic conpound
can be purified by condensing the volatilized cyclic
conmpound, and a cyclic conpound with higher purity can be
pr oduced.

[ 0260]

The specific pressure is preferably 0.01 atm (1 kPa)
or nore and | ess than nornmal pressure, and nore preferably
0.1 atmor nore and less than 0.7 atm (71 kPa). 1In
addition, in a case where the pressure in the heat
treatment is less than the lower limt value, there is a
concern that the volatility of the cyclic carboxylic acid
conpound contained in the starting material al so increases,
and the yield decreases.

[ 0261]

On the other hand, in a case where the pressure inside
the reactor is set above normal pressure, the tenperature

inside the reactor can be raised to a tenperature higher
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than a boiling point of the solvent. Wth this, the

decar boxyl ati on reacti on becones nore narked. As a result,
the yield of the cyclic conpound can be further increased.

[ 0262]

The specific pressure is preferably greater than
normal pressure and 40 MPa or | ess, and nore preferably 200
kPa or nore and 10 MPa or less. This elimnates the need to
i ncrease the pressure resistance of the reactor nore than
necessary, making it easier to reduce costs.

[ 0263]

In addition, the atnosphere inside the reactor is not
particularly limted, and may be, for exanple, an air
at nosphere, an inert gas atnosphere, or the |like. Anong
these, an inert gas atnosphere may be sel ect ed when
suppressing side reactions such as oxidation of a cyclic
conpound. Exanples of the inert gas include nitrogen,
carbon di oxi de, argon, and the |ike.

[ 0264]

The reactor nmay be a batch reactor, a sem -batch
reactor, a continuous reactor, or a flow reaction system
reactor.

[ 0265]

Mor eover, since the cyclic carboxylic acid conmpound
beconmes a gas under heating conditions of the boiling point

or higher of the cyclic carboxylic acid conmpound, the
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reaction node is preferably a fixed bed type, a noving bed
type, or a fluidized bed type. Anong these, the fixed bed
type is particularly preferabl e because the reactor
structure is not conplicated and the construction cost is
relatively low. In the case of heating, a tube heating
furnace type that heats fromthe outside can be used.

[ 0266]

Furthernore, the reactor may have a structure that can
seal the starting material, or may have a structure that
does not seal the starting material. In addition,
alternatively, refluxing operation may be carried out in
the reactor. Wth this, the yield and purity of the cyclic
conpound can be increased.

[ 0267]

In addition, after the cyclic conpound is produced, a
step of separating or purifying the cyclic conpound may be
provi ded dependi ng on the necessity.

[ 0268]

(Cyclic conmpound)

The cyclic conpound according to the present
enbodi nent is obtained by the production nethod descri bed
above.

[ 0269]

The cyclic conmpound according to the present

enbodi nent is a cyclic conpound produced by causing a
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decar boxyl ation reaction in the cyclic carboxylic acid
conmpound by subjecting a starting nmaterial containing the
cyclic carboxylic acid conpound derived from bi omass to a
heat treatnment. The concentration of radioactive carbon 14C
in all carbon atons of this cyclic conmpound is 80%to 100%
when the concentration of radioactive carbon C in
circulating carbon as of 1950 is taken as 100% |In this
cyclic compound, a proportion of the main conponent having
a single nolecular structure is 90 to 100 nol %

[ 0270]

Such a cyclic conpound contains a nain conponent
having a single nolecular structure with high purity, and
thus the quality beconmes stable. Therefore, the cyclic
conpound suitable for various uses is obtained.

Furt hernore, since the concentration of radi oactive carbon
14Cin all carbon atonms of the cyclic conpound is
sufficiently high, a cyclic conpound that greatly
contributes to carbon neutrality is obtained. Note that the
quality includes, for exanple, various physical properties
such as nelting point, boiling point, solubility,

appear ance, and col orati on.

[0271]

In addition, the concentration of radioactive carbon
14C in all carbon atons of a cyclic conpound is obtained by

measuring a content of radioactive carbon #C in a sanple
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based on the biobased concentration test standard ASTM
D6866- 20 establi shed by the Anerican Society for Testing
and Materials (ASTM, and cal culating fromthe neasurenent
result and the concentration of radioactive carbon 1“C in
circulating carbon as of 1950, for exanple. Note that this
test standard specifies a plurality of analysis nethods,
and anong these, analysis nethod B (AVMS nethod) is
preferably used. For analysis nethod B, for exanple, an
anal yzer such as an accel erator nmass spectroneter Pelletron
AMS manuf actured by NEC Corporation is used.

[ 0272]

The proportion of main conponents having a single
nol ecul ar structure refers to a nolar fraction of nolecul es
(mai n conponents) having a single structure in a cyclic
conmpound when nol ecules with different structures are
included in the cyclic conpound. The proportion of the main
conponents is neasured, for exanple, by gas chromatography
mass spectronetry (GO MB).

[ 0273]

In addition, the above-described main conponents are
preferably aromati c conpounds derived from bi omass. The
aromati ¢ conmpound derived from bi onass refers to an
aromatic conmpound in which all of the contained carbon
atons are radioactive carbon C. The cyclic conpound

cont ai ni ng such conpounds as mai n conponents is
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particularly useful in various applications such as
chem cal products, fragrances, cosnetics, pharmaceuticals,
and agricul tural chem cals.

[ 0274]

5 Speci fic exanples of aromatic conpounds derived from
bi omass i nclude bi omass-derived phenol s, biomass-derived
aromati ¢ am nes, bionmass-derived aromatic al dehydes,
bi omass-derived aromatic al cohols, or derivatives thereof.

[0275]

10 Exanpl es of bionass-derived phenols include, in
addition to phenol (hydroxybenzene), catechol, resorcinol,
benzene diols (di hydroxybenzene) such as hydroqui none,
benzene triol (trihydroxybenzene) such as hydroxynol,
phl or ogl uci nol, and pyroganol), o-cresol, mcresol, p-

15 cresol, 2,4-dinethyl phenol, 2,6-dinethyl phenol, 2,3, 6-
trimet hyl phenol, 2,4, 6-trinmethyl phenol, 5-isopropyl-2-
met hyl phenol , 4-isopropyl phenol, 4-cycl ohexyl phenol, 4-
phenyl phenol , 3-pentadecyl phenol, 3-pentadecyl phenol
nonoene, 3-pentadecyl phenol diene, 3-pentadecyl phenol

20 triene, catechol nonoal kyl ether, hydroqui none nonoal kyl

et her, methyl 4-hydroxyphenyl acetate, 1-naphthol, 2-

napht hol , bi sphenol A, 2, 6-di net hoxyphenol, |ignin, cashew
oil, cardanol, cardol, 2-nethylcardol, anacardic acid, and
the |ike.

25 [ 0276]
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Exanpl es of bi onass-derived aromati c am nes include
aniline, o-toluidine, p-toluidine, o-anisidine, p-
ani sidine, 2,6-dinethylaniline, 2,4,6-trinethylaniline,
2,6-diethylaniline, 4-fluoroaniline, 4-chloroaniline, 2-
am nophenol , 3-am nophenol, 4-am nophenol, N nethylaniline,
and the |ike.

[0277]

Exanpl es of bi onass-derived aromati c al dehydes i ncl ude
p- ani sal dehyde, 3, 4-di net hoxybenzal dehyde, 2, 4-

di net hoxybenzal dehyde, 2, 5-di net hoxybenzal dehyde, 2, 4, 6-
tri met hoxybenzal dehyde, 4-ethoxybenzal dehyde, 4-

but oxybenzal dehyde, 4-t-but oxybenzal dehyde, 4-

cycl ohexyl oxybenzal dehyde, 3, 4-net hyl enedi oxybenzal dehyde,
4- (N, N- di et hyl am no) benzal dehyde, 4- (N, N-di et hyl am no)
benzal dehyde, 4- (N nethyl - N-phenyl am no) benzal dehyde, 2-
met hoxynapht hal ene- 1- car bal dehyde, ant hracene- 9-

car bal dehyde, 1-nethoxyant hracene-9-car bal dehyde,

napht hacene- 5- car bal dehyde, and the |ike.

[0278]

Exanpl es of bi onmass-derived aromatic al cohol s include
benzyl alcohol (phenylmethanol), PR-phenylethyl alcohol
(phenyl et hanol ), hydroci nnanyl al cohol (phenyl propanol),
phenyl but anol , phenyl pent anol, phenyl hexanol ,
phenyl oct anol, phenyl decanol, salicyl alcohol, gentisin

alcohol, protocatequil alcohol, cuminyl alcohol, oa-cumyl
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al cohol , cinnanyl al cohol, benzhydryl alcohol, trityl
al cohol , hydrobenzoi n, benzopi nacol, phthalyl al cohol,
i sopht hal yl al cohol, terephthalyl alcohol, and the |ike.

[ 0279]

In addition, exanples of the derivative include salts,
hydrates, solvates, and the |ike.

In addition, the cyclic conpound may contain non-
bi omass-derived conpounds or other conmponents as
inmpurities, in addition to the nmain conponent.

[ 0280]

In addition, the nethod for producing a cyclic
conmpound according to the present enbodi ment includes a
heating step SO02. In the heating step S02, the starting
material containing the cyclic carboxylic acid conpound
derived from bionass is subjected to a heat treatnent. Wth
this, a decarboxylation reaction is caused in the cyclic
carboxylic acid conpound to obtain a cyclic conpound
cont ai ni ng radi oactive carbon 14C. The concentration of
radi oactive carbon 14C in all carbon atons of this cyclic
conmpound is 80%to 100% when the concentration of
radi oactive carbon C in circulating carbon as of 1950 is
taken as 100% In this cyclic conmpound, a proportion of the
mai n conponent having a single nolecular structure is 90 to
100 rmol %

[ 0281]
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According to such a production nethod, it is possible
to produce a cyclic conmpound having a high proportion of
the mai n conponent having a single nolecular structure as
descri bed above and a high concentration of radioactive
carbon 14C. That is, according to the nmethod for producing
a cyclic conpound according to the present enbodinent, it
is possible to produce a cyclic conpound that greatly
contributes to carbon neutrality and has stable quality.

[ 0282]

Her ei nabove, al though the cyclic conmpound and the
met hod for producing a cyclic conmpound of the present
invention are described based on the enbodi nents, the
present invention is not limted thereto.

[ 0283]

For exanple, in the nethod for producing a cyclic
conmpound of the present invention, an optional step may be
added to each of the enbodi nents.

[ Exanpl es]

[ 0284]

Next, specific exanples of the present invention wll
be descri bed.

3. Production of cyclic conmpound (phenol)

3. 1. Exanmple 1A

First, a starting material formed of biomass-derived

4- hydr oxybenzoi ¢ acid was prepared as a cyclic carboxylic
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acid conmpound. This starting material was sol vent-free and
solid at roomtenperature.

[ 0285]

Next, 0.05 g of the starting material and 0.05 g of a
catal yst were charged into a closed reactor, and a heat
treatnment was carried out at 230°C for 30 mnutes. Wth
this, a reactant containing phenol, which is a cyclic
conpound, was obtained. Note that zeolite having the
characteristics shown in Table 1 was used as the catal yst.
“-” in Table 1 indicates that there is no data.

[ 0286]

3. 2. Exanmples 2A to 15A

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanple 1A,
except that the catal yst was changed to a catal yst having
t he characteristics shown in Table 1

[ 0287]

3. 3. Exanple 16A

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanple 4A
except that 0.3 g of solvent (diphenyl ether) was added to
the starting material .

[ 0288]

3. 4. Exanple 17A

A reactant containing phenol, which is a cyclic
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conpound, was obtained in the sane manner as in Exanple 9A
except that 0.5 g of solvent (diphenyl ether) was added to
the starting material .

[ 0289]

3. 5. Conparative Exanples 1A to 4A

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanple 1A,
except that the catal yst was changed to a catal yst having
t he characteristics shown in Table 1

[ 0290]

3. 6. Conparative Exanple 5A

An attenpt was nade to obtain a reactant containing
phenol, which is a cyclic conpound, in the sanme manner as
in Exanpl e 1A, except that no catal yst was used.

[ 0291]

4. Eval uation of cyclic conpound (phenol)

4. 1. Yield of cyclic conmpound

The reactant obtained in 3. was anal yzed using a high-
speed liquid chromatograph (“LaChrom Elite” manufactured by
Hi t achi H gh- Technol ogi es Corporation, analytical colum:
“I'nertsil ODS-4”" manufactured by GL Sciences, Inc.). Next,
a nol ar amount of the charged cyclic carboxylic acid
conpound and a nol ar anmount of the produced cyclic conpound
were cal culated. Then, a yield of the cyclic conpound was

cal cul ated based on the follow ng fornmul a.
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[ 0292]

Yield of cyclic compound (% = nolar anmount of
produced cyclic conpound/ nol ar anount of charged cyclic
carboxylic acid conmpound x 100

5 The cal cul ation results are shown in Table 1.

[ 0293]

4. 2. Coloring of cyclic conmpound

The degree of coloring of the cyclic conpound was
observed by visually observing the coloring of the reactant

10 obtained in 3. The observation results were then eval uated
in accordance with the follow ng evaluation criteria.

[ 0294]

A: No coloring

B: Less coloring

15 C. Slightly nore coloring (nore than B, |ess than D)

Do Alot of coloring in sonme parts

E: Alot of coloring throughout the conpound

The foll ow ng evaluation results are shown in Table 1

[ 0295]

20 4. 3. Conprehensive eval uation

Conpr ehensi ve evaluation was carried out on the yield
and col oring described above in accordance with the
evaluation criteria showmn in FIG 2. The evaluation results
are shown in Table 1.

25 [ 0296]
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FIG 2 is a diagram show ng evaluation criteria for
conprehensi ve evaluation of the yield and the degree of
coloring of the cyclic conpound produced in each exanple
and each conparative exanple. The evaluation criteria shown
in FIG 2 are divided into four stages based on both the
yield and the degree of coloring of the cyclic conpound.
According to this evaluation criteria, A has the highest
conprehensi ve eval uation, followed by B, and then the
| owest D. By applying the yield and the degree of coloring
of the cyclic conpound produced in each Exanpl e and each
Conparative Exanple to the evaluation criteria shown in
FIG 2, a conprehensive eval uation of the production of the
cyclic conmpound in each exanple and each conparative

exanpl e was carried out.
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[ Tabl e 1]

10

1

Table 1

Production conditions of cyclic conmpound

Eval uation results of cyclic

Starting material Cat al yst conpound
Heati ng
Cyclic carboxylic acid Si G/ Al 20s|Aci d anmount Pore Crystal form Structural code Conpr ehensi ve
Sol vent Type Cation tenperature| Yield | Coloring
conpound ratio by Nrs- TPD di ameter | of zeolite |including crystal form eval uation
- - - - mol / g - nm - - °C % - -
Exanpl e 1A 18 2.6 NH4+ Ferrierite 12 A C
0.48 FER

Exanpl e 2A 18 - K+ type 14 A C
Exanpl e 3A 23 - NH4+ 26 A B
Exanpl e 4A 24 1.8 H* 0.58 ZSM5 type MFI 65 B A
Exanpl e 5A 40 1.3 H* 46 B A

Exanpl e 6A 18 - Organi ¢ 21 A C

Exanpl e 7A 28 1.2 H 81 D B

Exanpl e 8A 40 0.5 H* 0.65 Beta type BEA 74 B A

Exanpl e 9A 40 0.8 Ht 87 C A

Exanpl e 10A None 500 - H 44 B B
Exanpl e 11A Zeolite 18 - Na* 26 A B

4- hydr oxybenzoi ¢ acid Mor deni t e 230
Exanpl e 12A 15 2.0 H* 0.7 MOR 26 C C
type
Exanpl e 13A 18 0.7 H* 40 B B
Conpar ative Exanple 1A 6.1 - K* 0.8 L type LTL 15 C D
Exanpl e 14A 25 - NH4+ 15 A C
Conpar ati ve Exanple 2A 5.5 - Na* 43 D D
Conpar ative Exanple 3A 5.5 0.7 H* 0.9 Y type FAU 9 A D
Exanpl e 15A 14.9 0.1 H 17 A C
Conpar ative Exanple 4A 600 <0.1 H* 5 A D
Exanpl e 16A 24 1.8 Ht 0.58 ZSM5 type MFI 55 B A
Present

Exanpl e 17A 40 0.8 Ht 0. 65 Beta type BEA 75 C A
Conpar ative Exanple 5A None No catal yst 9 A D
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[ 0298]

As is clear fromTable 1 and FIG 2, in each exanple,
t he conprehensi ve eval uati on was hi gher than in each
conparative exanple, and thus it was possible to produce a
cyclic compound with a high yield and less coloring. In
each exanple, the Si O/ A 203 ratio of the zeolite contained
inthe catalyst falls within a predeterm ned range. From
this, it becane clear that a high-quality cyclic conmpound
can be produced in a high yield by using a zeolite having
an Si /A0 ratio within a predeterm ned range as a
cat al yst.

[ 0299]

In addition, in a case where an acid amount of the
zeolite determned by the NHs-TPD nethod is within a
predeterm ned range, in a case where the zeolite contains
hydrogen, it was recognized that any of the yield or the
col oring beconmes particularly favorable in a case where a
skel eton structure of the zeolite has a predeterm ned
crystal formand the |ike.

[ 0300]

Al t hough not shown in Table 1, in a case where the
sane test as described above was carried out by changing a
tenperature of the heat treatnment to 180°C, 200°C, and
250°C, evaluation results showi ng the sane tendency as

descri bed above were obtai ned.
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[ 0301]

5. Production of cyclic conmpound (catechol or aniline)
5. 1. Exanples 18A and 19A
A reactant containing catechol, which is a cyclic
5 conmpound, was obtained in the same manner as in Exanple 1A,
except that the cyclic carboxylic acid conpound was changed
to 3, 4-di hydroxybenzoi c aci d.
[ 0302]
5. 2. Conparative Exanples 6A and 7A
10 A reactant containing catechol, which is a cyclic
conmpound, was obtained in the sane manner as in Conparative
Exanpl e 1A, except that the cyclic carboxylic acid conpound
was changed to 3, 4-di hydroxybenzoi c aci d.
[ 0303]
15 5. 3. Exanpl es 20A and 21A
A reactant containing aniline, which is a cyclic
conpound, was obtained in the sane manner as in Exanple 1A,
except that the cyclic carboxylic acid conpound was changed
t o 4-am nobenzoi c aci d.
20 [ 0304]
5. 4. Conparative Exanples 8A and 9A
A reactant containing aniline, which is a cyclic
conpound, was obtained in the sane manner as in Conparative
Exanpl e 1A, except that the cyclic carboxylic acid conpound

25 was changed to 4-am nobenzoic acid.
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[ 0305]

6. Evaluation of cyclic conmpound (catechol or aniline)
6. 1. Yield of cyclic conpound
For the reactant obtained in 5., the yield of the
5 cyclic conmpound was cal culated in the sane manner as in 4.
The calculation results are shown in Tables 2 and 3.
[ 0306]
6. 2. Coloring of cyclic conpound
For the reactant obtained in 5., the coloring of the
10 cyclic conpound was evaluated in the sane nmanner as in 4.
The eval uation results are shown in Tables 2 and 3.
[ 0307]
6. 3. Conprehensive eval uation
For the above-described yield and col oring,
15 conprehensive evaluation was carried out in the same nmanner
as in 4. The evaluation results are shown in Tables 2 and

3.
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Table 2

Production conditions of cyclic conmpound

Eval uation results of cyclic

conpound
Starting materi al Cat al yst
Heat i ng
Structural code
Cyclic carboxylic Si @/ Al 20 | Acid ampunt Por e Crystal form tenperature Conpr ehensi ve
Sol vent Type Cation i ncl udi ng Yield | Coloring
aci d conpound ratio by NHs- TPD di anet er of zeolite eval uation
crystal form
- - - - mol / g - nm - - °C % - -
Exanpl e 18A 24 1.8 H* 0.58 ZSM5 type MFI 30 B B
Exanpl e 19A 40 0.8 H* 0. 65 Beta type BEA 40 B B
3, 4-di hydr oxybenzoi c
i None Zeolite 190
Conpar ative acid
5.5 0.7 H* 8 A D
Exanpl e 6A
0.9 Y type FAU
Conpar ati ve
600 < 0.1 H* 4 B D

Exanpl e 7A
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[ Tabl e 3]
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Table 3

Production conditions of cyclic conmpound

Eval uation results of cyclic

. . conpound
Starting material Cat al yst
Heat i ng
Structural code
Cyclic carboxylic acid Si O/ Al 203 | Acid amount Por e Crystal form tenperature Conpr ehensi ve
Sol vent | Type Cation i ncl udi ng Yield | Coloring
conpound ratio by NHs- TPD di anet er of zeolite eval uation
crystal form
- - - - mol / g - nm - - °C % - -
Exanpl e 20A 24 1.8 H* 0.58 ZSM'5 type MFI 55 B A
Exanpl e 21A 40 0.8 H* 0. 65 Beta type BEA 75 B A
Zeol
| 4- am nobenzoi ¢ acid None 220

Conparative ite

5.5 0.7 H* 7 A D
Exanpl e 8A

0.9 Y type FAU

Conparative

600 <0.1 H* 3 B D
Exanpl e 9A




10

15

20

25

107
[ 0310]

As is clear fromTables 2 and 3, even in a case where
the cyclic carboxylic acid conpound contained in the
starting material was changed, in each exanple, a high-
qual ity cyclic conmpound was produced in a higher yield than
in each conparative exanpl e.

[ 0311]

7. Production of cyclic conmpound (phenol) using non-
solid acid

7. 1. Exanple 1B

First, a starting material containing 4-hydroxybenzoic
acid derived from bi onass was prepared as a cyclic
carboxylic acid compound. This starting material was
solvent-free and solid at roomtenperature.

[ 0312]

Next, 0.05 g of the starting material and the non-
solid acid were charged into a closed reactor, an initial
pressure in the reactor was set to normal pressure (100
kPa), and a heat treatnment was carried out at 230°C for 30
mnutes. Wth this, a reactant containing phenol, which is
a cyclic conpound, was obtained. Note that the non-solid
acids shown in Table 4 were used.

[ 0313]

7. 2. Exanples 2B to 12B

A reactant containing phenol, which is a cyclic
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conpound, was obtained in the same manner as in Exanple 1B
except that the non-solid acid was changed to a non-solid
acid having the characteristics shown in Table 4.

[ 0314]

7. 3. Exanple 13B

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanple 7B,
except that 0.3 g of solvent (diphenyl ether) was added to
the starting material .

[ 0315]

7. 4. Exanple 14B

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanpl e 8B,
except that 0.5 g of solvent (diphenyl ether) was added to
the starting material .

[ 0316]

7. 5. Conparative Exanple 1B

A reactant containing phenol, which is a cyclic
conpound, was obtained in the same manner as in Exanple 1B
except that a non-solid acid was not used.

[ 0317]

8. Evaluation of cyclic conpound (phenol) produced
usi ng non-solid acid

8. 1. Yield of cyclic conmpound

The reactant obtained in 7. was anal yzed using a high-
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speed liquid chromatograph (“LaChrom Elite” manufactured by
Hi t achi H gh- Technol ogi es Corporation, analytical colum:
“I'nertsil ODS-4”" manufactured by GL Sciences, Inc.). Next,
a nol ar anmount of the charged cyclic carboxylic acid
conmpound and a nol ar anmount of the produced cyclic conpound
were cal culated. Then, a yield of the cyclic conpound was
cal cul ated based on the follow ng fornmul a.

[ 0318]

Yield of cyclic compound (% = nolar anmount of
produced cyclic conpound/ nol ar anount of charged cyclic
carboxylic acid conmpound x 100

The cal cul ation results are shown in Table 4.

[ 0319]

8. 2. Separability of cyclic conpound

For the reactant obtained in 7., the purity of the
cyclic compound (phenol) was neasured. Then, the
separability of the cyclic conpound was eval uat ed by
conparing the neasurenent results with the foll ow ng
evaluation criteria.

[ 0320]

A: The purity of the cyclic conpound is particularly
hi gh.

B: The purity of the cyclic conmpound is slightly high.

C. The purity of the cyclic conpound is slightly | ow

D: The purity of the cyclic conmpound is particularly
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| ow.
The above eval uation results are shown in Table 4.
[ 0321]
8. 3. Coloring of cyclic conmpound
5 The degree of coloring of the cyclic conpound was

observed by visually observing the coloring of the reactant

obtained in 7. The observation results were then eval uat ed

in accordance with the foll ow ng evaluation criteria.

[ 0322]
10 A: No coloring
B: Less coloring
C. Slightly nore coloring (nore than B, |ess than D)
D Alot of coloring in sonme parts
E: Alot of coloring throughout the conpound
15 The above eval uation results are shown in Table 4.
[ 0323]
8. 4. Conprehensive eval uation

Conpr ehensi ve eval uation of the above-described yield,

separability, and coloring was carried out in accordance

20 with the follow ng evaluation criteria. The evaluation

results are shown in Table 4.

[ 0324]

A. The yield is higher than Conparative Exanple 1B

(difference is 2% or nore), and both of separability and

25 coloring are rated B or higher
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B: The yield is higher than Conparative Exanple 1B

(difference is 2% or nore), and one of separability or
coloring is rated C, and the other is rated B or higher

C. The yield is higher than Conparative Exanple 1B
(difference is less than 29, and both of separability and
coloring are rated C or higher

D: The yield is the sane as or |ower than Conparative
Exanpl e 1B

The above evaluation results are shown in Tabl e 4.
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Table 4

Production conditions of cyclic conmpound
Eval uation results of cyclic compound
Starting material Non-sol i d acid
Boi | i ng poi nt Heat i ng
Cyclic carboxylic Addi tion Aci d dissociation |Boiling Conpr ehensi ve
Sol vent Type di fference between |tenperature|Yield| Separability | Col oring
aci d conpound concentration constant pKa poi nt eval uation
cyclic conpound
- -- - - ol % - °C °C °C % - - -
Exanpl e 1B 0.5 -3 337 156 10 A C C
I norganic| Sul furic
Exanpl e 2B 1.0 -3 337 156 20 A C B
acid acid
Exanpl e 3B 2.0 -3 337 156 40 A C B
Exanpl e 4B 0.5 3.75 101 80 10 B A C
Formic
Exanpl e 5B 1.0 3.75 101 80 12 B A A
acid
Exanpl e 6B 2.0 3.75 101 80 12 B A A
None
Exanpl e 7B 0.5 4.2 235 54 10 B A C
Succinic
Exanpl e 8B 4- hydr oxybenzoi ¢ ) 1.0 4.2 235 54 11 B A A
Organi ¢ acid 230
Exanpl e 9B acid 2.0 4.2 235 54 11 B A A
acid
Exanpl e 10B 0.5 5.01 164 17 10 C A C
Pivalic
Exanpl e 11B 1.0 5.01 164 17 10 C A C
acid
Exanpl e 12B 2.0 5.01 164 17 10 C A C
Exanpl e 13B Succini ¢ 0.5 4.2 235 54 10 B A C
Present
Exanpl e 14B acid 1.0 4.2 235 54 11 B A A
Conpar ati ve Exanpl e
None No addition of non-solid acid 2 - A D
1B
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[ 0326]

As is clear from Table 4, in each Exanple, the cyclic
conmpound was able to be produced in a higher yield than in
Conparative Exanple 1B. Furthernore, in sonme of the
exanpl es, the separability or degree of coloring of the
cyclic conpound was favorabl e.

[ 0327]

Not e that al though not shown in Table 4, in a case
where the sanme test as described above was carried out by
changing a tenperature of the heat treatnent to 180°C
200°C, and 250°C, evaluation results show ng the sane
tendency as descri bed above were obtai ned.

[ 0328]

9. Production of cyclic conpound (catechol or aniline)
usi ng non-solid acid

9. 1. Exanples 15B to 17B

A reactant containing catechol, which is a cyclic
conpound, was obtained in the sane manner as in Exanples 1B
to 3B, except that the cyclic carboxylic acid conpound was
changed to 3, 4-di hydroxybenzoi c acid and the heating
tenperature was set to 190°C

[ 0329]

9. 2. Conparative Exanple 2B

A reactant containing catechol, which is a cyclic

conpound, was obtained in the sane manner as in Conparative
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Exanpl e 1B, except that the cyclic carboxylic acid conpound

was changed to 3, 4-di hydroxybenzoic acid and the heating
tenperature was set to 190°C

[ 0330]

9. 3. Exanples 18B to 20B

A reactant containing aniline, which is a cyclic
conpound, was obtained in the sane manner as in Exanples 7B
to 9B, except that the cyclic carboxylic acid conpound was
changed to 4-anm nobenzoi c acid.

[ 0331]

9. 4. Conparative Exanple 3B

A reactant containing aniline, which is a cyclic
conmpound, was obtained in the sane manner as in Conparative
Exanpl e 1B, except that the cyclic carboxylic acid conpound
was changed to 4-am nobenzoic aci d.

[ 0332]

10. Eval uation of cyclic conpound (catechol or
ani | i ne) produced using non-solid acid

10. 1. Yield of cyclic conmpound

For the reactant obtained in 9., the yield of the
cyclic conmpound was calculated in the sane nanner as in 8.
The cal cul ation results are shown in Tables 5 and 6.

[ 0333]

10. 2. Separability of cyclic conpound

For the reactant obtained in 9., the purity of the
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cyclic compound was neasured, in the same manner as in 8.,
and the separability was eval uated based on the purity. The
eval uation results are shown in Tables 5 and 6.

[ 0334]

10. 3. Coloring of cyclic conpound

For the reactant obtained in 9., coloring of the
cyclic conpound was evaluated in the sane manner as in 8.
The eval uation results are shown in Tables 5 and 6.

[ 0335]

10. 4. Conprehensive eval uation

For the above-described yield, separability, and
degree of col oring, conprehensive evaluation was carried
out in the sanme manner as in 8 The evaluation results are
shown in Tables 5 and 6. Note that as the eval uation
criteria for the conprehensive eval uation, eval uation
criteria in which Conparative Exanple 1B in the eval uation
criteria used in 8 was replaced by Conparative Exanples 2B

and 3B were used.



[ 0336]

[ Tabl e 5]

116

Tabl e 5

Production conditions of cyclic conmpound

Starting material

Non-solid acid

Eval uation results of cyclic compound

Heat i ng
Boi I i ng poi nt
Cyclic carboxylic Addi tion Aci d dissociation |Boiling tenperature Conpr ehensi ve
Sol vent Type di fference between Yield | Separability | Coloring
acid conpound concentration constant pKa poi nt eval uation
cyclic conmpound
- - - - mol % - °C °C °C % - - -
Exanpl e 15B 0.5 4.2 337 92 12 B C B
Inorganic | Sulfuric
Exanpl e 16B 1.0 4.2 337 92 13 B C B
3, 4- di hydr oxybenzoi c aci d acid
None 190
acid

Exanpl e 17B 2.0 4.2 337 92 13 B C B
Conpar ati ve

No addition of non-solid acid 8 - A D
Exanpl e 2B
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[ Tabl e 6]
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Tabl e 6

Production conditions of cyclic conmpound

Starting material

Non-solid acid

Eval uation results of cyclic compound

Heat i ng
Boi I i ng poi nt
Cyclic carboxylic acid Addi tion Aci d dissociation |Boiling tenperature Conpr ehensi ve
Sol vent Type di fference between Yield | Separability | Coloring
conpound concentration constant pKa poi nt eval uation
cyclic conmpound
- - - - mol % - °C °C °C % - - -
Exanpl e 18B 0.5 4.2 235 51 11 B A A
Organic Succinic
Exanpl e 19B 1.0 4.2 235 51 12 B A A
aci d acid
4- am nobenzoi c acid None 240

Exanpl e 20B 2.0 4.2 235 51 13 B A A
Conpar ati ve

No addition of non-solid acid 2 - A D

Exanpl e 3B
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[ 0338]

As is clear from Tables 5 and 6, even in a case where
the cyclic carboxylic acid conpound contained in the
starting materials was changed, in each exanple, the cyclic
conmpound was able to be produced in a higher yield than
each conparative exanpl e.

[ 0339]

11. Production of cyclic conmpound (phenol) using a
conbi nati on of non-solid acid and solid acid

11. 1. Exanple 21B

0.05 g of the reactant obtained in Exanple 1B and 0.01
g of solid acid were charged into a closed reactor, an
initial pressure in the reactor was set to nornmal pressure
(100 kPa), and a heat treatnent was carried out at 230°C
for 15 mnutes. Wth this, a reactant containing phenol,
which is a cyclic conpound, was obtained. Note that the
solid acids shown in Table 7 were used.

[ 0340]

11. 2. Exanples 22B to 38B

A reactant containing phenol, which is a cyclic
conpound, was obtained in the sane manner as in Exanple
21B, except that a solid acid having the characteristics
shown in Table 7 was used.

[ 0341]

11. 3. Exanple 39B
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A reactant containing phenol, which is a cyclic
conmpound, was obtained in the sane manner as in Exanple
21B, except that 0.05 g of the reactant obtained in Exanple
7B was used. Note that the solid acids shown in Table 8
wer e used.

[ 0342]

11. 4. Exanples 40B to 56B

A reactant containing phenol, which is a cyclic
conmpound, was obtained in the sane manner as in Exanple
39B, except that the solid acid having the characteristics
shown in Table 8 was used.

[ 0343]

12. Eval uation of cyclic conpound (phenol) produced
usi ng conbi nati on of non-solid acid and solid acid

For the reactant obtained in 11., the yield of the
cyclic compound was cal culated in the sanme manner as in 8.

The cal culation results are shown in Tables 7 and 8.
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Table 7

Production conditions of cyclic conmpound

Starting material

Non-solid acid

Solid acid

Eval uation results of

cyclic conpound

Heat i ng
Si @/ Al 20 | Acid ampunt Por e Crystal form I ncrease range
Cyclic carboxylic acid conpound Sol vent Type Type Cation tenperature Yield
ratio by Nrs- TPD dianeter | of zeolite of yield
- - - - - mol / g - nm - °C % %
Exanpl e 21B 18 2.6 NH4* Ferrierite 11 1
0.48
Exanpl e 22B 18 - K+ type 12 2
Exanpl e 23B 23 - NH4+ 19 9
Exanpl e 24B 24 1.8 H+ 0.58 ZSM5 type 41 31
Exanpl e 25B 40 1.3 H+ 30 20
Exanpl e 26B 18 - Organi c 16 6
Exanpl e 27B 28 1.2 H* 50 40
Exanpl e 28B 40 0.5 H* 0. 65 Beta type 46 36
Exanpl e 298 4-am nobenzoi ¢ acid None Sul furic acid | Zeolite 40 0.8 A 230 58 43
Exanpl e 30B 500 - H+ 29 19
Exanpl e 31B 18 - Na* 19 9
Mor deni te
Exanpl e 32B 15 2.0 H* 0.7 19 9
type
Exanpl e 33B 18 0.7 H* 27 17
Exanpl e 34B 6.1 - K* 0.8 L type 13 3
Exanpl e 35B 25 - NH4+ 13 3
Exanpl e 36B 5.5 0.7 H* 11 1
0.9 Y type
Exanpl e 37B 14.9 0.1 H* 14 4
Exanpl e 38B 600 < 0.1 H* 11 1
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Table 8

Production conditions of cyclic conmpound

Eval uation results of

Starting material Non-solid acid Solid acid cyclic conpound
Heat i ng
Si @/ Al 20 | Acid amount Pore Crystal form I ncrease range
Cyclic carboxylic acid conpound Sol vent Type Type Cati on tenperature Yield
ratio by NHs- TPD di amet er of zeolite of yield
- - - - - mol / g - nm - °C % %
Exanpl e 39B 18 2.6 NH4+ Ferrierite 11 1
0.48
Exanpl e 40B 18 - K+ type 12 2
Exanpl e 41B 23 - NH4+ 18 8
Exanpl e 42B 24 1.8 H* 0.58 ZSM5 type 39 29
Exanpl e 43B 40 1.3 H* 29 19
Exanpl e 44B 18 - Organic 16 6
Exanpl e 45B 28 1.2 H* 48 38
Exanpl e 46B 40 0.5 H* 0. 65 Beta type 44 34
Exanpl e 47B 40 0.8 H* 51 41
4- hydr oxybenzoi c acid None Succinic acid | Zeolite 230
Exanpl e 48B 500 - H* 28 18
Exanpl e 49B 18 - Na* 18 8
Mor deni te
Exanpl e 50B 15 2.0 H* 0.7 18 8
type
Exanpl e 51B 18 0.7 H* 26 16
Exanpl e 52B 6.1 - K* 0.8 L type 13 3
Exanpl e 53B 25 - NH4+ 13 3
Exanpl e 54B 5.5 0.7 H* 11 1
0.9 Y type
Exanpl e 55B 14.9 0.1 H* 14 4
Exanpl e 56B 600 < 0.1 H* 11 1
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[ 0346]

As is clear from Tables 7 and 8, as a decarboxyl ation
reaction was caused in the cyclic carboxylic acid conpound
in the presence of the non-solid acid, and the produced
reactant was subjected to a heat treatnent in the presence
of a solid acid, a further increase in the yield was
recogni zed. Specifically, in Exanples 1B and 7B, the yield
of phenol was 10% As these were subjected to a heat
treatnment in the presence of a solid acid, a further
increase in the yield was possible. Fromthis result, it
was confirmed that by using a non-solid acid and a solid
acid in conbination, the decarboxyl ation reaction can be
particularly pronoted and the yield can be further
i ncreased.

[ 0347]

Note that the above exanple is an exanple in which a
reactant produced in the presence of a non-solid acid
(inorganic acid or organic acid) is further subjected to a
heat treatnment in the presence of a solid acid, but an
experinment was carried out even in an exanple in which the
non-solid acid and the solid acid were placed together in
the reactor and subjected to a heat treatnent. Although the
experinmental results are not shown in each table, the
results showed the sane tendency as Tables 7 and 8.

Therefore, it was confirned that in a case where a non-
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solid acid and a solid acid are used together, the non-
solid acid and the solid acid may be used separately in
terms of tine or nay be used overlappingly in ternms of
tine.

[ 0348]

13. Production of cyclic conpound

13. 1. Exanple 1C

First, a starting material containing 4-hydroxybenzoic
acid derived from bi onass was prepared as a cyclic
carboxylic acid compound. This starting material was
solvent-free and solid at roomtenperature.

[ 0349]

Next, the starting materials were charged into a
cl osed reactor, a pressure inside the reactor was set to
normal pressure (100 kPa), and a heat reflux treatnment was
carried out at 300°C for 1 hour.

[ 0350]

Thereafter, the tenperature inside the reactor was
raised to 180°C, and the reflux treatnment was stopped, the
pressure was reduced to 20 kPa, and a cyclic conpound
cont ai ni ng phenol as a main conponent, which is an aromatic
conpound derived from bi onass, was distilled and recovered.

[ 0351]

13. 2. Exanple 2C

A cyclic conmpound having catechol as a main conponent,
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which is an aromatic conmpound derived from bi onass, was
distilled and recovered in the same nanner as in Exanple
1C, except that the cyclic carboxylic acid conpound was
changed to 3, 4-di hydroxybenzoic acid derived from bi omass.

[ 0352]

13. 3. Exanple 3C

A cyclic conmpound containing aniline as a main
conmponent, which is an aromatic conpound derived from
bi omass, was distilled and recovered in the sane manner as
in Exanple 1C, except that the cyclic carboxylic acid
conpound was changed to 4-am nobenzoic acid derived from
bi omass.

[ 0353]

13. 4. Conparative Exanple 1C

As a cyclic carboxylic acid conpound, a comrercially
avai |l abl e reagent of 4-hydroxybenzoic acid derived from
fossil resources was prepared. This reagent was sol vent -
free and solid at roomtenperature. A cyclic conpound
cont ai ni ng phenol as a nain conponent, which is an aronmatic
conpound derived fromfossil resources, was distilled and
recovered in the same manner as in Exanple 1C, except that
this reagent was used as a starting nmaterial .

[ 0354]

13. 5. Conparative Exanple 2C

A comrercially avail abl e reagent of phenol as an
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aromati ¢ conmpound derived fromfossil resources was
prepared, and this was used as the cyclic conmpound of
Conpar ati ve Exanple 2.

[ 0355]

13. 6. Conparative Exanple 3C

A commercially avail able reagent of lignin as an
aromati ¢ conpound derived from bi omass was prepared, and
this was used as the cyclic conpound of Conparative Exanple
3C. Note that lignin is a phenol containing the highest
proportion of 2,6-dinethoxyphenol .

[ 0356]

13. 7. Conparative Exanple 4C

A commercially avail abl e reagent of cashew oil was
prepared as an aromatic conmpound derived from bi omass, and
this was used as the cyclic conpound of Conparative Exanple
4C. Note that cashew oil is a phenol containing the highest
proportion of 3-pentadecyl phenoltriene.

[ 0357]

Table 9 shows the attributes of the starting naterials
used in each exanple and each conparative exanpl e descri bed
above, and the attributes of the cyclic conpounds produced
fromthe starting material s.

[ 0358]

14. Eval uation of cyclic conpound

14. 1. Concentration of radi oactive carbon 4C
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For the recovered or prepared cyclic conmpound, a
content of radioactive carbon 4C in all carbon atons was
measured based on the biobased concentration test standard
ASTM D6866- 20 established by the American Society for
Testing and Materials (ASTM. In addition, fromthe
measurenment results and the concentration of radioactive
carbon “C in the circulating carbon as of 1950, the
concentration of radioactive carbon #C in all carbon atons
when the concentration of radioactive carbon #C in the
circulating carbon of the recovered or prepared cyclic
conpound as of 1950 was determ ned to be 100% was
cal cul ated. The calculation results are shown in Table 9.

[ 0359]

14. 2. Proportion of main conponents

A proportion of main conponents of the recovered or
prepared cyclic conpound was neasured using a total ion
chr omat ogram obt ai ned by pyrol ysis gas chronat ography nass
spectronetry shown bel ow. The neasurenent results are shown
in Table 9.

[ 0360]

Anal yzer

Pyrol ysi s apparatus: PY-2020D, nmanufactured by
Frontier Laboratories Ltd.

GC. HP6890, manufactured by Agilent Technol ogi es

MS: HP5973, nmanufactured by Agilent Technol ogi es
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[ 0361]

Anal ysi s conditions
Pyrolysis tenperature: 500°C

GC oven temperature: 40°C (held for 2 minutes) -

20°C/min — 320°C (held for 5 minutes)

inner

M5 interface tenperature: 300°C

Colum: Capillary colum Utra ALLOY-5 (length 30m
diameter 0.25 mm, film thickness 0.25 um)

I njection nmethod: Split nethod (split ratio 50:1)
I nl et tenperature: 300°C

Carrier gas: He

Carrier gas flowrate: 1.2 nL/mn

MS ioni zation nmethod: ElI (el ectron inpact) nethod
M5 detection mass range: mz = 29 to 550

[ 0362]

14. 3. Contribution to carbon neutrality

A degree of contribution to carbon neutrality of the

recovered or prepared cyclic conpound was eval uat ed based

on the follow ng evaluation criteria.

[ 0363]

A Great contribution to carbon neutrality
B: Small contribution to carbon neutrality
The eval uation results are shown in Table 9.
[ 0364]

14. 4. Quality stability



128

The quality stability of the recovered or prepared
cyclic conmpound was eval uated in accordance with the
foll ow ng evaluation criteria.

[ 0365]

A Quality is stable

B: Quality is unstable

The evaluation results are shown in Table 9.
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Table 9
Conparative
Exanpl e 1C Exanpl e 2C Exanpl e 3C Conpar ative Exanple 1C Conpar ative Exanple 3C Conpar ative Exanple 4C
Exanpl e 2C
Cyclic
4- hydr oxybenzoi ¢ | 3, 4- di hydroxybenzoi c | 4-am nobenzoic
carboxylic acid - 4- hydr oxybenzoi ¢ acid - - -
acid acid acid
Starting conpound
nmateri al Derived from
Derived from Derived from Derived fromfossil
starting - Derived from bi onass - - -
bi omass bi onass resources
nmateri al
Concentration of
radi oactive % 100 100 100 0 0 100 100
carbon 14C
Mai n conponent - Phenol Cat echol Aniline Phenol Phenol 2, 6-di net hoxyphenol 3- pent adecyl phenol tri ene
clic
o Ratio of main
conpound mol % 98.6 99.4 97.6 98.9 99.6 6.66 40.7
component
Derived from Derived from Derived from Derived from fossil Derived from
- Derived from bi onass Derived from bi omass Derived from bi omass
mai n conponent bi omass bi omass resources fossil resources
Production
- Decar boxyl ati on Decar boxyl ati on Decar boxyl ati on Decar boxyl ati on Reagent Reagent Reagent
net hod
Contribution to
car bon - A A A B B A A
Eval uation
neutrality
results
Quality
- A A A A A B B

stability
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[ 0367]

As shown in Table 9, the cyclic conmpounds of each
exanpl e produced fromstarting materials containing cyclic
carboxylic acid conmpounds derived from bi omass had a
sufficiently high concentration of radioactive carbon 14C
and a sufficiently high proportion of the main conponents
having a single nolecular structure. |In addition, such
cyclic conmpounds were eval uated as having a | arge
contribution to carbon neutrality and stable quality.
Therefore, it is recognized that high added val ue can be
inparted to products by using such cyclic conpounds as
starting material s.

[ 0368]

On the other hand, the cyclic conpounds of Conparative

Exanpl es 1C and 2C are those produced using starting
mat erials derived fromfossil resources or reagents derived
fromfossil resources. Therefore, the cyclic conpounds of
Conpar ati ve Exanples 1C and 2C had a | ow concentrati on of
radi oactive carbon 14C, and the contribution to carbon
neutrality was snall.

[ 0369]

I n addition, although the cyclic conpounds of
Conpar ati ve Exanpl es 3C and 4C were bi omass-derived
reagents, the cyclic conpounds were m xtures of various

conpounds, and thus the proportion of the main conponents
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was | ow. Therefore, the cyclic conmpounds of Conparative
Exanpl es 3C and 4C cannot be said to have high quality

stability.

| ndustrial Applicability

[ 0370]

According to the present invention, a high-quality
cyclic compound can be produced froma cyclic carboxylic
acid conpound in a high yield. In addition, according to

anot her enbodi nent of the present invention, a cyclic

conpound that greatly contributes to carbon neutrality and
has stable quality can be obtained. Furthernore, according
to anot her enbodi nent of the present invention, the above
cyclic conpounds can be produced. Therefore, the present

i nvention has industrial applicability.

Ref erence Signs Li st
[ 0371]
S01 Starting material preparation step

S02 Heating step



10

15

20

25

132
CLAI M5

1. A nethod for producing a cyclic conpound,
conpri si ng:

a step of causing a decarboxylation reaction in a
cyclic carboxylic acid conpound by subjecting a starting
material containing the cyclic carboxylic acid conpound to
a heat treatnent of heating under a catalyst to obtain a
cyclic conpound,

wherein the catal yst includes zeolite formed of an
al um nunt sili con-cont ai ni ng conposite oxide, and

wherein the zeolite has an Si Q/ A >O; ratio of 7 to

500.

2. The nmethod for producing a cyclic conpound
according to Caiml,
wherein an acid anmount of the zeolite determ ned by an

NHs- TPD nmethod is 0.1 to 2.5 [mmol /g] .

3. The nmethod for producing a cyclic conpound
according to Claiml or 2,

wherein the catal yst includes at |east one of FER type
zeolite, MFI type zeolite, BEA type zeolite, and MOR type

zeolite.
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4. The nethod for producing a cyclic conpound
according to Claim1l or 2,
wherein the zeolite has a pore dianmeter of 0.4 nm or

nmore and 1.5 nmor | ess.

5. The nmethod for producing a cyclic conpound
according to Claiml or 2,

wherein the zeolite contains hydrogen.

6. A nethod for producing a cyclic conpound,
conpri si ng:

a step of causing a decarboxylation reaction in a
cyclic carboxylic acid conpound by subjecting a starting
material containing the cyclic carboxylic acid conpound to
a heat treatnent of heating in a presence of a non-solid
acid to obtain a cyclic conpound,

wherein the non-solid acid has an acid dissociation

constant pKa of 5.00 or |ess.

7. The method for producing a cyclic conpound
according to Cl aim6,

wherein the non-solid acid includes an inorganic acid.

8. The nmethod for producing a cyclic conpound

according to Claim6 or 7,
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wherein the non-solid acid includes an organi c acid.

9. The nmethod for producing a cyclic conpound
according to Claim8,
5 wherein the organic acid is an aliphatic carboxylic

acid or a derivative of the aliphatic carboxylic acid.

10. The nethod for producing a cyclic conpound
according to C aim6,
10 wherein the heat treatnent is further carried out in a

presence of a solid acid.

11. The nethod for producing a cyclic conpound
according to Claim6 or 7,
15 wherein a tenperature of the heat treatnent is 150°C

to 350°C.

12. The nethod for producing a cyclic conpound
according to Claim1l or 6,
20 wherein the starting material does not include a

sol vent .

13. The nmethod for producing a cyclic conpound
according to Claim1l or 6,

25 wherein the cyclic carboxylic acid conmpound is 4-
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hydr oxybenzoi ¢ acid, 3, 4-di hydroxybenzoic acid, 4-

am nobenzoi c acid, or shikimc acid.

14. The nethod for producing a cyclic conpound
according to Claim1l or 6,

wherein the starting material is derived from bi omass.

15. A cyclic conmpound produced by causing a
decar boxyl ation reaction in a cyclic carboxylic acid
conpound derived from bi omass by subjecting a starting
material containing the cyclic carboxylic acid conpound to
a heat treatnent,

wherein a concentration of radioactive carbon 14C in
all carbon atoms is 80%to 100% when a concentration of
radi oactive carbon 14C in circul ating carbon as of 1950 is
set to 100% and

wherein a proportion of a main conponent having a

single nolecular structure is 90 to 100 nol %

16. The cyclic conmpound according to O aim 15,
wherein the main conponent is an aromatic conpound

derived from bi onass

17. The cyclic conmpound according to Caim15 or 16,

wherein a tenperature of the heat treatnent is 150°C
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to 350°C.

18. The cyclic conpound according to Claim15 or 16,
wherein the starting material does not include a

sol vent .

19. The cyclic conpound according to Claim15 or 16,
wherein the cyclic carboxylic acid conpound is 4-
hydr oxybenzoi ¢ acid, 3, 4-di hydroxybenzoic acid, 4-

anm nobenzoi ¢ acid, or shikimc acid.

20. A nethod for producing a cyclic conmpound,
conpri si ng:

a step of causing a decarboxylation reaction in a
cyclic carboxylic acid conpound derived from bi omass by
subj ecting a starting material containing the cyclic
carboxylic acid conpound to a heat treatnent to obtain a
cyclic conmpound,

wherein a concentration of radioactive carbon 14C in
all carbon atons of the cyclic conmpound is 80%to 100%
when a concentration of radioactive carbon #C in

circulating carbon as of 1950 is 100% and

wherein in the cyclic conpound, a proportion of a main

conponent having a single nolecular structure is 90 to 100

mol %



