METHOD FOR PURI FYI NG COMPOUND OR RESI N

Technical Field
[ 0001]

The present invention relates to a nethod for
purifying a conpound or a resin having a specific

structure.

Background Art
[ 0002]

A conpound or a resin having a benzoxant hene
backbone is excellent in heat resistance, etching
resi stance and sol vent solubility, and therefore is used
for sem conductor coating agents, resist materials and
sem conduct or underl ayer filmformation materials (see,

for exanple, Patent Docunents 1 to 2).

Ctation List

Pat ent Docunent

[ 0003]

Pat ent Docunent 1: International Publication No.
WO2013/ 024778

Pat ent Docunent 2: International Publication No.

W02013/ 024779

Summary
Techni cal Probl em

[ 0004]



In the above applications, in particular, the netal
content is an inportant performance itemfor an
enhancenent in yield. That is, when a conpound or a
resin having a benzoxant hene backbone, high in the netal
content, is used, the netal remains in a sem conductor to
result in a reduction in electrical properties of the
sem conductor, and therefore a reduction in the netal
content is demanded.

As a nmethod for producing a conpound or a resin
havi ng a benzoxant hene backbone, having a reduced net al
content, for exanple, there are considered a nethod of
bringing a mxture including the conpound or the resin
and an organic solvent into contact with an ion-exchange
resin, and a nethod of filtering the mxture by a filter.

| f various nmetal ions are contained, however, the
nmet hod usi ng an ion-exchange resin has the probl em of
having difficulty in selection of the ion-exchange resin
and thus having difficulty in renoval of the netal ions
dependi ng on the kinds of the netals, the problem of
having difficulty in renoval of a nonionic netal, and
al so the problem of being large in running cost.

On the other hand, the nethod of filtering by a
filter has the problemof having difficulty in renoval of
an ionic nmetal. Accordingly, it is demanded to establish
an industrially advantageous purification nmethod of a
cyclic conmpound having a reduced netal content.

[ 0005]



The present invention has been made in view of the
above problens of the prior art, and an object of the
present invention is to provide a purification nethod
that enables to reduce the contents of various netals
that can be included as inpurities in a specific conpound

or resin having a specific structure.

Sol ution to Probl em
[ 0006]

The present inventors have intensively studied in
order to solve the above problens, and as a result, have
found that a solution including a conmpound or a resin
having a specific structure and a specific organic
solvent is brought into contact with an acidi c aqueous
solution to result in a reduction in the contents of
various netals, thereby |eading to the present invention.
[ 0007]

That is, the present invention is as foll ows.

[1]

A net hod for purifying a conpound represented by the
followng formula (1) or a resin having a structure
represented by the following formula (2), the nethod
conpri si ng:

a step of bringing a solution (A) conprising an
organi c solvent optionally immscible with water, and the
conpound or the resin into contact with an acidi c aqueous

sol uti on.



(wherein, each X i ndependently represents an oxygen atom
or a sulfur atom R' represents a single bond or a 2n-
val ent hydrocarbon group having 1 to 30 carbon atons, the
hydr ocar bon group optionally has a cyclic hydrocarbon
group, a double bond, a hetero atom or an aromatic group
having 6 to 30 carbon atons, and each R independently
represents a linear, branched or cyclic al kyl group
having 1 to 10 carbon atons, an aryl group having 6 to 10
carbon atons, an al kenyl group having 2 to 10 carbon
atons, or a hydroxyl group, provided that at |east one R
represents a hydroxyl group, each mis independently an
integer of 1 to 6, each p is independently O or 1, and n
is an integer of 1 to 4.)
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(wherein, each X i ndependently represents an oxygen atom

or a sulfur atom R' represents a single bond or a 2n-



val ent hydrocarbon group having 1 to 30 carbon atons, the
hydr ocar bon group optionally has a cyclic hydrocarbon
group, a double bond, a hetero atom or an aromatic group
having 6 to 30 carbon atoms, each R independently
represents a |linear, branched or cyclic al kyl group
having 1 to 10 carbon atons, an aryl group having 6 to 10
carbon atons, an al kenyl group having 2 to 10 carbon
atons, or a hydroxyl group, provided that at |east one R
represents a hydroxyl group, each R® independently
represents a single bond, or a |inear or branched
al kyl ene group having 1 to 20 carbon atons, each nf is
I ndependently an integer of 1 to 5, each pis
i ndependently 0 or 1, and n is an integer of 1 to 4.)
[2]

The net hod according to [1], wherein the acidic
aqueous solution is one or nore agqueous sol ution of
m neral acid selected fromthe group consisting of
hydrochl oric acid, sulfuric acid, nitric acid and
phosphoric acid, or one or nore aqueous sol ution of
organic acid selected fromthe group consisting of acetic
acid, propionic acid, oxalic acid, malonic acid, succinic
acid, fumaric acid, nmaleic acid, tartaric acid, citric
aci d, nethanesul fonic acid, phenol sul fonic acid, p-
tol uenesul fonic acid and trifluoroacetic acid.
[3]

The method according to [1] or [2], wherein the
organi c solvent optionally immscible with water is

tol uene, 2-heptanone, cycl ohexanone, cycl opentanone,



nmet hyl isobutyl ketone, propylene glycol nononethyl ether
acetate or ethyl acetate.
[ 4]

The nethod according to [1] or [2], wherein the
organi c solvent optionally immscible with water is
nmet hyl isobutyl ketone or ethyl acetate.

[ 5]

The nethod according to any of [1] to [4], wherein
the solution (A) conprises the organic solvent optionally
mscible with water in an anmount of 0.1 to 100 tines by
mass based on an anpbunt of the conpound represented by
the formula (1) or the resin having the structure
represented by the fornula (2).

[ 6]

The net hod according to [5], wherein the organic
solvent optionally mscible with water is N
nmet hyl pyrrol i done or propyl ene glycol nononethyl ether.
[7]

The met hod according to any of [1] to [6], further
conprising a step of perform ng an extraction treatnent
with water after an extraction treatnent by the step of
bringing the solution (A) into contact with the acidic
aqueous solution is perforned.

[ 8]

The nmethod according to any of [1] to [7], wherein

t he conpound represented by the fornula (1) is a conpound

represented by the following fornmula (1-1).



(1—1)
(wherein, R, R?, m p and n are the same as defined in
the formula (1).)
[ 9]
The met hod according to [8], wherein the conpound
represented by the fornmula (1-1) is a conpound

represented by the following forrmula (1-2).

m3 —

(1-2)
(wherein, R, p and n are the same as defined in the
formula (1), R' is the sane as R defined in the fornmula
(1), each n? is independently an integer of 1 to 6, each
nf is independently an integer of 0 to 5 and nt + nf is
an integer of 1 to 6.)

[10]



The net hod according to [9], wherein the conpound
represented by the fornmula (1-2) is conpound represented

by the following fornula (1-3).

| H
(1—3)
(wherein, R, p and n are the same as defined in the
formula (1), and R* and nf are the same as defined in the
formula (1-2).)
[11]

The net hod according to any of [1] to [7], wherein
t he conpound represented by the fornula (1) is a conpound

represented by the following fornmula (1-4).

(1—4)
(wherein, X and R' are the same as defined in the formula

(1), and R* and nf are the same as defined in the formula

(1-2).)
[12]



The net hod according to [11], wherein the conmpound
represented by the fornmula (1-4) is a conpound
represented by the following fornmula (1-5).

0
e
HO OH
(R*) e (R*) e
(1-5)
(wherein, R' is the same as defined in the formula (1),
and R* and nf are the sane as defined in the fornula (1-
2).)
[13]

The net hod according to [12], wherein the conmpound
represented by the fornmula (1-5) is a conpound
represented by the following fornmula (BisN1).

I
HO “l!! ii'ﬂ !!m OH

(BisN—1)

Advant ageous Effects of Invention
[ 0008]

According to the purification nethod of the present
I nvention, the contents of various netals that can be
included as inpurities in a conmpound or a resin having a

specific structure can be reduced.



Descri ption of Enbodi nents
[ 0009]

Herei nafter, an enbodi nent of the present invention
will be described (hereinafter, referred to as "present
enbodi nent"). Herein, the present enbodinent is
illustrative for explaining the present invention, and
the present invention is not limted only to the present
enbodi ment .

[ 0010]

The purification nethod according to the present
enbodi nent is a nethod for purifying a conpound
represented by the following forrmula (1) or a resin
having a structure represented by the follow ng formul a
(2). Furthernore, the purification nethod of the present
enbodi nent includes a step of bringing a solution (A
i ncluding an organi c solvent optionally imm scible with
wat er, and the conpound or the resin into contact with an
aci di ¢ aqueous solution. The purification nethod of the
present enbodi ment is configured as descri bed above, and
therefore enables to reduce the contents of various
netals that can be included as inpurities in the conpound
or the resin having a specific structure.

More specifically, in the present enbodi nent, the
compound or the resin can be dissolved in the organic
sol vent optionally inm scible with water and furthernore
the solution can be brought into contact with the acidic

aqueous solution to thereby performan extraction
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treatment. Thus, the metal conponent, which is included
in the solution (A) including the conpound represented by
the formula (1) or the resin having a structure
represented by the fornmula (2) and the organic sol vent,
can be transferred to the aqueous phase. Then, the
organi ¢ phase and the aqueous phase can be separated to
purify the conpound represented by the fornula (1) or the
resin having a structure represented by the formula (2),
ei ther of which has a reduced netal content.
[ 0011]

The conpound for use in the present enbodinent is a
conmpound represented by the following formula (1).

[ 0012]

[ 0013]

In the formula (1), each X independently represents
an oxygen atomor a sulfur atom and respective
napht hal ene rings are bonded with each other via X. R
represents a single bond or a 2n-val ent hydrocarbon group
having 1 to 30 carbon atons, and respective napht hal ene
rings are bonded with each other via R. Herein, the 2n-
val ent hydrocarbon group optionally has a cyclic

hydr ocar bon group, a double bond, a hetero atom or an
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aromatic group having 6 to 30 carbon atons. Each R

I ndependently represents a nonoval ent substituent
selected fromthe group consisting of a linear, branched
or cyclic alkyl group having 1 to 10 carbon atons, an
aryl group having 6 to 10 carbon atons, an al kenyl group
having 2 to 10 carbon atons, and a hydroxyl group, and m
nunber of R¥(s) is bonded to each naphthal ene ring.
Herein, at |least one R’ represents a hydroxyl group. In
addition, each mis independently an integer of 1 to 6,
each p is independently O or 1, and n is an integer of 1
to 4.

[ 0014]

Herein, the 2n-val ent hydrocarbon group neans an
al kyl ene group having 1 to 30 carbon atons when n = 1, an
al kanetetrayl group having 1 to 30 carbon atons when n =
2, an al kanehexayl group having 2 to 30 carbon atons when
n = 3, and an al kaneoctayl group having 3 to 30 carbon
atons when n = 4. Exanples of the 2n-val ent hydrocarbon
group include those having a |inear, branched or cyclic
structure.

[ 0015]

In addition, the 2n-val ent hydrocarbon group
optionally has a cyclic hydrocarbon group, a doubl e bond,
a hetero atom or an aromatic group having 6 to 30 carbon
atons. Herein, the cyclic hydrocarbon group al so
i ncl udes a bridged cyclic hydrocarbon group.

[ 0016]
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Here, the conpound represented by the formula (1) is
preferably a conpound represented by the foll ow ng

formula (1-1) in ternms of availability of raw materi al s.

[0017]
()
L (R - In
(1—1)

[ 0018]

In the formula (1-1), R, R, m and n are the sanme
as defined in the formula (1).
[0019]

The conpound represented by the general formula (1-
1) is nore preferably a conmpound represented by the
following formula (1-2) in terns of solubility in the
organi ¢ sol vent.

[ 0020]

m3 -

[ 0021]
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In the formula (1-2), R and n are the same as
defined in the formula (1), R' is the same as R defined
in the formula (1), each my is independently an integer
of 1 to 6, each ny is independently an integer of 0 to 5,
and mp + ny is an integer of 1 to 6.

[ 0022]

The conmpound represented by the general formula (1-
2) is further preferably a conpound represented by the
followng formula (1-3) in terns of solubility in the

organi ¢ sol vent.

[ 0023]
(R )
L H —In
(1—3)
[ 0024]

In the formula (1-3), R' is the same as defined in
the formula (1), and R* and nf are the sanme as defined in
the formula (1-2).

[ 0025]

In addition, the conpound represented by the fornula
(1) is preferably an enbodi nent where n = 1 in the
formula (1), nanely, a conpound represented by the
following formula (1-4), in ternms of having a | ow

nmol ecul ar wei ght.



[ 0026]

[0027]

In the formula (1-4), X and R* are the same as
defined in the formula (1), R* and nf are the sanme as
defined in the fornmula (1-2).

[ 0028]

Furt hernore, the conpound represented by the general
formula (1-4) is nore preferably an enbodi nent where X =
O (oxygen aton) in the formula (1-4), nanely, a conpound

represented by the following fornmula (1-5).

[ 0029]
(T X
(]
HO OH
(R*) e (R*) e
(1—5)
[ 0030]

In the formula (1-5), R' is the same as defined in
the fornula (1), R* and nf are the same as defined in the
formula (1-2).

[ 0031]
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Speci fic exanples of the conpound represented by the
general formula (1) are shown below, but are not |imted
to those exenplified herein.

[ 0032]

5B

In the above fornulae, R?, X, and mare the sane as

[ 0033]

[ 0034]

defined in the fornula (1).

[ 0035]



[ 0036]

[ 0037]



[ 0038]

In the above fornulae, R, X and mare the sane as

defined in the fornula (1).

[ 0039]
X X
( R2 — R2)m ( R2 — RZ)m
X X
(s )y %ﬁ
X X
( R2 — Rz)m ( R2 —

Fe%%m



[ 0040]

[ 0041]
In the above fornul ae,
defined in the fornula (1).

[ 0042]

R’, X and mare the sane as

[ 0043]



- 20 -

[ 0044]
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[ 0046]

[ 0047]
In the above fornulae, R?, X and mare the sane as
defined in the fornula (1).

[ 0048]

[ 0050]
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[ 0051]
In the above fornulae, R, X and mare the sane as
defined in the fornula (1).

[ 0052]

[ 0053]



[ 0054]

[ 0055]
In the above fornulae, R, X and mare the sane as

defined in the fornula (1).



[ 0056]

[ 0057]

[ 0058]

{ RP)m (Rz)m

[ 0059]
In the above fornulae, R, X and mare the sane as
defined in the fornula (1).

[ 0060]



[ 0061]

[ 0062]

[ 0064]



[ 0065]

[ 0066]

In the above formulae, R, X and mare the same as
defined in the fornula (1).
[ 0067]

Speci fic exanpl es of the conpound represented by the
formula (1) further include the follow ng, but not
limted to those exenplified herein.

[ 0068]



[ 0069]
In the above fornulae, X is the sane as defined in
the formula (1).

[ 0070]
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HOOH HO%—OH

CES T wCET I

[ 0071]

[0072]
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[ 0073]

In the above fornmulae, X is the same as defined in
the formula (1).
[ 0074]

X

X X

[ 0075]
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HO OH HO OH

[ 0076]
In the above fornmulae, X is the sane as defined in
the formula (1).

[0077]

[ 0078]
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[ 0079]
[ 0080]

[ 0081]
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In the above fornulae, X is the sane as defined in
the formula (1).

[ 0082]

[ 0083]
In the above fornulae, X is the sane as defined in
the formula (1).

[ 0084]
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[ 0086]



o @‘g o
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i
C3Hg

HO OH

[ 0087]

In the above fornul ae,

the formula (1).

[ 0088]

34 -

X is the sane as defi ned



HO

[ 0089]

In the above fornmulae, X is the same as defined in
the formula (1).
[ 0090]
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[ 0092]

[ 0093]

In the above fornmulae, X is the same as defined in
the formula (1).
[ 0094]

(\/X
0O

H

[ 0095]



[ 0096]

[ 0097]

In the above fornmulae, X is the same as defined in
the formula (1).
[ 0098]

The conpound represented by the forrmula (1) for use
in the present enbodi nent can be appropriately
synt hesi zed by applying a known nethod, and a synthesis
nmet hod thereof is not particularly limted. For exanple,
phenol s, thiophenols, naphthols or thionaphthols and the
correspondi ng al dehydes or ketones can be subjected to a

pol ycondensati on reaction under ordinary pressure in the
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presence of an acid catalyst to thereby provide the
conpound represented by the fornula (1). The reaction
can al so be perforned under pressure, if necessary.

[ 0099]

Exanpl es of the phenols include phenol, nethyl phenol,
nmet hoxybenzene, catechol, resorcinol, hydroqui none and
trimet hyl hydroqui none, but are not particularly limted
thereto. These can be used alone, or two or nore thereof
can be used in conbination. Anong them hydroqui none or
trimet hyl hydroqui none is preferably used fromthe
vi ewpoi nt of being capable of easily maki ng a xant hene
structure.

[ 0100]

Exanpl es of the thiophenols include benzenethiol,
nmet hyl benzenet hi ol , net hoxybenzenet hi ol , benzenedithio
and trinmethyl benzenedithiol, but are not particularly
limted thereto. These can be used alone, or two or nore
t hereof can be used in conbination. Anong them
benzenedi thiol or trinethyl benzenedithiol is preferably
used fromthe viewpoi nt of being capable of easily naking
a thioxant hene structure.
[ 0101]

Exanpl es of the naphthols include naphthol,
met hyl napht hol , net hoxynapht hol, and napht hal enedi ol , but
are not particularly limted thereto. These can be used
al one, or two or nore thereof can be used in conbination.

Among them napht hal enediol is preferably used fromthe
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vi ewpoi nt of being capabl e of easily naking a
benzoxant hene structure.
[ 0102]

Exanpl es of the thionaphthols include
napht hal enet hi ol , net hyl napht hal enet hi ol , met hoxy
napht hal enet hi ol , and napht hal enedi t hi ol , but are not
particularly limted thereto. These can be used al one,
or two or nore thereof can be used in conbination. Anbng
them naphthal enedithiol is preferably used fromthe
vi ewpoi nt of being capable of easily naking a
t hi obenzoxant hene structure.

[0103]

The al dehydes are not particularly limted, and for
exanpl e, formal dehyde, trioxane, parafornal dehyde,
acet al dehyde, propyl al dehyde, butyl al dehyde,
hexyl al dehyde, decyl al dehyde, undecyl al dehyde,
phenyl acet al dehyde, phenyl propyl al dehyde, furfural,
benzal dehyde, hydroxybenzal dehyde, fl uorobenzal dehyde,
chl or obenzal dehyde, nitrobenzal dehyde, nethyl benzal dehyde,
di met hyl benzal dehyde, et hyl benzal dehyde,
propyl benzal dehyde, butyl benzal dehyde,
cycl ohexyl benzal dehyde, benzal dehyde, hydroxybenzal dehyde,
fl uor obenzal dehyde, chl orobenzal dehyde, nitrobenzal dehyde,
met hyl benzal dehyde, di net hyl benzal dehyde,
et hyl benzal dehyde, propyl benzal dehyde, butyl benzal dehyde,
cycl ohexyl benzal dehyde, bi phenyl al dehyde, napht hal dehyde,
ant hr acenecar boxal dehyde, phenant hr enecar boxal dehyde,

pyr enecar boxal dehyde, gl yoxal, gl utaral dehyde,



- 41 -

pht hal al dehyde, napht hal enedi car boxal dehyde,

bi phenyl di car boxal dehyde, ant hracenedi car boxal dehyde,

bi s(di f ornyl phenyl ) met hane, bi s(diformnyl phenyl) propane or
benzenetri car boxal dehyde is preferably used fromthe

vi ewpoi nt of inparting high heat resistance.

[ 0104]

Exanpl es of the ketones include acetone, nethyl
et hyl ketone, cycl obutanone, cycl opentanone,
cycl ohexanone, norbornanone, tricycl ohexanone,
tricycl odecanone, adanmantanone, fl uorenone,
benzof | uor enone, acenapht henequi none, acenapht henone, and
ant hraqui none, but are not particularly limted thereto.
These can be used al one, or two or nore thereof can be
used in conbination. Anmong them cycl opentanone,
cycl ohexanone, norbornanone, tricycl ohexanone,
tricycl odecanone, adamantanone, fl uorenone,
benzof | uor enone, acenapht henequi none, acenapht henone, or
ant hraqui none is preferably used fromthe viewpoint of
I nparting a high heat resistance.

[ 0105]

The acid catalyst for use in the above reaction can
be appropriately selected fromknown ones and used, and
Is not particularly limted. Such an acid catalyst is an
i norganic acid or an organic acid, as w dely known, and
exanpl es thereof include inorganic acids such as
hydrochl oric acid, sulfuric acid, phosphoric acid,
hydrobrom ¢ acid, or hydrofluoric acid, organic acids

such as oxalic acid, malonic acid, succinic acid, adipic
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acid, sebacic acid, citric acid, fumaric acid, maleic
acid, formc acid, p-toluenesulfonic acid,
met hanesul fonic acid, trifluoroacetic acid,
di chl oroacetic acid, trichloroacetic acid,
trifluoronmethanesul fonic acid, benzenesul fonic acid,
napht hal enesul foni ¢ aci d, or napht hal enedi sul foni c aci d,
Lew s acids such as zinc chloride, alum num chloride,
iron chloride, or boron trifluoride, and solid acids such
as tungstosilicic acid, tungstophosphoric acid,
siliconol ybdi c acid, or phosphonol ybdic acid, but are not
particularly Iimted thereto. Anong them organic acids
and solid acids are preferable in terns of production,
and hydrochloric acid or sulfuric acid is preferably used
in terms of production such as availability or
handl eability. Herein, these acid catal ysts can be used
al one, or two or nore thereof can be used in conbination.
In addition, the amount of the acid catalyst to be used
can be appropriately set depending on the types of raw
materials to be used and the catal yst to be used,
reaction conditions, and the like, and is not
particularly limted, but the anount is preferably 0.01
to 100 parts by mass based on 100 parts by nmass of
reaction raw materi al s.
[ 0106]

A reaction solvent may al so be used during the above
reaction. The reaction solvent that can be used is not
particularly Iimted and is appropriately selected from

known ones as long as the reaction of the al dehydes or
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ket ones to be used and the phenols, thiophenols,
napht hol s or thionaphthols to be used progresses.
Exanpl es thereof include water, methanol, ethanol,
propanol , butanol, tetrahydrofuran, dioxane, ethylene

gl ycol dinethyl ether, ethylene glycol diethyl ether, and
a mxed solvent thereof. Herein, these solvents can be
used al one, or two or nore thereof can be used in

conbi nation. |In addition, the anount of the solvent to
be used can be appropriately set depending on the types
of raw materials to be used and the catal yst to be used,
reaction conditions, and the l[ike, and is not
particularly limted, but the anount is preferably 0 to
2000 parts by nmass based on 100 parts by mass of reaction
raw materials. Furthernore, the reaction tenperature in
t he above reaction can be appropriately sel ected
dependi ng on the reactivity of reaction raw materi al s,
and is not particularly limted, but the reaction
tenperature usually ranges from 10 to 200°C.

[0107]

In order to obtain the compound represented by the
general formula (1) of the present enbodi nent, the
reaction tenperature is preferably high, and specifically,
preferably ranges from 60 to 200°C. Herein, the reaction
net hod that can be used is appropriately selected from
known methods and is not particularly limted, but
exanpl es thereof include a nethod in which the phenols,

t he thiophenols, the naphthols or the thionaphthols, the

al dehydes or the ketones, and the catal yst are charged at
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once, and a nethod in which the phenols, the thiophenols,
t he naphthols or the thionaphthols and the al dehydes or
the ketones are dropped in the presence of the catalyst.
After conpletion of the pol ycondensation reaction, the
resul ti ng conpound can be isol ated according to an

ordi nary nethod, and the isolation nmethod is not
particularly Iimted. For exanple, in order to renove
the unreacted raw materials, the catalyst, and the like
present in the system a common nethod in which the
tenperature in a reaction tank is raised to 130 to 230°C
to renove the volatile conponent at about 1 to 50 nmhHg
can be adopted to thereby provide the conpounds as the
raw materi al s.

[ 0108]

The reaction progresses under such a preferable
reaction condition that 1 nol to an excess anobunt of the
phenol s, thiophenols, naphthols or thionaphthols and
0.001 to 1 nol of the acid catalyst are used based on 1
nol of the al dehydes or ketones and are reacted at
ordi nary pressure and at 50 to 150°C for about 20 m nutes
to 100 hours.

[ 0109]

After conpletion of the reaction, the conpounds as
the raw materials can be isolated by a known nethod. For
exanpl e, the conpound represented by the general fornmula
(1) as the raw naterial, can be obtai ned by concentrati ng
a reaction solution, adding pure water thereto to

precipitate a reaction product, cooling the resultant to
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roomtenperature followed by filtration for separation
drying a solid obtained by filtration, then separating
the solid into the reaction product and a by-product for
purification by colum chromatography, and perform ng
distilling off of the solvent, filtration and dryi ng.
[0110]

The resin for use in the present enbodi nent is the

resin having a structure represented by the formula (2).

[0111]
_(R%n? _
p T
Nt
\\Rs X /R
—(R% ) —In
(2)
[0112]

In the formula (2), each X independently represents
an oxygen atomor a sulfur atom R! represents a single
bond or a 2n-val ent hydrocarbon group having 1 to 30
carbon atons, and the hydrocarbon group optionally has a
cyclic hydrocarbon group, a double bond, a hetero atom
or an aronmatic group having 6 to 30 carbon atons. Each
R i ndependently represents a linear, branched or cyclic
al kyl group having 1 to 10 carbon atons, an aryl group
having 6 to 10 carbon atons, an al kenyl group having 2 to
10 carbon atons, or a hydroxyl group. Herein, at |east
one R represents a hydroxyl group. Each R® independently

represents a single bond, or a |inear or branched
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al kyl ene group having 1 to 20 carbon atons. Each nf is

I ndependently an integer of 1 to 5 and n is an integer
of 1 to 4. Each p is independently O or 1. Herein, the
2n-val ent hydrocarbon group is the sane as defined in the
formula (1).

[0113]

The resin having a structure represented by the
formula (2) for use in the present enbodi nent is obtained
by, for exanple, reacting the conpound represented by the
formula (1) with a nononmer having crosslinking reactivity.
[0114]

The nononer having crosslinking reactivity is not
particularly Iimted as long as the one enables to form
an oligonmer or polynmer of the conpound represented by the
formula (1), and various known ones can be used.

Speci fi c exanpl es thereof include al dehyde, ket one,
carboxylic acid, carboxylic halide, a hal ogen-containing
compound, an am no conpound, an im no conpound,

I socyanate, and an unsaturated hydrocarbon group-
cont ai ni ng conmpound, but are not limted thereto.

[0115]

Specific exanples of the resin having a structure
represented by fornmula (2) include, but not limted to
the follow ng, a novolac resin obtained by a condensati on
reacti on of the conpound represented by the formula (1)
wi th an al dehyde as the nononer having crosslinking
reactivity, or the like.

[ 0116]
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Herei n, exanples of the aldehyde for use in formng
the novol ac resin of the conpound represented by the
formula (1) include fornal dehyde, tri oxane,
par af or mal dehyde, benzal dehyde, acet al dehyde,
propyl al dehyde, phenyl acet al dehyde, phenyl propyl al dehyde,
hydr oxybenzal dehyde, chl orobenzal dehyde,
ni trobenzal dehyde, nethyl benzal dehyde, ethyl benzal dehyde,
but yl benzal dehyde, bi phenyl al dehyde, napht hal dehyde,
ant hr acenecar bal dehyde, phenant hr enecar bal dehyde,
pyr enecar bal dehyde, and furfural, but are not limted
thereto. Anong them formal dehyde is preferable. Herein,
t hese al dehydes can be used al one, or two or nore thereof
can be used in conbination. |In addition, the anount of
the al dehydes to be used is not particularly limted, but
the amount is preferably 0.2 to 5 nol and nore preferably
0.5to 2 nol, based on 1 nol of the conpound represented
by the formula (1).

[0117]

A catal yst can also be used in the condensation
reacti on of the conpound represented by the formula (1)
wi th an al dehyde. The acid catal yst that can be used
herein is appropriately selected fromknown ones, and is
not particularly limted. Such an acid catalyst is an
i norganic acid or an organic acid, as w dely known, and
exanpl es thereof include inorganic acids such as
hydrochl oric acid, sulfuric acid, phosphoric acid,
hydrobrom ¢ acid, or hydrofluoric acid, organic acids

such as oxalic acid, malonic acid, succinic acid, adipic
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acid, sebacic acid, citric acid, fumaric acid, maleic
acid, formc acid, p-toluenesulfonic acid,

met hanesul fonic acid, trifluoroacetic acid,

di chl oroacetic acid, trichloroacetic acid,
trifluoronmethanesul fonic acid, benzenesul fonic acid,

napht hal enesul foni ¢ aci d, or napht hal enedi sul foni c aci d,
Lew s acids such as zinc chloride, alum num chloride,
iron chloride, or boron trifluoride, and solid acids such
as tungstosilicic acid, tungstophosphoric acid,
siliconol ybdi c acid, or phosphonol ybdic acid, but are not
limted thereto. Anmong them organic acids and solid
acids are preferable in terns of production, and

hydrochl oric acid or sulfuric acid is preferably used in
ternms of production such as availability or handleability.
Herein, these acid catal ysts can be used al one, or two or
nore thereof can be used in conbination. In addition,

the amount of the acid catalyst to be used can be
appropriately set depending on the types of raw materials
to be used and the catal yst to be used, reaction
conditions, and the like, and is not particularly limted,
but the anobunt is preferably 0.01 to 100 parts by mass
based on 100 parts by nass of reaction raw material s.
However, in the case of copolynerization with a conpound
havi ng a non-conj ugat ed doubl e bond, such as i ndene,
hydr oxyi ndene, benzof uran, hydroxyant hracene,
acenapht hyl ene, bi phenyl, bisphenol, trisphenol,

di cycl opent adi ene, tetrahydroi ndene, 4-vinylcycl ohexene,



- 49 -

nor bor nadi ene, 5-vi nyl nor bor na- 2- ene, ao-pi nene, B-pinene,
and | i nronene, the al dehydes are not necessarily required.
[0118]

A reaction solvent can also be used in the
condensation reaction of the conpound represented by the
formula (1) with an al dehyde. The reaction solvent in
t he pol ycondensati on, which can be used, is appropriately
sel ected from known ones, and is not particularly limted,
but exanpl es thereof include water, nethanol, ethanol,
propanol , butanol, tetrahydrofuran, dioxane, and a m xed
sol vent thereof. Herein, these reaction solvents can be
used al one, or two or nore thereof can be used in
conbination. 1In addition, the anbunt of the reaction
sol vent to be used can be appropriately set dependi ng on
the types of raw naterials to be used and the catalyst to
be used, reaction conditions, and the like, and is not
particularly limted, but the anobunt preferably ranges
fromO to 2000 parts by mass based on 100 parts by mass
of reaction raw materials. Furthernore, the reaction
tenperature can be appropriately sel ected dependi ng on
the reactivity of reaction raw materials, and is not
particularly Iimted, but the reaction tenperature
usual ly ranges from 10 to 200°C. Herein, the reaction
net hod that can be used is appropriately selected from
known met hods, and is not particularly limted, but
exanpl es thereof includes a nethod in which the conpound
represented by the general formula (1), the al dehydes,

and the catal yst are charged at once, and a nethod in
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whi ch the conpound represented by the general formula (1)
and the al dehydes are dropped in the presence of the
catalyst. After conpletion of the polycondensation
reaction, the resulting conpound can be isol ated
according to an ordinary nethod, and the isolation nethod
is not particularly limted. For exanple, in order to
renove the unreacted raw materials and the catal yst
present in the system a common nmethod in which the
tenperature in a reaction tank is raised to 130 to 230°C
to renove a vol atile conponent at about 1 to 50 mmHg can
be adopted to thereby provide a novolac resin as the raw
mat eri al .

[0119]

Herein, the resin having a structure represented by
the formula (2) may be a honopol yner of the conpound
represented by the fornmula (1), or may be a copol yner of
t he conpound represented by the formula (1) with other
phenol s. Exanples of the copol ynerizabl e phenol s incl ude
phenol , cresol, dinethylphenol, trinethylphenol,
but yl phenol , phenyl phenol, di phenyl phenol, napht hyl phenol,
resorcinol, nethylresorcinol, catechol, butyl catechol,
nmet hoxyphenol , met hoxyphenol , propyl phenol, pyrogallol,
and thynol, but are not Iimted thereto.

[ 0120]

In addition, the resin having a structure
represented by the formula (2) may be one obtai ned by
copol yneri zation with a polynerizabl e nononmer ot her than

t he above-descri bed ot her phenols. Exanples of such a
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copol yneri zabl e nononer i ncl ude naphthol, nethyl napht hol,
met hoxynapht hol , di hydr oxynapht hal ene, i ndene,
hydr oxyi ndene, benzofuran, hydroxyant hracene,
acenapht hyl ene, bi phenyl, bisphenol, trisphenol,

di cycl opent adi ene, tetrahydroi ndene, 4-vinylcycl ohexene,
nor bor nadi ene, vi nyl nor bor naene, pinene, and |inonene,
but are not limted thereto. Herein, the resin having a
structure represented by the general formula (2) may be a
bi or higher functional (for exanple, bi to tetra)

copol yner of the conpound represented by the genera
formula (1) with the above-described phenols, a bi or

hi gher functional (for exanple, bi to tetra) copol yner of
t he conpound represented by the general fornmula (1) with
t he above-descri bed copol yneri zabl e nononer, or a ter or
hi gher (for exanple, ter to tetra) copolynmer of the
conpound represented by the general formula (1), the
above-descri bed phenols and the above-descri bed

copol yneri zabl e nononer

[0121]

The conpound represented by the formula (1) or the
resin having a structure represented by the fornmula (2)
for use in the present enbodi nrent nmay be used al one, or
can al so be used as a m xture of two or nore. The
conmpound represented by the fornula (1) or the resin
having a structure represented by the formula (2) may
contain various surfactants, various crosslinking agents,
vari ous acid generators, various stabilizers, and the

l'i ke.
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In the present enbodi ment, the organic sol vent
optionally imm scible with water means an organi ¢ sol vent
having a solubility in water at roomtenperature, of |ess
than 30% The organic solvent optionally inmscible with
water is not particularly limted, but is preferably an
organi ¢ solvent that can be safely applied to a
sem conduct or manufacturing process. Herein, the
solubility is preferably I ess than 20% nore preferably
| ess than 10% The anmpunt of the organic sol vent
optionally immscible with water, to be used, is not
particularly limted, but can be usually about 1 to 100
times by mass based on the anount of the conpound
represented by the fornula (1) or the resin having a
structure represented by the fornula (2) to be used, and
is preferably 1 tine by mass or nore and 10 tines by nass
or less, nore preferably 1 tine by mass or nore and | ess
than 9 tinmes by mass, further preferably 2 to 5 tines by
mass.

Speci fic exanples of the solvent to be used include,
but not limted to the follow ng, ethers such as diethyl
et her and diisopropyl ether, esters such as ethyl acetate,
n- butyl acetate and isoanyl acetate, ketones such as
met hyl ethyl ketone, nethyl isobutyl ketone, ethyl
i sobutyl ketone, cycl ohexanone, cycl opentanone, 2-
hept anone and 2-pent anone, glycol ether acetates such as
et hyl ene gl ycol nonoethyl ether acetate, ethylene glyco

nonobutyl ether acetate, propylene glycol nononethyl
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et her acetate (PGVEA) and propyl ene gl ycol nonoet hyl

et her acetate, aliphatic hydrocarbons such as n-hexane
and n-heptane, aronmatic hydrocarbons such as tol uene and
xyl ene, and hal ogenat ed hydrocarbons such as net hyl ene
chl oride and chl oroform Anong them toluene, 2-

hept anone, cycl ohexanone, cycl opentanone, nethyl isobutyl
ket one, propyl ene glycol nononethyl ether acetate, ethyl
acetate, and the like are preferable, nethyl isobutyl

ket one, ethyl acetate, cycl ohexanone, propylene glyco
nononet hyl ether acetate, and the |like are nore
preferable, and nethyl isobutyl ketone and ethyl acetate
are further preferable. Methyl isobutyl ketone, ethyl
acetate, and the like are relatively high in saturation
solubility of the conmpound represented by the formula (1)
or the resin having a structure represented by the
formula (2) and are relatively lowin boiling point, and
t herefore, when such a solvent is used, the load in the
case of industrial distillation off of the solvent or in
a step of renoving the solvent by drying tends to be
reduced.

The above sol vents can be used al one or can be used
as a mxture of two or nore.

[0123]

The aci di ¢ aqueous solution for use in the present
enbodi nment is appropriately selected from aqueous
solutions in which a conmmonly known organic or inorganic
compound is dissolved in water. Exanples thereof include,

but not limted to the foll ow ng, an aqueous solution in
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which a mneral acid such as hydrochloric acid, sulfuric
acid, nitric acid or phosphoric acid is dissolved in

wat er, and an aqueous solution in which an organic acid
such as acetic acid, propionic acid, oxalic acid, nmalonic
acid, succinic acid, fumaric acid, maleic acid, tartaric
acid, citric acid, nethanesul fonic acid, phenol sul fonic
acid, p-toluenesulfonic acid or trifluoroacetic acid is
di ssolved in water. These acidic aqueous sol utions can
be used singly or two or nore thereof can be used in
conmbi nation. Anong these acidi c aqueous sol utions, at

| east one aqueous solution of mneral acid selected from
the group consisting of hydrochloric acid, sulfuric acid,
nitric acid and phosphoric acid, or at |east one aqueous
sol ution of organic acid selected fromthe group

consi sting of acetic acid, propionic acid, oxalic acid,
mal oni ¢ acid, succinic acid, fumaric acid, maleic acid,
tartaric acid, citric acid, nethanesul fonic acid,
phenol sul foni ¢ acid, p-toluenesulfonic acid and
trifluoroacetic acid is preferable, an agueous sol ution
of an sulfuric acid or nitric acid, and an aqueous
solution of a carboxylic acid such as acetic acid, oxalic
acid, tartaric acid or citric acid are nore preferable,
an aqueous solution of sulfuric acid, oxalic acid,
tartaric acid or citric acid is further preferable, and
an aqueous solution of oxalic acid is further nore
preferable. It is considered that a pol yval ent
carboxylic acid such as oxalic acid, tartaric acid or

citric acid is coordinated to a netal ion to exert the
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chel ate effect and thus tends to effectively renove the
netal. According to the object of the present enbodi nent,
it is preferable to use, as the water used here, water
having a | ow netal content, such as ion-exchange water.

[ 0124]

The pH of the acidic aqueous solution for use in the
present enbodinment is not particularly Iimted, but the
acidity of the aqueous solution is preferably adjusted in
consi deration of the influence on the conpound
represented by the fornula (1) or the resin having a
structure represented by the fornula (2). The pH usually
ranges fromabout 0 to 5, preferably about 0 to 3.

[ 0125]

The anobunt of the acidic aqueous solution for use in
the present enbodi nent, to be used, is not particularly
limted, but is preferably adjusted fromthe viewpoints
of reducing the nunber of extractions for netal renoval
and ensuring operability in consideration of the total
amount of the liquid. Fromthe viewpoints, the anount of
t he agueous solution to be used is 10 to 200% by nass,
preferably 20 to 100% by mass, based on the anpunt of the
solution of the conmpound represented by the fornula (1)
or the resin having a structure represented by the
formula (2) dissolved in the organic sol vent.

[ 0126]

In the present enbodi nent, the above aci di c aqueous

sol ution can be brought into contact with the sol ution

i ncl udi ng the conpound represented by the fornula (1) or
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the resin having a structure represented by the formula
(2) and the organic solvent optionally inmscible wth
wat er, thereby extracting the netal conmponent. The
enbodi nent for such contact is not particularly limted,
and for exanple, a known m xi ng nethod such as stirring
or ultrasonic dispersion can be adopt ed.

[0127]

In the present enbodi ment, the solution (A
preferably further includes an organic solvent optionally
mscible with water. In the present enbodi nent, the
organi c solvent optionally mscible with water neans an
organi ¢ solvent having a solubility in water at room
tenperature, of 70% or nore. The solubility of the
organi c solvent optionally mscible with water is
preferably 80% or nore, nore preferably 90% or nore.

When the organic solvent optionally mscible with water
is included, the anount of the conpound represented by
the formula (1) or the resin having a structure
represented by the fornmula (2) to be charged can be

i ncreased, and there is the follow ng tendency: liquid
separation property can be enhanced to allow purification
to be perfornmed at a high pot efficiency. The nethod of
addi ng the organic solvent optionally mscible with water
Is not particularly limted. For exanple, any of a

nmet hod of addi ng such an organic solvent to the solution
i ncludi ng the organic solvent in advance, a nethod of
addi ng such an organic solvent to water or the acidic

aqueous solution in advance, and a nethod of bringing the
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solution including the organic solvent into contact with
wat er or the acidic aqueous solution and then addi ng such
an organi c solvent may be adopted. Anmong them a nethod
of addi ng such an organic solvent to the solution

i ncludi ng the organic solvent in advance, is preferable
in ternms of operation processability and ease of
managenent of the amount to be charged.

[ 0128]

The organic solvent optionally mscible with water
for use in the present enbodinment is not particularly
limted, but is preferably an organic solvent that can be
safely applied to a sem conductor manufacturing process.
The anmpbunt of the organic solvent optionally mscible
with water to be used is not particularly limted as |ong
as the solution phase and the aqueous phase are separated,
but the organic solvent optionally mscible with water
can be usually used in an anount of about 0.1 to 100
times by mass, preferably 0.1 to 10 times by nass, nore
preferably 0.1 to 2 tines by mass, further preferably 0.5
to 2 times by mass, further nore preferably 0.5 to 1.5
times by mass, based on the anount of the conpound
represented by the fornula (1) or the resin having a
structure represented by the fornula (2) to be used.
[0129]

Specific exanples of the solvent optionally mscible
with water for use in the present enbodi nent include, but
not limted to the follow ng, ethers such as

tetrahydrofuran and 1, 3-di oxol ane, al cohols such as
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nmet hanol , et hanol and isopropanol, ketones such as
acetone and N-nethyl pyrrolidone, and glycol ethers such
as et hyl ene glycol nonoethyl ether, ethylene glyco
nonobut yl et her, propylene glycol nononethyl ether (PGQVE)
and propyl ene glycol nonoethyl ether. Anong them N

nmet hyl pyrrol i done, propyl ene glycol nononethyl ether, and
the like are preferable, and N-nethyl pyrrolidone and
propyl ene gl ycol nononethyl ether are nore preferable.

These sol vents can be used al one or can be used as a
m xture of two or nore.

[ 0130]

In the present enbodi nent, the tenperature in
bringing of the solution (A) into contact with the acidic
aqueous solution, nanely, in performng of the extraction
treatment usually ranges from 20 to 90°C, preferably
ranges from 30 to 80°C. The extraction operation is not
particularly Iimted, and is performed by, for exanple,

m xi ng these solutions well with stirring or the |ike and
then leaving themto still stand. Thus, the netal
conmponent, which is included in the solution including
the conpound represented by the fornula (1) or the resin
having a structure represented by the formula (2) and the
organic solvent, is transferred to the aqueous phase.
Such an operation can also allow for a reduction in the
acidity of the solution, inhibiting the conmpound
represented by the fornula (1) or the resin having a
structure represented by the fornula (2) from being

nmodi fi ed.
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The resulting mxture is spontaneously separated to
the sol ution phase including the conpound represented by
the formula (1) or the resin having a structure
represented by the fornmula (2) and the organic sol vent,
and the aqueous phase, and therefore the sol ution
i ncl udi ng the conpound represented by the fornula (1) or
the resin having a structure represented by the formul a
(2) and the organic solvent is recovered by decantation
or the like. The standing tine is not particularly
limted, but the standing tine is preferably adjusted
fromthe viewoint of nore favorably separating the
sol uti on phase including the organic solvent, and the
aqueous phase. The standing tine is usually 1 mnute or
nore, preferably 10 m nutes or nore, nore preferably 30
m nutes or nore.

The extraction treatnment may be performed only once,
and is also effectively perfornmed by repeatedly
perform ng operations such as m xi ng, standing and
separation a plurality of tines.

[0132]

In the present enbodi ment, after the extraction
treatnment by the step of bringing the solution (A) wth
the acidic aqueous solution is perfornmed, a step of
perform ng an extraction treatment with water is
preferably further included. That is, after the
extraction treatnent is performed using the acidic

aqueous sol ution, the solution including the conpound
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represented by the fornula (1) or the resin having a
structure represented by the fornula (2) and the organic
solvent, which is extracted fromthe aqueous solution and
recovered, is preferably further subjected to an
extraction treatnent with water. The extraction
treatment with water is not particularly limted, and can
be perforned by, for exanple, well mxing with stirring
or the like and then standing. The sol ution obtained
after such standing is spontaneously separated to the

sol uti on phase including the conmpound represented by the
formula (1) or the resin having a structure represented
by the formula (2) and the organic solvent, and the
aqueous phase, and therefore the solution phase incl uding
the conpound represented by the fornula (1) or the resin
having a structure represented by the formula (2) and the
organi ¢ solvent can be recovered by decantation or the

li ke.

According to the object of the present enbodi nment,
the water used here is preferably water having a | ow
nmetal content, such as ion-exchange water. The
extraction treatnent may be perforned only once, and is
al so effectively perfornmed by repeatedly perform ng
operations such as m xing, standing and separation a
plurality of times. Conditions such as the proportions
of both to be used, the tenperature and the tinme in the
extraction treatnent are not particularly limted, but
may be the sane as in the case of the contacting

treatment with the acidi c agueous sol ution.
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Water, that can be included in the thus-obtained
sol ution including the conpound represented by the
formula (1) or the resin having a structure represented
by the forrmula (2) and the organic solvent, can be easily
renoved by conducting an operation such as evaporation
under reduced pressure. The organic solvent can al so be
i f necessary added to adjust the concentration of the
conmpound represented by the fornula (1) or the resin
having a structure represented by the formula (2) to any
concentrati on.

[ 0134]

The nethod for isolating the conmpound represented by
the formula (1) or the resin having a structure
represented by the fornmula (2) fromthe resulting
sol ution including the conpound represented by the
formula (1) or the resin having a structure represented
by the forrmula (2) and the organic solvent is not
particularly limted, and can be perfornmed by a known
nmet hod such as separation by renoval under reduced
pressure or reprecipitation, and a conbi nation thereof.
If necessary, a known treatnent such as a concentrating
operation, a filtering operation, a centrifugation

operation and a drying operation can be perforned.

Exanpl es
[ 0135]
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Hereinafter, the present enbodinent will be nore
specifically described with reference to Exanples. The
present enbodi nent, however, is not limted to these
Exanples. In the follow ng Synthesis Exanples, the
structure of a conpound was identified by H NWR
measur enment .

[0136]
(Synthesis Exanple 1) Synthesis of BisN1

To a container having an inner volunme of 100 ni,
equi pped with a stirrer, a condenser and a burette, were
charged 1.60 g (10 nmol ) of 2, 6-napht hal enedi ol (reagent
produced by Signma-Aldrich Co., LLC.), 1.82 g (10 mmol ) of
4- bi phenyl al dehyde (produced by M tsubishi Gas Chem ca
Conpany, Inc.) and 30 nL of nethyl isobutyl ketone, 5 nL
of 95% sul furic acid was added thereto, and a reaction
liquid was stirred at 100°C for 6 hours to performa
reaction. Then, the reaction liquid was concentrated, 50
g of pure water was added thereto to precipitate a
reaction product, and the resultant was cooled to room
tenperature followed by filtration for separation. A
solid obtained by filtration was dried, and separated and
purified by colum chromatography to thereby provide 3.05
g of an objective conpound (BisN-1) represented by the
foll ow ng fornmula.

Herein, the follow ng peaks were observed by 400
MHz-'H-NMR, and it was confirmed that the conpound had a
chem cal structure of the followng fornula. |In addition,

it was confirnmed froma doubl et signal of protons at 3-
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and 4-positions that 2,6-di hydroxynapht hol was
substituted at 1-position.

'H NVR (d-DMBO, Internal reference TMB)

§ (ppn) 9.7 (2H, OH), 7.2-8.5 (19H, Ph-H), 6.6 (1H,
CH)

[0137]
0
HO “'!! li.ﬁ !!.ﬂ OH
(BisN—1)
[ 0138]

(Synthesis Exanple 2) Synthesis of RBisN 1

To a container having an inner volunme of 100 ni,
equi pped with a stirrer, a condenser and a burette, were
charged 10 g (21 mmol) of BisN-1, 0.7 g (42 mmol ) of
par af or mal dehyde, 50 nL of gl acial acetic acid and 50 nL
of PGVE, 8 nL of 95% sul furic acid was added thereto, and
a reaction liquid was stirred at 100°C for 6 hours to
performa reaction. Then, the reaction liquid was
concentrated, 1000 nL of nethanol was added thereto to
precipitate a reaction product, and the resultant was
cooled to roomtenperature followed by filtration for
separation. A solid obtained by filtration was dri ed,
and separated and purified by colum chromatography to
thereby provide 7.2 g of an objective resin (RBisN1)

having a structure represented by the foll ow ng fornmula.
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The nol ecul ar weight in ternms of polystyrene with
respect to the resulting resin was neasured by the above
met hod, and as a result, M was 778, Mv was 1793 and
MV Mh was 2. 30.

NVMR neasurenent of the resulting resin was perforned
under the above neasurenent conditions, and the follow ng
peaks were observed. It was confirnmed that the resin had
a chemcal structure of the follow ng formula.

§ (ppn) 9.7 (2H, OH), 7.2-8.5 (17H, Ph-H), 6.6 (1H,
CH), 4.1 (2H -CH)

[0139]

(RBisN—1)

[ 0140]

<Exanpl es> Production of propylene glycol nononethyl

et her acetate (PGVEA) solution of: compound represented
by formula (1) or resin having structure represented by
formula (2), either of which has reduced netal content
(Exampl e 1)

To a four-neck flask (bottomoutlet type) having a
vol une of 1000 nL was charged 150 g of a solution (BisN1
concentration: 2.5% by weight) including BisN-1 dissolved
in PGVEA, and heated to 80°C with stirring. Next, 37.5 g

of an aqueous solution of oxalic acid (pH 1.3) was added
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thereto, stirred for 5 mnutes, and thereafter left to
stand for 30 m nutes. Thus, the resultant was

spont aneously separated to an oil phase and an aqueous
phase, and therefore the agueous phase was renoved.

After this operation was repeated once, the resulting oi
phase was charged with 37.5 g of ultrapure water, stirred
for 5 mnutes, and left to stand for 30 m nutes to renove
t he agueous phase. This operation was repeated three
times to thereby provide a solution of BisN1 having a
reduced netal content in PGVEA

[ 0141]

(Exampl e 2)

Except that 150 g of a solution (BisN1
concentration: 10% by wei ght) including PGVEA (120
g)/ propyl ene gl ycol nonomethyl ether (PGQVE) (15 g) as the
sol vent was charged i nstead of 150 g of the PGVEA
solution (BisN-1 concentration: 2.5% by weight), the sane
treatment as in Exanple 1 was perfornmed to provide a
solution of BisN-1 having a reduced netal content in
PGVEA/ PGVE.

[0142]
(Exanpl e 3)

Except that 130 g of an aqueous solution of citric
acid (pH 1.8) was charged instead of 37.5 g of the
aqueous solution of oxalic acid (pH 1.3), the sane
treatnent as in Exanple 1 was perforned to provide a
solution of BisN-1 having a reduced netal content in

PGVEA.



[0143]
(Exampl e 4)

Except that RBisN-1 was charged instead of BisN 1
the sane treatnent as in Exanple 1 was perforned to
provide a solution (RBisN-1 concentration: 2.5% by
wei ght) of RBisN-1 having a reduced netal content in
PGVEA.

[ 0144]
(Exanpl e 5)

Except that a solution (BisN-1 concentration: 30% by
wei ght) including nethyl isobutyl ketone (150 g) as the
sol vent was charged instead of 150 g of the PGVEA
solution (BisN-1 concentration: 2.5% by weight), the sane
treatnent as in Exanple 1 was perforned to provide a
solution of BisN-1 having a reduced netal content in
met hyl isobutyl ketone.

[ 0145]
(Exanpl e 6)

Except that a solution (BisN-1 concentration: 30% by
wei ght) including nethyl isobutyl ketone (120
g)/ propyl ene glycol nononethyl ether (PGVE) (15 g) as the
sol vent was charged i nstead of 150 g of the PGVEA
solution (BisN-1 concentration: 2.5% by weight), the sane
treatnent as in Exanple 1 was perforned to provide a
solution of BisN-1 having a reduced netal content in
met hyl isobutyl ketone/ PGVE.

[ 0146]
(Exampl e 7)
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Except that a solution (BisN-1 concentration: 20% by
wei ght) including ethyl acetate (150 g) as the sol vent
was charged instead of 150 g of the PQGVEA sol ution (Bi sN
1 concentration: 2.5% by weight), the sane treatnent as
in Exanple 1 was perfornmed to provide a solution of BisN
1 having a reduced netal content in ethyl acetate.

[0147]
(Exanpl e 8)

Except that a solution (BisN-1 concentration: 20% by
wei ght) including ethyl acetate (120 g)/ propyl ene gl ycol
nmononet hyl ether (PGVE) (15 g) as the sol vent was charged
i nstead of 150 g of the PGVEA solution (BisN1
concentration: 2.5% by weight), the sane treatnent as in
Exanple 1 was perfornmed to provide a solution of BisN1
having a reduced netal content in ethyl acetate/ PGQVE.
[0148]

(Exanpl e 9)

Except that RBisN-1 was charged instead of BisN 1,
the sane treatnent as in Exanple 6 was perforned to
provi de a solution (RBisN-1 concentration: 30% by wei ght)
of RBisN-1 having a reduced netal content in nethyl
i sobutyl ket one/ PGQVE.

[0149]
(Exanmpl e 10)

Except that RBisN-1 was charged instead of BisN 1,

the sane treatnent as in Exanple 8 was perforned to

provi de a solution (RBisN-1 concentration: 20% by wei ght)
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of RBisN-1 having a reduced netal content in ethyl
acet at e/ PGVE.

[ 0150]

(Ref erence Exanple 1)

Except that 150 g of a PGVEA solution (BisN1
concentration: 10% by wei ght) was charged instead of 150
g of the PGVEA solution (BisN-1 concentration: 2.5% by
wei ght), the sane operation as in Exanple 1 was start ed.
An aqueous solution of oxalic acid (pH 1.3) (37.5 g) was
added and stirred for 5 mnutes to precipitate a part of
BisN-1. Then, the resultant was heated to 80°C and
thereafter further stirred for 5 mnutes to provide a
solution (BisN-1 concentration: 10% by wei ght) of BisN1
havi ng a reduced netal content in PGVEA
[ 0151]
<Conpar ati ve Exanple> Production of cyclic conpound,
havi ng reduced netal content, by ion-exchange resin
(Conpar ati ve Exanpl e 1)

Twenty five g of an ion-exchange resin (DI Al ON
produced by M tsubishi Chem cal Corporation: SMri100-M xed
resin) was swol |l en by cycl ohexanone and thereafter filled
in a Teflon (registered trademark) colum, and 500 ni of
1, 3-di oxol ane was allowed to pass therethrough to thereby
perform sol vent replacenent. Then, 500 g of a solution
(1. 7% by weight) including BisN1 dissolved in 1, 3-

di oxol ane was all owed to pass therethrough to provide a
solution of BisN-1 in dioxolane.

[ 0152]
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Various netal contents were neasured by ICP-M5 with
respect to a 10% by weight BisN-1 solution in PGQVEA
before treatnment, a 10% by wei ght RBisN-1 solution in
PGVEA before treatnent, and the solution of the conpound
represented by the fornmula (1) or formula (2) obtained in
each of Exanples 1 to 10 and Conparative Exanple 1. The

measurenent results are shown in Table 1.

[ 0153]
[ Tabl e 1]
Metal content (ppb)
Na Mg K Fe Cu Zn
BisN-1 (before treatment) | 35 1.2 1.2 >99 2.7 13.6
RBisN-1 (before treatment) | 46 2.2 13 >99 3.5 7.4
Example 1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 7 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 8 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 9 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Example 10 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Comparative Example 1 <0.2 0.5 1.0 >99 1.2 0.4
[ 0154]

The present application is based on Japanese Patent
Application (Japanese Patent Application No. 2013-248012)
filed on Novenber 29, 2013, and the content thereof is

herei n i ncorporated by reference.

I ndustrial Applicability



[ 0155]

According to the present invention, the conpound
represented by the fornula (1) or the resin having a
structure represented by the fornula (2), either of which
has a reduced netal content, can be industrially

advant ageousl y produced.



Cl ai ns

1. A net hod for purifying a conmpound represented by the
followng formula (1) or a resin having a structure
represented by the following formula (2), the nethod
conpri si ng:

a step of bringing a solution (A) conprising an
organi c solvent optionally immscible with water, and the
conpound or the resin into contact with an acidi c aqueous

sol uti on.

(1)

(wherein, each X i ndependently represents an oxygen atom
or a sulfur atom R' represents a single bond or a 2n-

val ent hydrocarbon group having 1 to 30 carbon atons, the
hydr ocar bon group optionally has a cyclic hydrocarbon
group, a double bond, a hetero atom or an aromatic group
having 6 to 30 carbon atons, and each R independentl|y
represents a linear, branched or cyclic al kyl group
having 1 to 10 carbon atons, an aryl group having 6 to 10
carbon atons, an al kenyl group having 2 to 10 carbon
atons, or a hydroxyl group, provided that at |east one R

represents a hydroxyl group, each mis independently an
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integer of 1 to 6, each p is independently 0 or 1, and n

Is an integer of 1 to 4.)

_ ( RZ&E _
p T
N
\\R3 X /Rl
L ( RZ)E ) —In

(2)
(wherein, each X i ndependently represents an oxygen atom

or a sulfur atom R' represents a single bond or a 2n-

val ent hydrocarbon group having 1 to 30 carbon atons, the
hydr ocar bon group optionally has a cyclic hydrocarbon
group, a double bond, a hetero atom or an aromatic group
having 6 to 30 carbon atoms, each R independently
represents a |linear, branched or cyclic al kyl group
having 1 to 10 carbon atons, an aryl group having 6 to 10
carbon atons, an al kenyl group having 2 to 10 carbon
atons, or a hydroxyl group, provided that at |east one R
represents a hydroxyl group, each R® independently
represents a single bond, or a |inear or branched

al kyl ene group having 1 to 20 carbon atons, each nf is

i ndependently an integer of 1 to 5, each pis

I ndependently O or 1, and n is an integer of 1 to 4.)

2. The net hod according to claim1l, wherein the acidic
aqueous solution is one or nore aqueous solution of
m neral acid selected fromthe group consisting of

hydrochl oric acid, sulfuric acid, nitric acid and
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phosphori c acid, or one or nore aqueous sol ution of
organic acid selected fromthe group consisting of acetic
acid, propionic acid, oxalic acid, malonic acid, succinic
acid, fumaric acid, maleic acid, tartaric acid, citric
aci d, nethanesul fonic acid, phenol sul fonic acid, p-

t ol uenesul fonic acid and trifluoroacetic acid.

3. The net hod according to claiml or 2, wherein the
organi c solvent optionally immscible with water is

t ol uene, 2-heptanone, cycl ohexanone, cycl opentanone,

met hyl isobutyl ketone, propylene glycol nononethyl ether

acetate or ethyl acetate.

4. The net hod according to claim11 or 2, wherein the
organi c solvent optionally immscible with water is

met hyl isobutyl ketone or ethyl acetate.

5. The net hod according to any one of clains 1 to 4,
wherein the solution (A) conprises the organic sol vent
optionally mscible with water in an anount of 0.1 to 100
times by mass based on an anount of the conpound
represented by the fornula (1) or the resin having the

structure represented by the fornula (2).

6. The net hod according to claim5, wherein the organic
solvent optionally mscible with water is N

nmet hyl pyrrol i done or propyl ene glycol nononethyl ether.
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7. The net hod according to any one of clains 1 to 6,
further conprising a step of performng an extraction
treatment with water after an extraction treatnent by the
step of bringing the solution (A) into contact with the

aci di ¢ aqueous solution is performned.

8. The net hod according to any one of clains 1 to 7,
wherei n the conmpound represented by the fornmula (1) is a

conmpound represented by the followng formula (1-1).

(1—1)
(wherein, R, R?, m p and n are the same as defined in

the formula (1).)

9. The net hod according to claim8, wherein the
conmpound represented by the fornmula (1-1) is a conpound

represented by the following fornmula (1-2).



m3 —

(1—2)
(wherein, R, p and n are the same as defined in the
formula (1), R is the sane as R defined in the fornul a
(1), each n? is independently an integer of 1 to 6, each
nf is independently an integer of 0 to 5 and nt + nf is

an integer of 1 to 6.)

10. The nethod according to claim9, wherein the
conmpound represented by the formula (1-2) is conpound

represented by the followng fornmula (1-3).

H

— —I'n

(1—3)
(wherein, R, p and n are the same as defined in the
formula (1), and R* and nf are the same as defined in the

formula (1-2).)



11. The nmethod according to any one of clains 1 to 7,
wherei n the conmpound represented by the fornmula (1) is a

conmpound represented by the followng fornmula (1-4).

(1—4)

(wherein, X and R! are the same as defined in the formula

(1), and R* and nf are the same as defined in the formula

(1-2).)

12. The method according to claim 11, wherein the
compound represented by the fornmula (1-4) is a conpound

represented by the followng formula (1-5).

saauy

(R*) e (R*) e

(1-5)

HO

(wherein, R' is the same as defined in the formula (1),

and R* and nf are the sane as defined in the fornula (1-

2).)

13. The nmethod according to claim 12, wherein the
compound represented by the fornmula (1-5) is a conpound

represented by the followng fornmula (BisN1).



(BisN—1)



