Descri ption

Title of Invention: METHOD FOR PRODUCI NG DI OL HAVI NG
CYCLI C ACETAL SKELETON

Technical Field
[ 0001]
The present invention relates to a nethod for

produci ng a diol having a cyclic acetal skeleton.

Background Art
[ 0002]

3,9-Bis(1, 1-di net hyl - 2- hydr oxyet hyl ) - 2, 4, 8, 10-
t et raoxaspi ro[ 5. 5] undecane (hereinafter also referred to
as "spiroglycol™) is used mainly as a resin raw materi al .
A spiroglycol is conventionally synthesized by subjecting
hydr oxypi val al dehyde (hereinafter also referred to as
"HPA") and pentaerythritol (hereinafter also referred to
as "PE") to an acetalization reaction under an acid
catal yst in an aqueous solution. Then, after
neutralizing the resultant reaction solution with an
al kali, crystals of the spiroglycol precipitated during
the reaction are filtered, washed with water and dried to
obtai n a product.
[ 0003]

As a production nethod for such a spiroglycol, for

exanple, a nethod in which HPA is reacted with PE in a



wat er solvent using an acid catalyst to obtain a reaction
product solution, the reaction product solution is
neutralized with an alkali, and the neutralized reaction
product solution is heated to 75 to 100°C to produce a
spiroglycol (see, for exanple, Patent Literature 1); a
method in which HPA is reacted with PE in a water sol vent
using an acid catalyst to obtain a reaction product
solution, the reaction product solution is adjusted to pH
7 or nore with an alkali to obtain a slurry m xture, and
the thus obtained slurry mxture is subjected to a heat
treatment at 120°C or nore to produce a spiroglycol (see,
for exanple, Patent Literature 2); and a nethod in which
HPA is reacted with PE using an acid catalyst in a m xed
sol vent containing an organic solvent immscible with

wat er and water to produce a spiroglycol (see, for
exanpl e, Patent Literature 3), which have been proposed.
It is noted that HPA used as a raw material is
conventional |y obtained through an al dol condensation
reacti on of isobutyral dehyde and formal dehyde perforned
in the presence of a basic catal yst.

[ 0004]

Besi des, as a nethod for industrially advantageously
produci ng a spiroglycol having a sufficiently high purity,
a production nmethod for a spiroglycol has been known,
where PE is reacted with HPA using an acid catalyst to
obtain a reaction solution (slurry) containing a

prescribed anobunt of a spiroglycol, the reaction solution



is filtered without neutralization to separate the
spiroglycol, and a part of the thus obtained filtrate is
reused in the reaction of the next cycle has been known
(see, for exanple, Patent Literature 4). Furthernore, as
a method for producing a spiroglycol having a sufficient
purity, a nmethod has been known, where a crude

spirogl ycol obtained through a reaction of PE and HPA is
di ssolved in an organic solvent, water is added to the

t hus obtained solution for extracting and renoving an
inmpurity into water, an aqueous |ayer and an organic

| ayer are separated, and the organic layer is cooled to
recrystallize a spiroglycol (see, for exanple, Patent
Literature 5). 1In addition, as a nethod for producing a
spiroglycol having a sufficiently high purity, a
production nethod for a spiroglycol including a step of
bri ngi ng hydroxypi val al dehyde used as a raw naterial of a
spiroglycol into contact with an oxygen-containing gas in
advance has been known (see, for exanple, Patent

Literature 6).
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[ 0005]
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Summary of | nvention
Techni cal Probl em
[ 0006]

When a spiroglycol having a low purity is used as a
pol ymer raw material or the like, the properties peculiar
to the spiroglycol cannot be attained. For exanple,
copol yneri zed pol ycarbonat e obtained froma bi sphenol and
a spiroglycol originally has excellent optical properties
and i npact resistance, and hence is useful as a resin for
optical use, but a polyner obtained by polynerization
using a conventionally comrercially avail able spiroglyco
having a | ow purity cannot attain a satisfactory inpact
resi stance property and al so has a problemin col oring,
and hence cannot be used for optical use. For these
reasons, the purity of a spiroglycol is preferably as
hi gh as possi bl e.

[ 0007]



When the nethod described in Patent Literature 4 is
enpl oyed, however, if at |least a part of the filtered
reaction solution is reused in the reaction of the next
cycle, side reaction products derived frominpurities
such as fornal dehyde contai ned in HPA used as a raw
materi al are accunul ated as the nunber of cycles of
perform ng the reaction increases. Wen the anount of
these side reaction products exceeds a prescribed val ue,
the side reaction products are precipitated in the
spi roglycol, causing a problemthat the purity of the
spiroglycol to be obtained is |owered.

[ 0008]

Besi des, the nethod of Patent Literature 5 has a
problemthat a large purification cost is industrially
required.

[ 0009]

Furthernore, in Patent Literature 6, the
rel ati onshi p between the anount of inpurities contained
in the raw material HPA and the anopunt of inpurities
contained in the spiroglycol obtained by the spiroglyco
synthesis is not sufficiently exam ned.

[ 0010]

This problemcan simlarly apply to a diol having a
cyclic acetal skeleton such as 5-nethylol-5-ethyl-2-(1, 1-
di met hyl - 2- hydr oxyet hyl ) - 1, 3-di oxane (hereinafter also
referred to as "di oxane glycol").

[ 0011]



The present invention was devised in consideration
of these problens, and an object is to provide a nethod
for producing a diol having a cyclic acetal skeleton
capabl e of producing a high purity diol having a cyclic
acetal skeleton by recognizing the relationship between
impurities contained in HPA used as a raw nmaterial of the
di ol having a cyclic acetal skeleton and inpurities
contained in the diol having a cyclic acetal skeleton
obtai ned by a synthesis reaction for controlling the
anount of the inpurities contained in the raw nmateri al
HPA.

[0012]

Besides, in the nethods described in Patent
Literatures 1 to 3 and 5, a filtrate generated by
filtering the crystals of the spiroglycol (hereinafter
also referred to as the "reaction nother liquor") is
di scarded after neutralizing the acid catalyst. In other
wor ds, useful conponents contained in the reaction nother
liquor, that is, HPA, PE and a reaction internediate of
5, 5-di hydr oxynet hyl - 2- (1, 1- di net hyl - 2- hydr oxyet hyl ) -1, 3-
di oxane (hereinafter also referred to as "DOT"), are
di scarded. Furthernore, this reaction nother liquor is
several tines in anmount as |large as the spiroglycol to be
generated, and hence the treatnent thereof requires nmuch
| abor. Therefore, the discard of the reaction nother
liquor is industrially disadvantageous.

[ 0013]



Simlarly, also when purification is perforned by
crystallization using an organic solvent, since a
filtrate generated by filtering (hereinafter also
referred to as the "crystallization nother |iquor™)
contains a |l arge anount of spiroglycol, discard thereof
means di scard of the spiroglycol and hence is
i ndustrial ly di sadvant ageous.

[ 0014]

In order to overcome such a situation, the reaction
not her |iquor may be reused wi thout neutralization in the
reaction of the next cycle in the step of synthesizing
the spiroglycol, but when the reaction nother liquor is
reused in the reaction of the next cycle, reaction
internmedi ates and inpurities are accunulated in the
reaction nother liquor as the nunber of cycles of
perform ng the reaction increases, and when the
concentration of such inpurities exceeds a prescri bed
val ue, they are precipitated in the spiroglycol,
resulting in lowering the purity of the spiroglycol to be
obt ai ned.

[ 0015]

Also in the crystallization step using an organic
solvent, the crystallization nother |iquor may be
simlarly reused in the crystallization of the next cycle,
but inpurities are accunulated in the crystallization
not her |iquor as the nunber of reuses increases, and when

the concentration of the inpurities exceeds a prescribed



val ue, they are precipitated in the product of a
spiroglycol, and hence a high purity spiroglycol cannot
be obt ai ned.
[ 0016]

This problemcan simlarly apply to a diol having a
cyclic acetal skeleton such as di oxane gl ycol.
[0017]

The present invention was devised in consideration
of these probl ens, and another object is to provide a
met hod for producing a diol having a cyclic acetal
skel et on capabl e of industrially advantageously producing
a high purity diol having a cyclic acetal skeleton even

when a reaction nother |iquor is repeatedly used.

Solution to Problem
[ 0018]

The present inventors nmade earnest studies to solve
t he above-descri bed problens. As a result, they have
found that inpurities contained in HPA used as a raw
material of a diol having a cyclic acetal skeleton affect
impurities contained in the diol having a cyclic acetal
skel eton obtained by a synthesis reaction, and found that
t he above-descri bed probl ens can be solved by controlling
t he amount of inpurities contained in the raw nateri al
HPA, resulting in acconplishing the present invention.
[ 0019]

Specifically, the present invention provides:



[1]

A net hod for producing a diol having a cyclic acetal
skel et on, conpri sing:

an acetalization reaction step of subjecting raw
mat eri al hydroxypi val al dehyde and at | east
pentaerythritol and/or trinmethylol propane to an
acetalization reaction under an acid catalyst to obtain a
di ol having a cyclic acetal skel eton,

wherein the raw material hydroxypi val al dehyde
conprises at |east one inpurity selected fromthe group
consi sting of formal dehyde, neopentyl glycol, an ester
compound havi ng a neopentyl glycol skeleton represented

by followng formula (111), and isobutyral dehyde,

wherein R represents a hydrocarbon group having 1 to
4 carbon atons, a hydrocarbon group having a hydroxy
group and having 1 to 4 carbon atons, or a hydrogen atom
and

when the inmpurity is conprised, a content of the
formal dehyde is 0.80% by mass or | ess based on 100% by
mass of the raw material hydroxypival al dehyde; a total
nol ar concentration of the neopentyl glycol and/or the
ester conpound having a neopentyl glycol skeleton is
0.100 nol/kg or | ess based on a total anount of the raw

mat eri al hydr oxypi val al dehyde; and a content of the
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i sobut yral dehyde is 0.05% by nmass or | ess based on 100%

by mass of the raw material hydroxypival al dehyde.

[2]

The net hod for producing the diol having the cyclic
acetal skeleton according to [1], wherein

in terms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on the assunption that a relative
retention tine of the diol having a cyclic acetal
skel eton in gas chromat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having a cyclic acetal skeleton obtained by
the acetalization reaction conprises, as an inpurity, a
di oxane triol nonoformal represented by follow ng fornmul a

(1) in an anount of 0.04 area% or |ess:
O O OH
(A~

The net hod for producing the diol having the cyclic

[3]

acetal skeleton according to [1] or [2], wherein

interms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on the assunption that a relative

retention tinme of the diol having a cyclic acetal



skel eton in gas chronmat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having a cyclic acetal skeleton obtained by
the acetalization reaction conprises, as an inpurity, a
hydr oxypi val al dehyde neopentyl glycol acetal represented

by followng formula (I1) in an anpunt of 0.19 area% or

O OH
X

The net hod for producing the diol having the cyclic

| ess:

[ 4]

acetal skeleton according to any one of [1] to [3],
wher ei n

in terms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on the assunption that a relative
retention tine of the diol having a cyclic acetal
skel eton in gas chromat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having a cyclic acetal skeleton obtained by
the acetalization reaction conprises, as an inpurity, a
spi ro nonoal cohol represented by following formula (IV)

in an anobunt of 0.15 area% or | ess:

Sestak



[ 5]
The net hod for producing the diol having the cyclic
acetal skeleton according to any one of [1] to [4],
wherein the ester conpound represented by the
formula (111) conprises an isobutyric acid neopentyl
gl ycol nonoester represented by followng fornmula (V)
and/ or a hydroxypivalic acid neopentyl glycol nonoester

represented by following formula (VI):

O
O
HO//\>X<JL\O’/\;K</\\OH (VI

The net hod for producing the diol having the cyclic

[ 6]

acetal skeleton according to any one of [1] to [5],
wherein the diol having a cyclic acetal skeleton is

spi rogl ycol and/or di oxane glycol.

[7]

The net hod for producing the diol having the cyclic
acetal skeleton according to any one of [1] to [6],
conprising an al dol condensation reaction step of

obt ai ni ng crude hydroxypi val al dehyde by an al do
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condensation reaction of fornmal dehyde and

i sobut yr al dehyde.

[ 8]

The net hod for producing the diol having the cyclic
acetal skeleton according to [7], conprising at |east any
one of:

an extraction step of addi ng water and/or an organic
sol vent to crude hydroxypival al dehyde obtai ned in the
al dol condensation reaction step to extract the raw
mat eri al hydroxypi val al dehyde;

a distillation step of distilling the crude
hydr oxypi val al dehyde obtained in the al dol condensation
reaction step to collect the raw nateri al
hydr oxypi val al dehyde as a distillate; and

a crystallization step of adding water and/or an
organi ¢ solvent to the crude hydroxypival al dehyde
obtained in the aldol condensation reaction step for
crystallization and collecting the raw materi al

hydr oxypi val al dehyde by solid-liquid separation.

[9]

The net hod for producing the diol having the cyclic
acetal skeleton according to any one of [1] to [8],
wher ei n

a reaction tenperature enployed in the acetalization

reaction step is 40 to 105°C,



a pH value of a reaction solution in the
acetalization reaction step is 0.1 to 4.0, and

after the acetalization reaction step, the reaction
solution is solid-liquid separated into a solid of the
di ol having the cyclic acetal skeleton and a reaction
not her |iquor after the acetalization reaction step, and
30 to 98% by mass of the reaction nother liquor is reused

to performa subsequent acetalization reaction step.

Advant ageous Effects of Invention
[ 0020]

According to the present invention, a nmethod for
produci ng the diol having the cyclic acetal skeleton
capabl e of producing a high purity diol having a cyclic
acetal skeleton, and a nethod for producing the dio
having the cyclic acetal skeleton capable of industrially
advant ageously producing a high purity diol having a
cyclic acetal skeleton even when a reaction nother |iquor
is repeatedly used can be provided. Besides, the high
purity diol having a cyclic acetal skeleton thus obtained
can be industrially advantageously used nainly as a resin

raw materi al .

Brief Description of Draw ngs
[ 0021]
[Figure 1] Figure 1 shows a graph illustrating the nunber

of cycles of SPG synthesis and change in DOT-F
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concentration obtained in exanples and conparative

exanpl es.

[Figure 2] Figure 2 shows a graph illustrating the nunber
of cycles of SPG synthesis and change in NPA
concentration obtained in the exanples and the

conpar ati ve exanpl es.

Descri ption of Enbodi nent
[ 0022]

Now, an enbodi nent for carrying out the present
i nvention (hereinafter referred to as the "present
enbodi nent") will be described in detail, and it is noted
that the present invention is not limted to this
enbodi nent but may be variously nodified and changed
wi t hout departing fromthe purport thereof.

[ 0023]

[ Met hod for Producing Dol having Cyclic Acetal
Skel et on]

A net hod for producing a diol having a cyclic acetal
skel eton of the present enbodi nent conprises an
acetalization reaction step of subjecting raw nmateri al
hydr oxypi val al dehyde (hereinafter also referred to as the
"raw material HPA") and at |east pentaerythritol and/or
trimethyl ol propane to an acetalization reaction under an
acid catalyst to obtain the diol having the cyclic acetal

skel et on,
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the raw materi al hydroxypi val al dehyde conpri ses at | east
one inpurity selected fromthe group consisting of

f or mal dehyde, neopentyl glycol, an ester conpound havi ng
a neopentyl glycol skeleton represented by foll ow ng

formula (111), and isobutyral dehyde:

wherein R represents a hydrocarbon group having 1 to
4 carbon atons, a hydrocarbon group having a hydroxy
group and having 1 to 4 carbon atons, or a hydrogen atom
and
when the inpurity is conprised,
a content of the formal dehyde is 0.80% by nmass or |ess
based on 100% by mass of the raw nateri al
hydr oxypi val al dehyde,
a total nolar concentration of the neopentyl glyco
and/ or the ester conpound having a neopentyl glyco
skeleton is 0.100 nol/kg or | ess based on a total anount
of the raw material hydroxypival al dehyde, and
a content of the isobutyral dehyde is 0.05% by nass or
| ess based on 100% by nass of the raw materia
hydr oxypi val al dehyde.
[ 0024]

In the method for producing the diol having the

cyclic acetal skeleton of the present enbodi nent, the



contents of the formal dehyde, the neopentyl glycol, the
ester conpound having a neopentyl glycol skeleton and the
i sobut yral dehyde corresponding to the inpurities
contained in the raw material HPA are controlled so as to
i nhibit generation of various acetal conpounds
correspondi ng to by-products in synthesis of the dio
having a cyclic acetal skeleton, and thus, a high purity
di ol having a cyclic acetal skeleton can be obtai ned.

Besi des, the diol having a cyclic acetal skeleton to be
produced in the present enbodinment is not especially
limted, and exanples thereof include a spiroglyco

and/ or a dioxane glycol. Incidentally, the spiroglyco

Is a conpound represented by followng fornula (A), and

t he di oxane glycol is a conpound represented by follow ng

formula (B):
HO O O OH
HO O OH

The raw material HPA may conprise, but preferably

[ 0025]

does not conprise, a prescribed anmount of fornal dehyde as
an inmpurity. A content of the formal dehyde that can be
contained in the raw material HPA is 0.80% by nass or

| ess, preferably 0.55% by nmass or |ess, and nore

preferably 0.35% by nmass or | ess based on 100% by mass of
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the raw material HPA. The lower limt of the content of
t he formal dehyde that can be contained in the raw
material HPA is not especially limted, and is preferably
bel ow the detection |imt or 0% by nass. The content of
the formal dehyde that can be contained in the raw
mat eri al HPA can be neasured by acetyl acetone colorinetry,
and nore specifically, can be neasured by a nethod
described in an exanple bel ow. Besides, the content of
t he fornmal dehyde that can be contained in the raw
mat eri al HPA can be reduced by purification of the raw
mat eri al HPA described later.
[ 0026]

The raw material HPA may conprise, but preferably
does not conprise, a prescribed anount of neopentyl
gl ycol and/or an ester conpound having a neopentyl glyco
skel eton represented by formula (l111) as an inpurity.
The ester conpound represented by formula (I11) is not
especially limted, and specific exanples thereof include
an isobutyric acid neopentyl glycol nobnoester represented
by followng formula (V) and/or a hydroxypivalic acid
neopentyl glycol nonoester represented by follow ng
formula (VI):

O



- 19 -

wherein R represents a hydrocarbon group having 1 to
4 carbon atons, a hydrocarbon group having a hydroxy

group and having 1 to 4 carbon atons, or a hydrogen atom

O
W)LO/X\OH (V)
O
HO’/\>X<JL\O’/\>K</\“OH (VI)

A total content of the neopentyl glycol and/or the

[ 0027]

ester conpound havi ng a neopentyl glycol skeleton
represented by fornmula (I111) that can be contained in the
raw material HPA is, in ternms of nolar concentration,
0.100 nol / kg or less, preferably 0.080 nol/kg or |ess,
and nore preferably 0.060 nol/kg or |ess. The |ower

limt of the content of the neopentyl glycol and/or the
ester conpound having a neopentyl glycol skeleton
represented by formula (111) that can be contained in the
raw material HPA is not especially limted, and is
preferably below the detection |imt or O nol/kg. The
content of the neopentyl glycol and/or the ester conpound
havi ng a neopentyl glycol skeleton represented by fornula
(1'1'1) that can be contained in the raw material HPA can
be neasured by gas chromat ography, and nore specifically,
can be neasured by a nethod described in an exanpl e bel ow.

Besi des, the content of the neopentyl glycol and/or the
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ester conpound having a neopentyl glycol skeleton
represented by formula (111) that can be contained in the
raw materi al HPA can be reduced by the purification of
the raw materi al HPA described | ater.
[ 0028]

The raw material HPA may conprise, but preferably
does not conprise, a prescribed anmount of
i sobutyral dehyde as an inpurity. A total content of the
i sobut yral dehyde that can be contained in the raw
material HPA is 0.10% by mass or |ess, preferably 0.07%
by mass or |ess, and nore preferably 0.05% by nass or
| ess based on 100% by nass of the raw material HPA. The
lower Iimt of the content of the isobutyral dehyde that
can be contained in the raw material HPA is not
especially limted, and is preferably bel ow the detection
limt or 0% by nmass. The content of the isobutyral dehyde
that can be contained in the raw material HPA can be
neasured by the gas chromatography, and nore specifically,
can be neasured by a nethod described in an exanpl e bel ow.
Besi des, the content of the isobutyral dehyde that can be
contained in the raw materi al HPA can be reduced by the
purification of the raw material HPA described |ater.
[ 0029]

The di ol having the cyclic acetal skel eton obtai ned
by an acetalization reaction may conprise, but preferably
does not conprise, a dioxane triol nonofornmal represented

by formula (1) as an inpurity.
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O O OH
(X

A content of the dioxane triol npnoformal can be

[ 0030]

expressed as an area fractional concentration obtained on
the assunption that a relative retention tinme of the dio
having a cyclic acetal skeleton in gas chromatography
anal ysi s performed under prescribed conditions is 1.00
and that conmponents having a relative retention tinme of
1.45 or less are summed up as 100 area% In this case,
the content of the dioxane triol nonoformal is 0.04 area%
or less, preferably 0.03 area% or |ess, and nore
preferably 0.02 area% or less. The lower limt of the
content of the dioxane triol nonoformal is not especially
limted, and is preferably below the detection limt or O
area% The content of the dioxane triol nonoformal can
be neasured by the gas chromatography, and nore
specifically, can be neasured by a nethod described in an
exanpl e bel ow. Besides, the content of the dioxane triol
nmonof ormal that can be contained in the diol having a
cyclic acetal skeleton obtained by the acetalization
reacti on can be reduced by reducing the forml dehyde
contained in the raw material HPA described later. It is
noted that the term"prescribed conditions” herein neans
that the neasurenent is perforned under the foll ow ng
conditions on the assunption that a relative retention

time of the diol having a cyclic acetal skeleton is 1.00,



and that a total area in a GC chart of conponents,
excl udi ng net hanol, having a relative retention tinme of
1.45 or less is 100 area%

(Condi ti ons)

Measur ement sanple: prepared in the formof a 2.5%
by mass met hanol sol ution

Appar atus: GC-1700 (rmanufactured by Shinadzu
Cor por at i on)

Col um used: DB-1 having a length of 30 mx an inner
diameter of 0.53 mm and a filmthickness of 1.5 um
(manuf actured by Agilent Technol ogi es Japan, Ltd.)

Anal ysis conditions: injection tenperature: 280°C

detection tenperature: 280°C

Carrier gas: helium

Col um tenperature: A tenperature of 80°C is kept
for 4 mnutes, the tenperature is increased to 250°C at
6°C/mn, the tenperature of 250°C is kept for 10 m nutes,
the tenperature is increased to 280°C at 10°C/ m n, and
the tenperature of 280°C is kept for 15 m nutes.

Detector: flane ionization detector (FID)

[ 0031]

The diol having a cyclic acetal skeleton obtained by
the acetalization reaction may conprise, but preferably
does not conprise, a hydroxypival al dehyde neopentyl

gl ycol acetal represented by forrmula (l11) as an inpurity.

) OH
e S



[ 0032]

A content of the hydroxypival al dehyde neopentyl
gl ycol acetal can be expressed as an area fractiona
concentration obtained on the assunption that a relative
retention tine of the diol having a cyclic acetal
skel eton in the gas chromatography anal ysis perforned
under the prescribed conditions is 1.00 and that
conponents having a relative retention tinme of 1.45 or
| ess are sunmed up as 100 area% |In this case, the
content of the hydroxypival al dehyde neopentyl glyco
acetal is 0.19 area%or |less, preferably 0.13 area% or
| ess, and nore preferably 0.08 area% or |ess. The | ower
limt of the content of the hydroxypival al dehyde
neopentyl glycol acetal is not especially |limted, and is
preferably below the detection limt or O area% The
content of the hydroxypi val al dehyde neopentyl glyco
acetal can be neasured by the gas chromat ography, and
nore specifically, can be neasured by a nethod descri bed
in an exanpl e bel ow. Besides, the content of the
hydr oxypi val al dehyde neopentyl glycol acetal that can be
contained in the diol having a cyclic acetal skeleton
obt ai ned by the acetalization reaction can be reduced by
reduci ng the neopentyl glycol and/or the ester conpound
havi ng a neopentyl glycol skeleton represented by fornula
(I'1'l') contained in the raw materi al HPA

[ 0033]



The diol having a cyclic acetal skeleton obtained by
the acetalization reaction may conprise, but preferably
does not conprise, a spiro nonoal cohol represented by

formula (1V) as an inpurity.
O O OH

A content of the spiro nonoal cohol can be expressed

[ 0034]

as an area fractional concentration obtained on the
assunption that a relative retention tinme of the dio
having a cyclic acetal skeleton in the gas chromatography
anal ysis performed under the prescribed conditions is
1.00 and that conponents having a relative retention tine
of 1.45 or less are summed up as 100 area% In this case,
the content of the spiro nonoal cohol is 0.15 area% or

| ess, preferably 0.13 area% or |ess, and nore preferably
0.12 area%or less. The lower [imt of the content of
the spiro nonoal cohol is not especially limted, and is
preferably below the detection |imt or O area% The
content of the spiro nonoal cohol can be neasured by the
gas chromat ography, and nore specifically, can be
measured by a nethod described in an exanpl e bel ow.

Besi des, the content of the spiro nonoal cohol that can be
contained in the diol having a cyclic acetal skeleton
obt ai ned by the acetalization reaction can be reduced by
reduci ng the isobutyral dehyde contained in the raw

mat eri al HPA.



[ 0035]

[ Al dol Condensation Reaction Step]

The production nmethod of the present enbodi nent may
conpri se an al dol condensation reaction step of
synthesi zing the raw material HPA used as a raw materi al
of the diol having a cyclic acetal skeleton. The aldo
condensation reaction step is a step of obtaining a crude
hydr oxypi val al dehyde (hereinafter also referred to as the
"crude HPA") by an al dol condensation reaction of
for mal dehyde and i sobutyral dehyde. In the aldo
condensation reaction step, a basic catal yst may be used,
i f necessary. Besides, the formal dehyde includes a
f or mal dehyde aqueous solution (formalin). It is noted
that the crude HPA nay conprise inpurities as those
contained in the raw materi al HPA
[ 0036]

The basic catal yst used in the al dol condensation
reaction step is not especially limted, and exanpl es
t hereof include inorganic bases such as sodi um hydroxi de,
pot assi um hydr oxi de, sodi um carbonate and potassi um
carbonat e; and organi c bases such as a tertiary am ne and
pyridine. Anong these, a tertiary amne is preferred.
When such a basic catalyst is used, there is a tendency
that the reduction of HPA yield otherw se caused because
of Canni zzaro reaction of HPA wth unreacted fornmal dehyde

al so caused due to too strong basicity is inhibited, and
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that the reduction of reaction rate otherw se caused
because of too week basicity is inhibited.
[ 0037]

The tertiary amne is not especially limted, and
exanpl es thereof include trinmethylamne, triethylam ne,
tripropylamne, triisopropylamne, tributylam ne,
triisobutylam ne, N-nethyl pi peridine, N-ethylpiperidine,
N- net hyl nor phol i ne, N-ethyl norphol i ne, N
nmet hyl pyrrolidine and N-ethyl pyrrolidine. Anobng these,
trimethylam ne and triethyl am ne i nexpensively avail abl e
are preferred, and triethylamne is nore preferred.

[ 0038]

An armount of the basic catalyst to be used is
natural ly varied depending on the type of the basic
catalyst, and is preferably 0.001 to 0.5 nol, and nore
preferably 0.01 to 0.2 nol per nol of isobutyral dehyde.

[ 0039]

[ Crude Hydroxypi val al dehyde Purification Step]

The production nethod of the present enbodi nent may
conprise a crude hydroxypi val al dehyde purification step
of obtaining the raw material HPA by purifying the crude
hydr oxypi val al dehyde obtained in the al dol condensation
reaction step. The crude HPA purification step is not
especially limted, and can be, for exanple, an
extraction step of addi ng water and/or an organic sol vent
to the crude HPA obtained in the al dol condensation

reaction step to extract the raw material HPA, a



distillation step of distilling the crude HPA obtained in
t he al dol condensation reaction step to collect the raw
material HPA as a distillate; and a crystallization step
of addi ng water and/or an organic solvent to the crude
HPA obtained in the al dol condensation reaction step for
crystallization and collecting the raw material HPA by
solid-liquid separation. Single one of these steps may
be perforned, or two or nore of these may be perforned

t oget her.

[ 0040]

(Extraction Step)

The organic solvent used in the extraction step is
not especially limted, and an exanpl e thereof includes
i sobutyral dehyde. 1In the extraction step, the raw
material HPA is extracted in an isobutyral dehyde | ayer.

[ 0041]

(Distillation Step)

Distillation conditions for the crude HPA are not
especially limted, and for exanple, a colum top
tenperature can be 88 to 150°C and a columm top absol ute
pressure can be 1.0 kPa to 1 Mra.

[0042]

(Crystallization Step)

The organic solvent used in the crystallization step
is not especially Iimted, and an exanpl e thereof
i ncludes water. Besides, a solid-liquid separation

method is not especially limted, and for exanple, any of
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known nmet hods such as filtration and centrifugation can
be enpl oyed. A tenperature to be controlled as a
condition for the crystallization is not especially
limted, and can be 10 to 80°C
[ 0043]

In the crude hydroxypival al dehyde purification step,
the purification is perforned preferably so that a
content of formal dehyde in the raw material HPA can be
0.80% by mass or |ess based on 100% by mass of the raw
material HPA. [|If the content of the formal dehyde in the
raw mat eri al HPA exceeds 0.80% by mass, acetalization is
caused in HPA, PE and fornmal dehyde during the synthesis
reaction of the diol having a cyclic acetal skeleton (the
acetalization reaction step), and hence the anount of 2-
net hyl - 2- (2, 4, 8, 10-t et raoxaspi r o[ 5. 5] undecane- 3-
yl ) propane-1-ol (hereinafter also referred to as "di oxane
triol nonoformal”) to be produced as a by-product
increases. |If there is a prescribed or |arger anount of
di oxane triol nonoformal, it is easily mxed into the
crystals of the diol having a cyclic acetal skeleton,
resulting in lowering the purity of the resultant dio
having a cyclic acetal skeleton.
[ 0044]

Besi des, in the crude hydroxypival al dehyde
purification step, the purification is perforned
preferably so that a sum of nolarities of neopentyl

gl ycol and an ester conpound having a neopentyl glyco



- 29 -

skel eton, such as 3-hydroxy-2, 2-di net hyl propyl 2-
nmet hyl propanoate (hereinafter also referred to as
"isobutyric acid neopentyl glycol nonoester"”) or 3-
hydr oxy- 2, 2-di net hyl propyl 3-hydroxy-2, 2-
di met hyl pr opanoate (hereinafter also referred to as
"hydr oxypivalic acid neopentyl glycol nonoester"),
contained in the raw material HPA can be 0.100 nol/kg or
less. |If the ester conpound having a neopentyl glyco
skel eton contained in the raw materi al HPA exceeds 0. 100
nol / kg, the ester conmpound is hydrol yzed during the
synthesis reaction of the diol having a cyclic acetal
skeleton (the acetalization reaction step) to generate
neopentyl glycol, acetalization is caused between the
neopentyl glycol and the HPA, and hence an anobunt of 2-
met hyl - 2- (5, 5-di net hyl -1, 3- di oxane-2-yl ) -1- propano
(hereinafter also referred to as "hydroxypi val al dehyde
neopentyl glycol acetal") to be produced as a by-product
increases. |If there is a prescribed or |arger anount of
hydr oxypi val al dehyde neopentyl glycol acetal, it is
easily mxed into the crystals of the diol having a
cyclic acetal skeleton, resulting in lowering the purity
of the resultant diol having a cyclic acetal skeleton.
[ 0045]

Besi des, in the crude hydroxypi val al dehyde
purification step, the purification is perforned
preferably so that a content of isobutyral dehyde in the

raw material HPA can be 0.05% by nass or | ess based on
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100% by mass of the raw material HPA. [|f the

i sobut yral dehyde contained in the raw materi al HPA
exceeds 0.05% by mass, acetalization is caused in the

i sobut yral dehyde, the HPA and the PE during the synthesis
of the diol having a cyclic acetal skeleton (the
acetalization reaction step), and hence an anount of 2-
nmet hyl - 2- (9- propane- 2-yl -2, 4, 8, 10-

t et raoxaspi ro[ 5. 5] undecane- 3-yl ) propane- 1-ol (hereinafter
also referred to as "spiro nonoal cohol") to be produced
as a by-product is increased. |If there is a prescribed
or | arger amount of spiro nonoal cohol, it is easily m xed
into the crystals of the diol having a cyclic acetal
skeleton, resulting in lowering the purity of the
resultant diol having a cyclic acetal skeleton.

[ 0046]

There is a tendency that the dioxane triol
nmonof or mal , the hydroxypival al dehyde neopentyl glyco
acetal and the spiro nonoal cohol are easily incorporated
into the crystals of the diol having a cyclic acetal
skel eton during the synthesis reaction of the diol having
a cyclic acetal skeleton perforned in a water solvent, or
are easily incorporated in a conparatively |arge anount
into a product of the diol having a cyclic acetal
skel et on because they have | ow solubility in the reaction
not her |i quor.

[ 0047]

[ Acetal i zati on Reaction Step]
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The acetalization reaction step is a step of
obtai ning the diol having a cyclic acetal skel eton by
causi ng, under an acid catal yst, an acetalization
reacti on between the raw material HPA and PE. In the
acetalization reaction step, a nolar ratio of the raw
material HPA to the PE (HPA/PE) is preferably 1.0 to 4.0,
and nore preferably 1.5 to 2.5. Wen the nolar ratio
(HPA/PE) is 4.0 or less, an anount of an excessive
portion of the raw material HPA not involved in the
reaction is reduced to inhibit a side reaction such as
di neri zation of the HPA, and therefore, there is a
tendency that the degradati on of specific consunption and
degradation of purity of the diol having a cyclic acetal
skel eton can be inhibited. On the other hand, when the
nolar ratio (HPA/PE) is 1.0 or nore, degradation of the
yield of the diol having a cyclic acetal skeleton due to
production of a |large anount of a reaction internediate
of the diol having a cyclic acetal skeleton can be
inhibited, and there is a tendency that the degradation
of the purity of the diol having a cyclic acetal skeleton
ot herwi se caused by the internedi ate and the degradati on
of the specific consunption of the PE can be inhibited.
[ 0048]

In the acetalization reaction step, a solvent can be
used, if necessary. The solvent is not especially
limted, and for exanple, water can be used.

[ 0049]
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In the production nethod of the present enbodi nent,
a seed crystal may be added to the reaction system if
necessary. As the seed crystal, crystals mainly of the
di ol having the cyclic acetal skeleton are used. The
size of the seed crystal is not especially limted, and
Is preferably 5 umor nore, and nore preferably 10 um or
nore. An addition anount of the seed crystal is
preferably 1.5 to 30% by mass, and nore preferably 1.5 to
5% by mass based on the total supply anobunt (of the raw
material, the solvent, the catalyst and the seed crystal)
to the reaction system Wen the addition anmount of the
seed crystal is 1.5%by mass or nore, an effect to
I nprove the crystal size is nore efficiently exhibited,
and hence, there is a tendency that a filtration tine of
the crystals of the resultant diol having a cyclic acetal
skel eton can be shortened or a cake is difficult to be
cracked during the filtration and washability is nore
i nproved, and that a liquid content of the wet cake is
| onered. On the other hand, when it is larger than this
range, an anount of the crystals obtained through the
reaction is reduced, and hence the production efficiency
of the diol having a cyclic acetal skeleton is degraded.
It is noted that the seed crystal may be added before or
during the reaction.
[ 0050]

The acid catal yst used in the reaction is not

especially limted, and exanples thereof include mnera
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aci ds such as hydrochloric acid, sulfuric acid,
phosphoric acid and nitric acid, or organic acids such as
par a-tol uenesul fonic acid and net hanesul fonic acid. At
this point, an anmount of the acid catalyst to be used is
vari ed depending on the type of the acid catalyst, and is
generally set so that a pH value of the reaction solution
during the reaction can be preferably 0.1 to 4.0, and
nore preferably 1.0 to 2.0. Wen the pH value is 0.1 or
nore, a risk of corrosion of a used device and the |ike
tends to be further reduced. Besides, when the pH val ue
is 4.0 or less, the reactivity is further inproved, and
the yield of the diol having a cyclic acetal skeleton
tends to be further inproved.

[ 0051]

A reaction tenperature of the acetalization reaction
is preferably 40 to 105°C, and nore preferably 60 to 95°C.
When the reaction tenperature is 40°C or nore, there is a
tendency that a reaction tinme is industrially
advant ageously shortened. Besides, when the reaction
tenperature is 105°C or less, quality change of HPA is
i nhibited, and hence the yield and the purity of the dio
having a cyclic acetal skeleton tend to be further
i mproved.

[ 0052]

A nmethod for the acetalization reaction may be a

batch nethod, a sem -batch nethod or a continuous nethod,

or these nethods may be conbined. In enploying the batch
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met hod, raw materials excluding the raw material HPA are
charged in a reactor, the resultant is heated to a
prescribed tenperature, and then the raw material HPA or
an aqueous solution thereof is continuously added thereto
over 0.5 to 24 hours, and preferably 1 to 6 hours. The
di ol having a cyclic acetal skeleton is precipitated
during the synthesis reaction, and the reaction sol ution
iIsin the formof slurry. Wen the addition tinme is
short (namely, a large anmount is added in a short tine),
the reaction proceeds so rapidly that the size of the
resultant crystals tends to be small. The addition tine
preferably falls in the above-described range fromthe

i ndustrial point of view because the purity of the diol
having a cyclic acetal skeleton is further increased, and
the tine required for the reaction can be shortened.

[ 0053]

[ Separation/purification Step of Dol having Cyclic
Acet al Skel et on]

The production nethod of the present enbodi nent may
conprise a separation/purification step of the dio
having a cyclic acetal skeleton of separating the diol
having a cyclic acetal skeleton precipitated in the
reaction solution and washing the thus separated di ol
having a cyclic acetal skeleton. The reaction solution
obt ai ned t hrough the above-described reaction is in the
formof slurry in which the diol having a cyclic acetal

skeleton of interest is precipitated, and the crystals of
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the diol having a cyclic acetal skeleton can be separated
therefromby filtration, centrifugation or the like. The
di ol having a cyclic acetal skeleton separated by the
filtration is washed with a basic aqueous sol uti on and/ or
wat er .
[ 0054]

An anount of the wash water to be used is preferably
0.1 to 10 tines, and nore preferably 0.5 to 3 tines as
much as the weight of the separated |iquid-containing
di ol having a cyclic acetal skeleton. A washing liquid
recovered through the washing can be used in the reaction
of the next cycle directly or after being mxed with the
reacti on nother |iquor.
[ 0055]

The type of a base of the basic aqueous solution is
not especially Iimted, and exanples thereof include,
I norgani ¢ bases such as lithiumcarbonate, lithium
hydr ogen car bonate, magnesi um car bonate, sodi um hydrogen
car bonat e, potassi um hydrogen carbonate, sodi um carbonat e,
pot assi um car bonat e, sodi um hydroxi de, potassium
hydr oxi de, sodi um phosphate, potassi um phosphate, cal cium
carbonat e, cal ci um hydroxi de and barium carbonate, and
organi ¢ bases such as di ethylam ne and triethyl am ne.
Anmong these, an inorganic base is preferably used from
the vi ewpoi nts of physical properties, coloring, odor and
the like of a derivative to be synthesized using the dio

having a cyclic acetal skeleton.



[ 0056]

Here, the reaction nother |iquor obtained by
separating the crystals of the diol having a cyclic
acetal skeleton fromthe reaction solution contains |arge
anounts of the acid catal yst, unreacted HPA and PE, and a
reaction internediate. In the present enbodi nent, after
the acetalization reaction step, the reaction solution is
solid-liquid separated into the solid of the diol having
a cyclic acetal skeleton and the reaction nother |iquor,
and 30 to 98% by mass of the reaction nother |iquor can
be reused in the acetalization reaction step of the next
cycl e.

[ 0057]

An anount of the reaction nother |iquor to be reused
is preferably 30 to 98% by nass, and nore preferably 50
to 90% by nass based on a total anount of the reaction
not her |iquor. When a reused ratio is 98% by nmass or
| ess, inpurities are difficult to be accunulated in the
not her |iquor, and hence there is a tendency that the
precipitation of inpurities in the diol having a cyclic
acetal skeleton can be nore inhibited.

[ 0058]

[ Pol yester Resin]

A pol yester resin of the present enbodi nent conprise
a diol constituting unit and a dicarboxylic acid
constituting unit, and the diol constituting unit

contains a constituting unit derived fromthe diol having
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the cyclic acetal skeleton represented by foll ow ng

formula (A) and/or formula (B)

OO -
D -

[Diol Constituting Unit]

[ 0059]

The diol constituting unit conprises the
constituting unit derived fromthe diol having a cyclic
acetal skeleton represented by formula (A) and/or fornula
(B), and may conprise a constituting unit derived from an
additional diol, if necessary.

[ 0060]

A content of the constituting unit derived fromthe
di ol having a cyclic acetal skeleton is preferably 1 to
80% by nol, nore preferably 3 to 60% by nol, further
preferably 5 to 55% by nol, and particularly preferably
10 to 50% by nol based on a total anmount of the dio
constituting unit.

[ 0061]

(Addi tional Diol)

The additional diol is not especially Ilimted, and
exanpl es thereof include aliphatic diols such as ethyl ene
gl ycol, trimethylene glycol, 1,4-butanediol, 1,5-

pent anedi ol , 1, 6- hexanedi ol, diethylene glycol, propyl ene
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gl ycol and neopentyl glycol; polyether diols such as
pol yet hyl ene gl ycol, polypropyl ene glycol and

pol ybutyl ene glycol; alicyclic diols such as 1, 3-

cycl ohexanedi net hanol, 1, 4-cycl ohexandi net hanol, 1, 2-
decahydr onapht hal enedi net hanol , 1, 3-

decahydr onapht hal enedi net hanol , 1, 4-

decahydr onapht hal enedi net hanol , 1, 5-

decahydr onapht hal enedi net hanol , 1, 6-

decahydr onapht hal enedi net hanol , 2, 7-

decahydr onapht hal enedi net hanol , tetralin dinethanol,
nor bor nane di net hanol, tricycl odecane di net hanol and
pent acycl ododecane di net hanol ; bi sphenols such as 4,4'-
(1- et hyl et hyl i dene) bi sphenol, net hyl ene bi sphenol (al so
cal |l ed as bi sphenol F), 4,4'-cyclohexylidene bispheno
(al so call ed as bisphenol Z) and 4, 4'-sul fonyl bispheno
(al so call ed as bisphenol S); al kylene oxi de adducts of
t hese bi sphenols; aromatic di hydroxy conpounds such as
hydr oqui none, resorcin, 4,4'-dihydroxybi phenyl, 4,4'-
di hydr oxydi phenyl ether and 4, 4" -di hydr oxydi phenyl
benzophenone; and al kyl ene oxi de adducts of these
aromati ¢ di hydroxy conpounds.

[ 0062]

Anmong these, fromthe viewpoints of nmechanica
properties, econom cal properties and the |ike of the
pol yester resin, ethylene glycol, diethylene glycol,
trimethyl ene glycol, 1,4-butanediol and 1, 4-

cycl ohexanedi net hanol are preferred, and ethyl ene glyco



- 39 -

is particularly preferred. One of these additional diols
may be singly used, or two or nore of these nay be used

t oget her.

[ 0063]

A content of the constituting unit derived fromthe
additional diol is 20 to 99% by nol, preferably 40 to 97%
by nol, nore preferably 45 to 95% by nol and further
preferably 50 to 90% by nol based on the total amount of
the diol constituting unit.

[ 0064]

[ Di carboxylic Acid Constituting Unit]

The di carboxylic acid constituting unit is not
especially limted, and exanpl es thereof include
al i phatic dicarboxylic acids such as succinic acid,
glutaric acid, adipic acid, pinelic acid, suberic acid,
azel ai ¢ acid, sebacic acid, dodecanedi carboxylic acid,
cycl ohexanedi car boxyl i c acid, decanedi carboxylic acid,
nor bor nanedi car boxylic acid, tricycl odecanedi carboxylic
aci d and pent acycl ododecanedi car boxyl i ¢ acid; and
aromatic di carboxylic acids such as terephthalic acid,

i sophthalic acid, phthalic acid, 2-nethyl terephthalic
acid, 1,4-naphthal enedi carboxylic acid, 1,5-

napht hal enedi car boxyl i ¢ acid, 2, 6-naphthal enedi carboxylic
acid, 2, 7-naphthal enedi carboxylic acid,

bi phenyl di carboxylic acid and tetralindi carboxylic acid.
Among t hese, fromthe viewpoi nts of mechanical properties

and heat resistance of the polyester resin, aromatic
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di carboxylic acids, such as terephthalic acid,

i sophthalic acid, 1,4-naphthal enedi carboxylic acid, 1,5-
napht hal enedi car boxyl i ¢ acid, 2,6-naphthal enedi carboxylic
acid and 2, 7-napht hal enedi carboxylic acid are preferred,
and terephthalic acid, 2,6-naphtal enedi carboxylic acid
and i sophthalic acid are particularly preferred. In
particular, terephthalic acid is nost preferred fromthe
vi ewpoi nt of econom cal property. One of these

di carboxylic acids may be singly used, or two or nore of
these may be used together.

[ 0065]

[ Met hod for Produci ng Pol yester Resin]

A nmet hod for producing the polyester resin is not
especially Iimted, and any of known nethods can be
applied. Exanples thereof include nelt polynerization
met hods such as a transesterification nethod and a direct
esterification nmethod, and a solution polynerization
nmethod. A raw material purified as described above is
preferably used.

[ 0066]

I n each of the above-described nethods, a known
catal yst can be used. The known catal yst is not
especially Iimted, and exanples thereof include
al koxi des of metal magnesi um sodi um and magnesi uny and
fatty acid salts, carbonates, hydroxides, chlorides and
oxi des of zinc, |ead, cerium cadm um manganese, cobalt,

l'ithium sodium potassium calcium nickel, magnesium



vanadi um alum num tin, germanium antinony and titani um
Anmong t hese, conpounds of manganese, titanium antinony
and germani um are preferred, and nmanganese acet at e,
tetrabutoxy titanium antinony trioxide and germani um

di oxi de are particularly preferred. One of these

catal ysts nmay be singly used, or two or nore of these may
be used toget her.

[ 0067]

I n each of the above-described nethods, a known
additive may be used, if necessary. The known additive
is not especially limted, and exanpl es thereof include
an anti-etherifying agent, various stabilizers such as a
heat stabilizer and a |ight stabilizer, a polynerization
nodi fier, an antistatic agent, a lubricant, an
anti oxi dant, a release agent and a basi c conpound.

[ 0068]

The anti-etherifying agent is not especially |limted,
and exanpl es thereof include am ne conpounds.
[ 0069]

The heat stabilizer is not especially limted, and
exanpl es thereof include phosphorus conpounds. Anobng the
conpounds, phosphoric acid esters are preferred, and
triethyl phosphate is nore preferred.

[ 0070]

The basic conmpound is not especially limted, and

exanpl es thereof include carbonates, hydroxides,

car boxyl ates, oxides, chlorides and al koxi des of al kal



metals such as lithium sodium and potassium Anong
t hese, potassium acetate, sodium acetate and |ithium
acetate are particularly preferred.

[0071]

[ Use]

The pol yester resin of the present enbodi nent can be
applied to various uses. For exanple, it can be used in
an injection nolded article, a sheet, a film an
extrusion nolded article such as a pipe, a bottle, a
foam ng material, an adhesive material, an adhesive, a
paint and the like. More specifically, the sheet nay be
a single-layered or nultilayered sheet, the filmnmay be a
single-layered or multilayered film or may be
unstretched or one-way or two-way stretched, and may be
stacked on a steel plate or the |like. The bottle may be
a direct blow bottle or an injection blow bottle, or may
be injection nolded. The foam ng material may be a bead

foam ng material or an injection foamng material .

Exanpl es
[ 0072]

Next, the present invention will be described nore
specifically. It is noted that the present invention is
not limted to the follow ng description.

[0073]
[ Conditions of Gas Chromat ography Analysis of Dol

havi ng Cyclic Acetal Skel eton]
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The purity analysis of an obtained diol having a
cyclic acetal skeleton was perfornmed by the gas
chr omat ogr aphy under the follow ng conditions. Assum ng
that a relative retention tine of the diol having a
cyclic acetal skeleton was 1.00 and that a total area in
a GC chart of conponents, excluding nethanol, having a
relative retention tine of 1.45 or less was 100 area% an
area fractional concentration of each conponent was
obt ai ned.

(Condi ti ons)

Measur enent sanple: prepared in the formof a 2.5%
by mass met hanol sol ution

Appar atus: GC- 1700 (manufactured by Shinmadzu
Cor por at i on)

Col um used: DB-1 having a length of 30 mx an inner
di aneter of 0.53 mMm and a filmthickness of 1.5 um
(manuf actured by Agilent Technol ogi es Japan, Ltd.)

Anal ysis conditions: injection tenperature: 280°C

detection tenperature: 280°C

Carrier gas: helium

Col um tenperature: A tenperature of 80°C was kept
for 4 mnutes, the tenperature was increased to 250°C at
6°C/ mn, the tenperature of 250°C was kept for 10 m nutes,
the tenperature was increased to 280°C at 10°C/ m n, and
the tenperature of 280°C was kept for 15 m nutes.

Detector: flane ionization detector (FID)

[ 0074]



[ Conditions of Analysis of HPA]

The purities of crude HPA and purified HPA obtai ned
as descri bed bel ow were neasured by the gas
chr omat ogr aphy anal ysis and a formnal dehyde determ nation
met hod perfornmed under the foll owm ng conditions:

(Conditions of Gas Chromat ography Anal ysis)

Measur enent sanple: prepared in the formof a 1% by
mass acetone sol ution

Appar at us: GC-6890N (manuf actured by Agil ent
Technol ogi es Japan, Ltd.)

Col um used: DB-1 having a length of 30 mx an inner
di aneter of 0.53 mMm and a filmthickness of 1.5 um
(manuf actured by Agilent Technol ogi es Japan, Ltd.)

Anal ysis conditions: injection tenperature: 200°C

detection tenperature: 250°C

Carrier gas: helium

Col um tenperature: A tenperature of 60°C was kept
for 7 mnutes, the tenperature was increased to 250°C at
6°C/ min, and the tenperature of 250°C was kept for 20
m nut es.

Detector: flane ionization detector (FID)
[ 0075]

(For mal dehyde Det er m nati on)

The neasurenment was perforned by the acetyl acetone
colorimetry using a UV spectroneter.

[ 0076]
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<Production Exanple 1> (Preparation of Crude HPA
Aqueous Sol uti on)

200 parts by nmass of isobutyral dehyde (a product of
Wako Pure Chem cal Industries Ltd.) and 225 parts by mass
of 40% by mass formalin (a product of M tsubishi Gas
Chem cal Conpany, Inc.) were charged to perform an al dol
condensation reaction, under stirring at 40°Cin a
nitrogen stream by adding 9.9 parts by mass of
triethylam ne (a product of Wako Pure Chenmical I|ndustries
Ltd.) as a catalyst thereto over 5 mnutes. After
conpleting the addition of triethylam ne, the tenperature
of the resultant reaction solution reached 65°C. From
this tenperature, the tenperature of the reaction
solution was gradually increased, and the tenperature of
the reaction solution was set to 90°C after 30 m nutes.
After the reaction was continued for 50 mnutes at the
tenperature of the reaction solution of 90°C, the
tenperature of the reaction solution was |owered to 60°C
by external cooling, and the reacti on was stopped.

[0077]

Subsequent |y, under conditions of 70 to 80°C and a
pressure of 40 kPa, unreacted portions of
i sobut yral dehyde and triethylamne and a | ow boiling
poi nt component such as nethanol were distilled off from
the reaction solution, and thus, 425 parts by nmass of a
crude HPA aqueous solution was obtai ned. The conposition

of the crude HPA aqueous sol ution was anal yzed by the gas
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chr omat ogr aphy (manufactured by Agilent Technol ogi es
Japan, Ltd.). As a result, the crude HPA aqueous
solution was found to contain 62.5% by mass of HPA, 0.30%
by mass of isobutyral dehyde, 1.17% by mass of neopentyl
gl ycol, 1.55% by mass of fornmal dehyde, 1.29% by mass of
triethylamne, 0.38%by mass of formc acid, 0.85% by
mass of hydroxypivalic acid neopentyl glycol nopnoester,
0. 15% by mass of isobutyric acid neopentyl glyco
nonoest er, 30.52% by mass of water and 1.29% by nass of
ot her conponents.
[ 0078]

<Pr oduction Exanple 2> (Preparation of Purified HPA)

A crystallization tank was charged with 260 parts by
mass of the crude HPA aqueous sol ution obtained in
Production Exanple 1 and 590 parts by nass of water, the
concentration of HPA was set to 19.0% by mass and the
resul tant solution was kept at 60°C. This solution was
cool ed to 40°C under stirring and kept at 39 to 40°C
After 90 m nutes, resultant whole slurry containing
crystals of HPA was solid-liquid separated using a
centrifuge, and the thus obtained HPA crystals were
washed with 100 parts by mass of water. As a result,
857.5 parts by mass of a filtrate was collected, and 91.9
parts by nass of a wet cake was obtained. The cake was
dried at 30°Cin a nitrogen streamto obtain 71.3 parts
by mass of the HPA crystal. A recovery of the HPA

crystals based on the crude HPA was 44.1% The crystals



wer e anal yzed by the gas chronmat ography (nmanufactured by
Agi |l ent Technol ogi es Japan, Ltd.). As a result, the HPA
crystals were found to contain 99.3% by nmass of HPA

0. 00% by mass (below the detection limt) of neopentyl

gl ycol, 0.00% by mass (bel ow the detection limt) of

i sobutyric acid neopentyl glycol nonoester, 0.50% by nass
of neopentyl glycol hydroxypivalic acid nonoester, 0.05%
by mass of isobutyral dehyde, 0.00% by mass (bel ow t he
detection limt) of formal dehyde, and 0.15% by nass of

ot her conponents. The thus purified HPA crystals were
mxed with water to prepare an HPA aqueous solution A
cont ai ni ng 60% by nass of the purified HPA crystal.

[ 0079]

<Pr oduction Exanple 3> (Preparation of |sobutyric
Aci d Neopentyl d ycol Mbnoester)

A m xture obtained by m xing 280.8 parts by mass of
neopentyl glycol (a product of Mtsubishi Gas Chem ca
Conpany, Inc.), 79.0 parts by mass of pyridine (a product
of Wako Pure Chemical Industries Ltd.), 12.2 parts by
mass of N, N-di net hyl -4-am nopyri di ne (a product of Wako
Pure Chem cal Industries Ltd.) and 2500 parts by mass of
met hyl ene chl oride (a product of Wako Pure Cheni ca
Industries Ltd.) was set to 25°C. To this mxture, a
net hyl ene chl ori de solution containing 95.4 parts by nass
of isobutyric acid chloride (a product of WAko Pure
Chem cal Industries Ltd.) was added dropw se over 4 hours.

The resultant was stirred at 25°C for 16 hours, and an



- 48 -

unreacted portion of neopentyl glycol and inpurities were
renoved by extraction using water. By analyzing a purity
of a bottom product obtained by renoving the solvent from
the thus obtained oil layer by sinple distillation, 96.4%
by mass of isobutyric acid neopentyl glycol nonoester and
3.60% by mass of other conponents were found to be
cont ai ned.

[ 0080]

<Ref erence Exanple 4> (First Cycle of Spiroglyco
Synt hesi s)

116 parts by nass of pentaerythritol was dissol ved
in 1800 parts by mass of water, and nethanesul fonic acid
(a product of WAko Pure Chemi cal Industries Ltd.) was
added thereto to nmake the resultant solution at pH 1.6.
To the solution, 290 parts by mass of the HPA aqueous
solution A prepared in Production Exanple 2 was added
dropw se over 3 hours. A reaction tenperature was set to
90°C. After conpleting the dropw se addition, the
resul tant solution was aged at 90°C for 12 hours. After
conpl eting the aging, the resultant reaction solution was
divided into 765 parts by mass and 1441 parts by nass,
and the 1441 parts by mass of the reaction solution was
solid-liquid separated to obtain 183 parts by mass of wet
spiroglycol and 1130 parts by mass of a filtrate.
Thereafter, the thus obtained wet spiroglycol was
neutralized and washed with 500 parts by mass of a 500

ppm sodi um hydr oxi de aqueous sol ution, and subsequently
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the resultant was washed with 500 parts by mass of water.
Thereafter, the spiroglycol was dried. Incidentally, the
765 parts by nass of the reaction solution also contains
spiroglycol crystals, and the spiroglycol crystals work
as a seed crystal in the reaction of the subsequent
second and | ater cycles.

[ 0081]

<Ref erence Exanple 5> (Second to Fifteenth Cycles of
Spi rogl ycol Synt hesi s)

765 parts by mass of the reaction solution obtained
in the reaction of the first cycle, 1000 parts by nmass of
the filtrate obtained in the reaction of the first cycle,
25 parts by mass of water, 116 parts by mass of
pentaerythritol and 0.7 parts by nass of methanesul fonic
acid were m xed. Here, the resultant solution had pH 1.6.
To this solution, 290 parts by mass of the HPA aqueous
sol ution A was added dropw se over 3 hours. A reaction
tenperature was set to 90°C. After conpleting the
dropw se addition, the resultant was aged at 90°C for 3
hours. After conpleting the aging, the resultant
reaction solution was divided into 765 parts by mass and
remai ning 1431.7 parts by mass, and the 1431.7 parts by
mass of the reaction solution was solid-liquid separated
to obtain 244 parts by mass of wet spiroglycol and 1083
parts by nass of a filtrate.

[ 0082]
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Then, also in the reaction of the third and |ater
cycles, the reaction was repeatedly perforned by m xing
765 parts by nass of the reaction solution obtained in
the previous cycle, 1000 parts by nass of the filtrate,
25 parts by mass of water, 116 parts by mass of
pentaerythritol and 0.7 parts by mass of nethanesul fonic
acid, and addi ng 290 parts by mass of the HPA aqueous
sol ution A dropwi se thereto over 3 hours. In the
reaction of each cycle, about 80 to 90% by mass of the
not her |iquor of the whole reaction solution obtained in
the previous cycle was used in the reaction of the next
cycle. This synthesis reaction was repeatedly perforned,
and a stable nother |iquor conposition was obtained. In
the reaction of the fifteenth cycle, the dried
spiroglycol was obtained in an anount of 236 parts by
mass in total. The yield of the spiroglycol based on the
charged pentaerythritol (excluding the pentaerythritol
contained in the filtrate) was 91. 7% by nol .

[ 0083]

The purity of the obtained spiroglycol was anal yzed
by the gas chronmat ography. As a result, the spiroglyco
was found to contain 99.60 area% of spiroglycol, 0.01
area% of di oxane triol nonoformal, 0.10 area% of
hydr oxypi val al dehyde neopentyl glycol acetal and 0.13
area% of spiro nonoal cohol

[ 0084]
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<Exanpl e 1> (Repeated Synthesis of Spiroglycol using
Purified HPA)

The sane synthesis as that of Reference Exanple 5
was performed by mixing 765 parts by nass of the reaction
solution obtained in the reaction of the fifteenth cycle
of Reference Exanple 5, 1000 parts by mass of the
filtrate, 25 parts by mass of water, 116 parts by nmass of
pentaerythritol and 0.7 parts by mass of nethanesul fonic
acid, and addi ng 290 parts by mass of the HPA aqueous
solution A dropwi se thereto over 3 hours (corresponding
to the first cycle of SPG synthesis illustrated in
Figures 1 and 2). Then, 765 parts by mass of the
reaction solution obtained by the reaction of this first
cycle was used and m xed with 1000 parts by mass of the
filtrate, 25 parts by mass of water, 116 parts by mass of
pentaerythritol and 0.7 parts by nass of methanesul fonic
acid, and 290 parts by mass of the HPA aqueous solution A
was added dropw se over 3 hours to repeatedly performthe
synthesis reaction of spiroglycol. This spiroglyco
synthesis reaction was further repeated until an inpurity
concentration in the resultant spiroglycol was stabilized.
[ 0085]

The gas chronmat ographic purity of the spiroglycol
obtained in the eleventh cycle of the SPG synthesis was
found to be 99.58 area% of spiroglycol, wth 0.01 area%
of di oxane triol nonoformal, 0.11 area% of

hydr oxypi val al dehyde neopentyl glycol acetal and 0. 14
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area% of spiro nonoal cohol. The results are shown in
Table 1. Besides, the transition of the inpurity
concentration in the spiroglycol is illustrated in
Figures 1 and 2.

[ 0086]

<Exanpl e 2> (Repeated Synthesis of Spiroglycol with
Addi ti on of Formal dehyde to Purified HPA)

The purified HPA prepared in Production Exanple 2,
wat er and formal dehyde were nmixed to prepare an HPA
aqueous sol ution B containing 60% by nass of the purified
HPA and 0. 33% by nass of fornal dehyde per 100% by nass of
the purified HPA. The synthesis reaction was repeated in
the sane manner as described in Exanple 1 except that the
HPA aqueous sol ution B was used instead of the HPA
aqueous sol ution A
[ 0087]

The gas chromat ographic purity of the spiroglycol
obtained in the fourteenth cycle was found to be 99. 60
area% of spiroglycol, with 0.02 area% of dioxane tri ol
nonof ormal , 0.12 area% of hydroxypi val al dehyde neopentyl
gl ycol acetal and 0.14 area% of spiro nonoal cohol. The
results are shown in Table 1. Besides, the transition of
the inmpurity concentration in the spiroglycol is
illustrated in Figures 1 and 2.

[ 0088]
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<Exanpl e 3> (Repeated Synthesis of Spiroglycol with
Addi tion of Isobutyric Acid Neopentyl G ycol Monoester to
Purified HPA)

The purified HPA prepared in Production Exanple 2,
wat er and i sobutyric acid neopentyl glycol nonoester were
m xed to prepare an HPA aqueous sol ution C containing 60%
by mass of the purified HPA and 0.58% by mass of
i sobutyric acid neopentyl glycol nonoester per 100% by
mass of the purified HPA. The synthesis reaction was
repeated in the sane manner as described in Exanple 1
except that the HPA aqueous solution C was used instead
of the HPA aqueous sol ution A
[ 0089]

The gas chronmat ographic purity of the spiroglycol
obtained in the thirteenth cycle was found to be 99.58
area% of spiroglycol, with 0.01 area% of di oxane tri ol
nonof ormal , 0.18 area% of hydroxypi val al dehyde neopentyl
gl ycol acetal and 0.15 area% of spiro nonoal cohol. The
results are shown in Table 1. Besides, the transition of
the inpurity concentration in the spiroglycol is
illustrated in Figures 1 and 2.

[ 0090]

<Conparative Exanple 1> (Repeated Synthesis of
Spiroglycol with Addition of Formal dehyde to Purified
HPA)

The purified HPA prepared in Production Exanple 2,

wat er and formal dehyde were m xed to prepare an HPA
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aqueous sol ution D containing 60% by nass of the purified
HPA and 0. 83% by nass of fornal dehyde per 100% by nass of
the purified HPA. The synthesis reaction was repeated in
the sane manner as described in Exanple 1 except that the
HPA aqueous solution D was used instead of the HPA
aqueous sol ution A

[ 0091]

The gas chromat ographic purity of the spiroglycol
obtained in the eleventh cycle was found to be 99.41
area% of spiroglycol, with 0.05 area% of di oxane tri ol
nonof ormal , 0.15 area% of hydroxypi val al dehyde neopentyl
gl ycol acetal and 0.13 area% of spiro nonoal cohol. The
results are shown in Table 1. Besides, the transition of
the inmpurity concentration in the spiroglycol is
illustrated in Figures 1 and 2.

[ 0092]

<Conpar ative Exanple 2> (Repeated Synthesis of
Spiroglycol with Addition of Neopentyl G ycol to Purified
HPA)

The purified HPA prepared in Production Exanple 2,
wat er and neopentyl glycol were mxed to prepare an HPA
aqueous sol ution E containing 60% by nass of the purified
HPA and 2.50% by nass of neopentyl glycol per 100% by
mass of the purified HPA. The synthesis reaction was
repeated in the sane manner as described in Exanple 1
except that the HPA aqueous sol ution E was used instead

of the HPA agueous solution A
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The gas chronmat ographic purity of the spiroglycol
obtained in the thirteenth cycle was found to be 99.56
area% of spiroglycol, with 0.01 area% of dioxane tri ol
nonof ormal , 0.20 area% of hydroxypi val al dehyde neopentyl
gl ycol acetal and 0.13 area% of spiro nonoal cohol. The
results are shown in Table 1. Besides, the transition of
the inpurity concentration in the spiroglycol is
illustrated in Figures 1 and 2.

[ 0094]

<Conparative Exanple 3> (Repeated Synthesis of
Spiroglycol with Addition of Hydroxypivalic Acid
Neopentyl d ycol Monoester to Purified HPA)

The purified HPA prepared in Production Exanple 2,
wat er and hydroxypivalic acid neopentyl glycol nobnoester
were m xed to prepare an HPA aqueous solution F
cont ai ni ng 60% by mass of the purified HPA and 2. 50% by
mass of hydroxypivalic acid neopentyl glycol nopnoester
per 100% by mass of the purified HPA. The synthesis
reaction was repeated in the sane manner as described in
Exanpl e 1 except that the HPA aqueous sol ution F was used
i nstead of the HPA agueous solution A
[ 0095]

The gas chronmat ographic purity of the spiroglycol
obtained in the sixteenth cycle was found to be 99.54
area% of spiroglycol, with 0.01 area% of dioxane tri ol

nonof ormal , 0.22 area% of hydroxypi val al dehyde neopentyl
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gl ycol acetal and 0.15 area% of spiro nonoal cohol. The
results are shown in Table 1. Besides, the transition of
the inpurity concentration in the spiroglycol is
illustrated in Figures 1 and 2.

[ 0096]

<Conparative Exanple 4> (Synthesis of Spiroglyco
wi th | sobutyral dehyde added to Purified HPA)

The purified HPA prepared in Production Exanple 2,
wat er and i sobutyral dehyde were m xed to prepare an HPA
aqueous sol ution G containing 60% by nass of the purified
HPA and 3. 33% by nass of isobutyral dehyde per 100% by
mass of the purified HPA. The synthesis reaction was
performed in the sanme manner as described in Exanple 1
except that the HPA aqueous sol ution G was used instead
of the HPA agueous solution A
[ 0097]

The gas chromat ographic purity of the spiroglycol
obtained in the first cycle was found to be 96.20 area%
of spiroglycol, with 0.01 area% of di oxane triol
nonof ormal , 0.10 area% of hydroxypi val al dehyde neopentyl
gl ycol acetal and 3.53 area% of spiro nonoal cohol. The
results are shown in Table 1.

[ 0098]



[ Tabl e 1]
Raw Material HPA Impurities in Spiroglycol
HcHo | BD | BNE | Nee | Ese |BNEXNPGL DOT-F | \patge | sPmiec
[mass%] | [mass%] | [mass%] | [mass%] | [mass%] +ESG [6C area’%) area%)
[mol/kg] area’%)
HPA
Example 1 Aqueous - 0.05 - - 0.50 0.025 0.00-0.01 | 0.08-0.12 | 0.12-0.14
Solution A
HPA
Example 2 Aqueous 0.33 0.05 - - 0.50 0.025 0.02-0.03 0.12 0.14
Solution B
HPA
Example 3 Aqueous - 0.05 0.58 - 0.50 0.058 0.01 0.17-0.18 | 0.14-0.15
Solution C
Comparative HPA
Example 1 Aqueous 0.83 0.05 - - 0.50 0.025 0.05-0.06 | 0.14-0.15 | 0.12-0.14
P Solution D
Comparative HPA
ExaFr)n e 2 Aqueous - 0.05 - 2,50 0.50 0.265 0.00-0.01 0.20 0.12-0.13
P Solution E
Comparative HPA
ExaFr)n e 3 Aqueous - 0.05 - - 2.50 0.123 0.01 0.22-0.23 0.15
P Solution F
Comparative HPA
ExaFr)n led Aqueous - 3.33 - - 0.50 0.025 0.01 0.10 3.53
P Solution G
[ 0099]

Abbreviations used in Table 1 and Figures 1 and 2
are as follows. Incidentally, each amobunt in % by nass
or the Iike of HCHO, 1BD, BNE, NPG and ESGin the raw
material HPA shown in Table 1 is shown not as a
proportion to the whole 60% HPA aqueous sol ution
i ncludi ng water but as a val ue based on the total anount
of the raw material hydroxypival al dehyde.

DOT- F: di oxane triol nonofornal

NPA: hydr oxypi val al dehyde neopentyl glycol acetal

SPM spiro nonoal coho

HCHO f or nal dehyde

| BD: isobutyral dehyde

BNE: isobutyric acid neopentyl glycol nonoester

NPG neopentyl gl ycol
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ESG hydroxypivalic acid neopentyl glycol nonoester
[ 0100]

As described above, it was found that in the
synt hesi s of spiroglycol, when the contents of inpurities,
that is, formal dehyde, neopentyl glycol, an ester
conmpound havi ng a neopentyl glycol skeleton and
i sobut yral dehyde, contained in raw naterial HPA are
controll ed, generation of various acetal conpounds, that
i's, by-products, generated in synthesis of the dio
having the cyclic acetal skeleton is inhibited, and thus
a high purity spiroglycol can be obtained. Incidentally,
al so in Conparative Exanple 4, there was a tendency
simlar to the other conparative exanpl es.

[ 0101]

Besi des, when an experinment simlar to that of the
spiroglycol was performed particularly on di oxane glycol,
it was confirned that a conpound resulting from an
acetalization reaction of isobutyral dehyde and
trimet hyl ol propane, neopentyl glycol and a conpound
derived froman ester conmpound having a neopentyl glyco
skel eton were produced as by-products. Also the
synthesis of the diol having the cyclic acetal skeleton
such as di oxane gl ycol proceeds through substantially a
simlar reaction path, and therefore, it is thus
anal ogi zed that the generation of various acetal
compounds, that is, by-products, in the synthesis of the

di ol having the cyclic acetal skeleton can be inhibited
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by controlling neopentyl glycol, an ester conpound havi ng
a neopentyl glycol skeleton, isobutyral dehyde and the
l'i ke.
[ 0102]

The present application is based upon the Japanese
pat ent application (Japanese Patent Application No. 2016-
050882) filed with Japan patent office on March 15, 2016,
the entire contents of which are incorporated herein by

r ef er ence.

I ndustrial Applicability
[ 0103]

A spiroglycol is a polyhydric alcohol having a
cyclic acetal in a nolecule, and is a conpound useful as
an internediate of a polyner material such as
pol ycar bonat e, pol yester, polyacrylate, pol yurethane,
pol yet her polyol, an epoxy resin or the like, or as a
nmononer, or further as a raw nmaterial of an adhesive, a
plasticizer, a resin stabilizer, a lubricant or the like.
Accordingly, the present invention has industria

applicability in at |east these uses.



a ains

[Claim1l]

A nmet hod for producing a diol having a cyclic acetal
skel et on, conpri sing:

an acetalization reaction step of subjecting a raw
mat eri al hydroxypi val al dehyde and at | east
pentaerythritol and/or trinethylol propane to an
acetalization reaction under an acid catalyst to obtain
the di ol having the cyclic acetal skel eton,

the raw material hydroxypival al dehyde conpri ses at
| east one inpurity selected fromthe group consisting of
f or mal dehyde, neopentyl glycol, an ester conpound havi ng
a neopentyl glycol skeleton represented by foll ow ng

formula (111), and isobutyral dehyde,

wherein R represents a hydrocarbon group having 1 to
4 carbon atons, a hydrocarbon group having a hydroxy
group and having 1 to 4 carbon atons, or a hydrogen atom
and

when the inpurity is conprised,

a content of the formal dehyde is 0.80% by mass or
| ess based on 100% by nass of the raw materia
hydr oxypi val al dehyde;

a total nolar concentration of the neopentyl glycol

and/ or the ester conpound having a neopentyl glyco
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skeleton is 0.100 nol/kg or | ess based on a total anount
of the raw material hydroxypival al dehyde; and

a content of the isobutyral dehyde is 0.05% by nass
or | ess based on 100% by nass of the raw materi al
hydr oxypi val al dehyde.
[Caim2]

The net hod for producing the diol having the cyclic
acetal skeleton according to claim1, wherein

in terms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on an assunption that a relative
retention tinme of the diol having the cyclic acetal
skel eton in gas chronmat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having the cyclic acetal skel eton obtai ned
by the acetalization reaction contains, as an inpurity, a
di oxane triol nonoformal represented by follow ng fornmul a

(1) in an anount of 0.04 area% or |ess:
O O OH
(X~

The net hod for producing the diol having the cyclic

[Caim 3]

acetal skeleton according to claim1 or 2, wherein

interms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on the assunption that a relative

retention tine of the diol having the cyclic acetal
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skel eton in gas chronmat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having the cyclic acetal skel eton obtai ned
by the acetalization reaction conprises, as an inpurity,
a hydroxypi val al dehyde neopentyl glycol acetal
represented by followng formula (I1) in an anpunt of

0.19 area% or | ess:

O OH
O

The net hod for producing the diol having the cyclic

[ C ai m 4]

acetal skeleton according to any one of clainms 1 to 3,
wherein

in terms of an area fractional concentration based
on a sum of conponents having a relative retention tine
of 1.45 or less on the assunption that a relative
retention tine of the diol having the cyclic acetal
skel eton in gas chronmat ography anal ysis perfornmed under
prescribed conditions is 1.00,

the diol having the cyclic acetal skel eton obtai ned
by the acetalization reaction conprises, as an inpurity,
a spiro nonoal cohol represented by followng formula (IV)
in an anount of 0.15 area% or | ess:

O O OH
O

[C ai m5]
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The net hod for producing the diol having the cyclic
acetal skeleton according to any one of clainms 1 to 4,
wherein the ester conpound represented by the
formula (111) conprises an isobutyric acid neopentyl
gl ycol nonoester represented by followng fornmula (V)
and/ or a hydroxypivalic acid neopentyl glycol nonoester

represented by following formula (VI):

O
O
HO’/\>K<JL“O’/\>K</\\OH (VD)

The net hod for producing the diol having the cyclic

[Cai m 6]

acetal skeleton according to any one of clainms 1 to 5,
wherein the diol having the cyclic acetal skeleton is
spi rogl ycol and/or di oxane glycol.

[Claim7]

The nethod for producing the diol having the cyclic
acetal skeleton according to any one of clainms 1 to 6,
conprising an al dol condensation reaction step of
obt ai ni ng crude hydroxypi val al dehyde by an al do
condensati on reaction of fornmal dehyde and
I sobut yr al dehyde.

[C ai m 8]
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The net hod for producing the diol having the cyclic
acetal skeleton according to claim?7, conprising at |east
any one of:

an extraction step of adding water and/or an organic
solvent to the crude hydroxypival al dehyde obtained in the
al dol condensation reaction step to extract the raw
mat eri al hydroxypi val al dehyde;

a distillation step of distilling the crude
hydr oxypi val al dehyde obtained in the al dol condensati on
reaction step to collect the raw nateri a
hydr oxypi val al dehyde as a distillate; and

a crystallization step of adding water and/or an
organi ¢ solvent to the crude hydroxypival al dehyde
obtained in the aldol condensation reaction step for
crystallization and collecting the raw materi a
hydr oxypi val al dehyde by solid-1iquid separation.
[Caim9]

The net hod for producing the diol having the cyclic
acetal skeleton according to any one of clainms 1 to 8,
wherein

a reaction tenperature enployed in the acetalization
reaction step is 40 to 105°C,

a pH value of a reaction solution in the
acetalization reaction step is 0.1 to 4.0, and

after the acetalization reaction step, the reaction
solution is solid-liquid separated into a solid of the

di ol having the cyclic acetal skeleton and a reaction
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not her |iquor, and 30 to 98% by mass of the reaction
not her liquor is reused to performa subsequent

acetal ization reaction step.



