Descri ption

Title of Invention: METHOD FOR PRODUCI NG
HYDROXYPI VALALDEHYDE

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

produci ng hydroxypi val al dehyde.

Background Art
[ 0002]

Hydr oxypi val al dehyde (herei nbel ow, HPA) is a raw
mat eri al for neopentyl glycol (hereinbelow, NPG. HPAis
al so used as a raw material for acetal conpounds such as
spi rogl ycol (hereinbelow, SPG. Wen HPA is subjected to
hydr ogenati on reacti on (hereinbel ow, hydrogenation), for
exanple, NPGis obtained. From HPA and a pol yhydric
al cohol, an acetal conpound such as SPG is obtained. NPG
Is used as a raw material for alkyd resin paints,
pol yester resins, and powdered paints. SPGis used as an
antioxi dant and also as a raw material for highly heat
resi stant resin.
[ 0003]

HPA is generally obtained by an al dol reaction of
i sobut yral dehyde (herei nbel ow, IBAL) with fornmal dehyde

(herei nbel ow, FA) under basic conditions. |In this case,



HPA contains, as inpurities, NPG FA, a catalyst used in
the reaction, and a carboxylate salt such as formate salt
whi ch is produced as byproduct, as described in Patent
Literature 1 and the |like. As described in Patent
Literature 1 and the like, it is known that these

i nmpurities inhibit hydrogenati on when NPG is produced.

In Patent Literature 2, it is nmentioned that
i mpurity of al dehydes such as | BAL and FA, which are
contai ned in HPA when SPG is produced, influences the
quality of SPG Thus, purification for obtaining highly
pure HPA is required.

[ 0004]

As nethods of renoving inpurities contained in HPA
crystallization, extraction, and distillation have been
reported. For exanple, in Patent Literature 1, a process
of purifying HPA by crystallization is described. By
this nethod, HPA having the purity nore than 98% by mass
can be obtained. In Patent Literature 3, in order to
renove carboxylate salts contained in the reaction |iquid
after HPA is synthesized, an operation simlar to
extraction is carried out. Water is added to the
reaction liquid, which is cooled and then allowed to
separate into two | ayers. Carboxylate salts are renoved
by partitioning HPA into the oil |ayer and the
carboxylate salts into the water |ayer.

In Patent Literature 4, a process of renoving | ow

boiling-point inmpurities by distillation is described.



Addi tionally, as a nethod including extraction and
distillation in conbination, a process in which
extraction by octanol is carried out to renove organic
acid salt and then low boiling-point inpurities are
renoved by distillation is described in Patent Literature

5.

Ctation List

Patent Literature

[ 0005]

Patent Literature 1: Japanese Unexam ned Pat ent
Application Publication No. 2007-70339

Patent Literature 2: Japanese Unexan ned Patent
Application Publication No. 2001-302673

Patent Literature 3: Japanese Unexan ned Patent
Application Publication No. Hei07-082192

Patent Literature 4: Japanese Unexan ned Patent
Application Publication (Translation of PCT Application)
No. 2010-520250

Patent Literature 5: Japanese Patent No. 3224547

Summary of I nvention
Techni cal Probl em
[ 0006]
HPA, which is used as a raw material for NPG and SPG
is, together with water, subjected to reaction, as

described in Patent Literature 2 and Patent Literature 3.



Meanwhi l e, inpurities other than water contained in HPA
inhibit the reaction and influence the quality of the
target product. Thus, the inpurities other than water
contai ned in HPA have to be reduced.

It should be noted that HPA, in the absence of water,
is partly converted i nto neopentyl glycol-hydroxypival ate
by a secondary reaction. Also when HPA as a raw materi al
for NPG and SPG is subjected to a reaction, an operation
of dissolving and adding HPA is carried out. If heat is
applied, HPAis nore likely to be degraded into neopentyl
gl ycol - hydroxypi val ate ester. Thus, water should be
all owed to coexist in order to reduce the tenperature on
di ssolution. Particularly, synthesis of SPG or the |ike
is carried out in an aqueous solvent, and thus, presence
of water has no influence. As nentioned above, presence
of water as an inpurity causes no problem

The yield fromthe crystallization described in
Patent Literature 1 is at nost 84% and the productivity
of high purity HPA has an issue. Furthernore,
crystallization purification is not suitable for nass
production due to high costs for construction and
operation of an apparatus. Crystallization that uses
water as the solvent results in a | arge anbunt of waste
wat er. Accordingly, treatnent of the waste water
descri bed above is also required, and crystallization is
not preferable fromthe viewpoint of environnent and

additionally econom c efficiency.



The extraction described in Patent Literature 3 can
renove carboxylate salts such as formate salts, but
renmoval of FA, NPG and other inpurities is insufficient.
Wth respect to HPA 0.32% by nass of FA still remains.

[ 0007]

The distillation described in Patent Literature 4
can renove unreacted | BAL and triethylam ne used as the
catal yst. However, it is inpossible to renove inpurities
that have formed salts such as formate salts and
conpounds susceptible to thermal denaturation such as FA
The distillation, which is a process of renoving only
| ow-boiling point inmpurities, cannot renpove inpurities
having a boiling point higher than that of HPA

The conbi nation of renoval by extraction and
distillation of lowboiling point inpurities described in
Patent Literature 5 was effective for renoval of formate
salts and lowboiling point inpurities, but 1.74% by nass
of IBAL remains with respect to HPA even after the
distillation step. Mreover, the conbination has
probl enms such as the anount of water of 35% by mass or
|l ess with respect to the total of the extraction sol vent
and I BAL as the raw material, the high content of
neopentyl glycol ester even after distillation, and much
residual IBAL even after distillation.

[ 0008]
As nentioned above, none of nethods known so far has

been able to obtain HPA at a high yield while selectively



renmoving inpurities other than water contained in HPA
specifically IBAL and the like. Particularly, it has
been difficult for conventional techniques to
sufficiently reduce | BAL from HPA
Accordingly, it is an object of the present
i nvention to provide a nethod for produci ng HPA obt ai ned
from|IBAL and FA, wherein the nethod enables HPA to be
mass- produced and the collecting ratio of HPA to be
i nproved while selectively renoving inpurities other than
wat er contained in HPA, specifically IBAL and the |ike.
Additionally, it is another object of the present
i nvention to provide a nethod for produci ng HPA, wherein
specific inpurities secondarily produced as byproduct
from HPA, such as neopentyl glycol-isobutyrate,
i sobut yr al dehyde- hydr oxypi val al dehyde- acetal , and
i sobut yr al dehyde- hydr oxypi val al dehyde-al dol forns are

specified to be contained at a | ow | evel .

Sol ution to Probl em
[ 0009]

The present inventors have intensively studied to
sol ve the above problens. As a result, the present
i nventors have found formate salts contained in HPA can
be partitioned into the water |ayer by extracting HPA
reaction |iquid under basic conditions with an al dehyde
sol vent such as IBAL. The present inventors additionally

have found that FA al so can be reduced.



Furthernore, the present inventors have found that
thereafter, when other lowboiling point inpurities are
renoved together with the extraction solvent by
distillation, water is allowed to coexist to thereby
obtain highly pure HPA, fromwhich inpurities other than
wat er have been selectively renoved, at a high yield,

t hereby having conpleted the present invention.

That is, the present invention relates to foll ow ng
<1> to <12>.
[0010]
<1>

A net hod for producing hydroxypi val al dehyde
conprising steps (i) to (iii) belowin this order

step (i): a reaction step of reacting
i sobut yral dehyde wth formal dehyde to obtain a reaction
sol uti on contai ni ng hydroxypi val al dehyde,

step (ii): an extraction step of extracting the
reaction solution with an al dehyde sol vent represented by
formula (1) under basicity to obtain an extract
cont ai ni ng hydroxypi val al dehyde, and

step (iii): a distillation and collection step of

distilling the extract and then collecting
hydr oxypi val al dehyde froma still residue,
O
R—CH (1)

wherein R represents a saturated al kyl group having

3 or nore and 7 or |ess carbon atons,



further wherein the distillation step of the step

(ii1) is a step of distilling the extract in the presence

of water, and an anount of the water which is subjected
to the distillation is 100 parts by mass or nore and
2,000 parts by mass or less with respect to a total
anount, 100 parts by mass, of isobutyral dehyde derived
froma raw materi al and an al dehyde sol vent represented
by formula (1) in the extract which is subjected to the
distillation.
<2>

The net hod for produci ng hydroxypi val al dehyde
according to <1>, wherein the anobunt of the water which

IS subjected to the distillation is 50 parts by nmass or

nore and 1,000 parts by nmass or less with respect to 100

parts by nmass of hydroxypi val al dehyde in the extract
which is subjected to the distillation.
<3>

The method for produci ng hydroxypi val al dehyde
according to <1>, conprising a step of concentrating th
extract after the step (ii) and before the step (iii).
<4>

The method for produci ng hydroxypi val al dehyde
according to any of <1> to <3>, wherein the al dehyde
sol vent represented by formula (1) is isobutyral dehyde.
<5>

The net hod for produci ng hydroxypi val al dehyde

according to any of <1> to <4>, wherein the step (iii)

e

is



a step of continuously supplying the extract and water,
whil e being mxed, to a distillation apparatus and
col | ecting hydroxypi val al dehyde fromthe still residue.
<6>

The method for produci ng hydroxypi val al dehyde
according to any of <1> to <5>, wherein the step (iii) is
a step of continuously supplying the extract and water,
whil e being m xed and heated, to a distillation apparatus
and col | ecti ng hydroxypi val al dehyde fromthe stil
resi due.
<7>

The net hod for produci ng hydroxypi val al dehyde
according to any of <1> to <6>, conprising, after the
step (iii), a distilling-out and collection step of
further distilling the still residue and collecting
hydr oxypi val al dehyde as a fracti on.
<8>

The method for produci ng hydroxypi val al dehyde
according to any of <1> to <7>, conprising, after the
step (iii), a step of controlling the content of at | east
one conpound sel ected fromthe group consisting of

conmpounds represented by following fornulas (2) to (4):



H,;C
3 \()LO/X‘\OH (2)
CH, H5C CH,
OH
H,C
x
CHs H3C CHs
OH

OWOH (4)

HsC CHaH;C CHj

<9>

The net hod for produci ng hydroxypi val al dehyde
according to any of <1> to <8>, conprising, after the
step (iii), a step of controlling the content of a
compound represented by follow ng conpound represented by

formula (2):

O
HxC
3 \H‘\O/X\OH (2)
CH, HC' CHs

<10>
A conpound represented by following fornmula (3) or

following formula (4):

OH
HsC
e
0/\/‘<\0 (3)
n, HeC CHs
OH
o~ OH (4)

H3C CH3H3C CHg



<11>
A net hod for producing a conpound represented by
formula (3), conprising a step of reacting

i sobut yral dehyde wi th hydroxypi val al dehyde:

OH
H3C
—
o > So (3
CH, HC CHs

<12>
A met hod for producing a conpound represented by
formula (4), conprising a step of reacting

i sobut yral dehyde wi th hydroxypi val al dehyde:

OH

e I

H3C CH3H3C CHj

Advant ageous Effects of Invention
[ 0011]

According to the present invention, a nmethod for
produci ng HPA obtai ned fromIBAL and FA can be provided,
wherein the nethod enables HPA to be mass-produced and
the collecting ratio of HPA to be inproved while
selectively renoving inpurities other than water
contai ned in HPA, specifically IBAL and the I|ike.

Furt hernore, according to the present invention, a nethod



for producing HPA is provided, wherein the content of

specific inpurities is reduced.

Descri ption of Enbodi nent
[0012]

Her ei nbel ow, an enbodi nent of the present invention
(hereinbelow, referred to as "the present enbodi nent")
wi Il be described in detail. However, the present
invention is not intended to be [imted thereto and
vari ous nodifications can be made w t hout departing from
the scope of the invention.

In the present enbodi nent, the description "Ato B"
representing the nunerical limtation neans a nuneri cal
range i ncluding end points A and B. A < B nmeans A or
nore and B or less, and A > B neans A or |ess and B or
nor e.

Part(s) by mass and % by mass have the sanme neani ng
as part(s) by weight and % by wei ght, respectively.

Furthernore, in the present enbodi nent, a
conbi nation of preferred aspects is a nore preferred
aspect.

[0013]
[ Met hod for produci ng hydroxypi val al dehyde]

A net hod for producing hydroxypi val al dehyde (HPA) of
the present enbodinent is a nethod conprising steps (i)

to (iii) belowin this order
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step (i): a reaction step of reacting
i sobut yral dehyde (I BAL) with fornmal dehyde (FA) to obtain
a reaction solution containing hydroxypi val al dehyde (HPA),
step (ii): an extraction step of extracting the
reaction solution with an al dehyde sol vent represented by
formula (1) under basicity to obtain an extract
cont ai ni ng hydr oxypi val al dehyde (HPA), and

step (iii): a distillation and collection step of

distilling the extract and then collecting
hydr oxypi val al dehyde (HPA) froma still residue,
[ 0014]
O
R—CH (1)

wherein R represents a saturated al kyl group having
3 or nore and 7 or |ess carbon atons,

further wherein the distillation step of the step
(ii1) is a step of distilling the extract in the presence
of water, and an anount of the water which is subjected
to the distillation is 100 parts by mass or nore and
2,000 parts by mass or less with respect to a total
anount, 100 parts by mass, of isobutyral dehyde (1 BAL)
derived fromthe raw material and an al dehyde sol vent
represented by fornula (1) in the extract which is
subjected to the distillation.
[ 0015]

The present enbodinent is a method for produci ng HPA,

wherein the collecting ratio of HPA is excellent when



IBAL is allowed to react with FAin the presence of a
basic catal yst to synthesize HPA, and the anount of
specific inpurities other than water is reduced. After
HPA is synthesized, extraction is carried out under
basicity using a specific al dehyde sol vent represented by
the above fornmula (1) (hereinbelow, also referred to as a
speci fic al dehyde solvent) to extract HPA. Subsequently,
| BAL and the specific al dehyde solvent are distilled off
fromthe extract containing HPA by distillation in the
presence of water to thereby obtain HPA at a high
collecting ratio.

[ 0016]

In the present enbodi nent, although a detailed
nmechani sm of providing a nmethod for produci ng HPA of
which the collecting ratio is excellent and in which the
specific inpurities are reduced is unknown, a part of the
mechani smis presuned as foll ows.

First, formate salt contained in the HPA reaction
liquid (the HPA reaction liquid herein means a reaction
liquid after HPA is synthesized fromIBAL and FA.) can be
partitioned into the water |ayer by extracting and
purifying the HPA reaction liquid with a specific
al dehyde sol vent such as I BAL and water under basic
conditions. The extraction also can reduce the content
of FAin the HPA reaction |iquid.

[0017]
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Thereafter, when other |owboiling point inmpurities
are renoved together with the extraction solvent by
distillation, there occurs a problemin that |IBAL and the
speci fic al dehyde sol vent of the extraction sol vent
inevitably remain in HPA after distillation.

As a result of an investigation on the factor that
all ows the al dehyde to remain by the present inventors,
when HPA is extracted into a specific al dehyde sol vent
such as IBAL, it has been found that an equilibrium
reaction allows a portion of HPA to form secondary
products (an exanple of the structure are shown in
formula (2')) of the specific aldehyde sol vent and | BAL.
[ 0018]

(o]

0
o X
+
T HO%H = R O/><\OH (2)
3 HsC~ CHs HiC  CHs
Specific aldehyde solvent HPA Ester

wherein R represents a saturated al kyl group having
3 or nore and 7 or |ess carbon atons.
[ 0019]

Particularly when IBAL is used as the extraction
solvent, it has been found the follow ng reaction occurs.

[ 0020]
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ﬁﬁf¢ﬂ;f BNE(NPGlBAemeo

CHs
IBAL HPA-IBAL acetal
OH

/

o OH (4)
HsC CHgHsC CHy

HPA-IBAL aldol
[ 0021]

When IBAL as the raw material and the specific
al dehyde solvent as the extraction solvent are renoved to
outsi de the system these secondary products regenerate
| BAL and the specific al dehyde sol vent due to the shift
of the equilibrium Accordingly, if IBAL or the specific
al dehyde solvent is distilled off by distillation or the
i ke, 1BAL and the specific al dehyde sol vent are produced
again in HPA
[0022]

In the production nmethod of the present enbodi nent,
when the extraction solvent and | ow boiling point
inmpurities are distilled off by distillation, the extract
is distilled in the presence of water. This distillation
deconposes the secondary products descri bed above,
renoves | BAL and the specific al dehyde sol vent
i ncorporated in secondary products to outside the
distillation system and additionally, regenerates HPA

fromthe secondary products. Accordingly, IBAL and



al dehydes such as the specific al dehyde sol vent can be
sufficiently reduced, and the collecting ratio of HPA can
be inmproved. Thus, in the nethod for produci ng HPA of
the present enbodi nent, the amount of the specific
secondary products is reduced, and highly pure HPA can be
obt ai ned at a high yield.

[ 0023]

The present enbodi nent also relates to the novel
secondary products descri bed above. Limting the content
of these secondary products enables highly pure HPA to be
produced, and the secondary products are useful materials
for manufacturing control of HPA. \When the content of
the inmpurities in the conposition of HPA collected after
azeotroped with water is smaller than a control val ue,
degradation in the quality caused by an al dehyde deri ved
by deconposition frominpurities can be negligible. Wen
the conposition is used as a raw material to synthesize
NPG or SPG, the anmpbunt of inpurities to be produced due
to the derived al dehyde can be reduced as nmuch as
possi bl e.

[ 0024]
<Step (i): reaction step>

In the step (i), IBAL is allowed to react with FA to
obtain a reaction liquid containing HPA

For HPA, IBAL and FA, inexpensive raw materials, are
preferably subjected to an aldol reaction in the presence

of a basic catalyst.
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The form of FA used for producing HPA i s not
particularly Iimted, and exanples thereof include
tri oxane, parafornal dehyde, or a fornal dehyde aqueous
solution (formalin). O these, formalin is preferred.
Tri oxane, parafornal dehyde, and the fornmal dehyde aqueous
solution (formalin) can be used in adm xture as
appropriate. A reaction of IBAL with FAis likely to be
i nfluenced by the water concentration of the reaction
system Wen the concentration of IBAL and FA is | ow,
the reaction rate becones slow, and thus, the
concentration of FAis preferably high. Wen formalin is
used as a raw material, the concentration of formalin is
preferably 37% by nass or nore. The concentration of
formalin is preferably 90% by nass or |ess, nore
preferably 70% by mass or | ess.

[ 0025]

Exanpl es of the basic catalyst include inorganic
bases and organi c bases. Exanples of the inorganic base
i ncl ude sodi um hydroxi de, potassi um hydroxi de, sodi um
carbonate, and potassium carbonate. Exanples of the
organi ¢ base include am ne catalysts such as tertiary
amnes. In the reaction step, when the basicity becones
extrenely high, HPA sinmultaneously causes a Canni zzaro
reaction with unreacted FA to thereby reduce the yield of
HPA. I n contrast, when the basicity is extrenely | ow,
the reaction becones slow. Thus, an am ne catalyst is

preferably used, and a tertiary amne is nore preferred.
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Exanpl es of the tertiary am ne include
trimethylam ne, triethylamne, tripropylam ne,
triisopropylamne, tributylamne, triisobutylamne, N
nmet hyl pi peri di ne, N ethyl piperidine, N nethyl norpholine,
N- et hyl nor phol i ne, N-net hyl pyrrolidine, and N
et hyl pyrrolidine. O these, trinmethylam ne and
triethylam ne are preferred, and triethylamne is nore
preferred, fromthe viewpoint of inexpensive availability.

The content of the basic catal yst can be varied as
appropri ate dependi ng on the kind. For exanple, when
triethylam ne is used, the nolar equival ent of
triethylamne is preferably 0.001 to 0.5, nore preferably
0.01 to 0.2 with respect to | BAL
[ 0026]

The al dol reaction of IBAL with FA may be either of
bat ch-type or continuous type. The reaction is also
carried out under normal pressure under airtight or in a
stream of nitrogen gas.

The nol ar equivalent of IBAL fed with respect to FA
is preferably 0.95 to 1.30, nore preferably 0.98 to 1.10.

The reaction tenperature is preferably 40 to 98°C,

nore preferably 80 to 95°C under normal pressure.
[ 0027]

<Step (ii): extraction step>
The step (ii) is a step of extracting the reaction
liquid obtained in the step (i) (HPA reaction Iiquid)

wi th an al dehyde sol vent represented by follow ng formul a
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(1) (specific al dehyde sol vent) under basicity to all ow
resi dual formal dehyde to be partitioned into the specific
al dehyde solvent as well as to obtain an extract
cont ai ning HPA (oil layer) (hereinbelow, also referred to
as extraction step).

In the extraction step, HPA is collected fromthe
HPA reaction liquid while formate salt and FA are reduced.
[ 0028]

O
R—CH (1)

wherein R represents a saturated al kyl group having
3 or nore and 7 or |ess carbon atons.
[ 0029]

In fornula (1), Ris a saturated al kyl group having
3 or nore and 7 or less carbon atons. R has preferably 3
to 6 carbon atons, nore preferably 3 to 5 carbon atons,
still nore preferably 3 or 4 carbon atons, even stil
nore preferably 4 carbon atons. Wen the saturated al kyl
group has 3 or nore carbon atons, the miscibility between
t he al dehyde sol vent represented by formula (1) and water
is low, and thus liquid separation after extraction can
be carried out quickly. Wen the saturated al kyl group
has 7 or | ess carbon atons, the al dehyde sol vent
represented by fornmula (1) has a boiling point |ower than
that of the target product, and thus collection of the

al dehyde solvent by distillation and reuse thereof are



enabl ed. The saturated al kyl group may be a linear chain
or branched chain.
[ 0030]

Exanpl es of the specific al dehyde sol vent include n-
but yl al dehyde, i sobutyral dehyde (I1BAL), n-pentyl al dehyde,
pi val al dehyde, n-hexyl al dehyde, cycl ohexanecarboxal dehyde,
n- hept yl al dehyde, and n-octyl al dehyde.

O these, al dehydes of which alkyl group has 3 to 4
carbon atons are preferred as the specific al dehyde
sol vent because the effect of reducing inpurities is high
and the collecting ratio of HPA is high. Furthernore, as
the specific al dehyde sol vent, because of easy separation
fromHPA by distillation, n-butyl al dehyde and
i sobut yral dehyde (I BAL) are nore preferred,

i sobutyral dehyde (IBAL) is still nore preferred.

One specific al dehyde sol vent of the extraction
sol vent may be used singly or two or nore specific
al dehyde solvents may be used in adm xture.

[ 0031]

The specific al dehyde solvent is usually used in an
amount of 0.5 to 4 tines by mass with respect to the HPA
reaction |iquid, although the anpbunt depends on the
conmpound used and conditions. Wen the anmount of 0.5
times by mass or nore is used with respect to the HPA
reaction liquid, loss of HPA into the water |ayer tends
to be reduced. Wen the anmount of 4.0 tines by mass or

less is used with respect to the HPA reaction liquid, the



extraction solvent tends to be easily collected by
distillation. A nore preferred anobunt of the extraction
solvent used is 0.5 to 3 tines by nass, and a still nore
preferred anount of the extraction solvent used is 0.8 to
2.5 times by nass.

In the extraction step, a solvent other than the
speci fic al dehyde sol vent may be concurrently used as an
extraction solvent (oil layer) to provide a m xed sol vent.
When the extraction solvent is a m xed solvent, the
content of the specific al dehyde solvent is preferably
50% by nass or nore, nore preferably 70% by nass or nore,
still nore preferably 90% by mass or nore, even stil
nore preferably 95% by mass or nore. It is yet even
still nore preferred to use the specific al dehyde sol vent
singly.

[ 0032]

In the extraction step, water is preferably added
together with the specific al dehyde sol vent descri bed
above, to the HPA reaction |iquid. Exanples of the water
i ncl ude i on exchange water and pure water. The water is
preferably one having a | ow content of inpurities, nore
preferably pure water. The anount of water to be added
is preferably 0.15 to 3 tinmes by nass, nore preferably
0.3 to 2 times by mass, still nore preferably 0.5 to 1
time(s) by mass with respect to the HPA reaction |iquid.

[ 0033]
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The extraction operation is carried out under basic
condition. As a basic index for extraction, the pH of
the HPA reaction liquid is preferably in the range of 7.5
to 13.5. Wen the pHis 13.5 or less, it is possible to
i nhi bit HPA reduction due to progress of a side reaction
such as a Canni zzaro reaction. Wen the pHis 7.5 or
nore, basicity is sufficient for pronoting the reaction
bet ween formal dehyde and the extraction solvent. The pH
during extraction is nore preferably 8.0 to 13.0, stil
nore preferably 8.0 to 11.0.

HPA is usual ly obtained by an al dol reaction between
I BAL and FA in the presence of a basic catal yst, and thus,
the catal yst used for synthesis can be used as the base
during extraction if the pH during extraction is in a
preferred range. For adjusting the pH, a basic substance
may be added as appropri ate.

The base to be newly added may be the sane as the
catal yst used for HPA synthesis, or a different basic
conmpound may be used. Thus, exanples of the basic
conmpound that can be used for adjusting the basicity
i ncl ude i norgani c bases such as sodi um hydr oxi de,
pot assi um hydr oxi de, sodi um carbonate, and potassi um
carbonate and organi c bases such as tertiary am nes and
pyridine. Exanples of the tertiary am ne include
trinmethylam ne, triethylamne, tripropylam ne,
triisopropylamne, tributylamne, triisobutylamne, N

met hyl pi peri di ne, N ethyl piperidine, N nethyl norpholine,



N- et hyl nor phol i ne, N-net hyl pyrrolidine, and N

et hyl pyrrolidine. For convenient purification and
gquality control, as the basic conpound that can be used
for adjusting the basicity, it is preferred to use the
sane conpound used during synthesis of HPA

[ 0034]

The tenperature during extraction is preferably 0 to
70°C. When the tenperature is 0°C or nore, extraction can
be carried out without solidification of the water | ayer
in the extraction step. When the tenperature is 70°C or
|l ess, it is possible to inhibit progress of the side
reaction. The tenperature during extraction is nore
preferably 5 to 65°C, still nore preferably 15 to 65°C.

The apparatus used for the extraction operation is
not particularly limted. It is preferred to select an
apparatus having satisfactory stirring efficiency as
appropri ate depending on the extraction solvent to be
used and the tenperature during extraction. Exanples of
the apparatus used in the extraction operation include a
mul ti stage tank-type extractor and a single-colum
vi bration colum-type apparatus. Providing a water-
washi ng tank on the extract side and washing the extract
with water enables formate salt to be renoved further
efficiently.

[ 0035]

<Step (iii): distillation and collection step>
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The step (iii) is a step of distilling the extract
and col | ecti ng hydroxypi val al dehyde fromthe stil
residue (distillation and collection step).

The distillation renoves the extraction solvent as
wel | as renoves inpurities having a boiling-point |ower
than that of HPA. In the extract, HPA, a specific
al dehyde solvent as the extraction solvent, and secondary
products fromIBAL as the raw material are present. In
order to facilitate deconposition of the secondary
products, additionally, to renove |BAL generated from
deconposition of the secondary products and the specific
al dehyde solvent by distillation, and, neanwhile, to
collect HPA, the distillation is carried out in the
presence of water.

[ 0036]

The amount of the water which is subjected to the
distillation is 100 parts by mass or nore and 2,000 parts
by nmass or less with respect to the total anount, 100
parts by nass, of IBAL and the specific al dehyde sol vent
in the extract which is subjected to the distillation.

Al so when a step of concentrating the extract is included
after the step (ii) and before the step (iii), the anount
of the water which is subjected to the distillation is
100 parts by nmass or nore and 2,000 parts by mass or | ess
With respect to the total anount, 100 parts by nass, of

| BAL and the specific al dehyde solvent in the

concentrated extract. The anpbunt of the water which is
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subjected to the distillation is the total anount of
water to be newy added before distillation and water in
the extract (oil |ayer).

When the amount of the water which is subjected to
the distillation is less than 100 parts by nmass with
respect to the total anount, 100 parts by mass, of |BAL
and the specific al dehyde solvent, it is difficult to
sufficiently deconpose and reduce the secondary products,
and thus, it is inpossible to obtain highly pure HPA. In
contrast, when the anount of the water which is subjected
to the distillation exceeds 2,000 parts by nass, the
anmount of the water present is large. Thus, the
distillation step requires a longer tinme, and
additionally, a |arge anount of waste water is generated
to thereby cause problens in the viewoint of environnent
and productivity.

The amount of the water which is subjected to the
distillation is preferably 120 to 1,850 parts by nass,
nore preferably 150 to 1,700 parts by mass, still nore
preferably 180 to 1,500 parts by nass with respect to the
total anmount, 100 parts by mass, of IBAL and the specific
al dehyde sol vent.

[ 0037]

The apparatus used for distillation is not
particularly limted, and distillation may be carried out
by either a continuous distillation apparatus or a batch-

type distillation apparatus. Particularly, the



conti nuous distillation apparatus provides high
productivity and al so inhibits degradati on of HPA, and
thus, the yield and quality of HPA tend to be further

i mproved.

In continuous distillation, it is preferred to
conti nuously supply the extract and water while being
mxed to the distillation apparatus during distillation.
More specifically, it is preferred that the extract and
wat er be m xed in advance and the m xed liquid of the
wat er and extract be continuously supplied to the
di stillation apparatus.

[ 0038]

It is nore preferred to continuously supply the
extract and water while being m xed and heated to the
distillation apparatus. That is, it is preferred that
wat er and the extract be m xed in advance, preheated, and
then supplied to the mddle stage of the distillation
colum for flushing. The preheat tenperature can be
adj ust ed dependi ng on the extraction solvent used, and is
preferably set to a tenperature equal to or higher than
the boiling point of secondary products fromthe
vi ewpoi nt of achi eving an effect of reducing the
secondary products.

Since the tenperature during preheating al so depends
on the atnosphere pressure in a preheater, the pressure
in the preheater is set to preferably 1.0 to 10 atm

(0.1013 MPa to 1.013 MPa), nore preferably 2 to 8 atm
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(0.2026 MPa to 0.8106 MPa), still nore preferably 2 to 5
atm (0.2026 MPa to 0.5066 MPa). The time required for
preheating can be sel ected as appropri ated dependi ng on
the type of the extraction solvent and the tenperature,
and for exanple, when IBAL is used as the extraction
solvent and heating is carried out at 2 to 5 atm 3 to 60
m nutes woul d be a preferred condition.

In the case of continuous distillation, when the
extract is not concentrated, the anount of the water
which is subjected to the distillation is 100 parts by
mass or nore and 2,000 parts by mass or |ess, preferably
100 to 1,000 parts by nass, nore preferably 150 to 500
parts by nmass, still nore preferably 150 to 300 parts by
mass with respect to the total anmount, 100 parts by nass,
of isobutyral dehyde derived fromthe raw material and the
al dehyde sol vent represented by formula (1) in the
extract.

[ 0039]

In the case of batch-type distillation, a preferred
method i s such that water is placed in the distillation
still in advance and the extract is supplied dropw se
into water in a water reflux state. Heating the extract
in contact with water can deconpose and reduce secondary
products fromHPA with I BAL or the specific al dehyde
solvent, inproving the yield and purity of HPA. The
amount of water to be fed in the still in advance, in the

case in which the extract is not concentrated, is 100
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parts by mass or nore and 2,000 parts by mass or |ess,
preferably 100 to 1,000 parts by nass, nore preferably
150 to 500 parts by mass, still nore preferably 150 to
300 parts by mass with respect to the total anount, 100
parts by nmass, of isobutyral dehyde derived fromthe raw
mat eri al and the al dehyde sol vent represented by fornul a
(1) in the extract.

The batch-type distillation tends to enable therma
degradation of HPA to be inhibited by controlling the
pressure and the |like as appropriate so as to allow the
tenperature of the still liquid to be 60 to 100°C. It is
only required to adjust the pressure so as to allow the
tenperature of the still liquid to be nore preferably 60
to 90°C, still nore preferably 65 to 80°C.

[ 0040]

The amount of the water which is subjected to the
distillation in the present enbodi nent, when the extract
is not concentrated but distilled, is preferably 50 parts
by mass or nore and 1,000 parts by nass or less with
respect to 100 parts by nmass of HPA in the extract. Wen
t he amount of the water which is subjected to the
distillation is within the range descri bed above, highly
pure HPA can be obtai ned, and the anpbunt of waste water
i S reduced.

The amount of the water which is subjected to the

distillation is nore preferably 100 to 800 parts by nass,



- 30 -

still nore preferably 200 to 600 parts by nmass with
respect to 100 parts by nass of HPA in the extract.
[ 0041]
<Ot her steps>

In present enbodi nent, other steps nmay be incl uded
in addition to the steps (i) to (iii) described above.
Specifically, after the step (ii) and before the step
(ii1), a step of concentrating the extract (hereinbel ow,
also referred to as a concentration step) may be i ncl uded.
Moreover, after the step (iii), a distilling-out and
collection step of further distilling a still residue and
collecting HPA as a fraction (hereinbelow, also referred
to as a distilling-out and collection step) nay be
included. Furthernore, after the step (ii) (at any tine
point after the step (ii)), a step of controlling the
content of at |east one compound sel ected fromthe group
consi sting of specific conpounds described bel ow
(herei nbel ow, also referred to as a control step) may be

i ncl uded. Hereinbelow, the concentration step,

distilling-out and collection step, and control step each
wi |l be described.
[ 0042]

(Concentration step)

The net hod for produci ng HPA of the present
enbodi nent may include a step of concentrating the
extract after the extraction step (step (ii)) and before

the distillation and collection step (step (iii)). 1In
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the concentration step, IBAL as the raw material and the
speci fic al dehyde sol vent as the extraction sol vent
contained in the extract are distilled off to thereby
concentrate HPA. \Wen the concentration step is included,
the concentrated extract is distilled in the presence of
water in the subsequent step (iii).

When the concentration step is included, the anount
of water present can be reduced.

Concentration is carried out such that the total
amount of IBAL as the raw material and the specific
al dehyde sol vent as the extraction solvent reaches
preferably 0.1 to 90% by mass, nore preferably 1 to 20%
by mass, still nore preferably 1 to 10% by mass with
respect to the anount before concentration. Reducing the
amount of |BAL and the specific al dehyde solvent to 90%
by mass or |l ess with respect to the anount before
concentration can reduce the quantity of heat required
for distillation and inprove the economc efficiency in
t he aspect of energy. Carrying out concentration so as
to allow the anbunt of the |IBAL and specific al dehyde
solvent to be 0.1% by mass or nore with respect to the
anmount before concentration can prevent extension of the
time required for concentration.
[ 0043]
(Distilling-out and coll ection step)

The nethod for produci ng HPA of the present

enbodi nent may include a distilling-out and collection
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step of further distilling the still residue and
collecting HPA as a fraction after the step (iii). Wen
the distilling-out and collection step is included, high-
boi l i ng-point inmpurities such as NPG can be reduced.

In the distilling-out and collection step, the
columm-top absolute pressure is preferably 1.0 kPa to 1
MPa, nore preferably 1.3 kPa to 0.1 MPa, still nore
preferably 3 kPa to 20 kPa. The columm-top tenperature
is preferably 88 to 150°C, nore preferably 90 to 130°C,
still nore preferably 95 to 115°C
[ 0044]

(Control step)

The nethod for produci ng HPA of the present
enbodi nent may include a step of controlling the content
of at | east one conpound selected fromthe group
consi sting of conpounds represented by follow ng fornul as
(2) to (4) after the step (ii). The control step
preferably follows the step (iii). The step of
controlling the content of the conmpound descri bed above
refers to detecting at |east one conpound selected from
the group consisting of conpounds represented by
followng formulas (2) to (4), contained in the extract
obtained after the step (ii) as the extraction step or in
hydr oxypi val al dehyde obtained after the step (iii) as the
distillation and col lection step, by, for exanple, a gas
chr omat ogr aphy- hydrogen fl ane ionization detector (GC

FID) or the like to thereby nonitor the content of the
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compound. The content of at |east one conmpound sel ected
fromthe group consisting of conpounds represented by
followng formulas (2) to (4) can be specifically

nmeasured by the nethod described in Exanpl es.

[ 0045]
O
HiC
3 \Wf/ﬂ\YI/ﬁi><</\\0H (2)
eH, M€ CHs
OH
H,C
X
YK/X\ )
CHs 3 3
OH
o~ OH (4)
HsC CHzH3C CHj
[ 0046]

As nentioned above, the conpounds represented by
formulas (2) to (4) are secondary products obtai ned by
the reaction of IBAL with HPA. Specifically, the
compound represented by fornula (2) is an ester of
i sobutyric acid (hereinbelow, also referred to as |BA)
and neopentyl glycol (NPG, i.e. NPGIBA ester form The
conpound represented by fornmula (3) is an acetal product
of HPA and I BAL, and the conpound represented by fornmul a
(4) is an aldol product of HPA and I BAL. Accordingly,
when the specific al dehyde sol vent as the extraction
solvent is IBAL, including the control step described

above is particularly useful. It is assunmed that the
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anount of secondary products can be controlled as well by
controlling the content of at |east one conpound sel ected
fromthe group consisting of conpounds represented by
formulas (2) to (4) described above, even when IBAL is
also including in the raw material and a specific

al dehyde sol vent other than IBAL is used as the
extraction sol vent.

[0047]

O these, the conpound represented by fornula (2)
and the conpound represented by forrmula (3), of which
renoval is difficult by the step (ii), are inportant, and
t he conpound represented by forrmula (3) is particularly
inmportant. That is, the nmethod for producing HPA of the
present enbodi nent includes preferably a step of
controlling the content of the conpounds represented by
formula (2) and/or forrmula (3), nore preferably a step of
controlling the content of the conpound represented by
formula (3).

In the present enbodi ment, by distilling the extract
in the presence of water, that is, by the step (iii), HPA
and | BAL and the specific al dehyde sol vent are generated
again fromthe secondary products descri bed above, and
| BAL and the specific al dehyde sol vent are separated and
renoved by distillation. Thus, the anpunt of inpurities
can be reduced as well as highly pure HPA can be obtai ned
at a high yield.

[ 0048]
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The conpound represented by formula (2) is conceived
to be generated by the follow ng reacti on nmechani sm but
such a reaction nmechanismis not intended to limt the

present invention.

[ 0049]
(o] 06 O
HC/—Hi:%H N Hoﬁf/_%g - HO :EHL‘L< - Hv;—~_/ T<
[ 0050]

When the content of at |east one conpound sel ected
fromthe group consisting of conpounds represented by
formulas (2) to (4) is controlled, the content is
controlled to be preferably 1% by nass or |ess, nore
preferably 0.3% by mass or less, still nore preferably
0.1% by mass or less, even still nore preferably 0.03% by
mass or | ess.

When the content of the conpound of fornula (3) is
controlled, the content is controlled to be preferably 1%
by nmass or less, nore preferably 0.3% by mass or |ess,
still nore preferably 0.1% by mass or |ess, even stil
nore preferably 0.03% by mass or |ess, yet even stil
nore preferably 0.01% by mass or | ess.

As nmentioned above, controlling the content of the
secondary products in HPA obtained can result in nore
hi ghly pure HPA.

[ 0051]
The content of the secondary products, exenplified

by conmpounds represented by fornmulas (2) to (4), can be
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controlled by changing m xi ng conditions such as the
amount of water present during distillation, tenperature
when the extract is mxed with water and m xi ng tine,
distillation conditions such as pressure and tenperature
during distillation, and the |iKke.
[ 0052]
[ Novel conpound]

The present enbodinent relates to a conpound
represented by following formula (3) and a conpound

represented by follow ng formula (4).

[ 0053]
OH
H4C
\
0/><\0 (3)
SH,  HeC CHs
OH
o~ OH (4)
HaC CHgHsC CH
[ 0054]

The conmpound represented by formula (3) described
above and the conpound represented by forrmula (4)
descri bed above are novel conpounds and are useful as
compounds to be controlled as the index for producing
hi ghly pure HPA in the nethod for producing HPA of the
present enbodi nent.

[ 0055]
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The conmpound represented by formula (3) and the
compound represented by fornula (4) can be produced by a
producti on nethod including a step of reacting IBAL with
HPA.

Specifically, the conpound represented by formul a
(3) can be produced by a hem acetalization reaction of
HPA with | BAL. The conpound represented by formula (4)
can be produced by an al dol reaction of HPA and IBAL. In
the al dol reaction, an enol or enolate anion is generated
fromI|BAL, and the enol or enolate anion nucleophilically
adds to the al dehyde group of HPA.

[ 0056]

In the hem acetalization reaction described above,
it is preferred to react IBAL with HPA in the presence of
an acid or basic catal yst.

The acid catalyst is not particularly limted
provided that the catalyst is used for an acetalization
reacti on between al dehyde and al cohol, and exanpl es
t hereof can include inorganic acids such as hydrochloric
acid, sulfuric acid, nitric acid and perchloric acid, and
organi ¢ acids such as net hanesul foni c acid,
trifluoronethanesul fonic acid, p-toluenesul fonic acid and
benzenesul f oni ¢ aci d.

The basic catalyst is not particularly limted
provided that the catalyst is a catal yst used for an
acetalization reaction betwen al dehyde and al cohol, and

exanpl es thereof can include inorganic bases such as
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pot assi um car bonat e, sodi um carbonate, sodi um hydrogen
car bonat e, sodi um hydroxi de, potassi um hydroxi de and
sodi um hydri de, and organi c bases such as triethyl am ne,
tributylam ne, pyridine, N nethylpiperidine and 4-

di met hyl am nopyri di ne.

[ 0057]

In the aldol reaction described above, it is
preferred to react IBAL with HPA in the presence of an
acid or basic catalyst.

The acid catalyst is not particularly limted
provi ded that the catalyst is a catalyst that is used for
a usual aldol reaction and that generates enol from | BAL
and exanpl es thereof can include inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid and
perchloric acid, and organic acids such as
nmet hanesul fonic acid, trifluoronethanesul fonic acid, p-

t ol uenesul foni c acid and benzenesul foni c acid.

The basic catalyst is not particularly limted
provi ded that the catalyst is a catalyst that is used for
a usual aldol reaction and that generates an enol ate
anion from I BAL, and exanpl es thereof can include
I norgani ¢ bases such as potassi um carbonate, sodium
car bonat e, sodi um hydrogen carbonate, sodi um hydroxi de,
pot assi um hydr oxi de and sodi um hydri de, and organi c bases
such as triethylamne, tributylam ne, pyridine, N
nmet hyl pi peri di ne and 4-di nmet hyl am nopyri di ne.

[ 0058]



- 39 -

Wth respect to the reaction between |IBAL and HPA in
the presence of an acid or basic catal yst, a
hem acetal i zati on reacti on and an al dol reaction may
proceed sinmultaneously. Thus, the reaction product may
be a m xture of the conpound represented by fornmula (3)
and the conpound represented by forrmula (4). Wen the
product is obtained as a mxture, it is possible to
separate the conpound represented by fornmula (3) and the
compound represented by fornula (4) by recrystallization,
silica gel colum chromatography, or the |ike.
[ 0059]

The hem acetal i zati on reaction described above and
t he al dol reaction described above each can be carried
out in a solvent, and the solvent is selected as
appropriate in accordance with the reaction tenperature,
reactants, and the like. The reaction tenperature for
the organic reaction described above is selected as
appropriate in accordance with the conditions such as the
boiling point of a solvent used. Wen a solvent is used
in the organic reaction, the reaction solution obtained
is concentrated as required, and then, the residue my be
used as is in the next reaction. Alternatively, the
residue is subjected to appropriate post-treatnent, and
then may be used as a conpound represented by formula (3)
or formula (4). Specific exanples of the post-treatnent

nmet hod i nclude extracti on treatnent and/ or known
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purification such as crystallization, recrystallization,
and chromat ogr aphy.

[ 0060]

[ Hydr oxypi val al dehyde]

In HPA to be obtained in the present enbodi nent, the
contents of conpounds represented by fornula (2), fornmula
(3), and forrmula (4) are each preferably 0.1% by mass or
| ess. The contents of the conpounds represented by
formula (2), formula (3), and fornmula (4) are each nore
preferably 0.05% by nmass or less, still nore preferably
0. 03% by mass or |ess.

O these, in particular, the content of the conpound
represented by fornmula (3) is preferably 0.1% by mass or
| ess, nore preferably 0.05% by nass or less, still nore
preferably 0.03% by nass or |less, even still nore
preferably 0.01% by nass or |ess.

According to the present enbodi nent, HPA having a
| ow content of the specific inpurities (conpound
represented by fornula (2) (neopentyl glycol-isobutyrate
ester, conpound represented by fornula (3)
(i sobut yral dehyde- hydr oxypi val al dehyde- acetal ), and
conpound represented by formula (4) (isobutyral dehyde-
hydr oxypi val al dehyde- al dol)) descri bed above can be
obt ai ned.
[ 0061]

The extract in the step (ii) in the present

enbodi nent may contain secondary products, exenplified by



conmpounds represented by formulas (2) to (4), and the
content thereof is not particularly limted. The total
content of the secondary products, exenplified by the
conmpounds represented by forrmulas (2) to (4) is
preferably 1 to 100 parts by mass, nore preferably 1 to
50 parts by mass, still nore preferably 1 to 40 parts by
mass with respect to 100 parts by mass of HPA in the

extract.

Exanpl es
[ 0062]

Her ei nbel ow, the present invention will be
specifically described by Exanples, but the present
invention is not limted by these Exanples in any way.
In the foll ow ng Exanpl es and Conparative Exanpl es,
part(s) and % nean part(s) by mass and % by nass,
respectively, unless otherw se specified.

I n Exanpl es, formal dehyde was quantified by
absor bance neasurenent by means of an acetyl acetone
met hod, formate salt was quantified by capillary
el ectrophoresi s, and ot her conponents were quantified by
gas chromat ography. The anount of water in the extract
oil layer was neasured by a Karl Fischer noisture neter
(manuf actured by H RANUVA SANGYO Co., Ltd., autonatic
noi sture neasuring apparatus AQV-2200, HYDRANAL- Conposite
5K manuf actured by Hayashi Pure Chem cal Ind., Ltd. was

used as titration liquid). Conditions for the absorbance



nmeasurenent, capillary el ectrophoresis, and gas
chr omat ogr aphy are shown bel ow.
[ 0063]
[ Measur ement net hods and condi ti ons]
<Absor bance neasurenent >

Appar at us: Spectrophot oneter U3210 manuf actured by
Hi tachi, Ltd.

Measur enent wavel ength: 420 nm

Col or-devel oping liquid preparation: 75 g of
anmoni um acetate was di ssolved in pure water, and 1.5 nL
of glacial acetic acid and 1 nL of acetyl acetone were
added to the solution. The mxture was diluted with pure
water to 1 L.

Sanpl e preparation: 1 nL of 1% sanpl e aqueous
solution, 5 nL of pure water, and 10 nL of col or-
devel oping liquid were m xed, heated at 40°C for 30
m nutes, and then, cooled to roomtenperature.
[ 0064]
<Capil l ary el ectrophoresi s>

Appar at us: GL600A manufactured by Agil ent
Technol ogi es, Inc.

El ectrophoretic fluid: 20 mMquinolinic acid, 39 mM
2- am no- hydr oxymet hyl - 1, 3- propanedi ol , 50 uL/ 100 niL
hexadecyl t ri met hyl ammoni um hydr oxi de sol ution (pH 5. 8)

Capillary: fused silica 75 um 72 cm (25°C)

Applied voltage: -20 kV
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Detector: diode array (signal: 350 nm (bandw dth 20
nm, reference 230 nm (bandwi dth 5 nm)

Sanpl e preparation: formc acid was dissolved in
water so as to achieve a concentration of 10 ppm
[ 0065]
<Gas chromat ography (GC)>

Appar atus: Agilent 6890 nanufactured by Agil ent
Technol ogi es, Inc.

Col um used: DB-1 (inner diameter 0.53 mm x 30 m
filmthickness 1.5 um

Carrier gas: helium(flowrate in the colum 4.5
m./ mnute, flow rate control)

I njection: injection port tenperature 250°C, split
ratio 1:5

Col um tenperature: retained at 60°C for 6 m nutes,
raised at 7°C/m nute to 250°C, and retained at 250°C for
12 m nutes

Detector: hydrogen flane ionization detector (FID),
250°C

Sanpl e preparation: HPA was dissolved in acetone so
as to achieve a concentration of 1% by nass.

The HPA yield and HPA collecting ratio are
cal cul ated as foll ows.

HPA yield = Total amount of HPA contained in colum
bottomliquid and distillate liquid after distillation /

anmount of HPA contained in extract x 100 [ %



(in the case of extraction, the total anmount of HPA
contained in the oil layer and the water |layer / the
amount of HPA in the raw material x 100 [9)

HPA coll ecting ratio = Anount of HPA contained in
colum bottom|liquid (fraction mainly containing HPA) /
HPA anmount contained in extract x 100 [%

(in the case of extraction, the total anmount of HPA
contained in the oil layer / the ambunt of HPA in the raw
material x 100 [9)

[ 0066]
[ Ref erence Exanpl e 1]

To a 2 L three-necked flask equi pped with a stirrer
and a cooler, 464 g (6.43 nol) of IBAL and 438 g (5.83
nol) of 40%formalin were fed, and 28 g (0.277 nol) of
triethylamne as a catalyst was added thereto while
stirring. Stirring was continued at 90°C for two hours
to synthesize HPA. After stirring, the HPA reaction
liquid was returned to roomtenperature, and the
conmponents were quantitatively analyzed. The conposition
of the conponents of the resulting HPA reaction liquid

930 g is shown in Table 1.

[ 0067]
[ Tabl e 1]
Mass Amount of Composition
Components substance
(9) (mol) (% by mass)
HPA 596.0 5.84 64.1
IBAL 18.6 0.26 2.0
FA 8.4 0.28 0.9
NPG 10.2 0.10 1.1
Triethylamine 14.9 0.15 1.6




Formate salt 16.7 0.11 1.8

Water and others 265.2 - 28.5

total 930.0 - 100
[ 0068]

<Extraction>

To a 2 L three-necked flask equi pped with a stirrer
and a cooler, 606.7 g of a HPA reaction |iquid obtained
in the sane nmanner as in Reference Exanple 1, 601.1 g of
| BAL, and 401.93 g of pure water were placed, the
tenperature of the liquid was adjusted to 60°C, and the
m xture was stirred for 60 mnutes. After stirring was
stopped, the m xture was left to stand for about 10
mnutes to be allowed to separate into two |ayers. The
upper | ayer was collected, 1017.5 g of the extract (oil
| ayer) and 581.8 g of the |lower |ayer (water |ayer) were
obt ai ned.

The HPA reaction |liquid was extrenely reactive, and
t hus, the conposition of the liquid varies dependi ng on
heating tinme and aging tinme even after the synthesis
reaction. |In order to calculate the accurate bal ance in
extraction, the conposition of the HPA reaction liquid
i mredi ately before this extraction is shown in Table 2,
and the conposition of the conponents of the extract is
shown in Table 3. The HPA reaction |iquid subjected to

extraction had a pH of 8.2.

[ 0069]
[ Tabl e 2]
Mass Amount of Composition
Components substance .
(9) (mol) (% by mass)




46 -

HPA 373.6 3.66 61.6
IBAL 1.1 0.02 0.2
FA 3.9 0.13 0.6
NPG 14.3 0.14 2.4
Triethylamine 9.7 0.10 16
Formate salt 10.9 0.07 1.8
Water and others 193.2 31.8
total 606.7 100
[ 0070]
[ Tabl e 3]
Oil layer Water layer
Components Mass Amount of Composition Mass Amount of Composition
substance % by mass) @ substance (% by mass)
HPA 300.5 2.94 29.5 20.9 0.20 3.6
IBAL 521.4 7.23 51.2 26.6 0.37 4.6
FA 0.3 0.01 0.029 0.1 0.003 0.017
NPG 11.2 0.11 11 2.8 0.03 0.48
Triethylamine 0.1 0.001 0.010 97.2 0.96 16.7
Formate salt 0.0 0.0 0.0 10.9 0.07 1.9
Water 63.2 3.51 6.2 423.3 235 72.8
Others 120.8 - 11.9 - - -
total 1017.5 - 100 581.8 - 100
[0071]
The yield of HPA in the extraction step was 86% O
86% 80.4% was partitioned to the oil layer, and 5.6% was

partitioned to the water

seened to have formed secondary products w th | BAL.

| ayer.

The remaining 14%i s

The

content of FA was 0.1% by mass with respect to HPA, and

FA was reduced

t he sol vent.

[ 0072]

in extraction

i n which

| BAL was used as

[ Conparative Reference Exanples 1 to 8]

<Conpari son of extraction solvents>




Sol vent used for extraction included, as ketone
sol vents, nethyl isobutyl ketone (Conparative Reference
Exanpl e 1) and cycl ohexanone (Conparative Reference
Exanpl e 2), as al cohol solvents, isobutyl al cohol
(Conparative Reference Exanple 3) and octyl al coho
(Conparative Reference Exanple 4), as ester solvents,
et hyl acetate (Conparative Reference Exanple 5) and butyl
acetate (Conparative Reference Exanple 6), as a
hydr ocar bon sol vent, toluene (Conparative Reference
Exanpl e 7), and as hal ogen-contai ni ng hydrocarbon sol vent,
di chl oronet hane (Conparative Reference Exanple 8).

To a 200 nL three-necked flask, 45 g of the HPA
reaction liquid showmn in Table 2, 45 g of the extraction
solvent, and 30 g of pure water were added, the
tenperature of the liquid was adjusted to 60°C, and the
m xture was stirred for 60 mnutes. After stirring was
stopped, the m xture was transferred to a separating
funnel and left to stand for about 5 m nutes to be
all owed to separate into two |ayers. The upper |ayer was
col lected to obtain an extract.

The amounts of the resulting extracts were each as
follows: Conparative Reference Exanple 1. 70.30 g,

Conpar ative Reference Exanple 2: 70.25 g, Conparative
Ref erence Exanple 3: 69.75 g, Conparative Reference
Exanpl e 4: 70.03 g, Conparative Reference Exanple 5:
69.85 g, Conparative Reference Exanple 6: 69.85 g,



Conparative Reference Exanple 7: 67.99 g,
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Ref erence Exanple 8: 70.15 g.

and Conparative

The conposition of the conponents of each resulting

extract is shown in Table 4.
[ 0073]
[ Tabl e 4]
Comparative Reference Comparative Reference Comparative Reference Comparative Reference
Example 1 Example 2 Example 3 Example 4
(Methyl isobutyl ketone) (Cyclohexane) (Isobutyl alcohol) (Octyl alcohol)
2 8 8 8 8
% s — S — S — 5 —
- c (%) -— c (%) -— c (%) -— o %)
|y | 35|58 5|35 |28 |5-|535 |38 |s-|335| 3¢
° |2°|2E|Ex|2°|2E| 5|27 |2E | E5 |27 |2k £
= o o = o 3 = o o = o 3
3 o= 3 o= 3 o= 3 o=
£ £ £ £
< < < <
HPA 232 | 22712 33.0 229 | 2242 32.6 226 | 2213 324 229 | 2242 32.7
IBAL 0.1 11 0.1 0.9 122 1.3 0.8 115 1.2 0.9 128 1.3
FA 0.3 9.7 04 0.3 9.7 04 0.3 9.7 0.4 0.3 9.7 0.4
NPG 11 10.2 1.5 05 43 0.6 05 48 0.7 0.5 49 0.7
Triethylamine | 0.7 7.2 1.0 0.7 6.5 0.9 0.6 6.3 0.9 0.5 49 0.7
Formate salt | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HPA
Collecting 83.9 82.8 81.8 82.8
ratio (%)
FAHPA
(% by mass) 1.2 1.3 1.3 1.3
Comparative Reference Comparative Reference Comparative Reference Comparative Reference
Example 5 Example 6 Example 7 Example 8
(Ethyl acetate) (Butyl acetate) (Toluene) (Dichloromethane)
£ 8 8 8 8
2 c = = <
g 7 §%2 3 §2 3 §%2 3 §7
£ 2 | 25|88 |8_.|3%| 88 |g9~|38|88|3~|32| B¢&
° |2°|cE|Ez|2°|2E| 5|27 |2E | E5 |27 2k £
s | 8= s | 8= s |8 s S=
£ £ £ £
< < < <
HPA 227 | 2223 325 227 | 2223 325 206 | 2017 30.3 228 | 2232 325
IBAL 0.9 125 1.3 0.9 12.1 1.2 0.8 11.2 1.2 0.8 11.2 1.2
FA 0.2 6.0 0.3 0.2 5.7 0.2 0.3 9.3 0.4 0.2 57 0.2
NPG 0.5 4.8 0.7 05 46 0.7 05 47 0.7 0.6 5.7 08
Triethylamine | 0.7 7.2 1.0 0.7 6.7 1.0 0.8 76 1.1 0.9 8.7 13
Formate salt | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HPA
Collecting 82.1 82.1 744 825
ratio (%)
FAHPA
(% by mass) 0.8 0.8 14 0.7

[ 0074]
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In Table 4, FA/HPA represents the nmass percentage of
FA with respect to HPA

Wth any of the solvents used, 0.7 to 1.4% by nmass
of FA remained with respect to HPA, and 0.1% by mass in
Ref erence Exanple 1, of which solvent is |IBAL, was not
achieved. It was confirmed that none of the sol vent
formed secondary products w th HPA
[ 0075]
[ Conpari son of properties of |iquids during extraction]
<Conpar ati ve Reference Exanple 9>

Distillation of 105 g of the HPA reaction |iquid
shown in Table 1 at a colum-top absol ute pressure of
0.082 MPa and a colum-top tenperature of 58.0°C provided
97.46 g of a still residue. As shown in Table 5, it was

confirmed that triethylamne was renoved fromthe

conmposition of conmponents contained in the still residue.
[ 0076]
[ Tabl e 5]
Components Mass /sALTg)thJanr:cog Composition
(9) (mmol) (% by mass)
HPA 67.1 657 68.8
IBAL 1.0 14 1.0
FA 0.9 30 0.9
NPG 1.1 11 1.1
Triethylamine 0.1 0.63 0.1
Formate salt 1.8 12 1.8
Water and others 25.6 - 26.3
Total 97.5 - 100

[ 0077]
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Taken was 45 g of the still residue, which was
subjected to extraction in the same nanner as in
Ref erence exanple 1. Specifically, to 45 g of stil
residue, 30 g of pure water and 45 g of an
I sobut yr al dehyde sol vent were added, and the m xture was
subj ected to extraction.

The conposition of the resulting extract (74.4 g) is

shown in Table 6.

[ 0078]
[ Tabl e 6]
Components M(E;S /sA:Q)cs)ltJ;r:cog (Cozngstisgg;
(mmol)

HPA 28.6 280 384
IBAL 41.6 577 55.9
FA 0.3 10 0.4
NPG 0.3 3 0.4
Triethylamine 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0
Water and others 3.6 - 4.9
total 74.4 - 100

[ 0079]

The collecting ratio of HPA fromthe still residue

was 96.47% and 1.1% by mass of fornmal dehyde renai ned
wWith respect to HPA. Formation of secondary products
from HPA and | BAL was not confirnmed. Due to absence of
base such as triethylam ne, the pH during extraction was
|l ess than 7.5. When distillation precedes extraction,
triethylamne is renoved, and the collecting ratio of HPA

Is high. However, FA was not sufficiently reduced during
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the extraction operation, it was shown that this
di srupted extraction.
[ 0080]
[ Exanpl e 1 - continuous distillation -]

An extract obtained by the operation sane as in
Ref erence Exanple 1, while being m xed at a flow rate of
2.5 g/mnute with water having a flowrate of 3.0
g/ mnute, was passed through, at an absol ute pressure of
0.33 MPa and with a dwell tine in preheater of 10 m nutes,
a stainless doubl e-pi pe heat exchanger having an outer
pi pe, through which steam having an absol ute pressure of
0.6 MPa was passed, to thereby be supplied to a point at
the columm hei ght of 500 mMmm of a distillation columm
having a columm di anmeter of 30 nm and a col unm hei ght of
800 mm packed wth ¢3 mm D ckson packing. Here, the
content of IBAL in the extract was 51.2% by nmass, and the
flowrate of IBAL was 1.28 g/mnute (0.512 x 2.5 g/ mnute
= 1.28 g/mnute). The content of water in the extract
was 6.2% by mass, and the flow rate of water supplied
fromthe extract was 0.155 g/mnute (0.062 x 2.5 g/ mnute
~ 0.16 g/mnute). Thus, the anmobunt of the water which is
subjected to the distillation was 247 parts by mass ((3.0
+ 0.16)/1.28 x 100 ~ 247) with respect to the total
anmount, 100 parts by mass, of the total anount of |BAL
derived fromthe raw material and | BAL used as the
speci fic al dehyde solvent in the extract. Distillation

was carried out at the colum-top absol ute pressure of



0.032 MPa of the distillation columm.

top tenperature reached 70. 1°C,

and distillate liquid were sanpled for
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After the col um

60 m nut es,

the columm bottom liquid

and

71.7 g of the columm bottomliquid and 257.3 g of the

distillate Iiquid were obtained.

of the resulting liquids is shown in Table 7.

The conposition of each

[ 0081]
[ Tabl e 7]
Column bottom liquid Distillate liquid
Components Mass Amount of Con;pr)]ositi Mass Amount of Con;pr)]ositi
substance substance
(©) mmol) | @by (©) mmol) | @by
mass) mass)
HPA 49.2 482 68.6 1.8 17.6 0.7
IBAL 0.031 0.43 0.0 76.8 1065 29.8
FA 0.007 0.23 0.0 0.0 0.0 0.0
NPG 15 14 2.1 0.0 0.0 0.0
Triethylamine 0.0 0.0 0.0 0.015 0.15 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water and others 21.0 29.3 178.7 69.4
total 71.7 100 257.3 100

[ 0082]

From the conposition of the colum bottom i quid,

t he content of

mass in the table) by distillation.

| BAL decreased to 0.043% by mass (0. 0% by

The yield of HPA in

of which 111. 2% was

the distillation operation was 115%
contained in the colum bottomliquid. This showed that
t he secondary products of HPA and | BAL generated during
extraction returned to HPA again, which was then

collected. The total collecting ratio of HPA fromthe
extraction of Reference Exanple 1 and the distillation of
Exanple 1 was 89. 40%

[ 0083]
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[ Exanpl e 2 - batch-type distillation -]

The extract of Reference Exanple 1 was supplied to a
di stillation apparatus under water reflux and distilled.

Into a distillation still having a capacity of 2 L
equi pped with a distillation colum having a col um
di ameter of 10 mm and a col unm hei ght of 180 nmm packed
wi th Sul zer packing, 502.6 g of water was fed and heated
to reflux at a colum-top pressure of 0.033 MPa. Wile
wat er was refluxed, 494.80 g of the extract obtained in
Ref erence Exanple 1 was added dropwi se at a flow rate of
25.5 to 42 g/mnute into the distillation still. Here,
the content of IBAL in the extract was 51.2% by nass, and
253.34 g of IBAL was contained in 494.80 g of the extract.
Here, the content of water in the extract was 6.2% by
mass, and 30.68 g of water was contained in 494.80 g of
the extract. Thus, the anount of the water which is
subjected to the distillation was 210 parts by nass
((502.6 + 30.68)/253.34 x 100 ~ 210) with respect to the
total anmount, 100 parts by mass, of the total amount of
| BAL derived fromthe raw material and | BAL used as the
speci fic al dehyde solvent in the extract. Wile the
tenperature of the liquid in the still was maintai ned at
67 to 73°C, the columm-top absol ute pressure was reduced
to 0.024 MPa. When the content of IBAL in the liquid
inside the still decreased to |l ess than 0.1%
distillation was finished. As the colum bottom i quid,

413.8 g of a distillate liquid was obtained together with



the liquid inside the stil

were separated into two | ayers.
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of 580.9 g, which |iquids

of the resulting liquids is shown in Table 8.

The conposition of each

[ 0084]
[ Tabl e 8]
Column bottom liquid Distillate liquid
Components Mass Amount of Con;pr)]ositi Mass Amount of Con;pr)]ositi
substance substance
(©) mmol) | @by (©) mmol) | @by
mass) mass)
HPA 167.3 1638 28.8 0.90 8.8 0.2
IBAL 0.50 6.9 0.1 256.3 3554 61.9
FA 0.30 10 0.1 0.0 0.0 0.0
NPG 5.3 51 0.9 0.0 0.0 0.0
Triethylamine 0.10 1.0 0.0 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water and others 407.4 70.1 156.6 37.8
total 580.9 100 413.8 100

[ 0085]

From the conposition of the colum bottom i quid,

t he content of

mass in the table) by distillation.

| BAL decreased to 0.086% by nmass (0.1% by

The yield of HPA in

the distillation operation was 115.2%

It was showed

that the secondary product of HPA and | BAL generated

during extraction was able to return to HPA agai n and

then be coll ected.

The total

[ 0086]

[ Conparative Exanple 1 -

coexi sting water -]

collecting ratio of HPA was 92. 46%

conti nuous distillation w thout

Only 230.1 g of an extract obtained in the sane

manner

as in Reference Exanple 1 was supplied at a flow

rate of 3.8 g/mnute to a distillation apparatus through




a stainless doubl e-pi pe heat exchanger
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as in Exanple 1 to thereby be distill ed.

in the sanme nanner

Obt ai ned were

87.9 g of a columm bottomliquid and 129.5 g of a

distillate Iiquid.

resulting liquids is shown in Table 9.

The conposition of each of the

[ 0087]
[ Tabl e 9]
Column bottom liquid Distillate liquid
© mmoly | @by © mmol) | @by
mass) mass)
HPA 74.3 728 84.5 3.90 38.2 3.0
IBAL 1.60 22.2 1.8 116.3 1613 89.8
FA 0.0 0.0 0.0 0.0 0.0 0.0
NPG 2.53 24 2.9 0.0 0.0 0.0
Triethylamine 0.0 0.0 0.0 0.023 0.23 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water and others 9.50 10.8 9.3 7.2
total 87.9 100 129.5 100

[ 0088]

The total

collecting ratio of HPA from both the

extraction of Reference Exanple 1 and the distillation of

Conparative Exanple 1 was 88. 0%

thi s Conparative Exanple,

wth water were not carried out,

renai ned.

1. 8% by mass of

When water was not allowed to be present,

In the distillation of
i n which m xing and heati ng

| BAL

t he

secondary products of HPA and IBAL were insufficiently

deconposed.

Thus,

al so | ow and the concentration of

[ 0089]

[ Conparative Exanple 2 -

presence of a snal

amount of water -]

it was shown that the yield of HPA was

| BAL was al so hi gh.

conti nuous distillation in the
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Wil e being mxed at a flowrate of 3.9 g/mnute
with water having a flowrate of 0.41 g/mnute, 233.1 g
of an extract obtained in the same manner as in Reference
Exanple 1 was supplied to a distillation apparatus
t hrough a stainless doubl e-pi pe heat exchanger in the
same manner as in Exanple 1 to thereby be distilled.
Here, the content of IBAL in the extract was 51.2% by
mass, and the flow rate of IBAL was 2.00 g/ m nute (0.512
x 3.9 g/mnute ~ 2.00 g/mnute). The content of water in
the extract was 6.2% by mass, and the flow rate of water
supplied fromthe extract was 0.24 g/mnute (0.062 x 3.9
g/mnute ~ 0.24 g/mnute). Thus, the anount of the water
which is subjected to the distillation was 32.5 parts by
mass ((0.41 + 0.24)/2.00 x 100 ~ 32.5) with respect to
the total anount, 100 parts by mass, of |BAL derived from
the raw material and I BAL used as the specific al dehyde
solvent in the extract.

Distillation was carried out in the same manner as
in Exanple 1, and 86.6 g of a colum bottomIliquid and
170.2 g of a distillate liquid were obtained. The
conmposition of each of the resulting liquids is shown in
Tabl e 10.

[ 0090]
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[ Tabl e 10]
Column bottom liquid Distillate liquid
Compositi Compositi
Components Mass Amount of on Mass Amount of on
substance % b substance % b
©) mmol) | by ) mmol) | @by
mass) mass)
HPA 73.1 716 84.4 6.10 59.7 3.6
IBAL 0.55 7.6 0.6 118.9 1649 69.8
FA 0.026 0.87 0.0 0.0 0.0 0.0
NPG 2.56 24.6 3.0 0.0 0.0 0.0
Triethylamine 0.0 0.0 0.0 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0 0.023 0.16 0.0
Water and others 104 12.0 45.2 26.6
total 86.6 100 170.2 100
[ 0091]
The total collecting ratio of HPA fromthe reaction

liquid of Reference Exanple 1 was 85.4%

Al so when the

amount of water supplied was insufficient as in the

distillation of this Conparative Exanple,

(0.6% by mass in the table) of

[ 0092]

0. 63% by mass

| BAL r enai ned.

[ Conparative Exanple 3 - distillation of extract w thout

suppl yi ng wat er (consequently, concentration) -]

Wt hout water supplied, 382.7 g of an extract

obtai ned in the sanme manner as in Reference Exanple 1 was

distilled in the same manner as in Exanple 1. |[|BAL was

distilled off as a distillate liquid, and 145.3 g of a

concentrate in which the content of IBAL in a colum

bottom|iquid was reduced to 1.9% by nmass was obtai ned as

the columm bottomliquid. Also, 237.3 g of a distillate

liquid was obtained. Water in the colum bottomliquid

was quantified by a Karl Fischer noisture neter. The
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conposition of each of the resulting liquids is shown in

Tabl e 11.
[ 0093]
[ Tabl e 11]
Column bottom liquid Distillate liquid
Compositi Compositi
Components Mass Amount of on Mass Amount of on
substance % b substance % b
(g) (mmol) ( o DYy (g) (mm0|) ( o DYy
mass) mass)
HPA 128.3 1256 88.2 11.2 110 4,72
IBAL 2.70 37.4 1.9 226.0 3134 95.2
FA 0.33 11 0.23 0.0 0.0 0.0
NPG 2.10 20 1.5 0.07 0.69 0.030
Triethylamine 0.13 1.3 0.090 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water 2.4 0.1 1.6 0.13 7 0.05
Others 9.4 - 6.5
total 145.3 - 100 237.4 - 100
[ 0094]

[Exanple 3 - distillation of concentrate -]

In the sane manner as in Exanple 1, 141.6 g of the
colum bottomliquid (concentrate) obtained in
Conparative Exanple 3 was supplied at a flowrate of 3.5
g/ mnute, together with water at a flow rate of 0.87
g/mnute, to a distillation apparatus through a stainless
doubl e- pi pe heat exchanger to thereby be distilled. Here,
the content of IBAL in the colum bottomliquid was 1.9%
by mass, and the flow rate of IBAL was 0.0665 g/ m nute
(0.019 x 3.5 g/mnute =0.0665 g/m nute). The content of
water in the colum bottomliquid was 1.6% by mass, and
the flowrate of water supplied fromthe colum bottom
liquid was 0.056 g/ mnute. Thus, the anount of the water

which is subjected to the distillation was 1,392 parts by
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mass ((0.87 + 0.056)/0.0665 x 100 ~ 1,392) with respect

to the total
fromthe raw nateri al

al dehyde sol vent

anount ,

100 parts by nmss,

of

| BAL derived

and | BAL used as the specific

in the extract.

By a distillation operation,

135.0 g of a colum

bottomliquid and 41.7 g of a distillate liquid were

obt ai ned.

liquids is shown in Table 12.

The conposition of each of the resulting

[ 0095]
[ Tabl e 12]
Column bottom liquid Distillate liquid
Compositi Compositi
Components Mass Amount of on Mass Amount of on
substance % b @ substance % b
@) (mmol) (% by 9 (mmol) 0 by
mass) mass)
HPA 118.2 1157 87.6 6.70 65.6 16.1
IBAL 0.09 1.2 0.1 3.5 49 8.4
FA 0.32 11 0.2 0.0 0.0 0.0
NPG 2.4 23 1.8 0.0 0.0 0.0
Triethylamine 0.13 1.3 0.1 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water and others 13.8 10.3 315 75.5
Total 135.0 100 41.7 100
[ 0096]

From the conposition of the colum bottom i quid,

t he content of

| BAL decreased to 0.060% by nmass (0. 1% by

mass in Table 12) by distillation.

this distillation operation was 94. 6%

concentration of

The yield of HPA in
Reduction in the

| BAL by the concentration operation

before distillation was able to reduce water supplied

during distillation.

[ 0097]

[ Exanpl e 4 -

distillation purification of HPA -]




Wil e warned to 105°C, 95.3 g of the columm bottom

liquid obtained in the same manner as in Exanple 1 was
supplied to a point at the colum height of 500 nmm of a

di stillation colum having a colum dianeter of 30 nm and
a colum hei ght of 800 mm packed with ¢3 nm Di ckson
packing. Distillation was carried out at the colum-top
absol ute pressure of 0.008 MPa of the distillation colum.
After the columm top tenperature reached 104°C, a
distillate Iiquid was sanpled, and 56.7 g of distillate
liquid as a distillation purified product of HPA and 36.7
g of a colum bottomliquid were obtained. The

conmposition of each of the resulting liquids is shown in

Tabl e 13.
[ 0098]
[ Tabl e 13]
Column bottom liquid Distillate liquid
Compositi Compositi
Components Mass Amount of on Mass Amount of on
substance % b substance % b
(©) mmol) | @by (©) mmol) | @by
mass) mass)
HPA 9.39 92 25.6 55.80 546 98.4
IBAL 0.01 0.1 0.0 0.09 1 0.2
Formaldehyde 0.02 1 0.1 0.0 0.0 0.0
NPG 2.26 22 6.2 0.0 0.0 0.0
Triethylamine 0.0 0.0 0.0 0.0 0.0 0.0
Formate salt 0.0 0.0 0.0 0.0 0.0 0.0
Water and others 25.0 - 68.2 0.82 - 1.4
total 36.7 - 100 56.7 - 100
[ 0099]

The content of NPG in HPA obtained as the distillate
liquid decreased to 0.033% by mass (0.0% by nass in Tabl e
13), and it was confirnmed that further distillation was

abl e to reduce high-boiling-point inmpurities such as NPG



[ 0100]
[Exanple 5 - control of inpurities -]
<Reaction step and extraction step>

In the same manner as in Reference Exanple 1, 4,640
g (64.3 mol) of IBAL and 4,380 g (58.3 npol) of 40%
formalin were fed, and 280 g (2.77 nol) of triethylam ne
as a catalyst was added to the m xture with stirring.
Stirring at 90°C was continued for 2 hours to thereby
synt hesi ze HPA.

To a three-necked flask equi pped with a stirrer and
a cooler, 5,953.4 g of a HPA reaction liquid obtained in
the sane manner as in Reference Exanple 1, 5,947 g of
| BAL, 3,445 g of pure water were placed, the tenperature
of the liquid was adjusted to 60°C, and the m xture was
stirred for 60 mnutes. After stirring was stopped, the
m xture was left to stand for about 10 minutes to be
allowed to separate into two |ayers. The upper |ayer was
collected, 9,855.4 g of the extract (oil layer) and
5,484.8 g of the lower |ayer (water |ayer) were obtained.

The HPA reaction liquid is extrenely reactive, and
t hus, the conposition of the liquid varies dependi ng on
heating tinme and aging tine even after the synthesis
reaction. |In order to calculate the accurate bal ance in
extraction, the conposition of the HPA reaction liquid
i mredi ately before this extraction and the conposition of
t he conponents of the extract are shown in Table 14.

[0101]



[ Tabl e 14]
Rheea;ttilr?; :g{;"ggﬁg‘;r Oil layer Water layer
Components Mass Composition Mass Composition Mass Composition
C)] (% by mass) C)] (% by mass) C)] (% by mass)

IBAL 11.10 0.19 5213.40 54.15 265.97 4.85
FA 55.43 0.93 0.00 0.00 49.49 0.90
Isobutyric acid 0.00 0.00 89.72 0.93 0.00 0.00
DMEA 29.71 0.50 0.65 0.01 29.10 0.53
DEMA 31.69 0.53 1.08 0.01 30.31 0.55
TEA 51.49 0.86 1.23 0.01 47.98 0.87
HPA 3735.70 62.75 2777.88 28.85 208.46 3.80
NPG 143.46 241 111.78 1.16 28.54 0.52
FNE 0.96 0.02 0.00 0.00 0.00 0.00
HPAC 0.00 0.00 0.00 0.00 0.00 0.00
HPA-NPG 0.00 0.00 0.00 0.00 0.00 0.00
ESG 42.34 0.71 81.67 0.85 2.14 0.04
Water 1836.30 30.84 585.81 6.08 4690.10 85.51
BNE 6.37 0.11 329.50 3.42 58.56 1.07
IBAL-HPA acetal 0.00 0.00 405.04 421 0.00 0.00
IBAL-HPA aldol 8.89 0.15 30.14 0.31 74.11 1.35
total 5953.4 100 9627.9 100 5484.8 100
[ 0102]

Abbreviations in Table 14 are as follows. The
i dentifying and detecting nmethod for each conponent is
shown in the parentheses.
| BAL: i sobutyral dehyde (GC-FID (gas chromat ography-
hydrogen fl anme ioni zation detector))
FA: formal dehyde (absorptioneter (acetyl acetone
met hod) )
DVEA: di met hyl et hyl am ne (capillary el ectrophoresis)
DEMA: di et hyl met hyl am ne (capillary el ectrophoresis)
TEA: triethylam ne (capillary el ectrophoresis)
HPA: hydr oxypi val al dehyde ( GC- FI D)
NPG neopentyl glycol (GC-FID)

FNE: neopentyl glycol-formate ester (GC-FID)
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HPAc: hydroxypivalic acid (capillary
el ectrophoresi s)

HPA- NPG  hydr oxypi val al dehyde- neopentyl gl ycol -
acetal (GC-FID)

ESG neopentyl glycol -hydroxypival ate (GC- Fl D)

BNE: neopentyl glycol-isobutyrate ester (conpound
represented by fornmula (2)) (GCFID)

| BAL- HPA acetal : isobutyral dehyde-
hydr oxypi val al dehyde-acetal (conpound represented by
formula (3)) (GC-FID)

| BAL- HPA al dol : i sobutyral dehyde-
hydr oxypi val al dehyde- al dol (conmpound represented by
formula (4) (GC FID)
[ 0103]
<ldentification of control inpurities>

BNE was synt hesi zed as a preparati on by condensation
of isobutyryl chloride and NPG in accordance with the
met hod descri bed in WO2009/ 33079. The resulting
preparati on BNE was detected by gas chromatography at the
sanme retention tinme as an inpurity conponent BNE in Table
14. 1 n gas chromatography equi pped with a nmass
spectroneter, the mass spectrum of the preparation
corresponded to that of the inpurity product BNE. The
spectrum data of the BNE preparation were as foll ows.
'H NMR (500 MHz, CDO 3): chemical shift 0.93 (s, 6H)
1.19 (d, J=7.0 Hz, 6H), 2.30 (t, J=6.3 Hz, 2H), 2.59
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(sept, J=7.0 Hz, 1H), 3.28 (d, J=6.3 Hz, 2H), 3.94 (s,
2H) ppm

HRVS (EI"): mz [M31]" calcd for GHisO (M CHOH):
143.10720; found: 143.10719

[0104]

From a sanpl e containing the conpounds of fornula
(3) and fornula (4), two peaks of M1 (nmz173), which is
seen in the El+ spectrum of an aliphatic al dehyde, were
observed, and niz 73 and 103, which corresponded to peaks
generated by cleavage to nononers as the Cl+ spectrum
wer e observed.

The conpound of fornula (3) and the conmpound of
formula (4) had different retention tines until when the
M1 (mz 173) spectrum was observed. The conpound of
formula (4) has a nol ecul ar structure having nore
hydr oxyl groups as pol ar functional groups, and thus, the
peak of which retention tinme was short was taken as the
conmpound of formula (4). The peak of which retention
time was short was taken as the conpound of formula (3).
[ 0105]

The spectrum data of the conmpound of formrmula (3)
were as follows.
HRVG (EI"): mz [M1]" calcd for GHi;0s: 173.11777; found:
173.11926
[0106]

The spectrum data of the conmpound of formula (4)

were as foll ows.
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HRVS (EI"): mz [M1]" calcd for CoHi;0s: 173.11777; found:
173.11863
[0107]
<Distillation and collection step>

To a reaction still equipped wwth a distillation
colum and a stirrer, 10052 g of water was fed. After
the pressure was reduced to 248 torr, water was heated to
be fully refluxed. Into the water in the reaction still,
9586.85 g of the extract obtained in Exanple 5 was
supplied at a flowrate of 25.5 to 42.0 g/mnute. Here,
the content of IBAL in the extract was 54.15% by nass,
and the anmobunt of IBAL in the extract was 5191.3 ¢
(0.5415 x 9586.85 g ~ 5191.3 g). The content of water in
the extract was 6.08% by mass, and the anount of water
supplied fromthe extract was 582.9 g (0.0608 x 9586.85 ¢
~ 582.9 g). Thus, the anobunt of water which is subjected
to the distillation was 205 parts by mass ((10052 +
582.9)/5186.5 x 100 ~ 205) with respect to the total
anmount, 100 parts by mass, of IBAL derived fromthe raw
materi al and | BAL used as the specific al dehyde sol vent
in the extract. As the extract was supplied, the
tenperature of the still liquid gradually increases.
Thus, I BAL and water were boiled while the pressure
reducti on degree was adjusted such that the tenperature
of the still reached 67.6 to 72.6°C. After the
distillate Iiquid becanme only one | ayer (water |ayer) and

water was boiled for a while, the still liquid was
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sanpled. Sufficient reduction in the HPA-1BAL reactant
and I BAL was confirmed, and distillation was finished.
Stirring of the still liquid was stopped. After the
still liquid was separated into two |ayers, the oil |ayer
and the water |ayer were each coll ected.

The anal ysis results of the extract subjected to the
distillation and collection step (raw naterial), the oi
| ayer of the resulting distillate portion (distillate oi
| ayer), the water |ayer of the resulting distillate
portion (distillate water layer), and still residue were
shown bel ow.

Fromthe analysis results of the still residue, the
yield of HPA of the distillation operation was 120. 9%
This showed that the secondary products of HPA and | BAL
generated during extraction returned to HPA again, which
then was able to be collected. The total collecting
ratio of HPA froma reaction |iquid obtained by conbining
extraction of Exanple 5 and distillation of Exanple 6 was
89. 9%

[ 0108]



[ Tabl e 15]
Raw material Distillate oil layer Distillate water layer Still residue
Mass Composition Mass Composition Mass Composition Mass Composition
) (% by mass) ) (% by mass) ()] (% by mass) ) (% by mass)

Isobutyl alcohol 0.00 0.00 1.70 0.03 0.83 0.03 0.00 0.00
IBAL 5191.17 54.15 4989.80 95.00 136.06 5.67 9.96 0.08
FA 0.00 0.00 1.00 0.02 0.00 0.00 0.00 0.00
Isobutyric acid 89.34 0.93 147.13 2.80 7.77 0.32 0.00 0.00
DEMA 0.65 0.01 0.00 0.00 0.00 0.00 0.54 0.00
DEMA 1.08 0.01 0.00 0.00 0.00 0.00 0.71 0.01
TEA 1.22 0.01 0.00 0.00 0.14 0.01 0.79 0.01
HPA 2766.04 28.85 8.00 0.15 9.01 0.38 3345.10 28.53
NPG 111.30 1.16 0.00 0.00 0.00 0.00 105.18 0.90
FNE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ESG 81.32 0.85 0.00 0.00 0.00 0.00 33.31 0.28
Water 583.31 6.08 101.38 1.93 2245.00 93.54 8221.10 70.13
BNE 328.10 342 1.88 0.04 0.61 0.03 4.02 0.03
IBAL-HPA acetal 403.31 421 1.43 0.03 0.55 0.02 0.00 0.00
IBAL-HPA aldol 30.01 0.31 0.00 0.00 0.00 0.00 212 0.02
total 9586.85 100 5252.32 100 2399.97 100 11722.83 100
[ 0109]

In extraction, the conpound represented by formul a
(2) and the conpound represented by formula (3) renained,
and the content of the conpound represented by fornmnul as
(2) to (4) in the still residue was confirned to be 0.1%
by mass or less by distillation in the presence of water.

Particularly, it is difficult to renove the conpound
represented by fornmula (3) by extraction, but the
conpound was significantly reduced by distillation in the
presence of water. The content was confirned to be 0.01%
by mass or | ess.
[0110]

According to the production nethod of the present
enbodi nent, it is possible to produce HPA in which

specific inpurities are reduced by renoving fornate salt
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and FA from HPA synt hesi zed from FA and | BAL by
extraction and renoving other inpurities by distillation.
[0111]

The present application is based on Japanese Patent
Application No. 2016-001698 filed Jan. 7, 2016, the

content of which is incorporated herein by reference.



Cl ai ns

[Caim1l]

A net hod for producing hydroxypi val al dehyde
conprising steps (i) to (iii) belowin this order

step (i): a reaction step of reacting
i sobut yral dehyde with formal dehyde to obtain a reaction
sol uti on contai ni ng hydroxypi val al dehyde,

step (ii): an extraction step of extracting the
reaction solution with an al dehyde sol vent represented by
formula (1) under basicity to obtain an extract
cont ai ni ng hydr oxypi val al dehyde, and

step (iii): a distillation and collection step of

distilling the extract and then collecting
hydr oxypi val al dehyde froma still residue,
@)
R—CH (1)

wherein R represents a saturated al kyl group having
3 or nore and 7 or |ess carbon atons,

further wherein the distillation step of the step
(ii1) is a step of distilling the extract in the presence
of water, and an anount of the water which is subjected
to the distillation is 100 parts by mass or nore and
2,000 parts by mass or less with respect to a total
anount, 100 parts by mass, of isobutyral dehyde derived

froma raw materi al and an al dehyde sol vent represented
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by formula (1) in the extract which is subjected to the
distillation.
[Caim 2]

The net hod for produci ng hydroxypi val al dehyde
according to claiml1l, wherein the anmount of the water
which is subjected to the distillation is 50 parts by
mass or nore and 1,000 parts by mass or |less with respect
to 100 parts by mass of hydroxypival al dehyde in the
extract which is subjected to the distillation.

[Caim 3]

The net hod for produci ng hydroxypi val al dehyde
according to claim1, conprising a step of concentrating
the extract after the step (ii) and before the step (iii).
[ Cai m 4]

The method for produci ng hydroxypi val al dehyde
according to any one of clains 1 to 3, wherein the
al dehyde sol vent represented by formula (1) is
I sobut yr al dehyde.

[C ai m5]

The method for produci ng hydroxypi val al dehyde
according to any one of clainms 1 to 4, wherein the step
(i1ii) is a step of continuously supplying the extract and
water, while being mxed, to a distillation apparatus and
col | ecting hydroxypi val al dehyde fromthe still residue.

[ C aim 6]
The net hod for produci ng hydroxypi val al dehyde

according to any one of clains 1 to 5 wherein the step



(i1ii) is a step of continuously supplying the extract and
wat er, while being m xed and heated, to a distillation
apparatus and col | ecti ng hydr oxypi val al dehyde fromthe
still residue.

[Caim7]

The method for produci ng hydroxypi val al dehyde
according to any one of clainms 1 to 6, conprising, after
the step (iii), a distilling-out and collection step of
further distilling the still residue and collecting
hydr oxypi val al dehyde as a fracti on.

[C ai m 8]

The net hod for produci ng hydroxypi val al dehyde
according to any one of clainms 1 to 7, conprising, after
the step (iii), a step of controlling the content of at
| east one conpound sel ected fromthe group consisting of

compounds represented by following fornulas (2) to (4):

0

H3C\{)‘\O/><-\OH (2)
CHs H5C CH;
OH
HSC\[/J\O/X\O (3)
CHs H3C CHj3
OH

P o o

HsC CHsHsC CH,

[Claim9]



The method for produci ng hydroxypi val al dehyde
according to any one of clainms 1 to 8, conprising, after
the step (iii), a step of controlling the content of a
compound represented by the foll ow ng conpound

represented by fornula (2):

(0]
H,C
3 W)‘\O/X\OH (2)
CHs HsC CH,

[Cai m10]
A conpound represented by following fornmula (3) or

following formula (4):

OH
HsC
N
0/><\0 (3)
SH, HaC CHs
OH
o~ OH (4)

H3C CH3H3C CHgj

[Caim11]
A met hod for producing a conpound represented by
formula (3), conprising a step of reacting

I sobut yral dehyde wi th hydroxypi val al dehyde:

OH
HaC
\-\
O/Y\O (3)
CH,  HC CHs

[Caim12]
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A met hod for producing a conpound represented by
formula (4), conprising a step of reacting

I sobut yral dehyde wi th hydroxypi val al dehyde:

OH

o~ OH (4)
HsC CH3H3C CHs



