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DESCRIPTION

PROCEZS FOR PRODUCING AROMATIC DIHYDROXY COMPOUND

Technical Field
[DOOi]

The present invention relates to a process for producing an
aromatic dihydroxy compound by allowing a phenol compound to react

with hydrogen peroxide using a titanosilicate as a catalyst.

Background Artc
foooz2]

Aromatic dihydroxy compounds are important as various organic
gynthesis intermediates or raw materials, and are utilized in fields
of reducing agents, rubber chemicals, dyves, medicines, agricultural
chemicals, polymerization inhikitors, anticwidants, stc. On that
account, improvements are always being reguired for processes for
producing aromatic dihydroxy compournds. Examples of the aromatic
dihydromxy compounds obtained by allowing a phenol compound to react
with hyvdrogen peroxide include hydroguinone and catechol, and
depending upon the production process, the product ratio betwsen
hydroquinone and catechol varies. In recent years, a process
particularly for highly selectively producing hydroguinone hasg been
eagerly desired from the viewpoint of a demand and supply balance

between hydrogquinone and catechol.
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[o003]

As processes for producing aromatic dihydroxy compounds by
allowing a phenol compound to react with hydrogen percoxide, a process
using an inorganic acid as a catalyst [patent literature 1], a process
using a titanogilicate ag a catalyst [patent literature 2], etc. are
knowr:. In these processes, however, the hydroguincne/catechol
product ratio (by mol} is not more than 1.5, and a process for more
highly selectively producing hydroquinone is being degired.
[0604]

Asmethods for tmproving selectivity forhydroquinones, amethod
using a titancsilicate as a catalyst and using a cyclic ether such
as dioxane as a sclvent [patent literature 3], 2 method using an
aliphatic polvether compound such as ethylene glycol dimethyl ether
[patent literature 4] and a method using a polyalkylene glycol
monoether compound such as polyethylene glycol mono-4-cctyl phenyl
ether [patent literature 5} have been developed. In these methods,
howsver, there are problems that by-products derived from a solvent
uged are formed because the sclvent lg liable to react with hydrogen
peroxide and that the vield based on hydrogen percxide ig lowered

because of formation c¢f these by-products.
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Technical Froblem

[ooo6]

Under such c¢ircumstances as previously described, the
present disclosure addresses the problem of providing a
process for producing an aromatic dihydroxy compound, in which
a hydroguinone compound is highly selectively produced while
suppresging formation of by-products derived from a solvent
and maintaining a high yield based on hydrogen percxide when a

phenol compound is allowed to react with hydrogen peroxide.

Solution to Problem
[0007]

In one aspect, the present disclosure is a process for
producing an aromatic dihydroxy compound, comprising allowing
a phenol compound to react with hydrogen peroxide in the
presence of a titanosilicate, a C4-C5 alcchol containing a
tertiary or quaternary carbon, and water and/or methanol, the

amount of the water and/cr methanol bsing 5 to $0 mass%
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based on the total mass of the reaction liguid.
[ooo8]

The water and/or methancol is preferably present in an amount
of 8 to 920 mass% based on the total masgs of the reaction liguid.

In the above process, the amount of the titancsilicate is
preferably C.1 to 30 mass¥% in terms of an external ratio based on
the total mass of the reaction liguid.

The amount of the C4-C5 alcohol containing a tertiary or
quaternary carbon used is preferably 1 to 90 mass% based on the total
mass of the reaction ligquid.

The C4-C5 alcohel containing a tertiary or quaternary carbon
is preferably t-butyl alcohel, 2-methyl-1-propancl,
Z-methyli-1-butancl, 3-methyl-l-butancl, 2,2-dimethyl-l-propancol,
2-methyl-2-butanol or 3-methyl-2-butancl.

It is preferable that the reaction is carried out on a suspended
bed and a catalyst separation step is included. It is preferable
that the catalyst having been separated in the catalyst separation
step is subjected to a drying treatment and the resulting catalyst
iz reused for the reaction.

It is preferable that the drying treatment of the catalyst is
carried out at 60 to 800°C.

It is preferable that the catalyst separation step comprises
continuously drawing out a liguid phase from the reaction liguid

containing the catalyst.



It is preferable that the C4-C5 alcchol containing a
tertiary or gquaternary carbon and the water and/or methanol
are separated at the same time by means of distillation from
the reaction 1ligquid from which the catalyst has been
separated, and a part or all of them are reused for the
reaction. Further, it is preferable that the catalyst having
been geparated in the catalyst separation step or the catalyst
having been separated in the catalyst separation step and then
subjected to the drving treatment is dispersed in the C4-C5
alcohel containing a tertiary or guaternary carbon and the
water and/or methanol  Thaving been separated in  the
distillation step, and the resulting dispersion 1s fed to a

reactor.

Advantageous Effects
[0009]

According to the process of the present disclosure, the
golvent is hardly oxidized, and therefore, wasteful
consunption of hydrogen peroxide is reduced, a high vyield
based on hydrogen peroxide is maintained, and preduction of
hydroguinone compound with high selectivity is made possible.
On this account, it becomes feasible to produce a hydroguinone
compound without being influenced by a demand and supply
balance between a hydroguinone compound and a catechol
compoundc, sc that the preocess of the present disclosure is of

industrial eignificance.
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Description of Embodiments
[0CLO;}

The phenol compoundlusad in the present ilnvention includes
unsubgtituted phenol and substituted phenols. Examples of the
subgtituted phencl include alkylphenols substifuted by a
straight-chain or branched alkyl group{s} having 1 to 6§ carbon atoms,
such as methyl group, ethyl group, isopropyl group, butyl group and
hexyl group, or a cycloalkyl group(s;.

[oo11]

BExamples of the phenol compound include phencl, 2-methylphencl,
3-mathylphenol, 2,6-dimethyiphencl, 2,3,5-trimethylphencl,
2-ethylphencl, 3-isopropyliphencl, Z-butyvlphencl and
2-cyclohexylphenol. In particular, phenol is preferable. When the
phenol compound has substituent$ at both of the Z-pesition and the
6-position, the product is a hydroguinone derivative only.

[co12]

Specific examples of the aromatic dihydroxy‘comﬁound that is
a reaction product include a hydroguinone compound (substituted or
unaubgtituted hydroguinone) and a catechol compound {(substituted or
unsubstituted catechol) , and includemore specifically, hydroguinone,
catechol, Z-methylhydroguinone, 3-methylcatechol, 4-methylcatechol,
3-methylhydroguincne, 1,4-dimethylhydroquinone,

1, 4-dimethyleatechol, 3,5-dimethylcatechol,

2, 3-dimethylhydrogquinone, and 2,3-dimethylcatechol
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[0013]

The present inventioncanbe carriedout byanyof abatchprocess,
a semi-batch process and a continuous flow process. For packing a
catalyst, various methods such as fixed bed method, fluidized bed
method, suspended bed method and tray type fixed bed method can be
adopted, and packing of a catalyst may be carried out by any of these
methods,
f0014]

In the present invention, the total mass of the reaction liquid
ig the total mass of liquid components in the reaction system. That
is to say, the total mass does not include a mass of a solid compeonent
such as the titanosilicate.

Examples of the ligquid components in the reaction sg-fst@m include
the phencl compoxmd_, hydrogen peroxide, the C4-C5 alcohol containing
a tertiary or guaternary carbon, water and /or methanol, the aromstic
dihydroxy compound and a reaction by-product. If necessary, other
solvents, etc. may be included within limits not detrimental to the
effect of the present invention. With progress of the reaction, the
amount of the reaction product increases, but the total mass of the
reaction liguid during reaction is substantially constant.

[0015]

The composition of the titanosilicate used as a catalyst in

the present invention is that of a structure represented by

(Si0z) 5 (Ti03) 1. . The value of x/(1-x) is in the range of 5 £o 1000,
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preferably 10 £toc500. The titanosgilicate canbe preparedbyapublicly
known process. For example, = process comprising subjecting an
alkoxide of silicon and an alkoxide of titanium to a hydrothermal
gynthesis in the presence of & quatermary ammonium salt or the like
is general, as described in U.8. Patent No. 4,410,501 and Catalysis
Today 147 {(2009%), 1856-195. When the quaternary amcﬁium salt usad
is a tetrapropyl ammonium salt, the resulting titanosilicate has an
MFI structure, and such a titanogilicate is preferably uged. As the
MFI type titanosilicate, a commercially available one may be used
as long as the (Si0u)y {Ti0;) 1.x is within a given rangs.
Although the titancsilicate catalyst may be used as it is, it
may be uged after it is wolded according to the packing method for
the catalyst. Asamethod formeldingthe c:;atalyst , extrusionmolding,
tablet making, tumbling granulation, spray granulation or the like
is generally used. When the catalyst is used in the fixed bed method,
extrusion molding or tablet making is preferabls. In the case of
the suspended bed method, spray granulation 3;-5 preferable, and as
degcribed in, for example, U.S. Patent No. 4,701,428, a method
comprising mixing a titancsilicate suspension prepared in advance
with & gilica raw material and carrying out spray granulation using
a spray dryer is a general method. As the silica raw material, an
alkoxide of gsilicon, a colloidal silica, dissolved silica in water,
a sodium silicate {(water glass), a potagsium silicate or the like

can be used. However, if metallic impurities other than siiicon are
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contained, evil influence is exerted on the catalytic performance,
and therefore, preferable are the alkoxide of silicon, the colloidal
gilica and the dissolved silica in water in each of which the amounts
of impurities are small. After the spray granulation, drying or
calciningmay be carriedout. Themeanparticle diameter of the meolded
catalyst cbtained by spray granulation is preferably in the range
of 0.1 um to 1000 pm, more preferably 5 um to 100 pm. When the mean
particle diameter of the molded catalyst is not less than 0.1 um,
handling of the catalyst, such as filtration, can be easily made,
so that such a mean particle diameter is preferable. When the mean
particle diameter thereof is not more than 1000 ym, the catalyst has
good performance and high strength, so that such a mean particle
diameter ig preferable.

[c0Le]

The amount of the titanosilicate catalyst used is prefexably
in the range of 0.1 to 30 mass%, more preferably 0.4 to 20 mass%,
in terms of an external ratio based on the total mass of the reaction
liguid. When the amcunt of the catalyét ig not less than 0.1 massh,
the reaction is completed in a short period of time and productivilty
is enhanced, so that such an amount is preferable. When the amount
thereof is not more than 30 mass%, Che amcunt of ﬁhe catalvst to be
separated and recovered is small, so that such anamount ispreferable.
r0017]

The molar ratio of hydrogen peroxide to the phencl compound
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is preferably not less than 0.01 but not more than 1. Although the

concentrationof hydrogenperoxide used iz not specificallyrestricted,
a usual agqueous solution having a concentration of 30% may be used,

or an agueous hydrogen peroxide solution of a higher concentration
may be used as it is or may be used after it is diluted with a solvent

that ig inert in the reaction gystem. Examples of the solvent used
for dilution include analcohol compound andwater. Hydrogen peroxide

may be added at once or way be added little by little over a long
pericd of time.

[0018]

Examples of the C4-CSalcohol containingatertiary or guaternary
carbon for use in the present reaction include t-butyl alcchol,
2-methyl-1l-propancl, 2-methyl-l-butancl, 3-methyl-li-butanocl,

2, 2-dimethyl-1-propanol, Z-methyl-2-butancl and 3-methyl-2-butanol.
Of these, t-butyl alcohol, 2,2-dimethyl-l-propancl and
2-methyl-2-butancl are preferable. When such an alcohol compound
ig contained, selectivity for a hvdroguinone compound can be enhancad.

It iz known that an alcohol such as methanol is coordinated
to Ti of a titanosilicate to accelerate oxidation reacticn due to
hydrogen peroxide. It is presumed that the C4-C5 alcohol containing
a tertiary or guaternary carbomn, such as t-butyl alcchol, has a
moderately bulky structure, and when it is coordinmated to Ti, the
para position of the phenol compound ig selectively oxidized by virtue

of steric hindrance around Ti. However, it is presumed that in the
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case of amorebulkyalcchol, improvement in selectivity isnot observed
because such an alcohol cannot get into a pore of the titanosilicate
or 1s hardly coordinated to Ti.

fcele]

The amount of the C4-C5 alcohel contalning a tertiary or
quateimary carbon used is preferably in the range of 1 to 90 mass%,
more preferably 3 to 50 mass%, based on the total mass of the reaction
Iicueid.

[ooz20]

Anamount of not legsthan lmass% igpreferakble from fheviewpoint
of high selectivity for the hydrogquincne compound, and an amount of
net morz than 90 mass% ig preferablie from the viewpoints of a high
reaction rate and a small amount of & solvent recovered.

As the water and/or methanol in the present invention, water
may be used, or methancl may ke used, or water and methancl may be
uged in combination in an arkitrary ratio.

It is known that when a protic solvent is present, an oxidation
active species ig stabilirzed, or proton transfer is accelerated. It
ie presumed that by the use of water ormethanol , protic smallmolecules
thereof stabilize an oxidation active species or accelerate proton
transfer also in the present reaction, whereby the reaction is
accelerated.
foc21]

The water may be water contained in the agueous hydrogen peroxide
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solution. The amount of the water and/or methancol is preferably in
the range of 5 to 20 mass%, more preferably in the range of 8 to 90
mase%, still more preferably in the range ©f 8 to 85 mass%, based
on the total mass of the reachion liguid.

Since the yvield of the aromatic dihydroxy compound is high and
the selectivity for the hydroquinone compound can be enhanced, the
lower limit of the amount of the water and/or methanol is ?:t:efe:x:ably
not less than 5 mass%, more preferably not legs than B mass%, more
rraferably not less than 2 mass%, wmore preferably not lessg than 12
mass%, more preferably not less than 20 mass%, more preferably not
less than 20 mass%, more preferably not lesgs than 40 mass%, and more
rreferably not less than 50 mass®,
fogz2z]

When the upper limit thereof is not more than 20 mass%,
gelectivity for the hydroguinone compound is high, the reaction rate
is high, and the amount of the soclivent recoveréd ig small.

It is desirable that in the reaction liguid, the reactlon raw
materials {the phenol compound, hydrogen peroxide) are contained in
amounts of 10 to 24 mass%, preferably 13 to 80 mass%. When the amounts
of the reaction raw materials are in this rangs, a desired arcomatic
dinhydroxy compound can be efficiently produced by the process of the
present invention.

[coz23l

It is degirable that the ratio {mags ratlio) between the amount
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of the C4-C5 alcohol containing a tertiary or gquaternary carbon used
and the amount of the water/methancl used (C4-C5 alcchol containing
a tertiary or guaternary carbon : water/methanol) is 1:99 to 90:10,
preferably 3:97 to 80:20.

When the ratic between them is the above ratio, the yield of
the aromatic dihydresy compound 1s high, and the selectivity for the
hydroguinone compound is enhanced.

[00z24]

The reaction temperature ig preferably in the range of 30°C
£o 130°C, more preferably 40°C to 100°C.  Alsc at temperatures other
than the temperatures of the above range, the reaction proceeds, but
from the viewpoint of enhancement of productivity, the above range
is preferable. The reactionpressure isnot specifically restricted.
[0025]

The present reaction may be carried cut batchwise, or may be
carried out semi-batchwise, or may be carried out continuously. When
the reaction is carried out continuously, the reactionmay be carried
out in a suspension type homogeneous mixing tank or in a fixed bed
flow Lvpe plug flow reactor model. Purther, plural reactors may be
connacted in series and/or in parallel. The number of reactors is
preferably 1 to 4 from the viewpoint of equipment cost. When plural
reactors are used, hydrogen peroxide may be divisionally placed in
them.

When the present reaction is carried out on a suspended bed,
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it igpreferable that astepof geparating the catalyst fromthe react ion
liguidis included.‘ For the separationof the catalyst, precipitation
geparation, centrifugal filter, pressure filter, filter press, leaf
filter, rotary £ller or the Like is used. In the case of a continucus
filter such as rotary fLilier, a concent;fat:ed catalyst suspension,
which igs the one after a liguid phase is drawn out from the reaction
1iguid containing the catalyst, can be used for the reaction again.
When the reaction is carried out contimuocusly, the ligquid phase is
continuougly drawn out. When the catalyst ig taken out as not a
suspension but a cake or powder, it may be used for the reaction again
as it is, or it may be used for the reaction again after it is subjected
to a drying treatment {also referred to as “regeneration treatment”) .
For the drying treatment, tray dryer, band drver, rotary dryer, sy_:;zray
drver, flash dryer or the like 1is used. The dryving tTreatment can
e carried out in an atmosphere of an inert gas such as nitrogen,
an atmosphere of alr, an atmosphere of air diluted with an inert gas,
an atmosphere of water vapor, an atmosphere of water vapor diluted
with an inert gas, or the like. The drying temperature iz prefervably
60 to 800°C, particularly preferably 80 to &00°C. When the drying
temperature is this temperature, organic substances having adhersd
can be reduced without markedly deteriorating performance of the
catalyst. The drying treatment can be also carried cut by combining
plural different temperature regions.

[0026]
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Inorder tooktaina dihydroxy compound from the reaction liquid,
a purification treatment such as removal of unreacted compeonents and
by-products may be carried out on the reaction ligquid or a separate
liguid containing a dihydroxy compound, said separate liguid being
the one after separation of the catalyst. Thepurification treatment
can be carried out more preferably on the separate liguid containing
a dihydroxy compound, said separate liquid being the one after
geparationof thecatalyst. Themesthod for thepurification treatment
iz not specifically restricted, and specific examples of the methods
include coil/water separation, extraction, distillation,
crystallization and combinations of these methods, The method, the
procedure, etc. of the purification treatment are not specifically
regstricted, but for example, the following methc;drma]f;:eg it possible
to purify the reaction liquid and the separate liguid containing a
dinvdroxy compound, said separate liguid being obtained after
separation of the catalyst.

When the reaction ligquid separates into 2 phasés of an oil phase
and an agueous phage, oil/water separation is possible. By the
oil/water separetion, an agueoug phase having a low content of a
dinydroxy compound 1s removed, and an oil phase is recovered. In
this case, Irom the aguecus phase thus separated, the dihydroxy
compound may be recovered by extraction or diétillation, or a part
or all of the aquecus phase may be used for the reaction again. It

is poggible to disperse the catalyst having been separated in the
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catalyst separation step or the catalyst having besen subjected to
a drying treatment in the separated agueous phase and to feed the
resulting dispersion to the reactor. On the othexr hand, the oil phase
is desirably further subjected to a purification treatment through
extraction, distillation, crystallization and the like.

roo27]

For the extraction, a solvent such as l-butanol, toluene,
isopropyl ether or methyl iscobutyl ketone is used. By combining
extraction with oil/water separation, it becomes feasible Lo
efficiently carry out the oil/water separation. It is preferable
that the extraction solvent is separated and recovered by a
digtillation column, then recycled.

The distillation may be carri@é% out on the reaction liguid,
which is the one just after the catalyst separation, or may be carried
out on the oil phase and the agueous phase, which are the ones after
the oil/water separation. Further, the extraction liguld may be
digtilled.

in the case where the reaction liguid, which is the one just
after the catalyst separation, is distilled, it is preferable to
separate low-bolling components such as water and an alcohol compound
first. Water and the alcohol compound may be separated by différent
distillation columng, or may be separated by one distillation column.
In the present invention, it is desirable to separate water, methanol

and the C4-C5 alcchel containing a tertiary or guaternary carbon at
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the same time by distillation.

A part or all of the thus separated water, methanol and C4-C5
alcohol compound containing a tertisry or quaternary carbon may be
used for the reaction again. Further, it is alsopessible to disperse
the catalyst having been geparated in the catalyst separation step
or the catalyst having been subjected to drying treatment in the thus
separated water, methanol or C4-C5 alcohol compound containing a
tertiary or quaternary carbon and to feed the resulting dispersion
to the reactor.
foozel]

Afterwater orthe alcohol compound ig separatedby the operaticn
of cil/water separation, extraction, distillation or the like, the
phenol compound may bé recovered by the next distillation operation
and may be used for the reaction again., When water remaining
unseparated ig contained in the recovered ghenol compound, the water
can be removed by adding lsopropyl ether or tcluene and performing
azeotropicdistillation. Thisazeotropicdistillationcanbe carried
out also on the liquid, which is the one before the recovery of the
phenol compound and after the separation of water or the alcchel
compound. The thus separated water may be used for the reaction again
or may be treated as wastewater. When impurities such as a reaction
by-product other than water are contained in the recovered phenol
compound, the impurities can be also further separated by a

distillation operation. When the impurities are a benzoguinone
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compounid that is a reaction by-product, they can be fed to the reactor
again together with the phenol compound.

After the separation of the phenol compound, the hydroguinone
compound and the catechol compound can be separated by removing a
compenent having a higher boiling point than the aromatic dihydroxy
compound by distillation, and carrying out the next distillation
operaticn. Fuxther,.by drawing out the hydroguinone compound from
amiddle tray of the distillation column, the high-~boiling component,
the hydrogquinone compound and the catechol compound can be separated
by one distilliation operation.

By removing impurities throughdistillationor crystallization
whenneeded, purityof the resulting hydroguincne compound and catechol
c:om@ouﬁd can be enhanced.
i0029]

The thug obtained aromatic dibydroxy compounds such as
hydroguinene are useful as various organic synthesis intermediates
or rawmaterials, and are utilized in fields of reducing agents, rubbey
chemicals, dves, medicines, agricultural chemicals, polymerization
inhibitors, antioxidants, etc.

[0030]

[Examples]

The present invention will be described in more detall with
reference to the fFollowing examples, but it should be construed that

the present invention is in no way limited to those examples.
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vield of aromatic dihydroxy compound (%) =
[ (number of moles of hydroquinone produced) + (number
of moles of catechol produced) ] + (number of moles of hydrogen peroxide
added] x 100
Hydroguinone/catechol ratio =
{number of moles of hydrogquincne produced) + {(number of
moles of catechol produced; x 100
Yieid of solvent oxide (%) =
(numbear of moles of solvent oxide produced) + (number
of moles of hydrogen peroxide added) x 100
Mass fraction of water or methanol in reaction liguid (%) =
I{mass of water or merhanol added) + (mass of water
contained in hydrogen peroxide scolution added)! -+ (total mass of
:t:eaction ligquid) x 160
[0031]
{Example 1)
In a.flask having an internal volume of 50 ml and equipped with
a condenser, a thermometer, a feed pump and a magnetic stirrer chip,
0.65 g of a titanosilicate (TS-1) catalyst prepared by the process
described in Catalyeils Today 147 {(2008), 186-195%, 6.2 g of phencl,
4 mL of t-butyl aicohel and 6 ml of water were placed, and they were
heated to 50°C in an oil bath while stirring with the stirrer. To
the contents in t‘;le flask, 0.46 g of a 34% agueous hydrogen peroxidse

solution was dropwise added through the feed pump over a perioed of
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10 minutes, and they were held for 120 minutes az they were. After
the reaction liguid was cooled, the catalyst was filtered off, and
a part of the reaction liguid was withdrawn. The residual hydrogen
peroxide was dét@mined by iodometry, and the product was determined
by gas chromatoegraphy.

As aresult, the vield of aromatic dihydroxy compounds was 57%,
the hydroguinone/catechol ratio was 4.1, and the yield of a solvent
oxide was not more than 1%.

[0022]

[Analytical conditions of gas chromatography]

Detector: flame ionization detector (FID)

Column: DB-5 (Agilent J&W), imner diameter 0.25 mm, length 60
m, f£ilm thickness 0.2% um

Colunn temperature: maintained at 80°C for 10 minutes and
aelevated up to 280°C at a temperature elevation rate of 4°C/min

Injection port temperature: 280°C

Detector temperaturs: 280°C

Carrier gas: helium

Flow rate: 80 wmb/min
[0033]

{Example 2)

Operations were carried out in the same manner as in Example
1, except that 3.2 g of 2, 2-dimethyl-1l-propancl was used instead of

t-butyl alcchel. As a result, the vield of aromatic dihydroxy



10

15

20

compounds was 37%, the hydroguinone/catechol ratio was 4.8, and the
vield of a solvent oxide was not more than 1%.
{0034]

{Example 3)

Operations were carried ouf in the same manner zs in Example
1, except that 4 mL of 2-methyl-2~butanol was used instead of t-butyl
alceohol. As a result, the yield of aromatic dihydroxy compounds was
48%, the hydroguinone/catechol ratiowas 4.5, andtheyieldof asolvent
oxide was not mors than 1%,
{0035}

(Comparative Example 1)

Opeyations were carried out in the same manner as in Example
1, except that 4 mL of 1, 4-dioxane was used instead of t-butyl alcohol.
Zs 3 result, the yield of aromatic dihydroxy compounds was 38%, the
hydroguinone/catechol ratiowas 5.1, and the vield of a solvent oxide
was 24%.
f0036]

(Comparative Example 2)

Operationg were carried out in the same manner as in Example
1, except that 10 wl of water was used instead of 4 wlh of t-butyl
alcohel and 6 mbLof water. Asaresult, the yieldof aromatic dihydroxy
compounds wag £€3%, and the hydroguinone/catechol ratio waz 0.9.
[0037]

(Comparative Example 3)



Operaticons were carried out in the same manner ag in Example
1, except that & WL of methanol was used instead of t-butyl alcohol.
As a result, the vield of aromatic dihydroxy compounds was 49%, and
the hydroguinons/catechol ratic was 1.2.
s [o038]
{Comparative Example 4)
Operations were carried cut in the same manner as in Example
1, except that 4 mL of 1-butanol was used lnstead of t-butvyl alcchol.
As a result, the vield of aromatic dihydroxy compounds was 17%, and
10 the hydroguinone/catechol ratio was 0.7.
ioozg]
(Comparative Example 5)
Cperations were carried out in the same manner as in Example
1, except that 4 mL of 1l-hexanol wasg used instead of t-butyl alcohol.
15 As 3 result, the yield of aromatic dilwydroxy compounds was 1.6%, and
the hydroquincone/catechol ratio was 0.
[oG40]
{Comparative Example &)
Operations were carried out in the same wmanner as in Example
20 1, except that 4 ml of 2-propancl was used instead of t-butyl alcohel.
As a result, the vield of gromatic dihydroxy compounds was 24%, and
the hydroguinone/catechol ratioc was 1.2.
[0041]

{Comparative Example 7}
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Operations were carried out in the same manner ae in Examplie
1, except that 4 mL of 2-butancl was used instead of t-butyl alcohol.
ks a result, the vield of aromatic dihydroxy compounds was 18%, and
the hydrogquinone/catechol ratio was 1.5.
5 [co42]
(Comparative Example 8)
Operations were carried out in the same manner as in Example
1, except that 4 nL of 3-methyl-3-pentancl was used instead of t-butyl
alcohol. As a result, the yield of aromatic dihydroxy compounds was
10 13%, and the hydroguinone/catechol ratio was 1.7.
[0043]
{Comparative Example 9)
Operatiocns were carried out in the saﬁ@ manner as in Example
1, except that 4 mL of 3-ethyl-3-pentancl was used instead of t-butyl
15 alecohel. As a resul:f, the yvield of aromatic dihydroxy compounds was
£1%, and the hyvdroguinone/catechol ratio was 1.3.
[o0044]
(Comparative Example 10)
Operations were carried out in the same manner as in Example
2¢ 1, except that 4 mL of oyclohexanol was used instead of t-butyl alcohol.
kg =2 result, the vield of aromatic dihydroxy compounds was 15%, and
the hydroguinone/catechel ratio was 1.5.
[0045]

{Comparative Example 11)
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Operations were carried out in the same mannsr as in Example
1, except that 3.7gof 1-methylcyclohexanol was used insteadof t-butyl
alcohel. As a result, the yvield of aromatic dihydroxy compoundsg was
32%, and the hydrogquinone/catechol ratio was 2.0.
5 [oD4s]
(Comparative Example 12}
Operations were carried out in the same manner as in Example
1, except that 4 mL of cyclcohexanemethanol was used instead of t-butyl
alcohel. As a result, the vield of aromatic dihydroxy compounds was
10 5.9%, and the hydrogquincne/catechel ratio was 0.5.
(00473
(Comparative Example 13)
Operationg were carriedlout in the sawe manner as in Example
1, except that 4mLof pivalonitrilewasused insteadof t-butylalcohol.
15  As a result, the vield of aromatic dihydroxy compounds was 2.8%, and
the hydrogquinone/catechol ratio was 0.
[Co4g]
(Comparative Example 14)
Operations were carried out in the same manner as in Example
20 1, except that 4 mL of cyclichexane was used instead of t-butyl alcohol.
As a result, the yield of aromatic dihydroxy compounds was 44%, and
the hydroguinone/catechel ratio was 0.6.
[0049]

{Comparative Example 13)
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Operations were carried out in the same manner as in Example
1, except that 4 mL of benzene was used instead of t-butyl alcohol.
A8 2 result, the yield of aromatic dihydroxy compounds was 63%, and
the hydroguinone/catechel ratioc was 0.8.

[co50]
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[Table 1]
Mags fraction of Yield of arocwatic Hydroguinone Yieldof solvent
Scolvent water or methanol dihydroxy /catechol oxide

- {massh) compounds  {%) ratio (%)
Fx. 1 t-butyl alcohol, water 40 57 4.1 not more than 1
2 2,2-dimethyl-1-propanol, water 40 37 4.8 not more than 1
3 Z-methyl-2-butanol, water 40 48 4.5 not more tharn 1

Comp. Ex. 1 dioxane, water 38 38 5.1 24
2 water 62 63 0.9 not more than 1
2 methancl, water &0 49 1.2 not more than 1

4 i-butanol, water 40 17 0.7 -

5 1 ~haxanol, water 40 1.6 0 -

& 2-propanol, water 40 24 1. -

7 2-butanol, water 40 iB

8 3-methyi-3-pentanol, wabexr 38 i3 L7 -

9 3-ethyl-3-pentancl, water 33 61 -

10 cycliohexanol, water a8 15 1.5 -

13 1-methylcyclohexanol, water 22 a2 -

12 cyelohexanemethanol, wakter 39 5.9 0.5 -

13 pivaleonitrile, water 40 2.8 o -

14 cyclohexane, water 40 44 0.6 -

15 39 63 0.8 -

benzene, water
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[0051]
(Example 4)
Operationg were carried out in the same manner ag in Example

5 1, except that 6 mL of methanol was used instead of water. BAsaresult,
the vield of aromatic dihydroxy compounds was 37%, and the
hydrogquinone/catechol ratio was 3.5.

f0052]

(Comparative Example 18)

Operations were carried cut in the same manner as in Example

ig
1, except that é mL of ethanol was used instead of water. &s a result,
the yield of aromatic dihydroxy compounds was 5.5%, and the
hydroguinone/catechol ratioc was 3.1.
[0053]

15 (Comparative Example 17)

Operations were carried oub in the same mamner as in Example
1, except that 6 mL of acetonitrile was used instead of water. As
a result, the vield of aromatic dihydroxy compounds was 11%, and the

hydroguinone/catechol ratio was 0.5,

20 [CO54])
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[Table 2}
Mags fraction of vield of aromatic Hydroguinone
Solvent water or methanol dihydroxy /catechol
' (masss) compounds (%) ratio
Ex. 1 t-butyl alcohol, water 40 57 4.1
4 t-butyl aloohol, methanol 15 37 3.5
Comp. Bx. 16 t-butyl alcohol, "ethanol 2 mags fractiom of
ethanol 5.5 3.1
32 massy
17 t-butyl alcohol, acetonitrile 2 mass fraction of
acetonitrile 11 0.5

31 mass%
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[00B5]

(Example 5)

In & flask having an internal volume of 50 wL and eguipped with
a condenser, a thermometer and a magnetic stirrer chip, 0.2 g of a
titancsilicate (TE-1) catalyst prepared by the process described in
Catalysis Today 147 {2003}, 186-195, 6.2 g of phenol, 2 mL of t-butyl
alcohol and 0.5 ml of water were placed, and they were heated to 70°C
in an 0il path while stirring with the stirrer. 7To the contents in
the flagk, 0.45 g of 3 34% hydrogen peroxide golution was added, and
they were held for 200 minutes as they were. After the reaction Liguid
was cooled, the catalyst was filtered off, and a part of the reaction
liguid was withdrawn. The residual hydrogen peroxide was determined
by iodometry, and the product was determined by GC.

Ag a result, the yvield of aromatic dihydroxy compounds was 41%,
and the hydroguinone/catechcl ratioc was 1.9,

{Example 52)

Operationg were carried cut inm the same manner as in Examples
5, except that the amount of water was changed to 0. 3% ml. Asaresult,
the yield of aromatic dihydroxy compounds was 43%, and the
hydroguinone/catechol ratio was 1.6.
[0056]

(Exxample 6)

Operations were carried out in the same manner as in Example

5, except that the amount of water was changed to 1 mL. As a result,
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the vield of aromatic dihydroxy compounds was 43%, and the
hydroguinone/catechol ratic was 2.5.
[6057]

(Example 7)

5 Operations were carried out in the same manner as in Examplie
5, except that the amount of water was changed to 32 ml.. As a result,
the yield of aromatic dihydroxy compounds was 53%, and the
hyvdrocuinone/catechel ratio was 3.1.

[c0s8]
10 (Example 8)
Operations were carried out in the same manner as in Example
%, except that the amount of water was chanced o 10 mL. A4s a result,
the vield of aromatic dihydroxy compounds was 56%, aﬁd the
hydroguinone/catechcl ratio was 3.3.
15 10059]
(Example 9)
Operationg were carried out in the same manner as in Example
5, except that the amount of water was changed £0 40 mL. Asg a result,
the vield of aromatic dihydroxy compounds was 52%, and the
20  hydrogquincons/catechol ratio was 3.4.
i0060]
(Comparative Example 18)
Operations werse carried out in the same manner as in Example

5, except that water was not used. As a result, the vield of aromatic



15

31

dihydroxy compounds was 39%, and the hydroguinone/catechol ratioc was

i.4.
[co61]
[Takle 31
Mass fraction of Vield of aromatig Hydroguinone
waterinrsaction dihydroxy /oatechol
liguid {mass%) compounds (%) ratio
Comp. Bx. 18 3.6 3% 1.4
Ex. S5A 8.0 43 1.8
Ex. & 2.2 47 1.8
& 14 43 2.5
7 28 53 3.1
g 57 56 3.3
9 84 52 3.4
{0082]

(Example 10)

In a separable flask with a hot-water jacket, the separable
flaskhavingan internal volume of 500 mL and eguipped with a condenser,
a thermometer, a catalyst slurry feed line, a phenol/solvent feed
line, a hydrogen peroxide solution feed line and a stirring blade,
2.65 g of a titanogilicate (TS-1) catalyst prepared by the process
described in Catalysis Today 147 (2009), 186-195%, 55.66 g of phanol,
39.75 g of t-butyl alcchel and 82.16 g of water were placed, and they
were heated by the hot-water jacket while stirring with the stirring
blade until the internal temperature of the reaction liguid became
70°C. This separable flaskhas asidepipe at the height corresponding

to the internal volume of 230 ml, and when the amount of the reaction
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liguid becomes 230 ml or more, the reaction liguid is removed out
of the separable flask by overflow. To the flask, continucus feeding
of a titanosilicate {(T78-1;) catalyst slurry of 4.0 mass% at a rate
of 2.%8 g/min, a hydrogen peroxide solution of 7.8 mass% at a rate
of 0.71 g/min and a mixed solution of phenol and t-butyl alcchol having
ap_hemcl concentrationof 58.3mass%atarateof 3. 88 g/minwas started,
to initiste continuous oxidation reaction under the conditions of‘
a residence time of 30 minutes. 90 minutes after overflow of the
reacticon iiquid was confirmed, the overflow liquid was withdrawn and
cocled. Thereafter, the catalyst was filtered off, and a part of
the reaction liguid was withdrawn. The regidual hydrogen percoxide
wag determined by iodometry, and the product was determined by gas
chromatography .

Asaresult, theyieldof aromatic dihydroxy compounds was 7C. 1%,
the hydroguinone/catechol ratio was 4.8, and the yvield of a solvent
oxide was not more than 1%.

{0063]

(Example 11}

In a fliask having an internal volume of 300 mL and ecuipped
with é condenser, a thermometer, a stirring blade and & wmechanical
stirrer, 10 g of a titanosilicate (TS-1) catalyst prepared by the
process described in Catalysis Today 147 {(2008), 186-195, 52.5 g of
Prhencl, 50 ml of t-butyl alcchel and 75 mL of Qater were placed, and

they were heated to 70" Cinancil bathwhile stirring with the stirrer.
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To the contents in the flask, 27.%8gof a 34% hydrogen peroxide solution
wag dropwise added through a feed pump over a period of 120 minutes,
and they were held for 60 minutes as they were. After the reaction
liquid was cooled, the catalyst was filtered off, and a part of the
reaction ligquid was withdrawn. The residual hydrogen peroxide was
determined by iodometry, and the product was determined by GC.

Az a result, the yield of aromatic dihydroxy compounds was 59%,
and the hydroquinone/catechol ratio was 4.9.
[0064)

{Example 12)

In a £flask having an internal volume of 50 mL and equipped with
a condenser, a thermometer and a magnetic stirrer chip, the catalyst
having‘be@n £i1tered}off in mxample 11 was placed sco that the content
of the titanosilicate {TS-1) catalyst might bhecome 0.8 g, then 4.2
g of phencl, 4 mL of t-butyl aleohol and 6 ml, of water were placed,
and they were heated to 70°C in an oil bath while stirring with the
stirrer, Tothe contents inthe flask, 2.2g0f a 34% hydrogen peroxids
solution was dropwise added through a feed pump over a period of 120
miputes, and they were held for &0 minutes as they were. After the
reaction liquid was cooled, the catalyst was filtered off, and a part
of the reaction liguid was withdrawn. The residual hydrogen peroxide
was determined by iodometry, and the product was determined by GC.

kg a result, the yield of arcmatic dihydroxy compounds was 12%,

and the hydroguinone/catechol ratic was 2.0.
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[0065]
{Example 13)

Operations were carrvied out in the same manner as in Example
12, sxcept that the catalyst having been filtered off in Exampls 11
wag dried in an aly atmosphere at 200°C for 5 hourse. As a résult,
the yield of arcomatic dihydroxy compounds was 46%, and the
hydroguinone/catechol ratic was 3.6.
{00661

(Example 14)

Cperations were carried cut in the same manner as in Example
12, except that the catalyst having been filtered off in Example 11
was dried in an air atmosphere at 400°C for 5 hours. As 3 result,
the vield of aromatic dihydroxy compounds was 64%, and the
hydroguinone/catechol ratio was 4.8.
[D067]

{Example 15}

Cperationg were carrvied out in the same manner as in Example
12, except that the catalyst having been filtereé.off in Example 11
was dried in an aly atmosphere at 500°C for 5 hours. As a result,
the yield of aromatic dihydroxy compounds was 57%, and the
hydroguincone/catechol ratio was 4.2.
[0oes]

[Table 4}
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Drying Yield of aromatic Hydroguinone
temperature dihydroxy Jeatechol
{("C) compourids (%) ratio
- 59 4.9,
ne drying 12 2.0
200 1 3.6
400 513 4.8
500 57 4,2
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CLATMS

1. B process for producing an aromatic dihydroxy compound,
comprising allowing a phenol compound to react with hydrogen peroxide
in the presence of a titanosilicate, a C4-C5 alcohol containing a
tertiary or gquaternary carben, and watexr and/or methanol, the amount
of the water and/or methanol being 5 to 2C mass% based on the total

mass of the reaction liguid.

2. The progess for producing an arowatic dihydroxy compound
as claimed in claim 1, wherein the water and/cr methanol is present
in an amount of 8 to 90 mass% baged on the total mass of the reaction

liguid,

3. The process for producing an aromatic dihydroxy compound
as clasmed in olaim 1 or 2, wherein the amount of the titancsilicate
i 0.1 to 230 masst in terms of an external ratio based on the total

masg of the reaction liguid.

4. The process for producing an aromatic dihydroxy compound
as claimed in any one of c¢laims 1 to 3, wherein the amount of the
C4-C5 alcohol containing a tertiary or quaternary carbon used is 1

to 90 mass% based on the total mass of the reaction liquid.
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5. The process for producing an aromatic dihydroxy compound
as claimed in any one of claims 1 to 4, wherein the C4-C5 alcchol
containing a tertiary or guaternary carbon ig t-butyl alcchol,
2-~methyl-1-propancl, Z-methyl-I-butanol, 3-methyl-I-butanocl,

2,2~dimethyl-1-propancl, 2-methyl-~2-butancl or 3-methyl-2-butancl.

5. The procese for producing an aromatic dihydroxy compound
as ciaimed in any one of claims 1 to 5, wherein the reaction is carried
out on a suspended bed, the process comprising a catalyst separation

step.

7. The process for producing an aromatic dihydroxy compound
as claimed in claim 6, comprising subjecting the catalyst having been
separated in the catalyst separation step to a drying treatment and

reusing the resulting catalyst for the reaction.

8. The proceass for producing an aromatic dilydroxy compound
ag claimed in claim 7, wherein the drying treatment of the catalyst

ig carried out at 60 to BROO'C.

9. The process for producing an aromatic dihydroxy compound
as claimed in any one of claims 6 to 8, whersein the catalvst separation
step comprises continuously drawing out a liguid phase from the

reaction liquid containing the catalvyst.
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10. The procesgs for producinganaromatic dihydroxy compound,
comprising separating the C4-CS alcechol containing a tertiary or
gquaternary carbon and the water and/or methanol at the same time by
means of distillation from the reaction ligquid as claimed in any one
of claims 6 to 8 fromwhich the catalyst has been separated, and reusing

a part or all of them for the reaction.

11, The process for producing anaromatic dihydroxy compound,
wherein the catalyst having been separated in the catalyst separation
step or the catalyst having been separated in the catalyst separation
step and then subjected to the drying treatment is dispersed in the
C4-C5 aleohol containing a tertiary or guaternary c:érbon and the water
and/or methanol having heen separated in the digtillation step as

claimed in claim 10, and the regsulting dispersion is fed £o a reactor.
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PROCESS FOR PRODUCING ARCMATIC DIHYDROXY COMPOUND

ABSTEACT

[Preblenm] To provide a process for producing an aromatic dihydroxy
compound, in which a hydroguinone compound is highly selectively
produced while suppressing formation of by-products derived from a
solvent and maintaining a high vield based on hydrogen peroxide when
a phenol compound is allowed to react with hydrogen peroxide.

[Solution] A process for producing an aromatic dihydroxy compound,
including allowing a phenol compound to react with hydrogen peroxide
in the presence of a titanozilicate, a C4-C5 alcohol containing =z
tertiary or guaternary carbon, and water and/or methanol, the amount
of the water and/or methanol being 5 Lo $0 mass% based on the total

mass of the reaction ligquid.

(No suitable figure)



