
DESCRIPTION 

PROCESS FOR PRODUCING AROMATIC DIHYDROXY COMPOUND 

Technical Field 

5 	[0001) 

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. 

10 	Background Art 

[0002] 

Aromatic dihydroxy compounds are important as various organic 

synthesis intermediates or raw materials, and are utilized in fields 

of reducing agents, rubber chemicals, dyes, medicines, agricultural 

15 	chemicals, polymerization inhibitors, antioxidants, etc. 	On that 

account, improvements are always being required for processes for 

producing aromatic dihydroxy compounds. 	Examples of the aromatic 

dihydroxy compounds obtained by allowing a phenol compound to react 

with hydrogen peroxide include hydroquinone and catechol, and 

20 	depending upon the production process, the product ratio between 

hydroquinone and catechol varies. 	In recent years, a process 

particularly for highly selectively producing hydroquinone has been 

eagerly desired from the viewpoint of a demand and supply balance 

between hydroquinone and catechol. 



[0003] 

As processes for producing aromatic dihydroxy compounds by 

allowing a phenol compound to react with hydrogen peroxide, a process 

using an inorganic acid as a catalyst [patent literature 1] , a process 

5 using a titanosilicate as a catalyst [patent literature 2], etc. are 

known. -In these processes, however, the hydroquinone/catechol 

product ratio (by mot) is not more than 1.5, and a process for more 

highly selectively producing hydroquinone is being desired. 

[0004] 

10 As methods for improving selectivity forhydroquinones , amethod 

using a titanosilicate as a catalyst and using a cyclic ether such 

as dioxane as a solvent [patent literature 3], a method using' an 

aliphatic polyether compound such as ethylene glycol dimethyl ether 

[patent literature 4] and a method using a polyalkylene glycol 

15 monoether compound such as polyethylene glycol mono-4-octyl phenyl 

ether [patent literature 5) have been developed. 	In these methods, 

however, there are problems that by-products derived from a solvent 

used are fouued because the solvent is liable to react with hydrogen 

peroxide and that the yield based on hydrogen peroxide is lowered 

20 because of formation of these by-products. 

Citation List 

Patent Literature 

[0005] 



3 

Patent literature 1: 	U.S. 	Patent No. 	3,849,502 

Patent literature 2: 	U.S. 	Patent No. 	4,396,783 

Patent literature 3: JP-A 1993-170684 

Patent literature 4: JP-A 2001-158756 

Patent literature 5: 	JP-A 2002-105011 

Summary 

Technical Problem 

[0006] 

Under 	such 	circumstances 	as 	previously 	described, 	the 

present 	disclosure 	addresses 	the 	problem 	of 	providing 	a 

process for producing an aromatic dihydroxy compound, in which 

a hydroquinone compound is highly selectively produced while 

suppressing 	formation of 	by-products 	derived from a 	solvent 

and maintaining a high yield based on hydrogen peroxide 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 	C4-05 	alcohol 	containing 	a 

tertiary or quaternary carbon, 	and water and/or methanol, 	the 

amount of the water and/or methanol being 5 to 90 mass% 
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based on the total mass of the reaction liquid. 

[0008] 

The water and/or methanol is preferably present in an amount 

of 8 to 90 mass% based on the total mass of the reaction liquid. 

5 In the above process, the amount of the titanosilicate is 

preferably 0.1 to 30 mass% in teuus of an external ratio based on 

the total mass of the reaction liquid. 

The amount of the C4-05 alcohol containing a tertiary or 

quaternary carbon used is preferably 1 to 90 rrass% based on the total 

10 	mass of the reaction liquid. 

The 04-05 alcohol containing a tertiary or quaternary carbon 

is preferably t-butyl alcohol, 2-methyl-l-propanol, 

2-methyl-l-butanol, 	3-methyl-l-butanol, 	2,2-dimethyl-l-propanol, 

2-methyl-2-butanol or 3-methyl-2-butanol. 

15 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 

is reused for the reaction. 

20 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 liquid phase from the reaction liquid 

containing the catalyst. 
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It 	is 	preferable 	that 	the 	C4-05 	alcohol 	containing 	a 

tertiary or quaternary carbon and the water and/or methanol 

are separated at the same time by means of distillation from 

the 	reaction 	liquid 	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 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 C4-05 

alcohol 	containing 	a 	tertiary 	or 	quaternary 	carbon 	and 	the 

water 	and/or 	methanol 	having 	been 	separated 	in 	the 

distillation step, 	and the 	resulting dispersion is 	fed to a 

reactor. 

Advantageous Effects 

[0009] 

According to the process of the present disclosure, 	the 

solvent 	is 	hardly 	oxidized, 	and 	therefore, 	wasteful 

consumption 	of 	hydrogen 	peroxide 	is 	reduced, 	a 	high 	yield 

based on hydrogen peroxide 	is maintained, 	and production of 

hydroquinone compound with high selectivity is made possible. 

On this account, 	it becomes feasible to produce a hydroquinone 

compound 	without 	being 	influenced 	by 	a 	demand 	and 	supply 

balance 	between 	a 	hydroquinone 	compound 	and 	a 	catechol 

compound, 	so that the process of the present disclosure is of 

industrial significance. 



Description of Embodiments 

[0010] 

The phenol compound used in the present invention includes 

unsubstituted phenol and substituted phenols. 	Examples of the 

5 substituted phenol include alkylphenols substituted by a 

straight-chain or branched alkyl group (s ) having 1 to 6 carbon atoms, 

such as 	ethyl group, ethyl group, isopropyl group, butyl group and 

hexyl group, or a cycloalkyl group(s). 

[0011] 

10 Examples of the phenol compound include phenol , 2 -methylphenol , 

3-methylphenol, 2,6-dimethylphenol, 2,3,5-trimethylphenol, 

2-ethylphenol, 3- isopropylphenol, 2-butylphenol and 

2-cyclohexylphenol. 	In particular, phenol is preferable. 	When the 

phenol compound has substituents at both of the 2-position and the 

15 6-position, the product is a hydroquinone derivative only. 

[0012] 

Specific examples of the aromatic dihydroxy compound that is 

a reaction product include a hydroquinone compound (substituted or 

unsubstituted hydroquinone) and a catechol compound (substituted or 

20 unsubstituted catechol) 	and include more specifically, hydroquinone, , 

catechol, 2-methylhydroguinone, 3-methylcatechol, 4-methylcatechol, 

3-methylhydroquinone, 1,4-dimethylhydroquinone, 

1,4-dimethvlcatechol, 	3,5-dimethylcatechol, 

2,3-dimethylhydroquinone, and 2,3-dimethvlcatechol 
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[0013] 

Thepresentinventioncanbecarriedoutbyanyofabatchprocess, 

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 maybe carried out by any of these 

methods. 

[0014] 

In the present invention, the total mass of the reaction ii quid 

is the total mass of liquid components in the reaction system. 	That 

is to say, the total mass does not include amass of a solid component 

such as the titanosilicate. 

Examples of the liquid components in the reaction system include 

the phenol compound, hydrogen peroxide 	04-05 alcohol containing 

a tertiary or quaternary carbon, water and/or methanol, the aromatic 

dihydroxy compound and a reaction by-product. 	If necessary, other 

included within limits not detrimental to the solvents, etc. maybe 

effect of the present invention. 	With progress of the reaction, the 

amount of the reaction product increases, but the total mass of the 

reaction liquid 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 

(SiO2) ,(Ti02)(1.„). 	The value of x/ (1-x) is in the range of 5 to 1000, 
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preferably 10 to 500. 	The titanosilicate canbe preparedbyapuhlicly 

known process. 	For example, a process comprising subjecting an 

alkoxide of silicon and an alkoxide of titaniumto a hydrotheimal 

synthesis in the presence of a quaternary ammonium salt or the like 

is general, as described in U.S. Patent No. 4,410,501 and Catalysis 

Today 147 (2009), 186-195. 	When the quaternary ammonium salt used 

is a tetrapropyl ammonium salt, the resulting titanosilicate has an 

MFI structure, and such a titanosilicate is preferably used. 	As the 

MFI type titanosilicate, a commercially available one may be used 

10 as long as the 	(S 02)x*(Ti02)(lix) is within a given range. 

Although the titanosilicate catalyst may be used as it is, it 

may be used after it is molded according to the packing method for 

the catalyst. 	As amethod formoldingthe catalyst, extrusionmolding, 

tablet making, tumbling granulation, spray granulation or the like 

15 is generally used. 	When the catalyst is used in the fixed bed method, 

extrusion molding or tablet making is preferable, 	In the case of 

the suspended bed method, spray granulation is preferable, and as 

described in, 	for example, U.S. Patent No. 4,701,428, a method 

comprising mixing a titanosilicate suspension prepared in advance 

20 with a silica raw material and carrying out spray granulation using 

a spray dryer is a general method. 	As the silica raw material.,an 

alkoxide of silicon, a colloidal silica, dissolved silica in water, 

a sodium silicate (water glass), a potassium silicate or the like 

can be used. 	However, if metallic impurities other than silicon are 
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contained, evil influence is exerted on the catalytic performance, 

and therefore, preferable are the alkoxide of silicon, the colloidal 

silica and the dissolved silica in water in each of which the amounts 

of impurities are small. 	After the spray granulation, drying or 

calcining may be carried out . 	The mean particle diameter of the molded 

catalyst obtained by spray granulation is preferably in the range 

of 0.1 pm to 1000 pm, more preferably S um to 100 pm. 	When the mean 

particle diameter of the molded catalyst is not less than 0.1 pm, 

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 pm, the catalyst has 

good performance and high strength, so that such a mean particle 

diameter is preferable 

[0016] 

The amount of the titanosilicate catalyst used is preferably 

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 

liquid. 	When the amount of the catalyst is not less than 0.1 massl, 

the reaction is completed in a short period of time and productivity 

is enhanced, so that such an amount 	s preferable. 	When the amount 

thereof is not more than 30 mass%, the amount of the catalyst to be 

separated and recovered is small, so that such an amount is preferable. 

[0017] 

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

concentration of hydrogen peroxide used is not specifically restricted, 

a usual aqueous solution having a concentration of 30% may be used, 

or an aqueous hydrogen peroxide solution of a higher concentration 

5 may be used as it is or may be used after it is diluted with a solvent 

that is inert in the reaction system. 	Examples of the solvent used 

for dilution include an alcohol compound and water. 	Hydrogen peroxide 

may be added at once or may be added little by little over a long 

period of time. 

10 [0018] 

Examples of the C4 -05 alcohol containing a tertiary or quaternary 

carbon for use in the present reaction include t-butyl alcohol, 

2 -methyl -1 -propanol , 	2 -methyl - 1 -butanol , 3 -methyl -1 -butanol , 

2,2 -dime thyl -1 -propanol , 2 -methyl- 2 -butanol and 3 -methyl-2 -butanol . 

15 Of these, t 	u yl alcohol, 2,2-d 	ethyl - 1 -propanol and 

2-methyl-2-butanol are preferable. 	When such an alcohol compound 

is contained, selectivity for a hydroqui none compound can be enhanced. 

It is known that an alcohol such as methanol is coordinated 

to Ti of a titanosilicate to accelerate oxidation reaction due to 

20 hydrogen peroxide. 	It is presumed that the C4-05 alcohol containing 

a tertiary or quaternary carbon, such as t-butyl alcohol, has a 

bulky structure, and when it is coordinated to Ti, the moderately 

para. position of the phenol compound is selectively oxidized by virtue 

of steric hindrance around Ti. 	However, it is presumed that in the 
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case of amore bulky alcohol, improvement in selectivity is not observed 

because such an alcohol cannot get into a pore of the titanosilicate 

or is hardly coordinated to Ti. 

[0019] 

5 The amount of the 04-05 alcohol containing a tertiary or 

quaternary 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 

liquid. 

[0020] 

10 An amount of not less than 1 mass% is preferable from -he viewpoint 

of high selectivity for the hydroquinone compound, and an amount of 

not more than 90 mass% is preferable from the viewpoints of a high 

reaction rate and a small amount of a solvent recovered. 

As the water and/or methanol in the present invention, water 

15 may be used, or methanol may be used, or 	ater and methanol may be 

used in combination in an arbitrary ratio. 

It is known that when a protic solvent is present, an oxidation 

active species is stabilized, or proton transfer is accelerated. 	It 

is presumed that by the use of water or methanol, protic small molecules 

20 thereof stabilize an oxidation active species or accelerate proton 

transfer also in the present reaction, whereby the reaction is 

accelerated. 

[0021] 

The water may be water contained in the aqueous hydrogen peroxide 
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solution. 	The amount of the water and/or methanol is preferably in 

the range of 5 to 90 mass%, more preferably in the range of 8 to 90 

mass%, still more preferably in the range of B to 85 mass%, based 

on the total mass of the reaction licruid. 

Since the yield 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 preferably 

not less than 5 mass', more preferably not less than B mass%, more 

preferably not less than 9 mass%, more preferably not less than 12 

10 mass%, more preferably not less than 20 mass%, more preferably not 

less than 30 mass%, more preferably not less than 40 mass%, and more 

preferably not less than 50 mass%. 

[0022] 

15 

When the upper limit thereof is not more than 90 mass%, 

selectivity for the hydroquinone compound is high, the reaction rate 

is high, and the amount of the solvent recovered is small. 

It is desirable 	ha 	the reaction 	quid, the reaction raw 

materials (the phenol compound, hydrogen peroxide) are contained in 

amounts of 10 to 94 mass%, preferably 13 to 80 mass%. 	When, the amounts 

20 of the reaction 	materials are in this range, a desired aromatic 

dihydroxy compound can be efficiently produced by the process of the 

present invention. 

[0023] 

It is desirable that the ratio (mass ratio) between the amount 
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of the C4-05 alcohol containing a tertiary or quaternary carbon used 

and the amount of the water/methanol used (C4-05 alcohol containing 

a tertiary or quaternary carbon : water/methanol) is 1:99 to 90:10, 

preferably 3:97 to 80:20. 

5 When the ratio between them is the above ratio, the yield of 

the aromatic dihydroxy compound is high, and the selectivity for the 

hydroquinone compound is enhanced. 

[0024] 

The reaction temperature is preferably in the range of 30° C 

10 to 130°C, more preferably 40°C to 100°C. 	Also 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. 	Thereactionpressure isnotspecificallyrestricted. 

[0025] 

15 The present reaction may be carried out batchwise, or may be 

carried out semi-batchwise, or may be carried out continuously. 	When 

the reaction is carried out continuously, the reac 	on may be carried 

out in a suspension type homogeneous mixing tank or in a fixed bed 

flow type plug flow reactor 	odel. 	Further, plural reactors may be 

20 connected 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 maybe divisionally placed in 

them. 

When the present reaction is carried out on a suspended bed, 
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it is preferable that a step of separating the catalyst from the reaction 

liquid is included. 	For the separation of the catalyst, precipitation 

separation, centrifugal filter, pressure filter, filter press, leaf 

filter, rotary filer or the like is used. 	In the case of a continuous 

S filter such as rotary filter, a concentrated catalyst suspension, 

which is the one after a liquid phase is drawn out from the reaction 

liquid containing the catalyst, can be used for the reaction again 

When the reaction is carried out continuously, the liquid phase is 

continuously drawn out. 	When the catalyst is taken out as not a 

10 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 dryer, rotary dryer, spray 

dryer, flash dryer or the like is used. 	The drying treatment can 

15 be carried out in an atmosphere of an inert gas such as nitrogen, 

an atmosphere of air, 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 is preferably 

60 to 800°C, particularly preferably SO to 600° C. 	When the drying 

20 temperature is this temperature, organic substances having adhered 

can be reduced without markedly deteriorating perfo_mance of the 

catalyst. 	The drying treatment can be also carried out by combining 

plural different temperature regions. 

[0026] 
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In order toobtainadihydroxy compound from the reaction liquid, 

a purification treatment such as removal of unreacted components and 

by-products maybe carried out on the reaction liquid or a separate 

liquid containing a dihydroxy compound, said separate liquid being 

5 the one after separation of the catalyst. 	The purification treatment 

can be carried out more preferably on the separate liquid containing 

a dihydroxy compound, said separate liquid being the one after 

separation of the catalyst. 	The method for the purification treatment 

is not specifically restricted, and specific examples of the methods 

10 include oil/water separation, extraction, distillation, 

crystallization and combinations of these methods, 	The method, the 

procedure, etc. of the purification treatment are not specifically 

restricted, but for example, the following method makes it possible 

to purify the reaction liquid and the separate liquid containing a 

15 dihydroxy compound, said separate liquid being 	btained after 

separation of the catalyst. 

When the reaction liquid separates into 2 phases of an oil phase 

and an aqueous phase, oil/water separation is possible. 	By the 

oil/water separation, an aqueous phase having a low content of a 

20 dihydroxy compound is removed, and an oil phase is recovered. 	In 

this case, from the aqueous phase thus separated, the dihydroxy 

compound maybe recovered by extraction or distillation, or a part 

or all of the aqueous phase may be used for the reaction again. 	It 

is possible to disperse the catalyst having been separated in the 
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catalyst separation step or the catalyst having been subjected to 

a drying treatment in the separated aqueous phase and to feed the 

resulting dispersion to the reactor. 	On the other hand, the oil phase 

is desirably further subjected to a purification treatment through 

5 extraction, distillation, crystallization and the like. 

[0027] 

For the extraction, a solvent such as 1-butanol, toluene, 

isopropyl ether or methyl isobutyl ketone is used. 	By combining 

extraction with oil/water separation, 	it becomes feasible to 

10 efficiently carry out the oil/water separation. 	It is preferable 

that the extraction solvent is separated and recovered by a 

distillation column, then recycled. 

The distillation may be carried out on the reaction liquid, 

which is the one just after the catalyst separation, or may be carried 

15 out on the oil phase and the aqueous phase, which are the ones after 

the oil/water separation. 	Further, the extraction liquid may be 

distilled.  

In the case where the reaction liquid, which is the one just 

after the catalyst separation, is distilled, it is preferable to 

20 separate low-boiling components such as water and an alcohol compound 

first. 	Water and the alcohol compound may be separated by different 

distillation columns, or may be separated by one distillation column. 

In the present invention, it is desirable to separate water, methanol 

and the C4-05 alcohol containing a tertiary or quaternary carbon at 
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the same time by distillation. 

A part or all of the thus separated water, methanol and C4-05 

alcohol compound containing a. tertiary or quaternary carbon ma.y be 

used for the reaction again. 	Further, it is also possible to disperse 

5 the catalyst having been separated in the catalyst separation step 

having been 	to drying treatment in the thus or the catalyst 	 subjected 

separated water, methanol or 04-05 alcohol compound containing a 

tertiary or quaternary carbon and to feed the resulting dispersion 

to the reactor. 

10 [0028] 

Af ter water or the alcohol compound is separated by the operation 

of oil/water separation, extraction, distillation or the like, the 

phenol compound may be recovered by the next distillation operation 

and may be used for the reaction again, 	When water remaining 

15 unseparated is contained in the recovered phenol compound, the water 

can be removed by adding isopropyl ether or toluene and perfoi<<iing 

azeotropic distillation. 	This azeotropic distillation can be 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 alcohol 

20 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 benzoquinone 
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compound that is a reaction by-product, they can be fed to the reactor 

again togetherwith the phenol compound. 

After the separation of the phenol compound, the hydroquinone 

compound and the catechol compound can be separated by removing a 

5 	component having a higher boiling point than the aromatic dihydroxy 

compound by distillation, and carrying out the next distillation 

operation. 	Further, by drawing out the hydroquinone compound from 

a middle tray of the distillation column, the high-boiling component, 

the hydroquinone compound and the catechol compound can be separated 

10 	by one distillation operation. 

By removing impurities through distillation or crystallization 

whenneeded, purityof the resultinghydroquinone compoundandcatechol 

compound can be enhanced. 

[0029] 

15 The thus obtained aromatic dihydroxy compounds such as 

hydroquinone are useful as various organic synthesis intermediates 

or raw mate 	ls, and are utilized in fields of reducing agents, rubber 

chemicals, dyes, medicines, agricultural chemicals, polymerization 

inhibitors, antioxidants, etc. 

20 	[0030] 

[Examples] 

The present invention will be described in more detail with 

reference to the following examples, but it should be construed that 

the present invention is in no way limited to those examples. 
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Yield of aromatic dihydroxy compound 	t 	= 

[(number of moles of hydroquinone produced) + (number 

of moles of catechol produced)) + (number of moles of hydrogen peroxide 

added) x 100 

5 Hydroquinone/catechol ratio = 

(number of moles of hydroquinone produced) + (number of 

moles of catechol produced) x 100 

Yield of solvent oxide (t) = 

(number of moles of solvent oxide produced) + (number 

10 of moles of hydrogen peroxide added) x 100 

Mass fraction of water or methanol in reaction liquid (%) = 

[(mass of water or methanol added) + (mass of water 

contained in hydrogen peroxide solution added)] 	+ (total mass of 

reaction liquid) 	x 100 

15 [0031] 

(Example 1) 

In a .flask having an internal volume of 50 riLL 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 

20 described in Catalysis Today 147 (2009), 186-195, 6.2 g of phenol, 

4 mL of t-butyl alcohol 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 the flask, 0.46 g of a 34% aqueous hydrogen peroxide 

solution was dropwise added through the feed pump over a period of 
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10 minutes, and they were held for 190 minutes as they were. 	After 

the reaction liquid was cooled, the catalyst was filtered off, and 

apart of 	he reaction liquid was withdrawn. 	The residual hydrogen 

peroxide was determined by iodometry, and the product was determined 

5 by gas chromatography. 

As a result, the yield of aromatic dihydroxy compounds was 57%, 

the hydroquinone/catechol ratio was 4.1, and the yield of a solvent 

oxide was not more than 1%-. 

[0032] 

10 [Analytical conditions of gas chromatography] 

Detector: flame ionization detector (FID) 

Column• DE-5 (Agilent J&W), inner diameter 0.25 mm, length 60 

m, film thickness 0.25 um 

Column temperature: maintained at 80°C for 10 minutes and 

15 elevated up to 280°C at a temperature elevation rate of CC/min 

Injection port temperature: 280"C 

Detector temperature: 280'C 

Carrier aas: helium 

Flow rate: 80 mL/min 

20 [0033] 

(Example 2) 

Operations were carried out in the same manner as in Example 

1, except that 3.2 g of 2,2-dimethyl-l-propanol was used instead of 

t-butyl alcohol. 	As a result, the yield of aromatic dihydroxy 



compounds was 37%, the hydroquinone/catechol ratio was 4.8, and the 

yield of a solvent oxide was not more than 1%. 

[0034] 

(Example 3) 

5 Operations were carried out in the same manner as in Example 

1, except that 4 mL of 2-methyl- 2-butanol was used instead of t-butyl 

alcohol. 	As a result, the yield of aromatic dihydroxy compounds was 

48%, the hydroquinone/catechol ratio was 4.5, and the yield of a solvent 

oxide was not more than 1%. 

10 [0035] 

(Comparative Example 1) 

Operations were carried out in the same manner as in Example 

except that 4 nth of 1, 4-dioxane was used instead of t -butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 38%, the 

15 hydroquinone/catechol ratio was 5.1, and the yield of a solvent oxide 

was 24%. 

[0036] 

(Comparative Example 2) 

Operations were carried out in the same manner as in Example 

20 1, except that 10 mL of water was used instead of 4 mL of t-butyl 

alcohol and 6 mL of water. 	As a result, the yield of aromatic dihydroxy 

compounds was 63%, and the hydroquinone/catechol ratio was 0.9. 

[0037] 

(Comparative Example 3) 
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Operations were carried out in the same manner as in Example 

1, except that 4 ml, of methanol was used instead of t-butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 49%, and 

the hydroqu none/catechol ratio was 1.2. 

5 [0038] 

(Comparative Example 4) 

Operations were carried out in the same manner as in Example 

1, except that 4 ml, of 1-butanol was used instead of t-butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 17%, and 

10 the hydroquinone/catechol ratio was 0.7. 

[0039] 

(Comparative Example 5) 

Operations were carried out in the same manner as in Example 

1, except that 4 ml, of 1-hexanol was used instead of t-butyl alcohol. 

15 As a result, the yield of aromatic dihydroxy compounds was 1.6%, and 

the hydroquinone/catechol ratio was 0. 

[0040] 

(Comparative Example 6) 

Operations were carried out in the same manner as in Example 

20 1, except that 4 mL of 2 -probanol was used instead of t-butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 24%, and 

the hydroquinone/catechol ratio was 1.2. 

[0041] 

(Comparative Example 7) 
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Operations were carried out in the same manner as 	n Example 

1, except that 4 ml, of 2-butanol was used instead of t-butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 18%, and 

the hydroqu none/catechol ratio was 1.5. 

5 [0042] 

(Comparative Example 8) 

Operations were carried out in the same manner as in Example 

1, except that 4 mL of 3-methyl-3-pentanol was used instead of t-butyl 

alcohol. 	As a result, the yield of aromatic dihydroxy compounds was 

10 13%, and the hydroquinone/catechol ratio was 1.7. 

[0043] 

(Comparative Example 9) 

Operations were carried out in the same manner as in Example 

1, except that 4 mL of 3-ethyl-3-pentanol was used instead of 	butyl 

15 alcohol. 	As a result, the yield of aromatic dihydroxy compounds was 

61%, and the hydroquinone/catechol ratio was 1.3. 

[0044] 

(Comparative Example 10) 

Operations were carried out 	the same manner as in Example 

20 1, except that 4 mLof cyclohexanol was used insteadof t-butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 15%, and 

the hydroquinone/catechol ratio was 1.5. 

[0045] 

(Comparative Example 11) 
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Operations were carried out in the same manner as in Example 

1, except that 3.7 g of 1 -methylcyclohexanol was used instead of t - butyl 

alcohol. 	As a result, the yield of aromatic dihydroxy compounds was 

32%, and the hydroguinone/catechol ratio was 2.0. 

5 [0046] 

(Comparative Example 12) 

Operations were carried out in the same manner as in Example 

1, except that 4 mL of cyclohexanemethanol was used instead of t-butyl 

alcohol. 	As a result, the yield of aromatic dihydroxy compounds was 

10 5.9%, and the hydroquinone/catechol ratio was 0.5. 

[0047] 

(Comparative Example 13) 

Operations were carried out in the same manner as in Example 

1, except that 4 mL of p iva loni tri le was used instead of " butyl alcohol . 

15 As a result, the yield of aromatic dihydroxy compounds was 2.8%, and 

the hydroquinone/catechol ratio was 0. 

[0048] 

(Comparative Example 14) 

Operations were carried out in the same manner as in Example 

20 1, except that 4 ml., of cyclohexane was used instead of t -butyl alcohol. 

As a result, the yield of aromatic dihydroxy compounds was 44%, and 

the hydroquinone/catechol ratio was 0.6. 

[0049] 

(Comparative Example 15) 
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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. 

As a result, the yield of aromatic dihydroxy 

the hydroguinone/catechol ratio was 0.8. 

compounds was 63%, and 

5 [0050] 
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(Table 1) 

Mass fraction of Yield of aromatic Hydroquinone Yield of solvent 

Solvent 	 water or methanol dihydroicy /catechol oxide 

(mass%) compounds (%) ratio (%) 

Ex. 1 t-butyl alcohol, water 40 57 4.1 not more than 1 

2 2,2-dimethyl-l-propanol, water 40 37 4.8 not more than 1 

3 2-methyl-2-butanol, water 40 48 4.5 not more than 1 

Comp. Ex. 1 dioxane, water 38 38 5.1 24 

2 water 62 63 0.9 not more than 1 

3 methanol, water 	- 60 49 1.2 not more than 1 

4 1-butanol, water 40 17 0.7 - 

5 1-hexanol, water 40 1.6 0 - 

6 2-propanol, water 40 24 1.2 - 

7 2-butanol, water 40 18 1.5 - 

8 3-methyl-3-pentanol, water 39 13 1.7 - 

9 3-ethyl-3-pentanol, water 39 61 1.3 - 

10 cyclohexanol, water 38 15 1.5 - 

11 1-methylcyclohexanol, water 39 32 2.0 - 

12 cyclohexanemethanol, water 39 5.9 0.5 - 

13 pivalonitrile, water 40 2.8 0 - 

14 cyclohexane, water 40 44 0.6 - 

15 benzene, water 39 63 0.8 - 
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[0051] 

(Example 4) 

Operations were carried out in the same manner as in Example 

5 	1, except that 6 mL of methanol was used instead of water. 	As a result, 

the yield of aromatic dihydroxy compounds was 37%, and the 

hydroquinone/catechol ratio was 3.5. 

[0052] 

(Comparative Example 16) 

10 Operations were carried out in the same manner as in Example 

1, except that 6 mL of ethanol was used instead of water. 	As a result, 

the yield of aromatic dihydroxy compounds was 5.5%, and the 

hydroquinone/catechol ratio was 3.1. 

[0053] 

15 (Comparative Example 17) 

Operations were carried out in the same manner as in Example 

1, except that 6 mL of acetonitriie was used instead of water. 	As 

a result, the yield of aromatic dihydroxy compounds was 11%, and the 

hydroquinone/catechol ratio was 0.5. 

20 	[0054] 
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[Table 2] 

Solvent 

Mass fraction of 

water or methanol 

(mass%) 

Yield of aromatic 

dihydroxy 

compounds (%) 

Hydroquinone 

/catechol 
ratio 

Ex. 1 

4 

Comp.Ex.16 

17 	' 

t-butyl alcohol, water 

t-butyl alcohol, methanol 

t-butyl alcohol, ethanol 

t-butyl alcohol, acetonitrile 

40 

35 

2 

2 

mass fraction of 

ethanol 

32 mass% 

mass fraction of 

acetonitrile 

31 mass% 

57 

37 

5.5 

11 

4.1 

3.5 

3.1 

0.5 
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[0055] 

(Example 5) 

Ina flask having an internal volume of 50 mL and equipped with 

a condenser, a thermometer and a magnetic stirrer chip, 0.2 g of a 

S titanosilicate (TS-1) catalyst prepared by the process described in 

Catalysis Today 147 (2009), 186-195, 6.2 g of phenol, 2 mL of t-butyl 

alcohol and 0.5 mr, of water were placed, and they were heated to 70°C 

in an oil 	ath while stirring with the stirrer. 	To the contents in 

the flask, 0.45 g of a 345 hydrogen peroxide solutionas added, and 

10 they were held for 200 minutes as they were . 	After the reaction liquid 

was cooled, the catalyst, 	a 	filtered off, and apart of the reaction 

liquid was withdrawn. 	The residual hydrogen peroxide was determined 

by iodometry, and the product was determined by GC. 

15 

As a result, the yield of aromatic dihydroxy compounds was 41%, 

and the hydroguinone/catechol ratio was 1.9. 

(Example 5A) 

Operations were carried out in the same manner as in Example 

5, except that the amount of water was changed to 0.39 mL. 	As a result, 

the yield of aromatic dihydroxy compounds was 43%, and the 

20 hydroquinone/catechol ratio was 1.6. 

[0056] 

(Example 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 yield of aromatic dihydroxy compounds was 43%, and the 

hydroquinone/catechol ratio was 2.5. 

[0057) 

(Example 7) 

5 Operations were carried out in the same manner as in Example 

5, except that the amount of water 	as changed to 3 mL. 	As a result, 

the yield of aromatic dihydroxy compounds was 53%, and the 

hydroquinone/catechol ratio was 3.1. 

[0058] 

10 (Example 8) 

Operations were carried out in the same manner as in Example 

5, except that the amount of water was changed to 10 mL. 	As a result, 

the yield of aromatic dihydroxy compounds was 56%, and the 

hydroquinone/catechol ratio was 3.3. 

15 [0059] 

(Example 9) 

Operationsere carried out in the same manner as in Example 

5, except that the amount of water was changed to 40 mL. 	As a result, 

the yield of aromatic dihydroxy compounds was 52%, and the 

20 hydroquinone/catechol ratio was 3.4. 

[0060] 

(Comparative Example 18) 

Operations were carried out in the same manner as in Example 

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



31 

S 

10 

15 

dihydroxy compounds was 3996, and the hydroquinone/catechol ratio was 

1.4. 

[0061] 

[Table 3] 

Mass fraction of 	Yield of aromatic 	Hydroquinone 
water in reaction 	dihydroxy 	/catechol 
liquid (mass%) 	compound= 	() 	ratio 

	

Comp. Ex. 18 	3.6 	 39 	 1.4 
Ex. 	5F).. 	8.0 	 43 	 1.6 
Ex. 	5 	9.2 	 41 	 1.9 

	

6 	14 	 43 	 2.5 

	

7 	29 	 53 	 3.1 

	

8 	57 	 56 	 3.3 

	

9 	84 	 52 	 3.4 

[0062] 

(Example 10) 

In a separable flask with a hot-water jacket, the separable 

flask having an internal volume of 500 mL and equipped 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 titanosilicate (T9-1) catalyst prepared by the process 

described in Catalysis Today 147 (2009), 186-195, 55.66 g of phenol, 

39.75 o of t-butyl alcohol 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 liquid became 

70° C. 	This separable flask has a side pipe at the height corresponding 

to the internal volume of 230 mL, and when the amount of the reaction 
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quid becomes 230 mL or more, the reaction liquid is removed out 

of the separable flask by overflow. 	To the flask, continuous feeding 

of a titanosilicate (TS-1) 	catalyst slurry of 4.0 mass% at a rate 

of 2.98 g/min, a hydrogen peroxide solution of 7.8 mass% at a rate 

5 of 0 . 71 g/min and amixed solution of phenol and t-butyl alcohol having 

aphenol consent, ation of 58.3 mass% at a rate of 3 .98 g/minwas started, 

to initiate continuous oxidation reaction under the conditions of 

a residence time of 30 minutes. 	90 minutes after overflow of the 

reaction liquid was confiimed, the overflow liquid was withdrawn and 

10 

15 

cooled. 	Thereafter, the catalyst was filtered off, and a part of 

the reaction liquid was withdrawn. 	The residual hydrogen peroxide 

was determined by iodo etry, and the product was determined by gas 

chromatography. 

As a result, the yield of aromatic dihydroxy compounds was 70.1%, 

the hydroquinone/catechol ratio was 4.8, and the 	of a solvent yield 

oxide was not more than 1%. 

[0063] 

(Example 11) 

In a flask having an internal volume of 300 mL and equipped 

20 with a condenser, a thermometer, a stirring blade and a mechanical 

stirrer, 10 g of a titanosilicate (TS-1) catalyst prepared by the 

process described in Catalysis Today 147 (2009), 196-195, 52.5 g of 

phenol, 50 mL of t-butyl alcohol and 75 mL of water were placed, and 

they were heated to 70 ' C in an oil bath while stirring with the stirrer. 
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To the contents in the flask, 27.9 g of a 34% hydrogen peroxide solution 

was 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 

5 reaction liquid was withdrawn. 	The residual hydrogen peroxide was 

determined by iodometry, and the product was determined by GC. 

As a result, the yield of aromatic dihydroxy compounds was 59%, 

and the hydroquinone/catechol ratio was 4.9. 

[0064] 

10 (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 been filtered off in Example 11 was placed so that the content 

of the titanosilicate (TS-1) catalyst might become 0.8 g, then 4.2 

15 g of phenol, 4 mL of --butyl alcohol and 6 mil, of water were placed, 

and they were heated to 70°C in an oil bath while stirring with the 

stirrer. 	To the contents in the flask, 2.2 g of a 34% hydrogen peroxide 

solution was dropwise added through a feed pump over a period of 120 

minutes, and they were held for 60 minutes as they were. 	After the 

20 reaction liquid was cooled, the catalyst was filtered off, and a part 

of the reaction liquid was withdrawn. 	The residual hydrogen peroxide 

was determined by iodometry, and the product was determined by GC. 

As a result, the yield of aromatic dihydroxy compounds was 12%, 

and the hydroquinone/catechol ratio was 2.0. 
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[00651 

(Example 13) 

Operations were carried out in the same manner as in Example 

12, except that the catalyst having been filtered off in Example 11 

5 	was dried in an air atmosphere at 200`C for 5 hours. 	As a result, 

the yield of aromatic dihydroxy compounds was 46%, and the 

hydroquinone/catechol ratio was 3.6. 

[0066] 

(Example 14) 

Operations10 	were carried out 	the same manneras in Example 

12, except that the catalyst having been filtered off in Example 11 

was dried in an air atmosphere at 400`C for S hours. 	As a result, 

the yield of aromatic dihydroxy compounds was 64%, and the 

hydroquinone/catechol ratio was 4.8. 

15 	[0067] 

(Example 15) 

Operations were carried out 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 500° C for S hours. 	AS a result, 

20 	the yield of aromatic dihydroxy compounds was 57%, and the 

hydroquinone/catechol ratio was 4.2. 

[0068] 

[Table 4] 
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Drying 

temperature 

VC) 

Yield of aromatic 

dihydromy 

compounds (t) 

Hydroguinone 
/catechol 
ratio 

Ex. 11 
Ex. 12 

Ex. 13 
Ex. 14 
Ex. 15 

- 
no drying 

200 
400 
500 

59 
12 

'46 
64 

57 

4.9. 
2.0 
3.6 

4.8 
4.2 
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CLAIMS 

1. A process for producing an aromatic dihydroxy compound, 

comprising allowing a phenol compound to react with hydrogen peroxide 

5 in the presence of a titanosilicate, a C4-05 alcohol containing a 

tertiary or quaternary carbon, and water and/or methanol, the amount 

of the water and/or methanol being 5 to 90 mass% based on the total 

mass of the reaction liquid. 

10 2. The process for producing an aromatic dihydroxy compound 

as claimed in claim 1, wherein the water and/or methanol is present 

in an amount of 8 to 90 mass% based on the total mass of the reaction 

liquid. 

15 3. The process for producing an aromatic dihydroxy compound 

as claimed in claim 1 or 2, wherein the amount of the titanosilicate 

is 0.1 to 30 mass% in terms of an external ratiobased on the total 

mass of the reaction liquid. 

20 4. The process for producing an aromatic dihydroxy compound 

as claimed in any one of claims 1 to 3, wherein the amount of the 

C4-05 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 -05 alcohol 

containing a tertiary or quaternary carbon is t-butyl alcohol, 

2 -methyl - 1 -propanol , 2 -me thyl - 1 -butanol , 3 -methyl - 1 -butanol , 

2 , 2 -dimethyl - 1 -propanol , 2 -methyl - 2 -butanol or 3 -methyl - 2 -butanol . 

6. The process for producing an aromatic dihydroxy compound 

as claimed in any one of claims 1 to 5, wherein the reaction is carried 

out on a suspended bed, the process comprising a catalyst separation 

10 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 

15 reusing the resulting catalyst for the reaction. 

8. The process for producing an aromatic dihydroxy compound 

as claimed in claim 7, wherein the drying treatment of the catalyst 

is carried out at 60 to 800'C. 

20 

9. The process for producing an aromatic dihydroxy compound 

as claimed in any one of claims 6 to 8 , wherein the catalyst separation 

step comprises continuously drawing out a liquid phase from the 

reaction liquid containing the catalyst. 
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10. The process f or producing an aromatic dihydroxy compound, 

comprising separating the C4-05 alcohol containing a tertiary or 

quaternary carbon and the water and/or methanol at the same time by 

S 	means of distillation from the reaction liquid as claimed in any one 

of claims 6 to 9 from which the catalyst has been separated, and reusing 

a tart or all of them for the reaction. 

11. The process for producing an aromatic dihydroxy compound, 

10 	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-CS alcohol containing a tertiary or quaternary carbon and the water 

and/or methanol having been separated in the distillation step as 

15 	claimed in claim 10, and the resulting dispersion is fed to a reactor. 
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PROCESS FOR PRODUCING AROMATIC DIHYDROXY COMPOUND 

ABSTRACT 

5 	[Problem] To provide a process for producing an aromatic dihydroxy 

compound, in which a hydroquinone compound is highly selectively 

produced while suppressing formation of by-products derived from a 

solvent and maintaining a high yield based on hydrogen peroxide when 

a phenol compound is allowed to react with hydrogen peroxide. 

10 	[Solution] A process for producing an aromatic dihydroxy compound, 

including allowing a phenol compound to react with hydrogen peroxide 

in the presence of a titanosilicate, a C4-05 alcohol containing a 

tertiary or quaternary carbon, and water and/or methanol, the amount 

of the water and/or methanol being 5 to 90 mass% based on the total 

15 	mass of the reaction liquid. 

(No suitable figure) 


