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Abstract

A process for producing N,N-disubstituted aminophenol
which comprises the steps of:
S obtaining a reaction mixture containing N-substituted
aminophenol by reacting a dihydric phenol and an amine;
subjecting said reaction mixture to heat treatment soO
as to thermally decompose quaternary ammonia salt
contained in said reaction mixture into a dihydric phenol
10 and an amine, and removing at least said amine by
distillation;
separating high-boiling impurities by distillation to
separate N-substituted aminophenol; and
subjecting said separated N-substituted aminophenol
15 to reduction alkylation using an aldehyde compound.
According to the present invention, high-purity N,N-
disubstituted aminophenol can be obtained in a high yield
at high selectivity, and a reduction catalyst can be used
repeatedly because its activity can be maintained at a
20 high level and yet it can retain high activity for a long
period of time.
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Specification
1. Title of the Invention
PROCESS FOR PRODUCING N,N-DISUBSTITUTED AMINOPHENOL
2. Detailed Description of the Invention
01d of t] ‘ :

This invention relates to a process for producing
N,N-disubstituted aminophenol and, more specifically, to a
process for producing high-purity N,N-disubstituted
aminophenol at a high yield by aminating and alkylating a
dihydric phenol. N,N-disubstituted aminophenol 1is a
valuable compound as an intermediate for producing dyes
for heat-sensitive recording papers and fluorescent dyes.

Prior Art

Known prior art processes for producing N,N-
disubstituted aminophenol include:

(1) a process which comprises reacting a dihydric
phenol with a primary amine in the presence of an acid
catalyst (first-stage reaction) and alkylating the
resulting N-substituted aminophenol with dialkylsulfuric
acid or an halogenated alkyl such as alkyl chloride, alkyl
bromide or alkyl iodide (second-stage reaction); and

(2) a process which comprises aminating a dihydric
phenol with ammonia to produce an aminophenol, separating
and purifying the aminophenol, and adding aldehydes
stepwise to the aminophenol in the copresence of a
reduction catalyst, an organic carboxylic acid, an organic
solvent and hydrogen for reduction alkylation.

However, in the process (1), an inorganic acid by-
produced in the second-stage alkylation reaction must be
neutralized and, hence, a large volume of waste water 1is
produced. When bromine or iodine are used as a halogen,
recovery of these halogens is necessary because they are
expensive, and the industrial production process becomes
complicated. Further, when dialkylsulfuric acid and a
halogenated alkyl are used, alkylation of an OH group
takes place and a quaternary salt is by-produced by
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aminophenol and alkylsulfuric acid, with a consequence the
yield of N,N-disubstituted aminophenol decreases and the
purification step becomes complicated.

In the process (2), due to a low yield in the step of
aminating the dihydric phenol with ammonia, a large amount
of the dihydric phenol as a source material remains in the
reaction mixture and as a result a complicated step for
separating and purifying the resulting aminophenol is
required.

A process for producing N-substituted aminophenol by
reacting a dihydric phenol with ammonia, primary amine or
secondary amine 1n the absence of a catalyst is disclosed
1n Japanese Patent Laid-Open Publication Nos.5416/1987 and
99042/1991.

Further, a process for obtaining N,N-disubstituted
aminophenol by a reduction alkylation reaction between N-
substituted aminophenol and aldehyde in an organic solvent
in the presence of hydrogen and a reduction catalyst is
disclosed 1n Japanese Patent Laid-Open Publication
Nos.258346/1977 and 292747/1987. According to this
process, there can be separated N,N-disubstituted
aminophenol purified by distillation after the reduction
catalyst has been separated from the reaction mixture
after the reaction. With this process, N,N-disubstituted
aminophenol can be obtained at high conversion and at high
selectivity as far as high-purity N-substituted
aminophenol is used as a source material.

However, when a dihydric phenol is used as a starting
material and amination and reduction alkylation reactions
are carried out to obtain N,N-disubstituted aminophenol 1in
accordance with the two reactions disclosed in the afore-
mentioned Japanese Patent Publications, the object N,N-
disubstituted aminophenol cannot be obtained at a high
vield when the catalyst is used several times because the
activity of the reduction catalyst lowers 1n the reduction
alkylation step and the catalyst has a short of life.

Problem to Be Solved bv the Inventlorn
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It 1s therefore a first object of the invention to

provide an industrially advantageous process for obtaining
N,N-disubstituted aminophenol at high conversion and at
high selectivity in a series of steps for obtaining N,N-
disubstituted aminophenol from a dihydric phenol as a
starting material.

It is a second object of the invention to provide a
process in which the activity of a reduction catalyst does
not deteriorate and is maintained at a high level in the
reduction alkylation reaction step in the above series of
steps.

It 1s a third object of the invention to provide a
process 1n which the activity of a reduction catalyst can
be maintained satisfactorily high even when the catalyst
1s used repeatedly in the above reduction alkylation
reaction step, namely a process for obtaining N,N-
disubstituted aminophenol at high conversion and at high
selectivity even when the reduction catalyst is used
repeatedly.

Means for Solving the Problen

According to studies conducted by the present
inventors, it was found that the objects and advantages of
the present invention can be achieved by the following
five steps (1) to (5):

(1) step I in which a reaction mixture containing N-
substituted aminophenol represented by the following

formula (2)

1
H__ R
P oo (2)
N
OH

wherein R! is an alkyl group having 1 to 6 carbon
atoms or a cycloalkyl group having 4 to 8 carbon

atoms
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is obtained by reacting a dihydric phenol with a primary
amine represented by the following formula (1)

RlNHz “'(l)

wherein Rl is the same as defined in formula (2);
(2) step II in which a quaternary ammonia salt
represented by the following formula (3)

. 1
R*NH,"

OH J

wherein R! is the same as defined in the formula (2)

.. (3)

and inevitably present in said reaction mixture obtained
in the previous step I is subjected to a heat treatment to
decompose the quaternary ammonia salt into a dihydric
phenol and the primary amine of the formula (1) and at
least the substantial amount of the primary amine 1s
removed from said reaction mixture;

(3) step III in which N-substituted aminophenol
represented by the formula (2) is separated from said
reaction mixture obtained in the previous step II by
distillation;

(4) step IV in which N,N-disubstituted aminophenol
represented by the following formula (5)

1 2
® @ ¢ (5)
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wherein R! is the same as defined in the formula (2)
and R4 is an alkyl group having 1 to 5 carbon atoms
or a cycloalkyl group having 4 to 8 carbon atoms,
1s obtained by reacting N-substituted aminophenol obtained
in the previous step III with an aldehyde compound
represented by the following formula (4)

RZCHO ceo(4)

wherein R? is the same as defined in the formula (5)
1n an organic solvent and in the presence of a reduction
catalyst 1n a hydrogen gas atmosphere; and

(5) step V 1in which N,N-disubstituted aminophenol is
isolated from a reaction mixture obtained in the previous
step IV. '

The process of the present invention is explained in
detail hereinunder.

In the process of the present invention, first, the
step I 1s a step in which a dihydric phenol is reacted
with a primary amine. In this instance, preferable
examples of the dihydric phenol include resorcinol and
hydroquinone. The primary amine is a compound represented
by the formula (l1). In the formula, R! is an alkyl group
having 1 to 6 carbon atoms or a cycloalkyl group having 4
to 8 carbon atoms. The alkyl group having 1 to 6 carbon
atoms may be of straight-chain or branched-chain.
Examples of the primary amine include methylamine,
ethylamine, n-propylamine, isopropylamine, n-butylamine,
sec-butylamine, tert-butylamine, amylamine, isocamylamine,
hexylamine, cyclobutylamine, cyclopentylamine,
cyclohexylamine, cycloheptylamine, cyclooctylamine and the
like.

In the amination reaction of the step I, the primary
amine 1s used 1n a proportion of 0.4 to 1.8 mols,
preterably 0.7 to 1.5 mols, based on one mol of the
dihydric phenol.

“ PP S R R L S e TR G dad i e KA P S T HHL ] e B HNTI MR S S e U S It ST A B S N s AN e e Lt LI RY T T P Y B T TE U T POTS PPIF-TY T PET TR PRrTISTT ty 'H TR L PR T Sty e )
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The amination reaction in the step I can be carried
out in either the presence or absence of a reaction
medium. When a reaction medium is used, examples of the
reaction medium include inert media such as water:
aromatic hydrocarbon such as benzene, toluene and xylene;
alicyclic hydrocarbon such as cyclohexane; and polar media
such as N,N-dimethylformamide, phenol, P-chlorophenol,
0,0'-biphenol and P,P'-biphenocl.

The reaction 1s carried out in an inert gas
atmosphere such as argon, helium or nitrogen, preferably
in a nitrogen gas atmosphere. Further, the reaction is
sultably carried out at a temperature of 150 to 250°C,
preferably 160 to 220°C under an initial pressure (gauge
pressure) of normal pressures to 4 kg/cm?.

In the amination reaction of the aforementioned step
I, the object N-substituted aminophenol represented by the
formula (1) is mainly produced, but quaternary ammonia
salt represented by the following formula (3)

» RINH,*
oo (3)

OH

wherein Rl is the same as defined in the formula (2)
is inevitably present in the reaction mixture, as 1s
apparent from Reference Examples to be described below.

In the step II of the process of the present
invention, it is important to thermally decompose the
gquaternary ammonia salt of the formula (3) in the reaction
mixture obtained in the step I to convert it into a
dihydric phenol and a primary amine of the formula (1).
Thereby, in the distillation separation of the N-
substituted aminophenol from the reaction mixture 1n the
step I, the inclusion of the primary amine can be

.- e e Tt gy SN I AR L LT NS RN 1114 v r e RN AN 030017 ok OO L 1 by iy i SR o L] MR TR rbr  p i g Leadn iU s e H e e e e . : : . Tt ne b merr e aions Ctran C e ettt e g Lt Ode [ M e ) i ag Lt ez
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minimized. In other words, the distillation separation of
N-substituted aminophenols represented by the formula (2)
from the reaction mixture 1n the step I 1s generally
carried out in a continuous twin column and in a batch
manner, but it 1s difficult to separate the quaternary
ammonia salt of the formula (3) from N-substituted
aminophenols of the formula (2) in the distillation step.
Since the quaternary ammonia salt 1s partly decomposed 1in
the distillation step to produce a primary amine, 1t 1is
also contained in N-substituted aminophenol of the
formula (2). Therefore, in this case, the quaternary
ammonia salt and primary amine contained in N-substituted
aminophenol poisons a reduction catalyst to lower 1ts
activity in the reduction alkylation step (step IV), and
reduces the reaction yield of the object compound and
increases the formation of impurities in the reduction
alkylation reaction. When the catalyst 1s used
repeatedly, deterioration in the activity of the catalyst
proceeds and yield lowers, thus shortening the life of the
catalyst. As a result, industrially stable operation
cannot be attained and catalyst costs increase.

According to the process of the present invention
such problems can be avoided by carrying out the steps II
and III before the reduction alkylation step IV as
described above. In the step II, it is advantageous that
the operation of thermally decomposing the quaternary
ammonia salt of the formula (3) into a dihydric phenol and
a primary amine is carried out while distilling out the
produced primary amine together with low-boiling
impurities produced by the reaction, or the low-boiling
impurities produced by the reaction and the organic
solvent. This thermal decomposition operation can be
carried out at either an increased or reduced pressure and
in either a batch or continuous manner. A heating can oOr
a distillation column is used as an apparatus for thermal
decomposition. The thermal decomposition operation 1is
usually carried out at a pressure of 100 mmHg or less,



10

15

20

25

30

35

2136102

- 8-
preferably 50 mmHg or less, at a column bottom temperature
of 100 to 200°C, preferably 120 to 180°C. With a rise 1in
the column bottom temperature the thermal composition
reaction is accelerated, but this also invites an ilncrease
in the weight of a reaction product and the decomposition
of the product, which is not desirable. The thermal
decomposition of the step II is carried out under the
condition that the presence of quaternary ammonia salt 1is
substantially recognizable.

According to the process of the present invention, 1n
the subsequent step III, N-substituted aminophenols
represented by the formula (2) are separated from the
reaction mixture by distillation. This distillation can
be carried out at either an increased or reduced pressure
and in either a continuous or batch manner. The
distillation operation of the step III is usually carried
out at a column top pressure of 30 mmHg or less,
preferably 20 mmHg or less, more preferably 10 mmHg or
less. As the pressure increases, the temperature 1inside
the column rises, which induces an increase in the weight
of and the decomposition of N-substituted aminophenols and
other reaction products, resulting in lowering of the
vield and increasing of the amounts of impurities
including N-substituted aminophenols in the reaction
products.

The N-substituted aminophenols obtained in the step
IITI are subjected to a reduction alkylation reaction,
together with the aldehyde compound of the formula (4) 1in
the step IV. This reduction alkylation reaction allows
the N-substituted aminophenols of the formula (2) and the
aldehyde compound to react in an organic solvent 1in a
hydrogen gas atmosphere in the presence of a reduction
catalyst.

It is advantageous to carry out this reduction
alkylation of the step IV at a hydrogen pressure of normal
pressures to 50 kg/cm?G, preferably normal pressures to 15
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kg/cm?G, at a reaction temperature of 5 to 60°C,
preferably 10 to 40°C.

The aldehyde compound of the formula (4) used 1n the
present invention is selected from compounds corresponding
to the compound of the formula (4) in which R? is an alkyl
group having 1 to 5 carbon atoms or a cycloalkyl group
having 4 to 8 carbon atoms. Specific preferable examples
of the aldehyde compound include acetaldehyde,
propionaldehyde, n-butylaldehyde, isobutylaldehyde,
isoamylaldehyde, hexylaldehyde, cyclobutylaldehyde,
cyclopentylaldehyde, cyclohexylaldehyde,
cycloheptylaldehyde, cyclooctylaldehyde and the like.

These aldehyde compounds are used in a proportion of
0.7 to 1.5 mols, preferably 0.9 to 1.3 mols, based on one
mol of N-substituted aminophenol.

Examples of the reduction catalyst used in the step
IV include ones in which metals of the group VIII of the
periodic table such as Pd, Pt, Rh, Co, Ni and Ru are
carried on inert carriers, such as active carbon and
alumina. Among them, a reduction catalyst in which Pt 1is
carried on active carbon is preferably used. Examples of
the organic solvent used in the present invention include
lower aliphatic alcohols such as methanol, ethanol,
propanol and butanol. Among them, methanol and ethanol
are especially preferred.

After completion of the reduction alkylation reaction
in the step IV, depressurization is carried out, the
reduction catalyst is separated from the reaction mixture
containing N,N-disubstituted aminophenol of the general
formula (5) by filtration, and then N,N-disubstituted
aminophenol purified by distillation can be isolated.

The separated reduction catalyst can be used again as
a reduction catalyst because it maintains sufficient
activity. According to the process of the present
invention, even after the reduction catalyst 1s used
repeatedly at least ten times, it retains enough activity

to be used for industrial application.
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fect C ne Invention

As described above, according to the process of the
present 1invention, N-substituted aminophenol, which 1s
obtalined by i1in advance thermally decomposing a quaternary
ammonia salt contained in the reaction mixture obtained by
the amination reaction between a dihydric phenol and a
primary amine, and removing the primary amine by
distillation, and then separating high-boiling lmpurities
by distillation operation, 1s used 1n a reduction
alkylation reaction thereby to 1ncrease yield from the
reduction alkylation reaction and suppress the formation
of impurities. Consequently, a high-purity product
containing little impurities can be obtailned at a high
vyield and industrially stably. Moreover, as the activity
of the reduction catalyst hardly deteriorates and 1is
maintained at a high level even after repeated use, the
process of the present invention is industrially
advantageous.

Examples

The present invention is illustrated by the following
examples, but the present invention is not intended to be
limited by these examples by any means.

In the following examples and comparative examples,
the yield and selectivity of N,N-disubstituted aminophenol
are calculated from the equations below, respectively.

Yield (%) of N,N-disubstituted aminophenol =

number of mols of N,N-disubstituted

aminonhenol produced L caCct10r

number of mols of N-substituted amino-
phenol before reaction

x 100

Selectivity (%) of N,N-disubstituted aminophenol =

number of mols of N,N-disubstituted

aminophenol produced L oactlior

-

number of mols of N~substituted amino-
phenol after reaction

Example 1

x 100
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An autoclave made of SUS316 was charged with 110
parts by weight of resorcinol 1n a nitrogen atmosphere and
closed up tight, and the temperature was elevated to 130°C
to melt resorcinol. When the inner temperature reached
130°C, 36 parts by weight of monoethylamine was supplied
to the autoclave over one hour while it was stirred.
Thereafter, the temperature was elevated to 170°C and
stirring was continued for 7 hours while maintaining this
temperature.

After completion of a reaction, the autoclave was
cooled and depressurized, and the reaction mixture was
analyzed by gas chromatography. The yield of N-ethyl-m-
aminophenol was 64.1 mols. '

The reaction mixture was then transferred to an
evaporation can and the pressure and temperature were
maintained at 100 mmHg and 140°C, respectively, while the
mixture was stirred, so as to carry out 1 hour of thermal
decomposition and removal of low-boiling impurities. The
low-boiling impurities in the system were removed at a
pressure of 15 mmHg, and then the reaction product was
removed at a temperature of 190°C to separate high-boiling
impurities. The temperature was 200°C when recovery of
the reaction product was completed. When the thus
obtained reaction product was analyzed by gas
chromatography, the concentration of monocethylamine
contained in the reaction product was 0.2% and the yield
of N-ethyl-m-aminophenol was 87.0 wt%.

An autoclave made of SUS316 was charged with 26 parts
by weight of N-ethyl-m-aminophenol contained in the
reaction product, 72 parts by weight of methanol as an
organic solvent, and 2 parts by weight of a Pt catalyst as
a reduction catalyst in which 2 wt% of Pt was carried on
active carbon in a nitrogen atmosphere, and the i1nside was
replaced with hydrogen under stirring, and then the
pressure was elevated to 7 kg/cm?G. 18 Parts by weight of
isoamylaldehyde was supplied to the autoclave over 3 hours
while the hydrogen pressure and temperature were

P a0 e A T 1 e 1 B S e G TR B U 18 i AT e N L e T IS L i e N e A e M e i T e T e % omedt g " e ' ' Tribinen. L Wit ot ' '
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maintained at a constant level and 30 to 35°C,
respectively. Thereafter, while the above pressure and
temperature were maintained, stirring was continued for 3
hours.

After completion of a reaction, the autoclave was
cooled and depressurized, the reaction mixture was
filtered to separate the reduction catalyst. When the
reaction mixture obtalned as a filtrate was analyzed by
gas chromatography, 1t was found that the yield of N-

ethyl-N-isoamyl-m-aminophenol was 84.7 mol% and its
selectivity was 88.7 mol%.

Comparative Example 1

An amination reaction was carried out 1n the same
manner as in Example 1. After low-boiling impurities and
high-boiling impurities contained in the reaction mixture
were removed by distillation without carrying out thermal
decomposition and removal of quaternary ammonia salt, the
resulting reaction product was used to carry out a
reduction alkylation reaction. Thin-film distillation was
first carried out at an evaporation surface temperature of
130°C under a pressure of 100 mmHg to remove low-boiling
impurities. Thereafter, distillation was carried out 1in a
distillation column at a column bottom temperature of
200°C under a pressure of 10 mmHg to remove high-boiling
impurities to obtain a reaction product. The reaction
product obtained by distillation was analyzed by gas
chromatography. The results show that the concentration
of monoethylamine contained in the reaction product was
0.6 wt%.

A reduction alkylation reaction was carried out in
the same manner as in Example 1, using the thus obtained
reaction product. When the resulting reaction mixture was
analyzed by gas chromatography, it was found that the

vield of N-ethyl-N-isoamyl-m-aminophenol was 69.8 mol% and
its selectivity was 82.6 mol%.

Example 2
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An autoclave made of SUS316 was charged with 26 parts
by weight of N-ethyl-m-aminophenol in the reaction product
obtained in Example 1, 72 parts by weight of methanol as
an organic solvent, and the filtered and separated

S catalyst used in Example 1 and 0.2 parts by weight of a
new Pt catalyst in which 2 wt% of Pt was carried on active
carbon as reduction catalysts in a nitrogen atmosphere.
The inside of the autoclave was replaced with hydrogen
under stirring, and the pressure was elevated to 7

10 kg/cm2G. While the hydrogen pressure and temperature were
maintained at a constant level and 30 to 35°C,
respectively, 18 parts by weight of isoamylaldehyde was
fed to the autoclave over 6 hours. Thereafter, while the
above pressure and temperature were maintained, stirring

15 was continued for 3 hours. After completion of a
reaction, the autoclave was cooled and depressurized, the
reaction mixture was filtered to separate the reduction
catalysts, and the reaction mixture obtained as a filtrate
was analyzed by gas chromatography. When this operation

20 was performed repeatedly and the catalysts were recycled 8
times, the yield of N-ethyl-N-isoamyl-m-aminophenol was 84
to 87 mol% and its selectivity was 86 to 90 mol%.

Comparative Example 2

A reaction was carried out in the same manner as 1in

25 Example 2 using the reaction product obtained 1in
Comparative Example 1, and the reaction mixture obtained
as a filtrate was analyzed by gas chromatography. When
this operation was repeated and the catalyst was recycled
8 times, the yield of N-ethyl-N-isoamyl-m-aminophenol was

30 64 to 70 mol% and its selectivity was 80 to 82 mol%.

Reference Example (confirmation C ormation ¢
quaternary ammonia salt)
(1) synthesis and isolation methods;
A test tube was charged with 2.75g of resorcinol
35 and 1.8g of ethylamine was added to the tube at 15°C and

stirred with a stirrer chip. The temperature of the
mixture rose to 35°C and the mixXture became an emulsion.
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A nitrogen gas was blown onto this mixture through a
capillary tube to remove ethylamine. The mixture was
solidified.

The solidified mixture was pulverized using a mortar

5 to prepare a sample for structure analysis.

(2) results of NMR and MASS spectral analysis

As the result of NMR and MASS spectral analysis, 1t
was confirmed that the sample has the followling structure.

OPH ;¥NCH,CH 5

10 OH

(3) result of melting point measurement
When the melting point of the sample was measured
with a differential thermometer (DSC), calorimetric
15 absorption was observed at 86.3°C and 113°C.
Resorcinol has a melting point of 116°C (a-type) or
110.5°C and a boiling point of 281.4°C. Ethylamine has a
melting point of -81°C and a boiling point of 16.6°C.
(4) result of measurement with thermobalance
20 It is assumed that a reduction in weight was large at
measurement temperatures between 60 and 90°C and hence

decomposition of quaternary ammonia salt starts around
60°C.

25
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Claims
1. A process for producing N,N-disubstituted aminophenol

which comprises:

(1) step I in which a reaction mixture containing an
N-substituted aminophenol represented by the following
formula (2)

H_ _R

/ - .-.(2)

H

wherein Rl is an alkyl group having 1 to 6 carbon
atoms or a cycloalkyl group having 4 to 8 carbon
atoms -
is obtained by reacting a dihydric phenol with a primary
amine represented by the following formula (1)

RlNHz "’(1)

wherein R! is the same as defined in the formula (2);
(2) step II in which a quaternary ammonia salt
represented by the following formula (3)

bl

* RNH,"
oo (3)

OH

wherein R! is the same as defined in the formula (2)
and present inevitably in said reaction mixture obtained
in the previous step I is subjected to heat treatment to
decompose said quaternary ammonia salt into a dihydric
phenol and said primary amine of the formula (1) and at
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least the substantial amount of said primary amine 1is
removed from said reaction mixture;

(3) step III 1in which N-substituted aminophenol
represented by the formula (2) 1s separated from said
reaction mixture obtained in the previous step II by
distillation;

(4) step IV in which N,N-disubstituted aminophenol
represented by the following formula (5)

11\ /CH2R2
N
ceo(5)

H

wherein R! is the same as in the formula (1) and RZ
1s an alkyl group having 1 to 5 carbon atoms or a
cycloalkyl group having 4 to 8 carbon atoms,
is obtained by reacting said N-substituted aminophenol
obtained in the previous step III with an aldehyde
compound represented by the following formula (4)

R°CHO e.o(4)

wherein R? is the same as in the formula (5)
in an organic solvent and in a hydrogen atmosphere in the
presence of a reduction catalyst; and

(5) step V in which said N,N-disubstituted
aminophenol is isolated from said reaction mixture
obtained in the previous step 1IV.
2. The production process according to claim 1 wherein
the reaction in the step IV is carried out in the presence
of a reduction catalyst in which a metal of group VIII of
the periodic table is carried on an 1nert carrier.
3. The production process according to claim 1 whereiln
said reduction catalyst used in the reaction of the step
IV is separated and recovered from said reaction mixture
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for recycling as a reduction catalyst in the reaction of
the step IV.

Smart & Biggar
Ottawa, Canada
Patent Agents
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