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An object of the present invention is to provide a process that enables isocyanates to be stably produced over a long period of time
at high yield without encountering various problems as found in the prior art when producing isocyanates without using phosgene.
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(57) Abrege(suite)/Abstract(continued):

The present invention discloses a process for producing an isocyanate, comprising the steps of. reacting a carbamic acid ester and
an aromatic hydroxy compound to obtain an aryl carbamate having a group derived from the aromatic hydroxy compound; and
subjecting the aryl carbamate to a decomposition reaction, wherein the aromatic hydroxy compound Is an aromatic hydroxy
compound which is represented by the following formula (1) and which has a substituent R at at least one ortho position of a
hydroxyl group: (see formula 1) (wherein ring A represents an aromatic hydrocarbon ring in a form of a single or multiple rings
which may have a substitute and which have 6 to 20 carbon atoms; R? represents a group other than a hydrogen atom in a form of
an aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl group having 6
to 20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20 carbon atoms or an aralkyloxy
group having 7 to 20 carbon atoms, the group containing an atom selected from a carbon atom, an oxygen atom and a nitrogen
atom: and R! may bond with A to form a ring structure).
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ABSTRACT

An object of the present invention is to provide a process that enables
Isocyanates to be stably produced over a long period of time at high yield
without encountering various problems as found in the prior art when
producing I1socyanates without using phosgene. The present invention
discloses a process for producing an isocyanate, comprising the steps of:
reacting a carbamic acid ester and an aromatic hydroxy compound {o obtain an
aryl carbamate having a group derived from the aromatic hydroxy compound:
and subjecting the aryl carbamate to a decomposition reaction, wherein the
aromatic hydroxy compound is an aromatic hydroxy compound which is
represented by the following formula (1) and which has a substituent R at at

least one ortho position of a hydroxyl group:

OH
R']

(1)

(wherein ring A represents an aromatic hydrocarbon ring in a form of a single

or multiple rings which may have a substitute and which have 6 to 20 carbon

atoms:

R' represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group
containing an atom selected from a carbon atom, an oxygen atom and a

nitrogen atom: and R' may bond with A to form a ring structure).
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APROCESS FOR PRODUCING ISOCYANATES

Technical Field

The present invention relates to a process for producing isocyanate.

Background Art

Isocyanates are widely used as production raw materials of such
products as polyurethane foam, paints and adhesives. The main industrial
production process of isocyanates involves reacting amines with phosgene
(phosgene method), and nearly the entire amount of isocyanates produced
throughout the world are produced according to the phosgene method.
However, the phosgene method has numerous problems.

Firstly, this method requires the use of a large amount of phosgene as
raw maternal. Phosgene i1s extremely toxic and requires special handling
precautions to prevent exposure of handlers thereof, and also requires special
apparatuses to detoxify waste.

Secondly, since highly corrosive hydrogen chioride is produced in large
amounts as a by-product of the phosgene method, in addition to requiring a
process for detoxifying the hydrogen chloride, in many cases hydrolytic
chlorine is contained in the isocyanates produced, which may have a
detrimental effect on the weather resistance and heat resistance of
polyurethane products in the case of using isocyanates produced using the

phosgene method.

On the basis of this background, a process for producing ISocyanates
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has been sought that does not use phosgene. One example of a method for
producing Isocyanate compounds without using phosgene that has been
proposed involves thermal decomposition. of carbamic acid esters.
Isocyanates and hydroxy compounds have long been known to be obtained by
thermal decomposition of carbamic acid esters (see, for example, Berchte der
Deutechen Chemischen Gesellschaft, Vol. 3, p. 653, 1870). The basic
reaction is illustrated by the following formula:

R(NHCOOR'), —> R(NCO), + a R'OH (1)
(Wherein R represents an organic residue having a valence of a, R' represents
a monovalent organic residue, and a represents an integer of 1 or more).

The thermal decomposition reaction represented by the
above-mentioned formula is reversible, and in contrast to the equilibrium
thereof being towards the carbamic acid ester on the left side at low
temperatures, the Isocyanate and hydroxy compound side becomes

predominant at high temperatures. Thus, it is necessary to carry out the

~carbamic acid ester thermal decomposition reaction at high temperatures. In

addition, in the case of alkyl carbamates in particular, since the reaction rate is
faster for the reverse reaction of thermal decomposition, namely the reaction
by which alkyl carbamate is formed from isocyanate and alcohol, the carbamic
acid ester ends up being formed before the isocyanate and alcohol formed by
thermal decomposition are separated, thereby frequently leading to an
apparent difficulty in the progression of the thermal decomposition reaction.

On the other hand, thermal decomposition of alkyl carbamates is
susceptible to the simultaneous 'occurrence of various irreversible side

reactions such as thermal denaturation reactions undesirable for alkyl
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carbamates or condensation of isocyanates formed by the thermal
decomposition. Examples of these side reactions include a reaction in which
urea bonds are formed as represented by the following formula (2), a reaction
in which carbodiimides are formed as represented by the following formula (3),
and a reaction in which isocyanurateé are formed as represented by the
following formula (4) (see, Berchte der Deutechen Chemischen Gesellschatft,

Vol. 3, p. 653, 1870 and Journal of American Chemical Society, Vol. 81, p.

2138, 1959):
0 0 0 0
H I I H H Il H I
R—N—-C—0—R' + R—0-C—N—R » R—N—C—N—R + R'—0-C—0—R' (2)
R—N=C=0 + O=C=N—R —>» R—N=C=N—R + CO, (3)
O
R AL R
3 R—N=C=0 —™
he
R (4)

In addition to these side reactions leading to a decrease in yield and
selectivity of the target isocyanate, in the production of polyisocyanates In
particular, these reactions may make long-term operation difficult as a result of,
for example, causing the precipitation of polymeric solids that clog the reaction
vessel.

Various methods have been proposed to solve such problems. For
example, a method for producing polyisocyanate has been proposed in which
an alkyl polycarbamate, In which ester groups are composed of alkoxy groups
corresponding to a primary alcohol, is subjected to a transesterification
reaction with a secondary alcohol to produce an alkyl polycarbamate in which
the ester groups are composed of alkoxy groups corresponding to the

secondary alcohol, followed by thermal decomposition of the alkyl
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polycarbamate (see, for example, International Publication No. WO 85/23484).
It is described in this method that the thermal decomposition temperature of
the alkyl polycarbamate can be set to a lower temperature by going through an
alkyl polycarbamate in which the ester groups are composed of ailkoxy groups
corresponding to the secondary alcohol, thereby resulting in the effect of being
able to inhibit precipitation of polymeric solid. However, the reverse reaction
rate between the polyisocyanate formed by the thermal decomposition reaction
of the alkyl polycarbamate and the secondary alcohol is still fast, thereby
leaving the problem of inhibiting the formation of alkyl polycarbamate by the
reverse reaction unsolved.

An alternative method has been disclosed whereby, In the production of
aromatic isocyanates, for example, an aromatic alkyl polycarbamate and an
aromatic hydroxy compound are subjected to a transesterification reaction to
produce an aromatic aryl polycarbamate followed by thermal decomposition of
the aromatic aryl polycarbamate to product an aromatic isocyanate (see, for
example, US Patent No. 3,992,430). This method describes the effect of
being able to set the thermal decomposition temperature to a lower
temperature by going through an aromatic aryl polycarbamate. However, In
the case of this aromatic aryl polycarbamate as well, under temperatures like
those at which the transesterification reaction or thermal decomposition
reaction is carried out, there are many cases in which side reactions like those

described above still occur, there leaving the problem of improving isocyanate
yield unsolved. Moreover, thermal decomposition of N-substituted aromatic
urethanes in the gaseous phase or liquid phase is known to frequently result in

the occurrence of various undesirable side reactions (see, for example, US
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Patent No. 4,613,466).

Disclosure of Invention

Problems to be Solved by the Invention

As has been described above, there are currently hardly any methods for
Industrially producing polyisocyanates at favorable yield without using
extremely toxic phosgene.

An object of the present invention is to provide a process that enables
Isocyanates to be stably produced over a long period of time at high yield
without encountering various problems as found in the prior art when

producing Isocyanates without using phosgene.

Means for Solving the Problems

In view of the above, as a result of conductive extensive studies on the
apbove-mentioned problems, the inventors of the present invention found that a
production process in which a carbamic acid ester and a specific aromatic
hydroxy compound are subjected to a transesterification reaction to produce
an aryl carbamate followed by subjecting the aryl carbamate to a thermal
decomposition reaction to produce isocyanate enables the above-mentioned
problems to be solved, thereby leading to completion of the present invention.

Namely, the present invention provides the followings:
[1] a process for producing an isocyanate, comprising the steps of:

reacting a carbamic acid ester and an aromatic hydroxy compound to

obtain an aryl carbamate having a group derived from the aromatic hydroxy

compound; and
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subjecting the aryl carbamate to a decomposition reaction,
wherein the aromatic hydroxy compound is an aromatic hydroxy
compound which is represented by the following formula (5) and which has a

substituent R' at at least one ortho position of a hydroxyl group:

OH
R1

()

(wherein ring A represents an aromatic hydrocarbon ring in a form of a single
or muitiple rings which may have a supstituent and which have 6 to 20 carbon
atoms:

R' represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group
containing an atom selected from a carbon atom, an oxygen atom and a
nitrogen atom; and R' may bond with A to form a ring structure),

[2] the process according to item [1], wherein the aromatic hydroxy compound

IS a compound represented by the following formula (6):

OH
=L R

(6)

(wherein ring A and R' are the same as defined above,

R“ represents a hydrogen atom or an aliphatic alkyl group having 1 to 20

carbon atoms, an aliphatic alkoxy group having 1 to 20 carbon atoms, an aryi
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group having 6 to 20 carbon atoms, an aryloxy group having 6 to 20 carbon
atoms, an aralkyl group having 7 to 20 carbon atoms or aralkyloxy group
having 7 to 20 atoms, the aliphatic alkyl, the aliphatic alkoxy, the aryl, the
aryloxy, the aralkyl and the aralkyloxy groups containing an atom selected from
a carbon atom, an oxygen atom and a nitrogen atom, and R* may bond with A
to form a ring structure),

[3] the process according to item [2], wherein in the formula (6), a total number
of the carbon atoms constituting R' and R? is 2 to 20,

[4] the process according to any one of items [1] to [3], wherein the ring A of
the aromatic hydroxy compound comprises a structure containing at least one
structure selected from the group consisting of a benzene ring, a naphthalene
ring and an anthracene ring,

[5] the process according to item [4], wherein the aromatic hydroxy compound

is a compound represented by the following formula (7):

OH

R* (7)
(wherein R' and R? are the same as defined above, and
each of R®>, R* and R® independently represents a hydrogen atom or an
aliphatic alky! group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having /7 to 20 carbon atoms, the aliphatic

alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl and the aralkyloxy
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groups containing an atom selected from a carbon atom, an oxygen atom and
a nitrogen atom),

[6] the process according to item [5], wherein the aromatic hydroxy compound
is such that in the formula (7), each of R' and R* independently represents a
group represented by the following formula (8), and R? R® and R® represent a

hydrogen atom:

e
(8)

(wherein X represents a branched structure selected from the structures

represented by the following formulas (9) and (10):

RB

RS (10)

(wherein R® represents a linear or branched alkyi group having 1 to 3 carbon
atoms),

[7] the process according to item [5], wherein the aromatic hydroxy compound
is such that in the formula (3), R' represents a linear or branched alkyl group
having 1 to 8 carbon atoms, and each of R* and R* independently represents a
hydrogen atom or a linear or branched alkyl group having 1 to 8 carbon atoms,
[8] the process according to any one of items [1] to [7], wherein the carbamic
acid ester Is an aliphatic carbamic acid ester, and a low boiling point

component formed with the aryl carbamate is an aliphatic alcohol.

[9] the process according to item [8], wherein the aliphatic carbamic acid ester

IS an aliphatic polycarbamic acid ester,
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[10] the process according to item [8], further comprising the steps of:
continuously supplying the aliphatic carbamic acid ester and the aromatic
hydroxy compound to a reaction vessel so as to react the aliphatic carbamic
acld ester and the aromatic hydroxy compound inside the reaction vessel:
recovering a formed low boiling point component in a form of a gaseous
component; and
continuously extracting a reaction liquid containing the aryl carbamate
and the aromatic hydroxy compound from a bottom of the reaction vessel.
[11] the process according to any one of items [1] to [10], wherein the
decomposition reaction is a thermal decomposition reaction, and is a reaction
In which a corresponding isocyanate and aromatic hydroxy compound are
formed from the aryl carbamate,
[12] the process according to item [11], wherein at least one compound of the
iIsocyanate and aromatic hydroxy compound formed by the thermal
decomposition reaction of the aryl carbamate is recovered in a form of a
gaseous component,
[13] the process according to item [8], wherein the aliphatic carbamic acid

ester is a compound represented by the following formula (11):

O
H |
R'{tN—C-0—R®

(11)

(wherein R represents a group selected from the group consisting of an
aliphatic group having 1 to 20 carbon atoms and an aromatic group having 6 to
20 carbon atoms, the group containing an atom selected from a carbon atom

an oxygen atom and a nitrogen atoms, and having a valence of n
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R® represents an aliphatic group which has 1 to 8 carbon atoms and

which contains an atom selected from a carbon atom, an oxygen atom and a

nitrogen atom, and
n represents an integer of 1 to 10),

[14] the process according to item [13], wherein the aliphatic carbamic acid
ester is such that R® in the compound represented by the formula (11) is a
group selected from the group consisting of an alkyl group having 1 to 20
carbon atoms and a cycloalkyl group having 5 to 20 carbon atoms,

[15] the process according to item [14], wherein the aliphatic carbamic acid
ester i1s at least one compound selected from the group consisting of

compounds represented by the following formulas (12), (13) and (14):

O
H <|,l RS
0 \/\/\/\
R8/ \ﬁ/ H/ \0/
O ' (12)
O O
- T [ .
R \O/C\N N/C\O/R
H H (13)
O
L R
R
N/ \0/
H o
T .
N,...-—c\o/R
H (14)

(wherein R® is the same as defined above),
[16] an aryl polycarbamate represented by the following formula (15), (16) or

(17):

10
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R10 :Q
R10 H 0 B
© N NN /u\
\([I-)( H ° RY

B (15)
i /O/\Q\ A ;’
(16)
Q P -
B0

(wherein a ring B represents a structure which may have a substituent and
which contains at least one structure selected from the group consisting of a
benzene ring, a naphthalene ring and an anthracene ring,

R? represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group
confaining an atom selected from a carbon atom, an oxygen atom and a
nitrogen atom, and

R' represents an aliphatic alkyl group having 1 to 20 carbon atoms. an
aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to
20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an araikyl
group having 7 to 20 carbon atoms or an aralkyloxy group having 7 to 20

carbon atoms, the aliphatic alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the

11
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aralkyl and aralkyloxy groups containing an atom selected from a carbon atom,

an oxygen atom and a nitrogen atom),

[17] the aryl polycarbamate according to item [16], which is represented by the

following formula (18), (19) or (20):

R13
o R10 R12
" O\"/ NN /I‘\ 11
N O R
O A RS
R12 R10
R13 (18)
R11 R13
R12 R® 5 5 R19 R12
R'3 O/J\N N)\o R"
10 H H g 19
R R (19)
R11
R12 R3
O
R13 O/U\N R13
R10 H R0 R12
O
H)J\o R11
X (20)

(wherein R® represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an

aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group

containing an atom selected from a carbon atom, an oxygen atom and a

nitrogen atom, and

each of R'° R'"" R' and R" independently represents a hydrogen atom
or an aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy
group having 1 to 20 carbon atoms, an aryi group having 6 to 20 carbon atoms,

an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20

12
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carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic
alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl, and the aralkyloxy
groups containing an atom selected from a carbon atom, an oxygen atom and a

nitrogen atoms).
[18] A process for producing an isocyanate, comprising the steps of:

reacting a carbamic acid ester and an aromatic hydroxy compound to
obtain an aryl carbamate having a group derived from the aromatic hydroxy
compound; and

subjecting the aryl carbamate to a decomposition reaction,

wherein the aromatic hydroxy compound is an aromatic hydroxy
compound which is represented by the following formula (1) and which has a

substituent R' at at least one ortho position of a hydroxy! group:
OH
R1

(1)
wherein ring A represents an aromatic hydrocarbon ring in a form of a single or
multiple rings which may have a substituent and which have 6 to 20 carbon
atoms;

R' represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, R’
optionally containing an atom selected from an oxygen atom and a nitrogen

atom: and R' may bond with A to form a ring structure.

Advantageous Effect of the Invention
According to the present invention, an isocyanate can be produced

efficiently without using phosgene.

Brief Description of Drawings

Fig. 1 shows a conceptual drawing showing a continuous production

13
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apparatus for producing carbonic acid ester according to an embodiment of the
present invention;

Fig. 2 shows a conceptual drawing showing a transesterification reaction
apparatus according to an embodiment of the present invention;

Fig. 3 shows a conceptual drawing showing a thermal decomposition
reaction apparatus according to an embodiment of the present invention;

Fig. 4 shows a conceptual drawing showing a thermal decomposition
reaction apparatus according to an embodiment of the present invention;

Fig. 5 shows a conceptual drawing showing an isocyanate production
apparatus according to an embodiment of the present invention;

Fig. 6 shows the 'H-NMR spectrum of N,N'-hexanediyl-bis-carbamic acid
di(2,4-di-tert-butylphenyl) ester obtained in step (3-4) of Example 3 of the present
invention; and,

Fig. 7 shows the ">C-NMR spectrum of N,N'-hexanediyl-bis-carbamic

13a



10

15

20

23

CA 02669650 2009-05-14

A0501 VPBS-PCT/KAN

acid di(2,4-di-tert-butylphenyl) ester obtained in step (3-4) of Example 3 of the

present invention.

Description of Reference Numericals:

(Fig. 1)

101, 107 : distillation column, 102 : column-type reaction vessel, 103, 106 : thin
film evaporator, 104 : autoclave, 105 : decarbonization tank, 111, 112, 11/ :
reboiler, 121, 123, 126, 127 : condenser, 1, 9 : supply line, 2, 4, 5, 6, 7, 8, 10,
11,12, 13, 14 -: transfer line, 3, 15 : recovery line, 16 : extraction line, 17 : feed
line.

(Fig. 2)

201 : feed tank, 202 : thin film evaporator, 203 : distillation column, 204 :
condenser, 21, 22, 23, 24, 25, 26, 27, 28, 29 : tfransfer line

(F1g9.3)

301 : feed tank, 302 : thin fiim evaporator, 303 : distilation column, 304
reboiler, 305 : condenser, 31, 32, 33, 34, 35, 36, 37, 38, 39, transfer line

(Fig. 4)

401 : feed tank, 402 : thin film evaporator, 403, 404 : distillation column, 405,
407 condenser, 406, 408 : reboiler, 41, 42, 43, 44, 45 46, 47, 48, 49, 50, 51,
52. 53 : transfer line

(Fig. 5)

601, 604 : stirring tank, 602, 605, 608 : tank, 603, 606, 609 : thin film
evaporator, 607, 610 : distillation column, 611, 613 : condenser, 612 : reboiler,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,

81 : transfer line

14



CA 02669650 2009-05-14

A0501 VPB9-PCT/KAN

Best Mode for Carrying Out the Invention
The following provides a detailed explanation of the best mode for
carrying out the present invention (to be referred to as the present
5 embodiment). Furthermore, the present invention is not limited to the
following present embodiment, but rather can be modified in various ways
within the scope of the gist thereof.
The isocyanate production process of the present embodiment is a
process for producing isocyanates which comprises the steps of: reacting a
10 carbamic acid ester and an aromatic hydroxy compound to obtain an aryl
carbamate having a group derived from the aromatic hydroxy compound; and
subjecting the aryl carbamate to a decomposition reaction; wherein the
aromatic hydroxy compound uses an aromatic compound having a specific
composition.
15 The following indicates an example of the detailed reaction scheme of the
present embodiment. However, the isocyanate production process as
claimed in the present invention is not limited to the following reaction scheme.

Table 1

Me. i _Me
2
AN
Me OH
Me H /TJ)\ Me Me
N OCN
O NN P . N NG NN

O Me

20 Me

To begin with, an explanation is provided of those compounds used in the

15
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isocyanate production process of the present embodiment.

<Aromatic Hydroxy Compounds>

The aromatic hydroxy compounds used in the isocyanate production
process of the present embodiment are aromatic hydroxy compounds which

are represented by the following formula (5) and which have a substituent at at

least one site ortho to a hydroxyl group:
OH
. -

(9)

(wherein ring A represents an aromatic hydrocarbon ring in a form of a single

or multiple rings and which have a substitute and which have 6 to 20 carbon

atoms;

R' represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having /7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group
containing an atom selected from a carbon atom, an oxygen atom and a
nitrogen atom, and R' may bond with A to form a ring structure).

Examples of R' in formula (1) above include aliphatic alkyl groups in
which the number of carbon atoms constituting the group is a number selected
from integers of 1 to 20, such as a methyl group, an ethyl group, a propyi
group (isomers), a butyl group (isomers), a pentyl group (isomers), a hexyl

group (isomers), a heptyl group (isomers), an octyl group (isomers), a nonyl

10
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group (isomers), a decy!l group (isomers), a dodecyl group (isomers), an
octadecyl group (isomers) or the like; aliphatic alkoxy groups in which the
number of carbon atoms constituting the group is a number selected from
integers of 1 to 20, such as a methoxy group, an ethoxy group, a propoxy
group (ilsomers), a butyloxy group (isomers), a pentyloxy group (isomers), a
nhexyloxy group (isomers), a heptyloxy group (isomers), an octyloxy group
(Isomers), a nonyloxy group (isomers), a decyloxy group (isomers), a
dodecyloxy group (isomers), an octadecyloxy group (including isomers) or the
like; aryl groups in which the number of carbon atoms constituting the group is
6 to 20, such as a phenyl group, a methylphenyl group (isomers), an
ethylphenyl group (isomers), a propylphenyl group (isomers), a butylphenyi
group (isomers), a pentylphenyl group (isomers), a hexylphenyl group
(isomers), a heptylphenyl group (isomers), an octylphenyl group (isomers), a
nonylphenyl group (isomers), a decylphenyl group (isomers), a biphenyl group
(Isomers), a dimethylphenyl group (isomers), a diethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexylphenyl group (isomers), a
diheptylpheny! group (isomers), a terphenyl group (isomers), a trimethylpheny!
group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
(isomers), a tributylphenyl group (isomers)or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(Isomers), a propylphenoxy group (isomers), a butylphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group (isomers), a

heptylphenoxy group (isomers), an octylphenoxy group (isomers), a
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nonylphenoxy group (isomers), a decylphenoxy group (isomers), a
phenylphenoxy group (isomers), a dimethylphenoxy group (isomers), a
diethylphenoxy group (isomers), a dipropylphenoxy group (isomers), a
dibutylphenoxy group (isomers), a dipentylphenoxy group (isomers), a

dihexylphenoxy group (isomers), a diheptylphen'oxy group (isomers), a

diphenylphenoxy group (isomers), a frimethylphenoxy group (isomers), a

triethylphenoxy group (isomers), a tripropylphenoxy group (isomers), a
tributyiphenoxy group (isomers) or the like; aralkyl groups in which the number
of carbon atoms constituting the group I1s 7 to 20, such as a phenylmethyl
group, a phenylethyl group (isomers), a phenylpropyl group (isomers), a
phenylbutyl group (isomers), a phenylpentyl group (isomers), a phenylhexyl
group (isomers), a phenylheptyl group (isomers), a phenyloctyl group (isomers),
phenylnonyl group (iIsomers) or the like; and aralkyloxy groups in which the
number of carbon atoms constituting the group is 7 to 20, such as a
phenylmethoxy group, a phenylethoxy group (isomers), a phenyipropyloxy
group (isomers), a phenylbutyloxy group (isomers), a phenylpentyloxy group
(Isomers), a phenylhexyloxy group (isomers), a phenylheptyloxy group

(isomers), a phenyloctyloxy group (isomers), a phenylnonyloxy group (isomers)

or the like.

Examples of ring A in formula (1) above include a benzene ring, a
naphthalene ring, an anthracene ring, a phenanthrene ring, a naphthacene ring,
a chrysene ring, a pyrene ring, a triphenylene ring, a pentalene ring, an
azulene ring, a heptalene ring, an indacene ring, a biphenylene ring, an
acenaphthylene ring, an aceanthrylene ring, an acephenanthrylene ring or the

like, preferable examples include rings selected from the group consisting of a
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benzene ring, a naphthalene ring and an anthracene ring. In addition, these

rings may have a substituent other than the above-mentioned R', examples of

which Include aliphatic alkyl groups in which the number of carbon atoms

constituting the group Is a number selected from integers of 1 to 20, such as a
methyl group, an ethyl group, a propyl group (isomers), a butyl group (isomers),
a pentyl group (isomers), a hexyl group (isomers), a heptyl group (isomers), an
octy! group (isomers), a nonyl group (isomers), a decy! group (isomers), a
dodecyl group (isomers), an octadecyl group (isomers) or the like; aliphatic
alkoxy groups in which the number of carbon atoms constituting the group is a
number selected from Integers of 1 to 20, such as a methoxy group, an ethoxy
group, a propoxy group (isomers), a butyloxy group (isomers), a pentyloxy
group (i1somers), a hexyloxy group (isomers), a heptyloxy group (isomers), an
octyloxy group (isomers), a nonyloxy group (isomers), a decyloxy group
(Isomers), a dodecyloxy group (isomers), an octadecyloxy group (isomers) or
the like; aryl groups in which the number of carbon atoms constituting the
group i1s 6 to 20, such as a phenyl group, a methylphenyl group (isomers), an
ethylphenyl group (isomer_s), a propylphenyl group (isomers), a butylphenyi
group (isomers), a pentylphenyl group (isomers), a hexylphenyl group
(isomers), a heptylphenyl group (isomers), an octylpheny! group (isomers), a
nonylphenyl group (lsomers), a decylphenyl group (isomers), a biphenyl group
(iIsomers), a dimethylphenyl group (isomers), a diethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexylphenyl group (isomers), a
diheptylphenyl group (isomers), a terphenyl group (isomers), a trimethylphenyl

group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
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(isomers), a tributylphenyl group (isomers) or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(Isomers), a propylphenoxy group (1somers), a butylphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group ({(isomers), a
heptylphenoxy group (isomers), an octylphenoxy group (isomers), a
nonylphenoxy group (isomers), a decylphenoxy group (isomers), a
phenylphenoxy group (isomers), a dimethylphenoxy group (isomers), a
diethylphenoxy group (isomers), a dipropylphenoxy group (isomers), a
dibutylphenoxy group (isomers), a dipentylphenoxy group (isomers), a
dihexylphenoxy group Isomers), a diheptylphenoxy group (isomers), a
diphenylphenoxy group (isomers), a trimethylphenoxy group (isomers), a
triethylphenoxy group (isomers), a tripropylphenoxy group (isomers), a
tributylphenoxy group (isomers) or the like; aralkyl groups in which the number
of carbon atoms constituting the group is 7 to 20, such as a phenylmethy!
group, a phenylethyl group (isomers), a phenylpropyl group (isomers), a
phenylbutyl group (isomers), a phenylpentyl group (isomers), a phenyihexyl
group (isomers), a phenylheptyl group (isomers), a phenyloctyl group (isomers),

a phenyinonyl group (isomers) or the like; and aralkyloxy groups in which the
number of carbon atoms constituting the group is 7 to 20, such as a
phenylmethoxy group, a phenylethoxy group (isomers), a phenylpropyloxy
group (isomers), a phenylbutyloxy group (isomers), a phenylpentyloxy group
(isomers), a phenylhexyloxy group (isomers), a phenylheptyloxy group
(lsomers), a phenyloctyloxy group (isomers), a phenylnonyloxy group

(isomers).
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In addition, the aromatic hydroxy compounds can be used preferably
whether it is an aromatic hydroxy compound having a substituent at one ortho
position to a hydroxyl group or an aromatic hydroxy compound having
substituents at two ortho positions to a hydroxyl group as in compounds

represented by the following formula (6):

OH
R2 R‘l

(6)

(wherein ring Aand R' are the same as defined above,

R? represents an aliphatic alkyl group having 1 to 20 carbon atoms, an
aliphatic alkoxy group having 1 to 20 carbon atoms, an ary! group having 6 to
20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl
group having 7 to 20 carbon atoms or an aralkyloxy group having 7 to 20
atoms, the aliphatic alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the araikyl,
and the aralkyloxy groups containing atoms selected from a carbon atom, an
oxygen atom and a nitrogen atom, and R* may bond with A to form a ring
structure).

Examples of R in the above-mentioned formula (6) include a hydrogen
atom; aliphatic alkyl groups In which the number of carbon atoms constituting
the group Is a number selected from integers of 1 to 20, such as a methyl
group, an ethyl group, a propyl group (isomers), a butyl group (isomers), a
pentyl group (isomers), a hexyi group (isomers), a heptyl group (isomers), an
octyl group (isomers), a nonyl group (isomers), a decyl group (isomers), a
dodecyl group (isomers), an octadecyl group (isomers) or the like; aliphatic

alkoxy groups in which the number of carbon atoms constituting the group is a
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number selected from iIntegers of 1 to 20, such as a methoxy group, an ethoxy
group, a propoxy group (isomers), a butyloxy group (isomers), a pentyloxy
group (isomers), a hexyloxy group (isomers), a heptyloxy group (isomers), an
octyloxy group (isomers), a nonyloxy group (isomers), a decyloxy group
(isomers), a dodecyloxy group (isomers), an octadecyloxy group (isomers) or
the like; aryl groups In which the number of carbon atoms constituting the
group i1s 6 to 20, such as a phenyl group, a methylphenyl group (isomers), an
ethylphenyl group (isomers), a propyiphenyl group (isomers), a butylphenyl
group (Isomers), a pentyiphenyl group (isomers), a hexylphenyl group
(Isomers), a heptylphenyl group (iIsomers), an octylphenyl group (isomers), a
nonylphenyi groap (1somers), a decylphenyl group (Isomers), a biphenyl group
(Isomers), a dimethylphenyl group (isomers), a diethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexyiphenyl group (isomers), a
diheptylphenyl group (isomers), a terphenyl group (isomers), a trimethyiphenyl
group (isomers), a triethyiphenyl group (isomers), a tripropyiphenyl group
(1Isomers), a tributylphenyl group (isomers) or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(isomers), a propylphenoxy group (isomers), a butylphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group (isomers), a

heptylphenoxy group (isomers), an octylphenoxy group (isomers), a

nonyiphenoxy group (isomers), a decylphenoxy group (isomers), a

phenylphenoxy group (isomers), a dimethylphenoxy group (isomers), a

diethylphenoxy group (isomers), a dipropylphenoxy group (isomers), a
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dibutylphenoxy group (isomers), a dipentylphenoxy group (isomers), a
dihexylphenoxy group (isomers), a diheptylphenoxy group (isomers), a
diphenyiphenoxy group (isomers), a trimethylphenoxy group (isomers), a
triethylphenoxy group (isomers), a tripropylphenoxy group (isomers), a
tributylphenoxy group (isomers) or the like; aralkyl groups in which the number
of carbon atoms constituting the group is 7 to 20, such as a phenylmethyl
group, a phenylethyl group (isomers), a phenylpropyl group (isomers), a
phenylbutyl group (isomers), a phenylpentyl group (isomers), a phenylhexyl
group (Isomers), a phenylheptyl group (iIsomers), a phenyloctyl group (isomers),
a phenylnonyl group (isomers) or the like; and aralkyloxy groups In which the
number of carbon atoms constituting the group is 7 to 20, such as a
phenylmethoxy group, a phenylethoxy group (isomers), a phenylpropyloxy
group (1somers), a phenylbutyloxy group (isomers), a phenylpentyloxy group
(isomers), a phenylhexyloxy group (isomers), a phenylheptyloxy group
(Isomers), a phenyloctyloxy group (Isomers), a phenyinonyloxy group (isomers)
or the like.

In the case the aromatic hydroxy compound used In the isocyanate
production process of the present embodiment are aromatic hydroxy
compounds having substituents at two ortho positions to a hydroxyl group,
aromatic hydroxy compounds in which the total number of carbon atoms
constituting R' and R is 2 to 20 are used preferably among the compounds
represented by the above-mentioned formula (6). There are no particular
imitations on the combinations of R' and R? provided the total number of

carbon atoms constituting R' and R? is 2 to 20

Examples of such aromatic hydroxy compounds include compounds
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represented by the following formula (7): |

OH

R4 (7)
(wherein R' and R? are the same as defined above, and

each of R°>, R* and R> Independently represents a hydrogen atom or an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic
alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl, and the aralkyloxy
groups containing an atom selected from a carbon atom, an oxygen atom and
a nitrogen atoms).

In particular, aromatic hydroxy compounds in which each of R' and R* in
the above-mentioned formula (7) independently represents a group
represented by the following formula (8) and R? R® and R® represent hydrogen
atoms, or aromatic hydroxy compounds in which R' in the above-mentioned
formula (7) 1s a linear or branched alky! group having 1 to 8 carbon atoms and
each of R* and R* independently represents a hydrogen atom or a linear or

branched alky! group having 1 to 8 carbon atoms, are used preferably:

)
®

(wherein X represents a branched structure selected from the structures

represented by the following formulas (9) and (10):
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R® (10)

(wherein R® represents a linear or branched alkyl group having 1 to 3 carbon
atoms).

Examples of such aromatic hydroxy compounds include 2-ethyiphenol,
2-propylphenol (isomers), 2-butylphenol (isomers), 2-pentylphenol (isomers),
2-hexylphenol (isomers), 2-heptyiphenol (isomers), 2,6-dimethylphenol,
2.4-diethylphenol, 2 6-diethylphenol, 2,4-dipropyiphenol (Isomers),
2,6-dipropylphenol (isomers), 2,4-dibutylphenol (iIsomers), 2, 4-dipentylphenol
(isomers), 2.,4-dihexylphenol (isomers), 2,4-diheptylphenol (isomers),
2-methyl-6-ethylphenol, 2-methyl-6-propylphenol (Isomers),
2-methyl-6-butylphenol  (isomers), 2-methyl-6-pentylphenol  (isomers),

2-ethyl-6-propylphenol (isomers) 2-ethyl-6-butylphenol (Isomers),

2-ethyl-6-pentylphenol - (isomers), 2-propyl-6-butyliphenol (isomers),
2-ethyl-4-methylphenol (isomers), 2-ethyl-4-propylphenol (Isomers),
2~-ethyl-4-butylphenol (Isomers), 2-ethyl-4-pentylphenol (Isomers),
2-ethyl-4-hexylphenol (Isomers), 2-ethyl-4-heptylphenol (iIsomers),
2-ethyl-4-octylphenol (Isomers), 2-ethyl-4-phenyiphenol (Isomers),
2-ethyl-4-cumyiphenol (isomers), 2-propyl-4-methylphenol (Isomers),
2-propyl-4-ethylphenol (isomers), 2-propyl-4-butylphenol (isomers),
2-propyl-4-pentylphenol  (isomers), 2-propyl-4-hexylphenol  (isomers),

2-propyi-4-hetpylphenol (lsomers), 2-propyl-4-octyiphenol (Isomers),
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2-butyl-4-methylphenol

2-butyl-4-propyiphenol
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(Isomers),
(Isomers),

(1Isomers),

2-butyl-4-hexylphenol (isomers),

2-butyl-4-octylphenol (isomers),

2-butyl-4-cumylphenol (Isomers),

2-pentyl-4-ethylphenol (isomers),

2-penty.|-4-butylphenol (isomers),

2-pentyl-4-heptylphenol (Isomers),
2-pentyl-4-phenylphenol  (isomers),
2-hexyl-4-methylphenol (Isomers),
2-hexyl-4-propylphenol (isomers),
2-hexyl-4-pentylphenol (iIsomers),
2-hexyl-4-octylphenol (iIsomers),

2-hexyl-4-cumylphenol  (isomers),

2-heptyl-4-ethyliphenol (isomers),

2-heptyl-4-butylphenol (Isomers),

2-heptyl-4-hexylphenol

2-heptyl-4-phenylphenol

(Isomers),

(iIsomers),

2-propyl-4-cumylphenol
- 2-butyl-4-ethylphenol
2-butyl-4-pentylphenol
2-butyl-4-heptylphenol
2-butyl-4-phenylphenol
2-pentyl-4-methylphenol
2-pentyl-4-propylphenol
2-pentyl-4-hexylphenol
2-pentyl-4-octylphenol
2-pentyl-4-cumylphenol
2-hexyl-4-ethyiphenol
2-hexyl-4-butyiphenol
2-hexyl-4-heptylphenol
2-hexyl-4-phenyliphenol
2-heptyl-4-methylpheno!
2-heptyl-4-propylphenol
2-heptyl-4-pentylphenol
2-heptyl-4-octylphenol

2-heptyl-4-cumyiphenol

(Isomers),
(Isomers),
(Isomers),
(1Isomers),
(Isomers),
(iIsomers),
(Isomers),
(Isomers),
(Isomers),
(Isomers),
(isomers),
(isomers),
(isomers),
(iIsomers),
(isomers),
(isomers),
(isomers),
(isomers),

(isomers),

2 4 6-trimethylphenol, 2 ,6-dimethyl-4-ethylphenol, 2,6-dimethyl-4-propylphenol

(isomers), 2,6-dimethyl-4-butylphenol (isomers), 2,6-dimethyl-4-pentylphenol

(isomers), 2,6-dimethyl-4-hexylphenol (isomers), 2,6-dimethyl-4-phenylphenol

(isomers), 2,6-dimethyl-4-cumylphenol  (isomers), 2,4,6-triethylphenol,

2 6-diethyl-4-methylphenal,

2 6-diethyl-4-butylphenol

2 ,6-diethyl-4-propyiphenol

(isomers),

2,6-diethyl-4-pentylphenol

20
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2 6-diethyl-4-hexylphenol (isomers), 2,6-diethyl-4-phenylphenol (isomers),
2 6-diethyl-4-cumylphenol  (isomers), 2,46 -tripropylphenol  (isomers),
2 6-dipropyl-4-ethylphenol (isomers), 2,6-dipropyl-4-methylphenol (isomers),
2 6-dipropyl-4-butylphenol (isomers), 2,6-dipropyi-4-pentylphenol (isomers),
2 6-dipropyl-4-hexylphenol (isomers), 2,6-dipropyl-4-phenylphenol (isomers),
2 6-dipropyl-4-cumylphenol (Isomers), 2.4-dimethyl-6-ethylphenol,
2-methyl-4,6-diethylphenol, 2-methyl-4-propyl-6-ethylphenol (Isomers),
2-methyl-4-butyl-6-ethylphenol  (isomers), 2-methyl-4-pentyi-6-ethylphenol
(Isomers), | 2-methyl-4-hexyl-6-ethylphenol (Isomers),
2-methyl-4-phenyl-6-ethylphenol (isomers), 2-methyl-4-cumyl-6-ethylphenol
(isomers), 2,4-dimethyl-6-propyliphenol (isomers), 2-methyl-4,6-dipropylphenol
(iIsomers), 2-methyl—4-ethyl-6-propy|phenol (isomers),
2-methyl-4-butyl-6-propyliphenol (isomers), 2-methyl-4-pentyl-6-propylphenol
(iIsomers), 2-methyl-4-hexyl-6-propylphenol (isomers),
2-methyl-4-phenyl-6-propylphenol (isomers), 2-methyl-4-cumyl-6-propylpheno!
(Isomers), 2,4-dimethyl-6-butylphenol (isomers), 2-methyl-4,6-dibutyiphenol
(isomers), 2-methyl-4-propyl-6-butylphenol (isomers),
2-methyl-4-ethyl-6-butylphenol  (isomers), 2-methyl-4-pentyl-6-butylphenol
(isomers), 2-methyl-4-hexyl-6-butylphenol (iIsomers),
2-methyl-4-phenyl-6-butylphenol (isomers), 2-methyl-4-cumyl-6-butylphenol
(isomers), 2,4-dimethyl-6-pentylphenol, 2-methyl-4 6-dipentylphenol,
2-methyl-4-propyl-6-pentylphenol (isomers), 2-methyl-4-butyl-6-pentylphenol
(lsomers), 2-methyl-4-ethyl-6-pentylphenol (Isomers),
2-methyl-4-hexyl-6-pentylphenol (isomers), 2-methyl-4-phenyl-6-pentylphenol

(isomers), 2-methyl-4-cumyi-6-pentylphenol (Isomers),
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2. 4-dimethyl-6-hexylphenol, 2-methyl-4,6-dihexylphenal,
2-methyl-4-propyl-6-hexylphenol (isomers), 2-methyl-4-butyl-6-hexylphenol
(isomers), 2-methyl-4-pentyl-6-hexylphenol (Isomers),
2-methyl-4-ethyl-6-hexylphenol (isomers), 2-methyl-4-phenyl-6-hexylphenol
(isomers), 2-methyl-4-cumyl-6-hexylphenol (Isomers),
2-ethyl-4-methyl-6-propylphenol (Isomers), 2,4-diethyl-6-propylphenol
(isomers), 2-ethyl-4 6-dipropyliphenol (isomers), 2-ethyl-4-butyl-6-propylphenol
(lIsomers), 2-ethyl-4-pentyl-6-propylphenol (isomers),
2-ethyl-4-hexyl-6-propylphenol  (isomers),  2-ethyl-4-heptyl-6-propylphenol
(Isomers), 2-ethyl-4-octyl-6-propylphenol (iIsomers),
2-ethyl-4-phenyl-6-propylphenol  (isomers), 2-ethyl-4-cumyl-6-propylphenol
(isomers), 2-ethyl-4-methyl-6-butylphenol (isomers), 2,4-diethyl-6-butylphenoi
(isomers), 2-ethyl-4,6-dibutylphenol (isomers), 2-ethyl-4-propyl-6-butylphenol
(Isomers), 2-ethyl-4-pentyl-6-butyiphenol (Isomers),
2-ethyl-4-hexyl-6-butylphenol (Isomers), 2-ethyl-4-heptyl-6-butylphehol
(isomers), 2-ethyl-4-octyl-6-butyiphenol (Isomers),
2-ethyl-4-phenyl-6-butylphenol (isomers), 2-ethyl-4-cumyl-6-butylphenol
(Isomers), 2-ethyl-4-methyl-6-pentylphenol (1Isomers),
2,4-diethyl-6-pentylphenol (isomers), 2-ethyl-4,6-dipentylphenol (isomers),
2-ethyl-4-butyl-6-pentylphenol  (isomers),  2-ethyl-4-propyl-6-pentylphenol
(isomers), 2-ethyl-4-hexyl-6-pentylphenol (isomers),
2-ethyl-4-heptyl-6-pentyiphenoil (iIsomers),  2-ethyl-4-octyl-6-pentylphenol
(Isomers), 2-ethyl-4-phenyl-6-pentylphenol (isomers),
2-ethyl-4-cumyl-6-pentylphenol  (isomers),  2-ethyl-4-methyl-6-hexylphenol

(iIsomers), 2,4-diethyl-6-hexylphenol (isomers), 2-ethyl-4 6-dihexylphenol
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(1Isomers), 2-ethyl-4-propyl-6-hexylphenol (iIsomers),
2~-ethyl-4-pentyl-6-hexylphenol (isomers), 2-ethyl-4-butyl-6-hexylphenol
ISOmers), 2-ethyi-4-heptyl-6-hexylphenol (Isomers),
2-ethyl-4-octyl-6-hexylphenol (1somers), 2-ethyl-4-phenyl-6-hexylphenol
(Isomers), 2-ethyl-4-cumyi-6-hexylphenol (isomers),
2-propyl-4-methyl-6-butylphenol (Isomers), 2,4-dipropyl-6-butylphenol
(isomers), 2-propyl-4,6-dibutylphenol (isomers), 2-proypi-4-ethyl-6-butylphenol
(iIsomers), 2-propyl-4-pentyl-6-butylphenol (Isomers),
2-propyl-4-hexyl-6-butylphenol  (isomers),  2-propyl-4-heptyl-6-butylphenol
(isomers), 2-propyl-4-octyl-6-butylphenol (1somers),
2-propyl-4-phenyl-6-butylphenol (isomers) and 2-propyl-4-cumyl-6-butyiphenol
(isomers) or the like.

The inventors of the present invention surprisingly found that by using the
specific aromatic hydroxy compounds as described above, aromatic carbamic
acld esters, which were conventionally considered to be unstable, are able to
iInhibit side reactions like those described above in a transesterification
reaction and / or thermal decomposition reaction to be described Iater.
Although the mechanism by which the aromatic hydroxy compound inhibits the
side reactions i1s unclear, the inventors of the present invention presumed that
in the case, for example, R’ is a group derived from the aromatic hydroxy
compound in the reaction by which a urea bond represented by the

above-mentioned formula (2) is formed, the substituent at the ortho position

relative to the hydroxyl group sterically protects the urethane bond, thereby
hindering the reaction between a different carbamic acid ester and the

urethane bond.
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The aromatic hydroxy compounds are preferably aromatic hydroxy
compounds having a standard boiling point higher than the standard boiling
point of a hydroxy compound corresponding to an aliphatic alkoxy group,
aryloxy group or aralkyloxy group that composes the ester group of the
carbamic acid ester described below. The term “standard boiling point” as

referred to in the present invention indicates the boiling point at 1 atmosphere.

<Carbamic Acid Esters>

There are no particular limitations on the carbamic acid ester used In the
Isocyanate production process of the present embodiment, and an aliphatic
carbamic acid ester 1s used preferably. Examples of aliphatic carbamic acid

esters include compounds represented by the following formula (11):

O

H i
R—+N—C—-0—R®

(11)

(wherein R’ represents a group selected from the group consisting of an

aliphatic group having 1 to 20 carbon atoms and an aromatic group having 6 to

20 carbon atoms, the group containing an atom selected from a carbon atom

and an oxygen atom, and having a number of atoms equal to n,

R® represents an aliphatic group having 1 to 8 carbon atoms containing
an atom selected from a carbon atom and an oxygen atom, and

n represents an integer of 1 to 10).

In formula (11) above, n is preferably a number selected from integers of
2 or more, and more preferably an aliphatic polycarbamic acid ester in which n

1S 2.

30



10

15

20

25

CA 02669650 2009-05-14

A0501 VPB9-PCT/KAN

Examples of R’ in formula (11) include linear hydrocarbon groups such
as methylene, dimethylene, trimethylene, tetramethylene, pentamethylene,
hexamethylene, octamethylene or the like; unsubstituted acyclic hydrocarboh
groups such as cyclopentane, cyclohexane, cycloheptane, cyclooctane,
bis(cyclohexyl)alkane or the like; alkyl-substituted cyclohexanes such as
methylcyclopentane, ethylcyclopentane, methylcyclohexane  (isomers),
ethylcyclohexane (isomers), propylcyclohexane (isomers), butylcyclohexane
(Isomers), pentylcyclohexane (isomers), hexylcyclohexane (isomers) or the
like; dialkyl-substituted cyclohexanes such as dimethylcyclohexane (isomers),
diethylcyclohexane (isomers), dibutylcyclohexane (isomers) or the like:
trialkyl-substituted cyclohexanes such as 1,55-trimethylcyclohexane,
1,9,9-triethylcyclohexane, 1,9,95-tripropylcyclohexane (isomers),
1,5,5-tributylcyclohexane (isomers) or the like; monoalkyl-substituted benzenes
such as toluene, ethylbenzene, propylbenzene or the like; dialkyl-substituted
benzenes such as xylene, diethylbenzene, dipropylbenzene or the like: and
aromatic hydrocarbons such as diphenylalkane, benzene or the like. In
particular, hexamethylene, phenylene, diphenylmethane, toluene, cyclohexane,

xyiene, methylcyclohexane, Isophorone and dicyclohexylmethane are used

preferably.

Examples of R® include alkyl groups in which the number of carbon
atoms constituting the group Is selected from an integer of 1 to 8, such as a
methyl group, an ethyl group, a propyl group (isomers), a butyl group (isomers),
a penty!l group (Isomers), a hexyl group (isomers), a heptyl group (isomers), an
octyl group (Isomers) or the like; and cycloalkyl groups in which the number of

carpon atoms constituting the group Is selected from an integer of 5 to 14,
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such as a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a dicyclopentyl group (isomers), a dicyclohexyl group
(isomers), a cyclohexyl-cyclopentyl group or the like.

Examples of alkyl polycarbamates represented by the above-mentioned
formula (11) include alkyl carbamates such as N,N'-hexanediyl-bis-carbamic

acild dimethyl ester, N N'-hexanediyl-bis-carbamic acid diethyl ester,

N,N'-hexanediyl-bis-carbamic acid dibutyl ester (iIsomers),
N,N'-hexanediyl-bis-carbamic acid dipentyl ester (Isomers),
N,N'-hexanediyl-bis-carbamic acid dihexy! ester (Isomers),
N,N'-hexanediyl-bis-carbamic acid dioctyl ester (Isomers),
dimethyl-4,4'-methylene-dicyclohexy! carbamate,
diethyl-4 4'-methylene-dicyclohexy! carbamate,
dipropyl-4,4'-methylene-dicyclohexyl carbamate (Isomers),
dibutyl-4 4'-methylene-dicyclohexy! carbamate ~ (isomers),
dipentyl-4,4'-methylene-dicyclohexy! carbamate (iIsomers),
dinexyl-4,4'-methylene-dicyclohexyl carbamate (lIsomers),
dihneptyi-4,4'-methylene-dicyclohexyl carbamate (iIsomers),
dioctyl-4,4'-methylene-dicyclohexyl carbamate - (1somers),

3-(methoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid

- methy] ester, 3-(ethoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl

carbamic acld ethyl ester,
3-(propyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid

Propyi ester (Isomers),

3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl  carbamic  acid

butyl ester (isomers),
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3-(pentyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
pentyi ester (isomers),
3-(hexyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
hexyl ester (1somers),
3-(heptyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
heptyl ' ester (Isomers),
3-(octyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic  acid
octyl ester (isomers), toluene-dicarbamic acid dimethyl ester (isomers),
toluene-dicarbamic acid diethyl ester (isomers), toluene-dicarbamic acid
dipropy! ester (isomers), toluene-dicarbamic acid dibutyl ester (isomers),
toluene-dicarbamic acid dipentyl ester (isomers), toluene-dicarbamic acid
dihexyl ester (isomers), toluene-dicarbamic acid diheptyl ester (isomers),
toluene-dicarbamic acld diocty! ester (isomers),
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dimethyl! ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid diethyl ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dipropyl ester,
N,N'-(4,4’-methanediyl-diphenyl)-biscarbamic acid dibutyi ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dipenty! ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dihexyl ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dihepty! ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dioctyl ester or the like.
Among these, alkyl carbamates in which R’ in formula (11) above is a
group selected from the group consisting of an alkyl group having 1 to 20
carbon atoms and a cycloalkyl group having 5 to 20 carbon atoms are used

preferably, while alkyl carbamates represented by any of the following formulas
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(12) to (14) are used particularly preferably:

O
H T .
RB/O\C/N\/W\N/C\O/R
1 H
0 (12)
O O
. T I .
R \O/C\N N/C\O/R
H H (13)
®,
é': RS
N/ \0/
H o
g RS
N-’"’ ~N
H - (14)

(wherein R® is the same as defined above).

Examples of alkyl polycarbamates represented by formula (12) include
N,N'-hexanediyl-bis-carbamic acid dimethyi ester,
N,N'-hexanediyl-bis-carbamic acid diethyl ester, N ,N'-hexanediyl-bis-carbamic
acid dibutyl ester (isomers), N ,N'-hexanediyl-bis-carbamic acid dip<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>