
DESCRIPTION Title of Invention SEPARATION METHOD AND METHOD FOR PRODUCING
ISOCYANATE 5Technical Field [0001] The present invention relates to the
separation of a mixture containing plural types of reversibly reacting
compounds, especially, a method for separating an isocyanate from a mixture
containing the isocyanate and a hydroxy compound, and a method for
producing an 10isocyanate. Background Art [0002] Distillation is generally
used in the separation of gas composition containing a plurality of
components. The distillation is the procedure of concentrating a particular
component in a mixture 15 through the use of the difference in vapor
pressure among individual component substances. As a mixture to be
distilled is heated, individual components gradually evaporate from the
surface of the solution, and boiling starts when the sum of the vapor
pressures of the individual components agrees with the pressure of the
system. The composition of vapors that emanate during this period almost
depends on both of the composition of components on the surface of the
solution and the vapor pressures (partial pressures) of the individual
components at the temperature, according to the Raoult's law. A batch-type
method and a continuous distillation method are known as industrial
distillation 25methods, [0003] The description above is the case where a
reaction does not  occur between components to be separated, and the case
where a reaction occurs between gas components, between liquid-phase
components, or between gas-liquid phases takes complicated evaporation
behaviors. 



5[0004] For example, conventionally, in the case where equilibrium in an
equilibrium reaction is disadvantageous to a product side, enhancing
reaction efficiency (equilibrium conversion) by separating at least one
type of products from the reaction system to make the equilibrium
advantageous to the product side is generally performed. Although 10
various methods are known as methods for separating products from the
reaction system, distillation separation is one of the most generally
performed methods. A method of pursuing a reaction by shifting the
equilibrium reaction toward the product side with products removed from the
reaction system by distillation is called reactive distillation, 15  and an
explanation about the reactive distillation is described in, for example,
Non Patent Literature 1 by showing specific examples. [0005] In general,
the reactive distillation is carried out by using a distillation column
such as a continuous multi-stage distillation column (reactive distillation
apparatus). While higher-boiling-point 20  components contained in a
reaction solution become mostly distributed on the lower stage side of the
distillation column along progress of the reaction in performing reactive
distillation within the distillation column, lower-boiling-point components
become mostly distributed on the upper stage side of the distillation
column. Thus, in 25the distillation column, the internal temperature
(solution temperature) decreases with movement from the bottom of the
column toward the top  of the column. The lower the temperature is, the
lower the reaction rate of the equilibrium reaction becomes. Therefore, the
reaction rate lowers with movement from the bottom of the column toward the
top of the column in performing reactive distillation within the
distillation 5 column. Specifically, the reaction efficiency of the
equilibrium reaction decreases with movement from the bottom of the column
toward the top of the column in performing reactive distillation within the
distillation column. [0006] Thus, further increasing a temperature within
the column has 10  been studied in order to more improve reaction
efficiency, i.e., to more accelerate the reaction rate, and a method of
advantageously pursuing a reaction by supplying a solvent to a reactive
distillation column and increasing a temperature within the reactive
distillation column is disclosed in, for example, in Patent Literature 1,
as a method for 15  efficiently performing an equilibrium reaction
represented by raw material (P) + raw material (Q) .(=> product (R) +
product (S), especially, a transesterification reaction. 



[0007] On the other hand, in the distillation separation of products in a
system in which an equilibrium reaction represented by raw material (P) 20
product (R) + product (5) exists, distillation is difficult in the case
where the reaction rate is higher in the right1oleft direction reverse
reaction) than in the le,it-to-right direction at a distillation separation
temperature. In such a reaction, equilibrium may tilt toward the right side
(product side) in a high-temperature region, and the case 25where
distillation separation is influenced by other side reactions or the like
is frequent in a high-temperature region though there is also a
possibility of distillation separation. For example, it is not preferable
to apply the method as described above to, for example, the distillation
separation of a mixture containing an active hydrogen-containing compound
and a compound that reversibly reacts with the active  5
hydrogen-containing compound, especially, the distillation separation of a
thermally decomposable product such as an N-substituted carbamic acid
ester, an N-substituted thiocarbamic acid ester, or an N-substituted
dithiocarbamic acid ester. For example, the case of thermal decomposition
of the N-substituted carbamic acid ester is based on the 10following
reason: [0008] It has been known since long ago that an isocyanate and a
hydroxy compound are obtained by the thermal decomposition of the
N-substituted carbamic acid ester (see e.g., Non Patent Literature 2). The
basic reaction of thermal decomposition of the N-substituted 15carbamic
acid ester is illustrated by the following formula: [0009] [Chemical
Formula 1] R(NHcoomaR(NCO), + a R'OH( 1 ) wherein 



R represents an a-valent organic residue; R' represents a monovalent
20organic residue; and a represents an integer of 1 or larger. [00101 The
thermal decomposition reaction represented is reversible. and its equili
brium tilts at low temperatures toward the. left-hand side where an
N-substituted carbamic acid ester fonns, and by contrast, tilts at high.
temperatures toward the right-hand side where an 25isocyanate and a hydroxy
compound form. [0011] Meanwhile, the N-substituted carbamic acid ester
tends to be  accompanied with various irreversible side reactions such as
unfavorable thermal denaturation reactions and the condensation reaction of
the isocyanate that forms by the thermal decomposition of the N-substituted
carbamic acid ester. Examples of the side reactions  5 include a reaction
forming a urea bond represented by, for example, formula (2), a reaction
forming carbodiimides represented by, for example, formula (3), and a
reaction forming isocyanurates represented by, for example, formula (4):
[0012] [Chemical Formula 2] 0 HIIIIHHHHII 10R-N-C-0-R'R NCN R +
R-0--C---O-R' 



( 2 ) R-N=C=0 + 0=C=N-RR N-C-N R + CO2    wherein R represents an aliphatic
group or an aromatic group. [0013] Particularly, in the case where the
N-substituted carbamic acid ester isan N-substituted polycarhamin acid.
ester, a plurality of groups in one molecule may cause the side reactions
as described above to form a high-molecular-weight form.. Thus, it is
impossible to solve these problems only by increasing a temperature within
the distillation column using, for example, the method of Patent Literature
1 described. above.  [0014] In the production of an isocyanate by the
thermal decomposition of an N-substituted carbamic acid ester, a method of
rapidly separating reaction products or decreasing the formation of
by-products by dilution with an inactive solvent has been devised for
reducing the formation of by-products capable of forming deposits in a
reactor. [0015] A method of using a reactor in a thin film form or tube
form to thermally decompose an N-substituted carbamic acid ester in the
presence of an inactive solvent is disclosed in, for example, Patent
Literature 2 and Patent Literature 3. A method of using a reaction 10column
to thermally decompose an N-substituted carbamic acid ester in the presence
of an inactive solvent is disclosed in Patent Literature 4. [0016]
Moreover, a method of using a reactive rectifying column to thermally
decompose an N-substituted carbamic acid ester in the presence of a
particular inactive solvent and at the same time, separate 15an isocyanate
and an alcohol that form is described in Patent Literature 5 and Patent
Literature 6. Citation List 



Patent Literature         [0017] Patent Literature 1: Japanese Patent
Application Laid-Open 20Publication No. 10-301 'Patent IncEP Patent
Publication. No. 92,738 Patent LFuh]ieation No 396,977 Patent Literature 4:
EP Patent Publication No. 542,106 Patent Literature 5: U.S. Patent
Publication No. 5,731,458 25Patent Literature 6: U.S. Patent Publication
No. 5,883,291 Non Patent Literature  [0018] Non Patent Literature 1:
"Journal of Chemical Engineering of Japan" Vol. 57, No. 1, p. 77-79 (1993)
Non Patent Literature 2: Berichte der Deutschen Chemischen Gesellschaft,
Vol. 3, 1870, p. 653 5Summary of Invention Technical Problem [0019] In a
method described in Patent Literatures 5 and 6, a liquid from the bottom of
a reactive rectifying column is only a heat transfer 



medium, and it is thus considered that the thermal decomposition of an  10
N-substituted carbamic acid ester advantageously proceeds, while an
isocyanate collected from the reactive rectifying column contains an
alcohol and a compound having an N-substituted carbamic acid ester group
presumed to form when the isocyanate reacts with the alcohol. Since the
isocyanate reacts with the alcohol to form an N-substituted 15carbamic acid
ester, it is not a satisfactory method from the viewpoint of separation
efficiency. [0020] As described above, for example, a method of thermally
decomposing an N-substituted carbarnic acid ester in an inactive solvent
has been studied in order to suppress a thermal denaturation reaction
20caused by the reaction between N-substituted carbamic acid esters in a
thermal diEationequilibrium reaction andhe distillation separation of
products (e.g.,thermal dissociation equilibrium. However, the point where
an N-substituted carbamic acid ester forms again and reduces isocyanate
yields in the 25course of the process of separating an isocyanate and a
hydroxy compound that form. by thermal decomposition, is still a problem.  



[0021] An object of the present invention is to provide the separation of a
mixture containing plural types of reversibly reacting compounds,
especially, a method for efficiently separating an isocyanate from a
mixture containing the isocyanate and a hydroxy compound,  5 particularly,
a method for efficiently separating an isocyanate and a hydroxy compound
that form by the thermal decomposition of an N-substituted carbamic acid
ester. Solution to Problem [0022] Accordingly, the present inventors have
conducted diligent  10 studies on the object and consequently completed the
present invention by finding that the object is attained by a method for
separating, with a multi-stage distillation column, a mixture containing an
active hydrogen-containing compound (A) and a compound (B) that reversibly
reacts with the active hydrogen-containing compound (A), the method  15
comprising distillation-separating the active hydrogen-containing compound
(A) and the compound (B) with the multi-stage distillation column in the
presence of an intermediate-boiling-point inactive compound (C) that has a
normal boiling point between a normal boiling point of the active
hydrogen-containing compound (A) and a normal  70 boiling point of the
compound (B) and is chemically inactive for both of the active
hydrogen-containing compound (A) and the compound (B). (0073] Specific3liy,
the present invention is as follows: as the first aspect,         [1] a
method for separating, with a multi-stage distillation column, a 25mixture
containing an active hydrogen-containing compound (A) and a
compound(B)thatreversiblyreactswiththeactive  hydrogen-containing compound
(A), the method comprising distillation-separating the active
hydrogen-containing compound (A) and the compound (B) with the multi-stage
distillation column in the presence of an intermediate-boiling-point
inactive compound (C) that  5 has a normal boiling point between a normal
boiling point of the active hydrogen-containing compound (A) and a normal
boiling point of the compound (B) and is chemically inactive for the active
hydrogen-containing compound (A) and the compound (B); 



10[2] the method according to [1], comprising supplying the mixture to an
inactive layer comprising the intermediate-boiling-point inactive compound
(C), formed within the multi-stage distillation column; [3] the method
according to [1] or [2], comprising supplying the mixture in a gas state to
the multi-stage distillation column; 15[4] the method according to any one
of [1] to [3], wherein the compound (B) is an isocyanate and/or an
isothiocyanate; [5] the method according to any one of [1] to [4], wherein
the active hydrogen-containing compound (A) is at least one compound
selected from the group consisting of a hydroxy compound, a thiol, an
aromatic 20thiol, and a hydrogen lalide; 6] the method according to any one
of [rri           obtained by the thermal decomposition reaction of
compound represented by formula (5): [Chemical Formula 3]  y HII 



R1 N-C-Z /n (5) wherein       R1 represents one group selected from the
group consisting of an aliphatic group having 1 to 22 carbon atoms and an
aromatic group 5having 6 to 22 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; Y represents an oxygen atom or a sulfur
atom;       Z represents one group selected from the group consisting of a
residue in which a hydrogen atom has been removed from the -OH  10 group of
the hydroxy compound, a residue in which a hydrogen atom has been removed
from the -SH group of the thiol or the aromatic thiol, and a halogen atom;
and n represents an integer of 1 to 10;  [7] the method according to [6],
wherein the compound represented by  15 formula (5) is an N-substituted
thiocarbamic acid ester wherein Y is a sulfur atom and Z is a residue in
which a hydrogen atom has been removed from the -OH group of the hydroxy
compound;  [8] the method according to [6], wherein tile compound
represented by formula (5) is an Nsubstituted earbainie acid ester wherein
Y is an        atom and.a residuea hydrogen atom has been 



removed from the -OH group of the hydroxy compound;  [9] the method
according to [8], wherein the N-substituted carbamic acid ester is an
N-substituted carbamic acid ester obtained by reacting a carbonic acid
ester and an organic primary amine;   [10] the method according to [9],
wherein the N-substituted carbamic acid ester is an N-substituted carbamic
acid ester obtained by reacting urea, an organic primary amine, and a
hydroxy compound; and  [11] the method according to [10], wherein the
N-substituted carbamic 5acid ester is an N-substituted aromatic carbamic
acid ester; and as the second aspect  [12] a method for producing an
isocyanate, comprising: a step of obtaining a mixture containing an
isocyanate and a hydroxy compound by the thermal decomposition reaction of
an N-substituted carbamic 10acid ester; and a step of separating the
isocyanate from the mixture by the method according to [1]. Advantageous
Effects of Invention [0024] According to the present invention, one can
efficiently separate and collect a compound that reversibly reacts with an
active  15 hydrogen-containing compound from a mixture containing the
active hydrogen-containing compound and the compound that reversibly reacts
with the active hydrogen-containing compound, and can efficiently separate
and collect, especially, an isocyanate from a mixture containing the
isocyanate and a hydroxy compound. 20Brief Description of Drawings 



[0025] FiG I is an illustrative diagram showing one example of an N-
substituted carbamic acid ester producing ipparatus;           FIG 2 is a
conceptual diagram showing one example of an N-substituted carbami.c acid
ester thermally decomposing apparatus and 25an isocyanate separating
apparatus; FlG 3 is an illustrative diagram showing one examplean
N-substituted carbamic acid ester producing apparatus;       FIG 4 is a
conceptual diagram showing one example of an N-substituted carbamic acid
ester thermally decomposing apparatus and an isocyanate separating
apparatus; 5FIG. 5 is an illustrative diagram showing one example of a
production apparatus for compounds having an ureido group;       FIG. 6 is
an illustrative diagram showing one example of an N-substituted carbamic
acid ester producing apparatus;               FIG. 7 is an illustrative
diagram showing one example of an 10N-substituted carbamic acid ester
producing apparatus;       FIG 8 is an illustrative diagram showing one
example of an alcohol distilling off apparatus;       FIG. 9 is an
illustrative diagram showing one example of a carbonic acid ester
distilling off apparatus; 15FIG. 10 is an illustrative diagram showing one
example of an 



N-substituted carbamic acid ester thermally decomposing apparatus and an
isocyanate separating apparatus;           FIG. 11 is an illustrative
diagram showing one example of an N-substituted carbamic acid ester
thermally decomposing apparatus and 20an isoeyanate separating apparatus;
FIG. 12 is t illustrative diagram showing one example of an Nsuhsttuted
carhamic acid chloride producing apparatus; and       FIG 13 is an
illustrative diagram showing one example of a carbonic acid ester producing
apparatus. 25Description of Embodiments [0026] Hereinafter, the mode for
carrying outhe present invention  (hereinafter, referred to as the "present
embodiment") will be described in detail. Incidentally, the present
invention is not limited to the embodiments below and can be modified
variously within the scope of the spirit thereof and carried out. 5[0027] A
separation method of the present embodiment is a method for separating,
with a multi-stage distillation column, a mixture containing an active
hydrogen-containing compound (A) and a compound (B) that reversibly reacts
with the active hydrogen-containing compound, the method comprising
distillation-separating the active  10 hydrogen-containing compound (A) and
the compound (B) with the multi-stage distillation column in the presence
of an intermediate-boiling-point inactive compound (C) that has a normal
boiling point between a normal boiling point of the active
hydrogen-containing compound (A) and a normal boiling point of the  15
compound (B) and is chemically inactive for both of the active
hydrogen-containing compound (A) and the compound (B). This inactive
compound is referred to as an "intermediate-boiling-point inactive
compound" in some cases.         [0028] in general, a reversible reaction
refers to, of chemical reactions,  20 a reaction in which a reaction from.
the original system (raw material) to 



the product side (products)action) and contrarily, a reaction that returns
from the productoriginal system (reverse reaction) both occur, and in the
present embodiment, the "compound (B) that reversibly reacts with the
active hydrogen-containing compound" is 25a compound capable of reacting
with the active hydrogen-containing compound (A) to form a conjugate of (A)
and (B) and is a compound to  which a reaction system represented by
formula (6) holds: [0029] [Chemical Formula 4]     Active
hydrogen-containing compound (A) + Compound (B) that reversibly reacts with
the active hydrogen-containing compound -+ 5Conjugate of (A) and (B) (6)
[0030] In general, if only such forward and reverse reactions occur in a
certain system, the system eventually stabilizes in an equilibrium state
containing given amounts of substrates and products. Such a reaction system
capable of forming the equilibrium state is called an equilibrium  10
reaction. Specifically, the "compound (B) that reversibly reacts with the
active hydrogen-containing compound" can also be referred to as a "compound
(B) capable of forming an equilibrium reaction with the active
hydrogen-containing compound". In the present embodiment, the mixture
containing the active hydrogen-containing compound (A)  its  and the
compound (B) that reversibly reacts with the active hydrogen-containing
compound is preferably a mixture in which (A), (B), and the conjugate of
(A) and (B) are in an equilibrium state represented by formula (7) in the
mixture: [0031] [Chemical Formula 5] 



(A) -I- (3)  Conjugate of (A) and (B)(7) [0032] More preferably, (B) is a
compound capable of forming thermal dissociation equilibrium. with (A), and
further preferably, (A), (B), and the conjugate of (A) and (B) are in a
thermal dissociation equilibrium state in the mixture. The thermal
dissociation is a reaction through 25which molecules or the like decompose
by a rise in temperature and  return to the original molecules by reverse
reaction when the temperature decreases, and, taking the case of formula
(7) as an example, is a reaction through which the conjugate of (A) and (B)
decomposes by a rise in temperature to form (A) and (B), and (A) and  5 (B)
react to form the conjugate of (A) and (B) when the temperature decreases.
In these reactions described above, one that is preferred is a system in
which a catalyst is absent, though the catalyst may be present or may not
be present in the system.         [0033] One that is preferred as (B)
capable of forming such a system is  10 an isocyanate and/or an
isothiocyanate. [0034] The isocyanate according to the present embodiment
is a compound that corresponds to the latter half part "its hydrocarbyl
derivatives: RN=C=0" of "The isocyanic acid tautomer, HN=C=0, of cyanic
acid, HOC=N and its hydrocarbyl derivatives: RN=C=0." in the  15 paragraph
"isocyanates" specified by Rule C-8 described in the Nomenclature (IUPAC
Nomenclature of Organic Chemistry) specified by IUPAC (The International
Union of Pure and Applied Chemistry), and is preferably a compound
represented by formula (8): [0035] [Chemical Formula 6] -N=C= In.( 8 )
waerein        RI represents one group selected from the group consisting
of an aliphatic group having 1 to 22 carbon atoms and an aromatic group
having 6 to 22 carbon atoms, and the group may contain an oxygen 75atom
and/or a nitrogen atom; and  



n represents an integer of 1 to 10. [0036] Of the isocyanates represented
by formula (8), one that is preferred is an isocyanate wherein n is 1 to 3.
Examples of preferable R1 include: linear hydrocarbon groups such as
methylene, dimethylene,  5 trimethylene, tetramethylene, pentamethylene,
hexamethylene, and octamethylene; unsubstituted alicyclic
hydrocarbon-derived groups such as cyclopentane, cyclohexane, cycloheptane,
cyclooctane, and bis(cyclohexyl)alkane; alkyl-substituted
cyclohexane-derived groups such as methylcyclopentane, ethylcyclopentane,
methylcyclohexane  10 (each isomer), ethylcyclohexane (each isomer),
propylcyclohexane (each isomer), butylcyclohexane (each isomer),
pentylcyclohexane (each isomer), and hexylcyclohexane (each isomer);
dialkyl-substituted cyclohexane-derived groups such as dimethylcyclohexane
(each isomer), diethylcyclohexane (each isomer), and dibutylcyclohexane
15(each isomer); trialkyl-substituted cyclohexane-derived groups such as
1,5,5-trimethylcyclohexane, 1,5,5-triethylcyclohexane,
1,5,5-tripropylcyclohexane (each isomer), and 1,5,5-tributylcyclohexane
(each isomer); monoallcyl-substituted benzenes such as toluene,
ethylbenzene, and propylbenzene; diallcyl-substituted benzenes such as
20xylene, diethylbenzene, and dipropylbenzene; and aromatic
hydrocarbon-derived groups such as dipherbenzene. Among them, groups
derived from hexa.methylene, diphenylmethane, toluene, cyclohexane,
xylenyl, methylcyclohexane, isophorone, and dicyclohexylmethane are
preferable. 25[0037] Specific examples of preferable isocyanates include
phenyl isocyanate, naphthalene isocyanate, hexamethylene diisocyanate,
isophorone diisocyanate, diphenylmethane diisocyanate (each isomer),
tolylene diisocyanate (each isomer), methylenebis(cyclohexane)
diisocyanate, and naphthalene diisocyanate (each isomer). 



[0038] The isothiocyanate according to the present embodiment  5
corresponds to "Sulfur analogues of isocyanates: RN=C=S." in the paragraph
"isothiocyanates" specified by Rule 0-8 described in the Nomenclature
(IUPAC Nomenclature of Organic Chemistry) specified by IUPAC (The
International Union of Pure and Applied Chemistry), and is preferably a
compound represented by formula (9): 10[0039] [Chemical Formula 7] R1N=C=S
(9) wherein       R.1 represents one group selected from the group
consisting of an aliphatic group having 1 to 22 carbon atoms and an
aromatic group 15having 6 to 22 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; and n represents an integer of 1 to 10.
[0040] Of the isothiocyanates represented by formula (9), one that is
preferred is an isothiocy-anate wherein n is 1 to 3, and examples of
20preferable 1 include: linear hydrocarbon groups such as methylene,
dintethylene,trimetlayiene,tetrarnethylenc,pentamethylene, hexam
ethylene,andoctamethylene;unsub stimtedali cyclic hydrocarbon-derived
groups such as cyclopentane, cyclohexane, 



cycloheptane, and cyclooctane; alkyl-substituted cyclohexane-derived
25groupssuchasmethylcyclopentane,ethylcyclopentane,  methylcyclohexane,
ethylcyclohexane, propylcyclohexane (each isomer), butylcyclohexane (each
isomer), pentylcyclohexane (each isomer), and hexylcyclohexane (each
isomer); dialkyl-substituted cyclohexane-derived groups such as
dimethylcyclohexane (each  5 isomer), diethylcyclohexane (each isomer), and
dibutylcyclohexane (each isomer); trialkyl-substituted cyclohexane-derived
groups such as 1,5,5-trimethylcyclohexane, 1,5 ,5-triethylcyclohexane,
1,5,5-tripropylcyclohexane (each isomer), and 1,5,5-tributylcyclohexane
(each isomer); monoalkyl-substituted benzenes such as toluene,  10
ethylbenzene, and propylbenzene; dialkyl-substituted benzenes such as
xylene, diethylbenzene, and dipropylbenzene; and aromatic
hydrocarbon-derived groups such as diphenylalkane and benzene. Among them,
groups derived from hexamethylene, phenylene, diphenylmethane, toluene,
cyclohexane, xylenyl, methylcyclohexane, 15isophorone, and
dicyclohexylmethane are preferable. [0041] Specific examples of preferable
isothiocyanates include phenyl isothiocyanate, naphthalene isothiocyanate,
hexamethylene diisothiocyanate, isophorone diisothiocyanate,
diphenylmethane diisothiocyanate (each isomer), tolylene diisothiocyanate
(each isomer),  20 methylenebis(cyclohexane) diisothiocyanate, naphthalene
dils;othiocyanate (each isomer), and lysine ditsothlocyanatet [0042] On the
otheris an active hydrogen Jritahaii compound. The "active hydrogen" in.
the active hydrogen-containing compound (A) refers to a hydrogen atom
bonded to a halogen atom, an 25oxygen atom, a sulfur atom, a nitrogen atom,
a silicon atom, or the like, and a hydrogen atom in a terminal m.ethine
group. It is, for example,  



hydrogen contained in an atomic group or a molecule such as a -OH group, a
-C(-0)0H group, a -C(=0)H group, a -SH group, a -S03H group, a -S02H group,
a -SOH group, a -NH2 group, a -NH- group, a -Sill group, a group, or FIX (X
represents a halogen atom). 5The active hydrogen-containing compound (A) is
a compound containing these active hydrogens described above and is
preferably a compound containing a -OH group, a -SH group, or a -NH2 group
and a hydrogen halide (above-described HX (X is a halogen atom)). [0043]
One that is preferred as a specific compound is at least one 10compound
selected from the group consisting of a hydroxy compound, a thiol, an
aromatic thiol, and a hydrogen halide. [0044] A preferable hydroxy compound
is an alcohol or an aromatic hydroxy compound, and the case of the alcohol
is a compound represented by formula (10): 15[Chemical Formula 8] R5-(-OH)
C(1 0) wherein le represents an aliphatic group having 1 to 50 carbon atoms
which is substituted by c hydroxy group(s), or an aliphatic group having 7
to 50 carbon atoms which is a group to which an aromatic group is 20bonded;
the -01.1 group of the alcohol represented by formula (10) is a -OH group
unbound to an aromatic group; and c 



1 to 3, provided that R5 is a group that does not have active hydrogen
other than the hydroxy group.         [0045] Examples of R5 can include a
methyl group, an ethyl group, a 25propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl  group, an octyl group, a nonyl group, a
decyl group, a dodecyl group, an octadecyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a
methylcyclopentyl group, an ethylcyclopentyl group, a methylcyclohexyl
group, an ethylcyclohexyl 5group, a propylcyclohexyl group, a
butylcyclohexyl group, a pentylcyclohexyl group, a hexylcyclohexyl group, a
dimethylcyclohexyl group, a diethylcyclohexyl group, and a
dibutylcyclohexyl group. [0046] Specific examples of alcohols having such
R5 can include methanol, ethanol, propanol, butanol, pentanol, hexanol,
heptanol, 10octanol, nonanol, decanol, dodecanol, octadecanol,
cyclopentanol, cyclohexanol, cycloheptanol, cyclooctanol,
methylcyclopentanol,
ethylcyclopentanol,methylcyclohexanol,ethylcyclohexanol,
propylcyclohexanol,butylcyclohexanol,pentylcyclohexanol,
hexylcyclohexanol, dimethylcyclohexanol, diethylcyclohexanol, and
15dibutylcyclohexanol [0047] Moreover, examples of R5 can also include a
phenylmethyl group, a phenylethyl group, a phenylpropyl group, a
phenylbutyl group, a phenylpentyl group, a phenylhexyl group, a
phenylheptyl group, a phenyloctyl group, and a phenylnonyl group. 



20[0048] Specific examples of alcohols haying such e can include ithen
pilaiyipropanol, phenyibutatiol, phenylpentanol, phenylhexanol,
aheny1heptanoI, phenyloctanol, and phenyinonanol.     [0049] Of the
alcohols described above, an alcohol having one or two 25alcoholic hydroxy
group(s) (hydroxy group(s) directly added to a carbon atom, other than the
aromatic ring, constituting the hydroxy  compound described above) is
preferable in consideration of industrial use because it is generally low
viscous, and one that is more preferred is a monoalcohol in which the
alcoholic hydroxy group is 1.     [0050] Among these, an alkyl alcohol
having 1 to 20 carbon atoms is  5 preferable from the viewpoint of the ease
of obtainment, the solubility of raw materials or products, etc. [0051] In
the case where the hydroxy compound is an aromatic hydroxy compound, the
hydroxy compound is a compound represented by formula (11): 10[0052]
[Chemical Formula 9]  ( 1)  wherein ring A represents an organic group
containing 6 to 50 carbon atoms which contains an aromatic group
substituted by d hydroxy 



group(s) at any position that keeps aromaticity, and may be a single
15ring, a plurality of rings, or a heterocyclic ring or may be substituted
by other substituents; and d represents an integer of 1 to 6. [0053] One
that is preferred is a structure in which ring A contains at least ature
selected from the group consisting of a. benze- napliMan anthracene ring,
and one that is more 20 preferred is a structure in which ring A contains
at least one benzene ring. Moreover, preferably, ring A is a group that
does not have active hydrogen other than the hydroxy group. [0054] The
hydroxy group bonded to the aromatic group of ring A is a  hydroxy group
bonded to a carbon atom in the aromatic group of ring A, and the number of
the hydroxy group is an integer of 1 to 6, preferably 1 to 3, more
preferably 1 to 2, further preferably 1 (i.e., d = 1). One that is more
preferred is an aromatic monohydroxy compound in which the 5aromatic
hydroxyl group is 1. [0055] Examples thereof specifically include phenol,
methylphenol (each isomer), ethylphenol (each isomer), propylphenol (each
isomer), butylphenol (each isomer), pentylphenol (each isomer), hexylphenol
(each isomer), octylphenol (each isomer), nonylphenol (each isomer),  10
cumylphenol (each isomer), dimethylphenol (each isomer), methylethylphenol
(each isomer), methylpropylphenol (each isomer), methylbutylphenol (each
isomer), methylpentylphenol (each isomer), diethylphenol (each isomer),
ethylpropylphenol (each isomer), ethylbutylphenol (each isomer),
dipropylphenol (each isomer),  15 dicumylphenol (each isomer),
trimethylphenol (each isomer), triethylphenol (each isomer), and naphthol
(each isomer). [0056] A compound having one hydroxyl group directly bonded
to the aromatic hydrocarbon ring constituting the aromatic hydroxy
compound. 



described above is preferable as the aromatic hydroxy compound.  20
Although even an aromatic hydroxy compound having two or more hydroxyl
groups directly bonded to the aromatic hydrocarbon ring constituting the
aromatic yercxy compound described above may be used as the aromatic
hydroxy compound, it is preferred that the hydroxyl grou.p directly bonded
to the aromatic hydrocarbon ring should. 25be 1 because one in which the
hydroxy group is 1 is generally low viscous.  [0057] A preferable thiol is
a compound represented by formula (12): [0058] [Chemical Formula 10] R4SH
)e( 1 2 ) wherein R5 represents an aliphatic group having 1 to 50 carbon
atoms  5 which is substituted by e sulfhydryl group(s), or a group
consisting of an aliphatic group having 7 to 50 carbon atoms to which an
aromatic group is bonded; the -SH group of the thiol represented by formula
(12) is a -SH group unbound to the aromatic group; and e represents an
integer of 1 to 3, provided that R5 is a group that does not have active
10hydrogen other than the sulfhythyl group. [0059] Examples of R5 can
include a methyl group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, a dodecyl group, an octadecyl group, cyclopentane,
cyclohexane, cycloheptane, cyclooctane,
15methylcyclopentane,ethylcyclopentane,methylcyclohexane,
ethylcyclohexane,propylcyclohexane,butylcyclohexane,
pentylcyclohexane,hexylcyclohexane,d.imethylcyclohexane,
diethylcyclohexane, and dibutylcyclohexane. 



[0060] Specific examples of thiols having such R5 can include  20
methanaliinh etlianethiol, proeanennol, butanethiol, pentane-L.1nel,
hexanethiol, beptanethiel, ocianethiol, nonanethiol, decanethiel,
dodecanethiol, octadecanethiol, cyclopentanethiol, cyclohexanethiol,
cycloheptanethiol cyclooctanethiol, methyl cycl opemanethiol,
ethylcyclopentaneth iol , methylcycl oh exan ethi ol, ethyl cycl
ohexanethiol, 25propylcyclohexanethiol, butylcyclohexanethiol,
nentylcyclohexanethiol, hexylcyclohexanethiol,dimethylcyclohexanethiol,
diethylcyclohexanethiol, and dibutylcyclohexanethiol.       Moreover,
examples of R5 can also include a phenylmethyl group, a phenylethyl group,
a phenylpropyl group, a phenylbutyl group, 5a phenylpentyl group, a
phenylhexyl group, a phenylheptyl group, a phenyloctyl group, and a
phenylnonyl group. [0061] Specific examples of thiols having such R5 can
include phenylmethanethiol,phenylethanethiol,phenylpropanethiol,
phenylbutanethiol,phenylpentanethiol,phenylhexanethiol,
10phenylheptanethiol, phenyloctanethiol, and phenylnonanethiol. [0062] Of
the thiols described above, a thiol having one or two thiolic sulfhydryl
group(s) (sulfhydryl group(s) directly added to a carbon atom, other than
the aromatic ring, constituting the thiol) is preferable in consideration
of industrial use because it is generally low viscous, and 15one that is
more preferred is a monothiol in which the thiolic sulfhydryl is 1. 



[0063] Among these, an alkylthiol having 1 to 20 carbon atoms is preferable
from the viewpoint of the ease of obtainment, the solubility of raw
materials or products, etc. 20[0064] A preferable aromatic thiol is a
compound represented by formula (13): [0065] [Chemical  (3 )  wherein ring
A represents an organic group containing 6 to 50 carbon atoms which
contains an aromatic group substituted by f sulfhydryl group(s) at any
position that keeps aromaticity, and may be a single ring, a plurality of
rings, or a heterocyclic ring or may be substituted by 5other substituents;
and f represents an integer of 1 to 6.  [0066] One that is preferred is a
structure in which ring A contains at least one structure selected from the
group consisting of a benzene ring, a naphthalene ring, and an anthmcene
ring, and one that is more preferred is a structure in which ring A
contains at least one benzene  10 ring. Moreover, preferably, ring A is a
group that does not have active hydrogen other than the sulfhydryl group.
[0067] The sulfhydryl group bonded to the aromatic group of ring A is a
sulfhydryl group bonded to a carbon atom in the aromatic group of ring A,
and the number of the sulfhydryl group is an integer of 1 to 6,  15
preferably 1 to 3, more preferably 1 to 2, further preferably 1 (i.e., f =
1). One that is more preferred is an aromatic monothiol compound in which
the aromatic sulfhydryl group is 1. 



[0068] Examplesthereofspecificallyincludebenzenethiol, methylbenzenethiol
(each isomer), ethylbenzenethiol (each isomer),  20 propylbenzenethiol
(each isomer), butylbenzenethiol (ea.ch isomer), pentylbenzenethior (each
isomer), oxylbenzenetinol each isomer), ocryibenzenethiol (each isomer),
nyibenzenethicl (each isomer), cumylbenzenethiol (each isomer),
dimethylbenzenethiol (each isomer), methylethylbenzenethiol (each isomer),
methylpropylbenzenethiol (each
25isomer),methylbutylbenzenethiol(eachisomer), methylpentylbenzenethiol
(each isomer) diethyl.benzenethiol (each isomer), ethylpropylbenzenethiol
(each isomer), ethylbutylbenzenethiol (each isomer), dipropylbenzenethiol
(each isomer), dicumylbenzenethiol (each isomer), trimethylbenzenethiol
(each isomer), triethylbenzenethiol (each isomer), and naphthalenethiol
(each 5isomer). [0069] A compound having one sulfhydryl group directly
bonded to the aromatic hydrocarbon ring constituting the aromatic thiol is
preferable as the aromatic thiol. Although even an aromatic thiol having
two or more sulfhydryl groups directly bonded to the aromatic hydrocarbon
10 ring constituting the aromatic thiol may be used as the aromatic thiol,
an aromatic thiol having one or two of the sulfhydryl groups is preferable
because it is generally low viscous, and one that is more preferred is an
aromatic monothiol. [0070] Examples of the hydrogen halide include hydrogen
fluoride, 15hydrogen chloride, hydrogen bromide, and hydrogen iodide.
[0071] In the present embodiment, the mixture containing the active
hydrogen-containing compound (A) and the compound (B) that reversibly
reacts with the active hydrogen-containing compound is preferably a mixture
obtained by the thermal decomposition reaction of 20a compound represented
by formula (5): [00721 1)Clien)i Ca Formula 121 Y 



HII R NCZ /n( 5 ) wherein RI represents one group selected from the group
consisting of an  aliphatic group having 1 to 22 carbon atoms and an
aromatic group having 6 to 22 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; Y represents an oxygen atom or a sulfur
atom; 5Z represents one group selected from the group consisting of a
residue in which a hydrogen atom has been removed from the -OH group of the
hydroxy compound, a residue in which a hydrogen atom has been removed from
the -SH group of the thiol or the aromatic thiol, and a halogen atom; and
10n represents an integer of 1 to 10. [0073] A specific one is an
N-substituted carbamic acid ester represented by formula (14), an
N-substituted-O-substituted thiocarbamic acid ester represented by formula
(15), an N-substituted-S-substituted thiocarbamic acid ester represented by
15 formula (16), an N-substituted dithiocarbamic acid ester represented by
formula (17), and an N-substituted carbamic acid halogenide represented by
formula (18): [0074] [Chemical Formula 13] HII 



R1 N-C -R2 /n ( 1 4 ) ,,kiherem.       RI represents one group selected
from the group consisting of an aliphatic group having 1 to 22 carbon atoms
and an aromatic group having 6 to 22 carbon atoms, and the group may
contain an oxygen atom and/or a nitrogen atom;           R2 represents one
group selected from the group consisting of an aliphatic group having 1 to
50 carbon atoms and an aromatic group having 6 to 50 carbon atoms, and the
group may contain an oxygen atom and/or a nitrogen atom; and 5n represents
an integer of 1 to 10. [0075] [Chemical Formula 14] HII RI N-C-0-R2 n ( 1 5
) wherein R1 represents one group selected from the group consisting of an 



10 aliphatic group having 1 to 22 carbon atoms and an aromatic group having
6 to 22 carbon atoms, and the group may contain an oxygen atom and/or a
nitrogen atom;       R2 represents one group selected from the group
consisting of an aliphatic group having 1 to 50 carbon atoms and an
aromatic group 15having 6 to 50 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; and n represents an integer of 1 to 10.
[0076] [Chemical Formula 15] / R' ki in ( 6 ) 20wherein       RI represents
one group selected from the group consisting of an aliphatic group having 1
to 22 carbon atoms and an aromatic group  having 6 to 22 carbon atoms, and
the group may contain an oxygen atom and/or a nitrogen atom;       R2
represents one group selected from the group consisting of an aliphatic
group having 1 to 50 carbon atoms and an aromatic group 5having 6 to 50
carbon atoms, and the group may contain an oxygen 



atom and/or a nitrogen atom; and n represents an integer of 1 to 10. [0077]
[Chemical Formula 16]  R HII N-C-S-R2 in (1 7) 10 wherein  RI represents
one group selected from the group consisting of an  aliphatic group having
1 to 22 carbon atoms and an aromatic group 



having 6 to 22 carbon atoms, and the group may contain an oxygen  atom
and/or a nitrogen atom; 15 R2 represents one group selected from the group
consisting of an  aliphatic group having 1 to 50 carbon atoms and an
aromatic group  having 6 to 50 carbon atoms, and the group may contain an
oxygen  atom and/or a nitrogen atom; and riLeger 20 [0078] [Chemical
Formula 17] 



o HII N-C-Z ( 1 8 ) wherein           RI represents one group selected from
the group consisting of an aliphatic group having 1 to 22 carbon atoms and
an aromatic group having 6 to 22 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; 5Z represents one atom selected from
the group consisting of a chlorine atom, a bromine atom, and an iodine
atom; and n represents an integer of 1 to 10. [0079] In formulas (14) to
(18), examples of preferable R1 include: linear hydrocarbon groups such as
methylene, dimethylene,  10 trimethylene, tetramethylene, pentamethylene,
hexamethylene, and octamethylene; unsubstituted alicyclic
hydrocarbon-derived groups such as cyclopentane, cyclohexane, cycloheptane,
cyclooctane, and bis(cyclohexyl)alkane; alkyl-substituted
cyclohexane-derived groups such as methylcyclopentane, ethylcyclopentane,
methylcyclohexane  15 (each isomer), ethylcyclohexane (each isomer),
propylcyclohexane (each isomer), butylcyclohexane (each isomer),
pentylcyclohexane (each isomer), and hexylcyclohexane (each isomer);
diallcyl-substituted cyclohexane-derived groups such as dimethylcyclohexane
(each isomer), diethylcyclohexane (each isomer), and dibutylcyclohexane
20(each isomer); trialkyl-substituted cyclohexane-derived groups such as 



1,5,54rirsiethyloyclohexaae, icyclohexane (each isomer riethyicyciohexane,
ibuoficyclohexarie  (each isomer); monoallcyl-substituted benzene-derived
groups such as toluene, ethylbenzene, and propylbenzene;
dialkyl-substituted 25benzene-derived groups such as xylene, di
ethylbenzene, and dipropylbenzene; and aromatic hydrocarbon-derived groups
such as  diphenylalkane and benzene. Among them, groups derived from
hexamethylene, phenylene, diphenylmethane, toluene, cyclohexane, xylenyl,
methylcyclohexane, isophorone, and dicyclohexylmethane are preferable.
5[0080] Moreover, in formulas (14) to (17), examples of preferable R2
include: alkyl groups such as a methyl group, an ethyl group, a propyl
group (each isomer), a butyl group (each isomer), a pentyl group (each
isomer), a hexyl group (each isomer), a heptyl group (each isomer), an
octyl group (each isomer), a nonyl group (each isomer), a decyl group 10
(each isomer), an undecyl group (each isomer), and a dodecyl group (each
isomer); cycloallcyl groups such as a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, a cyclononyl group, and a
cyclodecyl group; and aromatic groups such as a phenyl group, a
methyl-phenyl group (each isomer), an ethyl-phenyl group 15 (each isomer),
a propyl-phenyl group (each isomer), a butyl-phenyl group (each isomer), a
pentyl-phenyl group (each isomer), a hexyl-phenyl group (each isomer), a
heptyl-phenyl group (each isomer), an octyl-phenyl group (each isomer), a
nonyl-phenyl group (each isomer), a decyl-phenyl group (each isomer), a
dodecyl-phenyl group 20 (each isomer), a phenyl-phenyl group (each isomer),
a phenoxy-phenyl gjoup (each isomer), fl ouni,71-phenyi group (each
isomer), a dimethy tipheiny I group (each isomer)) a diethyl-phenyl group
(each isomer), a dipropyl-phenyl group (each isomer), a dibutyl-phenyl
group (each isomer), a dipentyl-phenyl group (each isomer), a
dihexyl-phenyl 



25group (each isomer), a diheptyl-phenyl group (each isomer), a
diphenyl-phenyl group (each isomer), a diphenoxy-phenyl group (each
isomer), a dicumyl-phenyl group (each isomer), a naphthyl group (each
isomer), and a methyl-naphthyl group (each isomer). [0081] Among these, an
aromatic group in which the number of carbon atoms constituting R2 is 6 to
12 is preferable because the N-substituted 5 carbamic acid ester, the
N-substituted-O-substituted thiocarbamic acid ester, the
N-substituted-S-substituted thiocarbamic acid ester, or the N-substituted
dithiocarbamic acid ester often has a low thermal decomposition temperature
(i.e., is easily thermally decomposed) compared with the case where R2 is
an aliphatic group. 10[0082] Examples of the N-substituted carbamic acid
ester can include N,N1-hexanediyl-bis-carbamic acid diphenyl ester,
N,Nthexanediyl-bis-carbamic acid di(methylphenyl) ester (each isomer),
N,N-hexanediyl-bis-carbamic acid di(ethylphenyl) ester (each isomer),
N,Nthexanediyl-bis-carbamic acid di(propylphenyl) ester 15 (each isomer),
N,N-hexanediyl-bis-carbamic acid di(butylphenyl) ester (each isomer),
N,N1-hexanediyl-bis-carbamic acid di(pentylphenyl) ester (each isomer),
dipheny1-4,4'-methylene-dicyc1ohexylcarbamate, di(methylpheny1)-4,4'-methyl
ene-dicyclohexylcarbamate, d i(ethylpheny1)-4,4'-methylene-d icy clohexy
lcarbam ate, 20di(propy1pheny1)-4,4'-methylene-dicyclohexylcarbamate (each
isomer), di(buty1pheny1)-4,41-rnethylene-dieydohexylcarbamate),
di(pentylpheny11-4,41-methylene-dicyclohexylearbamate (each
di(hexylphenyI)-4,4'-rnethylene-dicyclohexylcarbamate (each isomer),
di(heptylpheny1)-4,4'-methylene-dicyclohexylcarbamate (each isomer),
25di(octylpheny1)-4,4'-methylene-dicyclohexylcarbamate (each isomer), 



3-(phenoxycarbonylatnino-methyl)-3,5,5-trimethylcyclohexylearbamic
acidphenylester,
3-(methylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcar bamic
acid (methylphenoxy) ester (each isomer),
3-(ethylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarba  5 mic
acid (ethylphenyl) ester (each isomer),
3-(propylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcar bamic
acid (propylphenyl) ester (each isomer),
3-(butylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarba mic
acid (butylphenyl) ester (each isomer),
103-(pentylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarb amic
acid (pentylphenyl) ester (each isomer),
3-(hexylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarb amic
acid (hexylphenyl) ester (each isomer),
3-(heptylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylearb  15
amic acid (heptylphenyl) ester (each isomer),
3-(octylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarba mic
acid (octylphenyl) ester (each isomer), toluene-dicarbamic acid diphenyl
ester (each isomer), toluene-dicarbamic acid di(methylphenyl) ester (each
isomer), toluene-dicarbamic acid di(ethylphenyl) ester (each 20isomer),
toluene-dicarbamic acid di(propylphenyl) ester (each isomer), toluene-c
learbando e-dicarbamic acid acid di(butylphehyl) di(pentylphenyl) ester
ester (each isomer), 



isomer), toluene-dicarbamic acid. di.(hexylphenyl) ester (each isomer),
toluene-dicarbamic acid di(heptylphenyl) ester (each isomer),
toluene-dicarbamic acid 



di(octylphenyl) ester (each isomer),
N,1\41-(4,4'-methariediyl-dipheny1)-biscarbamic acid diphenyl ester,
N,N'-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(methylphenyl) ester,
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(ethylphenyl) ester,
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(propylphenyl) ester,
5N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(butylphenyl) ester,
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(pentylphenyl) ester,
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(hexylphenyl) ester,
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid di(heptylphenyl)
10ester,andN,N-(4,4'-methanediyl-dipheny1)-biscarbamicacid di(octylphenyl)
ester (each isomer). [0083] The N-substituted carbamic acid esters
described above may be used alone (one kind) or may be used in combination
of two or more kinds. 15[0084] Examples of the N-substituted-O-substituted
thiocarbamic acid ester can include N,N-hexanediyl-bis-thiocarbamic acid
di(0-phenyl) ester, N,N'-hexanediyl-bis-thiocarbamic acid
di(0-methylphenyl) ester (each isomer), N,N-hexanediyl-bis-thiocarbamic
acid di(0-ethylphenyl) ester (each isomer), N,NLhexanediyl-bis-thiocarbamic
acid 



di(0-phenyl)-4,4'-methylene-dicyclohexylthiocarbamate,
25di(0-methylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate,
di(0-ethylpheny1)-4,4Lmethylene-dicyclohexylthiocarbamate,
di(0-propy1pheny1)-4,4'-methy1ene-dicyc1ohexy1thiocarbamate(each isomer),
di(0-buty1pheny1)-4,4'-methy1ene-dicyc1ohexy1thiocarbamate (eachisomer),
di(0-pentylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate(each 5isomer),
di(0-hexylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate (eachisomer),
di(0-hepty1pheny1)-4,4'-methy1ene-dicyc1ohexy1thiocarbamate(each isomer),
di(0-octylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate 



(eachisomer),
103-(phenoxythiocarbony1amino-methy1)-3,5,5-trimethylcyclohexylthioca
rbamic acid (0-phenyl) ester,
3-(methylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexy
lthiocarbamic acid (0-methylphenyl) ester (each isomer),
3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt  15
hiocarbamic acid (0-ethylphenyl) ester (each isomer),
3-(propylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic acid (0-propylphenyl) ester (each isomer),
3-(butylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic acid (0-butylphenyl) ester (each isomer),
203-(pentylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocacidiontyl.phertyl)ester(each
ythlocarbonylamino-methyl)-3.,3_cyciatiendt hiocarbamic acid
(0-hexylphenyl) ester (each isomer),
3-(heptylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
25thiocarbamicacid(0-heptylphenyl)ester(eachisomer),
3-(octylphenoxythiocarbonylamino-methyl) ,5,5-trimethylcyclobexylt
toluene-bis-thiocarbamic toluene-bis-thiocarbamic toluene-bis-thiocarbamic
5 toluene-bis-thiocarbamic toluene-bis-thiocarbamic
toluene-bis-thiocarbamic toluene-bis-thiocarbamic toluene-bis-thiocarbamic
10toluene-bis-thiocarbamic 



acid di(0-phenyl) ester (each acid di(0-methylphenyl) ester (each acid
di(0-ethylphenyl) ester (each acid di(0-propylphenyl) ester (each acid
di(0-butylphenyl) ester (each acid di(0-pentylphenyl) ester (each acid
di(0-hexylphenyl) ester (each acid di(0-heptylphenyl) ester (each acid
di(0-octylphenyl) ester (each   isomer), isomer), isomer), isomer),
isomer), isomer), isomer), isomer), isomer), isomer),
N,N-(4,41-methanediyl-dipheny1)-bis-thiocarbamic acid di(0-phenyl)
ester,N,N-(4,4'-methanediyl-dipheny1)-bis-thiocarbamic di(0-methylphenyl)
N,N-(4,4'-methanediyl-dipheny1)-bis-thiocarbamic 15di(0-ethylphenyl)
N,N-(4,4'-methanediyl-dipheny1)-bis-thiocarbamic di(0-propylphenyl)
N,N-(4,4'-methanediyl-dipheny1)-bis-thiocarbamic acid di(butylphenyl)
ester,N,N-(4,4'-methanediyl-dipheny1)-bis-thiocarbamic 



20di(Otentylphenyl) N,N(4,4niethanediyciipheiiy])histhiocarbamic
N,N1-(4,4'-methanediyl-dipheny1)-his-thiocarbamic d i(0-heptylphenyl)ester,
25N,N-(4,4'-methanediy1-dipheny1)-bis-thiocarbamic di(0-octylphenyl) ester
(each isomer),  [0085] The N-substituted-O-substituted thiocarbamic acid
esters described above may be used alone (one kind) or may be used in
combination of two or more kinds. [0086] Examples of the
N-substituted-S-substituted thiocarbamic acid  5 ester can include
N,N-hexanediyi-bis-thiocarbamic acid di(S-phenyl) ester,
NN-hexanediyl-bis-thiocarbamic acid di(S-methylphenyl) ester (each isomer),
N,N-hexanediyi-bis-thiocarbamic acid di(S-ethylphenyl) ester (each isomer),
N,N'-hexanediyl-bis-thiocarbamic acid di(S-propylphenyl)ester(eachisomer),
10 N,N'-hexanediyl-bis-thiocarbamic acid di(S-butylphenyl) ester (each
isomer), N,N-hexanediyl-bis-thiocarbamic acid di(S-pentylphenyl) ester
(each isomer), di(S-phenyl)-4,4'-methylene-dicyclohexylthiocarbamate,
d i(S-methylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate,
15di(S-ethylpheny1)-4,4'-methylene-dicyclohexylthiocarbamate,
di(S-propylpheny1)-4,41-methylene-dicyclohexylthiocarbamate(each isomer),
di(S-butylpheny1)-4,4'-methylene-dicyclohexylth iocarbamate 



(eachisomer),
di(S-pentylpheny1)-4,4`-methylene-dicyclohexylthiocarbamate(each 20isomer),
cli(S-hexy1pheny1)-4,4'-methy1ene-dicyc1ohexy1thiocarbamate (eachisomer),
cnc-dicyclohehiocarbamatc(each
isomer),di(S-octylpheny1)-4,4'-methylene-dicy clohexylthiocarbatn ate
(eachisomer),
253-(phenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylthioca
rbamicacid(S-phenyl)ester,
3-(methy1phenoxythiocarbonylamino-methy1)-3,5,5-trimethylcyclohexy
lthiocarbamic acid (S-methylphenyl) ester (each isomer),
3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic acid (S-ethylphenyl) ester (each isomer),
53-(propylphenoxythiocarbonylamino-methy1)-3,5,54rimethylcyclohexyl
thiocarbamic acid (S-propylphenyl) ester (each isomer),
3-(butylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic acid (S-butylphenyl) ester (each isomer),
3-(penty1phenoxythiocarbony1amino-methy1)-3,5,5-trimethylcyclohexyl  10
thiocarbamic acid (S-pentylphenyl) ester (each isomer),
3-(hexylphenoxythiocarbonylamino-methyl)-3,5,54rimethylcyclohexylt
hiocarbamic acid (S-hexylphenyl) ester (each isomer),
3-(heptylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic acid (S-heptylphenyl) ester (each isomer),
153-(octylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt 



hiocarbamic acid (S-octylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-phenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-methylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-ethylphenyl) ester (each isomer),
20toluene-bis-thiocarbamic acid di(S-propylphenyl) ester (each isomer),
WILiocarbamirutylphienyl) ester (each isomer), toluene-bis-thiocarbamic
acid di(S-hexylphenyl) ester (each isomer), toluene-bis-thiocarbamic acid
di(S-heptylphenyl) ester (each isomer), 25toluene-bis-thiocarbamic acid
di(S-octylphenyl) ester (each isomer),
N,N'-(4,4'-methanediy1-dipheny1)-bis-thiocarbamic acid di(S-phenyl)
ester,N,N'-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid
di(S-methylphenyl)ester,
N,N1-(4,4'-methanediy1-dipheny1)-bis-thiocarbamicacid
di(S-ethylphenyl)ester,
5N,N1-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid
di(S-propylphenyl)ester,
N,N11--(4,41-methanediyl-dipheny1)-bis-thiocarbamic acid di(butylphenyl) 



ester,N,N1-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid
di(S-pentylphenyl)ester,
10N,N1-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid
di(S-hexylphenyl)ester,
N,N1-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid
di(S-heptylphenyl)ester,and
N,N'-(4,4'-methanediyl-dipheny1)-bis-thiocarbamicacid 15di(S-octylphenyl)
ester (each isomer). [0087] The N-substituted-S-substituted thiocarbamic
acid esters described above may be used alone (one kind) or may be used in
combination of two or more kinds. [0088] Examples of the NI-substituted
dithiocarbamic acid ester can 20include N,N-hexanediyl-bis-dithiocarbamic
acid diphenyl ester, NiNthexariedlylibis-dahiocarbarnic acid
di(.aaithylphenyl) ester (each IN,N1-hexaiTlibis-dithicicarbamic acid
di(cthylphenyl) cc (eachisomer),N,IN'-hexanediy1-bis-dithiocarbamicacid
di(propylphenyl)ester(eachisomer), 



25N,N-hexanediyl-bis-dithiocarbamic acid di(butylphenyl) ester (each
isomer), N,Nr-hexanediyl-bis-dithiocarbamic acid di(pentylphenyl) ester
(each isomer), dipheny1-4,4'-methylene-dicyclohexyldithiocarbamate,
di(methylpheny1)-4,4'-methylene-dicyclohexyldithiocarbatnate,
di(ethylpheny1)-4,4'-methylene-dicyclohexyldithiocarbamate,
di(propylpheny1)-4,4'-methylene-dicyclohexyldithiocarbamate(each 5isomer),
di(butylpheny1)-4,4'-methylene-dicyclohexyldithiocarbamate (eachisomer),
di(penty1pheny1)-4,41-methy1ene-dicyc1ohexy1dithiocarbamate(each isomer),
di(hexylpheny1)-4,4'-methylene-dicyclohexyldithiocarbamate (eachisomer),
10 di(heptylpheny1)-4,4'-methylene-dicyclohexyldithiocarbamate (each
isomer), di(octy1pheny1)-4,41-methy1ene-dicyc1ohexy1dithiocarbamate (each
isomer), 3 -(phenylsulfonylthiocarbonylamino-methyl)-3
,5,5-trimethylcyclohexyl dithiocarbamic acid phenyl ester, 153 -
(methylphenyldithiocarbonylamino-methyl)-3 ,5 ,5 -trimethylcyclohexy
ldithiocarbamic acid (methylphenyl) ester (each isomer), 3
-(ethylphenyldithiocarbonylamino-methyl)-3 ,5,5-trimethylcyclohexyld
ithiocarbamic acid (ethylphenyl) ester (each isomer), 3 -(propy
lphenyldithiocarbony lamino-methyl)-3,5,5-trimethylcyclohexyl
20dithiocarbamicacid(propylphenyl) 3-(bity1phenyidithioearbo 



ithiocarbamici ester(each ester isomer), lohexyid isomer),
3-(penty1pheny1dithiocarbonylamino-methy1)-3,5,5-trimethylcyclohexyl
dithiocarbamicacid(pentylpheny I)ester(eachisomer),
253-(hexylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
dithiocarbam cacid(h exylphenyl)ester(eachisomer),
3-(hepty1phenyldithiocarbony1amino-methy1)-3,5,5-trimethylcyclohexyl
dithiocarbamic acid (heptylphenyl) ester (each isomer), 3
-(octylphenyldithiocarbonylamino-methyl)-3 ,5 ,5-trimethylcyclohexyld
ithiocarbamic acid (octylphenyl) ester (each isomer), 5
toluene-bis-dithiocarbamic acid diphenyl ester (each isomer),
toluene-bis-dithiocarbamic acid di(methylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(ethyl phenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(propylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(butylphenyl) ester (each isomer), 10
toluene-bis-dithiocarbamic acid di(pentylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(hexylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(heptylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(octylphenyl) ester (each isomer),
N,N'-(4,4'-methanediyl-dipheny1)-bis-dithiocarbamic acid diphenyl
15ester,N,N-(4,4'-methanediyl-dipheny1)-bis-dithiocarbamicacid
di(methylphenyl)ester,
N,N1-(4,41-methanediyi-diphenyl)-bis-dithiocarbamicacid 



di(ethylphenyl)ester, N,N1-(4 ,4'-methanediyi -d
ipheny1)-bis-dithiocarbamicacid 20di (propylphenyl)ester, N,N11- (4,4'
-inctliariedly1 -diphe)-bis-dithic carbani lc acid cli(bitt-nyI) N,N1-(4
,4'-methanediy 1-d iph enyI)-bi s-d ithi ocarbami cacid
di(pentylphenyl)ester,
25N,N1-(4,41-methanediy1-dipheny1)-bis-dithiocarbamicacid di(hexylph
enyl)ester,  N,1\11-(4,4'-methanediyl-dipheny1)-bis-dithiocarbamicacid
di(heptylphenyl)ester,and
N,N-(4,41-methanediy1-diphenyl)-bis-dithiocarbamicacid di(octylphenyl)
ester (each isomer). 



5[0089] The N-substituted dithiocarbamic acid esters described above may be
used alone (one kind) or may be used in combination of two or more kinds.
[0090] Examples of the N-substituted carbamic acid halogenide can
includeN,Nthexanediyl-bis-carbamicaciddichloride,
10N,N-hexanediyl-bis-carbamicaciddibromide,
dichloro-4,4'-methylene-dicyclohexylcarbamate,
dibromo-4,4'-methylene-dicyclohexylcarbamate,
3-(chlorocarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acidchloride,
153-(bromocarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid
bromide, toluene-dicarbamic acid dichloride (each isomer),
toluene-dicarbamicaciddibromide(eachisomer),
N,N-(4,4'-methanediyl-dipheny1)-biscarbamic acid dichloride, and
N,N1-(4,4'-methanediyl-dipheny1)-biscarbamic acid dibromide. 20[0091] The
N-substituted carbamic acid halogenides described above may be used
atonekind) or may be used in combination of two or more kinds 



[0092] A method for producing these N-substituted carbamic acid esters,N-
sub stituted-0- sub stitutedthiocarbamicacidesters,
25N-substituted-S-substituted thiocarbamic acid esters, N-substituted
dithiocarbamic acid esters, or N-substituted carbamic acid halogenides  is
not particularly limited, and one can use various methods known in the art.
[0093] Among these compounds described above, the N-substituted carbamic
acid ester is very useful for a method for producing an  5 isocyanate in
which a reaction that forms an isocyanate by the thermal decomposition of
the N-substituted carbamic acid ester does not employ phosgene, and is
preferably used in the present embodiment because one can efficiently
produce an isocyanate by using a method according to the present
embodiment. 10[0094] Examples of a preferable method for producing the
N-substituted carbamic acid ester include a method based on the following
Process (I) or Process (II):           Process (1): a process of producing
an N-substituted carbamic acid ester by the reaction between a carbonic
acid ester and an organic 15primary amine.       Process (II): a process of
producing an N-substituted carbamic acid ester from urea, an organic
primary amine, and a hydroxy compound.         [0095] Hereinafter, the
method for producing the N-substituted 



20carbamic acid ester by Process (I) or Process (II) will be described.
[0096] Processwill be described. First, the compounds used will he
described.       A compound represented by formula (19) is preferably used
as the carbonic acid ester: 25[Chemical Formula 18]  ( 1 9 ) wherein
R3 and R4 each independently represent one group selected from the group
consisting of an aliphatic group having 1 to 22 carbon atoms 5and an
aromatic group having 6 to 22 carbon atoms, and the aliphatic group having
1 to 22 carbon atoms or the aromatic group having 6 to 22 carbon atoms may
contain an oxygen atom and/or a nitrogen atom. [0097] In the case where R3
and R4 are an aliphatic group, one that is preferred as R3 and R4 in
formula (19) is a linear or branched aliphatic  10 hydrocarbon group having
1 to 20 carbon atoms, one that is more preferred is a linear or branched
aliphatic hydrocarbon group having 1 to 8 carbon atoms, and one that is
further preferred is a linear or branched alkyl group having 1 to 8 carbon
atoms. Examples of such R3 and R4 include alkyl groups in which the number
of carbon atoms  15 constituting the group is 1 to 8, such as a methyl
group, an ethyl group, a propyl group (each isomer), a butyl group (each
isomer), a pentyl group (each isomer), a hexyl group (each isomer), a
heptyl group (each isomer), and an octyl group (each isomer). [0098]
Examples of such a carbonic acid ester include dimethyl canoriate, diethyl
carbonate, cflpropyl carbonate (each isomer), chbutyl carbonate (each
isomer), dipentyl. carbonate (each icon" carbonate (each isomer), diheptyl
carbonate (each isomer), and dioctyl carbonate (each isomer). Among them, a
carbonic acid ester in which the number of carbon atoms constituting the
alkyl group is an integer of 



254 to 6 is preferably used.  [0099] In the case where R3 and R4 in formula
(19) are an aromatic group, one that is preferred is an aromatic
hydrocarbon group having 6 to 22 carbon atoms, and one that is more
preferred is an aromatic hydrocarbon group having 6 to 14 carbon atoms.
Although one can  5 also use a carbonic acid ester wherein R3 and R4 are an
aromatic hydrocarbon group having 23 or more carbon atoms, it is preferred
that the number of carbon atoms constituting each of R3 and R4 should be 22
or less, from the viewpoint of facilitating separation from an isocyanate
contained in a mixture described later. 10[0100] Examples of the aromatic
groups R3 and R4 include a phenyl group, a methylphenyl group (each
isomer), an ethylphenyl group (each isomer), a propylphenyl group (each
isomer), a butylphenyl group (each isomer), a pentylphenyl group (each
isomer), a hexylphenyl group (each isomer), an octylphenyl group (each
isomer), a nonylphenyl group (each  15 isomer), a cumylphenyl group (each
isomer), a dimethylphenyl group (each isomer), a methylethylphenyl group
(each isomer), a methylpropylphenyl group (each isomer), a
methylbutylphenyl group (each isomer), a methylpentylphenyl group (each
isomer), a diethylphenyl group (each isomer), an ethylpropylphenyl group
(each 20isomer), an etlylbutylphenyl group (each isomer), a dipropylphenyl
isomera dicumyiphenyl group (each isomer), a ethy1phen.y group (each
isomer), a triethylphenyl group (each isomer), and a naphthyl group (each
isomer).     [0101] A method for producing the carbonic acid ester
described above 25is not particularly limited, and one can use a method
known in the art, examples of which include a method of reacting an organic
tin  compound having a tin-oxygen-carbon bond with carbon dioxide to
produce a carbonic acid ester, and a method of reacting a carbonyl compound
such as phosgene, carbodiimide, or carbonic acid ester with a hydroxy
compound to produce it. 



5[0102] On the other hand, an organic primary amine represented by formula
(20) is preferably used as the organic primary amine: [0103] [Chemical
Formula 19] R1-(-NH2)( 2 0 ) wherei.n 10R1 has the same meaning as RI
defined in formula (5); and n has the same meaning as n defined in formula
(5). [01.04] An organic primary polyamine wherein n is 2 or more is
preferably used as the organic primary amine represented by formula (20),
and an organic primary diamine wherein n is 2 is more preferably 15used.
[0105] Examples of the organic primary amine as represented by formula (20)
can include: aliphatic diamines such as hexamethylenediamine, 4,4'
-methylenebis(cyclohexy lamine) (each isomer), cycloh.exanediamine (each
isomer), and 3-aminorn5-trimethyleyelohex, and aromatic diamines such as ph
isomer), toluenediamine (each isomer), and 4,41-methylenediani1ine. Among
them, aliphatic diamines such as hexamethylenediamine,
4,4'-methylenebis(cyclohexylamine) (each isomer), cyclohexanediamine
25(each isomer), and 3 -aminomethyI-3 ,5,54ri rnethylcy clohexyl amine  



(each isomer) are preferably used, and among them,
hexamethylenediamine,4,4'-methylenebis(cyclohexylamine)and 3 -aminomethy1-3
,5,5 -trimethylcyclohexylamine are more preferable. [0106] The reaction
between the carbonic acid ester and the organic 5primary amine is
preferably performed in the presence of a hydroxy compound. [0107] As the
hydroxy compound, one can use an alcohol or an aromatic hydroxy compound. A
preferable alcohol is the alcohol described in formula (10), and a
preferable aromatic hydroxy compound 10is the aromatic hydroxy compound
described in formula (11). [0108] Among these hydroxy compounds (alcohols
and aromatic hydroxy compounds), a compound that corresponds to a compound
R3OH in which a hydrogen atom is added to the group R30 (R3 is a group
defined in formula (19); and 0 represents an oxygen. atom)  1.5
constituting the carbonic acid ester is more preferably used. For example,
methanol is preferably used as the hydroxy compound in the case where the
carbonic acid ester is dimethyl carbonate, and. phenol is preferably used
as the hydroxy compound in the case where the carbonic acid ester is
diphenyl carbonate. This is because of being  20 able to reduce the types
of compounds in a reaction mixture obtained by the reaction between the
carbonic acid ester and the amine compound and being able. to sintipiLfy
separation procedures. [0109] The organic primary amine is preferably
supplied in a liquid state to a reactor that performs the production of the
N-substituted 25carbamic acid ester. In general, the organic primary amine
exemplified above is often one that is solid at room temperature (e.g.,
20C), and. in 



such a case, can also be supplied in a liquid state by heating the organic
primary amine to a melting point or higher. However, since supplying the
organic primary amine at too high a temperature may cause a side reaction
such as a thermal denaturation reaction due to heating, it is  5 preferred
to prepare the organic primary amine into a mixture with the hydroxy
compound, the carbonic acid ester, or water and supply it in a liquid state
at a relatively low temperature. [0110] The abundance ratio therebetween at
which the carbonic acid ester reacts with the organic primary amine is
generally in the range in  10 which the carbonic acid ester is 1 to 1000
times in terms of a stoichiometric ratio with respect to the amino group of
the organic primary amine, though differing depending on the compounds to
be reacted. Although it is preferred that the carbonic acid ester should be
used in an excessive amount with. respect to the amino group of the  15
organic primary amine for enhancing the reaction rate and completing the
reaction early, one that is preferred is in the range of 1.1 to 50 times,
and one that is more preferred is used in the range of 1.5 to 10 times, in
consideration of the size of a reactor. In the case where a hydroxy
compound is allowed to coexist in the reaction between the carbonic 20acid
ester and the organic primary amine, the amount of the hydroxy compound
used is preferably in the range of I to I 00 times, more preferably 12 to
50 times, further preferablytimes, in terms a stoichi.ometric ratio with
respect to the amino group of the organic primary amine. The reaction
temperature is usually in the range of 250C to 150C. High temperatures are
preferable for enhancing the reaction rate, whereas unfavorable reaction
may occur at high  temperatures; thus one that is more preferred is in the
range of 10C to 100C. It is also acceptable to install a cooling apparatus
or a heating apparatus known in the art in the reactor in order to keep the
reaction temperature constant. Moreover, the reaction pressure may be any
of 



5 reduced pressure, normal pressure, and increased pressure, though
differing depending on the types of the compounds used or the reaction
temperature; and one that is preferred is performed in the range of 20 to 1
x 106 Pa. There is no particular limitation to the reaction time (residence
time in the case of the continuous method); and one that is 10 preferred is
0.001 to 50 hours, one that is more preferred is 0.01 to 20 hours, and one
that is further preferred is 0.1 to 10 hours. Moreover, one can also
terminate the reaction by collecting the reaction solution and confirming,
for example, by liquid chromatography, that the desired amount of the
N-substituted carbamic acid ester is formed. 15[0111] It is preferred not
to use a catalyst in the reaction between the carbonic acid ester and the
organic primary amine. This is because: a metal component used as a
catalyst remains in products unless undergoing a step of separating the
catalyst in forming the N-substituted carbamic acid ester by a catalytic
reaction; and heating the N-substituted 20carbamic acid ester in which the
catalytic component remains for a thermal decomposition reaction or the
like may deaaturation reaction or the like ofI substituted carbamie acid
ester. Although one can also perform the transport of reaction mixtures or
a thermal decomposition reaction after using a catalyst in 25the reaction
between the carbonic acid ester and the organic primary amine and passing a
step of removing a catalyst, this approach is not  preferable because the
number of steps increases. [0112] However, it is not denied that one uses a
catalyst for the purpose of completing the reaction in a short time,
lowering the reaction 



temperature, etc. In general, in the case of using an aromatic amine  5
(e.g., in the case where in formula (20), RI is an aromatic group) as the
organic primary amine, reactivity may be low compared with an aliphatic
amine (e.g., in the case where in formula (20), RI is an aliphatic group);
thus, use of the catalyst may be effective. Moreover, also in the case of
using an aliphatic carbonic acid ester (e.g., in the case  10 where in
formula (19), R3 and R4 are an aliphatic group) as the carbonic acid ester,
reactivity may be low compared with the case where the carbonic acid ester
is an aromatic carbonic acid ester (e.g., in the case where in formula
(19), R3 and R4 are an aromatic group); thus use of the catalyst may be
effective. Examples of the catalyst include an organic  15 metal compound
or an inorganic metal compound such as tin, lead, copper, or titanium, and
basic catalysts such as alcoholates of an alkali metal or an. alkaline
earth metal which include methylate, ethylate, and butyrate (each isomer)
of lithium, sodium, potassium, calcium, or barium. As described above, in
the case of using the catalyst, it is  20 preferred to perform next step
such as a thermal decomposition reaction after finishing die
reactionbetween the carbonic acid ester arid the organic primary amine and
then passing the step tine- the catalyst. As a method for removing the
catalyst, one can use a method known in the art such as crystallization,
membrane separation, or 25separation using an ion-exchange resin or the
like. [0113] It is also acceptable, but not preferable, to use redundant
carbonic acid esters or a reaction solvent other than the redundant
carbonic acid esters and the hydroxy compound, because the separation or
the like of the inactive solvent from an isocyanate or a hydroxy compound
that forms by the thermal decomposition reaction of the 5N-substituted
carbamic acid ester described later is complicated. [0114] A tank reactor,
a tower reactor, or a distillation column known in the art can be used as
the reactor used in the reaction between the carbonic acid ester and the
organic primary amine. Although materials for the reactor and lines may be
any of those known in the art unless  10 having adverse effects on starting
materials or reactants, SUS304, SUS316, SUS316L, or the like is inexpensive
and can be used preferably. [0115] Next, Process (II) will be described.
[0116] The organic primary amine represented by formula (20) is  15
preferably used as the organic primary amine used in this step. Moreover,
any of an alcohol and an aromatic hydroxy compound may be used as the
hydroxy compound. A preferable hydroxy compound is the alcohol represented
by formula (10) in the case where the hydroxy compound is an alcohol, and
is the aromatic hydroxy compound 



20represented by formula (11) in the case where the hydroxy compound is
hydroxy compound. ugh reaction conditions for the reaction hydroxy
compound, and the organic primary amine also differ depending on the
compounds used, the amount of the hydroxy 25compound is in the range of 1
time to 500 times in terms of a stoiehiometric ratio with respect to the
amino group of the organic  primary amine used. If the amount of the
hydroxy compound used is small, complicatedly substituted carbonyl
compounds or the like tend to form; thus, in consideration of the size of a
reactor, one that is preferred is in the range of 1 time to 200 times, one
that is more preferred is in the  5 range of 1.5 times to 100 times, and
one that is further preferred is 2 times to 50 times, though it is
preferred to use a great excess of the hydroxy compound. [0118] It is
preferred that the amount of urea should be in the range of 1 time to 100
times in terms of a stoichiometric ratio with respect to the  10 amino
group of the organic primary amine. Also in the case where the amount of
urea used is small, complicatedly substituted carbonyl compounds or the
like tend to form; thus, it is preferred to use a great excess of urea.
However, the case where complicatedly substituted carbonyl compounds tend
to form rather occurs by using too excessive 15urea. Therefore, one that is
more preferred is 1.1 times to 10 times, and one that is further preferred
is in the range of 1.5 times to 5 times. [0119] It is preferred that the
reaction temperature should be in the range of 100C to 350C, though
depending on the reactiviti.es of the organic primary amine, the urea, and
the hydroxy compound used. A 



20temperature lower than 100C is not preferable because the hydroxy
compound 80714* bonds to anioinomu that. lbrrns as by-products and
reaction is slow or reaction hardly occurs, or because complicatedly
substituted carbonyl compounds increase. On the other hand, a temperature
higher than 350C is not preferable because the 25hydroxy compound is
denatured by dehydrogenation or the decomposition reaction, denaturation
reaction, or the like of an  N-substituted carbamic acid ester, which is a
product, tends to occur. From such a viewpoint, a more preferable
temperature is in the range of 120C to 320C, and one that is further
preferred is in the range of 140C to 300C. 5[0120] Although the reaction
pressure differs depending on the composition of the reaction system, the
reaction temperature, a method for removing ammonia, a reaction apparatus,
etc., and the reaction can be performed at reduced pressure, normal
pressure, or increased pressure, it is preferred that it should be carried
out in the range of 0.01 10kPa to 10 MPa (absolute pressure). In
consideration of ease of industrial practice, reduced pressure or normal
pressure is preferable, and the range of 0.1 kPa to 1.5 MPa (absolute
pressure) is preferable. [0121] The reaction through which an N-substituted
carbamic acid ester forms from the organic primary amine, urea, and the
hydroxy compound  15 is an equilibrium reaction, and the reaction greatly
tilts toward the original system. Thus, for enhancing the yield of the
N-substituted carbamic acid ester, it is required to perform the reaction
while removing ammonia that forms as by-products, from the system as much
as possible. One that is preferred is to remove ammonia such that an
20ammonia concentration in the reaction solution becomes 1000 ppm or lower,
more preferably 300 ppm or low-preferably 100 ppm or !owe", most pre10o 



[0122] As the method for removing ammonia, one can perform a reactive
distillation method, a method based on an inert gas, a method 25based on
membrane separation or adsorptive separation, or the like. For example, the
reactive distillation method is a method of removing  ammonia that
successively forms under reaction, by distillation in a gas state. The
method can also be performed under boiling of a solvent or a hydroxy
compound in order to enhance the distillation efficiency of ammonia.
Moreover, the method based on an inert gas is a method of  5 removing, from
the reaction system, ammonia that successively forms under reaction, by
allowing it to be entrained in a gas state in an inert gas. A method of
using, for example, nitrogen, helium, argon, carbonic acid gas, methane,
ethane, and propane alone or by mixing as the inert gas to introduce the
inert gas into the reaction system is  10 preferable. Examples of
adsorbents used in the method of doing adsorptive separation include
adsorbents that may be used under temperature conditions where the reaction
is carried out, such as silica, alumina, various types of zeolites, and
diatomaceous earths. These methods for removing ammonia from the system may
be carried out 15alone or may be carried out in combination of plural types
of the methods. [0123] In the reaction, one can use a catalyst, for
example, for the purpose of enhancing the reaction rate. For example, basic
catalysts such as methylate, ethylate, and butyrate (each isomer) of
lithium,  20 sodium, potassium, calcium, or barium, a simple substance of
rare earth element antimony, or bismuth and ox) des, sulfides, and salts of
these elements, a simple and boron compounds, metals of the copper group,
zinc group, aluminum group, carbon group, or titanium group in the periodic
table and oxides and sulfides of these 25metals, and. carbides and nitrides
of elements of the carbon group except for carbon, titanium group, vanadium
group, and chromium group in the 



periodic table are preferably used as such a catalyst. In the case of using
the catalyst, its used amount is not particularly limited, and however, it
can be used in the range of 0.0001 to 100 times in terms of a
stoichiometric ratio with respect to the amino group of the organic  5
primary amine. Since the case where adding the catalyst causes the need to
remove the catalyst is frequent, one that is preferred is to perform it
without adding the catalyst. In the case of using the catalyst, the
catalyst may be removed after reaction. As a method for removing it, one
can use a method known in the art, and a method such 10as membrane
separation, distillation separation, or crystallization can be used
preferably. [0124] Although the reaction time (residence time in the case
of continuous reaction) differs depending on the composition of the
reaction system, the reaction temperature, the method for removing  15
ammonia, a reaction apparatus, the reaction pressure, etc., one that is
preferred is 0.01 to 100 hours. The reaction time can also be determined
depending on the amount of formation of the N-substituted carbamic acid
ester, which is the compound of interest. For example, it is also
acceptable to terminate the reaction after sampling the reaction
20solution, quantifying the content of the N-substituted carbamic acid
ester in the reaction solution, and confirming forming at a yield of 10%
respect to t primary at 3 used, or it is also acceptable to terminate the
reaction after confirming that the yield is 90% or more. Preferably, the
yield is 50% or more, more preferably 2580% or more, further preferably 90%
or more. [0125] Although it is not necessarily required to use a reaction
solvent  in the reaction, one preferably uses, as the reaction solvent, an
appropriate solvent for the purpose of facilitating the reaction
procedures, etc., for example, alkanes such as pentane (each isomer),
hexane (each isomer), heptane (each isomer), octane (each isomer),  5
nonane (each isomer), and decane (each isomer); aromatic hydrocarbons and
alkyl-substituted aromatic hydrocarbons such as benzene, toluene, xylene
(each isomer), ethylbenzene, diisopropylbenzene (each isomer),
dibutylbenzene (each isomer), and naphthalene; nitrile compounds such as
acetonitrile and benzonitrile; aromatic compounds substituted by 



10halogen or a nitro group, such as chlorobenzene, dichlorobenzene (each
isomer),bromobenzene,dibromobenzene(eachisomer),
chloronaphthalene,bromonaphthalene,nitrobenzene,and nitronaphthalene;
polycyclic hydrocarbon compounds such as diphenyl, substituted diphenyl,
diphenylmethane, terphenyl, anthracene, and  15 dibenzyltoluene (each
isomer); aliphatic hydrocarbons such as cyclohexane, cyclopentane,
cyclooctane, and ethylcyclohexane; ketones such as methyl ethyl ketone and
acetophenone; esters such as dibutyl phthalate, dihexyl phthalate, dioctyl
phthalate, and benzyl butyl phthalate; ethers and thioethers such as
tetrahydrofuran, 1,4-dioxane, 201,2-dimethoxyethane, diphenyl ether, and
diphenyl sulfide; ketone compounds such as acetone and methylketone; stet
compounds such assuch as     dimethyl sulfoxide and diphenyl sulfoxide.
Needless to say, the hydroxy compound used in an excessive amount in the
reaction is also 25preferably used as a reaction solvent. [0126] Moreover,
as the method for producing an N-substituted  carbamic acid ester by the
reaction of urea, the hydroxy compound, and the organic primary amine, one
can also use a method comprising the following Step (A) and Step (B):
[0127] Step (A): a step of reacting an organic primary amine with urea 



5to obtain a reaction mixture containing a compound having an ureido group.
[0128] Step (B): a step of reacting the compound having an ureido group
obtained in the Step (A) with a hydroxy compound to produce an
N-substituted carbamic acid ester. 10[0129] It is preferred that the amount
of urea used in Step (A) should in the range of 1 time to 100 times in
terms of a stoichiometric ratio with respect to the amino group of the
organic primary amine. Also in the case where the amount of urea used is
small, complicatedly substituted carbonyl compounds or the like tend to
form; thus, it is preferred to use  15 a great excess of urea. However, the
case where complicatedly substituted urea compounds or carbonyl compounds
tend to form rather occurs by using too excessive urea. Therefore, one that
is more preferred is 1. 1 times to 10 times, and one that is further
preferred is in the range of 1.5 times to 5 times. 20[0130] The reaction
temperature in Step (A) can be carried out in the          30'e to 250(.1
High temperatures are preferable fbr enhancing the reaction rate, whereas
ofaverable reaction may occur at high temperatures to form complicatedly
substituted urea compounds or carbonyl compounds; thus one that is more
preferred is 50C to 200C, 25and one that is further preferred is in the
range of 70C to 180C. It is also acceptable to install a cooling apparatus
or a beating apparatus   known in the art in the reactor that performs Step
(A) in order to keep the reaction temperature constant. [0131] Although the
reaction pressure in Step (A) differs depending on, the types of the
compounds used, the composition of the reaction  5 system, the reaction
temperature, a reaction apparatus, etc., it is usually preferred that it
should be carried out in the range of 0.01 kPa to 10 lVfPa (absolute
pressure), and in consideration of ease of industrial practice, the range
of 0.1 kPa to 5 MPa (absolute pressure) is preferable. [0132] 'There is no
particular limitation to the reaction time (residence 



10 time in the case of the continuous method) in Step (A); and one that is
preferred is 0.001 to 100 hours, one that is more preferred is 0.01 to 80
hours, and one that is further preferred is 0.1 to 50 hours. Moreover, one
can also terminate the reaction by collecting the reaction solution and
confirming, for example, by liquid chromatography, that the 15compound
having an ureido group is formed in the desired amount. [0133] For carrying
out the reaction of Step (A), one can use a catalyst, if necessary. The
catalysts exemplified in the production of an N-substituted carbamic acid
ester by the reaction of urea, the hydroxy compound, and the organic
primary amine described above can be used 20as the catalyst. For t le
catalyst, it is preferred to remove it for the reason describedOne that is
more preferred is to remove it every con-Le step using the catalyst. The
methods known in the art as described above can be used preferably as a
method for removing it. Moreover, it is preferred to use a reaction
25solvent in Step (A), and one can use the reaction solvents exemplified in
the production of an N-substituted earbamie acid ester by the reaction of
urea, the hydroxy compound, and the organic primary amine described above,
but preferably uses a hydroxy compound of the same kind as the hydroxy
compound used in next Step (B), as the reaction solvent. [0134] Although
reaction conditions for producing an N-substituted  5 carbamic acid ester
by the reaction between the compound having an ureido group and the hydroxy
compound in Step (B) also differ depending on the compounds to be reacted,
it is preferred that the amount of the hydroxy compound should be in the
range of 1 time to 500 times in terms of a stoichiometric ratio with
respect to the number 10of ureido groups in the compound having an ureido
group used. 



Complicatedly substituted carbonyl compounds Or high-molecular-weight
compounds having a carbonyl bond in the molecule tend to form by an amount
less than 1 time; thus, in consideration of the size of a reactor, one that
is more preferred is in the  15 range of 1 time to 100 times, one that is
further preferred is in the range of 2 times to 50 times, and one that is
still further preferred is in the range of 3 to 20 times, though it is
preferred to use a great excess of the hydroxy compound. [0135] It is
preferred that the reaction temperature in Step (B) should be 20in the
range of 100C to 350C, though depending on the compounds used_ A
temperature lower than 100C is not preferable because the         compound
strongly bonds to ammonia that forms as by-products and thus, reaction is
slow or reaction hardly occurs, or because complicatedly substituted
carbonyl compounds increase. On 25the other hand, a temperature higher than
350C is not preferable because the hydroxy compound is denatured by
dehydrogenation or the  decomposition reaction, denaturation reaction, or
the like of an N-substituted carbamic acid ester, which is a product, tends
to occur. From such a viewpoint, a more preferable temperature is in the
range of 120C to 320C, and one that is further preferred is in the range of
5140C to 300C. [0136] Although the reaction pressure in Step (B) differs
depending on the composition of the reaction system, the reaction
temperature, a method for removing ammonia, a reaction apparatus, etc., it
is usually preferred that it should be carried out in the range of 0.01 Pa
to 10 MPa  10 (absolute pressure); and in consideration of ease of
industrial practice, the range of 0.1 Pa to 5 MPa (absolute pressure) is
more preferable, and in consideration of removing a gas of ammonia from the
system, 0.1 Pa to 1.5 MPa (absolute pressure) is further preferable. [0137]
The reaction that forms an N-substituted carbamic acid ester in  15 Step
(B) is an equilibrium reaction, and the reaction tilts toward the original
system; thus, it is preferred to perform the reaction while removing
ammonia that forms as by-products, from the system as much as possible. One
that is preferred is to remove ammonia such that an ammonia concentration
in the reaction solution becomes 1000 ppm or 



20lower, more preferably 300 ppm or lower, tardier preferably 100 ppm or
wen most preferably 10 pprii or lower, ./ks the method therefor; one can
perform a reactive distillation method, a method based on an inert gas, a
method based. on membrane separation or adsorptive separation, or the like.
For example, the reactive distillation method is a method 25of removing
ammonia that successively forms under reaction, by distillation in a gas
state. The method can also be performed under  boiling of a solvent or a
hydroxy composition in order to enhance the distillation efficiency of
ammonia. Moreover, the method based on an inert gas is a method of
removing, from the reaction system, ammonia that successively forms under
reaction, by allowing it to be entrained in  5 a gas state in an inert gas.
A method of using, for example, nitrogen, helium, argon, carbonic acid gas,
methane, ethane, and propane alone or by mixing as the inert gas to
introduce the inert gas into the reaction system is preferable. These
methods for removing ammonia from the system may be carried out alone or
may be carried out in combination 10of plural types of the methods. [0138]
In the reaction in Step (B), one can use a catalyst, for example, for the
purpose of enhancing the reaction rate. The catalysts exemplified in the
production of an N-substituted carbamic acid ester by the reaction of urea,
the hydroxy compound, and the organic primary  15 amine described above can
be used as the catalyst. Moreover, although one can use a reaction solvent
in Step (B) and can use the reaction solvents exemplified in the production
of an N-substituted carbamic acid ester by the reaction of urea, the
hydroxy compound, and the organic primary amine described above, one that
is preferred is to 20use the hydroxy compound used in excess in the Step
(B), as the reaction SO IV eJ lt 101391 A tank. reactor, a tower reactor,
or a distillation column known in the art can be used as the reactor used
in the production of the N-substituted carbamic acid ester shown above.
Although materials 



25for the reactor and lines may be any of those known in the art unless
having adverse effects on starting materials or reactants, SUS304,  SUS316,
SUS316L, or the like is inexpensive and can be used preferably. [0140]
Although the N-substituted carbamic acid ester produced by the methods
described above (Process (I), Process (II), and Step (A) and  5 Step (B))
are preferably used in the production of an isocyanate by the thermal
decomposition of an N-substituted carbamic acid ester, an N-substituted
carbamic acid ester more preferably used in the production of an isocyanate
is an N-substituted carbamic acid-O-aryl ester in which the ester group is
an aromatic group. An N-substituted  10 carbamic acid ester produced using
an aromatic carbonic acid ester (e.g., a carbonic acid ester wherein R3 and
R4 in formula (6) are an aromatic group) as the carbonic acid ester of
Process (I), and an N-substituted carbamic acid ester produced using an
aromatic hydroxy compound. as the hydroxy compound of Process (II) or Step
(B)  15 correspond to the N-substituted carbamic acid-O-aryl ester
described above. On the other hand, an N-substituted carbamic acid ester
produced using an aliphatic carbonic acid ester (e.g., a carbonic acid
ester wherein R3 and R4 in formula (6) are an aliphatic group) as the
carbonic acid ester of Process (I), and an N-substituted carbamic acid
20ester produced using an alcohol as the hydroxy compound of Process Cii)
of Step (B) are an N-substituted earbanne aci(1-0-aliphatie ester which the
ester group jean aliphatic group,The h-i-substituted carbamic
acid-O-aliphatic ester tends to hardly cause a thermal decomposition
reaction, compared with the N-substituted carbamic 25acid-O-aryl ester.
[0141] The N-substituted carhamic acid ester obtained by the 



production method described above can also be obtained as an N-substituted
carbamic acid-O-aryl ester or can also be obtained as an N-substituted
carbamic acid-O-aliphatic ester, depending on the types of the compounds
used. In the case of obtaining the N-substituted  5 carbamic
acid-O-aliphatic ester by the production method described above, it can be
converted by Step (Y) below to an N-substituted carbamic acid-O-aryl ester
for which thermal decomposition is easy, and then used in a thermal
decomposition reaction. Incidentally, the step is also referred to as a
"transesterification step" in the present embodiment 10because of being a
step of converting the ester group of the N-substituted carbamic
acid-O-aliphatic ester. [0142] Step (Y): a step of reacting an
N-substituted carbamic acid-O-aliphatic ester with an aromatic hydroxy
compound to produce an N-substituted carbamic acid-O-aryl ester having an
ester group 15derived from the aromatic hydroxy compound.  [0143]
Incidentally, an alcohol derived from the N-substituted carbamic
acid-O-aliphatic ester forms in the Step (Y). Hereinafter, the Step (Y)
will be described.         [0144] As the aromatic hydroxy compound to be
reacted, one can use 20an aromatic hydroxy compound of the same kind as the
aromatic hydroxy compound represented by The aromatic hydroxy compounds
described above may he used alone or in combination of plural types.
[0145] The Step (Y) can be performed by various methods according to 25the
compounds used, etc., with reference to a method known in the art 



(see e.g., W02008/059953).  [0146] Although reaction conditions for Step
(Y) differ depending on the compounds to be reacted, it is preferred to use
the aromatic hydroxy compound in the range of 2 to 1000 times indicated in
stoichiometric ratio with respect to the ester group constituting the
N-substituted  5 carbamic acid-O-aliphatic ester as a raw material. For
completing the reaction early, it is preferred that the aromatic hydroxy
compound should be in an excessive amount with respect to the ester group
constituting the N-substituted carbamic acid-O-aliphatic ester as a raw
material; and in consideration of the size of a reactor, one that is more
10preferred is in the range of 2 to 100 times, and one that is further
preferred is in the range of 5 to 50 times. [0147] The reaction temperature
is preferably in the range of 100C to 300C, and high temperatures are
preferable for enhancing the reaction rate, whereas a side reaction may
tend to occur at high temperatures;  15 thus one that is more preferred is
in the range of 150C to 250C. It is also acceptable to install a cooling
apparatus or a heating apparatus known in the art in the reactor in order
to keep the reaction temperature constant. Moreover, the reaction pressure
may be any of reduced pressure, normal pressure, and increased pressure,
though differing  20 depending on the types of the compounds used or the
reaction tern p or C&UI cdU OOL dial is 'were-nit:1i is nerformed in the 11
L;C of 20 to 1 x 106 Pa. s no particular to the reaction time (residence
time in the case of the continuous method); and one that is preferred is
0.001 to 100 hours, one that is more preferred is 0.01 to 50 25hours, and
one that is further preferred is 0.1 to 30 hours. Moreover, one can also
terminate the reaction by collecting the reaction solution  and confirming,
for example, by liquid chromatography, that the N-substituted carbamic
acid-O-aryl ester of interest is folined in the desired amount. 



[0148] Although a catalyst is not necessarily required for the Step (Y),  5
there is no problem in using the catalyst in order to lower the reaction
temperature or complete the reaction early. The catalyst is used at
preferably 0.01 to 30 wt%, more preferably 0.5 to 20 wt%, with respect to
the weight of the N-substituted carbamic acid-O-aliphatic ester. Examples
of the catalyst include Lewis acids and transition metal  10 compounds that
form Lewis acids, organic tin compounds, compounds of metals of the copper
group, zinc, and metals of the iron group, and amines. Examples thereof
specifically include: Lewis acids and transition metal compounds that form
Lewis acids, represented by AlX3, TiX3, TiX4, VOX3, VX5, ZnX2, FeX3, or
SnX4 (wherein X is halogen, an  15 acetoxy group, an alkoxy group, or an
aryloxy group); organic tin compounds represented by (CH3)3SnOCOCH3,
(C2H5)SnOCOC6H5, Bu3SnOCOCH3, Ph3SnOCOCH3, Bu2Sn(OCOCH3)2,
Bu2Sn(OCOCI1H23)2, Ph3Sn0C113, (C2H5)3SnOPh, Bu2Sn(OCH3)2, Bu2Sn(0C2H5)2,
Bu2Sn(OPh)2, Ph2Sn(CH3)2, (C2H5)3SnOH, PhSnOH,  20 Bu2SnO, (C8H12)2SnO,
Bu2SnCl2, or BuSn0(01-1); compounds of metals of the copper group such as
CuCI, CuCl2, CuBr, Cu13r2, Cul, CulCu.((A.c)2, Cu(acac)2, c Bit 3, AgBr,
silver picrate, and AgC6H6C104; compounds of zinc such as Zn(acac)2; and
compounds of metals of the iron group such as Fe(C101-18)(C0)5, 25Fe(C0)5,
Fe(C4H6)(C0)3, Co(mesitylene)2(PEt2Ph2), CoC5F5(C0)2, and ferrocene,the
description above, Bu represents a butyl group; Ph  represents a phenyl
group; and acac represents an acetylacetone chelate ligand.), amines such
as 1,4-diazabicyclo [2,2,2] octane, triethylenediamine, and triethylamine
are suitable for use, and among them, examples thereof include organic
metal catalysts such as 5dibutyltin dilaurate, lead octoate, and stannous
octoate.These compounds may be used alone or as a mixture of two types or
more. [0149] Although it is not necessarily required to use a reaction
solvent in the present embodiment, one can use an inactive solvent
appropriate for the purpose of facilitating the reaction procedures, etc.
As the  10 inactive solvent, one can use, for example, alkanes such as
hexane (each isomer), heptane (each isomer), octane (each isomer), nonane
(each isomer), and decane (each isomer); aromatic hydrocarbons and
alkyl-substituted aromatic hydrocarbons such as benzene, toluene, xylene
(each isomer), ethylbenzene, diisopropylbenzene (each isomer),  15
dibutylbenzene (each isomer), and naphthalene; aromatic compounds
substituted by halogen or a nitro group, such as chlorobenzene,
dichlorobenzene (each isomer), bromobenzene, dibromobenzene (each isomer),
chloronaphthalene, bromonaphthalene, nitrobenzene, and nitronaphthalene;
polycyclic hydrocarbon compounds such as diphenyl, 20substituted diphenyl,
diphenylmetharie, terphenyl, antlnacene, and  iberizyllolirene (each
isomer); a.1i piIatcc hydrocarbons such as cyclohexane, cyclopentane,
cyclooctane,'llayloyelohcxxi , icetones such as methyl ethyl ketone and
acetophenone; esters such as dibutyl phthalate, dihexyl phthalate, dioctyl
phthalate, and benzyl butyl 



25phthalate; ethers and thioethers such as diphenyl ether and diphenyl
sulfide; sulfoxides such as dimethyl sulfoxicle and diphenyl sulfoxide;
and silicone oil. These solvents can be used alone or as a mixture of two
types or more. [0150] The reaction of transesterification in the present
embodiment is an equilibrium reaction.Thus, for efficiently performing  5
transesterification, it is preferred to pursue the reaction while removing
an alcohol (alcohol derived from the N-substituted carbamic
acid-O-aliphatic ester as a raw material) which is a product, from the
reaction system. Thus, the removal of the product from the reaction system
is easy by selecting the aromatic hydroxy compound such that  10 the normal
boiling point of the aromatic hydroxy compound used in transesterification
becomes higher than the normal boiling point of the alcohol derived from
the N-substituted carbamic acid-O-aliphatic ester as a raw material,
because a compound having the lowest normal boiling point in the reaction
system is the alcohol derived from the 15N-substituted carbamic
acid-O-aliphatic ester as a raw material. [0151] Moreover, for allowing
transesterification to efficiently proceed, one that is preferred is to
perform the transesterification by a continuous method.Specifically, one
performs the transesterification by continuously supplying the
N-substituted carbamic acid-O-aliphatic 20ester as a raw material and the
aromatic hydroxy compound to a reactor. one takes alcohol products derived
From the N-substituted arb amic acid-O-aester as a raw material, outreactor
a     gas components, and continuously takes a reaction solution containing
an N-substituted earbamic acid-O-aryl ester that forms and the aromatic 



25hydroxy compound., out of the bottom of the reactor. [0152] Although
materials for the reactor that forms transesterification  and lines may be
any of those known in the art unless having adverse effects on starting
materials or reactants, SUS304, SUS316, SUS316L, or the like is inexpensive
and can be used preferably. There is no particular limitation to the form
of the reactor, and a reactor in a tank  5 foiiii or tower form known in
the art can be used. For example, various methods known in the art such as
a style using a reactor containing any of a stirred tank, a multi-stage
stirred tank, a distillation column, a multi-stage distillation column, a
multi-tube reactor, a continuous multi-stage distillation column, a packed
colunm, a thin-film  10 evaporator, a reactor having a support in the
inside, a forced circulation reactor, a falling film evaporator, a falling
drop evaporator, a trickle-bed reactor, and a bubble column, and a style
combining these, are used. A method using a thin-film evaporator and/or a
reactor in a column form is preferable from the viewpoint of efficiently
shifting equilibrium toward  15 the product side, and a structure having a
large area of gas-liquid contact is preferable from the viewpoint of
rapidly moving alcohol products derived from the N-substituted carbamic
acid-O-aliphatic ester as a raw material, to the gas phase. [0153] The
multi-stage distillation column that can be used in the
20transesterification reaction may be any one that is a distillation column
laving multiple plates in which the number of theoretical plates In
distillationmore and. continuous distillation is poss such a multi-stage
distillation column, one can use, for example, any one that is usually used
as a multi-stage distillation column, such as a 25plate column system using
trays such as bubble cap trays, porous plate trays, valve trays, or
countercurrent trays, and a packed column style  



filled with various types of packing materials such as Raschig ring,
Lessing ring, Pall ring, Berl Saddle, Interlock saddle, Dixon packing,
McMahon packing, HELIPACK, Sulzer packing, and Mellapak. As the packed
column, one can use any one that is a packed column filled  5 with the
above-described packing materials known in the art within the column.
Furthermore, one having a plate-packed mixed column style having both of
plate parts and parts filled with packing materials is also preferably
used. [0154] It is also acceptable to additionally attach, to the reactor,
lines  10 that supply an inert gas and/or an inactive solvent in a liquid
state from beneath the reactor. Moreover, in the case where the mixed
solution containing the N-substituted carbarnic acid-O-aryl ester of
interest and the aromatic hydroxy compound contains the N-substituted
carbamic acid-O-aliphatic ester as a raw material, it is also acceptable to
attach, to  15 the reactor, a line that circulates again a portion or the
whole of the mixed solution to the reactor. Incidentally, in the case of
using the inactive solvent, the inactive solvent may be in a gas state
and/or liquid state. [0155] Gas components containing the alcohol derived,
from the 20N-substituted carbarnic acid-O-aliphatic ester as a raw
material, which have been extracted from the reactor, can be purified
preferably using a method known in the art such as a distillation column
and reused as alcohol of Process (I) and/or Process (II) and/or Step (A)
and/or Step (B). 25[0156] <Thermal decomposition reaction> The mixture
containing the active hydrogen-containing  compound (A) and the compound
(B) that reversibly reacts with the active hydrogen-containing compound,
used in the present embodiment is preferably a mixture obtained by
subjecting the N-substituted carbamic acid ester, the
N-substituted-O-substituted thiocarbamic acid  5 ester, the
N-substituted-S-substituted thiocarbamic acid ester, the N-substituted
dithiocarbamic acid ester, or the N-substituted carbamic acid halogenide
described above to a theinial decomposition reaction. Since the procedure
of subjecting it to a thermal decomposition reaction is the same among the
compounds, hereinafter, the thermal  10 decomposition reactions of these
compounds described above will be described by taking the thermal
decomposition reaction of the N-substituted carbamic acid ester as an
example. Although an isocyanate and a hydroxy compound form in the thermal
decomposition reaction of the N-substituted carbamic acid ester, it is only
required to  15 replace the isocyanate by a corresponding isothiocyanate in
the case of the thermal decomposition reaction of the
N-substituted-O-substituted thiocarbamic acid ester; it is only required to
replace the hydroxy compound by a corresponding thiol or aromatic thiol in
the case of the thermal decomposition reaction of the
N-substituted-S-substituted 



20 thiocarbamic acid ester; it is only required to replace the isocyanate
by a corresponding i so t iiioey an aie and the hycroxy compound by a
corresponding thiol or aromatic the case of the thermal decomposition
reaction of the N-substituted dithiocarbamic acid ester; and it is only
required to replace the hydroxy compound by a hydrogen 25halide in the case
of the thermal decomposition reaction of the N-substituted carbamic acid
halogenide,  [0157] <Thermal decomposition of N-substituted carbamic acid
ester>       The mixture containing an isocyanate and a hydroxy compound in
the present embodiment is preferably a mixture containing an isocyanate and
a hydroxy compound that form by the thermal  5 decomposition reaction of an
N-substituted carbamic acid ester. In this context, a step of subjecting an
N-substituted carbamic acid ester to a thermal decomposition reaction to
produce a mixture containing an isocyanate and a hydroxy compound will be
described. [0158] Although it is acceptable to use or not to use a solvent
in this  10 step, one that is preferred is to carry out it in the presence
of a hydroxy compound. As described above, preferably, a hydroxy compound
is used in the production of the N-substituted carbamic acid ester, and one
can use this hydroxy compound, as it is, as the hyciroxy compound in this
step. Moreover, since a hydroxy compound forms as reaction  15 by-products
in the method for producing an N-substituted carbamic acid ester by the
reaction between the carbonic acid ester and the organic primary amine, one
can use this hydroxy compound, as it is, as the hydroxy compound in this
step. It is also acceptable to carry out this step by adjusting the amount
of the hydroxy compound or newly  20 preparing and using a hydroxy
compound, if necessary. [01591 Adjusting the amonaL of the hydroxy
compound. preparing and using a hydroxy compound is described above, and
amount is preferably 0.2 to 50 times, more preferably 0.3 to 30 times,
further preferably I to 20 times, in terms of the value of the number of
25moles of the hydroxy compound with respect to the value of the total
number of ester groups contained in the N-substituted carbamic acid  



ester in consideration of the transport efficiency of the N-substituted
carbamic acid ester or the size of a reservoir for storage. [0160] Examples
of the other solvents that may be added include inactive solvents
appropriate for the purpose of facilitating the reaction  5 procedures,
etc., for example, alkanes such as hexane (each isomer), heptane (each
isomer), octane (each isomer), nonane (each isomer), and decane (each
isomer); aromatic hydrocarbons and alkyl-substituted aromatic hydrocarbons
such as benzene, toluene, xylene (each isomer), ethylbenzene,
diisopropylbenzene (each isomer), dibutylbenzene (each  10 isomer), and
naphthalene; aromatic compounds substituted by halogen or a nitro group,
such as chlorobenzene, dichlorobenzene (each isomer), bromobenzene,
dibromobenzene (each isomer), chloronaphthalene, bromonaphthalene,
nitrobenzene, and nitronaphthalene; polycyclic hydrocarbon compounds such
as diphenyl, substituted diphenyl,  15 diphenylmethane, terphenyl,
antluacene, and dibenzyltoluene (each isomer); aliphatic hydrocarbons such
as cyclohexane, cyclopentane, cyclooctane, and ethylcyclohexane; ketones
such as methyl ethyl ketone and acetophenone; and dibutyl phthalate,
dihexyl phthalate, and dioctyl phthalate. 20[0161] The reaction temperature
of the thermal decomposition reaction is preferably in the range of I
00'{i: toand. high temperatures are preferableenhancing the reaction
rate,However, at temperatures, the side reaction as described above may be
caused by the N-substituted carbamic acid, ester and/or the isocyanate
which is a 25product; thus, one that is more preferred is in the range of
150C to 250C, It is also acceptable to install a cooling apparatus or a
heating  apparatus known in the art in the reactor in order to keep the
reaction temperature constant. Moreover, the reaction pressure may be any
of reduced pressure, normal pressure, and increased pressure, though
differing depending on the types of the compounds used or the reaction  5
temperature; and one that is preferred is performed in the range of 20 to 1
x 106 Pa. There is no particular limitation to the reaction time (residence
time in the case of the continuous method); and one that is preferred is
0.001 to 100 hours, one that is more preferred is 0.005 to 50 hours, and
one that is further preferred is 0.01 to 10 hours. 



10[0162] In the present embodiment, one that is preferred is not to use a
catalyst. However, in the case of using a catalyst in any step for
producing the N-substituted carbamic acid ester, residues or the like of
the catalyst may be supplied to the theimal decomposition step. In the
present embodiment, it does not matter if such catalyst residues or the
15like are present. [0163] In the case where the N-substituted carbamic
acid ester is kept under high temperature for a long time, a side reaction
such as a reaction that forms a urea bond-containing compound through a
carbonic acid ester removal reaction from, for example, 2 molecules of
20the N-substituted carbamic acid ester, or a reaction that forms an
allophanate group through a reaction with isocyariate group that fbnns by
the thermal decomposition of the Nisubstituteet c,trbange acid ester, may
be caused. Thus, it is preferred that the time when the N-substituted
carbamic acid ester and the isocyanate are kept under high 25temperature
should be as short as possible. Thus, the thermal decomposition reaction is
preferably performed by a continuous  method. The continuous method is a
method. of continuously supplying a mixture containing the N-substituted
carbamic acid ester to a reactor, subjecting it to a thermal decomposition
reaction, and continuously extracting an isocyanate and a hydroxy compound
that  5 form, from the thermal decomposition reactor. In the continuous
method., low-boiling-point components that form by the thermal
decomposition reaction of the N-substituted carbamic acid. ester are
preferably collected as gas-phase components from the thermal decomposition
reactor, while the remaining portions are collected as  10 liquid-phase
components from the bottom of the thermal decomposition reactor. Although
one can also collect all compounds present in the thermal decomposition
reactor as gas-phase components, the effect of dissolving compounds that
form in a polymer form due to the side reaction caused by the N-substituted
carbamic acid ester and/or the  15 isocyanate, to thereby prevent the
adhesion/accumulation of the compounds in a polymer form to the thermal
decomposition reactor is obtained by allowing liquid-phase components to
exist in the thermal decomposition reactor. Since an i.socyanate and a
hydroxy compoun.d form by the thermal decomposition reaction of the
N-substituted 20carbamic acid ester, one collects at least one compound of
these compounds" as gas-phase components, Which. compound is coliected, 



as gas-phase components depends on thermal decomposition conditions, etc.
[0164] In this context, the term "low-boiling-point components that 25form
by the thermal decomposition reaction of the N-substituted carbamic acid
ester" used in the present embodiment particularly refers  to compounds
capable of existing as a gas under conditions where the thermal
decomposition reaction is carried out, though the hydroxy compound and/or
the isocyanate that form by the thermal decomposition reaction of the
N-substituted carbamic acid ester 5correspond thereto. [0165] For example,
one can adopt a method of collecting, as gas-phase components, the
isocyanate and the hydroxy compound that form by the thermal decomposition
reaction, and collecting liquid-phase components containing the
N-substituted carbamic acid ester. In the 10method, it is also acceptable
to separately collect the isocyanate and the hydroxy compound in the
thermal decomposition reactor. [0166] In the case where the liquid-phase
components contain the N-substituted carbamic acid ester, one that is
preferred is to supply a portion or the whole of the liquid-phase
components to the upper part of  15 the thermal decomposition reactor and
subject again the N-substituted carbamic acid ester to a thermal
decomposition reaction. The upper part of the thermal decomposition reactor
referred to herein refers to, for example, a plate equal to or above two
plates from the bottom of the column in terms of the number of theoretical
plates in the case where 20the thermal decomposition reactor is a
distillation column, and refers to 



a pan above a heat transfer area part under heat in the case where the
thermal)sitin reactorbin-film evaporator. For suppi a portion or the whole
of the liquid-phase components to the upper part of the thermal
decomposition reactor, one that is preferred is to transport 25the
liquid-phase components with them kept at 50C to 280C, more preferably 70C
to 230C, further preferably 100C to 200C.  [0167] Moreover, one can adopt,
for example, a method of collecting, as gas-phase components, the
isocyanate and the hydroxy compound that form by the thermal decomposition
reaction, and collecting liquid-phase components containing the
N-substituted carbamic acid  5 ester from the bottom of the thermal
decomposition reactor. In this method as well, the collected gas components
containing the isocyanate are preferably supplied in the gas phase to a
distillation apparatus for purifying/separating the isocyanate. On the
other hand, liquid-phase components (a portion or the whole thereof)
containing the  10 N-substituted carbamic acid ester are supplied to the
upper part of the thermal decomposition reactor to subject again the
N-substituted carbamic acid ester to a thermal decomposition reaction. For
supplying a portion or the whole of the liquid-phase components to the
upper part of the thermal decomposition reactor, one that is preferred is
15 to transport the liquid-phase components with them kept at 50C to 180C,
more preferably 70C to 170C, further preferably 100C to 150C. [0168]
Furthermore, one can adopt, for example, a method of collecting, of the
isocyanate and the hydroxy compound that form by  20 the thermal
decomposition reaction, the hydroxy compound as aas-phase components, and
collectirnz a mixture containing the isociyariaie as liquid-phase
components from the bottom of the thermal decomposition reactor. In this
case, one supplies the liquid-phase components to a distillation apparatus
to collect the isocyanate. In the 25case where the N-substituted carbarnic
acid. ester is contained in the liquid-phase coMoonents, it is preferred
that the mixture (a portion or  



the whole thereof) containing the N-substituted carbamic acid ester should
be supplied to the upper part of the thermal decomposition reactor to
subject again the N-substituted carbamic acid ester to a thermal
decomposition reaction. For supplying a portion or the whole 5of the
liquid-phase components to the upper part of the thermal decomposition
reactor, one that is preferred is to transport the liquid-phase components
with them kept at 50C to 180C, more preferably 70C to 170C, further
preferably 100C to 150C. [0169] As also described above, in the thermal
decomposition reaction,  10 it is preferred to collect the liquid-phase
components from the bottom of the thermal decomposition reactor. This is
because of being able to dissolve by-products that form in a polymer form
due to the side reaction, as described above, caused by the N-substituted
carbamic acid ester and/or the isocyanate, and discharge them as
liquid-phase  15 components from the thermal decomposition reactor by
allowing the liquid-phase components to exist in the thermal decomposition
reactor. By this, the effect of reducing the adhesion/accumulation of the
compounds in a polymer form to the thermal decomposition reactor is
obtained. 20[01701 In the ease where the N-substituted earbamic acid ester
is contained in the licitase components, orients, the by-products in a
polymer      may accumulate in thelimse components by repeating step of
supplying a portion or the whole of the liquid-phase components to the
upper part of the thermal decomposition reactor to subject again 25the
N-substituted carbamic acid ester to a thermal decomposition reaction. In
this case, one can remove a portion or the whole of the  liquid-phase
components from the reaction system to thereby reduce the accumulation of
the by-products in a polymer form or keep it at a constant concentration. 



[0171] Although there is no particular limitation to the form of the  5
thermal decomposition reactor, one that is preferred is to use a
distillation apparatus known in the art in order to efficiently collect
gas-phase components. For example, various methods known in the art such as
a style using a reactor containing any of a distillation column, a
multi-stage distillation column, a multi-tube reactor, a  10 continuous
multi-stage distillation column, a packed column, a thin-film evaporator, a
reactor having a support in the inside, a forced circulation reactor, a
falling film evaporator, and a falling drop evaporator, and a style
combining these, are used. From the viewpoint of rapidly removing
low-boiling-point components from the reaction system, one  15 that is
preferred is a tube-shaped reactor, and one that is more preferred is a
method using a reactor such as a tube-shaped thin-film evaporator or a
tube-shaped falling film evaporator; and a structure having a large area of
gas-liquid contact that can rapidly move the low-boiling-point components
that form, to the gas phase is preferable. 20[0172] Although materials for
the thermal decomposition reactor and lines may be any of those known in
the art unless having adverse effects on the N-suhstituted carbamie acid
the aromatic hydroity compound and the isocyanate which are products, etc.,
SUS304, SUS316, SUS316L, or the like is inexpensive and can be used
25preferably. [0173] <Intermediate-boiling-point inactive compound>
Next, the intermediate-boiling-point inactive compound used in the present
embodiment will be described.       The term "intermediate-boiling-point
inactive compound" used herein refers to an intermediate-boiling-point
inactive compound (C) in  5 a method for separating, with a multi-stage
distillation column, a mixture containing an active hydrogen-containing
compound (A) and a compound (B) that reversibly reacts with the active
hydrogen-containing compound (A), the method comprising
distillation-separating the active hydrogen-containing compound (A)  10 and
the compound (B) with the multi-stage distillation column in the presence
of an intermediate-boiling-point inactive compound (C) that has a normal
boiling point between a normal boiling point of the active
hydrogen-containing compound (A) and a normal boiling point of the compound
(B) and is chemically inactive for both of the active 15hydrogen-containing
compound (A) and the compound (B). [0174] First, examples of a feature of
the intermediate-boiling-point inactive compound (C) include the point
where it is inactive for the active hydrogen-containing compound (A) and
the compound (B) that reversibly reacts with the active hydrogen-containing
compound. The 



20"inactive" means not haying reactivity with (A) and (B).The
inactive compound (C) is a. compound does not tbrm a covalent bond with
'ach of or separately with (A) and (3) at the operation temperature of the
distillation.     [0175] A preferable intermediate-boiling-point compound
is a 25compound that does not have a functional group reactive with the
isocyanate and the hydroxy compound, and one that is more preferred is  a
compound that does not have active hydrogen. [0176] Examples of such an
intermediate-boiling-point inactive compound (C) can include at least one
kind of compound selected from the group consisting of (1) hydrocarbon
compounds having a linear,  5 branched, or cyclic structure; (2) compounds
in which hydrocarbon compounds of the same kind or different kind having a
linear, branched, or cyclic structure are bonded via an ether bond or a
thioether bond (i.e., compounds in which two hydrocarbon compounds are
bonded via an ether bond or a thioether bond; the hydrocarbon compounds
have a  10 linear, branched, or cyclic structure, and the two hydrocarbon
compounds may be of the same kind or may be of different kind); (3)
aromatic hydrocarbon compounds that may have a substituent comprising a
hydrocarbon group; (4) compounds in which aromatic hydrocarbon compounds of
the same kind or different kind are bonded  15 via an ether bond or a
thioether bond; (5) compounds in which a hydrocarbon compound having a
linear, branched, or cyclic structure is bonded to an aromatic hydrocarbon
compound via an ether bond or a th.ioether bond; and (6) halides in which
at least one hyd.rogen atom constituting a hydrocarbon compound having a
linear, branched, or 20cyclic structure, or at least one hydrogen atom
constituting an aromatic ()carbon compound that rimy have a substituent
Comprising a 



dead:bon group substitutedhalogen atom. [0177] Specific examples of the
intermediate-boilingpoint inactive compound can include: hydrocarbon
compounds such as pentane (each 25isomer), hexane (each isomer), heptane
(each isomer), octane (each isomer), nonane (each isomer), decane (each
isomer), dodecane (each  isomer), tetradecane (each isomer), pentadecane
(each isomer), hexadecane (each isomer), octadecane (each isomer), and
nonadecane (each isomer); ethers to which a hydrocarbon compound is bonded
via an ether bond, such as octyl ether (each isomer), nonyl ether (each  5
isomer), decyl ether (each isomer), dodecyl ether (each isomer), tetradecyl
ether (each isomer), pentadecyl ether (each isomer), hexadecyl ether (each
isomer), octadecyl ether (each isomer), nonadecyl ether (each isomer), and
tetraethylene glycol dimethyl ether; thioethers to which a hydrocarbon
compound is bonded via a thioether bond, such  10 as dimethyl sulfide,
diethyl sulfide, dibutyl sulfide (each isomer), dihexyl sulfide (each
isomer), octyl sulfide (each isomer), nonyl sulfide (each isomer), decyl
sulfide (each isomer), dodecyl sulfide (each isomer), tetradecyl sulfide
(each isomer), pentadecyl sulfide (each isomer), hexadecyl sulfide (each
isomer), octadecyl sulfide (each  15 isomer), and nonadecyl sulfide (each
isomer); aromatic hydrocarbon compounds such as benzene, toluene,
ethylbenzene, butylbenzene (each isomer), pentylbenzene (each isomer),
hexylbenzene (each isomer), octylbenzene (each isomer), biphenyl,
terphenyl, diphenylethane (each isomer), (methylphenyl)phenylethane (each
isomer), dimethylbiphenyl 20(each isomer), and benzyltoluene (each isomer);
aromatic ethers to an aromatic hydrocarbon compound i .ethylbenether-F
isomer), di(ethylbenzyl) ether (each isomer), di(butylbenzyl) ether (each
isomer), di(pentylbenzyl) ether (each isomer), di(hexylbenzyl) ether (each 



25isomer), di(octylbenzyl) ether (each isomer), diphenyl ether, and
dibenzyl ether; aromatic thioethers to which an aromatic hydrocarbon.
compound is bonded via a thioether bond, such as diphenyl sulfide,
di(methylbenzyl) sulfide (each isomer), di(ethylbenzyl) sulfide (each
isomer), di(butylbenzyl) sulfide (each isomer), di(pentylbenzyl) sulfide
(each isomer), di(hexylbenzyl) sulfide (each isomer), di(octylbenzyl) 5
sulfide (each isomer), di(methylphenyl) sulfide, and dibenzyl sulfide;
compounds in which a hydrocarbon compound is bonded to an aromatic
hydrocarbon compound via an ether bond, such as methoxybenzene,
ethoxybenzene, butoxybenzene (each isomer), dimethoxybenzene (each isomer),
diethoxybenzene (each isomer), and dibutoxybenzene (each  10isomer); and
chloropentane bromomethane, bromooctane         d ichloropentane
15dibromoethane   halides such as chloromethane, chloroethane,
(eachisomer),chlorooctane(eachisomer),   bromoethane,bromopentane (each
isomer), (each isomer), dichloroethane (each isomer),  (each isomer),
dichlorooctane (each isomer), (each isomer), dibromopentane (each isomer), 



dibromooctane (each isomer), chlorobenzene, bromobenzene, dichlorobenzene,
dibromobenzene, benzyl chloride, and benzyl bromide. [0178] Among these,
(1) the hydrocarbon compounds having a linear, 20 branched, or cyclic
structure, (3) the aromatic hydrocarbon compounds that, may have a
substiment comprising a I ydrocarbon grow and (6) the halides in which at
drogen atom constituting a carbon compound having a linear, branched, or
cyclic structure, or at least one hydrogen atom constituting an aromatic
hydrocarbon compound that 25may have a substituent comprising a hydrocarbon
grou.p is substituted by a halogen atom. are preferable from the viewpoint
that these  compounds are thermally stable, and that the compounds having
an ether bond or a thioether bond as in (2), (4), and (5) may form an oxide
or a peroxide depending on conditions. Moreover, the compounds containing a
halogen atom as in (6) may be decomposed or form  5 halogen radicals to
contaminate products with halides, depending on conditions; thus, the (1)
the hydrocarbon compounds having a linear, branched, or cyclic structure,
and (3) the aromatic hydrocarbon compounds that may have a substituent
comprising a hydrocarbon group are more preferable. 10[0179] Another
feature of the intermediate-boiling-point inactive compound (C) is that the
normal boiling point of the intermediate-boiling-point inactive compound
(C) is the temperature between a normal boiling point of the (A) and a
normal boiling point of the (B). Specifically, the normal boiling point
(TcC) of the  15 intermediate-boiling-point inactive compound is in Tb < Tc
< Ta or Ta < Tc < Tb with respect to the normal boiling point (TaC) of the
active hydrogen-containing compound (A) and the normal boiling point (TbC)
of the compound (B) to be separated, and the intermediate-boiling-point
inactive compound (C) can be selected and  20 used appropriately according
to the handled active hydrogen-containing compound (A) and compound (B). In
this context, the normal boiling point represents a boiling point under r
atmospheric pressure. The normal boiling point is difficult to specify
based on a structure such as a general formula, and one measures or
investigates and select normal 25boiling points for individual compounds.
The measurement of the normal boiling point can be performed by a method
known, in the art 



such as a method specified by, for example, The Japanese Pharmacopoeia,
14th Edition, Part I -54, and can be carried out usually by any of those
skilled in the art. [0180] It is preferred that the normal boiling point
(TcC) of the  5 intermediate-boiling-point inactive compound (C) should
differ by 5C or more, more preferably by 10C or more, from the normal
boiling point (TbC) of (B) and the normal boiling point (TaC) of (A) to be
separated. In this case, the separation between (A) and the
intermediate-boiling-point inactive compound (C) or between the  10
intermediate-boiling-point inactive compound (C) and (B) is easy.
Specifically, the case where the normal boiling point of the
intermediate-boiling-point inactive compound (C) differs by 5C or more from
the normal boiling point of (B) and the normal boiling point of (A) does
not form the basis of the present embodiment. However,  15 based on the
findings that if the normal boiling points of two components to be
separated differ by 5C or more, industrially sufficient distillation
separation is possible, it shall be preferable to differ by 5C or more from
the viewpoint that steps that may occur after separation between (A) and
(B) become easy. Thus, it can be said that this 20preferable aspect holds
only to separation means currently known in the art 1,_018)
<Separation between active hydrogen-containin.g compound (A) and compound
(B) that reversibly reacts with the active 25hydrogen-containing compound>
A method of supplying the mixture containing the active
hydrogen-containing compound (A) and the compound (B) that reversibly
reacts with the active hydrogen-containing compound to an inactive layer
comprising the intermediate-boiling-point inactive compound (C) in the
multi-stage distillation column to separate (A) and 5(B), will be
described. 



[0182] The mixture containing the active hydrogen-containing compound (A)
and the compound (B) that reversibly reacts with the active
hydrogen-containing compound is supplied to the inactive layer of the
intermediate-boiling-point inactive compound (C) within the 10multi-stage
distillation column, and (A) and (B) are separated in the multi-stage
distillation column and collected. Specifically, in supplying the mixture
containing (A) and (B) to the multi-stage distillation column, the inactive
layer comprising the (C) is formed at a height having a supply port to
which the mixture of the (A) and the (B) 15is supplied within the
multi-stage distillation column. [0183] The active hydrogen-containing
compound (A) and the compound (B) are supplied to the intermediate stage of
the multi-stage distillation column. The "intermediate stage" referred to
herein is between the top of the column and the bottom of the column in a
height 20direction in the multi-stage distillation column, and is the
position at which at least one theoretical plate, preferably at least three
theoretical        can exist above and below a stage having the supply port
The top of the column refers to a part that is the topmost part of the
multi-stage distillation column and from which the gas phase is
25continuously extracted, and the bottom of the column refers to the
bottommost part of the multi-stage distillation column.  [0184] Although
the active hydrogen-containing compound (A) may be supplied in a liquid
state, supplied in the state of a gas-liquid mixed phase, or supplied in a
gas state, one that is preferred is to supply it in a gas state from the
viewpoint of shortening a residence time in a line that  5 supplies the
active hydrogen-containing compound (A) to the multi-stage distillation
column, to thereby suppress the thermal denaturation reaction or the like
of the active hydrogen-containing compound (A). Although the compound (B)
may also be supplied in a liquid state, supplied in the state of a
gas-liquidmixed phase, or  10 supplied in a gas state, one that is
preferred is to supply it in a gas state from the viewpoint of shortening a
residence time in a line that supplies the compound (B) to the multi-stage
distillation column, to thereby suppress the thermal denaturation reaction
or the like of the compound (B). Specifically, although the mixture
containing the active  15 hydrogen-containing compound (A) and the compound
(B) may also be supplied in a liquid state, supplied in the state of a
gas-liquid mixed phase, or supplied in a gas state, one that is preferred
is to supply it in a gas state from the viewpoint of shortening a residence
time in a line that supplies the mixture containing the active
hydrogen-containing 



20 compound (A) and the compound (B) to the multi-stage distillation
column, to thereby suppress the thermal denaturation reaction of each of
the active hydrogen-containing compound (A) and the compound (B). Moreover,
in the case of supplying the mixture in a liquid state, the reaction
between the active hydrogen-containing compound (A) and the 25compound (B)
often proceeds easily compared with the case of supplying the mixture in a
gas state; thus, also from such a viewpoint,  the mixture containing the
active hydrogen-containing compound (A) and the compound (B) is preferably
supplied in a gas state. [0185] The "inactive layer" according to the
present embodiment refers to a layer that is composed mainly of the
intermediate-boiling-point  5 inactive compound (C) described above; and
one that is preferred is (C) in a gas state, and the gas phases of (A) and
(B) are separated by the (C) in a gas state. More preferably, the (A) in a
gas state and the (B) in a gas state are separated to above or below the
inactive layer by distillation separation by supplying the mixture in a gas
state to the 10inactive layer comprising the (C) in a gas state. [0186] The
case where a conjugate (reaction product) of the active hydrogen-containing
compound (A) and the compound (B) forms due to the reaction between the
active hydrogen-containing compound (A) and the compound (B) to reduce the
yield is frequent in an attempt to supply  15 the mixture of the active
hydrogen-containing compound (A) and the compound (B) to the multi-stage
distillation column and separate the active hydrogen-containing compound
(A) and the compound (B). It is considered that an effect capable of
suppressing the reaction between the active hydrogen-containing compound
(A) and the compound (B) 20caused by the contact between the active
hydrogen-containing corn pound (A)dpound (3), to thereby separat hydrogen
-containing compound (A) and the compound (13) is exerted by supplying the
mixture of the active hydrogen-containing compound (A) and the compound (B)
to the inactive layer and separating and/or 25diluting the active
hydrogen-containing compound (A) and. the 



compound (B). Moreover, for example, taking, as an example, the  case where
the active hydrogen-containing compound (A) is a hydroxy compound and the
compound (B) is an isocyanate, there may arise a problem: an N-substituted
carbamic acid ester forms during distillation and the N-substituted
carbamic acid ester polymerizes during distillation  5 or in reactions
downstream thereof, so that the compound in a polymer form adheres to the
apparatus, unless adopting the method as in the present embodiment.
According to the method of the present embodiment, even such a problem can
be prevented. [0187] The inactive layer of the present embodiment is formed
in the  10 range of at least one plate, preferably at least three plates,
above and below the supply port. The liquid phase and/or the gas phase,
preferably, the liquid phase and the gas phase, of the inactive layer have
a content of the intermediate-boiling-point inactive compound (C) of
preferably 5 wt% or more, more preferably 10 wt% or more, further  15
preferably 30 wt% or more. The content of the intermediate-boiling-point
inactive compound (C) can be determined by sampling liquid-phase components
and/or gas-phase components from the multi-stage distillation column and
analyzing them by a method known in the art such as gas chromatography or
liquid chromatography.  20 Moreover, it is also acceptable to determine in
advance the T-XY diagrams of components within), the multistage
distillation, column and predot the content of the intermediatcboi1ingpoint
inactive compound (C) from temperatures and pressures at arbitrary
positions within the multi-stage distillation column using the T-XY
diagrams, 25[0188] The range of the inactive layer can be adjusted by
controlling the quantity of heat applied to an evaporator disposed at the
bottom of  the multi-stage distillation column, the quantity of reflux at
the top of the multi-stage distillation column, the amount of supply of the
intermediate-boiling-point inactive compound (C), the amount of supply of
the mixture containing the active hydrogen-containing compound (A) 5and the
compound (B), a pressure within the multi-stage distillation column,
etc.Moreover, even the case where the intermediate-boiling-point inactive
compound (C) exists at a stage other 



than the range described above is also acceptable in some cases. [0189]
Meanwhile, in initiating the supply of the mixture to the  10 multi-stage
distillation column, a method of supplying the mixture to the multi-stage
distillation column adjusted to a state filled with a gas of the (C) in the
gas-phase part by introducing only the (C) into the multi-stage
distillation column and boiling the (C) is preferable, and one that is more
preferred is to supply the mixture to the multi-stage 15distillation column
adjusted to a total reflux state of the (C). [0190] As described above, the
mixture containing the active hydrogen-containing compound (A) and the
compound (B) is supplied, preferably in a gas state, to the inactive layer
of the multi-stage distillation column. In the case where the mixture is a
mixture 20containing an active hydrogen-containing compound (A) and a
Compounaby subjecting a conjugate yydrogen-containmg compound (A) and the
compound (B) (eg, the compound represented by formula (5)) to a thermal
decomposition reaction, one that is preferred is to heat a line connecting
the distillation 25column to a thermal decomposition reactor in which the
thermal decomposition reaction is performed, to the condensation
temperatures  or higher, at operating pressure, of the active
hydrogen-containing compound (A) and the compound (B) that form by the
thermal decomposition reaction, and transport the mixture containing the
active hydrogen-containing compound (A) and the compound (B) in a gas
5state. [0191] For example, in the case of supplying a mixture containing
an isocyanate and a hydroxy compound that form by subjecting the
N-substituted carbamic acid ester to a thermal decomposition reaction, in a
gas state to the distillation column, one that is preferred is to heat a
10 line connecting the distillation column to a thermal decomposition
reactor in which the thermal decomposition of the N-substituted carbamic
acid ester is performed, to the condensation temperatures or higher of the
isocyanate and the hydroxy compound that form by the thermal decomposition
of the N-substituted carbamic acid ester, and 



15transport the isocyanate and the hydroxy compound in a gas state [0192]
Meanwhile, the intermediate-boiling-point inactive compound (C) can also be
supplied as a liquid to the multi-stage distillation column or can also be
supplied in a gas state. The intermediate-boiling-point inactive compound
(C) may be supplied from any position of the  20 multi-stage distillation
COI UM and may be supplied from a supply port disposed at the upper part of
the multi-stage distillation column: may be supplied from a supply port
disposed in the towel part o stage distillation column; may be supplied
from a supply port disposed at the same height as in a supply port through
which the mixture is supplied; 25or may be supplied from the supply port
through which the mixture is supplied.  [0193] It is preferred that the
amount of the intermediate-boiling-point inactive compound (C) used should
be 0.01 time to 100 times with respect to the weight of the mixture, though
depending on the compounds used, the compounds to be separated, and
operation  5 conditions. Although it is preferred that the amount of the
intermediate-boiling-point inactive compound (C) used should be in excess
for suppressing the reaction between the active hydrogen-containing
compound (A) and the compound (B), too great an excess is not preferable
because the amount of throughput (amount of  10 supply of the mixture
containing the active hydrogen-containing compound (A) and the compound
(B)) in the distillation column decreases. Thus, the amount of the
intermediate-boiling-point inactive compound (C) used is more preferably
0.1 time to 50 times, further preferably 0 3 time to 30 times, with respect
to the weight of the 15mixture. [0194] Although the pressure at which the
distillation separation between the active hydrogen-containing compound (A)
and the compound (B) is performed differs depending on the composition of
components supplied to the multi-stage distillation column in which the
20distillation separation is carried, out, the temperature, the type of the
distillation co umn., etc, and the reaction is performed under
pressure, under atmospheric pressure, or under increased pressure, it is
usually preferred that it should be carried out in the range of 0.01 kPa to
10 MPa; and in consideration of ease of industrial 25practice, one that is
more preferred is in the range of 0.1 1cPa to 1 MPa, 



and one that is further preferred is in the range of 0.5 kPa to 50 kPa.
[0195] Although the temperature at which the distillation separation
between the active hydrogen-containing compound (A) and the compound (B) is
performed differs depending on the composition of components supplied to
the multi-stage distillation column in which the  5 distillation separation
is carried out, the temperature, the type of the multi-stage distillation
column, etc., one that is preferred in the range of 50C to 350C, one that
is more preferred is 80C to 300C, and one that is further preferred is
performed in the range of 100C to 250C because: the active
hydrogen-containing compound (A), the compound 10(B), or the
intermediate-boiling-point inactive compound (C) may be thermally denatured
in the case of too high a temperature; and on the other hand, the need to
provide a new facility for cooling arises in the case of too low a
temperature, so that indu.strial practice is not easy. [0196] The
intermediate-boiling-point inactive compound (C) may be  15 discharged from
the top of the multi-stage distillation column or may be extracted from the
bottom of the multi-stage distillation column. For example, in the case
where the normal boiling point (TcC) of the intermediate-boiling-point
inactive compound (C) is in Tb < Tc < Ta with respect to the normal boiling
point (TaC) of th.e active 20hydrogen-containing compound (A) and the
normal boiling point (iTb"C) of the compound (B), one can extract the
iutermediatebonngpomt inactive compound (C) together with the compound (B)
from the top of the distillation column, can extract it together with the
active hydrogen-containing compound (A) from the 25bottom of the
distillation column, or can extract the intermediate-boiling-point inactive
compound. (C) from the top of the  column and the bottom of the column. One
that is preferred is a method of extracting the intermediate-boiling-point
inactive compound (C) from either the top of the column or the bottom of
the column, and, for example, one can extract the
intermediate-boiling-point inactive  5 compound (C) together with the
compound (B) from the top of the column and further distill the obtained
mixture of the intermediate-boiling-point inactive compound (C) and the
compound (B) to collect the compound (B), while collecting the active
hydrogen-containing compound (A) substantially free from the 



10 intermediate-boiling-point inactive compound (C) from the bottom of the
column and recycling it in the production step of a conjugate of the active
hydrogen-containing compound (A) and the compound (B), for example, the
compound represented by formula (5), or the thermal decomposition step of
the compound. Moreover, for example, one can  15 extract the
intermediate-boiling-point inactive compound together with the active
hydrogen-containing compound (A) from the bottom of the column and further
distillation-separate the obtained mixture of the
intermediate-boiling-point inactive compound (C) and the active
hydrogen-containing compound (A) to collect the active
20hydrogen-containing compound (A) and recycle it in the production step of
a conjugate of the active hydrogen-containing compound (/ (o), ibr example,
the LUMpULiliCI ILIJIL.SCnt-c4 by Join or the thermal decomposition step of
the compound, while collecting the compound (B) substantially free from the
intermediate-boiling-point 25inactive compound (C) from the top of the
column. Moreover, the collected intermediate-boiling-point inactive
compound (C) can be  recycled. [0197] Moreover, for example, in the case
where the normal boiling point (TcC) of the intermediate-boiling-point
inactive compound is in Ta < Tc < Tb with respect to the normal boiling
point (TaC) of the  5 active hydrogen-containing compound (A) and the
normal boiling point (T13C) of the compound (B), one can extract the
intermediate-boiling-point inactive compound (C) together with the active
hydrogen-containing compound (A) from the top of the distillation column,
can extract it together with the compound (B) from 



10 the bottom of the distillation column, or can extract the
intermediate-boiling-point inactive compound (C) from the top of the column
and the bottom of the column. In this case as well, one that is preferred
is a method of extracting the intermediate-boiling-point inactive compound
(C) from either the top of the column or the bottom  15 of the column, and,
for example, one can extract the intermediate-boiling-point inactive
compound together with the active hydrogen-containing compound (A) from the
top of the column and further distillation-separate the obtained mixture of
the intermediate-boiling-point inactive compound (C) and the active
20hydrogen-containing compound (A) to collect the active hydrogenrcomannng
compound (A) and recycle it in Jic RXiULoonicp onjugate o -b- e n-c ontainm
(A) at  compound (B), for example, the compound represented by formula (5),
or the thermal decomposition step of the compound, while collecting the
25compound (B) substantially free from the intermediate-boiling-point
inactive compound (C) from the bottom of the column. Moreover, for
example, one can extract the intermediate-boiling-point inactive compound
(C) together with the compound (B) from the bottom of the column and
distillation-separate the obtained mixture of the
intermediate-boiling-point inactive compound (C) and the compound 



5 (B) to collect the compound (B), while collecting the active
hydrogen-containing compound (A) substantially free from the
intermediate-boiling-point inactive compound (C) from the top of the column
and recycling it in the production step of a conjugate of the active
hydrogen-containing compound (A) and the compound (B), for 10example, the
compound represented by formula (5), or the thermal decomposition step of
the compound. Moreover, the collected intermediate-boiling-point inactive
compound (C) can be recycled. [0198] Taking, as an. example, the case where
the active hydrogen-containing compound (A) and the compound (B) are a  15
hydroxy compound and an isocyanate, respectively, which form by the thermal
decomposition of an N-substituted carbamic acid ester, for example, in the
case where the normal boiling point (TcC) of the intermediate-boiling-point
inactive compound is in Tb < Tc < Ta wi.th respect to the normal boiling
point (TbC) of the isocyanate and the  20 normal boiling point (TaC) of the
hydroxy compound, one can extract the intermediate-boiling-point inactive
compound (C) together with the lsocyanate from the top of the multistage
distillation column, can extract it together with the hydroxy compound from
the bottom of the multi-stage distillation column, or can extract the
25intermediate-boiling-point inactive compound (C) from the top of the
column and the bottom of the column. One that is preferred is a  method of
extracting the intermediate-boiling-point inactive compound (C) from either
the top of the column or the bottom of the column, and, for example, one
can extract the intermediate-boiling-point inactive compound (C) together
with the isocyanate from the top of the column  5 and further distill the
obtained mixture of the intermediate-boiling-point inactive compound (C)
and the isocyanate to collect the isocyanate, while collecting the hydroxy
compound substantially free from the intermediate-boiling-point inactive
compound (C) from the bottom of the column and recycling it in the
production step of the N-substituted  10 carbamic acid ester or the thermal
decomposition step of the N-substituted carbamic acid ester. Moreover, for
example, one can extract the intermediate-boiling-point inactive compound
(C) together with the hydroxy compound from the bottom of the column and
further distillation-separate the obtained mixture of the  15
intermediate-boiling-point inactive compound (C) and the hydroxy compound
to collect the hydroxy compound and recycle it in the production step of
the N-substituted carbamic acid ester or the thermal decomposition step of
the N-substituted carbamic acid ester, while collecting the isocyanate
substantially free from the 20intermediate-boiling-point inactive compound
(C) from the top of the colum. [0Moreover, for example, in the case where
the normal boiling 



point (TcC) of the intermediate-boiling-point inactive compound is in Ta <
Tc < Tb with respect to the normal boiling point (TbC) of the 25isocyanate
and the normal boiling point (TaC) of the hydroxy compound, one can extract
the intermediate-boiling-point inactive  compound (C) together with the
hydroxy compound from the top of the multi-stage distillation column, can
extract it together with the isocyanate from the bottom of the multi-stage
distillation column, or can extract the intermediate-boiling-point inactive
compound (C) from the  5 top of the column and the bottom of the column. In
this case as well, one that is preferred is a method of extracting the
intermediate-boiling-point inactive compound (C) from either the top of the
column or the bottom of the column, and, for example, one can extract the
intermediate-boiling-point inactive compound (C) together 10with the
hydroxy compound from the top of the column and further
distillation-separate the obtained mixture of the
intermediate-boiling-point inactive compound (C) and the hydroxy compound
to collect the hydroxy compound and recycle it in the production step of
the N-substituted carbamic acid ester or the thermal 15decomposition step
of the N-substituted carbamic acid ester, while collecting the isocyanate
substantially free from the intermediate-boiling-point inactive compound
(C) from the bottom of the column. Moreover, for example, one can extract
the intermediate-boiling-point inactive compound (C) together with the
20isocyanate from the bottom of the column and distillation-separate the
obtained mixture of the intermediate-boiling-point iri compound (C)
an`socyanate to collect the isocyan1'acting the
hydroxycompoundsubstantiallyfreefromthe 



intermediate-boiling-point inactive compound (C) from the top of the
25column and recycling it in the production step of the N-substituted
carbamic acid ester or the thermal decomposition step of the  N-substituted
carbamic acid ester. [0200] Although materials for the apparatus in which
the distillation separation between the isocyanate and the hydroxy compound
is performed, and lines may be any of those known in the art unless having
5 adverse effects on starting materials or reactants, SUS304, SUS316,
SUS3161,, or the like is inexpensive and can be used preferably. There is
no particular limitation to the form of the distillation column, and a
distillation column known in the art can be used. For example, various
methods known in the art such as a style using a distillation apparatus  10
containing any of a multi-stage distillation column, a continuous
multi-stage distillation column, and a packed column, and a style combining
these are used as the distillation column. [0201] Although the multi-stage
distillation colunm may be an.y one that is a distillation column having
multiple plates in which the number  15 of theoretical plates in
distillation is three or more and continuous distillation is possible, the
multi-stage distillation column becomes huge in the case where the number
of theoretical plates is too large, so that industrial practice may be
difficult. Thus, the number of theoretical plates is preferably set to 500
or less. As such a multi-stage distillation  20 column, one can use, for
example, any one that is usually used as a multi-stage distillation column"
such as a. plate column system using trays such as bubble cap trays, porous
plate trays, valve trays, or countercurrent trays, and a packed column
style filled with various types of packing materials such as Raschig ring,
Lessing ring, Pall ring, 25Berl Saddle, Interlock saddle, Dixon packing,
McMahon packing, 



liELIPACK, Sulzer packing, and Mellapak.  [0202] As the packed column, one
can use any one that is a packed column filled with the above-described
packing materials known in the art within the column. Furthermore, one
having a plate-packed mixed column style having both of plate parts and
parts filled with packing 5materials is also preferably used. [0203]
<Method for producing isocyanate>       A method. for producing an
isocyanate in the present embodiment comprises: a step of obtaining a
mixture containing an isocyanate and a hydroxy compound by the thermal
decomposition  10 reaction of an N-substituted carbamic acid ester; and a
step of separating the isocyanate from the mixture by the above-described
method for separating an isocyanate. Furthermore, one can produce an
isocyanate with an. organic primary amine as a raw material by: producing
an N-substituted carbamic acid ester with the organic primary  15 amine as
a raw material by a step comprising the above-described step of producing
an N-substituted carbamic acid ester (Process (I), Process (II), or Step
(A) and Step (B)) or a step combining the step of producing an
N-substituted carbamic acid ester (Process (I), Process (II), or Step (A)
and Step (B)) with Step (Y); producing a mixture containing an
20isocy-anate and a hyclroxy compound by the thermal decomposition reaction
or the Nsubstituted carbantie separating the isocyanate from the mixture by
the above-descr` ed method fbr separating an isocyanate.
According to the method for producing an isocyanate in the 25present
embodiment, one can efficiently obtain an isocyanate at high  EXAMPLES
[0204] Hereinafter, the present invention will be described specifically
based on Examples, and however, the scope of the present invention is 



5not limited to these Examples. [0205] <Analysis method> 1) NMR. analysis
method       Apparatus: JNM-A400 FT-NMR system manufactured by jEOL Ltd.,
Japan 10(1) Preparation of 111-NMR analysis sample and 13C-NMR analysis
sample       Approximately 0.3 g of a sample solution was weighed, and a
solution in which approximately 0.7 g of deuterated. chloroform
(manufactured by Sigma-Sigma-Aldrich Corp., USA, 99.8%) and 0.05 g  15 of
tetramethyltin (manufactured by Wako Pure Chemical Industries, Ltd., Japan,
Wako first grade) as an internal standard were added and uniformly mixed
was used as an NMR analysis sample. (2) Quantitative analysis method
Analysis was conducted on each standard, and the quantitative 20analysis of
the analysis sample solution was carried out based on a prepared
calibration curve. 2) Liquid chromatography analysIs method Apparatus:
LC-10AT system manufactured by Shimadzu. Corp., Japan 



25Column: two Silica-60 columns (manufactured by TOSOH CORP., japan)
connected in series          Developing solvent: mixed solution of
hexane/tetrahydrofuran = 80/20 (volume ratio) Solvent flow rate: 2 mL/min.
Column temperature: 35C 5Detector: R.I. (refiractometer) (1) Liquid
chromatography analysis sample       Approximately 0.1 g of a sample was
weighed, and a solution in which approximately 1 g of tetrahydrofuran
(manufactured by Wako Pure Chemical Industries, Ltd., Japan, dehydrated)
and approximately  10 0.02 g of bisphenol A (manufactured by Wako Pure
Chemical Industries, Ltd., Japan, first grade) as an internal standard were
added and uniformly mixed was used as a sample of liquid chromatography
analysis. (2) Quantitative analysis method 15Analysis was conducted on each
standard, and the quantitative analysis of the analysis sample solution was
carried out based on a prepared calibration curve. [0207] [Example 1]
Step (1-1): Production of N,N-hexanediyl-di carbamic acid 



20diphenyl ester Reactioia the state where a line 14 was closed, diphenyl
carbonate (manufactured by Sigma-Aldrich Corp., USA) was supplied from a
reservoir 101 through a line 11 to a 504, (internal 25volume) baffled
reaction container 104 made of SUS, and 9.87 kg (105 rnol) of phenol
(manufactured by Sigrna-Aldrich Corp., USA) was  supplied from a reservoir
102 through a line 12 to the reactor made of SUS. A solution temperature
within the reactor 104 was adjusted to approximately 50C, and 2.44 kg (21
mol) of hexamethylenediamine (manufactured by Sigma-Aldrich Corp., USA) was
supplied at 5approximately 2.00 kg/hr from a reservoir 103 through a line
13 to the reactor 104. [0208] As a result of analyzing the solution after
reaction (hereinafter, also referred to as a "reaction solution (1)") by
liquid chromatography, N,N1-hexanediyl-dicarbamic acid diphenyl ester
formed at a yield of 1099.5%. 



The line 1.4 was opened, and the reaction solution (1) was transported to a
reservoir 105 through the line 14. [0209] Step(1-2):Thermaldecompositionof
N,N-hexanediyhdicarbamic acid diphenyl ester and separation and
15collection of isocyanate Reactions were performed using an apparatus
shown in FIG. 2.       n-Dodecane (manufactured by TOKYO CHEMICAL INDUSTRY
CO., LTD., Japan,) was supplied to the bottom of a continuous multi-stage
distillation column 202 of approximately 5 cm i.n  20 inside diameter
filled with Dixon packing (6 mm), and the total reflux operation of
n-dodecane was performed with a pressure at the top of the column set to
approximately 15 iciPa oform an. inactive layer containing n-dodecane. The
quantity of heat necessary for the evaporation of n-dodecane was supplied
by circulating the solution of the lower part of 25the column through lines
26 and 28 and a reboiler 204. [0210] A. thin-film distillation apparatus
201 (manufactured by  KOBELCO ECO-SOLUTIONS Co., Ltd., Japan) of 0.1 m2 in
heat transfer area was heated to 220C, and the internal pressure was set to
approximately 1.3 kPa. The reaction solution collected into the reservoir
105 in Step (1-1) was heated to 150C and supplied at  5 approximately 1.0
kg/hr to the upper part of the thin-film distillation apparatus 201 through
a line 21, and the thermal decomposition of N,N-hexanediyl-dicarbamic acid
diphenyl ester was performed to thereby obtain a mixture containing an
isocyanate and a hydroxy compound (phenol). Liquid-phase components were
extracted through  10 a line 23 from the bottom of the thin-film
distillation apparatus 201 and circulated to the upper part of the
thin-film distillation apparatus 201 through a line 24 and the line 21. The
mixture was extracted as gas-phase components through a line 22 kept at
220C. [0211] The mixture, which was gas-phase components, extracted  15
through the line 22 from the thin-film distillation apparatus 201 was
continuously fed to the intermediate stage of the continuous multi-stage
distillation column 202, and at the same time, n-dodecane was supplied at
0.3 kg/hr through a line 29 from a reservoir 210 to perform the
distillation separation of the mixture which was gas-phase components. 



20The quantity of heat necessary for the distillation separation was
)plied by circulating the solution of die lower part of the column through
the lines 76 and 28 and the reboiler 204. A solution temperature at the
bottom of the continuous multi-stage distillation column 202 was 150C, and
a pressure at the top of the column was 25approximately 15 kPa. A gas
discharged from the top of the continuous multi-stage distillation column
202 was condensed in a  condenser 203 through a line 25 and continuously
extracted to a reservoir 208 through a line 27. On the other hand,
liquid-phase components were extracted through the line 26 from the bottom
of the column and supplied to a distillation column 205. Gas components
5and liquid components at both the upper and lower first theoretical plates
relative to the position of line 22 of the continuous multi-stage
distillation column 202 were analyzed at steady state, and operation was
performed such that all contained 10 wt% or more of n-dodecane. [0212] The
liquid-phase components extracted through the line 26 were  10 continuously
fed to the intermediate stage of the continuous multi-stage distillation
column 205 of approximately 5 cm in inside diameter filled with Dixon
packing (6 mingi) to perform the distillation separation of the
liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the  15
lower part of the column through lines 31 and 33 and a reboiler 207. A
solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 150C, and a pressure at the top of the column
was approximately 1.5 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in a 20condenser 206
through a line 30 and continuously extracted to a reservoir 209 through32.
An extracted amount at steady state,: was approximately 101 g/17. [0213]
The solution extracted through the line 32 was a solution 



containing approximately 99.8 wt% of hexamethylene diisocyanate. 25The
yield with respect to hexamethylenediamine was 92.8%. [02141 Incidentally,
in the case where the normal boiling point of   hexamethylene diisocyanate
is defined as Tb and the normal boiling point of the hydroxy compound is
defined as Ta, a normal boiling point Tc of n-dodecane satisfied Ta < Tc <
Tb. [0215] [Example 2] 5Step(2-1):Productionof
3-(phenoxycarbonylamino-methyl)-3 ,5,5-trimethylcyclohexylcarbamic acid
phenyl ester Reactions were performed using the apparatus shown in FIG. 1.
Reactions were performed in the same way as in Step (1-1) of  10 Example 1
except that: the amount of diphenyl carbonate used was set to 10.5 kg (49
mol); the amount of phenol used was set to 9.24 kg (98.3 mol); and 3.41 kg
(20 mol) of 3-aminomethy1-3,5,5-trimethylcyclohexylamine (manufactured by
Sigma-Aldrich Corp., USA) was used instead of 15hexamethylenediamine.
[0216] As a result of analyzing the solution after reaction (hereinafter,
also referred to as a "reaction solution (2)") by liquid chromatography, 3
-(phenoxycarbonylami no-methyl)-3 ,5 ,5-trimethylcyclohexylcarbamic acid
phenyl ester formed at a yield of 99.1%. 20The line 14 was opened, and the
reaction solution (2) was transported to the reservoir 105 through th 



[0217] SAThermalflDOSI 3-(phenoxycarbonylam
ino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid phenyl ester and
separation and collection of isocyanate 25Reactions were performed using
the apparatus shown in FIG. 2. 1,3,5-Triethylbenzene (manufactured by TOKYO
CHEMICAL  INDUSTRY CO., LTD., Japan) was supplied to the bottom of the
continuous multi-stage distillation column 202, and the total reflux
operation of 1,3,5-triethylbenzene was performed with a pressure at the top
of the column set to approximately 5 kPa. The quantity of heat  5 necessary
for the evaporation of 1,3,5-triethylbenzene was supplied by circulating
the solution of the lower part of the column through the lines 26 and 28
and the reboiler 204. [0218] The thin-film distillation apparatus 201 was
heated to 270C, and the internal pressure was set to approximately 13 1cPa.
The  10 reaction solution (2) collected into the reservoir 105 in Step
(2-1) was heated to 150C and supplied at approximately 1.0 kg/hr to the
upper part of the thin-film distillation apparatus 201 through the line 21,
and the thermal decomposition of 3 -(phenoxycarbonylamino-methyl)-3
,5,5-trimethylcyclohexylcarbamic  15 acid phenyl ester was performed to
thereby obtain a mixture (2) containing an isocyanate and a hydroxy
compound. Liquid-phase components were extracted through the line 23 from
the bottom of the thin-film distillation apparatus 201 and circulated to
the upper part of the thin-film distillation apparatus 201 through the line
24 and the line 2021. The mixture (2) was extracted as gas-phase components
through .9]urn (2), which was gas-phase components, through the lin.e 22
from the thin-film distillation apparatus 201 was continuously fed to the
intermediate stage of the continuous multi-stage 



25distillation column 202, and at the same time, 1,3,5-triethylbenzene was
supplied at 0.2 kg/hr through the line 29 from the reservoir 210 to
perform the distillation separation of the mixture (2) which was gas-phase
components. The quantity of heat necessary for the distillation separation
was supplied by circulating the solution of the lower part of the column
through the lines 26 and 28 and the reboiler  5 204. A solution temperature
at the bottom of the continuous multi-stage distillation column 202 was
200C, and a pressure at the top of the column was approximately 5 Oa. A gas
discharged from the top of the continuous multi-stage distillation column
202 was condensed in the condenser 203 through the line 25 and continuously
extracted  10 through the line 27. On the other hand, liquid-phase
components were extracted through the line 26 from the bottom of the column
and supplied to the distillation column 205. Gas components and liquid
components at both the upper and lower third theoretical plates relative to
the position of line 22 of the continuous multi-stage distillation 15column
202 were analyzed at steady state, and operation was performed such that
all contained 30 wt% or more of 1,3,5-triethylbenzene.  [0220] The
liquid-phase components extracted through the line 26 were continuously fed
to the intermediate stage of the continuous multi-stage distillation column
205 to perform the distillation separation of the 20liquid-phase
components. The quantity of heat necessary for the distdlation separwas
supplied by circulatingof the ower part of the column through the lines 31L
207.A solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 150C, and a pressure at the top 25of the column
was approximately 1.5 kPa.. A gas discharged from the 



top of the continuous multi-stage distillation column 205 was condensed in
the condenser 206 through the line 30 and continuously extracted to the
reservoir 209 through the line 32. The solution extracted through the line
32 was a solution containing approximately 99.8 wt% of isophorone
diisocyanate. The yield with respect to 53 -aminomethy1-3 ,5
,5-trimethylcyclohexylamine was 91.7%. [0221] Incidentally, in the case
where the normal boiling point of i.sophorone diisocyanate is defined as Tb
and the normal boiling point of the hydroxy compound is defined as Ta, a
normal boiling point Tc of 1,3,5-triethylbenzene satisfied Ta < Tc < Tb.
10[0222] [Example 3] Step(3-1):Productionof
N,W-(4,41-methanediyl-dicyc1ohexyl)-di(carbamic acid phenyl ester)
Reactions were performed using the apparatus shown. in FIG 1. Reactions
were performed in the same way as in Step (1-1) of  15 Example 1 except
that: the amount of diphenyl carbonate used was set to 13.3 kg (62 mol);
the amount of phenol used was set to 11.2 kg (119 mol); and 3.26 kg (15.5
mol) of 4,4'-methylenebis(cyclohexylamine) (manufactured by Sigma-Aldrich
Corp., USA) was used instead of hexamethyl enediamine. 20[0223] As a result
of analyzing the solution after reaction (hereinafter, also referred to as
a "reaction solution (3)") by liquid chromatography,
N,N-(4,41-iinetlianedly1dicyc1ohexyl)-cli(carbarnic acid phenyl ester)
formed at a yield of 98.8%.                The line 14 was opened, and the
reaction solution (3) was 25transported to the reservoir 105 through the
line 14. [0224] Step(3-2):Thermaldecompositionof 



N,N1-(4,4'-methanediyl-dicyclohexyl)-di(carbamic acid phenyl ester) and
separation and collection of isocyanate       Reactions were performed
using the apparatus shown in FIG. 2. [0225] Tetraethylene glycol dimethyl
ether (manufactured by TOKYO 5 CHEMICAL INDUSTRY CO., LTD., Japan) was
supplied to the bottom of the continuous multi-stage distillation column
202, and the total reflux operation of tetraethylene glycol dimethyl ether
was performed with a pressure at the top of the column set to approximately
0.1 kPa. The quantity of heat necessary for the evaporation of  10
tetraethylene glycol dimethyl ether was supplied by circulating the
solution of the lower part of the column through the lines 26 and 28 and
the reboiler 204.       The thin-film distill.ation apparatus 201 was
heated to 300C, and the internal pressure was set to approximately 2 kPa.
The reaction  15 solution (3) collected into the reservoir 105 in Step
(3-1) was heated to 150C and supplied at approximately 0.8 kg/hr to the
upper part of the thin-film distillation apparatus 201 through the line 21,
and the thermal decomposition of
N,N'-(4,4'-methanediyl-dicyclohexyl)-di(carbamic acid phenyl ester) was
performed to thereby obtain a mixture (3)  20 containing an isocyanate and
a hydroxy compound. Liquid-phase components were extracted through the line
23 from the hotLom of the thin-film distillation apparatus 201 and
circulated upper part of the thin-film distillation apparatus 201 through
the line 24 and the line 21. The mixture (3) was extracted as gas-phase
components through 25the line 22. [02261 The mixture (3), which.gas-phase
components, extracted  through the line 22 from the thin-film distillation
apparatus 201 was continuously fed to the intermediate stage of the
continuous multi-stage distillation column 202, and at the same time,
tetmethylene glycol dimethyl ether was supplied at 0.4 kg/hr through the
line 29 from the  5 reservoir 210 to perform the distillation separation of
the mixture (3) which was gas-phase components. The quantity of heat
necessary for the distillation separation was supplied by circulating the
solution of the lower part of the column through the lines 26 and 28 and
the reboiler 204. A solution temperature at the bottom of the continuous
10 multi-stage distillation column 202 was 200C, and a pressure at the top
of the column was approximately 0.1 IcPa. A gas discharged from the top of
the continuous multi-stage distillation column 202 was condensed in the
condenser 203 through the line 25 and continuously extracted through the
line 27. On the other hand, liquid-phase components were  15 extracted
through the line 26 from the bottom of the column and supplied to the
distillation column 205. Gas components and liquid components at both the
upper and lower third theoretical plates relative to the position of line
22 of the continuous multi-stage distillation column 202 were analyzed at
steady state, and operation was performed 



20such that all contained 30 wt% or more of tetraethylene glycol dimethyl
10227; The liquid-phase components extracted through the line 26 WCIC
continuously fed to the intermediate stage of the continuous multi-stage
distillation column 205 to perform the distillation separation of the
25liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of the column through the lines 31 and 33 and the reboiler 207.
A solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 240C, and a pressure at the top of the column
was approximately 0.1 kPa. A gas discharged from the  5 top of the
continuous multi-stage distillation column 205 was condensed in the
condenser 206 through the line 30 and continuously extracted to the
reservoir 209 through the line 32. The solution extracted through the line
32 was a solution containing approximately 99.8 wt% of dicyclohexylmethane
diisocyanate. The yield with respect to
104,4'-methylenebis(cyclohexylamine) was 87.2%. [0228] Incidentally, in the
case where the normal boiling point of dicyclohexylmethane diisocyanate is
defined as Tb and the normal boiling point of the hydroxy compound is
defined as Ta, a normal boiling point Tc of tetraethylene glycol dimethyl
ether satisfied Ta < Tc 15< Tb. [0229] [Example 4] Step(4-1):Productionof 3
-(phenoxycarbonylamin o-methyl)-3,5,5-trim eth y 1 cyclohexylcarbamic acid
phenyl ester 



20Reactions were performed using the apparatus as shown in Reactions were
performed in the same way as in Stepof Example 1 except that: the amount of
diphenyl carbonate used was set to 12.2 kg (57 mol); the amount of phenol
used was set to 15;2 kg (162 25mol);and4.43kg(26mol)of 3-aminomethy1-3,5,54
-imethyicyc.ohexylar ine was used instead of  hexamethylenediamine.
As a result of analyzing the solution after reaction (hereinafter, also
referred to as a "reaction solution (4)") by liquid chromatography, 3
-(phenoxycarbonylamino-methyl)-3 ,5 ,5-trimethylcyclohexylcarbamic 5acid
phenyl ester formed at a yield of 97.9%.       The line 14 was opened, and
the reaction solution (4) was transported to the reservoir 105 through the
line 14. [0230] Step(4-2):Thermaldecompositionof
3-(phenoxycarbony1amino-methyl)-3,5,5-trimethylcyclohexylcarbamic 10acid
phenyl ester and separation and collection of isocyanate Reactions were
performed using the apparatus shown in FIG. 2. 



Diphenyl ether (manufactured by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan)
was supplied to the bottom of the continuous multi-stage distillation
column 202, and the total reflux  15 operation of diphenyl ether was
performed with a pressure at the top of the column set to approximately 0.1
kPa. The quantity of heat necessary for the evaporation of diphenyl ether
was supplied by circulating the solution of the lower part of the column
through the lines 26 and 28 and the reboiler 204. 20[0231] Thermal
decomposition was performed in the same way as in Step (2-2) of Example 2
to obtain a mixture (4) containingcyanatet
compoundexceptthatthe 3 -(phen.oxycarbonylamino-m ethyl)-3,5,5
-trimethyleyelohexyl carbamie acid phenyl ester obtained in Step (4-1) was
used. 25[0232] Moreover, the separation and collection of die isocyanate
were performed in the same way as in Step (2-2) of Example 2 except that
diphenyl ether was supplied at 0.4 kg/hr instead of 1,3,5-triethylbenzene.
A gas discharged from the top of the continuous multi-stage distillation
column 205 was condensed in the condenser 206 through the line 30 and
continuously extracted to the reservoir 209  5 through the line 32. The
solution extracted through the line 32 was a solution containing
approximately 99.2 wt% of isophorone diisocyanate. The yield with respect
to 3 -aminomethy1-3 ,5,5-trimethylcyclohexylamine was 91.2%. [0233]
Incidentally, in the case where the normal boiling point of  10 isophorone
diisocyanate is defined as Tb and the normal boiling point of the hydroxy
compound is defined as Ta, a normal boiling point Tc of diphenyl ether
satisfied Ta < Tc < Tb. [0234] [Example 5] Step(5-1):Productionof 



153 -(phenoxycarbonylamino-methyl)-3 ,5 ,5-trimethylcyclohexylcarbamic acid
phenyl ester Reactions were performed using the apparatus shown in FIG. 1.
Reactions were perfolined in the same way as in Step (1-1) of Example 1
except that: the amount of diphenyl carbonate used was set 20to 142 kg (66
mol); the amount of phenol used was set to 13.9 kg (148            and 2.39
kg (17 mop of 3amin.omethy3,5,54rimethytcyc1ohexyIannne. was used instead
of hexarnethylenediamine.     [0235] As a result of analyzing the solution
after reaction (hereinafter, 25also referred to as a "reaction solution
(5)") by liquid chromatography,
3-(plienoxycarbonylamino-methyl)-3,5,54rimethylcyclohexylearbamic  acid
phenyl ester formed at a yield of 98.7%.       The line 14 was opened, and
the reaction solution (5) was transported to the reservoir 105 through the
line 14. [0236] Step(5-2):Thermaldecompositionof
53-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid
phenyl ester and separation and collection of isocyanate 



Reactions were performed using the apparatus shown in FIG 2. Thermal
decomposition was performed in the same way as in Step (2-2) of Example 2
to obtain a mixture (5) containing an isocyanate
10andahydroxycompoundexceptthatthe 3 -(phenoxycarbonylamino-methyl)-3 ,5
,5-trimethylcyclohexylcarbamic acid phenyl ester obtained in Step (5-1) was
used. [0237] Moreover, the separation and collection of the isocyanate were
performed in the same way as in Step (2-2) of Example 2 except that  15
tributylamine (manufactured by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan)
was supplied at 0.3 kg/hr instead of 1,3 ,5-triethylbenzene. A gas
discharged from the top of the continuous multi-stage distillation column
205 was condensed in the condenser 206 through the line 30 and continuously
extracted to the reservoir 209  20 through the line 32. The solution
extracted through the line 32 was a solution containing approximately 98,4
wt% of isophorene cilisocyanate and containing approximately 0,2 \zit% of
light compounds presumed to be derived from tributylamine. The yield with
respect to 3-aminomethy1-3,5,5-trimethyl cyclohexylamine was 89.8%.
25[0238] Incidentally, in the case where the normal boiling point of
isophorone diisooyanate is defined as Tb and the normal boiling point of
the hydroxy compound is defined as Ta, a normal boiling point Tc of
tributylamine satisfied Ta < Tc < Tb. [0239] [Example 6]
Step(64):Productionof 5N,N1-(4,4'-methanediyl-dipheny1)-dicarbamic acid
diphenyl ester 



Reactions were performed using the apparatus shown in FIG. 1.
Reactions were performed in the same way as in Step (1-1) of Example 1
except that: the amount of diphenyl carbonate used was set to 9.42 kg (44.4
mol); the amount of phenol used was set to 10.5 kg 10(112 moi); and 3.97 kg
(20.0 mol) of 4,4'-methylenedianiline was used instead of
hexamethylenediamine. [0240] As a result of analyzing the solution after
reaction (hereinafter, also referred to as a "reaction solution (6)") by
liquid chromatography, N,N1-(4,4'-methanediyl-dipheny1)-dicarbamic acid
diphenyl ester 15formed at a yield of 96.8%.        The line 14 was opened,
and the reaction solution (6) was transported to the reservoir 105 through
the line 14. [0241] Step(6-2):Thermaldecompositionof
N,N1-(4,4'-rnethanediyl-dipheny1)-dicarbamic acid diphenyl ester and
20separation and collection of isocyanate d using the apparatus shown in
FiG 2.                             (manufactured by TOKYO CHEMICAL INDUSTRY
CO., LTD., japan) was supplied to the bottom of the continuous multi-stage
distillation column 202, and the total reflux 25operation of diethyl
phthalate was performed with a pressure at the top 



of the column set to approximately 0.2 kPa_ The quantity of heat  necessary
for the evaporation of diethyl phthalate was supplied by circulating the
solution of the lower part of the column through the lines 26 and 28 and
the reboiler 204.        [0242] Thermal decomposition was performed in the
same way as in 5Step (2-2) of Example 2 to obtain a mixture (6) containing
an isocyanate and a hydroxy compound except that the
N,N-(4,4'-methanediyl-dipheny1)-dicarbamic acid diphenyl ester obtained in
Step (6-1) was used. [0243] Moreover, the separation and collection of the
isocyanate were  10 performed in the same way as in Step (2-2) of Example 2
except that diethyl phthalate was supplied at 0.5 kg/lr instead of
1,3,5-triethylbenzene. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the line 30 and continuously extracted to the reservoir 209  15
through the line 32. The solution extracted through the line 32 was a
solution containing approximately 98.2 wt% of diphenylmethane diisocyanate
and containing approximately 0.8 wt% of light boiling compounds presumed to
be derived from diethyl phthalate. The yield with respect to
4,4'-methylenedianiline was 87.4%. [0244] Incidentally, in the case where
the normal boiling point of diphenylmethane dined as Tb and the normal
boiling point of the llydroxy corn.pouas Ta, a normal boiling point Tc of
diethyl phthalate satisfied Ta < Tc < Tb. [0245] [Example 7] 25Step (7-1):
Production of toluene-2,4-dicarbamic acid diphenyl 



ester  Reactions were performed using the apparatus shown in FIG. 1.
Reactions were performed in the same way as in Step (1-1) of Example l
except that: the amount of diphenyl carbonate used was set to 17.9 kg (83.5
mol); the amount of phenol used was set to 18.0 kg 5(192 mol); and 3.93 kg
(32.1 mol) of 2,4-toluenediamine was used instead of hexamethylenediamine.
[0246] As a result of analyzing the solution after reaction (hereinafter,
also referred to as a "reaction solution (7)") by liquid chromatography,
toluene-2,4-dicarbamic acid diphenyl ester formed at a yield of 94.4%.
10The line 14 was opened, and the reaction solution (7) was transported to
the reservoir 105 through the line 14. [0247] Step (7-2): Thermal
decomposition of toluene-2,4-dicarbamic acid diphenyl ester and separation
and collection of isocyanate Reactions were performed using the apparatus
shown in FIG 2.  15 1,3,5-Triethylbenzene (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD., Japan) was supplied to the bottom of the continuous
multi-stage distillation column 202, and the total reflux operation of
1,3,5-triethylbenzene was performed with a pressure at the top of the
column set to approximately 0.2 kPa. The quantity of heat 20necessary for
the evaporation of 1,3,5-triethylbenzene was supplied by or the lower pact
of the cultainn through the lines 



[0248] Thermal decomposition was performed in the same way as in Step (2-2)
of Example 2 to obtain a mixture (7) containing an isocyanate 25and a
hydroxy compound except that the toluene-2,4-dicarbamic acid diplienyl
ester obtained in Step (7-1) was used. [0249] Moreover, the separation and
collection of the isocyanate were performed in the same way as in Step
(2-2) of Example 2 except that 1,3,5-triethylbenzene was supplied at 0.2
kg/hr. A gas discharged from the top of the continuous multi-stage
distillation column 205 was  5 condensed in the condenser 206 through the
line 30 and continuously extracted to the reservoir 209 through the line
32. The solution extracted through the line 32 was a solution containing
approximately 99.2 wt% of 2,4-tolylene diisocyanate. The yield with respect
to 2,4-toluenediamine was 86.0%. 10[0250] Incidentally, in the case where
the normal boiling point of 2,4-tolylene diisocyanate is defined as Tb and
the normal boiling point of the hydroxy compound is defined as Ta, a normal
boiling point Tc of 1,3,5-triethylbenzene satisfied Ta < Tc < Tb. [0251]
[Example 8] 15Step (8-1): Production of N,N-hexanediyl-dicarbamic acid
diphenyl ester Reactions were performed using the apparatus shown in FIG 1.
A reaction solution containing N,N-hexanediyl-dicarbamic acid diphenyl
ester (hereinafter, also referred to as a "reaction solution (8)") 20was
obtained by performing the same method as in Step (1-1) of Example I except
that 1 .3 kg (63.f cliphenyl carbona 



kg (140 mop of phenol,(27.7 moi) of hexamethylenedi amine were used. As a
result of analyzing the reactionsolution(8)byliquidchromatography,
25N,N-hexanediyl-dicarbamic acid diphenyl ester formed at a yield of 99.5%.
[0252] Step(8-2):Thermaldecompositionof N,N'-hexanediyl-dicarbamic acid
diphenyl ester and separation and collection of isocyanate Reactions were
performed using the apparatus shown in FIG 2.  5 Decamethyltetrasiloxane
(manufactured by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan) was used instead
of n-dodecane to perform the total reflux operation of
decamethyltetrasiloxane with a pressure at the top of the column set to 0.5
kPa. 10[0253] The thin-film distillation apparatus 201 of 0.1 m2 in heat
transfer area was heated to 220C, and the internal pressure was set to
approximately 1.3 kPa. The reaction solution collected into the reservoir
105 in Step (8-1) was heated to 150C and supplied at approximately 1.0
kg/hr to the upper part of the thin-film distillation  15 apparatus 201
through the line 21, and the thermal decomposition of
N,N-hexanediyl-dicarbamic acid diphenyl ester was performed to thereby
obtain a mixture containing an isocyanate and a hydroxy compound.
Liquid-phase components were extracted through the line 23 from the bottom
of the thin-film distillation apparatus 201 and 20circulated to the upper
part of the thin-film distillation apparatus 201 through the line 24 and
the line 21.was extracted as 



c components through the line [0254] The mixture, which was gas-phase
components, extracted through the line 22 from the thin-film distillation
apparatus 201 was 25continuously fed to the intermediate stage of the
continuous multi-stage distillation column 202, and at the same time,
deeaniethyltetrasiloxahe was supplied at 0.3 kg/hr through the line 29 from
the reservoir 210 to perform the distillation separation of the mixture
which was gas-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of  5 the column through the lines 26 and 28 and the reboiler
204. A solution temperature at the bottom of the continuous multi-stage
distillation column 202 was 150C, and a pressure at the top of the column
was approximately 15 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 202 was condensed in the  10 condenser 203
through the line 25 and continuously extracted through the line 27. On the
other hand, liquid-phase components were extracted through the line 26 from
the bottom of the column and supplied to the distillation column 205.
[0255] The liquid-phase components extracted through the line 26 were  15
continuously fed to the intermediate stage of the continuous multi-stage
distillation column 205 of approximately 5 cm in inside diameter filled
with Dixon packing (6 mm4i) to perform the distillation separation of the
liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
70lower part of the column through the lines 31 and 33 and the reboiler
207. A solution tear at the bottom of the continuous multi-stage
distillation column 205 was 150C, and a pressure at the top of the column
was approximately 1.5 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed 25in the condenser 206
through the line 30 and continuously extracted to the reservoir 209 through
the line 32. The solution extracted through  



the line 32 was a solution containing approximately 99.8 wt% of
hexamethylene diisocyanate. The yield with respect to hexamethylenediamine
was 87.1%. [0256] Incidentally, in the case where the normal boiling point
of  5 hexamethylene diisocyanate is defined as Tb and the noinial boiling
point of the hydroxy compound is defined as Ta, a normal boiling poin.t Tc
of decamethyltetrasiloxane satisfied Ta < Tc < Tb. [0257] [Example 9]
Step (94): Production of N,N-hexanediyl-dicarbamic acid
10di(4-(1,1,3,3-tetramethylbutyl)phenyl) ester  Step (94) was carried out
using an apparatus shown in FIG 3. 2.4 kg of hexamethylenediamine,85.10 kg
of 4-(1,1,3,3-tetramethylbutyl)phenol(manufactured byTOKYO 0-11-4MICAL
INDUSTRY CO., LTD., Japan), and 4.96 kg of urea  15 (manufactured by Wako
Pure Chemical Industries, Ltd., Japan, special grade) were mixed to prepare
a raw material solution. A packed column 302 of 20 mm in inside diameter
filled with a packing material (HELIPACK No. 3) was heated to 240C, and the
internal pressure of the packed column 302 was set to approximately 20 kPa.
A mixed  20 solution of the same composition as in the raw material
solution was introduced to the inside of the packed column 302 through a
line 31 connected with the side of the upper part of the packed column 302.
After the operation conditions stabilized, the raw material solution was
introduced at approximately 1.0 g/min to the inside of the packed 25column
302 through a line 33 and reacted. The reaction solution was collected into
a reservoir 305 by way of a line 34 connected with the  bottommost part of
the packed column 302. Moreover, gas-phase components were collected
through a line 32 connected with the topmost part of the packed column 302
and condensed in a condenser 303 kept at approximately 85C, and the
obtained components were 



5 collected into a reservoir 304. The reaction solution collected into the
reservoir 305 was 46.9 kg. As a result of analyzing this reaction solution
by liquid chromatography and 11-1-NMR, N,N-hexanediyl-dicarbamic acid
di(4-(1,1,3,3-tetramethylbutyl)phenyl) ester formed at a yield of
approximately 92% with respect to 10hexamethylenediamine in this reaction
solution. [0258] Step(9-2):Thermaldecompositionof
N,N'-hexanediyl-dicarbamic acid di(4-(1,1,3,3-tetramethylbutyl)phenyl)
ester and separation and collection of isocyanate Step (9-2) was carried
out using an apparatus shown in FIG. 4.  15 A thin-film distillation
apparatus 401 was heated to 280C, and the internal pressure was set to
approximately 1.0 Oa. The reaction solution collected into the reservoir
305 in Step (9-1) was heated to 150C and supplied at approximately 1.0
kg/hr to the thin-film distillation apparatus 401 through a line 41
connected with the side of 20the upper part of the thin-film distillation
apparatus 401 to perform the
thermaldecompositionofN,N'-hrixariecilyl-dicarbainicacid
di(4-(1,1,3,3-tetramethylbutyl)phenyi)ester.By this thermal decomposition,
a mixture (9) containing an isocyanate and a hydroxy compound was obtained.
Incidentally, liquid-phase components were 25extracted through a line 43
connected with the bottom of the thin-film distillation apparatus 401,
introduced to the upper part of the thin-film  distillation apparatus 401
through a line 44 and the line 41, and circulated. The mixture (9) was
extracted as gas-phase components through a line 42. 



[0259] The mixture (9), which was gas-phase components, extracted  5
through the line 42 from the thin-film distillation apparatus 401 was
continuously fed to the intermediate stage of the continuous multi-stage
distillation column 402, and at the same time, n-pentadecane (manufactured
by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan) was supplied through a line 49
from a reservoir 410 to perform  10 the distillation separation of the
mixture (9) which was gas-phase components. The quantity of heat necessary
for the distillation separation was supplied by circulating the solution of
the lower part of the column through lines 46 and 48 and a reboiler 404. A
pressure at the top of the column was approximately 5 kPa. A gas discharged
15 from the top of the continuous multi-stage distillation column 402 was
condensed into liquid-phase components in a condenser 403 through a line
45, continuously extracted through a line 47, and supplied to a continuous
multi-stage distillation column 405. Gas components and liquid components
at both the upper and lower first theoretical plates 20relative to the
position of line 42 of the continuous multi-stage            iurnn 402 were
analyzed at steady state, and operation was performed such that all
contained 10 wt% or more of n-pentadecanc. [0260] The liquid-phase
components extracted through the line 47 were continuously fed to the
intermediate stage of the continuous multi-stage 25distillation column 405
to perform the distillation separation of the liquid-phase components. The
quantity of heat necessary for the  distillation separation was supplied by
circulating the solution of the lower part of the column through lines Al
and A3 and a reboiler 407. A gas discharged from the top of the continuous
multi-stage distillation column 405 was condensed in a condenser 406
through a line AO and 5continuously extracted to a reservoir 409 through a
line A2. [0261] The solution extracted through the line A2 was a solution
containing approximately 99 wt% of hexamethylene diisocyanate. The yield
with respect to hexamethylenediamine was 90.0%. [0262] Incidentally, in the
case where the normal boiling point of  10 hexamethylene diisocyanate is
defined as Tb and the normal boiling point of the hydroxy compound is
defined as Ta, a normal boiling point Tc of n-pentadecane satisfied Tb < To
< Ta. [0263] [Example 10] 



Step (10-1): Production of compound having ureido group 15Step (10-1) was
carried out using an apparatus shown in FIG. 5.        In the state where a
line 55 was closed, 66.0 kg of 4-(a,a-dimethylbenzyl)phenol (manufactured
by Wako Pure Chemical Industries, Ltd., Japan) from a reservoir 500 and 7.0
kg of urea from a reservoir 501 were fed to a stirred tank 503. The stirred
tank 503 was 20heated to 100C, and stirring was initiated.3.3 kg of
Ilexamethylen.ediamine was supplied atoximately 0 kg/nun yt   reservoir 502
through a. line 53 to the stirred tank 503. After completion. of supply of
hexamethylenediamine, stirring was done for approximately 2 hours, and the
reaction solution was sampled. As a 25result of analyzing this reaction
solution by liquid chromatography, 1,6-h.exanediurea. formed. The reaction
solution was transported to a reservoir 505. [0264] Step (10-2): Production
of N,N1-hexanediyl-dicarbamic acid di(4-(a,a-dimethylbenzyl)phenye ester
Step (10-2) was carried out using the apparatus shown in FIG. 3.  5 Step
(10-2) was performed in the same way as in Step (9-1) of Example 9 except
that: the reaction solution collected into the reservoir 505 in Step (10-1)
was used instead of the raw material solution containing
hexamethylenediamine, 4-(1,1,3,3-tetramethylbutyl)phenol, and urea; and the
packed column 302 was heated to 240C, and the  10 internal pressure was set
to approximately 5 kPa. The reaction solution collected into the reservoir
305 was 70.0 kg. As a result of analyzing this reaction solution by liquid
chromatography and 1H-NMR, N,N'-hexanediyl-dicarbamic acid
di(4-(a,a-dimethylbenzyl)phenye ester formed at a yield of approximately
95% with respect to 15hexamethylenediamine in this reaction solution.
[0265] Step(10-3):Thermaldecompositionof 



N,N-hexanediyl-dicarbamic acid di(4-(a,a-dimethylbenzyl)phenyl) ester and
separation and collection of isocyanate               Step (10-3) was
performed in the same way as in Step (9-2) of 20Example 9 except that: the
thin-Jilin distillation apparatus 401 was heated to 280C, and the internal
killa; the reaction solution collected ti
-oximately 5 oir 05 in S1  was heated to 150C and supplied at approximately
2.0 kg/hr to the thin-film distillation apparatus 401 through the line 41;
and 25benzyltoluene (isomeric mixture) was supplied instead of
n-pentadecane. A gas discharged from the top of the continuous  multi-stage
distillation column 405 was condensed in the condenser 406 through the line
AO and continuously extracted to the reservoir 409 through the line A2.
[0266] The solution extracted through the line A2 was a solution
5containing approximately 99 wt% of hexamethylene diisocyanate. The yield
with respect to hexamethylenediamine was 96.5%. 



[0267] Incidentally, in the case where the normal boiling point of
hexamethylene diisocyanate is defined as Tb and the normal boiling point of
the hydroxy compound is defined as Ta, a normal boiling point 10Tc of
benzyltoluene satisfied Tb < Tc < Ta. [0268] [Example 11] Step (11-1):
Production of compound having ureido group A reaction solution containing
1,6-hexanediurea was obtained by performing the same method as in Step
(10-1) of Example 10, and 15the reaction solution was transported to the
reservoir 505.  [0269] Step (11-2): Production of N,N-hexanediyhdicarbamic
acid di(4-(a,a-dimethylbenzyl)phenye ester       A reaction solution
containing N,N-hexanediyhdicarbamic acid di(4-(cc,a-dimethylbenzyl)phenyl)
ester was obtained by performing the 20same method as in Step (10-2) of
Example 10. The yield of N,N-hexanedlyi-dicarbarnic acid di(4-(uaoHdithe
ester with respect to hexamethylene-line was approximately 95%, [0270]
Step(111):Th naldecompositionof N,N-hexanediyhdicarbamic acid
di(4-(a,ct-dimethylbenzyl)phei y1) 25ester and separation and collection of
isocyan.ate 



The same method as in Step (10-3) of Example 10 was  performed except that
diphenyl sulfide (manufactured by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan)
was used instead of benzyltoluene (isomeric mixture). A gas discharged from
the top of the continuous multi-stage distillation column 405 was condensed
in the 5condenser 406 through the line AO and continuously extracted to the
reservoir 409 through the line A2. [0271] The solution extracted through
the line A2 was a solution containing approximately 97 wt% of hexamethylene
diisocyanate and containing approximately 0.3 wt% of light boiling
compounds 10presumed to be derived from diphenyl sulfide. The yield with
respect to hexamethylenediamine was 92.2%. [0272] Incidentally, in the case
where the normal boiling point of hexamethylene diisocyanate is defined as
Tb and the normal boiling point of the hydroxy compound is defined as Ta, a
normal boiling point 15Tc of diphenyl sulfide satisfied Tb < Tc < Ta.
[0273] [Example 12] Step (12-1): Production of compound having ureido group
Step (12-1) was performed in the same way as in Step (10-1) of
Example10toobtaina reactionsolution containing 



203-(ureidolnethyl)-3,5,5-trimethylcyclohexylurea except that: 1.0 kg of
-tritneiityyleyelobexylainine was used hexamethylieriediamine; 10.0 kg of
4phenyipheno was used instead of 4-(aa-dim.ethylbenzyl.)phenol; and 1,42 kg
of urea was used. [0274] Step(12-2):Productionof
25344-phenylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbarnic acid (4-phenylphenyl) ester           Step (12-2) was performed
in the same way as in Step (9-1) of Example 9 except that: the reaction
solution obtained in Step (12-1) was used instead of the raw material
solution containing hexamethylenediamine,
4-(1,1,3,3-tetramethylbutyl)phenol, and urea;  5 and the packed column 302
was heated to 220C, and the internal pressure of the packed column 302 was
set to approximately 3 kPa. The reaction solution collected into the
reservoir 305 was 12.4 kg. As a result of analyzing this reaction solution
by liquid chromatography and
10344-phenylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid (4-phenylphenyl) ester formed at a yield of
approximately92%withrespectto 3
-aminomethy1-3,5,5-trimethylcyclohexylaminein this reaction solution.
15[0275] Step(12-3):Thermaldecompositionof
34(4-phenylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic
acid (4-phenylphenyl) ester and separation and collection of isocyanate 



Step (12-3) was performed in the same way as in Step (9-2) of  20 Example 9
except that: the thin-film distillation apparatus 401 was heated to 280eC,
and the internal pressure was set to approximately 3 hPa; the reaction
solution collected into the reservoir 305 in Step (12-2) was heated to 120C
and supplied at approximately 2.0 kg/hr to the upper part of the thin-film
distillation apparatus 401 through the line 41; 25and dibenzyl ether was
supplied instead of n-pentadecane. A gas discharged. from the top of the
continuous multi-stage distillation  column 405 was condensed in the
condenser 406 through the line AO and continuously extracted to the
reservoir 409 through the line A2. [0276] The solution extracted through
the line A2 was a solution containing approximately 98 wt% of isophorone
diisocyanate and  5 containing approximately 0.8 wt% of light boiling
compounds presumed to be derived from dibenzyl ether. The yield with
respect to 3 -aminomethy1-3 ,5,5-trim.ethylcyclohexylamine was
approximately 88.3%. [0277] Incidentally, in the case where the normal
boiling point of  10 isophorone diisocyanate is defined as Tb and the
normal boiling point of the hydroxy compound is defined as Ta, a normal
boiling point Tc of dibenzyl ether satisfied Tb < Tc < Ta. [0278] [Example
13] Step(13-1):Productionof
153-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid
phenyl ester Step (1.3-1) was carried, out using an apparatus shown in FIG
6. 8.80 kg of 3-aminomethy1-3,5,5-trimethylcyclohexylamine, 97.1 kg of
phenol, and 7.70 kg of urea were mixed to prepare a raw material 



20solution. A packed column 602 was heated to 220C, and a mixed solution of
the same composition as in the raw material solution was introduoed to the
inside of the packed column 602 through a line connected with the side of
the upper part of the packed column 602. After the operation conditions
stabilized, the raw material solution was 25introduced at approximately 1.0
g/min to the inside of the packed column 602 through the line 60 and
reacted. The reaction. solution was  collected into a reservoir 604 by way
of a line 63 connected with the bottommost part of the packed column 602.
The internal pressure was approximately 0.2 MPa. Ammonia that formed was
extracted through a line 62 connected with the topmost part of the packed
column 602.  5 The reaction solution collected into the reservoir 604 was
11.2 kg. As a result of analyzing this reaction solution by liquid
chromatography and 1H-NMR,
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylearbamic acid
phenyl ester formed at a yield of approximately 94% with respect 10to
3-aminomethy1-3,5,5-trimethylcyclohexylamine in this reaction solution.
[0279] Step(13-2):Thermaldecompositionof 3 -(phenoxycarbonylamino-methyl)-3
,5 ,5-trimethylcyclohexylcarbamic acid phenyl ester and separation and
collection of isocyanate 15Step (13-2) was carried out using the apparatus
shown in FIG. 2.       The thin-film distillation apparatus 201 was heated
to 280C, and the internal pressure was set to approximately 10 kPa. The
reaction solution collected into the reservoir 604 in Step (13-1) was
heated to 100C and supplied at approximately 1.0 kg/hr to the thin-film
20distillation apparatus 201 through the line 21 connected with the side of
the upper part of the thin-filmnation apparatus 201 to perform the 



thermaldecomposition
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylearbamic acid
phenyl ester. By this thermal decomposition, a mixture (13) 25containing an
isocyanate and a hydroxy compound was obtained. incidentally, liquid-phase
components were extracted through the line  23 connected with the bottom of
the thin-film distillation apparatus 201, introduced to the upper part of
the thin-film distillation apparatus 201 through the line 24 and the line
21, and circulated. The mixture (13) was extracted as gas-phase components
through the line 22. 5[0280] The gas-phase components extracted through the
line 22 from the thin-film distillation apparatus 201 were continuously fed
to the intermediate stage of the continuous multi-stage distillation column
202, and at the same time, 4-methylbenzyl chloride (manufactured by TOKYO
CHEMICAL INDUSTRY CO., LTD., Japan) was supplied 10 through the line 29
from the reservoir 210 to perform the distillation separation of the
mixture (13) which was gas-phase components. The quantity of heat necessary
for the distillation separation was supplied by circulating the solution of
the lower part of the column through the lines 26 and 28 and the reboiler
204. A pressure at the top of the column 15 was approximately 5 kPa.
Liquid-phase components distilled from the bottom of the continuous
multi-stage distillation column 202 were continuously extracted through the
line 26 and supplied to the continuous multi-stage distillation column 205.
Gas components and liquid components at both the upper and lower second
theoretical plates 20relative to the position of line 22 of the continuous
multi-stage                  02 were analyzed at steady state, and
operation was performed such that all contained 30 wt% or more of
4-metitylbenzyl chloride.     [0281] The liquid-phase components extracted
through the line 26 were 25continuously fed to the intermediate stage of
the continuous multi-stage distillation cotumn 205 of approximately 5 cm in
inside diameter filled  



with Dixon packing (6 mmO) to perform the distillation separation of the
liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of the column through the lines 31 and 33 and the reboiler  5
207. A solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 160C, and a pressure at the top of the column
was approximately 1.5 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the line 30 and continuously extracted to 10the reservoir 209
through the line 32. [0282] The solution extracted through the line 32 was
a solution containing approximately 99 wt% of isophorone diisocyanate. The
yield with respect to 3-aminomethy1-3,5,5-trimethylcyclohexylamine was
approximately 87.4%. Moreover, the obtained isophorone 15diisocyanate
contained 10 ppm chlorine components. [0283] Incidentally, in the case
where the normal boiling point of isophorone diisocyanate is defined as Tb
and the normal boiling point of the hydroxy compound is defined as Ta, a
normal boiling point "fc of 4-methylbenzyl chloride satisfied Ta < Tc < Tb.
20[0284] [Example 14] Step (14-1). Production of compound hava Step (14was
performed in the same way a. Example10toobtainareactionsolutioncontaining
4,4'-methylenebis(cyclohexylurea) except that 3.40 kg (16.2 mol) of
254,4'-methylenebis(cyclohexylamin.e) (manufactured by Sigma-Aldrich Corp.,
USA) was used instead of hexam.ethylenediamine, 710 kg (486
mol)of4-tert-butylphenolwasusedinsteadof 4-(a,a-dimethylbenzyl)phenol, and
3.89 kg (64.8 mol) of urea was used. 



[0285] Step(14-2):Productionof
5N,N1-(4,4'-methanediyl-dicyclohexyl)-dicarbamicacid di(4-tert-butylphenyl)
ester       Step (14-2) was performed in the same way as in Step (9-1) of
Example 9 to collect a reaction solution into the reservoir 305 except
that: the reaction solution obtained in Step (14-1) was used instead of 10
the raw material solution containing hexamethylenediamine,
4-(1,1,3,3-tetramethylbutyl)phenol, and urea; and the packed column 302 was
heated to 220C, and the internal pressure of the packed column 302 was set
to approximately 3 kPa. As a result of analyzing this reaction solution by
liquid chromatography and 'H-NMR, 15
N,N-(4,41-methanediyl-dicyclohexyl)-dicarbamic acid di(4-tert-butylphenyl)
ester formed at a yield of approximately 90% with respect to
4,4'-methylenebis(cyclohexylamine) in this reaction solution. [0286]
Step(14-3):Thermaldecompositionof 20N,N' -(4,4'-rnethanediy1
-dicyclohcxyl)-dicarbatnicacid di.(44ert-butylphenyl) ester and
separationdon of Thethermaldeeonm3osit.ionof
N,N-(4,4'-methanediyl-dicyclohexyl)-dicarbamicacid di(4-tert-butylphenyl)
ester was performed by performing the same 25 .method as in Step (13-2) of
Example 13 except that: the thin-film distillation apparatus 201 was heated
to 280C, and. the internal pressure  



was set to approximately 0.5 kPa; and the reaction solution obtained in
Step (14-2) was used instead of the reaction solution collected into the
reservoir 604 in Step (13-1) and supplied at approximately 1.2 kg/hr to the
thin-film distillation apparatus 201 through the line 21 connected  5 with
the side of the upper part of the thin-film distillation apparatus 201. By
this thermal decomposition, a mixture (14) containing an isocyanate and a
hydroxy compound was obtained. Incidentally, liquid-phase components were
extracted through the line 23 connected with the bottom of the thin-film
distillation apparatus 201, introduced to the  10 upper part of the
thin-film distillation apparatus 201 through the line 24 and the line 21,
and circulated. The mixture (14) was extracted as gas-phase components
through the line 22. [0287] The gas-phase components extracted through the
line 22 from the thin-film distillation apparatus 201 were continuously fed
to the  15 intermediate stage of the continuous multi-stage distillation
column 202, and at the same time, fluorene (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD., Japan) was supplied through the line 29 from the
reservoir 210 to perform the distillation separation of the mixture (14)
which was gas-phase components. The quantity of heat necessary 20for the
distillation separation was supplied by circulating the solution of the
lower part of thethrough the lines 26 and 28 and the a:boiler 204. A
pressure atp of the column was approximately S 1C0a. Liquid-phase
components distilled from the bottom of the continuous multi-stage
distillation column 202 were continuously extracted through 25the line 26
and supplied to the continuous multi-stage distillation column 205. Ga.s
components and liquid components at both the upper and lower third
theoretical plates relative to the position of line 22 of the continuous
multi-stage distillation column 202 were analyzed at steady state, and
operation was performed such that all contained 30 wt% or more of fluorene.
5[0288] The liquid-phase components extracted through the line 26 were 



continuously fed to the intei mediate stage of the continuous multi-stage
distillation column 205 to perform the distillation separation of the
liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the  10
lower part of the column through the lines 31 and 33 and the reboiler 207.
A solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 160C, and a pressure at the top of the column
was approximately 1.5 1(13a. A gas discharged from the top of the
continuous multi-stage distillation column 205 was condensed 15in the
condenser 206 through the line 30 and continuously extracted to the
reservoir 209 through the line 32. [0289] The solution extracted through
the line 32 was a solution containing approximately 99 wt% of
dicyclohexylmethane diisocyanate. The yield with respect to
4,4'-methylenebis(cyclohexylamine) was 20approximately 81.5%.  [02901
incidentally, in the ease where the normal boning polio, 01
dicyclohexylmethane clitsocyanata is defined as Tb and the normal boiling
point of the hydroxy compound is defined as Ta a normal boiling point Tc of
fluorene satisfied Ta < Tc < Tb. 25[0291] [Example 15]
Step(15-1):Productionor N,1\11-(4,4'-methanediyl-dicyclohexyl)-dicarbamic
acid di(4-ethylphenyl) ester       A reaction solution was collected into
the reservoir 604 by performing the same method as in Step (13-1) of
Example 13 except  5 that 4.50 kg (21.4 mol) of
4,4'-methylenebis(cyclohexylamine) was used instead of
3-aminomethy1-3,5,5-trimethylcyclohexylamine, 104.6 kg (856 mol) of
4-ethylphenol was used instead of phenol, and 2.70 kg (44.9 mol) of urea
was used. As a result of analyzing this reaction solution by liquid
chromatography and 11-1-NMR,
10N,N-(4,4'-methanediyhdicyclohexyl)-dicarbamic acid di(4-ethylphenyl) 



ester formed at a yield of approximately 93% with respect to
4,4'-methylenebis(cyclohexylamine) in this reaction solution. [0292]
Step(15-2):Thermaldecompositionof
N,1\11-(4,4'-methanediyhdicyclohexyl)-dicarbainic acid di(4-ethylphenyl)
15ester and separation and collection of isocyanate
Thethermaldecompositionof N,N11-(4,4'-methanediyl-dicyc1ohexyl)-dicarbamic
acid di(4-ethylphenyl) ester was performed by performing the same method as
in Step (13-2) of Example 13 except that: the thin-film distillation
apparatus 201 was 20heated to 260C, and the internal pressure was set to
approximately 0.5 id the reaction solution obtained in Step cannon
solution. collected into the reservoir 604 in. Step ( and supplied at
approximately 2.0 kg/hr to the thin-film distillation apparatus 201 through
the line 21 connected with the side of the upper 25part of the thin-film
distillation apparatus 201. By this thermal decomposition., a mixture (15)
containing an isocyanate and a hydroxy  



compound was obtained. Incidentally, liquid-phase components were extracted
through the line 23 connected with the bottom of the thin-film distillation
apparatus 201, introduced to the upper part of the thin-film distillation
apparatus 201 through the line 24 and the line 21, and 5circulated. The
mixture (15) was extracted as gas-phase components through the line 22.
[0293] Subsequently, 1-chlorododecane (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD., Japan,) was used instead of 4-methylbenzyl chloride to
perform the distillation separation of the  10 mixture (15) which was
gas-phase components. A pressure at the top of the column was approximately
0.1 kPa. Liquid-phase components distilled from the bottom of the
continuous multi-stage distillation column 202 were continuously extracted
through the line 26 and supplied to the continuous multi-stage distillation
column 205. Gas  15 components and liquid components at both the upper and
lower third theoretical plates relative to the position of line 22 of the
continuous multi-stage distillation column 202 were analyzed at steady
state, and operation was performed such that all contained 30 wt% or more
of 1-chlorododecane. 20[0294] The liquid-phase components extracted through
the line 26 were c anti nuously fed to the intemiediate stage of the
continuous multi-stage        ion column 205 to perform the distillation
separation. of the liquid-phase components. The quantity of heat necessary
for the distillation separation was supplied by circulating th.e solution
of the 25lower part of the column through the lines 31 and 33 and the
reboiler 207,A solution temperature at the bottom of the continuous
multi-stage distillation column 205 was 160C, and a pressure at the top of
the column was approximately 1.5 kPa. A gas discharged from the top of the
continuous multi-stage distillation column 205 was condensed in the
condenser 206 through the line 30 and continuously extracted to 



5the reservoir 209 through the line 32. [0295] The solution extracted
through the line 32 was a solution containing approximately 99 wt% of
dicyclohexylmethane diisocyanate. The yield with respect to
4,4I-methylenebis(cyclohexylamine) was approximately 85.0%. Moreover, the
obtained dicyclohexylmethane 10diisocyanate contained approximately 5 ppm
chlorine components. [0296] Incidentally, in the case where the normal
boiling point of dicyclohexylmethane diisocyanate is defined as Tb and the
normal boiling point of the hydroxy compound is defined as Ta, a normal
boiling point Tc of 1-chlorododecane satisfied Ta < Tc < Tb. 15[0297]
[Example 16]       Step (16-1): Production of toluene-2,4-dicarbamic acid
di(4-dodecylphenyl) ester       A reaction solution was collected into the
reservoir 305 by performing the same method as in Step (9-1) of Example 9
except that  20 5.53 kg (45.3 mol) of 2,4-toluenediamine was used instead
of hexamethylenediamine, 237.7 kg (906 inol` of 4-dodecylialitencil was
used instead. of 4-(1, and 8,15 kg (136 mol) of urea was used. As a result
of analyzing this reaction solution by liquid chromatography and 1H-NMR,
toluene-2,4-dicarbamic acid 25di(4-dodecylphenyl) ester formed at a yield
of approximately 90% with respect to 2,4-toluenediamine in this reaction
solution.  [0298] Step (16-2): Thermal decomposition of
toluene-2,4-dicarbamic acid di(4-dodecylphenyl) ester and separation and
collection of isocyanate Step (16-2) was performed in the same way as in
Step (9-2) of  5 Example 9 except that the thin-film distillation apparatus
401 was heated to 220C, and the internal pressure was set to approximately
0.3 kPa; the reaction solution collected into the reservoir 305 in Step
(16-1) was heated to 150C and supplied at approximately 2.0 kg/hr to the
thin-film distillation apparatus 401 through the line 41; and  10
n-pentadecane was supplied at approximately 0.5 kg/hr through the line 49.
A gas discharged from the top of the continuous multi-stage distillation
column 405 was condensed in the condenser 406 through the line AO and
continuously extracted to the reservoir 409 through the line A2. 



15[0299] The solution extracted through the line A2 was a solution
containing approximately 99 wt% of 2,4-tolylene diisocyanate. The yield
with respect to 2,4-toluenediamine was 88.3%. [0300] Incidentally, in the
case where the normal boiling point of 2,4-tolylene diisocyanate is defined
as Tb and the normal boiling point of the hydroxy compound is defined as
Ta, a normal boiling point Tc of ritentadecarie satisfied Th <To < [0301]
{Example 171 Step(17-1):Productionof
N,N-(4,4'-methanediyl-dipheny1)-dicarbamic acid di(4-tert-amylphenyl)
25ester A reaction solution was collected into the reservoir 604 by
performing the same method as in Step (13-1) of Example 13 except that 1.64
kg (8.27 mol) of 4,4'-methylenedianiline was used instead of
3-aminomethy1-3,5,5-trimethylcyclohexylamine, 34.0 kg (207 mol) of
4-tert-amylphenol was used instead of phenol, and 1.99 kg (33.1 mol) of
5urea was used. As a result of analyzing this reaction solution by liquid
chromatography and 1H-NMR, N,N'-(4,4'-methanediyl-dipheny1)-dicarbamic acid
di(4-tert-amylphenyl) ester formed at a yield of approximately 92% with
respect to 4,4'-methylenedianiline in this reaction solution. 10[0302]
Step(17-2):Thermaldecompositionof
N,N1-(4,41-methanediyl-dipheny1)-dicarbamic acid di(4-tert-amylphenyl)
ester and separation and collection of isocyanate Thethermaldecompositionof



N,N1-(4,4'-methanediyl-dipheny1)-dicarbamic acid di(4-tert-amylphenyl)  15
ester was performed by performing the same method as in Step (13-2) of
Example 13 except that: the thin-film distillation apparatus 201 was heated
to 260C, and the internal pressure was set to approximately 0.5 kPa; and
the reaction solution obtained in Step (16-1) was used instead of the
reaction solution collected into the reservoir 604 in Step (13-1) 20and
supplied at approximately 1.9 kg/hr to the thin-film distillation part of
the through the lino 21 connected with the side of the upper illation
apparatus 201.By this  decomposition, a mixture (17) containing an
isocyanate and a hydroxy compound was obtained. Incidentally, liquid-phase
components were 25extracted through the line 23 connected with the bottom
of the thin-film distillation apparatus 201, introduced to the upper part
of the thin-film  distillation apparatus 201 through the line 24 and the
line 21, and circulated. The mixture (17) was extracted as gas-phase
components through the line 22. [0303]
Subsequently,benzyltoluenewasusedinsteadof  5 4-methylbenzyl chloride to
perform the distillation separation of the mixture (17) which was gas-phase
components. A pressure at the top of the column was approximately 0.1 kPa.
Liquid-phase components distilled from the bottom of the continuous
multi-stage distillation column 202 were continuously extracted through the
line 26 and  10 supplied to the continuous multi-stage distillation column
205. Gas components and liquid components at both the upper and lower
second theoretical plates relative to the position of line 22 of the
continuous multi-stage distillation column 202 were analyzed at steady
state, and operation was performed such that all contained 30 Wt% or more
of 



15benzyltoluene. [0304] The liquid-phase components extracted through the
line 26 were continuously fed to the intermediate stage of the continuous
multi-stage distillation column 205 of approximately 5 cm in inside
diameter filled with Dixon packing (6 mmep) to perform the distillation
separation of 20the liquid-phase components. The quantity of heat necessary
for the distillation separation was supplied circulating the solittion of'
the lower part of the column through the lines 31 and 33 and the rebeiler
207. A solution temperature at the bottom of the continuous multi-stage
distillation column 205 was 160C, and a pressure at the top 25of the column
was approximately 1.5 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the line 30 and continuously extracted to the reservoir 209 through
the line 32. [0305] The solution extracted through the line 32 was a
solution containing approximately 99 wt% of diphenylmethane diisocyanate.
5The yield with respect to 4,41-methylenedianiline was approximately 81.0%.
[0306] Incidentally, in the case where the normal boiling point of
diphenylmethane diisocyanate is defined as Tb and the normal boiling point
of the hydroxy compound is defined as Ta, a normal boiling point 10Tc of
benzyltoluene satisfied Ta < Tc < Tb. [0307] [Example 18]       Step
(18-1): Production of N,1\11-hexanediyl-dicarbamic acid di(3-methylbutyl)
ester 



An apparatus shown in FIG 7 was used. 15In the state where a line 74 was
closed, 9.99 kg (49.5 mol) of bis(3-methylbutyl) carbonate of Reference
Example 1 was supplied from a reservoir 701 through a line 71 to a reaction
container 704 made of SUS, and 1.15 kg (9.9 mol) of hexarnethylenediamine
(manufactured by Sigma-Aldrich Corp., USA) was supplied from a reservoir
702 20through a line 72 to the reactor 704. A solution temperature within
the reactor 704 was adjusted to approximately 80C, and I 92 g of sodm
letlioxide (manufactured by Wake Chemicalies, Ltd., Japan, a 28% methanol
solution) was supplied from a reservoir 703 through a line 73 to the
reactor 704 made of SUS and reacted. 25As a result of analyzing the
solution after reaction by liquid chromatography, N,N-hexanediyl-dicarbamic
acid di(3-methylbutyl) ester formed at a yield of 99.7%. [0308] The line 74
was opened, and the reaction solution was supplied to a column 705 that
contained an acidic ion-exchange resin (Arnberlyst-15 (spherical):
manufactured by ROHM & HAAS 



5Company) adjusted by removing water and was kept warm at 80C with an
external jacket, to perform the neutralization of sodium methoxide. The
solution was transported to a reservoir 706 through a line 75. [0309] Step
(18-2): Distilling off of low-boiling-point components The distilling off
of alcohol was performed using an apparatus 10shown in FIG 8.       The
mixture collected into the reservoir 706 was continuously fed in a liquid
state at approximately 0.56 kg/hr from a line 81 through a preheater 801 to
the intermediate stage of a continuous multi-stage distillation column 802
of 5 cm in inside diameter filled with Dixon  15 packing (6 numk). The
quantity of heat necessary for the distillation was supplied by circulating
the solution of the lower part of the colunm through lines 83 and 85 and a
reboiler 804. A solution temperature at the bottom of the continuous
multi-stage distillation column 802 was set to 160C, and a pressure at the
top of the column was set to 20approximately 70 kPa. A gas discharged from
the top of the continuous multi-stage distillation column 802 was condensed
condenser 803 through a line 82 and continuously     approximately 86 g/hr
to a reservoir 805 through a line 84. From the bottom of the column,
continuous extraction was done at approximately 25474 g/hr to a reservoir
806 through the line 83. [0310] The distilling off of carbonic acid ester
was performed using E  apparatus shown in a FIG. 9.       The mixture
collected into the reservoir 806 was continuously fed in a liquid state at
approximately 474 g/lir from a line 91 through a preheater 901 to the
intermediate stage of a continuous multi-stage 



5 distillation column 902 of 5 cm in inside diameter filled with Dixon
packing (6 mm{). The quantity of heat necessary for the distillation was
supplied by circulating the solution of the lower part of the column
through lines 93 and 95 and a reboiler 904. A solution temperature at the
bottom of the continuous multi-stage distillation column 902 was set  10 to
160C, and a pressure at the top of the column was set to approximately 2.6
kPa. A gas discharged from the top of the continuous multi-stage
distillation column 902 was condensed in a condenser 903 through a line 92
and continuously extracted at approximately 150 g/hr to a reservoir 905
through a line 94. From the 15bottom of the column, continuous extraction
was done at approximately 87 g/hr to a reservoir 906 through the line 93.
[0311] As a result of conducting liquid chromatography analysis on the
mixture extracted to the reservoir 906, the mixture contained approximately
98.1 wt% of N,N-hexanediyl-dicarbamic acid 20di(3-methy1buty1) ester. [03 i
2] StepThermalof NiNiiilaexanectlytidiciarbaniiic acid die-methester and
di. separation of isocyanate An apparatus shown in FIG. 10 was used.
251,2-Dichlorobenzene (manufactured by TOKYO CHEMICAL INDUSTRY COi, IfID,
Japan) was supplied to a continuous  



multi-stage distillation column 1002 of approximately 5 cm in inside
diameter filled with Dixon packing (6 mm4)), and the state where
1,2-dichlorobenzene was under total reflux was created with a pressure at
the top of the column set to approximately 1 kPa. 5[0313] A thin-film
distillation apparatus 1001 (manufactured by KOBELCO ECO-SOLUTIONS Co.,
Ltd., Japan) of 0.1 m2 in heat transfer area was heated to 270C, and the
internal pressure was set to approximately 13 kPa. The mixture collected
into the reservoir 906 in Step (18-2) was heated to 160C and supplied at
approximately 580 g/hr  10 to the upper part of the thin-film evaporator
1001 through a line DO. Moreover, dibutyltin dilaurate (manufactured by
Wako Pure Chemical Industries, Ltd., Japan) was fed at approximately 25.2
g/hr through a line DI. Liquid-phase components were extracted through a
line D3 from the bottom of the thin-film distillation apparatus 1001 and
15 circulated to the upper part of the thin-film distillation apparatus
1001 through a line D4. Gas-phase components were extracted through a line
D2. [0314] The gas-phase components extracted through the line D2 from the
thin-film distillation apparatus 1001 were continuously fed to the  20
intermediate stage of the continuous multi-stage distillation column 1002,
and at the same time, 1,2-dichlorobenzene was supplied at
approximatelykg/hr through a line E4 to perform the distillation separation
of the gas-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the 25solution of the
lower part of the column through lines D6 and D8 and a reboiler 1004 A
solution temperature at the bottom of the continuous  multi-stage
distillation column 1002 was 150C, and a pressure at the top of the column
was approximately 50 1cPa. A gas discharged from the top of the continuous
multi-stage distillation column 1002 was condensed in a condenser 1003
through a line D5 and continuously  5 extracted through a line D7.
Liquid-phase components were extracted through a line D9 from the bottom of
the continuous multi-stage distillation column 1002. Gas components and
liquid components at both the upper and lower third theoretical plates
relative to the position of line D2 of the continuous multi-stage
distillation column 1002 were 10analyzed at steady state, and operation was
performed such that all contained 30 wt% or more of 1,2-dichlorobenzene. 



[0315] The liquid-phase components extracted through the line D9 were
continuously fed to the intermediate stage of a continuous multi-stage
distillation column 1005 of approximately 5 cm in inside  15 diameter
filled with Dixon packing (6 nunep) to perform the distillation separation
of the liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of the column through lines El and E3 and a reboiler 100'7. A
gas discharged from the top of the continuous 20multi-stage distillation
column 1005 was condensed in a condenser 1006 throughand continuously
extracted to a reservoi- 1009 through a [03161 After 40-hour operation, the
liquid-phase components were extracted at approximately 11 Or to a
reservoir 1.010 through a line E5. 25[0317] The solution extracted through
the line E2 was a solution containing approximately 99,8 wt% of
liexamethylene diisocyanate.  The yield with respect to
hexatnethylenediamine was 82.1%. [0318] Incidentally, in the case where the
normal boiling point of hexamethylene diisocyanate is defined as Tb and the
nounal boiling point of the hydroxy compound is defined as Ta, a normal
boiling point 5Tc of 1,2-dichlorobenzene satisfied Ta < Tc < Tb. [0319]
[Example 191 



Step (19-1): Production of N,N-hexanediyl-dicarbamic acid dibutyl ester A
reaction solution containing N,N1-hexanediyl-dicarbamic acid  10 dibutyl
ester was obtained by performing the same method as in Step (18-1) of
Example 18 except that 8.76 kg (50.3 mol) of dibutyl carbonate of Reference
Example 2 was used instead of bis(3-methylbutyl) carbonate, 1.30 kg (11.1
mol) of hexamethylenediamine was used, and 20.1 g of sodium methoxide (28%
15 methanol solution) was used. The yield of N,N-hexanediyl-dicarbamic acid
dibutyl ester was 95.3%. Subsequently, the neutralization of sodium
methoxide was performed, and the solution was transported the reservoir
706. [0320] Step (19-2): Distilling off of low-boiling-point components
20The distilling off of alcohol was performed in the same way as in St.e 18
except that: the mixture collected into the reservoiru 706approximately 1
kg/hr fromand a solution temperature at the bottom of the continuous
multi-stage distillation column 802 was set to 140C, and a pressure at the
top of the 25column was set to 70 kPa. [0321] Subsequently, the same/
method as in Ste- (1 8-2) of Exam18 was performed except that: the mixture
collected into the reservoir 806 was supplied at approximately 540 g/hr
from the line 91 to the continuous multi-stage distillation column 902; and
a solution temperature at the bottom of the continuous multi-stage
distillation  5 column 902 was set to 150C, and a pressure at the top of
the column was set to approximately 3.0 kPa. As a result of conducting
liquid chromatography analysis on the mixture extracted to the reservoir
906, the mixture contained approximately 97.9 wt% of
N,Nthexanediyl-dicarbamic acid dibutyl ester. 10[0322]
Step(19-3):Thermaldecompositionof 



N,N'-hexanediyl-d.icarbamic acid dibutyl ester and distillation separation
of isocyanate       The same method as in Step (18-3) of Example 18 was
performed except that: 1,3,5-triethylbenzene was used instead of  15
1,2-d.ichlorobenzene; the thin-film distillation apparatus 1001 was heated
to 280C, and the internal pressure was set to approximately 13 kPa; and the
mixture collected into the reservoir 906 in Step (19-2) was used instead of
the mixture collected into the reservoir 906 in Step (18-2) and supplied at
approximately 630 g/hr to the upper part of the thin-film evaporator 1001.
Subsequently, l,3,5-triethylbenzene was supplied'-ad of 1
,2-dichlorohenzene at approximately 02 kg/hr to the intermediate stage of
the continuous multi-stage distillation column 1002 to perform the
distillation separation of gas-phase components that formed in the
25thin-film evaporator 1001. The liquid-phase components extracted through
the line D9 were continuously fed to the intermediate stage of  the
continuous multi-stage distillation column 1005 to perform the distillation
separation of the liquid-phase components, and the concentrates were
continuously extracted to the reservoir 1009 through the line E2. The
solution extracted through the line E2 was a solution 5containing
approximately 99.8 wt% of hexamethylene diisocyanate. The yield with
respect to hexamethylenediamine was 80.5%. [0324] Incidentally, in the case
where the normal boiling point of hexamethylene diisocyanate is defined as
Tb and the normal boiling point of the hydroxy compound is defined as Ta, a
normal boiling point 10Tc of 1,3,5-triethylbenzene satisfied Ta < Tc < Tb. 



[0325] [Example 20] Step(20-1):Productionof
3-(butoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid butyl
ester 15Areactionsolutioncontaining
3-(butoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid butyl
ester was obtained by performing the same method as in Step (18-1) of
Example 18 except that 9.75 kg (56.0 mol) of dibutyl carbonate of Reference
Example 2 was used instead of
20bis(3-methylbutyl)carbonate,1.59kg(9.33mol)of
3-aminomet,u5,5-trimethykeyclehexylamine was used instead of
nexamethylenediamlne, andof sodium(7.8% methanolsolution)wasused.Theyieldof
3-(butoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic 25acid
butyl ester was 94.8%.Subsequently, the neutralization of sodium methoxide
was performed, and the solution was transported to  the reservoir 706.
[0326] Step (20-2): Distilling off of low-boiling-point components 



The distilling off of alcohol was performed in the same way as in Step
(18-2) of Example 18 except that: the mixture collected into the  5
reservoir 706 was fed at approximately 0.9 kg/hr from the line 81; and a
solution temperature at the bottom of the continuous multi-stage
distillation column 802 was set to 140C, and a pressure at the top of the
column was set to 70 kPa. [0327] Subsequently, the same method as in Step
(18-2) of Example 18  10 was performed except that: the mixture collected
into the reservoir 806 was supplied at approximately 550 g/hr from the line
91 to the continuous multi-stage distillation column 902; and a solution
temperature at the bottom of the continuous multi-stage distillation column
902 was set to 150C, and a pressure at the top of the column 15was set to
approximately 3.0 kPa. As a result of conducting liquid chromatography
analysis on the mixture extracted to the reservoir 906,
themixturecontainedapproximately98.0wt%of 3 -(butoxycarbonylamino-methyl)-3
,5 ,5-trimethylcyclohexylcarbamic acid butyl ester. 20[0328]
Step(20-3):Thermaldecompositionof
3(butoxycarbonylami.nomethyI)3,5,54rimethyIc:yc1ohexylcaibamic acid butyl
ester and distillatiof isocyanate The same method as in Step (18-3) of
Example 18 was         performed except that: cyclododecane (manufactured
by TOKYO 25CHEMICAL INDUSTRY CO., LTD., Japan) was used instead of
1,2-dichlorobenzene; the thin-film distillation apparatus 1001 was  



heated to 280C, and the internal pressure was set to approximately 13 kPa;
and the mixture collected into the reservoir 906 in Step (20-2) was used
instead of the mixture collected into the reservoir 906 in Step (18-2) and
supplied at approximately 630 g/hr to the upper part of the 5thin-film
evaporator 1001. [0329] Subsequently, cyclododecane was supplied instead of
1,2-dichlorobenzene at approximately 0.15 kg/lhr to the intermediate stage
of the continuous multi-stage distillation column 1002 to perform the
distillation separation of gas-phase components that formed in the  10
thin-film evaporator 1001. The liquid-phase components extracted through
the line D9 were continuously fed to the intermediate stage of the
continuou.s multi-stage distillation column 1005 to perform the
distillation separation of the liquid-phase components, and the
concentrates were continuously extracted to the reservoir 1009 through  15
the line E2. The solution extracted through the line E2 was a solution
containing approximately 99.8 wt% of isophorone diisocyanate. The yield
with respect to 3-aminomethy1-3,5,5-trimethylcyclohexylamine was 80.5%,
[0330] Incidentally, in the case where the normal boiling point of  20
isophorone diisocyanate is defined as 'Po and the normal boiling point of
the hydroxy compound is defined as Tat a normal boiling point Tc of
cyclododecarre satisfied Ta [0331] [Example 21] Step(21-1):Productionof
25N,N-(4,4'-methanediyi-dicyclohexyl)-dicarbamic acid dihutyl ester
Areactionsolutioncontaining
N,1?11-(4,4'-methanediyhdicyclohexyl)-dicarbamic acid dibutyl ester was
obtained by performing the same method as in Step (18-1) of Example 18
except that 12.8 kg (56.0 mol) of bis(2-ethylbutyl) carbonate of Reference
Example 3 was used instead of bis(3-methylbutyl) carbonate,  5 1.87 kg
(8.90 mol) of 4,4'-methylenebis(cyclohexylamine) was used instead of
hexamethylenediamine, and 22.0 g of sodium methoxide (28% methanol
solution) was used. The yield of
N,N-(4,4'-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester was
95.3%. Subsequently, the neutralization of sodium methoxide was
10performed, and the solution was transported to the reservoir 706. 



[0332] Step (21-2): Distilling off of low-boiling-point components
The distilling off of alcohol was performed in the same way as in Step
(18-2) of Example 18 except that: the mixture collected into the reservoir
706 was fed at approximately 1.3 kg/hr from the line 81; and a  15 solution
temperature at the bottom of the continuous multi-stage distillation column
802 was set to 140C, and a pressure at the top of the column was set to
701cPa.     [0333] Subsequently, the same method as in Step (18-2) of
Example 18 was performed except that: the mixture collected into the
reservoir 806 20was supplied at approximately 550 g/hr from the line 91 to
the continuous multi-stageon column 902; and a solution. temperature at the
bottomlie continuous multi-stage distillation     column 902 was set to
150C, and a pressure at the top of the column was set to approximately 3.0
Ic.Pa As a result of conducting liquid 25chromatography analysis on the
mixture extracted to the reservoir 906,
themixturecontainedapproximately96.9wt%of
N,N-(4,41-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester. [0334]
Step(21-3):Thermaldecompositionof
N,N-(4,4'-methanediyi-dicyclohexyl)-dicarbamic acid dibutyl ester and
distillation separation of isocyanate $The same method as in Step (18-3) of
Example 18 was performed except that: dibenzyl ether was used instead of
1,2-dichlorobenzene; the thin-film distillation apparatus 1001 was heated
to 280C, and the internal pressure was set to approximately 13 1cPa; and
the mixture collected into the reservoir 906 in Step (21-2) was 



10 used instead of the mixture collected into the reservoir 906 in Step
(18-2) and supplied at approximately 770 g/hr to the upper part of the
thin-film evaporator 1001. [0335] Subsequently, dibenzyl ether was supplied
instead of 1,2-dichlorobenzene at approximately 0.22 kg/hr to the
intermediate  15 stage of the continuous multi-stage distillation column
1002 to perfonn the distillation separation of gas-phase components that
formed in the thin-film evaporator 1001. A solution temperature at the
bottom of the continuous multi-stage distillation. column 1002 was 150C,
and a pressure at the top of the column was approximately 50 1cPa. The  20
liquid-phase components extracted through the line D9 were continuously fed
to the intermediate stage of the continuous multi-stage distillation column
1005 to perform the distillation separation of the liquid-phase components,
and the concentrates were continuously extracted to the reservoir 1009
through the line E2. The solution 25extracted through the line E2 was a
solution containing approximately 98.5 wt% of dicyclohexylmethane
diisocyanate and containing  approximately 0.7 wt% of light boiling
compounds presumed to be derived from dibenzyl ether. The yield with
respect to 4,4'-methylenebis(cyclohexylamine) was 76.5%. [0336]
Incidentally, in the case where the normal boiling point of  5
dicyclohexylmethane diisocyanate is defined as Tb and the normal boiling
point of the hydroxy compound is defined as Ta, a normal boiling point Tc
of dibenzyl ether satisfied Ta < Tc < Tb. [0337] [Example 22]
Step (224): Production of N,N-hexanediyl-dicarbamic acid 10dibutyl ester
A reaction solution containing N,Nthexanediyl-dicarbamic acid dibutyl ester
was obtained by performing a method equivalent to Step (13-1) of Example 13
except that: 0.74 kg (6.4 mol) of hexamethylenediamine was used instead of 



15 3-aminomethy1-3,5,5-trimethylcyclohexylamine, 28.1. kg (379 mol) of
1-butanol was used instead of phenol, and 0.19 kg (3.2 mol) of urea was
used; and the packed column 602 was heated to 220C. As a result of
analyzin.g it by liquid chromatography and IH-I\IMR,
N,1\11-hexanediyl-dicarbamic acid dibutyl ester formed. at a yield of
20approximately 95% with respect to hexarnethylenediarnine in this reaction
solution, [0338] Step (22-2): Distilling off of lowboilingpoint components
The distilling off of alcohol was performed using the apparatus shown i.n
FIG. 8. 25The reaction solution obtained in Step (22-1) was continuously
fed in a liquid state at approximately 1.0 kg/hr from the line 81 through
the preheater 801 to the intermediate stage of the continuous multi-stage
distillation column 802 of 5 cm in inside diameter filled with Dixon
packing (6 mmO) The quantity of heat necessary for the distillation was
supplied by circulating the solution of the lower part of the column  5
through the lines 83 and 85 and the reboiler 804. A solution temperature at
the bottom of the continuous multi-stage distillation column 802 was set to
160C, and a pressure at the top of the column was set to approximately 70
kPa. A gas discharged from the top of the continuous multi-stage
distillation column 802 was condensed in the  10 condenser 803 through the
line 82 and continuously extracted at approximately 86 g/hr to the
reservoir 805 through the line 84. From the bottom of the column,
continuous extraction was done at approximately 474 g/hr to the reservoir
806 through the line 83. Approximately 99.1 wt% of
N,N-hexanediyl-dicarbamic acid dibutyl 15ester was contained. [0339]
Step(22-3):Thermaldecompositionof N,N-hexanediyl-dicarbamic acid dibutyl
ester and distillation separation of isocyanate The apparatus shown in FIG.
10 was used. 



2013utylbenzene (manufactured by TOKYO CF S' RY CO" Ff11, Japan) was
multi-stage distillation column 1002,taher was under total reflux was
createda pressure at the top of the column set to approximately 0.1 kPa.
25[0340] The thin-film distillation apparatus 1001 was heated to 270C, and
the internal pressure was set to approximately 13 kPa, The  solution
collected into the reservoir 806 in Step (22-2) was heated to 160C and
supplied at approximately 580 g/hr to the upper part of the thin-film
evaporator 1001 through the line DO. Moreover, dibutyltin dilaurate was fed
at approximately 22.1 g/hr through the line Dl. 5Liquid-phase components
were extracted through the line D3 from the bottom of the thin-film
distillation apparatus 1001 and circulated to the upper part of the
thin-film distillation apparatus 1001 through the line D4. Gas-phase
components were extracted through the line D2. [0341] The gas-phase
components extracted through the line D2 from  10 the thin-film
distillation apparatus 1001 were continuously fed to the intermediate stage
of the continuous multi-stage distillation column 1002, and at the same
time, butylbenzene was supplied at approximately 0.3 kg/hr to perform the
distillation separation of the gas-phase components. The quantity of heat
necessary for the distillation  15 separation was supplied by circulating
the solution of the lower part of the column through the lines D6 and D8
and the reboiler 1004. A solution temperature at the bottom of the
continuous multi-stage distillation column 1002 was 150C, and a pressure at
the top of the column was approximately 50 kPa. A gas discharged from the
top of 20the continuous multi-stage distillation column 1002 was condensed
in 



the line D9 disposed at the bottom of the continuous multi-stage
distillation column 1002. Gas components and liquid components at 25both
the upper and lower third theoretical plates relative to the position of
line D2 of the continuous multi-stage distillation column 1002 were
analyzed at steady state, and operation was performed such that all
contained 30 wt% or more of butylbenzene. [0342] The liquid-phase
components extracted through the line D9 were continuously fed to the
intermediate stage of the continuous  5 multi-stage distillation column
1005 of approximately 5 cm in inside diameter filled with Dixon packing (6
mm(I)) to perform the distillation separation of the liquid-phase
components. The quantity of heat necessary for the distillation separation
was supplied by circulating the solution of the lower part of the column
through the lines El and E3 and  10 the reboiler 1007. A gas discharged
from the top of the continuous multi-stage distillation column 1005 was
condensed in the condenser 1006 through the line EO and continuously
extracted to the reservoir 1009 through the line E2. Liquid-phase
components were extracted to the reservoir 1010 through the line E4.
15[0343] The solution extracted through the line E2 was a solution
containing approximately 99.8 wt% of hexamethylene diisocyanate. The yield
with respect to hexamethylenediamine was 80.5%. [0344] Incidentally, in the
case where the normal boiling point of hexamethylene diisocyanate is
defined as Tb and the normal boiling 



20point of the hydroxy compound is defined as Ta, a normal boiling point Fe
or buifibenxeno satisfiedTe < [0245] [Example 23] Step(23-1):Productionof
3((2-ethylbutyloxy)carbonylamino-methyl.)-3,5,5-trimethylcyclohexylc
25arbamic acid (2-ethylbutyl) ester Areactionsolutioncontaining  3
((2-ethylbutyloxy)carbonylamino-methyl)-3 ,5 ,5-trimethylcyclohexylc
arbamic acid (2-ethylbutyl) ester was obtained by performing a method
equivalent to Step (13-1) of Example 13 except that: 1.41 kg (8.3 mol) of
3-aminomethy1-3,5,5-trimethylcyclohexylamine was used, 57.8 kg  5 (249 mol)
of 2-ethyl-l-butanol was used instead of phenol, and 1.10 kg (18.2 mol) of
urea was used; and the packed column 602 was heated to 220C. As a result of
analyzing it by liquid chromatography and 1H-NMR., 3
((2-ethylbutyloxy)carbonylamino-methyl)-3 ,5 ,5-trimethylcyclohexylc  10
arbamic acid (2-ethylbutyl) ester formed at a yield of approximately 94%
with respect to 3-aminomethy1-3,5,5-trimethylcyclohexylamine in this
reaction solution. [0346] Step (23-2): Distilling off of low-boiling-point
components The same method as in Step (22-2) of Example 22 was  15
performed except that: the reaction solution obtained in Step (23-1) was
used instead of the reaction solution obtained in Step (22-1), and the
reaction solution was continuously fed at approximately 1.0 kg/hr from the
line 81; and a solution temperature at the bottom of the continuous
multi-stage distillation column 802 was set to 160C, and a pressure at 



20the top of the column was set to approximately 70 kPa. From the bottom of
the column, a mixture couta-iiy 99,1 wt% of
3-((2-ethylbutyloxy)earbonymethyl 3,5,5- imexyle arbamic acid
(2-ethylbutyl) ester was obtained, [0347] Step(23-3):Thermaldecompositionof
253((2-eth.ylbutyloxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyle
arbam.ic acid (2-ethylbutyl) ester and distillation separation of
isocyanate The apparatus shown in FIG 10 was used.       n-Dodecane was
supplied to the continuous multi-stage distillation column 1002, and the
state where n-dodecane was under 5total reflux was created with a pressure
at the top of the column set to approximately 0.1 kPa. [0348] The thin-film
distillation apparatus 1001 was heated to 270C, and the internal pressure
was set to approximately 1.3 kPa. The 



solution collected into the reservoir 806 in Step (23-2) was heated to  10
1.60C and supplied at approximately 580 g/hr to the upper part of the
thin-film evaporator 1001 through the line DO. Moreover, dibutyltin
dilaurate was fed at approximately 20.1 g/hr through the line Dl.
liquid-phase components were extracted through the line D3 from the bottom
of the thin-film distillation apparatus 1001 and circulated to the 15upper
part of the thin-film distillation apparatus 1001 through the line D4.
Gas-phase components were extracted through the line D2. [0349] The
gas-phase components extracted through the line D2 from the thin-film.
distillation apparatus 1001 were continuously fed to the intermediate stage
of the continuous multi-stage distillation column  20 1002, and at the same
time, n-dodecane was supplied at approximately OS kgihr to perform the
distillation separau on of the gasphase components. The quantity of heat
necessary the distillation separation was supplied by circulating the
solution of the lower part of the column through the lines D6 and D8 and
the reboiler 1004. A gas 25discharged from the top of the continuous
multi-stage distillation column 1002 was condensed in the condenser 1003
through the line 17)5  and continuously extracted through. the line
D7.Liquid-phase components were extracted from the line D9 disposed at the
bottom of the continuous multi-stage distillation column 1002. Gas
components and liquid components at both the upper and lower first
theoretical 5plates relative to the position of line D2 of the continuous
multi-stage distillation column 1002 were analyzed at steady state, and
operation was performed such that all contained 30 wt% or more of
n-dodecane. [0350] The liquid-phase components extracted through the line
D9 were continuously fed to the intermediate stage of the continuous  10
multi-stage distillation column 1005 of approximately 5 cm in inside
diameter filled with Dixon packing (6 inm0 to perform the distillation
separation of the liquid-phase components. The quantity of heat necessary
for the distillation separation was supplied by circulating the solution of
the lower part of the column through the lines El and E3 and  15 the
reboiler 1007. A gas discharged from the top of the continuous multi-stage
distillation column 1005 was condensed in the condenser 1006 through the
line E0 and continuously extracted to the reservoir 1009 through the line
E2. Liquid-phase components were extracted to the reservoir 1010 through
the line ES. 



20[0351] The solution extracted througl the line E2 was a solution
eontaining approximately 99,8 ed% of soontthisocyanate, lie yield withiect
to 3-ammomethyl-3,5,54rimethyloyeleliexylamine was 80.6%.     [0352]
Incidentally, in the case where the normal boiling point of 25isophorone
diisocyanate is defined as Tb and the normal boiling point of the hydroxy
compound is defined as Ta, a normal boiling point Te of  n-dodecane
satisfied Ta < Tc < Tb. [0353] [Example 24] Step(24-1):Productionof
NJ\11-(4,4'-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester  5 A
reaction solution containing
N,1\11-(4,4'-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester was
obtained by performing a method equivalent to Step (13-1) of Example 13
except that: 1.60 kg (7.6 mol) of 4,4'-methylenebis(cyclohexylamine) was
used instead of 3-aminomethy1-3,5,5-trimethylcyclohexylamine,  10 28.1 kg
(380 mol) of 1-butanol was used instead of phenol, and 0.96 kg (16.0 mol)
of urea was used; and the packed column 602 was heated to 220C. As a result
of analyzing it by liquid chromatography and 11-1-N1VIR,
N,I\P-(4,4'-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester formed
at a yield of approximately 93% with respect to
154,4'-methylenebis(cyclohexylamine) in this reaction solution. 



[0354] Step (24-2): Distilling off of low-boiling-point components
The same method as in Step (22-2) of Example 22 was performed except that:
the reaction solution obtained in Step (24-1) was used instead of the
reaction solution obtained in Step (22-1), and the 20reaction solution was
continuously fed at approximately 1.2 kg/hr from the line 81; and a
solution temper bottom of the continuous multi-stage distillation column
802 was set to 160C, and a pressure at the top of the column was set to
approximately 70 kPa. From the bottom of the column, a mixture containing
approximately 994 wt% of 25N,N-(4,4'-methanediyl-dicyclohexyl)-dicarbamic
acid dibutyl ester was obtained.  [0355] Step(24-3):Thermaldecompositionof
N,N-(4,4'-methanediyhdicyclohexyl)-dicarbamic acid dibutyl ester and
distillation separation of isocyanate The apparatus shown in FIG. 10 was
used. 5Hexylbenzene was supplied to the continuous multi-stage distillation
column 1002, and the state where hexylbenzene was under total reflux was
created with a pressure at the top of the column set to approximately 0.1
kPa. [0356] The thin-film distillation apparatus 1001 was heated to 270C,
10 and the internal pressure was set to approximately 1.3 kPa. The solution
collected into the reservoir 806 in Step (24-2) was heated to 160C and
supplied at approximately 580 g/hr to the upper part of the thin-film
evaporator 1001 through the line DO. Moreover, dibutyltin dilaurate was fed
at approximately 20.1 g/hr through the line Dl. 15Liquid-phase components
were extracted through the line D3 from the 



bottom of the thin-film distillation apparatus 1001 and circulated to the
upper part of the thin-film distillation apparatus 1001 through the line
D4. Gas-phase components were extracted through the line D2. [0357] The
gas-phase components extracted through the line D2 from 20the thin-film
distillation apparatus 1001 were continuously fed to the      ediate statze
of the continuous multi-s column 1007, and at the same time, hexylbenzcne
was supplied at approximately 0.3 kg/hr to perform the distillation,
separation of the gas-phase components. The quantity of heat necessary for
the 25distillation separation was supplied by circulating the solution of
the lower part of the column through the lines D6 and D8 and the reboiler
1004. A gas discharged from the top of the continuous multi-stage
distillation column 1002 was condensed in the condenser 1003 through the
line D5 and continuously extracted through the line D7. Liquid-phase
components were extracted from the line D9 disposed at  5 the bottom of the
continuous multi-stage distillation column 1002. Gas components and liquid
components at both the upper and lower first theoretical plates relative to
the position of line D2 of the continuous multi-stage distillation column
1002 were analyzed at steady state, and operation was performed such that
all contained 30 wt% or 10more of hexylbenzene. [0358] The liquid-phase
components extracted through the line D9 were continuously fed to the
intermediate stage of the continuous multi-stage distillation column 1005
of approximately 5 cm in inside diameter filled with Dixon packing (6 mm(k)
to perform the distillation  15 separation of the liquid-phase components.
The quantity of heat necessary for the distillation separation was supplied
by circulating the solution of the lower part of the column through the
lines El and E3 and the reboiler 1007. A gas discharged from the top of the
continuous multi-stage distillation column 1005 was condensed in the
condenser 1006 through the line E0 and continuously extracted to the
reservoir 1009 timuall the tine ILL Liquid-phase comoonents were extracted
to the reservoir 1010 through the line E4.     [0359] The solution
extracted through the line E2 was a solution containing approximately 99.8
wt% of dicyclohexylmethane 25diisoevanate.Theyieldwithrespectto
4/11-methylenebis(cyclohexylamine) was' % 



[0360] Incidentally, in the case where the normal boiling point of
dicyclohexylmethane diisocyanate is defined as Tb and the normal boiling
point of the hydroxy compound is defined as Ta, a normal boiling point Tc
of hexylbenzene satisfied Ta < Tc < Tb. 5[0361] [Example 25]       Step
(25-1): Production of N,N'-hexanediyl-dicarbamic acid di(4-(
1,1,3,34etramethylbutyl)phenyl) ester N,N'-hexanediyl-dicarbamicacid
di(4-(1,1,3,3-tetramethylbutyl)phenyl) ester was obtained at a yield of
10approximately 92% with respect to hexamethylenediamine by performing the
same method as in Step (9-1) of Example 9 except that 2.4 kg (20.7 mol) of
hexamethylenediamine, 127.9 kg (620 mol) of
4-(1,1,3,3-tetramethylbutyl)phenol, and 4.97 kg of urea were used. [0362]
Step(25-2):Thermaldecompositionof 15N,N1-hexanediyl-dicarbamic acid
di(4-(1,1,3,3-tetramethylbutyl)phenyl) ester and separation and collection
of isocyanate An apparatus shown in FIG 11 was used.        A thin-film
distillation apparatus 1101 was heated to 280C, and the internal pressure
was set to approximately 1.0 kPa. The reaction  20 solution collected into
the reservoir 305 in Step (25-1) was heated to I50q2 and supplied at
approximately LU kg/hr to the thin-film distillation apparatus 1101 through
a line Fl connected with the sid.e of the upper part of the thin-film
distillation apparatus 1.101 to perform the thermal decomposition of
N,NLhexanediy1-dicarbamic acid 25d i(4-(1 , 1 ,3 ,3 -tetramethy lbuty
Dpheny I) ester.By this thermal 



decomposition, a mixture (25) containing an isocyanate and a hydroxy
compound was obtained. Incidentally, liquid-phase components were extracted
through a line F3 connected with the bottom of the thin-film distillation
apparatus 1101, introduced to the upper part of the thin-film distillation
apparatus 1101 through a line F4 and the line F 1, and  5 circulated. The
mixture (25) was extracted as gas-phase components through a line F2 and
then condensed into a liquid in a condenser 1111 operated at approximately
80C. [0363] The mixture (25) made into a liquid in the condenser 1111 was
continuously fed to the intermediate stage of a continuous multi-stage  10
distillation column 1102 through a line G5, and at the same time,
n-pentadecane was supplied through a line F9 from a reservoir 1110 to
perform the distillation separation of the mixture (25). The quantity of
heat necessary for the distillation separation was supplied by circulating
the solution of the lower part of the column through lines F6 and F8 and
15 a reboiler 1104. A pressure at the top of the column was approximately 5
kPa. A gas discharged from the top of the continuous multi-stage
distillation column 1102 was condensed into liquid-phase components in a
condenser 1103 through a line F5, continuously extracted through a line F7,
and supplied to a continuous multi-stage  20 distillation column 1105. Gas
components and liquid components at both the upper and lower third
theoretical plates relative to the position of the line (is of the
continuous mu1tistage distillation column 1107 were analyzed at steady
state, and operation was performed such that all contained 30 wt% of or
more n-pentadecane. 25[0364] The liquid-phase components extracted through
the line F7 were continuously fed to the intermediate stage of the
continuous multi-stage  distillation column 1105 to perform the
distillation separation of the liquid-phase components. The quantity of
heat necessary for the distillation separation was supplied by circulating
the solution of the lower part of the column through lines GI and 03 and a
reboiler 1107.  5 A solution temperature at the bottom of the continuous
multi-stage distillation column 1105 was 150C, and a pressure at the top of
the column was approximately 1.5 kPa. A gas discharged from the top of the
continuous multi-stage distillation column 1105 was condensed in a
condenser 1.106 through a line GO and continuously extracted to a
10reservoir 1109 through a line 02. 



[0365] The solution extracted. through the line 02 was a solution
containing approximately 99 wt% of hexamethylene diisocyanate. The yield
with respect to hexamethylenediamine was 62.8%. [0366] Incidentally, in the
case where the nonnal boiling point of  15 hexamethylene diisocyanate is
defined as Tb and the normal boiling point of the hydroxy compound is
defined as Ta, a normal boiling point Tc of n-pentadecane satisfied Tb < Tc
< Ta. [0367] [Example 26]               Step (26-1): Production. of
N,N-hexanediyl-dicarbamic acid. 20dirnethyl ester Reactions were performed
using, the apparatus shown in FIG 1.        A reaction solution containing
N,N shexanediyi-dicarbarnic acid dimethyl ester (h.ereinafier, also
referred to as a "reaction solution (26)") was obtained by performing the
same method. as in Step (1-1) of 25Example 1 except that 15.8 kg (99.2 mol)
of methylphenyl carbonate instead of diphenyl carbonate, 11.7 kg (124 mop
of phenol., and 2,88 kg  (24.8 mol) of hexamethylenediamine were used. As a
result of analyzing the reaction solution (26) by liquid chromatography,
N,N1-hexanediyl-dicarbamic acid dimethyl ester formed at a yield of 94.5%.
5[0368] Step(26-2):Thermaldecompositionof N,N-hexanediyl-dicarbamic acid
dimethyl ester and separation and collection of isocyanate Reactions were
performed using the apparatus shown in FIG. 2. 



p-Xylene (manufactured by TOKYO CHEMICAL INDUSTRY  10 CO., LTD., Japan) was
used instead of n-dodecane, and the total reflux operation of p-xylene was
performed with a pressure at the top of the column set to 10 kPa. [0369]
The thin-film distillation apparatus 201 of 0.1 m2 in heat transfer area
was heated to 290C, and the internal pressure was set to  15 approximately
15 kPa. The reaction solution collected into the reservoir 105 in Step
(26-1) was heated to 150C and supplied at approximately 1.0 kg/hr to the
upper part of the thin-film distillation apparatus 201. through the line
21, and the thermal decomposition of N,N'-hex.an.ediyl-dicarbamic acid.
dimethyl ester was performed to  20 thereby obtain a mixture containing an
isocyanate and a hydroxy compound. Liquid-phase components were extracted
through the line 23 from the bottom of the thin-Elm distillation apparatus
201 and circulated to the upper part of the thin-film distillation
apparatus 201 through the line 24 and the line 21. The mixture was
extracted as 25gas-phase components through the line 22. [0370] The
mixture, w-iich was gas-phase components, extracted.,  through the line 22
from the thin-film distillation apparatus 201 was continuously fed to the
intermediate stage of the continuous multi-stage distillation column 202,
and at the same time, p-xylene was supplied at approximately 1.0 kg/hr
through the line 29 from the reservoir 210 to 5perform the distillation
separation of the mixture which was gas-phase components. The quantity of
heat necessary for the distillation separation was supplied by circulating
the solution of the lower part of the column through the lines 26 and 28
and the reboiler 204. A gas discharged from the top of the continuous
multi-stage distillation  10 column 202 was condensed in the condenser 203
through the line 25 and continuously extracted through the line 27. On the
other hand, liquid-phase components were extracted through the line 26 from
the bottom of the column and supplied to the distillation column 205. Gas
components and liquid components at both the upper and lower first  15
theoretical plates relative to the position of line 22 of the continuous
multi-stage distillation column 202 were analyzed at steady state, and
operation was performed such that all contained 30 wt% or more of p-xylene.
[03711 The liquid-phase components extracted through the line 26 were 



20 continuously fed to the intermediate stage of the continuous multi-stage
distillation column. 205 of approximately 5 GM in inside diameter filled
'with Dixon packing (6 nan4) to perform the distillation separation of the
liquid-pha.se components The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
25lower part of the column through the lines 31 and 33 and the reboiler
207.A solution temperature at the bottom of the continuous  multi-stage
distillation column 205 was 150C, and a pressure at the top of the column
was approximately 1.5 kPa. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the line 30 and continuously extracted to  5 the reservoir 209
through the line 32. 'The solution extracted through the line 32 was a
solution containing approximately 99.8 wt% of hexamethylene diisocyanate.
The yield with respect to hexamethylenediamine was 80.0%. [0372]
Incidentally, in the case where the normal boiling point of  10
hexamethylene diisocyanate is defined as Tb and the normal boiling point of
the hydroxy compound is defined as Ta, a normal boiling point Tc of
p-xylene satisfied Ta < Tc < Tb. [0373] [Example 27]               Step
(27-1): Production of N,N'-hexanediyl-dicarbamic acid 15dichloride An
apparatus shown in FIG. 12 was used.25 kg of chl.orobenzene (manufactured
by TOKYO CHEMICAL INDUSTRY CO., LTD., Japan) was fed to a stirred tank 1203
through a line H1, and 1.2 kg (10.3 mol) of hexamethylenediamine was fed to
the stirred tank  20 1203 through a line H2 and mixed into a uniform
solution, which was then cooled to -10C, Phosgene in a gas state was blown
into the mixed so line H3 to perform reaction. Redundant phosgene and
hydrogen chloride that formed as by-products were removed from th.e system
through a line H5. Furthermore, a pressure 25within the system was reduced
to I kPa, and redundant phosgene and 



hydrogen chloride were removed from the system. The obtained  reaction
solution was a solution containing N,Nthexanediyl-dicarbamic acid
dichloride. [0374] Step(27-2):Thermaldecompositionof
N,N'-hexanediyl-dicarbamic acid dichloride and separation and 5collection
of isocyanate The thermal decomposition of N,N'-hexanediyl-dicarbamic acid
dichloride was performed using the apparatus shown in FIG 2.
Chlorobenzene was supplied to the bottom of the continuous multi-stage
distillation column 202, and the total reflux operation of 10chlorobenzene
was performed with a pressure at the top of the column set to approximately
1 kPa. [0375] The thin-film distillation apparatus 201 was heated to 140C,
and the internal pressure was set to approximately 2 kPa. The reaction
solution obtained in Step (27-1) was supplied at approximately 1.0 kg/hr
15 to the upper part of the thin-film distillation apparatus 201 through
the line 21, with it cooled, and the themial decomposition of
N,N'-hexanediyl-dicarbamic acid dichloride was performed to thereby obtain
a mixed gas containing an isocyanate and a hydrogen chloride. Liquid-phase
components were extracted. through the line 23 from the 



20bottom of the thin-film distillation apparatus 201. The mixed gas was
extracted through the line 22,         The mixed gas extracted through the
line 22 from the thin-film distillation apparatus 201 was continuously fed
to the intermediate stage of the continuous multi-stage distillation column
202, and at the same 25time, chlorobenzene was supplied at 0.2 kg/hr
through the line 29 from th.e reservoir 210 to perform the distillation
separation of the mixed gas,  The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of the column through the lines 26 and 28 and the reboiler 204.
A. solution temperature at the bottom of the continuous multi-stage
distillation  5 column 202 was 200C, and a pressure at the top of the
column was approximately 5 kPa. A gas discharged from the top of the
continuous multi-stage distillation column 202 was condensed in the
condenser 203 through the line 25 and continuously extracted through the
line 27. On the other hand, liquid-phase components were extracted through
the line  10 26 from the bottom of the column and supplied to the
distillation column 205. Gas components and liquid components at both the
upper and lower third theoretical plates relative to the position of line
22 of the continuous multi-stage distillation column 202 were analyzed at
steady state, and operation. was performed such that all contained 30 wt%
or 15more of chlorobenzene. [0376] The liquid-phase components extracted
through the line 26 were continuously fed to the intermediate stage of the
continuous multi-stage distillation column 205 to perform the distillation
separation of the liquid-phase components. The quantity of heat necessary
for the  20 distillation separation was supplied by circulating the
solution of the lower part. of the column through the lines 31 and 33 and
the rehoiter 207. A solution temperature at the bottom of the continuous
multi-stage distillation column 205 was approximately 60C, and a pressure
at the top of the column was approximately 1 kPa. A gas 25discharged from
the top of the continuou.s multi-stage distillation column 205 was
condensed in the condenser 206 through the hue 30  



and continuously extracted to the reservoir 209 through the lin.e 32. The
solution extracted through the line 32 was a solution containing
approximately 97.1 wt% of hexamethylene diisocyanate. The yield with
respect to hexamethylenediamine was 90.1%. 5[0377] Incidentally, in the
case where the normal boiling point of hexamethylene diisocyanate is
defined as Tb and the normal boiling point of hydrogen chloride is defined
as Ta, a normal boiling point Tc of chlorobenzene satisfied Ta < Tc < Tb.
[0378] [Example 28] 10Step(28-1):Thermaldecompositionof
N,N-hexanediyl-bis-thiocarbamic acid di(0-phenyl) and separation and
collection of isothiocyanate Thethermaldecompositionof
N,N-hexanediyl-bis-thiocarbamic acid di(0-phenyl) was performed 15using the
apparatus shown in FIG 2.       n-Dodecane was supplied to the bottom of
the continuous multi-stage distillation column 202, and the total reflux
operation of n-dodecane was performed with a pressure at the top of the
column set to approximately 1 kPa. 20[0379] The thin-film distillation
apparatus 201 was heated to 290C, and the internal pressure was set to
approximately 2 icFa. A. reaction solution obtained in a manner similar to
Step (26-i)was supplied at approximately 1.0 kg/hr to the upper part of the
thin-film distillation apparatus 201 through the line 21, with it cooled,
and the thermal 25decomposition of N,N'-hexanediyl-bis-thiocarbamic acid
di(0-phenyl) was performed to thereby obtain a mix.ed gas containing an.  



isothiocyanate and phenol. Liquid-phase components were extracted through
the line 23 from the bottom of the thin-film distillation apparatus 201.
The mixed gas was extracted through the line 22. [0380] The mixed gas
extracted through the line 22 from the thin-film  5 distillation apparatus
201 was continuously fed to the intermediate stage of the continuous
multi-stage distillation column 202, and at the same time, n-dodecane was
supplied at 0.3 kg/hr through the line 29 from the reservoir 210 to perform
the distillation separation of the mixed gas. The quantity of heat
necessary for the distillation separation was  10 supplied by circulating
the solution of the lower part of the column through the lines 26 and 28
and the reboiler 204. A gas discharged from the top of the continuous
multi-stage distillation column 202 was condensed in the condenser 203
through the line 25 and continuously extracted through the line 27. On the
other hand, liquid-phase  15 components were extracted through the line 26
from the bottom of the column and supplied to the distillation column 205.
Gas components and liquid components at both the upper and lower third
theoretical plates relative to the position of line 22 of the continuous
multi-stage distillation column 202 were analyzed at steady state, and
operation was 20performed such that all contained 30 wt% or more of
n-dodecane.       ' The liquid-phase components extracted through the line
26 were continuously fed ediate stage of the continuous multi-stage
distillation column 205 to perform the distillation separation of the
liquid-phase components. The quantity of heat necessary for the
25distillation separation was supplied by circulating the solution of the
lower part of the column through the lines 31 and 33 and the reboller  207.
A gas discharged from the top of the continuous multi-stage distillation
column 205 was condensed in the condenser 206 through the line 30 and
continuously extracted to the reservoir 209 through the line 32. The
solution extracted through the line 32 was a solution  5 containing
approximately 93.1 wt% of hexamethylene diisothiocyanate. [0382]
Incidentally, in the case where the normal boiling point of hexamethylene
diisothiocyanate is defined as Tb and the normal boiling point of phenol is
defined as Ta, a normal boiling point Tc of n-dodecane satisfied Ta < Tc <
Tb. 10[0383] [Example 29] Step(29-1):Thermaldecompositionof
N,N'-hexanediyl-bis-thiocarbamic acid di(S-phenyl) and separation and
collection of isocyanate Thethermaldecompositionof 



15N,N'-hexanediyl-bis-thiocarbamic acid di(S-phenyl) was performed using
the apparatus shown in FIG. 2.        n-Dodecane was supplied to the bottom
of the continuous multi-stage distillation column 202, and the total reflux
operation of n-dodecane was performed with a pressure at the top of the
column set 20to approximately 1 kPa. uiiu-iiiui diciijlaiion appaiaLas 201
W LISdin 290`t, and thepressure was set to approximately 2 k.Pa" .(-1.
reaction. solution obtained in a manner similar to Step (26-1) was supplied
at approximately 1.0 kg/hr to the upper part of the thin-film distillation
25apparatus 201 through the line 21, with it cooled, and the thermal
dec,ornposition of N,NL1).exanechyl.-bis-thiocarbamic acid di(S-phenyl)
was performed to thereby obtain a mixed gas containing an isocyanate and
benzenethiol. Liquid-phase components were extracted through the line 23
from the bottom of the thin-film distillation apparatus 201. The mixed gas
was extracted through the line 22. 5[0385] The mixed gas extracted through
the line 22 from the thin-film distillation apparatus 201 was continuously
fed to the intermediate stage of the continuous multi-stage distillation
column 202, and at the same time, n-dodecane was supplied at 0.3 kg/hr
through the line 29 from the reservoir 210 to perform the distillation
separation of the mixed gas.  10 The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
lower part of the column through the lines 26 and 28 and the reboiler 204.
A gas discharged from the top of the continuous multi-stage distillation
column 202 was condensed in the condenser 203 through the line 25 and
continuously 



15 extracted through the line 27. On the other hand, liquid-phase
components were extracted through the line 26 from the bottom of the column
and supplied to the distillation column 205. Gas components and liquid
components at both the upper and lower third theoretical plates relative to
the position of line 22 of the continuous multi-stage 20distillation column
202 were analyzed at steady state, and operation was med such that all
contained 30 wt% or more of mdodecane           liquichpha.se components
extracted through the line 26 were continuously fed to the intermediate
sta.ge of the continuous multi-stage distillation column 205 to perform the
distillation separation of the 25liquid-phase components. The quantity of
heat necessary for the distillation separation was supplied by circulating
the solution of the  lower part of the column through the lines 31 and 33
and the reboiler 207. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the line 30 and continuously extracted to the reservoir 209 through
the line 532. The solution extracted through the line 32 was a solution
containing approximately 95.0 wt% of hexamethylene diisocyanate. [0387]
Incidentally, in the case where the normal boiling point of hexamethylene
diisocyanate is defined as Tb and the nonnal boiling point of benzenethiol
is defined as Ta, a normal boiling point Tc of 10n-dodecane satisfied Ta <
Tc < Tb. [0388] [Example 30] Step(30-1):Thermaldecompositionof
N,N-hexanediyl-bis-dithiocarbamic acid diphenyl and separation and
collection of isothiocyanate 15Thethermaldecompositionof 



N,N-hexanediyl-bis-dithiocarbamic acid diphenyl was performed using the
apparatus shown in FIG. 2. [0389] n-Dodecane was supplied to the bottom of
the continuous multi-stage distillation column 202, and the total reflux
operation of 20n-dodecane was performed, with a pressure at the top of the
-column set to approximately 1 l<PEL [0390] The thin-Elul distillation
apparatusheated to 290C, and the internal pressure was set to approximately
2 kPa. A reaction solution obtained in a manner similar to Step (26-1) was
supplied at 25approximately 1.0 kg/hr to the upper part of the thin-film
distillation aDparatus 201 through the line 21, with. it cooled, and the
thermal  decomposition of N,N'-hexanediyl-bis-thiocarbamic acid diphenyl
was performed to thereby obtain a mixed gas containing an isothiocyanate
and benzenethiol. Liquid-phase components were extracted through the line
23 from the bottom of the thin-film distillation apparatus 201. 5The mixed
gas was extracted through the line 22.       The mixed gas extracted
through the line 22 from the thin-film distillation apparatus 201 was
continuously fed to the intermediate stage of the continuous multi-stage
distillation column 202, and at the same time, n-dodecane was supplied at
0.3 kg/hr through the line 29 from the  10 reservoir 210 to perform the
distillation separation of the mixed gas. The quantity of heat necessary
for the distillation separation was supplied by circulating the solution of
the lower part of the column through the lines 26 and 28 and the reboiler
204. A gas discharged from the top of the continuous multi-stage
distillation column 202 was 



15 condensed in the condenser 203 through the line 25 and continuously
extracted through the line 27. On the other hand, liquid-phase components
were extracted through the line 26 from the bottom of the column and
supplied to the distillation column 205. Gas components and liquid
components at both the upper and lower third theoretical 20plates relative
to the position of line 22 of the continuous multi-stage
talyzed at steady state, and operation was performed such thatontained 30
wt% or more of fticladecarte.  [0391] The liquid-phase components extracted
through the line 26 were continuously fed to the intermediate stage of the
continuous multi-stage 25distillation column 205 to perform the
distillation separation of the liquid-phase components' The quantity of
beat necessary for the  distillation separation was supplied by circulating
the solution of the lower part of the column through the lines 31 and 33
and the reboiler 207. A gas discharged from the top of the continuous
multi-stage distillation column 205 was condensed in the condenser 206
through the  5 line 30 and continuously extracted to the reservoir 209
through the line 32. The solution extracted through the line 32 was a
solution containing approximately 90.3 wt% of hexamethylene
diisothiocyanate. [0392] Incidentally, in the case where the normal boiling
point of hexamethylene diisothiocyanate is defined as Tb and the normal
boiling 10point of benzenethiol is defined. as Ta, a normal boiling point
Tc of n-dodecane satisfied Ta < Tc < Tb. [0393] [Reference Example 1]
Production of bis(3-methylbutyl) carbonate Step (I-1): Production of
dialkyltin catalyst 15625 g (2.7 mol) of di-n-butyltin oxide (manufactured
by Sankyo Organic Chemicals Co., Ltd., japan) and 2020 g (22.7 mol) of
3-methyl- 1 -butanol (manufactured by Wako Pure Chemical Industries, Ltd.,
japan) were placed. in a 5000-mL (capacity) eggplant-shaped flask. The
flask was attached to an evaporator (manufactured by SIBATA 



20 SCIENTIFIC TECHNOLOGY LID., Japan, R444) connected with an oil
bath(manufactured by MASUDA CORP., japan, 01.311-24) with a thermostat, a
vacuum pump (manufactured by 1,ILVAC KIKO, INC., Japan, G-50A), and a
vacuum controller (manufactured by OKANO WORKS, LTD., japan., VC-10S). The
purge valve outlet of the 25evaporator was connected with a line for
nitrogen gas that flowed at normal pressure. After a pressure within the
system was reduced by  closing the purge valve of the evaporator, the purge
valve was gradually opened to allow nitrogen to flow into the system, which
was returned to normal pressure. The oil bath temperature was set to
approximately 145C, the flask was dipped in the oil bath, and the rotation
of the  5 evaporator was initiated. The distillation of 3-methyl- 1-butanol
containing water started when heating was done for approximately 40 minutes
under nitrogen at atmospheric pressure with the purge valve of the
evaporator opened. After this state was maintained for 7 hours, the purge
valve was closed to gradually reduce a pressure within the  10 system, and
excessive 3-methyl- 1-butanol was distilled in the state where the pressure
within the system was 74 to 35 kPa. After no more fraction came out, the
flask was taken out of the oil bath. After the flask was cooled to around
room temperature (25C), the purge valve was gradually opened to return the
pressure within the system to 15atmospheric pressure. 886 g of the reaction
solution was obtained in the flask.From analysis results of
119Sn,1H,13C-NMR, 1,1 ,3 ,3 -tetra-n-butyl -1,3 -bi s(3 -methylbutyloxy)-di
stann oxanewas     confirmed to be obtained at a yield of 99% with respect
to di-n-butyltin oxide. Similar procedures were repeated 12 times to obtain
10635 g in 20total of I
,1,3,3-tetta-n-butyl-1,3-bis(3-lnethylbutyloxy)-distannoxane, 103941 Step
(I-2): Production (Tierbylbutyl) carbonate vlbutyl) carbonate was produced
in aJUS production apparatus as shown in FIG 13. To a tower reactor 1302 of



151 ram in inside diameter and 5040 mm in effective length filled with 25a
packing material Metal Gauze CY (manufactured by Sulzer Cherntech
Ltd.,Switzerland),the  1,1,3,3 -tetra-n-butyl-1,3 -bis(3
-methylbutyloxy)distannoxane produced above was supplied at 4388 g/hr from
a line J4, and 3-methyl-1-butanol purified in a continuous multi-stage
distillation column 1301 was supplied at 14953 gthr from a line J2. The
reactor 1302 was adjusted 5  with a heater and a reboiler 1312 such that
the solution temperature became 160C, and adjusted with a pressure
regulating valve such that the pressure became approximately 120 kPa-G. A
residence time within the reactor was approximately 17 minutes. 15037 g/hr
of 3-methyl-l-butanol containing water through a line J3 from the upper  10
part of the reactor and 825 g/hr of 3-methyl-1-butanol through a line J1
were transported to the continuous multi-stage distillation column 1301
that was filled with a packing material Metal Gauze CY and equipped with a
reboiler 13 11 and a condenser 1321, and distillation purification was
performed. Above the distillation column 1301, a fraction  15 containing a
high concentration of water was condensed in the condenser 1321 and
collected. The purified 3-methyl-l-butanol was transported to the tower
reactor 1302 through the line J2 located below the continuous multi-stage
distillation column 1301. An allcyltin
alkoxidecatalystcompositioncontaining 20s(3-mettly1butyloxy)tinand
terra-p-buty 1-1,3 -bis(3-methytbutyoxy)distan.noxane was obtained or the
lower part of the tower reactor 1302 and supplied to a thin-film
distillation apparatus 1303 (manufactured by KOBELCO ECO-SOLUTIONS Co.,
Ltd., Japan) through a line J5. 253-Methyl-l-butanol was distilled off in
the thin-film distillation apparatus 1303 and returned to the tower reactor
1302 through a  condenser 1323, a line J8, and the line J4. The alkyltin
alkoxide catalyst composition was transported through a line J7 from the
lower part of the thin-film distillation apparatus 1303 and supplied to an
autoclave 1304 with the flow rate of 



5 di-n-butyl-bis(3-methylbutyloxy)tin and 1,1,3 ,3 -tetra-n-butyl-1,3
-bis(3-methylbutyloxy)-distannoxane adjusted to approximately 5130 g/hr.
Carbon dioxide was supplied at 973 g/hr from a line J9 to the autoclave
1304, and the internal pressure of the autoclave 1304 was kept at 4 MPa-G A
temperature in the autoclave  10 1304 was set to 120C, a residence time was
adjusted to approximately 4 hours, and the reaction between carbon dioxide
and the alkyltin alkoxide catalyst composition was performed to obtain a
reaction solution containing bis(3-methylbutyl) carbonate. The reaction
solution was transported via a line J10 and a regulating valve to a  15
decarbonator 1305 by which residual carbon dioxide was removed and carbon
dioxide was collected from a line J11. Then, the reaction solution was
transported through a line 12 to a thin-film distillation apparatus 1306
(manufactured by KOBELCO ECO-SOLUTIONS Co., Ltd., Japan) adjusted to
approximately 142C and approximately 0.5 20kPa,andsuppliedwiththeflowrateof
tat - -n-b ut v1-1,3 -bi s(3 -inettly lb uty toxy)-distanno xia
approximately 4388 g/lir, to obtain a fraction containing
bis(3-methylbutyl) carbonate, whereas evaporation residues were circulated
to the tower reactor 1302 through a line J13 and the line J4,
25withtheflowrateof 1,3,3-tetrabuty1-1,3-bis(3-nylbutyloxy)-dist,xadjusted
to  approximately 4388 g/hr. The fraction containing bis(3-methylbutyl)
carbonate was supplied at 959 g/hr through a condenser 1326 and a transport
line J14 to a continuous multi-stage distillation column 1307 that was
filled with a packing material Metal Gauze CY and equipped  5 with a
reboiler 1317 and a condenser 1327, and after distillation purification was
performed., 99 wt% of bis(3-methylbutyl) carbonate was obtained at 944 g/hr
from a collection line J15. A.s a result of analyzing the alkyltin alkoxide
catalyst composition from the transport lineJ13by119sn,IFL13c_NmR,
101,1,3,3 -tetra-n-butyl-1,3-bis(3-methylbutyloxy)distannoxanewas
contained, and di-n-butyl-bis(3-methylbutyloxy)tin was not contained. After
the continuous operation was performed for approximately 240 hours, the
alkyltin alkoxide catalyst composition was extracted at 18 g/hr from an
extraction line J16, whereas the 151,1,3,3
-tetra-n-butyl-1,3-bis(3-methylbutyloxy)distannoxane produced 



by the method described above was supplied at 18 g/lir from a line J17.
[0395] [Reference Example 2] Production of dibutyl carbonate Step (IN):
Production of dialkyltin catalyst 692 g (2.78 mol) of di-n-butyltin oxide
and 2001 g (27 mol) of  20 1-butanol (manufactured by Wako Pure Chemical
Industries, Ltd., Japan) were placed in a 3000-m (capacity) eggplant-shaped
flask. The flask containing the mixture in a white slurry ibrrn was
attached to an evaporator connected with an oil bath with. a thermostat, a
vacuum pump, and a vacuum controller. The purge valve outlet of the
25evaporator was connected with a line for nitrogen gas that flowed at
normal pressure. After a pressure within the system was reduced by  closing
the purge valve of the evaporator, the purge valve was gradually opened to
allow nitrogen to flow into the system, which was returned to normal
pressure. The oil bath temperature was set to 126C, the flask was dipped in
the oil bath, and the rotation of the evaporator was  5 initiated. After
rotational stirring and heating were done for approximately 30 minutes at
normal pressure with the purge valve of the evaporator opened, the mixed
solution boiled, and the distillation of low-boiling-point components
started. After this state was maintained for 8 hours, the purge valve was
closed to gradually reduce a pressure  10 within the system, and residual
low-boiling-point components were distilled in the state where the pressure
within the system was 76 to 54 kPa. After no more low-boiling-point
components came out, the flask was taken out of the oil bath. The reaction
solution became a clear solution. Then, the flask was taken out of the oil
bath and the purge  15 valve was gradually opened to return the pressure
within the system to atmospheric pressure. 847 g of the reaction solution
was obtained in the flask. From analysis results of 119Sn,1H,13C-NMR, a
product 1,1,3,3-tetra-n-buty1-1,3-di(n-butyloxy)-distannoxane was obtained
at a yield of 99% with respect to di-n-butyltin oxide. Similar procedures
20were repeated 12 times to obtain iOl8O g in total of ,1,3,3-tetra-
n-buty1-1,3-d (n- butyl-clistannoxan [0396] Step (II-2): Production of
dibutyi carbonate 



Carbonic acid ester was produced in the continuous production apparatus as
shown in FIG 11 To the tower reactor 1302 of 151 mm 25in inside diameter
and 5040 mm in effective length filled with a packing matcMella.pak 750Y
(manufactured by Sulzer Chemtecth I Id  Switzerland), the 1,1,3 ,3
-tetra-n-butyl-1,3-di(n-butyloxy)-distannoxane produced in Step (II-1) was
supplied at 4201 g/hr from the supply line J4, and 1-butanol purified in
the continuous multi-stage distillation column 1301 was supplied at 24717
g/hr from the line 72. The inside  5 of the reactor was adjusted with a
heater and the reboiler 1312 such that the solution temperature became
160C, and adjusted with a pressure regulating valve such that the pressure
became approximately 120 kPa-G. A residence time within the reactor was
approximately 10 minutes. 24715 g/hr of 1-butanol containing water through
the line J3  10 from the upper part of the reactor and 824 g/hr of
1-butanol through the supply line J1 were transported to the continuous
multi-stage distillation column 1301 that was filled with a packing
material Metal Gauze CY (manufactured by Sulzer Chemtech Ltd., Switzerland)
and equipped with the reboiler 13 11 and the condenser 1321, and
distillation  15 purification was performed. Above the continuous
multi-stage distillation column 1301, a fraction containing a high
concentration of water was condensed in the condenser 1.321 and collected.
The purified 1-butanol was transported through the line J2 located below
the continuous multi-stage distillation column 1301. An alkyltin alkoxide
20catalyst composition containing di-n-butyltin-di-n-butyl oxide and
,3-cii(n-butyloyty ) _OK'd' le was obtained from the lower part of the
tower reactor 1302 and supplied to the thin-film distillation apparatus
1303 (manufactured by KOBELCO ECO-SOLUTIONS Co., Ltd., Japan) through the
line J5. 1-Butanol 25was distilled off in the thin-film distillation
apparatus 1303 and returned to the tower reactor 1302 through the condenser
1323, the transport line  J8, and the transport line J4.The alkyltin
alkoxide catalyst composition was transported through the line J7 from the
lower part of the thin-film distillation apparatus 1303 and supplied to the
autoclave 1304 with the flow rate of the active components of 



5di-n-butyltin-di-n-butyloxideand 1,1,3,3 -tetra-n-butyl-1.
,3-di(n-butyloxy)-distannoxane adjusted to approximately 4812 g/hr. Carbon
dioxide was supplied at 973 gthr via the supply line j9 to the autoclave,
and the internal pressure of the autoclave was kept at 4 Wf2a-G. A
temperature in the autoclave was  10 set to 120C, a residence time was
adjusted to approximately 4 hours, and the reaction between carbon dioxide
and the alkyltin alkoxide catalyst composition was performed to obtain a
reaction solution containing dibutyl carbonate. The reaction solution was
transported via the line J10 and a regulating valve to the decarbonator
1305 by 15which residual carbon dioxide was removed and carbon dioxide was
collected from the line J11. Then, the reaction solution was transported
through the line 12 to the thin-film distillation. apparatus 1306
(manufactured by KOBELCO ECO-SOLUTIONS Co., Ltd., Japan) adjusted to 140C
and. approximately 1.4 kPa, and supplied with  20 the flow rate of
1,1,3,3-tetra-n-buty1-1,3-di(n-butyloxy)-dista.nnoxane adjusted to
approximately 4201 Whir, to obtain a fraction contammg dibutyl carbonate,
whereas evaporation residues were circulated to the tower reactor 1302
through the line j13 and the line J4, with the flow rate of 1,1,3 ,3
-tetra-n-buty1-1,3-di (n-butyloxy)-di stannoxane adjusted to
25approximately 4201 gthr. Th.e fraction containing dibutyl carbonate was
supplied at 830 /hr through the condenser 1326 and the line 314 to  the
distillation column 1307 that was filled with a packing material Metal
Gauze CY (manufactured by Sulzer Chemtech Ltd., Switzerland) and equipped
with the reboiler 1317 and the condenser 1327, mid after distillation
purification was performed, 99 wt% of dibutyl carbonate  5 was obtained at
814 g/hr from the transport line J15. As a result of conducting analysis on
the alkyltin alkoxide catalyst composition from the transport line J13 by
119Sn,IH,13C-NWIR, 1,1,3,3 -tetra-n-butyl-1,3-di(n-butyloxy)-distannoxane
was contained, and di-n-butyltin-di-n-butyl oxide was not contained. After
the  10 continuous operation was performed for approximately 600 hours, the
alkyltin alkoxide catalyst composition was extracted at 16 g/hr from the
extraction line J16, whereas the
1,1,3,3-tetra-n-buty1-1,3-di(n-butyloxy)-distannoxane produced in Step
(II-1) was supplied at 16 g/hr from the line J17. 15[0397] [Reference
Example 3] Production of bis(2-ethylbutyl) carbonate Step (III-1):
Production of diallcyltin catalyst 



893 g (2.48 mol) of di-n-octyltin oxide (manufactured by         Sankyo
Organic Chemicals Co., Ltd., Japan) and 2403 g (23.6 mol) of 202
-thyl-l-butanol were placed in a 5000-rnf, (capacity) eggplant-shaped The
flask was attached to an evaporator connected with an oil , thermostat, a
vacuum pump, The  purge valve outlet of the evaporator was connected with a
line for nitrogen gas that flowed at normal pressure. After a pressure
within 25the system was reduced by closing the purge valve of the
evaporator, the purge valve was gradually opened to allow nitrogen to flow
into the  system, which was returned to normal pressure.The oil bath
temperature was set to approximately 165C, the flask was dipped in the 



oil bath, and the rotation of the evaporator was initiated. The
distillation of 2-ethyl-]. -butanol containing water started when heating
5 was done for approximately 40 minutes under nitrogen at atmospheric
pressure with the purge valve of the evaporator opened. After this state
was maintained for 7 hours, the purge valve was closed to gradually reduce
a pressure within the system, and excessive 2-ethyl-1 -butanol was
distilled in the state where the pressure within the  10 system was 74 to
25 kPa. After no more fraction came out, the flask was taken out of the oil
bath. After the flask was cooled to around room temperature (25C), the
flask was taken out of the oil bath and the purge valve was gradually
opened to return the pressure within the system to atmospheric pressure.
1125 g of the reaction solution was 15obtained in the flask. From analysis
results of 119Sn,1H,13C-NMR, 1,1,3 ,3 -tetra-n-octyl-1,3
-bis(2-ethylbutyloxy)-distarmoxane was confirmed to be obtained at a yield
of 99% with respect to di-n-octyltin oxide. Similar procedures were
repeated 12 times to obtain 13510 g in total of 1,1,3
,3-tetra-n-octy1-1,3-b s(2-ethylbuty I oxy)-distannoxane. 20[03981 Step
(III-2): Production of carbonic acid ester and collection of inactivated
form composition of dialkyltin catalyst Carboruc acid ester was produced in
the continuous     apparatus as shown in FIG 13. To the tower reactor 1302
of 151 mm in inside diameter and 5040 mm in effective length filled with a
packing 25materialMetalGauzeCY,the 1,1,3,34 a-n -octy1-1,3
bis(2-ethylbutyloxy)distannoxaneproduced  above was supplied at 6074 g/hr
from the line J4, and 2-ethyl-1-butanol purified in the continuous
multi-stage distillation column 1301 was supplied at 12260 g/hr from the
line J2. The reactor 1302 was adjusted with a heater and the reboiler 1312
such that the solution temperature  5 became 160C, and adjusted with a
pressure regulating valve such that the pressure became approximately 120
kPa-G A residence time within the reactor was approximately 17 minutes.
12344 g/hr of 2-ethyl-1-butanol containing water through the line J3 from
the upper part of the reactor and 958 g/hr of 2-ethyl-1-butanol through the
line J1 



10 were transported to the continuous multi-stage distillation column 1301
that was filled with a packing material Metal Gauze CY and equipped with
the reboiler 1311 and the condenser 1321, and distillation purification was
performed. Above the continuous multi-stage distillation column 1301, a
fraction containing a high concentration of  15 water was condensed in the
condenser 1.321 and collected. The purified 2-ethyl-l-butanol was
transported to the tower reactor 1302 through the line J2 located below the
continuous multi-stage distillation column 1301. An alkyltin alkoxide
catalyst composition containing di-n-octyl-bis(2-ethylbutyloxy)tin and 20I
21,3,3-tetra-n-oety1-1,3-bis(2-ethylbu oxy)distannoxane was obtained
lower part of the tower reactor 1302 and supplied to the thin-filmdistil
laden apparatusI. 303through the lineJ 2-Ethyl-l-butanol was distilled off
in the thin-film distillation apparatus 1303 and returned to the tower
reactor 1302 through the condenser 251323, the line J8, and the line J4.
The alkyltin alkoxide catalyst composition was transported through the line
J7 from the lower part of  the thin-film distillation apparatus 1303 and
supplied to the autoclave 1304 with the flow rate of
di-n-octyl-bis(2-ethylbutyloxy)tin and
1,1,3,3-tetra-n-octy1-1,3-bis(2-ethylbutyloxy)distannoxane adjusted to
approximately 6945 g/hr, and. Carbon dioxide was supplied at 973  5 g/hr
from the line J9 to the autoclave, and the internal pressure of the
autoclave was kept at 4 MPa-G. A temperature in the autoclave was set to
120C, a residence time was adjusted to approximately 4 hours, and the
reaction between carbon dioxide and the alkyltin alkoxide catalyst
composition was performed to obtain a reaction solution  10 containing
bis(2-ethylbutyl) carbonate. The reaction solution was transported via the
line J10 and a regulating valve to the decarbonator 1305 by which residual
carbon dioxide was removed and carbon dioxide was collected from the line
J11. Then, the reaction solution was transported through the line 12 to the
thin-film distillation apparatus 151306 adjusted to approximately 142C and
approximately 0.5 kPa, and supplied with the flow rate of 1,1 ,3,3
-tetra-n-octyl-1,3 -bi s(2-ethylbutyloxy)distannoxane adjusted to
approximately 6074 gthr, to obtain a fraction containing bis(2-ethylbutyl)
carbonate, whereas evaporation residues were 20circulated to the tower
reactor 1302 through the line J13 and the line J4, theflowrateof 



tra-n-octyl- I 3 (2thythutyioxy)distannexane adjusted to approximately 6074
g/hr. The fraction containing bis(2-ethylbutyl) carbonate was supplied at
959 g/hr through the condenser 1326 and the 25line J14 to the distillation
column 1307 that was filled with a packing material Metal Gauze CY and
equipped with the reboiler 1317 and the  condenser 1327, and after
distillation purification was performed, 99 wt% of bis(2-ethylbutyl)
carbonate was obtained at 1075 g/hr from the collection line J15. As a
result of conducting analysis on the allcyltin alkoxide catalyst
composition from the line J13 by 119Sn,IH,13C-N1V1R,  5
1,1,3,3-tetra-n-octy1-1,3-bis(2-ethylbutyloxy)distannoxane was contained,
and di-n-octyl-bis(2-ethylbutyloxy)tin was not contained. After the
continuous operation was performed for approximately 220 hours, the
alkyltin alkoxide catalyst composition was extracted at 18 g/hr from the
extraction line J16, whereas the  10 1,1,3 ,3 -tetra-n-octyl-1,3 -bi
s(2-ethylbutyloxy)distannoxane produced by the method described above was
supplied at 18 g/hr from the supply line J17. [0399] [Comparative Example
1]               Step (a-1): Production of N,N'-hexanediyl-bis-carbamic
acid 15diphenyl ester       Reactions were performed in the same way as in
Step (1-1) of Example 1 to obtain a reaction solution (a) containing
N,N'-hexanediyl-bis-carbamic acid diphenyl ester except that 13.40 kg (63
rnol) of diphenyl carbonate (manufactured by Sigma-Aldrich Corp., 20USA),
9.96 kg (106 mol) of phenol (manufactured by Sigma-Aldrich Corp., USA), and
244 kgrucl of (manufactured bya-AldrieUSA) were used as raw materials. 



As a result of analyzing the reaction solution (a) by liquid
25chromatography, N,N'-hexan.ediyl-bis-carbamic acid diphenyl ester formed
at a yield of 99.2%.  [0400] Step(a-2):Thermaldecompositionof
N,N-hexanediyl-bis-carbamic acid diphenyl ester and separation and
collection of isocyanate Reactions were performed using the apparatus as
shown in FIG. 52.       The thin-film distillation apparatus 201 was heated
to 220C, and the internal pressure was set to approximately 13 lcPa. The
reaction solution (a) collected into the reservoir 105 in Step (a-1) was
heated to 150C and supplied at approximately 1.0 kg/hr to the upper  10
part of the thin-film distillation apparatus 201 through the line 21, and
the thermal decomposition of N,N-hexanediyl-bis-carbamic acid diphenyl
ester was performed to thereby obtain a mixture (a) containing an
isocyanate and a hydroxy compound. Liquid-phase components were extracted
through the line 23 from the bottom of the thin-film  15 distillation
apparatus 201 and circulated to the upper part of the thin-film
distillation apparatus 201 through the line 24 and the line 21. The mixture
(a) was extracted as gas-phase components through the line 22.     [0401]
The mixture (a), which was gas-phase components, extracted 20through the
line 22 from the thin-film distillation apparatus 201 was c -dnuously fed
to themediate stage or the continuous multi 



distillation column 202 to perform the distillation separation o mixture
(a) which was gas-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the 25solution of the
lower part of the column through the lines 26 and 28 and tie reboiler 204.
A gas discharged from the top of the continuous  multi-stage distillation
column 202 was condensed in the condenser 203 through the line 25 and
continuously extracted through the line 27. On the other hand, liquid-phase
components were extracted through the line 26 from the bottom of the column
and supplied to the distillation 5column 205. [0402] The liquid-phase
components extracted through the line 26 were continuously fed to the
intermediate stage of the continuous multi-stage distillation column 205 to
perform the distillation separation of the liquid-phase components. The
quantity of heat necessary for the  10 distillation separation was supplied
by circulating the solution of the lower part of the column through the
lines 31 and 33 and the reboiler 207. A gas discharged from the top of the
continuous multi-stage distillation column 205 was condensed in the
condenser 206 through the line 30 and continuously extracted to the
reservoir 209 through the line 1532. The extracted amount at steady state
was approximately 63 g/lir. [0403] The solution extracted through the line
32 was a solution containing approximately 99.8 wt% of liexamethylene
diisocyanate. The yield with respect to hexamethylenediamine was 46%.
[0404] [Comparative Example 2]       Step (b-1): Production of
N,N1-hexanediyl-bis-carbamic acid dipinenyl ester       Reactions were
performed in the same way as in Stop (I-1) of Example 1 to obtain a
reaction solution (b) containing N,N'-hexanediyl-his-carbamic acid diphenyl
ester except that 12.2 kg 25(57 mol) of diphenyl carbonate, 11.3 kg (120
mol) of phenol, and 2.55 kg (22 mol) of hexamethylenediamine were used as
raw materials, 



[0405] As a result of analyzing the reaction solution (b) by liquid
chromatography, N,N1-hexanediyl-bis-carbamic acid diphenyl ester formed at
a yield of 98.1%. [0406] Step(b-2):Thermaldecompositionof
5N,N'-hexanediyl-bis-carbamic acid diphenyl ester and separation and
collection of isocyanate Reactions were performed using the apparatus as
shown in FIG. 2. Thermal decomposition was performed in the same way as in
10 Step (1-2) of Example 1 to obtain a mixture (b) containing an isocyanate
and a hydroxy compound except that the reaction solution (b) obtained in
Step (b-1) was used instead of the reaction solution (1). [0407] Moreover,
the separation and collection of the isocyanate were performed in the same
way as in Step (1-2) of Example (1) except that 15p-xylene (manufactured by
TOKYO CHEMICAL INDUSTRY CO., LTD., Japan) was fed at 0.3 kg/hr instead of
n-dodecane. A gas discharged from the top of the continuous multi-stage
distillation column 205 was condensed in the condenser 206 through the line
30 and continuously extracted to the reservoir 209 through the line 32.
[0408] The solution extracted through the line 32 was a solution containing
approximately 99.3 wt% ofethyleney. The yield with respect to
hexamethylenedhLwas 42%. 



[0409] Incidentally, in the case where the normal boiling point of
hexamethylene diisocyanate is defined as Tb and the normal boiling 25point
of the hydroxy compound is defined as Ta, a normal boiling point 'Pc of
p-xylene was in Tc <Ta < Tb.  [0410] [Comparative Example 3]       Step
(c-1): Production of N,N'-hexanediyl-bis-carbamic acid diphenyl ester
Reactions were performed in the same way as in Step (1-1) of 5Example 1 to
obtain a reaction solution (c) containing N,N'-hexanediyl-bis-carbamic acid
diphenyl ester except that 10.3 kg (48 mol) of diphenyl carbonate, 12.2 kg
(130 mol) of phenol, and 1.98 kg (17 mol) of hexamethylenediamine were used
as raw materials. [0411] As a result of analyzing the reaction solution (c)
by liquid 10chromatography, N,N'-hexanediyl-bis-carbamic acid diphenyl
ester formed at a yield of 98.6%. [0412] Step(c-2):Thermaldecompositionof
N,N'-hexanediyl-bis-carbamic acid diphenyl ester and separation and
collection of isocyanate 15Reactions were performed using the apparatus as
shown in FIG 



2.       Thermal decomposition was performed in the same way as in Step
(1-2) of Example 1 to obtain a mixture (c) containing an isocyanate and a
hydroxy compound except that the reaction solution (c) obtained 20in Step
(c-1) was used instead of the reaction solution (1). [04131
Moreoverparatiori and collection of the isocyanate were performed in the
same way as inExample (I) except that 1,2-diphenylethane (manufactured by
TOKYO CHEMICAL INDUSTRY CO., LTD., japan) was fed at 0.2 kg/hr instead of
25n-dodecane. A gas discharged from the top of the continuous multi-stage
distillation column 205 was condensed in the condenser 206  through the
line 30 and continuously extracted to the reservoir 209 through the line
32.     [0414] The solution extracted through the line 32 was a solution
containing approximately 98.1 wt% of hexamethylene diisocyanate. 5The yield
with respect to hexamethylenediamine was 38%. [0415] Incidentally, in the
case where the normal boiling point of hexamethylene diisocyanate is
defined as Tb and the normal boiling point of the hydroxy compound is
defined as Ta, a normal boiling point Te of 1,2-diphenylethane was in Ta <
Tb < Tc. 10Industrial Applicability [0416] The separation method of the
present invention allows efficient separation in the separation of a
mixture containing plural types of reversibly reacting compounds,
especially, the separation of an isocyanate and a hydroxy compound that
form by the thermal  15 decomposition of an N-substituted carbamic acid
ester. Thus, the separation method of the present invention is very
industrially useful, and the commercial value is high. 



Reference Signs List [0417] 101, 102, 103, 105: Reservoir 70104: Stirred
tank n .13, 14: Line , 209, 210: Reservoir 201: Thin-film distillation
apparatus 203, 206: Condenser 25204, 207: Reboiler 202, 205: Continuous
multi-stage distillation column n  21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34: Line 300, 301, 304, 305: Reservoir 302: Packed column 303:
Condenser 



5306: Reboiler 31, 32, 33, 34: Line 400, 408, 409, 410: Reservoir 401:
Thin-film distillation apparatus 403, 406: Condenser 10404, 407: Reboiler
402, 405: Continuous multi-stage distillation column 41, 42, 43, 44, 45,
46, 47, 48, 49, AO, Al, A2, A3, A4: Line 500, 501, 502, 505: Reservoir 503:
Stirred tank 15504: Condenser 51, 52, 53, 54, 55: Line 601, 604: Reservoir
602: Packed column 603: Condenser 2060, 62, 63: Line 701, 702" 703, 706 



704: Stirred tank 705: Column 71, 72, 73, 74, 75: Line 25801: Preheater
802: Continuous multi-stage distillation column  803: Condenser 804:
Reboiler     805, 806: Reservoir 81, 82, 83, 84, 85: Line 5901: Preheater
902: Continuous multi-stage distillation column 903: Condenser 904:
Reboiler 905, 906: Reservoir 1091, 92, 93, 94, 95: Line 



1001: Thin-film distillation apparatus 1002, 1005: Continuous multi-stage
distillation column 1003, 1006: Condenser 1004, 1007: Reboiler 151008,
1009, 1010, 1011: Reservoir DO, D1, D2, D3, D4, D5, D6, D7, D8, D9, E0, El,
E2, E3, E4, E5: Line 1100, 1108, 1109, 1110: Reservoir 1101: Thin-film
distillation apparatus 1102, 1105: Continuous multi-stage distillation
column 201103, 1106, 1111: Condenser 11                 F6, F7, F8, F9
1201, 1204: Reservoir 1203: Stirred tank 25HI, H2, H3, H4,1-15: Line 1301,
1307: Distillation column. , G1, G2 -'11 34, G5: Line 



1302: Tower reactor 1303, 1306: Thin-film distillation apparatus 1304:
Autoclave 1305: Decarbonator 51311, 1312, 1317: Reboiler 1321, 1323, 1326,
1327: Condenser J1, J2, 73,14, J5, J6, J7, J8, J9, J10, Jl I, J12, J13,
J14, J15, J16, J17: Line  CLAIMS 1.A method for separating, with a
multi-stage distillation column, a mixture containing an active
hydrogen-containing compound (A) and 5a compound (B) that reversibly reacts
with the active hydrogen-containing compound (A), the method comprising:
distillation-separating the active hydrogen-containing compound (A) and the
compound (B) with the multi-stage distillation column in the presence of an
intermediate-boiling-point inactive compound (C) 



10 that has a normal boiling point between a normal boiling point of the
active hydrogen-containing compound (A) and a normal boiling point of the
compound (B) and is chemically inactive for the active hydrogen-containing
compound (A) and the compound (B). 152.The method according to claim 1,
comprising supplying the mixture to an inactive layer comprising the
intermediate-boiling-point inactive compound (C), formed within the
multi-stage distillation column. 203.The method according to claim 1 or 2,
comprising supplying the nuxture in a gas state to the inultiistEtge
distillation column. 4,The method according to any one of claims I to 3,
wherein the compound (B) is an isocyanate and/or an isothiocyanate. 25
5.The method according to any one of claims I to 4, wherein 199  active
hydrogen-containing compound (A) is at least one compound selected from the
group consisting of a hydroxy compound, a thiol, an aromatic thiol, and a
hydrogen halide. 56.The method according to any one of claims 1 to 5,
wherein the mixture is a mixture obtained by the thermal decomposition
reaction of a compound represented by formula (5): [Chemical Formula 1] 



Y R1 H II N-C-Z n (5) 10wherein R1 represents one group selected from the
group consisting of an aliphatic group having 1 to 22 carbon atoms and an
aromatic group having 6 to 22 carbon atoms, and the group may contain an
oxygen atom and/or a nitrogen atom; Y represents an oxygen atom or a sulfur
atom; Z represents one group selected from the group consisting of a  15
residue in which a hydrogen atom has been removed from the -OH group of the
hydroxy compound, a residue in which a hydrogen atom has been removed from
the -SH group of the thiol or the aromatic thiol, and a halogen atom; and n
represents an integer of I to 10. 2.07.The method accordingclaim 6; wherein
the compound represented by formula (5) is an N-substituted thiocarbamic
acid ester wherein Y is a sulfur atom and Z is a residue in which a
hydrogen atom has been removed from the -OH group of the hydroxy compound.
8. The method according to claim 6, wherein the compound represented by
formula (5) is an N-substituted carbamic acid ester wherein Y is an oxygen
atom and Z is a residue in which a hydrogen atom has been removed from the
-OH group of the hydroxy compound. 5  9. The method according to claim 8,
wherein the N-substituted carbamic acid ester is an N-substituted carbamic
acid ester obtained by reacting a carbonic acid ester and an organic
primary amine. 1010.The method according to claim 9, wherein the
N-substituted carbamic acid ester is an N-substituted carbamic acid ester
obtained by reacting urea, an organic primary amine, and a hydroxy
compound. 



11.The method according to claim 10, wherein the N-substituted 15carbamic
acid ester is N-substituted aryl carbamate. 1.2.A method for producing an
isocyanate, comprising: a step of obtaining a mixture containing an
isocyanate and a hydroxy compound by the thermal decomposition reaction of
an N-substituted carbamic 20acid ester; and a step of separating the
isocyanate from the mixture by the method according to claim 1 














