DESCRI PTION Titl e of Invention SEPARATI ON METHOD AND METHOD FOR PRODUCI NG

| SOCYANATE 5Technical Field [0001] The present invention relates to the
separation of a m xture containing plural types of reversibly reacting
conpounds, especially, a nethod for separating an isocyanate froma m xture
containing the isocyanate and a hydroxy conmpound, and a nethod for

produci ng an 10i socyanate. Background Art [0002] Distillation is generally

used in the separation of gas co kjﬂﬂr aining a plurality of
conmponents. The distillation is ihe d|ojr ocedﬁ?@t of concentrating a particular

conponent i@i@eg‘fgh%{gﬁg t hrough the use of the difference in vapor
pressure anong individual conmponent substances. As a mxture to be

distilled igrpag 0] wmgmgb WW%EE@WP pYappygt e fromthe
surface of the sol Ut(I)OI’l, an oiling starts en tﬁéeosum ofei he vapor

pressures ofgMigyARNME dual conponents agrees with the pressure of the
system The conposition of vapors that emanate during this period al nost
depefds on eiimiehl Fagdconposi tion of conponents on the surface of the
solution and the vapor pressures (partial pressures) of the individual

conponent s @IO(INEThe mesaiuigveriaP e e {Hee sfamuatibnsof awmhat ch-type
met hod and a conti nudus distillation nethod are Khown as industri al

di stillati ororbirghpasiaral[99eslofMeetdbbr t@iction eboyeuhds] @?e@:@ ,where a
ed, a

reacti on does not ~occur between conponents to be Separat nd 't he case
where a reagietiond doe Wepabsingem dasceonporteninsa bekneencbhiitigeptiase
conponents, or between gas-liquid phases takes conplicated evaporation
behavi ors. isocyanate and a hydroxy compound, and a method for producing an
10 isocyanate.
Background Art
[0002] Distillation 1s 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
20 composition of vapors that emanate during this period almost depends
onn 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

25 methods.

[0003] The description above is the case where a reaction does not



5[ 0004] For exanple, conventionally, in the case where equilibriumin an
equi libriumreaction is disadvantageous to a product side, enhancing
reaction efficiency (equilibriumconversion) by separating at |east one
type of products fromthe reaction systemto nmake the equilibrium

advant ageous to the product side is generally perforned. Although 10
various nethods are known as nethods for separating products fromthe

reaction sy%ﬁgﬂd Hakshbh | Orgﬁg?é%af@%é)%el 8288, ahd! i @é?%l ﬁ’gl%ﬁ]gé{ Ly

perfornmed net s. A net pursui ng a reaction by shi

equi | i bri unrdeaeh O@cdlﬁs«/arb%twe@nprsga@u orfih88entts! NbEfALiCt Fg??%ﬁﬁggf%f rom the

reaction systemby distillation is called reactive distil and an
expl anat i onceRpihehite r@AChHemesh Stddsljghian | crilhed | anpl e,
Non Patent Literaturé 1 by show ng gspeg(iglfigc gggr%seiél&?’ooggﬁnﬁ;l%%ﬁer al,
the reactivevapsrhiibh@ddhapids, carried out by using a distillation colum
such as a continuous nulti-stage distillation colum (reactive distillation
appagat us) . {0@04]%“& @i@@hpl@@oh%nﬁ@hﬂlﬁ%aﬁ the QYABONE¥re eqOIltRiMm@Gini 4h a
reaction solution beconme nostly distributed on the | ower stage side of the
di stillati oaqeidibuiumaleabonrisgdadvaiitapbeus eacs imadier Bric enlangidgact i ve
distillation within the distillation colum, |ower-boiling-point conponents
becone nost teactiont efftoided O@?uilibriwmefonsrb&gfen} beesepfarathey dit Seadt! @td on
colum. Thus, in 25the distillation colum, the internal tenperature

(sol ution tgmeeodt proeuctiedrenstse weddtiom\sgsent tor amakieh¢hd aiqudlibttnt he
colum toward the top of the colum. The |ower the tenperature is, the

| ower the redetiitageow ¢o dhet peodamai diderisugenaallyi perfbrmedes Alfthargf ore, the
reaction rate lowers with novenent fromthe bottomof the colum toward the
topl@f the eafionnniethpes dxer kivonynrasariethved sofios tsephetingnpmidiuictnfrone the
distillation 5 colum. Specifically, the reaction efficiency of the

equi | i bri unrgaséioni eysterg rdistidatinnt seprragaents dnonof ke bobsbpeokrdlhe col um
toward the top of the colum in performng reactive distillation within the
di stillati opedormead. mpiees] Thusgthodr ohgursuingenstangicn byrheftatgitles wi t hin
the colum has_10 been studied in order to nore inprove reaction

ef fi ci ency, equidibrium rescdonctosyadathe preduetasideowithapepduetd remevdhbd of
advant ageougly pursuing a reaction by supplying a solvent to a reactive

di still ati ologsltherreanidon mystemsi by distidatben a6 wadledi resckivendistidlativhy e

di si{i |lation ¢colum s disclosed in, for exanple, in Patent Literature 1,
as &°net hodeR@rary SXpkpeiiencaboyt Hag rerchvey dasilliation ipdeseribedidn; dor
represented by rgvl\irat rial (P) + raw rrageri,al (Q.. (=> product (R +
product ( S)SXEYPEEiNN i’,atf‘éltt[rlﬁ?rﬁwﬁér Py ishawing speeidic ewmples.

[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 with the
progress of the reaction in performing reactive distitlation within the
distillation column, lower-boiling-point components become mostly
distributed on the upper stage side of the distillation column. Thus, in

25 the distillation column, the internal temperature (solution temperature)

decreases with movement from the bottom of the column toward the top



[0007] On the other hand, in the distillation separation of products in a
systemin which an equilibriumreaction represented by raw material (P) 20
product (R) + product (5) exists, distillationis difficult in the case
where the reaction rate is higher in the rightloleft direction reverse
reaction) than in the le,it-to-right direction at a distillation separation
tenperature. In such a reaction, equilibriummy tilt toward the right side

(PLoriEL, PLaFthe RoluBhal PIRIBGKEE dhE (ERPOMuend BlleIGaseiotbRifn || o

distillation separation is in e reactions or

s Trequentyi of ReAnARBREHATISiGE LTI OUIRCHIREE, 8 1BhE00A rat

possibility o istiltation separation. For exanp i's not preq‘ erabl e

to apply thpwasheghasodaseni Roth aRO¥Bitbth ofﬂ%e EXRmR @ow&ﬁaﬁﬂg %;d of ation

separation of a m xture containing an active hydrogen-contaln conpound

and a conpogRd chRahn' BY PebfoPhiing CRGCE VM Bl RBACWiMEN e distillation

hydr ogen- cont ai ni ng conpound, esSpecially, the distillation separation of a

thergal |y deslompesab§gedifiofly! huCheagich NTRIBKY té'ﬁe@ﬁec%f@%ﬂ%ﬁuﬁ?i d
ester, an N-substitut'ed thiocarbam c acid ester, "or an N-substituted

di t hi ocar bafdaetiafii de@ehSss Widh SxaRBhant Hiden c@ge bettobhasimahe deganppesi tion
of the N-substituted carbam c acid ester is based on the 10foll ow ng

reason: [ 00@%Yardt theampbef thk oolMima iiACserfoginpgtedchiat dstillaneyapahm and a
hydr oxy conpound are obtained by the thermal deconposition of the

N substi t utgd distilatibe caturdnester (see e.g., Non Patent Literature 2). The
basic reaction of thermal deconposition of the N-substituted 15carbam c

aci d ester j0O0d]l Tshs,afigthdryiricheading | owemgefaturahaithin0€@9olighanheal
Forrmula 1] R(NHcoomaR(NCO, + a ROH( 1 ) wherein
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
systern in which an equilibrium reaction represented by raw material (P)
20 <> product (R) + product (8) exists, distillation is difficult in the case
where the reaction rate is higher in the rightto-left direction (e, in
reverse reaction) than in the lefi-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

25 where distillation separation is influenced by other side reactions or the

like is frequent in a high-temperature region though there is also a



R represents an a-valent organic residue; R represents a nonoval ent
20organi c residue; and a represents an integer of 1 or larger. [00101 The

t hermal deconposition reaction represented is reversible. and its equil
briumtilts at |ow tenperatures toward the. |eft-hand side where an
N-substituted carbam c acid ester fonns, and by contrast, tilts at high.
tenperatures toward the right-hand side where an 25i socyanate and a hydroxy

conzouns | bR AR Ssp IO ok e R

tends to be acconpani I ous Irreversi uch as

unf avor abl ' i ngh.t d ' reacti on of
etd gﬁﬂ ahedﬂéﬁ{dﬁ ad 'd@gcﬂtﬂﬁe(:cfﬁglé}ﬂé t@Nfbr éﬁ@anfigl% g}'@?%ﬂﬁ_‘ugg}b

t he i socyanat t forns by th deconposi t stituted

carbam ¢ acicha@si6h - oEXamRligare! chhgisinge dxﬁag&i\@n%ry&o%&ﬁheﬁﬁaiﬁiﬂg,eaCt i on
form ng a urea bond represented by, for “exanple, fornula (2), a réaction

forming car@eepbiihdesnd eRr es8MoRRdbYhatl QEvaXHIP! Soactorwitha @) actAnd a
reaction formng isocyanurates represented by, " for exanple, fornula (4)

koglzlc [ _ChOelgz@@lgeEOcEdﬂthﬁliﬁi cBnifdurdidebbdia IO RN GsQH R & NephRtibn 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
10 following reason:
{0008] Tt 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

15 carbamic acid ester is illustrated by the following formula:
[0009] [Chemical Formula 1]
R(NHCOOR), — R(NCO), + a R'OH (1)
wherein

R represents an a-valent organic residue; R' represents a monovalent
20 organic residue; and a represents an integer of 1 or larger.

[0010] The thermal decomposition reaction represented by the formula

is reversible, and its equilibriur tilts at low temperatures toward the

left-hand side where an N-substituted carbamic acid ester forms, and by

contrast, tilts at high temperatures toward the right-hand side where an
25 isocyanate and a hydroxy compound form.

[0011] Meanwhile, the N-substituted carbamic acid ester tends to be



(2) RN=CO0 + 0=CFNRR NCGN R + CO2 wherein R represents an aliphatic
group or an aromatic group. [0013] Particularly, in the case where the
N-substituted carbam c acid ester isan N-substituted pol ycarham n acid.
ester, a plurality of groups in one nolecule nay cause the side reactions
as descri bed above to forma high-nol ecul ar-weight form. Thus, it is

i npossi ble to solve these problens only by increasing a tenperature within

the distil 'Qédaglge&ﬂleﬁm "ParibRl  SXRUBESblc! NEIER! ROgLiRhs PALER! y&%grawre

1 descri bed. above. e production of "an 1socCyanate b

thermal -decompadidbien BEnARl NMaHRSIHId SaLAbRMAGAAGHE . B8hatnstigpt hod of
rapi dly separating reaction products or decreasing the formation o

by- pr oduct sehysigh! 3 t1R0igY RRGbHUE 15PkNe i or
reduci ng thre%olr na(%{lt on %)f Cgel?%tfr%oéluc?g cgp@gl e gk?e@g?m ng potsllétﬁgoqn a
reactor. [OQLSN-AuEihed OfrbiiiiB%eld k8RE! OEam Rk Mk dife hesd@ys t ube
formto thermal |y deconmpose an N-substituted carbamc acid ester in the
presgnce of in@yddactdatgionofy@ing & @eﬁ%@ﬁ@c}egfbseh%d anpt exaf@llent
Literature 2 and Patent Literature 3. A nmethod of using a reaction 10col um
to thermal |fbrﬁﬁﬂ@"’@ﬁea?fbd@_ti%ﬂbEﬁ)irrhiﬂgf%a@‘%&ﬁiﬁi_@e@cﬂe?r@s%h@éd ity t g presence
of an inactive solvent is disclosed in Patent Literature 4. [0016]

Moreover, aexmhply fofmuld (B), andeagddction’ Retiihyiisoceahuaestepidientsd | y
deconpose an N-substituted carbam c acid ester in the presence of a
particul ar bﬁd‘@tiescarr%ﬂé,viémmﬂmmpt the sane tine, separate 15an isocyanate
and an al cohol that formis described in Patent Literature 5 and Patent

Li terature [@01Q]t[@lemnidal Formula 2]
o o) o

H 1l N H H & H 1]
10 R—N—C-0—R' + R—0-C—N—R —* R—N-—-C—N—R + R“—0O~C—0—R'
(2)
R—N=C=0 + O=C=N—R —> R—N=C=N—R + CO, (3)
o
R\N)kN/R
3 R—N=C=0 —»
04\3?1)“0
15 R (4)

wherein R represents an aliphatic group or an aromatic group.

{0013] Particularly, in the case where the N-substituted carbamic acid

ester is an N-substituted polycarbamic acid ester, & plurality of groups in
28 one molecile 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.



Patent Literature [0017] Patent Literature 1: Japanese Patent
Application Laid-Qpen 20Publication No. 10-301 'Patent |ncEP Patent
Publ i cation. 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:

e R ST il S o
method desctt 84: ~65%ﬁ§@§?mei’haéwl€¥i S8 et PF GBFETY RERERE ot { om of
a reactive Lactif %Jrogugtg olf*rH]ecrgas(i)ﬁ]g hé f@r?ﬁ&tttutn{ %?%f “Products by dilution
with an inactive solvent has been devised for reducing the formation of
5 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
10 column 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-substifuted carbamic acid ester in the
presence of a particular inactive solvent and at the same time, separate
15 an isocyanate and an alcohol that form is described in Patent Literature
5 and Patent Literature 6.
Citation List
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{0017] Patent Literature 1: Japanese Patent Application Laid-Open
20 Publication No. 10-301
Patent Literature 2: BP Patent Publication Ne. 92,738
Patent Literature 3 EP Patent Publication No. 396,977
Patent Literature 4: EP Patent Publication No. 542,106
Patent Literature 5: U.S. Patent Publication No. 5,731,458
25 Patent Literature 6: U.S. Patent Publication No. 5,883,291
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medium and it is thus considered that the thermal deconposition of an 10
N-substituted carbam c acid ester advantageously proceeds, while an

i socyanate collected fromthe reactive rectifying colum contains an

al cohol and a conpound having an N-substituted carbam c acid ester group
presuned to formwhen the isocyanate reacts with the al cohol. Since the

| socyanate reacts with the alcohol to forman N-substituted 15carbamc acid

ST oy OGO B AL SO, BheBleBRENE o)
has boen sc TN YA 8rubl: TopSdFRbC her mai “denaturat fon react o

d b : N . . . :
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products (e?§§%1¥b%r&15a_%l\/0qj §’SP§-}&2 | %3equi i brium However, the point where

an N-substi carbam ¢ ’aci stér forns again and reduces isocyanate

yi el gls in t@ﬁnﬁaﬁ?ﬂr@thﬁ’fenrt e, Process of separating an isocyanate and a
un a

hydr ©oxy conpo orm by thermal deconposition, is still a problem
‘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
15 carbamic 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 carbamic acid ester in an inactive solvent
has been studied in order to suppress a thermal denaturation reaction
20 caused by the reaction between N-substituted carbamic acid esters in a
thermal dissociation equilibrium reaction and also in the distillation
separation of products (e.g., product (R) and product (8)) in the thermal
dissociation equilibrium. However, the point where an N-substituted
carbamic acid ester forms again and reduces isocyanate yields in the

25 course 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
m xture containing plural types of reversibly reacting conpounds,
especially, a nethod for efficiently separating an isocyanate froma

m xture containing the isocyanate and a hydroxy compound, 5 particularly,
a nethod for efficiently separating an i socyanate and a hydroxy conpound
that formby the thermal deconposition of an N-substituted carbamc acid

oo IR AR B B ARSI - U5
present, | nventATLPEL AR el he; o Sty KALEH, BlpBelBRCY o0 .
eclive NSRRI AT 1L AR PRGOSO R Bl il grer 5L 01
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(A) and the conpoun I'-stage distilTatfon" cotunmin the
presence of i r i % o e s PR o Ta YA ok ;ye at has a
Por el bot (FAGChRn " ap SRR 0L P RAM! SeARBHDE ot BN dnd

hydr ogen-c N aTHy ﬁﬁﬁmfﬂﬂf‘ d I QL Nt o t he
conpound (gy(gjr? 5zi goc em caﬁ?étAi)fﬂig@t Pge o?ﬁglgpﬁpodf&? h{éﬂ%(l:t??f\l/e(gf %

hydr ogen- c ot aiHtGtes XER B 519;}1 &g the conpound (B). (0073] Specific3liy,
the present invention is as follows: as the first aspect, [1] a

met hod for SERMA tOProMiddy @ multi-stage distillation colum, a 25m xture
contai ning an active hydrogen-contai ni ng conpound (A) and a

conpound( B) p[dgggq eX BESidhYIve adles Wrb e attdiitErs Mlic0 g@RdBeRIERI diiipenconpound

(A), the nethod conprising distillation-separating the active

hydiggen- cofthdieRi (g tl6® BB GndAdoredubhty compelenst (HD pidseht i@t | - st age

distillation colum in the presence of an internedi ate-boiling-point

i nactive compéimting @hat that objech&satained M} ahaethodofdoicphrdidigieeftha nor nal
boi ling point of the active "hydrogen-containing conmpound (A) and a nor nal

boi I'i ng poimul®fstidee dimtidltion (Hluand is efigoeal tonthitassi @ faitivehe active
hydr ogen- cont ai ni ng conpound (A) and the conpound (B);
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
20 boiling point of the compound (B) and is chemically mactive for both of
the active hydrogen-containing compound (A) and the compound (B).
[0023] Specifically, the present invention is as follows:
as the first aspect,
[1] a method for separating, with a multi-stage distillation column, a

25 mixture containing an active hydrogen-containing compound (A) and a

compound (B) that reversibly reacts with the active



10[ 2] the method according to [1], conprising supplying the mxture to an

I nactive |ayer conprising the internedi ate-boiling-point inactive conpound
(C, formed within the nulti-stage distillation colum; [3] the nethod
according to [1] or [2], conprising supplying the m xture in a gas state to
the nulti-stage distillation colum; 15[4] the method according to any one
of [1] to [3], V\/nerei n the conpound (B) is an isocyanate and/ or an

the acti ve TyAPGERT Eﬂ@%ﬁﬁ?ﬁf‘ﬁ%ﬁ?@ﬁ%ﬂ a0 MRellod oreoonisbing -
e SHREOP 8 ) U R 0, o
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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 intermedi&te—boﬂingpoint 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

20 thiol, and a hydrogen halide;

(6] the method according to any one of [1] to [5], wherein the mixture ig
a mixture obtained by the thermal decomposition reaction of a
compound represented by formula (5):

[Chemical Formula 3]



RL NNCZ /n (5 wherein R1 represents one group selected fromthe
group consisting of an aliphatic group having 1 to 22 carbon atons and an
aromatic group S5having 6 to 22 carbon atons, and the group may contain an
oxygen atom and/or a nitrogen atom Y represents an oxygen atomor a sul fur
atom Z represents one group selected fromthe group consisting of a
residue in which a hydrogen atom has been renoved fromthe -OH 10 group of
t he hydroxy compound, a residue in which a hydrogen atom has been renoved
fromthe -SH group of the thiol or the aromatic thiol, and a hal ogen atom
and n represents lan_iinteger of 1 to 10; [7] the method according to [6],
wherei n t heRc Hﬁﬂﬁﬁé represented by 15 forrmula (5) is an N-substituted

t hi ocar bam ¢ id estier rein Yis asulfur atomand Zis a residue in
whi ch a hydrogen at om has bé€en renoved fromthe -OH group of the hydroxy
conpound; &r t.he nethod according to [6], wherein tile conpound

r epr esent ed E%H?Brnula (5) is an Nsubstituted earbainie acid ester wherein

Yis an atﬁmr@ﬂ}gs@ntg %?fedéi%ﬁp%%&g& Brfth A BASu $6Rsisting of an

aliphatic group having 1 to 22 carbon atoms and an aromatic group
5 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
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 the compound represented by

formula (5) is an Nesubstituted carbamic acid ester wherein Y is an

-2
<o

oxygen atom and Z ig a residue in which a 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



removed fromthe -OH group of the hydroxy compound; [9] the nethod
according to [8], wherein the N-substituted carbamc acid ester is an
N-substituted carbam c acid ester obtained by reacting a carbonic acid
ester and an organic prinmary am ne; [ 10] the nethod according to [9],
wherein the N-substituted carbamic acid ester is an N-substituted carbam c
acid ester obtained by reacti ng urea, an organic primary am ne, and a
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with the active h ing compound, and can efficiently separate
ond ool LeCAPICHANY, CATPLMRIARSKE KOS XotgioRnt ol R e
obtaining a mixture containing an isocyanate and a hydroxy compound
by the thermal decomposition reaction of an N-substituted carbamic
10 acid 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.
20 Brief Description of Drawings
(00251 FIG 1 is an illustrative diagram showing one example of an
Nesuhstituted carbamic acid ester producing apparatus;
FIG. 2 is a conceptual diagram showing one example of an
N-substituted carbamic acid ester thermally decomposing apparatus and
25 an isocyanate separating apparatus;

FIG. 3 1s an illustrative diagram showing one example of an

11



[0025] FiG I is an illustrative diagramshow ng one exanple of an N
substituted carbam c acid ester producing ipparatus; FIG2 is a
conceptual diagram showi ng one exanple of an N-substituted carbam .c acid
ester thermally deconposi ng apparatus and 25an i socyanate separating
apparatus; FIG3 is an illustrative diagram show ng one exanpl ean
N-substituted carbam c acid ester producing apparat us; FIG4 is a

cotor t hor ﬂr%@S%%%ﬁﬁ&E%?rneﬁﬁfﬁ%fﬁﬁ’QC% %ﬁ%ﬁ%’fb o coparat ?L“;f aetd
5FI G

¥ bduct | on appar A1 ol BoriHuaNs Gt PR Pa B Sq%én? Xla% eaIEIOG "6 i's

Seid oot ey s AR BN 4808 P HRRIAT b e@inBoSHEddath S o P

di ho b d b d

or oduci ng a%%gg?’ﬁ%ﬁ?t%xs%mﬁﬁ%ﬁ@g@%@nsﬁ CuStrat i ve di agr gmaghow-eﬁéegne

exanpl e of an alc diShh! {2k af%%?&ﬁ gﬁom ond ¢ &?p f%f%

illuStrative di agrarm shovm ng one exanp 3 eArdenE &5

distilling ISai{ﬁ)fdu%BBﬁra?Jﬂﬁatu%Efﬂ ComPoundls Mavingd HR WrdldoVgrotih2gr am show ng one

exanpl e of
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

10 N-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;

15 | FIG 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

20 an isocyanate separating apparatus;

FIG. 12 is an Hlustrative diagram showing one example of an
Megubatituted carbamic acid chloride nroducing apparatus; and

FIG. 13 is an illustrative diagram showing one example of a
carbonic acid ester producing apparatus.

25 Description of Embodiments

[0026] Hereinafter, the mode for carrying out the present invention

12



N-substituted carbam c acid ester thermally deconposi ng apparatus and an
i socyanat e separating apparatus; FIG 11 is an illustrative

di agram showi ng one exanple of an N-substituted carbam c acid ester
thermal | y deconposi ng apparatus and 20an i soeyanate separating appar at us;
FIG 12 is t illustrative diagram showi ng one exanple of an Nsuhsttuted
carham c acid chloride produci ng apparatus; and FIG 13 is an

illustrative di.agram show ng one, e | e of a carbonic.acid,ester producing
Lpparat us.  OSTRSRTEpURGHTEN LeRbabe aneRT Goseydinese, i g deRathable o
carrying outh r.esent i.nventio hereinafter., referr t. the "present
ot mant -1 ebiil e Taeidertl e aatsant Dvialientnpoy T feslin
invention is Eot. | i r‘r%'teeg to tcrile enbodi ?ta bel ow, and .can,be nodi fied
variously wiPRPAIBRAsSRTRY ard £aB R modileR iR S IUHRESRRE. O 0027) A
separation _rlret hod %thf IE(ilesent engodi ment is a nmethod for separating,
wth a rrulttii-esstpélare TEP5 f F?‘W\edc@il M, a mxture containing an active
hydr ggen- co i-Ai conmpound th r Si reacts
winthe act Gl SSeEEERRRAR 75 8 SRS Vi lndnldh BRIl Ry
distillatiof: arati r Cl : - cont atni d (A and
the compoundTeR b W MREPakE iR RREIAE, RoBhbRe cRBEIEHY oo ohce
of an inter i .| ng-peipk: i i 0 ( or mal
boi 1 ng poi A “EaY aaaRrrbb A RR A hile aint B B A ShppiiEha B tal
hydr ogen- cont ai.nj . I _ Dol ] th 15
conpound ( &@%ﬁgb% r%%%{%p‘léa I éh%l) r%g@gf:\?hj@ 8@%0@1%1? %?%g% g@é ?@féd’ [}’Fe
hydr ogen- ¢ iing c A a : £0 B) . |s i ive
conpound i g&%e 6;; red ?‘gﬁg)gﬁghré "int Q&%gil%é)@e- gm e?t?n - poi ﬁ? i nagﬁocb}ee
co und” i C . iR 30 I Laleqreaction
compgund” By sQREREning compobAFRL) AIRELpe(B) Skt on
the origi najy sysk&eB (F ANHTRRRS @l bohflon  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) (forward reaction) and contrarily, a reaction

that retorns from the product side to the original system (rever

(£

e
reaction) both occur, and in the present embodiment, the "compound (B)
that reversibly reacts with the active hydrogen-containing compound" is

25 a compound capable of reacting with the active hydrogen-containing

compound (A) to form a conjugate of (A) and (B) and is a compound to

13



t he product side (products)action) and contrarily, a reaction that returns
fromthe productoriginal system (reverse reaction) both occur, and in the
present enbodi nent, the "conpound (B) that reversibly reacts with the
active hydrogen-containi ng conpound” is 25a conmpound capabl e of reacting

wi th the active hydrogen-containing conpound (A) to forma conjugate of (A)
and (B) and is a conpound to which a reaction systemrepresented by

E)Z{j??)ggp(g) léﬁlto lrﬁd SR é&?(%(erg]?%%g Fodw%%j’@‘g)a @ﬁé@ﬁ%?; sibly reacts with
t t - Co
[0030] | Xedbﬁ%i%‘?fhe?r%ga Ot %’E‘lol&;?d and rover se ?ezct ons-ocer i -4
t
cont ai ni ny A BRGNS GTSBLE OB 1 Dade: SRRty (BJaliTon system
Ceaati on. gfsgé{‘s‘ﬁ&%afr?%t?ﬂwgh' I N
EEZ'%SpQ%T’é@%%@? AR T, um reaction with the active oo
Con oo ORAOLAGGRTEHEfi ok BP0 S
compound | SepPf oA e Ee hE R et A AR "o
(A) and (B%fég{ﬁ nl[n?%@nvcal ﬂtk‘&?%b@%ﬁt&%ﬂﬁ?@&&&s by ShehWkéhckibh ' N the

m xture: or mul
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)

15 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) 4+ (B) T Conjugate of (A) and (B)

20 {7}
00221 More preferably, (B) is a compound capable of forming thermal
dissociation equilibrium with (A), and further preferablyb (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
25 which molecules or the like decompose by a rise in temperature and

14



(A -1- (3) Conjugate of (A and (B)(7) [0032] More preferably, (B) is a
conpound capabl e of form ng thermal dissociation equilibrium with (A, and
further preferably, (A), (B), and the conjugate of (A and (B) are in a
thermal dissociation equilibriumstate in the m xture. The therna

di ssociation is a reaction through 25whi ch nol ecul es or the |i ke deconpose
by a rise in tenperature and return to the original nolecules by reverse
reacti on when the tenperature decreases, .and, taking the c%gg of formula

((17) as an e$§5%1e0| ea Plagdel oﬁlqlﬁ%]@éh%ll@ﬁ’eﬁ?e SR oGt ¢ bﬂ?)dand (B)
B

react o1 olHIBHENEEn aGERaTS! ardy KIS BPC v [oﬁdféxé%m@&?m(a?&zﬂreaieé)

'ﬁﬂi LEGZGCL?%%@EPTS@SEE%%E%% BgRLh Y %eé{‘i‘%ne eét%érﬁff@eﬁ RactBhay not

capabl o of ASHHTRESELER aaué%teé%p%m%éé 59?%: Sub i Py er(ﬁ‘@ﬂaséj)

034
Li‘);?tﬁ%ﬁﬂﬁ%) it %%mﬁ&%éc%c ERT R ) Sghett oy ?%ﬁﬁéefﬁﬁzr oyl
RN=C=0" T H

aci d. - HOCALSHIBATTS %ﬁﬁg %{a%@é%b%&m@%%;\hm e ?;4 o lsﬁ%?zgfaph

Norenel at ur BT antaet 57 A aE b Bgshe ot R HebHsRat  onal-

Bkr)]irrgchO?t gL{)ﬁ ﬁﬁjﬁbg@ﬁ[?éb E%f:gp g)}y%g and is pr e]l‘ erably a corrpgtrng onal

\r/\gg;gisﬁnt ed I I(e ﬁgﬁ%s %Hém cal Formula 6] -N=C= In.( ISS%I i

of an a1 i priYTGPBERREE B ERFq 5D GRleRE: BE LAY 1ok AYREBERS Sup

havi @g 6 to &ﬁ;ﬁg{é Eﬁ%é‘gan%‘&hﬁ@ﬁza‘i’fa?é!p may contain an oxygen 75atom

and or a ni rog
[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 TUPAC (The International Union of Pure and Applied Chemistry),
and is preferably a compound represented by formula (8):

[0035] |Chemical Formula 6]

RL{MNSCEO )
1

WIS

b2
<o

-
g
0G
T

R! 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

25 atom and/or a nitrogen atorn; and

15



n represents an integer of 1 to 10. [0036] O the isocyanates represented
by formula (8), one that is preferred is an isocyanate wherein nis 1 to 3.
Exanpl es of preferable Rl include: |inear hydrocarbon groups such as
met hyl ene, dinmethylene, 5 trinethylene, tetranethyl ene, pentanethylene,
hexanet hyl ene, and oct anet hyl ene; unsubstituted alicyclic

hydr ocar bon- deri ved groups such as cycl opentane, cycl ohexane, cycl oheptane,
cycl ooct ane, and bi s(cycl ohexyl) al kane; Kyl - substituted
cyclohexane-derinHW%?%%%%ag fwgsgogﬁﬁﬁy ycl opent ane, et hyl cycl opent ane,

met hyl cycl 10 (each isoner), ethylcycl ghexane, (each isoper),
oropyl oycl JRBRANDT dBenSOSHARFIES BTSRRI oM e Bakh: | Srelpl 15
pentyl cycl ohexane, (each i sone and hexyl cycl ohexane .(eagh isongr);
i ol oy~ SubBEISTTRAS gt oReRalR MR pdd 5 dlipb o BRATR P RO E! ohexane
(each isonet) i et hyl cycl ohexane (each i sorer d, di but yl | ohexane
15 Ceach i saeiclufe S GiReatn e st TRl efiietSucn as
1,5,5-trinethyl | ohexane 5-triethyl | ohexane,
153 tri prbp By ErBne aranedidiie-s iyl s Eimehyiong cBlexane
(each isoner)., naal | cyl - su i i h t ne,
et hyl benze@%tatg%’@]@%%yq{%sé%ﬁﬁét?a%it@gfjg§ %ﬁ?@ﬁéﬁliﬁﬁﬁf%ﬁ%@@ﬁé@’é’é Sélﬁbh as
20xyl ene, dj_et a i | b ; d i
vl ocar borttaery U REREFEThs U RnBEAR e RSRER ARttt oPBtos
derived fr I . dipphe n " h ,
xyl enyl, me cg%%@aﬁée}?e’i %é%é%nsgﬁﬁ{aéﬁd %&Cgﬁiﬁdﬁl%x%‘%ﬁ%cﬁagﬁéﬁge
pr ef er abl e. [ 0Q37] .+ ifii ) I l e, i,ncl ude
phenyl isoé%éﬁa%g,%#ggﬁﬁﬁgﬁgé%ﬁ?§§£f§§¥$&? ei%ne’h??%ﬁ' ilg%%égﬁate,
i sophor one di LiSO e, 4l a I at i ),
tp!@?ene dﬁgggzy§%§$§5téﬁgkR§§%%%$§%%n3?%§}ene%%g?b Cp@ﬁ%&&%@%ﬁ%ﬁ%
di i socyanalgacRNERARN! NBhsTI& dbheLmrAn@heh ( 8afHer)S OpBittylcyclohexane
(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); monoalkyl-substituted benzenes such as toluene,
ethylbenzene, and propylbenzene; dialkyl-substituted benzenes such as
20 xylene, diethylbenzene, and dipropylbenzene; and  aromatic
hydrocarbon-derived groups such as diphenylalkane and benzene,
Among  them, groups derived from hexamethyleng, phenylene,
diphenylmethane, toluene, cyclohexane, xylenyl, methyleyclohexane,
isophorone, and dicyclohexylmethane are preferable.

25 [0037] Specific examples of preferable isocyanates include phenyl

isocyanate, naphthalene isocyanate, hexamethylene diisocyanate,

16



[ 0038] The isothiocyanate according to the present enbodi nent 5
corresponds to "Sul fur anal ogues of isocyanates: RN=C=S." in the paragraph
"i sot hi ocyanates" specified by Rule 0-8 described in the Nonmencl ature

(I UPAC Nonencl ature of Organic Chem stry) specified by IUPAC (The

I nternational Union of Pure and Applied Chem stry), and is preferably a
conpound represented by fornmula (9): 10[0039] [Chem cal Fornula 7] RLN=C=S
(9) wherein, R 1.represents. one groyp sel ected fromthe, grou

consi sting BPPRAGHS éHé@'Xﬁl’éﬁ%u‘giP%&WﬂQe%W FBSQABSIL KRS 1SRN

oxygen at oriCARETEr  HURTOREER ACBRR aRomEtep oS oiSheho EHHeRaBe 1 to 10

bref ot rod | STSRF VRSBt Dy FARARACHR T BPRY A4S (559G exanpl 65 of

i nt ot byt enBBAInhy 2kl Bae R, Fonk BrbiyPence PRI AREN

e e oG R ks P AR SRR Bk isGdn ey FPSELROM o o
paragraph "isothiocyanates" specified by Rule C-8 described in the
Nomenclature JUPAC 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]
RWLNzc:S )
n (9)
wherein

R! represents one group selected from the group consisting of an
aliphatic group having 1 to 22 carbon atoms and an aromatic group
15 having 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 isothiocyanate wherein n is 1 to 3, and examples of
20 preferable R’ include: linear hydrocarbon groups such as methylene,
dimethylene, trimethylene, tetramethiylene, pentamethylene,
hexamethylene, and  octamethylene;  unsubstituted  alicyclic
hydrocarbon-derived groups such as cyclopentane, cyclohexane,
cycloheptane, and cyclooctane; alkyl-substituted cyclohexane-derived

25 groups such as methyleyclopentane, cthyleyclopentane,

17



cycl ohept ane, and cycl ooct ane; al kyl -substituted cycl ohexane-derived

25gr oupssuchasnet hyl cycl opent ane, et hyl cycl opent ane, net hyl cycl ohexane,

et hyl cycl ohexane, propyl cycl ohexane (each isoner), butyl cycl ohexane (each

i soner), pentylcycl ohexane (each isoner), and hexyl cycl ohexane (each

i soner); dialkyl-substituted cycl ohexane-derived groups such as

di net hyl cycl ohexane (each 5 isoner) diethylcyclohexane (each isoner), and
di butyl cycl oh ne ( ach isone i.al kyl -substituted cycl ohexane-derived
gr oups suchmgﬁiﬁcscl@ EXARDL hyat Eyl% e 1, BTOWJQY‘P]@hﬁWIé%/cI (FcRane,

1,5,5-triprop cl.ohexange .(each |so and 1, 5 tyl cycl ohexane
(each |sorrells?’¥'leﬁ%nd%”€ pe peufeas ’oe‘ﬁ?ﬁ’ﬁ‘é Illog"leﬁéﬂ%

et hyl benzene, and propyl] benzen dlalkyl bstltu ed b nzenes suc as
xyl ene, di SRS z%’r?ﬁ L CHFE’??@WP% ; 1SAHECL; ro -Substitute

hydr ocar bon- d ed gr,0 s ch as d en aI kan nzene. ng them
0 ouns or | oS e PRSRRE i onES SHERTE I aERR SR (Edne,

Siyﬁ'yﬁf‘ﬁﬁiﬂe ﬂ@f%ﬁ”y' pRRtol %%aa"h?:]?%wf”' R i ﬁ%%;e%wﬂ%céolaexmf er abl e
'gii’%néi’ﬁif‘e@t@eﬁ.lﬁg_ ts{%ikﬂty bﬁ?ﬁttgﬁgf%ﬂsﬁ HnGaRT 50 iares SS%%E' gvenete
(fe?c_ﬁ“?%ﬁéﬁ?%@@ﬁ@%ﬁ@%@?@%&ﬁ?ﬁhe'xZﬁE? PR S %&ﬁ'a%ﬁtyﬁgf’“eﬁﬁ
Slh ner s an bors VaPHGRIBuURRTF (AR iRisER e ﬁtﬂritﬁ\?@ﬁ@‘ﬁi&a#%g i
A L S A A omggr?%ﬁgpggen at om
2 Sl con almgdl, ey (opd bR IROE. aswgﬁtuedabéﬂe%eagucmfg hi ne

group. It is
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,
15 isophorone, 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(eyclohexane) diisothiocyanate, naphthalene
diisothiocyanate (each isomer), and Tysine diisothiocyanate,
100421 On the other hand, (A} is an active hydrogen-containing
compound. The "active hydrogen" in the active hydrogen-containing,
compound (A) refers to a hydrogen atom bonded to a halogen atom, an
25 oxygen atom, a sulfur atom, a nitrogen atom, a silicon atom, or the like,

and a hydrogen atom in a terminal methine group. 1t is, for example,
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hydrogen contained in an atom c group or a nolecule such as a -OH group, a
-C(-0)OH 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 hal ogen atom. 5The active hydrogen-containing conpound (A) is
a conpound contai ni ng these active hydrogens descri bed above and is
preferably a conpound containing a -OH group, a -SH group, or a -NH2 group
and a hydrogen halide (above-descrihed HX (X is a_ hal ogen ato 0043

One that ishyhegenreantaged ¥pagiatpmie B8N Rsmlequigsuchms g)) ound]

selected fromthe grou nsisting o droxy co und, a thial_ _ an

ar onat i f: trl‘lgfl@lupa @nt)cé:(ﬁﬂét&.)@éﬁu%aﬁi‘tﬁ.:a%&%guéa B(rj thr%lﬁ’lu& tﬁl?é(?ﬁfgi c;)rrpﬁulnd
is an al cohol or an arqmatic ygggﬁy conpou an e 0 e al coho
is a corrpoﬂf@@eﬂr&séﬁ&e%mﬁ?s flo g’(Qng)B:a IS HengiiPad égf RS} 4R5- (- OH)
C(1 0) wherejin |le represen an al i phat] ﬁroup having.l.to 50 carbon atons
which is su%éﬂl SR %y@@hg&@pg%m& B?Pfﬁﬁﬁfgﬁiapll?éﬁc%ﬁr]g@HHBS-havi ng 7
to 5§) car bap, at ong whi.c isagr up.to which a mati c_group i s 20bonded;
the 201. 1 gtptipa6HVEnhdyAreSHET F’%ﬁﬁ%@en?@ﬁ‘pﬁynaor a5 1) CPEIRPUE o oup

unbound o c?oqlt%rn?rr{ga ‘th&sIaCHPe h%f%%oéens described above and is preferably a

compound containing a ~-OH group, a -SH group, or a -NH, 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
10 compound 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

wherein R’ represents an aliphatic group having 1 to 50 carbon atoms

(10)

which is substituted by ¢ hydroxy group(s), or an aliphatic group having

7 to 50 carbon atoms which is a group to whicl an aromatic group is
26 bonded: the -0 group of the alcohol represented by formula (10} is a

O group unbound to an arcmatic group; and ¢ represents an integer of

] to 3, provided that R’ is a group that does not have active hydrogen

other than the hydroxy group.

[0045] Examples of R can include a methyl group, an ethyl group, a
25 propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl
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1to 3, provided that R5 is a group that does not have active hydrogen

ot her than the hydroxy group. [ 0045] Exanples of R5 can include a
met hyl 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
cycl ohexyl group, a cycl oheptyl group, a cyclooctyl group, a

O oUp, A CEIRI 61 L O PG BB e et BIREEy ¢ dedBtn] EEoup, 2
di ot byl cy chaREs ST BHRbip 2  CLARAIA B RGO B o0 2tosies £ycioheptyl & °UPr @
RS can | hol Gt Ranbl<IOBERAnCROh opanomC BUCSRBIDCTUnt #1BFP: héfanol .
Cyel opent arhy [ FPBHE MABIUD < chon L AONS Oy rBBE Gt Toyclohexy]
et hyf cyel opBitinol® rEFPRYIEYEIBREYhn GFOBR hy Foy RS RiELPRPY! xoup, a
eyl cyel onRaiaBR iGN Pl R SRa BT DRy ey PlRetwlsylolss
b e
e, ot (LR R BRI ot BRGRL S| O 04 e

methanol, ethanol, propanocl, butanol, pentanol, hexanol, heptanol,

10 octanol, nonanol, decanol, dodecanol, octadecanol, cyclopentanol,
cyclohexanol, cycloheptanol, cyclooctanol, methylcyclopentanol,
ethylcyclopentanol, methylcyclohexanol, ethylcyclohexanol,
propylcyclohexanol, butylcyclohexanol, pentylcyclohexanol,
hexylcyclohexanol, dimethylcyclohexanol, diethylcyclohexanol, and

15 dibutylcyclohexanol.

[0047] Moreover, examples of R’ 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 having such R’ can include

phenylmethanol, phenylethanol, phenyipropanol,  phenylbutanoi,
phenylpentanc!, phenylhexanc!, phenylheptanol, phenyloctanol, and
phenylnonanol.
[0049] Of the alcohols described above, an alcohol having one or two
25 alcoholic hydroxy group(s) (hydroxy group(s) directly added to a

carbon atom, other than the aromatic ring, constituting the hydroxy

20



20[ 0048] Specific exanples of al cohols haying such e can include ithen

pi | ai yi propanol, phenyi butatiol, phenyl pentanol, phenyl hexanol,

ahenylhept anol, phenyl octanol, and phenyi nonanol . [0049] O the

al cohol s descri bed above, an al cohol having one or two 25al coholic hydroxy
group(s) (hydroxy group(s) directly added to a carbon atom other than the
aromatic ring, constituting the hydroxy conpound described above) is
preferable in consideration of industrjal use because it is generally |ow
vi scous, arkPiBReundgesrrbadraboyes i prefgrallednnepnsadeistion ohindussnalt he

al coholic hydroxy group is 1. [ 0050] Among these, an al kyl al cohol
having 1 t d3E0PGHUBSAt 1t aherally lewpriseissnd qrreothafrh%mﬂ@\m@fqrfecbrs the ease

O O L IESONB AL 0L e TR RS or praguets, et [005T] T
Py oy COrpEY 56U TP Shent g 0L, b (L dofo0e]
contai ni 1 000 B SALRIR QMM SPSoILal BF AR b iy
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]

(oH)y

° (11)

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
15 ring, 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 one structure selected from the group consisting of a benzene ring,
a naphthalene ring, and an anttwracene ring, and one that is more
20 preferred 1s 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
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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 |east ature
sel ected fromthe group consisting of a. benze- napliMn anthracene ring,
and one that is nore 20 preferred is a structure in which ring A contains
at | east one benzene ring. Mreover, preferably, ring Ais a _group that
does not halEdugeny gwupypndpshtoos karbarhaiem héthﬂ/@ﬁ%&%ll@gﬁuﬁ) of , The
hydr oxy group_ bonded to the aromatic group of ring IS h droxy gr oup
bonded to a2ediauambsmolthe hydsexyarowp @r@uplt@gerwﬁ]bw? greferaldynlunber  of
the hydroxy group is ap integer of 1 to 6, fer ny o 3, nore

pr of o1 abl y. 10 8 olIDre e REPLYDF &b & diripen prafeiably d G.e1)d =che s that mor e
preferred is an aronP i ¢, popnohydr oxy conpg gd |n whi ch the 5 angﬁlc
hydr oxyl gr Buiarg preig Bﬂalb@éﬁﬁa@é’ HRErey f@ﬁ’e@?ﬂ@é‘ﬁﬁyﬂ Werei&xphenol ,
met hyl phenol (each,i oner) et hyl phenol (each isoner), propyl phenol (each
|soné bu@VﬁBW@tha‘€@@H¥P§B pent yl phenol (each isomer), hexylpheno

EﬁﬁSPpLZﬁEF dqeia’ﬁﬁﬁ%@&pi% b ﬁ'p?%ﬁ@%hiy A “Eﬁwyeﬁ}‘?& 01 phenol

somer) el PoRREE B SR EH cPEB e e e By b Lh P T e )

i B?LBL?B%LE&? lﬁfa%«iﬁaf%&iliﬁ’ﬁ@set HeREERct eﬂéﬁﬁfqﬂoﬁsﬁﬁ enol

(each i Sonordeny SoR - SERRbtnel (s BaReyofSeb 3 Thi i Rty bondea

Lo uhe ar omgll g1 sIc2 g s mﬁaﬁg/lm@noﬁf OTRLE MY,
methylethylpheno!l (each isomer), methylpropylphenol (each isomer),
methylbutylphenol (each isomer), methylpentylpheno! (each isomer),
diethylphenol (each isomer), ethylpropylphenol (each isomer),
ethylbutylphenol (each isomer), dipropylphenol (each isomer),

15 dicumylphenol (each isomer), trimethylphenol (each isoﬁler),
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 f&hhough‘eien an aromatic hydroxy compound having two or more
hydrosyl groups directly bonded to the aromatic hydrocarbon ring
constituting the aromatic hydroxy compound described above may be
used as the aromatic hydroxy compound, it is preferred that the
hydroxyl} group directly bonded to the aromatic hydrocarbon ring should

25 be 1 because one in which the hydroxy group is 1 is generally low

VISCOUS.
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descri bed above is preferable as the aromatic hydroxy conmpound. 20

Al t hough even an aronmati c hydroxy conpound having two or nore hydroxyl
groups directly bonded to the aromatic hydrocarbon ring constituting the
aromati c yercxy conpound descri bed above may be used as the aromatic

hydr oxy compound, it is preferred that the hydroxyl grou.p directly bonded
to the aromati c hydrocarbon ring should. 25be 1 because one in which the
hydroxy group is 1 is generally |ow viscous. [0057#1A preferable thiol is
a conpound [08p7 A preferayleftbiohis a qorepoundoggps¢thddycrnmda fbl i 10] R4SH
)e( 1 2 ) wherein R5 represents an_aliphatic group having 1 to 50 carbon
atoms 5 whi0©A8] { Ghewaicat Howaulg 18] sul f hydryl group(s), or a group
consisting of an aliphatic group having 7 to 50 carbon atons to which an
aromatic gr%g% Pshgonded; the -SH group of the thiol represented by fornula
(12) is a -SH 5 o} unbogqugp the aromatic group; and e represents an
integer of 1 to 3, provided™that R5 is a group that does not have active
10hydr ogen ot her, than the sul f hythyl ,group. .[ 0059]. EXx | es of R5 can
include a n¥ Wﬁﬂléﬁﬁﬁﬁﬁﬁ&ﬁﬁﬁﬁﬁyﬁhE%@ngfﬁmﬁﬁﬁﬁ@mgd{thgg§ﬁgﬁﬂfﬁoﬁﬁhup, a

= tety1 %or obbichatantessiiied b Sathyendechinh st kol spbritagor O
B A I Ny A —
oLyl Yol ohex s rOPYLEYE) oheane, Uk cXelOREISNE el by formula (12
diethyl cycl ghg X&ri‘{;’graoﬂ% 8{18815%& Ct%cjth%h%%((%lqgﬂc group; and e represents an
integer of 1 to 3, provided that R’ is a group that does not have active
10 hydrogen other than the sulthydryl group.
[0059] Examples of R” 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,

15 methylcyclopentane, ethylcyclopentane, methylcyclohexane,
ethylcyclohexane, propyleyclohexane, butylcyclohexane,
pentylcyclohexane, hexylcyclohexane, dimethylcyclohexane,

diethylcyclohexane, and dibutylcyclohexane.

[0060] Specific examples of thiols having such R’ can include
20 methanethiol, ethanethiol, propanethiol, butanethiol, pentanethiol,

hexanethicl, heptanethiol, octanethiol, wvonanethiol, decanethiol,

dodecanethiol, octadecanethiol, cyclopentanethiol, cyclohexanethiol,

cycloheptanethiol, cyclooctanethiol, methylcyclopentanethiol,

ethyleyclopentanethiol, methyleyclohexanethiol, ethyleyclohexanethiol,

25 propyleyelohexanethiol, butyleyclohexanethiol, pentyleyclohexanethiol,
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[ 0060] Specific exanples of thiols having such R5 can include 20

nmet hanal iinh etlianethiol, proeanennol, butanethiol, pentane-L. lnel,
hexanet hi ol , bept anet hi el , oci anethiol, nonanethiol, decanethiel,
dodecanet hi ol , octadecanet hiol, cycl opentanethiol, cycl ohexanethiol,

cycl ohept anet hi ol cycl ooct anet hiol, nmethyl cycl opemanethiol,

et hyl cycl opentaneth iol , nethylcycl oh exan ethi ol, ethyl cycl
ohexanet hi ol , 25propyl cycl ohexanet hi ol , butyl cycl ohexanethiol, .

nent yl cycl diexsdeeclohekandthioll cycl ohexanet hi ol , dimethiyldysyeheotmednedlhi ol |

di et hyl cycl ohexanet hi ol , and di butyl cycl ohexanet hj ol . Mor eover,
exanpl es ofdigydayiclabssanetbialdend dpbeiyeyatehsrangitloob, a phenyl et hyl group,
a phenyl propyl group, a phenyl butyl group, 5a phenyl pentyl group, a
phenyl hexyl gr oupVIcAeQYRInyaxmaRp @fgﬁjg,caa phenynelady| a golyuy lmeryla
phenyl nonyl group. [0061] Specific exanples of thiols haying such R5 can
i ncl ude phegipuipetrpRsRedY] ghewus & PhamarrPRy] Wlaﬁ?lt%%{:ﬁémﬁﬂ @roup,

phenyl but anet hi ol , phenyl pent anet hi ol , phenyl hexanet hi ol

10pheny| hept ameniipentybraaypost Bhathexy! gretiphanyhersnBerivhi BI0UD; Goe2] of
t he thiols§3fscribe above, t hi ol . having one or two thiolic sulfhydryl
group(s) (sehenylachil 5oem, a 1@8&hvyu% @dPt 0 a carbon atom other than

of i ndust ri UGS pERhGs xPimIEs g8 Ry hovinli Suehe N ari i SOREEhar 1o
mor e e ey Indhinatiiol © | ey ImangHisl, O ' ¢ BHEAEEYndiBiol;
phenylbutanethiol, phenylpentanethiol, phenylhexanethiol,
10 phenylheptanethiol, 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
15 one that is more preferred is a monothiol in which the thiolic sulthydryl
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}

100657 [Chemical Formuia 11]
(s )f

A
- (13)
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[ 0063] Anmong these, an alkylthiol having 1 to 20 carbon atons is preferable
fromthe viewoint of the ease of obtainnment, the solubility of raw
materials or products, etc. 20[0064] A preferable aromatic thiol is a
conpound represented by fornmula (13): [0065] [Chemical (3 ) wherein ring
A represents an organic group containing 6 to 50 carbon atons which
contains an aromatic group substituted by f sulfhydryl group(s) at any

position that keeps aromaticity, and mgy be a single ring, plurality of
rings, or awhetesRseig A EepiCREranQySHEC BIOUD] ¢QRtamIpg égi ﬁ@r 0@'@?@@ i tuents;

Struct ur e (o Bich neTiaRenEa) Honalq aeUPbsYnGa: by o SBIBHBEH T rom { he
i o, and GEUPRS 24 Sniees foar GRF dieps WORINCDAraRd FaanEre (VABIoA
Group. { hat gt RBRAH O S01ER 6! Ay BAIA OIS OhaREY he SCPtiyeidd or oup.
Sul thydryt GPBURBUHER 8P TRPUORNR BhTIETS, hidRet & oroup of ring A
SRl T LR ATN S TR RIFAT L R R
D 00 Uhat L SfPLeLBLRL Lot Rodh AL QIR CoflBRhY'SHa SRR LD Vo o

a naphthalene ring, and an anthracene 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 sulthydryl group bonded to the aromatic group of ring Aisa
sulthydryl group bonded to a carbon atom in the aromatic group of ring
A, and the number of the sulthydryl 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 sulthydryl group is 1.

[0068] Examples  thereof  specifically include  benzenethiol,
methylbenzenethiol (each isomer), ethylbenzenethiol (each isomer),

20 propylbenzenethiol (each isomer), butylbenzenethiol (each isomer),
pentyibenzenethiol (sach isomer), hexylbenzenethiol (each isomer),
ootylbenzenethiol (each Isomer), nonylbenzenethiocl (each isomer),
cumylbenzenethiol (each isomer), dimethylbenzenethiol (each isomer),
methylethylbenzenethiol (each isomer), methylpropylbenzenethiol (each

25 isomer), - methylbutylbenzenethiol (each isomer),

methylpentylbenzenethiol (each isomer), diethylbenzenethiol (each

25



[ 0068] Exanpl est hereof speci fical |l yi ncl udebenzenet hi ol , net hyl benzenet hi ol
(each isoner), ethylbenzenethiol (each isonmer), 20 propyl benzenethi ol
(each isoner), butyl benzenethiol (ea.ch isonmer), pentyl benzenethior (each
i soner), oxyl benzenetinol each isoner), ocryibenzenethiol (each isoner),
nyi benzenet hicl (each isoner), cunyl benzenethiol (each isoner),

di nmet hyl benzenet hi ol (each isoner), nethylethyl benzenethiol (each isoner),
met hyl pr opy) benzen i ol

25i soner) n@pﬁwrm%h@@@yﬁ&%eap@uab tasdrsomenieethyl paniBangsngdiel hi ol
(each isone i et hyl zenet ch isoner), ethyl propyl benzenet hi ol
(each i song Cﬂethyﬂﬁ%@? enze F&ﬁg?%%%ﬁ3h§%ner)(e@#bropyl%%ﬂﬁﬁnethlo

Coacn | Someds umﬂ%@%ﬁﬁ@ {Qaﬁﬁm tsoaag, .Sim%?i AT Sl tﬂi °
h 006
oot o tRehiaro ey BehPonanpd (42 hﬁ%ﬁﬁ%ﬁiﬂ%ﬁ@ﬁ@%&ﬁﬁm hniol is

prefgrabl e as th aromatic thiol. Although even an aronmatic thiol having
r nor el dryl groups directly bonded to the aromati c hydrocarbon

an ;LS?raf."Qﬁi%‘gﬁtA g g}?ﬁé&xﬁeaﬂﬂlﬁ%@?ﬁpﬁéiﬁm& BRI crabi &
aromat i ¢ moBERY Wﬁﬁ%%? bl RE RUB O, BRBeliS litGs pr%&”%rh ! yar ogen
[0071] “Th tReUp é@ﬁﬂ?ﬁé‘ﬁﬁ@& Wgﬁi’fﬁ%ﬂﬁﬁtaﬁf@do?%@%%a%%éé‘g@%déﬂe

Cacts w i nERe SIPGATE RPdet RS, PRGSOt Al he By BRI Vi e
by #0rmu a 155 CopoE IR fERERT LRBLIRETY P35 tHEaRARRY oL ocnt <0

aromatic thiol having one or two of the sulthydryl 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,
15 hydrogen 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

24 a compound represented by formula (5):
00721 [Chemical Formula 12]
K Y %
Hol
W{chmz)
" (5)
wherein

i . .
R’ represents one group selected from the group consisting of an
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HI RNCZ /n( 5) wherein RI represents one group selected fromthe group
consisting of an aliphatic group having 1 to 22 carbon atons and an
aromatic group having 6 to 22 carbon atons, and the group nay contain an
oxygen atom and/or a nitrogen atom Y represents an oxygen atomor a sul fur
atom 5Z represents one group selected fromthe group consisting of a
residue in which a hydrogen atom has been renoved fromthe -OH group of the
hydr oxy compound, a residue in which a hydrogen atom has been renoved from
the - SH gr otplsttia geoumihavieg & fe 24 cEbde alainsl anain AroRRrEgegraom  and
10n represents an_integer of 1 to 10. [Q073] A specific ,one is an

N- subst i t ut RV188r HdRi 42 £arhoR sitemsy @sde dien LEQLR yIAY rGANtaN( 47)0Xygen
N-substituted- O sybstituted thi ocarbam c acid ester represented by fornmula
(15), an N OB ENEEE SRIGOEEBAPRYIt ed t hi ocarbanmic acid ester represented by

15 formula (16), §n N-substituted dithiocarbgnic acid ester represented by
formula (17), andYdRPFESEHAT PHYRRN BB ONASHEARE 0geni de represent ed by

For nyl a (18): [00241]ep£ecstc]re1{g Sr?elz g';(?l&;guslef‘ecjfg(l frl_grh 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

10 n 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]

2
<>

wherein

R} 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;
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RLNC-R2/n(14) ,,kiherem Rl represents one group sel ected
fromthe group consisting of an aliphatic group having 1 to 22 carbon atons
and an aromatic group having 6 to 22 carbon atons, and the group nay
contain an oxygen atom and/ or a nitrogen atom R2 represents one
group selected fromthe group consisting of an aliphatic group having 1 to
50 carbon atons and an aromatic group having 6 to 50 carbon atons, and the
group may contain_an oxygen atom and/ or itrogen atom and 5n represents

an integer of 1 ti IRPIEFQUYINC/HALRIE cteshiam & 4 &OWp FORISRE A2 n ( 1 5
) her el N R R S g L8 56 GE06R atome and 4 atomanc group ? O 2"
having 6 to 50 carbon atoms, and the group may contain an oxygen
atom and/or a nitrogen atom; and
5 n represents an integer of 1 to 10.

[0075] [Chemical Formula 14]

wherein
R 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;
R? represents one group selected from the group consisting of an
aliphatic group having 1 to 50 carbon atoms and an aromatic group
15 having 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.

10076] [Chemical Formuia 15]

\ | / " (186)

20 wherein
R! represents one group selected from the group consisting of an

aliphatic group having 1 to 22 carbon atoms and an aromatic group
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10 aliphatic group having 1 to 22 carbon atons and an aromatic group having
6 to 22 carbon atons, and the group may contain an oxygen atom and/or a
nitrogen atom R2 represents one group selected fromthe group
consisting of an aliphatic group having 1 to 50 carbon atons and an
aromatic group 15having 6 to 50 carbon atons, and the group may contain an
oxygen atom and/or a nitrogen atom and n represents an integer of 1 to 10.

[0076] [Chem cal For a 15] / R ki in, 6 20wherein . Rl represents
bne or otip. SBFEREeR P G saB0B a5 i Ul 2500k TAY EE PR GRS havi ng. 1
to 22 carbon atorrﬁ/ and_an aromatic group having 6 to 22 carbon atons, and
the group nﬁ‘g?f%éﬂ Al B Rt om and/ or a nitrogen atom R2

SRR xS A KR TR R S
carbon at O”Elip}?ﬁgc tg?Sulgr}?a%nga Y 15086 UMb NESInd an aromatic group
5 having 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]
s
RI--R—&~5—R?
"(17)
10 wherein
R! 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 R? 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

1 represents an integer of 1 to 10,

20 0781 [Chemical Formula 17]
O
fH
R'-+N--C~Z
n
(18)
wherein
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atomand/or a nitrogen atom and n represents an integer of 1 to 10.

[ Chem cal

one group selected fromthe group consisting of an

[ 0077]

Formula 16] R HI NCSR2in (1 7) 10 wherein Rl represents

1 to 22 carbon atons and an aronatic group

10

15

20

25

R' 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;

Z 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 R' include:
linear hydrocarbon groups such as methylene, dimethylene,
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
(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
(each isomer); trialkyl-substituted cyclohexane-derived groups such as
1,5, S-trimethyleyelohexane, 1,5, 5-triethyleyelohexane,
1.5, 5trinropyleyelohexane (each isomer), and 15 5-tributyleyelohexane
(each isomer); monoalkyl-substituted benzene-derived groups such as
toluene, ethylbenzene, and propylbenzene; dialkyl-substituted
benzene-derived groups such as xylene, diethylbenzene, and

dipropylbenzene; and aromatic hydrocarbon-derived groups such as

30
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having 6 to 22 carbon atons, and the group may contain an oxygen atom
and/or a nitrogen atom 15 R2 represents one group selected fromthe group
consisting of an aliphatic group having 1 to 50 carbon atonms and an
aromatic group having 6 to 50 carbon atons, and the group may contain an
oxygen atom and/or a nitrogen atom and rilLeger 20 [0078] [Chem cal
Fornul a 17]

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 R*
mclude: 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); cycloalkyl 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
group {each isomer), a cumylphenyl group (each isomer), 2
dimethyi-phenyl group (each isomer), a diethyl-phenyl groun (each
isomer), a dipropyl-phenyl group (each isomer), a dibutyl-phenyl group
(each isomer), a dipentyl-phenyl group (each isomer), a dihexyl-phenyl

25 group (each isomer), a diheptyl-phenyl group (each isomer), a

diphenyl-phenyl group (each isomer), a diphenoxy-phenyl group (each
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oHI NGZ( 18) wherein Rl represents one group selected from
the group consisting of an aliphatic group having 1 to 22 carbon atons and
an aromatic group having 6 to 22 carbon atons, and the group may contain an
oxygen atom and/or a nitrogen atom 5Z represents one atom sel ected from
the group consisting of a chlorine atom a brom ne atom and an iodine
atom and n represents an integer of 1 to 10. [0079] In fornmulas (14) to

18), I o] j N . h

ot hyl o, Gty Ok aA R bR R R ORRE), SRR, PRt P T ene.
hexanet hyl g dy R : | Acyclic

hy)c(lrocar %on{ggglreifil ‘ed géfgﬁgygggﬁﬁgﬂgmE%%\dﬁar:sg??g&ic%/oh;xane, cycl ohept ane,

cycl ooct anef00@Ng RisdripyteaBexy |a}@1hﬁﬁﬂf‘%f§olﬁfé “iM'Wﬁiéﬁsﬂlietthﬁ?% of carbon

cycl ohexane-derived groups such as methylcycl opentane, e cycl opent ane,
met hyl cycl ofiguaneonstfufiagat’ i$618r2 isefgﬂ%fbﬁab{iﬁé WUFHCHELREEUbSRIRY) -

propyl cycl ohexane (each rsomer), butylcycl ohexane (each i1soner),

pent§l cycl ahgkantc (Ra¢ ester0flE IN-sabgifexdlGyebohexan ehiRaguh RO 981d ;
di all cyl -substituted cyclohexane-derlved groups such as di nethyl cycl ohexane

(each i sonegster, dihet Nckghsthtobak8naiHseigcledi geaeathan@ied agidbekidrcygl ghexane

20(each isoner); trialkyl-substituted cycl ohexane-derived groups such as
N-substituted dithiocarbamic acid ester often has a low thermal
decomposition temperature (i.e., is easily thermally decomposed)
compared with the case where R* is an aliphatic group.

10 [0082] Examples of the N-substituted carbamic acid ester can include
N,N'-hexanediyl-bis-carbamic acid diphenyl ester,
N,N'-hexanediyl-bis-carbamic acid di(methylphenyl) ester (each
isomer), N,N"-hexanediyl-bis-carbamic acid di(ethylphenyl) ester (each
isomer), N,N'-hexanediyl-bis-carbamic acid di(propylphenyl) ester

15 (each isomer), N,N'-hexanediyl-bis-carbamic acid di(butylphenyl) ester
(each isomer), N,N'-hexanediyl-bis-carbamic acid di(pentylphenyl) ester
(each isomer), diphenyl-4,4'-methylene-dicyclohexylcarbamate,
di(methylphenyl)-4,4'-methylene-dicyclohexylcarbamate,
di(ethylphenyl)-4,4"-methylene-dicyclohexylcarbamate,

20 di(propylphenyl}-4,4'-methylene-dicyclohexylcarbamate (each isomer),
difbutylphenyl)-4,4"-methylene-dicyclohexylcarbamate (each isemer),
di(pentyiphenyl}-4,4'-methylene-dicyclohexyicarbamate (each isomer),
di(hexylphenyl)-4,4'-methylene-dicyclohexylcarbamate (each isomer),
di(heptylphenyl)-4,4'-methylene-dicyclohexylcarbamate (each isomer),

25 di(octylphenyl)-4,4'-methylene-dicyclohexylcarbamate (each isomer),

3-(phenoxycarbonylamino-methyl}-3,5, 5-trimethyleyclohexylcarbamic
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1,5, 54rirsiethyl oycl ohexaae, icycl ohexane (each isoner riethyicyci ohexane,
i buoficycl ohexarie (each isoner); nonoallcyl-substituted benzene-derived
groups such as tol uene, ethylbenzene, and propyl benzene;

di al kyl -substituted 25benzene-derived groups such as xylene, di

et hyl benzene, and di propyl benzene; and aromati ¢ hydrocar bon-derived groups
such as diphenyl al kane and benzene. Anbng them groups derived from

hexanet hyl eg&d phenyl ene, di phenyl mce#}{%@? t ol uene, cycl ohexaneez xyl enyl ,
nmet hyl cycl ohéXane, isophorone, and I"'ohexyl net hane are pref @Feafbl e.

el e
Pooner ) a RED - of GSES cackmPUSHRNGREEN, oot el onoREERY PLEHERHT cn

I j i 10
(eath [sone) S bR b R o BB 7 - APy o el B
i songr); cygleallcy. CigroupS(ezHggjéﬁglm ;lycl RReRt VI g(ég}gﬁ, a cygRbexyl

group, a cycl oheptyl group, group, a cyclononyl group, and a

cycl odecyl ) ! . s .

nmet hyl - pheng{@gﬁﬂgﬁ%gﬁﬁﬁég%%hg%ﬁl%m P@’fs%’gn@}}ﬁgﬁrﬂc}’é%y‘%gﬁf’ég% ﬁri soner),
a propyl - phgaic gr oupcideach @@W@hengle)bmWes%enW (@AEHP (eagimbsoner), a
pentyl - phenyl group (each isoner), a heéxyl-phenyl group (each isoner), a

hept yl - phenYJ(bgf)qpﬁelﬁ@ﬁ%éhrbéﬂm'fﬁinoaiﬁeﬂﬁlyﬂgﬂﬁeﬂi‘bfheﬂf)%&%lbﬁéﬁﬂchﬁ%mr) , a

nonyl - phenyl ‘group (each isoner), a decyl-phenyl grotp "(each1soner), a
dodecyl - phepyit grougeid0 (eatutiyisHeriyl) a phefyl - pheadchgr oupidgagh), i soner),

a phenoxy-phenyl gjoup (each isoner),” fl ouni,71-phenyi group (ea

i so@r), a Bi(pehtplphémheidaybondaaupot@tty)-SATEdImehdi@idivhepfleat group
(each isoner), a dipropyl-phenyl group (each isoner), a dibutyl-phenyl

gir ﬁggyl( _egﬁgerxllix;ls@ner) acid di pe(petityhbtesmyll) gr oupsteeach i(sgtter). &omer),
3-(hexylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarb

amic acid (hexylphenyl) ester (each isomer),
3-(heptylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarb

15 amic acid (heptylphenyl) ester (each isomer),
3-(octylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarba

mic acid (octylphenyl) ester (each isomer), toluene-dicarbamic acid

dipheny! ester (each isomer), toluene-dicarbamic acid di(methylphenyl)

ester (each isoiner), toluene~dicarbamic acid di(ethylphenyl) ester (each

20 isomer), toluene-dicarbamic acid di(propylphenyl) ester {(each isomer),
toluene-dicarbamic  acid  ditbutylphenyl)  ester  (each  isomer),
toluene-dicarbamic  acid  difpentylphenyly  ester  (each  isomer),
toluene-dicarbamic  acid  dithexylphenyl) ester (each isomer),
toluene-dicarbamic acid ditheptylphenyl) ester (each isomer),

25 toluene-dicarbamic  acid  di(octylphenyl) ester (each isomer),

N,N'-(4,4"-methanediyl-diphenyl)-biscarbamic acid diphenyl ester,
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25group (each isoner), a diheptyl-phenyl group (each isoner), a

di phenyl - phenyl group (each isoner), a diphenoxy-phenyl group (each

i soner), a dicunyl-phenyl group (each isonmer), a naphthyl group (each

i soner), and a met hyl -naphthyl group (each isomer). [0081] Anobng these, an
aromatic group in which the nunber of carbon atons constituting RZ is 6 to
12 is preferable because the N-substituted 5 carbam c acid ester, the

N Subst i 3§@M@%@iﬁi%ﬁ&ﬂytﬁﬁ%ﬁ%’b@ﬁ-ﬁ%@%ﬂ' Cobdle Blasbyiehamdl i cut eo
(o s SRRyt her Rl b anrRnnsa OB P ip SRR Case wABRE Ro i &
an al i phati g o Quppe ) 00831, Bl ep 4% ﬁ&@&g%@%@%@%@f@ g acid

ester can in hexaneédi yF-bls-carbani ¢
N, Nt hexanedj ytl3- bi s- carbam ¢ aci nyl) ester (each i r),
N N- hexanedj‘fu%/li bi s- carbam ¢ aci gdg?%h%%@gﬁyl) ester (each i segﬁéef’?)

N Roxancdi g bra- AR %‘%%@??@“%E""W*@*W ) a8Ber GRS

N N1- hexane bi s-c 1 (each | r),

di phenyl- 4, gé &t*ret hyl e?ép\g— %:?g aﬂ] Bﬁﬂ')ﬁi % Eﬂﬁcp;henyl) - met hyl
ene-di cycl o e i( e ohexy

| car bam at eﬁ'ﬁ%dﬁﬂ’% gﬁ%pﬁg%l; Ntm@ﬁe?%%?%ﬁ%ﬁ ?l%grk rr%gdt e (each

i somer), difddtylphenyl)-4,41- rng; ?gﬂ—r lyqzydohexyl car bamat e) ester,
di (pentyl phenyl1-4, 41- nethylene di cycl ohexyl ear bamat e (each

ey phal 4 pagten i sfmbes b < gt an)
25difoct yl phasy 1) - 4nd’ - meq L @Ene-1dedyslcdhaxdipbanbhsikeabaatio | SQoRT ) .
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(O-phenyl)
ester, N,N'-hexanediyl-bis-thiocarbamic acid di{O-methylphenyl) ester
(each isomer), N,N'-hexanediyl-bis-thiocarbamic acid di{(O-ethylphenyl)
ester  (each  isomer), N,N'-hexanediyl-bis-thiocarbamic  acid

20 di{O-propylphenyl) ester (each isomer),
N Vhexanedivl-bis-thiocarbamic acid di{O-butylphenyly ester {each
isomery, N N-hexanediyi-hie-thiocarbamic acid  di{O-pentyiphenyh
ester (each isomer),
di(O-phenyl}-4,4'-methylene-dicyclohexylthiocarbamate,

25 di(O-methylphenyl)-4,4"-methylene-dicyclohexylthiocarbamate,
di(O-ethylphenyl)-4,4' -methylene-dicyclohexylthiocarbamate,
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3- (phenoxycar bonyl at ni no- net hyl ) -3, 5, 5-tri met hyl cycl ohexyl ear bam c

aci dphenyl est er,

3- (et hyl phenoxycar bonyl anm no- net hyl ) -3, 5, 5-tri net hyl cycl ohexyl car bam c
acid (nethyl phenoxy) ester (each isoner),

3- (et hyl phenoxycar bonyl am no- net hyl ) - 3 5,5-trimet hyl cycl ohexylcarba 5 mc
acid (ethylphenyl) ester (each isoner)

3- (propyl ph&fg@‘ﬁ?ﬁﬁgﬂ%’ﬁ L AT 00 TR 318y Sohb kPRI FEhekex| g4, bani ¢

acid (propy (éac ner),

3- (butyl ph b

3- (bu (Y Phenaryea! afrpe @ﬁfg@hgﬁyg A Yt héthFlehk bLARY DM HRXS ARsbsalba M c
103- (pent yl phepoxycar bonyl am no-met hyl ) -3, 5, 5-tri met hyl cycl oMéﬁarb am ¢
acid (pentylphenyl) ester (each isomer),

3- (hexyl phe @??‘9212%@”? L &%n?&cﬁlbﬁéf@%ﬁb’cﬁﬁb%?%xy' G8adh am ¢

aci d (hexyl phen eéch S

3- (hgptyl ph ar ). L anex 15
art cac) d (o Tanenyt fCoUPEePDO - nitthy feraiepL oAy Rk Rt baiatd

3- (octyl phe éMcarbonyIanlno nethyl)-3,5,5-trinethylcyclohexyﬁﬁﬁdga mc
acid (octyl phenyl) ester (each isoner), toluene-dicarbamc acid phenyl

ester (eaChdi(€PHEﬁt)ylpﬁéﬂyl§ﬂe4‘%@ﬁ{ @ﬁé-@l@?dldhélx InEldu el ) gé,ﬁ@l{ (each

i soner), tol uene-di'carbdnic acid (et hyl'phenyl’) ester (each 20i soner)

tol uene- di cRbERT)C @@((d-dbtyl@ih@ﬁyl)p@anyﬂxéthﬁﬁexr@td&gatdhm@ﬂmdmbhﬁia%ne c
| ear bando e-di cafbami ¢ aci'd aci d ‘di (butyl phehyl) di (pentyl phenyl) ester

ester (each(daghner), isomer),
10 3-(phenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylthioca
rbamic acid (O-phenyl) ester,

3-(methylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexy
Ithiocarbamic  acid  (O-methylphenyl) ester (each  isomer),
3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
15 hiocarbamic  acid  (O-ethylphenyl)  ester  (each  isomer),
3-(propylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic  acid  (O-propylphenyl) ester (each  isomer),
3-(butylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (O-butylphenyl)  ester  (each  isomer),
20 3-(pentylphenoxythiocarbonylamino-methyl}-3,5,5-trimethyleyelohexyl
thiocarbamic  acid  (O-pentylphenyl)  ester  (each  isomer),
3-(hexvlphenoxythiocarbonylamino-methyl3-3 5 S-trimethyicvelohexyit
hiocarbamic  acid  (O-hexylphenyl)  ester  (each  isomer),
3-(heptylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
25 thiocarbamic  acid  (O-heptylphenyl)  ester (each  isomer),

3-(octylphenoxythiocarbonylamino-methyl)-3,5,5-trimethyleyclohexylt
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I somer), toluene-dicarbam c acid. di.(hexyl phenyl) ester (each isoner),
t ol uene-di carbam c acid di (heptyl phenyl) ester (each isoner),
t ol uene-di carbam c acid

hiocarbamic  acid  (O-octylphenyl) ester (each  isomer),
toluene-bis-thiocarbamic  acid di(O-phenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(O-methylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di{O-ethylphenyl) ester (each isomer),
5 toluene-bis-thiocarbamic acid di(O-propylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(O-butylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(O-pentylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(O-hexylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(O-heptylphenyl) ester (each isomer),
10 toluene-bis-thiocarbamic acid di(O-octylphenyl) ester (each isomer),
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid di(O-phenyl)
ester, NoN'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid

di(O-methylphenyl) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
15 di(O-ethylphenyl) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
di( O-propylphenyl) ester,

N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid di(butylphenyl)
ester, N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid

28 di(O-pentylphenyl) ester,
MNN-4, 4 -methanediyi-diphenyl }-bis~thiocarbamic acid
di(O-hexylipheny!) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-heptylphenyl) ester, and

25 N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid

di{O-octylphenyl) ester (each 1somer).
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octyl phenyl) ester (each isoner),

\41- (4, 4" -net hari edi yl -di phenyl) - bi scarbam ¢ acid di phenyl ester,

- (4, 4' - et hanedi yl - di phenyl) - bi scarbam ¢ acid di (et hyl phenyl) ester,
(4, 4" - met hanedi yl - di phenyl) - bi scarbam ¢ acid di (et hyl phenyl) ester,
(4, 4" - met hanedi yl - di phenyl) - bi scarbam ¢ aci d di (propyl phenyl) ester,
N, N- (4, 4' - met hanedi yl - di phenyl) - bi scarbam ¢ acid di (butyl phenyl) ester,

N (4.2 @0%333@3% Igrsglﬁ éasfdﬁbss«y%ﬁsamfﬁ e %ﬁﬁ?%ﬁ% Phtetrer

N, N- 4 4 1 .

10es'§ er, anh t%%‘?jégl géﬁ’r‘é‘%’: I%Hggéh |4 f am)(c%‘?ng‘EFiE éﬁ g‘g@%l&%d%?%é% W phenyl)
083] T

o R PSR IS kpst | Ui carbame acid esters  ron

or e g;m"@foggﬁoﬁm AR el SR B L
o (Ospnenyl . getar (Nl AT RIEG AN BRI RATE AR Sty
aci d di (0- eésté’xl pﬁ%yh%xa RAY1-H R ABIRIY - adt N EXARRI¥he N 1§ Ek pear bam ¢

aci d

d
N
N,
N
N
5
N,
N,

(each isomer), N,N'-hexanediyl-bis-thiocarbamic acid di(S-ethylphenyl)
ester (each  isomer), N,N'-hexanediyl-bis-thiocarbamic  acid
di(S-propylphenyl) ester (each isbmer),

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,
di(S-methylphenyl)-4,4"-methylene-dicyclohexylthiocarbamate,

15 di(S-ethylphenyl)-4,4'-methylene-dicyclohexylthiocarbamate,
di(S-propylphenyl)-4,4'-methylene-dicyclohexylthiocarbamate ~ (each
isomer),  di(S-butylphenyl)-4,4'-methylene-dicyclohexylthiocarbamate
(each isomer),

di(S-pentylphenyl)-4,4'-methylene-dicyclohexylthiocarbamate (each

20 isomer), di(S-hexylpheny!)}-4,4'-methylene-dicyclohexylthiocarbamate
(sach isomer),
di(5-heptylphenyl)-4,4 methylene-dicyclohexylthiocarbamate {(cach

isomer), di(S-octylphenyl)-4,4"-methylene-dicyclohexylthiocarbamate

(each isomer),
25 3-(phenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylthioca
rbamic acid {S-phenyl) ester,
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di (0- phenyl) -4, 4' - met hyl ene-di cycl ohexyl t hi ocar bamat e,

25di (0- net hyl phenyl) -4, 4' - et hyl ene- di cycl ohexyl t hi ocar bamat e,

di (0- et hyl phenyl) - 4, 4Lmet hyl ene- di cycl ohexyl t hi ocar bamat e,

di (0- propylphenyl) -4, 4' - met hylene-di cyclohexylt hi ocar bamat e(each i somner),
di (0- butylphenyl)-4, 4'-net hylene-di cyclohexylt hi ocar bamate (eachi soner),
di (0- pentyl phenyl) -4, 4' - et hyl ene-di cycl ohexyl t hi ocar bamat e( each 5i soner),

i (0- hopt y LHBILY PHeos FN SR BB R OTBIS A 1 oc AP BATR 6\ GABREY somet )

di (0-octyl thOC%,%bal,llnll}: T Ier(1§_met%\§ ll%‘ne lthls?e%ar b&aach isomer),
3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (S-ethylphenyl)  ester  (each  isomer),

5 3-(propylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic  acid  (S-propylphenyl) ester (each  isomer),
3-(butylphenoxythiocarbonylamino-methy1)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (S-butylphenyl)  ester  (each  isomer),
3-(pentylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl

10 thiocarbamic  acid  (S-pentylphenyl) ester (each  isomer),
3-(hexylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (S-hexylphenyl) ester (each  isomer),
3-(heptylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic  acid  (S-heptylphenyl)  ester  (each  isomer),

15 3-(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),

20 toluene-bis-thiocarbamic acid di(S-propylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid diS-bulyiphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di{S-pentylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-hexylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di{S-heptylphenyl) ester (each isomer),

25 toluene-bis-thiocarbamic acid di(S-octylphenyl) ester (each isomer),

NN'-(4,4"-methanediyl-diphenyl}-bis-thiocarbamic  acid  di(S-phenyl)
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(eachi soner),

103- ( phenoxyt hi ocar bonylam no-net hyl) -3, 5, 5-tri nmet hyl cycl ohexyl t hi oca
rbam c acid (0-phenyl) ester,

3- (et hyl phenoxyt hi ocar bonyl am no- net hyl ) -3, 5, 5-tri met hyl cycl ohexy

| t hi ocarbam ¢ acid (0-nethyl phenyl) ester (each isoner),

3- (et hyl phenoxyt hi ocar bonyl am no- et hyl ) -3, 5, 5-tri et hyl cycl ohexylt 15

hi ocar bam c acid (O phenyl ach,.i so

3- (propyl pl %B(yt hi ﬁﬁrﬂéﬁ? %ﬁ%&%r@@w@ -Bistp i@%ﬁ®c| ohasid
t hi ocar ba CI d }ég ﬁ%@ﬁ | phenyl) ester (each isoner),

3-(butyl ph VRIBER il am no-met hyl )-3, 5, 5-tri met hyl cycl oh&R{frs

?é?;iéé?g‘ " : 84(,%1 ﬁ%?%fﬁ?ﬁ?ﬁﬁ ; R RBITTRRCEEIEE 1 et hyl cycl Bitky!

yt hl ocar bon@llt(g ﬁ Fﬂbé%lﬁ ) - 3. ,(3_cyci atiendt hiocarbanic acid ©S%r

3 (hapty! phoSe E A Bl Sy LARTEN Rl thiacar 8 et hyl cycl o8BS

?3 Eiezg Z?EFZ‘%S“' JUAPSGUREBY) B o et hyl ) 5. 5.1 ?F%i i oyel obeI
5"t of uene- R rrachrpame iy bRIBEb bl AL e i R e f

toluene- bi s, &Qé,ocar R %4%9'—1&18&%11%%11&bﬂ%ﬁ&ﬂ%‘s&hﬁ&da‘ﬂ%ﬁz@' s-thLpparbam c

10t ol uene- bi 8- hi ocarba
di(S-pentylphenyl) ester,
10 N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(S-hexylphenyl) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
di(S-heptylphenyl) ester, and
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
15 di(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 N-substituted dithiocarbamic acid ester can
20 include N,N'-hexanediyl-bis-dithiocarbamic acid diphenyl ester,

M N hexanediyi-bis-dithiocarbamic acid di(methylphenyl) ester {each

isomer), NN hexanediyl-bis-dithiocarbamic scid di(ethylphenyl) ester

(each isomer), N,N'-hexanediyl-bis-dithiocarbamic acid
di(propylphenyl) ester (each isomer),
25 N,N'-hexanediyl-bis-dithiocarbamic acid di(butylphenyl) ester (each

isomer), N,N'-hexanediyl-bis-dithiocarbamic acid di(pentylphenyl) ester
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acid di (0-phenyl) ester (each acid di(0-nethyl phenyl) ester (each acid
di (0-et hyl phenyl) ester (each acid di (0-propyl phenyl) ester (each acid
di (0- butyl phenyl) ester (each acid di(0-pentyl phenyl) ester (each acid
di (0- hexyl phenyl) ester (each acid di (0-heptyl phenyl) ester (each acid
di (0-octyl phenyl) ester (each | somer), isoner), isoner), isomer),

| soner), isoner

N, N-(4,41-
ester, N, N-(

, isomer), isoner), isomer), isoner),

)
t hanedi yl - di pf 1),- pbi.s-thj bam i d. di (.0- I
adh. reeMsHed IPOR A I BY Srer Gy aloba Kt peRariPoheny )

R L P SR SR )

N, N-(4,4"-

N T L B P GRERAT i Ptaded V! pheny!)

10

15

20

25

di(propylphenyl)-4,4'-methylene-dicyclohexyldithiocarbamate (each
isomer), di(butylphenyl)-4,4'-methylene-dicyclohexyldithiocarbamate
(each isomer),
di(pentylphenyl)-4,4'-methylene-dicyclohexyldithiocarbamate (each
isomer), di(hexylphenyl)-4.4'-methylene-dicyclohexyldithiocarbamate
(each isomer),
di(heptylphenyl)-4,4'-methylene-dicyclohexyldithiocarbamate (each
isomer), di(octylphenyl)-4,4'-methylene-dicyclohexyldithiocarbamate
(each isomer),
3-(phenylsulfonylthiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
dithiocarbamic acid phenyl ester,
3-(methylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexy
Idithiocarbamic  acid  (methylphenyl) ester (each  isomer),
3-(ethylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyld
ithiocarbamic  acid  (ethylphenyl)  ester  (each  isomer),
3-(propylphenyldithiocarbonylamino-methyl}-3,5,5-trimethylcyclohexyl
dithiocarbamic  acid  (propylphenyl)  ester  (each  isomer),
A-(butyiphenyldithiocarbonylamino-methyl)-3,5,5-trimethyleyclohexyld
ithiocarbamic  acid  (butylphenyl) ester {each  isomer),
3-(pentylphenyldithiocarbonylamino-methyl}-3,5,5-trimethylcyclohexyl
dithiocarbamic  acid  (pentylphenyl)  ester  (each  isomer),
3-(hexylphenyldithiocarbonylamino-methyl)-3,5,5-trimethyleyclohexyl

dithiocarbamic  acid  (hexylphenyl)  ester  (each  isomer),

40



20di (O entyl phenyl ) N, N(4, 4ni et hanedi yci i pheiiy]) hi sthi ocarbam c
N, N1- (4, 4' - met hanedi yl - di phenyl) - hi s-thi ocarbam c d i (0-heptyl phenyl)ester,
25N, N- (4, 4' - met hanedi y1- di phenyl) - bi s-t hi ocarbam ¢ di (0-octyl phenyl) ester
(each isoner), [0085] The N-substituted-O substituted thiocarbamc acid
esters descri bed above nmay be used al one (one kind) or may be used in
combi nation of two or nDre ki nds. [0086] Exanples of the

o S BSOSO SuBBl o SO aha

N”m[‘ﬁéi‘z?ﬁgh%‘g}??@gé{‘rhfc?;f’%a "o BiePuahealB ry PREny  SeaBl or il 1 Somer)

10N, 1 - nexargep B RRR eI R R o A eSO dbbe R s

(each 1 somﬁ? W%hi’%@ﬁ“h%@é@ﬁﬂ%@fh?ﬁ%ﬁhé’i@%??ﬁ%ﬁ%@“ s

L5t {5 ot hyl DR D)S éﬁﬁmﬁ‘ﬂ%ﬂ*“ %23’@1 Iy SHERERY)  RHBESIBARR, Cisomen),

g: Eg EL'([))F/)%”D &X%)Ohs gzﬁll ene di cycﬁhﬁﬁg@h‘%}ﬁy 2car%aggit&( %qlqell);sorrer),
toluene-bis- dithlocarbamlc acid di(ethylphenyl) 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 ditheptylphenyl) ester (each isomer),
toluene-bis-dithiocarbamic acid di(octylphenyl) ester (each isomer),

N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic  acid  diphenyl

15 ester, N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di{(methylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(ethylphenyl) ester,
N,N'“(4,4"-methanediyl-diphenyl)-bis-dithiocarbamic acid

20 di{propylphenyl} ester,
NN-(4 4 methanediyl-diphenyl}-bis-dithiccarbamic . acid
difbutyinhenyl) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(pentylphenyl) ester,

25 N,N'-(4,4"-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(hexylphenyl) ester,
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(eachi soner),

di (S-pentyl phenyl) -4, 4" - et hyl ene-di cycl ohexyl t hi ocar barmat e( each 20i soner),
cli(S-hexylphenyl)-4, 4" -methylene-di cyclohexylt hi ocarbamate (eachi somner),
cnc-di cycl ohehi ocar bamat c(each

i soner), di (S-octyl phenyl)-4, 4" -nmet hyl ene-di cy cl ohexylthiocarbatn ate
(eachi soner),

b eI DE BT RN PPN bR BieRicckfRhIY | Vel ohexyl bl poa
) oar barfTC G CSINE oy phonyi ) estof S 1 somer) | '+ © A

- (et hyl ph ' -amna- _trinet 1t
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- ! ' 1:00- 1)-3,5, 54ri met
tSﬁi (()(F:);?B;mp@%ggg@ﬁ%ﬂgiéggfg%%ﬁyﬁg €s 'e?/ %each isglrremre),y eyelonexy
3- (bytyl ph@f@@&bﬁ@g gg%&%éﬁa%@ Odirﬂiﬁbﬁé@(aﬁi’cﬁ afid ;@g{gé s EXBLA BN

hi ocar bam c" aci enyl) ester ac

3- tyl [ K t - R gAY 10
hi bear bam Tagck @ BARRCHETLI B2 i b nsuP i ERR G 6 BB

3- (hexyl ph%@ﬁzé{g pacar bonyl am no- net hyl ) -3, 5, 54ri net hyl cycl ohexyl t

hi ocar bam ¢ aci lilr?(%?hexyl phenyl) ester (each isoner),

ety o gaploPcy g i s Sefnis by icpetabes
153- (octyl pipenedeyt hi ogampomtAdRa-FRLbim3e 5. 5- tadidet hyl gyglighgxy! t

10 N,N'-hexanediyl-bis-carbamic acid dibromide,
dichloro-4,4"-methylene-dicyclohexylcarbamate,
dibromo-4,4'-methylene-dicyclohexylcarbamate,
3-(chlorocarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid chloride,

15 3-(bromocarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid bromide, toluene-dicarbamic acid dichloride (each isomer),
toluene-dicarbamic acid dibromide (each isomer),
N,N'-(4,4"-methanediyl-diphenyl)-biscarbamic acid dichloride, and
N,N'-(4,4"-methanediyl-diphenyl)-biscarbamic acid dibromide.

20 [0091] The N-substituted carbamic acid halogenides described above
may be used alone (one kind) or may be used in combination of two or
meore kinds,

[0092] A method for producing these N-substituted carbamic acid
esters,  N-substituted-O-substituted  thiocarbamic  acid  esters,

25 N-substituted-S-substituted thiocarbamic acid esters, N-substituted

dithiocarbamic acid esters, or N-substituted carbamic acid halogenides

42



hi ocarbam ¢ acid (S-octyl phenyl) ester (each isoner),

t ol uene-bi s-thi ocarbam c acid di (S-phenyl) ester (each isoner),

t ol uene- bi s-t hi ocarbam ¢ acid di (S-nmet hyl phenyl) ester (each isoner),

t ol uene-bi s-thi ocarbam c acid di (S-ethyl phenyl) ester (each isoner),

20t ol uene- bi s-t hi ocarbam ¢ aci d di (S propyl phenyl) ester (each isoner),
W Li ocar bam rutyl phienyl) ester (each isoner), toluene-bis-thiocarbamc

aci d di (S-hexyl.phenyl st er. ach.i soner t ol uene- bi s-thiocarbam c acid
0 (S Mooty S ps aly B G o L st Serls Belid B BERNRE oo

di (S-octyl ptﬁgn%g) ester (each isoner),

N, N - (4, 4" -Tret™hanedi y1- di phenyl) - bi s-thi ocarbam ¢ acid di (S-phenyl)

SISE gr rrst Eyllg)@gﬁ; |§§£q@%:] ?ﬁéé’é _c%ianhoelﬂ?'d]S) aBlgisdd Oa%%r\f%?%g 31 ibstituted

NN (4, 4 nech - LEDeY QP RN 6P PHLARY Sor producing an

g:\l( . pE gp;‘/fl 15‘.@%/]‘?2{%% g#g\&?fyhpg?@(&}cﬁp bea Rl g%aLP %Bcg@ﬁhfé by the thermal

N NLL-- (4, 4de et B30aEhYIr L RRSIBaREE chlASRY Rall st dbsHdumhpigpheny!)
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 (1) or Process (1I):

Process (I): a process of producing an N-substituted carbamic
acid ester by the reaction between a carbonic acid ester and an organic

15 primary 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
20 carbamic acid ester by Process (1) or Process (I} will be described.
10096] Process (1) will be described.

Hirst, the compounds used will be described.

A compound represented by formula (19) is preferably used as
the carbonic acid ester:

25 [Chemical Formula 18]
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ester, N, NL- (4, 4' - et hanedi yl - di pheny1l) - bi s-t hi ocar bam caci d

di ( S-pentyl phenyl)ester,

10N, N1- ( 4, 4' - net hanedi yl - di pheny1) - bi s-t hi ocar bani caci d

di ( S- hexyl phenyl )ester,

N, N1- (4, 4' - met hanedi yl - di pheny1l) - bi s-thi ocar bam caci d

di ( S- heptyl phenyl ) ester, and

N, N -(4,4" - nethangdlyl-diphenyl)-bis-thiocarbanicacid 15di ( S- octyl phenyl)
ester (eachrfsone]) RH87] The N-substituted-S-substituted thiocarbamc
acid esters d\S@ above nﬁg @% used al one (one kind) or may be used in
conbi nation of two or nore kinds.:” ]10088] Exanples of the N -substituted
di thi ocarb Crd i d ester can 20i ncl ude N, N-hexanedi yl -bi s-dithiocarbam c
acid dipheﬁ&b‘%gﬁ Ni Nt hexari edl yli bi s-dahi ocarbarni c acid

oy YL AT Lok ANER Tl LU GRS ARRELS
di (propyl pht‘f‘féyér)o%f)t c%r(s?&%ﬁl ﬁ?%rﬁliphatic group having 1 to 22 carbon atoms
5 and 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 R® and R* are an aliphatic group, one that is
preferred as R® and R* 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
R? and R* 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] Lxamples of such a carbonic acid ester include dimethyl
20 carbonate, diathyl carbonate, dipropyl carbonate (each isomer), dibutyl
carbonate {each isomer), dipentyl carbonate {each isomer), dihexy!
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

25 4 to 6 1s preferably used.
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25N, N- hexanedi yl - bi s-di t hi ocarbam ¢ aci d di (butyl phenyl) ester (each

I soner), N, Nr-hexanediyl -bis-dithiocarbam c acid di(pentyl phenyl) ester
(each isoner), diphenyl-4,4'-nethylene-dicyclohexyldithiocarbanate,

di (et hyl phenyl) -4, 4' - met hyl ene- di cycl ohexyl di t hi ocar bat nat e,

di (et hyl phenyl) -4, 4' - net hyl ene-di cycl ohexyl di t hi ocar bamat e,

di (propyl phenyl) -4, 4' - met hyl ene-di cycl ohexyl di t hi ocar bamat e( each 5i soner),

3 {pent yaorClih) i BRSO TR, RGN Ra GRS
oo e et e 16 D MR AL
o). 5 SO o IO I RURREL Y it (eec
l’(}fa;{)gﬁ;ﬁ%ﬂﬁ@%ﬁ%@%Iﬂgmh?éﬁ??ﬁ )ﬁﬁkgﬁﬁgt ﬁ;&%@iﬂ% By
(ot pgeﬁéﬁ%ﬂ%o@%& TRy L ANa0kRty PohBroih °R° add A abe, o gromatly |

| phenyt di t noLaE B R RE TS 28 T IhokE bR, IL P Al fitd that

20di t hi ocarfamiABEALPEAMYPRBIN dorktithithy LABRBFRF 4hd REAHBRIA 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 R’ and R* include a phenyl
group, a methylphenyl group (each isomer), an ethylphenyl group (each
isomer), a propylphenyl group (each isomer), a butylpheny! 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

20 isomer), an ethylbutylphenyl group (each isomer), a dipropylphenyl
group {each isomer), a dicumylphenyl proup (each isomer), a
trimethylphenyl group (each isomer), a triethylphenyl group (each
isomer), and a naphthy! group (each isomer).

[0101] A method for producing the carbonic acid ester described above

25 is not particularly limited, and one can use a method known in the art,

examples of which include a method of reacting an organic tin
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i thiocarbam ci ester(each ester isomer), |ohexyid isoner),

3- (pentylphenyldit hi ocar bonyl am no-net hyl) -3, 5, 5-tri net hyl cycl ohexyl
di t hi ocar bam caci d( pentyl pheny 1) ester(eachi somer),

253- (hexyl phenyl di t hi ocar bonyl am no-net hyl ) - 3,5, 5-tri net hyl cycl ohexyl
di t hi ocar bam caci d(h exyl phenyl ) est er (eachi soner),

3- (hept ylphenyl di t hi ocar bonylam no- nethyl) 3,5, 5- trinethylcyclohexyl

di t hi ocarbam c aci hept yl phenyl ) este ch_ iso
- (octyl phenwlﬁppﬁng ﬁ FHH8Y Raki T%{Yr%@lh%l‘;m ggndswtff ﬁ@mn jexighela | d

t hi ocar bam C oC hen ester .(each
Itol :Jene bi s ‘ﬁlﬁﬁ %g‘i%é\é{l )eai%héﬁ I(ae"s“lteg}o‘f g&@?@%&e@)cmbonﬂ
toluene-bls di t hi ocar bam ¢ aC|d di ster ach iso
ol hener i cediphiBa SheR s Eein: BRI BAG darfon: adidier &
t ol uene- bi s-g(%lt hi ocar bamg aci dddl (]gr opyl phenyl ) ester (each i sorrer)
t ol uene- bi HORYRAPBSHRE 1 Pradeq Yut yi phenyl ) ester (each isomer), 10

tol usne- bi <l EhCEh OBEMBE R Eer o B r PR RT3 e St EEFSrLEhery
I - bi b d d h

tol tene- bi SXHIaed) bomere BB uit] 8 g@fryﬁ ¥§1%§%faf?£1pd§e§ﬁ .h Liﬁ?‘?; :

N, N - (4,4 [

tsest or N T RS EGRER 30, 1) 01 o-ai ¢ i ocar bam caci d

di(rrethyl phe I)e;ter

N, N1- (4, 41- Naéipedi yi - di phenyl ) - bi s-di t hi ocar bam caci d
no(20)

wherein
10 R' has the same meaning as R’ defined in formula (5); and
n has the same meaning as n defined in formula (5).
[0104] 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
15 used.
[0105] Examples of the organic primary amine as represented by
formula (20) can include: aliphatic diamines such as
hexamethylenediamine, 4,4methylenebis(cyclohexylamine) (each
1soImer), cyclohexanediamine (each isomer), and
20 G-aminomethyi-3,5,5-trimethyleyclohexylamine  {each  isomer);  and
aromatic  diamines such  as  phenylenediamine (each isomer),
toluenediamine (each isomer), and 4,4-methylenedianiline. Among
them, aliphatic  diamines such as  hexamethylenediamine,
4,4'-methylenebis(cyclohexylamine) (each isomer), cyclohexanediamine

25 {each isomer), and 3-aminomethyl-3,5 5-trimethyleyelohexylamine
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di (et hyl phenyl )ester, N, Nl1-(4 ,4' -nethanediyi -d

| phenyl) - bi s-dithiocarbam cacid 20di (propyl phenyl)ester, N, N11- (4,
-inctliariedlyl -diphe)-bis-dithic carbani Ic acid cli(bitt-nyl) N

, 4" -met hanediy 1-d iph enyl)-bi s-d ithi ocarbam cacid
di (pentyl phenyl )ester,
25N, N1- (4, 41- met hanedi y1- di pheny1l) - bi s-di t hi ocarbam caci d di (hexyl ph

enyl ) ester

di (heptylp

N, N- (4, 41-

ester

10

15

20

25

(eac

4|

,N1- (4

h@ﬁgjh)l \ei‘]t%g{gneéhd g.?é ha%?gfgabdl phlelggldl )- bl d di %E"{o%cgar bt rgnciam d
met hane&‘;)y\fenedlggl%lé/ - b' 1{13}181%6 zgazyc?(?hégylgfn ne?)t y! phednyl )

3-aminomethyl-3,5,5-trimethylcyclohexylamine are more preferable.
[0106] The reaction between the carbonic acid ester and the organic
primary 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
is 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
R’0OH in which a hydrogen atom is added to the group R0 (R? is a
group defined in formula (19); and O represents an oxygen atom)
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
able to reduce the types of compounds in a reaction mixture obtained by
the reaction between the carbonic acid ester and the ammine compound
and being able to stimplify 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
carbamic acid ester. In general, the organic primary amine exemplified

above is often one that is solid at room temperature (e.g., 20°C), and in
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5[ 0089] The N-substituted dithiocarbam c acid esters described above nmay be
used al one (one kind) or nmay be used in conbination of two or nore Kkinds.
[ 0090] Exanpl es of the N-substituted carbam c acid hal ogeni de can

I ncl udeN, Nt hexanedi yl - bi s- car bam caci ddi chl ori de,

10N, N- hexanedi yl - bi s- car bam caci ddi br om de,

di chl oro-4, 4' - net hyl ene-di cycl ohexyl car banat e,

di br ono- 4, 4' - net hyl ene- di cycl ohexyl car bamat e . .

3+ (chl or ot atisHg ChR N lEh 1e) Supries s MaLH) Sy brsaingaihs prganic

aci dchl ori de,. . . . . . .

153- ( br omoclir BERY 13N SO P HPE DN OF Pghathy HQwREHe R Bl Baci d
brom de, toluene-dicarbanc acid@gichlor'de ggach | soner .

t ol uene- di cRELAEABLE PHIMHY oHHS éﬂ?é%ﬁiér%,te perature may’ cause a side

N, N-(4,4"- h di yl,- di ph 1) -bi bam i.d dighloride,. d .

NN (4,4 TrerTaRetnan St Rongts HESRLRRt (Bt o B aBtingotbéne) The
N-substit ut edfcar(ti)gm' ¢.aci d.hal ogeni des_ descri.bed ebove'xgﬁp#dbetﬁj%hed

at ongki nd) B HEYEH8 RISBHS H S BHBINa A BHAGE HW0° S hd el it ine

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
20 acid ester and the organic primary amine, the amount of the hydroxy
compound used is preferably in the range of 1 to 100 tmes, more
preferably 1.2 to 50 times, further preferably 1.5 to 10 times, in terms of
a stoichiometric ratio with respect to the amino group of the organic
primary amine. The reaction temperature is usuvally in the range of
25 0°C to 150°C. High temperatures are preferable for enhancing the

reaction rate, whereas unfavorable reaction may occur at high
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[0092] A nethod for producing these N-substituted carbam c acid esters, N
sub stituted-0- sub stitutedthiocarbam caci desters,
25N-substituted-S-substituted thiocarbam c acid esters, Nsubstituted

di thi ocarbam c acid esters, or N-substituted carbam c acid hal ogenides is
not particularly limted, and one can use various nethods known in the art.
[ 0093] Anobng these conpounds descri bed above t he N-substituted carbam c

acid ester is very useful for _a nethod for duci an |§ égnate in
which a r ed@MRsAatHES; ﬁ@l@aﬁlaﬁéwwﬁd@@f od e 18 b ﬁ%ngedeé g)p % i on of

t he I\I—substm@f a.rb %n?égg%tgbl%zter s not.e Bﬂ%raglgﬁgg H Qﬁg&g i's

preferably f |y

ot ment . A0 Zlf“ i bR 1 ek aﬁoa“d o8 ko BSheion «ne

N-substi tutted carpam c af c% ei}I de a rretnhor%sgaséed onl%t he foll ow ng

i ocessbg{ |) t HI eegﬁca(éch:fj%am d Oreoven tﬁqelaé:r eagl) 0 < pmgé[ car bgﬁrgi "

an su

aci S est or BRHCHY BROace E%B}ﬂﬁﬁd?‘fis% ﬂwreaé?@cgﬁeﬁﬁw) ocess of
duci b

D Py am ARG P BBt e SrtpopiohiEE By éﬁ%g%ci&”' he

met hod for g r%‘f‘ﬁ{d}g, 508 oesHhSHd ﬁﬂétf&‘iled is performed in the range of 20 to

1 x 10°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] 1t 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

20 carbamic acid ester in which the catalytic component remains for a
thermal decomposition reaction or the like may cause the thermal
denaturation reaction or the like of the Nesubstituted carbamic acid
ester.  Although one can also perform the transport of reaction
mixtures or a thermal decomposition reaction after using a catalyst in

25 the reaction between the carbonic acid ester and the organic primary

amine and passing a step of removing a catalyst, this approach is not
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20carbam c acid ester by Process (lI) or Process (I1) will be described.

[ 0096] Processwi || be described. First, the conpounds used wll he

descri bed. A conpound represented by forrmula (19) is preferably used
as the carbonic acid ester: 25[Chemical Fornmula 18] ( 1 9 ) wherein

R3 and R4 each independently represent one group selected fromthe group
consisting of an aliphatic group having 1 to 22 carbon atons 5and an

aromatic group hayi 6 to,22 carbon.atons, and the aliphatic group having
1to 22 carlﬁ‘é’%e@%‘?rgg%@usteﬁge ¢n of YPBYBIHESSSg 6 to 22 carbon atons nmay

and Re are QI BRNRNErg dupot SRBCERBR PAS JPet errb S I BR RS n
formula (19).is a Jinear,or branched ali,phatic 10 hydrocarbon group having
1 to 20 carBorPUtB {ngoﬁ]éet]f?é‘tclf’g Mor @ ﬂf‘@%eﬁlp@d P%V%nilgn r r‘cajz?‘:q(bc?r};mc_hed
oL pratic hudtocarion 0 ouB NOMLIG 1 LGB SO BON Bl BN ens ARt T
oL oS X5 R13ete T ARy rkFL 17, H S ERURGL P O, i
o oup, 2N b My, BEIRY! SABHAS SRED, SRR coylitd gt (o
nepCy! 91 ouRy(RASE LapIEiL e A0 D B BERUR: (SRS SCTIU R LOOREL
carbonate,, SiARUTPU LR foloes Lo ar LR boomesfeRer
carbonet e (AR1oIAETHL) ofsh ke psecipaie dreehcl oy nftang e o
al kyp gr oupyjiz @i fBERER! (19), R® and R* 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), R’ and R* 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 the reaction between the carbonic acid ester and the

organic primary amine and then passing the step of removing the

catalyst.  As a method for removing the catalyst, one can use a method

known in the art such as crystallization, membrane separation, or

25 separation using an ion-exchange resin or the like.

[0113] It is also acceptable, but not preferable, fo use redundant
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254 to 6 is preferably used. [0099] In the case where R3 and R4 in fornul a
(19) are an aromatic group, one that is preferred is an aromatic

hydr ocarbon group having 6 to 22 carbon atons, and one that is nore
preferred is an aromati c hydrocarbon group having 6 to 14 carbon atons.

Al t hough one can 5 also use a carbonic acid ester wherein R3 and R4 are an
aromatic hydrocarbon group having 23 or nore carbon atons, it is preferred

t hat the nu r of carbon atoms constituting each of. R3 houl d be 22
or |ess, PRE A (556 OF & ABRFtQmSOh El%teﬁﬁkedt them ftﬁ%rﬁegﬁ 1Fsi%t:yanate

cont g ;é'ﬁgﬁa}&ﬁ&f TRy SRR RIS
i soner), an et en roup . eac r), a.pr eac
ot I RIS o B e

! somer), a Toh éPBH@ @!ﬂt %@@E %’ @oﬁ@?‘?mpgsﬁlfﬁlllrﬁ%‘ﬁ@} hclg}{p | (each
(onch | somay SRS ba i O HR SR e SRR Sy Rl Pheny! - oroup
"Somer) - & @3%&%@%3@3@%%&0 Tahrod o % A ARRLH RSB KRBT o ou
f??ﬁgiﬁohf%%%?& st o DR M aRE Rl %%ﬁyé%% 0y dtatiis Bt BR, phenz'
somer )| CpBhBy %‘&ﬁeéy‘{f PUR SR bR am B, SARABIL A hagf 3‘?’50 (eac
descri bed apgv ezf‘:éaﬁtd} z%nd)%l%lsmﬂhgrﬂé'ah}/%dfe%seai%}go 10% $&uRefet hod

known in the a exa 1 NC rea i Ng an organic

ting COWO%z@%V'aHQeﬁgt qiiceiegl ol 3&?&1@%{‘ %@ﬁfa reac?@é&&ﬂsd'%ﬁﬂzﬂo

produce a carbomi ¢ acid ester, ing at onyl’ conpound

igﬁgoﬁﬁ dp[]o S0 @guéégglUS_gji'GLm ‘EB‘? tl?é KRE PRNIiGeRGitiest 8hd WA Be MYEELXY
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
20 represented by formula (11) in the case where the hydroxy compound is
an aromatic hydrony compound.
{01171 Although reaction conditions for the reaction of ures, the
hydroxy compound, and the organic primary amine also differ
depending on the compounds used, the amount of the hydroxy

25 compound is in the range of 1 time to 500 times in terms of a

stoichiometric ratio with respect to the amino group of the organic
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5[0102] On the other hand, an organic primary am ne represented by

(20) is pr

eferably used as the organic primary am ne: [0103] [Chem

formul a
cal

Formula 19] R1-(-NH2)( 2 0 ) wherei.n 10Rl has the sane neaning as Rl
defined in fornmula (5); and n has the same neaning as n defined in

(5). [01.04] An organic primary polyam ne wherein nis 2 or

nore is

fornmul a

preferably used as the organic primary am ne represented by formula (20),
and an organi.c prinmary di am erein nis 2 is nore preferably, 15used.
[0105] ExanpliBRIpfappie %$€$1n{lﬁ'fgéi%99ﬁ%ﬁfﬁ]éeé}é%?@@f§§gm%@ Ps¢ditul a (20)
can incl ude: I phati,c di am nes.such as hexanet hyl epnedi amne, 4,4
- et hyl eneb$f§?1tyEP%’rPéWtq FiSH §t14‘d-’é%‘t£ﬁaﬁ¥gﬁér°f)}nﬂ‘§/}§! Ole R

i somer), a
t

i somer),

ol B BT TG UPBOTETE 20915 P01 A D AR IR

(each
ch as ph
Anong

th | i phat.i c, di am h t hyl di am .
4. 2L ot hy| SBNEETEF ShaTEmAl LS OhE SHEr S eyePBieEardainine
L of1% HmAM IR e and AL thd R Ahifet SeRhgay'is M e

25(e§ch i's

10

15

20

25

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
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
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.
[0119] It is preferred that the reaction temperature should be in the
range of 100°C to 350°C, though depending on the reactivities of the
organic primary amine, the urea, and the hydroxy compound used. A
temperature lower than 100°C is not preferable because the hydroxy
compound strongly bonds to anunonia that forms as by-products and
thus, reaction is slow or reaction hardly occurs, or because
complicatedly substituted carbonyl compounds increase. On the other
hand, a temperature higher than 350°C is not preferable because the
hydroxy compound is denatured by dehydrogenation or the

decomposition reaction, denaturation reaction, or the like of an
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(each isoner) are preferably used, and anong them

hexanmet hyl enedi am ne, 4, 4' - met hyl enebi s(cycl ohexyl am ne)and 3 -am nonet hyl-3
, 5,5 -trinmethyl cycl ohexylam ne are nore preferable. [0106] The reaction

bet ween the carbonic acid ester and the organic Sprimary amne is
preferably perfornmed in the presence of a hydroxy conpound. [0107] As the
hydr oxy conpound, one can use an al cohol or an aromatic hydroxy conpound. A

EECHE Oy e
[ [ 11). .[0108] A .
and aromt E“Hf}zﬁﬁlr?é%% K ogﬁa'éﬁa%a%ﬂ@i@nﬁeréﬁﬁ%ég% &Mt omound
i o AR s s
erined i n 10kIE P40 B oS aBreCofvdngi FeSrgRR Simripe gt O

constitutin carhbonic acid ester is nore preferably used. For exanple,
nmet hanol isgﬁ(ﬁ%’?é?ggbyaused as the hydroxy conpound in the case where the

d EﬁQ‘ Fyﬁft@f@é&%@aﬁi 5% ngea R WRESond cta o Reh il Quf iR ¢ oo

: D This i .

dipheny! SaLSRREFionthl id Fef SRS Bh PRk b el Bl ypes
ceparat i on BoeonyEd SpblRu e ER A ANE AE S A P redoB AL P Y
suppl i ed 1 npa bifiieat o erdddr $A6LDke ! IRmPAr TRERE hoyPiAdUGLLEN of t he
N-substitutéd Ecar am c aC|C§1 est?r?. I'n""general’, ?%e or’gani ¢ primary am ne

%gm' ;L idede]é%Qﬁ{Fe,ii@isoﬂute?&r%?%éthﬁtshbﬁkfBlaic%rﬁ&d 'RRTHHREPERG UEB 4L 9-

10 kPa 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.
[01217 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
20 ammonia concentration in the reaction solution becomes 1000 ppm or
lower, more preferably 300 ppm or lower, further preferably 100 ppm or
fower, most preferably 10 ppm or lower,
[0122] As the method for removing ammonia, one can perform a
reactive distillation method, a method based on an inert gas, a method

25 based on membrane separation or adsorptive separation, or the like.

For example, the reactive distillation method is a method of removing
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such a case, can also be supplied in a liquid state by heating the organic
primary amne to a nelting point or higher. However, since supplying the
organic primary amne at too high a tenperature may cause a side reaction
such as a thermal denaturation reaction due to heating, it is 5 preferred
to prepare the organic primary amne into a mxture with the hydroxy
conpound, the carbonic acid ester, or water and supply it in aliquid state
at arelatively l.ow tenperat.ur [0110] The ahundan tiLo therebetween at
whi ch the cipBumia thay W@ﬁﬁ%wﬁ’eﬁa’w Wheer gaget 18¥1g§bi idis fﬁﬁ Rl Y1 nfdte | s
generally in the car boni,c aci.d es%g LS 1 to 1000

tlhrres in t eVAl- ofﬁgg%iﬂh@ﬂi ‘Pg’grﬁr Freq HNFES 8@%“&8 ROTKeR Ry g(rjoup of
ber eact ed. 2 AORBRL I oTpednd, e eEFedd et LB ahpofid é&ﬁg@iﬁgf‘? ﬂoﬁ| a e
organi ¢ pr i SRFSPHH fq??ﬁ%r‘]}éﬁm%‘ﬁé@ﬁrescﬁg Snicthi B RS Brfod ¥ e
and. Iggnt ot :ﬁ%ﬁf i PeeriBatpg ek ﬁ%ﬂ%ﬂﬁaﬂ%ﬁ% Usshvdly' Bsi oo i n
compound 1 sSMiftotaited Beslafitenticeby sxbebti SERE Sfe LAY 20aci o
Coed i o pr cbBv abry vl BEYe AL Yor BRpRERY mibabdo HMEEROMERITCLDC, |
O ti , f of i ith
espect to %{E’Bﬁlﬁ G E60 h R clsh A Ppahs iche SP BB AR 47 on
tenperature e it ﬁ%&sytﬂ)rﬁ rtt%%luc@n (?IfleI% gzgs Qo IR rel ?ggntgﬁ?&hawres are

preferable or enhanci ng the reac on rat ereas unt avor e reaction
Tt 10t ¥ ’3’?‘“‘?@‘5‘562% %d&?i%@ﬂﬁl L e e e e at U
Ceaction 1 Q?ar%ergﬁﬁ?teg 20 AJERE Ahotl ?‘?2%??@% e e e hy
pressure nay be any
of temperature condmons 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
15 alone 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 oxides, sulfides, and salis of these
elements, 2 simple substance of boron 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

25 metals, and carbides and nitrides of elements of the carbon group except

for carbon, titanium group, vanadium group, and chromium group in the
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5 reduced pressure, normal pressure, and increased pressure, though
differing depending on the types of the conpounds used or the reaction
tenperature; and one that is preferred is perforned in the range of 20 to 1
x 106 Pa. There is no particular limtation to the reaction tine (residence
time in the case of the continuous nethod); and one that is 10 preferred is
0.001 to 50 hours, one that is nore preferred is 0.01 to 20 hours, and one
that is further prg&g%red is hour §. Nbregéfr, can al so

0. 1

termnate tPRIQ@ic By W@f@l'ééb} %@cgrﬁé Paclh @ SHaLETyt 1B HN&rRESSORE | 1 ni ng,
f l e, .by liquid . ch t hy, that the desi ] t, of th
- subst 1 Fut WPl R ISEh oSt PGSy nofSp T ey O Ste 8t od not
L e TR R

t al t i i duct s .unl i . t f ti th
catal et | iR Rh oL Sl apedt e S ARk ferOBarar Y60 G 1 e
reac%i on; and heatin th_e N—suﬁjsti t ut ed 20ca am'g1 a_ci %} eiter i n,which the
cataPytic clOpPBHEn™ i MECEOTIC, 0855 MY recﬂ&%ﬁ%& PSR LRSS IS ¢ he
ik d t ti ti the:lik fl i-t ut bamn id
R s A G R M BT et

th | d Ao} i i I i ti
et veen t hooeanHan s Cip o aR At hatt g0 T B8 % W fSblnaieacti oo
t f i b i . th
SLeB o o STV ARALALNAL AR ARRAAClinkor ko SAET Al hage the
catal yst f °fe1£8€in%“{1):ﬁ8ﬁ§ c8h FOPHRHASE KdSd GRAld A1, hRd & FREdd LLdE:

| owering the reac
10 as 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
20 solution, quantifying the content of the N-substituted carbamic acid
ester in the reaction solution, and confirming forming at a yield of 10%
or more with respect to the organic primary amine 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
25 80% or more, further preferably 90% or more.

[0125] Although it is not necessarily required to use a reaction solvent
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tenperature, etc. In general, in the case of using an aromatic amne 5
(e.g., in the case where in fornmula (20), R is an aromatic group) as the
organic primary amne, reactivity nay be | ow conpared with an aliphatic
amne (e.g., in the case where in forrmula (20), R is an aliphatic group);
t hus, use of the catalyst nmay be effective. Mreover, also in the case of
using an aliphatic carbonic acid ester (e.g., in the case 10 where in

o (e AP, e b e Yl S oSBT 361 8 Sorer
ol fo bbbl Sy ety B
o o PPN ER oA SRR i an
g?rf 'ht meb ﬁ]l ! %ﬁ%ﬁ%ﬂ@%&qﬁ%nﬁ% ﬁ%pi?ée %S?Cﬂglls{)@ ;ja'na ttﬁ‘ﬁﬁéﬁ?%ﬁ@i&% io\s/ gmelra]
tsngh g:eaotnﬁgq(}#g(%ﬁg %@?’%h{gbdqﬁc bg@%‘g{ﬁgﬁ erbl’?%?fﬁ?% peﬁlgrg& step
reacti onbeté\}/gc{e%ﬂméﬁgog’rﬁg%?cé@@? d&?@g&gﬁ&gﬁﬁéﬁ% ﬁfélhlgraégﬂrﬁ'}%egrbi F]Oalru f?n%’m' ne and

catal yat. aoachs, g ISORED, CARIRELAE (i hap iRt P SR,  on

cat al yst, can use a nown i n

nenbrane Sepaalikayel (GRIGABAAL OIS ANAILIGIERIS LR Ly the

like. [0113] Tt"1s also accepta u pref use redundant

carboni ¢ acyd YR aAd Lg&gﬁy& IS0 atBfHaR! Remtdanis Bebeadua

carbonic acid esters an Xy~ compound, cause the separation or

theyi ke théiegehraﬁ% hitfo $9bY, ngudhrMm@»rw&@é@a@%&mﬁr@oeﬁwﬁegaaaprmound

that forms by the thernal “deconposition reaction of the S5N-substituted

carbani ¢ acjghester degrbbagdaler UReambdtahed. (B4Rl Aidgnk)r eactor,

a tower reactor, "or a distillation colum known in the art can be used as

the react or chiggehaphthBRnkeact i BryhehasieRaldie, car baftiéhawkdeest era@nd t he
organi c primary anine. Alfhough materials for the reactor and |ines nay be

any of thosgitidinihthdlehBepalicytht essliroddbbavidiepadiés seciehs elgplserp), starting
materials or reacCtants, S304, SUS316, SUS316L, or the |like is i'nexpensive

and can be ysgegitoreel ediahbsyl, [ Giflsdnyleetharky, ocegsheiiyl,) amdthtackge deant i bed.
[0116] The organic pri %ﬁryyam' % r epr esent ed ggﬁforbfrml a (20) is 15

preférably @ﬁ%@z?ﬁolﬁmwrgﬁmhc poma)y aliphstics ddydrocifbionsstwigh My eover,
any of an al cohol and an aromatic hydroxy conmpound nmay be used as the
hydr oxy congpptlodexdngrafotophitendycradayctanepadthycytleohekamdidtetongy esent ed

by formula (10) in the case where the hydroxy conmpound is an al cohol, and
i s the aronmidic abymieting ethpbdetahe and acetophenone; esters such as dibutyl
phthalate, dihexyl phthalate, dioctyl phthalate, and benzyl butyl
phthalate; ethers and thioethers such as tetrahydrofuran, 1,4-dioxane,
20 1,2-dimethoxyethane, diphenyl ether, and diphenyl sulfide; ketone
compounds such as acetone and methyl ethyl ketone; ester comnpounds
such as ethyl acetate and ethy! bhenzoate; and sulfoxides such as
dimethyl sulfoxide and diphenyl sulfoxide. Needless to say, the
hydroxy compound used in an excessive amount in the reaction is also

25 preferably used as a reaction solvent.

[0126] Moreover, as the method for producing an N-substituted
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20represented by fornmula (11) in the case where the hydroxy conpound is
hydr oxy conpound. ugh reaction conditions for the reaction hydroxy
conmpound, and the organic primary am ne al so differ depending on the
conpounds used, the anount of the hydroxy 25conpound is in the range of 1
time to 500 times in terns of a stoiehionetric ratio with respect to the
am no group of the organic primary am ne used. |If the anmpbunt of the

hydr oxy compound used is snall, conplicatedly_ substituted carbonyl
conpounds ofarbagiriaced esied byothegieartion & ures, Genkydrexatsanpotnd.ndi ze of a
reactor, one that i,s preferred is in the range of 1 time to 200 tinmes, one
that is mor B1epPEIasie QUIMArY AMIAG, OBE CARgRlSHrUSE. & methed eempoising s, and
one that is further_preferred is times to 50 times, though it is
preferred tgﬂﬁ%‘ﬁl%g A)e&‘éfg tentBlne hydroxy conmpound. [0118] It is

preferred that. the a nt of urgea should be in the range.of 1 time to 100
times in tef(ﬁsz’]éf §T§Ps”@g]3c%ﬁ®ﬁe‘% FEECHAE 3 (FSaRic SEpRaLY SRR &VIth 9T no
group of the organic pripmary .amne. Alsa in the case ere the amunt of
o eaSuccd 10 ShER & Bt IS Colelnb e GORH GOy PO SIS ¢ ho

like tend to form thus, it is preferred to use a great excess of urea.
However, th&®8se where conplicatedly substituted carbonyl conpounds tend

R P Y S S e
eact i ont cRpEEaoEdngh B BE Sk FA MR adneteR) o SuRbBoBS s
?ﬁgeﬂshPgxSﬂ%%g%%ﬁﬁﬁgté%%%hgs%cﬁie&gg organic prinmary amne, the urea, and
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
range of 30°C to 250°C.  Fhgh temperatores are preferable for
enhancing the reaction rate, whereas unfavorable reaction may ocour at
high temperatures to form complicatedly substituted urea compounds or
carbony! compounds; thus one that 1s more preferred is 50°C to 200°C,
25 and one that is further preferred is in the range of 70°C to 180°C. Tt is

also acceptable to install a cooling apparatus or a heating apparatus
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20t enperature | ower than 100C i s not preferable because the hydroxy
conpound 80714* bonds to anioinonu that. |brrns as by-products and
reaction is slow or reaction hardly occurs, or because conplicatedly
substituted carbonyl conpounds increase. On the other hand, a tenperature
hi gher than 350C is not preferabl e because the 25hydroxy conpound is

denat ur ed by dehydrogenation or the deconposition reaction, denaturation
reaction, the .like of .an N-subst tut cartg% mudrg%ter which is a
product , WE gBE T TR BATERART A1 RSIPBITHE SEP FADanGPRRE P
terrperature is in.the ra of 12 Cto 320C and one that is further
preferred i@ |ﬁa?qﬁ%n$%¥ﬁ8@%g‘fwel%§ Y- 300C. 5[0120] Al though the reaction

Feact i on ?Lﬂ%éait%ﬁ 5lgh 1B Ao 5y BRERES! S Barin] ARG SRELeRMsRY Shony at ue,
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hydr oxy compoun I's*an"eq rium reac I on, and reaction greatly
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N- substi t ut carbam c equi re to pe reaction
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as possible I's preferred I1's to renove anmonia suc at an

20a1T 2 OREER U0 LAR BPDSRBALOR SR PR BoTATeR 080 gamer |ower

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

15 compound 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

20 as the catalyst. For the catalyst, it is preferred to remove it for the
reason described above, also in Step (A). One that is more preferred is
to remove it every completion of the 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

25 solvent in Step (A), and one can use the reaction solvents exemplified in

the production of an N-substituted carbamic acid ester by the reaction of
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[0122] As the nethod for renoving anmoni a, one can performa reactive
distillation nmethod, a nethod based on an inert gas, a nethod 25based on
menbrane separation or adsorptive separation, or the |ike. For exanple, the
reactive distillation nmethod is a nethod of renoving amonia that
successively fornms under reaction, by distillation in a gas state. The

nmet hod can al so be perfornmed under boiling of a solvent or a hydroxy
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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] 1t is preferred that the reaction temperature in Step (B) should be
20 in the range of 100°C to 350°C, though depending on the compounds
used. A temperature lower than 100°C is not preferable because the
hydroxy 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

25 the other hand, a temperature higher than 350°C is not preferable

because the hydroxy compound is denatured by dehydrogenation or the
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periodic table are preferably used as such a catalyst. In the case of using
the catalyst, its used amount is not particularly limted, and however, it
can be used in the range of 0.0001 to 100 tinmes in ternms of a
stoichionetric ratio with respect to the amno group of the organic 5
primary am ne. Since the case where adding the catal yst causes the need to
renmove the catalyst is frequent, one that is preferred is to performit

wi t hout adding the catalyst, In the case of using the catalyst, the

catal yst nedeopEpesiivad 1aReton,r slspetAlIONS raaGiIho®rf dhe r gﬂfﬁviqu &, one
can use a nethod known in the ané, and et hod such 10as nenbr ane

separ at i on, Ncuhstitwigei earbsaparas cﬁ‘@?efowﬂélggs]tsaﬂl mr@é’e%ﬁee% 1B eOGFIEd
preferably. [0124] Al though the reaction tinme (resjidence time in the case

of conti nuotEOTR SHERIHRIEVATAINE A MPEE PRETCREP SHCMRSTRIGKD 6% 11 FisnTagrze, of

reaction system the reaction tenperature, the method for. renoving. 15

ammoni a, a }7&;@ it@ng%ﬁ?)ﬁ;r &Ilgs(?nq faaty LSaELﬂliﬂa@F Bf%fg‘g 1S g dhe tgRgetdlat is
prefgrred if.40°K21 E@ 100 hours. The reaction time can al so be determ ned
depefding o §Ket@ABAnt- of formation of the N-substituted carbanic acid

Siiiléi aﬁ‘ﬂ‘eC@&‘S%&ﬁ@f@&ﬁéﬁﬁﬁE%é’%&c‘ex%ﬁés;%ﬁ%% in &iﬁgﬁ@iﬁh@‘ Jedifipd b d
20 i on, e | = . .
cster i n T HEG EARIHTEI U fdiqz Teiliod im gt rorrih GriBigRled £ oo
. 3. e | _ . n

: 23;‘;:?2& arefiad by r?ﬁlﬁani’ai%mmﬁéwﬁﬂ%o?@%%ﬁ%f?ﬁ i isy GRIERY ‘;t he

[ is 50% ° %
or lem)r oo [onsr it e SRRy b ﬁéﬁ?%%géﬁiiﬁ%aﬁ%ﬁf e RN A U St U
ZSpiﬁgh at 2<a§§§b£t§fﬁr%%§ﬁ?k25%%?%§cs SRR ofR o PRI BhgRREren 20
Pesane. (cachit@me gt ORaaf 3 V2 ABFEuAL P RBr TR ADR pRAREIEHIRT)
kol - subet 1 PGt O A0 £ RER Rl B S A R T ene
(each i soma{o) 1.58% ﬁyghmaﬁﬂ@?)rgggrﬁg}rﬁ%p ) h%?@ﬁgﬁa&%“h i soner),

di but yl benzene (each"isomer), nitrile conmpounds such as

acetoni trilmad PREZLALESA kBat RIATRAN NCABRAHAES cBHPFhid HERCefYr 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, {rom 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
20 lower, more preferably 300 ppmi or lower, further preferably 100 ppm or
lower, most preferably 10 ppm or lower,  As the method therefor, one
can perform a reactive distillation method, & wethod based on an nert
gas, a method based on membrane separation or adsorptive separation,
or the like. For example, the reactive distillation method is a method
25 of removing ammonia that successively forms under reaction, by

distillation in a gas state. The method can also be performed under
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10hal ogen or a nitro group, such as chl orobenzene, dichl orobenzene (each
i soner), bronobenzene, di br onobenzene( eachi soner),

chl or onapht hal ene, br ononapht hal ene, ni tr obenzene, and ni t r onapht hal ene;

pol ycyclic hydrocarbon conpounds such as di phenyl, substituted diphenyl,
di phenyl net hane, terphenyl, anthracene, and 15 di benzyltol uene (each

i sonmer); aliphatic hydrocarbons such as cycl ohexane, cycl opentane,

cycl ooct ane, .and et hyl cycl ohexane; ketones such as t hyl et hyl ketone and
acet ophenon@iligg ef & %ﬁi?@ma@r & BYRSPKYpFRRROALON B B %/%ﬁﬂh%\ﬂl@c é;e di oct yl

Fot r anyar of GPHHAISNAAPBkE! SMENG) naYIRCAET RO G ShEARa BORST . and
di phenyl sul fide; ketone,coppeunds such.as gacetone and net hyl ket one; stet
conpounds SHEH 488 itk Hethod DGTGBONGIS JHPRL RIGE SHEC Ry FRBPREX de,
Needl o551 oy 3p1, LIS INra SOOI used | A xceselue Ao i the
eaction oft GroaatBil Ay dretisomibbrinod il wiBEo R RRRld. FRGEaR: pe, ane
can 219, Lo Ry LIEN, SO KU AL PR Bl o TR 521,
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
10 of 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
20 use the hydroxy compound used in excess in the Step (B), as the
reaction solvent.
(01397 A tank reactor, & 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

25 for the reactor and lines may be any of those known in the art unless

having adverse effects on starting materials or reactants, SUS304,
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5to obtain a reaction m xture containing a conpound having an ureido group.
[0128] Step (B): a step of reacting the conpound having an urei do group
obtained in the Step (A) with a hydroxy conmpound to produce an
N-substituted carbamc acid ester. 10[0129] It is preferred that the anount
of urea used in Step (A) should in the range of 1 tinme to 100 tinmes in
ternms of a stoichionetric ratio vm'th respect to the amno group of the

organic pri oin se. where the anou t of urea used is
omal | comgﬁéétlgdlg?ﬁ;ﬁﬁmﬁe Ralikonii BerpURYS §hd( Fal | PRelsehd ¢ o
form thus, it %)greferred to use 15 a great excess of urea. However, the
case where B é tedly substituted urea conpounds or carbonyl conpounds
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Ferper at ur eieldsoferaoieL Abghe JErbPES b, Prbddiann’ nt' Sty AT 43500
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range of 70Q 4,0 'éal;ganﬁ&S%c&gﬁ@&%?b ﬁoﬁeoh@%%é@b!% 2u508! ifj9gappar atus

or a beating apparatus nown in the art Feac rms Step

(A) in ord &dﬁc‘ﬁ%ﬁpo tep{s?%r%iaé’@f fseHH t&t%ﬂséﬁ%hmzéoé!&&lopdr&pough the

reaction pr Ssure on ers pen i'ng on e types of

compounds uzagy i HehiERTRETstd:BroRly 1shh LRASKEEErolpsy HERLclibgfeapt | on

tenperature, a reaction appar c., it s pre erre at it

shoyhd be cagihgfcosdidi Est%f“epﬂoﬂﬂﬁ 015319 O%n rﬁa‘hclg BGIP g zﬁé’lﬁsé’étﬁ e

pr essure) and 1 n consideration O ease (0] UStI’I a practice

of 0.1 kPa (e.s 5> Ma ks Al CeREL I8 T Rﬁ@fﬁ"’ 3R Ryrndd 38l ardhgie is no

particular IiMmtation to the reaction time (residence
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 R’ and R’ in formula (6) are an aliphatic group) as the
carbonic acid ester of Process (I), and an N-substituted carbamic acid
20 ester produced using an alcohol as the hydroxy compound of Process
() or Step (B) are an Nesubstituted carbamic acid-G-aliphatic ester in
which the ester group iz an aliphatic group.  The M-substituted
carbamic acid-O-aliphatic ester tends to hardly cause a thermal
decomposition reaction, compared with the N-substituted carbamic
25 acid-O-aryl ester.

101411 The N-substituted carbamic acid ester obtained by the
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10 tinme in the case of the continuous nethod) in Step (A); and one that is
preferred is 0.001 to 100 hours, one that is nore preferred is 0.01 to 80
hours, and one that is further preferred is 0.1 to 50 hours. Moreover, one
can also termnate the reaction by collecting the reaction solution and
confirmng, for exanple, by liquid chromatography, that the 15conpound
havi ng an ureido group is forned in the desired anount. [0133] For carrying

L T e i
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or pr-oduci ng an carbamc’’acid ester

corpound | R oh e L EE R Fop BRI rEeRh, | R A R I canted,
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range of 1 tine ines internms o ol chi tricratio w
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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
15 derived 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
20 an aromatic hydroxy compound of the same kind as the aromatic
hydroxy compound represented by formula (11). The aromatic
hydroxy compounds described ebove may be used alone or in
combination of plural types.
[0145] The Step (Y) can be performed by various methods according to

25 the compounds used, etc., with reference to a method known in the art

(see e.g., W0O2008/059953).
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Conplicatedly substituted carbonyl conmpounds O hi gh-nol ecul ar-wei ght
conpounds having a carbonyl bond in the nolecule tend to form by an anount
less than 1 tine; thus, in consideration of the size of a reactor, one that
is nore preferred is in the 15 range of 1 tine to 100 tinmes, one that is
further preferred is in the range of 2 tinmes to 50 tinmes, and one that is
still further preferred is in the range of 3 to 20 tines, though it is

referred tpo u reat excess of the hydroxy c d. ,[013R] It is
Br eferred t ﬁ)altf(ﬁhfgi&]@é@h WCFQPrp%?iK{IUPES if%r %@5 (8(3) 83?%@%{3 DGO t he
range of 10QC to 350C, though dependi n n the conmpounds use A
o ot ur ohEospBoEds 10 B TraciEns Mok e b G NS A T RAtie Ay dtoxy: ompound
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i ndustrial practicde, range o ute pressure) is

refer ng, & L.der ati o] LN fromthe
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The reactio réf@ﬁ%dfi?’iﬁ?h@fhﬂ}%eﬁb@ytbtS‘ﬂ)tt%‘_ElleE?‘r bam c acid ester in 15 Step

(B) is an equilibriumreacti and the reaction tilts toward the original

system thu ]fzi’i] Tﬁe%géﬁéﬂ %%a@t@ z&ﬁ{ér gsr nﬁ%}fg?%l{/lg%ﬁtﬂ@’}a bIoT 100V kHY

. T,
ammoni a t ha orns as by-pro S, tem as ch as possible. One

1 the' react ParC sl HEn AR BT B pRERI0 Tor ShARTRD RetRRERSh 2l ! on
rate, whereas a side reaction may tend to occur at high temperatures;
15 thus one that is more preferred is in the range of 150°C to 250°C. 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
termperature; and one that is preferred is performed in the vange of 20 1o
! ox 10% 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 0.01 to 50

25 hours, and one that is further preferred is 0.1 to 30 hours. Moreover,

one can also terminate the reaction by collecting the reaction solution
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20l ower, nore preferably 300 ppmor |lower, tardier preferably 100 ppm or
wen nost preferably 10 pprii or lower, ./ks the nethod therefor; one can
performa reactive distillation nmethod, a nethod based on an inert gas, a
nmet hod based. on nmenbrane separation or adsorptive separation, or the |ike.
For exanple, the reactive distillation nethod is a method 25of renoving
ammoni a that successively forns under reaction, by distillation in a gas
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reaction, vvlng {t to be entrained in 5 a gas state in an inert gas.
A et hod of eﬁga PER exanpl e, nitrogen, helium argon, carbonic acid gas,
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in Step (B) can ‘use the réaction solvents exenpli I'n the production

of an N SUbEkhW ncg(afi Hefal i dn8RIRY IRYvish§eid aﬁﬁﬂ?@a@inx%e%et&he

hydr oxy conpou e org n| C prinmary am ne descr above, one that

is ppeferr eé’o ohﬁd@@%@tef H?LW@Wd@O&%@%d{tﬂuﬁscﬁﬂn}gauﬁ&Qﬁﬁnaguﬁ&e St ep

(B), as the ctlon eJ 1t 10139 ank. reactor, a tower reactor,
or a di stl'bﬁ&ﬂamscefwc@g fdi:q;S hanar kndafethes BSele afor Boggasior used

in the production of the tltuted carbam ¢ acid ester shown above.
Al though meg@ihéd.S Examples thereof specifically include: Lewis acids and
transition metal compounds that form Lewis acids, represented by AlXj,
TiX;, TiXy, VOX;, VX, ZnX,, FeXs, or SnX, (wherein X is halogen, an
15 acetoxy group, an alkoxy group, or an aryloxy group); organic tin
compounds represented by (CH;);SnOCOCH;, (Cyls)SnOCOC¢Hs,
Bu;SnOCOCH;, Ph;SnOCOCHs;, Bu,Sn{OCOCHs;),,
Bu,Sn(OCOC1Hy),, PhySnOCH;, (C,Hs);SnOPh, Bup,Sn(OCHs;),,
Bu,Sn(OC,Hs ), BusSn(OPh),, PhySn(CHs),, (CoHs);SnOH, PhSnOH,
20 Bu,SnO, (Cghlyr),5n0, Buy,SnCly, or BuSnO(OH); compounds of metals
of the copper group such as CuCl, Cully, CuBy, CuBry, Cul, Culy,
Cu{QAc),, Culacac),, copper oleate, B, Cu, (CHLONCu, AgNO,, AgBr
silver picrate, and AgCgHgClO,; compounds of zinc such as Zn(acac),;
and compounds of metals of the iron group such as Fe(C,yHg)(CO)s,

25 Fe(CO)s, Fe(CH)(CO)s, Co(mesitylene),(PEt,Ph,), CoCsFs(CO);, and

ferrocene. (In the description above, Bu represents a butyl group; Ph

65



25for the reactor and lines may be any of those known in the art unless
havi ng adverse effects on starting materials or reactants, SUS304, SUS316,
SUS316L, or the like is inexpensive and can be used preferably. [0140]

Al t hough the N-substituted carbam c acid ester produced by the nethods
descri bed above (Process (1), Process (1), and Step (A) and 5 Step (B))
are preferably used in the production of an isocyanate by the thernal
deconposition of an N substituted carbam c acid ester,_ an N-sugstltut ed
carbani ¢ aciCPresaids arpireaypEEpupadh 3@%%@@?1?@5?%@ %%%RWHC@FPT@‘C fﬁlat@socyanate

is an N-substi ed carham c aci d-O ar este ich ster group is
an aromat i c %‘?-Qfgér Andf8¢hst | SHERd 1 car Z@g]w% ?efzg?)%ﬂéed usi ng

an aromatic ¢ aci d ester .Qg.,.a carbonic acid ester, wherein R3 and
R4 in formiit B n& @rawea@@ﬁia¥rs%ﬁ§%aﬂgye axe pwdable Wynnee. My agang  of
Process (I) and an N-sub t|tu ed carbam c acid es uced usi ng an
aromatic hy@CHey %%Blﬁﬁd 1g&0 h@cﬁk}@ﬁo%}g%ﬁpwa ofdt y @135 or Step
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[0143] The ﬁfa%'d%tslotl\%rﬁdoﬁ@ Qﬁ'ﬂsg g &a‘fﬁfbﬁr IR G Y% HedGne (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,

20 substituted diphenyl, diphenylmethane, terphenyl, anthracene, and
dibenzylioluene {each isomer), aliphatic hydrocarbons such  as
cyclohexane, cyclopentane, eyclooctane, and ethyleyclohexane; ket
such as methyl ethyl ketone and acetophenone; esters such as dibutyl
phthalate, dihexyl phthalate, dioctyl phthalate, and benzyl butyl

25 phthalate; ethers and thioethers such as diphenyl ether and diphenyl

sulfide; sulfoxides such as dimethyl sulfoxide and diphenyl sulfoxide;
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production nmet hod descri bed above can al so be obtained as an N-substituted
carbam c acid-Oaryl ester or can al so be obtained as an N-substituted
carbam c acid-Oaliphatic ester, depending on the types of the conpounds
used. In the case of obtaining the N-substituted 5 carbamc
acid-Oaliphatic ester by the production nethod described above, it can be
converted by Step (Y) below to an N-substituted carbam c acid-O aryl ester
for which t%ﬁi nal deconposition |s easy, .and t %zoused in a.therma
deconposi t | BH! BBEANCOM. | AdicHRAPRIAYS CRRDSHER ALong b 2P & BHXEHCtY as a
"transesterjification step" in the present enbodi nent 10because of being a
step of corWV& YRR YHBOESt er group of the N-substituted carbanic

20,50 oS, R am Shel S e BB R i o
cater group™h e TEHURR onftEREORY ormat T BUydr Sk CUSIONY. PUGTIRRE L
I nci dental | an_alcohol derived. fr t he. N-substit.ut ed.carbanm c.
aci 20 ar 1 R ELiE il FiFtensddpa el HRhastiiy bR fiibbng, (v,
Feact od, ortt cancoed agdsenflondereely dfeu Bl OlAIB S I "SR s ne
descri bed R00RS AR ISubP B SR TR PSR IR G OUTER o B RS
(o1 The Shgohutal, P, SPLTEA A AR Ao BuR e © 251
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
15 N-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

20 ester as a raw material and the aromatic hydroxy compound {o a reactor,

carbamic acid-O-aliphatic ester as a raw material, out of the reactor ag

gas components, and continuously takes a reaction solution containing

an N-substituted carbamic acid-O-aryl ester that forms and the aromatic
25 hydroxy compound, out of the bottom of the reactor.

[0152] Although materials for the reactor that forms transesterification
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(see e.g., W2008/059953). [0146] Al though reaction conditions for Step
(Y) differ depending on the conpounds to be reacted, it is preferred to use
the aromatic hydroxy conpound in the range of 2 to 1000 tines indicated in
stoichionetric ratio with respect to the ester group constituting the
N-substituted 5 carbami c acid-Oaliphatic ester as a raw material. For
conpleting the reaction early, it is preferred that the aromati c hydroxy

conmpound shoul d. be in an excessive amount .wWith respect to.the ester group
oottt ngd ok BB BT G Bee S IR o1 SR N aSEaaEn o
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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
20 transesterification reaction may be any one that is a distillation column
having multiple plates in which the number of theoretical plates in
digtillation 13 two or more and continuous distiflation s possible,  Asg
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

25 plate column system using trays such as bubble cap trays, porous plate

trays, valve trays, or countercurrent trays, and a packed column style
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[0148] Al though a catalyst is not necessarily required for the Step (Y), 5
there is no problemin using the catalyst in order to |lower the reaction
tenperature or conplete the reaction early. The catalyst is used at
preferably 0.01 to 30 wt% nore preferably 0.5 to 20 wt% w th respect to
the weight of the N-substituted carbam c acid-Oaliphatic ester. Exanples
of the catalyst include Lewis acids and transition nmetal 10 conpounds t hat

Lo o moRflaaawit Srgoes e Ao Cigﬁpl%%«g??fo ”ﬁ; sa@a@é&uﬁggggf Per
Tow 5 achdsh és@x%égrgxignéﬂ En&(:ii%ﬁ %a&@fe Ialodisad @Clxgﬁoun s o
gﬂggng @:jj%z@a S:%p@@wm% CRIEIE P O W%dﬁ??%%gﬁf&% Ea f@% 52
Bu28 é;ééﬁé %ﬁémﬁﬁﬁgﬁﬁﬂﬁgngﬁnﬁ§?§| kBPWIH ﬁgb%@r ﬁf “Such as
o Tver C‘S.C'cf%@lﬁ’m%ndﬁé%%ﬁ‘@e%m%ﬁ%@égﬂaﬁe pecREE AR cofincstle, Y any
B ey ¢ o R A baT s HARARBE Habk e ATt ot o) >

descrlptlon epresents a butyl group; Ph represents a phenyl
group; and R g%%ﬁg%ﬁggénts an acetyl acetone chelate |igand.), am nes such

as 1 2 di azafisanoh gl A ALty &ddlﬁaﬂmpgg%@ﬁﬁ%%e%eg LT Bhy! ari ne

are suitabl hem ~éxa et eof € organic

met afy cat al yst %uﬁgl;}h algsinéxq ﬁ%téﬂ&/ b aﬂ'xh&é’ﬁ@é golvle‘ﬁf“?ln %Cltl ta%”ﬁio annous

oct 0at e. ThesSé ¢o ypes or

more. | 0.149%)%1%515&%%%'&& MB} e?ﬁfe‘fsﬁ?%é %a&@%él%dthteonﬁﬁ@d RohRfgt i on

solvent in resent e one can use an i nactive solvent

appropri at ecéﬁtralﬁl gt@llérmosﬁﬂasﬂfmﬁea%drbaﬁﬁb NG4Sk aﬁgg%@%ﬁh&ﬁeﬁ , etc.

As t he I nacti ve sol vent, one can use, for ex kanes such as
hexane (eac ﬁ@g@ S Qggg nonane
(each |soneﬁ§£§§ﬁ§ ﬂeégﬁﬁﬁ?g ﬁ so§§r§8§%%%%g§??0ﬁ§§§§§g? ons %%u:

al kyl - subst , ¢4t @da] @m bQePYShaaad H&@&i@ums%q@ﬁg%ﬁﬂﬁblett@ ét?d&ﬁ t@<yl ene

(each isoner), ethylbenzene, diisopropyl bénzene (e i somer)

di bykyl benzgnerdRa6h 4 IpRENat ncliiRaRNMASAheAS0rB0ANBE ithe GORBRUBS fﬁhe
substituted by hal oden or a nitro group, such as chlorobenzene,

di chl or obenzfined (®AgHoh SOTEIY reddtoRDbRAeARallS i aliebeneess Ushas ihé soner),
chl or onapht hal ene, bronmpnapht hal ene, ni trobenzene, and ni t r onapht hal ene;

pol ycyclic hyieeasdiosnts o awdis/essisiheas ntiyobe ivy la, g 20stutesand/ot ¢iduid phenyl
di phenyl net hari e, terphenyl, antlnacene, and |ber|zyIIoI|rene (each

i soner); a.gun@llatcc hydrocarbons such as cycl ohexane, cycl opent ane,
cycl ooct ane, ' I | ayl oyel ohcxxi , icetones such as nethyl ethyl ketone and
acet ophenonf(1 ¥}t €as  swafp@sends bubytaipihichahat elcalidiexielivetit Hedmat ¢he di oct yl
phthal ate, and benzyl butyl ) _
20 N-substituted carbamic acid-O-aliphatic ester as a raw material, which
have been extracted from the reactor, can be purified preferably using a
method known o the art such as a distillation column and reused as the
alcohol of Process (1) and/or Process (I} and/or Step (A) and/or Step
(B).
25 [0156] <Thermal decomposition reaction>

The mixture containing the active hydrogen-containing
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25pht hal ate; ethers and thioethers such as di phenyl ether and di phenyl

sul fide; sulfoxides such as dinethyl sulfoxicle and di phenyl sul foxide;
and silicone oil. These solvents can be used alone or as a mxture of two
types or nore. [0150] The reaction of transesterification in the present
enbodi nent is an equilibriumreaction. Thus, for efficiently performng 5
transesterification, it is preferred to pursue the reaction while renoving
an al cohol (al cohol, derived fromthe ubsfituted garbamc

aci d- O al i phampeuag: &) @@datheaﬁpmw& B} whitc ﬁe‘f@mﬁbrr@a%t With 8 t he

S E i ospansi. B T b S L o
o B SRt YR To oL 060 e ETEGRASIAL e
(he ¥ substyted cortome, ael GOLIRIANG Sater e mcawmieial
a0 S0 ali phsetc (Ber oy-sesHedSristued BIaH b MHCo0ER THH afioui ng
rensester | (L SAAANPaThACSIbLY BIPESEL. ote WAL LA BRI eragtiL S o
- subst 1t ut B AP B AR e T aBfuE B 400EHEY 8RpA R, BBctionang (e
aromt o VS RORNKhY 8 &15SRRART (RS AKES AL AR BpIGHS g der el
an nsubst i Rt 8 ednm gy, B SRS, LRRARRHEE ARkl RER T ™
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  isothiocyanate and the hydroxy compound by a
corresponding thiol or arcmstic thiol in 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
25 halide in the case of the thermal decomposition reaction of the

N-substituted carbamic acid halogenide.
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25hydr oxy compound., out of the bottom of the reactor. [0152] Although
materials for the reactor that forns 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 Iimtation to the form
of the reactor, and a reactor in a tank 5 foiiii or tower formknown in
the art can be used. For exanple, various methods known in the art such as

a styl e usiltd 34| rebesnalcnvompesigoamy Nsuksituted earhamie acad @gtark- st age
stirred tank, a distillation colum, a nmulti-stage distillation colum, a
mul ti-tube react obhe MIKBHE GRuta AR a1 1Seevyralaiadd ¢ Padrow eempaunda packed
colunm a thin-film 10 evapgrator, a r%aciﬁr haan%ﬁa sup&géi in the
inside, a fi& db@ Brasent Ambadiaet df , preferably ng miKMHey PRV a8 fal | i ng
drop evaporator, a tricgkle-bed reactor, an bubbl e col upm, and style
conbi ni ng tﬂﬁ@%@ng’é?eaﬂée@. W&@ﬁﬁo&oﬁé@ﬂb‘“‘g &Iﬁtn?‘f”l’mm vé‘ggrégé?lllﬁ d/or a
[ I Rj i f bl . th [ i,nt of effjcientl
Shi 11 ng eciaOPBPPTHPEGRAT GO 98 AT HRSHLE! SAaRM A &iucirEinaui ny a
| arge area of gas-liguid.contact is preferable framthe viewpoint of
rapidly mOWTRIORY CoRbP B SHEICENEM Waubr o eh & RIS P E BT S bar ¢
acid-Oaliphatic,ester as.a raw npterjal, to the gas phase, .[0153] The
il 11 -5t agaaed] [ Bphrerhan KRmraulatel MteRe containing
20transesterification ., eaction may be any.,one that, isg a distillation colum
(aving "l CFBFUARGERSd @wwhcqrﬁgolxﬁﬁ}a’éﬂ%ﬁ deralhest cal plates In
istillati " , i ion_js, S a nulti-stage
i sti 11 ai o0 o8t R opBENL I8 S abE] o Bk Penb8ig BR e ieR bl lse
as mul ti- g St at : | u em usi ng
tra such %éﬁbﬁﬁgﬁghéﬁég%ﬁiggfﬁ%§$§ﬂ¥§3ﬁgﬂgﬁ%@%§§B£§§?93&F¥§?§f r
countercurrenh o bLAYS: A deBorRBek G8058! WILRSIMYE 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 hydroxy 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 amount of the hydroxy compound or newly
preparing and using & hydroxy compound is described sbove, and the
amount is preferably 0.2 to 50 times, more preferably 0.3 to 30 times,
further preferably 1 to 20 times, in terms of the value of the number of

25 moles of the hydroxy compound with respect to the value of the total

number of ester groups contained in the N-substituted carbamic acid
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filled wth various types of packing materials such as Raschig ring,
Lessing ring, Pall ring, Berl Saddle, Interlock saddle, D xon packing,
McMahon packi ng, HELI PACK, Sul zer packing, and Mel | apak. As the packed
colum, one can use any one that is a packed colum filled 5 with the
above-descri bed packing materials known in the art within the col um.

Furt hernore, one having a pl ate-packed m xed colum style having both of
plate parts and parts filled with packing materials |[s also preferably
used. [01549stet insceisideratiospoanhe tanspedi etlavigney it thec N-substttheed eact or,
lines 10 that supply.an inert gas d/or an inactive solvent in a liquid
state from GEREHLR aCkE CHEROL Bhe SISl Easer Qi fPIeStORaRe- wher e t he i xed

| uti i ni h i d b i i d- I f
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whol e of the m xed solutipn to the reactor. |.ncidentall iin.t he case of
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conpounds, hereina t her ma econposi tion reac of these

conpounds d i b 1 b Cxkd b akd " t

deconposi ti gﬁag%%g??%n%})sﬁl %L(laﬂdl\sl- gsu sti {iéut ggﬂ%gybaﬁdgﬁgg\i}i%deg? gg%a}g’ an
exangl e. AlH lﬁl%tha%%Y%}gh@nﬁr}daﬁﬂﬁ&@érR%Yaﬁ&”H_ TR (khgy t her mal
deconposition readction of the N-substituted carbamc acCid ester, it is only
required tojgokRer)erdl tich@yidsecHBBAL Eslith &sCeVElphrRBAE NGy B anate in
the case of lstorjﬁeel"t)F'uerﬁglfa decg'r(riposi?i on react isogyof the = ettty
N-substi t ut egdcldosuifd ishdtaByIdvichsianbaet keRgied seshel; methyil etlofll Netbggui red to
repl ace the hydroxy conpound by a corresponding thiol or aromatic thiol in
the case of aheideRgiimondeaadniidutyloshtheres,i diherl! phthalate, and dioctyl

N-substi tut ed- S-substituted
phthalate.

20 {0161} The reaction temperature of the thermal decomposition reaction
1s preferably in the range of 100°C 1o 350°C, and high temperatures are
preferable for enhancing the reaction rate.  However, at high
temperatures, the side reaction as described above may be caused by the
N-substituted carbamic acid ester and/or the isocyanate which is a

25 product; thus, one that is more preferred is in the range of 150°C to

250°C. It is also acceptable to install a cooling apparatus or a heating
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20 thiocarbamc acid ester; it is only required to replace the isocyanate
by a corresponding i sot iiioey an aie and the hycroxy conpound by a
corresponding thiol or aromatic the case of the thernmal deconposition
reaction of the N-substituted dithiocarbamc acid ester; and it is only
required to replace the hydroxy conpound by a hydrogen 25halide in the case
of the thermal deconposition reaction of the N-substituted carbamc acid
hal ogeni de, [0157], <Therymal deconpgsition of N-substjtuted carbamc acid
ester> appeiatus keewa wotheansi wgt rq@&&yahar%raﬁ@dk@em@m &R3ctihpound i n
the present enbodinent is preferably a m xture containing an i socyanate and
a hydroxy cERISTRBTCHANSSHM BYIOreRyar dhqrgactiondpresawsMayohe @@xcet on of an
N-substituted carbam c acid ester. In this context, a step of subjecting an

N- subst i t ut EEUEEH b RRSASUED| BOBBAE PHESSW e, HlIellCHESsApBETSIEn Healtgh on to
Gescr i bed,  {GASHIE ACDHAIGH h The icsust i eoinaouad BFobr (he G100 sol vent
0 LBle 10.Steh. one LISt L8 PLelered e (Lo cari opt Li i o, presence
can nee thi b Ty B0ORF coRfatinis, B PRFLSaar JnTHEORy B by CEHEBURETS n (hi s
ST R R R N N
eact on DRSBTS PRD o Wbsh ST SRR S A0 T
P USRS B ARG DU a0 Bl vt 0 e amount
comppnd. | JoeneReag BB ISR RO
aroun T RIS pdudylt MO e dorgiy o ol B e e
2oroLe of SREURIHE I 6IBRUOM A ABRRESH L0ck IRk BrOhe 1 B
the catalyst may be supplied to the thermal decomposition step. In the
present embodiment, it does not matter if such catalyst residues or the
15 like 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
20 the N-substituted carbamic acid ester, or a reaction that forms an
aliophanate group through a reaction with an isocyanate group that
forms by the thermal decompousition of the N-substituted carbamic 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
25 temperature should be as short as possible.  Thus, the thermal

decomposition reaction is preferably performed by a continuous

73



ester in consideration of the transport efficiency of the N-substituted
carbam c acid ester or the size of a reservoir for storage. [0160] Exanples
of the other solvents that nmay be added include inactive solvents
appropriate for the purpose of facilitating the reaction 5 procedures,
etc., for exanple, alkanes such as hexane (each isomer), heptane (each

i soner), octane (each isoner), nonane (each i soner), and decane (each

i soner); aromatlg hydr ocar bons and al -substituted aromatic hydrocarbons
such as beniehods ol d&fe cORYINEAES (&AL Odsdﬁea) metheg) enAZaméinuously

di i sopropyl benzene (each isoner),. di nzene (each , 10 |soner and
napht hal enesui%i?zlbf% ﬁ@%ﬁfﬁ)ﬁ%@l@ﬂﬁstgﬁt t SBW fdl a}é@fn%fr agidney ‘1?10 Q;r oup,

such as chl or obenzene, dlchlorobenzeﬁe ée i soner br onohenzene
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ure’ con reover |on pressu my be any

f d d
di t1ori ng. oLRERA ng URGHER ?ﬁﬁaﬁﬁlg‘?h@%ﬁ%ﬁ%ﬁﬁ@ﬁ% RSP R K on
tenper at Ur e andh1os.; sman%%& r&ghs. g%gé S BOE: g 20 to 1

X 106 Pa. T ere1s no rticular eactiion tinme (residence

time in the f%%ﬁflﬁé Lo panHS r\t‘fﬁ%‘r'sfo%t lﬂi)da) ;proZygﬂeP%rﬁP@he' & @lﬁnﬁfs‘?ﬂé ed is

0.001 to 10 oursy one“that is nore prefe 005 to 50 hours, and

one that isrdditiodelaBi&! &y e S-RUREnHRI 1O BAMIS- 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 isocyanate and a hydroxy compound
form by the thermal decomposition reaction of the N-substituted
20 carbamic acid ester, one collects at least one compound of these
compounds, as gas-phase components.  Which compound is collected
as gas-phase components depends on thermal decomposition reaction
conditions, etc.
[0164] In this context, the term "low-boiling-point components that
25 form by the thermal decomposition reaction of the N-substituted

carbamic acid ester” used in the present embodiment particularly refers
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10[ 0162] In the present enbodi nent, one that is preferred is not to use a
catal yst. However, in the case of using a catalyst in any step for
produci ng the N-substituted carbam c acid ester, residues or the |ike of
the catal yst may be supplied to the theimal deconposition step. In the
present enbodinent, it does not matter if such catal yst residues or the
15l i ke are present. [0163] In the case where the N-substituted carbamc

acid ester is kept under hjgh tenperature for a_.,long tine, a srd reaction
Sich ae 5 rEnEOMBPURAICAOPIL Ob GO S thoh . BSAR ﬁé @rér%euwher% Hugh a
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be caused. Thus, it.is preferred t i he .N- sub trtuted
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shouéd be as short ossi ble. Thus, the thernal deconposition reaction is
preferably P %’?’ %ﬁﬁr?@ 9. cont | nuous nmet hod. The continuous nethod is a
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compgnent s LAMANE {001Pm n@téﬁr ¢ (bEDTRlHRSAMATHE AR EGRR! B ol  houar
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reactor as gag oqigaegrpgagﬁaqgm?ﬁ%égﬁ%}eaé&% Sbdhssabing conpounds that

formrnapo erea ion caused by the N-substituted

car bam ¢ acr@r@cﬁtﬁr ﬂa@d t\bﬁelel%hé TSR0 Se %%n{rﬂl{&oe?l?qé’tcf)ﬁrtﬁ%@”:ﬂﬁéhe
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deconposi t'%s%er%@éd 'carr%ﬁr@ BEid Bited! biaviig s gréfénﬁﬁaﬁetoc@rg@g?e@ts to

exist inthe t mal  deconposition reactor. Since an i.socyan and a

S o, EompaHSutck mebele b AbmmL Sacormy i S ARtE

thegg conpouiisieragalddscdpssitioamRARent snd Wibfdot GeiRaHeNisibsohitedt ed,
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

20 the thermal decomposition reactor is a distillation column, and refers to

a part above a heat transfer area part under heat in the case where the
thermal decomposition reactor is g thin-film evaporator,  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 1s o transport

25 the liquid-phase components with them kept at 50°C to 280°C, more
preferably 70°C to 230°C, further preferably 100°C to 200°C.
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as gas- phase conponents depends on thermal deconposition conditions, etc.
[0164] In this context, the term"|ow boiling-point conponents that 25form
by the thermal deconposition reaction of the N-substituted carbam c acid
ester” used in the present enbodi nent particularly refers to conpounds
capabl e of existing as a gas under conditions where the thermnal
deconposition reaction is carried out, though the hydroxy conpound and/or
the isocyanate that formby the thermal deconposition reaction of the

N- subst i t ut[€d 6daManteverc oteasreadsply foe spemple hamaethod] ofi 66]lecang.exanpl e,
one can adopt a nethod of collecting, as gas-phase conponents, the

i socyanat e angas-phaby doaxyorarpotind isdrarnaer sndyithehaydiesynapmpetodposi ti on
reaction, and collecting |iquid-phase conponents containing the .

N- subst i t ut&ét cirpanby dﬂ@m@? . deepmpesitometigaetions angl agallectivgept abl e
to separately collect the isocyanate and the hydroxy conpound in the

t her mal decbipdsphasencosmansnts conésping thaeNcadstpedecatbamicqasid phase
conponents contain the N-substituted carbamc acid ester, one_that is
preferred i®teolgupdhe botewy périherthernalsremposttian reeciPs- phadhis
conponents to the upp art of 5 the thermal deconposition reactor and
subj ect agaﬁnﬁthqﬁawseﬁfﬁﬁemléat B RPaBERlsariainag she fcyanate
deconposition reaction. Th pper. part of the thernnl, deconpositi.on reactor
foforrad t GuRanrsreblr shEpisd hothebammprase 16 i di Beioh SHBTONSBSve v
plates fromthe.boftomof the colum jn ter of .t he nu r of theoretica
Dt s i n CH AR Bt ORPRAIS. deDBmsaPiies bR bhopavid-ghase
distillati 0&01%81)5&%5 aad {38&%1#? to?' 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 50°C to
180°C, more preferably 70°C to 170°C, further preferably 100°C to
150°C.

[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
gas-phase components, and collecting a mixture containing the
isocyanate as liquid-phase components from the bollom of the thermal
decomposition reactor. In this case, one supplies the Hquk%phasﬁ
components to a distilation apparatus to collect the 1socyanate. In the

25 case where the N-substituted carbamic acid ester is contained in the

liquid-phase components, it is preferred that the mixture {(a portion or
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a pan above a heat transfer area part under heat in the case where the
thermal )sitin reactorbin-filmevaporator. For suppi a portion or the whole
of the liquid-phase conponents to the upper part of the thermnal
deconposition reactor, one that is preferred is to transport 25the

| i qui d- phase conponents with them kept at 50C to 280C, nore preferably 70C
to 230C, further preferably 100C to 200C. [0167] Moreover, one can adopt,
for exanple, a nethod of collecting, as_gas-phase conponents, the

i socyanat e @ed widenthgrend) compoing theatN-subsiitwed Harbaisracideesitposi ti on
reaction, and cql]ecting. |jquid-phase conponents containing the, .
N-substitut@Hﬁﬂdrb§n$ﬁﬂgﬁﬂht0SS@SUEPGEﬂﬁgyﬁﬁ%ﬂbbﬁh@%mﬂfS@W@ﬂpﬁéﬁﬁﬁl
deconposition reactor. .In this thod gs well, the collected gas conponents
cont ai ni ng TRENTs &R ybied agélrbgﬁ¢ ABIBstiisHl ratharmict Reldy &Sttt to a

G R B L) SERL SR, 1 LB enR Sil
Gppes part O (PRe ohAHRRESHeBORPOSFIRONO, Ui (IO o PO PR TEgarEhe
Suppl yi ng. sOHSERPRRTBR TRaC ol Siof tiehe 1 | HONBUBRALS, ComBRBNIE L8 the
157t0 EransBOFETBRES (U RIS OV BmiBRBh bt £ SThom R opBOSE: 865 o 180,
Fur  her mor e g 00 USGdfe L 706 bittiap PeeEhs Mgk o L80TGeti ng, of the
dacommosi i BN oot S TRIRARTe s ke dsConhBSutdEiEen: s, anc
compinent o FRs Rt G ErGHRiGE R tRerRaR LRbhRIER ROk SRBIBHOR (1
case., one WRPUIGRA A MBSO A0S LA bAhaD poveal
f‘ﬁgf- . ﬁ:t ‘;{Q{sﬁ?féﬁ?tg@;@ﬁﬁdgﬁb gtfrlﬁt Al i PPy ARYPRAIEN  due 1t 1R REGI €Y red
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 & polymer form to the thermal decomposition reactor is
obtained.
20 [0170] In the case where the N-substituted carbamic acid ester is
contained in the liquid-phase components, the by-products in a polymer
form may asccumulate in the Hguid-phase components by repeating the
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

25 the N-substituted carbamic acid ester to a thermal decomposition

reaction. In this case, one can remove a portion or the whole of the
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t he whol e thereof) containing the N-substituted carbam c acid ester should
be supplied to the upper part of the thermal deconposition reactor to

subj ect again the N-substituted carbamc acid ester to a thernmal
deconposition reaction. For supplying a portion or the whole 5of the

| i qui d- phase conponents to the upper part of the thermal deconposition
reactor, one that is preferred is to transport the |iquid-phase conponents
with them kept, at. 50C to 180C, nore_preferably 70C tq 170C, furtfhef;

pr ef er abl y 1Q@d-plasesmanppnams|row hegsasiar sysem khthieseby seduee theer nal

deconposition react.ion, Ot is ,preferred o collect the |iguid-phase
conponent s #5¥RAEOB0PE dhe BY-PreduHE, s B@[—)ﬁﬁ%sﬁ’ﬂﬂoﬂf B@@tﬁra‘tm s is
because of being able to dissolve by-products that formin a polynmer form
due to the SQTHEAHSARICEBHANGE. descri bed above, caused by the N-substituted

. St S T R B S I B e o,
eactor. By ERTA! SHENBPPELOT0RTatbCiHs LHEL dBhBLHGHFACArkR Ao of t e
ds i I f he. | d ition. [
compounds | 8. ByRRLTELASD Loy te L REETRL decomort LgmgReLalle
R e
o, R Ik A U e S, SO 1
N . . il > - ol on. |
thi s case. oAuiEhn or sipfE Geforfituldih | ABURY, E°SRRREYS MafGinihee '
ot i ’ i f
CheTBy- pr odtiE ol FERFSHER FHRIREPhARR Rpd FOUSRIBER, AGHRAA L on
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 10172} Although materials for the thermal decomposition reactor and
lines may be any of those known in the art unless baving adverse effects
onn the Nesubstituted carbamic acid ester, the aromatic hydroxy
compound and the isocyanate which are products, ete., SUS304,
SUS316, SUS316L, or the like is inexpensive and can be used

25 preferably.

[0173] <Intermediate-boiling-point inactive compound>
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[0171] Although there is no particular limtation to the formof the 5

t hermal deconposition reactor, one that is preferred is to use a
distillation apparatus known in the art in order to efficiently coll ect
gas- phase conponents. For exanple, various nethods known in the art such as
a style using a reactor containing any of a distillation colum, a
multi-stage distillation colum, a nmulti-tube reactor, a 10 conti nuous

mul ti-stage distiJlation colum, a packed coluymm,, a thin-film evaporator, a
reactor having a @ﬁﬁbdﬁ@ interapeiatghIngapeist daeCtEVe cQMBOUBH Wssdctor, a

combi ning. tHhedy oa TR R eI he RGUBBRNL of r apt di y 1 emoving <
breforred s o 1 bGS SR CaN SR e- BRITGHR DR AR o &Y arsP SIS il | &
b Shaned s Felrs e ARORL T o Dol e BETH S HARPAGTd e, area of
tu e- shape . ;" 2] e | ) area o
a1 ForeRE SRR B ol ot B R o
the art uni BECTRATRRBEVe PEECUr P OB e L cPMtRrtine! AT Baskie aci
Susaon. " aucSaPOLRHs (DR E Rl POXRRAL T LT AR PR oo
2 f bl y. . i -hai | i Ng- poj i i >
ot d Che i KR TABARE OB 2P Dot ARl e SRR r csent
Thodi N ; - T . . ~bhoi ki na- Doi nt
Fhaetve oo aRBr R RRL e, ard RS LR PR R OB ot
| nagh! ve CO&?&%@% nér??ﬂ%bl%u; i@?ﬁ“&%% Ml B¢ iati M e e et age

distrllation co ai ning an i vé hydrogen-contai ni ng

compound (Al 2pfed &Oﬁm&?g{e%tg%ghgﬂgg tﬂg@g@gb@gﬂ&fy{a (O @5t ve

hydr ogen- c al ni ng conpoun

he compound™ Bt Lk R et BEA RIRaf BBRAL TRIFCOPHEAE) cconce

t he conpoun -stage di st um int pr esence

of an | nt e iRt Aithirfio RRIMbouiR CA)VEnd ATROHAR b6dlidd Bbirase ad'or !

boi ling poin ween a norna ng "‘poi nt o

hydr ogen- copt@pauna, (BYPEHAC; AeRidary IR0k | BEHPRIMIheT adiie compound

(B) and is chem call active for both of the active 15hydrogen-cont ai ni ng

conpgund ( Ahy@ishenbeoaamagréntdund Q4 4hd thé sbmppudp(pes of a feature of

the intermedi at e-boi | ing-point i nactive conpound”(C) include the point
where it is[0IagtFuet, fetarhprRsass iav fedtues Qo the dptepimeidiae IBTRARGhiIHEY) and

the conmpound (B) that reversibly reacts with the active hydrogen-contai ni ng
conpound. Thective 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 having reactivity with (A) and (B). The
intermediate-boiling-poit nactive compound (C) is a compound that
does not form a covalent bond with each of or separately with (A) and
(B) at the operation temperature of the distillation.
[0175] A preferable intermediate-boiling-point compound is a
25 compound that does not have a functional group reactive with the

isocyanate and the hydroxy compound, and one that is more preferred is
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20"i nactive" means not haying reactivity wwth (A and (B). The

i nactive conmpound (C) is a. conmpound does not tbrma coval ent bond with
"ach of or separately with (A) and (3) at the operation tenperature of the
di stillation. [0175] A preferable internediate-boiling-point conpound
is a 25conpound that does not have a functional group reactive with the

i socyanate and the hydroxy conpound, and one that is nore preferred is a
conmpound that does not have actjve hydrogen. [0176] Exanples of such an

i nt er medi at@cOBIPOURG-that Aees nekhaxeadisrpBYAPEED) can include at | east one
ki nd of conmpound sel ecie;d fromthe group consjsting.of (1) hydrocarbon
conpounds /g BBxampigsr | of 5 speln@ibd intgrmedigtedailingdmonte; 1980¢onpounds

| Tnear . br ERBAUNAN oy AR BCBieet lsAet GReKinshBbaonIDUH BRI o 8 -
bonded vi a 168 BXHET CHBRGUBE @ Lkl GBUREF TBBRICORS WA S04FBoh Rbounds
Compdunds. TRFIEECH OF (O QHESURPHE Cor ke OGRS Py BTETH TCHaposy
aromt | ¢ hyghoCarbon sapOUIS Lhel, TR A0S, SURSS LUKeDt oLyt no o
(e sere € o L1 L oherL KLOG,08 B PARARIL 15, b o e hond o
e CUShEe L S5, BRGSO S oo e
o o2t T 050 FUAMLIREEHLHL 0 Ry AS Dol SRIRRUALERY 0 @
conphi Lut | gt} 2 pRHG, (LFeDRNcOQMRIE, L BAE ThEY R hfurdlaldd vent
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
thioether bond; and (6) halides in which at least one hydrogen atom
constituting a hydrocarbon compound having a linear, branched, or
20 cyclic structure, or at least one hydrogen atorn constituting an aromatic
hydrocarbon compound that may have a substituent comprising a
hydrocarbon group is substituted by a halogen atomn.
[0177] Specific examples of the intermediate-boiling-point inactive
compound can include: hydrocarbon compounds such as pentane (each

25 isomer), hexane (each isomer), heptane (each isomer), octane (each

isomer), nonane (each isomer), decane (each isomer), dodecane (each
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dead: bon group substitutedhal ogen atom [0177] Specific exanples of the
i nt er medi at e-boi | i ngpoi nt inactive conpound can include: hydrocarbon
conmpounds such as pentane (each 25i sonmer), hexane (each isoner), heptane
(each isoner), octane (each isoner), nonane (each isoner), decane (each
i soner), dodecane (each isoner), tetradecane (each isoner), pentadecane
(each isoner), hexadecane (each isomer), octadecane (each isoner), and

nonadecane (each soner eth rs.to,which a hydrocarbo npound | s bonded
via an et helSOB¥id, chaNp o ACtLt O Eidac RENGERERTE REARN  LI0ReR)( cach 5

o ot (SR i é%&%@%ﬁ@aﬁ oRERIT I dCEgHbEr (each
Lot raet byl cHECDIYEBIE DS %%S‘ﬁcohsélﬁ&””%m“‘m oS Copglid oM bR bon
di et ﬁ;?dshfﬁi’%@ SR P £ L SR QS” h;solrﬁﬁﬁ "&ﬂ%%ig%fé%gﬁ |
ulfrde’ (ol ?{?erég’nede;jcyl offe, [ TowLace %S%ér eRhagRrau t (de
oorer) | octcundtGPt SERRY o Bl cRomé fgshﬁ% %dee 38%9}5§%5{1#$§e(?23ch
oyl L)enzen@&%%%%ﬁ B SRR DR A K%%%%ﬁﬁiezfiﬁﬁ%@swer ),

' 2%2‘33?6”% BRIESHIL TRIRED) ol Y- dBIERIR: RRARN ABRIED) ?‘%1%%@1‘?@%%% (each
| soner), gfpa R oeaG b IR or P \HE%Xn&&hPﬁBﬁB ggdh | somer);

aromatic et ers tic on co
o) 8 e e s ksich e Gt b sl (eech
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 (cach isomer), and benzyltoluene (each isomer); aromatic ethers to

which an aromatic hydrocarbon compound is bonded via an ether bond,

A
i

uch  as  diphenyl ether, di{methylbenzyl) ether (each isomer),
diethylbenzyl) ether (each isomer), di(butylbenzyl) ether (each isomer),
di(pentylbenzyl) ether (each isomer), dithexylbenzyl) ether (each
25 isomer), di(octylbenzyl) ether (each isomer), diphenyl ether, and

dibenzyl ether; aromatic thioethers to which an aromatic hydrocarbon
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25i soner), di (octyl benzyl) ether (each isoner), diphenyl ether, and

di benzyl ether; aromatic thioethers to which an aromatic hydrocarbon.
conmpound is bonded via a thioether bond, such as di phenyl sulfide,

di (net hyl benzyl) sul fide (each isoner), di(ethylbenzyl) sulfide (each

| somer), di(butyl benzyl) sulfide (each isoner), di(pentylbenzyl) sulfide
(each isoner), di(hexylbenzyl) sulfide (each isoner), di(octylbenzyl) 5

compounds. | FOHRPBROSISHpERGER Bort domsUlstbpadnaHaBa ivnal onatie,
hy carbon, EOTROUR WA, 205 Ner RO5K. s 05, TRLIKIOSHREN ot ' somer)
chi or opent ARETE brRBRRARBIA) SHBIE L SORIeD), BlpeRNdrepant anmiad
1541 br ometfgne 1oL o) 85 L STOEY bate ST OSSR o)
SRR 11 T AR i M N P R
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

10 isomer); and halides such as chloromethane, chloroethane,
chloropentane  (each  isomer), chlorooctane (each isomer),
bromomethane,  bromoethane, bromopentane (each  isomer),
bromooctane (each isomer), dichloroethane (each isomer),
dichloropentane (each isomer), dichlorooctane (each isomer),

15 dibromoethane (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 substifuent comprising a hydrocarbon group, and (6) the
halides in which at least one hydrogen stom constituting a hydrocarbon
compound having a linear, branched, or cyclic structure, or at least one -
hydrogen atom constifuting an aromatic hydrocarbon compound that

25 may have a substituent comprising a hydrocarbon group is substituted

by a halogen atom are preferable from the viewpoint that these
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di bronboct ane (each isoner), chlorobenzene, bronobenzene, dichl orobenzene,
di bronobenzene, benzyl chloride, and benzyl brom de. [0178] Anong these,
(1) the hydrocarbon conpounds having a linear, 20 branched, or cyclic
structure, (3) the aromatic hydrocarbon conpounds that, nay have a
substinment conprising a | ydrocarbon grow and (6) the halides in which at
drogen atom constituting a carbon conpound having a Ilnear branched, or
cyclic structure, qgr at ] east.one dro n ato constitu an aromatic
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(© is the errpera’ture ween nor ma |ng pol

?_cl)_(r:gaI O]E)o![ L%&gig@ﬂl %er rre %yeﬁ% ?F?ﬁ%it%glﬁ?%ﬂtyﬁgﬁ{ﬁ Oﬁ@ﬂgch@ﬂ)rﬁolrgt < Tc

< Ta or Ta T ct to the normal b0|I|ng point (TaC) of the
active hydr%rge acfroen g%})i;l% g%ﬂrgound (A) and the normal boiling point (TbC

of fpe corrp A dﬁ%xgﬂ befe ahar 36f‘3dlhgariﬂ déljﬂged@feeﬁé'ﬁﬁif &n@o'lh%&gveoo' nt

i nactive co can e sel ecte 0 used ap priately according

to the hand ve drnge Nntigh N A) CQHP (B). In
this cont ex%&ﬁ %glhﬁor r(g? b%lg ?ﬁgpp&ﬁ!ﬁt ?ggﬁggmﬁgébop%pﬁg poi n?ﬂﬁnder r
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based on a structure such as a general one neasures or

| nieeL | 5t Shapstatgsut sy it a8 g0 kg bl ooy
known, in the ).  Specifically, the normal boiling point (Te°C) of the
15 intermediate-boiling-point inactive compound is in Tb < Tc < Ta or Ta <
Te < Tb with respect to the normal boiling point (Ta°C) of the active
hydrogen-containing compound (A) and the normal boiling point
(ITb°C) 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 (). In this context, the normal boiling

point represents a bolling point under 1 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 seleet normal

25 boiling points for individual compounds. The measurement of the

normal boiling poini can be performed by a method known in the art
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such as a nethod specified by, for exanple, The Japanese Pharmacopoei a,
14th Edition, Part | -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 internediate-boiling-point inactive conpound (C) should
differ by 5C or nore, nore preferably by 10C or nore, fromthe normnal
boiling point (TbhC) of (B) and the normal boiling point (TaC) of (A) to be

ot med 2t 81 R gt pBIHEON PP @ybe%a“f ?%yéra?m%Q?ﬁé@n Fenanese
Spci f1 cal | PPARHC QRSB hBHe IO Rl D1 P GepanE iglect el Selly

i nt er medi atg-boil i inac |ve compound (C) differs by 5C or nore from
t he nor nal @Wr‘ibfntg@g E@}ed(lﬁ)t 874t t he normal boiling point of (A does
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(B) that s LRy T epet i %Qsé h‘%hé“sbﬁ&ra%ﬁa?%dﬁ&%%nco(ﬂi)a' A9 ggpnpound>

A net hod of upp yi ng e mxturé conta

hydr ogen- co ﬁﬁﬂé Iveﬁﬁﬁggoﬁxﬁ) 1Al &é‘ec& aiad @) &h%tet%¥ rend! y

reacts with en- cont al ni ng onpound”’t o an |nac ive layer
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described. gpecifically, the case where the normal boiling point of the

intermediate-boiling-point inactive compound (C) differs by 5°C 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 5°C or more, industrially sufficient
distillation separation is possible, it shall be preferable to differ by 5°C
or more from the viewpoint that steps that may occur after separation
between (A) and (B) become easy. Thus, it can be said that thig

20 preferable aspect holds only to separation meeans currently known in the

<Separation between active hydrogen-containing compound (A)
and compound (B) that reversibly reacts with the active
25 hydrogen-containing compound>

A method of supplying the mixture containing the active
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[0182] The m xture containing the active hydrogen-containing conpound (A)
and the conpound (B) that reversibly reacts with the active

hydr ogen- cont ai ni ng conpound is supplied to the inactive |ayer of the

i nt er medi at e-boi | i ng-point inactive conpound (C) within the 10nulti-stage
distillation colum, and (A) and (B) are separated in the nulti-stage
distillation colum and collected. Specifically, in supplying the mxture

containing (A) and (B) tq the multi-stage distillation colu t he inactive
layer compriidiapenneonteyning comaind Giheitfit B FoRPRUSdy agﬁft to

whi ch the m xtur.e,of the nd the (B) 15is s l.ied within,the
ml 1 St agotatebrinly aetan wah JfR e Eahy dearRtsed i BRRS oSeR RS Ak ng

d (A dt d. (B | i ta t. i nt. di at t f
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el ght 2odi TREPRGRG G Rat b sElsaiBR e aBRBRNB e 45t e "
posi Ei on at iclhgt | east pne theoretical plate, preferably at |east three
t heoreti cal( wi %gﬁscérit?%. above and bel ow a stage having the supply port
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distillation colum, to thereby suppréss the thernmal denaturation reaction
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contai ning the active ™ 15 hydrogen-contai ni ng conpound and t he” conpound

(B) 188y al siy é@c}ﬁi&mwﬁ@ﬁlnitﬁe Adlticithgl diaflRuticiugglubed in the state of a
gas-liquid m xed phase, or supplied’ in a gas state, one that is preferred
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pplies the mixture containing the active
hydr ogen- coobaipuuigl (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
20 direction in the multi-stage distillation column, and is the position at
which at least one theoretical plate, preferably at least three theoretical
plates, 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

25 continuously extracted, and the boftom of the column refers to the

bottommost part of the multi-stage distillation column.
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20 conpound (A) and the compound (B) to the nulti-stage distillation
colum, to thereby suppress the thermal denaturation reaction of each of

t he active hydrogen-contai ning conpound (A) and the conpound (B). Moreover,
in the case of supplying the mxture in a liquid state, the reaction

bet ween the active hydrogen-contai ning conpound (A) and the 25conpound (B)
often proceeds easily conpared with the case of supplying the mxture in a

gas state; S o from such vji ewpoi nt, . the m xture cantaining the
active hydr ﬁﬂﬁ%ﬁ] cﬁﬁsuaﬁﬁg}e @éﬁﬁ@jjllri’éff?%n“&ﬁatatﬂﬁ’élgcwmﬁeﬁag((@O) Iiﬂé)fd?f’ef erably
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internedi ate-boiling-point 5 inactive conpound (C) ,described ahove; and
one that <o of PEabed e gdr Hhtsa ons. BABIS MO Hd 1548 SRR 108 (A) and
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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 itin 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
columy, to thereby suppress the thermal denaturation reaction of each of

the active hyydrogen-containing compound (A) and the compound (B).
Moreover, . the case of supplying the mixture in a liquid state, the

reaction between the active hydrogen-containing compound (A) and the

25 compound (B) often proceeds easily compared with the case of

supplying the mixture in a gas state; thus, also from such a viewpoint,
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conpound (B). Mreover, for exanple, taking, as an exanple, the case where
the active hydrogen-containing conpound (A) is a hydroxy conpound and the
conpound (B) is an isocyanate, there may arise a problem an N substituted
carbam c acid ester forns during distillation and the N-substituted
carbam c acid ester polynerizes during distillation 5 or in reactions
downstream t hereof, so that the conpound in a polyner form adheres to the
apparatus,_%Pless adoptlng t he, net hod ﬁs in the resent enbodlge

Accor di ng ti8et REXREE Hewtening dhprasdivi talrdpg FUPRAYA

be prevented. [0187] The . inpactive. |l ayer of e present. enbodi ment is fornmed
in the 10 #¥hgi et EPW@&@SI%H@%F ¥Suﬁpgﬁaﬁ’él§|%asaﬁ aCeast three plates,

o of or abl y. i1 T Pl edauss Jq?%réa& i esp Had Fa@r%?n@eesfp%y“ifehave
Sréfzﬁigfy"%éf S 51 & HFEOBICEPERAB | ?ﬁﬁﬁhﬁgﬂgﬁé‘% A fiRegint 15
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Phacti ve scaGtNe OEPRER (o) defaineatrs Lanp ﬁﬁﬁé‘é‘%ﬁerfﬁé {Chhponent s
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G agr ans. 25p0BEPTHPAraloT BF rRbRh e, AR 0 %mf%??ﬁt&e
con{loollln ta%ﬁv%‘i?féf(% gﬂaﬂgﬁﬂe@:ih%%ﬁfsﬁ{b evapor at or di sposed at t he

bot t om of the quantity of reflux at

the top of (dRdTUrhi- SkEORIS bl one @Egé%t@?gg EUBE @b aupRl Y of the

| em can

i nt ermedi at | 1'ng-pornt 1 nacti ve nmount of supply of
t he m xtur (ﬁﬁm’ g 81;8@% 5and t he
conpound ( §%%h2%dgg?%ﬁﬁ th 1'#}/ ﬁﬁ%? f -stage stll tion coléeq%0

ggﬁpg/gagoyg eg%}é??ghﬁfetﬁ%%ﬁ atléig%gfwﬁe:?ﬁdrﬁﬁ&ﬁ%ﬁlﬁﬁﬁré@bﬂn‘p@ﬂnﬂ%ﬁ@t arid‘aCt ive
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)
20 caused by the contact between the active hydrogen-containing
compound (A} and the compound (B), to thereby separate the active
hydrogen-containing compound (A) and the compound (B) 19 exerted by
supplying the mixture of the active hydrogen-containing compound (A)
and the compound (B) to the inactive layer and separating and/or

25 diluting the active hydrogen-containing compound (A) and the

compound (B). Moreover, for example, taking, as an example, the
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than the range descri bed above is al so acceptable in sone cases. [0189]
Meanwhile, in initiating the supply of the mxture to the 10 nulti-stage
distillation colum, a nethod of supplying the m xture to the multi-stage
distillation colum 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 colum and boiling the (C) is preferable, and one that is nore

referred is to ly the xture to the nulti-sta distillation colum
gdj usted t 0oase BRAFS i ﬁﬁ&vghd@o%@wﬁ@tae@pg q@tp@]lg&ﬁ) hﬁétpr@bove t he
m xture contai nin the t| ve dr Sn containin ound A) .and the
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a content of the 1ntermed1ate-—b01hng-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
aiiagra}m of components within the multi-stage distillation column and
predic content of the Intermediate-boiling-point nactive 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
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15transport the isocyanate and the hydroxy conpound in a gas state [0192]
Meanwhi | e, the internedi ate-boiling-point inactive conpound (C) can al so be
supplied as a liquid to the nmulti-stage distillation colum or can al so be
supplied in a gas state. The internedi ate-boiling-point inactive conpound
(C© may be supplied fromany position of the 20 nulti-stage distillation
CaO UM and may be supplied froma supply port disposed at the upper part of

A N e R L S

[0 2, SUPBLY, Bl SLSBos i S, DSyl SHRRLY (R, e o
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S TR R Pt BT o o5
oot VSO, S e LTI, o
because  be ARMAN 0L o LALEITH AT, oy A0 chRs 8y Lhetipre
(8)) 10 < heqdyhelbatl oa.GobUIm deC IeAREScIiuRle higyARURL, of the

i ntermedi at &-"bol T'i'ng=poin ive comp I's nore preferably

0.1timeto i h : b i t@ .30, L nes .« W respect
to the wei glhdt_a of] Iﬁ%“i@rﬁ%&tgﬁeﬁﬁﬁé@gg] JL% &‘%&%?ﬂeﬁ& &1&% a?wt e?ch t he
di sgpl | ati 1104 Cid 3 | ks ound (A
and&phe coonlgl%ﬁ%%% C?s(éhlgﬁ%r%%ﬁ i f{édre\sfﬁ%ég%@r’] I gyg‘%}%@éerﬂ%%@n%lo%gﬁi on 01S )
conponent s e INAPD i Sid LQR- GOl i t he
comonent s SRS, AeIINoN ccttAPathusiad kol Lok el MR 6b the
distillatiof M the! Eas-FRA mrwﬁﬁ@wm&ngebﬁg ARE WNUehto the
pressure, under atnospheric pressure, “or under Increéased pressure, it is

usual |y pr effilfiadagbdistllatiinedidndiPan@ il 846 (CNid PRAEANOS Bid hd1 kPa to

10 MPa; and in consideration of ease of industria practice, one that is
more preferfigd isS rhord MeefRnae 197t shpphPahtomlxiite, to the multi-stage

15 distillation 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 15 a mixture

20 containing an active hydrogen~containing compound (A) and a
compound (B} obtained by subjecting s conjugate of the active
hydrogen-containing compound (A) and the compound (B) {(e.g, the
compound represented by formula (5)) to a thermal decomposition
reaction, one that is preferred is to heat a line connecting the distillation

25 column to a thermal decomposition reactor in which the thermal

decomposition reaction is performed, to the condensation femperatures
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and one that is further preferred is in the range of 0.5 kPa to 50 kPa.

[ 0195] Although the tenperature at which the distillation separation

bet ween the active hydrogen-contai ni ng conpound (A) and the conpound (B) is
performed differs depending on the conposition of conponents supplied to
the multi-stage distillation colum in which the 5 distillation separation
is carried out, the tenperature, the type of the nulti-stage distillation
col umm, etc. that is preferred |nd%ge ran%e of 50C to 350C, ., one that
s more proPbRgRCT. s BEEAGIDIRIESEHE. oMo LHRAACTY HYAAFI SRR | s

erformed in the r of C to 250C S activ
Eydrogen-co?@lﬁpﬁpﬁ ggarpan%d%%wmneuagnégﬁ @1&1&3 BY e thermal
intermadiatg |I|n1%‘ oi nt .i nacti,ve co 11{}5 égﬁihe rrall denat ur ed
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rovideanwfaC|I|t for coo es i,n,the case of o.Iow
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i nt epnedi ate oi I i ng-point inactive conmpound (C) may be 15 di scharged from
the top of ‘mul ti-stage distillation colum or may be extracted fromthe

where ¢ he E@f@ bo; i PG & i@'ﬁé‘%@"@f@hﬁ Vet RS ARec R i ne
AR ol SR IR L
0t or redt at 5%1‘%31@#%‘1( bBafic 40&%%%8 e s aReRp ERcF a?@?%ﬁéﬂﬁd (8
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active hydr oge containing ¢co ’romt

compaund.  (LEr Pamkside J5° fepliaabn PEIRE T Ao AL BRRRIA Lo one
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i nactive conpound romeirt urm om of

the col um, gty Loicig ¥ & | ng@%r1?1%ﬂ %@ﬂtﬁé‘céor%ﬁ? C?tl?n temperatures or

i nt er medi at e- boi | ng- pol nt ctive 5 conpoun oget er wth the

conpound (Bh}gH Pof it I ayﬁﬁ% ﬁl&%éfﬂycﬁﬂﬂ fwﬁ@gﬁ%gwng%ﬂugw@%a' ned

m xture of t I nternme ng- point actl and the

oo (ol U B it spbgeian L ks v

15 transport 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 column and may be supplied from a supply port
disposed at the upper part of the multi-stage distiflation colummn; may be

supplied from a supply port disposed in the lower part of the multi-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,

25 or may be supplied from the supply port through which the mixture is
supplied.
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10 i ntermedi at e-boi | i ng-point inactive conmpound (C) fromthe bottom of the
colum and recycling it in the production step of a conjugate of the active
hydr ogen- cont ai ni ng conpound (A) and the conmpound (B), for exanple, the
conpound represented by fornmula (5), or the thermal deconposition step of

t he conpound. Moreover, for exanple, one can 15 extract the

i ntermedi at e-boi | i ng-point inactive conpound together with the active

hydr ogen- cant ai_ni_ng co%ound (A, fromthe bottom of the colum and further
di stillati df188pdE as ereleareghihat tod amaunir @l Hie iHermediate-boiling-point

i nt er medi at.e-bQi | i ng-poi nt jnactiye, co und (C). and the active |

hydr ogen- c JREEILHE rfPres rf@)( mec{ sheBld der 8t(He tigae itpe 00 times with
20hydr ogen- cont ai ni ng conpoynd ), and.recycle it in the production step of
a conj ugat é’eéf’ecfthéoa%ﬁ v eiﬁj‘ﬁr @gﬁﬁb%omlémfﬁngt%é’ﬁ%}ﬁo gepdingo)on i e exanpl e,
the LUMpULI i Cl 1LLJIL. SCnt-c4 by Join or the thermal deconposition step of
the conpourf®MRARES cibid c%h%g"qlﬁgoﬁa%o%df’f{ 5B rAh| PRSRLOR. f rom ¢ he

col utm. - Mor@BPBHONT e AdMIETbr: b o THECHTHR. M| G- BOROHIT it s
comound (Gl ean. b LERISl et [AL0E] Mteguer Lof \exprl gyl ifie case
0t (TaCR RSN he 0% AliRrEsfar odBh oM ng etundTEn 0% he
nor bt B T ARG CRBNI P POBUED, B A, e
nyarogen A D10G PR e LA G LB Gl
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
15 mixture.
[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
20 distillation separation is carried out, the temperature, the type of the
multi-stage distillation cohumn, ete., and the reaction is performed under
reduced pressure, under almospheric 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
25 practice, one that is more preferred is in the range of 0.1 kPa to 1 MPa,

and one that is further preferred is in the range of 0.5 kPa to 50 kPa.
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10 the bottom of the distillation colum, or can extract the

I nt er medi at e- boi | i ng-poi nt inactive conpound (C) fromthe top of the colum
and the bottomof the colum. In this case as well, one that is preferred
is a nethod of extracting the internediate-boiling-point inactive conpound
(C fromeither the top of the colum or the bottom 15 of the colum, and,
for exanple, one can extract the internediate-boiling-point inactive
compound together with the active hydrogen-containjng conmpound (A) fromthe
top of the gﬂn%in/-\étdv@ughr thﬁetempgratulreatatdﬁhgéapﬁmtchsu%ﬂ@lcubts&mmcm xture of
t he i nternedi at e-boi ling-point inactive conpound (C) and the active

20hydr ogen- ROt g cysurty ragensaadiingsg  campasindy d Al dash el omannng
conmpound (A) and recycle it in Jigc i ULooni cp onjugate o -b- .e n-¢ ontainm
(A) at conpouREuUNs) (B}éﬁp@;zl%ﬂmleé{ difhersc ng@brgfg§é?@tﬂéﬂo$j§loﬂo®fml a (5),
or the thermal deconpositjon step of .the conmpound, while collecting the
25conmpound ¢EPPOREBSaFHRPAIetytof énﬂﬁtéﬁ&%&gﬁﬁéuﬁ@dq%@n@& WA g nt

i nact.ive conpound, (C) fromthe bottaom of the colum. Mreagver, r

exanpl o, onBIioR PERAALAG IFrAaF dP‘d%et&l@o‘iquﬁﬁBH?ntth@ ﬁé{E?iQﬁL%??orrpound
(C together w.th the. compound (B) fromthe, bottom.of the colum apd

di sti | Pat i oRUHpRAge SisHLTRs B iGe e ThT tsarererred BT o€ rage G

' ntermediat gabal () D950 Bhe Al Mrore PrRfencd 578080 %d 9B0cEMRad She
that is further preferred is performed in the range of 100°C to 250°C
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 industrial 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 (Tc®°C) of the
intermediate-boiling-point inactive compound (C) is in Tb < Te < Ta
with respect to the normal boiling point (Ta°C) of the active

26 hydrogen-containing compound (A) and the normal boiling point
(Ib°Cy  of  the compound (B}, one can  exiract the
intermediate-boiling-point 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

25 bottom of the distillation column, or can exiract the

intermediate-boiling-point inactive compound (C) from the top of the
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5 (B) to collect the conpound (B), while collecting the active

hydr ogen- cont ai ni ng conpound (A) substantially free fromthe

i nt ernedi at e-boi | i ng-point inactive conpound (C) fromthe top of the col umm
and recycling it in the production step of a conjugate of the active

hydr ogen- cont ai ni ng conpound (A) and the conmpound (B), for 10exanple, the
conpound represented by fornmula (5), or the thermal deconposition step of

t he conpound. Moreover, the collected internediate-bojling:point inactive
conmpound ( Golvam W& é@a/&csmm[@ﬁq{a? TRIKITHY, caphatela RFIEITCONES dase wher e

t he active hydrogen-contai ni ng conpound (A)..and the .conpound (B e a 15
hydr oxy cor@@mﬁ}? &h @Wcﬁlﬁgc@lﬁr’iﬁi@}n@‘gé%g@ﬂw??1%?6 YoFr t her mal

deconposi ti f an.N-substituted carbam c acid ester,.for,exanple, in the
casena/here &Eheﬁﬁmﬁﬂ ehEg faro %F&W%Préﬁeth?@qnﬁtogrthﬁﬁpgﬁ@ggﬂﬁi ng- poi nt
inactive cofpound is in Tbh < Tc < Ta,wi.th re ct to the.normal.boilin
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i nt er nedi at e- i'ng-poi nt 1 nactive compound (C) and the hydroxy conpound
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t he ituted carbamc acid ester or the thermal deconposition step of
the N-subst tﬁéﬂa@ﬁvé4?@98%@11%@&@%@‘%01%11&1 Al Ifesii e bdRomsef ya@at e
om

substantially free f he 20i nt ernedi at e- boi'l i ng- poi nt i nactive conpound

(Q from theoh#anoind hirgel uMstiliaMoneyaratef te @basiped, niintirbeofabe where
t he normal boiling

intermediate-boiling-point inactive compound (C) and the active

hydrogen-containing  compound (A) to collect the active
20 hydrogen-~containing compound {A) and recycle it in the production step
compound (B), for example, the compound represented by formula (5),
or the thermal decomposition step of the compound, while collecting the
compound (B) substantially free from the intermediate-boiling-point
25 inactive compound (C) from the top of the column. Moreover, the

collected intermediate-boiling-point inactive compound (C) can be
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point (TcC) of the internedi ate-boiling-point inactive conmpound is in Ta <
Tc < Tb with respect to the normal boiling point (TbC) of the 25i socyanate
and the normal boiling point (TaC) of the hydroxy conpound, one can extract
t he internediate-boiling-point inactive conpound (C) together with the
hydr oxy conmpound fromthe top of the nmulti-stage distillation columm, can
extract it together with the isocyanate fromthe bottom of the nulti-stage
distillation coJum, or can extract the internediate-boiling-point inactive
conpound ((})e%’?lﬂﬁil-the 5 top of the colum and the bottomof the colum. In

this case a L1, one th is preferred is a nethod, of extracting the

i nt er medi at @llﬁihmewrmaftor FEGTIRAEs 166 urPE( %&1@{@ dhe é?qrﬁﬁlag‘i’ﬂé‘ p of the
colum or the bott of. the colunp, and,. for exanple, one can extract the

i nt er nedi atEOIBéi(ILfP% Séiti}? mﬁaamrgf%tec INENAGEE REMPLIRCL I Fhe

hydr oxy conpound fromthe,top of the colum.,and further .. |
di stil]ati ohdsopir t 6t NETOBIREREE thx M@ dRilag port (Ta°C) of the

i nt di at e- boi | i ng- poi nt i ti d the.h . d
o col Tect RHEh MBI RCOTBUNS A SEYLS) Aol RETREN GUEOESHIEE op of
the N-substj d bam i d est he th | 15d I L t
of the N SUbERICELt o0 canBam COREPOUEL oBluni PBSCOI T8Lt | FORERG | discyanat o

DR S g R
e Lo el e ROU N PAURLHISS UG AMPOMSSCR tROeLET N Bl e
obtained S LS4 RAALHOEARI T LopBRTRYR) 660

hydg gxyconpgyndgubistantial byl r egEERmAe 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
20 hydrogen-containing  compound  (A)  to  collect the active
hydrogen-containing compound (A} and recycle 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, while collecting the
25 compound (B) substantially free from the intermediate-boiling-point

inactive compound (C) from the bottom of the column. Moreover, for
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i nt er nedi at e- boi | i ng-poi nt inactive conpound (C) fromthe top of the

25col um and recycling it in the production step of the N-substituted
carbam c acid ester or the thermal deconposition step of the N-substituted
carbam c acid ester. [0200] Although materials for the apparatus in which
the distillation separation between the isocyanate and the hydroxy conpound
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,, ofxanple, ke scamegpenet videanateraedialcoReiding-pdIat apngctivihere i s
no particular limtation to the formof the distillation colum, and a

di stil | ati opompound (knotgethert withabhe mp@@n&@éfr@@rﬂ@x B, 0L s ous

Cont ai ni ng_ SN el it i seRIa aflion COSUGN, WIEGRE| louge
These ar o_ uiBEERC IR DRSS PR BHCEbPURITIR011C NAHDHEn COMBaHId | st age.
mul ¢ pl o pl Bbotd nCAlFEh e GRTRBBRA 1900y Wiy crolafting alBs frive
ULt - st age HAEAPT SORGNES) [IBREBed AugR AL o 8o 2P T R nunber
G F1icul . Theane e Rabes-bortk fasre: tlfbpha I b0 BhETbhigt B 5 soo
xarpi o, angoben cHi o JREER, (1 TAL B Eon eS BEL G ERE B o L
sueh 25 2 B2 SO, SR I 00t S A1 S UGS SRRE B oS
oL 11 eyl I SRR BB RO AL AR S 8, SRS, 1
MeMahon pac lfiE@&nposition 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 (Tc®°C) of the
intermediate-boiling-point inactive compound is in Tb < Te < Ta with
respect to the normal boiling point (Tb°C) of the isocyanate and the
20 normal boiling point (Ta®C) of the hydroxy compound, one can extract
the intermediate-boiling-point inactive compound (C} together with the
isocyanate from the top of the multi-stage distillation column, can
extract it together with the hydroxy compound from the bottom of the
multi-stage  distillation  column, or can  extract  the
25 intermediate-boiling-point inactive compound (C) from the top of the

column and the bottom of the column. One that is preferred is a
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| i ELI PACK, Sul zer packing, and Mel |l apak. [0202] As the packed col um, one
can use any one that is a packed colum filled with the above-descri bed
packing materials known in the art wwthin the colum. Furthernore, one
havi ng a pl at e- packed m xed col um style having both of plate parts and
parts filled with packing 5materials is also preferably used. [0203]

<Met hod for producing isocyanate> A net hod. for producing an

i socyanate in_the Eresent enbodi ment conprises: a step of obtaining a

m xture corn@ihichgl gxtrasing dhaateamediataylnibing-poib dudri ey CoOmPouRdr mal
deconpositign .10 reaction of N-substituted carbamc acjd ester; and a
step of sed&hé@ﬂﬂbeﬂﬁkii at @méﬁﬁtﬁétm¢g@ﬁp§1Q§th%éﬂh%Bﬂem@éscribed
met hod for eparatipg an isocyanate. Furthernpre, one can, prpduce an

i socyanat e 18F t BXHRD r 9ahi A eXHEFY thi KeerHge af G ROHE P Biactiyeoduci ng

B e B B A LA R B T o
o oS L S S B eCE (e DR i S P
i Lo (PRI OSh e Bt Sl g T
or the neuneeif ool Aty RRRERS: Sommuie Sty RO merhe i xture by
pccording totamefRerBHEP o BB EL SRhETm AT PN the botism
0204] ror PRRRIGRD o vEHEQilg i B pERUGTRAY BRB L B Sl car
basggl on Examphgse 28R NoweYehr WP ARRRICTBMIYSIGN stV ey ' f S
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
20 intermediate-boiling-point inactive compound (C) from the top of the
columi

(o1

™

391 Moreover, for example, in the case where the normal boiling

\;

point (Tc°C) of the intermediate-boiling-point inactive compound is in
Ta < Tc < Th with respect to the normal boiling point (Th°C) of the
25 isocyanate and the normal boiling point (Ta®C) of the hydroxy

compound, one can extract the intermediate-boiling-point inactive
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5not imted to these Exanples. [0205] <Analysis nethod> 1) NVR anal ysis

nmet hod Appar atus: JNM A400 FT- NWR system manufactured by jECOL Ltd.,
Japan 10(1) Preparation of 111-NWVR anal ysis sanple and 13C- NMR anal ysi s
sanpl e Approxi mately 0.3 g of a sanple solution was wei ghed, and a

solution in which approximately 0.7 g of deuterated. chloroform

(manuf actured by Sigma-Sigma-Aldrich Corp., USA 99.8% and 0.05 g 15 of
tetramethyltin (manufactured by Wako Pure Chemi cal ]ndustries, Ltd., Japan,
Wako first epmgeyndd Qriogather vaith shehydrexyweempsmsdirapythanicoehihe ni xed
was used as an NVR anal ysi s sanple. (2) Quantitative anal ysis nmethod

Anal ysi s waSiudbridess edlséhilaélﬁéh cOlamdar §an a s iegt &ué&ﬁgﬁt%ﬁi’i vatholial ysi s of

e eyt R ao e AL A0 e ool Lo oul Bone o o Beper e e
HCAOAT Sy S e ibimediat botling.potit inachve compound (C) from the
5 top of the column and the bottom of the column. In this case as well,
one that 1is 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
10 with 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
15 decomposition 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
20 isocyanate from the bottom of the column and distillation-separate the
obtained mixture of the intermediate-boiling-point Inactive compound
{C) and the isocyanate io collect the isocyanate, while collecting the
hydroxy compound substantially free from the
intermediate-boiling-point inactive compound (C) from the top of the
25 column and recycling it in the production step of the N-substituted

carbamic acid ester or the thermal decomposition step of the
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25Col um: two Silica-60 colums (manufactured by TOSOH CORP., | apan)
connected in series Devel opi ng sol vent: m xed sol ution of
hexane/t et rahydrof uran = 80/ 20 (volunme ratio) Solvent flowrate: 2 nmi/mn.
Col um tenperature: 35C 5Detector: R 1. (refiractoneter) (1) Liquid

chr omat ogr aphy anal ysi s sanpl e Approximately 0.1 g of a sanple was
wei ghed, and a solution in which approximtely 1 g of tetrahydrofuran
(manuf actured by Wakqo Pure Chemical Industries, Ltd., Japan, dehydrated)
and appr oxilNeguisiituted carioamiy eg1dmiséPhenol A (manuf actured by Wako Pure

Chem cal Industries, Ltd., Japan, first grade) as an jnternal, standard were
added and Uf¥P8l rﬁ&thﬁug}édnmxﬁgéer égeaa%w BY W 1&bi ec w&lr@{a@@r aphy

analysis. (2) Quantitative agal ysi s method /15 naiqﬁai s was conducted on each
standard, aS@FHONYREMEEE: ithe EO8YFRIE SNd; fRe AREFLANYs CUMPPWIG oISt i on was

Step (1- 1) DRI BRSSP F JHOH KRaVBAH(RS 28 wiess Fatmg
5 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 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 column may be any 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 colurmn, one can use, for example, any one that is usually used as &
multi-stage distllation column, such as & plale column gystern 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,
25 Berl Saddle, Interlock saddle, Dixon packing, McMahon packing,
HELIPACK, Sulzer packing, and Mellapak.
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20di phenyl ester Reactioia the state where a line 14 was cl osed, di phenyl
carbonate (manufactured by Sigma-Aldrich Corp., USA) was supplied froma
reservoir 101 through a line 11 to a 504, (internal 25volune) baffled
reacti on container 104 made of SUS, and 9.87 kg (105 rnol) of phenol

(manuf actured by Sigrna-Aldrich Corp., USA) was supplied froma reservoir
102 through a line 12 to the reactor made of SUS. A solution tenperature
within the reactor 104 was adjusted to approximately 50C,  and 2.44 kg (21
mol ) of hex@2dyheribai patked colmnutaoneced Bse snynenaltBel thageagked USA) was
supplied at S5approximately 2.00 kg/hr from a reservoir 103 through a |line
13 to the relonur filed Withoibe)aboyeadesssied packingimaierigly gaow 0 af t er

| i o Chr GNRADIE CAlIREL hoRAHEBpPe G BRI Gerteaisherymied of
formed at acc?ﬂ;f’rlug s%];le Oz?v%hgo/ﬁoth of plate parts and parts filled with packing
5 materials 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

(ID, or Step (A) and Step (B)) or a step combining the step of producing

an N-substituted carbamic acid ester (Process (1), Process (II), or Step

(A) and Step (B)) with Step (Y); producing a mixture containing an

20 isocyanate and a hydroxy compound by the thermal decomposition

reaction of the Nesubstituted carbamic acid ester; and separating the

isocyanate from the mixture by the above-described method for

separating an isocyanate.
According to the method for producing an isocyanate in the

25 present embodiment, one can efficiently obtain an isocyanate at high

vields.
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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): Thermnal deconpositi onof
N, N- hexanedi yhdi carbam ¢ aci d di phenyl ester and separation and

15col l ection of isocyanate Reactions were performed using an apparatus
shown in FIG 2. n- Dodecane (manufactured by TOKYO CHEM CAL | NDUSTRY
CO, LTD., Japan,) was supplied to the bottom of a continuous nmulti-stage
distillation colum 202 of approximately 5 cmi.n 20 inside diameter
filled wth D xon packing (6 mm), and the total reflux operation of

n- dodecane was perfornmed with a pressure at the top of the colum set to

appr oxi mat el IekPa of orm an. inactive | ayer contai ning n-dodecane. The
guantity of heat necessary for the evaporatio f n-dodegane s .supplied
by circul at E%%]hﬁe%naﬁ%r{[l@fprﬁﬁ@umntiaarwﬂbgezgﬁt% g6 PRt wlfmgh li nes

26 and 28 d rehoil er. 204. [[0210] A, thin-filmdistillation, apparatus
201 (manuf aBRRGeAN ByXaRRIsE) ans By SOUTICORDRSOOT e @resephpysnti &s 1 ne in
heat _t ransf er ﬁrea was heak&% t(i 220C, and the internal pressure was set to
appr oxi mat ePgt mgtadse thepe EXaayledn sol ution col lected into the reservoir

105 in Step -1) was, heated, tq_ 150C and supplied at 5 approximately 1.0
kg/ hr to thgﬁppée?/‘xﬁ’éwm%mq ]H@g?hi n-filmdistillation apparatus 201 through

a line 21, and thg WI decon%ﬁlz)i tion of N, N-hexanediyl -dicarbam c acid
di phenyl ester wab) F0ALSTE ADE RO eby obtain a mixture contai ni ng an

i socyanate and a Rydroxy c L. LI gui d- phase ¢ 0 S were
extracted thr oughp%fﬁragﬁﬁi W@@Eﬁﬂ%ﬁ%ﬁ%@ﬁ@fﬁeﬁ% ?ﬁ\EiL
distillati 0£ ({Fp'r])ar atus 201 and circulated to the upper part of the
thin-filmd § 7 P& on apparatus 201 through a line 24 and the line 21. The

22060 T0211) “The fdoreediRit I SRR RS ol s et o CAVER T
t hrough the ﬁélgfgis%n{lﬁl%m the thin-filmdistillation apparatus 201 was
conti nuousl?/ € internmedi ate stage of the continuous nmulti-stage

G130 UTeD ol R, o 6y 345 e OUSEANE AR M o0
distillatiog,geRa" ahi Qfhizh talﬁ?)r&%ﬂé’céﬁz Wi, WE5 @asePias e cRRITBRIALNT S-
(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 ann NMR analysis sample.
(2) Quantitative analysis method
Analysis was conducted on each standard, and the quantitative
20 analysis of the analysis sample solution was carried out based on a
prepared calibration curve.
{0206] 2) Liquid chromatography analysis method
Apparatus: LC-10AT system manufactured by Shimadzu Corp.,
Japan
25 Column: two Silica-60 columns (manufactured by TOSOH

CORP., Japan) connected in series
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20The quantity of heat necessary for the distillation separation was
)plied by circulating the solution of die |lower part of the colum through
the lines 76 and 28 and the reboiler 204. A solution tenperature at the
bottom of the continuous nulti-stage distillation colum 202 was 150C, and
a pressure at the top of the colum was 25approxi mately 15 kPa. A gas

di scharged fromthe top of the continuous nulti-stage distillation colum
202 was condensed_in a .condenser 203 through |l ine 25 and continuously
extracted to a r&?@Y@A@pmgz@@lV@ﬁFd@WCbS@' Nt @ﬁﬁ%@t@gﬁgm RS =

| i qui d- phas onents were extracted through the line 26 fromthe bottom
of the col mgﬂogﬁﬁlrﬁ@ﬁgto a distillation colum 205. Gas conponents

5and |iquid conp nts at both th er and | ower first theoretical plates
relative to the i"?ﬂBﬂOb"f rart%%nngrgﬁl.t he continuous nulti-stage

distillation col 202 were anal yzed at steady state, and operation was
per formed such tmwt@ﬁﬁ%ﬁt%%%o&m%or more of n-dodecane. [0212] The

red 1o the int or naticats K LGEBRAHEGIR nious mii 1 -stage ai'stiliation
coum 255 PSR R AR 5 1

i sti 118t on separaer oSt PEE P REnets SERREEREALIORE Bt cne 15
ot uti on + BT heRP o AIRRY Jobc st mbcRiie TBlEeRnf byagedd”

e appr oxi WCe g R et BRSSP SRR M B B Pruious
hr Sgn 21088 g0 ShoPBBRERLCR, RRelRuEPat pE " Ra CPERr  CIBBTRR! cugnao.

i 2t R, 0y S (5L MBS O e 0219
and uniformly mixed was used as a sample of liquid chromatography
analysis.

(2) Quantitative analysis method
15 Analysis 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-dicarbamic acid
20 diphenyl ester
Reactions were performed using an apparatus showi in FIG. 1,
In the state where a line 14 was closed, 13.50 kg (63 mol) of
diphenyl carbonate (manufactured by Sigma-Aldrich Corp., USA) was
supplied from a reservoir 101 through a line 11 to a 50-L (internal

25 volume) baffled reaction container 104 made of SUS, and 9.87 kg (105

mol) of phenol {(manufactured by Sigma-Aldrich Corp., USA) was
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contai ning approximately 99.8 wt % of hexanet hyl ene dii socyanate. 25The
yield with respect to hexanet hyl enedi am ne was 92.8% [02141 Incidentally,
in the case where the normal boiling point of hexanet hyl ene dii socyanat e
is defined as Tb and the normal boiling point of the hydroxy conpound is
defined as Ta, a normal boiling point Tc of n-dodecane satisfied Ta < Tc <
Th. [0215] [Exanple 2] 5Step(2-1): Producti onof

3- (phenoxycar baonyl am no-net hyl)-3 , 5, 5-trinmet hyl cycl ohexyl carbam ¢ _aci d
phenyl est esuipdist frons awsserysat fl@ndaough mglingd 2appthatenstensiade af FI G 1.
Reactions were perforned in the sanme way as in Step (1-1) of, 10 Exanple 1
except that3UShe Anslationiticampsmawye W‘&%ﬁbfm seydey Midsvwestadjgsted. & kg (49
mol ); the amount  of phenol used was set to 9.24 kg (98. 1), and 3.41 kg
(20 nol ) of apprawmimealy A G, 806-3-A g r{%lcmlb@@ﬁwwﬁgy&?m@ﬂmmr ed by
Si gma- Al drich Corp., USA) s used. jnstead of anet hyl enedi am ne.
[0216] As am%%‘tﬂ[alm&'ﬁgaﬂ%ﬁ \Qgigi@atg@fé‘g?u '%ﬁ-aaﬁggﬁré’é%?ti Wlﬁh@fe%after,
al so_referred to.as " tion.solution (2)") by |iquid,.chr t agr aphy, 3
2 Dhanoxy oA BRI TRy S TRer ke e pbeBireliff dof B act o
phenyl ester ffr nﬁ? at a yield of 99.1% 20The |ine 14 was opened, and the
reaction sol“#tdn Zj2) was transported to the reservoir 105 through th

[0208] As a result of analyzing the solution after reaction (hereinafter,
also referred to as a "reaction solution (1)") by liquid chromatography,
N,N'-hexanediyl-dicarbamic acid diphenyl ester formed at a yield of
10 99.5%.
The line 14 was opened, and the reaction solution (1) was
transported to a reservoir 105 through the line 14,
[0209] Step (1-2): Thermal decomposition of
N,N'-hexanediyl-dicarbamic acid diphenyl ester and separation and
15 collection 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 in
20 inside diameter filled with Dixon packing (6 mimé), and the total reflux
operation of n-dodecane was performed with a pressure at the top of the
column set to approximately 15 kPa o form 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
25 the column through lines 26 and 28 and a reboiler 204.

[0210] A thin-film distillation apparatns 201 (manufactored by
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[0217] SAThernal f1 DOSI 3- ( phenoxycar bonyl am

i no-nethyl)-3,5,5-trinmethyl cycl ohexyl carbam ¢ acid phenyl ester and
separation and collection of isocyanate 25Reacti ons were performed using

t he apparatus shown in FIG 2. 1,3,5-Triethyl benzene (nmanufactured by TOKYO
CHEM CAL | NDUSTRY CO., LTD., Japan) was supplied to the bottom of the
continuous nulti-stage distillation colum 202, and the total reflux
operation of 1,3 . 5-triethyl]benzene was perﬂrarned ith,a pressure at the top

of the col WWBELGQ BRGNS Pa. e HPaR i@@o Heatl hSahecessary

for the evaporation of 1,3,5-triethylbenzene was supplied by circulating
the sol uti owawsier seca avasrherded t@f22td;@,@é1dﬁh¢ HHPGIR PTE$FITE | Wes sebtaand 28

R R I T R
(21) vas: HESPBIT of U506 SHab sCipb) | BaS abealBr i HAL bl v, GURGTRH €6, ¢ he
and £he t hefRRIPBEbRoLP: Reffolo 1< HBRER SRTe 1 iRy AR FitHyAgey o %Y
ther eby obt RRTAI 2041 BPUERC A g i EOPER dloeHd RONPaRoRy
he bot t om S RERERRA FAIGRERHS | HGH SAPhERT S S b rnbdl i ea 10
e uBvet PRkl i L Tabidh ASLAgk! 9, PRRSAAIS SRLLIEBHBN e |1 ne
1 ougn - 8, LA RS RARSCcERAUERL e ERUTRO Rl © 22,
I ntgpmedi at &15L.28€ £ LS HoUh B¥ME (I HimSdidEfation 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 220°C.
[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.
20 The quantity of heat necessary for the distillation separation was
supplied by circuiating the solution of the lower part of the columm
through the lines 26 and 28 and the reboiler 2040 A solution
temperature at the boftom of the continuous multi-stage distillation
column 202 was 150°C, and a pressure at the top of the column was
25 approximately 15 kPa. A gas discharged from the top of the

confinuous multi-stage distillation column 202 was condensed in a
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25di stillation colum 202, and at the sane tine, 1,3,5-triethyl benzene was
supplied at 0.2 kg/hr through the Iine 29 fromthe reservoir 210 to
performthe distillation separation of the m xture (2) which was gas-phase
conponents. The quantity of heat necessary for the distillation separation
was supplied by circulating the solution of the | ower part of the col um
through the lines 26 and 28 and the reboil er 5 204. A solution tenperature

s ond S err U7 B Tt 5 Lt b B L g
ggfrggfegon‘fgﬁ?ﬁ:?ifﬁﬁle%ﬂé‘n @Fﬂﬁ%@] qtﬁg gf?aﬁ’gf DBl d h%s?ﬁl nuousl| y
ey S Pl I S o
ekl it e I R
§|0|2 COII:I tea?n@zgzlé(ﬂhgt Cé‘%@%&ﬁe& gfij%fé ﬁhEEB@ gg Was l[solg%ngl?reggg t hat

![I()q'tjlhg :OE?Z§éﬁ%§%§éoe@ﬁ%§{géﬂt%fg 22% tﬁl W%uv%lre contS’l Eé%eousl y fed
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supplied by circulatingo e ower part umm through the |ines 31L

207. A sol .Ut A 3 eTH %g@ﬂﬂmgg@a%%%gﬁ] Qe RfraliRg tﬁ%ﬁ%&ﬂ%ﬁn@‘%‘@%eﬁiage

dlstlllatlo a pressure at e top 25o0f the colum

“ﬂslépprOXi@@ﬁﬁﬁdbﬂﬂ?1%5%01h@i@%ﬁn@ﬁﬁﬁ@@ﬁ£§90fﬂﬂ?béﬁﬁhuousnnﬂu_mage
distillation column 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

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 150°C, 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 distiliation column 205 was condensed in a

20 condenser 206 through a line 30 and continucusly extracted to a
reservoir 209 through a line 32, An extracted amount at steady state
was approximately 101 g/hr,

[0213] The solution extracted through the line 32 was a solution
containing approximately 99.8 wt% of hexamethylene diisocyanate.

25 The yield with respect to hexamethylenediamine was 92.8%.

[0214] Incidentally, in the case where the normal boiling point of
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top of the continuous nulti-stage distillation colum 205 was condensed in
t he condenser 206 through the line 30 and continuously extracted to the
reservoir 209 through the Iine 32. The solution extracted through the |ine
32 was a solution containing approxinmately 99.8 wt % of i sophorone

di i socyanate. The yield with respect to 53 -am nonethyl-3 ,5

, 5-trinmet hyl cycl ohexyl am ne was 91. 7@6 [0221] Incidentally, in the case

where the normal boilin point of | one anate is defined as Tb
and the norlﬂaﬁanﬁ%ﬁ%ly %&Sﬁ@)@?a@ﬂé @chgp%@ﬁ&%? §1Q¥8ﬁlnhaﬁ% Ta, a
normal boilin t Tc of 1,3,5-tr] satlsfl fa < Tc, < Th.
how(zizlgf 1[ 2 B? lhgﬁé@pggp@ﬁlmlgﬂ:t qti]%di]rgt)c{] ar;ormhal%ollhngtpm?t

, , 41- -dic rbam c acid phenyl ester

Reacti ons \r;i %‘Elﬁﬁ@gﬁg‘ezggpé&i’t us shown. in FIG 1. Reactions

wer e perfor he sa vvay as in Step (1-1) of 15 Exanple 1 except
that: the @ﬂéﬁnﬂﬁx%ﬁ@ﬁ car bonat e used vvas set to 13.3 kg (62 nol);

t he gm)unt of ph used vvas o 11.2 kg ( 16%1 and 3. 26 k (15.5
nol ) 4, 4" - met l‘IE’nebl s(cycl o J(&/I am ne) ( ed by Si gma drich

Co , USA d f h h dija 0223] _As | t
of r gnal yZzi Z\%@ﬁ%‘ﬁ%"fﬁlg 18110 lin%xarﬁzg; géﬁﬁﬁﬁ?ﬁ’é’%%‘ﬁf)hé?@&aﬁnéﬁ eg :gs;s
a "reaction s ti % ) by |iquid chromatography,

N, N-(4,41- |"?‘%§tﬂ eé’&i& di cyclohexyl)-cli(carbarnic acid phenyl ester)

renction sol Ut 1 orE3E 5 ParepmeR Ny MR AR ST h e
line 14. [0224] Skep(fsd) whIE RGP IAL 's9BY 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 mot) of
3-aminomethyl-3,5,5-trimethylcyclohexylamine  (manufactured by
Sigma-Aldrich ~ Corp., USA) was  used instead  of
15 hexamethylenediamine.
[0216] As a result of analyzing the solution after reaction (hereinafter,
also referred to as a "reaction solution (2)") by liquid chromatography,
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester formed at a yield of 99.1%.
20 The line 14 was opened, and the reaction solution (2) was
transported to the reservoir 105 through the hine 14.
102171 Step (2-23: Thermal decomposition ot
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester and separation and collection of isocyanate
25 Reactions were performed using the apparatus shown in FIG. 2.

1,3,5-Triethylbenzene (manufactured by TOKYO CHEMICAL
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N, N1- (4, 4' - net hanedi yl - di cycl ohexyl ) -di (carbam c acid phenyl ester) and
separation and collection of isocyanate Reacti ons were perforned
usi ng the apparatus shown in FIG 2. [0225] Tetraethyl ene glycol dinethyl
et her (manufactured by TOKYO 5 CHEM CAL | NDUSTRY CO., LTD., Japan) was
supplied to the bottom of the continuous nmulti-stage distillation colum
202, and the total reflux operation of tetraethylene glycol dinethyl ether
was performed with a pressure at the top of the columm set to %pproxinately
0.1 kPa. ThNQUERERYy (9., hbdD.ndepsshryas supphiedetmpbe dboibamot!l te
tetraet hyl ene glycol dinmethyl ether was supplied by circul ating fhe

sol uti on ofcamEniaikempirstage distllagpnnrokumpudil.t Bad| theedotab ARS8 and

t he reboil er 204. Tha@%ﬁin-filn1distil .ation,gpparatus 201 was
heated to 3epeatigndlt hd.J-hienyHrensenssure paEored WEhapressirmeeiie 2 kPa.

The reaction 1g ﬁOI ution (3) collected int 1t§11;e rﬁ,gervoi r. 105 kn Step
(3-1) was HéeR e he COSHBNaH %Bﬁpf%nﬁelé’pgr X nyqltﬂrﬁltﬁg?ﬁ 168 t he

Uppeg bart of Ahe {bLrGEl il stLlI| o1 SRR ALYS, 201, ADUOUgR AN | ne 21
orterm SRl T P
23 1¥r om %lhefﬁg{lﬁg% ?’Rd ﬁ??ereh%mﬁrépﬁ'mngl stillation apparatus 201 a%d

the 1t ne- 241 PEE it cisfulBiion Gbeelys Wl s Beited Be24dConace
component s, ik Lt PRSHY et [0 b SheBReHRRin 12 (PP i B Pt on
contPnuous artPAstABIOREY Telisef g i SESOTEAESE Sl Wi,

| Tne 20”1 r ditnd 1851 ST R s Br5 P BePHEP AR L CkEme e b DBBES:  on of
necessary TR fats: Ly ASLARARE, SPPRARRI20L (AARGR Wt 21 g « ne

sol ution ofyt.he | ower par he col um t i nes 26 and.28 and
t he reboilég&bo4. A soluﬁﬁgﬁE?gnperature apé@ﬂggggﬁﬁg%1of the con fnuous

10 I ti-st ST j . - the t

of The col uom neo S et AR S R o ey R BRI (o of
th ti ' jStd i I 0 dehp th
conbenser 2030t BRGUGh e i TS AL (e TEDE) oo, SOPRA R Gl (e

line 27. mcélﬁtﬁirﬁhgeénh%@ﬁaﬁéﬁuhﬁdpaaﬁ?ﬁgﬁgp%&ﬁﬁéuﬂ@feLiéﬁi@i‘ﬂlﬁ%t ed

through the line 26 fromthe bottom of ol um™ and supplied'to the

distillati Oéblﬁ?bﬂﬁﬁtsz@ére @ﬁﬁaéﬁé@&ﬁ'@ﬂ%ﬁ tB8didd 99ifloOROpERsS 8f thoth the
upper and lower third theoretical plales relative to the position of |ine

22 of the cofihifilyeulstiliAtion Shaaeatds ?201I hg&licﬁfmﬁ@ﬂed% R uppee pafabyzed at

steady state, and operation was perforne
the thin-film distillation apparatus 201 through the line 24 and the line

20 Z21. The mixture (2) was exiracted as gas-phase components through
the line 22,
10219] The mixture (2), which was gas-phase cornponents, extracted
through the line 22 from the thin-film distillation apparatus 201 was
continuously fed to the intermediate stage of the confinuous multi-stage
25 distillation column 202, and at the same time, 1,3,5-triethylbenzene was

supplied at 0.2 ke/hr through the line 29 from the reservoir 210 to

106



20such that all contained 30 wt% or nore of tetraethylene glycol dinethyl
10227; The |i qui d-phase conponents extracted through the line 26 WCOI C
continuously fed to the internedi ate stage of the continuous nmulti-stage
distillation colum 205 to performthe distillation separation of the

251 i qui d- phase conponents. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the

| ower part of the colunn through the Iines 31 and 33 and the reboiler 207.
A sol uti on pahpenathe edigtilleienpsepasaiion ohe the mwdust s(uvhickt ags
distillation colum 205 was 240C, and a pressure at the top of the col um
was appr oxi EatBhgse. compancisgas Ties SRaPGEY oF ohetthaiecsssay der t the
continuous rlti-stage distillation golum 205 was condensed in. the
condenser Zggtlhﬁ’ﬂ@ﬁg‘wp@ﬁ@@ﬁ TEaRURRRCe it icHeoiRnE dhe sediiien 1 thee

32 weis 8 s JOWSTGHE G Gl ap BFORERE 15038 SR04 EYErenei mot hane
08T oo SIS SRRTSL (B, e bipmas) Gt (0 1
Gof | ned- as DB UTART GIsHOAHED SBITTIA0 b33 200 ) QR ORe SHBURD g
deti ned 25 T ARLTR 2B Rabh; T kBl oL AP LALSES oL oL
~( phenoxy ca BamA AT dhe Rl I e R 6) Rt QRS KhGELLAYT © 21 @
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
15 column 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
20 liguid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solufion 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 150°C, and a pressure at the top

25 of the column was approximately 1.5 kPa. A gas discharged from the

top of the continuous multi-stage distillation colurmn 205 was condensed
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20Reactions were perfornmed using the apparatus as shown in Reactions were
performed in the sane way as in Stepof Exanple 1 except that: the anpunt of
di phenyl carbonate used was set to 12.2 kg (57 nol); the anount of phenol
used was set to 15;2 kg (162 25nvl); and4. 43kg( 26nol ) of 3-am nonet hyl- 3,5, 54
-i met hyi cyc. ohexyl ar ine was used instead of hexanethyl enedi am ne.

As a result of analyzing the solution after reaction (hereinafter, also
referred to as a "reaction solution (4)") by liquid chromatography, 3

- ( phenoxy caitbdeycendansemaOfythyoash she diner 30randyganiusnsky xaretied u{) 5aci d
phenyl ester forned at a yield of 97.9% . The Iine 14 was opened, and
the reacti ohessservain 20%) thiaeeh dhedipsr 8éd tlaer ﬁéuﬂéé‘ef‘rwcttef@@ ugh t he
line 14. [0230]. Step(4-2): Ther nal deconposi ti onof .

3- ( phenoxy c&epsiig1 2 NSt ROIULLOR wosidinine taRpr ey Eneebx T2 8r Bdih cofoaci d
phenyl ester d separat,ion and col | ecﬂ,lﬂon of. icfocya.nlate Reactions were
per f or ned USPRBOFHE apg&ﬁ‘é@waé%ovm inlRfG Y& ith respect  fo

5 3-aminomethyl-3,5,5-trimethylcyclohexylamine was 91.7%.
[0221] 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 Tc of
1,3,5-triethylbenzene satisfied Ta <Te <Tb.

10 [0222] [Example 3]

Step (3-1): Production of
N,N'-(4,4'-methanediyl-dicyclohexyl)-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
hexamethylenediamine.

20 [0223] As a result of analyzing the solution after reaction (hereinafier,
also referred 1o as a “reaction solution (3)") by liquid chromatography,
N,N-(4,4-methanediyi-dicyclohexyl-di{carbamic  acid phenyl ester)
tormed at a yield of 98.8%.

The line 14 was opened, and the reaction solution (3) was

25 transported to the reservoir 105 through the line 14.

02247 Step (3-2): Thermal decomposition of
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D phenyl ether (manufactured by TOKYO CHEM CAL | NDUSTRY CO., LTD., Japan)
was supplied to the bottom of the continuous nulti-stage distillation
colum 202, and the total reflux 15 operation of diphenyl ether was
performed with a pressure at the top of the colum set to approximtely 0.1
kPa. The quantity of heat necessary for the evaporation of diphenyl ether
was supplied by circulating the solution of the | ower part of the colum

through the lines 26 a d the rehoil er 204, 20[.Q231] Ther nal
deconposi thsN\né% mg@nﬁéﬁyfa tg%a aa‘aamkp ﬁ‘ég (é‘te@yi] £S®Lanpl e 2
to obtain a xture (4) o] ni ngcy.anat et

conpoundex seRATEHEN Y (%’h&ﬁ tigx allsﬁwae{% no-methyl)-3,5,5

used. 25] 02%2]  MORGRAIEINS WREE BORNHE S D PR POOOTS B BIDeRcyanat o
?Lﬁeﬁi{f”ﬁ@i%”l; Sy BB SRGTR s hEr CRaNFac IR oY TORny Ebenzone.
ol uin 205 WEENBhUSHe AEASTRY dohfiersEP 2080t dtgh SRS stind
Col ut o exboEREeAT B cugitReS FRALY 3 d i Byl ?@ﬁﬁ‘%ﬁm rﬁ%ﬁlz e
fo 5 ~am nofithy f%es“ e SReoh, RRRerRRE) Bt hBRguhetoala o<t
et demtall e .@%@@%@%ﬁ%ﬁmﬁm%m?%ggu@%n%?g@. o iyBeoorone
corpound | sadeEY SRRyl R bPSEE Mor T e Rheny 1

10 tetracthylene 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 distillation apparatus 201 was heated to 300°C,
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
150°C 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 Jine Z3 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
21.  The mixture (3) was extracted as gas-phase components through

25 the line 22.

[02267 The mixture (3), which was gas-phase components, extracted
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153 - (phenoxycar bonyl am no-nethyl)-3 ,5 ,5-trinethyl cycl ohexyl carbam ¢ acid
phenyl ester Reactions were perforned using the apparatus shown in FIG 1.
Reactions were perfolined in the sane way as in Step (1-1) of Exanple 1
except that: the amount of di phenyl carbonate used was set 20to 142 kg (66
nol ); the anount of phenol used was set to 13.9 kg (148 and 2. 39
kg (17 nmop of 3am n.onet hy3, 5, 54ri net hyt cyclohexyl annne. was used i nstead

ot tor reactiRiRnhanel i ar frops dhe iR dirH gt APPRELGE (H. Foisuti on
gf% pl) i ‘e’%o'x‘y&cﬁitﬂafé‘;s%?n?é@? r i pmhizitw@?@ia%@wﬁa@tquqh@f&%wSéam&ﬁ%e aci d
Phe  eact i HSEBRURoFOIBYY ViK1 RahoBlo Fhechares (BT dSURGBDIeOR I Fough ¢ he
I5|3n ((apﬁg.nogo g‘%@?bEﬁ%ﬁ?n\gf)&%@fqg%@ad@%&@?g&%%@%ﬂ?@)‘?y;%aﬁ'%‘&rﬁl@ acid
pheng | est erresgrr{%hs SRY & ip(f):r .O%Hldthceo ldlis%ﬁielt?or}l %épér%%%}éaé‘f‘ b 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 200°C, and a pressure at the top
of the column was approximately 0.1 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
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
20 such that all contained 30 wi%% or more of tetracthylene glycol dimethyl
ather.
10227 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
25 liquid-phase components. The quantity of heat necessary for the

distillation separation was supplied by circulating the solution of the
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Reactions were performed using the apparatus shown in FIG 2. Thernal
deconposition was perforned in the sane way as in Step (2-2) of Exanple 2
to obtain a mxture (5) containing an isocyanate

10andahydr oxyconpoundexceptt hatt he 3 - (phenoxycar bonyl am no-nethyl)-3 ,5

, 5-trinmethyl cycl ohexyl carbam ¢ acid phenyl ester obtained in Step (5-1) was
used. [0237] Moreover, the separation and collection of the isocyanate were
performed in the sane way as in Step (2-2) of Exanple 2 except that 15

t ri butyl ani lesvgmpaitifeicther ealupn fioue impg 31l Bayvambthe rgoilergapan)

was supplied at 0.3 kg/hr instead of 1,3 ,5-triethylbenzene. A gas

di schar ged 20dm t Re scgpn@n terapersiarenidusheulhottong agé dhest SONERIRHS col urm
205 was condensed in _the condenser 206 through the Iine 30 and conti nuously
extracted tuthetagsdisiibiatiopomlumm 2Hd Gi&ﬁj;h?-‘{(%&,l antba pressvke ak glatdpon

O e e S S S Sl £l ¥, 90, 4
90 comoynis pLsued Lo b et ver Lhamb LB am ne, Tog el o v h
2500290 |l DR SR8 ASES ISR BN IR
he, hyar oy compound, I8l L0ef @3 T, 38 NG barl 1 ROLAT, I5
S ep(64)  Prggut| ongf SN N (- 1L aned) Vo phenR) -6 LB 21 ¢
dicyclohexylmethane diisocyanate.  The vyield with respect to
10 4 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 tetracthylene glycol dimethyl ether satisfied Ta < Tc
15 < Tb.
[0229] [Example 4]
Step (4-1): Production of
3-(phenoxycarbonylamino-methy})-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester

20 Reactions were performed using the apparatus as shown in FIG.

Somarty

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 12.2 kg (57 mol); the amount of phenol used was set to 15.2 kg (162

25 mol); and 4.43 kg (26 mol) of

J-aminomethyl-3,5 5-trimethyleyclohexylamine was used instead of
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Reactions were performed using the apparatus shown in FIG 1.

Reactions were perforned in the sane way as in Step (1-1) of Exanple 1
except that: the amount of di phenyl carbonate used was set to 9.42 kg (44.4
nol ); the amount of phenol used was set to 10.5 kg 10(112 noi); and 3.97 kg
(20.0 nmol) of 4,4'-methyl enedianiline was used instead of
hexanmet hyl enedi am ne. [0240] As a result of analyzing the solution after
reaction (hereinafter, also referred to as a "reaction solution (6)") by
liquid chr orenasReBYISRedRINING 4, 4' - met hanedi yI - di pheny1) - di car bani ¢ aci d

di phenyl ester 15forned at ield of 96.8% The li.ne 14 was opened,
and the reaction A818KG fegﬁ%@h’m& e polition afer Feactiveihgpinalios t hr ough

fuhﬁu' '(26414 lﬁ‘f[%tlﬁquQﬁS > 264 MQ%&%@&&%&@%' 3 Efﬁiéw@ﬁwa@%réphxnd
Fop (§ﬁ9n§£§éa%ﬁony re‘m%%oi%%ﬁ{ﬁ&%ﬁ et R e TR (CRERAL | NDUSTRY
GPi31T HETE ub OR @%325;2; continuous, 11 -stage
phthalate was perf R 1116 V\M r{zvgs porp%%% iy ‘the ©eh@fion solution (4) was
transported to the reservoir 105 through the line 14.
[0230] Step (4-2): Thermal decomposition of
3-(phenoxycarbonylamino-methyl)-3,35,5-trimethylcyclohexylcarbamic
10 acid 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 dipheny! 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~ /j{d Fxample 2 uwanddnialijxtun%(@%aénﬁgnjmnﬁan;%&cyaj
and & hiydroxy compound except that the
3-{phenoxycarbonylamino-methyl}-3,5,5-trimethyleyclohexylearbamic
acid phenyl ester obtained in Step (4-1) was used.

25 [0232] Moreover, the separation and collection of the isocyanate were

performed in the same way as in Step (2-2) of Example 2 except that
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of the colum 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 | ower part of the columm through the Iines 26 and 28 and
the reboiler 204. [ 0242] Thernmal deconposition was perfornmed in the
same way as in 5Step (2-2) of Exanple 2 to obtain a m xture (6) containing
an isocyanate and a hydroxy conpound except that the

N, N-(4, 4 anedi yl - di pheny1) dlcrb m ¢, acid di phenyl .ester, obtained in
Step (6-1) %E@GBI d. et[h@?43]wgﬁ)r e%\ﬁé? e heatsepgt"atlgﬁ%é i8819288ct i%n of the
i socyanat e r A erforned n St 2-2) of Exanple 2
exce%t thatiNg iifrlﬁtl% A8t e E\Eﬁ%‘ia? PDE) fﬁ]q(ﬁ%‘? B ™
1,3,5-triethyl benzen a dISCh d from op.of the con uous
il - st ag %Tswgea&ssﬁaﬁemﬂ%uw O vassm -fﬁﬁeweﬁﬁ%ﬁéﬁ% 206

Eﬂli ough t natpyien 33e e “Ehiand %ﬁﬁbﬁpﬁﬁfﬂ&ié%&%?%ﬁﬁfphﬁpée%?%%v"%éd S o
% .
%ﬁd: 'oﬁt“aZﬁf av@gaﬁ%gﬁ%a?% ??‘ SR agcﬁ@d %aﬁw%ﬁéth%ﬁhﬂ%ﬁﬁdﬁa'ﬁ%iéﬁﬁ.@? o
4?4' ?:r{e;/ﬁyl i gln?tppﬁ{éa : gﬁ%ﬁﬁx‘g@&’ﬁ ?P?Adegﬁf pgft 18?)930%05% wher e
t he nor mal @’ﬁé&%ﬁgﬁgeo' nt of di gg} yI neg{gﬂ?_e di r\gﬂhas Tb]_ @ﬁgctt he r mal

boi | i ng poi | I ydr oxy h. pouas Ta, a normnal g point Tc of

S Dol fm gl Fombe 1 5w (7D
[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): Production of
15 3~-(phenoxycarbonylamino-methyl)-3,5,5-trimethylecyclohexylcarbamic
acid phenyl ester
Reactions were performed using the apparatus shown in FIG. 1.
Reactions were performed in the same way as in Step (I-1) of
Example 1 except that: the amount of diphenyl carbonate used was set
20 to 14.2 kg (66 mol); the amount of phenol used was set to 13.9 kg (148
oL and 2.39 kg (17 110} of
F-aminomethyl-2,5,5-trimethyleyclohexylamine was used instead of
hexamethylenediamine.
[0235] As a result of analyzing the solution after reaction (hereinafter,
25 also referred to as a "reaction solution (5)") by liquid chromatography,

3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylearbamic
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ester Reactions were perforned using the apparatus shown in FIG 1.
Reactions were perforned in the same way as in Step (1-1) of Exanple

except that: the ampunt of di phenyl carbonate used was set to 17.9 kg (83.5
nol ); the anount of phenol used was set to 18.0 kg 5(192 nol); and 3.93 kg
(32.1 nmol) of 2, 4-tol uenedi am ne was used instead of hexanet hyl enedi am ne.
[0246] As a result of analyzing the solution after reaction (hereinafter,

Fol uenc: 2, 4saaNeBRhPEESPEneR BhadFIcLal 36 Vol ol at 3 vi ol d of o4 4%
the reservoir 105THAr BG4 NEaY (GETER: FORART SeEhop OO e hards o
and ool T ect TP G By RISLD D SROUEDH Do Bfroa Usi ng the appar atus.
o 0 ok et (SAE L Do T BEL 4 bh,TOO GrEw ool
ULt ey 0L BLLLLALL DS 205, 300 i el Sk RaBEAb 1,
coLum St LIRS IRLShH SRt TR SoRERGA g, Orcessany for
of the cultainn tRLougl.d R8rd hBSB8rmed 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
10 and a hydroxy compound except that the
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., LID., Japan) was supplied at 0.3 kghr 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 wi% of isophorone ditsocyanaie
and containing approximately 0.2 wi% of lght boiling compounds
presumed to be derived from tributylamine. The yield with respect to
3-aminomethyl-3,5,5-trimethylcyclohexylamine was 89.8%.
25 [0238] Incidentally, in the case where the normal boiling point of

isophorone diisocyanate is defined as Th and the normal boiling point of
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[ 0248] Therrmal deconposition was perfornmed in the same way as in Step (2-2)
of Exanple 2 to obtain a mxture (7) containing an isocyanate 25and a

hydr oxy conmpound except that the tol uene-2,4-dicarbamc acid diplienyl
ester obtained in Step (7-1) was used. [0249] Moreover, the separation and
collection of the isocyanate were performed in the sanme way as in Step
(2-2) of Exanple 2 except that 1,3,5-triethylbenzene was supplied at 0.2

kg/ hr. A gas djscharged fromthe top of the continuyous,.nulti,-stage

disti i1 at P oHCChY R 08 mpsmdsiscdeidarban 14 2 ROTEGhROMSEE Dt tkreligh t he
line 30 and rhon_t'inupusl y. gxt [fctgﬁ t&the reservoir 209 through the line
32. The sol Gty ammesatishiednkotdit THO-1ine 32 was a sol ution cont ai ni ng
appr oxi nat e .2 WM %of 2 4-tolylene diisocyanate. The yield with respect
to 2,4-tol u%ﬁafﬁwrlﬂgéﬁ& 0% 10[0250] Incidentally, in the case where

the nor mal boi |1 ngBoi nt of 1 helhyd oxy compoubtPCtetger | ned as Ta0! a nor mal
[ Bxapl e o] NNa{4d paRpedi b ordf BRP RO Rk EOPPEDS] €Sebami c acid
A Feacti on sol ut | BECUEEN AT BERCRERAAGHERN Y o an DA s B1GH Thenyt
bt ai ned by por { oREFRIOTHE RS ubReshihadbe WERRCB A SR AN & T ocent
that 1.3 kEx&&%l& lcégcgéb%qyﬁtzct%baq{%gunt of dipheny! carbonate used was set
to 9.42 kg (44.4 mol); the amount of phenol used was set to 10.5 kg
10 (112 mol); 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,N'-(4,4'-methanediyl-diphenyl)-dicarbamic  acid diphenyl ester
15 formed at a yield of 96.8%.
The line 14 was opened, and the reaction solution (6) was
trans_ported to the reservoir 105 through the line 14.
[0241] Step (6-2): Thermal decomposition of
N,N'-(4,4'-methanediyl-diphenyl)-dicarbamic acid diphenyl ester and
20 separation and collection of isocyanate
Reactions were performed using the apparatus shown in FIG, 2.
Diethyl phthalate (manufactured by TOKYO CHEMICAL
INDUSTRY CQO., LTD., Japan) was supplied to the bottom of the
continuous multi-stage distillation column 202, and the total reflux
25 operation of diethy} phthalate was performed with a pressure at the top

of the column set to approximately 0.2 kPa. The quantity of heat
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kg (140 nmop of phenol, (27.7 noi) of hexanethyl enedi am ne were used. As a
result of analyzing the reactionsol ution(8)byliquidchromatography,

25N, N- hexanedi yl - di carbam ¢ acid di phenyl ester forned at a yield of 99.5%
[0252] Step(8-2): Thernal deconpositionof N, N -hexanediyl -dicarbam c acid

di phenyl ester and separation and collection of isocyanate Reactions were
performed using the apparatus shown in FIG 2. 5 Decanethyltetrasil oxane

f t d by TOKYO EM CAL |.NDUSTRY - D J d i t d
o e Rl D (R RLARGratiPD, Bf | Gty P ARl RS hupfifed B ' ot €2

cpa.10[ b2sarRREn G SeldehPe B R FSpis s dRe BuBh AR EE heat
appr oxi mat et 402 SR B4 bodREE04 "Sol Ut on col Tected I nto the reservoir
cor hr o e upser e e b R A R G R e PR Rt o0
RO e o (R A Rl SRS QLN B oy oy
obtar o mayre can algGRY | SOGBmANd ROy SO
o e 1 NI S AT PR A it S e 0 e
the line 2loM@m&Kid $P®- 25 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/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
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%.
20 10244} Incidentally, in the case where the normal boiling point of
diphenylmethane dilsocyanate is defined as Tb and the normal botling
point of the hydroxy compound 15 defined as Ta, 2 normal boiling pomt
Tc of diethyl phthalate satisfied Ta <Tec <'Th.
[0245] [Example 7]
25 Step (7-1): Production of toluene-2,4-dicarbamic acid diphenyl

ester
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c conponents through the |ine [0254] The m xture, which was gas-phase
conponents, extracted through the line 22 fromthe thin-filmdistillation
apparatus 201 was 25continuously fed to the internedi ate stage of the
continuous multi-stage distillation colum 202, and at the sane tine,

deeani et hyl tetrasi | oxahe was supplied at 0.3 kg/hr through the line 29 from
the reservoir 210 to performthe distillation separation of the mxture

Gi'st i1t on separars BB e gt e AR ME R RTHGn or the
gﬁg’f: lAE%:t ot onz %@&f@%s\ﬂegmér%%%g?%&‘;%ﬁ%ﬁi zﬁwgﬁﬁ%szﬁhﬁﬁ% K}ﬂﬁﬁ - t:g:ggm
s oo RS T URALIRAAT A U e R s
E)[]Lgugﬂahgeo: Ine Egaé\r?diconbi’ nu%ugllg?/ ex?r%@t (rag t%g?%{}ﬁ% g%tegq ilﬁel ggg_ 2023 H}gm
Che ot tom P2 RNEARRCSSATREIER MRS e SRR RRC b ' 3

cont  nuousl §Rag Vo R R 206 01 The. cont i nuous mil t1- Stage

distillatiomoogliuim 25u9f oPRRERSITBLEL ¥oRithiA hite} REAGR [ RTREEIR L | | ed
5 ) 9 £0 Bar 1o s

wi th Di xon packing rmthe tillation separation’ of the

| i qui d- phasgls6 QERAIRENES as Therdheanh| %ﬂﬁﬂ&nf@?&llgfgﬁgﬁér%réﬂ{atéél‘gtgh& he

distillation separation was supplie y cir t he sol ut

70l ower  parfol@énd-Del-aRlayBam & b el h@ﬁ?fi bagsfaimans: §2&efla%ﬁ91ﬁ4wb0i ler

207. A solution tear at the bottontof the continuous ti-stage
di sypllation col unke 9% vies a9 Gpened, arlll €58 WelcHbn! Bslution teih) tfgs col um
e

was approxi mately 1.5 kPa. A gas discharged fromthe top of conti nuous
mul ti - st ageqréhidriddato M eebudh 205 thasigomdgnseds 25i n the condenser 206

through the Iine 30 and continuously extracted to the reservoir 209 through
the |ine 32,0787 Siepu{7-0): eidract ededdinpugifion 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 columm set to approximately 0.2 kPa. The quantity of heat
20 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.
[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
25 and a hydroxy compound except that the toluene-2,4-dicarbamic acid

diphenyl ester obtained in Step (7-1) was used.
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the line 32 was a solution containing approximately 99.8 wt % of

hexanmet hyl ene dii socyanate. The yield with respect to hexanet hyl enedi am ne
was 87.1% [0256] Incidentally, in the case where the normal boiling point
of 5 hexanethyl ene diisocyanate is defined as Tb and the noinial boiling

poi nt of the hydroxy conpound is defined as Ta, a normal boiling poin.t Tc
of decanethyltetrasil oxane satisfied Ta < Tc < Th. [0257] [ Exanpl e 9]

Todr (- (1. 1[0 MREa8tn hE sEBRRERE Upd CIRERRESE B Sarvanatecwers ed ou

of 4011 SBSBLHBTAND: et ot asain S P) Ak %‘#&@%Q%a‘?ﬁn@ﬂf o
pure Chen ol FRaL PEL e, GBS sablind 4 B2 VERR,, JEeh RIKbARSL Opﬁypﬁggre
il ted wi cni s8PhRa cOpiOR hibtea Big Rl 255 86 g ¢ ne

" esnal pressunRealin . PRS0 AR AR JPAARRAIIRLELY 20 kPa

€ Sane conposit onasmterawrra

sol uti on wéxergetga %kfetﬁet Pedelofrn ?D?ﬁﬂﬁjougﬁeﬁﬁ’@ f?%"h The3 Q9] aﬁtﬁ‘cﬁrfugh a

| i ne 31 connecte h " the side o packe unmm 302.

After the BRERLLANIEARG) thonmcsabihl ZeChitib « %Qﬁ‘@roﬁﬂt&?‘nlg“ vas

i ntroduced at appr oxi mntot e I nsi 5col umm

302 t hr oughog.al iie; 33 and.aAehedgi 168 et %esghém' speld goted into

a reservoir 305 by way of |ne 34 nnected wth the ott st part of

the packed gal. w’[ﬁeﬁé}ganﬁ’ﬁé@%egé (09fs- phase conponents were col |l ect ed
through a line 32 connected with the topnost part of the packed col urm 302

ggg éggggegzﬁgﬂn&&@mﬂgﬁmeﬁnB% k@RE HheRPRhexhBRhE! Yooififrg POt BE
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 < Th.
[0251] [Example 8]
15 Step (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)")
20 was obtained by performing the same method as in Step (1-1) of
Example | except that 13.5 kg (63.7 mol) of dipheny] carbonate, 13.8

kg (149 moely of vphenol, and 322 kg (277 moly of

hexamethylenediamine were used. As a result of analyzing the

reaction solution (8) by liguid chromatography,
25 N,N'-hexanediyl-dicarbamic acid diphenyl ester formed at a yield of
99.5%.
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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 chromat ography and 11-1-NWMR, N, N-hexanediyl-dicarbamc acid

di (4-(1,1, 3, 3-tetranet hyl butyl)phenyl) ester fornmed at a yield of
approximately 92% with respect to 10hexanet hyl enediamne in this reaction
solution. [0258] Step(9-2): Thernal deconposi ti onof

N, N - hexanedi.yl.~di.car bam c (d di(4:{1,1,3, 3-tetranmethyl.butyl)phepyl)
ester and s%%@ﬁ and c@a“ﬂecti onﬁ#‘eﬁ%@cyanat G@IEBOQ(/I@-O?) was %ﬁrri ed
out using ppar at u own, in.FIG. . 4. ,15 t in-%i}chdistillati n
apparat e abiubexAusiefaRePeaBee i il oolal i Seliiien W o
approxi matel v 1.0 Oa.. The reaction solution collected into the reservoir
305 in St ep"CEHOMAEINEIPMEC 0 150C and suppl i ed at approxi mately 1.0

connect ed. zmztl 't R e Feb Bl U ARRR b BFEES ot on
appatat us tom

Choral decompos: (PEFOTRON TsUQReRS | yICHupYusd cacky  TOKYO

di (4- (1, 1, Segntiohraiet NRYEYRAPRODYT hepiber 1By hinived Nepb, degomppsi tion.
a mxture ( contai ning an i socyanat e and a hydr oxy conpound was obt ai ned.
I nci dent al | ¥, 343064 - tg, d Fne 43
connect ed vl ARl B oPHTRARC R ey ordher P REK o BaRHe, Beohos,

i ntroduced s i Okl Jimn o ARt A t 4 401
through a 1R Ao g T B B TP LR QRIPRRE Y o
extracted ag sggs; phase conponents through a |ine 42.

10 [0253] The thin-film distillation apparatus 201 of 0.1 m” in heat transfer
area was heated to 220°C, 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 150°C 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 boftom of the thin-film distillation apparatus 201 and

20 circulated to the upper part of the thin-film distiflation apparatus 201
through the line 24 and the line 21, The mixture was extracted as

gas-phase compenents through the line 22

[0254] The mixture, which was gas-phase components, extracted

through the line 22 from the thin-film distillation apparatus 201 was
25 continuously fed to the intermediate stage of the continuous multi-stage

distillation column 202, and at the same time, decamethyltetrasiloxane
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[0259] The m xture (9), which was gas-phase conponents, extracted 5
through the line 42 fromthe thin-filmdistillation apparatus 401 was
continuously fed to the internedi ate stage of the continuous nmulti-stage
distillation colum 402, and at the sanme tine, n-pentadecane (manufactured
by TOKYO CHEM CAL | NDUSTRY CO., LTD., Japan) was supplied through a Iine 49
froma reservoir 410 to perform 10 the distillation separation of the

o ?LE é?éw%is&?zp&%%seﬁz@‘sﬁ%‘%ﬁ tﬁ@gﬁ%ﬁﬁ ﬁ'ea%ifrgﬁf‘?rﬁé %ﬁae%oﬁgﬁ%%?ﬁffiﬁr o
h i 46, 48 . i 404. A
or stsﬁr’zr ﬁﬁﬁéﬁfe%@@vegéﬁﬁhéﬂ‘éahﬁa%g égﬁﬁsmgﬁ@ y S e EAS?S? a5 schar ged
: af tel : e
Condenebd ?ﬁ%%l ol pridle ”%%Eﬁxg‘f‘#%h?% T eitrine of 453" didtuldiont i ne”
o L ??gt ggzﬁ’f‘zﬁs&gﬁlﬁﬁ;ﬁ&zﬁﬁﬁ@%mﬁ%@fﬂ%ﬁﬁégﬁéﬁgﬁ@ﬂqi RRhe ﬁ?aft&?@%eﬁﬁﬁé'ﬂzﬂ??
post B on'or 7 EVABRPANER. DY T 28 B4R YO0 R LALGE
| d d i )
oo Lo R SR B B S Ho BBl 5( BBkl FORRuPHS Bl
conponent s Sf&i'il%ﬁto%dgéﬁ{%ﬁﬂgib REad 1BBoG7 MRS gag%@g@gusﬁw at{jﬁg%fg% he

i nternedi at & 'stage o € continuous muftT-s um 405

to perform hgh Sihd Labidmy 3809 A ke, OFALDR dikanideRhass, GRRANSPtS. The
ry for the i st t

quantity of heat neces iT'17ati on separation was “supplied by
circul atingy i - L+ BAr i ines Al
Cl 1 ob o] MGkl oy . e BAl Lojaful 002 SOILTRAGHR OB nes A
mul §)- st agecehhGiddel %U@&@ﬂ?ﬁ”ﬂhe“ﬁﬁe WaSasd %%ﬁ%%@ubf}r BxFRREaNSREuAD6
through a Iine AO and 5conti"nuously extracted to a reservoir rough a

line A2. [O0gRlllidde2 30! UDhoRhEeXbilgt BdnlNrReGa-piRel iden MRS Feso! ution
contai ni ng approxi mately 99 wt % of hexanet hyl ene dii socyanate. The yield

wi th respectytraclaaxameubyl eredimmioe s 9% W6rdA262]thbnebHemh akhy, in the

case where the normal boiling point of 10 hexanethyl ene diisocyanate is
defined as i@ﬁﬁ@ﬂt&&d@i@ﬂﬁbﬁbﬁiddl@mmmt of the hydroxy conpound is

defined as Ta, a normal boiling point Tc of n-pentadecane satisfied Tbh < To
< Ta. [0263]0133]ampkdiqfifl-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 mm¢) 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
20 lower part of the column through the lines 31 and 33 and the reboiler
207, A solution temperature al ine boltom of the continuous
multi-stage distillation column 205 was 150°C, 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

25 in the condenser 206 through the line 30 and continuously extracted to

the reservoir 209 through the line 32, The solution extracted through
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Step (10-1): Production of conpound having ureido group 15Step (10-1) was
carried out using an apparatus shown in FIG 5. In the state where a
line 55 was cl osed, 66.0 kg of 4-(a, a-di net hyl benzyl ) phenol (manufactured
by Wako Pure Chem cal Industries, Ltd., Japan) froma reservoir 500 and 7.0
kg of urea froma 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

I | exanet hyl en. edi anmi ne was supplied atoximately 0 kg/ nun yt reservoir 502
t hrough a. thendngB33Zowakeassplution caniaisiy amprexinediepl é%qY%nWT%F aluppl y of
hexanet hyl enedi am ne, stirring was done for approxi mtely 2 hours, and the
reaction sdienanegthydencsargiisegyanatea 25r ehg t weldnamid ngraspeet r é@ct i on
solution by |iquid chromatography, 1d 6- h. exanedi urea. fornmed. The reaction
sol uti on waiexamegtbybmedipmseawessdr 'éi.r 505. [0264] Step (10-2): Production
of N, N1- hexanedi yl - di carbam c aci d di (4-(a, a-di net hyl benzyl ) phenye_ ester
Step (10-2)0z26] rercie@aaa t Iy NEgCRife VEReRSr glﬁ%sn@mhgpﬂlr% ®ost o step

) e e e L 5588, 624 Moo i P2 o
ST 050 RS SRR A b it an e
P e U AR S B SR S o7 T ot e
chr omat ogr Aty APHBIRER] N, N - hexanedi 91 - di car bami ¢ acid o
e e T R T
[02pg] St ergitf )i IRl ASHRASHRAYT) ester
Step (9-1) was carried out using an apparatus shown in FIG. 3.
24 kg of hexamethylenediamine, 85.10 kg of
4-(1,1,3,3-tetramethylbutyl)phenol  (manufactured by TOKYO
CHEMICAL 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 240°C, 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
mnfroduced 1o the mside of the packed column 302 through a line 31
connected with the side of the upper part of the packed column 3072,
After the operation conditions stabilized, the raw material solution was
introduced at approximately 1.0 g/min to the inside of the packed

25 column 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
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N, N- hexanedi yl -di carbam ¢ acid di (4-(a, a-di net hyl benzyl ) phenyl ) ester and
separation and collection of isocyanate Step (10-3) was
performed in the same way as in Step (9-2) of 20Exanple 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 approxi mately
2.0 kg/hr to the thin-filmdjstillatjon, apparatus 401 through the line 41;
and 25benzyPQEPHBHSL( PEGNRY | enp&@kwie)co\}oél@nsé i MOrRQYRIa L35t Phase

n- pent adecane. A gas di scharged frg{gth t op. of the contjinuous nulti-stage
i stillati GRPTBPORR A% hasO deriadnduaUER PhdBornde f9BRCHSE THEBUBK t he | i ne

[0266] The GOPRSGIFILRT e GRKER UG, AG2) ke RB e aTog chrRse.
w th T eapeciOl Kot BRI E s G obicbopieined CORTESHENS 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  'H-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

10 hexamethylenediamine in this reaction solution.
[0258] Step (9-2): Thermal decomposition of
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 280°C, and
the internal pressure was set to approximately 1.0 kPa. The reaction
solution collected into the reservoir 305 in Step (9-1) was heated to
150°C and supplied at approximately 1.0 kg/hr to the thin-film
distillation apparatus 401 through a line 41 cornected with the side of
20 the upper part of the thin-film distillation apparatus 401 to perform the
thermal  decomposition  of N N-hexanediyi-dicarbamic  acid
Ai4-(1,1,3 3tetramethylbutyphenyly  ester By this  thermal
decomposition, a mixture (9) containing an isocyanate and a hydroxy
compound was obtained. Incidentally, hiquid-phase components were
25 extracted through a line 43 connected with the bottom of the thin-film

distiliation apparatus 401, introduced to the upper part of the thin-film
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[0267] Incidentally, in the case where the normal boiling point of

hexanmet hyl ene diisocyanate is defined as Tb and the normal boiling point of
t he hydroxy conmpound is defined as Ta, a normal boiling point 10Tc of
benzyl t ol uene satisfied Tbh < Tc < Ta. [0268] [Exanple 11] Step (11-1):
Producti on of conpound having ureido group A reaction solution containing
1, 6- hexanedi urea was obtained by performng the sane nethod as in Step
(10-1) of Exanple 10, and 15the reacti.on sol utjon s, transpqorted o the
reservoir 5@§gﬁa{19269]3p@13§‘ﬂ§( L .OIF&kboﬁlilﬁl?%r#‘gfaﬁl\ﬁhﬁe ﬁﬁegilyr?dl‘tar bani ¢
acid di(4-(a, a-di net benzyl ye ester A reaction solution

cont ai ni ng N}'Nllﬁ??ﬁngﬁl?ﬁﬁpéﬁz£2§?é‘f%%ieéf%@FE%i- €8 RE-BNME RYTPORERES phenyl )
ester was o%’gr_%i ed brge gﬁrform' ng the 20sanme nethod as in Step (10-2) of
Exanpl e 10. RS adi - N, N- hexanedl| yi - di carbarni ¢ aci d di (4-(uaoHdithe

coier i P AEABTEL AT GRS LB e RBr AL RLEAY, 3506l 77
di (4 (a, ot - d ety benzylyphel. v SESKEr AOghIABR" BiaaMbEQULeet i on o
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
20 relative to the position of line 42 of the continuous wmulti-stage
distillation column 402 were analyzed at steady state, and operation was
performed such that all contained 10 wit%% or more of n-pentadecane.
[0260] The liquid-phase components extracted through the line 47 were
continuously fed to the intermediate stage of the continuous multi-stage
25 distillation column 405 to perform the distillation separation of the

liguid-phase components. The quantity of heat necessary for the
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The sane nethod as in Step (10-3) of Exanple 10 was perforned except that
di phenyl sul fide (manufactured by TOKYO CHEM CAL | NDUSTRY CO., LTD., Japan)
was used instead of benzyltoluene (isonmeric mxture). A gas discharged from
the top of the continuous nmulti-stage distillation colum 405 was condensed
i n the 5condenser 406 through the line AO and continuously extracted to the
reservoir 409 through the line A2. [0271] The sol ution extracted through

EP?SLLSSan@“’aﬁﬁe%%{@%%%%) i Szﬁa%?é%w@ y rstRn iy soho o g
Fespect tol &é?&%f& sciokiret vRub A, Roaey ] '@%b&imﬂl eﬂﬁdt he case
To and t he AGPREISEHEFAGN ”t%ae"lfephqetﬁ@wnw PO aé%‘;‘é%@ BHeh a0 Ta. a
[0273] [ ExeHrE P> e condedsd B dersi e%&hgﬁﬁﬁgtﬁh% i andos 4 06l do ar oup
Bxambl e10t SSULATAES AR ERTROdP (SR Ry iy BReL2 1) ©f
[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 <Tc < Ta.
[0263] [Example 10] |
Step (10-1): Production of compound having ureido group
15 Step (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
20 heated to 100°C, and sticring was initiated. 3.3 kg of
hexamethylenediamine was supplied at approximately 0.1 kg/min from
a reservolir 502 through a line 52 fo the stirred tank 503, After the
completion of supply of hexamethylenediamine, stirring was done for
approximately 2 hours, and the reaction solution was sampled. As a
25 result of analyzing this reaction solution by liquid chromatography,

1,6-hexanediurea formed. The reaction solution was transported fo a
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203- (urei dol nethyl)-3,5,5-trinethyl cycl ohexyl urea except that: 1.0 kg of
-tritneiityyl eyel obexyl ai ni ne was used hexanet hylieri edi am ne; 10.0 kg of
4phenyi pheno was used instead of 4-(aa-di methyl benzyl.)phenol; and 1,42 kg
of urea was used. [0274] Step(12-2):Productionof

25344- phenyl phenoxy) car bonyl am no- net hyl ) -3, 5, 5-tri net hyl cycl ohexyl
carbarnic acid (4-phenyl phenyl) ester Step (12-2) was perforned
in the sane way as | Step (9-1) of Exanple 9 except that: the reaction

sol ution obﬁﬁﬁﬁgﬁrﬁﬁ Step (12-1) was used instead of the raw materi al

P ERE R (oA M it %@%?JO T aYMi-hexgnggiyldiearbaskea agid um 302

was heat ed 0C, ,and. t pressure of the packed col um 302 was
set to appr@‘i‘j’ﬁégr@lnﬁe‘d@ﬁ&ew P )IQ§E “Isol ution collected into the

eservolr 305 wasely d kg LS ek SPGB LR B H R, o v on

i0sag. pheny prenesyicaean ATAR AR S ot IR T 0t

o nomot nykange o ERRBERDRE e ssastimusningion sollectedinte: s E8FO o
éi%gzgﬁLnifp enoxyte]gh gﬂgbgﬁggggne 1h§%8é gfghFrnﬂvtﬁﬁv%§%1oﬁg%§11carbanic
acid (4-phegyldhany! hegshsinABlB8RARA! 'R0 A SethffihABud)bsafanat e
and urea; and the packed column 302 was heated to 240°C, 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 'H-NMR,
N,N'-hexanediyl-dicarbamic acid  di(4-(a,a~-dimethylbenzyl)phenyl)
ester formed at a yield of approximately 95% with respect to
15 hexamethylenediamine in this reaction solution.
[0265] Step (10-3): Thermal decomposition of
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
20 Example 9 except that: the thin-film distillation apparatus 401 was
heated to 280°C, and the internal pressure was sel to approximately 5
kPa; the reaction solution collected into the reservoir 305 in Step (10-2)
was heated to 150°C and supplied at approximately 2.0 kg/hr to the
thin-film distillation apparatus 401 through the line 41; and
25 benzyltoluene  (isomeric mixture) was supplied instead of

n-pentadecane. A gas discharged from the top of the continuous
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Step (12-3) was perfornmed in the sanme way as in Step (9-2) of 20 Exanple 9
except that: the thin-filmdistillation 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 di benzyl ether was
supplied instead of n;genpadecane. A gas discharged. fromthe top of the
cont i nuous multt-istageadis 1Hﬁ§pn|q0émm@r40§ HasaPIISRSoREN S aeneatser #0bhe
condenser 406 through the |ine, AO and conti nuously racted to the

h
reservoir 4boough dhgnlindeAdisnd sentippovsly ¢ﬁ¥é‘3§@lduiqegttie deee@tedOPnr ough

the line A2 was a so].ution containing approximately 98 wt % of i sophorone
dii socyanattbf%lﬁﬂl thy Lﬂﬁt‘f‘aﬂ-ni ng approximately 0.8 wt% of |ight boiling

Ceapoct 1o 19350 Neralyion. exiracted | GUED! D1 DHorbPaMitne ubaiucion
bor 1$ng poiGAnteing epPESHIABRE I kb e Hrae Bl 193 CHEHCRETE: aldet ne
boi 11 ng. poi ViERHBIEt Tegpper At man AR aie WosTorele o [0278] [ Exampl e
155- ( phenor k7B oRy I SHRtA iR ) a5 eheret e vyt BRGE RRBLAT aci d
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10 Tc 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
15 the reaction solution was transported to the reservoir 505.
[0269] Step (11-2): Production of N,N'-hexanediyl-dicarbamic acid
di(4-(o,a~dimethylbenzyl)phenyl) ester
A reaction solution containing N,N'-hexanediyl-dicarbamic acid
di(4-(a,o-dimethylbenzyl)phenyl) ester was obtained by performing the
20 same method as in Step (10-2) of Example 106, The yield of
N N-hexanediyi-dicarbamic  acid  di{d-(o,o-dimethyibenzylphenyl
ester with respect to hexamethylenediamine was approximately 95%.
[06270] Step (11-3): Thermal decomposition of
N,N'-hexanediyl-dicarbamic  acid  di(4-(a,c-dimethylbenzyl)phenyl)
25 ester and separation and collection of isocyanate

The same method as in Step (10-3) of Example 10 was



20sol ution. A packed colum 602 was heated to 220C, and a m xed sol ution of
the sanme conposition as in the raw nmaterial solution was introduoed to the
i nside of the packed colum 602 through a |ine connected with the side of

t he upper part of the packed colum 602. After the operation conditions
stabilized, the raw material solution was 25introduced at approximately 1.0
g/mn to the inside of the packed colum 602 through the |ine 60 and

of & i ne oBRBRREd: Btcapt Mt BB ABLE AmATSH oy W aekedOer tm 502,
extract od « FEOICAL mﬁme@& Iicrﬁhzgawgg‘l@)o&%”?ﬁs%éﬁ [1‘3;;,@; 8! packed
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5 S tring q%% e PO s ﬁﬁfﬁ' B4d phenyl ester and separation and
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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
15 Tc of diphenyl sulfide satisfied Tb < Te <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
Example 10 to obtain a reaction solution containing
20 3-(ureidomethyl)-3,5,5-trimethyleyclohexylurea except that: 1.0 kg of
d-aminomethyl-3,5,5-trimethyleyclohexylamine  was used instead of
hexamethylenediamine; 10.0 kg of 4-phenyiphenc! was used instead of
4-(o,o-dimethylbenzyl)phenol; and 1.42 kg of urea was used.
[0274] Step (12-2): Production of
25 3-((4-phenylphenoxy)carbonylamino-methyl)-3,5,5-trimethyleyclohexyl

carbamic acid (4-phenyiphenyl) ester
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t her mal deconposi tion

3- (phenoxycar bonyl am no- net hyl ) -3, 5, 5-tri net hyl cycl ohexyl earbam ¢ aci d
phenyl ester. By this thermal deconposition, a m xture (13) 25containing an
i socyanate and a hydroxy conpound was obtained. incidentally, |iquid-phase
conponents were extracted through the line 23 connected wth the bottom of
the thin-filmdistillation apparatus 201, introduced to the upper part of

the thin-filmdistillation apparatus 2Q1 through the Iine 24 and the |ine

21, and circul at eélt.ep -f Xasr Berfanypedds tgﬁtﬁagé‘?( EYads @Tbg-t?ihége‘d)c%ﬂponent S

through the_line 22. 5[0280] The gas-phase,co nent s tr t hrough the

line 22 frofxemwle AigxGepf sﬁ-%ir 16 TePAIOBO ipeR %&nééin%%?ﬁ%ﬁsi%uy y fed

to the internedi ate stage (%f L@gcontinuous rr.u:lti-s e distill.ation colum
me 014.- éOS

202, and atUik s#Hicd hy | B&hzy Masr8t i d L aCORFERIE TOKYO
from the 1 CEGRyBERledamaeT arhid s ar CHRIHE PR bt i Girethe —
for $he si oand ! BAG AP HEREn SAG oV Barared ) 228 Eniand iB° RBTbalut  on of
204 & pr ecBisstin Of HaSuA e PREMED 10 i S5 B DBt iR, Sokehe ™ | ©
LT st agel BEQERTrar soRtieHt hoeSsd R BRCrRBN b aEr VS 1 Pa ka2 ough t he
cascomponehi ol bR OB LOPD, Ridion? R hrchdsBaif, cong

t heoreti cal a]L%at es 20relative to the position of line 22 of1 tﬁl\ﬁ@nti nuous
nmul ti - stage 02 were anal yzed at steady stat'e,” an

SPEA | on VA PSAIL RS LRl b SO0 IS MBI .
hro hecl a0, e EATARH RISy S8t crglid ruer POl speoe of
I nside di anghelofin]aka9 92% with respect to
3-aminomethyl-3,5,5-trimethylcyclohexylamine in  this  reaction
solution.

15 [0275] Step (12-3): Thermal decomposition of
3-((4-phenylphenoxy)carbonylamino-methyl)-3,5,5-trimethyleyclohexy!
carbamic acid (4-phenylphenyl) ester and separation and collection of
i1socyanate

Step (12-3) was performed in the same way as in Step (9-2) of

26 Example 9 except that: the thin-film distillation apparatus 401 was
heated to Z80°C, and the internal pressure was set fo approximately 3
kPa; the reaction solution collected into the reserveoir 305 in Step (12-2)
was heated 1o 120°C and supplied at approximately 2.0 kg/hr to the
upper part of the thin-film distillation apparatus 401 through the line 41;

25 and dibenzyl ether was supplied instead of n-pentadecane. A gas

discharged from the top of the continuous multi-stage distillation
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wi th D xon packing (6 mmO) to performthe distillation separation of the
| i qui d- phase conponents. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the

| ower part of the colum through the lines 31 and 33 and the reboiler 5
207. A solution tenperature at the bottom of the continuous nulti-stage
distillation colum 205 was 160C, and a pressure at the top of the colum
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perfornmed if &Yz &. j eagti.on ' ai ni ng
e ot hyl SRS Y SR TR e 55 s Sk ER:

254, 4' - met hgg g%bi s(cycl ohexyl am n.e) (manufactured by Sigma-Aldrich Corp.,
USA) was used”i'nst ead of hexam et hyl enedi am ne, 710 kg (486

gog)go‘[(g E gztm%&g&&g?}g’g,saggﬂiggz%isé‘d%hefe‘ (tRe 2nGH1BL MOiRERZYbIRNSHO! . and
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): Production of
15 3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester
Step (13-1) was carried out using an apparatus shown in FIG. 6.
8.80 kg of 3-aminomethyl-3,5,5-trimethylcyclohexylamine, 97.1
kg of phenol, and 7.70 kg of urea were mixed to prepare a raw material
20 solution. A packed column 602 was heated to 220°C, and a mixed
solution of the same composition as in the raw material solulion was
introduced to the inside of the packed column 602 through a line 60
connected with the side of the upper part of the packed column 602,
After the operation conditions stabilized, the raw material solution was
25 introduced at approximately 1.0 g/min to the inside of the packed

column 602 through the line 60 and reacted.  The reaction solution was
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[ 0285] Step(14-2): Productionof

5N, N1- (4, 4' - et hanedi yl - di cycl ohexyl ) -di carbam cacid di (4-tert-butyl phenyl)
ester Step (14-2) was performed in the same way as in Step (9-1) of
Exanple 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 nmateri al solutlon cont ai ni ng hexanethylenedlanlne,

heated co- 29oRsCIg e g ToebRiE bt bl el Tt o 6 R SUNIT B o st
to approxi rately 2 kPa 9.8 tespld 81 AnR0F Mol Bl AAGLEQRSTAY O bY
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Exanpl e 13 &ept that: the thin-filmdistillation apparat USHZIQWS heat ed
to 280C, an the internal pressure

3~ (phenoxycarbonylam1r10~methyl)—3,5,5—trimethylcyclohexylcarbamic
acid phenyl ester formed at a yield of approximately 94% with respect

10 to 3-aminomethyl-3,5,5-trimethylcyclohexylamine in this reaction
solution.
[0279] Step (13-2): Thermal decomposition of

3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester and separation and collection of isocyanate
15 Step (13-2) was carried out using the apparatus shown in FIG. 2.
The thin-film distillation apparatus 201 was heated to 280°C,
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 100°C and supplied at approximately 1.0 kg/hr to the thin-film
20 distillation apparatus 201 through the line 21 connected with the side of
the upper part of the thin-{ilm distiliation apparatus 201 to perform the
thermal decomposition of
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid phenyl ester. By this thermal decomposition, a mixture (13)
25 containing an isocyanate and a hydroxy compound was obtained.

Incidentally, liquid-phase components were extracted through the line
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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-filmdistillation apparatus 201 through the line 21 connected 5 with
the side of the upper part of the thin-filmdistillation apparatus 201. By
this thermal deconposition, a m xture (14) contalnlng an i socyanate and a

extr Eﬁtyeé°?ﬁ$%§§ﬂ3’€%g°x?%tﬁéﬂ9%‘o&@%b&ﬂt a Wi 5 bR aPEORGS BRins 11 m
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5[ 0288] ThegharitydofiNag 1008000 40F %@d{smféh%ﬂ delpapatth KRS dupPeiedhyrer e
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
20 relative to the position of line 22 of the continuous multi-stage
distillation columan 202 were analyzed al steady state, and operation was
performed such that all contained 30 wit% or more of 4-methylbenzy!
chloride.
[0281] The liquid-phase components extracted through the line 26 were

25 continuously fed to the intermediate stage of the continuous multimstage
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continuously fed to the intei nediate stage of the continuous multi-stage

distillation colum 205 to performthe distillation separation of the

| i qui d- phase conponents. The quantity of heat necessary for the

distillation separation was supplied by circulating the solution of the 10

| ower part of the columm through the Iines 31 and 33 and the reboiler 207.

A solution tenperature at the bottom of the continuous nmulti-stage
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4- et hyl pheng{ey@glﬁggo?q (ﬁf%lﬂ{elﬁ’ﬁ'fﬁ and 2.70 kg (44.9 nol) of urea

esult o z

was used. As ar Ing t |sreact|on solution by liquid
chr onat Ogra[{?%%n@hélséluﬂ%ﬁ extracted throu%h the line 32 was a solution

10N, N- (4, 4' - et hanedi yhdi cycl ohexyl)-di carbam ¢ aci d di (4-ethyl phenyl)
containing approximately 99 wt% of isophorone diisocyanate. The
yield with respect to 3-aminomethyl-3,5,5-trimethylcyclohexylamine
was approximately 87.4%.  Moreover, the obtained isophorone
15 diisocyanate 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 Tc of
4-methylbenzyl chloride satisfied Ta < Te <Th.
20 102841 [Exemple 14]
Step (14-1): Production of compound having ureido group
Step (14-1) was performed in the same way as in Step (10-1) of
Example 10 to obtain a reaction solution containing
4,4'-methylenebis(cyclohexylurea) except that 3.40 kg (16.2 mol) of
25 4. 4'-methylenebis(cyclohexylamine) (manufactured by Sigma-Aldrich
Corp., USA) was used instead of hexamethylenediamine, 73.0 kg (486
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ester formed at a yield of approximately 93% wi th respect to

4, 4" - met hyl enebi s(cycl ohexylam ne) in this reaction solution. [0292]

St ep(15-2): Ther mal deconposi ti onof

N, 1\ 11- (4, 4' - met hanedi yhdi cycl ohexyl ) - di car bai ni ¢ aci d di (4-ethyl phenyl)
15ester and separation and collection of isocyanate

Thet her mal deconposi ti onof N, N11-(4, 4' - net hanedi yl -di cyclohexyl)-di carbam c

acid di (4-ethyl phenyl) ester was, perfornmed by perform ng the,sane t hod as
in Step (1319)) of E%aml%t@ﬁb@@@g@n? at : ‘YE}% t hFPed i | migstead | | atqu‘rsl
apparatus 2 was,,20heat ed t 60C, and 1 I nternal pressure was set to
appr oxi mat ﬁ%@tﬁhw CPEUPRGHOs GhEL 1R ol el RSO PSRN NG

sol ution. col Idect ed into the reservoir 604 in. Step ( and supplied at
approxi mat #1892, 0 kg/hr to the thin-filmdistillation apparatus 201 through

Gisti11ati dA2agparabus 201, By (THi9:ther mal deCERBBLRd on. . a mixture (15)
cont & ni ng i\ SOLY AN SR B ITRAY1)-dicarbamic acid
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 220°C, 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'-(4,4"-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): Thermal decomposition of
20 NNW(4,4"methanediyl-dicyclohexyl)-dicarbamic acid
di{d-tert-butylphenyl}) ester and separation and coliection of isocyanate
The therrmal decomposition of
N,N'-(4,4'-methanediyl-dicyclohexyl)-dicarbamic acid

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 280°C, and the internal pressure

133



conpound was obtained. Incidentally, |iquid-phase conponents were extracted
through the line 23 connected with the bottomof the thin-filmdistillation
apparatus 201, introduced to the upper part of the thin-filmdistillation
apparatus 201 through the line 24 and the line 21, and 5circul ated. The

m xture (15) was extracted as gas-phase conponents through the line 22.

[ 0293] Subsequently, 1-chl orododecane (nmanufactured by TOKYO CHEM CAL

Dot ot hovasSEE i PP oehooi o kDar BRn SRt rdhcriod Sltione B nhinns
01 EEZ.SeLfSiHDPdfﬁ@iéN%ﬁ%%qﬁﬁétéa 0§ttﬁf’|rég&i‘i?fgﬁwﬁé’fb8$ﬁn %P“@fm?@ﬁlox' Tetely
S uanCt hertterioBitEoy ST {1 80) BTty a@fgﬁﬁﬁc@%ﬁ%ﬁygﬁ%gﬁﬁ B Paton
Cower ¢ i r dienDyReRitagepnanes Aliaerieods SBRETIOIS 1Bie oF bsdtlr  he
ctat : Mone T i GRT R hE bbb had N8R T F0E) ARh AR E B Dl oY oy 6

the |1 ne 26 darts BnEh Bt el Fe BB CRRHRIRE S dhodig, o
conti nuous ity BIARRY. comoork 8 lam@%%ﬁT}]gne?dJr@é@t !ﬁgugd g)glaéé ati on

separati on. ase conponents necessary

of the 251 oeeERLERR RAARI B ARERNER RS 1R 23 BlhAboe Fhe "
reboi Ter 20Bedospl | H%“tﬁﬁ ﬁﬁaag%@a%n Bpheksoml ﬁl%d%%@&'{bu

mul ti - stage (R |on co um apressure at the top of

(he P PRI S S TR g P o
condenser 2Q8qt{eOHER 2Neahd NGr3PaRBd CORY IANAUA! Y 18X WACERHatRd 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
20 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 rebaoiler
204, A pressure gt the top of the column was approximately 5 kPa,
Liquid-phase components distilled from the bottom of the continuous
multi-stage distillation column 202 were continuously extracted through

25 the line 26 and supplied to the continuous multi-stage distillation

column 205,  Gas components and Hquid components at both the upper
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5the reservoir 209 through the line 32. [0295] The solution extracted
through the line 32 was a solution containing approximately 99 wt % of

di cycl ohexyl net hane dii socyanate. The yield with respect to

4, 41 - met hyl enebi s(cycl ohexyl am ne) was approxi mately 85.0% Moreover, the
obt ai ned di cycl ohexyl met hane 10di i socyanate contai ned approximately 5 ppm
chl orine conponents. [0296] Incidentally, in the case where the nornal

boilin oi nt . of di gycl ghexyl.net hane djisocyanate is def.i.ned..as.Tb and t he
ot ma oot i Seen e B S Sl e s forogr LB R St tor ma
boilin oint Tc of 1-chl orodaqd ne sat, sfi Ta < Tc < Th. 15[ 0297
[Example 16§ontinuctssragitiishage s SOty PO g et it ATt ¢ aci d
di (4-dodecyl phenyl) ester A.reaction, sol utj,on s col)ected into the
o vor s CYyBlEmd of8tfon wes paHERGL hEn Yat bl GlEhed 1) SEF it e 0
except that__ 20 gfﬁfﬂ kg (45.3 nol) of 2,4-tol uenedi am ne was used instead
of hexanet hmoéﬁé) iratithBS 237. 7 kg (906 inol  of 4-dodecylialitencil was

useddl st ool 1T ARSI Tolho PEhoth SRR HRE S 08, Lo
Lot ene 2.4 LB G5 e L ApPE A SN SRl R e 1 o1
solutron,  A0RRoR RS )5 TUBACnISROmeRntatn Shuion of e .4
coll eeLi on phulEREanT i b A0LIS-Ble WiRRRL! BT Retlasemvay oo 10
401 was heaHfsﬁlltaﬁO%ZQéfjagﬁtﬂg?t\Qﬁs is%%a@[i@é'dbfrc‘?ﬁﬁﬂ%@ng’gﬁesﬁluﬁ%g@mﬂ%i mat el y

0.3 kPa; the reaction's on colfecte nto t servolr I'n Step

(1618) was NRALEHak O ARRCC AT YRAM AR 1IRBRAXLRIEY Ynd e i8blflet © the

thin-filmdistiltation apparatus 40 rough the I ne

n-pentadecangvas s URRLieH bnPRRAOKL MBI ekt Ghowdsl! Rif e Obefihfigud | ne 49.

A gas discharged fromthe top of the continuous multi-stage distillation
o T e YRR Ry 0L aDSosse 1O C AR Ling ARy
of the column was approximately 1.5 kPa. A gas discharged from the
top of the continuous multi-stage distillation column 205 was condensed
15 in 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
20 approximately 81.5%.
(0290} Incidentally, in ihe case where the normal boiling point of
dicyclohexylmethane ditsooyanate iz defined az Th and the normal
boiling point of the hydroxy compound is defined as Ta, a normal
boiling point Tc of fluorene satisfied Ta <Tc <'Th.
25 [0291] [Example 15}

Sten (15-1% Production of
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15[ 0299] The solution extracted through the line A2 was a sol ution

contai ning approxi mately 99 wt % of 2,4-tolylene diisocyanate. The yield
with respect to 2,4-tol uenedi am ne 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 conpound is defined as
Ta, a normal boiling point Tc of ritentadecarie satisfied Th <To < [0301]

{ Exanpl e 17 ti

N (4, 4 - o Rakbd BNy Dicoar B dicarbrmiaeci dildrethmtsnsiy
25ester A reaction solution was collected into the reservoir 604 by

perform ng tHET same nethod as in St ep (13-1) of Exanple 13 except that 1.64

kg (8.27 mol) of 4,4’ - methyl enedi ani d jnstead of
3 an noret hy - 3 15/ i RglLy '3%%({&@9“%31 15 shRgreESEPG4 dry

Surea v, uBBIORRIE e 3me BRERE & b STeR L3S ei‘ﬁ%m@#ﬁf‘imcsg /i qui d d
i (a5t ert- o gnanbi R indt B rﬁ?@%ﬂiﬁ%@bﬁf Rarys 855w cn
rSte Zg?it? i t2§) xdltﬁgc?af%g%f ﬁéﬁﬁ’ggé’@%}#%@ 5 f—tﬁﬁie?hﬁ%%foh%gky?a?mﬂ{ | 9004 J60 [1930 2]

N NL- (4. 41 pesdaned off adiRiehla enhal peaslidofhdsber saamvyphieny!)

ester and s nan i onof "rsSocyanat e si tionof
(44.9 mol) of urea was used. As a result of analyzing this reaction
solution by iiquid chromatography and "H-NMR,
10 N,N'-(4,4'-methanediyl-dicyclohexyl)-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): Thermal decomposition of
N,N'-(4,4-methanediyl-dicyclohexyl)-dicarbamic acid di(4-ethylphenyl)
15 ester and separation and collection of isocyanate
The thermal decomposition of
N,N'-(4,4'-methanediyl-dicyclohexyl)-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
20 heated to 260°C, and the internal pressure was set to approximately 0.5
kPa; and the reaction solution obtained in Step (15-1) was used instead
of the reaction solution collected into the reserveir 604 in Step (13-
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
25 part of the thin-film distillation apparatus 201. By this thermal

decomposition, a mixture (15) containing an isocyanate and a hydroxy
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N, N1- (4, 4' - net hanedi yl - di phenyl)-di carbam c acid di(4-tert-anyl phenyl) 15
ester was perforned by performng the sane nethod as in Step (13-2) of
Exanpl e 13 except that: the thin-filmdistillation apparatus 201 was heat ed
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
suppl i ed at approxi,mat el

Qi

t he through OpffoWas E%Hgg @Hé\%dﬁﬁtarlﬁ'e 1t hl %lghglﬁ%%%?%:‘ggﬁ th °
2 B 17

Sooyanat e armder g EETER A FhneBsL ,atiﬁt%e(la%t%o&ﬁﬁqrfttﬁﬁﬂhf‘r%@%g phase

o e R AN e e B RBE T R
i 2

e S éﬂ@s@?%&ﬂa b PR e I WP 0" 1

Sugggquentlél? ggbrto }t}ér%@\;\&ééﬁesgﬁg‘?‘; dXt{aCtgdfsn%?%yP%Seengg egFSI de to

performthethibﬁéhlthghhg ~separ ation of the mxture (17) whi ch was gas phase

conmponent s essure at the top of the colum was appr oxi matel y .1 kPa.

Li qui d- phas ti]lg b e
rruﬁti -sfageﬁ)c'il Sgl ?Fﬁé&:@leﬁﬂ 1u1rm g%lfgwer e%n@%ﬁ%@%ﬂegxt act eg hr ough t he

|ine 26 andc TRy OO0 1UaYs Mgy s\tvageus%stiﬁétéga'@p col um
205. Gas corrponents an iquid corrponents at the upper and | ower
second theo@%bﬂf’}ﬂb&ﬁz@ﬂe&lbi}ﬂd@t ty ?etrfbrh{'%heoéis{ﬂl@ﬂoﬁfs angtide &ff thde
continuous nmulti-stage distillati col um were anal yzed at steady

E]E atg, and QRLAALI(QB)WASicROWhO LABDIRME edhgénalts. CADpRdRes: OH iopr nore
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
I-chlorododecane.

20 [0294] The liquid-phase components extracted through the line 26 were
continuously fed to the intermediate stage of the continuous multi-stage
distiliation 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

25 lower part of the column through the lines 31 and 33 and the reboiler

207. A solution temperature at the bottom of the continuous
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15benzyl t ol uene. [0304] The |iqui d-phase conmponents extracted through the
line 26 were continuously fed to the internedi ate stage of the continuous
mul ti-stage distillation colum 205 of approxinmately 5 cmin inside
dianmeter filled with D xon packing (6 mep) to performthe distillation
separation of 20the |iquid-phase conponents. The quantity of heat necessary
for the distillation separation was supplied circulating the solittion of'

i sl i
EP\;OF?Eet ggfq |- ne 30 ar%ﬁ Cog%tl _nu%)"us% 7 ex?Ea{c??Ig? Eﬁ%n{?he regg?’vgl B]' %at hr ough
sol ution coIrglt %%ﬁ?%d%%%; ?ﬂ%@gﬁ%ﬁggé\?ﬁﬁ% o? aglidgﬁenﬁdﬁﬁskﬁgn%ﬁe\g@ anate.

5Thegyi el d wetI}ésﬁq@ﬁpgﬁgﬁﬁrg{@ﬁ%ﬁ#@/gfﬁedi ani | ine was approxi mtely 81. 0%

[ 0306] I ncidenta ere the normal boiling point of
i het T EMRIOUSORIARRLS bl Tt ThCoa b, ROk sl pol
(16-1): "Produer T one o R RN ot ST R BB gy B B 1
ester The yield with respect to 4,4-methylenebis(cyclohexylamine) was
approximately 85.0%. Moreover, the obtained dicyclohexylmethane
10 diisocyanate 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-24-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
20 553 kg (453 mol) of 24-toluenediamine was used instead of
hexamethylenediamine, 237.7 kg (906 mol) of 4-dodecylphenol was

~y

used instead of 4(1,1.3 3-tetramethylbutyDiphenel, and 815 kp (136
mol) of urea was used. As a result of analyzing this reaction solution
by liquid chromatography and "H-NMR, toluene-2,4-dicarbamic acid
25 di(4-dodecylphenyl) ester formed at a yield of approximately 90% with

respect to 2,4-toluenediamine i this reaction solution.
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An apparatus shown in FIG 7 was used. 15In the state where a |line 74 was
closed, 9.99 kg (49.5 nol) of bis(3-nethylbutyl) carbonate of Reference
Exanple 1 was supplied froma reservoir 701 through a line 71 to a reaction
contai ner 704 made of SUS, and 1.15 kg (9.9 nol) of hexarnet hyl enedi am ne
(manuf actured by Sigma-Aldrich Corp., USA) was supplied froma reservoir
702 20through a line 72 to the reactor 704. A solution tenperature within

ot 1 oni do (Gl aepor by HedutERERSLIRMBlch B0l A A EnRE o
Feact or Tosndact bt EReLRA T ERY A “en et s S o

sol ution affs%h irﬂgﬁgt ion by liquid chromatography, N, N-hexanediyl-dicarbamc
acid di (3-net § utyl) ester formed at a yield of 99.7% [0308] The line 74

tas opened, and, L) Sh.oBlth b Sy BUBBH ! 0y SELYD 0
manufact ur efly by JROHM & fdShat the thin-film distillation apparatus 401 was
heated to 220°C, 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 150°C 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 A0 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 Th and the normal boiling point
20 of the hydroxy compound is defined as Ta, a normal boiling poini Te of
n-pentadecane satisfied Th <Te < Ta.
103611 {Example 171
Step (17-1): Production of
N,N'-(4,4"-methanediyl-diphenyl)-dicarbamic acid di(4-tert-amylphenyl)
25 ester

A reaction solution was collected mto the reservoir 604 by
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5Conpany) adjusted by renoving water and was kept warmat 80C with an
external jacket, to performthe neutralization of sodi um nethoxide. The
solution was transported to a reservoir 706 through a line 75. [0309] Step
(18-2): Distilling off of |ow boiling-point conponents The distilling off
of al cohol was perforned using an apparatus 10shown in FI G 8. The

m xture collected into the reservoir 706 was continuously fed in a liquid

sLate at aoproLIN e Q50 khiba O Syl 1213 AP QUM fY Shegher, SO3 1o
AP B S W O S T O
the ool Ut Log ahuiEchonars Rarty oh A% GRLUIIRESah Ll Phand,ee and o
rul st ages st ISR SOLATAATR RS ook ABPCOTRY (s raspiEe 2t Lhe

the 5op of iR, fASLSAHOUA VLIS RaSIY Bt I BkbatiGlHMORM Meidondensed
&

condéenser roug and co ous pr oxi y 86 g/hr

to a reservohior8as }é}g}%gh a line 84. Frgmthe bottomof th ,
Fo

conti nuous extract s done at approximately 25474 g/hr to a reservoir

806 thr0U9hNENQgé,Eﬂ?néﬁanécﬁgﬁg%Pﬂégﬁg '%éairbhlhﬁé? %@fdg dfea-t@ﬁtﬁ_argl 1@ ester

was perfornmed using E appafatus in a _ e mXture
col lected igdter t Rgi&BeAV A :%’i%ﬂﬁ_ WeSy ﬁf&)ﬂiﬂi&@é@' wXed vith arédpet dest at e at

approximately 474 g/lir froma |line through®a preheater 901 to the
i nter medi at £ 43h3@8ydnclifdihe I b @Httibn SbRGRN.

10 [0302] Step (17-2): Thermal decomposition of
N,N'-(4,4"-methanediyl-diphenyl)-dicarbamic acid di(4-tert-amylphenyl)
ester and separation and collection of isocyanate

The thermal decomposition of
N,N'-(4,4'-methanediyl-diphenyl)-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 260°C, 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)

20 and supplied at approximately 1.9 kg/hr to the thin-film distillation
ﬁ};ﬁpﬁ'{.éﬂﬂﬁ 201 through the line 21 connected with the side of the upper
part of the thin-film digtillation apparatus 201, By this thermal
decomposition, a mixture (17) containing an isocyanate and a hydroxy
compound was obtained. Incidentally, liquid-phase components were

25 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
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5 distillation colum 902 of 5 cmin inside dianeter filled with D xon
packing (6 m{). The quantity of heat necessary for the distillation was
supplied by circulating the solution of the |ower part of the columm
through lines 93 and 95 and a reboiler 904. A solution tenperature at the
bottom of the continuous nulti-stage distillation colum 902 was set 10 to
160C, and a pressure at the top of the colum was set to approximtely 2.6
kPa. A gas discharged fromthe tqop of, the conti nuou | ti-stage
distillati cHsGHRUAR spperwby <Olddenah; Hnea‘imaén%é glésﬁmﬁr Slging 1ine 92
and continuqusly e tnﬁﬁéed,at agfroxinately %go g/ hr go a reservoir 905
through a 1GFa1ated. Frbhg taExtuEy bt HomasfeXFRCed a3 ngRs-Bo#G AYBIPOTERYS act i on
was done at_a roggn?teééd87 g/hr to a reservoir 906 through the |ine 93.
[0311] As dbF hoHNEgrduct i ng |i qui d chromat ography analysis on the

m xt ure ext to the reservoir 906, the m xture cpntai ned,appr,oxi nat el
98?(1uwt%)(;f[r0§?)§§ SHEYHY i ¢ eparitelisagq 2@’&%(3-\%%%%15@39?& octlor [03 /
2] StepThermal o i Ni i il agxanect | ytidi ci ar bani j.i,c,.aci d_di e= net ter and
. Separ att oo i) PR o bt s iR St R oo

251, 2:D) chl grabenzens el actured by TINQGEM A MREIRL Sy 110

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
15 benzyltoluene.
[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 mmg) to perform the distillation separation of
20 the liquid-phase components. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the

4

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 160°C, and a pressure at the top
25 of the column was approximately 1.5 kPa. A gas discharged from the

top of the continuous multi-stage distiliation column 205 was condensed
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mul ti-stage distillation colum 1002 of approximately 5 cmin inside
dianeter filled with Di xon packing (6 mm)), and the state where

1, 2-di chl orobenzene was under total reflux was created with a pressure at
the top of the colum set to approximately 1 kPa. 5[0313] A thin-film
distillation apparatus 1001 (manufactured by KOBELCO ECO SOLUTI ONS Co. ,
Ltd., Japan) of 0.1 n2 in heat transfer area was heated to 270C, and the
internal pressure was set to_approxi mf,tel 13 kPa.. The m xture collected
into the reddethgotondrmser 106 thpoyals thy s @ cpritinupsely graskdooi ed at
approxi mately 580 g/ hg 0 to . the upper part of the thin-film evaporator
1001 t hr oughedesswaned9 Pé‘&bég? g%yl tin dilaurate (manufactured by

Wako Pure i | ndyst.ries, Ltd., Japan) was.fed,at approxi ely 25.2
g/ hr throuﬁb%glsﬁiat}ée crolufipR . PrBE e thiiHEsn AE SIEr 32 cReP adt éaﬂ%lmnough a
line D3 fromthe . bottomof the thin-filmdistillatign apparatus 1001 and
156 roul ateMARiRRct ity 90 W 108 At el GRS Sl at o
1001_ .t hrou a li . Gas- phase, conmpgnent s, wer.e extracted t.hr h aline
oo, o314] hhe Wl gL o DR ook TR RAED S AOHTGHS, FEDITHEMEEDT r om t he
thin-film d%fb[? | ati on apparatus 1001 were continuously fed to the 20

i ntermedi at® 'St'%ge of the continuous nulti-stage distillation colum 1002,

ppr oxi rmat A oO) kBl 4 e CAF Shper 07 i eReaiofing 9Bk Yepar ati on
distiil ot onroepur e TR M osBBr B Bbhted aan EF s BREAGEYS! BB of e
sol ut i on t il SF e P ehL B ER I I T R, Alr il iRl Eped 0

di siol | ati Oft, B?Ib%%ﬂtgfg%geas}ti%ﬁgg?aa@qb% essure at the top of the col umm

was™ appr oxi mately gas dischargéd fromthe top of the continuous

mul ti - st agerpdipsti i | uiTm 1002 was condensed in a condenser 1003
t hrough a Igdr?gsﬁ&ﬂ%}%ﬁih%n i‘nuously 5 extracted through a |ine D7.

Li qui d- phase com%?,? ?gé\@r: gllgg(%%ﬂ&ﬁ)tneq)ft N%%{nbx?ggggg_@gmfga%t hej ot t om of

t he conti nuous I'at’i on co' Gas conponents and

l'iqui d compgientsidib e upper and lower third theoretical plates
relative to {cﬁe po it?@glpo$ fi ne D2 of the continuous nulti-stage

distillation colugp %%%a%rsﬁoq,@ﬁﬂﬂ:;@eﬂv@s §e@ady state, and operation was
performed such that al'l contained 30 w% or nore of 1, 2-dichlorobenzene.
15 In 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 hexamethylenediamine (manufactured
by Sigma-Aldrich Corp., USA) was supplied from a reservoir 702
20 through a line 72 to the reactor 704. A solution temperature within the
reactor 704 was adjusted to approximately 8070, and 19.2 g of sodium
methoxide (manufactured by Wake Pure Chemiecal Industries, Lid,,
Japan, a 28% methanol solution) was supplied from a reservoir 703
through a line 73 to the reactor 704 made of SUS and reacted.

25 As a result of analyzing the solution after reaction by liquid

chromatography, N,N-hexanediyl-dicarbamic acid di(3-methylbutyl)
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[ 0315] The |iquid-phase conponents extracted through the line D9 were
continuously fed to the internedi ate stage of a continuous nulti-stage

distillation colum 1005 of approximately 5 cmin inside

15 di aneter

filled with D xon packing (6 nunep) to performthe distillation separation
of the liquid-phase conponents. The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the

| ower part of the colum ¢ roufgg?%él es El and E3 and a reboiler 100'7. A

gas di schar@@@rfm@m Ak tyapldet

tonti nuous 20mul ti-stage di sti I | ation

col um 1005 C nse |n a cond 1006 t.hroughand continuously
extracted tEpvﬁ)sgr] rgg?ﬁ O@@S 91%%%@@ hﬁ?}i@ftlﬁflt uﬂ@nﬁ’&%ﬁs |1 ion, the

| i qui d- phase conponent s e _extracted at appro i mat el to a
reservoir 1918 ﬁ% Halponsaingd 1 An T‘T"’Rsl Yol lﬁr}%ﬁc %eaclfeéépt hr ough
the line E2 n,cont |n|n r oxi,nat el %

| i exanet hyl Q&gﬁ}ﬁayégé$an Rbenc& E\I%P-frﬁ NBQX) ﬁ%(%?@% & (ﬁAAS

hexa net hyl enedi am.ne 1% 031 | nci dent se where the
nor mal boi | &R@Wyr}tadé‘f\,‘vatﬁ@jﬁ’nﬁlﬁl‘# Sevbior S0k s Rep talrdy @tﬁ@a“iﬁw% and the
nounal boi |

boi l'i ng poiﬁ@

[ Exanpl e 19%ne solution was transported to a reservoir 706 through a line 75.

10

15

20

25

[0309] Step (18-2): Distilling off of low-boiling-point components

The distilling off of alcohol was performed using an apparatus
shown 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
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 83 and 85 and a reboiler 804. A solution temperature at
the bottom of the continuous multi-stage distillation column 802 was set
to 160°C, 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 colummn 807 was condensed o1 &

condenser 803 through a line 82 and continuously extracted at

approximately 86 g/hr to a reservoir 805 through a line 84.  From the
bottom of the column, continuous extraction was done at approximately
474 g/hr to a reservoir 806 through the line §3.

[0310] The distilling off of carbonic acid ester was performed using an
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Step (19-1): Production of N, N-hexanediyl-dicarbam c acid dibutyl ester A
reaction solution containing N, Nl-hexanediyl-dicarbamc acid 10 di butyl
ester was obtained by performng the same nethod as in Step (18-1) of
Exanpl e 18 except that 8.76 kg (50.3 nol) of dibutyl carbonate of Reference
Exanpl e 2 was used instead of bis(3-nethylbutyl) carbonate, 1.30 kg (11.1
nol ) of hexanet hyl enedi am ne was used, and 20.1 g of sodi um net hoxi de (28%

15 net hanol sol ution) was u;@&q The yield of N, Nhexanediyl -dicarbamc acid
di but yl est @PARARISFHOTE 53 dent1y, the neutralization of sodium

met hoxi de was perfornmed, and fhe solutipn was tra orted the resgervoir
o6 L 0950] ot o TR TBMtuRs CollPsiefoings fanroraOHa R sES GoRt SR hent &
20The di sti

TR TR T N T S R
o/ (1o 2,591 46] OB LGSR L8 BEASBEIE SEMLIRS
mJtl-stag 0 S s e at the
oS o0 AR TSyl e AR UBPRELITE ST
oot DTS BT BB 2 an
R CuCt e e L A L
the ool um M8SWSF Ui FPRREIBREY AN BRL AoARAIGSh ko dberanligt | 19

liquid chrofa rapny anal'ysi's 'on the mxture extracted e reservoir
N N hexaned 51 Dol SRR RRI L P iR Uik bgumn 902 was set
St epg19-3) - fhefgpldecaqPesihboifl 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
15 bottom 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 wit% of N,N'-hexanediyl-dicarbamic acid
20 di(3-methylbutyl) ester.
(03121 Step {(18-3) Thermal decomposition of
N Nhexanediyl-dicarbamic acid diZ-methylbutyl) ester and distillation
separation of isocyanate
An apparatus shown in FIG. 10 was used. ,
25 1,2-Dichlorobenzene (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD., Japan) was supplied fo a confinuous
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N, N - hexanedi yl -d.icarbam c acid di butyl ester and distillation separation
of isocyanate The sanme nethod as in Step (18-3) of Exanple 18 was
performed except that: 1,3,5-triethyl benzene was used instead of 15

1, 2-d.ichl orobenzene; the thin-filmdistillation apparatus 1001 was heat ed
to 280C, and the internal pressure was set to approximtely 13 kPa; and the
m xture collected into the reservoir 906 in Step (19-2) was used instead of

B B Bl L
N e edop b ToEe i el fieive bt e o
Gt iTlat ?nﬁ%@s"ﬁfrl%zﬂbmz 3 Thwé@ ?@ﬁﬁ Dok (EateR b PR e
the || ne. DOFVEAORAHCR SOULRD FLp pOPIHRTRES: helRat e stage of  the o
ceparation BEIBIA! GBI atisPUaRBonrnilado 0 DBhelifliBa iRl e o o
SOl lonus K abiaor ﬁgf}@ﬁ@ﬁyﬁ?ﬁg‘ég?%iﬂﬁ SO onf LEb e i et e
ot oo trknsis udh B hERERTE DN0RE ] URE SRR lﬁ’f%gﬁf{ﬂ ége’?’“ﬁ&? he case

where the NAEIRLIREIILNG RELt 1ol HEXAREIIERs dkbInexanat u@o@ga' ned as

Tb and the |ng poi nt” "of . r oxy corrpoun efined as Ta, a
normal boi | 5hg) AY.BY whttea¥d fo F6BC i ﬁ}ﬁpfrwa%p%a&hﬁaﬂegd 588 gl < Tb.
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 D1. 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-dichiorobenzens was supplied at
approximately 0.3 kg/hr through s line B4 to perform the distillation
separation of the gas-phase components. The quantity of heat
necessary for the distillation separation was supplied by circulating the
25 solution 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
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[0325] [ Exanple 20] Step(20-1):Producti onof

3- (but oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl ohexyl carbam ¢ aci d butyl

ester 15Areactionsol uti oncontai ni ng

3- (but oxycar bonyl am no- net hyl ) -3, 5, 5-tri nmet hyl cycl ohexyl carbam ¢ aci d butyl

ester was obtained by perform ng the sane nethod as in Step (18-1) of

Exanpl e 18 except that 9.75 kg (56.0 nol) of dibutyl carbonate of Reference

Exanpl e 2 was _ used i nstead. of
el

20bi s( 3- met W49 necaluson dW2 881 ) H°C, and a pressure at the
nexamet hyl G AHh EOTUN oY oS SEHTK PO med Iifol o676 SRy HEREScO ey el dof
but y1 oo or iatoID A le D hes BN | JIUTEFseFe A K0S GBI SRRt #ot hoxi de
[0326] st epriisapd 1 g; PoRdainr s FREBLM fng-Rs: fid commony
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
10 analyzed at steady state, and operation was perfbrmed 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 mm¢) 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 E1 and E3 and a
reboiler 1007. A gas discharged from the top of the continuous
20 multi-stage distillation column 1005 was condensed in a condenser
1006 through a line EO and continuously extracted to a reservoir 1009
through a line E2.
[0316] After 40-hour operation, the liquid-phase components were
extracted at approximately 11 g/hr to a reservoir 1010 through a line ES3.

25 [0317] The solution extracted through the line E2 was a solution

containing approximately 99.8 wit% of hexamethylene diisocyanate.
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The distilling off of alcohol was perfornmed in the sanme way as in Step
(18-2) of Exanple 18 except that: the mxture collected into the 5
reservoir 706 was fed at approximately 0.9 kg/hr fromthe line 81; and a
solution tenperature at the bottom of the continuous multi-stage
distillation colum 802 was set to 140C, and a pressure at the top of the
colum was set to 70 kPa. [0327] Subsequently, the sane nethod as in Step

nto the rosBRvarK With TRARCS A SRy FOpH B s, 6ky B398 %gl hr from the |1 ne
Cerper at ur ol S HAETBIN ot HE S8 1 HBLS Hel EPISFa e HRG ! PPIA: $5n col umn
appr oxi mat ehgemggpett ARaBYERIR A feabrhu Thoand e dehForBo L diphy
hem xt ur ecBppL B hEsERePEnTuiEia JERneT & U3 B8Rl bl inginRitet hyl ) -3
st ept20- 3) - ThoFrat SR eEoS AR sheSAkd T £gper. 2010526
ostor and AhCUED GPBRBRY doat'e "The Same met hod aa” i n Step (16-3) of
Do & 120 SR (IR PR SE NSt upadaeane, (a ot ur
1,2-dich|or9ﬁﬁﬁ§p&§érthe thin-filmdistillation apparatus 1001 was

A reaction solution containing N,N'-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

20 The distilling off of alcohol was performed in the same way as
i Step (18-2) of Bxample 18 except that: the mixture collecied inio the
reservoir 706 was fed at approximately 1 kg/hr from the line 81; and a
solution temperature at the bottom of the continuous multi-stage
distillation column 802 was set to 140°C, and a pressure at the top of the

25 column was set to 70 kPa.

[0321] Subsequently, the same method as in Step (18-2) of Exaraple 18
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heated to 280C, and the internal pressure was set to approxi mtely 13 kPa;
and the m xture collected into the reservoir 906 in Step (20-2) was used
instead of the mxture collected into the reservoir 906 in Step (18-2) and
supplied at approximtely 630 g/hr to the upper part of the 5thin-film
evaporator 1001. [0329] Subsequently, cycl ododecane was supplied instead of
1, 2-di chl orobenzene at approxinmately 0.15 kg/lhr to the internedi ate stage

O e oS Ehag o S AT A0S Sl AARA
L L SYaBOLSASte o0 ol AL B oF OB B Al oo
conc . . BHbAlo8! AR 441 MAANESL DAG00 B PEHLET D Wifion
concent oL SEARLAGGRTH SRl BB bl FRBT S ASRuG e en
com 8, 19 SORLS R Sl 38 ISl RRNRLANe FAABIERAILE (SR 2,
10390 nc 4585l oy b RgEECaRLS. oS TREUE BE LATRERL Rl 20
e,y o CSORBNRTLA SRR Aok AuPELIELCRAL 08 AR Tone
25N, N-(4, 4 fHee! hapediys - di géfﬁdaﬂ%%%y' ) afihRIDAMIG aciod gli huiyb, est gp

Ar eactionso i oncontal nin

N, 1?11- (4, 4 3 TRVA o eIV A 0N ic acid dibutyl ester was
obt ai ned byh%gf?g??n%@%%g%@ﬁ%%%gmgﬂﬁﬁ‘%ep (18-1) of Exanple 18

except that (56.0 |.}y.0f Dbi f yl but y e of ference
Exa;%gl e 3 V\Laorslazzu@eg&ipnsteadmgfj )i s( 3- cF:lrI(E}t?erI{g[IiE%utyI ))dgg?%@{]dg’%@{ 5 1. kg

(8.90 mol) mf NEidxan®dirienabhaley chdexiiisnmne) cues Used idis(iead:of
hexanet hyl enedi am ne, and 22.0 g of sodi um net hoxi de (28% net hanol

sol ution) wegpdta8En offifodta@latk Of _ _ .
N, N- (4, 4' - met'hanedi yl - di ¢ycl ohexyl )-di carbam ¢ acid di butyl ester was

95.3% Subsequentiie bth@enetéthat zat iI9NSefp YAGLIM ethaxhpR VIS was
10performed, and the solution was transported to the reservoir 706.
performed except that: 1,3,5-triethylbenzene was used instead of
15 1,2-dichlorobenzene; the thin-film distillation apparatus 1001 was
heated to 280°C, 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

20 thin-film evaporator 1001,
103231 Subsequently, 1,3,5-triethylbenzene was supplied iostead of
1,2-dichlorobenzene at approximately 0.2 kp/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
25 thin-film evaporator 1001. The liquid-phase components extracted

through the line 139 were continuously fed to the intermediate stage of
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[0332] Step (21-2): Distilling off of |ow boiling-point conponents

The distilling off of al cohol was perfornmed in the sane way as in Step
(18-2) of Exanple 18 except that: the m xture collected into the reservoir
706 was fed at approximately 1.3 kg/hr fromthe line 81; and a 15 solution
tenperature at the bottom of the continuous nmulti-stage distillation colum
802 was set to 140C, and a pressure at the top of the columm was set to

anple 18 2%‘35%1;155&%8' d Rl ﬁﬁ%ﬁﬁ%a% ”rﬁ?!?ﬁﬂlea@%ﬂs?é@t B8t He 0

voir 806..20 i f h i
i ﬁzeéfﬂﬁt{nuﬁﬁeﬁﬁﬁ% @E’?bﬂéﬁ%l b anhe oo corlinineniE el alif'e ai the
£$£$%ﬁ%%@ﬁ%%%%%ﬁ%%%ﬁ%%o
'mprgr Qsegt r[f%%Eg{j fﬁ@@'g@@p@b%&gg@dﬁ%&m@%@ w43l WSl the
N D a1 neaGES PRRRKRL A 90 MR of hexamethylene diisogyanate. | o0
S 21-3 i : 0
Nt ﬁll-og4 4 )nngéjr@gd\% g%g@é#ttﬁ ncéh%len %h%“émaec‘i‘%s §Ob5u4)yl ester and
di St"'a“ogémg a&ﬂaﬂixcep tha%@ FhPR SAECNORAAC Doffing NoclifPof 18-3) of

Exanpl e 18 or ne enzy r was I nstead of
Y e A
the m xt urepgpltlFehetydbRy dBp QSRS VOHE(IRES ak TaShaRortdd BilieSoint
10 Te of 1,3,5-triethylbenzene satisfied Ta <Tc < Tb.
[0325] [Example 20]
Step (20-1): Production of
3-(butoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid butyl ester
15 A reaction solution containing

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 wused instead of

20 bis(3-methylbutyl}  carbonate, 1.59 kg (933 mol) of
Feaminomethyl-3,5, 5-tunetwyleyelohexylamine  was used instead of
hexamethylenediamine, and 180 ¢ of sodium methoxide (28%
methanol solution) was used. The yield of
3-(butoxycarbonylamino-methy!)-3,5,5-trimethylcyclohexylcarbamic

25 acid butyl ester was 94.8%. Subsequently, the neutralization of

sodium methoxide was performed, and the solution was transported to
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10 used instead of the mxture collected into the reservoir 906 in Step
(18-2) and supplied at approximately 770 g/hr to the upper part of the
thin-filmevaporator 1001. [0335] Subsequently, dibenzyl ether was supplied
i nstead of 1, 2-dichlorobenzene at approximately 0.22 kg/hr to the
internediate 15 stage of the continuous nulti-stage distillation colum
1002 to perfonn the distillation separation of gas-phase conponents that
formed in tagzthin-tiéaéevaporator 1001. A solution tenperature at the
bottom of t W ESREIHALAOUS: nmul ti-stage distillation. colum 1002 was 150C,

SR Pt C BN IR R e R SN
L3 ot O e ST ST BT OB S
oD e C e A58 O LU b L AL 0 D0 1000,
solukion conka ) pocRRDLOYLTE! iS85 055 Gshe el e ane o
compounds. pLsERd (LaBEARL JehLt AIVEEPEEXh L betnu e BRI

it dent ol Bk ISR IS U QPG RSB Th L oRar g

point of th |s defined as Ta, a normal boiling point Tc
of di benzyl&é gé@ét%gﬁggq%dk Tc < Tb. [0337] [Exanple 22]

o op (220 Grodisibaneindl hoepalbulashen son oo dridtoty or'
Lo 190 2| e iRy aRLhad snurelelkoi ML loRa el 13
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 150°C, and a pressure at the top of the column
15 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  98.0 wt%  of
3-(butoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
acid butyl ester.
20 10328] Step (20-3): Thermal decomposition of
3-{butoxyearbonylammo-inethyl 3,5, 5-trimethyleyclohexylearbamic
acid butyl ester and distillation separation of isocyanate
The same method as in Step (18-3) of Example 18 was
performed except that: cyclododecane (manufactured by TOKYO
25 CHEMICAL INDUSTRY CO., LTD., Japan) was used instead of

1,2-dichlorobenzene; the thin-fibm distillaton apparatus 1001 was
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15 3-am nonet hyl- 3,5, 5-trinmet hyl cycl ohexyl am ne, 28.1. kg (379 nol) of

1- butanol was used instead of phenol, and 0.19 kg (3.2 nol) of urea was
used; and the packed colum 602 was heated to 220C. As a result of
analyzin.g it by liquid chromatography and IHI1\I M

N, 1\ 11- hexanedi yl - di carbam ¢ aci d di butyl ester forned. at a yield of
20approximately 95% with respect to hexarnethylenediarnine in this reaction
sol ution, [033%% S%gg)ng-Z . Distilling off of |owboilingpoint conponents
The distil lhesjedfté 250°&], thewadernel Poesaide vvanseitibeappanatiety dBown i . n
FIG 8. 25The reaction solutign obtained in Step (22-:1) was_cqnptinuously
fed in a |ikbaend ﬁteenaxhappﬁogl@pm ity the gesegy i 550 iﬁéﬁ‘é’ fﬁ%ggsﬁa& hr ough
the preheater 801 to_the internediatge stage of the contin S | ti-stage
disti |1 ati onsesbiuada Be Suaiencolieried BHanEeFeseTYREPW 1A Bioeon

packi ng (6y{1&0 The quantity of heat nece ry for .the distillation was
supplied b '—flk@rl tw@ﬂmeafs@mrﬁxaﬁa&ﬁytﬁzﬁ? et B vrBer PRE &otgm s
throggh the_ l.ines 83 and, 85 d the reboiler 804. A solution tenmperature at
t he Dot t om GHNHHE e¥MeTRURILEIGhI ti - st age distillation col um 802 was set to

(Pa. A gas BGoNar e IREBIYe haSEORIASGANE cathS noBRBRD ¢ [idrape of 0
0 411 O SO HOR, 182 §ORGAREHL 19 HREORISREch, AR fie o (e
Cont | nuous SREF e g bR e g siEeRourileaR) Rl 1% B pHR s er voi
NN hexanealtit distd@ReRscr BRIGH epb R na SollptiSbes e formsd ot
ost 80 “and M UEPh romRaRhr A0PEn ot JEETRRRIe-FRARoRER Bkl ik o
10 ves usedthrough 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
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-aminomethyl-3,5,5-trimethylcyclohexylamine
was 80.5%.
[0330] Incidentally, in the case where the normal boiling point of
20 isophorone diisocyanate is defined as Th and the normal boiling point of
the hydroxy compeound is defined as Ta, a normal boiling point Te of
cyclododecane satisfied Ta < Te <Th.

[0331] [Example 21]

Step (21-1): Production of
25 N,N'-(4,4"-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester
A reaction solution containing
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2013ut yl benzene (rmanufactured by TOKYO CF S RY CO' Ff1l1l, Japan) was
multi-stage distillation colum 1002,taher was under total reflux was
createda pressure at the top of the colum set to approximtely 0.1 kPa.
25[0340] The thin-filmdistillation 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

cvapor ator h@%@%ﬁ?ﬁi g ﬁ%@%ﬁdﬁ&‘q&é{ﬁ?@&% A YR RN ves f ed
Ner o oxt 1 acPREATH BYGHEHEEnINE DECERF SRR Bbin SIS LETG qﬁﬁ?mphq"n”e”ts
thinfiim 3?&%@?%@ 2bp5 e s BibatofhRouti @ﬁﬁuﬁﬁﬁivlb@ar%%eatﬁha e
conponent s BEITEBredT IM JhebiiBsigsds f?%sd ﬁ&l@ﬁm%qrbﬁvjse

of “thie. cont Ho8e FeeD: B8 igf“&eéﬂéfrﬁ%‘ SRR SRR iimithage
i st 118t off Regh ok PR RE . Ao £ s, shRBRAEE Mhear
necessary f Sg,he fﬂ?ﬁ dlat uu E se% ti Q. yas su éed)}?é(l CII’ Iatl ng

£8P ¢ gl paf o

the solutio t he he co unn rough the | n nd D8
o the s e Aor 004t lbﬁ%%ﬁ:z%eax%@ﬁc%%q@@@@%ﬁ{eg%gsessure .
he Lop o Dsasiol T seec 0o 9 TR ARckPRy A thgira Lo the
n 10 performed, 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 140°C, and a pressure at the top of the
column was set to 70 kPa.
[0333] Subsequently, the same method as in Step (18-2) of Example 18
was performed except that: the mixture collected into the reservoir 806
20 was supplied at approximately 550 g/hr from the line 91 to the
continuous  mulli-stage  distillation  column 902, and & solution
ternperature at the bottom of the continuous multi-stage distillation
column 902 was set to 150°C, and a pressure at the top of the column
was set to approximately 3.0 kPa. As a result of conducting liquid
25 chromatography analysis on the mixture extracted to the reservoir 906,

the  mixtare  contained  approximately 969  wi%  of
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the line D9 disposed at the bottom of the continuous nulti-stage
distillation colum 1002. Gas conponents and |iquid conponents at 25both
the upper and lower third theoretical plates relative to the position of
line D2 of the continuous nulti-stage distillation columm 1002 were

anal yzed at steady state, and operation was perfornmed such that all
contained 30 wt % or nore of butyl benzene. [0342] The |i qui d-phase
conponents extracted through the line D9 were cgntinpugusly fed to the

i nt er medi at ¥,Nt-6 4 -oictharediphdinicdokexyd -digarpasgria gelhdduty] eteton col um
1005 of approximately 5 cm.in inside _dianeter filled wth, D xon pafcki ng (6
m(1)) to pEB3ddndtere di stiLtdkion sdy {on of deRRMPPEHUR phased

conponents. The quantity of heat necessary for the distillation separation
was suppl i eH,My(‘J:ﬂr‘mﬁtBﬂﬁl?f{;!YEQ@)%@@%X)@%%‘?&WBH@W dﬁé‘l‘W Pl % ol urm

through the Jines El and E3 apd 10 the reboiler 1007. A gas di scharged
fromthe topisttlatieg sepatat 1SRGV #Ral&t age distillation col umm 1005 was

xiTacted to the T88ersdrr MB00d: ff oligrSieRe (LBRD &3, TRAGTd: pRasts *
1510343]  THESHOTTFforCueRt ket t ARBTGNT tIROFh ndva WA a ‘GoERh ol
W Th T ospect G RREPHGRen bt ol Relils CROLISHOT iy SR B0 AHFy 't he
case where L DS N9bmRoRol LG, Poat, 8, DRRRIIVLEN® Hhiasnranala s s
kPa; 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 perform
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 150°C, and a
pressure at the top of the column was approximately 50 kPa. The
20 liguid-phase components extracted dwough the line D9 wese
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
25 exiracted through the line E2 was a solution containing approximately

98.5 wt% of dicyclohexylmethane diisocyanate and containing
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20poi nt of the hydroxy conpound is defined as Ta, a normal boiling point Fe
or buifibenxeno satisfiedTe < [0245] [Exanple 23] Step(23-1):Productionof
3((2-ethyl butyl oxy) carbonyl am no-nmethyl .)-3,5,5-trinet hyl cycl ohexyl ¢
25arbam c acid (2-ethylbutyl) ester Areactionsolutioncontaining 3
((2-ethyl butyl oxy) carbonyl am no-nethyl)-3 ,5 ,5-trinethyl cycl ohexyl c
arbam c acid (2-ethylbutyl) ester was obtai ned by perform ng a nethod

equi valent to Step (13-1) of Exappl 3 .except that: 1.41 kg (8.3 nol) of

3- ami nonet h@HP@?@,TIB%QIVi%t W%y@{m& QAHNBe COEPOuEEY , PrsFuRIody to 336( 249 nol)
of 2-ethyl-I|-hutanol was used instead of enol, .and 1.10 kg (18.2 nol) of
urea was us@@ﬁlV%&d Jljiiﬂ]él p&akenrylol &sT-602 ag@ hé’éﬁlad Paiodesred ald esul t of

?? gl o ngbﬁﬁh{iﬁéﬂﬁg@%@ﬁ%gﬁoﬁp@%%ef Q’déas%%y‘?t [ ?ret hyl cycl ohexyl ¢ 10
W th 1 ospock) IS RN A - 8% cBS PV Hethy ey PSRRI R G Lo &
recction sopu pn L9300l epil 2Rl DG off gla !y Bk pol
perl o0 KSRt bRk kS RO PR SRS g Snb v
eact Len <ol g SR Y L AP ALy 1,0 kot from e
mul ti-st age[d,g?;t]i hé)?érhgﬂ: fﬂl um 802 was set to 160C, and a pressure at
Step (22-1): Production of N,N-hexanediyl-dicarbamic acid
10 dibutyl ester
A reaction solution containing N,N'-hexanediyl-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-aminomethyl-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 220°C.  As a result of
analyzing it by liquid chromatography and "H-NMR,
N,N'-hexanediyl-dicarbamic acid dibutyl ester formed at a yield of
20 approximately 95% with respect to hexamethylenediamine in this
reaction solution,
0338] Step (22-2): Distilling off of low-boiling-point components
The distilling off of alcohol was performed using the apparatus
shown in FIG 8.
25 The reaction solution obtained in Step (22-1) was continuously

fed in a liguid state at approximately 1.0 kg/hr from the Tine 81 through
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20t he top of the colum was set to approximately 70 kPa. From the bottom of
the colum, a mxture couta-iiy 99,1 w % of

3- ((2-ethyl butyl oxy) ear bonynet hyl 3,5,5- inmexyle arbam c acid

(2-ethyl butyl) ester was obtained, [0347] Step(23-3): Thermal deconposi ti onof
253( (2- et h. yl butyl oxy) car bonyl am no-net hyl )-3,5,5-tri net hyl cycl ohexyl e
arbamic acid (2-ethylbutyl) ester and distillation separation of

i socyanate The apparatus shown in FIG 10 was ysed. . n- %decane was
suppl i ed t othenprebgatar Redute the infermeadyatedilags p? 1§ eANERIHNILI0SAghd t he

state where n-dodecane was under, S5total ref|ux.was created wth.,a pressure
at the top @mstilagiogorekwms 02 @faﬁ?%)@nn’@ﬁ Y Eﬁ@e@agﬁ?‘géﬁ% ﬁﬁm hin-film

distillation apparatus 1001 s heat ed 270C, and the internal,pressure
was set to ﬁ@qg}?zggi ang).1. 3 p@uamt}fg 0% heat necessary for the distilfatién

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 160°C, 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 boftom 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

15 ester was contained.

[0339] Step (22-3): Thermal decomposition of
N,N'-hexanediyl-dicarbamic acid dibutyl ester and distillation
separation of isocyanate

The apparatus shown in FIG. 10 was used.

20 Butylbenzene  (manufactured by TOKYO CHEMICAL
[INDUSTRY CO., LT, Japan) was supplied {o the confinuous
multi-stage distillation column 1002, and the state where butylbenzene
was under total reflux was created with a pressure at the top of the
column set to approximately 0.1 kPa.

25 [0340] The thin-film distillation apparatus 1001 was heated to 270°C,

and the internal pressure was set fo approximately 1.3 kPa. The
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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-filmevaporator 1001 through the Iine DO Moreover, dibutyltin
dilaurate was fed at approximtely 20.1 g/ hr through the line D .

| i qui d- phase conponents were extracted through the line D3 fromthe bottom
of the thin-filmdistillation apparatus 1001 and circulated to the 15upper

part of the thin-filmdistillation apparatus 1001 rough the line D4.
Gas- phase csHpbnBmallegted ivta ?}a?cr@www IR retep; @g-%h.quoga@r«dﬂ%

gas- phase conponents extracted through the line D2 fromthe thin-film
distillati o}ﬁn@ﬁ)@ﬂdt Wpimla%P@%@ﬁiﬂMo%ﬁ E?IF%EP the pppe; E@@r@fgﬂleat e stage

v Soab St Sl 80rsBuppebeobar S0 Mot ool e T
nef:essary }%%}@%?‘?W?%t anagfﬁé’ﬁ%%g%%e&é pﬁﬁﬁ‘emggi &E%I 9 ?t he |

: ; D8
ts ﬁlel%leggi f)ekitqiﬁéﬂslf iage aré@%@%ﬁﬁ?f&ﬁ%ﬁ%ﬁ%ﬁﬁ&i&ﬁ% hﬁﬁgﬁé?ﬁ?ﬁ%ﬂﬂ@us "

i - I, St i ) 2 i . 1003
Uhrough. ¢ neditioie ah it Bl Wseha il BPu R EE FRT an e RIS RRE R
bot tom of RS oREToe it EYURAGE appaebn 105 eOlebsme a1

d likqui _ : fi

Chebret i cal Dopl RS pfiafE EPOROMe R e Bkt IR RRRIS BB e cont i nuous
oper at ton i 0d: THE R8s hp Sl o ARALRER Y g} ARDDS ot 2N
-d .0 L d: QL d- h [
e ORI S et A B 1 e
111 a0e e 800, 1N Bl PG T
ceparat on ot ey LSRG COTRORER Ene TS NN Shr bRl DRFessar

for the distilTation separation’was” supplie ution of

the | ower pant gagﬁ)dicgéc[ﬁﬁﬁnt OUGRtTB8oh! @ég?ﬁkioﬁn%ﬁ%h@ngaséﬁa%{.e

reboi | er _100'7. arged fromthe top the continuous nulti-stage
distillati Oébxﬁgbﬁeﬁts.looq*ﬁe@ ERRIeNsedhiast thecsanderser thh0Bstiipiph the

line EO and continuously exttacted to the reservoir 1009 through the |ine

tEﬁelﬁ ggi g—s Wﬁi@ﬁ RPN SbSlNEDe @xdulaehedht Golitgor @FhY Abived Ph& bhr ough
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 150°C, and a pressure at the top of the
column was approximately 50 kPa. A gas discharged from the top of
20 the continuous multi-stage distillation column 1002 was condensed in
the condenser 1003 through the line 35 and continuously extracted
through the line 7. Liguid-phase components were extracted from
the line D9 digposed at the bottom of the continnous multi-stage
distillation column 1002. Gas components and liquid components at

25 both the upper and lower third theoretical plates relative to the position

of ine D2 of the continuous multi-stage distillation column 1002 were
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20[ 0351] The solution extracted througl the line E2 was a sol ution
eont ai ni ng approxi mately 99,8 ed% of soontthi socyanate, lie yield wthiect
to 3-anmonet hyl - 3, 5, 54ri net hyl oyel el i exyl am ne was 80. 6% [ 0352]
Incidentally, in the case where the normal boiling point of 25isophorone
dii socyanate is defined as Tb and the normal boiling point of the hydroxy
conpound is defined as Ta, a normal boiling point Te of n dodecane
satisfied Ta < Tc,< Th. [0353] [ nple 24] Step(24-1): uction

NI\ 11- (4, 4' anddyEeched W:adw@t} r@@@@ﬁmtm YERS cpea I 59@ | thakt 5 A
reaction sol ution contabplng

N, 1\ 11- ( 4, ASQIHBIEANE WL Qr@%ﬂedﬁrel%%’;bedﬁ%?bam c acid dibutyl ester was
obt ai ned by a, hod e ui val ent to St 13-1) , of Ex e 13
except thatl 23%%%&@%%6 &P1 %e%twraecﬁ @%@S}%@dﬁ@x%’& e) was
used instead of 3-am noneth 55tr|rret cclohex mne .10 28.1
(380 rol) o‘fve&e mﬁr&}{w fééegé ﬁgﬂtéléf&n@? g%%qageaﬁ 3960%‘3‘(“1169 0 m)l)

e e
gli I ;P;“(gl, g %K%enggangﬂ ‘%ﬁ/ia di.c cI C}é\e a\ék qgeggar b 8 pae% grn?'ﬂ?é“d%stﬂ?eft}o?{ f or ned
154, 4" - met hyl SRSRLS (S Ct‘h"h%ﬁ%' FTHASE L8mbBheEnts .aC"I‘hE“qﬁQﬁHE)l Q¥ heat
necessary for the distillation separation was supplied by circulating the
solution of the lower part of the column through the lines E1 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 wete 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 vield 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
20 point of the hydroxy compound is defined as Ta, a normal boiling point

Te of butylbenzerne satisfied Ta < Te <"I'h.

(03457 [Example

Step (23-1): Production of
3-((2-ethylbutyloxy)carbonylamino-methyl)-3,5,5-trimethyleyclohexyle
25 arbamic acid (2-ethylbutyl) ester
A reaction solution containing
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[0354] Step (24-2): Distilling off of |ow boiling-point conponents

The sanme nethod as in Step (22-2) of Exanple 22 was perfornmed 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 fromthe [ine 81; and a

sol ution tenper bottom of the continuous nulti-stage distillation colum
802 was set to 160C, and a pressure at the top of the columm was set to
appr oxi mat edy(Zethahutiesmearbonplensmooneting ) de arimethmiskciphexdst ai ni ng
approximately 994 wt % of 25N, N-(4, 4' - et hanedi yl - di cycl ohexyl ) -di carbam c
aci d di but yatbagrisracid{2onnylmeyl) egerswysp O%tt@aeédzseperfﬁ@mmaé@@' i ti onof

col um 10Qgglpg&namgﬁglr@{h%?%{lg%ﬂ%g%@?%@%mgqa%r Usg :al%%rfgfl‘i&x was
creeLeg & Brssauce ol g Lon cf e eolym sp Lo eopien REsly 0
B R G i
evggorat or %2@1 th &f%ﬂi%?lﬂéﬂébiﬂ r o@gr ,Iq‘é‘ﬁbﬁtlwl PIPEIRPRYr % was fed

at appr oxi n'BItgﬁl\TWO 1 g/hr through the line D . 15Li qui d- phase conponents
wer e extractec ough the line D3 fromthe

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-aminomethyl-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 160°C, and a pressure at
20 the top of the column was set to approximately 70 kPa. From the

bottom of the column, a mixture containing approximately 99.1 wi% of

3-((2-ethylbutyloxy)carbonylamino-methyl)-3,5,5-trimethyleyelohexyle

arbamic acid (2-ethylbutyl} ester was obtained.

[0347] Step (23-3): Thermal decomposition of
25 3-((2-ethylbutyloxy)carbonylamino-methyl)-3,5,5-trimethyleyclohexyle

arbamic acid (Z2-ethylbutyl) ester and distillation separation of
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bottomof the thin-filmdistillation apparatus 1001 and circul ated to the
upper part of the thin-filmdistillation apparatus 1001 through the |ine
D4. Gas-phase conponents were extracted through the Iine D2. [0357] The
gas- phase conponents extracted through the line D2 from 20the thin-film
distillation apparatus 1001 were continuously fed to the edi ate statze
of the continuous nulti-s colum 1007, and at the sane tinme, hexyl benzcne
was supplied at approximately 0.3 kg/hr to performthe distillation,
separ at i on 1§pcyaeatgas- phase conponents. The quantity of heat necessary for
the 25distillatiaon separatioq%mas,sEﬁE%i%d by circulating the solution of
the | ower part of heapparalianshowsds 1d U WRRYSES and D8 and the reboil er

1004. A gas discharged fromthe to f .the continuous nulti-stage
distillation col gna Webngenelad; ot eco“rmgﬂwuslo@ﬁ?ﬁ?%h t he

| ine D5 and, caqnti.nuously extracted, through the lin 7. Liquid-phase
conmponent s %Flgagféflr ‘é‘ip@é“f 1R |t ‘Flegt%§ Hﬁh?ﬁ%é%'aog‘?ca@ f Hga?’bm of the
continuous multi-stage distjllatjon colum 1002. Gas.gconpgnents d liquid
corrpénents alﬂiﬁtﬁb% ﬁ@su‘ﬁﬁékda‘ﬁ’él‘éh 6\&%?5%"\1?53(1((%8??@8?&{}@@?@ pgpbge(?& ative to
the position of Lli ngqlqu gg@t he continuous nulti-stage distillation colum
1002 were aAHATYFEHALHY st eddy state, and operation was perforned such that

component s BARcTes Bin-SEnarHdla ORe BT abro [aghcT Ruoeer] 1ba PECthe -
of - appr ox it 35 ilsrd] pRERHLT oAy i bR RED S8 B ek s ko
The' quant | 1 BHoRece 8k dBie I SERERE, U6 SRP.ED A AR ol e
Yl B SnlPRL IR R af rebREeb el B80S 4 e PR Ba REMR, of the
cont nuous ik 4 A0RALEH 1A LR KT MOV GRRIRRS A1
eservort IO0RURLL, 16 ol afbeblay, SR a7, o Thg et act o
crtp ot o TSR LunoRE R, Sl inGaDim L T kel 1 0.
4/ 11- met hyl 6agBhS bEYRE oRexHiANdiBa11aMBS apfaratus 1001 and circulated to the
15 upper part of the thin-film distillation apparatus 1001 through the Iine
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
0.3 kg/hr to perform the distillation separation of the gas-phase
components.  The quantity of heat necessary for the distillation
separation was supplied by circulating the solution of the lower past of
the column through the lines D6 and D8 and the reboiler 1004. A gas

25 discharged from the top of the continuous multi-stage distillation

column 1002 was condensed in the condenser 1003 through the line DS
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[0360] Incidentally, in the case where the normal boiling point of

di cycl ohexyl net hane dii socyanate is defined as Tb and the normal boiling
poi nt of the hydroxy conpound is defined as Ta, a nornmal boiling point Tc
of hexyl benzene satisfied Ta < Tc < Tbh. 5[0361] [ Exanple 25] Step
(25-1): Production of N, N -hexanediyl-dicarbamc acid di(4-(

1,1, 3, 34etranet hyl butyl ) phenyl ) ester N, N -hexanediyl -di carbam caci d

108ppt oxi rafedly CORMMPUY: GBHEMRCE o IHBRERe g1 SMEdi Bl ne I6AUERNaR ng t he
P ot b aRaRAREREs Weps 3 inagiedomangrs e DO disposed &t the Botigm of ™)
St ep( 25-2) . HieraaOBReTHBLH oo afor Folang NS Ui Cas BRMASTRDKY
of 1 s0cy ahatibd AWRpaPAIARRcalt AR TAHIFNS. EPPrEGTds Janer st AASRRERL (1 m
wes Set 1o BRETOR REVEI Y TeobRRlORTHelpdRE Bheo R R DRLBe8t ed | nto
appr oxi mat et RoleRn (D% hetE P iTerC el RreaPoRlDoi Rl ot nr ougn
Gisti 1 ati of nrorlid b st G R IR L RRRL P B ahBabetl o ™
N, Nhexaanedosdgf GAEDYGLfu BFhc: Zohubéerd exctacedd: drokghr APAiRG 13ytY
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 mmd) 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 E1 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 EO and continuously extracted to the reservoir
1009 through the line E2. Liquid-phase components were extracted to
the reservoir 1010 through the line E5.
20 (035171 The solution extracted through the line EZ was a solution
containing approximately 99.8 wi% of isophorone diisocyanate.  'The
yield with respect to 3-aminomethyl-3,5,5-trimethyleyelohexylamine
was 80.6%.
[0352] Incidentally, in the case where the normal boiling point of
25 isophorone diisocyanate is defined as Tb and the normal boiling point of

the hydroxy compound is defined as Ta, a normal boiling point Te of
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deconposition, a mxture (25) containing an isocyanate and a hydroxy
conpound was obtained. Incidentally, |iquid-phase conponents were extracted
through a line F3 connected with the bottomof the thin-filmdistillation
apparatus 1101, introduced to the upper part of the thin-filmdistillation
apparatus 1101 through a line F4 and the line F 1, and 5 circul ated. The
m xture (25) was extracted as gas-phase conponents through a line F2 and

t hen condensed into a liquid in a condenser 1111 operated at approxi mately
80C. [ 0363]n-Tedenixe satesfi@blamalie<ihbo a liquid in the condenser 1111 was
continuously fed to the internmedi ate stage of a continuous nulti-stage 10
distillati o{@%&l]dﬁxam}dz Xrough a line G5, and at the sane tine,

n- pent adecane was_supplied through a line F9 froma reservoir 1110 to
perform the distibeRti on separ42#oh:of the ni xPIRAIGEB) . The quarn®ity of

heat necessary for the disti]lation separation was s lied by circul ating
t he sol uti ON:%’I-(%HGME‘&A@E%EL@%@ @]h@()ﬁbdh@ﬁfgﬁﬂF@)@ﬁ}&JHml #4%%nd F8 and

15 a_reboiler 1104. A pressure at the top of .the colum was approximtely 5
kPa.5A gas di schaltged from f8U®h of the c¥MHHABous mul ti COREHRING

condenser 105 ChA DR G N OFS CToBAY hbg by TES el CBaE hFRGERVES | ne F7
component s @hanGLEY PecBHTIRE SIboBGER R L SIom R ISR TRl
conti nuous. MEEFa et ar-60 el b SRoB ki e arelslAGI S0 ariBh aay
Tor e n- pent SBScaN BSadeer THERPIQNFIprase SoREONAR IBeRRaBiLE nrough
contPrucus Atce EFE0 RO ph B e d TR bEbRefof Mt gb 16
neat  necessalGOPapDitiobaRorht avd o dEBaPaRaR TRELFEIR a8 PR KL 2t ng
reboi Ier 11030 Cs s g Teff 40 Apahdfaf & P IRk ot nuous -
The. cor um Mg b Sl e S A I R A A B A Atk Dot e
condenser 15986 [ArBeoh 1 | HEMboP S ARt o 1 7 4 vt 5hest o
10r g5er voi r 4 WLQ9h I QMBI @y bidhexYFamine) 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
20 reaction solution was continuously fed at approximately 1.2 kg/lu from
the line 81; and a solution temperature at the bottom of the continuous
multi-stage distillation column 802 was set to 160°C, 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 99.1 wi% of
25 N,N'-(4,4"-methanediyl-dicyclohexyl)-dicarbamic acid dibutyl ester was

ohiained.
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[ 0365] The solution extracted. through the line 02 was a solution

contai ning approxi mately 99 wt % of hexanet hyl ene dii socyanate. The yield

wi th respect to hexanet hyl enedi am ne was 62.8% [0366] Incidentally, in the
case where the nonnal boiling point of 15 hexanethyl ene diisocyanate is
defined as Th and the normal boiling point of the hydroxy conpound is
defined as Ta, a normal boiling point Tc of n-pentadecane satisfied Tb < Tc
< Ta. [0367h¥£Exanple 26] Step (26-1): Production.

N, N- hexanedi8A23di 8&pbani ¢ (36:3): 20di ridermal est e HeFRIEPORBINN wer e @Erfor med
usi ng, the apparatus shown_ . in FIG 1 A reaction.sol ution coptaining
N, N shexan 151 (ﬁ(’rcat%hmﬁdﬂhéliwcél@h@tﬂ%dl%@b@ml@ R étlmtbfr@ﬁter

referred to as.a "reaction solution (26)") was obtained by performng the
same met hoddisHdlafignseppration gt 5PCs8EstEnpl e 1 except that 15.8 kg (99.2 nol)

of met hyl phenyl caybonate in ead of bonate, 11.7 kg (124 nop
of phenol ., and 21B®aRparaiyys Wﬁll)lF(#‘l‘ﬁ@ g{%i‘ﬁ?ﬁﬁenedi am ne were used. As a

N MBS hexaned: y1 -d %&Yﬁ“&ﬁzgg‘gé%gdfﬁ%lﬂ%ﬁﬂﬁanéétzgﬁ g%{;;g&ggs TG b4 %
Do ot ol g ot N Db a1 9
per formed utsotglgretﬂ]uex IRRALALER ey p.ressure atZhe top of the column set to
approximately 0.1 kPa.
[0356] The thin-film distillation apparatus 1001 was heated to 270°C,
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
160°C and supplied at approximately 580 g/hr to the upper part of the
thin-film evaporator 1001 through the line D0. Moreover, dibutyltin
dilaurate was fed at approximately 20.1 g/hr through the line DI.
15 Liquid-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
20 the thin-film distillation apparatus 1001 were continuously fed to the
intermediate stage of the continvous multi-stage distillation colummn
1002, and at the same ftime, hexylbenzene 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
25 distillation separation was supplied by circulating the solution of the

lower part of the column through the lines D6 and D& and the reboiler
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p- Xyl ene (manufactured by TOKYO CHEM CAL | NDUSTRY 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 colum set to 10 kPa. [0369]
The thin-filmdistillation apparatus 201 of 0.1 n2 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 b904.heA Igiasn-dlsd:hﬁrgeétgbnatthﬁjr‘t()pp@ ithe wongmuous hnoligistagee | i ne
21, and the thermal deconposition of N N -hex.an.edjyl-dicarbam c acid.

di net hyl esdigtillationpelfiommt@02 ovaspcondrnsedyingihessandensesd 092 thengh ni ng an
i socyanate and a hydroxy conpound. Ljquid-phase conponents were extracted
t hrough t hethei nléne@3 B oandheopsimuenshf exeaetsdn-tbrongh stha | Hopod%ppar at us
201 and circulated to the upper part of the ]%i‘hi n-fil.m d{iﬁgg&_l | ati on

appar at us 2DIUIArRIASE GHBPPNGHS 2Mernexiader fenphe TiRe igpesaghat
extracted as 25gas-phase conponents through the, ljne 22. [0370 e
mxtare, wi ecg’oﬁ@éng@i-tbﬁa%@l%@éfnéﬂﬂgl"s@gﬁr distdfption pﬁ{lau@hllﬂag. line 22
fromthe thin-filmdistillation,apparatus 201 ontinuously fed to the
| nter medi at §35GRBPERCR AR MG GRIAORERS sttaBeluTaE UPPSE P94 LObeAm 202,

and at the sane _tine, p-xylene suppl jed at .appr oxi.mat 1..0 kg/ hr

t hr ough ¢ helllStnd1esyehiemipes, selanye: FO 2hs tl%)sﬁb@f')f%mﬁi%gbéi 1St i on
separation of the m xtuyre which. as-phas onents. Th uantity of
hegt necesseRRHIHRUS Wéll[ltd"l"sé%gq ﬁ’é@]ﬁ%ﬁ(’g‘e‘ﬁgﬁ% gﬂ&g&perg@ﬁlﬁf){zgé agf%%‘?‘fycul gt ing
the solution of the |ower part of .the colum,thrgugh the |ipnes 26 and 28
and the r eb%lafeerar%ﬁpeﬁﬁ@éﬁwﬁiss@%?%ﬁ&ﬁ%m@ﬁg a{ﬂogo tﬁlr{eﬁeggo‘m ’nPous
nulih-stage di st Iation 10 colum 202 was condensed in the condenser 203
t hr otigh t heMFhé& é?xé’ lﬁe%ﬁ?i nuously extracted through the line 27. On the

the-bot tom 6P TleTbE T GRARENTRMRARogs ribr A kel Moo tien 505 cae
Cheor ot 1 cal (T s eBEERIDRECYS b, SRl Riles ™55 8" ERathifs nuous
oper at 1 on Wi e ref TG TRLARE, B0, RS dnRisd; SRR AEa T2 ene.
[03711 The ligyid: qﬂf’esaew?ﬁlnmg&qﬁcﬁﬁ{é %Hﬁl%d)t)hﬂ'ooﬁtgtj?oﬁﬂ‘?hé \AERiNET €
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
20 1006 through the line B0 and continuously exiracted to the reservoir
1009 through the line E2.  Liquid-phase components were extracted (o
the reservoir 1010 through the line E4.
[0359] The solution extracted through the line 2 was a solution
containing  approximately 99.8 wt% of dicyclohexylmethane
25 ditsocyanate. The yield with respect fo

4,4'-methylenebis(cyclohexylamine) was 75.1%.
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20 continuously fed to the internediate stage of the continuous nulti-stage
distillation colum. 205 of approximately 5 GMin inside dianeter filled
"with Di xon packing (6 nand4) to performthe distillation separation of the
| i qui d- pha. se conponents The quantity of heat necessary for the
distillation separation was supplied by circulating the solution of the
251 ower part of the colum through the Iines 31 and 33 and the reboiler
207. A solution tenperature at the bottomof the continugus nulti-stage

di stillati o368l dmeidosalgs inshe, cased whetee sheireoraalt beiltng paint ref col um
was approxiqatel% 1.5 kPa. A gas discharged_fromthe top, of the continuous
mul ti - st agedigiyetdhexalmethanel disooymalgsiscdntivndees i Hb 13wl dbadeeeal 206
through the Iine 30 and contjnuously extracted to. 5 the_reservoir, 209

t hrough t heboiling pint' vhehgohydiomy semmpmmsl 13 Hrduyd eheldi Aci@Mmehs a

sol ution containing approxi mtely 99.8 w.% hexangt hyl ene dii socyanate.
The vyiel d v@@lrhmn%el%@é&&gﬁ)h%ﬁ’ b@ﬂ@@ﬁéﬁs\é\%ﬁﬁfﬁéﬁﬁsgﬁ@: 0% [0372]

I nci dent al 'ﬁﬁ)@dﬂ mgﬁere the normal boiling point of 10

hexaPret hyl e ili 1% is defined as Tb and the normal boiling point of
t he hydroxy conpouynd i fined, as. Ta, .mal boi,d i.n int. Tc o

p-xyl ene sati sfi edPa (25%33 <19fg51_uciu@§.7ﬂfaﬁ%%—%xgnge}ﬁyh(ﬂcgr%amzc 301& St ep
(27-1): Produyctio f N N -hexanedi yl - di.carbam c aci d 15di chl oride An

appar at us s&‘z&r{lli’ﬂ?’%“@tr@?e @Wb@%@ﬁybf%ﬁ‘r chl . orobenzene (manufactured
by TOKYO CHEM CAL, .l STRY@ . LTD.,.Japan) was fed to a stirred. fank 1203
through a |ine HEVRARCRAEA-dICEIBARNG Y " of " hexamet hyl enedi ami n8%ihs fed to

ol ut i on, WG nka-HHareeendatdyBhesed) BRslgtatobiintdid Lol GES’ bl own
yctBgen cHGTOSLTEHIY 17 Hod VAL byeBrSauces teranr o AR L Syt em
Lo PR Chp iRl SSREShE I RS SIES (321 SPERahlile WY etedpr g, T educed
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): Thermal decomposition of
15 N,N'-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 280°C, 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
150°C and supplied at approximately 1.0 kg/hr to the thin-film
distillation apparatus 1101 through a line F1 connected with the side of
the upper part of the thin-film distillation apparatus 1101 to perform the
thermal  decomposition  of  N,N-hexanediyl-dicarbamic  acid
25 di(4-(1,1,3,3-tetramethylbutyDphenyl)  ester. By this thermal

decomposition, a mixture (25} containing an isocyanate and a hydroxy
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hydrogen chl oride were renoved fromthe system The obtained reaction
solution was a sol ution containing N, Nt hexanedi yl -di carbam ¢ acid

di chloride. [0374] Step(27-2): Thernal deconpositi onof

N, N - hexanedi yl - di carbam ¢ acid dichloride and separation and 5col |l ection
of isocyanate The thermal deconposition of N, N -hexanediyl-dicarbamc acid
di chl oride was perforned using the apparatus shown in FIG 2.

Chl or obenzene was supplied to the bottom of the continuous multi-stage
distillati opowpoumd »ag obiamethe Insidentaldy,| liguidphase epmppnenishwerdbenzene

was performed with a pressure at the top_of, th ol um set to_approximately
1 kPa. [037&¥iraetedtitrough prhing $13i romnednd apibart @E?@ttmn Qﬁa@leh@&éﬁm o 140C,

T oo 1k ok e
AN S g I e e i
e e BT 05 (ST 950 B Lo SRy oot
component s MG e S TS5 and Thel Tontlhsed HRoZ21ghfd A%ondenser 1111
operated at approximately 80°C.,
[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
(xnnponentsin 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 {o the position
of the line G5 of the continuous multi-stage distillation column 1102
were analyzed at steady state, and operation was performed such that all
contained 30 wi% 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
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20bottom of the thin-filmdistillation apparatus 201. The m xed gas was
extracted through the line 22, The m xed gas extracted through the
line 22 fromthe thin-filmdistillation apparatus 201 was continuously fed
to the internmedi ate stage of the continuous nmulti-stage distillation colum
202, and at the sane 25tine, chl orobenzene was supplied at 0.2 kg/hr
through the line 29 fromth.e reservoir 210 to performthe distillation
separation of the m xed gas, The quantity of heat necessary for the

di still ati odisi8ptipat calunwas 1Hpts ipedfdiym dhe cdistitlatignt sepasdion icdnthef t he

| ower part of the columm through the lines 26 and 28 and the reboiler 204.
A. sol uti onligeispphageuconzponcnés.botfhemqfantite ebrh¢atuseeessanyt ifost thye
distillation 5 colum 202 was 200C, and a pressure at the top of the

col umm was distiHekpretesayationk psas Auppbedi by waicydating dhe tsodution off thene
continuous nulti-stage distillation columm_202 was condensed in_the
condenser 2@varpatgh thaeoluma thsougl lesatGheedsp ad ragbedet AlBYgh t he

line 27. On the ot her hand, |iqui -pgase cg}rh]p nents were e%act ed t hrough
the Pine 14 seluticomiemperduteost dnet hettest (hgh gostippOTE dnugishege
distillation colum 205. Gas conponents and |iquid conponents aé both the
upper and | @iiHatipnreplupbidOdcars pl MEs ard & plassvee ehdbpdepiQlothef |ine
22 of the continuous nulti:stage d'i(&_jlla iondﬁol um éoﬁz were anal yzed at
Steady st at SIHHY VGEARIOSHRAWIE TpekEsh mod S5 HSeRarEed FomoeaoReet 30 wt %
or 15nore of chl orobenzene. [0376] .The |i quid- conponent s .extract ed
Chr ough ¢ hethel CRIBBITY BuLtatn Qs ipB b LT R R RS e TG of |t he
continuous nul ti-st iistillation c m 205 f.0 performthe distillation
separat i on TPPGHECT ?ﬁﬁl‘gt ' @oﬁﬁ&ng{tJ&ndTHQHﬁHHﬁPﬁlyyegﬁmﬁt@Qt Qeétessary
for the 20 disti.llat] separ at i was supplied by circulating the
sol i¥i on ofref’ﬁ’évqlﬁ\lgbbggimg%o?ﬂpﬁg?%'ol um through the lines 31 and 33 and
the rehoite . solut.i on te ratur t e:bot tam of th nt i nuous
mul ti - st agef%%%i Tﬁ%t ?Q)IH&@BI Eﬁﬁgg%é m@@pﬁ% ]r‘rﬁ%’)e{}? é%’é aaﬁa KB} essure
at the top e_caql i I.sch ed from
the top of CoriblBRERRERURRGRYP FiD e iliot BBRsRATbRE A
condensed 1.0;chf G160 PAFIRCEo ROPhBARHE e diihil Sv2%2.8%.
[0366] Incidentally, in the case where the normal 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
20 dimethy] ester
Reactions were performed using the apparatus shown in FIG. 1,
A reaction solution containing N,N-hexanediyl-dicarbamic acid
dimethyl ester (hereinafier, also referred to as a "reaction solution (26)")
was obtained by performing the same method as in Step (1-1) of

25 Example 1 except that 15.8 kg (99.2 mol) of methylphenyl carbonate

instead of diphenyl carbonate, 11.7 kg (124 mol) of phenol, and 2.88 kg
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and continuously extracted to the reservoir 209 through the lin.e 32. The
solution extracted through the Iine 32 was a sol ution contai ni ng
approximately 97.1 wt % of hexanet hyl ene dii socyanate. The yield with
respect to hexanet hyl enedi am ne was 90.1% 5[0377] Incidentally, in the
case where the normal boiling point of hexanethylene diisocyanate is
defined as Tb and the normal boiling point of hydrogen chloride is defined
as Ta, a normal boiling point Tc of chl orobenzene satisfied Ta < Tc < Tbh.
[0378] [ Exaffd.8 a8}l) 10%tlmu(a®8@thyleﬁ®dﬁam[rwecwermosisedonoﬂs a result of

N, N- hexanedi yl - bi s-t hi ocarbam ¢ acid di (0-phenyl) and separation and

col | ecti on aialysiighi trey areactofheohetoml {2¢ebnbysiltqudofchromatography,

N, N- hexanedi y! - bi s-t hi ocarbam c _acid_di (0-phenyl) was perfornmed _ 15using the
appar at us shoMhhexamdiybdicarbamin-apidsbareshyhssteupiormed eb at fieldodt om of
the continuous nmulti-stage distillation colum 202, and the total reflux
oper ati on o0f4.4%dodecane was performed with a pressure at the top of the
colum set to approximtely 1 kPa. 23{0379 The thin-filmdistillation
appaPat us 2[¥B6HsStpat ed t(é6223bc, and her@adl nt er nECOMPOSHIAN vas s&k to
approximately 2 icFa. A reaction sqlution obtained ipn a manper similar to
Step (26-i)Way -bappnediyl-dicappmisi sfledymethykgrier 23 (@Rt Bkt of the
thin-filmdistill|atign apparatus 201 through the line 21, with it cool ed,
and the thefPRECIHBHBEEWSIENEEon of N, N - hexanedi yl - bi s-t hi ocar bani ¢ aci d

di (0-phenyl) was perforned to t b t ai i d )
' (0-phenyl) B e e pENEL S 0% Q0L AT & X R SO RA 41 g an

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 m” in heat transfer
area was heated to 290°C, 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 150°C 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'-hexanediyl-dicarbamic acid dimethyl ester was performed to
20 thereby obtain a mixture containing an isocyanate and a hydroxy
compound. Liguid-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 Iine 21. The mixture was extracted as
25 gas-phase components through the line 22.

[03701 The wmixture, which was gas-phase components, exiracted
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i sot hi ocyanat e and phenol . Li qui d-phase conponents were extracted through
the line 23 fromthe bottomof the thin-filmdistillation apparatus 201.
The m xed gas was extracted through the line 22. [0380] The m xed gas
extracted through the line 22 fromthe thin-film 5 distillation apparatus
201 was continuously fed to the internedi ate stage of the continuous
multi-stage distillation colum 202, and at the sane tinme, n-dodecane was
supplied at 0.3 kg/hr through the line 29 fromthe reservoir_210 to perform
the distil | Brpoghsigalingish lsmtibe Hhindany 4 stifaeon wimeralys o0 hawas
necessary for the distjllatjon separation was, 10 supplied by.circul ating
the sol uti ofPinuensly dedto she intsrmerate stageof KreotpH iy -SPZeand 28

ﬁgf’t ? .“gt ;§2 %&iﬁ%ﬁ%ﬁéﬁq@aﬁﬁioﬁﬁﬁ 8%%&%%%2&?%%@%?&@%@%383 h
i ne, 25 ' . N 27. On
gt Lz‘r’gﬂaﬁg?apér%%@a@aﬁsgﬁl"@ &ﬁ?ﬂéhgléet h@%ﬁiﬁqr&%ﬁ%&%ﬁ%'&%p@ line 26
[ i, St i 205.
e o G seher AL £ ko Mt e bamaele
i t1 st agecPBPENG | ol Hool AR 502D hoR e arsry S af Ot Bas SHERER and
P baseane. Ko RGh B ot AL AL B A6 e 1
n- dodecane. "~k - e line
oot P oL BSOS OB A
Izisﬁi”'st F1'as fisE el T imn BP0 e by BRIl SRRE e iBtian of e
he.al i . 207.
conti nuously axtract e b “The reservo 9 erou'g_h he igé ?1_ he
ZSL%L?ﬂ{?ﬁ@@%ﬁ%ﬁ%é‘%ﬁﬁ%%@?ﬁ% %) St Jordell o i QEB%@B “‘l‘é’h |
L nei . _ S .
ai i sof hi ocy SR bE B e S A b e B R ol i s
defined as ?%E?n@ﬁf%hg?ﬁ%ﬁiid” oﬁ%ﬂbnﬁc apfblo'th QHQelg%iﬂ?i % péwe?cﬁﬂ;@ < Tc <

Tb. 10[0383] anple 2 t ep(29-1): Ther mal deconp .
N, Njshexanegiadrahb s HRi&C 3EBATE CoadidpdiitianPBEMHe) 22nef siePabatihgsuand

col l ection of 1socyanate Thet hermal deconpositi onof

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.
[0371] 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 cm in inside diameter filled
with Dixon packing (6 mmg) 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

25 lower part of the column through the lines 31 and 33 and the reboiler

207. A solution temperature at the bottom of the continuous
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15N, N - hexanedi yl - bi s-t hi ocarbam ¢ acid di (S-phenyl) was performnmed using

t he apparatus shown in FIG 2. n- Dodecane was supplied to the bottom
of the continuous multi-stage distillation columm 202, and the total reflux
operation of n-dodecane was perforned with a pressure at the top of the
colum set 20to approximately 1 kPa. uiiu-iitiui diciijlaiion appaialLas 201
WLISdin 290 t, and thepressure was set to approximately 2 k.Pa" .(-1.
reaction. solution obtained in a manner sinmlar to Step (26-1) was supplied
at appr oxi nandliystagodisgillationcalimmnpPe wasal 20°6F, ankba PressUre Bhilke 8 1 1 ati on
25apparatus 201 through the line 21, w it cooled,. and the_thermal

dec, or nposi @1 81 epluguAMgs W%&WF@IY&-EHQE?:-OC garilischeics direr. Bifeny| )

was perforned to therepy obtaip.a m as containi an isoa anqaqte and

benzenet hi oloP f §& GRIEHBKYISIB ﬁ@ﬁe);ﬁggﬁ@tlgapp PBE PNV GR: ne 23
wne. ext  act BEih s QUER A0 eoph 1B i) T RUIGRY SXPSEAER ¢ hr odgh
fed o' the s EsrEd A LOLIRRRERNE TG aht | MBLSo O araEa dntHa ot ron
Chr ough- t ettt N&E321 b oo PG FArTaBtes (P arnBRRY & svF ) &1 on

di ot 11 a1 oROBEHRIS YESsaqpBRita by LY culiiing AL SERUEREn B 1 ne

A gas O scrarguRSHRamTHarEs YR 408%ont nuoue mul ti -stage di stillation
col um 202 AONASESEAuL ih NheS UALE NSRS We RO Hoifink' P&t ofNd

conti nuousl
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
15 dichloride
An apparatus shown in FIG 12 was used. 25 kg of
chlorobenzene (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 ~-10°C. Phosgene I a gas state was blown inlo the
mixed solution from a line H3 to perform reaction. Redundant
phosgene and hydrogen chloride that formed as by-products were
removed from the system through a line H5. Furthermore, a pressure
25 within the system was reduced to 1 kPa, and redundant phosgene and

hydrogen chloride were removed from the system. The obtained
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15 extracted through the line 27. On the other hand, |iquid-phase
conponents were extracted through the line 26 fromthe bottom of the col um
and supplied to the distillation colum 205. Gas conponents and |iquid
conponents at both the upper and |lower third theoretical plates relative to
the position of line 22 of the continuous nulti-stage 20distillation colum
202 were analyzed at steady state, and operation was ned such that al

cont ai ned 30 wmt,% or _npre of ndodecane .. | i qui chpha.se conponents
extracted t¥agtigR SONELPR YA S@gﬁ@rbwﬁaﬁwgslﬂwrféwr@ ﬂe AR at e
sta.ge of the c nﬁ nupus multi-stage distillation colum 205 to performthe
distillati O%F@égﬁ 6 of the 25liqui d-phase conponents. The quantity of

heat necess of, the distillation aration s supplied by cirgul ating
the sol uti oﬁ)r%’f‘{]tﬁ@p Iower(rzgéé)c of t HEEBEimm t hHEEYRPPREIQN nes 3‘1fcand 33

and the rehgil.er 207...A gas discharged fromthe top ,of the continupus

Ul 1 - ot ageaNCER P B S bR D0 s Lot Eed Pt HPRBRTRn<BI 206
throggh t he llil@rllq%' 30 fnd continuously extracted to the reservoir 209 through
the Pine 53PUSHHOLGY FOCEANEL r act ed through the line 32 was a sol ution

Fnci dentarly i n DRe Bealagdhenalingr e NG G s RAPARS aptd ny ene
s der nea Qe Hh@iodsd MRsBe AR bR "carTof i ca Ta <
T o AR 28, B2 B TR bBRATRESK, PR
col lection of,, S8l QG¥ARSh LolNEHNSbIRARCHP Ast 8RBk operation of
10 chlorobenzene 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 140°C,
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 thermal 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
20 bottom. of the thin-film distillation apparatus 201, The mixed gas was
extracted through the line 22.
The mixed gas extracted through the line 22 Fom the thin-filim
distillation apparatus 201 wag continuously fed to the intermediate stage
of the continuous multi-stage distillation column 202, and at the same
25 time, chlorobenzene was supplied at 0.2 kg/hr through the line 29 from

the reservoir 210 to perform the distillation separation of the mixed gas.
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N, N- hexanedi yl - bi s-di t hi ocarbam ¢ aci d di phenyl was perfornmed using the
apparatus shown in FIG 2. [0389] n-Dodecane was supplied to the bottom of
the continuous nulti-stage distillation colum 202, and the total reflux
operation of 20n-dodecane was perforned, with a pressure at the top of the
-colum set to approximately 1 I <PEL [0390] The thin-Elul distillation
appar atusheated to 290C, and the internal pressure was set to approxi mately
2 kPa. A reaction solution obtained in a manner simlar to Step (26-1) was
suppl i ed at Theagpanttiynetfehgatl reckgsary for tthe disidlatioar sepiratios twan-film
di stillation aDparatus, 201 through the line 21, with. it _cooled, and the
thermal desmited byosirerlaking theesahsnimy lof tihe- knwesc prBasf dhacsalutimheny|
was performed to thereby obtain a m xed gas containing an isothiocyanate
and benzeneitpagh ﬂﬁhdm&ﬁbﬁﬁééﬂubn%%n®W@sﬂMbﬂBb@ﬂﬁféaa%d tfr 60hH1athe i ne
23 fromthe bottomof the thin-filgl istillation apparatus 201. 5The m xed
gas was extiemeparatumgr sudghe t britomneizthe continugus mpiedtagss desttlladmired
throygh the line 22 fromthe thin-filmdistillation aratus 201 was

cont Pnuousl| §oluaan 282 wasi HEreddPeptassge at ﬂ@@]@l@(ﬁ?ﬁ? ﬁ%ﬁu@@@m@wa& st age

0. 3 kol hr  CHIGOEHTRHAYLS KBa20 ) eenRinoa E FoseMAofaD B8 BOBERtON (he
For t he di SRR BLFonSUpST Gl Oha20aH SePUsiSen ib uha EPRECRHS 61 ut on of
Lhe louer pact,of 15 ol Inaush Le | nce, go aad g8 s he gebol e
distillati Otrﬁec&lhlé%arzlg;z 1ic\ﬁ\ﬁigd~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
15 more 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 distilation separation was supplied by circulating the soluiton of the
lower part of the column through the lines 31 and 33 and the reboiler
207, A solution {emperature at the boltom of ihe continucus
multi-stage distillation column 205 was approximately 60°C, and a
pressure at the top of the column was approximately 1 kPa, A gas
25 discharged from the top of the continuous multi-stage distillation

colummn 205 was condensed it the condenser 206 through the line 30
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15 condensed in the condenser 203 through the line 25 and conti nuously
extracted through the Iine 27. On the other hand, |iquid-phase conponents
were extracted through the line 26 fromthe bottom of the colum and
supplied to the distillation colum 205. Gas conponents and liquid
conponents at both the upper and lower third theoretical 20plates relative
to the position of line 22 of the continuous nmulti-stage

talyzed at steady state, and operation was performed such thatontai ned 30
Wt % or nor ea%g qqntmw@béﬁxgachcgégl' eT%eW%ﬁinﬂ&@gg’omfoﬁm dZext ract ed

conthious FFStale SeBfE FYSBuine i aterd Sl il °
e neces M RORRAN ohloobba P OoralbI TR IEE St A T o
o, (o cbbiftslly Ol it SRALIRS of o con oys
rotn (AL OGSt R AR Tl b o
Zlo: g'é ![ ﬁinogohf:)éé}ﬁfﬁé’l%%r %ﬁ%g%ﬁ?;@odg W&:%&qﬁeéﬂ%ﬁlﬁyﬁlma{ oillmg boilin
ot o g RGeS e P O SRRSO B AL, 2 10

boi I ing 10pgi I Ls~defhhed. as Ta, a normal boilin oi nt
TcI o:‘ g_doggf&fg)tﬁggé%%ﬁ%fs?dgﬁ?gggfg %(S:I‘cf.l".['bﬂ? [ 0393] [ Reference Exalrrp: eglf |

gt on RRESERbA Y1) carborae Step (1,1): Production of
Y SFrLr° ¢ 9 ST el e rydgean) SRR gidag | L O
D) et SN PAREn 12000, Bt BB gl T
collection of isothiocyanate
The thermal decomposition of
N,N'-hexanediyl-bis-thiocarbamic acid di{O-phenyl) was performed
15 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
to approximately 1 kPa.
20 103791 The thin-film distillation apparatus 201 was heated to 290°C,
and the mdernal pressure was set o approximately 2 kPa. A reaction
solution obtained in & manner similar to Step (26-1) 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
25 decomposition of N,N'-hexanediyl-bis-thiocarbamic acid di(O-phenyl)

was performed to thereby obiain a mixed gas containing an
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20 SCI ENTI FI C TECHNOLOGY LID., Japan, R444) connected with an oil

bat h( manuf act ured by MASUDA CORP., japan, 01.311-24) with a thernostat, a
vacuum punp (manufactured by 1,1LVAC KIKO, INC., Japan, G 50A), and a
vacuum control | er (manufactured by OKANO WORKS, LTD., japan., VC-10S). The
purge val ve outlet of the 25evaporator was connected with a |line for
nitrogen gas that flowed at normal pressure. After a pressure within the

Vi ve was geaUtaeyIApeREIPhana | ol HidreR SmPPBSRE Ve Katggckm ahi oh
s s et o ahcl i i, Wb BT SR o
Cnder it ?fﬁ%ﬁf@%ﬁi g o ﬁlxﬁgiis”‘?%%trﬁgﬁtl@ugﬁb&fﬁf‘mﬁg@? e "
oreor st or SORATTRARGP LRl TWE T8 R R, g
excessi ve SnafayeR At oD 1,58 EPuftnRpaSitkd iebe el bdiate s oesture
{2k was S BN EoPEEpo, bRyl aichh Hlo M ReBRPR AL B GRTGBE -1 ouna
éggg‘f?ig‘o i hith Bt et Ewe ol %“é@i?%%ﬁéﬁ’e%%b@@ s ?@% Q?_j%%ﬁt HE Feaction
119Sn, 1H, 1 -Sgﬁt\}@k rl'ﬁ?) 't‘g &gﬁr@gﬁﬁécﬁgﬁ%@@?%ﬁg&t@s ?k éﬁ??r‘e%&"ﬁ?ﬁ BG4ty oxy) - di

Stann oxanemgs quanGAnidir Keg: LRI A0t & Naeal @l ahd 8 AL 1 espect

to di-n-buty . Si'mlar procedures were rfepeate I'mes to obtain
1, 30:% ot SIS TP shslatiogsthe, seluion, of, e fover part oL Ahe <Bmus st ep
(1 2 eheduebhen STumbybbuiad bicaitonel gk, oo s oducer,
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
20 performed such that all contained 30 wi% or more of n-dodecane.
(103811 The liguid-phase components extracted through the line 26 were
continuously fad 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

25 distillation separation was supplied by circulating the solution of the

lower part of the column through the lines 31 and 33 and the reboiler
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151 ramin inside dianmeter and 5040 mMmin effective length filled with 25a
packing material Metal Gauze CY (manufactured by Sul zer Cherntech
Ltd.,Switzerland),the 1,1,3,3 -tetra-n-butyl-1,3 -bis(3

- met hyl but yl oxy) di st annoxane produced above was supplied at 4388 g/ hr from
a line J4, and 3-nethyl-1-butanol purified in a continuous nmulti-stage
distillation colum 1301 was supplied at 14953 gthr froma line J2. The

"ol ut 1 0RO oméerthbur BobaiasHe Theg actqeateraf?hn e sorieas prGsE
o dence t w@@xﬁv‘ﬁ%lﬁ%@f 28 RS R B PR Tttt 18037 ) ﬁr
part of ¢ heliPeal e gﬂaﬁﬁtyé‘ﬁé (R rfattffw Pl WabR ke he 51
that l&é?”? FPeq thS iR Hubbak B s 'Yaé'ﬁﬁneéafvﬁb@alfftl  a
per {01 med. SOBYLPRERRCRTRRELY 8% Tonr O ﬁ%%“f@fffﬁ%@ﬁ%#@%&ﬁ? ai'ning a
collect 28“%%"%@?&&%@@% < RASETRRBIC Mok FolRar S Ehe B0 over
eactor 130% LIROHANGADRI Mol P AERREY A 118n 6 HBHAUPLEHAY - ot 29

di sti IIatlon
| k d t t 3- I
Serra pobut JoUT; SEBRPOL SRCARNMA, 89 Bo%lel tRhaly BAHIC PR LTERHT o he
I f d lied hin-fil
dreti | ati o a‘*p&&?aﬁ?‘é%ﬁiﬁﬁﬁf%ﬁfafé?ﬁt o ed by KOBELOD GO SOLUNT ONS Co.

Ltd Japan t@ﬁ J5. 253-Met hyl -1 -butanol was distilled off in
thelt hin-fi {03?%3;8 rﬁ?l o@@]appar atus 1303 and returned to the tower reactor

1302 through a cgq {eg,enser @Zgz\aa l'i negpelhaland thRebidisifon The abkyl tin

al koxi de cat al yst conposit s transported through"a line J7 fromthe

;8;"'3& gsgt 1%1}“%‘%;&%!’1‘% 4 fUHi%\‘Ev}ﬁ'rog?iéﬂaéﬁfd 851 aPPRUHeS 1 L 383 sepsrafidpPrhh@d to an
collection of isocyanate
The thermal decomposition of
15 N, 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
20 to approximately 1 kPa.
{03847 The thin-hilm distilation apparatus 201 was heajed o 280°C,
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
approximately 1.0 kg/hr to the upper part of the thin-film distillation
25 apparatus 201 through the line 21, with it cooled, and the thermal

decomposition of N, N'-hexanediyl-bis-thiocarbamic acid di(S-phenyl)
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5 di -n-butyl -bis(3-nethyl butyloxy)tin and 1,1,3 ,3 -tetra-n-butyl-1,3

- bi s(3- net hyl but yl oxy) - di st annoxane adj usted to approximately 5130 g/ hr.

Car bon di oxi de was supplied at 973 g/hr froma line J9 to the autocl ave
1304, and the internal pressure of the autoclave 1304 was kept at 4 MPa-G A
tenperature in the autoclave 10 1304 was set to 120C, a residence tinme was
adj usted to approximately 4 hours, and the reaction between carbon di oxide

and the al kyltin al koxjde catal yst conposition was, performed to obtain a
Feacti on soVat A B hHaCRY SbiaiRet RY PG 979 CoRiaomE E! SRSy aRake i on

2ocar bonat g SRBERSE L iR RuROus B el AR o
tr anspor t edhEriBe g om it Potiodt ot MR ARG SRpaBhE 2F0s "T306
hopr ox mat o J° SHSETER Rap PR TR NP RS soEs B dsubpl | edw ¢ ht het | our at eof
2ppr 3x1 mat LD SRdaBhg AiRed% SHPETRhiudl} g, BEIAA ISR el fim

Po the tond oL ERRERR: Ros 0S SORAIBESYTEHTB HE HhitkERgyRe Sudd cul ot ed
Co"" tppr oxi SlET SO Budes Rt AREL KisdaBh Kofu 268 YRt Rt 15

cer bonet e YRS HEALAC S EE RO LA OYOLRIIR ERRUBRSR 14520 oo gy ansvort

line J14 to a ¢onfinuous mi age was

filled w tg&ﬁeﬁﬁdgi‘iﬂ@ i ?f@q%%%?dig%&tgﬁ?e%}p Pﬂi(ﬁﬁ@f&ﬂ@cﬁnb@ed"i a

reboiler 1 a condenser istillation purification was

perigrmed. . TR Whihidly RIS haafiICUesOHLY Kar AREDANRMIPUNAS (@BhAkTR( vads 911 O/ T

froma collecti A's ar analyzing the alkyltin al koxi de

cat al yst cogxggﬁiéd oF EireMating {HARSRAIGN lofm@dl RRvdA 9oy bFLASCcdTRn
101, 1, 3,3 -tetra-n-butyl -1, 3-bi s(3- net hyl but yl oxy) di st annoxanewas

contai ned, @Rpgugh-theblihod 28 S4B TRhAY! (it MbRREr 10 Vaa pgd dmfa.ﬁ%e’sl?d- After

the continuous operation was performed for approximately 240 ho t he
al kyl tin al kexi die ¢8p JUBE (ﬁ!ﬂ'ﬁﬁﬁﬁ)‘uk'Iﬁﬂlt%@gag%xﬁisﬁﬂfaﬁ@n&?olﬂtﬁuﬂﬁOIZ Wwapm an

extraction |line J16,” whereas the 151, 1, 3,
- tetra- n- bugyhddnsddbinsth 68hden eyt Modicht Brnixas phattsethuously
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
20 distillation column 202 were analyzed at steady state, and operation was
performed such that all contained 30 wit% or more of 1-dodecane.
038671 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
25 liquid-phase components. The quantity of heat necessary for the

distillation separation was supplied by circulating the solution of the
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by the nethod descri bed above was supplied at 18 g/lir froma |line J17.

[ 0395] [ Reference Exanple 2] Production of dibutyl carbonate Step (IN):
Production of dialkyltin catalyst 692 g (2.78 nol) of di-n-butyltin oxide
and 2001 g (27 nmol) of 20 1-butanol (rmanufactured by Wako Pure Chem cal

I ndustries, Ltd., Japan) were placed in a 3000-m (capacity) eggpl ant-shaped
flask. The flask containing the mxture in a white slurry ibrrn was
attached to, an evaporator connected wth n oi | @lﬁh with. a thernostat, a

vacuum purrplové@rdp@t\ﬁa%m@nﬁ:@@mn s theehi 1BEs éé Ve oid the reborleie

25evapor at of _was conne t hat flowed at

with a line for n rogen
nor mal pres%Ql?e AAf&aér g? ufomy the toR ‘%&é’uﬁe@@@éﬁ%ﬁ cl osi ng
the purge v af th ator t he vaI v uaI opened to
al | ow ni tro@éﬁﬁﬁaon %@WQM & 3@@@52@ ghyﬁ

Phe ol | bat Wie 0T tggnéﬁa ﬁéﬁt%%t?ﬁ’é‘c? o rarsyordd B pﬁgﬁ.tg“’iiwdkffi‘? "
T SRR L
started. OAfg Qi FHF% ebielide grn%? 1 8h4cer hofage ﬁbé??r% 8%%0 G val ve vas
me\t/v;] :o(r)]i It |h gg @gffgt %(‘Jgﬁfgﬁ@yﬂ & cé %tWﬁfléed tb% ?‘P\én%t 2%1%1 ’gﬁ]e};@ng pressure
gglrrmalngﬂt Ee%%’?ﬁ% gﬁ% ’?%?lllsﬁgg@%bg t@{%‘gﬁ %ﬁ}%f@ ?}ﬁ% gé (%}ng'ﬂ bgﬁkﬂ; ?ﬁgt 1)|0In
bat h and thé&gﬁr(gfe%eﬁgé 335 g &eﬁﬂ&ﬁr&gl Q %&215&1}“@811&@&5’61%2‘0 {’fessure

Wi thpn the y@&gﬁhgﬁﬁg@g&@gtyf R¥ Bsure 847 g of the reaction solution

was " obt ai ne n romanalysis results of 119Sn, 1H, 13C-NWR, a
product 1, 1; t 1-1, 3-di (n-butyl oxy) - di st annoxane was obt ai ned
at a yield B@%ﬁw%ﬁﬁresr}gct to di-n-butyltin oxide. Si rri | ar procedures
20were repeated 1 mes t aln i jinto 3-tety
n-butyl-1,3-d (n- §fb§?[[ (lgst nnoxanqil%ggo St eph?h?ﬂ% roducti oﬁ of

di butyi Carm@hﬁxanedlyl bis-dithiocarbamic acid diphenyl and separation and

collection of isothiocyanate
15 The thermal decomposition of
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
20 n-dodecane was performed with a pressure at the top of the column set
to approximately I kPa.
10390] The thin-film distillation apparatus 201 was heated to 290°C,
and the internal pressure was set fo approximately 2 kPa. A reaction
solution obtained in a manner similar to Step (26-1) was supplied at
25 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
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Carboni c acid ester was produced in the continuous production apparatus as
shown in FIG 11 To the tower reactor 1302 of 151 mm 25in inside dianeter
and 5040 mmin effective length filled with a packing matcMel | a. pak 750Y
(manuf actured by Sul zer Chentecth | Id Switzerland), the 1,1,3 ,3
-tetra-n-butyl -1, 3-di (n-butyl oxy)-di stannoxane produced in Step (I1-1) was
supplied at 4201 g/hr fromthe supply line J4, and 1-butanol purified in
the continuous nulti-stage_distillati coJ um 1301 was, S pI ied at 24717
g/hr from tcﬂfecqmn@swn crﬁN NidieaanegiyaibisBiocaEkamic age am §EYEAF th a

heater and the rebgiler 1312 BUCh that the solution tenp Eture becane
160C, and aRfTieHE \&ptqheae 855IR ﬁ@é@ﬂa&@%aon@vw&s@bﬁsqt mCYtaﬁatepressure
became appro tel 2 G A residence tine within the r r was
appr oxi mat eﬁ”}d r% &’é @Ihﬁ‘?e OQO@PBH?%WOWE’&%&X&W% L t hr ough
the line J3 the er. part nd 82 [ hr

1- but anol [ﬁsg&qﬁi \flt%\?e 'tfrI gib%’rl 82@11( @E?’th%ggﬁnuous

Tatedial ageIﬂ’P ?%%5%%3%%@%85%%%%:?%%&g(rjn bch Lrd S Szerl and)
e P LS D TR R ol
(r:n(élrlzlenf ? ;? ol a S TS dhn iR Ph@c%ﬁ&g%ggﬁﬁ{f%%i%ﬁgk% ect ea.
the bont hﬁ%?%?ﬁﬁ%?ﬁ%in@”“s%? HSHAGR fahuliE2b2 Aind g \RERRRES 20, e
e ﬁsﬁuﬁﬁ{@o@?%?@‘%&o‘ﬁ% sRbAed st Ptk éﬁ“%@%@% e ?@R‘é PRPHEGR L e
:133'50( ranurase s SV R é%?@?@ii@ T O G ArBReFRRET S 1P,
abpar at usllgﬁéagﬁémr@t 7, B8 laRe Y, of e dictiatdd Meflslldrl MAST jenser
1323, the t bﬁ@ula% Hie 1 bORidA %Tsﬁgar ﬁ%\l\lgﬂg)ﬁ t ﬁgr{ﬁeaéé‘lgd;h} N the

al koxi de cat st c nposi ti o was transporte r I ne

| ower part 4&%&1{9@' fndd 8 Ahg g Lkl 0R ARRAIR12M 13A3oa0dicmaplded to the

autocl ave 1 ow rate o e active conpone Rts o
from the top of the continuous multlmstage 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

20 plates relative to the position of line 22 of the continuous multi-stage
distillation column 207 were analyzed at steady state, and operation was
performed such that all contained 30 wi% or more of n-dodecane.
[0391] The liquid-phase components extracted through the line 26 were
continuously fed to the intermediate stage of the continuous multi-stage

25 distillation column 205 to perform the distillation separation of the

liquid-phase components. The quantity of heat necessary for the
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5di -n-butyl tin-di-n-butyl oxideand 1,1, 3,3 -tetra-n-butyl-1.
, 3-di (n-butyl oxy) -di stannoxane adjusted to approximately 4812 g/ hr. Carbon
di oxi de was supplied at 973 gthr via the supply line j9 to the autocl ave,
and the internal pressure of the autoclave was kept at 4 W2a-G A
tenperature in the autoclave was 10 set to 120C, a residence tinme was
adj usted to approximately 4 hours, and the reaction between carbon di oxide
and the al kyltin al koxi de catal yst conposition was perfornmed to obtain a
reaction sofligtillgliogosaparaien Wabstpplied o ratcalatme the selwiden i the on was
transported via the line J10 and a regul at.ing _val ve to the decarbonator
1305 by 15weivedr padiofuthie ‘éfalﬁlmihﬂ@ﬁ%?ﬁﬂl@v\ji@eﬁ? Sriovieel 3anand Ahp spbeilerki de was
on solution was, transported

t ﬁlr Lﬁéhei’ hzﬁiﬁ?nteggglaitsggi%ééﬁgﬂﬁnh%%m trﬁqfﬁ 5D ﬁ%f;icheo (CONEBYAHS Tt stage

bnd appr oxAEIEHPR LIRS SChEee W 4 CobAaRg: PPEuFaE the ©
2bor Sxi e elige Ao dp Rty QL N ] 1Al SretUAR A HaPbERy R ditbonat e,
througn ¢ heSti nel i 3SRt esEed i angh it St S aves on” Soklign 3 -
25approx; met U giBE Anpt R B e B AP R S Ssartnat e was

G SbT 1t ob e e iddBt P in et OREF e RS ANl Bo e PO Shc i ©

W ih the onorrariyAgse fisoh e B tagd o THEN FRE hOGRY PRl o, e
DurAD) oot SRESPBERALIBI0ISS MERGOT ol B YL n SRR BBl Sl JORBE] o0
Losn 1 14 15 RRERG 346818 YRS FEOB 1101 70 (hebutyl ony) - di st annoxane
the 70 contmad iR st Ekahtg T, Pt Lot OBt mEIRBIBEE L o the

al kyltin al i at al yst conposition was extracted at 16 g/ hr fromthe
extraction %ﬁj&bﬁ%éé wher eas the

|
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CATBLE ) £ P o A oo 8 ) i
Organic Chemicals Co., ILtd., Japan) and 2020 g (22.7 mol) of
3-methyl-1-butanol (manufactured by Wako Pure Chemical Industries,
1.td., Japan) were placed in a 5000-mL (capacity) eggplant-shaped flask.
The flask was attached to an evaporator (manufactured by SIBATA
20 SCIENTIFIC TECHNOCLOGY LTD., Japan, R-144) connected with an
oil bath (manufactured by MASUDA CORP, Japan, OBH-24) with a
thermostat, a vacuum pump (manufactured by ULVAC KIKO, INC,,
Japan, G-50A), and a vacuum controller {manufactured by OKANO
WORKS, LTD., Japan, VC-10S). The purge valve outlet of the
25 evaporator was connected with a line for nitrogen gas that flowed at

normal pressure. After a pressure within the system was reduced by
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893 g (2.48 nol) of di-n-octyltin oxide (manufactured by Sankyo
Organic Chemcals Co., Ltd., Japan) and 2403 g (23.6 nol) of 202
-thyl-1-butanol were placed in a 5000-rnf, (capacity) eggplant-shaped The
flask was attached to an evaporator connected with an oil , thernostat, a
vacuum punp, The purge valve outlet of the evaporator was connected with a
line for nitrogen gas that flowed at normal pressure. After a pressure
wi thin 25t he system was reduced by closing the purge valve of the
evapor at or , clostgthegeusgs) xedvosd the ¥aRPTaI0H $8R PHrEe valveowanicradydhy to 1 ow
into the syste whi ch was returped to nor mal press,téhg. The oil bath
t enper at ur eOpeRedt allgwapiiogentatiéoy inésthe sydem, JRCRa¥argpErd 10 t he
normal pressure. The oil bath temperature was set to approximately
145°C, 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 (25°C), the purge valve
was gradually opened to return the pressure within the system to
15 atmospheric pressure. 886 g of the reaction solution was obtained in
the flask. From analysis results of R S R C-NMR,
1,1,3,3~tetra-n-butyl-1,3-bis(3-methylbutyloxy)-distannoxane was
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
20 total of 1,1,3,3-tetra~-n-butyl-1,3-bis(3-methylbutyloxy}-distannoxane.
103941 Step (1-2): Production of bis(G-methyibuiyl) carbonaie
Bis(G-methylbutyl) carbonate was produced in a continuous
production apparatus as shown in FIG. 13.  To a tower reactor 1302 of
151 mum in inside diameter and 5040 mm in effective length filled with

25 a packing material Metal Gauze CY (manufactured by Sulzer Chemtech

Lid., Switzerland}, the
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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 m nutes under nitrogen at atnospheric
pressure with the purge val ve 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 systemwas 74 to
25 kPa. Aft &l,53-tettaeniindgt-1 Snbstsrenetinylbetyéoxydskamagxantk eprodecest the oil
bath. After the flask was cooled to around_roomtenperature (250, the
flask was takeye sws sspplied a§i43&§ag/ﬂin'mnta]@npdﬁg@nd&wtﬁﬁklgbmal ly
opened to return the pressure within the systemto atnospheric pressure.
1125 g of tRerifigdcin on SOMRYDIF \Kﬁﬁﬂﬁtﬂﬁeaidrh‘édm‘fw& Hé)q\gmé?skl?’qir ok#snal ysi s
results of 119Sn, 1H, 13C- N , 1,3 ,.3 -tetra-n-octyl - )
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et DO SO SR AR ALY, o
12344 g/ hr g?a%zr\% §§ @@1%{%%&@%{%@@ Igﬁ%‘@@%&a@@%ﬁ%@ﬁ%&%@%@#3 from

the upber pat gfrebBRef $31 UncPRLcRRBAT 321, Arebibiitalichpangbatiy ough the

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-1-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
20 di-n-butyl-bis(3-methyibutyloxy)tin and
11,3, 3~tetra~-n-butyl-1,3-bis(3-methylbuivioxy)distarmoexane WaS

obtained from the lower part of the tower reactor 1302 and supplied to &
thin-film distillation apparatus 1303 (manufactured by KOBELCO
BECO-SOLUTIONS  Co., Ltd., Japan) through a line J5.
25 3-Methyl-1-butanol was distilled off in the thin-film distillation

apparatus 1303 and returned to the tower reactor 1302 through a
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10 were transported to the continuous nmulti-stage distillation colum 1301
that was filled wth a packing material Metal Gauze CY and equi pped with
the reboiler 1311 and the condenser 1321, and distillation purification was
performed. Above the continuous nulti-stage distillation colum 1301, a
fraction containing a high concentration of 15 water was condensed in the
condenser 1.321 and collected. The purified 2-ethyl-I-butanol was
transported to the tower reactor 1302 through the line J2 |ocated bel ow the
cont i nuous ¢andenser dAge3di atline d%, omd dhankina3bh. Aheadlkyltin ralkibkisld de
catal yst composition containing di-n-octyl-bis(2-ethylbutyloxy)tin and 20l
21, 3, 3- t et reatalysbromposetion syas senypolcdthyaig adioxdndromsthebloavered
| ower part of the tower reactgr 1302 and supplied to the thin-filndistil
| aden apparpartisof thoIhi-digh disfallation ppparetvg| 1303 uanthsuppbisddiostan | ed of f
inthe thin-filmdistillation apparatus 1303 and returned to the tower
reactor 13034PHKEYEgh t hd 388ndens&¥itlps1323het he | floav 38, difée t he 19fhe J4.
Jtion was transported through the |ine

Igef gloir(nylt Li k%ﬁ?tg&ggélg%hg’iéu% n%o)im m distillation apparatus ango3 and

Z:Jp ﬁ' Lg? y|t Obhgié?léilg,%mx]%ﬁ é@l}lsm(inrllgt ?flgllitgfmgyéigcﬁs‘?gnnoxane adjusted
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car bonat e, ereas evaporation reéesidues were 20circalated to the tower

reagsor 130gedbhQHaRr Y bpavHith ARtiAIRabas daxideh®hh RVea 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 142°C and approximately 0.5
20 kPa, and supplied with the flow rate of
1.1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy)-distannoxane  adjusted
to  approximately 4388 g/hy, o obtain a faction containing
bis(3-methylbutyl) carbonate, whereas evaporation residues were
circulated to the tower reactor 1302 through a line J13 and the line J4,
25 with the flow rate of

1,1.3,3-tetrabutyl-1,3-bis(3-methylbutyloxy}-distannoxane  adjusted to
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tra-n-octyl- | 3 (2thythutyi oxy)di stannexane adjusted to approxi mately 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
colum 1307 that was filled with a packing material Metal Gauze CY and
equi pped with the reboiler 1317 and the condenser 1327, and after
distillation purification was perfornmed, 99 wt % of bis(2- ethylbutyl)
carbonate was obtained at 1075 g/hr fromthe collection line J15. a
result of cappesimatelandd8igdhon The fmatn pon’taﬂ@beﬁéhm@hy&bu‘nﬂ)
conposition fromthe line J13 by 119Sn,|H, 13C N1V1R,

1,1, 3, 3-t et¢arbansin mlslaanii@t z¥ e phw}]dasﬁmﬁamé%smm ai ned,
and di-n-octyl-bis 2 et Ibutyloxy)tln was not contained. After_ the

cont i nuous BRRIRAL A Héraf ORI O Hﬁﬁbr&i&gww @a’tm cabinsg, 130Me

T S e e e il
oo o b S g et . T o s e e
aC|d 15d|pH@H?ﬁC%Q?%r“ég}%gﬁﬁgégfugg OQ)Offhggk%Pﬁégyﬁﬁﬂyh 0@7-C%&£§ngg in
NN - ﬁix?ne%@ﬁ%a”ﬁl@a%?%ﬁﬁgﬁl O ghEnyFoas died Eapt Andresaltael kg (6
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10 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy)distannoxane was
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
15 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy)distannoxane produced
by the method described above was supplied at 18 g/hr from a line J17.
[0395] [Reference Example 2] Production of dibutyl carbonate
Step (II-1): Production of dialkyltin catalyst
692 g (2.78 mol) of di-n-butyltin oxide and 2001 g (27 mol) of
20 i-butanol (manufactured by Wako Pure Chemiical Industiies, Ltd.,
Japan) were placed in a 3000-ml. (capacity) eggplant-shaped flask.
The flask containing the mixture in a white slurry form 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
25 evaporator was connected with a line for nitrogen gas that flowed at

normal pressure.  After a pressure within the system was reduced by
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As a result of analyzing the reaction solution (a) by liquid

25chr omat ogr aphy, N, N -hexan. edi yl - bi s-carbam ¢ acid di phenyl ester forned
at a yield of 99.2% [0400] Step(a-2): Thermal deconpositi onof

N, N- hexanedi yl - bi s-carbam ¢ aci d di phenyl ester and separation and

coll ection of isocyanate Reactions were perfornmed using the apparatus as
showmn in FIG 52. The thin-filmdistillation apparatus 201 was heated
to 220C, and the internal pressure was set to approximtely 13 |cPa. The
reaction sotlosingtheapurgsl vadve ed thatvaphemtor she poirge voba wasgeadyalyl) was
heated to 150C and supplied at approximately 1.0 kg/hr to the upper 10
part of theopéied ta o mttmgeattootﬁowmm sheisystom, twihichghas hesukiekt®1, and
the thermal deconposition of N, N-hexanediyl-bis-carbamc acid di phenyl
ester was pgefroahpressora. heFedyibbathi tenzperairarwag a3t woh2@i( thy dask

i socyanate and a, hydr oxy conpound. Liqujid-phase conmponents were extracted
t hrough t heWasndippedr iprthe hell baatho anst thagrofation fofi the BYagPEPr 1a@s on

apparatus 201 .and circuyl ated to the upper part of the thin-film
di st Pl | at i oHiEpisak at ué\%mrmﬁtwgﬂ] sHEIng na@nds haslingheWergiedone foe nixture

(a) was extracted as ,gas-phase components through,the |line 22. [ 0401]
The i xt ur eBPRIOXIRRELEN 5\%@@&%‘35{)@5@1’ ﬁé?’i%r@,wétjat &&paﬁgezwweoaéh t he

e eeett S e Bl i ARS8, 88 A ety v T

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 119811,IH,BCQ\H\/}R, a product
1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy)-distannoxane was obtained at a
yield of 99% with respect to di-n-butyltin oxide. Similar procedures
26 were repeated 12 times fo obtain 106180 g in total of
I, 1,3, 3tetra-n-butyl-1,3-di{n-butyloxy -distannoxane,
1G396] Step (-2 Production of dibutyl carbonate
Carbonic acid ester was produced in the continuous production
apparatus as shown in FIG 13, To the tower reactor 1302 of 151 mm
25 in inside diameter and 5040 mm in effective length filled with a packing

material Mellapak 750Y (manufactured by Sulzer Chemtech Titd,

3
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distillation colum 202 to performthe distillation separation o m xture
(a) which was gas-phase conponents. The quantity of heat necessary for the
distillation separation was supplied by circulating the 25solution of the

| ower part of the columm through the lines 26 and 28 and tie reboiler 204.
A gas discharged fromthe top of the continuous multi-stage distillation
col um 202 was condensed in the condenser 203 through the Iine 25 and

cont i nuousl émeixt ract ed throu%h the line 27. On the other hand, |iquid-phase
conponent s wedandictlhal I hiodgeiramebuiydel  3slifn-brtylogyheistannexante col um
and supplied to the distillation 5colum 205. [0402] The I|i qui d-phase
conponent s psadugedda Stepoldbil )twes supplios a@érwlc@/@(rif]ﬁ@mu&eysumﬂwm he

i nternedi ate stage of the contjnuqus multi-stage distillation..columm 205 to
per f or m t hel4i and I dwtamols ppaiad on e cABtinhgus dny w&agffoﬁiﬁmiﬂ@ The
gquantity of heat necessar

y for the 10, disti|lation,separation was supplied
by circul at $oignmd 34| wes @H-PE{leér@é A@Mrg/;arflml@fth@ﬁén%ﬁ?un#h%mu&] t he
lines 31 and_ 33 and the rehoil er 2Q7. (A gas djschar, f.r th op of the
cont Pnuous #EIME reackyevas SARISKE PO o b e oaRadALE 1o DR
condenser 206 through the line 30 and continuously extracted to the
reservoi r 208 SPMUGGHHIGRRSIAIHE h@@neﬂr@%&% taéﬁl%?ﬁi)dmhaﬁ PEEEHEy state

120, 200107 TR 85, ol 40P S ML 0 GBS S 1
O soryenatfe.Toe W Sl LD S GPRRN O B PALETLARIS 15
oo RGN O SR e ORI
Leagl o1 SobHSR: (B AU N pRPRN) o TSRO Gy g P

mol ) of phe%piyalrilge 1 WerkSrdRpolR toFhe MSHRIRL DY FIRAL AT G stk Gok S ed as

raw materia
column 1301 that was filled with a packing material Metal Gauze CY

(manufactured by Sulzer Chemtech Ltd., Switzerland) and equipped
with the reboiler 1311 and the condenser 1321, and distillation
15 purification was performed. Above the continuous mulfi-stage
distillation column 1301, a fraction containing a high concentration of
water was condensed in the condenser 1321 and collected. The
purified 1-butanol was transported through the line J2 located below the
continuous multi-stage distillation column 1301. An alkyltin alkoxide
20 catalyst composition containing  di-n-butyltin-di-n-butyl oxide and
1,13 3tetra-n-butyi-1,3-di(n-butyloxy ;-digtannoxane  was  obtained
from the lower pari of the tower reactor 1302 and supplied to the
thin-film distillation apparatus 1303 (manufactured by KOBELCO
BECO-SOLUTIONS Co., Lid., Japan) through the line J5. 1-Butanol
25 was distilled off in the thin-film distillation apparatus 1303 and returned

to the tower reactor 1302 through the condenser 1323, the transport line
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[0405] As a result of analyzing the reaction solution (b) by liquid

chromat ogr aphy, N, N1- hexanediyl -bi s-carbam c acid di phenyl ester forned at
a yield of 98.1% [0406] Step(b-2): Thermal deconpositi onof

5N, N - hexanedi yl - bi s-carbam ¢ aci d di phenyl ester and separation and

coll ection of isocyanate Reactions were perfornmed using the apparatus as
shown in FIG 2. Thermal deconposition was perfornmed in the sane way as in
10 Step (1-2) of Exanple 1 to ohtain a m Xxture (b%i cont aihing an i socyanate
and a hydr corbotied exesawet t Hae tHe reblee i shodbnutalepxids) @helashed in
Step (b-1) was used instead of the reaction solytion (1). [0407] reover,
t he separ at¢@ﬁpﬁﬁﬂl%w3§dfm%?edtﬂlﬁéoﬁl&]@)é%rlﬂéleefj ﬁénéié‘?fi%\”@’é@aﬁno he same

way as in Step (1- of, anpl e (1) except. that 15p-xyl ene (nmanufactured by
TOKYO CHEM %qthlmdﬁﬁr@staﬁtlommpﬁr@aﬁ 03,88d e keéot%%ﬁiﬁwqﬁlw ead of
n- dodecane. as di.scharged fromthe tap of the continuous nulti-stage
distillati 011?@ I uﬁﬂthOSt%\ﬁ/as%éBﬁdeF%tﬁd Pﬂ tﬁl@ ccﬂ%]é’ﬁsercoﬁﬁ%mi%}t%ugﬂft he Iine
30 and continu&gsl .e_;attlr ted to the reservoir.209 through the |ing 32.
[0408] The SOPRYIHIRHTSEYEd t hrough the 1i A& was a sol uti on¥bnt ai ni ng

ﬁg 5;%; gf gkém%g%%ﬁmT}g~8%¥bugftfgx%i~g%sgalﬁc)tx%nreeS p%%iﬁusftgd to
approximately 4812 g/hr.  Carbon dioxide was supplied at 973 g/hr via

the supply line J9 to the autoclave, and the internal pressure of the
autoclave was kept at 4 MPa-G. A temperature in the autoclave was

10 set to 120°C, 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

15 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

1306 (manufactured by KOBELCO ECO-SOLUTIONS Co., Itd,

Japan) adjusted to 140°C and approximately 1.4 kPa, and supplied with

20 the flow rate of 1,1,3,3-(ctra-n-butyi-1,3~di{n-butyloxyj-distannoxane
adiusted to approximately 4201 g/hr, to oblain a fraction containing

dibutyl carbenate, 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-butyl-1,3-di(n-butyloxy)-distannoxane adjusted to

25 approximately 4201 g/hr. The fraction containing dibutyl carbonate

was supplied at 830 g/hr through the condenser 1326 and the line J14 to
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[0409] Incidentally, in the case where the normal boiling point of
hexanmet hyl ene diisocyanate is defined as Tb and the normal boiling 25point
of the hydroxy conpound is defined as Ta, a nornmal boiling point 'Pc of
p-xyl ene was in Tc <Ta < Th. [0410] [Conparative Exanple 3] Step
(c-1): Production of N, N -hexanediyl-bis-carbam c acid di phenyl ester
Reactions were perforned in the sane way as in Step (1-1) of S5Exanple 1 to

i pheny| ecier ARRAERE™ Rafirat) S5EG Bab ey B ekt Siieaal 122 kg
(190 ) ol €50 58 0, ALY o hesaT i amuneper et
by L a0 9 LOC0raTR el VoY RS o) sosahan epeldigleny
N e A3 RIS 0 ARUSR. 8011l SEIRRLARERNE o o
showg in FlGas 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 HQSanLI%SQBHVH{,
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-butyl-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 (I1I-1): Production of dialkyltin catalyst
893 g (2.48 mol) of di-n-octyltin oxide (mahufactured by
Sankyo Organic Chemicals Co., Lid., Japan) and 2403 g (23.6 mol) of
20 2-ethyl-1-butanecl were placed in a 5000-mL (capacity) eggplant-shaped
flask.  The flask was attached to an evaporator connected with an o}
bath with a thermostat, a vacuum pump, and 2 vacuum controller. The
purge valve outlet of the evaporator was connected with a line for
nitrogen gas that flowed at normal pressure. After a pressure within
25 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

186



2. Ther mal deconposition was perforned in the sane way as in Step
(1-2) of Exanple 1 to obtain a mxture (c) containing an isocyanate and a
hydr oxy compound except that the reaction solution (c) obtained 20in Step
(c-1) was used instead of the reaction solution (1). [04131

Mor eoverparatiori and collection of the isocyanate were perforned in the
sane way as i nExanple (I) except that 1, 2-diphenyl ethane (manufactured by

26n- dodecant #"had i o ydd 7 5h B POl bFhefeoni | HIE.Y! mi °Slage
distillati I 20 [ 20

' e 00" and el siShy el B ERAR Qb SEC RSB el 117
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cass bortvhg BOrht 6 _ .
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To < Tc. 10)ndusid o ABR peald Likve LO4RE] oy SRRA6AAQD TRiRd1el the

present invention I ows ent separatio n the" separation o
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especial ly, the separation of an |Isocyahate ydr oxy conpoun

form by t hegtipril rclfacdecpBARhiONyahiAN (oS Udsidrhut A cakbamfe aci d

ester. Thus; the Separation thod of the present invention is very
i ndustrial | 7-4iegf-Ulbutanel ag G mEd & fle MatediHepe BidPressure 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 (25°C), 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
15 obtained in the flask. From analysis results of 119Sn,IIrI,13C~I\H\/I]§{,
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy)-distannoxane 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-octyl-1,3-bis(Z-ethylbutyloxy)-distannoxane.
20 [0398] Step (1H-2): Production of carbonic acid ester and collection of
inactivated form composition of dialkyltin catalyst
Carbonic acid ester was produced in the confinuous production
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
25 material Metal Gauze CY, the

1,1,3,3-tetra-n-~octyl-1,3-bis(2-ethylbutyloxy)distannoxane produced
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Ref erence Signs List [0417] 101, 102, 103, 105: Reservoir 70104: Stirred
tank n .13, 14: Line , 209, 210: Reservoir 201: Thin-filmdistillation
apparatus 203, 206: Condenser 25204, 207: Reboiler 202, 205: Continuous
multi-stage distillation colum n 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34: Line 300, 301, 304, 305: Reservoir 302: Packed colum 303:
Condenser

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 160°C, 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 1321 and collected. The
purified 2-ethyl-1-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

20 1,1,3,3-tetra-n-octyl-1,3-bis(Z-ethylbutyloxy)distannoxane was obtained

from the lower part of the tower reactor 1302 and supplied to the

A

thin-film  distillation  apparatus 1303 through  the line ]
2-Ethyl-1-butanol was distilled off in the thin-film distillation apparatus
1303 and returned to the fower reactor 1302 through the condenser
25 1323, the line J8, and the line J4. The alkyltin alkoxide catalyst

composition was transported through the line I7 from the lower part of
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5306: Reboiler 31, 32, 33, 34: Line 400, 408, 409, 410: Reservoir 401:
Thin-filmdistillation apparatus 403, 406: Condenser 10404, 407: Reboiler
402, 405: Continuous nulti-stage distillation colum 41, 42, 43, 44, 45,
46, 47, 48, 49, AO A, 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 columm 603: Condenser 2060, 62, 63: Line 701, 702" 703, 706

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-octyl-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 120°C, 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

15 1306 adjusted to approximately 142°C and approximately 0.5 kPa, and
supplied with the flow rate of
1,1,3,3-tetra-n-octyl-1,3-bis(2-ethylbutyloxy)distannoxane adjusted to
approximately 6074 g/hr, to obtain a fraction containing
bis(2-ethylbutyl) carbonate, whereas evaporation residues were

20 circulated to the tower reactor 1302 through the line J13 and the line 14,
with the flow rate of

1,13 3-tetra-n-octyl-1,3-bis( Z-ethyvibutyloxyldigtannoxane  adjusted fo
approximately 6074 g/hr.  The fraction containing bis(Z-ethylbutyl)
carbonate was supplied at 959 g/hr through the condenser 1326 and the

25 line J14 to the distillation column 1307 that was filled with a packing

material Metal Gauze CY and equipped with the reboiler 1317 and the
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704: Stirred tank 705: Colum 71, 72, 73, 74, 75: Line 25801: Preheater
802: Continuous nmulti-stage distillation colum 803: Condenser 804:

Reboi | er 805, 806: Reservoir 81, 82, 83, 84, 85: Line 5901: Preheater
902: Continuous nulti-stage distillation colum 903: Condenser 904:

Reboi | er 905, 906: Reservoir 1091, 92, 93, 94, 95: Line

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 alkyltin
alkoxide catalyst composition from the line J13 by 980, "H,*C-NMR,
5 1,1,3,3-tetra-n-octyl-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
ghr  from  the  exfraction line  J16, whereas  the
10 1,1,3,3-tetra-n-octyl-1,3-bis(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
15 diphenyl 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 mol) of diphenyl carbonate (manufactured by Sigma-Aldrich Corp.,
20 USA}Y, 9.96 kg (106 mol} of phenol (manufactured by Sigma-Aldrich
Comp., USA), and 244 kg (21 moly of hexamethylenediamine
(roanutactured by Sigma-Aldrich Corp., USA)Y were used as raw
materials.
As a result of analyzing the reaction solution (a) by liquid
25 chromatography, N,N'-hexanediyl-bis-carbamic acid diphenyl ester
formed at a yield of 99.2%.
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1001: Thin-filmdistillation apparatus 1002, 1005: Continuous nulti-stage
distillation colum 1003, 1006: Condenser 1004, 1007: Reboiler 151008,

1009, 1010, 1011: Reservoir DO D1, D2, D3, D4, D5, D6, D7, D8, D9, EO, El,
E2, E3, E4, E5: Line 1100, 1108, 1109, 1110: Reservoir 1101: Thin-film
distillation apparatus 1102, 1105: Cbntinuous mul ti-stage distillation
colum 201103, 1106, 1111: Cbndenser F6, F7, F8, F9

1201, 1204: oir 1203 tirred SHI, H , H4,1-15: Lipe 1301,
1307" Bt sti [UARoNeBol . (a2 o JI Raringla ' s: dgsaapostiion — of
N,N'-hexanediyl-bis-carbamic acid dlphenyl ester and separation and

collection of isocyanate

Reactions were performed using the apparatus as shown in FIG.

The thin-film distillation apparatus 201 was heated to 220°C,
and the internal pressure was set to approximately 13 kPa. The
reaction solution (a) collected into the reservoir 105 in Step (a-1) was
heated to 150°C 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
dipheny! 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

20 through the line 22 from the thin-film distillation apparatus 201 was
continuously fed to the infermediate stage of the continuous multi-stage
distillation column 202 to perform the distillation separation of the
mixture (a) which was gas-phase components. The quantity of heat
necessary for the distillation separation was supplied by circulating the

25 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
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1302: Tower reactor 1303, 1306: Thin-filmdistillation apparatus 1304:

Aut ocl ave 1305: Decarbonator 51311, 1312, 1317: Reboiler 1321, 1323, 1326,
1327: Condenser J1, J2, 73,14, J5, J6, J7v, J8, J9, Jio, JI 1, J12,
J14, J15, J16, J17: Line CLAIMS 1. A nmethod for separating, with a
multi-stage distillation colum, a m xture containing an active
hydr ogen- cont ai ni ng conpound (A) and 5a conpound (B) that reversibl
with the acti

G st |1 at | o Bprer IR S FBT R0 rbaeronditlarinine oRpoura 109

J13,

y reacts
si ng:
and the

cormound, (R Tk RS LRI bR o e of o

10

15

25

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.
[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
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
32. The extracted amount at steady state was approximately 63 g/hr.
[0403] The solution extracted through the line 32 was a solution
containing approximately 99.8 wi% of hexamethylene diisocyanate.
The yield with respect to hexamethylenediamine was 46%.
[0404] [Comparative Example 2]

Step (b-1): Production of N,N'-hexanediyl-bis-carbamic acid

diphery! ester

Reactions were performed in the same way as in Step (1-1) of

Example 1 to obtain a reaction solution (b) containing
N,N'-hexanediyl-bis-carbamic acid diphenyl ester except that 12.2 kg
(57 mol) of dipheny! carbonate, 11.3 kg (120 mol) of phenol, and 2.55

kg (22 mol) of hexamethylenediamine were used as raw materials.
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10 that has a normal boiling point between a normal boiling point of the
active hydrogen-containing conpound (A) and a nornal boiling point of the
conmpound (B) and is chemically inactive for the active hydrogen-cont ai ni ng
conpound (A) and the conpound (B). 152. The net hod according to claiml1,
conprising supplying the mxture to an inactive |ayer conprising the

i nt er medi at e-boi | i ng-point inactive conpound (C), formed wthin the

Corpr o1 ng. KERI Ak cRaufite! et i Teedien AETRER Wl By lfue © °

wher ei 1t heC ORI UL reBRI ST s reBle pChs P Eafangier 25

pydr ogen- ol Aot SEESUTRIA i af T east one compound sel ected from the

Pyar ogen nalt 8] $pTne” metthad accor ol ATED any’ SABPORRRT, 1 cofs” ©

Feacti on of NE e BRRRAHIYF Sbr ERRRY A Sk G R e R R 1)
collection of isocyanate

Reactions were performed using the apparatus as shown in FIG

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
15 p-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.
20 [0408] The solution extracted through the line 32 was a solution
containing approximately 993 wi% of hexamethylene dilsocyanate.
The yield with respect to hexamethylenediamine was 42%,.
[0409] Incidentally, in the case where the normal boiling point of
hexamethylene diisocyanate is defined as Tb and the normal boiling
25 point of the hydroxy compound is defined as Ta, a normal botling point

Te of p-xylene was in Tec < Ta < Th.
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YRLHII NCZn (5 10wherein Rl represents one group selected fromthe
group consisting of an aliphatic group having 1 to 22 carbon atons and an
aromatic group having 6 to 22 carbon atons, and the group nay contain an
oxygen atom and/or a nitrogen atom Y represents an oxygen atomor a sul fur
atom Z represents one group selected fromthe group consisting of a 15
residue in which a hydrogen atom has been renoved fromthe -OH group of the
hydr oxy co , esi a hydrogen atom has been renoved from
the -SH gr g@gﬂ@g [t(ﬁanPﬁF ’IVG XEL“HE ea?l)rrati c thiol, and a hal ogen atom and n
represents an |nt of 10.. 2.0 t hod ordi ngcl.ai m.6; wherein
t he conpound repr {%&)bffPéP%Pa ?g)Nh@ ge f‘g{}%ﬁﬁ}% %qr@%rrpﬁl 4 bam c
acid ester ({J\/ﬂﬁﬁrelp § IS a sulfur atomand Z is a residue in which a

hydr ogen at e 58Eh removed fromthe - oH group of the hydroxy conpound.

For lﬂfa;r?é? s arRral Ret is%i?ﬁﬁ”ﬁﬁi@ S P Sl (P %f;ﬁdoxygﬁn
2o B oup. dPe Ry of oxid coilina e s FERAR. I o Rl RIS ST s,
herein | hmhszHgfédAéDdf&F&sc Hh% ASHUBIERY (3R N AL g edgoar ban ¢

acid ester obtal y reac a car ter an “or

X Lme S S S5 S M

am c aCI er i'$an car émc acl d ester

obt ai ned byys epgiifg o‘frh%§<a1r?c@h§’l SRR Pl WRFYu eESerav@ﬂ‘i’at@nQbéqr oxy

conpound.

[0411] As a result of analyzing the reaction solution (c¢) by liquid

10 chromatography, N,N'-hexanediyl-bis-carbamic acid diphenyl ester
formed at a yield of 98.6%.
[0412] Step (c-2): Thermal decomposition of

N,N'-hexanediyl-bis-carbamic acid diphenyl ester and separation and
collection of isocyanate

15 Reactions were performed using the apparatus as shown in FIG

Thermal decomposition was performed in the same way as in
Step (1-2) of Example 1 to obtain a mixture (¢) containing an isocyanate
and a hydroxy compound except that the reaction solution (c) obtained

20 in Step (c-1) was used instead of the reaction solution (1)

104131 Moreover, the separation and collection of the isccyanate were
performed in the same way as in Step (1-2) of Example (1) except that
1,2-diphenylethane  (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD., Japan) was fed at 0.2 kg/hr instead of

25 n-dodecane. A gas discharged from the top of the continuous

multi-stage distitlation column 205 was condensed in the condenser 206
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11. The nethod according to claim 10, wherein the N-substituted 15carbam c
acid ester is Nsubstituted aryl carbamate. 1.2. A nethod for producing an
i socyanate, conprising: a step of obtaining a m xture containing an

i socyanate and a hydroxy conpound by the thermal deconposition reaction of
an N-substituted carbam c 20acid ester; and a step of separating the

| socyanate fromthe m xture by the nmethod according to claim1l

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.
5 The 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
Tc of 1,2-diphenylethane was in Ta <Tb <Tc.
10 Industrial 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
20 104: Stirred tank

2

11,12, 13, 14 Line

2

105, 208, 209, 210: Reservoir

b

201: Thin-film distillation apparatus
203, 206: Condenser
25 204, 207: Reboiler

202, 205: Continuous multi-stage distillation column
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10

15

20

25

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

306: Reboiler

31,32, 33, 34: Line

400, 408, 409, 410: Reservoir

401: Thin-film distillation apparatus

403, 406: Condenser

404, 407: Reboiler

402, 405: Continuous multi-stage distillation column
41,42, 43,44, 45, 46,47, 48, 49, A0, A1, A2, A3, Ad: Line
500, 501, 502, 505: Reservoir

503: Stirred tank

504: Condenser

51,52, 53, 54, 55: Line

601, 604: Reservoir

602: Packed column

603: Condenser

60, 62, 63: Line

703, 702,703, 706: Reservoir

704 Stirred tank

705: Column

71,72,73,74,75: Line

801: Preheater

802: Continuous multi-stage distillation column
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803: Condenser

804: Reboiler

805, 806: Reservoilr

81, 82, 83, 84, 85: Line

901: Preheater

902: Continuous multi-stage distillation column

903: Condenser

904: Reboiler

905, 906: Reservoir

91, 92,93, 94, 95: Line

1001: Thin-film distillation apparatus

1002, 1005: Continuous multi-stage distillation column
1003, 1006: Condenser

1004, 1007: Reboiler

1008, 1009, 1010, 1011: Reservoir

DO, D1, D2, D3, D4, D5, D6, D7, D8, D9, EO0, E1, E2, E3, E4, ES: Line
1100, 1108, 1109, 1110: Reservoir

1101: Thin-film distillation apparatus

1102, 1105: Continuous multi-stage distillation column
1103, 1106, 1111: Condenser

1104, 1107 Rebotler

HI W2 F3, B4 F5 F6, 7T, FR FO, GO, G1, (2, G3, G4, (G5: Line
1201, 1204 Reservoir

1203 Stirred tank

H1, H2, H3, H4, H5: Line

1301, 1307: Distillation column
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1302: Tower reactor

1303, 1306: Thin-{ilm distillation apparatus

1304: Autoclave

1305: Decarbonator

1311, 1312, 1317: Reboiler

1321, 1323, 1326, 1327: Condenser

J1, 32, 33, J4, 15, J6, J7, 18, J9, J10, J11, Ji2, J13, J14, J15, 116, J17:

Line
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CLAIMS

1. 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) 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 the active hydrogen-containing compound (A) and the
compound (B), 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
thiol, and a hydrogen halide,

the compound (B) is an isocyanate and/or an isothiocyanate,

the intermediate-boiling-point inactive compound (C) is at least one kind
of compound selected from the group consisting of (1) hydrocarbon compounds
having a linear, 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;
(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 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 thioether bond; and (6) halides in which at least one
hydrogen atom constituting a hydrocarbon compound having a linear, branched,
or cyclic structure, or at least one hydrogen atom constituting an aromatic
hydrocarbon compound that may have a substituent comprising a hydrocarbon
group is substituted by a halogen atom.

2. The method according to claim 1, comprising supplying the mixture to
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an inactive layer comprising the intermediate-boiling-point inactive compound
(C), formed within the multi-stage distillation column.

3. The method according to claim 1 or 2, comprising supplying the mixture
in a gas state to the multi-stage distillation column.

4. The method according to any one of claims 1 to 3, wherein the mixture is
a mixture obtained by the thermal decomposition reaction of a compound
represented by formula (5):
[Chemical Formula 1]

Y

SlH O
R'-tN—C-2

n

(5)

wherein R! 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 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 1 to 10.

Ss The method according to claim 4, 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.

6. The method according to claim 4, 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.

7. The method according to claim 6, wherein the N-substituted carbamic
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acid ester is an N-substituted carbamic acid ester obtained by reacting a carbonic
acid ester and an organic primary amine.

8. The method according to claim 6, 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.

9. The method according to claim 8, wherein the N-substituted carbamic
acid ester is N-substituted aryl carbamate.

10. 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 acid ester; and a step of
separating the isocyanate from the mixture by the method according to claim 1.
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