DESCRIPTION [Title of Invention] METHOD FOR PRODUCI NG CARBONYL COVPOUND

[ Techni cal Field] [0001] The present invention relates to a nethod for
produci ng a carbonyl conpound, especially, a nmethod for producing an
N-substituted carbam c acid ester, andja.nethod for producing an isocyanate
using the N-substituted carbami c acid ester. [Background Art] [0002]

It has been known fromlong ago that an isocyanate and a hydroxy conpound
can be obtained by the pyrolysis of an_N-substituted carbam c acid ester.
The basic reaction thereof is repP@§EﬁF@EIBy the follow ng fornulae (a) and
(b): R(NHCOOR ) n(NCO n +nR OH(a) (R NHCOO nNCO+R (OH) n(b) wherein

[Title of Invention] METHOD FOR PRODUCING CARBONYL

COMPOUND

[Technical Field]
[0001]

The present invention relates toc a method for
producing a carbonyl compound, especially, a method for
producing an N-substituted carbamic acid ester, and a
method for producing an isocyanate using the N-

gubstituted carbamic acid ester.

[Background Art]
[c002]

It has been known from long ago that an isocyénate
and & hydroxy compound can be obtained by the pyrolysis
of an N-substituted carbamic acid ester. The basic
reaction thereof is represented by the following formulae
(a) and (b):

R (NHCOOR’ ) n =R (NCO) n +nR’ OH (a)
(R” NHCOO) n R—nR’ NCO+R (OH) n (b)
wherein

R represents an n-valent organic residue, R
represents a monovalent organic residue, and n represents
an integer of 1 or greater.

[0003}




R represents an n-val ent organic residue, R represents a nonoval ent
organic residue, and n represents an integer of 1 or greater. [0003] - 2 -
Vari ous studi es have been conducted so far, regarding a nethod for
producing an N-substituted carbam c acigl ester that is used as a raw
material . [0004] For exanpl e, Patent Docunent 1 describes a nethod
conprising reacting a primary diam ne and al cohol with urea or a carbonic

acid derivative in the presence of a catalyst to convert themto an
N-substituted cafbamEs atith et dieva hefdidanshictsat &t tBScument 2 descri bes

a nmet hod conprisi.ng producin isurea_froman i phatic primary pol yam ne,
urea and a!ggﬁﬁFglaﬁdatﬁﬁﬁhﬁgogﬂEiBﬁo%ﬂc$?%Lﬂﬂiﬁi%ﬁ%ﬁ&”&&ﬁﬁ%ﬂ?c aci d ester
fromthe bisyrea, MoLeoyeL, Patepl, Docuteny 2 descry fes. . et hod conprising
partially réacting uréa w al cohol"Tna Tirst step and then supplying a

diamne to i goﬁ?action product in a second step to produce an
N-substituted carbamc acid ester. [List of Prior Art Docunents] [Patent

Docurment ] [ 0005] pdPat et 10C WML dIndddherRatie e Na-1 EEL 34 16 At ent
Docunent 2] European Pat'ent Application Laid-COpen No. 0568782

comprising reacting a primary diamine and alcohol with
urea or a carbonic acid derivative in the presence of a
catalyst to convert them to an N-substituted carbamic
acid ester. In addition, Patent Document 2 describeg a
method comprising producing bisurea from an aliphatic
primary polyamine, urea and alcchol, and then producing
an N-substituted carbamic acid ester from the bisurea.
Moreover, Patent Document 3 describes a method comprising
partially reacting urea with alcohol in a first step and
then supplying a diamine to the reaction product in a
second step to produce an N-~substituted carbamic acid

ester.

[List of Prior Art Documents]

[Patent Document]

[0005]

[Patent Document 1] U.S. Patent No. 4713476

[Patent Document 2] European Patent Application Laid-Open
No. 0568782

[Patent Document 3] ZTuropean Patent Application Laid-Open

No. 0657420



[ Patent Document 3] European Patent Application Laid-Cpen No. 0657420
[ Sunmary of Invention] [Problens to be Sol ved by Invention] [0006] The
reaction formula of an N-substituted carbami c acid ester produced froma
prinmary amne, urea and al cohol used as raw naterials, is represented by
the followwng fornula (i): Initial-stage reaction (1)

[Summary of Invention]

[Problems to be Solved by Invention]

[0006]

The reaction formula of an N-substituted carbamic
acid ester produced from a primary amine, urea and

alcchol used as raw materials, is represented by the

following formula (i):

Initial-stage reaction
H H
HaN__ NH, RO, _N—R—N_ OR

HN—R—NH, 4+ 2 \ﬂ/ + 2RO “W’ “H/

0 0 0
(i)

[0G07]

At the initial stage of the reaction, a sufficient
amount of urea is present with respect to the primary
amine. However, at the late stage of the reaction, the
concentrations of both of the substances (the primary
amine and the urea) decrease, and the N-substituted
carbamic acid ester is present in a high concentration.
The cationicity of carbonyl carbon in the urea or
carbonic acid derivative ig low (since electrons are
donated from an NH; group or an alkoxy group). Moreover,
the difference in reactivity between the carbonyl carbon
of the N-substituted carbamic acid ester as a product and
the primary amine is small. Accordingly, unless a
largely excessive amount of urea is present with respect

to the primary amine, a reaction as shown in the



[0007] At the initial stage of the reaction, a sufficient anount of
urea is present with respect to the primary am ne. However, at the |ate
stage of the reaction, the concentrations of both of the substances (the
prinmary amne and the urea) decrease,_ and the N-substituted carbamc acid
ester is present in a high concentration. The cationicity of carbonyl
carbon in the urea or carbonic acid derivative is |low (since electrons are

donated froman NH2 group or an al kaxy group). reover, .the difference in
reactivity betveernd h@%%n&il)cd’f]g@n Fgﬁ‘ogf%sl\l-l\%u% S (Gt €d SEa%afc acid

ester as a product and the primary amine is small. Accordingly, unless a
| argel y exc€)§‘§!3€/‘:‘ea%%%t of urea is present with respect to the prinary
am ne, a reaction as shown in the -4 following fornmula (ii) will progress

at the late shwgstagb refigtione&eaction withtN-ssbstfetedecrrbait acd@stéron wi t h
N- substituted carbam c aciﬁie‘sﬂéer H2|\|-R+20nG?<IgD- 2 1r %
— OR' ' —R — KI [ - g OR'
Y T Y Y

HN—R—NHo + 2R©j( o Rojr R
o o

(i1)

[co08]

Specifically, the primary amine reacts with the N-
substituted carbamic acid ester as a product, so that it
degenerates to an undesired compound having an N,N-
disubstituted urea bond. In a case in which a polyamine
is used, since each amino group successively reacts,
reactions for generating various degenerated products
other than that shown in the above formula {(ii) may occur.
Examples of such reactions include a reaction of
generating an isocyanate according to the following
formula (iii) and a reaction of the generated isocyanate
with urea according to the following formula (iv). It is
considered that, as the N-substituted carbamic acid ester
is accumulated and the concentration of the urea is
decreased, such reactions of generating these degenerated

products extremely easily progress.

Late-stage reaction: Generation of isocyanate

H-——R—H OR'

RO
\CI)( \c[)‘/ ----—-——-—-—h-” — OCN—R—NCO

(111)



-R-R 0O [0008] Specifically, the primary am ne reacts with the
N-substituted carbam c acid ester as a product, so that it degenerates to
an undesired conpound having an N, Ndi substituted urea bond. In a case in
whi ch a pol yam ne is used, since each am no group successively reacts,
reactions for generating various degenérated products other than that shown
in the above fornula (ii) may occur. Exanples of such reactions include a
reaction of generating an isocyanate according to the follow ng formula

(i) and a negskst @%Cﬁﬁﬁ|@§ﬂ%bﬁwﬂﬁnb§@f¥ﬁﬂ@te w th urea according to the
following formula (1v). It is considered that, as the N-substituted -

carbam c acjg_gst @{ I s aggymyl ated_and the copcentrigt o of utl e urea i's
decreased, such reactions of generatlng these deggﬁeratedgp
n

extrenely easily progress. Late-stage reaction erati |socyanate
-5 Late-stagg {gaction: Reaction with isocyanate HHH H2 NR -NH2 + 2 0 C
N-R -NCOOCN-R -HN N-R -N N-R -NC 0

[0009]

Naturally, on the bases of the principles of the
formula (ii), formula (iii), and formula {(iv), high-
molecular-weight products, which are further polymerized,
are also generated. These compounds each having an N,N'-
disubstituted urea bond, which are generated as a result
of the degeneration, have low reactivity, and thus, it is
difficult to re-add the dissociated alcchol. Such a
reaction of re-adding alcohol may occur at a high
temperature. In a high temperature range, however, an
isocyanate begins to be generated as a result of the
pyrolysis of the N-substituted carbamic acid ester, and
it results in causing a wider variety of side reactions.
[0010]

Since a high-molecular-weight product generated as a
result of the above described reaction has extremely low
solubility in a solvent or the like, there are many cases
in which adhesion of the high-molecular-weight product to
a reaction vessel, solidification of the high-molecular-
weight product, and the like occur. Accordingly, the
conventional method for producing the N-substituted
carbamic acid ester is not considered to be an

industrially satisfactory method. In order to overcome



(i v) [0009] Naturally, on the bases of the principles of the fornula
(ii), formula (iii), and formula (iv), highnolecul ar-wei ght products, which
are further polynerized, are al so generated. These conpounds each havi ng an
N, N - disubstituted urea bond, which arg generated as a result of the
degeneration, have low reactivity, and thus, it is difficult to re-add the
di ssoci ated al cohol. Such a reaction of re-adding al cohol may occur at a

hi gh tenperature. In a high tenperature range, however, an isocyanate

begi ns to b8ugenerBrellad, a2 reakied of Otbel DI BTG Het MK st i t ut ed
carbam c acid ester, and it results in q@usgqg%g}mﬁde ariety of, side
reactions. [FBOTOF PFiMaly @BLRe hi YheFotReutar< ghefncibr tr%ae%%lr% ed as a
result of t above_descrjbed reaction has-extrenely, S, plity in a
sol vent or Fﬁg g?ﬁg?e?hg%tga?%co %% %%S%EO?¥F%Wﬁ%$$eﬁ#égﬁ%ﬁﬁégathe

hi gh- nol ecul.ar ;s wei gh o] to A Leacti e T ion of the
hi gh- nol ecu %%3§ﬁ%gtgﬁ?éd%%?%ranﬁﬁ%%g f%k%go%%%éfﬁggig%%ﬁ%% %@gphe
Conve“t'Q“abogE&BQG hor praduei Rg thes NosuRSLi bl £d. CUIRRMG agid ester is
not considered to be an industrially satisfactory nethod. In order to

OVercome - pft+hogUeAsanBt obkentvar ABLA0EHE OAPETST AGs PF DT gl etir ea from
a primary am ne, urea and al cohol, and then reacting the bisurea with

al cohol to predueecamsNusvhsprbatedicar bantne ani slest erutevdhi chirbsmbs
described in Patent Docunment 2 or the like, has been studied. However, this
met hod has netidyetstever cone the above descri bed problemthat occurs upon
production of the N-substituted carbam c acid ester. [Means for Sol ving
Probl ens] [0011] Hence, as a result of intensive studies directed

t owar ds overcomi ng the aforenenti oned problem the present inventors have
found that tlNeagBoFerdéeeitbedPpPEbEBRI can be overcone by a nethod for
produci ng a carbonyl conpound, conprising reacting a specific conpound
havi ng a urd&%3dnd with a carbonic acid derivative under heating at a

e U heng T thehgeorall FrELatierot ienl DELIBL SLas08L Atlon denperature of

the urea bond of i ¢ conpound. ve e inventors have al so

found that the-3have.deseriiRed RLoDELAaN DEaNCLEaRRY Bnet hod for

producing an st tut am c acid ester man organic prinmary
am ne, a hydiQue GonRURG orandadeCathani ¢naei dnderbyabi ¥esUsedeas raw

materials, cCconprising reacting a specific conpound having a urea bond with

a carbonic agidhider ickal e ovedecmdeati agmathadt espepabaneiagual to or
carbonyl compound, comprising reacting a specific
compound having a urea bond with a carbonic acid
derivative under heating at a temperature egual to or
higher than the thermal dissociation temperature of the
urea bond of the specific compound. Moreover, the
inventors have also found that the above described
problem can be overcome by a method for producing an N-
substituted carbamic acid ester from an organic primary
amine, a hydroxy compound, and a carbonic acid derivative
used as raw materials, comprising reacting a specific

compound having a urea bond with a carbonic acid

derivative under heating at a temperature equal to or



7 hi gher than the thernal

the specific compound, thereby conpleting the present invention.

Speci fi cal

|y, the present invention is as follows. [0012] [1]

nmet hod for producing a carbonyl corrpqugdL conprising a step (X) of
a conmpound having a urea bond represented by a formula (1) as shown bel ow

with a carbonic acid derivative having a carbonyl

di ssoci ation tenperature of the urea bond of

A
reacting

group (-C(.0)-) under

heating at a tenmperature equal to or higher than the thermal dissociation
t enper at ur &g ath&hgne&Nsodermagbtaisaorhetéanboaybecotpoandf OhkH( 1)

The net hod for producing the carbonyl conpound accordi ng
to [1] abovESawhers Rt héesERPFCiR)ici sorRPEREd 6BETERYT iemebekisbence of a

hydroxy compound. LI vention.

[0013] [2]

Specifically, the present invention is as follows.

[o012]
[1]

A method for producing a carbonyl compound,
comprising a step (X) of reacting a compound having a
urea bond represented by a formula (1} as shown below
with a carbonic acid derivative having a carbonyl group
{-C(=0)-) under heating at a temperature equal to or
higher than the thermal dissociation temperature of the

urea bond to obtain the carbonyl compound:

//ji\
H H (1)
{0013]
[2]

The method for producing the carbonyl compound
according to [1] above, wherein the step (X) is carried
out in the coexistence of a hydroxy compound.

[0014]
[3]

The method for producing the carbonyl compound

according to [1] or [2] above, wherein the carbonyl

compound comprises an N-substituted carbamic acid ester.



[3 ] The nmethod for producing the carbonyl conpound according to [1]
or [2] above, wherein the carbonyl conmpound conprises an N-substituted
carbam c acid ester. - 8 - [0015] [4] The net hod for producing the
carbonyl conpound according to any one %I_[lj to [ 3] above, wherein the
carbonic acid derivative is urea or an unsubstituted carbam c acid ester.
[0016] [5] The method for producing the carbonyl conpound accordi ng
to any one of [11 to [ 3] above, wherein the carbonic acid derivative is a
carboni c acil@0&8ter. [0017] [6]
[4]
The method for producing the carbonyl compound
according to any one of [1] to [3] above, wherein the
carbonic acid derivative ig urea or an N-unsubstituted
carbamic acid ester.
[0016]
[5]
The method for producing the carbonyl compound
according to any one of {1] to [3] above, wherein the
carbonic acid derivative is a carbonic acid ester.
[0017]
[6]
The method for producing the carbonyl compound
according to any one of [1] to {5] above, wherein the
compound having the urea bond is a compound represented
by a formula (2) as shown below, which is produced from

raw material ingredients comprising an organic primary

amine and a carbonic acid derivative:

0

PN

RN N—R?2
H H (2)

wherein

R* and R? each independently represent an organic
group comprising a group derived from the organic primary
amine.

[0018]



The met hod for producing the carbonyl conpound according to any one of [1]
to [5] above, wherein the conpound having the urea bond is a conpound
represented by a fornula (2) as shown bel ow, which is produced fromraw
mat erial ingredients conprising an ong@ntc primary am ne and a carbonic

acid derivative: 0 RI-NN--R2 HH(2) wherein R1 and R2 each

i ndependently represent an organi c group conprising a group derived from

t he organictﬁrinary amne. [0018] -9 [ 7] The net hod for producing
t he carbonyﬁ]conpound according to any one of [1] to [5] above, wherein the

conmpound havi ng %he urea bond is a pol yurethane-urea copol yner.
The method for producing the carbonyl compound

according to any cne of [1] to [5] above, wherein the
compound having the urea bond is a polyurethane-urea
copolymer.
[c0189]
[8]

The method for preoducing the carbonyl compound
according to [1] above, wherein

the carbonic acid derivative is a phosgene, and

the carbonyl compound comprises a compound having a
group represented by the following formula (3):

O

N

—N Cl
H (3)

The method for producing the carbonyl compound
according to [8} above, wherein the compound having the
urea bond is a compound produced from an organic primary
amine and a phosgene.

[(0021]
[10]

The method for producing the carbonyl compound
according to any one of [1] to [9] above, wherein the
step (X} is carried out in a disgtillation column.

[0022]



[0019] [ 8] The net hod for producing the carbonyl conpound according to

[ 1] above, wherein the carbonic acid derivative is a phosgene, and t he
carbonyl conpound conprises a conpound having a group represented by the
followng formula (3): 0 ---N-C (3) .[9020Q] [8] The net hod for

produci ng the carbonyl conpound according to [8] above, wherein the
conpound having the urea bond is a conpound produced from an organic
primary ani?fl?nd a phosgene.

A method for producing an isocyanate, comprising a
step of subjecting a carbonyl compound obtained by the
production method according to any one of [1] to [10]
above to a pyrolytic reaction to produce the lsocyanate.
[0023]

[12]

The method for producing the carbonyl compound
according to any one of [1] to [10} above, wherein

the step (¥X) is carried out using a distillation
column comprising a supply port A, a supply port B, and a
discharge port C;

the step (X) comprises steps of:

supplying raw wmaterial ingredients comprising the
compound having the urea bond, or raw material
ingredients comprising a precursor of the compound having
the urea bond, to the distillation column via at least
one supply port A,

suppliving the carbonic acid derivative to the
distillation column via at least one supply port B, and

recovering a generated mixture comprising a carbonyl
compound via at least one discharge port C disposed at a
lower part of the distillation column; and

the at least one supply port B is disposed at a
position the same as or lower than the supply port A,

the at least one discharge port C is disposed at a

position the same as oxr lower than the supply port B, and



[0021] [10] The net hod for producing the carbonyl conpound accordi ng
to any one of [1] to [9] above, wherein the step (X) is carried out in a
distillation colum. [0022] - 10 - A nmet hod for produci ng an

i socyanate, conprising a step of subief%ipg a carbonyl conpound obtai ned by
t he production nethod according to any one of [1] to [10] above to a
pyrolytic reaction to produce the isocyanate. [0023] [12] The et hod
for producing the carbonyl compound according to any one of [1] to [10]
above, wherein & tempgagueg OX) the dastiédablionusphgma aft stihédghon col um

conprising a supply port A a supply port B, and a discharge port C, the
step (X cdﬁ%rk§%§¥§i 5 gLt B 1s e§@66l Jon§Tr BwIhaEeFhan Ehgredi ent s

conprisin the [ und havi.ng the urea bond, or raw materi al
Al 9 rméyngissoélatlo temperature of the urea bond in the

compound having the urea bond.
[0024]
[13]

The method for producing the carbonyl compound
according te {12] above, wherein the precursors of the
compound having the urea bond are an organic primary
amine and a carbonic acid derivative.

[0025]
(14]

The method for producing the carbonyl compound
according to [12] above, wherein the precursor of the
compound having the urea bond is a compound having a
ureido group represented by the following formula (4):

0

The method for producing the carbonyl compound
according to any one of [12! to [14] above, wherein the
raw material ingredients to be supplied via the supply
port A further comprise hydroxy compound.

0027}

(16]



i ngredi ents conprising a precursor of the conpound having the urea bond, to
the distillation colum via at | east one supply port A, supplying the
carbonic acid derivative to the distillation columm via at |east one supply

port B, and recovering a generatgd mi xture conprising a carbonyl
conpound via at |east one discharge port C disposed at a | ower part of the
distillation colum; and the at | east one supply port B is disposed
at a position the sanme as or |ower_than the supply port t he at

| east one di schafie %WO® fayr cﬁi%cit%%cédl%t SN CRED §’éﬂt‘?é1 as or | ower
than the supply port %gerature of the distillation colum
at a helghtaSFOFﬁénguBBI$ %hr?bﬁy?s %o or higher than t he thermal

di ssoci ation tenperature of th urea bond .in th |n the ur ea
bond. [0024] [13f5¢ Ta¥ MFyRrih nd@IHr BHoudS (n%ge %%ggr onyl g:orrpound
according to [13], abpye, &@sr%&&gee&r B9 UL S058, Ot hien cprpound  hiavi ng. the
urea bond are ganic prinmary amne a a carbonic acli der|vat|ve

described below, and

the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a
hydroxy compound:
combination (i): an organic primary amine, urea, and a
hydroxy compound; or
combination (ii): a hydroxy compound and a compound
having a ureido group represented by the following

formula (4):

0O

PN

—N NH2
H (4)

[0028]
[17]

The method for producing the carbonyl compound
according to [12] above, wherein

the raw material ingredients to be supplied via the
supply port A are indicated by combination (iii): an
organic primary amine, a carbonic acid ester, and a
hydroxy compound, and

the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a

hydroxy compound.



[ 0025] [ 14] The nethod for producing the carbonyl conpound accordi ng
to [12] above, wherein the precursor of the conpound having the urea bond
is a conpound having a ureido group represented by the follow ng fornula
(4): 0 NNH2 (4) [0026] [15] The met hod for producing the carbonyl
conpound according to any one of [12] to 114] above, wherein the raw
material ingredients to be supplied via the supply port A further conprise
hydr oxy conpound. [0027] [ 16]
[0029]
(18]
The method for producing the carbonyl compound
according to [12] above, wherein
the raw material ingredients to be supplied via the
supply port A are indicated by combination {(iv): a
polyurethane-urea copolymer and a hydroxy compound, and
the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a
hydroxy compound.
{0030]
[19]
The method for producing the carbonyl compound
according to any one of [12] to [18] above, wherein a
hydroxy compound is further supplied to the distillation
column via the supply port B.
[0031]
[20]
The method for producing the carbonyl compound
according to any one of {12] to [19%] above, wherein
the distillation column comprises a plurality of the
supply ports B, and
a mixture of a carbonic acid derivative and a
hydroxy compound is supplied to the distillation column
via the plurality of supply ports B.
[0032]

[21]



- 12 - The net hod for producing the carbonyl conpound according to
[12] above, wherein the raw material ingredients to be supplied via
the supply port A are indicated by a conbination (i) or (ii) described

bel ow, and the mxture to be recoygred via the discharge port C
conprises an N-substituted carbam c aC|§ ester and a hydroxy conpound:
conbination (i): an organic primary am ne, urea, and a hydroxy conpound; or
conbination (ii): a hydroxy conpound and a conpound_havi ng a ureido group
represented by tThe fisithed ded srmadug ing) the CRTRARYE4FOPBODBE

according to [12] above, wherein

the distillation column further comprises a
condenser;

the method further comprises a step of condensing a
portion of gas discharged from a top of the distillation
column using the condenser to obtain a condensate;

a hydroxy compound is further supplied to the
distillation column via the supply port A and/or the
supply port B;

the carbonic acid derivative to be supplied via the
supply port B is urea and/or an N-unsubstituted carbamic
aclid ester;

the gas discharged from the top of the distillation
column comprises a compound having a carbonyl group
derived from the carbonic acid derivative and/or a
compound having a carbonyl group derived from the
compound having the urea bond, & hydroxy compound, and
ammeonia; and

the condensate comprises a compound having a
carbonyl group and a hydroxy compound.

[0033]
(22]

The method for producing the carbonyl compound
according to [21] above, wherein a part of or an entire
condensate is circulated inside the distillation column.

[o034]



[17] The nethod for producing the carbonyl conpound according to [12]
above, wherein the raw material ingredients to be supplied via the
supply port A are indicated by conbination (iii): an organic primry am ne,
a carbonic acid ester, and a hydroxy compound, and the mixture to be _
recovered via the discharge port C co ?ises an N-substituted carbamic acid
ester and a hydroxy conpound. - 13 - [0029]
(23]
The method for producing the carbonyl compound
according to {[21] above, wherein a part of or an entire
condensate is suppliied to the distillation column via the
supply port B.
[0035]
{24]
The method for producing the carbonyl compound
according to [21] above, wherein a part of or an entire
condensate is recycled as a raw material ingredient for
producing a compound having a ureido group represented by

the following formula (4):
O

The method for producing the carbonyl compound
according to [21] above, further comprising a step of
reacting the ammonia comprised in the gas discharged from
the top of the distillation column with carbon dioxide to
produce urea, the urea being recycled.

{0037]
[26]
The method for producing the carbonyl compound

according to any one of [6], [9], (131, [16], and [17]



[ 18] The net hod for producing the carbonyl conpound according to
[12] above, wherein the raw material ingredients to be supplied via
the supply port A are indicated by conbination (iv): a polyurethane-urea
copol ynmer and a hydroxy conpound, and ;5 . the mxture to be recovered via
t he di scharge port C conprises an N-substituted carbamc acid ester and a
hydr oxy conpound. [0030] [19] The nmethod for producing the carbonyl
conmpound according to any one of [12] to, [18] above, L wherein a hydroxy
conpound i s2PaVEherR8LBHNI BHSt DT TR di BY +TREY | Y- tol tinf VA RNWE Suppl y port

B. [0031] [20 The pet hod. for, progduci t car bonyl conpound
accor di ng t6€gﬁ958H583fEY1g§etgofgngg o€%¥m€£%rgfh' the distillation

colum conprises a plurality of the supply ports B, and

R3-€NH2>

a (5)

wherein

R’ represents an organic group containing 1 to 85
carbon atoms, and

a represents an integer from 1 to 10.
fco3s]

[27]

The method for producing the carbonyl compound
according to any one of [2] and [15} to [21] above,
wherein

the hydroxy compound is an aromatic hydroxy compound,
and

the carbonyl compound comprises an N-substituted
carbamic acid-0O-aryl ester represented by the following

formula (&) :

3 H i
R*+N—C—O—Ar
(6)

wherein
R’ represents an organic group containing 1 to 85

carbon atoms,



a mxture of a carbonic acid derivative and a hydroxy conpound is supplied
to the distillation colum via the plurality of supply ports B. [0032] [21]
- 14 - The net hod for producing the carbonyl conpound according to
[ 12] above, wherein the distillation colum further conprises a
condenser; t he met hod further cbnﬁ ises a step of condensing a portion
of gas discharged froma top of the distillation colum using the condenser
to obtain a condensate; a hydroxy conpound is further supplied to the
distillation columrepirasensssapplpupoferAvaddfoomt he suppiyiport B;
the carbonic acid derivative to be supplied via the supply port Bis urea
and/ or an NOFHEUBStGR@Edbarbeific igciad rtestidne obtainpHebyagemioydhagr ged
fromthe top of the distillation colum conprises a conpound having a
carbonyl grdth HEHYBY FIBM e & Bofreatile doFreati vemaryner angonpound
havi ng a carbon§I group derived,fron1th% conEound havi ng the urea bond, a
r rom to 10.

hydroxy conpoun Ry CERTOR 37 ahgeger
[0039]

[28]

The method for producing the carbonyl compound
according to any one of {2} and [15] to [21] above,
wherein

the hydroxy compound is alcohol, and

the carbonyl compound comprises an N-subsgtituted
carbamic acid-0O-alkyl ester represented by the following

formula (7):

RO-HN—C-0—R¢
(7)
wherein

R’ represents an organic group containing 1 to 85
carvon atoms,

R* represents a group derived from alcohol, which is
a residue obtained by removing one hydroxy group from the
alcohol, and

¢ represents an integer from 1 to 10.
[0040]

(29}



t he condensate conprises a conpound having a carbonyl group and a hydroxy

conpound. [0033] [22] The nmethod for producing the carbonyl conpound
according to [21] above, wherein a part of or an entire condensate is
circulated inside the distillation colypn.. [0034] - 15 - [23] The

met hod for producing the carbonyl conpound according to [21] above, wherein
a part of or an entire condensate is supplied to the distillation colum
via the supply port B. [0035] [ 24] . The net hod for producing the

car bonyl conpounthacestlphgt e graduabsy hatrerdionyd FaMPosi%r an entire

condensate is recycled as a raw material ingredient, for producing a
conpound ha@Pﬁ@rélﬂEeFﬁo[éﬁbuﬁb?%%reg%ﬁ¥%@FtﬁoT9ﬁ9$%ﬁgcﬁM%ﬁfHcﬁgula (4):

reacting the N-substituted carbamic acid-0-alkyl ester
with an aromatic hydroxy compound to obtain an N-
substituted carbamic acid-O-aryl ester represented by the

following formula (6) and alcohol:

H
R3+N—C-0—Ar

wherein

R® represents an organic group containing 1 to 85
carbon atoms,

Ar represents a group derived from an aromatic
hydroxy compound, which is a residue obtained by removing
one hydroxy group from the aromatic hydroxy compound, and

b represents an integer from 1 to 10.

[0041]
[30]

A method for producing an isocyanate, comprising a
step of subjecting an N-substituted carbamic acid-O-aryl
ester obtained by the production method according to [27]
or [29] above to a pyrolytic reaction to obtain a product
comprising an isocyanate and an aromatic hydroxy compound.
fo042]

[31]



O -N NH2 (4) [0036] [25] The nmethod for producing the carbonyl
compound according to [21] above, further conprising a step of reacting the
anmoni a conprised in the gas discharged fromthe top of the distillation
colum with carbon dioxide to produce g ea, the urea being recycled. [0037]
[ 26] The net hod for producing the carbonyl conmpound according to any
one of [6], [9], [13], [16], and [17] - 16 -

The method for producing the carbonyl compound
according to any one of {2] and [15] to [21] above,
wherein the hydroxy compound is alcohol obtained by the
production method according to [29] above.

[0043]
[32]

The method for producing the carbonyl compound
according to any one of [2], [15] to [21], and [29] above,
wherein the hydroxy compound or the aromatic hydroxy
compound is an aromatic hydroxy compound obtained by the
production method according to [30] above.

[0044]
[33]

The method for producing an isocyanate according to
[3¢] above, further comprising a step of separating the
product cbtained by the pyrolytic reaction into a gaseous
phase ingredient and a liguid phase ingredient and then
recovering a part of or an entire ligquid phase ingredient,
wherein

the ligquid phase ingredient comprises a compound
having a urea bond.

[0045]
[24]

The method for producing the carbonyl compound

according to [1] above, wherein the compound having the

urea bond is a compound having a urea bond comprised in



above, wherein the organic primary amne is a conpound represented by the
followng formula (5): R3-(NH2 a(5) wherein R3 represents an organic
group containing 1 to 85 carbon atonms, and a represents an integer from1l
to 10. [0038] [27] The method fokyproduci ng the carbonyl conmpound
according to any one of [2] and [15] to [21] above, wherein the hydroxy
conpound is an aromati c hydroxy conpound, and t he carbonyl conpound

conprises an N-substituted carbam c acid-O ary|] ester represented by the
fol | owi ng fBReulha@ky phase ingredient obtaingg by the pﬂ%ducglon y

method according to [33] above.

[Advantages of Invention]
[0046]

According to the method for producing the carbonyl
compound of the present embodiment, a compound having a
carbonyl group derived from a carbonic acid derivative
can be efficiently produced from a compound having a urea
bond and a carbonic acid derivative. In particular,
since a compound having a urea bond cbtained as a by-
product can be converted to an N-substituted carbamic
acid ester in a method for producing an N-substituted
carbamic acid ester, such an N-substituted carbamic acid
ester that is preferably used in the production of an
isocyanate can be produced at a high yield. In additiomn,
a carbonic acid derivative that has been excessively used
in the reaction can be recovered and recycled, so that an
N-substituted carbamic acid ester can be further
efficiently produced without impairing the amounts of a
carbonic acid derivative and an organic primary amine

uged.

[Brief Description of Drawings]

[0047]



R3--\NC-O0 -Ar , HH 7 0 (6) wherein R3 represents an organi c group
containing 1 to 85 carbon atons, - 17 - Ar represents a group derived
froman aromati c hydroxy conmpound, which is a residue obtained by renoving
one hydroxy group fromthe aromatic byﬁi{o_xy conpound, and b represents an
integer from1l to 10. [0039] [ 28]

[Figure 1] Figure 1 is a schematic view showing an

example of the reaction apparatus used in the production

method of the pregent embodiment.

[Figure 2] Figure 2 is a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Figure 3] Figure 3 is a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Figure 4] Figure 4 is a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Figure 5] Figure 5 is a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Figure 6] Figure 6 is a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Figure 7] PFigure 7 ig a schematic view showing an

example of the reaction apparatus used in the production

method of the present embodiment.

[Mode for Carrying Out Invention]
[0048]

Hereinafter, the embodiment for carrying out the
present invention (hereinafter referred to as "the

present embodiment") will be described in detail. It is



The met hod for producing the carbonyl conmpound according to any one of [2]
and [15] to [21] above, wherein the hydroxy conmpound is al cohol, and

t he carbonyl conpound conprises an N-substituted carbam c acid-O al kyl

ester represented by the following forpyla (7): O RN--G--OR4 (7) wherein
R3 represents an organic group containing 1 to 85 carbon atons, R4
represents a group derived fromal cohol, which is a residue obtained by

renovi ng one h%droxy group fromthe al cohol, and c represents an integer
from1l to 10o be noted that the present invention is not limited to

the following embodiment, and that it can be carried out
in various modified forms within the range of the gist
thereof.

[0049]

<< Nomenclature of compounds used in the present
empodiment, etc. >>

First of all, the nomenclature of compounds used in
the present embodiment, etc. will be described.

[0050]

In the present specification, as compound names,
names that are based on the regulations described in the
Nomenclature (IUPAC Nomenclature of Organic Chemistry)
defined by IUPAC (The International Union of Pure and
Applied Chemistry) are used in many cases. The
aforementioned regulations are based on Recommendations
on Organic & Biochemical Nomenclature. Hereinafter, when
the IUPAC regulations, and the Nomenclature regulations
defined by IUPAC (except for the case of particularly
citing IUPAC recommendation in other business years,
etc.) are applied in the present application, there is
cited "Yuki Kagaku/Seikagaku Meimeihou (Nomenclature of
Organic Chemistry/Bicochemistry}" (Nankodo Co., Ltd.,

Japan, Revised 2™

edition, 1992), which ig based cn
"Edition 1980" that is on the basis of Recommendations
1979 and includes all of the regulations for organic

chemistry and biochemistry and the regulations regarding



[0040] [29] - 18 - The nethod for producing the carbonyl conpound
according to [28] above, further conprising a step of reacting the
N-substituted carbam c acid-O al kyl ester with an aromati c hydroxy conpound
to obtain an N-substituted carbanmc gc'g-_OaryI ester represented by the
following fornula (6) and al cohol: O URNGCOA (6) wherein R3
represents an organic group containing 1 to 85 carbon atons,

translation into Japanese, published as a supplementary

volume of "Kagaku no Ryoiki (Field of Chemistry)," and

which includes all of the subsequent revisions and

recommendations. The term "organic" is used herein to

mean a general group of compounds that are congidered as

targets of the nomenclature disclosed in the

aforementioned publiication. The targets may be the same

as those described in the recommendations published in

1993. However, the "organic" compound as a target of the

above described Nomenclature also includes organic metal

compounds and metal complexes. In the present embodiment,

"organic" and/or "organic groups" and/or "substituents,"

as well as the compounds used in the present embodiment

will be described below. 8uch compounds are constituted

with atoms excluding metal atoms and/or semi-metal atoms,

unless otherwise specified. More preferably, "organic

compoundg, " "organic groups," and "substituents" that are

constituted with atoms selected from among H (hydrogen

atom), C {carbon atom), N (nitrogen atom), O (oxygen

atom), S {gulfur atom), Cl (chlorine atom), Br (bromine

atom), and I (iodine atom), are used in the presgent

embodiment.

{00511

Moreover, in the subsequent descriptions, the terms
"aliphatic" and "aromatic" will be frequently used. In

accordance with the above-mentioned IUPAC Regulations,

organic compounds are classified into aliphatic compounds



Ar represents a group derived froman aromatic hydroxy conmpound, which is a
resi due obtai ned by renoving one hydroxy group fromthe aromati c hydroxy
conmpound, and b represents an integer from1l to 10. [0041] [ 30] A

met hod for producing an isocyanate, copprising a step of subjecting an
N-substituted carbam c acid-Oaryl ester obtained by the production nethod
according to [27] or [29] above to a pyrolytic reaction to obtain a product

conprising an isocyanate and an_aromati c _hydroxy conpound. [0042 31 -
19 - FRE AEPHBELE of OPP VUYL ng e a&é’%’@@ﬁ)ﬂc 58&’%8&?1&%%’5& d? n(E] t!) any

obt ai ned by SER4PBRORBRER off oo B B OF el T T 5T 20T S ddu e Lo0adf [32]
the Recommendations, the aliphatic compounds are defined
as "linear or cyclic, saturated or unsaturated carbon
compounds, excluding aromatic compounds." Furthermore,
the aliphatic compounds used in the descriptions of the
present embodiment incliude all of saturated and
unsaturated, linear and cyclic compounds, and indicate
the above described "organic compounds," "organic
groups," and "substituents" that are constituted with
atomg selected from among E (hydrogen atom); C (carbon
atom); N (nitrogen atom); O (oxygen atom}; S (sulfur
atom); Si (silicon atom); halogen atoms selected from
among Cl (chlorine atowm}, Br (bromine atom), and I
{iodine atom).

[0052]

When an aromatic group binds to an aliphatic group
as in the case of an "aralkyl group," such a group is
often referred to as an "aliphatic group substituted with
an aromatic group," an "aromatic aliphatic group," or an
"gromatic group-binding aliphatic group." This is based
on the reactivity in the present embodiment, and this is
because the properties of a group such as an aralkyl
group regarding reactivity are extremely similar, not to
the reactivity of aromatic compounds, but to that of
aliphatic compounds. Further, there may be cases in

which a non-aromatic reactive group including an aralkyl



The met hod for producing the carbonyl conpound according to any one of [2],
[15] to [21], and [29] above, wherein the hydroxy conpound or the aronmatic
hydr oxy compound is an aronatic hydroxy conpound obtai ned by the production
met hod according to [30] above. [0044] %33] The net hod for producing
an isocyanate according to [30] above,“further conprising a step of
separating the product obtained by the pyrolytic reaction into a gaseous
phase ingredient and a |liquid phase ingredient and then recovering a part
of or an entiqup lamguiedr phdsd ignmguediientftehereiferred tothe hihqui d phase

i ngredi ent conprises a conpound having a urea bond. [0045] [34] The nethod
for produci g THE 4 BENAP epvionad laceobditaguted] Yitabavearanateéicn t he
conmpound havi ng the urea bond is a conpound having a urea bond conprised in

group, " an "aliphatic group substituted with an aromatic
group, " an "aromatic group-binding aliphatic group," etc.,
and in which these groups are included in "aliphatic
groups. "

[cos3]

When the general formulae of the compounds used in
the present specification will be described, they are
defined using the Nomenclature Regulations defined by the
above desgcribed IUPAC. However, as names of specific
groups and names of exemplified compounds, trivial names
are often used. In addition, the number of atoms, the
number of substituents, and other numbers are all
indicated as integers in the pregent specification.

[0054]

When the substituents and compounds exempiified in
the present specification have structural isomers, these
structural isomers are included in the scope of the
present invention, unless otherwise specified.

[0055]
<< Method for producing carbonyl compound >»>

The method for producing the carbonyl compound of
the present embodiment comprises a step (X) of reacting a
compound having a urea bond represented by a formula (1)
as shown below with a carbonic acid derivative having a

carbonyl group (-C(=0)-) under heating at a temperature



- 20 - the liquid phase ingredient obtained by the production nethod
according to [33] above. [Advantages of Invention] [0046] According to
t he net hod for producing the carbonyl conmpound of the present enbodinent, a
conpound having a carbonyl group derived froma carbonic acid derivative
can be efficiently produced froma conpound having a urea bond and a
carbonic acid derivative. In particular, since a conpound having a urea
bond obt ai ned as a byproduct can be converted to an N-substituted carbamc
aci d ester PaUalnBPhoH RFHINHF oBRT ngtan- eSS td iR aarBhani ¢ acid ester,
such an N-substituted carbam c acid ester tq%t is preferably used in the
producti on bEMBATREBEGanat eMEai B BrFdUR > H i %ﬁéh?ﬁ&q n addition, a
carbonic acid derivative that has been excessively used in the reaction can
be recovereﬁoﬁﬁauPééycled, so that an N-substituted carbamic acid ester can
be further efficiently produced w thout inpairing the anbunts of a carbonic
acid derivative any{f an organic prinmary am ne used. [Brief Description of
Drawings] - 21 - |if[Figure 1] Figure 1 is a schenmatic view showi ng an
exanpl e of the _ kQn_apparatus used in the production method of the
present enbodi t. Figurg ] Figure 2 is a schematic view show ng an
exanpl e of the reaction app rdtus used in the producti on nethod of the
present enbgdogent.

In addition, the step (X) is preferably carried out
in the coexistence of a hydroxy compound.
[0057]

The carbonyl compound obtained by the production
method of the present embodiment preferably comprises an
N-gubstituted carbamic acid ester.

[0058]

Hereinafter, the compounds used in the present
embodiment will be described in detail.
[0059]
< Carbonic acid derivative >

The carbonic acid derivative used in the present
embodiment indicates the general compound having a
carbonyl group {-C(=0)-}. Preferred examples of the
carbonic acid derivative include a carbonic acid ester,
an N-unsubstituted carbamic acid ester, urea, and
phosgene. The carbonic acid derivative is preferably
urea or an N-unsubstituted carbamic acid ester, and more
preferably a carbonic acid ester.

[co60]



[Figure 3] Figure 3 is a schematic view show ng an exanple of the reaction

appar at us

used in the production nethod of the present enbodi nent.

4] Figure 4 is a schematic view showi ng an exanple of the reaction

appar at us
5] Figure
appar at us
6] Figure
appar at us
7] Figure
appar at us
for Carryi
carrying o
enbodi nent

used in the production netbog of the present enbodi nent,
5 is a schematic view show ng"an exanpl e of the reaction
used in the production nethod of the present enbodi nent.
6 is a schematic view showi ng an exanple of the reaction
us R Prtine gstict wottieon >net hod of the present enbodi nent.
7 is a schematic view showi ng an exanple of the reaction
used iIThet RErBrBdGcerdd REFREJIBEIEABSPr @SEREL@WBGdiAeNt .
Ggfgﬁb Inventlor}%\;gpoﬂéﬁ%E Herei nafter, the enbodlnent
1He PreBnttihyems Itr?é:r%i%fft é%a@kéwﬂr éFip 4L Qe

| | d h det, - to b ted
the present |ﬁ‘e 53§ﬁ1ﬁ§%LéFgﬁiln JEWBFHE ﬁ&PH&N ﬁB 8ﬁ8§8lﬁ€2? ea

it can be
gi st there

@rcmpeddn%ttaen M ousyaodified; forpsswithip (he,rangg, of

present embodiment is preferably a compound represented
by the following formula (8):

{00611

O
y! )J\ v2
~o o

wherein

(8)

Y' and Y* each independently represent an aliphatic
group containing 1 to 20 carbon atoms, an aromatic group
containing 6 to 20 carbon atoms, or an aromatic aliphatic
group containing 7 to 20 carbon atoms, which optionally
contain an oxygen atom.
fo062]

The Y' and Y® in the above formula (8) are preferably
groups constituted with specific non-metal atoms {(carbon,
oxygen, nitrogen, sulfur, silicon, and halogen atoms).
[0063]

Preferred examples of such an aliphatic group
include a linear hydrocarbon group, a cyclic hydrocarbon
group, and a group to which at least one group selected
from the linear hydrocarbon group and the cyclic

hydrocarbon group binds (for example, a cyclic

[ Figure
[ Figure
[ Figure
[ Figure

[ Mode
for
rpresent
t hat

nd t hat
t he



[0049] " Nonencl ature of conpounds used in the present enbodi nent, etc. "
First of all, the nonmencl ature of conpounds used in the present enbodi nent,
etc. will be described. [0050] In the present specification, as
conpound names, names that are based _opgthe regul ations described in the
Nonmencl ature (I UPAC Nomencl ature of Organic Chem stry) defined by | UPAC
(The International Union of Pure and Applied Chem stry) are used in many
cases. The aforenentioned regul ati ons are based on Recommendati ons on
Organi ¢ & BhydKerRrERPNNGRENHE| atlf bl tiep@i WhEh et , 1 WiH thelqqsspdon
regul ati ons, and the hbnenc%?%ure requl ati ons define UPAC (except for

, by |
the case of I9p8HPI cBl AFP§AEI Y AGOFUPR r SEIeR ?F%ﬁF'%deh busi ness
years, etc.) ate applied in the present appli,catio there.is cited "Yuk
Kagaku/ Sei kGYSkaCMEPHERBGCPRORBREP At Ur8- bf AFpaRIAP e OF the
Chem stry/ Bi 1S "o k . , Vi dition,
1992) . whi cRCEC BAoACSR *Eant L oneTomtr T Aa T 2hated e pRE O
Reconmendat i 1 ad..ipgl I r l-atians sf:or organic
chem stry aﬁgggpogégﬁ?ggy§angg?%egée%ﬁ%g%?g%sgggégrd?ﬁg S? 23 -
translation ir@tf@ré@@_gﬁﬁeallww k8bed asnasHpphemensary yofweR ofomkagaku
no Ryoi ki (Eield of emstry),”™ and which includes all of the subsequent
revi si ons ardbkecemrendaticanan Fhembhetom googantoiitasnisgds hesein to nean a
general group of conpounds that are considered as targets of the
nonencl at ur eadibeal esedsi.n Ahedador Brehtaored, pubth cat izommafhie tarqgat s may
be the sane as those described in the recomendations published in 1993.
However, thés" prgdrireblyoapgundpascastatyeedovithesnbovéidedernipedal
Nonencl ature al so includes organi c netal compounds and_ netal conplexes. In
the present a&@BEdi(gaabor oPFAAFE" BABFBES or §RAFET gr BupsE AndPBH
"substituents," as well as the coqgoun s used in the present enbodi nent

will be desd@dHEFHETENS) SuCREEBRPRE NS e cHhsTT T etf Wit ons
excl udi ng netal, atons_and/or -sem_-netal atons, unl W se specified.
Mbr e prefer&&S&P%eoﬁggﬁFECEE%ﬁgu%58Wﬁ%48r858?8'9?05§§?8£§§9 "substituents"

that are Coﬁggﬂﬁﬁﬁiiéméggm%%qgﬁ?%%g§CtgdsgﬁgngﬁgggsgzégygrQQSQaQHQW%i C

(carbon ato i'trogen ato (oxy cate ur atom,
(chlorine atom,, By (RN RE At @Fbma2le brblpdi BBakorkteabeyused in the
present enbodi ment. [0051] Mor eover, in the subsequent descriptions,

the terms "alddahaticC grang " anesat hesuitbabexdfieneenihylwseds | n accordance
wi th the above-nentioned | UPAC Regul ati ons, organi c conmpounds are
classified igitetaltphat st dempenrtddstituted phenyl group, a

gsubstituted and/or unsubstituted naphthyl group, and a

substituted and/or unsubstituted anthryl group.

[0064]

When Y and Y® are aromatic groups, an example of
such a group is a group constituted with specific non-
metal atoms (carbon, oxygen, nitrogen, sulfur, silicon,
and halogen atoms). Examples of such a group include a
monocyclic aromatic group, a condensed polycyclic
aromatic. group, a crosslinked cyclic aromatic group, a

multi-ring aromatic group, and a heterocyclic aromatic

group. More preferred examples include a substituted



- 24 - and aromatic conmpounds. The aliphatic conpounds are defined based on
the 1 UPAC Recommendations in 1995. In the Recommendations, the aliphatic
conpounds are defined as "linear or cyclic, saturated or unsaturated carbon
conpounds, excluding aromatic conpound§ " Furthernore, the aliphatic
conpounds used in the descriptions of %e’present enbodi nent include all of
saturated and unsaturated, |linear and cyclic conpounds, and indicate the
above described "organi ¢ conpounds,” "organic groups,” and "substituents"
that are comstiutdsuisth tatteds pheingdt @d cipomeasphbgtHchydr egércat on) ; C
(carbon atom; N (nitrogen atom; O (oxygen atonm); S (sulfur atonm); S
(silicon atlﬁrﬁ%b%mtd’g@rﬁgmhé@ SECe®  f Bomh awﬁ%s@itpéﬁﬂoandéom om), Br

(brom ne at%g?, and | (jodine atom). [0052] VWhen an aromatic group
bi nds to a4 HatiHE gt GHF Y L FEON® -catBe of WaRt L Eral kyitagrBep, " such a
group is often referred to as_an "aliphatic group.substituted with an
aromatic gro ,t'lecéﬁ:mgrwolntg} i%c hé’l%lr&%?ﬁ @t&%uglf’" agtlpgﬁt‘lﬁr ghatPc (@

gr oup- bi ndin i i C o is_ sed.on the reactivity in_.the

o sent. entadidint AP ol S ol SR o Y Re bR Bar SE b usilch as

an aralkylaQEﬁHﬂl QQ?HHﬁQﬂl%&ag%%%&t$n%r%r%ﬁ,r%%&%%F%E”EE@&’t%%t to the

reactivity of” aromatic compoun “but to“tha . atic conpounds.
Further, thengJdmhRE RS8%n Freithnd ROR- 3KRMRL 6 heach-kendtoURy
including an aral kyl - 25 - group and an al kyl group is oftenreférred to

as an "ali phatdsc @upepidienald yyveuhst hhbhedaw-bh drcapomatic group,” an
"aliphatic group substituted with an aromatic group,” an "aronatic

gr oup- bi ndisngpeediitphatd ovigroup,linete. hyadrdcamrbehi elrcipese Qroeps are
included in "aliphatic groups. " [0053] When t he general fornul ae of

t he conpourdysimgsedhan theur esérstt igpeeid! wdati en cwicllicbbydescrirbed, they are
defined using the Nonencl ature Regul ati ons defined by the above descri bed

| UPAC. HoweWeriP.agtfanes 6ff dpecisbicyegfewes iand nappetet exempl.i fired
conpounds, trivial nanes are often used. In_addition, the nunber of atons,
the nunber 9f "Gh&S CUSHEP SAFSSFteRuiBérs thte 2ROV AGPEEREE%as i nt eger s
in the pregﬁpt sqfcification. %Q054k. When t he substituents and
conpounds &XERPII Tie @M R F& % PESER T$p 8 Pcat i on have structural isomers,
t hese struc&ﬁ%@ isomers are included in the scope of the present

i nvention, unlegs ot herwi se specified.

Examples of such Y' and Y? include:

alkyl groups each containing 1 to 20 carbon atoms,
such as 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, an
undecyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group,
a heptadecyl group, and an octadecyl group;

aryl groups each containing 6 to 20 carbon atoms,
such as a phenyl group, a methylphenyl group, an
ethylphenyl group, a propylphenyl group, a butylphenyl
group, a pentylphenyl group, a hexylphenyl group, a

heptylphenyl group, an octylphenyl group, a nonylphenyl



[ 0055] cc Method for producing carbonyl conpound " The net hod for
produci ng the carbonyl conpound of the present enbodi nent conprises a step
(X) of reacting a conpound having a urea bond represented by a formula (1)
as shown below with a carbonic acid degrigvative having a carbonyl group
(-C(=0)-) under heating at a tenperature - 26 - equal to or higher than
the thernmal dissociation tenperature of the urea bond to obtain the
carbonyl compound: O N N- HH(1) [0056] ddition, the step (X) is
preferably S&PHPed2ofECY APRRBYE0BkPYP ent &P Hplt %Pi%mﬁ?ﬁ%pt dhpound.

dimethylphenyl group, a diethylphenyl group, a
dipropylphenyl group, a dibutylphenyl group, a
dipentylphenyl group, a dihexylphenyl group, a
diheptylphenyl group, a terphenyl group, a
trimethyiphenyl group, a triethylphenyl group, a
tripropylphenyl group, and a tributylphenyl group; and
an aralkyl groups each containing 7 to 20 carbon
atoms, such as a phenylmethyl group, a phenylethyl group,
a phenyipropyl group, a phenylbutyl group, a phenylpentyl
group, a phenylhexyl group, a phenyiheptyl group, a
phenyloctyl group, and a phenylnonyl group.
[0066]

Of these groups, aliphatic hydrocarbon groups, that
is, alkyl groups each containing 1 to 8 carbon atoms,
such as an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group or an octyl
group, and aromatic groups such as a phenyl group, a
methylphenyl group, an ethylphenyl group, a propylphenyl
group, a butylphenyl group, a pentylphenyl group, an
octylphenyl group, a nonylphenyl group, a cumylphenyl
group, a biphenyl group, & dimethylphenyl group, a
diethylphenyl group, a dipropylphenyl group, and a
dipentyiphenyl group, are more preferably used.

[0067]
Specific examples of the carbonic acid ester include

dimethyl carbonate, diethyl carbonate, dipropyl carbonate,



[ 0057] The carbonyl conpound obtai ned by the production nmethod of the
present enbodi nent preferably conprises an N-substituted carbamc acid
ester. [0058] Herei nafter, the conmpounds used in the present
enbodi ment will be described in detail_, [0059] < Carbonic acid derivative >
The carbonic acid derivative used in the present enbodi nent indicates the
general conpound having a carbonyl group (-C(=0)-). Preferred exanpl es of
the carbonic acid derivative include a carbonic acid ester, an
N- unsubst i tdited vdadsaionasei d depeatylureapoantephdsgerngl Jaeboasbeni ¢ acid
derivative is preferably urea or an N-unsubstituted carbam c acid ester,
and nore pref@raplly carbangssi. c dacicd vdstarboppos] dirhenyl eathprbsehiec acid
ester >

dimethylphenyl carbonate, diethylphenyl carbonate,

dipropylphenyl carbonate, dibutylphenyl carbonate,

dipentylphenyl carbonate, dioctylphenyl carbonate,

dinonyiphenyl carbonate, dicumylphenyl carbonate,

di (biphenyl) carbonate, di(dimethylphenyl) carbonate,

di{diethylphenyl) carbonate, di(dipropylphenyl) carbonate,

di (dipentylphenyl) carbonate, and di(dicumylphenyl)

carbonate.

[0068]

< N-unsubstituted carbamic acid ester >

The N-unsubstituted carbamic acid ester used in the

present embodiment is preferably a compound represented

by the following formula {(9):

o)

PN

Y30 NH,

wherein

Y, represents an aliphatic group contalning 1 to 20
carbon atoms, an aromatic group containing 6 to 20 carbon
atoms, or an aromatic aliphatic group containing 7 to 20
carbon atoms, which optionally contain an oxygen atom.
[0069]

In the above formula (9), Y’ preferably represents

the same groups as those defined for Y* above.



The carbonic acid ester indicates a conpound in which one or two hydrogen
atons of carbonic acid, COQ OH) 2, are substituted with an aliphatic group,
an aromatic group and the like. The carbonic acid ester used in the present
enbodi ment is preferably a conpound re 5e§ented by the follow ng fornula
(8): [0061] Y1iw2 TO(8) wherein YI'"and Y2 each independently represent
an aliphatic group containing 1 to 20 carbon atons, an aronmatic group
containing 6 to 20 carbon atons, or an aromatic aliphatic group containing
7 to 20 carbdh7ét ons, which optionally contain an oxygen atom [0062]

The Yl and Y2 in the above fornuliﬁéB) are preferably groups caonstituted
with specific notRerthlc AP (Yot Moy FEP Rt oGER Cad € silicon,
and hal ogen atqQmns) . £0063% Preferred exanpl es of such an aliphatic
group incl ud&lgd FPhehr 1RG4rd8ar bon group, a cyclic hydrocarbon group, and a

G oup and' tHECESE FACRGRFDEar BORY br GUECBITHE” (1870 Chatp B aveycl e
butyl carbamate, pentyl carbamate, hexyl carbamate,
heptyl carbamate, octyl carbamate, nonyl carbamate, decyl
carbamate, undecyl carbamate, dodecyl carbamate, tridecyl
carbamate, tetradecyl carbamate, pentadecyl carbamate,
hexadecyl carbamate, heptadecyl carbamate, octadecyl
carbamate, nonadecyl carbamate, phenyl carbamate,
methylphenyl carbamate, ethylphenyl carbamate,
propylphenyl carbamate, butylphenyl carbamate,
pentylphenyl carbamate, hexylphenyl carbamate,
heptylphenyl carbamate, octylphenyl carbamate,
nonylphenyl) carbamate, decylphenyl carbamate, biphenyl
carbamate, dimethylphenyl carbamate, diethylphenyl
carbamate, dipropylphenyl carbamate, dibutylphenyl
carbamate, dipentylphenyl carbamate, dihexylphenyl
carbamate, diheptvlphenyl carbamate, terphenyl carbamate,
trimethylphenyl carbamate, triethylphenyl carbamate,
tripropylphenyl carbamate, tributylphenyl carbamate,
phenylmethyl carbamate, phenylethyl carbamate,
phenylpropyl carbamate, phenylbutyl carbamate,
phenylpentyl carbamate, phenylhexyl carbamate,
phenylheptyl carbamate, phenyloctyl carbamate, and
phenylnonyl carbamate.

[0071]



- 28 - hydrocarbon group substituted with a |inear hydrocarbon group, a

| i near hydrocarbon group substituted with a cyclic hydrocarbon group,

etc.). An exanple of the aralkyl group is a linear and/or branched |i near

al kyl group substituted with an aronat%% group. It is preferably an alkyl
group containing 1 to 14 carbon atons bstituted with an aromatic group
containing 6 to 19 carbon atons. As described above, such an aronmatic group
is preferably a group constituted with specific non-nmetal atons (carbon,
oxygen, nit¥ syERnigsulimaryi [@méeve, >and hal ogen atoms). Exanpl es of such an
aromatic group include a nonocyclic aromatic group, a condensed polycyclic
aromatic group, T8 EPEs¥PFRRE LRy cPreduf it Hee gpatiponyl mepreponna@godr omat i
group, and het er ocycl i romatic group. More preferred exanples include a
substitute&%§h &ﬁgF%FﬁF€& pﬁ@n?Fgépéﬁp?mén§uB§tP?ﬁ@eénaﬁﬂmér
unsubstltuted naph hyl gro 8% and a substituted and/or unsubstituted

ant hryl group c0064] % BhoF - and¥a ar e*ar ohatit° oY an exanpl e of

such 2 o ou 5. 3 SN LLed VLD spegt L gononmetal, ators (car bon,

oxygen, nitrogen, I*i con,” ‘and ogen a

group i ncl %ﬁ@@@%@d 6, AL ChaUR <2 BeariensedubalyGuchieoar omtic

group, a crosslinked cyclic aromatic aronat ¢ group,

and a het eraGyelhe ARG @r &%a& Errhednexa h%tb&cb de a
substituted - 3£ and/ or unsg}g)gtlyQ IS/een§ group?Ba substituted and/ or

unsubst i t utteg: raphilkeiogr Qus, d@@d:rabszubahl tuihedcand(ee yngphstituted
ant hryl group. The substituent nmay be substituted with a hydrogen atom an

al i phatic grogmc(lathimreart lydaodar hbendsoup,) de€yakbcbhydupsar hwRegr oup,
and a group to which at |east one group selected fromthe |inear

hydr ocar bord 'greging tapatlh@ngyel iof RydeoeacbéppdredpChendstior eXampl e, a
cyclic hydrocarbon group substituted with a |inear hydrocarbon group, a

| i near hydg@&rE6n FEHEEE Vs aBs et dee@rRifenaRlvyal cemppdndcar bon group,
etc.)), or the above d scri bed aromatic grou or it may be a group

const i t ut ed SHESF &% 8V§h&e§@##H¥&n§IﬁBHQPRé dPoup and aromatic group.

[ 0005] Exanpl es of ,such Yl and Y2 include: al kyl groups each
containing 1 tog ﬂﬁrgon atons, such as a nethyl group, an ethyl group, a

propyl group, a bu yI2 oup, a peniﬁi group, a hexyl group, a heptyl group,
an octyl group, a nonyl group, group, an undecyl group, a dodecyl
group, a trhdeeyl, group, a tetradecyl group, a pentadecyl group, a
hexadecyl group, a heptadecyl group, and an octadecyl group;

R’ represents an organic group containing 1 to 85
carbon atoms, and

a repregsents an integer from 1 to 10.

[0072]

Examples of R’ include an aliphatic group, an
aromatic group, and a group formed by binding an
aliphatic group to an aromatic group. Examples of such a
group include a linear hydrocarbon group, a cyclic
hydrocarben group (for example, a monocyclic hydrocarbon
group, a condensed polycyclic hydrocarbon group, a
crosslinked cyclic hydrocarbon group, a spiro hydrocarbon

group, a multi-ring hydrocarbon group, a cyclic



aryl groups each containing 6 to 20 carbon atons, such as a phenyl group, a
nmet hyl phenyl group, an ethyl phenyl group, a propyl phenyl group, a

but yl phenyl group, a pentyl phenyl group, a hexyl phenyl group, a

heptyl phenyl group, an octyl phenyl groyp, _.a nonyl phenyl - 30 - group, a
decyl phenyl group, a bi phenyl group, glnethylphenyl group, a

di et hyl phenyl group, a dipropylphenyl group a di butyl phenyl group, a

di pent yl phenyl groug a di hexyl phenyl group, a dlheptylphenyl group, a

t er phenyl gRBEFOCArPPRNBYRYP ﬁwgg%%bdeac Fiet Yy IIFHSRAC G o,

tripropyl phenyl grou and a tribut hen ro and an .ar IkI
groups each9&BHPai Ai ﬁ@t‘?‘:?@@ L€ afhoh a% 2 gﬁéta R PR TR éroup,

S ey ety 18U oAoPhenyl B gEYL roues 3 021%?” 'eb”tﬁllg 03%0? fien
phenyl 0ct y| -1 9uR. - afd 2. RNenYLAORYLy OL QUDL 4 gl 55, 0UpS,

aliphatic hy rocar on gr oups, grou eac cont infng 1 to 8

carbon atonmg,,; SH& ?c??ceﬁ9¥§09£9H8n @r@uﬁpylnﬁéouﬁhdfhtﬁﬁﬁﬂ gFQuUp, a
pentyl group, exylf group, heptyl group or an octyl group, and aromatic

groups suchy@sc-a PREN¥LoYEOHRsc2i BB Y HBRENYI ngs ObPa @ncetdydpheasyhd gr oup,
a propyl phenyl group, a butyl phenyl group, a pentyl phenyl group, an

octyl phenyl wgrauppeaifiony hphengtagr avpnsa (camybpheoyyggn oupi t vodéphenyl
group, a di nmet hyl phenyl group, a diethyl phenyl group, a dipropyl phenyl
group, and audifpent ghphenyhcgnoup, are nore preferably used. [0067]

Speci fic exanples of the carbonic acid ester include dinethyl carbonate,
di et hyl carHdéonate, di propyl carbonate, - 31 -

among these R?, if taking into consideration the
unlikeliness of side reactions, the R® that can be
preferably used in the present embodiment is a group
containing 1 to 85 carbon atoms, which is selected from
an aliphatic group, an aromatic group, and a group formed
by binding an aliphatic group to an arcmatic group. If
taking into congideration flowability and the like, the
R® is preferably a group containing 1 to 70 carbon atoms,
and more preferably a group containing 1 to 13 carbon
atoms.

[0074]

Examples of the further preferred aliphatic group
include a linear hydrocarbon group, a cyclic hydrocarbkon
group, and a group to which at least one group selected
from the linear hydrocarbon group and the cyclic
hydrocarbon group binds (for example, a cyclic
hydrocarbon group substituted with a linear hydrocarbon

group, a linear hydrocarbon group substituted with a



di butyl carbonate, dipentyl carbonate, dihexyl carbonate, diheptyl
carbonate, dioctyl carbonate, diphenyl carbonate, dinethyl phenyl carbonate,
di et hyl phenyl carbonate, dipropyl phenyl carbonate, dibutyl phenyl carbonate,
di pentyl phenyl carbonate, dioctylphenyé car bonat e, di nonyl phenyl carbonate,
di cunyl phenyl carbonate, di (biphenyl) %a?bonate, di (di met hyl phenyl)
carbonate, di(diethyl phenyl) carbonate, di (dipropyl phenyl) carbonate,
di (di pentyl phenyl) carbonate, and di (di cunyl phenyl) carbonate. [0068]
N- unsubst i tap@d @ dnpmerdeird gesugr, 2tc.), eflké Nfumbdbst fbutednearsbamni c
acid ester used in the present enbodinment is preferably a conpound
repr esent ed-Dy’ & FEFBIT GWAE formul a (9) : 0 Y30NH2 (9) wherein
Y3 represents aq al i phatic group containing I to 20 carbon atons, an
aromatic gr %ontaining 6 to 20 carbon atons, or an aromatic aliphatic
group containing 7 _to 2Q carbon ato whi ch optionally contain an oxygen
atom [0069]  PrSfRTERE SBOVEIFSr Rul BTOYT ¥ pr BF PRBY YRR bRFesent s { he
same groups, A% ¢i103% L)1 0% Y n3PQYE:

(1} an aromatic organic mono primary amine, in which R°

represents a group containing € to 85 carbon atoms, which

contains one or more aromatic rings optionally

substituted with aliphatic and/or aromatic groups, the

aromatic rings of which are substituted with NH; groups,

and a is an integer of 1;

(2) an aromatic organic poly primary amine, in which R?

represents a group containing 6 to 85 carbon atoms, which

contains one or more aromatic rings optionally

substituted with aliphatic and/or aromatic groups, the

aromatic rings of which are substituted with NH, groups,

and a is an integer of 2 or greater; and

(3) an aliphatic organic poly primary amine, in which R’
represents an aliphatic group containing 1 to 85 carbon
atoms, which is optionally substituted with an aromatic
group, and a is an integer of 2 or 3.
[0076]

With regard to the above-mentioned organic amines,

an organic amine, in which an atom (preferably, a carbon
atom) to which an NH; group binds is contained in the

aromatic ring, ig defined as an aromatic organic amine,

whereas an organic amine, in which an NH. group binds to



- 32 - [0070] Speci fic exanples of the N-unsubstituted carbam c acid
ester include nethyl carbamate, ethyl carbanmate, propyl carbanmate, butyl
carbanmat e, pentyl carbanmate, hexyl carbanmate, heptyl carbanmate, octyl
carbamat e, nonyl carbamate, decyl carbagate, undecyl carbamate, dodecyl
carbamate, tridecyl carbamate, tetradecyl carbanmate, pentadecyl carbanmate,
hexadecyl carbanate, heptadecyl carbamate, octadecyl carbamate, nonadecyl
carbamat e, phenyl carbanate, nethyl phenyl carbanate, ethylphenyl carbamate,
propylphenyPncég%%néW%}nbﬁty?p%%ﬁ??nc%ﬁ %mﬁ%ﬁtpﬁﬁfyﬁbﬁéﬁ Sar banat e,
hexyl phenyl carbamate, heptyl phenyl . car bamat.e, .octyl phenyl. carbanat e,
nonylphenyl?rEQ?Béﬁafé?gdeﬁél€?§h§Tdc%ﬁtﬁﬂnﬁ¥%pQﬁE)%ﬂﬁﬁg%éﬁ%xﬁﬂﬁgf'
dinethylphegxhvg rbamat e, di et hyl phenyl carbamate, dipropyl phenyl
carbamat e, di'bu $Iphenyl car bamat e, di pentyl phenyl carbamate, dihexyl phenyl

carbamat e,  di heplyl eIVl 6APAIRLS: LAIANANY CAbAMLR nr ot hyl pheny

carbamate, triet phenyl carbamat e, propyl phenyl carbamate,

tributyl phegykearhamat ge ghepyl seibhyl carbamate, phenylethyl carbamate,
phenyl propyl carbanmate, phényl butyl carbamate, phenyl pentyl carbamate,

phenyl hexyl [garbamate, phenyl heptyl carbamate, phenyl octyl carbamate, and
phenyl nonyl carbamate. [0071] - 33 - < Organic prinmary am ne > I n

t he met hod f(an produeingotrbentcaribonyl prcompoynamofet he present enbodi nent,
an organic amne is used in sone cases. As such an organic am ne, an
organi c primary am eeansleref erlabl gramed: piienary mwigrgarias pint dyey ami ne”
is used herein to mean "the prinmary amne (a nono prinmary amne and a poly
primary anm pepsesti pibatedehy tHeaRegtPadfon CrgadescrePede T HNBYrencl at ure
(1 UPAC Nonencl ature_of Organic Chem stry) defjne Py | UPAC (The

| nt er nat i on@MiDRi oW1EF =Py e 1BNERAPAPPES @W?%?r??.'Tﬁejﬁ?§éﬂ?9ﬁﬁinary

amine is preferably a gompoypd repressnied by, {hg Lohlowpscieray @ (5):

more aromatic rings optionally substituted with aliphatic
and/or aromatic groups, the aromatic rings of which are
substituted with NH; groups, and a is an integer of 1. A
preferred example of the organic primary amine used in
the present embodiment is an aromatic organic monoc
primary amine, wherein, in the above formula (5), R* ig a
group containing 6 to 70 carbon atoms and a is an integer
of 1. If taking into consideration flowability and the
like, a more preferred example is an aromatic organic
mono primary amine, wherein, in the above formula (5), R®
is a group containing 6 to 13 carbon atoms and a is an
integer of 1, and it is an aromatic organic mono primary

amine represented by the following formula {(10}:

NH,

=y

[R5 RE.R7 RY
7 (10)



wherein R3 representsan organic group containing 1 to 85 carbon atons,
and a represents an integer from1l to 10. [0072] Exanpl es of R3
include an aliphatic group, an aromatic group, and a group fornmed by

bi ndi ng an aliphatic group to an arona Lc_group. Exanpl es of such a group

i nclude a linear hydrocarbon group, ychc hydr ocar bon group (for

exanpl e, a nonocyclic hydrocarbon group a condensed pol ycyclic hydrocarbon
group, a crosslinked cyclic hydrocarbon group, a spiro hydrocarbon group, a
mul ti-ring Wyeifoldar bon group, a cyclic - 34 - hydrocarbon group having a
side chain, a heterocyclic group, a heterocyclic spiro group, a hetero
crosslinked cyclitc 1§86t Ongn@Ta thet r6EcPPEigieupindaogreapato which at

| east one sel ect ed fron1the | i near hydrocarbon Erou and_the cyclic
hydrocarbohp%ﬁ%ﬁﬁPQN £ hey Ma9gPHEp L EoURARBRT L Rt aBov@ndeddFbe8 gr oup

binds via a.,€ vaI@ ond specific non netal ato car ban, oxygen,
ni trogen, 2%Ifﬁ? 4%%%1 [ﬁﬁ?ﬁﬂsen S QAﬁﬁﬁﬁptﬁngtéﬁﬁtﬁdf1Fak|ng into

consi derati t Ss, e .k actlon at can be
preferably U eog]lﬁfnép eé%glrﬂels%glnt ter‘f‘{)h ey |srcénagr gﬁﬁycé)nt %P‘ﬁ" Ag™ to 85
carbon at ongy hi.ghs el ected fron1an al i phatic group, an aromatic group,
and a group fornmed by binding an aliphatic group to an aromatic group. |If
taking i ntojeonsj deration flowability and the like, the R3 is preferably a
group containing 1 to 70 carbon atons, and nore preferably a group

contai ning 1 torI3tearbamatiommpd¥fd]ly substitute the aromatic

ring, or R° to R® may bind to one another to form a ring
together with the aromatic ring. In addition, each of R°®
to R’ preferably represents a hydrogen atom, or a group
constituted with an alkyl group, a cycloalkyl group, an
aryl group, and a group to which a group selected from
these groups binds via a gaturated aliphatic bond and/or
an ether bond. The aryl group optionally has a hydroxy
group.

[cogo]

The number of carbon atoms contained in each of R°
to R® is an integer ranging from 0 to 7. The total
number of carbon atoms constituting the aromatic organic
mone primary amine represented by the formula (10) is an
integer from 6 to 50, and preferably an integer from 6 to
13,

[0081]

A more preferred example of the aromatic organic

mono primary amine represented by the formula (10) is an

aromatic organic mono primary amine, wherein R® to R® in



Exanpl es of the further preferred aliphatic group include a |linear

hydr ocar bon group, a cyclic hydrocarbon group, and a group to which at

| east one group selected fromthe |inear hydrocarbon group and the cyclic
hydrocarbon group binds (for exanple, agcyclic hydrocarbon group
substituted with a |linear hydrocarbon group, a |inear hydrocarbon group
substituted with a - 35 - cyclic hydrocarbon group, etc.), each of which
contains 6 to 70 carbon atons. [0075] Preferred exanples of the
organi c pri #hey famitiéacdAst i eacBdraPYASERE RINVAEPURR:2t¢M) @h @romatic
organic nono primary amne, in which R3 represents a gro ontaining 6 to
85 carbon atiEREP ﬁﬁﬁ@ﬁtéénﬁépﬁsa%ﬁﬁlogrﬁﬂpg ﬁ?%ﬁa??cagp%ggyﬁp?¥%ﬁ%lIy

substituted with aliphatic and/ or aromatic. groups, the aranatic ri.ngs of
which are s@ﬁétPFu?égy i FHONP2 ?ﬁﬂ%,e%ﬁﬁﬁ%ﬂﬁgpfﬁﬁ%ﬁomatl%ﬁoﬁgan ) an

eger

aromatic organic poly.br LARLY 2ML8sc! Dol E TEREASERI Sefle T OUP CONLAI NI Ng

6 to 85 car contains one or nbre aronatic rings optionally

substituted i 1.c and/ TRt | : tic rings of
d\g'm[te.?th tlggﬁ%!n% , Nag eg;‘qg%mahg , gagggépymﬁlmgp g

whi ch are subs W th ups, an an“integer of 2 or greater;

and (3) anéﬂﬂd@ﬁ@ﬁﬂ%ﬁ%ﬂ%ﬁ@iCaRQhﬁm@&hgahxpﬁﬁhaﬁenép which R3 represents an
al i phatic group coitaining 1 to 85 carbon atoms, which is optionally

subst i t ut ed gWinddt raN rAHAFRL Grgheyp andnd rameshgnbpohegetanind . orol. [0076]
Wth regard to the above-nenti oned organi c am nes, an organic amne, in
whi ch an at ameger,efaeridbing, ia e@arkopratempbiig wkedh an NH2 group binds is
contained in the aromatic ring, is defined as an aromati c organi c am ne,
wher eas an ofiged¥ilc ami ne, in which an NH2 group binds to

It is to be noted that compounds given as specific
examples in the present embodiment may have isoﬁers, such
individual isomers are also included in the specific
examples.

[0083]
(2) Aromatic organic poly primary amine

An example of the organic primary amine used in the
present embodiment is an aromatic organic poly primary
amine, wherein, in the above formula (5), R’ is a group
containing 6 to 85 carbon atoms, which contains one or
more aromatic rings optionally substituted with aliphatic
and/or aromatic groups, the aromatic rings of which are
substituted with NH; groups, and a is an integer of 2 or
greater. A preferred example of the organic primary
amine used in the present embodiment is an aromatic
organic poly primary amine, wherein, in the above formula
(5), R® is a group containing 6 to 70 carbon atoms and a

is an integer of 2 or greater. If taking into



- 36 - an atom (mainly, a carbon aton) that is not in the aromatic ring, is

defined as an aliphatic organic am ne. [0077] Speci fi c exanpl es of
preferred organic primary anmines will be given below [0078] (1) Aromatic
organi c nono primary am ne An ex | e of the organic prinmary am ne

used in the present enbodinent is an atromatic organic nono prinmary amne,
wherein, in the above formula (5), R3 is a group containing 6 to 85 carbon
atoms, which contains one or nore aromatic rings optionally substituted
with ali phatdns igiediadicar slavipbigridupendt hbealokati 8 mbongspoéfahnied are
substituted wth NH2 groups, and a is an integer of 1. A preferred exanple
of the org&HERHS rrdr PlafitREels€d OFANRE PPé¥eRT LBABYBIRMHERE i s an aromatic
organi ¢ nonqQ pri.nmary amne, wherein, in the above formula (5), RS is a

group cont &NNHT8 t'8 FHSCAPRYR dCEHELEnd°a i & alf ihtEGSP of 1. I taking

i nt id ti, fl bi |t d the lik f d le i
"nto_considegatyan el Lty a0 Uhe |k, o e preferod examl e 1
I's a group cont %Irgalm%_Qi% t:‘in%% f&%@;ﬁr@ e, and a %?Sﬁg%wt eger of 1, and it

iS an aromati c organi ¢ nbno ~pr r'y ‘am fie repres the foll ow ng
formul a (1QbetliR%tBG RAtBOLn( 18ky1 group, an aryl group or an

aralkyl group, an NH, group binds to the aromatic group
contained in R*, and a is an integer of 2 or greater.
[0084]

Examples of such an aromatic organic poly primary
amine include diaminobenzene, diaminotoluene,
methylenedianiline, diaminomesitylene, diaminobiphenyl,
diaminodibenzyl, bis(aminophenyl)methane,
bis (aminophenyl)propane, bis(aminophenyl)ether,
bis (aminophenoxyethane), o,a'-diaminoxylene,
diaminoanisole, diaminophenetole, diaminonaphthalene,
di (aminomethyl)benzene, di (aminomethyl)pyridine,
diaminomethylnaphthalene, and
polymethylenepolyphenylipolyamine represented by the

following formula (11):

HN— ™ N

wherein
d repregents an integer from 0 to &.
[0085]

{3) Aliphatic organic poly primary amine



- 37 - wherein at | east one of the ortho-position and/or paraposition
of the NH2 group is unsubstituted, and each of 128 to R8 independently
represents a group substituted in any given position at which the
aromaticity of the ring is maintained. 4,0079] 128 to R8 may

i ndependent|y substitute the aromatic ring, or R8 to R8 may bind to one
another to forma ring together with the aromatic ring. In addition, each
of R5 to 128 preferably represents a hydrogen atom or roup constltuted
with an al kyl griRExaile dhliba WRPC éﬁj§P§W'@Wﬁﬁﬁ “&% to

whi ch a group selected fromthese inds via a saturated aI| hati c
bond and/orPgﬁS@Pﬁe?mBBﬂﬂme%ﬂelﬁr?ﬁ fgﬁ%a%bﬁl?ﬁ%ﬁqﬁp A '§pgroup

[ 0080] - c cgﬁbﬁgeagons co q of SO to R8 is an
i nt eger ranﬁpﬁﬁ fr8 6 %% 7 {Or R er of carbon at 6fs consti tuting

ne sromt gy EARRLE QUBRGPEMIPCH, MDY Conleveeh ke Tl g0 1
A nore pref%g%?gn§%§?p5§b9E1EG€eérQﬂ@ﬁ'&noéﬁéﬂéﬁl@nﬁﬁbﬁﬁ'r@ﬁd am ge
represented by the fornmula (10) 1s an aronmatic organi c nono prinmary am ne,
wherein R8 t@ RBtkBer- 0882-or 3.

[0086]

The aliphatic organic poly primary amine is
preferably an aliphatic organic poly primary amine, in
which the aliphatic group is a linear hydrocarbon group,
a cyclic hydrocarbon group, or a group to which at least
one group selected from the linear hydrocarbon group and
the cyclic hydrocarbon group binds (for example, a cyclic
hydrocarbon group substituted with a linear hydrocarbon
group, a linear hydrocarbon group substituted with a
cyclic hydrocarbon group, etc.). The number of carbon
atoms contained in the aliphatic group is more preferably
1 to 70, and if taking into consideration flowability
necessary for industrial mass production, etc., the
number of carbon atoms is further preferably 6 toc 13.
[0087]

A specific example of the aliphatic organic poly
primary amine is an aliphatic organic poly primary amine,
wherein, in the formula (5), R’ is a straight chain
and/or branched chain alkyl group, a cycloalkyl group, or
a group constituted with the alkyl group and the

cycleoalkyl group.



the fornmula (10) each represent a hydrogen atom or a group selected from
al kyl groups such as a nethyl group and an ethyl group. Exanples of such an
aromatic organic nmono prinmary am ne include aniline, am notol uene,

di met hyl ani | i ne, diethylaniline, dipropylaniline, am nonaphthal ene,

anm nomnet hyl napht hal ene, di met hyl napht hyt ani ne, and tri et hyl napht hyl am ne.
O these, aniline is nore preferably used. [0082] It is to be noted

t hat compounds gi ven as specific exanples in the present enbodi nent may
have i somer&0&ich individual isoners are also included in the specific
exanpl es. [0083] (2) Aromatic organic poly primary am ne An exanpl e of
the organic pri fErFPaREnefuseahi ANt Aelphetbnt ovedobr ety ik Hmaay omat i c
organi ¢ poly prinar m ne, wherein, in the above formula (5), R3is a
group cont & hi'ttg %385 carbon atoms, which contains one or nore aromatic
rings optionall ubstituted with aliphatic and/or aromatic, groups, the
aromatic rings é%ﬁﬁﬁféﬁ_Brémgﬁﬁs??%ﬂ?gdsﬂf?ha%w@t%ﬁﬁkﬁég& @ is an

| nteger of -G eAkehe AGRIALEAHaRXATR 8,0 LhG Qfgant ¢ primary am ne
used in the present odi ment “i's T an aromatic orBanlc pobly primary am ne,
wher ein, i il rARRUSHLOr LA (BhepRanks B:QH2HBoEODRAINING 6 Lo 70 carbon
atons and a is an integer OF'Z or Sreater. taﬁlng ihto - 39 -

consi der at idGRnfirewiakict, Y sa8d gt AR ihibkecadenore preferred exanple is an
aromatic organic poly primary amne, wherein, in the above fornula (5), R3
is a group contaiki/hgt6itpridaecar HOinas 0FBeh Wik Chr LA @b S« HRE, Or nore
aromatic rings that are further optionally substituted with an al kyl group,
an aryl grdupaorinahegtakleyl tglewpnoanthha , gretupmbhodsnanet hgendr omati ¢ group
contained in R3, and a is an integer of 2 or greater. [0084] Exanpl es
of such an tarn@maticgleergani ¢ poly primary am ne include di am nobenzene,

di am not ol uene, net hyl enedi ani li ne, di am nonesityl ene, di am nobi phenyl,
dianinodibenzyPYcﬁPéiﬁﬁinEEh@ﬁ?Y)ﬁ@#ﬁaﬁe?uﬁhseanﬁﬁ@ﬁhéﬁyvybpbpéﬁE?,
bis(aninopggg%# et her, bis aninoghenoxyethane%, a, Wdi am noxyl ene,

di ani noani SOPEIGCENIRBEREABEDI BRAdPARTABREPRLRGFERBE ) and

di (am nonet hyl ) henzene i (am nonet hyl ) pyridi ne,. di am nopet hyl napht hal ene,
and polynethyleﬁgﬁé?gﬁﬁ%ﬂyﬁﬁg}y%ﬁ%ﬂ%¥Ye%%%%%%t%ﬂb%§l?WE§$T%%%%M ng formla
(11): alkyl groups, such as 3-aminomethyl-3,5,5-

trimethylcyclohexylamine (cig- and/or trans-forms) and
methylenebis (cyclohexylamine) .
[ooge]

The organic primary amines described in (1), (2),
and (3) above are preferably used. Among others, organic
primary amines, which are organic primary monoamines,
organic primary diamines or organic primary triamines
(organic primary amines wherein, in the above formula (5),
a is an integer of 1, 2, or 2), are more preferable.
[0090]
< Compound having urea bond >

The compound having the urea bond used in the

present embodiment is a compound containing a urea bond



wherein d represents an integer fromO to 6. [0085] (3) Aliphatic
organic poly primary amne - 40 - An exanple of the organic primary
am ne used in the present enbodinent is an aliphatic organic poly prinmary
am ne, wherein, in the above fornula _(5) _R3 is an aliphatic group
containing 1 to 85 carbon atons, which is optionally substituted with an
aromatic group, and a is an integer of 2 or 3. [0086] The aliphatic
organic poly primary amine is preferably an ali phatlc organlc oly primary
am ne, in ME§ﬁeﬁﬁ@¥§ﬁi prathe g%h%m%g af Py HesE  hyldr e %‘ﬁ a cyclic
hydr ocar bon or_a group to whj ch at ast_one gr sele ed romthe
| i near hydrﬁg EganFSEB Qnﬁgtﬂﬁ %yc??@p'§W$dﬁﬁ?EﬁﬁF%h %ﬁ?ﬁi I
exanpl e, C|IC hydr ocarbon group substituted with a |inear hydrocarbon
group, a |Iﬁé ¥00arbon group substituted with a cyclic hydrocarbon
group, etc.). The nunb of carbon atons contained in the aliphatic group
is nore preferably 1 tqQ7{70, and if taking into consideration flowability
necessary for industri mass production, etc., the nunber of carbon atons
is further preferabl A13. [0087] A specific exanple of the
al i phatic organic pgjy pridrary ankT? is an aliphatic organic poly primary
am ne, wherein, in the fornmula (5), 'R3 is a straight chain and/or branched
chai n al kyl [goeup, a cycloal kyl group, or a group constituted with the
al kyl group and the cycl oal kyl group. - 41 -

Specific examples of such a compound containing a

urea bond will be given below.
[c092]
< N-substituted urea >
The N-substituted urea represented by the following
formula (12) is one of the compounds having the urea bond

represented by the above formula (1):

O

A

R%-N N—R'
H H
(12)
wherein

R? and R' each independently represent an organic
group containing 1 to 85 carbon atoms.
[0093]

In the above formula {12), it is preferable that R’
and R' each independently represent an aliphatic group
containing 1 to 85 carbon atoms, or an aromatic group
containing 6 to 85 carbon atoms. The aliphatic group

containing 1 to 85 carbon atoms is optionally substituted



[ 0088]
i ncl ude:
di am nopro

Exanpl es of such an aliphatic-organic poly primary am ne
al kyl -di -primary am nes such as ethyl enedi am ne,
pane, di am nobutane, di am nopentane, di am nohexane,

di am nohept ane, di am nooct ane, dianinﬁgﬁnane, and di am nodecane;

al kyl -tri -

primary ami nes such as trianihohexane, triami noheptane,

triam nooctane, triam nononane, and triam nodecane; cycl oal kyl

an nes suc

h as di am nocycl obut ane, di am nocycl opent ane, and

primary

di ami nocyclwHex s azmktic grayc| ofbgyhrpodyiprgnewy eeiirresnsupssit ut ed
groups, such as 3-am nonethyl-3,5,5- trinethylcycl ohexyl am ne

wi th al kyl
(cis- and/
The organi
preferably
primary no

or® tF AR Calfd SRETREN EBiEs C&y BPsBe RYPEAT HE) ©1Rgego]
c iqPry am nes described in (1), (2), and,ga% above are
Etfgidt. ARy eIt e sl 9Sr & @Pﬁllioﬁ*élléyaﬁi‘lﬁé@ PEhwaiFe org

n .

ani c

(or gani c. pri et § =il re< HierdicH O 1*PHE 46096 PEFmI U855 5 3n i nt eger
of 1, 2, oryA)s.Ars moreaneferabl o (00901 Coqpound having_yrea bond >

group, a cyclic hydrocarbon group (including an aromatic
group), and a group to which at least one group selected
from the linear hydrocarbon group and the cyclic
hydrccarbon group binds (for example, a cyclic
hydrocarbon group substituted with a linear hydrocarbon
group, a linear hydrocarbon group substituted with a
cyclic hydrocarbon group, etc.). Examples of a more
preferred aliphatic group include a linear hydrocarbon
group, a cyclic hydrocarbon group, and a group to which
at least one group selected from the linear hydrocarbon
group and the cyclic hydrocarbon group binds {(for example,
a cyclic hydrocarbon group substituted with a linear
hydrocarbon group, a linear hydrocarbon group substituted
with a c¢ycliic hydrocarbon group, etc.), each of which
contains 1 to 70 carbon atoms. Taking into consideration
flowability necessary for industrial mass production,
etc., a further preferred example is a compound wherein
R’ and R'® each independently represent a linear
hydrocarbon group, a cyclic hydrocarbon group, and a
group to which at least one group selected from the
linear hydrocarbon group and the cyclic hydrocarbon group

binds (for example, a cyclic hydrocarbon group



The conpound having the urea bond used in the present enbodinent is a

conpound containing a urea bond - 42 - represented by the foll ow ng
formula (1) (hereinafter sinply referred to as a "conpound containing a
urea bond" at tines): 0O N N HH(1) [Q091] _ Speci fi c exanpl es of such a

conmpound containing a urea bond will be given below [0092]

substituted with a linear hydrocarbon group, a linear
nydrocarbon group substituted with a cyclic hydrocarbon
group, etc.), each of which contains 6 to 13 carbon atoms
and each of which ig constituted with a carbon atom and a
hydrogen atom.

That is to say, it is the case of a group wherein R’
and R'® are a straight chain and/or branched chain alkyl
group, a cycloalkyl group, and a group constituted with
the alkyl group and the cycloalkyl group. Moreover, when
R’ and R are aromatic groups, they are aromatic groups
containing 6 to 70 carbon atoms. Taking into
consideration flowabiiity and the like, R® and R'® more
preferably contain one or more aromatic rings, and
further, the aromatic rings are aromatic groups
containing 6 to 13 carbon atoms that are optionally
substituted with alkyl groups, aryl group, and aralky:l
groups.

[0094]

Exampies of such N-substituted urea include 1,3-
dimethyl urea, 1,3-diethyl urea, 1,3-dipropyl urea, 1,3-
dibutyl urea, 1,3-dipentyl urea, 1,3-dihexyi urea, 1,3-
diocctyl urea, 1,3-didecyl urea, 1,3-dioctadecyl urea,
1,3-dicyclopentyl urea, 1,3-dicyclohexyl urea, 1,3-
dicyclooctyl urea, 1,3-di(phenolethyl) urea, 1,3-

di (phenylibutyl) urea, 1,3-di{phenyloctyl} urea, 1,3-
di (phenyldodecyl) urea, 1,3-diphenyl urea, 1,3-

di (methylphenyl) urea, 1,3-di(ethylphenyl) urea, 1,3-



< N-substituted urea > The N-substituted urea represented by the
followng formula (12) is one of the conpounds having the urea bond

represented by the above formula (1): 0 RO-NC NR1L HH (12) wherein R9
and Rl each independently represent an grganic group containing 1 to 85
carbon atons. [0093] In the above fornul a (12), it is preferable that

RO and Rl each independently represent an aliphatic group containing 1 to
85 carbon atons, or an aromatic group containing 6 to 85 carbon atons. The
al i phati c gholpr wondienig Yree .83 davbdhusyépbenyloptireaal Ly3substituted
- A3 - di{pentylphenyl) urea, 1,3-di(hexylphenyl) urea, 1,3-

di (heptylphenyl) urea, 1,3-di(octylphenyl) urea, 1,3-

di (nonylphenyl group, 1,3-di{decylphenyl) urea, 1,3-

di (biphenyl) urea, 1,3-di(dimethylphenyl) urea, 1,3-

di{diethylphenyl) urea, 1,3-di(dipropylphenyl) urea, 1,3-

di (dibutylphenyl) urea, 1,3-di(dipentylphenyl) urea, 1,3~

di(dihexylphenyl) urea, 1,3~di(diheptylphenyl) urea, 1,3-

di (terphenyl) urea, 1,3-di{trimethylphenyl} urea, 1,3~

di (triethylphenyl) urea, 1,3-di(tripropylphenyl) urea,

1,3-di(tributylphenyl) urea, 1,3-di(phenylmethyl) urea,

1,3-di (phenylethyl) urea, 1,3-di{phenylpropyl) urea, 1,3-

di (phenylbutyl) urea, 1,3-di(phenylpentyl) urea, 1,3-

di (phenylhexyl) urea, 1,3-di{phenylheptyl) urea, 1,3-

di(phenyloctyl) urea, and 1,3-di{phenylnonyl) urea.

[0095]

< Method for producing compound having urea bond >

The compound having the urea bond represented by the

above formula (1) can be produced, for example, from raw

material ingredients containing an organic primary amine

and a carbonic acid derivative. The compound having the

urea bond obtained by this production method is, for

example, a compound represented by the following formula

(2)



with an aromatic group. The aromatic group containing 6 to 85 carbon atons
contains one or nore aromatic rings, and the aromatic rings are optionally
substituted with aliphatic groups and/or aromatic groups. Exanples of a
preferred aliphatic group include a Lingar hydrocarbon group, a cyclic
hydr ocar bon group (including an aromatic group), and a group to which at

| east one group selected fromthe |inear hydrocarbon group and the cyclic
hydr ocar bon group binds (for exanple, a cyclic hydrocarbon group
substitut ed"#F¥R18 |inear hydrocarbon group, a linear hydrocarbon group
substituted with ,a cycli.c hﬁdroc Exanpl es of a nore

Wt I o Sébgn %%Of?, etc.%f anpl es_ of _
preferred aliphati &'gr BupSRhtl HABSREPNEatY hydr ocdF Horr yroth % cycl i ¢
hyd b d.a. t o _whi ch. | X f
the Ui near RoabBoapBbR S Bt batSeleaEbLTa RS 20 (F AR SRR [T

exanple, a g%ghic hydr ocar bon group substituted with a |inear hydrocarbon
group, a linear hydrocarbon group substituted with a cyclic hydrocarbon
group, etc.koo?g?h of which contains 1 to 70 carbon atons. Taking into
consideration flowability necessary for industrial nmass production, etc., a
further preferreg,exanptends, ancimound &l bR%and Rireach the

i ndependently represent a |linear hydrocarbon group, a cyclic hydrocarbon
group, and argeatip beimbirghaaminkteasproesengedupy seheciiedvd rbortheal i near
hydr ocar bon group and the cyclic hydrocarbon group binds (for exanple, a
cyclic hydrdearbaendgioups and4drgasubspiriveed mbnhaniné melaerayar otar bon
group, a linear hydrocarbon group substituted with a cyclic hydrocarbon
group, etc. theeabhvef fwinghacdht ai Asi6 Lo tBecapPppuad ohePERECRERR of which
is constituted with a carbon atom and a hydrogen atom That is to say, it
i s the casebaf thegPbaFewherBPA2RIZand2RI P8 8B SEFRFGRt PEnERR and/ or
branched chai n_al kyl grou a cycl oal kyl group, and a group constituted
with the alﬁ?ﬁ1&W6é€ %ﬁ&mﬁﬂé é%gﬁdalkyl group. Mreover, when R9 and Rl are
aromati c groups, they e aromatic groups containing 6 to 70 carbon atons.
Taking into consideratiipn flowability and the like, R9 and R nore
preferably contain one |pr nore aromatic rings, and further, the aromatic
rings are aronatF? roup “gqﬁaining 6 to 13 carbon atons that are
optional |l y subst J%*d mﬁ¢$ al*kyl q{ogﬁs, aryl group, and aral kyl groups.

[ 0094] Exanpl es of such N—subs]i ted urea include 1, 3- dinethyl urea,
1, 3-di et hyl ywe8a@1inl, 3-di propyl urea, 1,3- dibutyl urea, 1,3-dipentyl urea,
1, 3-di hexyl wurea, 1,3- dioctyl urea, 1,3-didecyl urea, 1, 3-dioctadecyl

urea, 1, 3-dicycl apen¢ytesieas dn oxhaycd aheoyy aoresm il iditcydooct yl

urea, 1,3-di(phenolethyl) urea, 1,3- di(phenylbutyl) urea,

1, 3-di ( phenydaodtoyl ptumea, 1, 3- di (phenyl dodecyl) urea, 1, 3-di phenyl urea,

1, 3- di(neth&kgﬁ%nyl) urea, 1,3-di(ethylphenyl) urea, 1,3- - 45 -

In addition, when the organic primary amine is the
organic primary amine represented by the above formula
(5) wherein a is 2, the compound having the urea bond
represented by the above formula (2) can be represented

by the following formula (14):
O O

EN PN

RU-N—R*-N" “N—R3-N" “N—R3-N—R"
H H H H H H
€ (14)

wherein



di (propyl phenyl) urea, 1, 3-di(butyl phenyl) urea, 1,3- di(pentylphenyl)
urea, 1, 3-di (hexyl phenyl) urea, 1,3- di(heptyl phenyl) urea,

1, 3-di (octyl phenyl) urea, 1,3- di(nonylphenyl group, 1, 3-di(decyl phenyl)
urea, 1,3- di(biphenyl) urea, 1,3-digd+ t hyl phenyl) urea, 1, 3-

di (di et hyl phenyl) urea, 1, 3-di (dipropy ﬂﬁenyl) urea, 1,3- di(dibutyl phenyl)
urea, 1,3-di(dipentylphenyl) urea, 1,3- di(dihexyl phenyl) urea,
1,3-di(dihepty|pgenyl) urea, 1,3- di(terphenyl) urea,

1, 3-di (trimet hyRpheewtgsemres, an, Groai e rgedy | phamdning da,to 85

1, 3-di (tripropyl phenyl) urea, 1,3-di(tributylphenyl) urea,

1, 3- di ( pherfATRIhADCHFea, 1, 3-di (phenyl ethyl) urea, 1,3-di(phenyl propyl)
urea, 1,3- di(phenyl butyl) urea, 1,3-di(phenylpentyl) urea, 1, 3-

di (phenyl hexyl ) Rur é4:d f?‘ 3-%%%h3erh@?wb4%ff5horre@£reﬁ%ﬁ e IERHRCt yl ) urea,

d 1, 3-di I I ._.1.0095 Met.hod f duci nd havin
rea bond o oot e S o ARG IFE 0Pe R o 6R FEULBELREed by the
above fornlg@rng{'li)aec%%e S o(q ed,anfdor exanple, fromraw nmateri al

n

i ngredi ents containing an organi‘c primry am ne and a carbonic acid
derivative. Theecgggggggnggvbngrtge HLea. band Qgggkned by this production
nmethod is, for exanple, a conpoun Pepresenteﬁ the follow ng fornul a
(2): 0 RI-NN-R2 HH__-,,46 - wherein

—H (15)
. 13

COOR (16)
— CONH, (17)

wherein

R represents a residue obtained by removing one OH
group from a hydroxy compound.
fco9sg]

The above described ccompound having the urea bond
may be a compound cbtained together with an N-substituted
carbamic acld ester, when an organic primary amine is
reacted with a carbonic acid derivative to produce the N-
substituted carbamic acid ester. Hereafter, a method for
producing a compound having a urea bond as well as an N-
substituted carbamic acid ester by reacting an organic
primary amine with a carbonic acid derivative will be
described.

[0099]

There are several methods for producing a compound

having a urea bond from raw material ingredients

containing an organic primary amine and a carbonic acid



RI and R2 each independently represent an organic group containing a group
derived fromthe organic prinmary am ne. [00961 For instance, when the
organic primary amine is the organic prinmary am ne represented by the above
formula (5), and it is an organic pri_ngry _nonoani ne wherein, in the above
formula (5), ais 1, the conmpound represented by the above formula (2) can
be represented by the following formula (13): 0 R3-NNNR3 HH(1 3 ) wherein
R3 represents an organic group containing 1 to 85 carbon atons. [0097]

I n addi ti ondewABAtEHE - or Pt ¢ P18 MESAUR IR nettre §B§anReTS ey ani ne

represented by the above forml a ) wherein a is 2, the conpound having
the urea boﬁ@xrBﬁFEéEH%@Hlﬁyl%ﬁétégovémﬁbﬁﬁﬁ¥?ﬁﬁﬁ3éﬁﬁ &5 Effesent ed by
t he follomﬁn% fornBHa &14 0

preferably used.

{0100]
Method (1): A method of producing a compound having a
urea bond from an organic primary amine, urea, and a
hydroxy compound, in which the urea is used as a carbonic
acid derivative.
[01C1]
Method (2): A method of producing a compound having a
urea bond from an organic primary amine and a carbonic
aclid ester, in which the carbonic acid ester represented
by the above formula (8) is used as a carbonic acid
derivative.
[o102]
Method (3): A method of producing a compound having a
urea bond from an organic primary amine and a phosgene,
in which the phosgene is used as a carbeonic acid
derivative.
[0103]
[Method (1)1

First, the method (1) will be described.

The method (1) is further classified into two
methods, namely, the following method (i) and method (ii).

[0104]



0 1211-N--WN7N--R3k HHH\HH (14) - 47 - R3 represents an organic
group containing 1 to 85 carbon atons, RfI and R12 each i ndependently
represent one group selected fromthe group consisting of the follow ng
formulae (15) to (17), and e represept290_or a positive integer. (15)
COOR13( 16)

Method (i): A method comprising a step (A) of

"simultaneously" reacting an §rganic primary amine, urea,

and a hydroxy compound.

[0105]

Method (ii): A method comprising a step (B) of reacting

an organic primary amine with urea to obtain a reaction

mixture comprising a compound having a ureido group, and

a step (C) of reacting the compound having the ureido

group obtained in the step (B) with a hydroxy compound.

[0106]

(Method (i))

First of all, the term "simultaneocusly" used in the

step (A} of the method (i) means that the step ig not

divided, differing from the method (ii). It does not

necessarily mean that the organic primary amine, the urea,

and the hydroxy compound are reacted with one ancther

completely simultaneously.

[0107]

In the step (A), for example, an N-substituted

carbamic acid ester is generated as a result of the

reaction represented by the following formula (18), and

at the same time, a compound having a urea bond is

generated as a result of the reactions represented by the

fellowing formula {19} and formula {(20).



-CONH2(17) wherein R13 represents a residue obtained by renoving one
OH group from a hydroxy conpound. [0098] The above descri bed conpound
havi ng the urea bond may be a conmpound obtai ned together with an

i f-substituted carbami c acid ester, whep an organic prinmary amne is
reacted with a carbonic acid derivative to produce the N-substituted
carbam c acid ester. Hereafter, a nmethod for producing a conpound having a
urea bond as well as an N-substituted carbamc acid ester by reacting an
organi ¢ primary amne W,h g carbonic acid deriyatiye will Qe descri bed.

[ 0099] THET R Whet SEVET al mmbhodswfgq—praducfmg a coﬁpound having a
urea bond fromraw materi & ingredients contalnlng an organic primry am ne

and a carbonic acid - 48 - deri VatIM%ub'ghmﬁed Ehdabli@duetdter et pd used
herein is not particularly limted. The foll ow ng nmethods are preferably

used. , NRNNRN

HN—R—NHy + 2 RO\H/N““R"-*N OR — \(’)I/ T TN R—NT

O

Compound having urea bond (1 9)

' H H H H
5 RO _N—R-—N___OR RO. _N-—R-—N. _N—R--N._ _OR
jf jf RUTDR jf jr \W,
! (20)
wherein

R and R' each independently represent an organic
group .

[0108]

In the above formulae (18) to (20), the case of
using a bifunctional organic primary amine is described
in order to facilitate explanation. However, the method
of the present embodiment is not limited to the use of
such a bifunctional organic primary amine. In addition,
the processes of generating an N-substituted carbamic
acid ester and a compound having a urea bond are not
limited to the above formulae.

[0109]

Reaction conditions for reacting an organic primary
amine, urea, and a hydroxy compound are different
depending on the types of compounds to be reacted. The
hydroxy compound is used at a stoichiometric ratio of
0.5 : 1 to 500 : 1 based on the amount of the amino group

of the organic primary amine used. If taking into



[0100] Method (1):
an organic primary amne, urea, and a hydroxy conpound, in which the urea
is used as a carbonic acid derivative. [0101] Method (2): A nethod of
produci ng a conpound having a urea bong%fronlan organic primary am ne and a

carbonic acid ester,

above formula (8) i
A net hod of producing a conpound having a urea bond froman organic prinmary
am ne and PhOsHERS Lon Fhhisslea Inf phosgentd ons vesedlasratbar boni ¢ aci d

deri vati ve.

103

A nmet hod of producing a conpound having a urea bond from

in which the carbonic acid ester represented by the
s used as a carbonic acid derivative. [0102] Method (3):

sélubl ity of a urea derivative, the hydroxy compound is

used at a stoichiometric ratio of, preferably from 1 : 1

te 200

1, more preferably from 1.5 : 1 to 100 : 1, and

further preferadbly from 2 : 1 to 50 : 1, based bn the

amount of the aminoc group of the organic primary amine

used.
[0110]
The

1l te 5O

urea 1s used at a stoichiometric ratio of 0.5

1 based on the amount of the amino group of the

organic primary amine used. If the amount of urea used

is emall,

there may be a case in which an unreacted amino

group remains. Accordingly, an excessive amount of urea

is preferably used. If taking into consideration the

size of a reaction vessel or the solubility of urea, the

urea is used at a stoichiometric ratio of, preferably

from 1.1

1L to 10 : 1, and more preferably from 1.5 : 1

to 5 : 1, based on the amount of the amino group of the

organic primary amine used.

[c111]

The

reaction temperature depends on the reactivity

of the organic amine, urea, and hydroxy compound used.

It ig preferably in a range of 100°C to 350°C. If the

reaction temperature is 350°C or lower, decomposition of

the urea or dehydrogenation of the hydroxy compound can

be suppressed. Otherwise, the decomposition reaction,

degeneration reaction, and the like of the N-substituted



[ Method (1)] First, the nethod (1) will be descri bed. The nethod (1)
is further classified into two nethods, nanely, the follow ng nethod (i)
and nmethod (ii). [0104] - 49 - Method (i): A nmethod conprising a step (A
of "sinultaneously" reacting an organi g-prinmary amne, urea, and a hydroxy
conpound. [0105] Method (ii): A nethod conprising a step (B) of reacting an
organic primary amne with urea to obtain a reaction m xture conprising a
conmpound having a ureido group, and a step (C reactin %e conpound
havi ng the GPEPaB1r 6G|5d08F5?ﬁe63| fA PH@d‘éFEp %“B) W?‘ﬁp%r%%ﬁ' ound.

0106 Met hod | di
Lhe ol oo aroen' oh ks cuprigty | ?kﬁeéﬁé‘jh% fﬁ@PEF% SR RGRED g e

T et e
one anot her compl et el y .t qui tangousl X40£<911907]300 °C.
[0112]

The reaction pressure depends on, for example, the
composition of the reaction system, the reaction
temperature, a method of removing by-products (e.g.
ammonia), the reaction apparatus, etc. The reaction
pressure can be set to a reduced pressure, an ordinary
pressure, or a compressed pressure. In general, the
reaction pressure is preferably in a range of 0.01 kPa to
10 MPa (absolute pressure). If taking into consideration
facilitation of industrial production, a reduced pressure
or an ordinary pressure is preferable, and a pressure in
a range of 0.1 kPa to 0.1 MPa (absolute pressure} is more
preferable.

{0113]

A type of a reaction vessel in which the step (A) is
carried out is not particularly limited, and a known
reaction vessel can be used. Tank-type and/or column-
type reaction vessels, which comprise a condenser, are
preferably used. S8pecifically, conventionally known
reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depressurized agitation

tank, a column-type reaction vessel, a distillation



In the step (A), for exanple, an N-substituted carbam c acid ester is
generated as a result of the reaction represented by the follow ng formula
(18), and at the sanme tinme, a conpound having a urea bond is generated as a
result of the reactions represented by_the followi ng formula (19) and
formula (20). - 50 - H2NNH2 H2N -R - +y+ 2 R OH 000 N-substituted
carbamc acid ester (1 8 HZNR-NH2 + 2 R OR RO[41 R- 2 ROH

column, a packed column, and a thin-film distiller, can

be used in combination, as appropriate.

[0114]

In addition, the reaction vessel preferably

comprises a condenser. The type of such a condenser is

not particularly limited, and a known condenser can be

used. For example, conventionally known condensers, such

as a multitubular cylindrical condenser, a double-tube

condenser, a single-tube condenser, and an air-cooled

condenser, can be used in combination, as appropriate.

The condenser may be equipped inside the reaction vessel,

or it may also be eguipped outside the reaction vessel

and may be connected with the reaction vessel via a pipe.

Considering the type of the reaction vessel or condenser,

a method of handling a condensate, and the like, various

forms can be adopted.

[0115]

Materials for the reaction vessel and condenser are

not particularly limited. Known materials can be used.

Examples of the material that can be used herein include

glass, stainless steel, carbon steel, Hastelloy, a glass-

lined base material, and a base material coated with

Teflon (registered trademark). SUS304, SUS316, SUS3161,

and the like are inexpensive, and thus, they can be

preferably used. Instrumentation apparatuses such as a

flowmeter and a thermometer, and known processing

apparatuses such as a rebeiler, a pump and a condenser



0000 Compound having urea bond(1 9) wherein R and R each
I ndependently represent an organic group. [0108] In the above fornulae (18)
to (20), the case of using a bifunctional organic primary amne is
described in order to facilitate expLaE@tLon. However, the nethod of the
present enbodinent is not limted to the use of such a bifunctional organic
primary amne. In addition, the processes of generating an N-substituted
carbam c acid ester and a conpound having a urea bond are not_ limted to
t he above fwpHub@eadfiedoo}s necessary. Heating may be carried out

by known methods such as steam and a heater. For cooling,

known methods such as natural cooling, the use of cooling

water, and the use of brine can be used. Other steps may

also be added, as necessary. For example, steps and

apparatuses, such as a step of removing the generated

ammonia, a step of purifying the organic primary amine, a

step of dissolving the urea in the hydroxy compound, a

step of dissolving the hydroxy compound, a step of

separating the hydroxy compound, a step of separating

and/or purifying the hydroxy compound, a step of burning

or discarding by-preoducts, etc., may be added, to such an

extent that they seem to be required in the present

technical field.

[011i6]

In the reaction of the organic primary amine, the

urea, and the hydroxy compound, ammonia is generated as a

by-product in many cases. Thus, the reaction is

preferably carried out, while removing such ammonia from

the reaction system. As such a removal method, a

reaction distillation method, a method using inert gas,

membrane separation, a method involving adsorptive

separation, and the like can be applied. For example,

the reaction distillation method is & method of

separating ammonia, which has been successively generated

as a result of the reaction, in a gaseous state by

distillation. In order to increase the digtiliation



Reaction conditions for reacting an organic primary am ne, urea, and a
hydr oxy conpound are different depending on the types of conpounds to be
react ed. The hydroxy conpound is used at a stoichionetric ratio of 0.5 : 1
to 500 : 1 based on the anmount of the ino group of the organic primary
amne used. If taking into - 51 - consideration the size of a reaction
vessel or the solubility of a urea derivative, the hydroxy conpound is used
at a stoichionetric ratio of, preferably from1 : 1 to 200 : 1, nore
pref erabl y ¢kiomiesy of towmt@da, Bisandlbarbhecapr ekerabkyefiront? : 1 to 50
: 1, based on the anobunt of the am no group of the organic prinmary am ne
used. [011012%fe Qfidd % aused vanta ot @%@hMﬁﬁP%VCCPEPP@n@f Ol% : 1 to 50 :
1 based ond%ﬂf.annunt of the am nq group of the organic_ primary am ne used.
If the anouftodr Ured N8R HOSHENY dRerE Fay Be & RE5BOANCHhi ch an
unreacted am no _group remnains. According%ﬁ? an exces;ive amount of urea is
o]

pref erabl y %ﬁﬁﬁﬂ P EkiNY Trifo SEGiTSae ﬁepﬁﬁagﬁieaafaar?EH&Fion vessel
or the sol 'ﬂﬁé’fga&%ﬁﬁ%j%g%t%%%%gﬁ% used at ; h55§%% }ggﬁf bg ratlo of,

preferably trom1. 1" nore préfera 1to5:

1, based ondhe AU i dhe LHEAN %%uge%ggggn ggéeins: P{ 1 BLY @M ne

used. [0111] The reaction tenperature on the reactivity of

the organi oAMdigg UrRat aRd RydHoxy eawpedRd usediuht LsqBheferably in a
range of 100C to 350C. If the reaction tenperature is 350% or |ower,

deconposi t i tdexukes aetdehydr egenaki of okobhachydiaxyycempoynd can be
suppressed. O herw se, the deconposition reaction, degeneration reaction,
and the |i keondfirtshd i, Ssalost iitwtreducing the inert gas into the

reaction system, is preferable. As adsorbents used in

the method involving adsorptive separation, adsorbents

that can be used under temperature conditicns in which

the present reaction is carried out, guch as silica,

alumina, various types of zeolites, and diatomaceous

earths, can be used. Thesge methods of removing ammonia

trom the reaction system may be applied, either singly or

in combination of multiple types of methods.

[0117]

In the present reaction, for the purpose of

increasing the reaction rate for example, a catalyst can

be used. Examples of such a catalyst that can be

preferably used herein include: basic catalysts such as

the methylate, ethylate and butylate of lithium, sodium,

potassium, calcium and barium; single bodies of rare

earth elements, antimony and bismuth, and the oxides,

sulfides and salts of these elements; boron as a single

body and boron compounds; the metals of copper elements,



- 52 - carbamic acid ester as a product can be suppressed. From such a

vi ewpoint, the reaction tenperature is nore preferably in a range of 120C
to 320C, and further preferably in a range of 140C to 300C. [0112] The
reaction pressure depends on, for exanple, the conposition of the reaction
system the reaction tenperature, a nethod of renoving by-products (e.g.
ammoni a), the reaction apparatus, etc. The reaction pressure can be set to

a reduced pressure, an ordinary pressure, or a conpressediPressure. In
general , th&ipeagieBANpFesdlPBINGM pe BBy FH 2PN G- D. D% kPa to 10

MPa (absolute pressure). If taking into,consideration ilitation of

i ndustri al 6%6gﬂéﬁmoﬁ})e'§epéauélédt%?eB%ﬁJr%gb? té%@? di%‘% ;a/tckber erg%}ﬁ']g is
preferable, and a pressure.iin a_yrange_of 0.1 kPa to O absol ute
pressure) igxﬁ§?§ EngéPigﬂg?S[6§i§ Of i and b %p%a%#“%%?ggc §on vessel in

et onC ob3Rr Qke! peCBLLEEA ULnbReOk R tLM, Aol 1L lan ARA 2 KOWD

reacti on vessel “can De use Tan e an um-type reaction vessel s,

whi ch conpri§e,a,¢andenser A" 81hehetabhy MseGm:SREE1&h&M LY, in the

conventional Ty known reaction vessels, such as an agitation tank, a
pressuri zed 2giiLat-0Rabark, By deps esssk i gedBGid ahldn 4 anltalyHol um-type

reaction veSsel, a distillation - 53 - colum, a packed colum, and a
thin-film dicsiel bnetuntcaeche iusadti pacanbiihatrignliastapgpr dpre ate. [0114]
catalyst can be used at a stoichiometric ratio of

0.0001 : 1 to 100 : 1 based on the amount of the amino
group of the organic primary amine. If a catalyst is
added, it becomes necessary to remove the catalyst in
many cases. Thus, the reaction is preferably carried out
without adding catalysts. When a catalyst is used, such
a catalyst may be removed after completion of the
reaction.
{o118l

The reaction time {which is a retention tTime, when
the reaction is a continuous reaction) is different
depending on the composition of the reaction system, the
reaction temperature, the reaction apparatug, the
reaction pressure, and the like. It is generally 0.01 to
100 hours. The reaction time can be determined based on
the amount of a compound of interest generated. For
example, the reaction solution is sampled, the content of
a compound of interest in the reaction solution is then

gquantified, and it is then confirmed that a desired vield

can be achieved with respect to the amount of the organic



In addition, the reaction vessel preferably conprises a condenser. The
type of such a condenser is not particularly limted, and a known condenser
can be used. For exanple, conventionally known condensers, such as a
mul titubular cylindrical condenser, a double-tube condenser, a single-tube
condenser, and an air-cool ed condenser; can be used in conbination, as
appropriate. The condenser may be equi pped inside the reaction vessel, or
it may al so be equipped outside the reaction vessel and may be connected
with the rdactiory viasisw udedl.a g9 pdatColsi dericigorheanype of the reaction
vessel or condenser,_ a nethod of handling a condensate, and the Ilike,
vari ous forrer 4?1 adopt ed. [0115] Materials for the reaction
vessel and ﬁg@ﬂ%nser are not particularly limted. Known naterials can be
used. Exanp f the material that can be used herein include glass,
stainl ess steel, ca bon stﬁel Fﬁ;te ass-lined base material, and
P81 6

|1 |
a base material Coated Wt %Feé%gtgggﬁyﬁrﬁﬂgﬁﬁ?ﬂfy '$PIS36%, & SUS316,
SUS316L, and.the ke arg 4 nexpensiye. sand gy San be preferably

e Birk?
used. Instrunentation apparatuses suth as a Tl er and a thernoneter,

and known proeessidic RPRAALUSRS 13 a8 118001 Lel, a pugp.and.a condenser
- 54 - may be added, as necessary. Heating may be carried out by known

net hods sucteas: iSireamiancthtd REALRN ukll. CBRhhPYeskppWaARthods such as
natural cooling, the use of cooling water, and the use of brine can be

used. O herrestEpoayslalessa htaaddesd, bas predessaly. uked exasphe, steps and
appar at uses, such as a step of renoving the generated anmmonia, a step of

purifying tihelordganiad qememrspcimase peatsihep oGfexdinesohepngnihe odit@aesi,n t he
hydr oxy conmpound, a step of dissolving the hydroxy conpound, a step of
separ at i ng THERNRd gy narcamadtiep hytlroepakatisngndndlaylpuri fyi ng t he
hydr oxy conpound, a step of burning or discarding by-products, etc., may be
added, to SUHAFEHSadeftr gl ¢ FYPresembosshe sieduipFeerfenie present
technical field. [0116] In.the reaction of the organic primary am ne,
t he urea,aﬁé?%@ﬁg'ﬁﬁ’ ¢ SPOUdRE R Zaiton 4 IEOPGERYLECBECRE 1a by- product in
many cases.-.Th the reactjaon is . preferably.carried out il e renoving
spch_anwomqggqﬁy%qﬁ%g%ﬂgdcf%%hn???%@ﬁﬁeﬂf’sé&%r&1?eﬁ8@89uﬂéghﬁﬁf£a reaction
distillalion, MR 2 TRl Rah yalhe.linenh das. JBrblang,geparatton. a

met hod i nvol ving adsorptive separation, ‘and the ['ke can~be applied. For

exanpl e, t heaaghian disthi AL B! Bod ks A grethiod abyseparating -
anmoni a, whi ch has been successi'vel y generated~as result of the reaction,
in a gaseoumistrdierer@ Stiildatd@benlRn@r, def- @ reRGkease the distillation
dibromobenzene, chloronaphthalene, bromonaphthalene,
nitrobenzene, and nitronaphthalene; polyeyclic
hydrocarbon compounds such as diphenyl, substituted
diphenyl, diphenylmethane, terphenyl, anthracene, and
dibenzyltoluene; aliphatic hydrocarbons such as
cyclohexane, cyclopentane, cyclooctane, and
ethylcyclchexane; ketones such as methyl ethyl ketone and
acetophenone; esters such as dibutyl phthalate, dihexyl
phthalate, dioctyl phthalate, and benzyl butyl phthalate;

ethers and thioethers, such as tetrahydrofuran, 1,4-

dioxane, 1,2-dimethoxyethane, diphenyl ether, and



- 55 - efficiency of ammonia, distillation can be carried out, while
boiling a solvent or the hydroxy conpound. In addition, the method using
inert gas is a nmethod of acconpanyi ng ammoni a successi vely generated as a
result of the reaction in a gaseous stafe With inert gas to separate the
ammonia fromthe reaction system A nethod of using inert gas such as
nitrogen, helium argon, carbon dioxide, nethane, ethane or propane, singly
or in conbination, and_introducing the inert gas .into the reaction system
is preferabﬁéphﬁﬁyéd§695éﬁ?s E%EHH?nC?%%Oh%@%Oﬁu?mv%ﬁvﬁ?ﬁf%ﬁ%cﬁ$ ive

separ ati on, or bent s at can be_used under.te ratur G ditions in
thch the pP@% §¥9|EEEP§ECa??F§H Bﬁﬁpogﬁ%h %@ggl %é%l uhtha verlous

t f I 9 t hods of
removi ng an%gh‘ts%ﬁ (R eac%ﬁ%%%ﬁ%%?{ A o e e O her i maly or

in Conblnatbg%e%%yqu hiEBQlPXPsﬁdoﬁl ?g sul Odd{le. weedikddE Present

reaction, for e”pur pose O |ncreas e reaction rate for exarrpl e, a

catal yst can,he usg dré&gfﬂeb%?oghdsuehlehC@gahyéti thain cancbes pref erably
used herein’inélude? basic catalysts such as the methylate, ethylate and

butyl ate of ghidihicunn $@di pFespatasshufiosal ckugladpbaréaplgi ngke bodies
of rare earth elenents, antinony and bi smuth, and the oxides, sulfides and

salts of the&et&beﬁeats;ohoeonvaata single body and boron conpounds, t he
netal s of copper elenents, - 56 - zinc elenents, alum num el enents, carbon
el enment s andotlizttdni um el enents in the periodic table, and the netal oxides
and sul fides thereof; and the carbides and nitrides of carbon el enents
other than carboBf LEt&Ai M BPERBNEEAC VARABRP WAL Rl SHERR s2AnEPRRT BHF um

el enents, in the periodic table. In the Qase of us such a cat al t t he
anount usedQX9mR%¢%x%%ﬂ%ﬁﬂéﬁﬁfePFnFWQB 1?ﬁ§tcﬁﬁ¥lb§§ céﬁoﬁgrﬁseﬁuéﬁ
stoichionetric_ratjo_of 0001 : ased QN the agpunt of the
ani no group &1 Wﬁéqﬁ%y%ﬁqyﬁﬁﬁ ey & ;ﬁpnéncﬂP%ggcéFalyst eClgg it
becones necessary to renove the catal yst in many cases. Thus, the reaction
IS preferably CE1%d out without addi ng catal ysts. Wien a catalyst is
Fsed ]such %Iﬁéhﬁ|y5t may be renoved after conpletion of the reaction.
0118

(Method (ii))

Next, the method (ii) will be described.

The method (ii) is a method of reacting an organic
primary amine, urea, and a hydroxy compound via steps
comprising the above described step (B) and step (C).
[0122]

Hereafter, the step (B) will be described in detail.

The step (B) is a step of reacting an organic
primary amine with urea to obtain a reaction mixture
containing a compound having a ureido group (this
compound having a ureido group will be described later).
As described later, there may be a case in which a
compound having a urea bond is generated even in the step

(B) . The compound having the urea bond obtained in the



The reaction tine (which is a retention tinme, when the reaction is a
continuous reaction) is different depending on the conposition of the
reaction system the reaction tenperature, the reaction apparatus, the
reaction pressure, and the like. It is generally 0.0l to 100 hours. The
reaction time can be determned based oh the ambunt of a conpound of

i nterest generated. For exanple, the reaction solution is sanpled, the
content of a conpound of interest in the reaction solution is then
quanti fi ed,Sta (B) igan kerpa dief jwseed ashahea cdopiopad Wewhidgcaheberaehi eved
with respect to the amount of the organic - 57 - prinmary am ne used, so
that the rddd i & BESEDH FaRedient1o] In the reaction, it is
not al ways pecessary to use a reaction solvent. However, for the purpose of
facilitatingnt 3 reaction operations, etc., a suitable reaction solvent can

be used. Exanplﬁg %.such a.reaction solvent that can be preferably used

herein include: a aﬁgg'gﬁgﬁlgéoﬁgnggﬁe?aﬁ5¥éﬂ%,OH%p? Nef et anR, Chonane,
dd ; i C , ahb kyl - [ . ti

Pydr ocar bond” Sheh o Kanaeas ot rend e Ry FogALEREeRE”

di T sopropyldansrniag dibutid heneene,: ang-aphthabene; -aLLELLe ounds such

as acetonitri’le and benzoni aromati ¢ conpoun stituted with

hal ogen or ramidy @QrowR Suaiasisehl aoberzene; odi ehiasobgnzene,
br omobenzene, di bronobenzene, chl oronapht hal ene, br ononapht hal ene,

ni t r obenzenmarantenirmtraphifhahéne, opelyeyeli enbydigaarbopremagpounds such
as di phenyl, substituted di phenyl, di phenyl nethane, terphenyl, anthracene,

and di benzydtigleuersed .al i phati ¢ hydrocarbons such as cycl ohexane,

cycl opent ane, cycl ooctane, and et hyl cycl ohexane; ketones such as nethyl

et hyl ket ondl@td acet ophenone; esters such as di butyl phthalate, dihexyl
pht hal at e, di octyl ghthalate, and benzyl butyl phthal ate;, ethers and

t hi oet hers, suchla§PEefi&RydPof uEhfA, reaqtignoRinesnar2t #idre? hoxyet hane,

di phenyl ether, a@p - 58 - g%phenyl sul fi,de; ketone conpounds such as

acet one and TP ANk &t &L I8 F&PBoFotnd€2§hdRMad Ne¥ Ry Flacet at e and
et hyl benz e;, .and sul.foxi des .such as dinethyl sulfoxide and di phenyl suit
oxi de. bbeg%%@éjiﬁﬁﬁgy}aggﬁ_Hk&%fSCSHpSgﬁdgeﬁéFéﬁng €8 i R*af"excessi ve
amount in Lhe RLesaRh o §A%A%: 1 STl SRPLELET RR] Y URGhas 1he reaction

sol vent.
generated as a by-product. It was revealed that the

ammonia concentration in the system is hardly dependent
on the yield of a compound having a ureido group in the
reaction of generating the compound having the ureido
group. On the other hand, when a hydroxy compound is
used as a solvent in the step (B) (details will be
described later), there may be a case in which the
compound having the ureido group reacts with the hydroxy
compound, and an N-substituted carbamic acid ester is
then generated as a result of dissociation of ammonia.
However, since the equilibrium of the reaction of
generating such an N-substituted carbamic acid ester

largely lies on the raw material side, unless the



[ 0120] It is to be noted that conmpounds given as specific exanples in
the present enbodi nent nay have isoners, such individual isoners are also
included in the specific exanples. [0121] (Method (ii)) Next, the method
(ii) will be described. The method,(ii) is a nmethod of reacting an
organic primary am ne, urea, and a hydroxy conpound via steps conprising

t he above described step (B) and step (C). [0122] Hereafter, the step (B)

wi || be described in detail. The step (B) is a step of reacting an

or gani cdpri gangrartAcaWineniar &8 YONOHEQAI PO ar? i G MR @M@ ning a
conpound having a urei do grou this compound having a ureido group will be
descri bed Iﬁﬁeg¥? ﬁ&mﬁééériﬁgg %af%??t%ﬂg?%dn%?r é%(ﬁf?éfi$? i dﬁga
conpound havi ng.a urea bond s generated ev in the step (.B).. Th
havi ng t he Uﬁ§§1%0ﬁ8n85ﬁg?aeaniﬁa?ﬁecage%Q ?ﬁu§?enggfi€%ﬁgajgl ¢

the conpound having the urea, bond;of fhe present erodifent, rne

step (B) at a certain level, the generation of the N-

ecorrpound

used as

substituted carbamic acid ester as a result of the
reaction of the generated compound having the ureido
group with the hydroxy compound can be suppressed, and
the compound having the ureido group can be selectively
generated. Accordingly, the ammonia concentration is
preferably higher than 10 ppm, more preferably higher
than 100 ppm, further preferably higher than 300 ppm, and
particularly preferably higher than 1000 ppm.

{0125]

The step (B) can be carried out in a reaction
temperature range of 30°C to 250°C. A high temperature is
preferably applied in order to increase the reaction rate.
On the other hand, there is a case in which an
unfavorable reaction {(e.g. the decomposition reaction of
urea, etc.) occurs at a high temperature and as a result,
complicatedly substituted urea derivatives and the like
are generated. Thus, the reaction temperature is in a
range, more preferably of 50°C and 200°C, and further

preferably of 70°C and 180°C. In order to keep the

reaction temperature constant, a reaction vessel, in
which the step (B) is carried out, may be equipped with a

known cooling device and/or heating device.



[0123] Reaction conditions for carrying out the reaction of the
organic primary amne with the urea are different depending on the types of
conmpounds to be reacted. The number of urea groups used is 0.5 to 100 tines
| arger than the nunber of am no groups ff the organic primry am ne used.
[ 0124] In the step (B), the reactton of generating a conpound havi ng
a ureido group is a reaction in which equilibriumlargely |ies on the
generation side, or an irreversible reaction. In the step (B), amonia is
generated a0 ®y-product. It was reveal ed that the ammoni a concentration
in the systemis hardly dependent on the yield of a conpound having a
urei do group in®ThéhedEePon Bof Qénéré?ﬁﬁéttﬁé @ohpeERtChavi ng the urei do
group. On the other hand, when a _hydroxy conpound is used as a solvent in
the step (5e3%ed?tle§ia\ml Ith5e TP 1B TPaIE ), (PRer e lRafdBétacBae in
whi ch the conpound having the urei,do group reacts with_ the_hydroxy

thd A (ﬁgE%I &d n%@o %FdaengﬁepéaFﬁeﬁfg Rérated as a

conpound, ah an NS
result of di |81 .Qf ni.a.. , .Since the equilibriumof the
reaction o?ﬁggnefg%ﬁ%ﬁ”gﬁ%%ﬁ%ﬁuhggﬁggﬁﬁﬁﬁ%eg%cgr%gm 8u5gigagépgralargely
lies on th r.jsah. shde, B~ - nar.a iais
renoved toqﬁg%%ggﬁ%ﬁghgghig%%fgﬁggﬁ&gfkgﬁéngnggﬁig%%%ﬁé g?gﬁggﬁgputed
carbam ¢ ad ke Heergdri haled v raenerated of, N tIMRNY (62868 ng TAES Y M Nt ai ni ng
t he ammoni a concentration in the reaction solution in ?he step (B) at a
certain | evels) tdhiel gexsenati on of the N-substituted carbam c acid ester as a
result of the reaction of the generated conpound having the ureido group
wi th the hydroxy conpourng,_cap, be suppress apd _t I npound havi ng t he
urei do groupmﬁﬁﬁ‘ﬁﬁz§eteg?HQefy‘ggqgraﬁed?gkq6gr iE§W§@2the anmoni a
concentration is preferabl$y higher than 10 pem norecpreferably higher than
100 ppm further preferably hi ghe(comgann@ﬁaviﬂ@mre@%reaﬁtl@yllquy _
preferably higher than 1000 ppm [0125] The step (B) can be carried
out in a reagtdon flempdt at NRE range Qf 3@&;{3“25@@RAHhi gy tenperature is
preferably applidd in order tapcwgase[the redetion régé.2Cn t he ot her
hand, there is a®%ase i nhi ch andunfavorabl e r@action ¢e.g. the
deconposition reaction of urea, etCompsend Badhgaurds gbn@enpe(rzagyre and as a
result, conplicatedly substifuted urea deriyatives and the like are
gener at ed. TﬁUSTWthezféattldh(?%nggyafmwé“T%Yfﬁ*ﬁjrﬁﬁﬁﬂmﬂﬁDre preferably of
50C and 200C, and furthér preferably of 70C and 180C. In or?er to keep the
reaction tenperature constant, a rééme©hn®é§w®DJHBabwhﬁch f8)step (B) is
carried outghadtYirbe equi pped with a known cool i ng devi ce and/ or heating
devi ce.

R and R' each independently represent an organic

group.
[0127]

In the above formulae (21) to (23), the case of
using a bifunctional organic primary amine is described
in order to facilitate explanation. However, the method
of the present embodiment is not limited to the use of
such a bifunctional organic primary amine. In addition,
the processes of generating a compound having a ureido

group, an N-substituted carbamic acid ester and a



- 61 - [0126] In the step (B), as a result of a reaction represented
by the followng formula (21), in addition to a conpound having a ureido
group, a condensate of the conpound having the ureido group or a conpound
having a urea bond with the conpound _hgwi ng the ureido group may al so be
generated (for exanple, the followng formulae (22) and (23)). -2NH3
Conmpound having ureido group (2 1) HH NH2 H2N WR-N -2 H2Wr NH2I

compound having a urea bond are not limited to the above
formulae.
[0128]

The reaction pressure is different depending on the
type of a compound used, the composition of the reacticn
system, the reaction temperature, the reaction apparatus,
etc. In general, the reaction pressure is preferably in
a range of 0.01 kPa to 10 MPa (absolute pressure). If
taking into consideration facilitation of industrial
production, the reaction pressure is more preferably in a
range of 0.1 kPa to 1 MPa (absolute pressure).

[0129]

The reaction time (which is & retention time, when
the reaction is a continuous reaction) is not
particulariy limited. It is generally 0.001 to 100 hours,
preferably 0.01 to 80 hours, and more preferably 0.1 to
50 hours. Otherwise, the reaction solution is sampled,
and it is then confirmed by, for example, liguid
chromatography that a desired amount of compound having a
ureido group has been generated, so that the reaction can
be terminated. The step {(B) is a step of producing a
compound having a ureido group. If large guantities of
anino groups derived from unreacted organic primary
amines are present in the step (B), there may be a case
in which an unpredictable side reaction occurs in a step
(C) following the step (B). Accordingly, it is

preferable that, in the step {(B), a compound having a



0 Conmpound having urea bond(2 2) 0-R-0 NH2ZH2N,"".0 -R -0 0-R-OR O NH2

0- 2NH$g Comnpound havi ng urea bond(2 3) wherein R and R each independently
represent an organic group. [0127] In the above fornulae (21) to (23), the
case of using a bifunctional organic_pégngry am ne is described

vreido group be generated at a yield as high as possible,
and that the amounts of the amino groups derived from the
organic primary amines be reduced. Specifically, it is
preferable to continue the reaction, until the ratio of
the number of the amino groups derived from the organic
primary amines to the number of ureido groups
constituting the compounds having ureido groups becomes
preferably 0.25 or less, more preferably ©¢.1 or less, and
further preferably 0.05 or less.

[0130]

In the present reaction, a catalyst can be used, as
necessary. Examples of such a catalyst that can be used
herein include: organic metal compounds and inorganic
metal compounds, such as tin, lead, copper, and titanium;
and basic catalysts, such as the alcoholates of alkali
metals and alkali earth metals, which inciude the
methylate, ethylate and butylate of lithium, godium,
potassium, calcium and barium.

{0131]

From the viewpoint of a decrease in the viscosity of
a reaction golution and/or the achievement of a
homogeneous reaction solution, the reaction in the step
{B) is preferably carried out in the presence of a
solvent. Examples of such a reaction solvent that can be
preferably used herein include: alkanesg such ag pentane,
hexane, heptane, octane, nonane, and decane; aromatic

hydrocarbons and alkyl-substituted aromatic hydrocarbons,



in order to facilitate explanation. However, the nethod of the present
enbodi nent is not limted to the use of such a bifunctional organic primry
amne. In addition, the processes of generating a conpound having a ureido
group, an N-substituted carbam c acid gster and a - 62 - conpound having a
urea bond are not limted to the above fornulae. [0128] The reaction
pressure is different depending on the type of a conpound used, the
conposition of the reaction system the reaction tenperature, the reaction
appar atus, 6tEh PR BERERBE; ERLUPBACIFVICHF esSr R HiFerably in a range

f 0.01 kPa _to 10 MPa_(absol ut . _If taking int i derati
Paci i tali ofi o PRAGEEPEAFSBFodier oRLPEREPEactt b VSRR BT & more
ferably in. a, f 0.1 kPa to_1 t ) 29

e roact] ofEPibe( ATER NG5 a PERRE | BhC T he.  ohbr The 7 SAG I h 1S 2

conti nuous LeaELLon) oLacAahaBattieulent¥al thetl bich sopeney sty 0,001 to

100 hours, pre ours, and nore preferably 0.1 to 50

hour's. CXher%%ggu Lhenr 8aCthoBrspkHLEAR, | 81 5ANBLE0enA8M] t IS then
confirmed by, r exanple, litquid chromat ography that a desired anount of

conpound hayi fgcdcu-ehd0 arewpmbasnbenn, generabedphshaléaé, t he reaction can
be term nated. The step (B) is a step of producing a conpound having a

urei do grouprohbnhgh@@aqeast i hiesobknaghag gndupstdenapedhdiensunr eact ed
organic primary amnes are present in the step (B), there nay be a case in
whi ch an unpoddicytcablce hyiddeceehoni opnpoouds Ench seeplp@nydl | owi ng t he
step (B). Accordingly, it is preferable that, in the step &B), a conpound
havi ng a substituted diphenyl, diphenylmethane, terphenyl,

anthracene, and dibenzyltoluene; aliphatic hydrocarbons

such as cyclohexane, cyclopentane, cyclooctane, and

ethylcyclohexane; ketones such as methyl ethyl ketone and

acetophenone; esters such as dibutyl phthalate, dihexyl

phthalate, dioctyl phthalate, and benzyl butyl phthalate;

ethers and thiocethers, such as tetrahydrofuran, 1,4-

dioxane, 1,2-dimethoxyethane, diphenyl ether, and

diphenyl sulfide; ketone compounds such as acetone and

methyl ethyl ketone; ester compounds such as ethyl

acetate and ethyl benzoate; sulfoxides such as dimethyl

sulfoxide and diphenyl sulfoxide; water; hydroxy

compounds such as alcohol and aromatic hydroxy compounds.

From the viewpoint of the solubility of the compound

having the ureido group as a product, the reaction

solvent is preferably water or a hydroxy compound

(alcchol or an aromatic hydroxy compound). These

solvents can be used singly or in the form of a mixture

of two or more types.



- 63 - ureido group be generated at a yield as high as possible, and that
the anbunts of the am no groups derived fromthe organic primry am nes be
reduced. Specifically, it is preferable to continue the reaction, until the
rati o of the nunmber of the am no group§ derived fromthe organic primry
anmines to the nunber of ureido groups %nétituting t he conpounds havi ng
urei do groups becones preferably 0.25 or less, nore preferably 0.1 or |ess,
and further preferably 0.05 or less. [0130] In the present reaction,
a catal yst tE@Pde used, as necessary. Exanples of such a catalyst that can
be used herein include: organic nmetal conpounds and inorganic netal
conpounds, suchT&§ fPRVerBSHLieBBReFSagRECR| FARVERT amd Pasieedainl ysts,
such as the al cohol ates of alkali netals and alkali _earth netals, which
i ncl ude t hé hetHyiHt &MBt Yyl at/BeBnd BUEHPRY eCHPPHR i 1 LS¥di & pot assi um
cal cium and, b rtyq;agg}Si% Eron1the v%pmgpi t .of a decrease in the
FADn LoIS S tand/for 2Ph&Sadfifdv éfteft P forpgeneous

Vi scosity ot~ A" Pedd
reaction solAf i he .r eact.i I .St B) i r rabl y.carried out
in the preggﬁiéggF*% g%_EEE%kggyéggkggléf%gﬁéﬁ'aagegggggng§o¥98nt t hat can
be pref erablnouiged Mengl ndiRe ude; g_a'o'fa%% .%'f%ﬁ? ?‘o@gr@bg% ’gngi&%ﬂ‘e’

hept ane, octane, nonane, and décan aromatic

al kyl - substiirt @r@éﬁrmmﬁwﬁ@@arfg@%bilit?of suehaasibgnzene, tol uene,
xyl ene, ethyl benzene, diisopropyl benzene, dibutyl benzene, and napht hal ene;
nitrile compdundsrsuetd as adetienichrilke padtobenzani tebkesoal OFELEcgoMpounds
substituted with hal ogen or a nitro group, such as chl orobenzene,

di chl or obenzepee flerwindlye neene indialr exokes ese amohhor enaphirbabene, to

br omonapht hal ene, ni trobenzene, and nitronapht hal ene; polycyclic

hydr ocar borrTgompeuwnds ofudheagndinphampup sdbshiet orgdndicphenpbry

di phenyl net hane, terphenyl, anthracene, and di benzyltol uene; aliphatic

hydr ocar bord"$§ch HSWEVEFohékan®, SEYELBPLEYIt HHETE cyrP okt @he 1 aplgoL

et hyl cycl ohexane;. ketones ,such as_nethyl ethyl ketone and acet ophenone;
esters such SadS§i%but erﬁhﬁﬁa@aﬁéfkdPﬁe%?ﬁuﬁﬁﬁﬁﬁlété?IEPoEF?PtﬁﬁPhalate, and
benzyl butxkaphthal%;e; @%herﬁgﬁnd t hi pet hers, such as tetrahydrof uran,

1, 4- di oxane "t 12- Gitfet hoRyet hERE, Tar phafyl SRTReRT Bl 0F PRyl *RBul fi de;

ket one con%_ugq%ug%cQagﬁggg$%§%e€§gqqukﬁ¥gEF%gyggkgE%gg; ester conpounds

such as ethyl acetate a enzoat e; oxi des”such as di met hyl sulf

oxi de and dipheryl sWdoxide: wateny ere%%ya@gg@gedasseﬁa glﬁ\?;heohol and

aromati c hydroxy conpounds. "Fromthe viewpoi nt he sol ubi of the
conpound haf Rghel Bgikei@ug QUP t&% %r%%%ﬂ@cbmiﬁg%yVQ%QEEQ” sol vent is

preferably water or a hydroxy conpound (al cohol or an aromatic hydroxy
conpound) . [Thesé sol vents can be used singly or in the formof a m xture of
two or nore types.

A type of a reaction apparatus used to carry out the
present reaction isg not particularly limited, and a known
reaction vessel can be used. For example, conventionally
known reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depregsurized agitation
tank, a column-type reaction vessel, a distillation
column, a packed column, and a thin-film distiller, can
be used in combination, as appropriate. Materials used

for the reaction vessel are not particularly limited,

either. Known materials can be used. Examples of the



- 65 - [0132] The above-nentioned reaction solvent can be used in any
gi ven anount. Wen a hydroxy conpound is used as such a reaction solvent,

it can be used in an amount 1 to 100 tines, at a stoichionetric ratio, as

| arge as the ampbunt of the am no group.@f the organic primary amne. In
order to inprove the flowability of a reaction solution and to efficiently
pronote the reaction, alcohol is preferably used in an excessive anount

with respect to the anount of the amino group of the organic pripary am ne.
However, ifMARCEXEteRBRY Falgee dadtmt NYFSHE coMotudSs QPsae“?Eft B89 risk
of requiring a |large reactjion vessel, etc. Th t he, reaction sol vent may
be used in gﬁeﬁﬁnugﬁrpa’ﬁgﬁFe%reH?)?E‘?%f%i yaSQUf%s%%Utr?erfggk?a%%d further
preferably 8 to 20.tines, | arge,_as. t he ampunt of, the 1 no group of the
or gani ¢ priWﬁ&ﬁréﬁ%negnﬁoigéfse gat%?%%pec% t%ﬁ”%ﬁé:ii#Féﬁ%ﬁﬂéﬂL& used to
carry out the Bresenlareachion if noludard| carly Ideited, and adgown
reacti on vesser can bé used. For' exanple,” conventionally known reaction
vessels, sughyas,an %ﬂb&g&hgﬂvé9n§ndatﬂﬁ§,ssaﬁé§e@aﬁ%éafsaf@mef@m a _
depressurlzeé agitation tank, a colum-type reaction vessel, a distillation
colum, a paeked CcohirRgmaRnth@idhidpddddnied idddT aLan Mewisatkd n

conbi nation, as appropriate. Materials used for the reaction vessel are not
particul arl ynhi & tedrmenther, Knawanoehepiratsssangbeppsestusxanphels of the
- 66 - material that can be used herein include glass, stainless steel,
carbon steeks Haskeblidygr,aagbasp- hivded baséenateriay, bandddedasasnmat eri al
coated with Teflon (registered trademark). SU8304, SUS316, SUS316L, and the
li ke are i nexgessavey, aheathus, mandye cearbeeprefterablypargedqethods

I nstrunent ati on apparatuses such as a flowreter. and a thernoneter, and
known pr ocessichy 28pFataiiugdds dubRa88Ta rEboi $91 108 pdPEhd St YtRlenser may
be added, as necessary. Heating.may b carrieg outhgﬁgknomn nmet hods such as

st eam and a SH&E&t 8°. TESHTR0LPRG I RnolenBERodS §88 KattFal *88ol i ng, the
f [ ter, dth f i b,
use of coo 'n% g%eﬁ%gég%&ne & us%eousgﬁ[nebfﬁ%E §%%§§“h%#lifgo$$§ps may

al so be addéd! ry. For exaipl'e, stéeps and apparatuses, such as a

step of TemayNg the generabed AMHA axa o Bl ePs OLpoulhd Vit aLgani c

primary am ne, a 'stép of dissolving t ea in the aromatic hydroxy

compound, a 5iep Qf dicss WeNGehbe1ALOTRE gehvdnexy 6afBaYAY, aasskpp of
separating al cohol, a stép of separating and/or purifying the aromatic

hydr oxy conmpeauRhrid Step tofe Riobivicngrtihe rgoapanad hawiag biie urei do group
fromthe generated reaction solution, a step of burning or discarding
by- pr oduct s,diefsmlvimay e atded,int ahsuelrcantext aytirblgt coheypusdenmat o be
required in the present technical field. [0134] The subsequent step
(O is a stepeyf afeatitssng vimg chepemathalidy hydrReyucemgevugtoup 6BERI ned in
the ste B
P )of separating alcohol, a step of separating and/ox

purifying the aromatic hydroxy compound, a step of

purifying the compound having the ureido group from the

generated reaction solution, a step of burning or

discarding by-products, etc., may be added, tc such an

extent that they seem to be required in the present

technical field.

{0134}

The subsequent step (C) is a step of reacting the

compound having the ureido group obtained in the step (B)



- 67 - with a hydroxy conpound. In the step (C), an N-substituted carbamc
acid ester is generated as a result of a reaction represented by the
following formula (24), and at the sane tinme, a conpound having a urea bond
is al so generated, for exanple, as ar ;ult of reactions represented by the
following fornmula (25) and formnul a (26§. 2 ROHH2N R -N NH2 - 2 NH3
RD-R-N OR 00 N-substituted carbamc acid ester(2 4) 2 RRR . HH-Rty-R -4
yki-R-Nily NH -2 NH ROTO--Raill-R-0,e-R- N ITOR Conpound havi ng urea
bond(2 5) ROh G ORARSYNIERPONKG ., , InNERR sNHOR(CD, -an .Y - -

substituted carbamic acid ester is generated as a result
of a reaction represented by the following formula (24),
and at the same time, a compound having a urea bond is
also generated, for example, as a result of reactions
represented by the following formula (25) and formula

(26) :

H

2ROH + HZNTN‘“R—QTNHQ T R‘OTH~R~H\H/OR'
0

o] 0 G
N-substituted carbamic acid ester (24)

o HNo M8 Batl Henll . ] o H i
2 ROH HNTN R N\g/u R \ér R NTNH, S RO\E/H R HTN R H\E,Nmk—-nwroa

ksl Q o] ]

Compound having urea bond (25)
H H
RO.__N—R—N_ _OR - N el H H
2 jr jr RO, _N—R—N_ __N—R—N._ _OR
A e S G e
Compound having urea bond
(26)
wherein

R and R' each independently represent an organic
group.
[0135]

In the above formulae (24} to (26}, the case of
using a bifuncticnal organic primary amine is described
in order to facilitate explanation. However, the method
of the present embodiment is not limited to the use of
such a bifunctional organic primary amine. In addition,
the processes of generating an N-substituted carbamic
acid ester and a compound having a urea bond are not

limited to the above feormulae.



VI 0 0 Conpound having urea bond(2 6) wherein R and R each
I ndependently represent an organic group. [0135] In the above formnul ae (24)

to (26),

the case of using a bifunctional organic primary amne is

described in order to facilitate expl.apgtion. However, the nethod of
present enbodinent is not limted to the use of such a bifunctional
primary amne. In addition, the processes of generating an N-substit

carbam c acid ester and a conpound having a urea bond are not

the above foPhdPhe. - 68 -

When a reaction solvent is used in the step (B), the
reaction solvent may be removed from the reaction
solution of the step (B) before performing the step {(C),
or the step (C) may be directly performed without
removing the reaction solvent. When the reaction solvent
used in the step (B) is different from the hydroxy
compound in the step (C), a hydroxy compound may be newly
added, and the step (C) may be then carried out.

[0137]

Reaction conditions for reacting a compound having a
ureide group with a hydroxy compound in the step (C) are
different depending on the types of compounds to be
reacted. The hydroxy compound 1s used at a
stoichiometric ratio of 1 : 1 to 500 : 1 based on the
numbers of the ureido groups in the compound having the
ureido groups used. In order to ensure the solubility of
the compound having the ureide group and a product, a
largely excessive amount of hydroxy compound is
preferably used. However, if taking into consideration
the size of a reaction vessel, the hydroxy compound is
used at a stoichiometric ratic of, preferably from 1 : 1
to 100 : 1, more preferably from 2 : 1 to 50 : 1, and
further preferably from 3 : 1 to 20 : 1.

{0138]
The reaction temperature depends on the types of

compounds to be used, and it is preferably in a

t he
organic
ut ed

limted to



[ 0136] When a reaction solvent is used in the step (B), the reaction
sol vent may be renoved fromthe reaction solution of the step (B) before
performng the step (C), or the step (C) may be directly performed w thout
removi ng the reaction solvent. Wen thg reaction solvent used in the step
(B) is different fromthe hydroxy conp Und in the step (O, a hydroxy
conpound may be newly added, and the step (C) may be then carried out.
[0137] Reaction conditions for reacting a conpound having a ureido
group wth Berlyeiraxyreonpoindi nadie sbeps50Q). are dhkf erent idependi ng on
the types of conpounds to be reacted. The hydroxy conpound is used at a

st oi chi onet¥¢wrerat W ofisl L00FCt er500ghet, bhbedsbnonheb hudrbey sobf thde urei do
groups in the coqpound haV|ng the ureido groups used. In order to ensure

the sol ubi It g RAYG ﬁﬁ@e&P§F§oa§réuBYaH60§U6F0§§@t a
| | f d. Ho ,
i1 taking i ﬁ%s pbiaing tla(ﬂ#] it C%@%Qun?’e%%ﬁ%%ﬁoge =S hydr oxy.

d 1 to 100
oo s s il ST ooty Bl PReLECAY P D
1to 20 @ 1o Dd38lreg cafB&hﬁPQﬁh{ %B%T %” %p%%%%@@ﬁAonoﬁh plypes of

conpounds to be used, and it “is pr era erature range

of 100C to 350G Hdnd hei ¢ aagt .00 dermer &ahﬁiljé)qga %rsd&b%%f 16iRe st ong

bi ndi ng of the hydroxy conpound to anmoni a generated as a by-product can be

suppr essed,dearnshdduis, i dn desived neactdromdgseahy tpoagegssas. | n addition,
generation of a conplicatedly substituted carbonyl conpound can be

suppr essed.hy@rdshe airherurkbrdn ife tshepreaciidan Feopesathre is 350C or
| ower, deconposition of the urea or dehydrogenation of the hydroxy conmpound
can be suppflesyalinthr dhes ustn ot virewsoipstrative risagioiren prrefperatlyr éni s nore
preferably in

a range of 120°C to 320°C, and further preferably in a

range of 140°C to 300°C.

[0139]

The reaction pressure is different depending on the

composition of the reaction system, the reaction

temperature, a method of removing ammonia, the reaction

apparatus, etc. In general, the reaction pressure is

preferably in a range of 0.01 kPa to 10 MPa (absolute

pressure). If taking into consideration facilitation of

industrial producticn, the reaction pressure is

preferably in a range of 6.1 Pa and 5 MPa {(absolute

pressure). If taking into congideration the removal of

gaseous ammonia from the reaction system, the reaction

pressure is more preferably in a range of 0.1 Pa to 1.5

MPa ({absolute pressure).

[0140}



a range of 120C to 320C, and further preferably in a range of 140C to 300C.
[ 0139] The reaction pressure is different depending on the
conposition of the reaction system the reaction tenperature, a method of
removi ng ammoni a, the reaction apparqtgé,_etc. In general, the reaction
pressure is preferably in a range of 0.01 kPa to 10 MPa (absol ute
pressure). |If taking into consideration facilitation of industrial
production, the reaction pressure is preferably in a range of 0.1 Pa and 5
MPa (absol ute préBsthe)redetiakidy it o tchsiHer ATBH e T enpval  of
gaseous ammonia fromthe reaction system the reactioqon pressure is nore
preferably PRNETRERGeaSf 20PY - PACEYCY . 50 VPANY abR8F Tt e ssdﬁ%ﬂ [0140] -

70 - In the reaction of thg stgg (C%f angnnig i% ggneratgg.gs éub - product

in many cas&§ACTRGL 1EnBTRESLRPOY Farpreferdbr y"RalTi st AUt IwATTR renovi ng
h ia f t ti ia.l emoved

that the coRBBRENE: QR or Fhecamon a Reehe rotis oh ool ctVEn Bocames

preferably %%%%v%ﬂn%%rthﬁ%stthESneéﬁEﬁ%EQEM 300: RRM Ahoh £5Sinf LREher

preferably ppm or less, and particularly preferably 10 ppmor |ess. As

a nmethod of LeMRVifRg ATMRALA LacHRast peardi-abil/| atbonpprt §odieas et hod
using inert gas, nenbrane separation, a nethod involving adsorptive

separation, mR@ the ke 16an cheppppbiredeskor faxanplepréherabagt Lon
distillation nethod is a nethod of separati ng anmoni a, which has been
successi vel ypogenrar akked ,asnd pestlitudbhriheprefiethdhy LA ppyaseolssstate by
distillation. In order to increase the distillation efficiency of amoni a,
di still ati oscan reehealr cifedeootinghehmobdil i agraassieandisfithathpdr oxy
conmpound. In addition, the nmethod using inert gas is a nmethod, of
acconpanyi ngredmrshi & REEessngéng @@ﬁé%aﬂé&raye@bﬁé§ﬁlﬁeﬁﬁrﬁﬁéopeaétion in
a gaseous state with inert gas to separate the,annnni% %Fg the reaction

h u

system A|ﬂﬁQRﬂP4ﬁqu9%ﬁF¥ﬁé¢FO§§§i§ﬁpﬁeg§rﬁFﬂFBQeﬁF hé&f'Fum*&r §8h, carbon
O o e S LA O PLORRE, BLASLLELIL orRl i, A
methods of remuving AN,y AP U1pa163GHLAmEREET WY <Re nARPHLEH:
successively generated as a result of the reaction, in a
gaseous state by distillation. In order to increase the
distillation efficiency of ammonia, distillation can be
carried out, while boiling a soclvent or the hydroxy
compound. In addition, the method using inert gas is a
method of accompanying ammonia successgively generated as
a result of the reaction in a gaseous state with inert
gas to separate the ammonia from the reaction system. A
method of using inert gas such as nitrogen, helium, argon,
carbon dioxide, methane, ethane or propane, singly or in
combination, and introducing the inert gas into the

reaction system, is preferable. These methods of

removing ammonia from the reaction system may be applied,



- 71 - either singly or in conbination of nmultiple types of nethods. [0141]
In the present reaction, for the purpose of increasing the reaction rate
for exanple, a catalyst can be used. For exanple, the catalysts exenplified
in the above step (A) can be used. In e case of using such a catalyst,

the anount used is not particularly Tinfted. The catal yst can be used at a
stoichionetric ratio of 0.0001 : 1 to 100 : 1 based on the anopunt of the
urei do group of the conpound having the ureido group. [0142] The

reaction tigkhashisdndly s érenongn neitrien wifenultheépieatyipes $ a conti nuous
reaction) is different depending on the conposition of a reaction system

t he reactidﬁﬁﬁﬁﬁﬁérature, the nmet hod of renoving ammonia, the reaction
appar at us, &he reaction pressure, and the like. It is generally 0.01 to 100
hours. The ion tinme can be determ ned based on the anobunt of a

conpound of intﬁre§% gener at ed. F0£,exangle, %he reaction_solution is
sanpl ed, the conte eoPr5588ﬁp58ﬁ8 oP i nt 8F eb£€i RUTR@5F edkti on solution is
th tiif] (S onfir t esired,yield can be
achi eved  SoERaTIRE et on o 5 & Aarsr oradrth 75% F3hne

r eact Lgnbuirﬁpeoig;segagt BLYAYS A RBEESSARY LQ:N$6sAsT EAGKL Py fO4 VAL, FlOvever,
above step (A) can be used. In the case of using such a
catalyst, the amount used is not particularly limited.
The catalyst can be used at a stoichiometric ratio of
0.0001 : 1 to 100 : 1 based on the amount of the ureido
group of the compound having the ureido group.

[0142]

The reaction time (which is a retention time, when
the reaction is a continucus reaction) is different
depending on the compogition of a reaction system, the
reaction temperature, the method of removing ammonia, the
reaction apparatus, the reaction pressure, and the like.
It is generally 0.01 to 100 hours. The reaction time can
be determined based on the amount of a compound of
interest generated. For example, the reaction solution
is sampled, the content of a compound of interest in the
reaction solution is then quantified, and it is then
confirmed that a desired yield can be achieved, so that
the reaction can be terminated.

[0143]
In the reaction, it is not always necessary to use a

reaction solvent. However, for the purpoge of



- 72 - faci

above step
carry out t
particul arl
[ Met hod (2)
aci d ester

deri vati ve,
ester to pr
nmet hod (2),
as a result
the sane ti
reaction re
NR -0 OR

litating the reaction operations, etc., a suitable reaction
sol vent can be used. As such reaction solvents, those exenplified in

t he

(A) can be used. [0144] The reaction apparatus used to

he present reaction and the-gaterial therefor are not
y limted. Those exenplifieg in the step (A) can be used.

[ 0145]

] Next, the nethod (2), which conprises using the carbonic

represent ed bg t he above formula, (8) as a carbonjc acid
fardlieatindgth

B BEFART e pPRReR YL AE net W th & R LB ORI ¢ acid

oduce  a congound havin% a urea _bond, .will be describe%; In the
P t F

rF?Fté%nﬁ verh RER RSt IEETE ed Aarbislt & SRG d CBs P& VS
ti , [ 1 b i
bod LERRBILAR RADTRoERE oV Afep ALY AONIE. (27),

urea s ‘generated as

éﬁnerated

and at

result of a

q%%gthed by the following formula (28): (2 7) 2 R HH N-R -N

The reaction apparatus used to carry out the present
reaction and the material therefor are not particularly
limited. Those exemplified in the step (A} can be used.
[0145]

{Method (2)]

Next, the method (2), which comprises using the
carbonic acid ester represented by the above formula (8)
as a carbonic acid derivative, and reacting an organic
primary amine with the carbonic acid ester to produce a
compound having a urea bond, will be described. In the
method (2), for example, an N-substituted carbamic acid
ester is generated as a result of a reaction represented
by the following formula (27), and at the same time, a
compound having a urea bond is generated as a result of a
reaction represented by the following formula (28):

H H
OR' R'O N—R—N OR'

P S

N-substituted carbamic acid ester (2 7)

H;N—R—NH, + 2 RO

H

H H H H
N—R—N OR' R'O N-—R-—N N—-—RWH OR'
P =i G G ¢

0 o] _ Ty
8]
Compound having urea bond

(28)

wherein
R and R' each independently represent an organic

group.



[111 OORO ,eOR 000 Conpound having urea bond ( 2 8) wherein R and R
each independently represent an organic group.

- 73 -

[0146]

In the above formulae (27) and (28), the case of
using a bifunctional organic primary amine is described
in order to facilitate explanation. However, the method
of the present embodiment ig not limited to the use of
such a bifunctional organic primary amine. In addition,
the processes of generating an N-substituted carbamic
acid ester and a compound having a urea bond are not
limited to the above formulae.

{0147]

Reaction conditions are different depending on the
types of compounds to be reacted. The carbonic acid:
ester is used at a stoichiometric ratioc of 1.1 : 1 to
1000 : 1 based on the amino group of the organic primary
amine. In order to increase the reaction rate to
complete the reaction at an early stage, an excessive
amount of the carbonic acid ester is preferably used
based on the amino group of the organic primary amine.
If taking into consideration the size of the reaction
vessel, the carbonic acid ester is used at a
stoichiometric ratio, more preferably from 2 : 1 to 100
1, and further preferably from 2.5 : 1 to 30 : 1, based
on the amino group of the organic primary amine. The
reaction temperature is generally in a range of an
ordinary temperature (20°C) to 200°C. A high temperature
is preferably applied in order to increase the reaction

rate. On the other hand, there is a case in which an



- 73 - [0146] In the above fornulae (27) and (28), the case of using
a bifunctional organic primary amne is described in order to facilitate
expl anati on. However, the nmethod of the present enbodinent is not limted
to the use of such a bifunctional organi,c primary anmne. In addition, the
processes of generating an N-substituted carbam c acid ester and a conpound
having a urea bond are not limted to the above fornulae. [0147]

Reaction conditions are different depending on the types of conpounds to be
react ed. ThenéavpsaPécacracesPer oFsutigedt al %?%@o?%Wﬁ%%ﬁﬁq§%°r 5 of 1.1

1 to 1000 : 1 based on the am no groug of the orgapnic primary e. In
BBREFERRIY

: N
order to inéRBa¥B3fheCRehBIPERAFALE .%%?E? he? reacttdh @ %ﬂ%%arly

stage, an excessiye anmount of the carbonic _acid,ester is ef erably used
based on théoaﬁﬁﬁocgr8ﬁbCﬁﬁeﬁhécbﬁﬁﬁﬁig%ﬁrFﬁﬁF lgﬁiﬁgmpFFgggﬁan into

consi derat | g, Lhe, 1 2¢f ;bhe.r gagLeNeuCEsEL . 1Lhe Sarbon) e agid ester is

used at a stoichiometric ratio, nore preferably from o 100 1, and
further pretgrabb¥df (2Mh2a5kholi cooling device and/or heating

device. The reaction pressure is different depending on
the types of compounds used or the reaction temperature.
It may be any one of a reduced pressure, an ordinary
pressure and a compressed pressure, and it is generally
in a range of 20 to 1 x 10° Pa. The reaction time (which
is a retention time, when the reaction is a continuous
reaction) is not particularly limited. It is generally
0.001 to 50 hoursg, preferably 0.01 to 10 hoursg, and more
preferably 0.1 to 5 hours. Otherwise, it is aiso
possible that the reaction solution is analyzed, that it
ig then confirmed that the amount of the N-substituted
carpbamic acid ester generated and/or the amount of the
compound having the urea bond generated are in desired
ranges, and that the reaction is then terminated.

{0148]

In the present reaction, a catalyst can be used, as
necessary. Examples of such a catalyst that can be used
herein include: organic metal compounds and inorganic
metal compounds, such as tin, lead, copper, and titanium;
and basic catalysts, such as the alcoholates of alkali

metals and alkali earth metals, which include the



30 : 1, based on the am no group of the organic prinmary am ne. The
reaction tenperature is generally in a range of an ordinary tenperature
(20C) to 200C. A high tenperature is preferably applied in order to
increase the reaction rate. On the oghzg hand, there is a case in which an
- 74 - unfavorable reaction occurs at hi gh tenperature. Thus, the
reaction tenperature is preferably in a range of 50C to 150C. In order to
keep the reaction tenperature constant, the above described reaction vessel
may be equippetyVitch £RnoViFcoid fytddeitee odndichibeat Epgidevi ce. The
reaction pressure is different depending on the types of conpounds used or
the reacti dP&EHPS At G Py hardmy-one of a reduced pressure, an

ordi nary pr§§%%ge and a conpressed pressure, and it is generally in a range
of 20 to 1 XX Pa. The reaction time (which is a retention tine, when the
reaction is a c%nti uous rea%tion) .S _not parti limted. It is

| ar |
general |y 0.001fo" SGF§Ptpreferably 6Foist88€ogi8%¥§,n%ﬂﬁsﬁ%¥§
f bl Ot i.se, b ] | ib t t ti
o utt on | S 2 e P, bbb Pe R oPeRot e e SmeBh ObF the "

solution is ana en confi rméd unt “of the

N subst it ut@gcarhand; agdl Reldl; fengtabed ARl i qLhe aupupof the
conpound havi ng the urea bond gener at § are 1n desired ranges, and that the
reaction i srddiefidrergdiR@ired.can be used. The same solvents as those

exemplified in the above described step (A) can be used.

Also, the carbonic acid ester used in an excessive amount

based on the amino group of the amine compound is

preferably used as a solvent in the presgent reaction.

[0150]

A type of a reaction apparatus used to carry out the
present reaction is not particulariy limited, and a known
reaction vessel can be used. For example, conventionally
known reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depressurized agitation
tank, a column-type reaction vessel, a distillation
celumn, a packed column, and a thin-film distiller, can
be used in combination, as appropriate. Materials used
for the reaction vessel are not particularly limited,
either. Known materials can be used. Examples of the
material that can be used herein include glass, stainless
steel, carbon steel, Hastelloy, a glass-lined base
material, and a base material coated with Teflon
(registered trademark) .

[0151]



[ 0148] In the present reaction, a catalyst can be used, as necessary.
Exanpl es of such a catal yst that can be used herein include: organic netal
conmpounds and i norgani c netal conpounds, such as tin, |ead, copper, and
titanium and basic catalysts, such as-the alcoholates of alkall netal s and
alkali earth netals, which include the - 75 - net hyl ate, ethylate and
butylate of lithium sodium potassium calciumand barium [0149] I n
the present reaction, it is not always necessary to use a reaction solvent.
However, forMekBogurpodde of faC|I|tat|ng the reaction operations, etc., a
suitabl e reaction sol vent can be ﬁf sane sol vents as those

P St h

exenplified in tRexhbove T TIPS &tf 174 o, the carbonic
d t d d th th
oo e’ cont ﬁgsggﬁﬁﬁgggéggsg HELE RETY SEREERI T TR B o

am ne COﬁpOQ e presen action.

0150 f
Feact on i sSRGCTRG B ??é%ﬁﬁﬁl?QQQrgﬁﬁsaﬂéggeﬁg et ¥ele g Pean b

par |cu wn reac I on vessel can be

used. For é%g@ naCRVERLT anakly kBN Leact hanauessebea. suah At an
agitation tan a pressurized agitation tank, a depressurized agitation

tank, a CO'%@thﬁp33rea%hﬁﬁnsﬁ%§§ﬁtutéddb§kbhh§&|@Bl@O&HDBrlaepangd
colunn and a thin- f|In1d|st|IIer can be used in conbination, as

appropriateg eM&&@hb@lasuaedeéuﬂttbe aeaehbamomesspkeaeﬂta@tbpaat|cuIarIy
limted, elther Known materials can be used. Exanples of the material that
can be usedjﬁ&mﬁmha izelude ghass, beflaivnl ess steehe sambohiwmeeeh, Hastell oy,
a glass-lined base material, and a base material coated with Tefl on
(reglsteredcxmgdemwrmpylpgialprea bond is generated as a result of a

reaction represented by a formula (30) as shown below,
for example. Moreover, there is also a case in which an
isocyanate generated by the pyrolysis of the N-

substituted carbamic acid chloride coexists.

& H
Cle_ 0l Gl _N-~R-N_ _Ci
HoN—R~—NH, + 2 N
P G ¢

N-substituted carbamic acid chloride (2 9)

H H
S [¢]] N—R—N Ci Cl N R—| n N"'"*R'"“n H—R
HN——R-—NH; + 2 \"/ 1/ e T Y 1/ NYCI
o}

Q o]

Cowmoundhaﬂﬁgtneabond (30)

wherein

R and R' each independently represent an organic
group.
[0152]

In the above formulae (29) and {30}, the case of
using a bifunctional organic primary amine is described
in order to facilitate explanation. However, the method
of the present embodiment is not limited to the use of

such a bifunctional organic primary amine. In addition,



- 76 - [Method (3)] Next, the method (3), which conprises using a
phosgene as a carbonic acid derivative, and reacting an organic primary
anmne with the phosgene to produce a conmpound having a urea bond, will be
described. In the nethod (3), an N-sub %iguted carbam c acid chloride is
generated as a result of a reaction rez esented by a fornula (29) as shown
bel ow, and at the sane tine, a conpound having a urea bond is generated as
a result of a reaction represented by a fornula (30) as shown bel ow, for
exanpl e. Nhﬁ@%u%ﬁocﬁ$ﬁﬂQBQﬁsQﬂn§@a$1®a5@ﬂlm'w@b&h1ante§ocyabamecgenerated by
the pyrolysis, of the N-substituted carbam c acid chloride coexists. -

HCI 1111 00CRNSUHERFT (RIEH & AWRARadiay 168 ér vgea( popyl are not

limited to the above formulae.
[0153]

As an organic primary amine, the organic primary
amine represented by the above formula (5) can be used,
for example. The organic primary amine may be used in
the form of a free amine, or it may be converted to a
salt with organic acid, inorganic acid or the like,
before subjecting it to the reaction with a phosgene.
Examples of such a salt include carboxylate, carbonate,
and hydrochloride.

(0154]

The phosgene is used in the form of a mixture of a
phosgene and a solvent. A type of a solvent used herein
is not particularly limited, as long as it is inactive on
a phosgene, an N-substituted carbamic acid chloride, and
an isocyanate as a decomposed product of the N-
substituted carbamic acid chloride. Specific examples of
such a solvent include: ester-based solvents such as amyl
formate, n-butyl acetate, n-amyl acetate, methylisoamyl
acetate, methoxybutyl acetate, 2-ethylbutyl acetate, 2-
ethylhexyl acetate, cyclchexyl acetate, methylcyclohexyl
acetate, benzyl acetate, ethyl propionate, n-butyl
propionate, isoamyl propionate, butyl stearate, methyl
salicylate, dimethyl phthalate, and methyl benzoate;

aromatic solvents such as benzene, toluene, xylene,



wher ein R and R each independently represent an organic group. [0152]
In the above fornulae (29) and (30), the case of using a bifunctional
organic primary amne is described in order to facilitate explanation.
However, the method of the present enbediment is not limted to the use of

such a bifunctional organic primary amne. In addition, - 77 - the
processes of generating an N-substituted carbam c acid ester and a conpound
having a urea bond are not limted to the above fornul ae. [0153] As

an organi c pPLAEPYCRAPRE; EBhENOPHARFRZPRT nulby el NP Y B¥ent ed by the
o ! M bRePhrrarts FEReaPhes orRl Srod BSOS, PR o Y,
orgon! € 26! dh TSI G RRLEr LU ke, BELPLFShRelitn it he
car bonat e, E%ehéﬁao%ﬁkﬁﬁkgeneLQ&Q&LY for the recovery of such a
golvent, the solvent used herein is more preferably
identical to the after-mentioned reaction solvent.
[0155]
The liquefied phosgene may be used in the reaction,
directly or after regasification. The oxygen
concentration in raw materials other than the phosgene
used in the present embodiment is preferably C.1 wt % ox
less. Thereby, the amount of tar generated as a Dby-
product can be reduced, and thus, an isoccyanation
reaction can be carried out at a high yield, while the
reaction product is hardly colored. As a method of
removing oxygen from an organic primary amine and/or a
salt of the organic primary amine, or from a reaction
solvent, a method compriging blowing inert gas such as
nitrogen into them and substituting oxygen dissolved
therein with the inert gas, etc. can be applied.
Otherwise, for example, a phosgene or a solution
containing such a phosgene, which contains oxygen in a
concentration of 0.1 wt % or less, is excessively
supplied into the reaction system from the initial stage
of the reaction, so that the dissolved oxygen contained
in an organic primary amine, a salt of the organic

primary amine, or a raw material used, can be removed,



The phosgene is used in the formof a mxture of a phosgene and a sol vent.
A type of a solvent used herein is not particularly limted, as long as it
is inactive on a phosgene, an N-substituted carbam c acid chloride, and an
i socyanate as a deconposed product of ;9e_N—substituted carbam c acid
chloride. Specific exanples of such a sOlvent include: ester-based sol vents
such as anyl formate, n-butyl acetate, n-anyl acetate, nethylisoanyl

acet ate, methoxybutyl acetate, 2-ethylbutyl acetate, 2- ethyl hexyl acetate,
cycl ohexyl BeEtdier wdtthylnsesdiesk phoggenat e friventye zestaten et hyl

propi onate, n-butyl propionate, isoanyl propionate, butyl stearate, nethyl
salicylate,5¥ﬁ9ﬁﬂ+w1 pht hal ate, and nethyl benzoate; aromatic sol vents such
as benzene, to!gene, xyl ene, - 78 - chl orobenzene, dichl orobenzene,

trichl or obeh , hitrobenzene, naphthal ene, chl oronapht hal ene, and

di chl oronapht hal ene; and ,their m xtures. |If considering%tine and trouble

necessary for tH&Cr EFTEMP ol SERER2EVEE| YBnPLrEfREAREY vERIC dsed Hefein i s
nore prefer i tical ta.he after-nmentioned.reactiaon solvent. [0155
The | !Oquef ie eiypt?orgeg%‘nl"é—ﬁ) v 3gjeEugng%ﬁ Cf’heal?‘éeagc{’tligt&ﬁr d:i]?eeggeﬁa%lé’r %aq F[er !
i ficaty b t i i terial th th th
bhasgene. ussn 107 the big oBeFOEEED B Aath e b B BB "5 or ress.

Thereby, theramun, of tamgenenatedas Ry Preduckosprelaeneduced, and
t hus, an isocyanation reaction can be carried out at a high yield, while

t he reacti amrgm=aduct is hardly colored. As a nethod of renoving oxygen from
an organic primary amne and/or a salt of the organic primry am ne, or
froma reactGi®@visol vent, a nethod conprising blowi ng inert gas such as
nitrogen into them and substituting oxygen dissolved therein with the inert
gas, etc. can bésappkrédonCehév@inge, fbe exmaApbelvanphosgenkeoabaveol ution
contai ni ng such a phosgene, which contains oxygen in a concentration of 0.1
W % or | eSeSGIE RS SEiRAEE AR iTed IGAE6 OHLE NPe REOSERTSY SEBMPRr om t he

initial stage of ﬁge reac ionb SO0 th?t t he diissol ved oxygen contained in an
or gani ¢ prﬂ%ﬁ?ﬁ atiPhe, PEEESFROLY - t REIBRYRAI oF pFPRaf§mant eSS ofSa raw
material u q{ C renoved,. - 79 -. together mﬁtgt nreact ed.phosgene,
fromthe rggésﬁb%ﬂéggF%ﬁ%CFﬁigﬁscrf%ed'fﬁ VF@%@tP@ﬁ Eﬁﬁegéﬁﬁpégﬁgg
preferabl y LS00 diphady of grably 0C; 0028061 800, { Lk hef pref erably
50C to 200C. The reaction pressure may be~a Feduce pressure, an
at mospheri GARBSIURE B L CMRRS38% 1PeRWEd and a product and

easy handlability, chlorobenzene, orthodichlorobenzene,

and iscamyl acetate are preferably used.

[0158]

The amount of the solvent used is different

depending on the types of compounds to be used and

reaction conditiong. The solvent is used at a

stoichiometric ratio of preferably from 1 : 1 to 200 : 1

based on an organic primary amine and a salt of the

crganic primary amine. If taking into congideration the

size of a reaction vessel and solubility, the solvent is

uged at a stoichiometric ratio, more preferably from 2

1 to 50 : 1, and further preferably from 5 : 1 to 30 : 1,



[0157] As reaction solvents, the sane solvents as the above descri bed
sol vents used for dissolving phosgene can be used. Mre preferably,
solvents of the sanme types as those of the above described sol vents used
for dissolving phosgene can be used. If,.taking into consideration the
solubility of a raw material conmpound and a product and easy handl ability,
chl or obenzene, orthodi chl orobenzene, and isoanyl acetate are preferably
used. [0158] The anmount of the solvent used is different depending on the
types of cohpeafdent anberusnicaptipesytabie He 13 ofslt e St vent is used
at a stoichionmetric ratio of preferably from1 : 1 to 200 : 1 based on an
organi ¢ pri REPFyaRi REIBAHEY a28alt  of the organic primary amine. |f taking
into consideration the size of a reaction vessel and solubility, the

sol vent is ﬁ§é59gt a stoichionetric ratio, nore preferably from2 : 1 to 50

1, and further_preferably from5 : 1 to 30 _ 1, .- 80 - d on an
organic primary gﬁgnge%%glépé%??s%ﬁm%¥lbe e££he£‘a.homo enégﬁéf

e organi ¢ primary amne. [0159]

The reactiogggQg%eegag ggﬁgkhggﬁegugggggggﬁogé SYystem o5, . hef er ogeneous

system (a suspensi on). _ 0 eeping the reaction tenperature in the
system COﬂSh@@hognng%te%'iﬂg 9}4& BBabE06Y anahbOPat 8RS L AN hahi) 8 &HPPI Yi Ng

gaseous or li1quid phosgehe and/or a m xture of phosgene and a solvent into
the reacti opcosyshem seancbergppli edt hA168bcyanation reaction, while
supplying gaseous or liguid phosgene and/or a mixture of
phosgene and a solvent into the reaction system, can be
applied.
{ole0]

A type of a reaction apparatus used to carry out the
present reaction is not particularly limited, and a known
reaction vessel can be used. For example, conventionally
known reaction vessels, such as an agitation tank, a.
pressurized agitation tank, a depressurized agitation
tank, a column-type reaction vessel, a distillation
column, a packed column, and a thin-film distililer, can
be used in combination, as appropriate.

[0l61}
< Polyurethane-urea copolymer >

As the compound having the urea bond represented by
the above formula {1), a polyurethane-urea copolymer can
be used. The polyurethane-urea copolymer used in the
present embodiment is preferably a polymer compound
comprising at least one repeating unit containing a

urethane group represented by the following formula (31}



A type of a reaction apparatus used to carry out the present reaction is

not particularly

limted, and a known reaction vessel can be used. For

exanpl e, conventionally known reaction vessels, such as an agitation tank,
a pressurized agitation tank, a depresgyri_zed agitation tank, a colum-type

reacti on vessel,

a distillation colum; a packed colum, and a thin-film

distiller, can be used in conbination, as appropriate. [0161] <

Pol yur et hane- urea copol yner > As the conpound having the urea bond
represent ey athel & eorformapeRt(itly vaipolopmtetindme- ar eaceopohyimer can be
used. The pol yuret hane-urea copol yner used in the present enbodiment is

pr ef er abl y ZER0TSART

et ditpdutd igichd cgtndlaadil lone repeating unit

contai ning a urethane group represented by the following fornmula (31) - 81

- and at least o
foll owi ng formnul

repeating unit containing a urea bond represented by the
(1): 0 -NO (31)

H (31)
/([)l\
H H (1)
[0162]

The polyurethane-urea copolymer may consist of all

straight chain molecules, or wmay comprise straight chain

molecules and some branched chain molecules. If taking

into consideration flowability necessary for supplying

the copolymer from the after-mentioned supply port A to

the reaction distillation column, compatibility with a

hydroxy compound, and the like, molecules having a small

number of branched chains are preferable. If the degree

of branched chains in polymer molecules is indicated with
an average valence of functional groups, it is preferably
1.7 to 2.3, more preferably 1.8 to 2.2, and particularly
preferably 1.9 to 2.1.
[0163]

It is difficult to specifically explain the
structure of the polyurethane-urea copolymer. The
polyurethane-urea copolymer is a polymer produced by the

reaction of at least one isocyanate ingredient, at least

one diamine ingredient, and/or an amincalcohol ingredient.



--NN--- HH(1) [0162] The pol yur et hane-urea copol yner may consi st of
all straight chain nolecules, or may conprise strai ght chain nol ecul es and
sonme branched chain nolecules. If taking into consideration flowability
necessary for supplying the copol ymer_fy.omthe after-nentioned supply port
A to the reaction distillation colum, conpatibility with a hydroxy
conpound, and the like, nolecules having a small nunber of branched chains
are preferable. If the degree of branched chains in polyner nolecules is

i ndi cated wilOR%4h average val ence of functional groups, it is preferably

1.7 to 2.3, nore preferably 1.8 to 2.2, and particul arl referably 1.9 to
2.1. [0163] EX‘T"WP%Sd?%/fF]E%IE’O%lﬁo%p:’e‘&???‘%ael’rﬁ/ rg}?pﬁ a‘{aﬁpﬁ% $W5lcture of

t he pol yur et hane- ur.ea c%gquner. The pol yur et hane-urea copol yner is a
pol ymer~ pr od6¢&d oy FHEFéacti on of at |east one isocyanate ingredient, at

e ™ ST PR RS ELe Gl eptycor, °2
i ncl ude: propylene-1,3-glycol, butane-1,4-diol, butane-2,3-diol,
diethylene glycol, triethylene glycol, hexane-1,6-diol,
octane-1,8-dicl, neopentyl glycol, 2-methyl-1,3-
propanediol, and neopentyl glycol hydroxypyvalate; and

polyols, in which the number of CH groups in a
single molecule is 3 or greater, such as
trimethylolpropane, glycerol, erythritol, pentaerythritol,
trimethylolbenzene, and trishydroxyethyl isocyanurate.
[01&5]

In addition, the following macropolyol ingredients
can also be used as diol ingredients.

{0166]

As the macropeolyol ingredient, at least one
macropolyol ingredient selected from the group consisting
of polyether polyol, polycarbonate polyocl, and polyester
polyol, 1is preferably used.

[0167]

An example of such polyether polyol is a hydroxyl-
containing polyether, which is prepared, for example, Dby
polymerizing cyclic ethers in the presence of BF; or a
basic catalyst, or by making a mixture of such a cyclic

compound and a reactive hydrogen atom-containing starter



di ol s such as ethylene glycol, propylene-1,2-glycol, propylene-1, 3-glycol,
but ane-1, 4-di ol, butane-2,3-diol, diethylene glycol, triethylene glycol,
hexane- 1, 6-di ol , octane-1, 8-diol, neopentyl glycol, 2-methyl-1, 3-
propanedi ol , and neopentyl glycol hydroxypyval ate; and pol yols, in
whi ch the nunber of OH groups in a S|n§ e nolecule is 3 or greater, such as
tri met hyl ol propane, glycerol, erythritol, pentaerythritol,
trimet hyl ol benzene, and trlshydroxyethyl i socyanur at e. [0165] In
addi tion, thwresliieawi npmesraspaisjole ivngeedicentsgcan alisotbenused as di ol
|ngred|ents [0166] As the macropol yol ingredient, at |east one
macr opol yol S4riédt éft W@rected from the group consisting of pol yet her
pol yol , polycargonate pol yol, and pol yester polyol, is preferably used.
[0167] xanple of such pol yet her polyol is a hydroxyl cont ai ni ng
pol yet her, mhic repareg exanpl e, . pol rizin cI|c ethers in
t he presence of E?p 52%basiE 85?5Fy SCBFE%Q %?96 a* &t reléfesuch a
cyclic conggggg'%% srgac P@_ ro to ontaining.starter - 83 -
ingredient, o successi vel g) %%hl%%ﬂg% a%gl ?Sﬁer ac9|0n of them

tetrahydrofuran, styrene oxide, and epichlorchydrin.

Exampies of the reactive hydrogen atom-containing starter

ingredient include alcohol and amine or aminoalcohol,

such as water, ethylene glycol, propylene-1,2-glycol, or

propylene-1, 3-glycol.

[0169]

Of these substances, ethylene oxide, propylene oxide,

tetrahydrofuran, and a polyether based on a mixture of

these cyclic ethers are preferable.

[0170]

Polycarbonate polyol is preferably obtained by the
reaction of a carboxylic acid derivative with polyol.
[C171]
Examples of the above described carboxylic acid

derivative include diphenyl carbonate, dimethyl carbonate,

and phosgene. The above described polyol is preferably

dicl. Examples of such diol include ethylene glycol,

1,2- and 1,3 -propanediol, 1,3~ and 1,4-butanediocl, 1,6-

hexanediol, 1,8-octanediol, neopentyl glycol, 1,4-

bishydroxymethylcyclohexane, 2-methyl-1,3-propanediol,

2,2,4-trimethylpentane-1,3~diol, di-, tri- or tetra-

ethylene glycol, dipropylene glycol, polypropylene glycol,



[0168] Exanpl es of the above described cyclic ether include ethylene

oxi de, propyl ene oxide, butylene oxide, tetrahydrofuran, styrene oxide, and
epi chl orohydrin. Exanpl es of the reactive hydrogen atom containing starter

i ngredi ent include al cohol and am ne _or,ani noal cohol, such as water,

et hyl ene gl ycol, propylene-1,2-glycol, or propylene-1, 3-glycol. [0169]

O these substances, ethylene oxide, propylene oxide, tetrahydrofuran, and

a polyether based on a mixture of these cyclic ethers are preferable

[0170] dPhU?Eéﬁb@nﬁlecﬁely@@lY%U%V%#@#eHﬂXFQﬁMeﬁ#ﬁﬁPQﬂP He reaction of
a carboxylic acid derjvative with 171 | es of the above
descri bed cé?Bé%?FP@OEé?Ehﬁ%PFV%t|$ |%%¢ %ﬁ%ﬁ@? Enggnate di met hyl
car bonat e, E osgene. The above described polyol is preferably diol.
Exanpl es of Q&Z di ol include ethylene glycol, 1,2- and 1, 3-propanedi ol ,

172" B shyar oxynet P ST ek e net et pnedilec npoent !l yeol.
o brEBAED! 0SEL Rl fop o o PRy ELeSestipbene of ool
(preferably, divalent alcohol) with polybasic (preferably,
dibasic) polycarboxylic acid.
[0173]

The polycarboxylic acid may be aliphatic, alicyclic,
aromatic, and/or heterocyclic polycarboxylic acid. In an
appropriate case, the polycarboxylic acid may be
gubstituted with, for example, a halogen atom, and/or it
may be unsaturated. Among others, aliphatic and
alicyclic dicarboxylic acids are preferable. Specific
examples include succinic acid, adipic acid, azelaic acid,
sebacic acid, phthalic acid, tetrachlorophthalic acid,
igsophthalic acid, terephthalic acid, tetrahydrophthalic
acid, hexahydrophthalic acid, cyclohexanedicarboxylic
acid, itaconic acid, glutaric acid, suberic acid, 2-
methylsuccinic acid, 3,3-diethyiglutaric acid, 2,2-
dimethylsuccinic acid, maleic acid, malonic acid, fumaric
acid, and dimethyl terephthalate. Moreover, in a case in
which an acid anhydride is present, it can be used in the
same manner. Examples of such an acid anhydride include
maleic anhydride, phthalic anhydride, tetrahydrophthalic
anhydride, glutaric anhydride, hexahydrophthalic

anhydride, and tetrachlorophthalic anhydride.



di butyl ene gl ycol, pol ybutyl ene glycol, bisphenol A tetrabronobi sphenol A,
and | actone-nodified diol. [0172] The pol yester polyol is preferably a
reaction product fromthe reaction of polyhydric al cohol (preferably,

di val ent al cohol) with pol ybasic (preferably, dibasic) polycarboxylic acid.
[0173] The pol ycar boxylic acid"n%@ be aliphatic, alicyclic, aromatic,
and/ or heterocyclic polycarboxylic acid. In an appropriate case, the

pol ycarboxylic acid nmay be substituted with, for exanple, a hal ogen atom
and/or it neE3lMd unsaturated. Anong others, aliphatic and alicyclic

di carboxylic acids are preferable. Specific exanples include succinic acid,
adi pic acid, azéPl& &5g€ golyshdeie aérdhophinaprefatedlet@ieachl orophthalic
aci d, isoph%%g%ic acid, terephthalic acid, tetrahydrophthalic acid,
hexahydr op IS¢ St i ARG DIdx SMEdi SdrBodciledscedhyileaeofily cadid,
glutaric acid uberi_c .aci.d - nmet hyl succiniic acid, 3,3-diethylglutaric
acid, 2, 2- pd?%%fﬁﬂesﬂt&'rﬂléfcééi'd,prﬁé’l{’ ie(‘f‘eé&i'&,'gﬁé(FSPri'chEPB,e‘fluﬁ*ﬁri ¢ acid,
and di et hyi. t-er t_hal . Mor.eover, . case in which_an.acid anhydride
i's presentfiﬁélban 5%&h§%§ Fﬁg{ edgg%gyﬁgﬁﬁe _YEQEWngéeBﬁY%SEﬁ an acid
anhydri de i e .G _anhydy.i de, |i,C qa ri hydr opht hal i c
anhydride,%ﬁ%ﬁﬁ%ﬁgﬁ%nrﬁaﬁVg%?ﬁheiaﬁe %%%h%ﬁgl?ggghhggPP%§%§gnd

tetrachl or ephtdial i @ ariEnide.s -prfanedi®i’4bng neopgﬂ%y§§§9cgql yhydric
al cohol is preferable did. Preférred exanples of such diol" include ethyl ene

gl ycol, prapyengplrarigitecol rcpiepyl esepds3: gLy cob, ubslt gheydgdardi ol ,
butane 2, 3-diol, diethylene glycol, triethylene glycol, hexane-1, 6-diol,

oct ane- 1, 8-dlicll ,geteapeiy £ @y dGlet cZeeithy =kadppeopanedi gl, and _
neopent yl gl ycol hydroxypyvalate. It is also possible to use polyester diol
gener at ed fdaamdlacttome,. f or exanpl e, from 6- caprol act one.

[0175]

Examples of the pelyel that can be used herein
include trimethylolpropane, glycerol, erythritol,
pentaerythritol, trimethylolbenzene, and trishydroxyethyl
isocyanurate. Of these, polyether polyocl is preferably
used, and polyether diol is particularly preferably used.
i0178]

As isocyanate ingredients, all of aromatic,
aromatic-aliphatic, aliphatic, and alicyclic isocyanates,
which preferably have an average NCO valence of 2 or
greater, can be used, regardless of whether they are
produced by a method using phosgene or a method without
using phosgene. Moreover, the isocyanate may comprise
the structures of iminooxadiazinedione, isoccyanurate,
uretdione, urethane, allophanate, biuret, urea,
oxadiazinetrione, oxazolidinone, acyl urea, and/or

carbediimide.



[0175] Exanpl es of the polyol that can be used herein include

tri met hyl ol propane, glycerol, erythritol, pentaerythritol,
trimet hyl ol benzene, and trishydroxyethyl isocyanurate. O these, polyether
polyol is preferably used, and polyether diol is particularly preferably
used. [0176] As isocyanate ingredients, all of aromatic,
aromatic-aliphatic, aliphatic, and alicyclic isocyanates, which preferably
have an average NCO val ence of 2 or greater, can be used, regardl ess of
whet her they0arFélproduced by a nethod using phosgene or a method without
usi ng phosgene. Mreover, the isocyanate ri se. the structures of

i m nooxadi azi nedFHHBEL§S ool o U YO é%liﬁ%,cb%gésn% T O e,

bi uret, urea, oxgdiazinet;?ggethgxgéolidinone ur ea. .and/ or

I
car bodi i ni déngredggnt Lge 8H%|%%s%¥i%g g%%%ﬁ%%P%E%ferable as the
[ te i dient. includ h , [ i ~ d
havi ng the SPTBRAPEGaPRy BAALBr S CEOErioarTy Boad NOL oo 25t as
bi s(i socyanatgabkyk, gt0gb, Bisands! bistiLsopyanateakiy))obepzens;st ol uene
and xyl ene, "propane di’i sotyanate, Eutane di 1Socyanat e, pentane

di i socyanat gpghexane (dihbegayarahekylephbangetlt| SO6YABAE Can@CkAléne,
dii socyanat e, nonane dii socyanat e, nhonane trii socyanat e, decane

di i socyanat eropeeaneititbicyasyanat entindeaaneodiyasacyanatetanadecane
triisocyanate, dodecane diisocyanate, dodecane triisocyanate, 1,3- and 1, 4-
bi s(i socyanatiareilyng reycheltexandi(H6XPhat8; heptane diisocyanate,

i socyanatonet hyl- 3,5, 5-tri nmet hyl cycl ohexyl isocyanate (isohol on .

di i socyanat ecthRBl ¥ iilsicsf4naitsoc pananecyéisheyghptaet faneng¢H121viDl ), and
bi s(i socyanat onet hyl) norbornane (NBDI). O these, preferred exanpl es of

t he i socyana&tréd lisegédisdst @ﬁ@ﬁ@&edﬁéﬁ&ﬁﬁﬁﬁ?F@medéFP@@c?éhé?%CYPﬁgE?f
trimethyl-HDI (TMDI),..2-net hyl pentane-1, 5-di i socyanat e gNPglé, i sohol on

di i socyanat &0GePBRY, M IFOYFRATe4- BPREEFeEy ARAL GREYAYRT Sy EPBRERRRe

H6XDI ), bi s(i. t t.hyl . NBDL), .3(4) -
fsocya%atohé#h%%f %E%F%gF€§§ﬁ§ﬁ§%§|%ﬁ§%§§ %g?ge%l&t§f?agﬁd}br_
4, 41- bi s(i t I I th 17 - 87 - A
ratio L:Ekzgﬁ%ﬁﬁ%m%§%%§§gﬁéﬁi%ﬁgféﬂ?@%?géﬁé%%ﬁ%%%%$8b|§%ngredient in the

production of ane-=ure H$nRkeferabkyata@st 0 4.0,
gﬁiﬁ%r%ﬁ%%ﬁéh e sUeq G ARG TRK i1 SHRKEA F Yahale

nore prefer and particularly preferably 1.5 to 3.5, at the
ratio of the sdiciiprBtidde@murt, aferiihe bseqyanate ingredient / the

stoi chionetric anount of the polyol ingredient.
isocyanatocyclohexyl) methane (E;,MDI}, and
big (isocyanatomethyl) norbornane (NBDI). Of these,
preferred examples of the isocyanate ingredient include
hexamethylene diisocyanate (HDI), trimethyl-HDI (TMDI),
2-methylpentane-1,5-diisocyanate (MPDI), isoholon
diisocyanate (IPDI), 1,3- and 1,4-bis{isccyanatomethyl)
cyclohexane (HgXDI), bis(isocyanatomethyl) norbornane
(NEDI), 3(4)- isocyanatomethyl-1l-methylcyclohexyl
isocyanate (IMCI), and/or 4,4'-bis{isocyanatocyclohexyl)

methane (H;;MDI).

[0178]



[0179] Exanpl es of the diam ne ingredient include hydrazine,

1, 2-ethyl enediam ne, 1,2- and 1, 3-di am nopropane, 1,4- di am nobutane,

1, 6- di am nohexane, isohol ondi am ne, an isoneric mxture of 2,2,4- and
2,4,4- trinmethyl hexanet hyl enedi am nes, ; met hyl pent anet hyl enedi am ne,

di et hyl enetriam ne, 1,3- and 1,4-xylyl ®hedi ami nes,

cx,a, (11,al-tetranethyl-1,3- and - 1, 4-xylyl enedi am ne and

4, 4" - di am nodi cycl ohexyl net hane, di net hyl et hyl enedi am ne,

1, 4- bi s(am nonefhyRLépchbeheranethe isocyanate ingredient and the

4,4' -di am no-3, 3' -di met hyl di cycl ohexyl net hane, and ot her (Cl-04) di- and
tetra-al kyIRfiG{RI oHEIAN ST Hadds thsudhodaica ign gifafforglsLuarEhAye-3' | 5' -
di i sopropyl di cycl ohexyl net hane. %%180] Exanpl es of the _am noal cohol
i ngredi ent % fd@cﬁé%/ﬁeﬁoét%ﬁr& Réaniing, tet Aafol BRFRePT8E&kRRSPr opanol |

and neopent l.am_nhe, [Oldgég -\ 3‘3‘@ - raltbi o of _the diam ne ingredient
and the amﬁ‘(r)bgltcooh%‘leg’i Rt e ot T 3FHe BIES6E Pl gd?eﬁ? 'ngt h&%pr oduct i on
of the poly éetﬁbaﬂgi £3,60RQl vinRr. | r.ef 0 0. nor e
preferably %?_1 to 2. gjr ang3 par t cuﬁoéﬂr%!t%lgr %&%ﬁg‘é %f0§§%t (J)"étfeg?ngfet he ratio
of the Sto'fﬁgféﬁﬁéﬂﬁ’ﬁ“HHQWSHHi%¥Y%ﬂ@t nelngredi-ent, .+ E@goito'Ch'onﬁtr'C
anount of the am noal cohol ingredi ent the stoichi ometrPc nount of the
pol yol i ngriggdj:etier]t0182] The pol yur et hane-urea copol yner nay conpri se
common agents to be added to inprove appearance or physical properties,
such as a cpliording agent, an additive and a filler. [0183] < Hydroxy
conpound: al cohol >
Examples of the diamine ingredient include hydrazine,

1,2-ethylenediamine, 1,2- and 1,3-diaminopropane, 1,4-

diamincbutane, 1,6-diaminchexane, igoholondiamine, an

igomeric mixture of 2,2,4- and 2,4,4-

trimethylhexamethylenediamines, 2-

methylpentamethylenediamine, diethylenetfriamine, 1i,3- and

1,4-xylylenediamines, o,0,0',a'-tetramethyi-1,3- and -

l,4-xylylenediamine and 4,4'-diaminodicyclohexylmethane,

dimethylethylenediamine, 1,4-bis(aminomethyl)cyclchexane,

4,4'-diamino-3,3'-dimethyldicyclchexylmethane, and other

(C1-C4) di- and tetra-alkyldicyclohexylmethanes, such as

4,4'-diamino-3,5-diethyl-3',5"'-

diisopropyldicyclohexylmethane,

[0180]

Examples of the aminocalcohol ingredient inciude N-
aminocethylethanolamine, ethanolamine, 3-aminopropanol,

and neopentanolamine.

(0181}



Exanpl es of the hydroxy conpound used in the present enbodi nent include

al cohol and an aromati c hydroxy conpound. [0184] < Al cohol > I n
accordance with the definition of | UPAC (Rule C201), alcohol is "a conpound
in which a hydroxy group binds to a satgyrated carbon atom (Conpounds in

whi ch a hydroxy group, -OH, is attached to a saturated carbon atom
(R3C)O—|) and it is a hydroxy conpound represented by the follow ng formula
32): - 89 - RI4EOH)f(3 2) wherein, ) R14 represents an aliphatic grou
containing 1 to %Or%%%%oﬂf atoFEs sHbSEs t%ﬂ%ﬁ?%@ﬁpeﬁ?q er ofphydr oxg P

9roupS: O S;PhRRIENL Fh3UBSORLALD! DA ToL P eaLbom Slone, (gpahich an
ol 8 (S2hpch,placH BiouR Do, 0eenRaL -has LapanALenEd ¢ oroup: and |
preferably 0.05 to 3.0, more preferably 0.1 to 2.0, and
particularly preferably 0.2 to 1.5, at the ratio of the
stolchiometric amount of the diamine ingredient + the
stoichiometric amount of the aminoalcohol ingredient /
the stoichiometric amount of the polyol ingredient.
[0182]

The polyurethane-urea copolymer may comprise common
agents to be added to improve appearance or physical
properties, such as a coloring agent, an additive and a
filler.

[0183]
< Hydroxy compound: alcchol =

Examples of the hydroxy compound used in the present
embodiment include alcohol and an aromatic hydroxy
compound.

{0184]
< Alcchol =

In accordance with the definition of IUPAC (Rule C-
201), alcochol is "a compound in which a hydroxy group
binds to a saturated carbon atom {Compounds in which a
hydroxy group, -OH, is attached to a saturated carbon
atom: RiCOH)," and it is a hydroxy compound represented

by the following formula (32):



[ 0185] However, P14 is a group having no active hydrogen other than
hydr oxy groups. [0186] In the above explanation, the term"active
hydrogen” is used. The term "active hydrogen" is used to nean a hydrogen
atom (excludi ng an aromati c hydr oxy gr%gp) that binds to an oxygen atom a
sul fur atom a nitrogen atom a siliconm atom etc., and a hydrogen atom of
a termnal nethine group. For exanple, it is hydrogen contained in an
atom c group such as a -CH group, a -C(=0)0H group, a -C(=0)H group, a -SH
group, a -SQBH groyp,,fa -SPD2H group, a -SOH group, a -NH2 group, a -NH
group, a -SiH grou&? £W@ £ CG]1=CH group. [0187] - 90 - The hydr oxy
group (-OH group) is also active hy@radgen. Al though the hydroxy group is
al so contained i.n compounds or reaction raw materials used in the present
enbodinentfﬂFﬁE”ﬁydroxy group does not have harnful effects. Thus, unless

acti ve hydrogen® THERGATGA & T IRSGEn S P Pof CERaBEa% f Sehap of tes i n
t he present di t. S t bove, descri bed definition is
appl i ed. [OL %aEaﬂﬁk5%%S§§%§F%?hgﬁﬁT4gﬁnglﬁ ngrnSthVgﬁP§ﬁp, an et hyl
group, a PraRYp=gr Q4P o AU 910 Qoug Bgﬂkﬁkngﬁgug’tg Bﬁxxgrg5§Up’ a
heptyl group, an octyl group, a nonyl group, a decyl group, a dodecyl

group, an eelageey w@ﬁQ%Pan@h%b%ﬁ%&ha?%ouFY%HQE§¥ane, cycl ohept ane,
cycl ooct ane, net hyl cycl opent ane, ethylcycl opentane, nethyl cycl ohexane,

et hyl cycl ohexanehepoapyl-eygl ohexnaealbohyl cyehpbexangs wentyecycl ohexane,
hexyl cycl ohexane, di nethyl cycl ohexane, diethyl cycl ohexane, and
di but yl cyclfolrexidme.(32018%] an OH group that dees not bind to an
aromatic group; and
f represents an integer from 1 to 5.
[0185]
However, RY™ is a group having no active hydrogen
other than hydroxy groups.
[0186]
In the above explanation, the term "active hydrogen"
ig used. The term "active hydrogen" is used to mean a
hydrogen atom (excluding an aromatic hydroxy group) that
binds to an oxygen atom, a sulfur atom, a nitrogen atom,
a silicon atom, etc., and a hydrogen atom of a terminal
methine group. For example, it is hydrogen contained in
an atomic group such as a -OH group, a -C(=0)O0H group, a
-C(=0)H group, a -SE group, a -SO;H group, a -SOH group,
a -S0H group, a -NH; group, a -NH- group, a -SiH group,
and a -C=CH group.

{0187}



Speci fic exanpl es of al cohol having such R14 include nethanol, ethanol,
propanol , butanol, pentanol, hexanol, heptanol, octanol, nonanol, decanol,
dodecanol , octadecanol, cycl opentanol, cycl ohexanol, cycl oheptanol,

cycl ooct anol, nethyl cycl opent anol, ethyl.cycl opentanol, nethyl cycl ohexanol,
et hyl cycl ohexanol , propyl cycl ohexanol, "butyl cycl ohexanol ,
pentyl cycl ohexanol , hexyl cycl ohexanol, - 91 - dinethyl cycl ohexanol ,

di et hyl cycl ohexanol, and di butyl cycl ohexanol . [0190] Q her exanpl es

of the R14 incl uBles ahyreewy e  rUEr A phefy 1SSy 2 Gioidp, a

eyl hesy] REABRHE A oHeTyIERU® SPOUSa e 1oty oo 2 g a

B Y nol ude s BnerPoRBERats! TERRERIT EChaHl ot BERy o3 GHanGe phenyl
and phenyl RORERGE. ofB2gepERe T buprERBE e JOR AN nBRE™ ong the

above descr i fef-8hcabeberoal SR WA LA, Y oxy
y added to

groups (hydroxy groups direct carbon atons other than an
aromatic ri Rgdrwt&yche%gsagt Hi:e1 338 dE XM §96@$Hn6&nt§i@iﬁée£@@i*@e because
a

it has | ow viscosity. noal cohol havi ng one coholic hydroxy group is
more preferablieogk@193the term "active hydrogen" is often used in

other gites in the present embodiment. In such cases,

the above described definition is applied.

[0188]

Examples of the R™ include a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyi 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,
methylcyclopentane, ethylcyclopentane, methylcyclohexane,
ethyleyclohexane, propylcyclohexane, butylcyclchexane,
pentylcyclohexane, hexylcyclohexane, dimethylcyclohexane,
diethylcyclohexane, and dibutylcyclohexane.

[0182]

Specific examples of alcohol having such R* include
methanol, ethanol, propanol, butanol, pentanol, hexanol,
heptanol, octancl, nonanol, decanol, dodecanol,
octadecanol, c¢yclopentanol, cyclohexancl, cycloheptanol,
cyclooctanol, methylcyclopentanol, ethylcyclopentanol,
methylceyclohexanol, ethylceyclohexanol, propylcyclohexanol,

butyleyclchexanol, pentyleyclohexanol, hexylcyclohexanol,



From the viewpoint of easy availability and the solubility of a raw
mat eri al and a product therein, anong these al cohols, alkyl alcohol

containing 1 to 20 carbon atons is preferably used. [0194] - 92 - Aromatic
hydr oxy conmpound > The hydr oxy co%Pound used in the present enbodi ment
may be an aromatic hydroxy conpound accordance with the definition of

| UPAC (Rule C-202), the term"aromati c hydroxy conpound” is used to nean
phenol s ("conpounds having one or nore hydroxy groups attached to a benzene
ring or ot He¥meflenewdngiedanal i stigthareyatiobebpdiodxy aodnpound r epr esent ed

by the follow ng fornmula (33 0195] wherein
y dfuué§lcyclohe£§ngl (g | :

[0190]

Other examples of the R'™ 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.

[0D191]

Specific examples of alcohol having such R include
phenyl methancl, phenyl ethanol, phenyl propanol, phenyl
butancl, phenyl pentanol, phenyl hexanol, phenyl heptancl,
phenyl octanol, and phenyl nonanol.

[0192]

If considering industrial uge, among the above
described alcohols, alcohol having one or two alcoholic
hydroxy groups (hydroxy groups directly added tc carbon
atoms other than an aromatic ring, which constitute a
hydroxy compound) is preferable because it has low
viscosity. Monoalcchol having one alcoholic hydroxy
group is more preferable.

(01931

From the viewpoint of easy availability and the
solubility of a raw material and a product therein, among
these alcchols, alkyl alcohol containing 1 to 20 carbon
atoms is preferably used.

[C194]



ring A represents an organic group containing 6 to 50 carbon atons, which
contains an aromatic group substituted with a g nunber of hydroxy groups in
any position at which aromaticity is maintained, and it may be a single
ring, multiple rings, or a heterocyclig.ing, or it may also be substituted
W th anot her substituent; and g represents an integer from1l to 6. [0196]
The ring Ais preferably configured to contain at |east one structure

sel ected fromthe group consisting of a benzene ring, a naphthal ene ring,
and an ant hrad&RBAELAgNYHREXY| AGTRCTRAndre preferably configured to contain
one benzene ring. - 93 - [0197 As_descr,i bed above, the term "active
hydrogen" is uset™¢ oh%%%xg (Fl?fﬂé%% W (exctudi Ty A mli“berﬁydr oxy
group) that binds to an oxygen, ato a sul fur . at a, ni.trogen atom a
silicon atoWFyégE.?naﬁﬁogaﬁgarBﬁéﬁg%YOH?%?ogp?ér i'hal” Tret %é%?gﬂ%ﬁhm For
exanple, it_is A n_contai i at.ogi g, gr - group, a
-C(=0) OH grghﬁ,gég}%%géfﬁ 8%039?g8 ?gﬁrar%ugbgé'-gﬁgrfgﬁguﬁ%r§¢? H group,
a - SOH grou = nd 2 royp - upy @ﬂ?o' 5 gr oup.
The aronati@yﬁggfyyéog %Egd(al?EEFsgogg ﬁ??%c?*éhg%gagh%d ougﬁggronatic
ring) is al $@.ack waechydr pges. ndht-Beyghrbiigsanorbhed hydroXyegrenp i s al so
contained in conmpounds or reaction raw materials used in the present

enmbodi nent, kg aromdhice Byednhexyiggoup dpes:fain havendtarafiytéesfyects. Thus,
the aromatic hydroxy group is excluded from groups containing active

hydr ogen. [ @t@®pund repheskyndedxpygrbepfafiashed forthéaaldBnti c group of
the ring A neans a hydroxy group attached to the carbon atom of the
aromatic group of the ring A The nunber of the hydroxy groups is an
integer froml to ,OHfﬂreferabI y froml to 3, nore preferably from1 or 2,

and further prefer 1 (that is, g =1). [0199]
(33)
{0195]
wherein

ring A represents an organic group containing 6 to
50 carbon atoms, which contains an aromatic group
substituted with a g number of hydroxy groups in any
position at which aromaticity is maintained, and it may
be a single ring, multiple rings, or a heterocyclic ring,
or it may also be substituted with another substituent;
and g represents an integer from 1 to 6.

[0196]

The ring A 1s preferably configured to contain at
least one structure selected from the group consisting of
a benzene ring, a naphthalene ring, and an anthracene
ring. The ring A is more preferably configured to

contain one benzene ring.



- 94 - Al so, the hydroxy group used in the present enbodinent is
preferably an aromati c hydroxy conpound represented by the follow ng
formula (34): ( OH)g (3 4) wherein ring A represents an aronatic
ring selected froma benzene ring, a_ngghghalene ring, and an ant hracene
ring; Rmrepresents a group substituted”in any given position at which the
aromaticity of the ring Ais maintained; represents an integer froml to 6;
h represents an integer of 6 - g when the ring Ais a benzene ring, or an
i nteger of 8912Y when the ring A is a naphthalene ring, or an integer of 10
- g when the ring Ais an anthracene ring. [0200] In the formula (34),
the OH group is®SURSSTULES PRONRY §heehcpdsi erbavat hidretienf omdticity is
mai nt ai ned.__ I n quition, if(}here are a plurality of Rns, the Rms

used to mean 'a hydrogen atom (excluding an aromatic

hydroxy group) that binds to an oxygen atom, a sulfur

atom, a nitrogen atom, a silicon atom, etc., and a

hydrogen atom of a terminal methine group. For example,

it is hydrogen contained in an atomic group such as a -OH

group, a -C(=0)OH group, a -C(=0)H group, a -SH group, a

~-50sH group, a -80;H group, a -SOH group, a -NH, group, a

~NH- group, a -8iH group, and -C=CH group. The aromatic

hydroxy group {(a -OH group directly attached to an

aromatic ring) is also active hydrogen. Although the

aromatic hydroxy group is alsoc contained in compounds or

reaction raw materials used in the present embodiment,

the aromatic hydroxy group does not have harmful effects.

Thus, the aromatic hydroxy group is excluded from groups

containing active hydrogen.

f0198]

The hydroxy group attached to the aromatic group of

the ring A means a hydroxy group attached to the carbon

atom of the aromatic group of the ring A. The number of

the hydroxy groups is an integer from 1 to 6, preferably

from 1 to 3, more preferably from 1 or 2, and further

preferably 1 (that is, g = 1).

[01s9]



may be each independently substituted with the ring A, or the plurality of
Rms bind to one other to forma ring together with the ring A The Rmis,
for exanple, a hydrogen atom a hal ogen atom a group selected fromthe
group consisting of an alkyl group, a c¢ycloalkyl group, an aryl group, an
aral kyl group and an ether group - 95 - (substituted and/or unsubstituted
al kyl ether and/or aryl ether and/or aral kyl ether), and/or a group to

whi ch one or nore groups selected fromthe above described group bind,
and/ or a group s®iget ebherbyiigeeupsreenstseditey Wt PHRIPs, to which one

or nore groups selected from.the ﬁbove descri bed ﬁ%oug bi nd viada sat ur at ed
al i phati c bERBCEABEEE 4 BERERTBBAY. 2HnBTPBRLEC nIRBEr Bt CRHPBIR Y at ons i n

the ring A and the R15 is ef erably.an iLnteger f 16 to 50. The aryl

gr oup optioﬁ?PF§5ﬁ§§e§ hydgé?y%ﬁigﬁﬁ?nﬁoéaiTgfa (5§£1described above, the
R15 may cyclically bind to the ring A via a carbon-carbon bond and/or an
et her bond. [d2°' g Speci fic exanples of such an aromatic hydroxy
conmpound i ncl ude:_nonosubstituted phenols such as phenol, nethyl phenol,
et hyl phenol, phenol, butyl phenol, pentyl phenol, hexyl phenol
octyl phenol h&gol, phenoxy phenol, phenyl phenol, benzyl phenol
and cunyl phenol; ¢ bsti t ut ed phenol s such as di nethyl phenol, diethyl
phenol , di propyl—phenol, dibutyl phenol, dipentyl phengls) di hexyl phenol,
di octyl phenol, dinonyl phenol, diphenoxy phenol, diphenyl phenol, dibenzyl
phenol , andwtieawiyl phenol; trisubstituted phenols such as trinethyl
phenol, triethyl phenol, tripropyl phenol, tributyl phenol, tripentyl
phenol , trihexyl rphgndl repriegengr pheavbnati¢nohyy phémotredt Frohenoxy

phenol, triphenyl - 96 - phenol, tribenzyl phenol, and tricunyl phenol;
and napht holberzgzEgring, a naphthalene ring, and an anthracene” ring;

R represents a group substituted in any given position
at which the aromaticity of the ring A is maintained; g
represents an integer from 1 to 6; h represents an
integer of 6 - g when the ring A is a benzene ring, or an
integer of 8 - g when the ring A is a naphthalene ring,
or an integer of 10 - g when the ring A is an anthracene
ring.
[0200]

In the formula (34), the OH group is substituted in
any given position at which arcmaticity is maintained.
Tn addition, if there are a plurality of R'®s, the R"s
may be each independently substituted with the ring A, or
the plurality of R'°s bind to one other to form a ring
together with the ring A. The R is, for example, a
hydrogen atom, a halogen atom, a group selected from the
group consisting of an alkyl group, a cycloalkyl group,

an aryl group, an aralkyl group and an ether group



A nore preferred aromatic hydroxy conpound is an aromatic hydroxy conpound
represented by the following formula (35): OH ( 3 5) wherein

ring A represents an aromatic hydrocarbon ring optionally having a
substituent, and it may be either a single ring or multiple rings,

and R23 each i ndependently represent”a%

(i) to (v),
hydr oxy co

R22

one group defined in the foll ow ng
the nunber of carbon atons constituting the aromatic

ound is an integer from®6 to 50, and further the R22 and
R23 may bi nbuls tifeirdchgnil fay fugrembe tiitmg est rAEar ethefi pnd/bydaagen at om

ether and/or aralkyl ether), and/or a group to which one
or more groups selected from the above described group
bind, and/or a group selected from groups constituted
with groups, to which one or more groups selected from
the above described group bind via a saturated aliphatic
bond and/or an ether bond. The total number of carbon
atoms in the ring A and the R' isg preferably an integer
from 6 to 50. The aryl group opticnally has a hydroxy
group.

[0201]

As described above, the R'™ may cyclically bind to
the ring A via a carbon-carbon bond and/or an ether bond.
[0202]

Specific examples of such an aromatic hydroxy
compound include: monosubstituted phenols such as phenol,
methyl phenol, ethyl phenol, propyl phenol, butyl phenol,
pentyl phenol, hexyl phenol, octyl phenol, nonyl phenol,
phenoxy phenel, phenyl phenol, benzyl phencol, and cumyl
phenol; disubstituted phenols such as dimethyl phencl,
diethyl phenol, dipropyl phencl, dibutyl phenol, dipentyl
phenol, dihexyl phenol, diocctyl phenol, dinonyl phenol,
diphenoxy phencl, diphenyl phenol, dibenzyl phenol, and
dicumyl phenol; trisubstituted phenols such as trimethyl
phenol, triethyl phenol, tripropyl phencl, tributyl
phenol, tripentyl phenol, trihexyl phenol, trioctyl

phenol, trinonyl phenol, triphenoxy phencl, triphenyl



(i1i) a halogen atomy (iii) a group containing 1 to 44 carbon atons, in
which the atomat position ais a nitrogen atom wherein the nitrogen atom
is a secondary nitrogen atom (which represents a nitrogen atomfornmng a
-NH bond), and - 97 - which does not _contain active hydrogen (excluding
hydrogen binding to the nitrogen atom at the position a); (iv) a group
containing 1 to 44 carbon atons, in which the atomat position ais a
carbon atom wherein the carbon atomis a prinmary or secondary carbon atom
(whi ch reprebentd. carbbaneylaphendy| aprdup;iearbbrirBsipl ngd - CH2- bond),
and whi ch does not contain active hydrogen. However, when the 1222 and/or
Rfl form a B8aPhEBRPEd and/ or unsaturated condensed ring structure with the
aromatic ring A, .and the condensed ring is a 6- or |ess-nenbered ring, the
carbon at om! @Oghe position a may be a tertiary or quaternary carbon atom

Ex I f h h ' f 36 f, I 37
Shown bel ow 1 n AdHTEs R - WRETEY QT Hoh "Mt APBCHE CFomta f ornt &

Joubl e DOnS S8hEL LAy, B RS LL B 51 LoD sE e <t om

aromatic ri@grngghq3g5qg A), the carbon atomat the position a nmay be a
tertiary or quaternary carbon atom OHOH *0 (3 6)(3 7) (v) a group
containing 1 to 44 caphbhon atons, in which the atomat position a is an
oxygen atom and.whic doe§%not contain active hydrogen

(35)
wherein
ring A represents an aromatic hydrocarbon ring

optionally having a substituent, and it may be either a
gingle ring or multiple rings,

R?? and R* each independently represent any one
group defined in the following (i) to (v},

the number of carbon atomg constituting the aromatic
hydroxy compound is an integer from 6 to 50, and further

the R?? and R?’ may bind to the ring A to form a ring
structure:
{i} a hydrogen atom;
(ii) a halogen atom;
(iii) a group containing 1 to 44 carbon atoms, in which
the atom at position o is a nitrogen atom, wherein the
nitrogen atom is a secondary nitrogen atom (which

represents a nitrogen atom forming a -NH- bond), and



- 98 - [0204] In the above fornmula (35), the term"the atom at
position a" is used. This term"the atomat position a" neans an atom

adj acent to a carbon atomon the aromatic hydrocarbon ring to which the

R 22 and R 23 groups bind, anong atons%fonstituting the 12.22 and R23 .

[ 0205] A substituent substituted wWith the aromatic group of the
aromati ¢ hydroxy conpound represented by the above formula (35) (excluding
R22 and R23) is selected froma hydrogen atom a hal ogen atom an aliphatic
group, and & &r oimstd Oqy cumtaEvampteseohysimoea delstitident include a
group selected fromthe group consisting of a |linear hydrocarbon group and
a cyclic hyrdomrayodigrdiug (te ghea mimogeal acohy dcotaebpnsgrdop, od ;
condensed pFJ cyclic hydr ocar bon group, a crosslinked cyclic hydrocarbon
group, a sptt ‘é R B tGIsURY & e ﬁﬁ CRAGCRy @E6B8r bdR BheGh, a cyclic
hydrocarbonlgroup having a side chain, a heterocyclic group, a heterocyclic
spiro grouptT HéterE FBSNTRKE 16 @ IC@TOBuRE OBind WASKBEEr G&cl i ¢ group),

t |_ect f t b bed
i Pear  hyareea Bk PO and PR an SV “BoCaHPBed CBYOLTs SRy dERi6On gr oup
bi nd, and a.gr,oin. 40 Wi 6l gﬁ% abqyve (hgﬂ %‘ﬁ%gx% LOWBRDIENGLS 1 YA 2 _coval ent

bond with a specific non-net at om nitrog eﬁ sul fur, or

silicon). The-abeva) de§ﬁ&'Qﬁ@cﬁOMéE§nhogoegnﬂé£H £B€1§Qeﬁyé£8 aQn- et al
atom (carbon, oxygen, - 99 - nitrogen, sulfur, or silicon) neans for

exanpl e, thmws;f&upmﬁe@prte&ernzédaxﬁy/éf\ea2ﬁOtbﬁw agsfenrutae eﬁﬁ@)o%o (45)

bind to the above descri bed group via a coval ent bond: 7--
unsaturated condensed ring structure with the aromatlc
ring A, and the condensed ring is a 6- or less-membered
ring, the carbon atom at the position o may be a tertiary
or quaternary carbon atom. Examples of such a case are
shown in a formula (36} and a formula (37) as shown below.
In addition, when the carbon atom at the position o forms
a double bond or triple bond with a position [ (which
represents, among atoms forming the R** and R**, an atom
adjacent to the atom binding to the aromatic ring of the
ring A), the carbon atom at the position o may be a

tertiary or quaternary carbon atom:

OH OH
(38} (37)

(v) a group containing 1 to 44 carbon atoms, in which the

atom at position o 1s an oxygen atom, and which does not

contain active hydrogen.



-C -

(38)( 39)(40) -0--N (412) (42)

[0204]

In the above formula (35), the term "the atom at
position o' is used. This texrm "the atom at position a”
means an atom adjacent to a carbon atom on the aromatic
hydrocarbon ring to which the R** and R* groups bind,
among atoms constituting the R** and R*.

[0205]

A substituent substituted with the aromatic group of
the aromatic hydroxy compound represented by the above
formula (35) (excluding R*? and R*’) is selected from a
hydrogen atom, a halogen atom, an aliphatic group, and an
aromatic group. Examples of such a substituent include a
group selected from the group consisting of a linear
hydrocarbon group and a cyclic hydrocarbon group (e.g. a
monocyclic hydrocarbon group, a condensed polycyclic
hydrocarbon group, a crosslinked cyclic hydrocarbon group,
a spiro hydrocarbon group, a multi-ring hydrocarbon group,
a cyclic hydrocarbon group having a side chain, a
heterocyclic group, a heterocyclic spiro group, a hetero
crosslinked cyclic group, and a heterocyclic group), a
group to which one or more groups selected from the above
described linear hydrocarbon group and the above
described cyclic hydrocarbon group bind, and a group to
which the above described group binds via a covalent bond
with a specific non-metal atom (carbon, oxygen, nitrogen,
gsulfur, or silicon). The above described covalent bond

with the specific non-metal atom (carbon, oxygen,



nitrogen, sulfur, or silicon) means, for example, that
groups represented by the following formulae (38) to (45)

bind to the above described group via a covalent bond:

~—<'3~— —C— —C —
(38) (39) (4 0)
—Q0— S \—
(41) (4 2)
n i
BN R
I
o)
(4 3) (44) (45)

[0206]

If taking into consideration the unlikeliness of
side reactions, among the aforementioned substituents,
examples of a substituent that can be preferably used as
a substituent substituted with the aromatic group of the
aromatic hydroxy compound represented by the above
formula (35) ({(excluding R** and R*’) include: a group
selected from the group consisting of a linear
hydrocarbon group and a cyclic hydrocarbon group (a
monocyclic hydrocarbon group, a condensed polycyclic
hydrocarbon group, a crosslinked cyclic hydrocarbon group,

a spiro hydrocarbon group, a multi-ring hydrocarbon group,



(43) (44) (45

- 100 -

and a cyclic hydrocarbon group having a side chain); and
a group to which at least one group selected from the
above described group binds (wherein the two groupsg are
gubstituted with each other).

{0207]

An example of the case of using an aromatic hydroxy
compound in the method for producing the carbonyl
compound of the present embodiment is a case in which an
organic primary amine, a carbonic acid derivative, and an
aromatic hydroxy compound are reacted to obtain an N-
supstituted carbamic acid ester. When such a reaction is
carried out at a high temperature, it is preferable to
use an aromatic hydroxy compound, in which the
substituent substituted with the ring A thereof is
preferably an inactive substituent. The term "inactive
substituent" is used herein to mean a group that does not
contain the above described active hydrogen (provided
that it may have an aromatic hydroxyl group}.

[0208]

Examples of such a substituent substituted with the
ring A, other than R** and R*® include: a group selected
from the group consisting of an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, and an ether
group {substituted and/or unsubstituted alkyl ether
and/cr aryl ether and/or aralkyl ether); a group, to
which one or more groups selected from the above

described group bind; a group selected from groups, to



[ 0206] If taking into consideration the unlikeliness of side
reactions, anong the aforenentioned substituents, exanples of a substituent
that can be preferably used as a substituent substituted with the aromatic
group of the aromatic hydroxy conpound represented by the above fornula
(35) (excluding R22 and R23) includé:lglgfoup sel ected fromthe group
consisting of a linear hydrocarbon group and a cyclic hydrocarbon group (a
nonocycl i ¢ hydrocarbon group, a condensed pol ycyclic hydrocarbon group, a
cr ossl i nkedviey@d! ianenydr ocareh @ivogosupe lacspdr drbypdtbeanbonegr oup, a

mul ti-ring hydrocarbon group, - 100 - and a cyclic hydrocarbon group
havi ng a sidECH&IS) Irand Pigdorpat ¢ whtuased easphahécgbonp sel ected from
t he above descyi bed group binds (wherein the two groups are substituted
with each 6t L qro3FAEr Pondan sggladpPEceP WhécBadé ef haspagnaatamomati c

hydr oxy conpound in.the nmethod far producing the carbonyl conpound of the
pr esent en%%ﬁfﬁéhﬂﬁp§ha%2;9§aﬂnQ%hF%ﬁ &HmbﬁgaﬁﬁccﬁFpﬁﬁrétaﬁﬁne, a carbonic
acid derivatjve,.: romati c hydrooxy co und are reacted to obtain an
N—substitu?%%“%ﬁfﬁgﬁfgpggthgs e eﬁ%§u8ﬁg eFeS?tF%ﬁB?E 85PFPed out at a

hi gh t enperalireue i iod neler ablee . 8USe, aR.ar QBLL G Nydfogy gowpound, i n

whi ch the substituent "substituted with the ring i sTpreféerably an
i nactive subsld tauenl pEhert akPedeRagtibye csuBstipt uent” is used herein to
mean a group that does not contain the above described active hydrogen
(provi ded tfatod]t may have an aromatic hydroxyl group). [0208]

Exanpl es of such a substituent substituted with the ring A other than 1222
and 1223 i ncl uden ahgr abpvsehectad-toom(ihe) gr bupiconsistimgdoftnan al kyl
group, a cycloal kyl group, an aryl group, an aral kyl group, and an ether
group (subgthet utiedcardy atamsubgbistittied al kyl rét bad afdior, atyls et her
and/or aral kyl ether); a group, to which one or nore groups selected from

t he above dedé95&d agEBuphBicndeorasgeouptsebeatied A¢oprGinupss tloe

definition of the above described "active hydrogen," the
hydrogen atom of the -NH- bond is also active hydrogen.
However, as a result of the present inventors' studies,
it was found that the hydrogen atom attached to the
nitrogen atom at the position o has low reactivity and
thus it hardly affects the invention of the present
embodiment. The present inventors have asgumed that it
may be due to steric hindrance around the hydroxy group.
[c210]

The present inventors have found that, in an
aromatic ring to which a hydroxy group binds, as defined
in R* and R*®, a group attached to the carbon at the
ortho position with respect to the carbon to which the
hydroxy group binds has influence on the reactivity of an
aromatic hydroxy compound in the method for producing the

carbonyl compound of the present embodiment. The reason



- 101 - which one or nore groups selected fromthe above described group
bind via a saturated aliphatic bond and/or an ether bond; and a group which
is a halogen atomand in which a total of the nunmber of carbon atons

constituting the ring A and the nunber carbon atonms constituting all of
the substituents substituted wwth the Ting A can be an integer from6 to
50. [0209] In the above definition (iii), it is described that the

nitrogen atomat position a of R22 and 1223 may be a nitrogen atomthat
forns a - NHvhpomdehAeEbediagate phevHedd lias orlofoadie wlseiie Hberi bed
"active hydrogen," the hydrogen atomof the -NH bond is also_active

hydr ogen.  HbhevBFesgRtalhEsplferafhive PFedee Thffentti S1%& fies, it was

found that the hydrogen atom attached to the niftrogen atom at .t he position
a has Iom1r@ﬁ@??éiE?ggﬁanFﬂuggi?hﬁagﬂﬁ@p%f?%d$%éyﬁgffﬁb ti oh% tﬁe

present enbodi R0t .. The BLERSOL | AENL0f o AV, asslech Lty 1 gy be due

to steric hi-Hd eahydroxy group. e present

i nventors h ad, t hat .. LN [ ' ieh a hydrox rou

; h 8L OTOLY Er E 1P 9o b ML &£ y y group

bi nds, as dg¥?ﬁggy?gyR§g gné %ggﬁ, a gr%u% é?taéﬁ%d to the carbon at the
ortho positign;Wth respect to the carbon to which the hydroxy group binds
has influence on the reactivity of an aromati c hydroxy conpound in the

met hod for produghnghé hgosad bedisthu Lompoind efanidie:prefsente enhadiarent. The
reason - 102 - why such effects are provided has not been clarified. The

present invepatouscehaveesassuaedihbat athepsizaelehestengc dm neinginceceofet he
groups as defined in R 22 and R23 in the above fornmula (35) would have
i nfl uence omitige meatenenthrefiet héngr oaatbaphhhdreny ronpoundehipedns
ring, a pyrene ring, a triphenylene ring, a pentalene
ring, an azulene ring, a heptalene ring, an indacene ring,
a biphenylene ring, an acenaphthylene ring, an
aceanthrylene ring, and an acephenanthrylene ring. More
preferably, it is a structure containing at least one
structure selected from a benzene ring and a naphthalene
ring.
[0212]
If considering industrial use, an aromatic hydroxy
compound having an easily available benzene ring as a
skeleton is preferable. Such an aromatic hydroxy
compound is preferably an aromatic hydroxy compound
represented by the following formula (46):

OH
R22 R23

R24 R26
R25 (486)

wherein



In the above fornmula (35), exanples of the ring A include a benzene ring, a
napht hal ene ring, an anthracene ring, a phenanthrene ring, a naphthacene
ring, a chrysene ring, a pyrene ring, a triphenylene ring, a pental ene
ring, an azulene ring, a heptal ene [jﬂ%, an indacene ring, a biphenylene
ring, an acenaphthyl ene ring, an acea ﬁrylene ring, and an
acephenanthrylene ring. Mire preferably, it is a structure containing at

| east one structuyre selqgted froma benzene ring and a napht hal ene ri ng.

[ 0212] | f REormidt et T ngarhdusdepahdeste] v arerrosmtt ¢Hwy drioxye conpound
having an easi]y avail abl e benzene ring as a skeleton is preferable. Such
an ar omat i cARydiesky it diiso FRPYSs Tsrdfgal®y Jan a@donat i ¢ hydr oxy conpound
represented by the follow ng,fornula (46): OH - 103 - R22 and 1223
each i ndependenty y’ ﬁ%pr%@@ng t RBCGr dBpCRBRPARBEI Y nY ERESEBBY 2 f 8FAUPa (35),

d Rm R2 h ind dent | | ect ed
rom the grSUl oL SiThg 1 v Bl KJPCgroUse & Toqel 6aiyl Sarud. can ar v
, d t.i { yt d/
naubst 1 tuted ST bire Hndth Sy 2R A arar SLafleRle A89 27 group.
Lo which Ongialy R Or QUBS SEILALLA/I/OR e Bhaue descaiRed ks bind,

a group selected Tromgroups, to one or nore Eroups selected fromthe
above descraethgraup kit vish@® satuated aldhphati g beadpangior an ether

bond; a hal ogen atom or a hydrogen atom and in which the total nunber
of carbon atlimh constdrt uidneg ddteid Ze k2234 R24m RAS andvi226 is an integer
fromO to 44. [0213] In the above fornula (46), preferred R24, Rm and

R26 are groigpsEdsit igmependentd y sselrecte deflramethe rgogpsugescriocbed i n the
following (vi) to (Xx):
which one or more groups selected from the above
described group bind via a saturated aliphatic bond
and/or an ether bond; a halogen atom; or a hydrogen atom,
and in which
the total number of carbon atoms constituting the R?,
R*, R*', R®*® and R*® is an integer from 0 to 44.
[0213]
In the above formula (46), preferred R**, R?*® and R*
are groups each independently selected from the groups
described in the following (vi) to (x):
[0214]
(vi) a hydrogen atom,
{(vii) a halogen atom,
{viii) a group containing 1 to 44 carbon atoms, in which
the atom at position o is a carbon atom, whereimnm three
groups attached to the carbon atom at the posgition o are

independently selected from among an alkyl group

containing 1 to 43 carbon atoms, a cycloalkyl group



[0214] (vi) a hydrogen atom (vii) a halogen atom (viii) a group
containing 1 to 44 carbon atons, in which the atomat position ais a
carbon atom wherein' three groups attached to the carbon atom at the
position a are independently selected {gpm anong an al kyl group contai ni ng
1 to 43 carbon atons, a cycloal kyl group - 104 - containing 1 to 43 carbon
atons, an al koxy group containing 1 to 43 carbon atons, a pol yoxyal kyl ene
al kyl ether group gontaining 2 to 43 carbon atons and havi ng no OH groups
at the ternFRosatRépgof, tan2ar GRYYPBUPT BRE afhi T E<Y Froup

containing 1 to 43 carbon atoms, a polyoxyalkylene alkyil
ether group containing 2 to 43 carbon atoms and having no
OE groups at the terminus thereof, an aryl group
containing 6 to 43 carbon atoms, an aralkyl group
containing 7 to 43 carbon atoms, an aralkyloxy group
containing 7 to 43 carbon atoms, a group to which one or
more of the above described groups bind, and a hydrogen
atom,

(ix) an aryl group containing 1 to 44 carbon atoms, which
is substituted with a substituent, wherein the
substituent is an aryl group optionally substituted with
the following 1 to 5 substituents, wherein the
substituents are selected from a hydrogen atom, an alkyl
group containing 1 to 38 carbon atoms, a cycloalkyl group
containing 4 to 38 carbon atoms, an alkoxy group
containing 1 to 38 carbon atoms, a polyoxyalkylene alkyl
ether group containing 2 to 38 carbon atoms and having no
OH groups at the terminus thereof, an aryl group
containing 6 to 28 carbon atoms, an aralkyl group
containing 7 to 38 carbon atoms, an aralkyloxy group
containing 7 to 38 carbon atoms, and a group to which one
or more of the above described groups bind, and

(x) a group containing 1 to 44 carbon atoms, in which the
atom at position ¢ is an oxygen atom, wherein the group
attached to the oxygen atom at the position o is selected

from among an alkyl group containing 1 to 44 carbon atoms,



43 carbon atons, an aral kyl group containing 7 to 43 carbon atons, an
ar al kyl oxy group containing 7

- 105 -

a cycloalkyl group containing 1 to 44 carbon atoms, an
alkoxy group containing 1 to 44 carbon atomg, a
polyoxyalkylene alkyl ether group containing 2 to 44
carbon atoms and having no CH groups at the terminus
thereof, an aryl group containing 6 to 44 carbon atoms,
an aralkyl group containing 7 to 44 carbon atoms, an
aralkyloxy group containing 7 to 44 carbon atoms, and a
group to which one or more of the above described groups
bind.

[0215]

In the above formula (46}, the term "the atom at
position a" is used. This term "the atom at position a
means an atom adjacent to a carbon atom on the aromatic
hydrocarbon ring to which the R*?, R*®, rR**, R*® and Rr*
groups bind, among atoms constituting the R**, R?}, R,
R*® and R*¢.

[0216]

Specific examples of such an aromatic hydroxy
compound include: monosubstituted phenols such as phenol,
methyl phenol, ethyl phenol, propyl phenol, butyl phenol
(excluding 2-tert-butyl phenol), phenoxy phencl, benzyl
phenol, and cumyl phenol (excluding 2-cumyl phenol);
disubstituted phenols such as dimethyl phencl, diethyl
phenol, dipropyl phencl, diphenoxy phenol, and dibenzyl
phenol; trisubstituted phencls such as trimethyl phenol,
triethyl phenol, tripropyl phenol, triphenoxy phenocl,

triphenyl phenol, and tribenzyl phenol; and naphthol.



to 43 carbon atoms, a group to which one or nore of the above described
groups bind, and a hydrogen atom (ix) an aryl group containing 1 to 44
carbon atoms, which is substituted with a substituent, wherein the

substituent is an aryl group optionally,substituted with the following 1 to
5 substituents, wherein the substituen¥s are selected froma hydrogen atom
an al kyl group containing 1 to 38 carbon atons, a cycloal kyl group
containing 4 to 38 carbon atons, an al koxy group containing 1 to 38 carbon
atons, a pollgaxyal kyl ene al kyl ether group containing 2 to 38 carbon atons

and having no OH groups at the term nus thereof n aryl i ni
g Ag degcribed above, the above—ménéaone&/hégfg§§Contalnlng

compound (alcohol or an aromatic hydroxy compound) can
form an N-gsubstituted carbamic acid ester, for example,
by coexisting it in the step (X). The N-substituted
carbamic acid ester can be used as a precursor of
isocyanate. A method for producing an isocyanate from
the N-substituted carbamic acid ester will be described
in detail later. It is a method of subjecting the N-
subgtituted carbamic acid ester to pyrolysis to obtain a
hydroxy compound and an isocyanate.

[cz18]

If referring to the reaction formula, the hydroxy
compound generated in the above described method is a
hydroxy compound used in production of the N-substituted
carbamic acid ester. That is to say, the above-defined
hydroxy compound is generated as a by-product together
with an isocyanate, during the pyrolysis of the N-
gubstituted carbamic acid ester. After completion of the
pyrolytic step, in one of the present embodiments, the
hydroxy compound may be separated from the isocyanate by
digtillation, and the thus separated hydroxy compound may
be then recycled as a hydroxy compound in the reaction of
an organic primary amine, urea and a hydroxy compound,
although it depends on situation. Accordingly, if taking
into consideration the production step of the isoccyanate,

it is preferable to consider the separating property



6 to 38 carbon atons, an aral kyl group containing 7 to 38 carbon atons, an
ar al kyl oxy group

- 107 -

between the hydroxy compound and the isocyanate. It is
difficult to generally define such a separating property.
Cn the basis of the findings that, in general, if the
standard boiling points of two ingredients to be
separated are 10°C or more apart from each other, they
can be industrially sufficiently separated by
distillation, the separating property will be defined as
follows. Thus, this definition ig a value that is
limited to conventionally known separation means, and it
is not a definition that constitutes the essence of the
present embodiment.
[oz19]
< Compound having ureido group =

In the method for producing the carbonyl compound of
the present embodiment, a compound having a ureido group
can be used as a precursor of the compound having the
urea bond represented by the above formula (1). The
compound having the ureido group is preferably a compound
produced from the organic primary amine represented by
the above formula (5) and urea, namely, a compound

represented by the following formula (47):

H
R3+—N NH,

g

C
| ;
0 (47)
wherein

¥ represents an integer from 1 te 10, and



containing 7 to 38 carbon atonms, and a group to which one or nore of the
above described groups bind, and (x) a group containing 1 to 44 carbon
atons, in which the atomat position a is an oxygen atom wherein the group
attached to the oxygen atomat the posjtion a is selected fromanong an

al kyl group containing 1 to 44 carbon atons,

R? has the same definitions as those of the R’ in the
above formula (5).

[0220]

The compound having the ureido group represented by
the above formula (47) is a compound having a "ureido
group" defined in Regulaticn C-971 of the Nomenclature of
IUPAC. The compound having the ureido group used in the
present embodiment is, for example, a compound having a
ureido group, in which an r number cf ureido groups (-NH-
CONH,) bind to an organic group containing 1 to 85 éarbon
atoms.

[0221]

Specific examples of a preferred compound having a
ureido group will be given below. "Ureido group" is a
name of substituent. In the present specification, the
term "N-substituted (substituent name) urea" is also used
as a compound name. In order to clearly state that the
nitrogen atom (N) of urea is substituted (that is, the
nitrogen atom is not a -NH; group), the term "N-
substituted"” is used, and whether the substituent is an
aromatic group or an aliphatic group is clearly described.
In addition, in order to state that the compound is an
organic compound, the texm "organic" is alsc used. There
are cases in which urea containing a single ureido group
in a molecule thereof is referred to as "monourea," and
urea containing a plurality of ureido groups in a

molecule thereof ig referred to as "polyurea." Even if



- 105 - a cycloal kyl group containing 1 to 44 carbon atons, an al koxy group
containing 1 to 44 carbon atons, a pol yoxyal kyl ene al kyl ether group
containing 2 to 44 carbon atons and having no OH groups at the term nus

t hereof, an aryl group containing 6 tqQ 44 carbon atons, an aral kyl group
containing 7 to 44 carbon atons, an "arJEQI9k;7I OXy group containing 7 to 44
carbon atons, and a group to which one or nore of the above descri bed
groups bind. [0215] In the above formula (46), the term"the atom at
position a"theraisett arhilsitagrimy tdfe satcdmuate igosigtricopsa” uread® an at om

adj acent to a carbon atomon the aromatic hydrocarbon ring to which the
'R22, R23, FPRVURTEHEIRES drodds Biffter -aepig caedns cepasnit ieivigat he R22,
R2', R261, R25 and R26. [0216 . Speci fic exanpl es of such an aromatic
hydr oxy corpdthitP iFFQURRe 2 hRosibstitited paedol sggﬁ%h 3% preavibedet hyl

henol , ethyl phenol , propyl, I, butyl phenol | udi ng 2-tert-butyl
Phenol § . pHUIENE mheial B s B Ika caty| SBhon6F Pedaudrng -2- cunyl
henol ) ; di i tut | h.as.dinmethyl phenol diethyl, phenol,
i propyl pisonaie-di BhoHauy pHIRGE AR PRGN BRonar™ | PESGbet Fout od
phenol s such, as &fd W@Jgﬁ%ﬁ%ﬁ'i’n iwigglgx' Q%ng%gl)lﬁﬂst IR ?)gyl phenol ,

tri phenoxy phenol, tri enol, trib pheno and naphthol . -

106 - [02171istingAsHeS GihedRrRbYR-H:Re above-mentioned hydroxy conpound
(al cohol or an aromatic hydroxy conpound) can forman N substituted

carbam c aciabegter, for exanple, by coexisting it in the step (X). The
N-substituted carbam c acid ester can be used as a precursor of isocyanate.
A net hod for pratduounpoan ithecyasatreption:t e dhsupstsénted carbam c acid
ester will be described in detail later. It is a nmethod of subjecting the
N- subst i t utsek wdriyatiieomncivdiegs tsgre did gy compsis diso aolet aixemg lhydedxy conmpound
and an isocyanate. .

the terms "substituted" and "mono" are not used. They

are described, either according to the Nomenclature of

TUPAC, or with common names.

[0223]

Examples of the compound having the ureido group

used in the present embodiment include an N-substituted

arcmatic organic monourea, an N-substituted aromatic

organic polyurea, and an N-gsubstituted aliphatic organic

polyurea.

[0224]

(1) N-substituted aromatic organic monourea

The N-substituted aromatic organic monourea is an N-

substituted aromatic organic monourea wherein, in the

above formula (47), R’ represents a group contalning & to

85 carbon atoms, which contains one or more aromatic

rings optionally substituted with aliphatic and/or

aromatic groups, and the aromatic group in the R® is



[ 0218] If referring to the reaction formula, the hydroxy conpound
generated in the above described nethod is a hydroxy conpound used in
production of the N-substituted carbamc acid ester. That is to say, the
above-defi ned hydroxy compound i s gene ed as a by-product together with
an isocyanate, during the pyrolysis of e N-substituted carbam c acid
ester. After conpletion of the pyrolytic step, in one of the present
enbodi ments, the hydroxy conpound may be separated fromthe i socyanate by
di still ati osubakdtihredt Hshsaparatidd aydardxy2edmpouhd: may e Xhen recycl ed
as a hydroxy conmpound in the reaction of an organic pripar m ne, urea and
a hydroxy c&HPELARGULELR: AEGHRTLE BEPBRES %ﬂn%?¥%%t%%ngr%§%6¥%f¥g?9,Nif
taking into nsi deration the Eroduction step of the isocyanate, it is

r

pref erabl e §§%55ﬁ§PB§ﬁ BREMEEHSr 8EPRG br 8RR - Y1575 1 pist ween t he hydr oxy
d d the i te, It i pLfficult t | i h

coparat ng SFBAEPED IR Bre BatrbathrheCY: hai R SRRERh Ar SRy BRPYON A e

standard boi;ling p %?Eﬁgﬁﬁn&&ocbﬁgiﬁg£§9£§ntP%Q@a§§P§£§I§§d3E§e195&8[ mor e

apart from éach ot ey can be industrially sufficiently separated by

di stillationydthe-3@RanaLLRA RLORAELY Wirbhnbe fehbnedaassfablews. Thus,
this definitionis a value that is |imted to conventionally known

separation pRaFsradNg kh iSsNBktatdetbinkirbeaatibabrgansti hohesrehe essence
of the present enbodi nent. [0219] < Conpound having urei do group > In
t he met hod fwblereriod®éi ngptsenas banytoconpoursi ming e pr esentadndodi nent, a
conpound having a ureido group can be used as a precursor of the conpound
havi ng the wtesmsbemd reprsedent 8d by aheNapovet forhed sayayat e conpound
having the ureido group is preferably a conpound produced fromthe organic
primary am & 9edEce FORRY By TEREEEHFESs B milg £5) 1aWdrdr éarMHARel y, a
conpound reqz&sented by the followng formula (47): (4 7 )

O

PR

H,N NH

Xy
| —~—[RY’,R28 R RY)
~ (48)
wherein
at least one of the ortho-position and/or para-
position of the ureido group of the N-substituted
aromatic organic monourea represented by the formula (48)
is unsubstituted, and R*’ to R’® each independently
represent a group substituted in any given position at
which the aromaticity of the ring is maintained.
[0225]
Moreover, in the formula (48), R* to R*® may bind to

one another to form a ring togethexr with the aromatic

ring. For example, each of R* to R’® preferably



wher ein r represents an integer from1 to 10, and - 108 - R3 has
the sanme definitions as those of the R3 in the above fornula (5). [0220]
The conpound having the ureido group represented by the above fornula (47)
is a conpound having a "ureido group" &%%Li_ned in Regulation C971 of the
Nonmencl ature of | UPAC. The conmpound havi'ng the ureido group used in the
present enbodi nent is, for exanple, a conpound having a ureido group, in
whi ch an r nunber of ureido groups (-NHCONH2) bind to an organic group

cont ai ni ng 1eREBRgarddydtarm @PR1lor a grépeciskilecerdnpires of a
preferred conpound having a ureido group will be given below "Ureido
group" is aglirgfﬁes Jronsbstiaretlth 9@ spr ésentiishedi Breapi 68,lechedt erm
"N-substituted (substituent nanme) urea" .is_also used as a_conpound nane. In
order to clge]fa‘?”llfrétaa]t]@’]t IO Wrhe Shi B ogeH Ao B ONP - ofPuPEE Li §T8YBst i t ut ed
(that is, the, nitrogen atomis not a -N rou the term"N-substituted"
is used, ardl Wdt haelg’ (S P dh e ihé’lgér? r&pﬁ)é’élipc 4FGGEpVaR 8n al i phati c
group is cl descly, el jtion, in_order t ate,t hat _the
conpound i s%d%ar ganicac[:ll orrptolué]né),acq}%é—’mt%grc}% 'ggr Sgﬁlle&:" %logﬁal g%leﬁgé“& There are

cases 1n WhiEh i CON AlNN; 3 ehillcRrithaide dL0URdN3gHBLECYLE ¢ her eof
is referred to as nonour ea, and urea containing a plurality o ur ei do
groups in anolecider thenedf de 7ef ehbedot 81 agumBelyst €8arb&N €l biis
in the N-substituted aromatic organic monourea
represented by the formula (48}, which excludes the
ureido group (-NH-CO-NH;), is preferably from 6 to 13.
[0226]
A preferred example of the N-substituted aromatic
organic monourea represented by the formula (48) is an N-
substituted aromatic organic monourea wherein R?*7 to R*C
each represent a hydrogen atom or a group selected from
alkyl groups such as a methyl group or an ethyl group.
Examples of such an N-substituted aromatic organic
monourea include N-phenyl urea, N-tolyl urea, N-
dimethylphenyl urea, N-diethylphenyl urea, N-
dipropylphenyl urea, N-naphthalene-ylurea, N-
methylnaphthalene-ylurea, N-dimethylnaphthalene-ylurea,
and N-trimethylnaphthalene-ylurea. Of these, N-phenyl
urea 1s more preferably used.
[0227]
(2) N-substituted aromatic organic polyurea
The N-substituted aromatic organic polyurea is an N-

substituted aromatic organic polyurea wherein, in the



- 109 - there are a plurality of such ureido groups, ureido groups
contained in the after-nentioned compound having ureido groups are
N-substituted urea. Thus, as descri bed above, a wording indicating

plurality, such as poly-, di-, or tri-;is placed imediately before the
term”urea,” so that the neanings of individual conmpounds can be
di stingui shed fromone another. [0222] Thr oughout the descriptions of

the present specification, when specific conpounds are exenplified, the
terns "subsBPPueedOTRAdE" (BAd" Br & FRHACIEES THERPE TSI 6 &% her
according to the Nonmenclature of |1UPAC, ,or with comon nanes..[0223]
Exanpl es of 86hE3EBRPodhE RavRgPNECNF_IES GRoup™ JBREF i # YHE™ bT esent
O BaRpeaLc o eSS EP R PG S ORPALRITIEE s
organi ¢ pol yurea, ;. groups, and the aromatic group in the R’ is
substituted with a ureido group, and r is 2 or greater.
The N-substituted arcmatic organic polyurea ig preferably
an N-substituted aromatic organic polyurea wherein R’
represents a group containing 6 to 70 carbon atoms and r
iz 2 or greater. Taking into consideration flowability
and the like, it is more preferably an N-substituted
aromatic organic polyurea wherein R’ contains one or more
aromatic rings, wherein the aromatic ring is an aromatic
group containing 6 to 13 carbon atoms optionally
gsubstituted with an alkyl group, an aryl group or an
aralkyl group, a ureido group binds to the aromatic group
contained in the R*, and r is 2 or greater. Examples of
guch an N—substifuted aromatic organic polyurea include
N,N'-phenylene diurea, N,N'-methylphenylene diurea, N,N'-
methylenediphenylene diurea, N,N'-mesitylene diurea,
N,N'-biphenyl diurea, N,N'-dibenzyl diurea, N,N'-propane-
diylphenylene diurea, N,N'-oxydiphenylene diurea, N,N'-
diphenyl-diyl-dipropane-diyl diurea, N,N'-
phenylenedimethylene diurea, N,N'-methoxyphenylene diurea,
N,N'-ethoxyphenylene diurea, N,N'-naphthalene-diyl urea,
N,N'-pyridine-diyldimethylene diurea, N,N'-naphthalene-
diyldimethylene diurea, and polymethylenepolypheny.l

polyurea represented by the following formula (49):



[0224] (1) N-substituted aromati c organi c nonourea The N-substituted
aromati c organic nonourea is an N-substituted aromati c organi ¢ nonourea
wherein, in the above fornmula (47), R3 represents a group containing 6 to
85 carbon atons, which contains one or,_nore aromatic rings optionally
substituted with aliphatic and/or arortdti ¢ groups, and the aromatic group
inthe RBis - 110 - substituted with a ureido group, and r is 1. The
N-substituted aromati c organi c nonourea is preferably an N-substituted
aromat i ¢ organi cononourea wherein R3 represents a group containing 6 to 70
carbon atons and/ r is 1. Taking into consideration f]Jowability and the

i ke, the N-BHDbsShHj romatic QLE no rea i # nore preferably an
N-substituted aromati He ourea wh E@’éepresents a group

containing 6 to 13 ca t ons sis 1. i d an&N—substituted aromatic
organi c nonourea represented by heol lowing formula (48): O

0 (49)

wherein

8 represents an integer from ¢ to 6.
[0228]
{3) N-substituted aliphatic organic polyurea

The N-substituted aliphatic organic polyurea is an
N-substituted aliphatic organic polyurea wherein, in the
above formula (47), R’ represents an aliphatic group
containing 1 to 85 carbon atoms optionally substituted
with an aromatic group, and r is 2 or 3. The N-
substituted aliphatic organic polyurea is preferably an
N-gsubstituted aliphatic organic polyurea, wherein the
aliphatic group is a linear hydrocarbon group, a cyclic
hydrocarbon group (including an aromatic group), or a
group to which at least one group selected from the
linear hydrocarbon group and the cyclic hydrocarbon group
binds (e.g. a cyclic hydrocarbon group substituted with a
linear hydrocarbon, a linear hydrocarbon group
substituted with a cyclic hydrocarbon group, etc.). It
is more preferably an N-substituted aliphatic organic
polyurea, wherein R’ represents an aliphatic group
containing 1 to 70 carbon atoms, which isg a linear

hydrocarbon group, a cyclic hydrocarbon group, or a group



[ R27, R28, R29, R301 (4 8) wherein at | east one of the ortho-position
and/ or paraposition of the ureido group of the N-substituted aromatic
organi ¢ nonourea represented by the formula (48) is unsubstituted, and Rfl
to R' each independently represent a gypup substituted in any given
position at which the aromaticity of the ring is maintained. [0225]
Moreover, in the formula (48), R27 to R' may bind to one another to forma
ring together with the aromatic ring. For_ ex each of R27 to R
preferably tpephésbnet dehgtrogendaddm S%re%tgoﬁ@%éﬂ“@:t]éd“qq‘%m gr oups
constituted wi.th groups, to which a grou sele&ﬁgd f.rom an aI§¥ roup, a

cycl oal kyl BYSHACARACRr FFOGP 0 able A & VF 1§F HRAThF L) group

bi nds via a saturated ?|Ip£ %IC bond and/ or eéh% q?nd mhereln t he
number of cé?bgn 3t oHE *eontd ﬁ%ﬁatgo%u%ﬂoﬁpdﬁgﬂ% TS i it'dyet fromo to 7.
The t ot al b b t

nnﬁou?e: re Fggéﬁ?e %%C?%g %Ornu ln%%ﬁ)ﬁb§#$€ 1I:excl%agus’&'[nratlelﬁrce)irggmg(r:oup
(- NH CO- NH2 hﬁlEﬁgESrQQLM_QrQ @1&0h%§roé£¥%@ﬂ group A deferreds exanpl e

of the N-su |tute aromati c organic nour ea represented by the formul a

(48) is an I\Fsgbét:' but efl1af et i QFGa e FERNQHT €A oM2er:aiiRyR27 to R3 each
represent a hydrogen atomor™ a group selected from al kyl groups such as a

met hyl groupeeesanret Byl grauptrExamphes pfosuchian, Nesubstituties ar omati c
organi ¢ nonourea include N phenyl urea, N-tolyl urea, Ndinethylphenyl urea,
N- di et hyl pherglteunbay bdi preppkphenyedusedphik haphthahenesyl yveas ,

Nmet hyl napht hal ene- yIurea N- di met hyl napht hal ene-yl urea, and

N-tri net hyl wapkehal 8nergpueeent ©fa t hozmr Noyphersdrhgreai®simore preferably
used.
cyclic hydrocarbon group, or a group to which at ieast

one group selected from the linear hydrocarbon group and
the cyclic hydrocarbon group binds (e.g. a cyclic
hydrocarbon group substituted with a linear hydrocarbon,
a linear hydrocarbon group substituted with a cyclic
hydrocarbon group, etc.), each of which is constituted
with a carbon atom and a hydrogen atom and each of which
containg 6 to 13 carbon atoms. That is to say, the case
is an N-substituted aliphatic organic polyurea, wherein
R is a straight chain and/or branched chain alkyl group,
cycloalkyl group, or group constituted with the alkyl
group and the cycloalkyl group. Examples of such an N-
substituted aliphatic organic polyurea include methylene
diurea, 1,2-dimethylene diurea, 1,3-trimethylene diurea,
1,4-tetramethylene diurea, 1,5-pentamethylene diurea,

1, 6-hexamethylene diurea, 1,8-octamethylene diurea,
ayclopentane diurea, cyclohexane diurea, cycloheptane

diurea, cyclooctane diurea, methylcyclopentane diurea,



[0227] (2) N-substituted aromatic organic pol yurea The N-substituted
aromati c organic polyurea is an N-substituted aromati c organi ¢ pol yurea
wherein, in the - 112 - above formula (47), le represents a group
containing 6 to 85 carbon atons, which_contains one or nore aronmatic rings
optionally substituted with aliphatrcléﬁdfor aromatic groups, and the
aromatic group in the R3 is substituted with a ureido group, and r is 2 or
greater. The N-substituted aromatic organic polyurea is preferably an

N- subst i t utetduararmltdre rdragenicl ypsay umea pilereilohR3anepriésents a group
containing 6 to 70 carbon atons and r is 2 or greater. Taking into

consi der at i il BiEINg g e s udee .| ikepyilcyicd oksrengr 8flieirgbly an

N- substi t ut ed gfonatic or ganj c pol yurea wherein R3 contains one or nore
aromatic rimyY L MferliST AR HrgRdri Oentag ovs lahegraraeieT§roup cont ai ning 6
to 13 carbqn at.ons_.optionally substitute ith_an al kyl group, an aryl
group or a&leé?%%ﬁlcg}e&?&e é%lﬂréﬁado %F&&S‘Yﬁh’&&%%ﬁ@ Q&Hﬁﬁtﬂi'c gr oup

cont ai ned i&%ﬁ%ﬁ%} cfEHEJéﬂésé%upeagr %%%%gﬂ%@%Q%%%%@%%e uﬁgﬁ%?diurea,

N-substitute ti'c organi ¢ polyurea

N, N - met hylphenyl <%%¥H%¥§$qqéﬁﬁﬁgﬁgfgg%&%gedﬁpge@ylene di urea,

N, N - nesityl'ene diure iured, N N™-di benzyl diurea,

N, N - pr opanediatzhenyd 1ene-dny eaudaN 10xydi.phenylene ditigae Nnl -
di phenyl - di yl - di propane-diyl diurea, N, N - phenyl enédi net hyl ene di urea,

N, N - met hoxyipheny, ene dieauthiNycathexxpheayhers  dbugea,

N, N1- napht hal ene-di y1l urea, N, N -pyridine-diyldi nethyl ene diurea,
N, N - napht hatedriegisddilret, by, sene- idiatthed cyvandhpehymetlewl. enepol yphenyl
pol yur ea reﬁﬁgiﬁnted by the followng formula (49): - 113 -

< Method for preoducing compound having ureido group >

A known method is applied as a method for producing
the compound having the ureido group. An example of the
method for producing the compound having the ureido group
is a method of reacting an organic primary amine with at
least one selected from the group consisting of urea,
isocyanic acid and an N-unsubstituted carbamic acid ester
(which will described later) to obtain a compound having
a ureidoc group.

[0230]

For example, when the compound having the ureido
group is a compound having a ureido group produced by
reacting an organic primary amine with urea in the
presence of a hydroxy compound, the following production
method can be carried out.

f0231]



wherein s represents an integer fromO to 6. [0228] (3) N-substituted

al i phatic organi c pol yurea The N-substituted aliphatic organic
polyurea is an N-substituted aliphatic organic pol yurea wherein, in the
above formula (47), R3 represents anma#' hatic group containing 1 to 85
carbon atons optionally substituted w an aromatic group, and r is 2 or
3. The N-substituted aliphatic organic polyurea is preferably an
N-substituted aliphatic organic pol yurea, wherein the aliphatic group is a
| i near hydr ocar bBhrgtouprea &§chsed hyidradcalibior i 9 Adtuidt if an aromatic
group), or a group to which at |east one group selected fromthe |inear
hydr ocar bon %gPoup takk® £RE éyélPésﬁQdPBCEP%oﬁmgPBEpogiEﬁ% TBIEC YRl c

hydr ocar bon group substituted with a.line hydr ocar bon, a |inear
hydr ocar bon Ogr 505 STHETCuPE ™ REY 3R Bl i h%ed%gtrcbolﬁicd:reoatfp‘? e%fec. ). It is

f bl N-substituted.ali [ | Ln R3
apr ohent o AR SHE DT L Sofbub CRERCAERERG 108070 car boh aTohE. CGReeh is a

i near nydr geAlen (gD anRuGXC bECbYdr 06apRaRC0RAYD. 8L AnLRUPon- 114 -
e e |

to which at TeaSt one group Sel ect rom I near hydrocarbon group and
the cyclic hydrogaror gheupbirpds oéc%aa-icapgmblrg bydnecarhon-gsoup
substituted wth a |inear "hydrocarbof, a |1 near hydrocarbon group

substi tut ed iwi tshy &x@%ehiea yhypdi-eearkenagoaup, o€t arpa apdugeds 2her 3. Taking
into consideration flowability necessary for industrial mass production, it
is further priefeercablay ragndtisubstdsdastie bealonplratios dregari.c pobpudeaglwher ein
R3 represents a |inear hydrocarbon group, a cyclic hydrocarbon group, or a
group to whiwteaatid emstd erie agrstwp cheloeetedcf remirhetl i neafehpddygcar bon
group and the cyclic hydrocarbon group binds (e.g. a cyclic hydrocarbon
group subst iftufred W t*h la tg ﬁ@@r=h9drGEﬁﬁb@ﬁ?f&rﬁ%ﬁéaﬁrﬁ?dﬁoéaﬁbéntﬁroup
substituted with a cyclic hydrocarbon group, etc.), each_of which is
constituted 8 th la GbINEGH aFEEE YodéRMatorm andedlh oft rwhi ch
contains 6 to 13 carbgn atons. That .is taq _say, the case_is_an N substituted
al i phatic orfsifit ol éﬁ?“ﬁﬁéfgfﬁhﬁ3ap§n§ é?F%fbﬁ% §§§iﬁr§ﬁﬁf8r br anched
chain alkylﬁgg%y C %!%glkyl group, or group constituted with the al kyl
group and the cycsba f}'group. Exanpl es of such an N-substituted aliphatic
organic p0|y¢H§¥bﬂ ncl ude net hyl ene diurea, 1, 2-dinethylene diurea,

1, 3-trinethyl ene diurea, 1,4-tetranethylene diurea, 1,5-pentanethylene
diurea, 1,6-hexareihylere dieuiedntlos- achbaretRybanerdyuneaatepal epent ane

di urea, cycl ohexane diurea, cycl oheptane diurea, cyclooctane diurea,

met hyl cycl opght@nendidld €& method of adding urea and an organic

primary amine so that the total number of urea groups in
the ligquid phase becomes greater than the total number of
the amino groups constituting the organic primary amine

at an amount ratio is preferable as a reaction method.
Specifically, a method of adding an organic primary amine
to a mixture of a hydroxy compound and urea is preferable.
Also, a method of adding a mixture of a hydroxy compound
and an organic primary amine to urea may be applied. The
mixture of an aromatic hydroxy compound and urea, or the

mixture of an aromatic hydroxy compound and an organic



- 115 - ethyl cycl opentane di urea, nethylcycl ohexane di urea,

et hyl cycl ohexane di urea, propylcycl ohexane di urea, butyl cycl ohexane diurea,
pentyl cycl ohexane di urea, hexyl cycl ohexane diurea, dinethylcycl ohexane

di urea, diethylcycl ohexane di urea, dlgﬂ%ylcyclohexane di urea,
1,5,5-trinethyl cyclohexane diurea, 1 triethyl cycl ohexane di urea,
1,5,5-tripropyl cyclohexane diurea, 1,5,5-tributylcycl ohexane diurea, and
3- ureidonethyl-3,5, 5-trinmethyl cycl ohexyl urea. [0229] < Method for

pr oduci ng dﬁﬁﬁ@ﬁﬁﬂfﬁ@Vthfﬁﬂéﬁﬁbfgﬁﬁﬁﬁ‘ﬁ homogarjepuwn Spatikdani srappl i ed as
a met hod for rodu0|n e conpound having the ureido group. An exanple of
t he nethod ¥ qﬁﬁ”%he conmpound having the ureido group is a nethod
of reacting rganic primary amne with at | east one selected fromthe
gr oup consig@$%§ of urea, isocyanic acid and an N—unsubstituted carbam c

id t whi [ 1 d bed | dh
3$;idg§gsgué. E g%em %%%h&eg%gn% er%m%gﬁ ﬁgvgo 8ﬁﬁ O%§v$h%¥?£% ur ei do
roup is a i i r r e rgani c

O hp SRR | Ui A 9HRUP B HHESLREUECRETLES o 507 9

fol I owi ng pi agugtionsdmidyech can l%ﬁ:e‘i:%@e‘d“isoﬁ')tmf[e%%ib in a range
of 50°C to 150°C. If the preparation temperature is too
high, the decomposition rate of urea increases, resulting
in an increase in by-products caused by urea-decomposed
products in many cases.
[0234]

The organic primary amine is preferably added in the
state of a liquid. In general, many of the above-
exemplified organic primary amines are in the state of a
solid at an ordinary temperature (e.g. 20°C). In such a
case, the organic primary amine ig heated to a
temperature equal to or higher than the melting point
therecf, so that it can be supplied in the state of a
liguid. On the other hand, if the organic primary amine
is supplied at an extremely high temperature, there may
be a case in which side reactions, such as a heat
denaturation reaction, occur due Lo heating. Thus, as
described above, the organic primary amine is preferably
supplied in the form of a mixture with an aromatic
hydroxy compound, at a relatively low temperature, in the
state of a liguid.

[0235]



- 116 - First, urea is used at a stoichionetric ratio of 0.5 : 1 to 100 ; 1
based on the anmount of the amino group of the organic primary amne. In
order to increase the reaction rate to conplete the reaction at an early
stage, an excessive anmount of urea is pygferably used based on the am no
group of the organic primary am ne. However, if an extrenely excessive
anmount of urea is used, the size of a reaction vessel becones too |arge.
Accordingly, urea is used at a stoichjonetric ratio of, preferably from1.0
1 to 100 : 1, FBReLPPREEREBFG #FofiCH the RiLwRRt rff,a%ﬁtﬁcPff urt her
preferably from2 : 1 to 30 : 1, based_on fhe amount of the am no group of

the organi c SBEEHECy O3 A€, 1P023Zpnge oL By tHe 47 %\woPRE of suppression of
ti f by- duct.s, t hod ddi d i i

A e 50t et eHRE AP i T 0T LR eS ar Bfp e EntEREE PR A PRasE B cones

greater {handhe Latal Juaher ok bhepgnhgafteursscanshiiubing the organic

primary amine at an d ratiois p erabl e as a reaction nethod.

Speci fi cal | %,n@gfl%tﬂaoqsofin@@@v@a.anﬂg&&@é&p D | & yrapdiiet 0 a mixture of a
hydr oxy conpound and urea is preferable. Al so, a nethod of adding a m xture

of a hydr oxy e@meund-and aroNgai enpireMby BE AecheeUlsawhByhbehappl i ed.
The m xture of ‘an aromatic hydroxy conpound and urea, or the m xture of an

aromat i ¢ hydreaat iconpeitrd mndrar dogaand thelprZodupcipar gfantnencyay be
ei ther a honogeneous solution or a slurry solution.

is thereby reduced. On the other hand, if the reaction
temperature is too high, there may be a case in which the
decomposition rate of urea becomes high, resulting in an
increase in by-products caused by urea-decomposed
products. The present reaction is preferably carried out
at a temperature lower than the standard boiling points
of the organic primary amine, urea, and aromatic hydroxy
compound used.
[0236]

The present reaction is carried out under an
atmospheric pressure, under a reduced pressure, or under
a compressed pressure. In general, the reaction is
carried out in an inert gas atmosgphere, such as nitrogen,
argon or helium.
[0237]

The reaction time is not particularly limited. It
is generally 0.001 to 100 hours, preferably 0.01 to 80
hours, and more preferably 0.1 to 50 hours. In addition,

it is also possible that the reaction solution is

collected, and that it is then confirmed by, for example,



[ 0233] The tenperature at which the above described m xture of a

hydr oxy conpound and urea (a honbgeneous solution or a slurry solution) is
prepared is preferably in a range of 50C to 150C. If the preparation
tenperature is too high, the deconposition rate of urea increases,
resulting in an increase in by-proddcﬁ§9céused by urea-deconposed products
in many cases. [0234] The organic primary amne is preferably added in
the state of a liquid. In general, many of the above-exenplified organic
primary amiliesiat elinoeieskaty ohaga soled iakdasmonditnafycbeppendt ure (e. g.
20C). In such a case, the organic primary amne is heated to a tenperature
equal to orlFHigler thHEidcheneein iRg peent Jeherastd. s6ot hieti thean be
supplied in the state of a liquid. On the other hand, if the organic
primary amféqts@usstt & & Té%tenel y high tenperature, there may be a
case in mhiﬁﬂzﬁhde reactions, such as a heat denaturation reaction, occur
due to heatfi 5. Thus, as descri bed above, the organic prinmary anmne is
preferably supplied,in r f.a mxture with an aronmatic dr oxy
Porpound. at o o6 SPFverirht Pufpalathre 1o rioEraBEOTET P 0 [ 02as)
- 118 - The ture [ the _prese tjon is carried out
isina raﬁggao C%%%@ﬁ%ﬁ?ggbf%%n SﬁgﬁégaﬁﬁygﬁfB§8é5§§d5888%?YA5 t he
reaction tepefAtune dee-easgswegener abl o of Y, PEOUYET SorS1 SUPRL essed,
and the yield is inproved. However, if the reaction tenperature 1S too |ow,
there may hen rease lich Wi ¢h dhetr eaeaiki oactakbashagoras Lew-andnt he
production efficiency is thereby reduced. On the other hand, if the
reaction terpereatuned,s «tea hicgle, uckere sayhbe aacasestnivhheh the
deconposition rate of urea becomes high, resulting in an increase in

by- pr oduct siegagsed by gepardécosposedapraducisic Taeipe dsent reaction is
preferably carried out at a tenperature |ower than the standard boiling

poi nts of fF&CEAFative [omierartyiaanmthet afean asdrhebéiat pPBihRgdr vkgnconpound
used.

such an aromatic amine is used as an organic primary
amine, there is a case in which the use of a catalyst is
effective. When a catalyst is used, examples of such a
catalyst that can be used herein include: organic metal
compounds such as tin, lead, copper, and titanium;
inorganic metal compounds such as tin, lead, copper, and
titanium; the alcoholates of alkali metals; and the
alcoholates of alkali earth metals. Specific examples of
basic catalysts, such as the alcoholates of alkali metals
or the alcoholates of alkali earth metals, include the
methylate, ethylate, and butylate of litium, sodium,
potassium, calcium, and barium.
[0239]

In the present reaction, other than the above
described aromatic hydroxy compound, no reaction solvents

need to be used. However, for the purpose of



[ 0236] The present reaction is carried out under an atnospheric
pressure, under a reduced pressure, or under a conpressed pressure. In
general, the reaction is carried out in an inert gas atnosphere, such as
nitrogen, argon or helium [0237] . Z%hg reaction time is not
particularly limted. It is generally b. 01 to 100 hours, preferably 0.01
to 80 hours, and nore preferably 0.1 to 50 hours. In addition, it is also
possi ble that the reaction solution is collected, and that it is then
confirmed bfacfieéitakanpl seactieonooper abifEs chtbtat cyraphyriHat a desired
anount of conpound havi ng a urei do group has been generated, so that the
reaction caﬁggﬁepérW?HapgdPSF@238] In the present enbodinent, it is
not necessaﬁé tg use a catalyst in the reaction of an organic primry am ne
W th urea. wé ér, for the purpose of conpleting the reaction in a short

time, decreasi ngmt{hr(lei {ggcéjjfoguéﬁngeégi rﬁ't £1&ryqd he use of such a catalyst
eral ; mat i )

. . =) . .
is not denied. In gé% sinte an aro i'c amne has reactivity | ower

than that of an alkphalicuafi b8 ndhel SUCh Ahar il ATlRS Ysed as an

organic primary amne, there is a case in which the use of a catalyst is
effective. Whenna.catalyst is used, exanples of such a catalyst that can be
used herein include: organic netal conpounds such as tin, |ead, copper, and
titani um inorgasieémaeial hearpenndsnsushclasad iveniead, twoppeis, and
titanium the al coholates of alkali netals; and the al cohol ates of al kal
earth net al sylSpeci Bithydkanpkes , oflibhaspropalibbnsese, sdthuaglbhezaheohol at es
of alkali netals or the al coholates of alkali earth netals, include the
met hyl at e, etidyhapéthadgnisutyl ate of litium sodium potassium calcium
and barium [0239] . In the present reaction, other than the above
descri bed ar onat PECRFEIEX JOEBRPBARISWRDL F BakE T offt ol RRHISEThe®E 20 be used.

However, for the purpose of ,
nitro %ro%p, such as chlorobenzene, dichlorocbenzene,

bromobenzene, dibromobenzene, chloronaphthalene,
bromonaphthalene, nitrobenzene, and nitronaphthalene;

polycyclic hydrocarbon compounds such as diphenyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene;

aliphatic hydrocarbons such as c¢yclohexane,
cyclopentane, cyclooctane, and ethylcyclohexane;

alicyclic aleohols such as cyclohexancl,
cyclopentanol, and cyclooctanol;

ketones such as methyl ethyl ketone and
acetophenone;

esters such as dibutyl phthalate, dihexyl phthalate,
dioctyl phthalate, and benzylbutyl phthalate;

ethers and thioethers, such as diphenyl ether and

diphenyl sulfide; and



- 120 - facilitating reaction operations, etc., a suitable solvent nmay be

used. [0240] Exanples of such a sol vent incl ude: al kanes such as
hexane, heptane, octane, nonane, and decane; aromati ¢ hydrocar bons
such as benzene, toluene, xylene, ethylbenzene, diisopropyl benzene,

di but yl benzene, and napht hal ene; - omati ¢ conpounds substituted with

hal ogen or a nitro group, such as chl orobenzene, dichl orobenzene,

br onobenzene, di bronobenzene, chl oronapht hal ene, brononapht hal ene,

ni t robenzene, armalficpricespsulcal esegdimethypobytokide hynd odariremy Tonpounds
such as di phenyl, substituted di phenyl, diphenyl nethane, terphenyl,

ant hr acene,® Hidenzyl t ol uene; aliphatic hydrocarbons such as
cyclohexaneioﬁgﬁlopentane, cycl ooct ane, and et hyl cycl ohexane;

As the reaction apparatus, conventiocnally known
reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depressurized agitation
tank, a column-type reaction vessel, a distillation
column, a packed column, and a thin-film distiller, can
be used in combination, as appropriate. In order to keep
the reaction temperature constant, a known cooling device
and/or heating device may be equipped. In addition,
materials used for the reaction vessel are not
particulariy limited. Known materials can be used.
Examples of the material that can be used herein include
glass, stainless steel, carbon steel, Hastelloy, a glass-
lined base material, and a base material coated with
Teflon (registered trademark) .
fo242]

Moreover, as a method of reacting an organic primary
amine with an N-unsubstituted carbamic acid ester to
produce a compound having a ureido group, for example, a
production method comprising the following step {a) and
step (b) is applied:

[0243]

step (a): a step of reacting a hydroxy compound with

urea to preoduce an N-unsubstituted carbamic acid ester:;

and



alicyclic al cohols such as cycl ohexanol, cycl opentanol, and cycl ooct anol ;

ketones such as methyl ethyl ketone and acetophenone; est

di butyl phthal ate, di hexyl phthal ate, dioctylpphthaléte, and bgaiyfgﬁPy?S
pht hal at e; ethers and thioethers, such as diphenyl ether and di phenyl
sul fide; and - 121 - sul f oxi des such as dinmethyl sulf oxide and

di phenyl sul foxi de. [0241] As the reaction apparatus, conventionally
known reaction vessels, such as an agitation tank, ’

step (b): a step of reacting the N—ugsubstituted
carbamic acid ester with an organic primary amine to
produce a compound having a ureldo group.

[0244]

As a hydroxy compound used in the step (a), alcohol
and/or an aromatic hydroxy compound can be used. When
the hydroxy compound is alcohol, the alcohol represented
by the above formula (32) is preferable. When the
hydroxy compound is an aromatic hydroxy compound, the
aromatic hydroxy compound represented by the above
formula (33) is preferable. The hydroxy compound used
herein has a role as a reaction solvent in the step (a)
and a role in reacting with urea to generate a carbamic
acid ester. In particular, in the case of using an
aromatic hydroxy compound, the reaction rate in the
reaction of genmerating such a carbamic acid ester depends
on the structure of the aromatic hydroxy compound, as
with the reaction of generating an N-substituted carbamic
acid-0O-aryl ester. Accordingly, if taking into
consideration reactivity with urea, the arcmatic hydroxy
compound represented by the above formula (35) is
preferable, and the aromatic hydroxy compound represented
by the above formula (46) is more preferable.

[0245]

Reaction conditions for the step (a) can be

determined, while referring to known methods (see, for

example, Japanese Patent Laid-Open No. 5-310677).



pressurized agitation tank, a depressurized agitation tank, a colum-type
reaction vessel, a distillation colum, a packed colum, and a thin-film
distiller, can be used in conbination, as appropriate. In order to keep the
reaction tenperature constant, a knomq_ ool i ng devi ce and/ or heating device
may be equi pped. In addition, mat erial’¢-used for the reaction vessel are
not particularly limted. Known materials can be used. Exanples of the
material that can be used herein include glass, stainless steel, carbon
steel, HastBl34f), a glass-lined base material, and a base material coated
with Teflon (registered trademark). [0242] Mor eover, as a nethod of
reacting an orggﬁiéﬁﬁ¥¥ﬁhﬂﬁt&ﬁiﬁ@tWPﬁﬁ aheNegAsupBei Eoeellydapbdn ¢ aci d

ester to produce a, conpound having a ureido group, for exanple, a
product i on %ﬁﬂﬁﬁﬁp%dﬁ%gi§Fhéijé@ﬁ&q¥9ﬁ kg $H6psE8P dAd d€ep (b) is

i ea 1o pr oRicE SN THIATEETIA (Pod MEn B, ChcPATECLERS C8 BppuBed | ofep
(b): astemaiedencti ng. dig, Nounsybstiiuted scacham g agid ester with an

organic primary amne to pr corpound "having a urei do group. [0244]

As a hydr Oy SOMPOUMELsd-din 4 e 5t &p 1%% g3kaRlel Landopsap,gr omat | ¢

hydr oxy conpound can be u y conpound i s alcohol, the

al cohol repnesent adeby chBenghove,f ebRpbanf32)y Lschrgiegabl e. Wen the
hydr oxy compound is an aronatic Kydroxy conpound, the aromatic hydroxy

conpound r epreeisentceddiyi d hevtahows fsor.mil @ 33kace rPrHakenabhernEhe hydroxy
conpound used herein has a role as a reaction solvent in the step (a) and a
rol e i n reactdang bl hyielen dfo sgenenatseba cdanliad caabathiesteid kRter
particular, in the case of using an aromatic hydroxy conpound, the reaction
rate in theéaesctticonofrageter @idndg hsucikaatdamnbarnine aeindsesber depends on
the structure of the aromatic hydroxy congound, as with the reaction of
gener at i ng FIASFost ('6t BEPEHEr baWie a&i HLe argrnesedr thackyddenygly, if
taking into consideration reactivity with urea, the aromatic hydroxy
conmpound r &TEEERe & Dy th & ove FOrmIFEiEss) i BOPREREr abf e2and the

oot ol RPN SR SRR o 1 B A Eenp 2L 208k S MO

it results in a decrease in the production efficiency of
an N-unsubstituted carbamic acid ester. Thus, with
respect to the upper limit, the hydroxy compound isg
generally used at the above described stoichiometric
ratio of 100 : 1 or less based on the urea.

[0247]

Since equilibrium largely lies on the raw material
side in the reaction of the hydroxy compound with the
urea, ammonia generated as a by-product as a result of
the reaction is preferably removed from the reaction
system. One of preferred embodiments is a reaction
distillation method. In order to increase the efficiency
of removing ammonia, the reaction can be carried out

while boiling the hydroxy compound. For the same purpose,



[ 0245] Reaction conditions for the step (a) can be determ ned, while
referring to known net hods (see, for exanple, Japanese Patent Lai d-Open No.
5-310677). - 123 - [0246] An anount ratio between the urea and the
hydroxy conpound used in the reaction pf,the step (a) is different
depending on the types of conpounds to be used. Preferably, the hydroxy
conpound is used at a stoichionetric ratio of 5 : 1 or greater based on the
urea. When the hydroxy conpound is used at_a stoichjonetric ratio of 5 : 1

or greater Bisé@ BASPhBOEFeRICt he YPeld P LN LmstiEtd (PP LHF bani ¢ aci d
Fmt of |t hECaRoUd BORTERGCHG ir CRICONPOLAE 5" LREAPER TETOE i m ted
Fesal ts' in Ho08cr 8806 PCERE pPBHUE R oh et i ol chey it SOEREIA AT L Ut e
corpound 1 ge PPy vatEs att nerthane oL R e L Tat o of

100 = 1 or lesschased an Lhe upeayrohOdffbnia ac§$9§§h§QH&|£bﬁﬁ@ﬁh|arge'y
lies on the raw material "side in the reaction of the hydroxy conpound wth

the urea, am@Ri-a 300er akediasialhyiphodual 8Beaak@shis OF thenreaction is
preferably renoved fromthe reaction system One of preferred enbodi nents

is a reacti gendiveld lthat ehemetbedn. | rEcatered coff nuadase ddilevasfd i ci ency of
renovi ng ammoni a, the reaction can be carried out while boiling the hydroxy
conpound. Fdmdlheesamydpuwcpodens sutP4as pentane, hexane,

cyclohexane, heptane, benzene, toluene, and xylene;

halogenated hydrocarbons such as dichloromethane,

chloroform, and carbon tetrachloride; ketones such as

acetone and methyl ethyl ketone; and ethers such as

tetrahydrofuran and dioxane.

{0248]

As another preferred embodiment of removing ammonia

generated as a by-product in the reaction system, a

method using inert gas is also appilied. Specifically, a

method of accompanying ammonia successively generated as

a result of the reaction in a gaseous state with inert

gas to separate the ammonia from the reaction system.

Examples of such inert gas include nitrogen, helium,

argon, carbon dioxide, methane, ethane, and propane.

[0249]

A further preferred embodiment of removing ammonia
generated as a by-product in the reaction system is a

method of adsorbing ammonia on an adsorbent to separate

it from the reaction system. The type of an adsorbent



it is also possible to use a solvent having a standard boiling point |ower
than that of the hydroxy conpound used, and to carry out the reaction at
the boiling point of the solvent. The thus boil ed hydroxy conpound or
solvent is separated from anmmoni a according to a known nethod such as
distillation, and the anmmonia is thénlféndved fromthe system Exanples of
such a solvent include: hydrocarbons such as pentane, hexane, cycl ohexane,
hept ane, benzene, toluene, and xyl ene; hal ogenated hydrocarbons such as

di chl or oneturank hegtdior afsormt ard tdavberltyetiadchkd:;i de; Lketyoaesisuch as
acetone and nethyl ethyl ketone; and ethers such as tetrahydrofuran and

di oxane. [(dp4B8]abilityAdcarstsive prebsipedteabbdinpenttofer eapdi agdanmoni a
generated as a by-product in the reaction system a nethod using inert gas
is al so appli¥d. SSpEditiced Mpeda nBraveles aEconpanit misemzsita
successively generated as a result of the reaction in a gaseous state with
inert gas td' zﬁii%Qﬁ! P& f F6MLERE 1 88EL POATEPECBRAVSERANBRes of
such inert ﬁﬁ%& ncl ude nitrogen, helium argon, carbon di oxi de, nethane,

et hane, and propane. [0249] A further preferred enbodi nent of
removi ng amoni e a - pr.odu i he reaction systemis a
nmet hod of adsorgpggggéﬁ%ggg gﬁﬁg§¥3ggggb%%Pi?%és%%agg?eSF?pf?%%1%%e
reaction sy m t f orben - T ein is not
particular¥§$%ﬁéﬁ§§%f ig%ﬁ§ﬁ8§§¥agt %2? %b??i%§§?3 g%%ﬁﬁgﬁéhnnnia at a

t enper at ur ¢, 4sed I, eendit i used. S n,_adsor bent
i ncl ude siﬁ%ca, g?ﬂ%%Eg?qgéb?igg,tgﬁﬁidi%goﬁgégggégggg%ﬁ.gﬁg%gofg The
reaction tenpériatisre tappl ited abokke dskepibapn NsweR aimangernpreferably of
120C to 250C, and nore preferably of 130C to 240C. At a tenperature equal
to or hi gheradtident hetabiverdesesi bedd ewead ghi git1dt henr bachizhhet-atie
increases, and a high yield can be achieved in a short tinme. Thus, such a
hi gh t enperidt @ éhicstaddg@at eThoes, | pdestaialgluseem@araterother hand, at a
tenperature equal to or |ower than the above described upper limt, side
reacti ons CAFPHETSufSredSedstanalt Heeyi ePd Ean pehehpraved.at 0251]

The reacti%% reszure is di.fferent depending on conditiqgns such as a

conposi tio St W& &G 6 §§SP§nﬁ°Wﬁ€ F8agt 58 fenrper 4EGFEg%net hod for
(e 00 SR A0S, e IR B B PRS- BT
yield can be improved.
[0251]

The reaction pressure is different depending on
conditions such as a composition of the reaction system,
the reaction temperature, a method for removing ammonia,
and a reaction apparatus. The reaction is generally
carried cut in a range of 0.01 kPa to 5 MPa {(absoclute
pressure) .

[0252]

A type of a reaction apparatus used to carry out the
present reaction is not particularly limited, and a known
reaction vessel can be used. For exauple, conventionally

known reaction vessels, such as an agitation tank, a



[ 0252] A type of a reaction apparatus used to carry out the present
reaction is not particularly limted, and a known reaction vessel can be
used. For exanple, conventionally known reaction vessels, such as an
agitation tank, a - 126 - pressurize itation tank, a depressurized
agitation tank, a colum-type reaction Vvessel, a distillation colum, a
packed colum, and a thin-filmdistiller, can be used in conbination, as
appropriate. Materials used for the reaction vessel are not particularly
linmited, eipbhessukhoaf AEibRL&PR tamk bed udeRe TS aFi e Pt eri al that
can be used herein include glass, stainless steel, carbon steel, Hastell oy,
a gl ass-|inE@nbase FALBINaFYPENECACHAEQR YRReP1 al® bt et 4 T +HPTef | on
(registered tradenark%. SUS304, SUS316, SUS316L,,and.the. Jjke are

i nexpensi veCO&HEt hisPAFREY CANUBR’ ptat e? abt P UEEH" FH3tTuneht atidn

t h .a Tl ownet er d th ter, K i
Appar at usesPEuenods 8 FEBBT o8 paRp Bt A ContendBt Sy Be HTiod, ag
: t ' b ‘ t d
necessary. BgalLng By cbecRarLl et oyl boknpye: ML hods, SUER: Agq st eam and a

heat er. For "Coo nown net such as i ng, e use of

cool ing vat gic18pd thgohsenofebrdne can he wsed Ebapistens MRy al so be
added, as necessary. (0253] The use of a catalyst is not essential in

the reacti opz0brtihe shap €ah. bHowe¥er hede At ahystdeanl hHes psetainrethe

pur pose of decreasing the reaction tenperature or increasing the reaction
rate. Exanpkeseof suebhon eatallystathballog, paefeaablyinsédoheeei n incl ude:
rare earth el enents, antinony and bismuth as single bodies, and the oxides,
sul fi des andatkldeildesndf at hese mat&27al ebehedtwithofehie@s a single body
and boron conpounds; the netals of copper elenents, zinc elenments, alum num
el enents, cdrisansskarentsagrmarkt ani s 9 emetHS 14y tHEPES oS tdBt e, and
the oxides and sul fides thereof; and the carbides and nitrides of carbon

el enents, tilt&si BFFel ERERESS1YEnadidntBrEneheY aRB chF oRf GhFEFBMENt s, ot her
t han carbon in the ﬁeriodic table. .In the case of usin uch %:catalyst, an

amount rat i 3556t wetHSHREMEREAFYSE AP UR BATS HOD pAT T Ut AT T i ted.  The
catalyst i ysed o g Ea a0, LEOM 80001 nh L0,0rdciolebBEE On Lhe

wei ght of t &

as a reboiler, a pump and a condenser may be added, as
necessary. Heating may be carried out by known methods
such as steam and a heater. For cooling, known methods
such as natural cooling, the use of cooling water, and
the use of brine can be used. Other steps may also be
added, as necegsary.

{0253]

The use of a catalyst i1s not essential in the
reaction of the step (a). However, a catalyst can be
used for the purpose of decreasing the reaction
temperature or increasing the reaction rate. Examples of
such a catalyst that is preferably used herein include:

rare earth elements, antimony and bismuth as single

bodies, and the oxides, sulfidesg and chlorides of these



For the purpose of decreasing the viscosity of a reaction solution and/or
preparing the reaction solution as a honbgeneous system a reaction sol vent
may be used in the reaction of the step (a). Exanples of such a reaction
solvent that can be preferably used_hi%gjq i nclude: al kanes such as

pent ane, hexane, heptane, octane, non , and decane; aromatic hydrocarbons
and al kyl -substituted aromati c hydrocarbons, such as benzene, tol uene,

xyl ene, et hyl benzene, diisopropyl benzene, dibutyl benzene, and napht hal ene;
nitrile conpotiteistSudiprmn acetzor indlee bady lbekz doironi Lempanonst;i ¢heonpounds
substituted with halogen or a nitro group, such as chl orobenzene,

di chl or ober¥&ifels biforfSBER e ifel e o Bk 615z élemeaitisor 6ABPAEREA ene,

br ononapht hal ene,. nitrohenzene, and nitronaphthal ene; polycyclic - 128 -

hydr ocar borf ds & NPHenyind SdbSOiitt dcBEpRenyh, the
hyar ocar o S SR oieRh it forsamiane  CatrGotiaRE TR

t hyl | .k ‘ t hyl | . t.oph X
ostor s such i i Sih et e R e ot e ey o e TP al at e, and
benzyl but yd) i dial atgn £ihel S 2Rk %%hg%ﬁ&mﬁ‘&%h g%%m%ﬁ%%ah%%z%fr”r an,

1, 4- di oxane, 1,2-di met hoxyet hane, di phenyl  éther, ényl sul fi de;

ket one conpoisidsczstedth as: age! oRe-ijed ebibyle et byl ket 0ngs &8t gL zQMPounds
such as ethyl acetate and ethyl benzoate; and sul foxi des such as di net hyl

sul f oxi de santh di phamlysul faxigeuNeedess v weay, tachydiaxy seorpeund,
which is used in an excessive anmount in the step (a), is also preferably
used as a neact iion rsol venttidulaaddi tliientetthe Theveatslusediheneeéa nmay be
the sanme as the above described solvents that are used for renoving ammoni a
fromthe redctd oieighdt et 038 0.000The tlhas Pr.dducédbreeact ican t&el uti on
of the step (a), which contains an N-unsubstituted carbam c acid ester, can
be direct!| yUSEY i9f tHhe st -(b). Alternatively, the N-unsubstituted
carbam c acid ester can be separated fromthe reaction solution, and the
separ at ed (Eﬁgﬁbstituted carbam c acid ester can be then used in the

et on of U olyPhab98E0Le sedieaing, spelErhEel A § B froh,”

amine to produse & GIRAYML BV A 3.ME8HAR 98P 0230k sorution
as a homogeneous system, a reaction solvent may be used
in the reaction of the step (a). Examples of such a
reaction solvent that can be preferably used herein
include: alkanes such as pentane, hexane, heptane, octane,
nonane, and decane; aromatic hydrocarbons and alkyl-
substituted aromatic hydrocarbons, such as benzene,
toluene, xylene, ethylbenzene, diiscpropylbenzene,
dibutylbenzene, and naphthalene; nitrile compounds such
as acetonitrile and benzonitrile; aromatic compounds
substituted with halogen or a nitro group, such as
chlorobenzene, dichlorobenzene, bromobenzene,
dibromobenzene, chloronaphthalene, bromonaphthalene,

nitrobenzene, and nitronaphthalene; polycyclic



The N-unsubstituted carbam c acid ester is used at a stoichionetric ratio
of 1 : 1 to 1000 : 1 based on the anobunt of the am no group of the organic
primary amne. In order to increase the reaction rate to conplete the
reaction at an early stage, the N—un§u9%§iguted carbam c acid ester is
preferably used in an excessive anmount based on the am no group of the
organic primary am ne. However, if an extrenely excessive anobunt of urea is
used, the size of the reaction vessel beconmes too |arge. Accordingly, the
N- unsubst i t Bvédocarbani €CHPPENESt 8RChsaBs@EPRENAL st Bleht brietefc ratio of,
preferably from0.5 : 1 to 1000 : 1, nore greffrabl froml : 1 to 1000 :
1, further prePerply fpPERIYIBeLNgng, FHEPLERY anﬁn%gf??%%?ar?§dpreferably
from2.0 : to 30.: 1. [0258] . .From.t he_vi ewpoi nt. of suppression of
gener ati on %ﬁ ﬁ??§958é8F£?fa§hépP35&Figﬁdﬁg?ﬁgé?n %%?%o%sof addi ng an
N-unsubstituted carbanic [ an LC Lmary am ne at an
anount rati5y§g€%efggﬁ’tﬁg%%gpgﬁEﬁéﬁbegygﬁoﬁégﬁgébsgﬁéuted carbamc acid
esters in theylhqg cqft)ﬁ%%?let?e%%%ﬁegrgﬁt:ﬁr athgpchbe tehdl RUFBsE ghgam no

groups constituting organic primary amne is preferable. Specifically,

a nethod of addipgeARrel;08Rkers «4380 asPhipBEy1aphBBalocd, Mixhekelof an
N-unsubstituted Carbam c acid ester and a hydroxy conpound is preferable.

Qt herwi se, gnmizhedof @ddHy ahtdrganie¢ phinbeyzali betyd bhehaiateare
contai ning an N-unsubstituted carbam c acid ester obtained in the step (a)
may al so be sappirise dndlté ioegdrire , priuctr psatreneahgygrbéuaddedisitngly or in
the formof a mxture with a hydroxy conpound. [0259] The organic
primary am e dxsiner,efloratlipnesddeyeithanige dinhenyfl gthegui andln gener al
many of the above-exenplified organic prinmary amnes are in the state of a
solid at an driiamafly sdipeedt fesors. §omPeends| susticRSaaegsenet RB%r gani c
primary amne i s heated to a

methyl ethyl ketone; ester compounds such as ethyl

acetate and ethyl benzoate; and sulfoxides such as

dimethyl sulfoxide and diphenyl sulfoxide. Needless to

say, a hydroxy compound, which is used in an excessive

amount in the step (a), is also preferably used as a

reaction solvent. In addition, the solvents used herein

may be the same as the above described solvents that are

used for removing ammonia from the reaction system.

[0255]

The thus produced reaction solution of the step (a),

which containg an N-unsubstituted carbamic acid ester,

can be directly used in the step (b). Alternatively, the

N-unsubstituted carbamic acid ester can be separated from

the reaction solution, and the separated N-unsubstituted

carbamic acid ester can be then used in the reaction of

the step (b}.

[0256]



tenperature equal to or higher than the nelting point thereof, so that it
can be supplied in the state of a liquid. On the other hand, if the organic
primary anmne is supplied at an extrenmely high tenperature, there nmay be a
case in which side reactions, such as heat denaturation reaction, occur
due to heating. Thus, as described ab , the organic primary amne is
preferably supplied in the formof a mxture with an aromati c hydroxy
conpound, at a relatively low tenperature, in the state of a liquid. [0260]
The tenper at ur e Tie Witiegh (fhe ipr esemepr edctreantisgcahei ¥d out is in a range
of 30C to 250C, and preferably of 50C and 200C. As the reaction tenperature
- 131 - decieHEsest i HarG fadrwic Reist eobers viishsappoegsadc ard el yi el d
is inmproved. However, if the reaction tenperature is too |ow, there may be
a case in VHMIH thHe REYBTOR ret BECo ey iGwaaid te predicti on ef fici ency
i s thereby [ ed. On the other hand, if the reaction tenperature is too
hi gh, there be a case in which the deconposition rate of the

N-unsubsti t ut ed r ham i.d.ester becones high, resulting in ap increase
I byproduct s caised By HRE LT R0 saa R otuar 20 SPRE® NieUBSR Eht B0

car bam c aqgggfggfgmegquhggggﬁptjg aqtioch§O%5eteﬁa%5%e&aggi%%ﬁout at a
tenperature lower than the standard boi'ling point's of the organic primary

ani ne, Nunsisitid Wed Larhafis A &3 ¢he 334356 RydLAxY conpound
used. [0261] The present reaction is carried out undér an atnospheric

pressure, undesrder aducetHBESWIR Qander 13 +-CoNR essedcplessdre. In
general, the reaction is carried out in an inert gas atnosphere, such as

ni trogen, argartiom hel iamedi26dtage, thee N-eactibet it d $af®hmic
particularly limted. It is generally 0.001 to 100 hours, preferably 0.01
to 80 hour sicighdsime i eghefadaply Lised 56 houescelss iaddiamoont it is al so
possible that the reaction solution is collected, and that it is then
confirmed tiEedh Pedihedmino group of the organic primary amine.

However, if an extremely excessive amount of urea is used,
the size of the reaction vessel becomes too large.
Accordingly, the N-unsubstituted carbamic acid ester is
used at a stoichiometric ratio of, preferably from 0.5

i1 to 1000 : 1, more preferably from 1 : 1 to 1000 : 1,
further preferably from 1.5 : 1 to 1060 : 1, and
particularly preferably from 2.0 : 1 to 30 : 1.

[0258]

From the viewpoint of suppression of generation of
by-products, as a reaction method, a method of adding an
N-unsubstituted carbamic acid ester and an organic
primary amine at an amount ratic such that the total
number of N-unsubstituted carbamic acid esters in the
liguid phase becomes greater than the total number of
amino groups constituting the organic primary amine is

preferable. Specifically, a method of adding an organic



- 132 - amount of conpound having a ureido group has been generated, so
that the reaction can be term nated. [0263] In the step (b), the

hydr oxy compound used in the step (a) can be used as a solvent in the step
(b). For the purpose of facilitating_r$§ gtion operations, etc., a suitable
sol vent may be used. [0264] Exanples o such a sol vent |nclude

al kanes such as hexane, heptane, octane, nonane, and decane; aromatic
hydrocarbons such as benzene, tol uene, xylene, ethyl benzene,

di i sopr opy| bearany, aBibat FPbangenburandt naphll napewestituted Famagmc

conpounds substituted with hal ggen or a nitro, grou as chl or obenzene,
di chl or oben?€r8, eﬁF@ﬁDB@ﬁzénEYdHPBYoﬁﬁﬁBﬂE%ﬂe cB?%f%ﬁ%%ﬂ?halene

D rocebon A ahe SLERESLS: B ECHREE 0L ki RLISYEL ©
o Py | et D3R LSBT SO ERC ey AR, HEPPOGYLLOLUROR  ual phat
ethleyC|Oh%é%%%’obtalned in the step (a) may also be applied. The

organic primary amine may be added singly or in the form

of a mixture with a hydroxy compound.

[0259]

The organic primary amine is preferably added in the
state of a liquid. In general, many of the above-
exemplified organic primary amines are in the state of a
solid at an ordinary temperature (e.g. 20°C}. In such a
case, the organic primary amine is heated to a
temperature equal to or higher than the wmelting point
thereof, so that it can be supplied in the state of a
ligquid. On the other hand, if the organic primary amine
is supplied at an extremely high temperature, there may
be a case in which side reactions, such as a heat
denaturation reaction, occur due to heating. Thus, as
described above, the organic primary amine is preferably
supplied in the form of a mixture with an aromatic
hydroxy compound, at a relatively low temperature, in the
state of a ligquid.

[0260]

The temperature at which the presént reaction is

carried out 1is in a range of 30°C to 250°C, and

preferably of 50°C and 200°C. As the reaction temperature



alicyclic al cohols such as cycl ohexanol, cycl opentanol, and cycl ooct anol ;

ket ones such as nethyl ethyl ketone and acet ophenone; - 133 - esters
such as di butyl phthal ate, di hexyl phthal ate, dioctyl phthalate, and
benzyl butyl pht hal at e; et hers and_t hi oethers, such as di phenyl ether
and di phenyl sul fide; and sul f 6xi'dés "such as di nethyl sulf oxide and
di phenyl sul foxi de. [0265] As the reaction apparatus, conventionally

known reaction vessels, such as an agitation tank, a pressurized agitation
tank, a depresmascered @Egictrattiion tdnky-arcoduums- tgpeuppactiod, vessdel , a
distillation colum, a packed colum, and a thin-filmdistiller, can be
used in corihaticod igs igppicoedi-at Bowenedr def tloe kesgpctimn react i on
tenperature constant, a known cooling device and/or heating device may be
equi pped. IHFTREHAGEE Watt@d aloy usE§reoralheer 8aEfF8nivesBérhatienot
particularly limted. Known materials can be used. Exangles of the materi al

d. E .
that can béSiSedFerEtT FAONGS gr¥sendstapnPessustéer, cE5} GoR S eel |

e e Yo ik U] 180 Ae MBLCLAE! e RLY AuRESE IS AL GOREET WD
temperature is too high, there may be a case in which the
decomposition rate of the N-unsubstituted carbamic acid
ester becomes high, resulting in an increase in by-
products caused by the decomposed product of the N-
unsubstituted carbamic acid ester. The present reaction
is preferably carried out at a temperature lower than the
standard boiling points of the organic primary amine, N-
unsubstituted carbamic acid ester, and aromatic hydroxy
compound used.

[0261]

The present reaction is carried out under an
atmospheric pressure, under a reduced pressure, or under
& compressed pressure. In general, the reaction is
carried out in an inert gas atmosphere, such as nitrogen,
argon or helium.

[0262]

The reaction time is not particularly limited. It
is generally 0.001 to 100 hours, preferably 0.01 to 80
hours, and more preferably 0.1 to 50 hours. In addition,
it is also possible that the reaction solution is

collected, and that it ig then confirmed that a desired



[ 0266] In the above described method for producing the conpound
havi ng the ureido group, there is a case in which a conpound having a urea
bond is generated as a byproduct. In such a case, the conpound having the
urei do conpound may be separated, and 1?@ t hus obtai ned conpound - 134 -
havi ng the urea bond may be used in theé hethod for producing the carbonyl
conpound of the present enbodinent. O herwi se, a mxture containing the
conmpound havi ng the urea bond may be used in the nethod for producing the
carbonyl coapount of therpredehavendodi wentdo [P MaRIRIT on of conpound
havi ng urea bond with carbonic acid derivative, etc. " The met hod for

produci ng t BENeARBBAY| SEoRBBLNENST TEREt brRseMt RAbodiMEM e npri ses a step
(X) of reactin conmpound having a urea bond represented by the follow ng
formil a (1)[ﬁﬁgﬁ?a carboni ¢ acid derivative having a carbonyl group
([0}, bnder heathoseal, o eroiabiig syalodab fla e han Lhe
commound: LOEE (g oraliBsohBRAb propteLREathersie my |
the purpose of facilitating reaction operations, etc., a
suitable solvent may be used.
[0264]
Examples of such a solvent include:
alkanes such as hexane, heptane, octane, nonane, and
decane;
aromatic hydrocarbons such as benzene, toluene,
xylene, ethylbenzene, diisopropylbenzene, dibutylbenzene,
and naphthalené;
aromatic compounds substituted with halogen or a
nitro group, such as chlorobenzene, dichlorobenzene,
bromobenzene, dibromobenzene, chloronaphthalene,
bromonaphthalene, nitrobenzene, and nitronaphthalene;
polycyclic hydrocarbon compounds such as diphenyl,
substituted diphenyl, diphenylmethane, terphenyl,
anthracene, and dibenzyltoluene;
aliphatic hydrocarbons such as cyclohexane,
cyclopentane, cyclooctane, and ethylcyclohexane;
alicyeclic alcohols such as cyclohexanol,
cyclopentancl, and cyclooctanol;

ketones such as methyl ethyl ketone and

acetophenone;



-NN HH( 1) [0269] The above descri bed nethod for producing a carbonyl
conpound using a carbonic acid derivative conprises a step (X) of reacting
t he conpound having the urea bond represented by the above formula (1) with
the carbonic - 135 - acid derivative under heating at a tenperature equal
to or higher than the thermal dissociadtifon tenperature of the urea bond of
t he above descri bed conpound. The reaction mechani sm of the present
reaction has not yet been clarified. The present inventors have assuned as
follows. I n ordestesssisnph By tiheudgdcphphadaseof dihexyeachthaiadaly the
reaction of a urea bond portion will be described bel ow [0270] First,
by heati ng A3 Golnigunt Isnd ngnchdemzed bodyd péphesented by the above
formula (1) at a tenperature equal to or higher than the thernal

di ssoci ati on t e@pEeatuP8dofthiRethiess . berahopst AebReAPbuRElerhendr ea bond of
t he conpoung, represented by the above fornula (1) induces a thernmal
dissociati6%4#5§@ﬁiﬁ%l§ﬁ§qWNQHQt is dissociated into a conpound having an

i socyanate group. (- N rou and .intp a.co und _havi ng. an _am no group (-
NH2 gr oup) (thesP&FF%%ﬁ%g F&E#u?& ?é@f??yb SubPeRTac “dnd % fpnenyl
sulfoxide.
[0265]

Ag the reaction apparatus, conventionally known
reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depressurized agitation
tank, a column-type reaction vessel, a distillation
column, a packed column, and a thin-film distiller, can
be used in combination, as appropriate. In order to keep
the reaction temperature constant, a known cooling device
and/or heating device may be equipped. In addition,
materials used for the reaction vesgsgel are not
particularly limited. Known materials can be used.
Examples of the material that can be used herein include
glass, stainless steel, carbon steel, Hastelloy, a glass-
lined base material, and a base material coated with
Teflon (registered trademark).
f0266]

In the above described method for producing the
compound having the ureido group, there is a case in
which a compound having a urea bond is generated as a by-
product. In such a case, the compound having the ureido

compound may be separated, and the thus obtained compound



-NH2 + OCN-

- 134 -

having the urea bond may be used in the method for
producing the carbonyl compound of the present embodiment.
Otherwise, a mixture containing the compound having the
urea bond may be used in the method for producing the
carbonyl compound of the present embodiment.
[0267]
<< Reaction of compound having urea bond with carbonic
acid derivative, etc. >>

The method for producing the carbonyl compound of
the present embodiment comprises a step (X} of reacting a
compound having a urea bond represented by the following
formula (1) with a carbonic acid derivative having a
carbonyl group (-C(=0)-) under heating at a temperature
equal to or higher than the thermal dissociation
temperature of the urea bond to obtain the carbonyl
compound.
[C268]

The step (X) is preferably carried out in the

coexistence of a hydroxy compound:

{0269]

The above described method for producing a carbonyl
compound uging a carbonic acid derivative comprises a
step (X) of reacting the compound having the urea bond

represented by the above formula (1) with the carbonic



(5 0) [0271] The conpound having the am no group (-NH2 group) reacts
with a carbonic acid derivative having a carbonyl group (-C(=0)-) to obtain
a carbonyl conpound containing a group represented by the follow ng fornul a
(1-1): - 136 - 0 NX - - 135 -

acid derivative under heating at a temperature equal to
or higher than the thermal dissociaticn temperature of
the urea bond of the above described compound. The
reaction mechanism of the present reaction has not yet
been clarified. The present inventors have assumed as
follows. In order to simplify the descriptions of the
reaction, only the reaction of a urea bond portion will
be described below.

[0270}

First, by heating the compound having the urea bond
represented by the above formula (1) at a temperature
equal to or higher than the thermal dissociation
temperature of the urea bond of the compound, the urea
bond of the compound represented by the above formula (1)
induces a thermal dissociation reaction, so that it is
dissociated into a compound having an isocyanate group (-
NCO group) and into a compound having an amino group (-

NH, group) {(the following formula (50)).

i
—N N— % wwNH, + —_—

Ho 2+ OCN (50)
[0271]

The compound having the amino group (-NH, group)
reacts with a carbonic acid derivative having a carbonyl
group (~C{=0)-} to obtain a carbonyl compound containing

a group represented by the following formula (1-1):



wherein X represents a group attached to the carbon atom of the carbonyl
group (-C(=0)-) of the carbonic acid derivative. [0272] On the other hand,
t he conpound having the isocyanate group (-NCO group) reacts with a
conpound derived froma carbonic acid ¢degivative generated as a result of
t he above described reaction of the conpound having the am no group (-NH2
group) with the carbonic acid derivative to obtain the carbonyl conpound
containing a group represented by the above fornmula (1-1). [0273] In
addi ti on, when the fkaction in the step (X) is carried out in the

coexi stence of a hgﬂbﬁfy conpound, the conpound having the isocyanate group
(- NCO group) rea i t he hydroxy conpound to obtain a carbonyl conpound
containing a gFBE% rep sente&bby the following fornula (1-2): 0 NX (1-2)

wherein X represents a resid —dbt ai ned by renoving the hydrogen atom of a

hydroxy groyp (O f LopLhe iYdLoxy.68MPUREhed to the carbon atom

of the carbonyl group (-C(=0)-) of the carbonic acid
derivative.
[0272]

On the other hand, the compound having the
isocyanate group (-NCO group) reacts with a compound
derived from a carbonic acid derivative generated as a
result of the above described reaction of the compound
having the amino group (-NH; group) with the carbonic
acid derivative to obtain the carbonyl compound
containing a group represented by the above formula (1-1).
[0273]

In addition, when the reaction in the step (X) is
carried out in the coexistence of a hydroxy compound, the
compound having the isocyanate group (-NCO group) reacts
with the hydroxy compound to obtain a carbonyl compound
containing a group represented by the following formula
(1-2) :

o)

A

—N X
H (1-2)
wherein X' represents a residue obtained by removing the

hydrogen atom of a hydroxy group (-OH) from the hydroxy

compound.



- 137 - [0274] Hereinafter, the specific reaction nechani smof the
present reaction will be described. [0275] When the carbonic acid
derivative is, for exanple, a carbonic acid ester represented by the
following fornmula (51), the carbonic acid ester and a conpound havi ng an
am no group are subjected to a reacfi&ﬁvrépresented by the foll ow ng
formula (52) to generate a carbonyl conpound represented by the above
formula (1-1): 0 00(5 1) wherein Y i ndependently represents an

al i phatic griptlcontaining 1 to 20 carbon atons, an aromatic group
containing 6 to 20 carbon atonms, or an aromatic aliphatic group containing
7 to 20 carbon Hesrsnadsehl oth@hPRRCHPLF onaREyiennadmenism oxfgeneat om

-NH2 +0Cr - , ,
pregent reaction will be described.

[02758]

When the carbonic acid derivative is, for example, a
carbonic acid ester represented by the following formula
(51), the carbonic acid ester and a compound having an
amino group are subjected to a reaction represented by
the following formula (52) to generate a carbonyl

compound represented by the above formula (1-1):

0
vo A v
.

o” o7 (51)

wherein

Y independently represents an aliphatic group
containing 1 to 20 carbon atoms, an aromatic group
containing 6 to 20 carbon atoms, or an aromatic aliphatic
group containing 7 to 20 carbon atoms, each of which

cpticnally contains an oxygen atom.

0] O

[0276]

On the other hand, the compound having the
isocyanate group (-NCO group) reacts with a hydroxy
compound generated as a result of the reaction of the
above formula (52) (YOH, the second item on the right-

hand side of the above formula {52)), and/or, when the



NO -Y + YOH (5 2) [ 0276] On the other hand, the conpound havi ng
the i socyanate group (-NCO group) reacts with a hydroxy conpound generated
as aresult of the reaction of the above fornmula (52) (YOH, the second item
on the right-hand side of the above joHr%JI_a (52)), and/or, when the - 138

reaction is carried out in the coexistence of a hydroxy
compound, with the hydroxy compound, according Lo a
reaction represented by the following formula (53) to
generate carbonyl compounds represented by the above

formula (1-1) and/or the above formula (i-2):

—NCO + ROH — —N 0—R
H (53)

wherein

ROH represents a hydroxy compound (YOH) generated as
a result of the reaction of the above formula (52),
and/or when the reaction is carried out in the
coexistence of a hydroxy compound, ROH represents that
hydroxy compound.
102771

Moreover, when the carbonic acid derivative is, for
example, an N-unsubstituted carbamic acid ester
represented by the following formula (54), the N-
unsubstituted carbamic acid ester and a compound having
an amino group are subjected to reactions represented by
the following formula {55) and/or the following formula
(56) to generate a carbonyl compound represented by the

above formula {(1-1):

0

Y~
0 NHy  (54)

wherein



reaction is carried out in the coexistence of a hydroxy conpound, wth the
hydr oxy conpound, according to a reaction represented by the follow ng
formula (53) to generate carbonyl conpounds represented by the above
formula (1-1) and/or the above forrrula1 1-2): 0 --NCO + ROH NO--R ( 5 3)
wherein ROH represents a hydroxy c mpound (YON) generated as a result
of the reaction of the above fornula (52), and/or when the reaction is
carried out in the coexistence of a hydroxy conpound, ROM represents that
hydr oxy conpound. ipgEpendent lyMvepoeeentehen thépbatrbongroapi d derivative
is, for exanple, an N-unsubstituted carbam c acid ester represented by the
fol | owi ng fHHARYBA)L Ghe NSRS iatgmsd @ar Fametaci gresber and a
conmpound havi ng an. am no group are subjected to reactions represented by

the fol | owi MG Torit%h § 58 ZhdBPIFh&SBq oW Grf GERIPs1Cs8) iphagdser ate a

r bonyl nd repr.esen h ve fornul -1):
car bony Cog”lpcS’de dcon alert'tslengt tbc}/ 2t0 %aallf %ne at%mrgf aea%% o)f w%:i_ch

optionally contains an oxygen atom.

O

0
J— Y‘\ /u\
NHp + 0 NH, ———— —N O—Y + NH,
H (55)

0

0
Y /[L /U\
—NH; + o7 SNH, ————

N NH, + YOH
H (586)

{02781

On the other hand, the compound having the
isocyanate group (-NCO group) reacts with ammonia (NH;)
generated as a result of the reaction of the above
formula (55), and/or with a hydroxy compound (YOH)
generated ag a result of the reaction of the above
formula (56), and/or when the reaction ig carried out in
the coexistence of a hydroxy compound, with that hydroxy
compound to generate carbonyl compounds represented by
the above formula (1-1) and/or the above formula (1-2)

(the following formulae (57) and (58)):

—NCO + NHy ———— —N7 “np,

—NCO + ROH




- 139 - Y i ndependently represents an aliphatic group containing 1 to
20 carbon atons, an aromatic group containing 6 to 20 carbon atons, or an
aromatic aliphatic group containing 7 to 20 carbon atons, each of which
optionally contains an oxygen atom 0 ;N2 + tNH2 0 NOY + NH3 (5 5)

wherein

ROH represents a hydroxy compound (YOH) generated as
a regult of the reaction of the above formula (56),
and/or when the reaction is carried out in the
coexistence of a hydroxy compound, ROH represents that
hydroxy compound.
[0279]

Morecover, when the carbonic acid derivative 1is a
urea, a carbonyl compound represented by the above
formula (1-1) is generated as a result of a reaction

represented by the following formula (59} :
O O

—NH; + HzN/”\ e )k

NH, —N” NH; + NH (5 9)
[0280]

Furthermore, when the carbonic acid derivative is a
phosgene, the urea compound and the compound having the
amino group are subjected to a reaction represented by

the following formula {60) to generate a carbonyl

compound represented by the above formula (1-1):

] )

—NH, + ca)La e -Q/LCI + HC

[0281]

(60)

On the other hand, the compound having the
isocyanate group (-NCO group) reacts with hydrogen
chloride ({(HCl) generated as a result of the above formula

(60), and/or when the reaction is carried out in the



00 -NH2 +ONH2 NNH2 + YOH (5 6) [0278] On the other hand, the conpound
havi ng the i socyanate group (-NCO group) reacts with anmoni a ( NH3)
generated as a result of the reaction of the above fornula (55), and/or
wi th a hydroxy conpound (YOH) generated as a result of the reaction of the
above formula (56), and/or when the Tédcdtion is carried out in the
coexi stence of a hydroxy conpound, with that hydroxy conpound to generate
carbonyl compounds represented by the above fornula (1-1) and/or the above
formul a (1l-@exidteerdiod |aivangrfdramy aenffindandi¢h8)xhat0hyde@y+ NH3  NNH2
(5 7) 0 --NCO + ROH

compound to generate carbonyl compounds represented by

the above formula (1-1) and/or the above formula (1-2)

(the following formulae (61) and {62)):

—NCO + HCl -~ —N Cl
H (61)

—NCO + ROH e N 0—R
H (62)

wherein

ROH represents a hydroxy compound when the reaction
is carried out in the coexistence of the hydroxy compound.
[0282]

As described above, it is assumed that, in the
method for producing the carbonyl compound of the present
embodiment, two types of compounds each having a carbonyl
group represented by the above formula (1-1) are produced
from a single compound having a urea bond. According to
the production method of the present embodiment, by
heating the compound having the urea bond at a
temperature equal To or higher than the thermal
disscciation temperature, the thermal dissociation
reaction of the urea bond is induced, and a compound
having an amino group is thereby generated, and

thereafter, a carbonic acid derivative is reacted with



NOR( 58) - 140 - wherein RCH represents a hydroxy conpound
(YOH) generated as a result of the reaction of the above formula (56),
and/ or when the reaction is carried out in the coexistence of a hydroxy
conpound, ROH represents that hydroxy %%rpound. [ 0279]

the compound having the amino group to obtain a compound
having a carbonyl group.

f0283]

< Thermal dissociation temperature >

The term "thermal dissociation temperature" is used
in the present embodiment to mean a temperature at which
the thermal dissociation of the compound having the urea
bond represented by the above formula (1) progresses. In
general, in a method of measuring the weight of a sample
as a temperature function while changing or maintaining
the temperature of the sample according to certain
program, it is measured as a temperature that causes a
reduction in the weight of the compound. When a sample
is heated at a rate of temperature rise of 10°C/min under
the current of inert gas such as nitrogen, helium or
argon, a temperature at which a weight reduction of 3%,
and more clearly, of 5% occurs based on the weight of the
added sample, is defined as a thermal dissociation
temperature.

[oz84]

In this case, depending on the types of compounds
used, the above described "weight reduction" is not only
a weight reduction caused by the thermal dissociation of
a urea bond (-NHCONH-) constituting the compound
represented by the above formula (1), but also a weight
reduction caused by the thermal dissociation of

functional groups other than the urea bond constituting



Mor eover,

represented by the above formula (1-1)
reaction represented by the following formula (59):

when the carbonic acid derivative is a urea, a carbonyl
IS generated as a result of a
00 -NH2 + H2NNH2NNH2 +

conpound

NH3( 5 9) [0280] Furt hernore, wh %ﬁthe carbonic acid derivative is a

phosgene, the urea conpound and the ¢ _
subjected to a reaction represented by the follow ng formula (60)

generate a carbonyl conpound represented by the above forrmula (1-1):
+ CC 0 -Nvlabgyg deg@)ibed compound. If taking into

consideration the gist of the present embodiment, a
weight reduction caused by the thermal dissociation of
the urea bond is preferably adopted. In this case, as a
method of determining which groups are thermally
dissociated, the urea bond or the functional groups other
than the urea bond constituting the above compound, a
method comprising introducing exhaust gas from a
thermogravimetric apparatus into a mass spectroscope and
then analyzing ingredient contained in the exhaust gas
can be applied. Moreover, depending on the types of
compounds used, there is a case in which even if the
thermal dissociation of the urea bond occurs, the thermal
dissociation reaction is not observed in the form of a
weight reduction because the molecular weight of a
thermal dissociation product is large {(because the
boiling point of such a thermal dissociation product is
high in many cases). In such a case, according to
methods such as differential thermal analysis or
differential scanning calorimetry, a temperature at which
an endothermic reaction attended with the thermal
dissociation reaction is observed can be defined as a
thermal dissociation temperature. In order to ensure
higher accuracy, a method of combining such differential
thermal analysis or differential scanning calorimetry
with a thermogravimetric apparatus can also be applied.

Furthermore, the thermal dissociation reaction of the

ound having the amino group are
to

0 -NH2



[ 0281] On the other hand, the conpound having the isocyanate group (-NCO
group) reacts with hydrogen chloride (HCL) generated as a result of the
above formula (60), and/or when the reaction is carried out in the - 141 -
coexi stence of a hydroxy conpound, wt hat hydroxy conpound to generate
car bonyl compounds represented by the above fornula (1-1) and/or the above
formula (1-2) (the following fornulae (61) and (62)): -NCO + HCl

urea bond during heating is observed using a near-
infrared spectrophotometer, a Raman spectrophotometer,
etc., the urea bond is then quantified, and a temperature
at which a weight reduction of 3%, and wmore clearly, of
5% occurs based on the weight of the added sample, can be
defined as a thermal dissociation temperature.

[0285]

< Reaction conditions »

The reaction of the compound having the urea bond
represented by the above formula (1) with a carbonic acid
derivative is carried out in a state in which they are
heated at a temperature equal to or higher than the
thermal dissociation temperature of the urea bond of the
compound having the urea bond represented by the above
formula (1). The "thermal dissociation temperature" is a
temperature as defined above, and it is preferably
between 100°C or higher and 350°C or lower. If the
thermal dissociation temperature is toc low, the thermal
dissociation reaction rate becomes low, and as a result,
the reaction efficiency is deteriorated. In contrast, if
the thermal dissociation temperature is too high, it
induces denaturation reactions of isocyanate groups or
amino groups generated as a result of the thermal
dissociation reaction. Accordingly, the thermal
dissociation temperature is more preferably between 120°C
or higher and 330°C or lower, and further preferably

between 140°C or higher and 300°C or lower.



(6 1)

0 --NCO+ ROH NO-R ( 6 2)

- 145 -

[0286]

An amount of a carbonic acid derivative used depends
on the type of the carbonic acid derivative or reaction
cenditions. The number of the carbonic acid derivatives
is preferably 5 or less based on the number of the urea
bonds of the compound having urea bonds in many cases.

In order to increase the reaction rate to achieve high
reaction efficiency, the amount of the carbonic acid
derivative is preferably large. However, if an extremely
excessive amount of carbonic acid derivative is used,
there may be a case in which it induces side reactions
such as N-alkylation. Accordingly, the number of the
carbonic acid derivatives is set at preferably 3 or lesg,
and more preferably 2 or less, based on the number of the
urea bonds of the compound having urea bonds.

[0287]

The reaction of the compound having the urea bond
with the carbonic acid derivative is preferably carried
out in the presence of a solvent. The type of such a
golvent is not particularly limited, as long ag it is a
compound that is able to dissolve the compound having the
urea bond and the carbonic acid derivative and is stable
at a reaction temperature. The same golvents as those
described in the section < Compound having ureido group >,
or alcohols and aromatic hydroxy compounds described in
the section < Hydroxy compound >, can be used. In

particular, aromatic hydroxy compounds are preferably



wherein RCH represents a hydroxy conpound when the reaction is carried
out in the coexistence of the hydroxy conpound. [0282] As descri bed
above, it is assunmed that, in the nethod for producing the carbonyl
conpound of the present enbodinent, t %ypes of conpounds each having a
carbonyl group represented by the above fornula (1-1) are produced froma
singl e conpound having a urea bond. According to the production nethod of

t he present enbodi nent, by heating the conpound having the urea bond at a
tenperatureueqdal1notbathtgheﬁomnaﬂnﬁhbavh@%nﬁmedm%%® pend obs tiehgekat ur e,

t he thermal dissociation reaction of the urea bond is induced, and a
conpound hawPAyraf &RFHE1Gr 808 13 FH@FeEVeﬁeﬁ%V%t%dhl$%d3?%%?Ea?¥er a

carbonic acid derivative is reacted w,th - - the coqgound ving the

h
A no_or oup S50BY & Sa%cSBBLINAY L IR CNR B S SN
di t 1 t t " d 1 t "
oo™ 'nolghge.%ﬁirggﬁ Sk o HPRERL 81%?%@”1%35?%' B98I SE PR LEppErature
th | di t ted b
e obve TPty AgrayLhs SOTROMAC DAY L die HI of QO SERIERANT B0 Y e

wel ght of a %@%P'gb%%lﬂukéﬁpﬁa§ba&§cfaegal@Qté@lL@ ﬁP@@ﬂt@Q erofBERE al ni ng
the tenperature o sanpl e according to certain program it is measured

as a tenper aldyre ;ihab rcamsesganieduetimgiyl Bmihe wetghs ohrbbaicoapoand.
When a sanple is heated at a rate of tenperature rise of 100 m n under the

current of iqefilvagdsesueld as mhicdgear haki wamer tamgonanaNtenperature at
whi ch a wei ght reduction of 3% and nore clearly, of 5% occurs based on the
wei ght of thaikadded tedmplaebaird cdekiidedsasraishermdlicdiisocinathen
tenperature. [0284]

reaction of a compound having a urea bond generated as a

by-product with the carbonic acid derivative, a solvent

used in the reaction of the organic primary amine with

the carbonic acid derivative, or a hydroxy compound that

iz uged in an excessive amount, can be used as a solvent

in the present reaction.

(0288l

The present reaction is carried out under any

condition of a compressed pressure, an ordinary pressure,

and a reduced pressure. Moreover, the present reaction

is preferably carried out in an inert gas atmosphere,

such as nitrogen, argon, helium or neon.

02891

As a reaction apparatus, conventionally known
reaction vessels, such as an agitation tank, a
pressurized agitation tank, a depressurized agitation

tank, a column-type reaction vessel, a distillation

column, a packed column, and a thin-film distiller, can



In this case, depending on the types of conpounds used, the above descri bed
"wei ght reduction” is not only a weight reduction caused by the thermal

di ssociation of a urea bond (-NHCONH) constituting the conpound
represented by the above fornmula (1), .but also a weight reduction caused by
the thermal dissociation of functioﬁaléérdups ot her than the urea bond
constituting - 143 - the above described conmpound. If taking into
consideration the gist of the present enbodi nent, a weight reduction caused
by the therip@lugidsioricamiomasfiarhe ag eprbopd liasepr eferablyr atopkedp In this
case, as a method of determ ning which groups are thermally dissoci ated,
the urea boflf oreadHe FurRsEtUeo PSSR, Bh&morhe copéanonigvice
constitutiqgﬁ%pe bove cogfound, a met hod conprising introduci ng exhaust
gas froma r%f}r%ﬁ SAFpARAt B iSRG PRefass TR peedtoseBpe and then

anal yzing ingredi ent contai ned.in the exhaust s can _be applied. Moreover,
dependi ng dh ?ﬁ?%%ﬁxﬂ?%ﬁég9 dEarEed” FEFE L 875 BRSe in which even if

t he thermal_ di.ssqci.at .Qf . .1 u ond. occurs, the thermal dissociation
reaction i sp%%'?l%%ls%l\}}e)guﬁ%ttegig fgrggnwgf mgt%il%? ?%ﬁﬁ%?i%%g%ecause t he

mol ecul ar weighty o g thel pale iissochat anPrAdUctd siclange schecause the
boiling point of such a thernma I ssoci at1on product 1S ﬁlgh I'nmany
cases). |n gucds a fase ascadidg @ rRihedssuchasdibler anyyials L her nal
analysis or differential scanning calorinetry, a tenperature at which an
endot her m clieattione atdended Wadd Eheddkenile rdisgseebatiiorik@action is
observed can be defined as a thermal dissociation tenperature. In order to
ensur e hi gherf lagc ur@ayl, s tee et hodidefimaaaayhi ni ng such differential thermal
analysis or differential scanning calorinmetry with a thernogravinetric
appar at us cHi¥#%¥llso be applied. Fur thernore, the thermal dissociation
reaction of the - 144 - urea bond during heating is observed using a

near - i nf r ared&FEctFophvtErstidrlata oRamed UsPect r ophot omet er, etc., the urea
bond is then quantified, and a tenperature at which a weight reduction of
3% and nore cl 6&PPy F6f VE64BOLBEs ChadBa BRSLRE WBFghEa6F1PRe added sanpl e,

be defi th | di iati t t . [0285]. R ti
can be, L8 a5 harm dissn o gnt emerat vie. L0208l et on
epresent e oo Shayelolmi @ L e pehapie cq S deative | o

or highertggykgé@cﬁﬂpqugugfggyyﬁggﬁggEgﬁpﬁ{ature of the urea bond of the

conmpound having the urea bond represente y the above formula (1). The
"thermal digsogijation tenperature” is a tenperature as defined above, and
it is preferably between 100C or higher and 350C or lower. |If the thermnal

di ssoci ati on temper apeeoifstheodliewi it beibheesalindi G89Chat E@pnegagtion rate
beconmes low, and as a result, the reaction efficiency is deteriorated. In
contrast, idackeel tdvdnmed cdi $s@disatd @ ltemper at uceni set gelécghd it i nduces
denaturation reactions of isocyanate groups or am no groups generated as a
result of tdeParivdngalordiss sweicatiicon frogwc iroreastdondicoglidy £ ithe .t her ma

[0292]

In additiocn, the step (X) in the method for
producing the carbonyl compound of the present embodiment
is preferably carried out using a distillation column
comprising a supply port A, a supply port B, and a
discharge port C.

[0293]



di ssociation tenperature is nore preferably between 120C or hi gher and 330C
or lower, and further preferably between 140C or hi gher and 300C or | ower.

- 145 - [0286] An anount of a carbonic acid derivative used depends on
the type of the carbonic acid derivagiY%BO[ reaction conditions. The nunber
of the carbonic acid derivatives is preferably 5 or |ess based on the
nunber of the urea bonds of the conpound having urea bonds in many cases.

In order to increase the reaction rate to achieve high reaction efficiency,
the armount of thBheadbohi Elakien deelwen iReeferahief SIARLL 9S4 ge. However, i f
an extrenely excessive amunt of carbonic acid derivatjve is used, there
may be a ca¥€vrdlefi sfert fPrdaéeersPaat FBACRTONEARYTh* B9 NEAY kyl at i on.

Accordingly, the nunber of the,carbonjc acid derivatives is set_at
preferably §m5FrP§§§,a&ﬁdtﬁﬁrilgFeE8réﬁlglﬁgbgf?%sS?n a3ed O Re" nunber of
t he urea bonds .of. the c ound havin r b 7 PR § eaction
of the conpgﬁﬁg'ﬁggiﬁaogﬁegurggn on gﬁﬁtﬁgghggg§Y%%gﬁg %c?hs %%?55 fve is

pref er ably carejeaqd aul of BotiEnPLasence afndiAchyapt. e type of such a

solvent is not particularly as long as 1t is a conpound that is

abl e to di sglave 1t g i6aMRRURAnNAVLFBIptRevaBRyDEBRRpaNE=t e €ahhenkeraci d
derivative and is stable at a reaction tenperature. The sane sol vents as

those descrithed tyipet ke 3eet icondengefpevngrhaetingnutRedai gt dupazioar

al cohol s and aromati ¢ hydroxy conpounds described in the section < Hydroxy
conpound >, ccAmnbe igSect lparpdctileulgr liadomdt i cA Hydrox ycoohpoteds ar e
preferably - 146 - used, in that the conpound having the urea bond is

hi ghl y sol ullae fdeereiad .anfoi nextaple hegohaset somi fhy dfiewt of stabilizing a
conpound having an am no group generated as a result of _the therm

di ssoci at i orfanskeetseg® ShThasure I BoiGUONBAEoF¥L 1ndE 1 dedcFPBEARFSEer, in a
case in which an N-substituted carbam ¢ .aci.d es%er i s .produced fromthe
reaction of SaflORY&TiTERs IGAFEF e dwStR9a ScaH SnFSHQEPEeHerPVQtFQe and in
whi ch, at the sane _ti N substituted carbam c aci er _i,s produced
fromthe reé@ﬁ?&WQﬁei?a9 QT ‘h&Ahg Sa UTF alﬁoﬁ8m§éﬁgF§§éd 8§ a

Y D Dot il dg}s AU DORLE BSACASELVALLVEe BqaobYER!:hfd. | Bul No

reaction of tHe anic primary amne w | nic acid derivative, or
a hydroxy coppaund fhal, i $Hused 1d1 3R &%5eSisve rRMeditippednchesyged as a

solvent in the present reaction.
the distillation column and may be connected with the
distillation column via a pipe. Considering the type of
the digtillation column or condenser, a method of
handling a condensate, and the like, wvarious forms can be
adopted.
[0294]

Materials for the distilliation column and the
condenser are not particularly limited. Known materials
can be used. Examples of the material that can be used
herein include glass, stainless steel, carbon steel,
Hastelloy, a glass-lined base material, and a base

material coated with Teflon {registered trademark).

SUS304, SUS316, SUS316L, and the like are inexpensive,



[ 0288] The present reaction is carried out under any condition of a
conpressed pressure, an ordinary pressure, and a reduced pressure.
Moreover, the present reaction is preferably carried out in an inert gas
at nosphere, such as nitrogen, argon, heliumor neon. [0289] As a
reacti on apparatus, conventionally kné\ﬁﬁ? reacti on vessels, such as an
agitation tank, a pressurized agitation tank, a depressurl zed agitation
tank, a columm-type reaction vessel, a disti |1ation col um, a packed

col um, andurad tiiiue f idheydicsir [Heepredarabl yl4éed . belnsethmen €gtbbnat i on, as
appropriate. In order to keep the reaction tenperature constant, a known
cool i ng devir@ratd/<crs reath ig deVilcemeryrbendgei ppedmonataddi tindn,
materials used for the reaction vessel are not particularly linited. Known
materi al s CEIP'HE RIEEEs Bshpiees gt usiee whcdr 28l at aboéaarbeaupadpher ei n

i nclude gl ass stal nl ess steel, carbon steel, Hastelloy, a glass-Iined base
material, &t & er*?’é‘leér Ry 5aredeit IarsTé‘faICSﬁS(iFfé’gl slﬂ%ﬁ”é%lﬂ%r‘&@énar k).

[ 0290] Rea%'ilon' stlllatlon colu om t he vi ewpoi nt of

i ncr easi ng The Féadtt Gt lef &ﬁné’r‘i"&m %dﬁ éblcf‘x?s APAB ABEhEd for
pr oduci ng t}{geatceaf_r bo%!f % rrlggﬁré[ ofgﬁome‘pg%ﬁ%%&gﬁoﬁ rrr?arlléul S, preferably

carried out di sti'l
cooling, the use of cooling water, and the use of brine
can be used. Other steps may also be added to the method
for producing the carbonyl compound of the present
embodiment, as necessary. For example, steps and
apparatusesg, such as a step of removing the generated
ammonia, a step of dissolving the carbonic acid
derivative in the hydroxy compound, a step of melting the
hydroxy compound, etc., may be added, to such an extent
that they can be conceived of in the present technical
field.
[0295]

Hereinafter, an example of a method for producing a
carbonyl compound from the compound having the urea bond,
using a distillation column, will be given.

[0298]

The reaction distillation column that is preferably
used in the present embodiment is a distillation column
comprising a supply port A, a supply port B, and a
discharge port C.

[0297]



The type of the distillation colum may be either a packed colum or a
plate colum. It can be selected depending on a reaction formor reaction
conditions. [0292] In addition, the step (X) in the nmethod for producing
the carbonyl compound of the present_epbodiment is preferably carried out
using a distillation colum conprising a supply port A a supply port B,
and a discharge port C [0293] - 148 - The distillation colum
preferably conprises a reboiler used for after-heating and vapori zing raw
material s and théereéke tohdesWhrty IR@dt Zand PrEfirdaiser 2usePHlsr cool i ng,
condensing and recovering a distillate, as well as a colum part as a main
body. The dPSEEI FQEi SHPBOYURE #HBY ek 8T &7 abt I rse L er. The

type of the condenser copprised jn the distillation columm is n
par t1 oul ar| §0Fi RPFBAUDA RASHATCHAGENBER LaNTbe ROt FOF TRarpt e

ti L1y Kk d h i i i
e o S e R R TR e (LA
ai r - cool ed ng;m ensar ha%ggb@hgs%hnbsﬂabkgl 0By 85 2DPrOREi ate. The

condenser € equipped”inside the disti tiron colum, or it may al so be

equi pped outgidehendishiy! LRET QRe6OLYAR) andum@y heaonnad ek widd the
distillation colum via a pipe. Considering the type of the distillation

colum or cep#grses havieghedeotirbandbhogiactondensat gpcanddéberib&e,
various fornms can be adopted. [0294]
compounds. Among others, such precursors are preferably
an organic primary amine and a carbonic acid derivative,

and more preferably a compound having a ureido group

represented by the following formula (4):

O

PN

—N NH,
H (4)

foz98]

The raw material ingredients to be supplied via the
supply port A further preferably contain a hydroxy
compound.

[0299]

The supply port B is preferably a supply port for
supplying a carbonic acid derivative to be reacted with
the compound having the urea bond. It is more preferable
to supply a hydroxy compound via the supply port B to the
digtillation column.

[0300]
The discharge port C is preferably a discharge port

for discharging from the distillation column a mixture



Materials for the distillation colum and the condenser are not
particularly limted. Known nmaterials can be used. Exanples of the nateri al
that can be used herein include glass, stainless steel, carbon steel,
Hastel l oy, a glass-lined base material, and a base material coated with
Teflon (registered trademark). SUS304,°3US316, SUS316L, and the like are

i nexpensive, - 149 - and thus, they can be preferably used.

| nstrunent ati on apparatuses such as a flowreter and a thernoneter, and
known pr oceswitmy rapparatasesrsic vcapcandebenleented panp anduatcomidenser nay
be added, as necessary. Heating may be carried out by known nethods such as
st eam and aredteactikgy codiiengonosowe mervhiods tsgchras handr atitbool i ng, the
use of cooling water, and the use of brine can be used. O her steps may

al so be addetf tF I Ifetdrdd 9T iyeddis megdere hearbafdyRtcanpound of the
present enbodi nent, as necessary. Far exanple, steps and_apparatuses, such
as a step OfSIRFIGAHG t98eertd Qe iEMFEnItE2a tEEef6F M8 ssol vi ng t he

carbonic acid, der.ivative in the hydr conmpound, step of nelting the
hydr oxy coﬁ%ﬁﬁ%D,1%3%9?(%%3Fﬁ£§i§&§b&&xﬁ esﬁgﬁaagoggtent that they can be
concei ved of,{4ythe present technical field. [0295] Hereinafter, an

exanpl e of a nmethod for producing a carbonyl conpound fromthe conpound

having the urearhonge kh%itﬂgdafgirSFEg%iﬁEEHQ E%ugﬁf?&%ﬂ psmgé;ﬁﬁa-ow%]

The reaction distillation columm IS prefer ed I n the present
enbodi nment ﬂﬁéi?ﬁggﬁﬂﬂ|éﬁﬂd@1m@ﬂtqnn conprising a supply port A, a supply
[

port B, and a scharge port C. [0297] - 150 -

the raw material ingredients to be sgupplied via the
supply port A are combination (i) or (ii) described below,
and

a mixture recovered via the discharge port C
preferably contains an N-substituted carbamic acid ester
and a hydroxy compound:
combination (i): an organic primary amine, urea, and a
hydroxy compound; or
combination (ii): a hydroxy compound and a compound

having a ureido group

represented by the following formula (4):

—N NH,
H (4)

[0302]
When the raw material ingredients of the above
described combination (i)} are supplied via at least one

supply port A to the distillation column, a compound



Herein, the supply port Ais preferably a supply port for supplying raw

mat eri al ingredients containing the conpound having the urea bond, and/or
raw nmaterial ingredients containing a raw material for producing the
conpound havi ng the urea bond (a preguiﬁgr_of t he conpound havi ng the urea
bond). Such precursors of the conpound having the urea bond include the
above descri bed conpounds. Anpbng ot hers, such precursors are preferably an
organic prinmary amne and a carbonic acid derivative, and nore preferably a
conpound havingng arsikde jrodpicepreecated by the neiiemhi hy fofnitia (4): 0
-NNH2 (4) [0298] The raw material ingredients to be supplied via the
suppl y port aRovgr EreErppefemgblgdcdht ai n a hydroxy compound. [0299]

The supply port B is preferably a supply port for supplying a carbonic acid
derivative tl§38élreacted with the conpound having the urea bond. It is nore

preferabl o (0 SUBRLY. 83 XY £OURGNG, L2, Ll SUPRLY RO Bl ddie.

discharge portyfior4ischanokag Leom,bpe; disth! LAL! pOrGOLEMD R mbxtdre
of an organic primary amine, urea and a hydroxy compound
via one supply port A. Alternatively, the raw material
ingredients of the above described combination (i) may
also be supplied in the form of two types of mixtures,
namely, a mixture of an organic primary amine and a
hydroxy compound, and a mixture of urea and a hydroxy
compound, via two or more supply ports A.
[0304]

When the raw material ingredients of the above
described combination (1) are supplied via the supply
port A to the distilliation column, as a carbonic acid
derivative to be sgupplied via the supply port B, any one
of the above described urea, carbonic acid ester, N-
unsubstituted carbamic acid ester and phosgene may be
used. Preferably, at least one compound selected from
among urea, a carbonic acid ester and an N-unsubstituted
carbamic acid ester is used. If taking into
consideration easy availability for industrial use or
easy recyclability after the recovery of the carbonic
acid derivative from a condenser equipped in the

distillation column, the same urea as that contained in

the raw material ingredients of the above described



- 151 - containing a carbonyl conpound generated as a result of the
reaction of the conpound having the urea bond with the carbonic acid
derivative under heating at a tenperature equal to or higher than the
thermal dissociation tenperature of t urea bond. [0301] _In the
met hod for producing the carbonyl co ind of the present enbodi nent,
the raw material ingredients to be supplied via the supply port A are
conmbi nation (i) or (ii) described bel ow, and a mxture recovered via
the di schargemporat ©rpr fleriablryr afontadilys veed\- sUbsedveat edtioar bani ¢ aci d
ester and a hydroxy conpound: conbination (i): an organic primary am ne,
urea, and aSRYHRORG %;%diﬁrﬁ;vad?lv&)r% watsifer afiliy) suaptiy@foky &Ebspound and a
' urei do group. represented by the following formula (4): O

&&ggound ha%&ﬁ% S% a mlxtéke é% tﬁé carbonic %cid derivativ% and a (4)

hydroxy compound via the supply port B. If taking into

consideration easy recyclability after the recovery of

the hydroxy compound from a condenser eguipped in the

distillation column, the hydroxy compound used at that

time is preferably a hydroxy compound of the same type asg

that contained in the raw material ingredients of the

above described combination (i).

[03058]

On the ocother hand, when the raw material ingredients

of the above described combination (ii) are supplied via

at least one supply port A to the distillation column, a

compound having a urea bond is generated by the step (C)

in the method (ii} of the above described method (1).

[0306]

The compound having the ureido group represented by

the above formula (4) in the raw material ingredients of

the above described combination {(ii) is, as described

above, preferably the compound having the ureido group

represented by the above formula (47), and more

preferably the compound having the ureido group produced

by steps including the step (B) of the above described

method {ii). As stated above, there may be a case in

which a compound having a urea bond is generated in the

above described step (B). However, there are no problems



(4) [0302] When the raw material ingredients of the above descri bed
conbination (i) are supplied via at |east one supply port Ato the
distillation colum, a conpound - 152 - having a urea bond is generated by
the nethod (i) of the above described gefhod (1). [0303] The raw
material ingredients of the above described conbination (i) may be supplied
inthe formof a mxture of an organic primary am ne, urea and a hydroxy
conpound via one supply port A Alternatively, the raw nateri al iqgredients
of the abovéfdéser FEBROEBADRARENENTPR) VBT APRD bR SeppteRFi ftHeff orm of
two types of mxtures, _nanely, .a mxture of an organic primary am ne and a
hydr oxy conpéi¥ndatardad ﬁFﬁFéQéEBFSurea and a hydroxy compound, via two or

nor e supply[@grgi A. [0304] When the raw material ingredients of the
above descri onbi nation (i) are su ied via the su ort Ato the
b d i Bed "donbi [ (1) pplied vi h pply p h

distillation colyip, Bfea GarpopLEs aci thoekivatiye s obe Supplied via the

supply port B, any one of above desc ed urea, carbonic acid ester,

Nunsubst i t uted carham-eudshdresher 1andaphosggpe: aBYvbe ws€dsupbpeferably, at
| east one conpound sel ected from anong urea, a carbonic acid ester and an

N-unsubstit Wpd earbame aGisdig3her ohscusefin, | hst aktagbbnio senai deration
easy availability for industrial use or easy recyclability after the
recovery of ddiewearibenitec ae dugetlivat vie themsappdmdposerBeganppedein the
distillation colum, the sane urea as that contained in the raw nmateri al
i ngredi ents off ttHee adloonee déesoribieddurea, carbonic acid ester, N-

unsubstituted carbamic acid ester and phosgene may be

used. Preferably, at least one compound selected from

among urea, a carbonic acid ester and an N-unsubstituted

carbamic acid ester is used. If taking into

consideration easy availability for industrial use or

easily recyclability after the recovery of the carbonic

acid derivative from a condenser eguipped in the

disgtillation column, the same urea as that contained in

the raw material ingredients of the above described

combination (i) is preferably used. Moreover, the

carbonic acid derivative is preferably supplied via the

supply port B in the form of a mixture of the carbonic

acid derivative and a hydroxy compound. If taking into

consideration easy recyclability after the recovery of

the hydroxy compound from a condenser eguipped in the

distillation column, the hydroxy compound used at that

time is preferably a hydroxy compound cf the same type as

that contained in the raw material ingredients of the

above described combination (i).



- 153 - conbination (i) is preferably used. Moreover, the carbonic acid
derivative is preferably supplied in the formof a m xture of the carbonic
acid derivative and a hydroxy conpound via the supply port B. If taking
into consideration easy recyclability after the recovery of the hydroxy
conpound from a condenser equi pped i e “di stillation colum, the hydroxy
conpound used at that tine is preferably a hydroxy conpound of the sane
type as that contained in the raw material ingredients of the above

descri bed coidi&iation (i). [0305] On the other hand, when the raw
materi al ingredients of the above described conbination (ii) are supplied
via at | east ondoggppey.péit thet setheddferi pradienng ot lugmeanbenyipound
having a urea bond is generated by the step (C in the nethod (ii) of the

above descriBEPHHL Ifd {D) PIeEsys] enbodimelE, conpound having the urei do

group represent by the above fornula, (4) in the raw paterial ingredients
of the above de gFi%@ﬁ Eéﬁﬁ?ﬁﬁ%i&ﬁgf?g} Pé? 5 BEsErPBetEAbtve, tBfef erabl y

e comu g 400 UL SR I S L R 4]

and nore p e comnmpound having t'he ure

il udi ng” the st et (gl the Aboue described gethad (Lohofssstared above,
onp g on

there may be a case in which a c ound havin ure I'S 'generated in

the above describgdxstier (BrovEOWRVEE s Ehgréi%ﬁa@e%me&m - 154 - if
t he conpound having the urea bond is contained in the raw materi al

i ngredi ent 9rdi@3H1y contWien the v-awoRRtieutal cagbadienksigf ekherabove
descri bed conbination (ii) are supplied via the supply port Ato the
distillati emcca nmyircas actardewi.c acid derivative to be supplied via the
supply port B, any one of the above described urea, carbonic acid ester,
Nunsubst i t ut0ed%dar bami ¢ aci d ester and phosgene may be used. Preferably, at
| east one conpound sel ected from anong urea, a carbonic acid ester and an
N- unsubst i t ut edWe&RbaRecrawi Bagsrépli sngsedientstaki pgei avove

described combination (iii) are supplied via at least one

supply port A to the distillation column, the compound

having the urea bond is generated by the above described

method (2).

f0210]

The raw material ingredients to be supplied via the

supply port A may be supplied in the form of a mixture of

an organic primary amine and a carbonic acid ester via

one supply port A. Alternatively, the organic primary

amine and the carbonic acid ester may also be supplied

via different supply ports A. The raw material

ingredients to be supplied via the supply port A may be

supplied in the form of a mixture of the raw material

ingredients and a hydroxy compound. When the carbonic

acid ester represented by the above formula (8) is used,

for example, as a carbeonic acid ester herein, the hydroxy



consideration easy availability for industrial use or easily recyclability
after the recovery of the carbonic acid derivative froma condenser

equi pped in the distillation colum, the sane urea as that contained in the
raw material ingredients of the above flgscribed conbination (i) is
preferably used. Moreover, the carbonic acid derivative is preferably
supplied via the supply port Bin the formof a m xture of the carbonic
acid derivative and a hydroxy conpound, If taking intq consideration easy
recycl abi | i epmapped Fﬁ@dr@Eo€@?9n8¥m?hhﬁr@%ﬁ?ﬁ@ﬁéiﬁwﬁnﬂ%ﬁRQ*ﬁh a condenser

equi pped in the distillation colum,, the roxy gonpound _used at that tine
i's preferabF?mﬁoHVQrB?QrﬁﬁﬁBBﬁﬁdefyfﬁ%E%E%@”i?bgﬁag?Fﬂgttégntained in the

terial .i di £t b i bed ' ' ' - 155 -
[0308) VHPEBIEF S PRECREEROR T br pr BT P TABAA oy Eormound of

t he presenthggggghnent, the raw material ingredients to be supplied
via the supply port A are conbination (iii): an organic prinmary amne, a
car boni c ac%63§§ er, and a hydroxy conpound, and a mxture recovered

via the dischargé port C preferably contains an N-substituted carbamc acid

ester and a hydr@xyn CORPOEAE. miOSPA1 ingramdde s amgraiesial ingredients
of the above described conbination (iii) are supplied via at |east one

supply port gAsteibbha dbsbiihbatban (¢okumaret sepobipdunik havi hgatheonw ea bond
is generated by the above described nethod (2). [0310] The raw

mat eri al i nguedilenpertorbeosuppl dédtyilaathensappliynport A eaybdeicsupplied
inthe formof a mxture of an organic primary am ne and a carbonic acid
ester via omeisugehyvpoitveAtoAbeesnapileflyvisaheher gappty ppeHary. amine and
the carbonic acid ester may al so be supplied via different supply ports A
The raw mat &f€alcti fgtediPoies IE§CkaLspBIERd Q?EbPﬂécsﬁﬁb@yeﬁng'ANﬁay be
supplied in the formof a nigture of .the raw nmater ingredients and a

hydr oxy conpoihs Sk sth&acRPBdfi 648 G565 e eBb%%%%ggdmﬁy fie above
L;:j?lcj)l(s (8) uissedu.se'ghef Qgrgé&%" §u185:8c&81 :pg%fefé;f%)le}?tftr f'@r:(ﬂ Ny he
compound selected from among urea, a carbonic acid ester
and an N-unsubstituted carbamic acid ester, and more
preferably a carbamic acid ester of the same type as that
used in the raw material ingredients of the above
described combination (iii). Moreover, the carbonic acid
derivative is preferably supplied in the form of a
mixture of the carbonic acid derivative and a hydroxy
compound via the supply poert B. If taking into
consideration easy recyclability after the recovery of
the hydroxy compound from a condenser eqguipped in the
distillation column, as described above, when the
carbonic acid ester represented by the above formula (8)

is used as a carbonic acid ester, the hydroxy compound

represented by Y'OH and/or Y?OH is preferably used, from



- 156 - conpound used at that tine is preferably a hydroxy conpound
represented by Y1011 and/or Y20H, fromthe viewoint of reduction in the
types of conpounds to be handl ed. [0311] When the raw materi al

i ngredi ents of the above described conbination (iii) are supplied via at

| east one supply port A to the distill&ti 6n colum, as a carbonic acid
derivative to be supplied via the supply port B, any one of the above
descri bed urea, carbonic acid ester, Nunsubstituted carbam c acid ester and
phosgene mayhsheriesgehinfthe fc ardhnritd caciith eskerybespbef evapbynak keast one
conpound sel ected from anong urea, a carbonic acid ester and an

N- unsubst i thg dehrebiesani ¢ acid ester, and nore preferably a carbanic acid
ester of the sanme type as that used in the raw nmaterial ingredients of the
above descri®edlconbi nation (tii). Mreover, the carbonic acid derivative

is preferably sug&lied in the formof a mxture of the carbonic acid
derivative and &“RY4ESRPTEonpbufBicviMaEERE SRPPPYORBFInB. t1¢ taking into

consideration.easy recyclabjlity after the recovery of the hydroxy conpound
froma condgﬁgﬁynéqdi éﬁ”V%cﬁighﬁigFﬁﬁﬁ i 6 QQPE%HF'as descri bed above,

when the carbonig¢ _aci .repr.esent.ed he,_above forpula (8) is used
as a carbonic agﬁg %Sgéﬁakgﬁéa§56P8§§dé8ﬁg%uﬁa P%p?%@%%%%@u%§a§F%?land/or
Y2CH i s pr f : I | Vi i uction in the
Yypes of cargsandy To be Randian TRsAes (19 SERRIRL-RbraREYERERD [T hod
for producidigpdiRgeGarbeny Hemesnd ghdhe, Present enbodi ment, t he

raw material ingredients to be supplied via the supply port A are

combi nation (iVvk: maxpakpui-ethaBe=Hr eaacopel ¥eenange apbydrexy conpound, and
preferably contains an N-substituted carbamic acid ester
and a hydroxy compound.
[0313]

A single distillation column may comprige at least
one supply port A, or may comprise a plurality of supply
ports A.

[0314]

The pesition in which the supply port A is equipped
is a plate that is one or more plates higher than the
lowest plate of the distillation column (one or more
plates higher than the lowest plate at a theoretical
plate in a packed column), preferably three or more
plates higher than the lowest plate thereof (three or
more plates higher than the lowest plate at a theoretical
plate in a packed column), and more preferably five oxr
more plates higher than the lowest plate thereof (five or
more plates higher than the lowest plate at a theoretical

plate in a packed column).



a mxture recovered via the discharge port C preferably contains an

N-substituted carbam c acid ester and a hydroxy conpound. [0313] A

single distillation colum nmay conprise at | east one supply port A, or nmay
conprise a plurality of supply ports_A} Eg0_314] The position in which
the supply port Ais equipped is a pla e that is one or nore pl at es hi gher

than the lowest plate of the distillation colum (one or nore plates higher
than the lowest plate at a theoretical plate in a packed col um),
preferably tithBé&lor nore plates higher than the | owest plate thereof (three
or nore plates higher than the | owest plate at a theoretical plate in a
packed col umm), Ansim®te Pkefekeblicnice W five PIErdsehiftdheeatan t he

| owest plate thereof (five or nore plates higher. than ttiqel | gwest plate at a

t heor et i cal SBEafEPPAYaPPAEKBd CHiRFmLse - A58 NI st L1 LatifT ngl e
distillation colum nmay conprise at | east ong su ort Q herwi se, a
si nglg di st P &WEOW?XO%BWQ%? @oﬁ%??@g.léyp?ﬁr%?ﬁ?ﬂ/}y Ollfstijspgﬁy %%(r?;as B, iand
a carboni c aci erivatiVv u [ [ ; ity of supply
ports B. It Cﬁ‘ggﬁPéFe?‘%Peg?gﬁﬁﬁggVé ﬁglﬁi §€u¥%s%?yggc‘glr%o#c a%i d derivative

and &, mydronucameyniobAphhy BLuEAI bty Af SuRplYtAOe Bd iy

distillatio n adistillation colum, at |'east one

supply port ;Byiiscdi-epesed tArbReisagBiR08Eti (AL @SctHad 4 nhiydi-ekyt he supply
port A is disposed, or at a position |ower than that of the supply port A

(the sanme plahgoasdt kak iknewbilakatheysuppkyppodytpdrts Hisposed, or a plate
| ower than that in which the supply port A is disposed, in a plate col um,;
and t he sangitshkeanetiical cplame.as that in which the supply port Ais

di sposed, or a theoretical plate |lower than that in which the supply port A
i s disposed,[t3iéd packed columm). Preferably, the supply port B is disposed
at a position one or nore plates |ower than that of the supply port_ A (one
or nore plates | &rep fihéﬁlghétéﬁﬁpFWWB’ﬁt %ta%e%\s*%h‘é%‘?e'%li‘%%fypﬂj%% n a

packed column), nore preferably three qor .nore plates,lower th that of the
supply port & GHRPESGr WordSpPaiEs PPSwer CPhafi Fﬁ@tsﬁlﬁp*’glﬁ%r ?gﬁ at a

e San RIS bt RAGKS G SP8I),» o3 de! U HRRY eRER' £6ARLY ke or more

that of the supply port A {the same plate as that in
which the supply port A is disposed, or a plate lower
than that in which the supply port A is disposed, in a
plate column; and the same theoretical plate as that in
which the supply port A is disposed, or a theoretical
plate lower than that in which the supply port A is
disposed, in a packed column). Preferably, the supply
port B is disposed at a position one or more plates lower
than that of the supply port A (one or more plates lower
than the supply port A at a theoretical plate in a packed
column), more preferably three or more plates lower than
that of the supply port A (three or more plates lower
than the supply port A at a theoretical plate in a packed

column), and further preferably five or more plates lower



- 159 - than that of the supply port A (five or nore plates |ower than the
supply port A at a theoretical plate in a packed colum). [0317] The
supply port Cis disposed in the same position as that in which the supply
port B is disposed, or at a position |ower than that of the supply port B
(the sane plate as that in which the dépply port Bis di sposed, or a plate
| ower than that in which the supply port B is disposed, in a plate col um,;
and the sane theoretical plate as that in which the supply port Bis

di sposed, orhan titeor etfi adle phaipe v @art that itkabri monki phatbe supphy port B
is disposed, in a packed columm). Preferably, the supply port Cis disposed
at a positiomrdorsunply plates lower thirarethiatloblahe Suppl yapaet B (one
or nore plates lower than the supply port B at a theoretical plate in a
packed coluﬁﬁymuﬁnre preferably three or nore plates |lower than that of the
supply port B (three or nore plates |ower than the supply port B at a
theoretical (piatle in a packed colum), and further preferably five or nore

plates | ower th that of the supply.port (five or re plates | ower than
the supply port%%'afugp HéBP§Fi§aFSpggFBOFﬁd lBaE?%dS%%?uH$§ltﬁ@%18]

Ine, Comoun (g, SURRLSE ML AISUSORLY. BOLL AUTBELIS eLinel 3 mxure
raw materi alssused iofudtr Q3G 19 e ceRound having.t ke (upgabond. [0319]
plate as that in which the supply port B is disposed, or
a plate lower than that in which the supply port B is
dispoged, in a plate column; and the same theoretical
plate as that in which the supply port B is disposed, or
a thecretical plate lower than that in which the supply
port B is disposed, in a packed column). Preferably, the
supply port C is disposed at a position one or more
plates lower than that of the supply port B (one or more
plates lower than the supply port B at a theoretical
plate in a packed column), more preferably three or more
plates lower than that of the supply port B (three or
more plates lower than the supply port B at a theoretical
plate in a packed column), and further preferably five or
more plates lower than that of the supply port B (five or
more plates lower than the supply port B at a thecretical
plate in a packed column).
[0318]
The compound to be supplied via the supply port A

may be either a mixture containing a compound having a



Preferably,

in the nethod for producing the carbonyl conpound of the

present enbodi nment, the step (X) is carried out using a distillation colum

conpri si ng

a supply port A, a supply port B, and a di scharge port C,

wherein the step (X) conprises a step by - supplying raw nateri a

i ngredients

contai ning the conpound having the urea bond, or raw mat

I
eri al

i ngredients containing a precursor of the conpound having the urea bond,

the distill

ation colum via at | east one supply port A, supplying th

e

to

car boni ¢ acidedebpudt i & BomiKEUERSEPRFALRORT cHRUNA VR BI®LS | '¢88¢ BPe supply

port B, and

recovering a generated m xture containing a carbony

conmpound vi RTREUFERSt LHRe CAMBEHAFGEAFARE N8| YB3t a | ower part of the

distillatio

a position t

the supply port

hei ght of t

q colinn; and the at | east one supply port B is disposed at
Reldame as or lower than the supply port A the at |east
one di scharge por.t i s. di sposed at 0sit] o] t han
Rrefrieoty P RS BN Lot oG ST T Sl ot s
Q%m.%%%hyOEO%EEBP%Esgﬁﬂakmﬁgdgﬁeﬂt?hﬁﬁetQ@@pthﬁ%tb§rnal
n tenperature of “the urea bond In the conpound having the urea

di ssoci atio
bond.

carried out using a distillation column compriging a
supply port A, a supply port B, and a discharge port C,
wherein

the step (X) comprises a step of:

supplying raw material ingredients containing the
compound having the urea bond, or raw material
ingredients containing a precursor of the compound having
the urea bond, to the distillation column via at least
one supply port A,

supplying the carbonic acid derivative to the
distillation column via at least one supply port B, and

recovering a generated mixture containing a carbonyl
compound via at least one discharge port C disposed at a
lower part of the distillation column; and

the at least one supply port B is disposed at a
position the same as or lower than the supply port A,

the at least one discharge port C is disposed at a
position the same as or lower than the supply port B, and

a temperature of the distillation column at a height
of the supply port B is equal to or higher than the
thermal dissociation temperature of the urea bond in the

compound having the urea bond.



- 161 - [0320] Hereinafter, the case of supplying a m xture containing
a conpound having a urea bond via the supply port Ato the distillation
colum will be first described. [0321] The conpound havi ng the urea
bond supplied via the supply port Amyﬁf}hquistillation colum is
preferably supplied in the formof a i%ture of the conpound and a sol vent.
A nethod of nelting the conpound having the urea bond and then supplying it
in the state of a liquid via the supply port A can al so be adopted.

However, thETHHpound having the urea bond has a high nelting point in many
cases, and in such cases, the conpound having the urea bond nust be

retai ned at a hi'GRSCEMPEFT uFEe RaRdBE FBPHgYﬁnﬁt@ WeskU¥Pe conmpound
having the urea bond is retained at a high tengFratune, unpr edi ct abl e si de

reacti ons ney’ 97 davERgs 8 Ukgac SrPduNd2h &FPn§ WPk Yur ea bond
i f i in,.t f f i xtur, t d,
sot bent - THES R S MG hedty Patindt Vit Pet e ey PRCrdRe deranp! es

of such a splyent include: al kanes such as hexane, heptane, octane,
nonane, and decane; ~aromatic hydrocarbons such as benzene, tol uene,
xylene, ethyl benzeneondbiaePhapyhBeRzene.odi Buhy! bepeenea gogd papht hal ene;
- 162 - aromati ¢ conpounds siObstituted wt al ogen or a nitro group,

such as chlanghenzene, dichloiolbarzaneacthanebenienes di-brasaberzene,
chl or onapht hal ene, brononapht hal ene, nitrobenzene, and nitronapht hal ene;

pol ycycl i ¢ siygrlaear bon thenyfaund © S uc mixs udepbgnyhe subgbiuhdt agdadiaphenyl ,
di phenyl net hane, terphenyl, anthracene, and di benzylt ol uene;
solvent. A method of melting the compound having the
urea bond and then supplying it in the state of a liquid
via the supply port A can also be adopted. However, the
compound having the urea bond has a high melting point in
many cases, and in such cases, the cowmpound having the
urea bond must be retained at a high temperature in order
to melt it. When the compound having the urea bond is
retained at a high temperature, unpredictable side
reactions may occur in some cases. Thus, the compound
having the urea bond is preferably supplied in the form
of a mixture of the compound and a solvent. The type of
the solvent used is not particularly limited. Examples
of such a sclvent include:
alkanes such as hexane, heptane, octane, nonane, and
decane;
aromatic hydrocarbons such as benzene, toluene,
xylene, ethylbenzene, diisopropylbenzene, dibutylbenzene,

and naphthalene;



al i phatic hydrocarbons such as cycl ohexane, cycl opentane, cycl ooctane, and
et hyl cycl ohexane; alicyclic al cohols such as cycl ohexanol

cycl opent anol, and cycl ooct anol ; ket ones such as nethyl ethyl ketone
and acet ophenone; esters such as ﬁg?uzyl pht hal at e, di hexyl phthal ate,
di octyl phthal ate, and benzyl butyl phthal ate; et hers and thioethers,
such as di phenyl ether and di phenyl sulfide; and sul f oxi des such as

di met hyl sulf oxide and di phenyl _sul foxi de. These saol vents can be used
dependi ng on t he2E9BREL 6f CeBAPHUMSS Her et Wt i SpSif® fvithg a urea
bond, a carbgnic acid deriv%}ive, itc. or reac ionlcongitions. [0322]

Mor eover, ad&rSoPYEHP u88G s 8F FR OEB%%BEﬁHeha thg Yhe Urea bond, the

o ey LR s PR L, o AIPOUdRhRLAEROLy ROSRNRLAARLLL TV OXY

conpound) a y “use NEXpPECT e ese cohpounds have an

- 163 - el Teellh IRARLALALY EH.@%E%EQH& hendr 62 bondoefnd hengompound

havi ng the urea naromafic roxy conpound tends to have a higher

effect of stabiljzidg,tNecURearHeRtLEA ABRYCGRSSSsudiend eBsoefy, t he
aromat i ¢ hydroxy” conpound has such an effect has not been clarified. The

present i nveptRhs thave aspuerd it hatphbeyhydeaxyecospopnenys, | ocated cl ose
to the urea bond due to a hydrogen Eond, so that it suppresses the approach
of conpoundsirgachdeme, ngna drieanbhondoandnet t hereby suppresses a side
reacti on between the conpounds each having the urea bond.
aliphatic hydrocarbons such as cyclohexane,
cyclopentane, cyclooctane, and ethylcyclohexane;
alicyclic alcohols such as cyclohexanol,
cyclopentanol, and cyclooctanol;
ketones such as methyl ethyl ketone and
acetophenone;
esters such as dibutyl phthalate, dihexyl phthalate,
dioctyl phthalate, and benzylbutyl phthalate;
ethers and thiocethers, such as diphenyl ether and
diphenyl sulfide; and
sulfoxides such as dimethyl sulfoxide and diphenyl
sulfoxide. These golvents can be used depending on the
types of compounds to be used (a compound having a urea
bond, a carbonic acid derivative, etc.) or reaction
conditions.
[0322]
Moreover, as a solvent used for the compound having
the urea bond, the above described hydroxy compounds

{(alcohol and an aromatic hydroxy compound) are more

preferably used. Unexpectedly, these compcocunds have an



[ 0323] An amount of the solvent used is different depending on the
types of conpounds to be used or reaction conditions. |If taking into
consideration the solubility of conpounds to be used, the solvent is used
at a stoichionetric ratio of 1 : 1 or greater, and nore preferably 5: 1 or
greater, based on the nunber of urea S in the compound having urea
bonds. On the other hand, if taking into consideration the size of a
reaction vessel, the solvent is used at a stoichiometric ratio of 500 : 1
or |less, andfherte @f cietabite300Gtadl ldrzilres$he @324] bond oFhenear bonic aci d
derivative supplied via the supply port Bto the distillation colum is
pref erabl y Sepipbied havihe floy muofa thundyi xBor erohat he dedireayi ve and the
solvent. A nethod of nelting the carbonic acid - 164 - derivative and then
suppl yi ng i $OTRPHHE St W have quitd diex e esipify sfobt 1B zdag alhso be
adopt ed. However, in many cases, the_carbonic acid derivative has a high
nel ting po{?ﬁ?azﬁﬁpénlq t95fducérs p§RePYt FRYr BARt #HAMAESENd t he

mel ti ng poi Thus, when e carbgni c aci erivative is retained at a

hi gh terrperltgas%%rr%%’ ndoo“}pdDeurnci Q’arﬁslstuq 21 & Gts RRSc Z9E PR%Rhi ch the carbonic
acid derivative di sappears e f.th rolLytic.reaction.
Accordingls%igﬁaf%g%Te?gﬁa ?Esgﬁgtigbéﬂg £%|§a§%|$%n?m%% ﬁ@%é,gﬁﬁd that a
carboni ¢ adhh Ak VaiNRnfe SUPRIdadd e1ihe keaction.distillatian ol um in
the state of" a solution. The type of the solvent used 1s not particularly
linited Thene casydie disll the e 130Iehe A% o hose agxemrldf igd above as
sol vents used for supplying the conpound having the urea bond via the
supply portcdupdAmiyg daremhaar 0o dnids ipr eherably used. Such a
hydr oxy conpound has not only the effect of highly dissolving a carbonic
aci d deri vatunesednds ia ainkex pectcadion hesveke elfecompbunade kaicel vy
stabilizing the carbonic acid derivative. An aromatic hydroxy conpound
tends to h igchitgirerunsff dsmdf stabilizing the carbonic acid derivative
in many cases. The reason why the aromatic hydroxy conpound has such an

ef fect has Hbt2Yeen clarified. The present inventors have assuned that the
hydr oxy conpoun%ﬁhs Iocateg cgése to the carbonyl|group of the carbonic
aci d derivative”Ju8™CY a RAYdF8GefCB8REC ¥5ethaf fAtTiappresdBReRAE Appr oach

of - 165 ‘on the types of compounds to be used or reaction

conditions. If taking into consideration the solubility
of compounds to be used, the solvent is used at a
stoichiometric ratic of 1 : 1 or greater, and more
preferably 5 : 1 or greater, based on the number of urea
bonds in the compound having urea bonds. On the other
hand, if taking into consideration the size of a reaction
vesgsel, the solvent is used at a stoichiometric ratio of
500 : 1 or less, and more preferably 300 : 1 or less.
[0324]

The carbonic acid derivative supplied via the supply
port B to the distillation column is preferably supplied
in the form of the mixture of the derivative and the

solvent. A method of melting the carbonic acid



carbonic acid derivatives and it thereby suppresses a side reaction between
the carbonic acid derivatives. The amobunt of a solvent used is different
dependi ng on the types of conpounds to be used or reaction conditions. The
solvent is used at a stoichionetric [a%% of 1 : 1 or greater, and nore
preferably 2 : 1 or greater, based on e anount of the carbonic acid
derivative. [0325] In the distillation colum, the tenperature of the
position of the supply port B through which the carbonic acid derivative is
to be suppl detipyahivheasdnehphaserphy Hipl bt eleothinttafiferdas i HaHe sane
theoretical plate in a Eacked colum) is set at a tenperature preferably
equal to or VhRghBE BHERLYhBOFhek nafl df $39cPatd $PP t ¥ rmpefRPGVE of fhe urea

bond of the conpound represented b t he above formul.a (1 re preferably
5C or nore RBPgHeF2ERSN Eﬁ% FﬁﬁpﬁﬁF d?%%%c QtTER-1E %éﬂ%ﬂ&jgﬁ the urea

bond of th d t h b d furth
p?gfe?ablyeT%grggggﬁPé% rg%g eﬁ Eg?ﬁae%%eov égr%ﬁ%ﬁ? on ?enpg;atﬁie of
the urea bog%agmn %8&8@“%&88&@%3@ goipy. thenahovgmdormd a (D). 1L is

assuned tha he "t enper at fhe position of the supply port
B, nanely, Eg§bbﬁgﬂeaeaar9e9£v59§v90§gtk@ﬂaiﬂé@ugh uhi £dn t he carboni ¢ aci d

derivative is to be supplied, at a tenperature equal to or higher than the

t her nal d'5%@%ﬁé&b@ﬂr@eﬁﬁeb%ﬂéket@fméme ut eachend, i @sa deses i bedwabave, the
urea bond of the conpound having the urea bond - 166 - can be subjected to
thermal di ssoei abirpAniandcas deréstktiyet Aésgppeant eds canpesmithafi ng an

am no group can be reacted with the carbonic acid derivative. In the
present reachicopyriollyits ci mpectant: .t cratdoiieg bar boni s aviaf et ative to
coexist in a systemin which the urea bond is subjected to therm

di ssoci at i offhads adevdtichbde abdventAbpetiied, #RAch éBnﬁrP§€§O§éFtﬁﬁbdthe

tenperature of the position in which the supply gf di sposed in the
reaction di $EMivatior &6 GHRPédeal “Potle HP@HERO thSFﬁ ?Eé?ﬁa|

di ssoci ation tenperature of the urea b and t the car boni c
acid derivatGemH 47 e §68F§ Bgrﬁ ﬁo g18ﬁe 0 g%rg@ satisfy the

aforenentloneqven(ﬁdge is not particularly limited. There can be

used the same solvents as those exemplified above as
golvents used for supplying the compound having the urea
bond via the supply port A. Among them, a hydroxy
compound is preferably used. Such a hydroxy compound has
not only the effect of highly disscolving a carbonic acid
derivative, but it unexpectedly has the effect of
moderately stabilizing the carbonic acid dexrivative. An
aromatic hydroxy compound tends to have a higher effect
of stabilizing the carbonic acid derivative in many cases.
The reason why the aromatic hydroxy compound has such an
effect has not been clarified. The present inventors
have assumed that the hydroxy compound is located close
to the carbonyl group of the carbonic acid derivative due

to a hydrogen bond, so that it suppresses the approach of



[ 0326] The reaction pressure in the distillation colum is different
dependi ng on the conposition of the reaction system the tenperature, a
nmet hod of renoving ammoni a, the reaction apparatus, etc. The reaction
pressure can be set to a reduced press}gge, an ordinary pressure, or a
conpressed pressure. In general, the r acti on pressure is preferably in a
range of 0.01 kPa to 10 MPa (absolute pressure). |If taking into
consideration facilitation of industrial production, a reduced pressure or
an ordi nar ycprleasiut ead¢isl plesfioradbilvess amd tilte theesdbyr euppriessasr ange of 0. 01
kPa to 100 kPa (absolute pressure), nore preferably 0.03 kPa to 80 kPa, and
further prefEtaplSAD: 0% KEERap b hePaarhonigy acigoderivatives|.n The
reaction carried (;Cg% in the distillation colum, for the purpose of

i ncr easi ng THe M edth bR oS %k a8, f Te TeRta iy PeNEARIheuEEE. Exanpl es

of such a catal yst_that can be preferably used herein include: basic
cat al ysts s%e%soﬁ HE R RASE 55 Mt € af@a5edyrafenst BePRi-um  sodi um
pot assi um cd ﬁﬂd bar. i i ngl i f.rar rt | ement.s,
anti nony an |és&rlfllr}[fL : al% "%%eg Oa)%(:: cr%‘gss?togu Ll%ﬁleegrér?d rggﬁg%sogff %t hggeogl enment s;

b j b . 4t I f I ts,
oron as a $kdgi&- bodyy M%t@;&gaﬂggp@ds 1t e g%fg%g%rﬁ’ LESRBEL,E! EMENt S

zinc el ements, alum numele on el enent titanium eflement s in

t he peri oditthd abhunangk the ehalod des anrkSukiisdes thereof; and the
carbides and nitrides of carbon elenents, titaniumelenents, vanadi um

el ements antbxdwljom um el enents, other than carbon in the periodic table.
There are many cases in which if such a catalyst is used, the catal yst nust
be then renovedInThis, dilké¢ifdactioanciodupnef ehabkymnparatedeodt whéhout using
such catalysts. In the case of using a catalyst, it nay be renoved after
conpl et i on RS ¥thieon e titon . sulp ly msttiod® Gthnoawgby iwing chhé heatapsinica known
met hod can be applied. Methods such as nenbrane separation, separation by
di stillati oi:*broeiyatalg Zdt iteh keark e lpest digbltyieaspimice s r6328] a The
reaction ti in the distillation colum (which is a retention tine in the
case of a C}%fﬂﬁ%&;{}g)%a&l}e&ﬁas Am gdie same theoretical plate in a

packed column) is set at a temperature, preferably equal
to or higher than the thermal dissociation temperature of
the urea bond of the compound represented by the above
formula (1}, more preferably 5°C or more higher than the
thermal dissociation temperature of the urea bond of the
compound represented by the above formula (1), and
further preferably 10°C or more higher than the thermal
digsociation temperature of the urea bond of the compound
represented by the above formula (1). It is‘assumed that,
by setting the temperature of the position of the supply
port B, namely, the temperature of the position through
which the carbonic acid derivative is to be supplied, at
a temperature equal to or higher than the thermal
disscciation temperature of the urea bond, ag described

above, the urea bond of the compcocund having the urea bond



is different depending on the conposition of the reaction system the
reaction tenperature, the reaction apparatus, the reaction pressure, and
the like. It is generally 0.01 to 100 hours. The reaction time can be
determ ned based on the anount of the ggagbonyl conmpound of interest
generated. For exanple, the reaction solution is sanpled, it is then
confirnmed that the carbonyl conpound of interest can be obtained at a

desired yield, for exanple, at a yiel f 90% or, nore nd thereafter, the
reaction cafae PEefhPAgCeas %ﬁeﬁhérEQ bgﬁ?EOSE?Hlaﬁriéﬁgi%% ?srgﬁﬁé?ied vi a

a single suppl ort nd the reaction is_then_perfor if the conpound
of in?erestQ@ﬁ%ﬁ%ﬁeﬁéﬁ8§t§PW88u8? §a§aP$i%Pe%ﬁﬁ§8d%§$%€§9§?e?%, then?pa

nmet hod of establ. i shi S I B_I.E I . DOSI t4 in the reaction
disti!IatiO%E%%Fﬁﬁh%Egﬁd%Eﬁe%aggﬁbggn?%%dgg%kaghgl?%ér#; qg}eéssociation
reaction of JLhereqhond of the;conpguRd RaVEBYatNEyULe8abEBdiand the

reaction of “the generated am no group wth the carbonic acid derivative at
mul tiple sitgsaepahseike adopbedicb0329k systemAsnshawshi hehgrakove
formul ae (55) and (59), when an N-unsubstituted carbam c acid ester and/or
urea are use@dr@s ia Ganeritedaciod tierimiat HieEsyiaatmani asi degeneébatied. The
generated amoni a reacts with the carbonyl conpound as the conpound of
interest, saddvat. t Aempibbd, ofhible cambohyts ceompolme e rezigestb iwemany
cases. Thus, it is preferable to pronptly renove such - 169 - amonia from
t he reacti orpfsydteemasd thcay émt whiehamiensarPegnPegfaPni AgAi APPREAr eBct i on
distillation colum. The range of a preferred pressure is as descri bed
above. Fromfttife teestemdntdisnad Laitdwpoichtl VaE &P CReCFehéfhEH HFE8sure is
preferably a _reduced pressure or an ordinar preszu&g. 0330% En or der
to increase Hife ST &USHP AL O e rE RS aiTen e, ‘e “FEacPPER PE
preferably carried out,. while boiling a_salvent.. o0 be adopted
a met hod, mﬁﬁgﬁlfb hXﬁﬁgiﬁﬁﬁéﬁﬁgFﬁbciﬁgﬁﬁ'égng%Eg%%hgageg%%ion

distillati o colum,And 4 hen apeomany i Amppla suaeesskyel y generated as
edc h

a result of t tion'’in a gaseous state with the inért gas to separate

the ammoni a fsomtde reacd iQhEYstgm. As such inert gas, nitrogen, helium
argon, carbon dioxi de, nethane, ethane or propane can be used singly or in

conbi nati on. [0331] As adsorbents used in the method invol ving
adsorptive separation, adsorbents that can be used under tenperature

condi tions in whittk thecresepteseacti an isecdisiédlattonsachuas $&lica,
al um na, various types of zeolites, and di atonaceous earths, can be used.
These net hodsi foferesmo\demerahimmnican fahemadweasdddiarow s yee memg)r Usa appl i ed,

either singly or in conbination of nultiple types of methods.
gystem, the temperature, a method 'of removing ammonia,

the reaction apparatus, etc. The reaction pressure can
be set to a reduced pressure, an ordinary pressure, 0r a
compressed pressure. In general, the reaction pressure
is preferably in a range of 0.01 kPa to 10 MPa (absolute
pressure}. If taking into consideration facilitation of
industrial production, a reduced pressure Or an ordinary
pressure is preferable, and the pressure is in a range of
0.01 kPa to 100 kPa (absolute presgsure), more preferably
0.063 kPa to 80 kPa, and further preferably 0.05 kPa toc 50

kPa.



[0332] - 170 - Preferably, in the method for producing the carbonyl
conpound of the present enbodi nent, the distillation colum further
conpri ses a condenser; the nethod further conprises a step of
condensing a portion of gas discharged froma top of the distillation

col utm using the condenser to obtai i &°ondensate; a hydroxy conpound
is further supplied to the distillation colum via the supply port A and/or
the supply port B; the carbonic acid derivative to be supplied via the
supply port[®3% urea and/or an N-unsubstituted carbam c acid ester;

the gas discharged fromthe top of the distillation colum contains a
conpound havi ngIa ¢aeborpltgroupaderdpdedutr om the dasbohlataond derivative
and/ or a conpound having a carbonyl group derived fromthe conpound havi ng
t he urea bdﬁﬂ?ﬂﬁhhfﬁﬁbﬁsﬁtéﬁﬁﬁmﬁﬁzCéndnﬁﬁﬁ@ﬁﬂQS &he reactipheresdmdensate

ntai ns a conpound .having a carbonyl group and a hydroxy conpound. [0333
co §6£n%xample, a.%atalyst één %e u%ed. Exa%plesyof Qgch a [ :

catalyst that can be preferably used herein include:
basic catalysts such as the methylate, ethylate and
butylate of lithium, sodium, potassium, calcium and
barium; single bodies of rare earth elements, antimony
and bismuth, and the oxides, sulfides and salts of these
elementg; boron as a single body and boron compounds; the
metals of copper elements, zinc elements, aluminum
elements, carbon elements and titanium elements in the
periodic table, and the metal oxides and sulfides
thereof; and the carbides and nitrides of carbon elementsg,
titanium elements, vanadium elements and chromium
elements, other than carbon in the periodic table. There
are many cases in which if such a catalyst is used, the
catalyst must be then removed. Thus, the reaction is
preferably carried out without using such catalysts. 1In
the case of using a catalyst, it may be removed after
completion of the reaction. As a method of removing the
catalyst, a known method can be applied. Methods such as
membrane separation, separation by distillation, or
crystallization can be preferably applied.
[0328]

The reaction time in the digtillation column (which

is a retention time in the case of a continuous reaction)



The nethod for producing the carbonyl conpound of the present enbodinent is
preferably a production nmethod, wherein the reaction distillation colum
conpri ses the above descri bed condenser when ammonia is generated as a
by-product fromthe reaction carried opt in the - 171 - distillation
colum, and wherein the production nethod further conprises: a step of

di schargi ng gas containing a conpound having a carbonyl group derived from
a carbonic acid derivative and/or a conpound having a urea bond, a solvent,
and amoni ajsf oAt ehent ogepénd heg reacthonceisesian onf ddlufeadnida st ep
of condensing a portion of the gas discharged in the aforenentioned step
usi ng the ceWaERSer the BHRAFHOR EONIRHRELES cont@i TRHY 1 Me FRAHRME havi ng

t he carbonyl group derived fromthe éarbon'c acid derivative and/or the
conpound hatPRg¥ERECOPBaPHBREUER #RE SBF vehts - [ 0334F 9°PeTRIahdling of

t he gaseous _i ngredi en ont ai ni a sol vent, .a conmpound -having a carbonyl
group deriv&d® rBﬁ1iOéaﬁBBﬁ?c a %ﬁﬁqRﬁﬂq\R%m%nﬁ§9a%ﬁb§E%erﬂ%ne

ia generated as a

by- duct th j i i I
react i on i n°PRadrg At OR s or e of o Be Hese iy iy oo o438,
In the nethgngeat@aodU§£gg%£t agérbeﬂg'rgggpp&@ds@iu&ﬂ&npigsga&pled,

enbodi nent I's prefera t the gas containing a solvent, a conpound

having a carbonyl rgeaupoderi-ved £hem aneachepbsyactengeihyadbve, and
anmoni a generated as a by-product fromthe reaction, which is discharged

fromthe topnekrthe diust bkl abtanneal utma besintdodieced, i fivp themcbadenser
equi pped in the distillation colum, and that a part of or an entire - 172
- at a yield of 90% or more, and thereafter, the reaction

can be terminated. When a carbonic acid derivative is

supplied via a single supply port B and the reaction is

then performed, if the compound of interest cannot be

obtained at a sufficiently desired yield, then, a method

of establishing supply ports B in multiple positions in

the reaction distillation column, and then performing

both the thermal digscociation reaction of the urea bond

of the compound having the urea bond and the reaction of

the generated amino group with the carbonic acid

derivative at multiple sites may also be adopted.

03291

As shown in the above formulae (55) and (52}, when

an N-unsubstituted carbamic acid ester and/or urea are

used as a carbonic acid derivative (s}, ammonia is

generated. The generated ammonia reacts with the

carbonyl compound as the compound of interest, so that

the yield of the carbonyl compound is reduced in many

cases. Thus, it ig preferable to promptly remove such



solvent and a part of or an entire conpound having a carbonyl group derived
fromthe carbonic acid derivative and/or the conpound having the urea bond
be condensed to obtain a condensate containing the conpound having the
carbonyl group derived fromthe carQogi§ acid derivative and/or the
conpound having the urea bond, and th ol vent. An anount of the sol vent
contained in the condensate is preferably at a stoichionetric ratio of 1 :
1 or greater based on the anmount of the conpound having the carbonyl group
derived fr0@@%@&%&xﬁﬂﬂmnQﬁamﬂa$Qﬂaqnv&WBv@Wamdv@mevhetcbhpoammonamlng t he
urea bond contalned in the condensate. Moreover, when the gas containing
armoni a i s rETOETED I d CodeRsstiophdisaiiléabérResalufe .nuFber of

car bonyl of amoni a nol ecul es contained in

oups ( and t he nunber
t he recoverjﬁadP §”%éh52ﬁ%ﬁﬁ€?C%ﬁ”%%%%ﬁﬁyPsg?§UE§SFrﬁﬁ§dnGHB€? -of anmoni a
nmol ecul es) T fe 1 or, lLess 3 "carbonyl group” in
t he recovef%%mgaglnea 5 %ﬁ%ﬁﬁﬂ%ﬂ dF&E8E8? ?% W@é#boﬁ@? EoREGURE deri ved
fromthe c ]Q%% id h n h the urea bond.
Thus, a ca onylﬁﬁngp of céﬁﬁhﬁgé'ggﬁggeﬁ‘?r%%uceg ?ﬁe afovérdescri bed

inert gas ig-dWb,ddcl uded. [0337] In the present step, it is
preferable that the gas containing a solvent, a conpound having a carbonyl
group - 17@3zzderived froma carbonic acid derivative and/or a conpound

having a urea bond, and amoni a generated as a by-product fromthe reaction
be introduced i ohootHercendenserasandhthat«a:pastieh Offanientirersol vent
and t he conpound having the carbonyl group derived fromthe carbonic acid
derivative samd/rgra t fédec ompauricdrhaw pg etfeeabilga chandedeccondensad. I n this
operation, the solvent to be condensed is used at a stoichionetric ratio of
pref er abl y bpilingm godateart .baShearenceheasoube afopbed conpetnddhavi ng t he

carbonyl group _derived fromthe carbonic acid derivative to be condensed.
[0338] which comprises introducing inert gas into the reaction

distillation column and then accompanying ammonia
successively generated as a result of the reaction in a
gaseous state with the inert gas to separate the ammonia
from the reaction system. As such inert gas, nitrogen,
helium, argon, carbon dioxide, methane, ethane or propane
can be used singly or in combination.

[0331]

Ag adsorbents used in the method involving
adsorptive separation, adsorbents that can be used under
temperature conditions in which the present reaction is
carried out, such as silica, alumina, various types of
zeolltes, and diatomaceous earths, can be used. Thesge
methods of removing ammonia from the reaction system may
be applied, either singly or in combination of multiple
types of methods.

[0332]



In the present enbodi ment, the "conmpound having a carbonyl group derived
fromthe carbonic acid derivative and/or the conpound having the urea
bond," which is to be condensed with a condenser, is a conmpound having a
carbonyl group that is derived froma g¢agbonic acid derivative supplied via
the supply port B and/or a conmpound having a urea bond supplied via the
supply port A It includes a carbonic acid derivative itself used as a raw
mat erial (an unreacted product, and/or an excess obtai ned when excessively

used), the conpoBREIREIPHY the thed Hdiy i t¥eIlHEoORTHh G aed as a
result of the reactioE g% a h§dro§y C nﬁound used as a solvent with a
carboni ¢ aciF8"BEFPYaPitvEMCaPEGREE n8m§8 &Fatkd as a result of the reaction
of the hydroxy c ouyn i i : ond, and a
conpound generatggB al%9£ﬁi25%8§ §§£%ﬁ¥ngfgﬁﬁgpggggﬁfgﬁﬁgfptmo car boni c

acid deriva%k%ﬁ‘ng% two conpounds each having a urea bond. [0339]
Speci fi c exanpl es of 't he conpound havi ng the carbonyl group derived from

the carbonic aci dndepiyvabhVveuandder cbhigr LoD ouNgk havd N g-driveenks Biag bond
i nclude urea, isocyanic acid, biuret, 1socyanurate, a urea comnmpound such as

a urea pol ymfrtiadh Nfugsubstistuhedeaarhami e acpdoestre dhswhithtibe ester
group is derived froma hydroxy conpound, and a carbonic acid ester in

whi ch t he esicanmgr e nigs ther icvadehsem achpbicexy sorpodadsafe340] The
conpound havi ng the carbonyl group derived fromthe carbonic acid
derivative and/ or hiéroswpoamgdohndi hy fhetheeastppiiedntdetly@antified by
detecting a carbonyl group contained in the_conpound accordigg to a nethod

such as i nf dsdd ISpddorosiorewetiy, theaFUPRiYaPedtspedProBhotBRet ry, Raman

spectrophotonetry or ultraviolet spectrophotonetry. Alternatively, it can
al so be quartiHHed B3FSsfeci fical |y anal yzi ng the generated conpound

di t hod h. h h | Lauid. ch t h
NR Nany of hollocORPEARIE BAEN RAUTRG-a EarBoRS! “OVBubAct rocairrom

car boni ¢ ac%gl%ﬁﬁiéﬁhiv 6%@ G gkggogekhﬁﬁgu%%h%%ti@ﬂgeﬁh%%rbgﬁXctend to
be easily precrpit te&f%f 4%1 - -
acilid ester;
the gas discharged from the top of the distillation
column containg a compound having a carbonyl group
derived from the carbonic acid derivative and/or a
compound having a carbonyl group derived from the
compound having the urea bond, a hydroxy compound, and
ammonia; and
the condensate containg a compound having a carbonyl
group and a hydroxy compound.
[0333]
The method for producing the carbonyl compound of
the present embodiment is preferably a production method,
wherein the reaction distillation column comprises the

above described condenser when ammonia is generated as a

by-product from the reaction carried out in the



In the condensati on operation, the anmount of the solvent to be condensed is
preferably set to 1 : 1 or greater, at a stoichionetric ratio, based on the
anount of the conpound having the carbonyl group to be condensed, which is
derived fromthe carbonic acid deriy@pﬁﬁﬁ_and/or the conpound having the
urea bond, so that the m xture thereof can be converted to a honbgeneous
liquid mxture in the condenser. As a result, it becones easy to handl e the
m xture, and at the sane tinme, problens regardi ng adhesion, accunul ati on
and the |i ké&l®fikbitipn mraditentand ovhere icondenpeoduan ibe preshent ed. [ 0342]
Moreover, as described |ater, determ nation of the amount of the solvent as
descri bed abbvd§%s U SFectd v Fetliskbagsipoufadshaersg itnadcar bony!
group derived fromthe carbonic acid derivatjve and/ or the conpound havi ng

the urea bond™ MYy gretetsfGidd AEONP IGegd veds Tqatcpi Fedoabd¥e. The
t of the, nt tQo b d d i ef bl t to2: 1
Tonter O D e Qe Bl S0 Sl Bl o e Bl B 1 0
ratio, bas e AU 4 G camaund paviing Lhe cagbopyl oroup to be
f%ﬁ\|%€§g$ive ) ]%% ca%bon C '&

condensed, I rom acid déerivative and/ or the

conpound hayi dyg 1ha: i8rea DR ; Idhd)rad%rte%;gg%etcoh@%n%n%'f}ﬂg %foxltﬁ%nso' vent to

be condensed into the above described ra , base nmount of the
conpound havf nghd hea £ aroMdrHO U tthbe reordrnsednawhiseBp $15ingl76 -
derived fromthe carbonic acid derivative and/or the conpound having the
urea bond, thwe contenser tds dqutefier abloprdeiaianed cahtra ihemperatur e | ower than
the standard boiling point of the solvent by 90C or nore, at which the

hydr oxy conmpoundiids hsotirgolthd fdeethory0343oup derWerd dgasmcait=ai ni ng anmoni a
is recovered fromthe condenser, the conpound having the carbonyl group
derived fromticarastn degdiviitders vard/ v ithet lfempeciode het iggs the set to a
predeterm ned anount or_less. Specifically, the ratio between the nunber of
car bonyl gr¥ififs ot 20)4 thend e unber of ammonia nol ecul es in the
recovered gﬁ§:§ preferably 1 : 1 or less, nore preferably 0.5 : 1 or |ess,
further pre 5ra ly 0.1 : 1 or less, and particularly preferably 0.02 or

| ess. The reason WQ%

derived fromthe carggﬁﬁ@éggrgkgggﬁégngggﬁﬁggﬁégggL§§8£ggnggébggyLe?r?ﬁfo
s Buriet e BOSIZGE SRl ety f il A pE e e
condenser. g carbonic acid derivative, and ammonia generated as a

by-product from the reaction, which is generated as a

result of the reaction in the distillation column, will

be described below.

{0335]

In the method for producing the carbonyl compound of

the present embodiment, it is preferable that the gas

containing a solvent, a compound having a carbonyl group

derived from a carbonic acid derivative, and ammonia

generated as a by-product from the reaction, which is

discharged from the top of the distillation column, be

introduced into the condenser equipped in the

distillation column, and that a part of or an entire



[ 0344] Al'l of the solid ingredients adhering to and accunul ating in
the line for transferring amoni a cannot be identified. However, as a
result of studies conducted by the present inventors, it was found that
many of them are conpounds each havi ng;a;carbonyl group. As a method of
preventing such solid ingredients fromadhering to and - 177 -

accunmul ating in the aforenentioned line, there is a nethod of heating the

line for transferring amonia and decongoslng such compounds each having a
e h

car bonyl gr &Gpvers ehe &t BaresCEoRduited byt t NP PrRFeht I Tehtdr s,
d iti duyct .q. i id . . i h
oot od w t B X5RREY L BREHan e hEar PR Bl bokgT Dy bar s i ey EEaEete s g

group in nmany c As a

lt, | i £ I I I id. i i f
enul o MRS Ll RGO ehel By s solLobapgedients 11om

adhering to“and  accimula _ reover, 1t was hat, when
the line is 3.uply JNeahednscPuPOURHS; RaKLNENE CoRHORNL KiPLRgCoRLal ned in

the anmmonia or t econposition product3 thereof are quenched,

particul arl ysa @brihe (ouiheticof vtheshbRecher chropsieratbng dbeiagronea (at
the part that is allowed to come into contact with air or the like), and

they are themghyrsehiedichbgdunsonbhahgt hReatpuat sonll, sehddthagsedient s
adhering and accunul ating thereto are significantly increased in many
cases. [0343h amountheiprésespliveneéntonsahaed contdbet ednianeatevésst udi es
regardi ng the aforenentioned problem As a result, the inventors have
unexpect edl yriedgrabillyar tt e sprdbhépmesgardirngiadhéslion andragtambenti on of
solid ingredients can be solved by setting the anmount of the conpound

havi ng t he dassehyn Fheuprgenitved thencERecEafbbavéndcFBederrPar¥ve in the

recovered gas to th for ntion rm. ] r | . Th -
178 - ggroup dé%f%é%.%q%m}t ee%ag%%%%%eaghgege%gggggvg ang§gr €

the compound having the urea bond contained in the
condensate. Moreover, when the gas containing ammonia is
recovered from a condenser, the ratio between the number
of carbonyl groups (-C{=0)-} and the number of ammonia
molecules contained in the recovered gas (the number of
carbonyl groups / the number of ammonia moleculesg) is
preferably 1 : 1 or less.

[033¢6]

The "carbonyl group" in the recovered gas means a
carbonyl group of the carbonyl compound derived from the
carbonic acid derivative and/or the compound having the
urea bond. Thus, a carbonyl group of carbon dioxide
introduced as the above described inert gas is not
included.

[0337]
In the present step, it is preferable that the gas

containing a solvent, a compound having a carbonyl group



mechani sm for providing such an effect has not yet been clarified. The
present inventors have assuned that adhesi on and accunul ati on of solid
ingredients to the line is caused by the conpound havi ng the carbonyl group
itself, derived fromthe carbonic acid derivative, or the deconposition
and/ or polynerization products of tﬁe3€@nﬁound havi ng the carbonyl group
derived fromthe carbonic acid derivative. Thus, the inventors have
considered that the | evel of adhesion of the conpound having the carbonyl
group itseldsriderd Vewrf rromatrerndar bariidc daciitadérevanidyer ar coh@ougdct i on
rate of deconposition and/or polynerization of the conpound, is
S|gnlflcanth@“@ébﬁ%&é%ﬁi6¥Ngbtwm@gBFW@D@@ngénﬁmatednaefathy pacboryl group
to a predeterm ned concentration or |ess. 0346% In order to quantify
the conpound Wity G darbdsy 11 rgragnces: iinée thenrerécearBonpadaci d
derivative and/or the compound having the urea bond in anmonia, various

types of kn r‘?etﬁ?d%fs r?rb@naﬁﬂtllé@ SI@&F’eé‘%aﬁ‘BfiethﬁeFﬁ@HE’U@@ch as gas

h t d h hy., t hot t
o oty ool afing e G @%o B b5 o Fea [Bs4aRED %‘i%ésrggﬁf?cz{'?yfy
t he ammoni g;4,haf ef%ér%ﬁdxagégﬂgj %%n%a%agg % Eggth¥ean£ uced into a

gas chronatogra en measure exanpPe<(that is, the

line - 17%c5ndfé?{setd an%e&haago@a@ea@nwh@esgw@ﬁ&Iyoq%nect ed with a gas
chromat ogr aphy, followed by nmeasurenent, or anmonia gas captured in a bag

or vessel fandapdd iiRg GRS a3UGh s%%l%h[%ﬁleﬁﬁ:ll@agat%yo@ep!r@-]f%‘ﬂa%qY' nto a
gas chromat ography using gas-tight syringe or the |ike, fol

measur enentl) .: Foron ngteanee; Hamdcmctmdahaaa\anmgotfheh@abb@py)hngroulo deri ved
fromthe carbonic acid derivative contained in amonia in the recovered gas
may be absdybEdd ritte wetdionyadn goganide rselededt-omantiet harbbke s andd

thereafter, the anpunt of the conpound may be neasured by a nethod such as

gas chronaﬂ%ﬁﬁ&@ﬁ%valﬁﬁuhﬁ(ﬂﬂﬂﬂﬁﬂﬁ%ﬁaphy, NVR, near-infrared

spectrophotonetry, or ultraviolet spectrophotonetry. O these nethods,
there is pr 3%¥Hbly applied a nethod, which conprises directly introducing

the recovered g into a as chr omat ogr aphy. equi ed W th a mass
spectronet er, g FBFyPﬁS Ere Eﬂﬁgg gnﬁavgﬁﬁ ?ﬁg E%P%@n??vb?ﬁu% and then

bt t f.t b d d f
he.car B%n.%eféaioﬁ%‘i st SR d o SR etRE Ragi Ay e%%%&%gﬁ%'oxs in
t he recovernggﬁs rrRased Eggn‘h aEQB RO #%5 af the % ﬂtl%f Fsconpound

havi ng t he carbonyl grou nber the cafbon groups 348]
A part of QiorRibreld 58 tf A %r@@%%rde%ﬂ b%@mggﬂﬂanﬁmng% be circul ated
r

inside the reaction distillation colum as | ux solution for operating
the reacti emrticstill lalch@n teeltUny. R:S&ed tErFRY ab@arbonic acid

derivative supplied via the supply port B and/or a

compound having a urea bond supplied via the supply port

A. It includes a carbonic acid derivative itself used as

a raw material (an unreacted product, and/or an excess

obtained when excessively used), the compound having the

urea bond itself, a compound generated as a result of the

reaction of a hydroxy compound used as a solvent with a

carbonic acid derivative, a compound generated as a

regult of the reaction of the hydroxy compound with the

compound having the urea bond, and a compound generated



- 180 - supplied, for exanple, as a m xed solution containing a carbonic
acid derivative via the supply port B, and nay be recycled as a raw

mat erial for producing the carbonyl conpound of the present enbodi nent.

Gt herwi se, a part of O an entire of t above descri bed condensate may be
recycled as a raw material for producing the conpound having the urea bond.
Further, a part of or an entire of the above descri bed condensate nay al so
be recycled as a raw material ingredient for producing a conpound having a
urei do groupsrepresehtedfbyheheediot iow g For maregde aridN NH2 (4) [0349]
When an N-unsubstituted carbam c acid ester and/or urea are used as a

car boni ¢ acPETdERAEFHEFVET sFWOaREMECARH oRSTD CORPIR P I W SH JRREd, for
exanpl e, according to the reactions of the above fornmula (52) and fornul a
(57), there [P838)case in which ammonia is generated and the ammnia is

contained in the_condensate. ln suc case, a s of renovi ng the amoni a
may be provi ded, S%%‘E)Jafja? e?@?mﬁf#és a#t;u%fe O?OIQ%Oeunaém;lﬁgarﬁlél grr%]/[1 “be t her eby

e0uce (2 BdERLLE oRRIESLLEL LN BRCLL e abaye desera e LepyEly 1o oy
producing thesoarbeRy! cAERAHAINAG hherREeseRt sobQdinentad uitber - 181 -
isocyanic acid, biuret, isocyanurate, & urea compound
such as a urea polymer, an N-unsubstituted carbamic acid
ester in which the ester group is derived from a hydroxy
compound, and a carbonic acid ester in which the ester
group is derived from a hydroxy compound.
[0340]

The compound having the carbonyl group derived from
the carbonic acid derivative and/or the compound having
the urea bond can be gquantified by detecting a carbonyl
group contained in the compound according to a method
such as infrared spectrophotometry, near-infrared
spectrophotometry, Raman spectrophotometry or ultraviolet
spectrophotometry. Alternatively, it can also be
quantified by specifically analyzing the generated
compound according to a method such as gas chromatography,
liguid chromatography or NMR. Many of these compounds
each having a carbonyl group derived from carbonic acid
derivatives have a high melting point, and thus they tend
to be eagily precipitated.

[0341]



conprise a step of allow ng ammoni a contained in gas di scharged fromthe
top of the distillation colum to react with carbon di oxi de to produce
urea, and that the thus produced urea be recycled. [0351] cc Production of
N-substituted carbam c acid ester by_tq% met hod of the present enbodi ment "
In the nmethod for producing the carbo&yl conpound of the present

enbodi nent, the obtained carbonyl conpound preferably contains an
N-substituted carbamc acid ester. Hereinafter, production of an
N-substitut ed cdibaiicc cagidgnestaepnbypehatiethothef amprenprefenheenbodi ment
wi |l be descrjbed in detail._ [0352] As descri bed above, the conpound
suppl i ed viPYHESUHIRE gsndeasssy e raafirgabd vnisgtule éont ai ®tng a
conpound having a urea bond,. or, a m xture containing a raw material for

pr oduci ng t$ﬁ§%§ﬁﬁ&mﬁﬁjQ1 iHy HESeS Behd O A92GESC PPb&BSaBBPENta conpound
havi ng a ur 0 tain by. the.reaction qf an organic primary am ne
with a car b&(;%i%g%og%&&chgﬁ%engcgﬁlebgaﬁ?gﬁy s 93 “E8) 8u:1?8 RaviPRg=&%ur ea
bond in the,nEtuhod, for. Rreducing Lhe Larhonyl a%qmgn}qvgfc&bggya%;%%m

enbodi ment. In addition, the conpouné%haV|ng the ureabon SO be a

conpound obisai neskyiRge e hian Wosubshil uked cacbanLcyagid ester, when

an organic primary amne is reacted wwth a carbonic aci erivative to

produce t heciNrsadstddrutied convk8Z ed Gy Bamomoaend cest ek quAecarditngky, the
met hod for producing the carbonyl conpound (which is herein an

N- subst it utied tder bamideraexd eskes) rekutbe presestmesbediyend sandbe a
met hod for producing an N-substituted carbam c acid ester at a high yield
by usi ng t Heércorpount: havrichgtt hdeurseaebdriciegbtoaivhédmsogetherdinigt h t he
N-substituted carbam c acid ester as a conpound having a urea bond used in
t he productd3BiesisthodsiutiHatdarbemd thenpéined ofwisodhdi dneedinnas
N-substituted carbam c acid ester). Mreover, both the production of an N

to the condenser can be prevented.

[0342]

Moreover, as described later, determination of the

amount of the solvent as described above is also

effective to set the compound having the carbonyl group

derived from the carbonic acid derivative and/or the

compound having the urea bond to a predetermined amount

or less, as desgscribed above. The amount of the zolvent

to be condensed is more preferably set to 2 : 1 or

greater, and further preferably 3 : 1 or greater, at a

stoichiometric ratio, bagsed on the amount of the compound

having the carbonyl group to be condensed, which is

derived from the carbonic acid derivative and/or the

compound having the urea bond. In order to set the

amount of the solvent to be condensed into the above

described range, based on the amount of the compound

having the carbonyl group to be condensed, which is



substituted carbam c acid ester and a conpound having a urea bond by the
reaction of an organic primary amne with a carbonic acid derivative, and
t he production of the carbonyl conpound (which is herein an N-substituted
carbam c acid ester) of the present enpggdi ment using the aforenentioned
conpound having a urea bond, can be carried out in a single reaction
vessel. Hereinafter, the method will be described. It is to be noted that

the sane applies to a case in which the, carbonyl conpou rqduced by the
producti on RABEREECOF X PRetBF eSRAPORND YT HE M e?%&éﬁﬁ$@sﬁﬂéx%%)ch% carbami ¢

id chloride. [0353 . irst distillati I i f bl d
25 a roacti GmeInE MRSt HECaT TR TERT ort Rol IR GUrBr IS ng & suppl Y port
A, a supply gg%grgbggdagtg%ﬁggaggeapgéhgéigférgef épqgﬁhp he above

section ¢ RE

ron”i I'S atron co , can be used. e supply port
A, supply part - =_an . schar p r describgd in the
above sectigr%agg ggc gg%lPﬁ g?géﬁlggtgﬁ% %%#ﬂ%%éﬁﬁyﬁ%ggﬁ?&- Ra%ﬁhaterial

i ngredi ent s}, chetBuPRYHedxY oRBEHnaUREl NoPOss1 equi pped in the reaction
distillation colum are also as described in the above section < Reaction

in distillatjiggazgol um >. [0355] < Carbonyl conpound > The nmet hod for
produci ng the carbonyl conpound of the present enbodi nent conprises a step
(X) of reacting Whencoapocmothavimg dtreonureal honehoepreasdmad Bye t he above
formula (1) with a carbonic acid derivative having a carbonyl group
(-C(=0)-) undedehssti.nghat cempenpdr hauivJefhal cavbeny hi gHewpt Aah-YHe
thermal dissociation tenperature of the urea bond to obtain the carbonyl
conpound. M§reBvéhe chebenss exydi §epiEpbiysl yichPRi BACOURTRFA FhRe 18

coexi stence of a hydroxy co und. .
set to % pré%etegggne akgggg]or less. Specifically, the

ratioc between the number of carbonyl groups (-C{=0)-) and
the number of ammonia molecules in the recovered gas is
preferably 1 : 1 or less, more preferably 0.5 : 1 or less,
further preferably 0.1 : 1 or less, and particularly
preferably 0.02 or less. The reason why the amount ot
the compound having the carbonyl group derived from the
carbonic acid derivative in the recovered gas 1s set into
a predetermined range is in order to prevent solid
ingredients from adhering to and accumulating in a line
for transferring the ammonia in the condenser.

{0344]

All of the solid ingredients adhering to and
accumulating in the line for transferring ammonia cannot
be identified. However, as a result of studies conducted
by the present inventors, it was found that many of them
are compounds each having a carbonyl group. As a method

of preventing such solid ingredients from adhering to and



The carbonyl conpound produced by the nmethod for producing the carbonyl
conpound of the present enbodi nent is, for exanple, a conpound containing a
group represented by a forrmula (1-1) as shown below. In addition, when the
step (X) is carried out in the coexistence of a hydroxy conpound, a
conpound havi ng a group represented'bfjg formula (1-2) as shown below is

al so obtained, for exanple: - 184 - 0 -N X (1 - 1) wherein X represents a
group attached to the carbon atom of the carbonyl group (-C(=0)-) of the
car boni ¢ acddbweriatmina/ein G af{dleeX}ent ioned line, there is a

method of heating the line for transferring ammonia and
decomposing such compounds each having a carbonyl group.
In the studies conducted by the present inventors,
decomposition products (e.g. isocyanic¢ acid) have been
polymerized or have reacted with other compounds having a
carbonyl group in many caseg. As a result, it has been
difficult to completely prevent solid ingredients from
adhering to and accumulating in the line. Moreover, it
was found that, when the line is simply heated, compounds
having a carbonyl group contained in the ammonia or the
decomposition products thereof are quenched, particularly,
at the outlet of the line for transferring the ammonia
(at the part that is allowed to come into contact with
air or the like), and they are thereby sclidified, so
that the amounts of sclid ingredientg adhering and
accumulating thereto are significantly increased in many
cases.

[0345]

The present inventors have conducted intensive
studies regarding the aforementioned problem. Ag a
result, the inventors have unexpectedly found that the
problem regarding adhesion and accumulation of solid
ingredients can be solved by setting the amount of the
compound having the carbonyl group derived from the
carbonic acid derivative in the recovered gas to the

aforementioned predetermined amount or lesgs. The



wherein X represents a residue obtained by renoving the hydrogen atom of a
hydr oxy group (-OH) fromthe hydroxy conpound. [0357] The above
formula (1-1) depends on the carbonic acid derivative used. Specifically,

it is the group of the first itemon_the,right-hand side of the above
formula (52), the group on the right-hand side of the formula (53), the
group of the first itemon the right-hand side of the above formula (55),
the group on the right-hand side of the fornmula (58), the group of the
first item sechheismghiprhanaviidegopucheanbofEetbris 19BWSt theeyroup on
the right-hand side of the formula (61), or the group on the right-hand
side of theClaEAbrgade2The |RregRit i BV e RF HritolF P TIES 5™ i tem on the

ri ght-hand side of the above f | 6), . the, on_the rjight-hand sid
of *the T or mFSEEPP. S0 CROTYLOBHoBT O nBOH Pt HTER N HECr H Rt - hand oI de

o o 0 TH, 240 PP sPSTRGA B witRE, al SO sk e

hydroxyl compaund, 1eR:&RaNEeAnPYNnENE.L-BLLOW 08: 50RO, Gaf B32: OrOtne
decomposition and/or polymerization products of the
compound having the carbonyl group derived from the
carbonic acid derivative. Thus, the inventors have
considered that the level of adhesion of the compound
having the carbonyl group itself, derived frowm the
carpbonic acid derivative, or the reaction rate of
decomposition and/or polymerization of the compound, is
significantly decreased by setting the concentration of
the carbonyl group to a predetermined concentration or
less.
[03456]

In order to quantify the compound having the
carbonyl group derived from the carbonic acid derivative
and/or the compound having the urea bond in ammonia,
various types of known methods can be applied. For
example, methods such as gas chromatography, liquid
chromatography, NMR, near-infrared spectrophotometry or
ultraviolet spectrophotometry can be applied.

[0347]

Specifically, the ammonia that is in the form of gas

may be directly introduced into a gas chromatography, and

it may be then measured, for example (that is, the line



NNH2 + ROH NOR + NH3 (63) [ 0358] Mor eover, when a phosgene is
used as a carbonic acid derivative in the nmethod for producing the carbonyl
conmpound of the present enbodi nent, the obtained carbonyl conpound includes
a conpound havi ng a group represente_dl Y, the following formula (3): O

for transferring ammonia may be directly connected with a
gas chromatography, followed by measurement, or ammonia
gag captured in a bag or vessel for capturing gas, such
as a Tedlar bag, may be injected into a gas
chromatography using gas-tight syringe or the like,
followed by measurement). For instance, the compound
having the carbonyl group derived from the carbonic acid
derivative contained in awmmonia in the recovered gas may
be absorbed into water, an organic solvent, and the like,
and thereafter, the amount of the compound may be
measured by a method such as gas chromatography, liguid
chromatography, NMR, near-infrared spectrophotometry, or
ultraviolet spectrophotometry. Of these methods, there
is preferably applied a method, which comprises directly
introducing the recovered gas into a gas chromatography
equipped with a mass spectrometer, identifying the
compound having the carbonyl group, and then obtaining
the amount of the compound having the carbonyl group
derived from the carbonic acid derivatrive and/or the
compound having the urea bond in the recovered gas, based
on the total product of the amount of the compound having
the carbonyl group and the number of the carbonyl groups.
[0348]

A part of or an entire of the above described
ceondensate may be circulated inside the reaction
distillation column as a reflux solution for operating

the reaction distillation column. Alsco, it may be



-NCl (3) [0359] The carbonyl conpound produced by the nmethod for
produci ng the carbonyl conpound of the present enbodi nent is preferably an
N-substituted carbam c acid ester or an N-substituted carbam c acid
chloride. [0360] N-substituted carbam ggacid ester > When t he hydroxy
conpound is alcohol in the nethod for producing the carbonyl conpound of
the present enbodi nent, the obtained carbonyl conpound contains an
N-substituted carbam c acid-O al kyl ester represented b a formula (7) as
shown bel owsurpligg. - fpp3gspmple, @5e@um%%%@|§/olm<?ﬁa Sy I o i mary

am ne represented.b f bel d.al cohol i
Hoed as  hyarBeiEaRgstnder hRe ke ke nTif | Dh B CR DaR e Bt o Bag apey O S

repr esent ed by 5;33?85'0' oL R4 00 LorMula 60} ESyOPFaAREthPYehL e RERGNST ! ON

net hod of t

compound of the present embodiment. Otherwise, a part of
or an entire of the above described condensate may be
recycled as a raw material for producing the compound
having the urea bond. Further, a part of or an entire of
the above described condensate may alsoc be recycled as a
raw material ingredient for producing a compound having a

ureido group represented by the following formula (4):

0O

PN

—N NH,
H (4)

[0349]

When an N-unsubstituted carbamic acid ester and/or
urea are used as a carbonic acid derivative(g), and a
carbonyl compound is produced, for example, according to
the reactions of the above formula (52) and formula (57),
there is a case in which ammonia is generated and the
ammonia is contained in the condengate. In such a case,
a step of removing the ammonia may be provided,
separately, the amount of the ammonia may be thereby
reduced to a desired concentration, and the above
described recycling may be then carried out.

[035¢]
It is preferable that the method for producing the

carbonyl compound of the present embodiment further



R3-4NH2) a(5) 0 R NI-C-0-124 C(7) wherein R3 represents an organic
group containing 1 to 85 carbon atons, R4 represents a group derived
from al cohol, which is a residue obtained by renoving one hydroxy group
fromthe al cohol, a represents an in&ﬁ% r froml to 10, and C

represents an integer fromi1 to 10 (° ein ¢c = a). [0362] It isto

be noted that the N-substituted carbam c acid ester having an ester group
derived from al cohol, as shown in the above fornula (7), may be referred to
as an N-substiptited atramal adilewdral lkyimoadtecoat atlhrds 1n[ @863]

discharged from the top of the distillation column to
react with carbon dioxide to produce urea, and that the
thus produced urea be recycled.

[C351]

<< Production of N-substituted carbamic acid ester by the
method of the present embodiment >>

In the method for producing the carbonyl compound of
the present embodiment, the obtained carbonyl compound
preferably contains an N-substituted carbamic acid ester.
Hereinafter, production of an N-substituted carbamic acid
ester by the method of the present embodiment will be
described in detail.

[0352]

As described above, the compound supplied via the
supply port A may be either a mixture containing a
compound having a urea bond, or a mixture containing a
raw material for producing the compound having the urea
bond. As described above, a compound having a urea bond
obtained by the reaction of an organic primary amine with
a carbonic acid derivative can be used as a compound
having a urea bond in the method for producing the
carbonyl compound of the present embodiment. In addition,
the compound having the urea bond may also be a compound
obtained together with an N-substituted carbamic acid
ester, when an organic primary amine is reacted with a

carbonic acid derivative to produce the N-substituted



- 187 - Speci fic exanples of such an N-substituted carbamc

acid-Oal kyl ester will be given below. [0364] (1) N-aromatic organic
nonocar bam ¢ acid ester An exanpl e of the N-substituted carbam c

aci d-0- alkyl ester is an N-aromatic_of{ganic nonocarbam c acid ester
wherein, in the above formula (7), R3 represents a group containing 6 to 85
carbon atons which contains an aromatic ring "substituted with one or nore
carbam c acid ester groups,” and ¢ is 1. The nunber of carbon atons in the

FBkIS prefeﬁéﬁpﬁméctfc?é eHRATt RPN dondifeMeiiG 1% wabi | ity and t he
I ke t to.,13. f d | f th
N-aromlat i csﬁ’g%éﬁ cl%gn SaP%ﬁﬁ?Eg}%{cFamég?ﬁél i%h%i(ﬁhl\ﬁgt}'gs]fe%{ 5taé1gX@glr)b:moc the
acid_mono(- Q; alkyk., @8heL) HER1ESENL§d BVt OLhOW AG Lot mul & (64): (6 4)

wher ei n

embodiment can be a method for producing an N-substituted
carbamic acid ester at a high yield by using the compound
having the urea bond obtained together with the N-
substituted carbamic acid ester as a compound having a
urea bond used in the production method of the carbonyl
compound (which is herein an N-substituted carbamic acid
ester). Moreover, both the production of an N-
substituted carbamic acid ester and a compound having a
urea bond by the reaction of an organic primary amine
with a carbonic acid derivative, and the production of
the carbenyl compound (which is herein an N-substituted
carbamic acid ester) of the pregent embodiment using the
aforementioned compound having a urea bond, can be
carried out in a single reaction vessel. Hereinafter,
the method will be described. It is to be noted that the
game applies to a case in which the carbonyl compound
produced by the production method of the present
embodiment ig an N-substituted carbamic acid chloride.
[0353]

First, a distillation column is preferably used as a
reaction vessel, and the distillation column comprising a
supply port A, a supply port B and a discharge port C, as
described in the above section < Reaction in distillaticn

column >, can be used. The supply port A, supply port B



R23, R28, R29 and R30 each represent a group defined in the above formula
(48). [0366] A preferred exanple of such an N-substituted carbamc acid
nono( - 0-al kyl ester) represented by the - 188 - formula (64) is an
N-substituted carbam c acid nono(-0-_ %I%yld ester) wherein R27 to R' each
I ndependently represent a hydrogen at or a group selected from al kyl
groups. Exanples of the al kyl group include a nethyl group and an et hyl
group. [0367) (2) N-aromatic organic polycarbanm c acid ester

and discharge port C are also as described in the above

section < Reaction in distillation column ».

[0354]

Raw material ingredients to be supplied via each
supply port egquipped in the reaction distillation column
are also as described in the above section <« Reaction in
distillation column .

{0355]
< Carbonyl compound >

The method for producing the carbonyl compound of
the present embodiment comprises a step (X) of reacting
the compcund having the urea bond represented by the
above formula (1) with a carbonic acid derivative having
a carbonyl group (-C(=0)-) under heating at a temperature
equal to or higher than the thermal dissociation
temperature of the urea bond to obtain the carbonyl
compound. Moreover, the step (X) is preferably carried
out in the coexistence of a hydroxy compound.

[0356]

The carbonyl compound produced by the method for
producing the carbonyl compound of the present embodiment
is, for example, a compound containing a group
represented by a formula (i-1) as shown below. In
addition, when the step (X) ig carried out in the
coexistence of a hydroxy compound, a compound having a

group represented by a formula (1-2) as shown below is

also obtained, for example:



An exanpl e of the N-substituted carbam c acid-0- alkyl ester is an
N-aromati ¢ organi c pol ycarbam c acid-0- al kyl ester wherein, in the formula
(7), R 2 represents a group containing 6 to 85 carbon atons which contains
an aromatic ring "substituted with ogelg% nmore carbam c acid ester groups,"”
and c is 2 or greater. The nunber of carbon atons in the R3 is preferably 6
to 70, and taking into consideration flowability and the like, it is nore
preferably 6 to 13. The aromatic ring nay be further substituted with an

al kyl group, an aryl group, or an aral kyl group. [0368] I n addition,
an exanpl e of the ubstituted pol ycarbam c acid-O al kyl ester is a

pol ynet hyl enepol yp | pol ycarbam c aci d-O al kyl ester represented by the
fol | owi ng fornotraN'(65) X 0(6 5) - 189 - wherein R4 represents a
group defined i nHhe above fofhuila (7), and

wherein X represents a group attached to the carbon atom

of the carbonyl group (-C(=0)-) of the carbonic acid
derivative;
/ji\
—N X'
H (1—2)

wherein X' represents a residue obtained by removing the
hydrogen atom of a hydroxy group (-0H) from the hydroxy
compound.

[0357]

The above formula (1-1) depends on the carbonic acid
derivative used. Specifically, it is the group of the
first item on the right-hand side of the above formula
(52), the group on the right-hand side of the formula
{(53), the group of the first item on the right-hand side
of the above formula (55), the group on the right-hand
side of the formula (58), the group of the first item on
the right-hand side of the above formula (6C}, the group
on the right-hand side of the formula (61), or the group
on the right-hand side of the formula (62). In addition,
the group of the first item on the right-hand side of the
above formula {56), the group on the right-hand side of
the formula (57), and the group of the first item on the

right-hand side of the above formula (59) may generate an



S represents O or a positive integer. [0369) (3) N-aliphatic organic

pol ycarbam ¢ aci d- O al kyl ester An exanpl e of the N-substituted
carbam c acid-0- alkyl ester is an N-aliphatic organic polycarbamc

aci dO-al kyl ester wherein, in the fornmula (7), 123 represents an aliphatic
group containing 1 to 85 carbon atorfs i&td c is 2 or 3. A nore preferred
N-substituted carbam c aci dO-al kyl ester is an N-substituted carbamc

aci d-O al kyl ester wherein the aliphatic group is a |linear hydrocarbon
group, a c)iétswodtyidrnooat bengmoup acdid & sgreaugrdoapMaisch aksli@astorone group
selected fromthe |Iinear hydrocarbon group and the cyclic hydrocarbon group
bi nds (e. g.the A gt My dritssardfonvigrto iiies wostditsgtied Wytloaylli near

hydr ocarbon, a |inear hydrocarbon group substituted with a cyclic

hydr ocar borFYHsiEId etkeDreSHE atukyerchef fedrlipotingt dwsmivdat KE3R3 is nore
preferably 1 to 70, and taking into consideration flowability necessary for
i ndustrial mass oduction and the like, it ©s further preferably 6 to 13.
[ 0370] A spegific exanple of the N-alippatic organic pol ycarbam c

aci d- O al kyL__esf€r ~Npgyan Lj phati c_organj cargagm c aci d- O al kyl
ester wherein rerﬁi—l e#l{\gég‘ - 190 - stqr@ﬁi ght %hgilﬁ %nd/(ﬁr3)br anched chain
al kyl group, cycloal kyl group, or group constituted with the "al kyl group
and the cycfpoaldqyl group. [0371] The specific structure of the
N-substituted carbam c acid-O al kyl ester is determ ned depending on the
type of the orgamirecRekTREYeaMNghaBdeakCcoRolseqNski & Utk PP RYdr 9Xygcompound
used. Thus, it is inpossible to exenplify all of the specific structures.
Exanpl es ofdesticfataapeai file stgrieidirerd pelodde iNgNthhexareshyhdi (carbami c
acid nethyl ester), N, N -hexanediyldi(carbam c acid ethyl ester),

N, N' - hexanedingadir(t arfbaniec racistrpr egppdoddsteert),, tNeNobheaxarddicghtichear bani c
acid butyl ester), N N -hexanediyldi (carbam c acid pentyl ester),

N, N' - hexanetinpcain drisdvide saci ¢ampopindesearing N, Nrohpx aepdiepkditedar bam ¢
acid heptyl ester), N, N -hexanedi yl di gcar bam c acid octyl ester),

N, N - hexanddi yihd (QIRHing demandanyi3)est er), N, Ni- hexanedi yl di (car bani c
aci d decyl ester), N, N -hexanediyldi (carbam c acid dodecyl ester) ,

N, N - hexanedi yl di (*¢ar bam ¢ aci d octadecyl ester), NN -

met hyl enedi phenyl efje-di (carbam ¢ acid nethyl ester),

N, N - met hyl enedj phe }A:Ene- di (carbam c acid ethyl ester),

N, N - net hyl eﬁ&lgphen ne- gi (Jcar banm ¢ acid propyl ester),

N, N' - met hyl enedi phenyl ene- i3(car bam c acid butyl ester),

N, N' - met hyl eniedijphenyl ene-di (carbami ¢ acid pentyl ester),

The carbonyl compound produced by the method for
producing the carbonyl compound of the present embodiment
is preferably an N-substituted carbamic acid ester or an
N-substituted carbamic acid chloride.

[036C]
< N-substituted carbamic acid ester >

When the hydroxy compound is alcohol in the method
for producing the carbonyl compound of the present
embodiment, the obtained carbonyl compound contains an N-
substituted carbamic acid-0-alkyl ester represented by a

formula (7)) as shown below.



91 - N, N -nethyl enedi phenyl ene-di (carbam c acid hexyl ester),
' - met hyl enedi phenyl ene-di (carbam ¢ acid heptyl ester),
' - met hyl enedi phenyl ene-di (carbam ¢ acid octyl ester),
' - met hyl enedi phenyl ene-di (carbam ¢ id nonyl ester),
- me
' - me

t hyl enedi phenyl ene-di (carbam c acid decyl ester),

t hyl enedi phenyl ene-di (carbam ¢ aci d dodecyl ester),

, N - net hyl enedi phenyl ene-di (carbam ¢ aci d octadecyl ester),

- (et hoxycaPBéhyl am no-net hyl ) -3, 5,5- trinethyl cycl ohexyl carbanmic acid
met hyl ester, 3- (ethoxycarbonylanino-netok?-SMS,S-trinethylcyclohexyl
carbanmic acid et%@@c%%%%ﬁ%ly, when an orgariid primary amine

3- (propyl oxycar bonyl am ponet hyl )-3, 5, 5-tri nmet hyl cyc] ohexyl carbam c acid
propyl este ?pﬁgﬁﬁéFﬁaggyc%rgéﬁ§Fiﬁiﬁgln%?ﬂ§?3¥%?%éégwt%%ﬁ%%%él%@%Iohexyl
carbam c acid butyl .ester, 3- -
(pentyloxyc3g58ﬁ§¥aﬁﬁn8§ﬁ%tﬁﬁl?-%?g?g¥¥r?%%?%@?%yc?%ﬁgii$b%%} %%?% aci d
pentyl ester - (hex y n ! Vi) - , BT d y |, phexyl
carbami ¢ acFérﬁ8§$? éé?ér??égghggﬁg%ggggégb% ?%%1%%%%%?ﬁ§$)%§?@?g?
trimethyl cyghohexybeakhani syachd pepbybt eshehetBod of the present
(octyloxycarbonylanlno-nethyV)-3,5,5-tr|nethylcyclohexyl carbam c acid
octyl ester emdoGreBYkoxycarbonyl am nonet hyl ) - 3,5, 5-tri net hyl cycl ohexyl

carbam c acid nonyl ester, 3-(decyl oxycarbonyl am no-nethyl)-3,5, 5-
trimethylcyclo exy> carbam c acid decyl ester, 3-

1
N, N
N, N
N, N
N, N
N, N
N, N

(dodecyloxycﬁ? gl Jami no- et hyl ) -3, 5,5- trinethyl cycl ohexyl carbamic acid
dodecyl ester, 3- (cxtadecyl oxysarbonyl am no-nethyl)-3,5,5- - 192 -
trimet hyl cycl ohexyl carbam c acid octadecyl ester, toluene-di(carbamc acid
met hyl ester), poluenedi (carbam c acid ethyl ester), toluene-di(carbamc
aci d propyl estgfﬁ% t ol uene-di (carbam c acid butyl ester),
t ol uene-di (car*ham@-aeRl pentyl ester), toluenedi (carbam c acid hexyl
ester), toluenetdi (carbanig aq%q heptyl ester), toluene-di(carbamc acid
octyl ester), toluene-di(carbam’c acid nonyl ester), toluenedi (carbamc
aci d decyl %ﬁg%rim’toluene-di(carbanic aci d dodecyl ester),
tquene-di(cananlc aci d octadecyl ester),
N, N - net hyl enedi gyc = - j | oheralmiNGN 1- et led enedi cycl o
hexyI-N,N'-nethyﬁeﬁ%%?%%%%%%%i%ﬁE%%*?%ﬁgt ;ﬁgﬁedicyclohéibl
N, N - net hyl engdicgycl-ehexyl N, N -net hyl enedi cycl ohexyl
N, N - met hyl enedi cycl ohexyl N, N - et hyl enedi cycl ohexyl
N, N - met hyl enedi gy ctopexydéni: N; - giedly | @neti ey of obexal corael d wietdtylisester),
acid ethyl ester), acid propyl ester), acid butyl ester), acid pentyl
ester), acic hagjildestadrtimd dyhepmdviest ene, hydirdxycuybupsitter taei d
nonyl| ester)j'a%i%_decyl ester), acid dodecyl

a.Lconol,

a repregents an integer from 1 to 10, and
¢ represents an integer from 1 to 10 (wherein c = a).
[0362]

It is to be noted that the N-substituted carbamic
acid ester having an ester group derived from alcchol, as
shown in the above formula (7), may be referred to as an
N-substituted carbamic acid-0-alkyl ester at times.

(0363]



ester), N, N -nethyl enedi cycl ohexyl -di (carbam c acid octadecyl ester),

N- phenyl carbam c acid nethyl ester, Nphenyl carbam c acid ethyl ester,

N- phenyl carbam c acid propyl ester, N-phenyl carbam c acid butyl ester,
Nphenyl carbamic acid pentyl ester, N-phenyl carbamic acid - 193 - phenyl

carbam c acid octyl ester, N phenyl c am c acid nonyl ester, N-phenyl
carbam c acid decyl ester, N-phenyl carbam c acid dodecyl ester, N phenyl
carbam c acid octadecyl ester, N-dinethyl phenyl carbam c acid netyl ester,
N- di net hyl phenylSrearifani exaopdest fl seshean Ndenkshytphedytacaebani ¢ acid
propyl ester, Ndinethylphenyl carbam c acid butyl ester, Ndinethyl phenyl
carbam ¢ acdet penmdhkestaste N inet i sHew bedeani ¢ aci d hexyl ester,
hhinethylphﬁ? carbam c acid heptyl ester, Ndinethyl phenyl carbam c acid
octyl ester; }nethylphenyl carbam c acid nonyl ester, Ndinethyl phenyl

car bam c acj cyl ester, Ndinmethylphenyl carbanm.c acid dodecyl ester, and
hhinethylphgﬁngéé? '%92%53f9iﬁnﬁé axé?F%F.aFG§7§F%er On the ot her
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t he production netho t he préesen € carbonyl “conpound

cont al s g&lh%ﬁu Rafddiutied aggﬁ\*}%@i_o@&?qi(cg)o%% o GRLEEERLER By JNg fol l ow ng

ester wherein, in the above formula (7), R® represents a
group containing 6 to 85 carbon atoms which contains an
aromatic ring "substituted with one or more carbamic acid
ester groups," and ¢ is 1. The number of carbon atoms in
the R’ is preferably 6 to 70, and taking into
consideration flowability and the like, it is more
preferably 6 to 13.
[03&5]

A preferred example of the N-aromatic organic
monocarbamic acid ester is an N-substituted carbamic acid

mono (-O-alkyl ester) represented by the following formula

(64} :

R4-o\ﬁ/n ( \ )

O R27'R28,R29,R30] (6 4)

wherein

R*, R**, R* and R’® each represent a group defined in
the above formula (48).
[0366]

A preferred example of such an N-substituted

carbamic acid mono (-0O-alkyl ester) represented by the



wherein R3 represents a group defined in the above formula - 194 - Ar
represents a group derived froman aromati ¢ hydroxy conpound, which is a
resi due obtained by renoving one hydroxy group attached to the aronmatic
ring of the aromatic hydroxy conpound {hgrefrom and b represents an
integer from1l1l to 10 (wherein b = a). %0373] In the nmethod for
produci ng the carbonyl conpound of the present enbodinent, it is preferable
t hat the hydroxy conpound be an aromati c hydroxy conmpound, the, organic
primary am AETBE1lehdCéonpsunt FeprbBEbhtBECBYCF A BbOVEIOMPA(B), and the
produced N-suybstituted carbam,c agid ester be the N substituted carbam c
acid-C>aryIagg¥ére§ SFésghFﬁalByﬁthgch 3 rﬁHQ§Hﬁ%&%an§?4] It is

orou, der vader P n el e Pbh AP Lol S5k oL et % A Ehove

¢ "hydroxy~conpound, ~as shown T n th ove
Lorm 8 () RS AELAELEE 12 ol A P MAS oRr el el 8 0 o0y
N—substitut%chérgﬁgignagkgy§>§g$hpester will be given bel ow.

{0367}
(2) N-aromatic organic polycarbamic acid ester

An example of the N-substituted carbamic acid-0-
alkyl ester ig an N-aromatic organic polycarbamic acid-O-
alkyl ester wherein, in the formula (7), R’ repregents a
group containing 6 to 85 carbon atoms which contains an
aromatic ring "substituted with one or more carbamic acid
ester groups," and ¢ is 2 or greater. The number of
carbon atoms in the R® is preferably € to 70, and taking
into consideration flowability and the like, it is more
preferably 6 to 13. The aromatic ring may be further
substituted with an alkyl group, an aryi group, oOr an
aralkyl group.
[0368]

In addition, an example of the N-substituted
polycarbamic acid-O~alkyl ester is a
polymethylenepolyphenyl polycarbamic acid-O-alkyl ester

represented by the following formula (65):

Q o
R4
\O)kN—@ CH ..__L\ CHQ‘@__N)]\O/R4
H = E 2 K// s 2 H
HN O
\ﬂ/ "‘R4
O

(65)



[0376] (1) N-aromatic organi c nonocarbam c acid ester ~An exanpl e of
the N-substituted carbamc acid-O aryl ester is an Naromatic organic
nonocarbani ¢ acid ester - 195 - wherein, in the fornula (6), R3 represents
a group containing 6 to 85 carbon atoms which contains one or nobre aronatic
rings and b is 1. The nunber of carbortftoms in the 1,23 is preferably 6 to
70, and taking into consideration flowability and the like, it is nore
preferably 6 to 13. [0377] The N-aromatic organi ¢ nonocarbam c acid
ester is prefherabphy an N-substituted carbam c acid nono(-0-aryl ester)
represented by the following formula (65): Ar-ON O
R® represents a group defined in the above formula
(7), and
g represents 0 or a pogitive integer.
[0369]
{3} N-aliphatic organic polycarbamic acid-0-alkyl ester
An example of the N-substituted carbamic acid-0-
alkyl ester is an N-aliphatic organic polycarbamic acid-
O-alkyl ester wherein, in the formula (7), R’ represents
an aliphatic group containing 1 to 85 carbon atoms and c
is 2 or 3. A more preferred N-substituted carbamic acid-
O-alkyl ester is an N-substituted carbamic acid-O-alkyl
ester wherein the aliphatic group is a linear hydrocarbon
group, a cyclic hydrocarbon group, or a group to which at
least cne group selected from the linear hydrocarbon
group and the cyclic hydrocarbon group binds (e.g. a
cyclic hydrocarbon group substituted with a linear
hydrocarbon, a linear hydrocarbon group substituted with
a cyclic hydrocarbon group, etc.). The number of carbon
atoms in the R’ is more preferably 1 to 70, and taking
into consideration flowability necessary for industrial
mass production and the like, it is further preferably 6
to 13.
[0370]
A specific examplie of the N-aliphatic organic

polycarbamic acid-O-alkyl ester is an N-aliphatic organic

polycarbamic acid-0O-alkyl ester wherein R’ represents a



ER27, R28. R29R301 (6 5)
defined in the above fornmula (48).
N-substituted carbam c acid nono(-0-aryl
(65)
each i ndependently represent a hydroge
groups. Exanples of the al kyl
gr oup.

is an N-substituted carbanic acidﬁgg

group i nclude a nethyl
[0379] (2) N-aromatic organic polycarbamc acid ester -

wherein Rm Rm Rm and Rm each represent a group
[ 0378]

A preferred exanple of the
ester) represented by the formula
no(-0-aryl ester) wherein Rmto Rm
tomor a group selected from al kyl
group and an et hyl
196 -

An exanpl e etrbhghi shbshi totiédrchrbamhedachadi® atyyl es¥@ris an N-aronatic

or gani ¢ pol ycarbam c aci d-O aryl

est er wherein,

inthe formula (6), R3

represents &Y§LeapkydnEaPHPngOE 85088 Eanbbhtatedsv ik chiR ohtaY fs an

aromatic ring "substituted with_one or

nore carbam c acid ester

groups, "

and b is 2 GFO§Pedfier LIPhEYRURBEFYdf 9ESFBon atons in the R3 is preferably 6

to 70, and takin

into consideration flowability and the like, it

is nore

preferably 6-%d113. The aromatic ring may be further substituted with an
al’kyl group, an @Egls égggicoétggcéﬁgékgk GLOUR: substituted carbamic

acid-0-alkyl ester is determined depending on the type of

the organic primary amine and alcohol constituting

hydroxy compound used. Thus,

exemplify all of the specific structures.

it is impossible to

Examples of

such a specific structure include N,N'-hexanediyl-

di (carbamic
di (carbamic
di (carbamic
di (carbamic
di{carbamic
di (carbamic
di{carbamic
di (carbamic
di (carbamic
di {carbamic
di (carbamic

di (carbamic

acid
acid
acid
acid
acid
acid
acid
acid
acid
acid
acid

acid

methyl ester), N,N'-hexanediyl-
ethyl ester), N,N'-hexanediyl-
propyl ester), N,N'-hexanediyl-
butyl ester), N,N'-hexanediyl-
pentyl ester), N,N'-hexanediyl-
hexyl ester), N,N'-hexanediyl-
heptyl ester), N,N'-hexanediyl-
octyl ester), N,N'-hexanediyl-
nonyl ester), N,N'-hexanediyl-
decyl ester), N,N'—heﬁanediyl—
dodecyl ester) , N,N'-hexanediyl-

octadecyl ester), N,N'-

methylenediphenylene-di (carbamic acid
N,N'-methylenediphenylene-di (carbamic
N,N'-methylenediphenylene-di (carbamic
N,N'-methylenediphenylene-di (carbamic

N,N'-methylenediphenylene-di (carbamic

methyl ester),

acld ethyl ester),
acild propyl ester),
acid butyl ester),

acid pentyl ester),



[ 0380] In addition, an exanple of the N-aromatic organic pol ycarbam c
acid ester is a polynethyl enepol yphenyl polycarbam c acid-O aryl ester
represented by the following formula (66): 0, \ 2 ONrui """'-'" CH\ Kkat
12 75"/ ¢ HNO,Ar O( 6 6 ) wherein Ar rlgqre_sents a group defined in the
above fornul a
N,N'-methylenediphenylene-di (carbamic acid hexyl ester),
N,N'-methylenediphenylene-di (carbamic acid heptyl ester),
N,N'-methylenediphenylene-di (carbamic acid octyl ester),
N,N'-methylenediphenylene-di (carbamic acid nonyl ester),
N,N'-methylenediphenylene-di (carbamic acid decyl ester),
N,N'-methylenediphenylene-di (carbamic acid dodecyl ester),
N,N'-methylenediphenylene-di (carbamic acid octadecyl
ester), 3-(methoxycarbonylamino-methyl)-3,5,5~
trimethylcyclohexyl carbamic acid methyl ester, 3-
{ethoxycarbonylamino-methyl) -3, 5, 5~trimethylcyclohexyl
carbamic acid ethyl ester, 3- (propyloxycarbonylamino-
methyl)-3,5,5-trimethylcyclohexyl carbamic acid propyl
ester, 3-{(butyloxycarbonylamino-methyl)-3,5,5-
trimethyleyclohexyl carbamic acid butyl ester, 3-
(pentyloxycarbonylamino-methyl) -3,5, 5~trimethylcyclohexyl
carbamic acid pentyl ester, 3-(hexyloxycarbonylamino-
methyl)-3,5,5-trimethylcyclohexyl carbamic acid hexyl
ester, 3-(heptyloxycarbomylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid heptyl ester, 3-
(octyloxycarbonylamino-methyl)~3,5, 5-trimethylceyclichexyl
carbamic acid octyl ester, 3-(nonyloxycarbonylamino-
methyl)-3,5,5-trimethylcyclohexyl carbamic acid nonyl
ester, 3-(decyloxycarbonylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid decyl ester, 3-
(dodecyloxycarbonylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid dodecyl ester, 3-

(octadecyloxycarbonylamino-methyl)-3,5,5-



(6), and s represents 0 or a positive integer. [0381] (3) Naliphatic
organi ¢ polycarbamc acid-Oaryl ester - 197 - An exanpl e of the
N-substituted carbamc acid-O aryl ester is an N-aliphatic organic

pol ycarbam c acid-Oaryl ester whereimgin.the fornula (6), R3 represents
an aliphatic group containing 1 to 85 carbon atons and b is 2 or 3. A nore
preferred N-aliphatic organic polycarbamc acid-Oaryl ester is an

N-substituted carbamc acid-O aryl ester wherein the alkﬂggtic group is a
| i near hydr6€éWBBHYéFEGbOh%XE}cF?Eb%VH?0%%%%d%?iﬁ%ﬁﬁy group to which

at | east one rou el ect d fromthe I pcarbon. group and the
cyclic hydr&€ PBBE aFéﬁﬁr FHYS tetg.™ @I? dTﬁ%gﬁbg%agroup substi tuted

with alinear hydgogarbon, s eL;q{;f%sfeggf 0Cag Dom, G BUR. SHSHI Ul edh W Lh

cyclic hydr group, et e nunber 0 car on atonms inthe R3is

preferabl y 1,48,{0cc30d)  akbigehol g: ¢OOSLARI At 4o ThouRbiddarnecessary for

i ndustri al producti 6n an , Is nore preferably 6 to 13

[0382] tA1spaci-biecaxaaphe 8kikhgehtalipbasir, orgamdte pol ycar banic
acid-Oaryl ester is an N-aliphatic organic polycarbanlc acid-O aryl ester

wher ei n R3 pepkageans caast fahght 1 chatvrandtolubniangheds cheahinc ah&yd group,

cycl oal kyl group, or group constituted with the al kyl group and the

cycl oal kyl @geptgl ester), toluene-di{carbamic acid octyl ester),
toluene-di (carbamic acid nonyl ester), toluene-
di (carbamic acid decyl ester), toluene-di(carbamic acid
dodecyl ester), toluene-di(carbamic acid octadecyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid methyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid ethyl ester),
N,N'-methylenedicyclohexyl-di(carbamic acid propyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid butyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid pentyl ester),
N,N'-methylenedicyclohexyl-di(carbamic acid hexyl ester),
N,N'-methylenedicycliohexyl-di (carbamic acid heptyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid octyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid nonyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid decyl ester),
N,N'-methylenedicyclohexyl-di (carbamic acid dodecyl
ester), N,N'-methylenedicyclohexyl-di{carbamic acid
octadecyl ester), N-phenyl carbamic acid methyl ester, N-
phenyl carbamic acid ethyl ester, N-phenyl carbamic acid
propyl ester, N-phenyl carbamic acid butyl ester, N-

phenyl carbamic acid pentyl ester, N-phenyl carbamic acid

hexyl ester, N-phenyl carbamic acid heptyl ester, N-



[ 0383] The specific structure of the N-substituted carbamc
acid-Oaryl ester is determ ned depending on the types of - 198 - the
organic primary am ne and the aromatic hydroxy conpound constituting a
hydr oxy conmpound used. Thus, it is inpossible to exenplify all of the
specific structures. Exanples of sudh:%X%ﬁécific structure include N, N -
hexanedi yl -di (carbam ¢ acid phenyl ester), N, N - hexanediyl-di (carbamc
aci d( et hyl phenyl )ester), N, Nl hexanediyl-di (carbam c

aci d( pr opy| pheryl )estianic NNd dExaneditgdr, diN-gdelbaii carbamic acid

aci d(butyl phenyl)ester), N, N - hexanediyl-di (carbam c

aci d( pent yl ey | 9¥ster W-paeyl madradicylacdid éacamester, N-phenyl

aci d(heptyl phenyl )ester), N N - hexanedi yl -di (carbam c ,
aci d(oct y]i pﬁ%?ﬁ/%/“}?e%taéﬂ”ﬂ) L 'dedery h&akhadi ﬁ-paxew&r lagamic acid
aci d(nonyl phen ester N, N - hexanediyl -di (carbamc |
aci d(dodecy?cp‘ﬁ%%%ﬁg Se[%qe)r;, P{T]T\clilm@r%éﬁéér&yl -ﬁﬁaé'“%)@ﬁ‘rlﬁaﬁic&d metyl
aci d(di met Nyl ) | -, hexanedi yl_- hi r ham
aci d(di pr og%gf%}‘g’ny )(%Elltieer}%yjlg%%y-l h%eaxr}n%én&icyyla- lid:ée%gllyga 'Sger' N-
aci d(di but yl; , = - (VAN e] r.bam _c
aci d(di pe ntcil/il E'pi%elmﬁésﬁ]% )6ﬂ%f$$§§?§ﬁﬁﬁb%%?%§g b
aci d(di oct aglagad pheihdnest@Ihay N adm®t yd-gnedigphenyhene-di (carbanic acid
phenyl ester), N, N -nethyl enedi phenyl ene-di (carbanm c
aci d( met hyl iy esiary)l. NManri Ry ienedinphanyseredi (car bam ¢
aci d(et hyl phenyl )ester), N, N - nethyl enedi phenyl ene-di (carbam c
aci d( pr opy|ghestyiy) gsteary)], ddMamet diehedi-phiemdrene- di-( car bami ¢
aci d(butyl phenyl)ester), N, N -nethyl enedi phenyl enedi (carbamnm c
aci d( pent ylpherhiiyiasteery)], Npaniretanyilce hegitptie mdtens- di-( car bani ¢
aci d( hexyl phenyl )ester), - 199 - N, N -net hyl enedi phenyl ene-di (carbam c
aci d( hept yI gy esiestyl aaupanist mdichedipheyterediN-car bami ¢
ester), N, N - nethyl enedi phenyl ene-di (carbam c

id tyl ph |
gg: dE (rjlgn);il pﬁfée‘% WREHY L (g Raipich Bk ienyAsée- dN car bani ¢
id(d | ph | t N, N.- net hyl j ph | di b
261 A doduc P PIRATHTEEb S T iyt S RS RALend-d! (oar bar ¢
id t adeg: [ - hyl di.ph | i b
261 (i ot oSSR i o B B b
aci d(di et hydy Neila) ,Cﬂﬂg@%@%ﬁcﬁ%@aﬁ%ﬁﬁlﬁﬁlﬁé( car bami ¢

aci d(di propyl phenyl’) est’er), N/ N yl ene bi s(carbam c
aci d(di butyjgghenyl )ester), N, N -nethyl enedi phenyl enebi s(carbani c

aci d(di pentyl phenyl )ester), nethyl enedi phenyl ene-bi s(carbam c

aci d( di hexyl phenyl xest etherNnhndrethyhenedbpbanyhenabistear bambeund
aci d(di heptyl phenyl )ester), N, N - nethyl enedi phenyl ene-bi s(carbam c
aci d( di oct yilphersd )sesterlydidy -cetdudrenddi phrenyrenehits(@aneancd of
aci d(di nonyl phenyl )ester), N N - methyl enedi phenyl ene-bi s(carbam c
aci d( di decydiphamsdgagt embhodNgntnetthd emediqrhenydamehirsi{ carsaniing an
aci d( di dodecyl phenyl )ester), N, N - methyl enedi phenyl ene-bi s(carbani c
aci d( di oct ateit Phdiige staaraniz: gk mebfdarismifsemtrel by 260 -

following formula (6):

R3 nmg~0mm
b (6)
wherein
R? represents a group defined in the above formula

(5},



met hyl )-3, 5, 5-trimet hyl cycl ohexyl carbam c acid phenyl ester,

3- ( (et hyl phenoxy) car bonyl am no-net hyl )-3,5,5- trinethyl cycl ohexyl carbamc
aci d(net hyl phenyl )ester, 3- ((ethyl phenoxy)carbonyl am no-nethyl)- 3,5, 5-
trimet hyl cycl ohexyl carbam c acid(ethy%g@epyl)ester, 3-

((propyl phenoxy) car bonyl am no-net hyl )-375, 5- trimethyl cycl ohexY1l carbam c
aci d( propyl phenYl )ester, 3- ((butyl phenoxy)carbonyl am no-net hyl)-3,5, 5-

tri met hyl cycl ohexyl carbami c aci d(butyl phenyl)ester, 3- .

(( pent yl phenoxy) &ar bepye een b -Fet TRHD -& 55 theiafe iy BG83 Hexy | car bani ¢

aci d(pentyl phenyl)ester, 3- ((hexyl phenoxy)carbonyl am np-nethyl)-3,5,5-
trinethylcygwéﬁ@%ylC@ﬁPBéﬁﬁc HEFE%hgiy?pﬁ%%ﬁgy%s? ??l%ﬁé)by rgﬁngﬂg

((heptyl phenoxy) car bonyl am no-nethyl )-3,5,5- trinethylcycloh I bam

e e S L

trimethyl cycl ohex ar.bam c _aci t , 3-

gg?3?%Lphfn§§§T@§¥Soﬁy95ﬁﬁﬁ?9%%?%%8?-§#§?§?¥%i?z%$%y!cyclohexy; garbgnic
nyl pheny e o a - - . 5-

Fr1 ot Pyl ol o2 S Bacs 6o A Bioyl Dhenvl ) oot oy, | GreFELV) =3P

((dodecyl phegnpaxy) car bonyl am no-net hyl ) -3, 5, 5- trinethyl cycl ohexyl carbam c

aci d(dodecYl phenyl )ester, 3-

((oct adecyl phenoxy) eaebeayhedi fer netdyhe 3y St datvmRiy| cyop@hexyd £

carbam c aci d(oct adecyl phenyl ) ester,

3- ((di met hyltplee pexgrear bobyldameno- neéthyk) pB8ebebabliei neahytoychplexy)

carbam c aci d(di net hyl phenoxy) ester,
compound be an aromatic hydroxy compound, the organic
primary amine be the compound represented by the above
formula (5), and the prcoduced N-substituted carbamic acid
ester be the N-substituted carbamic acid-O-aryl ester
represented by the above formula (6).
[0374]

It is to be noted that the N-substituted carbamic
acid ester having an ester group derived from an aromatic
hydroxy compound, as shown in the above formula (6), may
be referred to as an N-substituted carbamic acid-O-aryil
ester at times.

{0375]

Hereinafter, specific examples of such an N-
substituted carbamic acid-0O-aryl ester will be given
below.

[0376]
(1) N-aromatic organic monocarbamic acid ester

An example of the N-substituted carbamic acid-0O-aryl

ester is an N-aromatic organic monocarpamic acid ester



- 201 - 3-((diethyl phenoxy)carbonyl am no-net hyl)-3,5, 5-

trimet hyl cycl ohexyl carbam c aci d(di et hyl phenyl)ester, 3-

((di propyl phenoxy) car bonyl am no-net hyl )-3,5,5- trimethyl cycl ohexyl carbamc
aci d(di propyl phenyl )ester, 3- ((d|butyIQpenoxy)carbonylanlno met hyl ) -3, 5, 5-
trimet hyl cycl ohexyl carbam c aC|d(d|b&tflphenyI)ester 3-

((di pentyl phenoxy) car bonyl am no-net hyl )-3,5,5- trinethyl cycl ohexyl carbamc
aC|d(d|pentyIphenyl)ester 3- ((d|hexylphenoxy)carbonylanlno met hyl ) -3, 5, 5-
tri met hyl cyéherbayi @artﬁmf@mmlﬁ( dithexR’ phepytyestera @roup

((di heptyl phenoxy) carbonyl ami no- et hyl )-3,5,5- trinmethyl cycl ohexyl carbamnic
aci d( di heptWIb‘I?e‘rIHI)Eés@c i B (adikset yitsHenso) rhaceaRaiari ABenerhyl ) - 3, 5, 5-
trimet hyl cycl ohe carbani c aci d(di octyl phenyl)ester, 3- ((dinonyl phenoxy)
carbonylamqﬁ¥?nﬁ€%W3t%?E?%?g%ﬁ¥ﬁ%#hyﬁ%9cloﬂ@?y@u@%?Baﬂ¥ccarb0n

aC|d(d|nonyI heny. er. di.dec noxy) car bony| am no- nethyl) 3,5, 5-
trimet hyl cy 6W%XV¥%§5? Bani-® égﬁéfﬁﬁgégy?pﬁgnéﬁ)eg? rtasing int

((di dodecyl p o I I , tri, hyl cycl ohexyl
carbam c am%?%%éé’ﬁ ecy p%ﬂﬁ%&qt @3} I%d) thed ﬁke higitd B8

3- ((di oct adecyd yl am no-net hyl )-3,5,5- trinmethyl cycl ohexyl
carbam c aC|d(d|octgééiﬁﬁéﬁgﬂyl)ester t ol uene-di (carbam c acid phenyl
ester), tol penedi (carbam c aci d(nmet hyl phenyl )ester), toluene-di(carbamc
aci d(et hyl phenyl )ester), toluene-di (carbam c aci d(propyl phenyl)ester),
t ol uene- di ( car batiec Naairdmhutiyl phegayhresbabyarbehuengcdi(saebames - 202 -
aci d(pentyl phenyl )ester), toluene-di (carbam c aci d(hexyl phenyl)ester),
t ol uene- di (warfzamlc yacird (hepthdtphemdd) eshéshn o alcdenewdis((c ar-baiic

aci d(octyl phenyl)ester), toluene-di(carbam c acid(nonyl phenyl)ester),
t ol uene- di (rPAmRERIE desy Ipyhéig Yfedtlem)ina dloremdadi(G6arban ¢

aci d(dodecyl phenyl )ester), toluene-di (carbam c aci d(octadecyl phenyl)ester),
t ol uene- bi s(carbam ¢ aci i met hyl phenyl )ester), toluene-bis(carbamc

aci d(di et hyl phenyl ) este ol uene- bi s(carbam c aci d(di propyl phenyl ) ester),
t ol uene-bi s(car aq}d“ac d( dybut yl phenyl )ester), toluene-bis(carbamc
aci d(di pentyl phenyl ) est e¥)5” t ol uene- bi s(carbam c aci d(di hexyl phenyl )ester),
t ol uene- bi s(carbam c acid Q*Hg Fg}henyl)ester), t ol uene- bi s(carbam c
aci d(di octyl phenyl)ester), toIUe bi s( carllbami ¢ aci d(di nonyl phenyl )ester),
t ol uene- bi s(carbam c aci d(di decyl phenyl) ester), toluene-bis(carbamc
aci d(di dodggydphenyl )ester), toluene-bis(carbamc
aci d(di oct adecyl phenyl )ester), N,hbnethylenedicyclohexyl di (carbam c acid
phenyl ester), dN:Nerfeting enedigyic! ahoxydeadi (£ 6% Qefined in the
aci d( et hyl phenyl )ester), N, Ne- nethylenedlcyclo exyl di (carbam c
aci d( et hyl plrerwd )festweil)s, MaNenet hyl enedi cycl ohexyl -di (carbam c
aci d(propyl phenyl )ester), N, N -nethyl enedi cycl ohexyl di (carbam c
aci d(butyl pleral) ester), N, N - - 203 - nethyl enedi cycl ohexyl -di (car bami c
aci d(pentyl phenyl)ester), N, N -nethyl enedi cycl ohexyl di (carbam c
aci d( hexyl phenyP) exeéeyreN, Rxamgeehpfenbdi Byelibhesyhtdil( carbamic
aC|d(heptyIphenyI)ester) N, N - nethylenedlcyclohexyldl(carbanlc
aci d(octyl @?éﬁ%/l“)oéﬁ efrg arI&I’JI\IG‘-Str‘I*éft hyle@redieg\iEico ek yhed ifeeanB an (6 5)
aci d(nonyl phenyl ) e . NN - nethylenedlcyclohexyl dl(carbanlc
aci d( decyl plr%erﬁﬂ %[\% Citgted @W%&%WMW%@@% Féviee)

d(dod h t 30 th I di I
20t d( oot adeRTT e oSt &) SREN SRAFRGTdraHT Sy EFSRERETE: o ewg%am
d(d t hyl h I h | = b b
:g:dgd:gfhy cﬁgnyl)e§§£$§9 %éﬁég Féhggﬁgygrﬁhe£§Iﬁ| IS&E%%]%

i (i but g Ehomyber ey N T “‘E‘I@Qhééle%ﬁ?hexﬁb. % caﬁﬁaﬁw

aci d( di pentpydphgnyl ) ester), N N - met hyl enedi cycl ohexyl - bi s(carbam c
aci d(di hexyl phenyl )ester), N, N -nethyl enedi cycl ohexyl bi s(carbam c
aci d( di heptyd)pheryorestier orNiNe pratiadenedic e ghexdd=1hi s(carbam c
aci d(di octyl phenyl)ester), N, N -nethyl enedi cycl ohexyl bi s(carbam c
aci d(di nonyl phenyl )ester), N, N - nethyl enedi cycl ohexyl -bi s(carbam c
aci d(di decyl phenyl )ester), N, N1-net hyl enedi cycl ohexyl -




- 204 - bis(carbam c aci d(di dodecyl phenyl)ester), N/ N -

nmet hyl enedi cycl ohexyl - bi s(carbam ¢ aci d(di oct adecyl phenyl )ester), N phenyl
carbam c acid phenyl ester, N-phenyl carbam c acid(nethyl phenyl)ester,

N- phenyl carbam c aC|d(ethyIphenyI)est§§ N-phenyl carbam c

aci d( propyl phenyl ) ester, N phenyl carbanlc aci d(butyl phenyl )ester, N-phenyl
carbam c aci d(pentyl phenyl)ester, N phenyl carbam c aci d(hexyl phenyl)ester,
N- phenyl carbam c aC|d(heptyIphenyI)ester N—phenyl car bani.c
aC|d(octyIphenyl%@s@%ﬁmp¥@pﬁ%ﬂﬁﬁa6%r QRrﬁifﬁaEH€nﬁFf€%Fbﬁryﬁ-phenyl
car bam c aC|d%dec Iphenﬁlgester % a; A

aci d(dodecyFf Eﬁy eéfe Kpﬁﬁﬁﬁﬁl %?% i ° %?%ﬁ%%?%ﬁé%?t heny¥5ester

N- phenyl carb ci d( dlneth hen t

aC|d(d|ethyF5 Sﬁyw s&ter, Kp %%y %%% gn?é aC|d?%3pF§by phen§¥3e§%e

N-phenyl carh @ﬁﬁﬁ dgdltguagl EQEB L) 88LRE  wh PREnYh  £ATDAM, C

aC|d(d|pentyIpheny dster eny car bam c aci d(di hexyl phenyl ) ester,

N-phenyl carbapi¢iacidqdi hephyltphepyh) 88t 8N ondt PheRY e Cad BB Cc acid
aC|d(d|octyIphenyI)ester N-phenyl carbam ¢ aci d(di nonyl phenyl ) ester,

N-phenyl caihamhc greugedirdagyl Bhepyb) est gteabephemte cambam o

aci d(di dodecyl phenyl )ester, N phenyl carbam c aci d(di octadecyl phenyl)ester,
N- phenyl carhation atiths 4in2@he- Rphenybresterh 1 N-henyl0 carsantiaking

aci d(met hyl phenyl ) ester, N-phenyl carbam c acid(ethyl phenyl)ester,

N- phenyl canmamz@caﬁud@pﬁmpphpﬁénwhpe&uéy anﬂphbﬁyllharbaﬁlts more

aci d(butyl phenyl )ester, N-phenyl carbam c acid(pentyl phenyl)ester, N-phenyl
car bam c ampd(@if@wadh'erﬁyltpeéﬁer TINg phepiyd t Ear BHIF dﬂaa}(:l}?ﬁ tW?ﬁhenyl )ester,
N- phenyl carbanlc aC|d(oct phen | Yester, hen car banm c

aci d( nony| plaHa éhéﬁy? EX#b&ﬁPHPach(B§X}|Bﬁ@HQr)8§t%P, N- phenyl
carbam c acid dodecyl henyl)ester N- phenyl carbam c

aci d( oct ade&A Hy &8%er, N-phenyl carbani ¢ aci d(di et hyl phenyl ) ester,

N- phenyl carﬁ)q;ﬁ C|d(d|ethylphenyl)ester, N- phenyl carbam c

aci d(di propy g% yl )ester, N phenyl carbam c aci d(di butyl phenyl)ester,

N- phenyl carbam ntylp ster h
aC|d(d|hexylphengp)gggégheﬁ— %%n%%gﬁg%%aﬁgctggfg(%?%t%?g?gﬁg%ﬁ?%%ster
N-phenyl carpaniG 360 diQGly lphenry i kest @bl vitephenhepanbpnkay]

aci d(di nonyl"phényl )ester, N-phenyl carbam c aci d(di decyl phenyl)ester,

N- pheny! cagmrpccaxaﬁn@(cdummlamwnﬁs)m eeprisphenyl byathami c

aci d(di oct adecyl phenyl )ester, N-di nethyl phenyl carbam c acid phenyl ester,
N- di et hy| pheryllovciarcdhaivende d(eset:hyl phenyl ) ester, N-di et hyl phenyl
carbam c aci d(et hyl phenyl )ester, N-dinethyl phenyl carbamc - 206 -

aci d(propyl pheny)ester, N-dinmethyl phenyl carbam c acid(butyl phenyl)ester,
N—dlnethylphemyl arb. ;%’!fentyl heﬁMT)g§ter N- di net hyl phenyl

car bani ¢ aci d( H&xy p cphenyl carbam c
aC|d(heptyIphenyI)este hyl p en?l carbam c aci d(octyl phenyl)ester,
N- di met hyl phenyl carbanlc aciNd(ABryl phenyl ) ester, N-di net hyl phenyl carbamic
aci d(decyl phenyl)ester, N-di nmgthyl phenyl carbam c (66)

aci d(dodecyl phenyl )ester, N-dinethyl phenyl carbamc

acid(octade‘¥ hen | )ester, N-dinethylphenyl carbamc

aci d(di met hyl'p eny )ester, N-dinethyl phenyl carbamc

aci d(di et hyl phenyl,) eschir@d RELRIVLPhERY: nedl BaAMtee above formula

aci d(di propyl phenyl ) e ter N- di met hyl'phenyl carbam c

aci d(di butyl phenydjgster, N-di methyl phenyl carbamc

aci d(di pentyl phenyl )ester, N di nethyl phenyl carbanic

aci d( di hexyl pheny reghefserN=dionethy plaenylivearibaeicer .

aci d(di heptyl phenyl )ester, N-dinmethyl phenyl carbam c

aci d(di octyl ptesyl ) ester, N-di met hyl phenyl carbanm c

aci d(di nonyl phenyl )ester, N-di nethyl phenyl carbam c
aC|d(d|decyIﬁhbﬂy+%kﬁ@hﬁtl¢+QNgﬁn1qﬂRﬁﬁﬁ@ﬂrQ§W¥ﬁuﬁQ?d O-aryl ester

aci d(di dodecyl phenyl )ester, and N-di net hyl phenyl carbamc

aci d(di oct adecyl phenyl )ester. [0384] Transesterification > The

car bonyl conpound produced by the nethod of the present enbodi nent can be
preferably used in a production of an isocyanate by a pyrolysis of a

car bonyl conpound.



- 207 - [0385] The carbonyl conpound preferably used in the production
of an isocyanate is an N-substituted carbamc acid-Oaryl ester. This is
because, as conpared with an N-substituted carbam c acid-O al kyl ester, the
N-substituted carbam c acid-O aryl ester easily induces a pyrolytic
reaction and tends to be easily deconpgdsed into the corresponding

i socyanate and aromati ¢ hydroxy conpound. [0386] The carbonyl conpound
obt ai ned by the above descri bed production nethod may be converted to

ei ther an N substi eubegleacianhe HekdbE:atytedsterbanianadkgubsai-fut ed
carbam c acid-O al kyl ester, depending on the type of a hydroxy conpound
used. For térteif drermentN-erddhegdsomrgehg cc acbyrpirbenapoanddi-©-prefier abl y
converted to the N-substituted carbanmic acid-O.aryl ester. [0387] When
an N-subst i ¥t%d BE1dm ¢ lacitdeofamplaedfer RS phipa¢seetdyanhe above
descri bed production nethod, it is preferably converted to an easily

t her mal | y- detdHipdséd D SATER IO "GarbiRi 8 SacPdPORapyPrEseEf by ig
transesteri%iocati' onAste desc%i bed bﬁl og. fter conpletion of the
transesterifitation 55“88? PRETREEGBST T Ut RIPLAT bR EHCi d- O aryl ester can

be DL STt A NSERAN IR LSO 0L 0 LaomataleR LIEs e
carbam ¢ acidldilddosesinhds generaledrelie hhanseshet b gatign i1 be

a linear hydrocarbon group, a cyclic hydrocarbon group,

or a group to which at least one group selected from the

linear hydrocarbon group and the cyclic hydrocarbon group

binds (e.g. a cyclic hydrocarbon group substituted with a

linear hydrocarbon, a linear hydrocarbon group

gubstituted with a cyclic hydrocarbon group, etc.). The

number of carbon atoms in the R® is preferably 1 to 70,

and taking into consideration flowability necessary for

industrial mass production and the like, it is more

preferably 6 to 13.

[0382]

A gpecific example of the N-aliphatic organic

polycarbamic acid-O-aryl ester is an N-aliphatic organic

polycarbamic acid-O-aryl ester wherein R’ represents a

straight chain and/or branched chain alkyl group,

cycloalkyl group, or group constituted with the alkyl

group and the cycloalkyl group.

[0383]

The specific structure of the N-substituted carbamic

acid-O-aryl ester is determined depending on the types of



[ 0388] Herein, the targeted N-substituted carbam c acid-0- al kyl ester
is the N-substituted carbam c acid-O al kyl ester represented by the above
formula (7). [0389] The aromatic hydroxy conpound to be reacted may be
any one of the aromatic hydroxy conppupgg represented by the above fornula
(33). In addition, the aromatic hydroxy conpounds nmay be used singly or in
conbi nation of nultiple types. [0390] It is preferable that the
production nmet hod of the present enbodinent further conprise a step of
reacting thehR subsnicupsdnany bahiee aeihd- el agpnalsternyes@sent ed by t he
above formula (7) with an aromatic hydroxy conpound to obtain the

N- subst i t ut EB"PEFBENFENEEL EVDIBY yR BEEET*Y epf ¢35 t hd B¥5oveé  or mul a

6) and al cohol,. The hyd d used [n_the nmethod f ducing th
Car bony| - CoNfObTACBFLPLE. bPeSERtbLhbBar hort! | 5 pr HETam S THE ST~

obt ai ned byE&%ﬁg@%%f%@é@éégPat%ggg%%ic 5 rﬁ%ﬁﬁ%éifﬁkf&§$QQW@'DEthOds (see,

for exanpl e, ransesterification step can be carried

O P SePAHA 203, TELDRRy RS RPN dD6eLyps - compouncs 1o be
hexanediyl-di (carbamic acid(methylphenyl)ester), N,N'-
hexanediyl-~di (carbamic acid{propylphenyl)ester), N, N'-
hexanediyl-~di (carbamic acid(butylphenyl)ester), N,N'-
hexanediyl-di{carbamic acid(pentylphenyl)ester), N,N'-
hexanediyl-di(carbamic acid(heptylphenyl)ester), N, N'-
hexanediyl-di (carbamic acid(octylphenyl)ester), N,N'-
hexanediyl-di(carbamic acid(nonylphenyl)ester), N,N'-
hexanediyl-di (carbamic acid(dodecylphenyl)ester), N,N'-
hexanediyl-bis{carbamic acid{dimethylphenyl)ester), N ,N'-
hexanediyl-bis (carbamic acid{dipropylphenyl)ester), N, N'-
hexanediyi-bis{carbamic acid(dibutylphenyl)ester), N,N'"-
hexanediyl-bis (carbamic acid(dipentylphenyl)ester), N,N'-
hexanediyl-bis{carbamic acid(dioctadecylphenyl)ester),
N,N'-methylenediphenylene-di (carbamic acid phenyl ester),
N,N'-methylenediphenylene-di (carbamic
acid(methylphenyl)ester), N,N'-methylenediphenylene-

di (carbamic acid(ethylphenyl)ester), N,N'-
methylenediphenylene-di (carbamic acid(propylphenyl)ester),
N,N'-methylenediphenylene-di (carbamic

acid (butyliphenyl)estexr), N,N'-methylenediphenylene-

di (carbamic acid(pentylphenyl)ester), N,N'-

methylenediphenylene-di (carbamic acid(hexylphenyl)ester),



Reaction conditions for the transesterification are different depending on
the types of conpounds to be reacted. An aronmatic hydroxy conpound is
preferably used at a stoichionetric ratio of 2 : 1 to 1000 : 1 based on the
anount of ester groups constituting_tgﬁgN:substituted carbam c
acid-O-al kyl ester used as a raw matérial. In order to conplete the
reaction at an early stage, the aromatic hydroxy conpound is preferably
used in an excessive anobunt based on such ester groups constituting the
N-subst i t utted¥ caraid e nes idbleratlieyie -détieprbewd cas a raw material . If taking
into consideration the size of a reaction vessel, the aromatic hydroxy
conpound | SUstdeRt A RSN ISHRY i ¢ W &t i-BeshyReRedpPEERY ARG from3 : 1 to

100: 1, and féﬁ{éﬁ?bé%ﬁﬁigﬂgp éégéﬁTBﬁ%£§1 %s%gra,lN,N'—

methylenediphenylene-di {carbamic acid (nonylphenyl)ester),
N,N'-methylenediphenylene-di {carbamic
acid(decylphenyl)ester), N,N'-methylenediphenylene-
di (carbamic acid(dodecylphenyl)ester), N,N'-
methylenediphenylene-di {carbamic
acid(octadecylphenyl)ester), N,N'-methylenediphenylene-
bis(carbamic acid(dimethylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic
acid(diethylphenyl)ester), N,N'-methylenediphenylene-
bis(carbamic acid(dipropylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic
acid{dibutyliphenyl)ester), N,N'-methylenediphenylene-
bis(carbamic acid{dipentylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic
acid{dihexylphenyl)ester), N,N'-methylenediphenylene-
bis(carbamic acid{diheptylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic
acid{dioctylphenyl)ester), N,N'-methylenediphenylene-
bis{carbamic acid(dinonylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic
acid(didecylphenyl)ester), N,N'-methylenediphenylene-
bis(carbamic acid(didodecylphenyl)ester), N,N'-
methylenediphenylene-bis (carbamic

acid{dioctadecylphenyl)ester), 3- (phenoxycarbonylamino-



based on the ester groups constituting the N i 1

aci d-O-al kyl ester used as a raM/nate?iaI. [OgggftltUtEdTﬁgrnglfion
tﬁnperature is generally in a range of 100C to 300C. In order to increase
t ﬁ reaction rate, the reaction tempepapuce is preferably high. On the
other hand, there is a case in which side reactions easily occur at a high
tenperature. Thus, the reaction tenperature is preferably in a range of

150C to 250C. | ;
descri bed nmynbﬁrg%%ﬁ:r%%%qga&i %@tg'&%@j %:%gggﬁéguéﬁi&o?ﬁgﬁ%, the above

nown cool | ng” devi ce

and/ or heating device, - 210 - [0394 i i
. SV - n3pEessure
di fferent RPeHI ny bQM¥H§%ﬁ8§%§L%$C%%%E€% gl?% ﬁgéﬁggg gggfﬁe reagfion

Lemper alure,  The, [ SA0L1 o0, B1FSSU SR bR 8Whetng 19hohytoducet pressure, an

ordi nary pr&s 2 Conpr esse i

pres pressure. In general, the reaction

?;ﬁ?iﬁr? 'S(k%ﬁ§§é§ﬂgﬁﬁé§’é%ﬁﬁéhgiahiggid%%¢“h93%5b’5' The reaction time

fot arts a ion time whena continuous reaction method is applied) is
P 'Cu%?i&étﬁ%ﬁ%ﬁéﬁbhéiylE%ékﬁﬁmfﬂ|ab£ﬁ@KﬂhﬁhpﬁHNYHﬂmﬂﬂﬁr,pﬁeferably

0.01 to 50 hours, nore preferably 0.1 to
((propylphenoxy)carbonylamino—methyl)~3,5,5—
trimethyleyclohexyl carbamic acid (propylphenyl)estexr, 3-
((butylphenoxy)carbonylamino—methyl)«3,5,5—
trimethylcyclohexyl carbamic acid(butylphenyl}estexr, 3-
((pentylphenoxy)carbonylamino—methyl)—3,5,5~
trimethylcyclohexyl carbamic acid{pentylphenyl)ester, 3-
((hexylphenoxy)carbonylamino—methyl)—3,5,5~
trimethylcyclohexyl carbamic acid (hexylphenyl)ester, 3-
({heptylphenoxy)carbonylamino-methyl)~3,5,5—
trimethylcyclohexyl carbamic acid (heptylphenyl)ester, 3-
((octylphenoxy)carbonylamino—methyl)—3,5,5—
trimethyleyclohexyl carbamic acid{octylphenyl)ester, 3-
((nonylphenoxy)carbonylaminOmmethyl)—3,5,5n
trimethylcyclohexyl carbamic acid(nonylphenyl)ester, 3-
((decylphenoxy}carbonylamino—methyl)»3,5,5v
trimethylcyclohexyl carbamic acid(decylphenyl)ester, 3-
((dodecylphenoxy)carbonylamino—methyl)m3,5,5~
trimethylcyclohexyl carbamic acid(dodecylphenyl)ester, 3-
((octadecylphenoxy)carbonylamino—methyl)m3,5,5»
trimethyleyclohexyl carbamic acid(octadecylphenyl)ester,
3—((dimethylphenoxy)carbonylamino~methyl)—3,5,5—

trimethylcyclohexyl carbamic acid{dimethylphenoxy)ester,



30 hours. [0396] In addition, it is also possible that the reaction
solution is collected, and that it is then confirmed by liquid

chromat ography or the like that a desired anount of N substituted carbamc
acid-O aryl ester of interest has been generated, so that the reaction can
be term nated. [0397] In the tr Sterification step, a catalyst is
not al ways necessary. However, in order to decrease the reaction
tenperature or to conplete the reaction at an early stage, such a catal yst
can be used® w tdicithiprdisrens;) cHhe oy taaliyst-ries hyded 3at, & -wei ght  per cent age
of 0.01%to - 211 - 30% and nore preferably 0.8%to 20% based on t he
wei ght of tHeIMeGubktyalnherwlardrarfia igcisd-io-dileyhyvdphenyl) @398 .

Exanpl es of ch a catal yst include Lewis acids, transition netal conpounds
f or generatfﬁ%”%ﬁ&ﬂy Rﬂﬁ%?%%ﬁQE¥bQﬂ%ﬁ%m%FQ“mﬁt@d%ﬁoénés5 and conpounds of

opper elenent d iron el enent t al eci fic exanpl es
anFude mémhfﬁdygi ex§1 car amlc adld gﬁpropy %henyl estegp

- { (dibutylphenoxy) carbonylaminoc-methyl) -3,5, 5~
trimethylecyclohexyl carbamic acid(dibutylphenyl)ester, 3-
( (dipentylphenoxy) carbonylamino-methyl)-3,5,5-
trimethyleyclohexyl carbamic acid(dipentylphenyl)ester,

- ({dihexylphenoxy) carbonylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid(dihexylphenyl)ester, 3-
( (diheptylphenoxy) carbonylamino-methyl) -3,5,5-
trimethylcyclohexyl carbamic acid(diheptylphenyl)ester,

- {{(dloctylphenoxy) carbonylamino-methyl) ~-3,5,5-
trimethylcyclohexyl carbamic acid(dioctylphenyl)ester, 3-
( {dinonylphenoxy) carbonylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid(dinonylphenyl}ester, 3-
( (didecylphenoxy) carbonylamino-methyl) -3,5,5-
trimethylcyclohexyl carbamic acid(didecylphenyl)ester, 3-
( (dideodecylphenoxy) carbonylamino-methyl) ~3,5,5-
trimethylcyclohexyl carbamic acid(didodecylphenyl)ester,

- ({dioctadecylphenoxy) carbonylamino-methyl) -3,5,5-
trimethylcyclohexyl carbamic acid{dioctadecylphenyl)ester,
toluene-di (carbamic acid phenyl ester), tcluene-
di{carbamic acid(methylphenyl)ester), toluene-di{carbamic
acid(ethylphenyl)ester), toluene-di{carbamic
acid(propylphenyl)ester), toluene-di(carbamic

acid(butylphenyl)estexr), toluene-di(carbamic



Lew s acids represented by A1X3, Ti X3, Ti X4, VOX3, VX5, ZnX2, FeX3, and
SnX4 (wherein X represents a hal ogen, an acetoxy group, an al koxy group, or
an aryloxy group), and transition netal conmpounds for generating such Lew s
acids; organic tin conpounds represent%g by (CH3)3Sn00001- 13,

(02115) Sn00006H5, Bu3Sn0000H3, Ph3Sn00 %B, Bu2Sn( 0000H3) 2, BU2S1-1
(000011H23) 2, Ph3S1-10CH3, (02145) 39110Ph, BU2Sn(00113)21 Bu2Sn (002115)2,
Bu2Sn(OPh) 2, Ph2Sn (0113) 2, 502F5)35n011, PhSnCOH, Bu25n0, (081113)2Sn0,
Bu2SnC12, BasAd(eemtyAgheREl) PREST ¢onpolneReof! EoPPRAMEF enent nmetal s such
as Cud, CuCl2, CuBr, CuBr2, Cul, Cul2, Cu(OAc)2, Cu(acac)2, copper

ol efinate, BﬁZédPe€®}E§6F§éﬁ?SE@FKB,tﬁ@ﬁ??éégFggérB?é+%te, and AgC6H6C104;
zi nc conpounds .such _as_Zn(acac) 2, and__. conpour [ron el ement netals
Such as Fo( GROMRPen PBehELL Bb5B7T FebeARR) o B0y St lE

Co(nesi tyl ene).2(,PE ZPg ) fgerocepne, erein Bu represents
a butyl - ff%%JOS%g& %éaﬁgyggggggﬂtgoéagﬂgn§ﬁ(ggoup,igﬂd acac represents

an acetylac%kqupghgﬁg%%ggh@e@ngBLOEoléHhee§i§H§Pbéﬁic

1, 4-di azabi cyc ane, triethylenediamne, and triethylamne are

sui tably US%@idﬁ@%%@&?%@%&%oe@Eﬁ%mLCtGEhéheCaﬁab¥§b§m$UCh as dibutyltin
dilaurate, |ead octoate, and stannane octoate are preferably used as

catal ysts. TEreseeapeuntenyay cbectsedtsilnghy-di (carbaeiform of a m xture

of two or nore types.
acid(octadecylphenyl)ester), toluene-bis(carbamic
acid(dimethyliphenyl)ester), toluene-bis(carbamic
acid(diethylphenyl)ester), toluene-bis{(carbamic
acid(dipropylphenyl)ester), toluene-bis(carbamic
acid(dibutylphenyl)ester), toluene-bis(carbamic
acid(dipentylphenyl)ester), toluene-bis{carbamic
acid{dihexylphenyl)ester), toluene-bis(carbamic
acid (diheptylphenyl)ester), toluene-bis(carbamic
acid(dioctylphenyl)ester), toluene-bis{carbamic
acid(dinonylphenyl)ester), toluene-bis(carbamic
acid(didecylphenyl) ester), toluene-bis(carbamic
acid(didodecylphenyl)ester), toluene-bis(carbamic
acid(dioctadecyliphenyl)ester), N,N'-
methylenedicyclohexyl-di (carbamic acid phenyl ester),
N,N'-methylenedicyclohexyl-di (carbamic
acid(methylphenyl)ester), N,N'-methylenedicyclohexyl-
di {(carbamic¢ acid(ethylphenyl)ester), N,N'-
methylenedicyclohexyl-di (carbamic
acid (propylphenyl)ester), N,N'-methylenedicyclohexyl-

di (carbamic acid{butylphenyl)ester), N,N’'-



[ 0399] In the present reaction, a reaction solvent is not necessarily
used. However, for the purpose of facilitating reaction operations and the
| i ke, a suitable inactive solvent may be used. Specific exanples of such a
reaction solvent are the sane as those described in the section < Conpound
havi ng urei do group >. [0400] I n“géneral, the above descri bed
transesterification is a static reaction. Accordingly, in order to
efficiently carry out the transesterification, the reaction is preferably
carri ed outMeiiIenaddmidivdestyd -geériepabanial cohol (which is al cohol derived
fromthe N-substituted carbam c acid-O-alkyl ester as a_raw material) from
the reacti G/ SRLBHY Fdesr]l) esteraec 8 8i ngEyhYiLENgA 1§y 6 haREEYRAYdr OXy

compound i s, sel ected such that the standard boiling point of the aromatic
hydr oxy coﬁ%b%ﬁ&‘ A EHE s ﬁ§§§?§?PFF8§ o 'N9”213 - becomes hi gher

than the s j. ] oint. of. the.alcohol derived fromthe
t@g?ﬁg% AgﬁzdﬁgiQ%giyl—%%¢Faggemlc

N- substi t ut am ¢ “aci a €ef 'as a raw material, it results in

that the CQﬂngﬁ%*gﬁ%%ﬁ%ﬁ 8 J-quest %{ﬁﬂd%gghggghga?S?gggﬁekglghe reaction

system can be t erived 'fromthe N st d carbam c
aci d- O al ki esh@fards: @cri@/vd&t};qph@hw%@té%)a Ngﬁutt, it becones easy to

renove the product fromthe reaction'system [0402]
methylenedicyclohexyl-di (carbamic acid(nonylphenyl)ester),
N,N'-methylenedicyclohexyl-di (carbamic
acid(decylphenyl}ester), N,N'-methylenedicyclchexyl-
di (carbamic acid(dodecylphenyl)ester), N,N'-
methylenedicyclohexyl-di (carbamic
acid{octadecylphenyl)ester), N,N'-methylenedicyclohexyl-~
bis (carbamic acid({dimethylphenyl)ester), N,N'-
methylenedicyclohexyl-bis (carbamic
acid(diethyliphenyl)ester), N,N'-methylenedicyclchexyl-
bis{carbamic acid{(dipropylphenyl)ester), N,N'-
methylenedicyclohexyl-big (carbamic
acid(dibutylphenyl)ester), N,N'-methylenedicyclohexyl-
bis(carbamic acid{dipentylphenyl)ester), N,N'-
methylenedicycliohexyl-bisg (carbamic
acid(dihexylphenyl)ester), N,N'-methylenedicyclohexyl-
bis(carbamic acid(diheptylphenyl}ester), N,N'-
methylenedicyclohexyl-bis {carbamic
acid(dioctylphenyl)ester), N,N'-methylenedicyclchexyl-
bis(carbamic acid{dinonyiphenyl)ester), N,N'-
methylenedicyclohexyl-bis (carbamic

acid(didecylphenyl)ester), N,N'-methylenedicyclohexyl-



Moreover, in order to efficiently carry out the transesterification, it is
preferably carried out according to a continuous nethod. That is to say, it
is preferable that the N-substituted carbam c acid-O al kyl ester as a raw
material and the aromatic hydroxy comppyund. be continuously supplied into a
reaction vessel to carry out the transesterification, that the generated

al cohol derived fromthe N-substituted carbam c acid-O al kyl ester as a raw

material be renoved in the formof a seous, i ngr edi fromthe reaction
vessel , andbﬂﬁéFaéb?@éEt?6hd§%+@ﬁ@%ﬁyﬁghﬁQ$ﬁﬁEﬁagFﬁe 5@ rated N-substituted
carbam c acid-O aryl .este nd e. aromatic. hydroxy conpound be
continuouslVngﬁgeéﬁd%Fgﬁi?ﬁ%X%%f b GortiOh- of the reaction vessel. [0403]
Materials far. N i i ney j C : ;
transesterigF%é?&%ﬁggéé%g?%¥§§$§#Egggﬁ%!'g?ébéﬁﬁﬁ%méﬁﬁéﬁﬁ%ﬁI%F%?nited, as

long as t hey, dg,nok<RLLECk theny1 2hioan sl 3t iaGumLerhials e eact i on

subst ances. any types nown materials nay be ‘used. For exanple,

the same magephahy@schbBimierate (abpyepdessl ) beter cactipanyessel for
produci ng the N-substituted carbam c acid ester can be used. [0404] A
form of theceeaahienavesasprobgl pREnpareicat arfiyphémy echriknoim t ank-type
and colum-type reaction vessels can be used. Various types of known

met hods, suehiddbatgéphedydf easeéng H-peacyl onayleaset conprising any one of
an agitation tank, a nmulti-stage agitation tank, a distillation colum, a
mul ti - st age agiigtipehayilpheopluaatesd, nitphenbll arrp@atti on vessel, a
continuous nulti-stage distillation colum, a packed colum, a thin-film
evapor at or , 28 1fdheryeRheByseEsEBHpr NsPREE. sERFBFRE herei n, a
forced-circul ation reaction yessel il mevaporator, a

. , a falling-fi
fal i ng- dr ofCéPdp6PaYdPRenyt FéEFE'pﬁé@gengg??BhaW%gsel and a bubbl e
colum, or a t.ho f . combining._these. devices used. Fromthe
vi ewpoi nt oPCgEﬁPE%gﬁPhggy‘&f?%%?ofﬁéaﬁﬁﬁy rFﬁﬁ?%@§?he generation system
side, a et hod (Qf U8Ryt ABEEL], MeKARALal 8h - Binaccol umn-type react i on

vessel is pre : _ dition, truCture having a large gas-liquid
contact afe%,ci\éfft'd%'&ylih%%q}Tegte&qmtbﬁeh?@nga%awct he gaseous phase, the

generated al cohol dérived*fromthe N-substituted carbam c acid-O al kyl

ester as a W&l phiesiyh ekeeahl &-phe403] carbamic
acid(octadecylphenyl)ester, N-phenyl carbamic
acid (dimethylphenyl)ester, N-phenyl carbamic
acid(diethylphenyl)ester, N-phenyl carbamic
acid(dipropylphenyl)ester, N-phenyl carbamic
acid{dibutylphenyl)ester, N-phenyl carbamic
acid(dipentylphenyl}ester, N-phenyl carbamic
acid(dihexylphenyl)ester, N-phenyl carbamic
acid(diheptylphenyl)ester, N-phenyl carbamic
acid{dioctylphenyl)ester, N-phenyl carbamic
acid (dinonylphenyl)ester, N-phenyl carbamic
acid(didecyliphenyl) ester, N-phenyl carbamic
acid(didodecylphenyl)ester, N-phenyl carbamic

acid{dioctadecylphenyl)ester, N-phenyl carbamic acid



- 215 - The nulti-stage distillation colum is a distillation colum having
a nulti-stage, in which the nunber of theoretical plates in distillation is
two or nore. A type of such a nulti-stage distillation colum is not
particularly limted, as long as it enahles continuous distillation. Any
type of nulti-stage distillation colu?®cdn be used, as long as it is
generally used as a nulti-stage distillation colum. Exanples of the

mul ti-stage distillation colum include: plate-colum type distillation

col ums, wrplodnusesstdr aW-sueEnyds adbaltlce acdpl (heayy lahpayforated ,pl at e
tray, a valve tray, or a countercurrent tray; and packed col um-type
distillati oh Rohuinsambinhe e ddthed whehwaeisoes . t Ypeseof/lfillers such
as a Raschig ring, a Lessing ring, a pall ring, a Berl saddle, an intal ox
saddl e, a DXXdPpecidig (Rr WonslemyBdeateg, Nebhepydk cagbsmizer packing, or
Mel apack. The.(ﬂﬁ)e f .a packed colum that can_be used herein is not

parti cul ar 13F1F YR PBE Y OifF tag i - RbeRydacké®aBdCurm filled with the

above descrj bed, kn filler. reoyer, a plate. col.um-packed col um, m xed
col urrn;typeé_cgllésjmﬁrfc\équipgherg )Lﬁ*#%fd _ipénieﬁ’gib(‘}?ﬁbgmﬁfzate col um portion and
ajportion MU Lh Ml o ds ASRdRial erably used. [0406) A line
for supplying 1 nert 'gas da@nd/or a’'liqdld-state i nactive solvent fromthe

| ower portiﬁg@@héﬂt@lfﬁ%{gj@rés\ﬁ%sﬁge!N_e@%\?ﬁg equipped in the reaction

vessel , separately. O herw s n the m xed sol uti on cont ai ni ng

the N substddid edtSadamg a0 A neestiea9bailer est and the aromatic
hydr oxy conpound contains the N-substituted carbam c acid-O al kyl ester as

a raw mat erdald (reordy Iphror regsteid,c W-giHemg 1a cRathn@l or an entire m xed
solution in the reaction vessel nmay al so be equi pped. Wen the above

descri bed iavdct (deeySlgtheentl iestirsed N-ihemgy. ber@agaseous and/or |iquid

sol vent. [0407 Gaseous ingredients containing the al cohol derived
fromthe N tdadaced rdwrivanics tagl . d NOpdlekyll estrbamds a raw material, which
has been di scharged fromthe reaction vessel, are preferably purified by a
known net hotf @?tf@eéy&i%qﬂldﬁsﬁ@rooll\h@ﬁenéﬁdC@ng)amé§ul tant can be

&
recycled as r, terial .al cohol for producing an N-substituted carbam c
acié-C)alkfF”gﬁa ethfipheny ester, %~phenylgcarbamic

acid(diethylphenyl)ester, N-phenyl carbamic
acid(dipropylphenyl)ester, N-phenyl carbamic
acid(dibutylphenyl)ester, N-phenyl carbamic
acid(dipentylphenyl)ester, N-phenyl carbamic
acid(dihexylphenyl)ester, N-phenyl carbamic
acid(diheptylphenyl)ester, N-phenyl carbamic
acid(dioctylphenyl)ester, N-phenyl carbamic
acid{dinonylphenyl)ester, N-phenyl carbamic
acid{didecylphenyl)ester, N-phenyl carbamic
acid{didodecylphenyl)ester, N-phenyl carbamic
acid{dioctadecylphenyl)ester, N-dimethylphenyl carbamic
acid phenyl ester, N-dimethylphenyl carbamic
acid{methylphenyl)ester, N-dimethylphenyl carbamic

acid{ethylphenyl)ester, N-dimethylphenyl carbamic



[0408] < Step of producing isocyanate by pyrolytic reaction of carbonyl
conpound > The nmethod for producing the isocyanate of the present
enbodi ment conprises a step of subjecting the carbonyl conmpound obtai ned by
t he above descri bed production nethod % a pyrolytic reaction to produce

t he i socyanate. [0409] The carbo @? conpound that is preferably used
in the nethod for producing the isocyanate of the present - 217 -

enbodi ment is an N-substituted carbam c acid-Oaryl ester. This is because,
as conpar edawiitifipanpiispbsti’t beederar Vadi e dey teiry kydawzaere t he
N-substituted carbamc acid-Oaryl ester easily induces a pyrolytic
reaction andctdiistyorbenpasebyedecBnpbuebhy HPoer ik BFRFSYOndi ng

i socyanate and an aromatic h{droxy conmpound. Accord'rég%# t he nethod for
produci ng t RE1AdBEPhAPEEBY L ﬁétﬁ¥es@ﬁ@1@ﬁﬁ%ﬂ%ﬂ%ﬁ?ykr bty conprises a

t f bj ti the. N- tituted bam id-O | t bt ai db

Phel anove. dacari bRy eBaEL) Rt rit riairBeEm P BReTT S R ol o obial o a
duct t ai,ni i t d . i d.

D t1on. 1 et AsPEERo FoY D PoRaEr Y haC T bb s BB e bl esent

enbodi ment, _the (%%ﬁg'tl@é@h%?{g%g@gouﬁng egggg?h% ,AvdL oxymcempound s

t
preferably fhie “aro conpoun n in the aforenentioned

step. [0410};41g (ncHenehRaltigkatarsSt RPa9he8HPLBRENDY BArDRAUGSTI t Ut ed
carbam c acid-Oaryl estef to a pyrolytic reaction to produce an isocyanate

(which is ofjer elenr etehg1as s@erhyNoby ke hgt ppénih thebpnesent
specification) will be described.
acid(dodecylphenyl)ester, N-dimethylphenyl carbamic
acid(octadecylphenyl)ester, N-dimethylphenyl carbamic
acid(dimethylphenyl)ester, N-dimethylphenyl carbamic
acid(diethylphenyl)ester, N-dimethylphenyl carbamic
acid{dipropylphenyl)ester, N-dimethylphenyl carbamic
acid(dibutylphenyl)ester, N-dimethylphenyl carbamic
acid(dipentylphenyl)ester, N-dimethylphenyl carbamic
acid(dihexylphenyl)ester, N-dimethylphenyl carbamic
acid (diheptylphenyl)ester, N-dimethylphenyl carbamic
acid(dioctylphenyl)ester, N-dimethylphenyl carbamic
acid(dinonylphenyl)ester, N-dimethylphenyl carbamic
acid(didecylphenyl)ester, N-dimethyiphenyl carbamic
acid(didodecylphenyl)ester, and N-dimethylphenyl carbamic
acid(dioctadecylphenyl)ester.
[03284]
< Transegterification »
The carbonyl compound produced by the method of the

present embodiment can be preferably used in a production

of an isocyanate by a pyrolysis of a carbonyl compound.



[ 0411] The reaction tenperature is generally in a range of 100C to
300C. In order to increase the reaction rate, the reaction tenperature is
preferably high. On the other hand, there is a case in which the above
described - 218 - side reactions are %ﬁﬁl|y caused by an N-substituted
carbam c acid ester and/or an |socyané%e as a product at a high
tenperature. Thus, the reaction tenperature is preferably in a range of
150C to 250C. In order to keep the reaction tenperature constant, the above
descri bed ré&ti5lon vessel may be equi pped with a known cool i ng devi ce
and/ or heating device. [0412] The reactjon pressure is different
dependi ng on t heley FeFPenYdo FEBERHEct BrBEctiabdy orsefelRebl®i on t enperat ure.
The reaction essure y be any one of a reduced pressure, an ordinary
pressure, Hgi égg %9§&ﬂqthr% éﬁb§%ﬁUbﬁﬁétP§§@tF@ﬁbﬁmé§sure is

f t 06 Pa, [0413 t
ot ent o TR WA ejﬁ.%i&? FeaelPsﬁaﬂﬁ?hoaseg&a%%??%dyl?é B

N-substituted carbamic acid-0-alkyl ester, the N-

is a

gubstituted carbamic acid-0O-aryl ester easily induces a
pyrolytic reaction and tends to be easily decomposed into
the corresponding isocyanate and aromatic hydroxy
compound.

[0386]

The carbonyl compound obtained by the above
described production method may be converted to either an
N-substituted carbamic acid-0O-aryl ester or an N-
substituted carbamic acid-0-alkyl ester, depending on the
type of a hydroxy compound used. For the aforementioned
reason, the carbonyl compound is preferably converted to
the N-substituted carbamic acid-~O-aryl ester.

[0387]

When an N-substituted carbamic acid-0-alkyl ester is
obtained by the above described production method, it is
preferably converted to an easily thermally-decomposed N-
substituted carbamic acid-0O-aryl ester by a
transesterification step described below. After
completion of the transesterification step, the N-
substituted carbamic acid-O-aryl ester can be preferably
used in the reaction of an isocyanate. In the

transesterification step, alcohol derived from the N-



particularly limted. It is generally 0.001 to 100 hours, preferably 0.005
to 50 hours, and nore preferably 0.01 to 10 hours. [0414] In the

met hod for producing an isocyanate of the present enbodinment, a catalyst is
not al ways necessary. However, in ordeggko_decrease the reaction
tenperature or to conplete the reaction at an early stage, such a catal yst
can be used w thout problens. The catalyst is used at a wei ght percentage
of 0.01%to 30% ,and nore - 2 - preferably 0.5%to 20% based on the

19 -,
wei ght of t FEPRESEHSER GRERABAFDARM E - dch 4 8BSt 8F LT 0¥15{* "2 She same
ca S vals athose ueed 1 41 above doser e ansester) 1 catl o tep can

be used her above; " Wwhen a cat al yst
is used in g%%gggep in the production of the N-substituted carbam c acid
(S

ester, ther case in which the residue of the catalyst or the like is

supplied to the ypolytie,steprqdhes i esanse: ol e el bl al ystasesi due or

the |like causes no problens in ny cases. [0417] In the pyrolytic

step, a reaghikQn s@kwent -other Nt BaRsa; hydeaxyaepaRoungdcig-oosiRrgtessarily
used. However, “for the purpose of facilitating reaction operations and the

li ke, a suitakle ieaskiseatsal wontheaybbecusedmubpediific exanpl es of such a
reaction solvent are the sane as those described in the section < Conpound
havi ng urei do3gregup . [ 0418]

The aromatic hydroxy compound to be reacted may be
any one of the aromatic hydroxy compounds represented by
the above formula (33). In addition, the aromatic
hydroxy compounds may be used singly or in combination of
muitiple types.

[0390]

It is preferable that the production method of the
present embodiment further comprise a step of reacting
the N-substituted carbamic acid-O-alkyl ester represented
by the above formula (7) with an aromatic hydroxy
compound to obtain the N-substituted carbamic acid-O-aryl
ester represented by the above formula (6) and alcohol.
The hydroxy compound used in the wmethod for producing the
carbonyl compound of the present embodiment 1s preferably
the alcohol obtained by the present step.

[0391]

Referring to known methods (see, for example,

WO2008/059953), the transesterification step can be

carried out by applying various methods, depending on the

types of compounds to be used and the like.



Anong the obtai ned carbonyl conpounds, when the N-substituted carbam c acid
ester is retained at a high tenperature for a long period of tinme, it may

i nduce side reactions, such as a reaction of generating a conpound
containing a urea bond according to _a.reaction of renoving a carbonic acid
ester fromtwo nol ecul es of N-substitutéd carbamc acid ester, or a
reaction of - 220 - generating an allophanate group as a result of a
reaction with an isocyanate group that has been generated by the pyrolysis
of the N-substi3luted carbanic acid ester, in some cases. Accordingly, the
time at which the N-substituted carbam c acid ester and the isocyanate are

retai ned at a hi'GRCEéRPeFatdrE1PESpref eFABI FraRsehoP T GCHoker bike [ 0419]
Th f . | yii ti i f | i ed t. b ti
mothod. . The B A rriSe o8 5 e BB WA c HOBBRBP RS COCBRT | puousl y o
o ( RS bet bard BN
ot ) on v e e S ERAEbA POp REaTLRYPE LM 7 AL AT e ST O @

conti nuousiat di sehargingddie enenal ed bsocyapat ¢ogRd. hydpoxygcggpound from
. [0420] [ method, a

the pyrolytic reaction vessel. ['n the continuous

| ow boi | i ngHangheAirento rgerelat 8¢ R sacbaguktuefinkhenpyfokybke i kaaeki on is
preferably recovered as a gaseous phase ingredient fromthe upper portion
of the pyr claptdamireactiicom-wassel ssargd tkedr esi dueaivsmaeeevered as a |iquid
phase ingredient fromthe bottom portion of the pyrolytic reaction vessel.
Al | of conpoultds texicstmpigtien tihee rpyproliphi etr eactbeiyvessgk, najiebe recovered
as gaseous phase ingredients. However, the presence of a |iquid phase

i ngredi ent 34eNEd pywelrypeive cosaotingn ivepself eprblivdesedninf fpct of - 221 -
di ssolving a polyneric conpound generated as a side reaction that is

i nduced by FHEN ISR dP3EEDAR EUEEI @SESTeFTaHBPOECNSBERAADE and

t her eby prﬁéfntin ol ynmeri ¢ conpound from adhering to and/ or

t he
accunul at i fid*S A" SﬁﬁF@ﬁ?@iGaFgégﬂFoﬁC99§9éP;kyl ester used as a

raw material. If taking into consideration the size of a
reacticn vessel, the aromatic hydroxy compound is used at
a gstoichiometric ratio of more preferably from 3 : 1 to
100 : 1, and further preferably from 5 : 1 to 50 : 1,
based on the ester groups constituting the N-substituted
carbamic acid-0-alkyl ester used as a raw material.
f0393]

The reaction temperature is generally in a range of
100°C to 300°C. In order to increase the reaction rate,
the reaction temperature is preferably high. On the
other hand, there is a case in which side reactions
easily occur at a high temperature. Thus, the reaction
temperature is preferably in a range of 150°C to 250°C.
In order to keep the reaction temperature constant, the
above described reaction vessel may be equipped with a

known cooling device and/or heating device.



[ 0421] An isocyanate and a hydroxy conpound are generated as a result
of the pyrolytic reaction of the N-substituted carbamc acid ester. At

| east one of these compounds is recovered as a gaseous phase ingredient.
Whi ch conpound is recovered as a gaseous; phase ingredi ent depends on
pyrolytic reaction conditions and the |ike. [0422] Herein, the
expression "low boiling ingredient generated as a result of the pyrolytic
reaction of the N-substituted carbam c acid ester” is used in the present
embodi ment t83fBan a hydr oxy compound and/or an isocyanate generated as a

result of the rolytic reaction of the Ssubst it ut r.bam id ester,
and particul ar %T]?T%éﬁ%?%tJc%l?rp%liﬁﬁs%lﬁeatlScaﬁ%%%rfrngsgﬁe%eﬁﬁlf’ﬁe O%o%%eof gas
under conditigns L9 WOLGHLLAE PEOSENL.PY' OLVLLE LEACLIAN dembardied: out -

[ 0423] F-exanprer -a net hod conpri sing récovering an isocyanate and a
pydr oxy: CoMpAUNgedeRenA! ggeééueerﬁég'n%eolnlt/h@n@yépla/tf@da(f@&tI on in the

form of gaseous phase I ngredients, al so recovering a liquid phase -

222 - ingredieatycant ahnb@giﬁarw%yeggm:@; eshgas b@miﬁr@@é@a est&ssuc@an be
adopted. In"the present nethod, the isocyanate and the hydroxy conpound may
be recover ednf geret-he, pyhel yehetteachirossuesset, iseparated yof [ Dd24)

The recovered gaseous phase ingredient containing an isocyanate is
suppl i ed, prekenablysjn the formof a gaseous phase, to a distillation
apparatus for purifying and separating the isocyanate. It is also possible
to convert tlli€95écovered gaseous phase ingredi ent containing an i socyanate
to a liquid phase using a condenser or the like, and to supply it to a

di stillation appiratasacHowevetne t hehbppalat s Hetmed dofyst ithfied or

enor nous energ¥jis required . in many cases. Thus,. it is pot f avor abl e.
[ 0425] continuous reaction method is appiied) 1is no

particularly limited. It is generally 0.001 to 100 hours,
preferably 0.01 tc 50 hours, and more preferably 0.1 to
30 hours.

[0396]

In addition, it is also possible that the reaction
solution is collected, and that it is then confirmed by
liquid chromatography or the like that a desired amount
of N-substituted carbamic acid-0-aryl ester of interest
has been generated, so that the reaction can be
terminated.

[0397]

In the transesterification step, a catalyst is not
always necessary. However, in order to decrease the
reaction temperature or to complete the reaction at an
early stage, such a catalyst can be used without problems.

The catalyst is used at a weight percentage of 0.01% to



When the |iquid phase ingredient contains an N-substituted carbam c acid
ester, a part of or an entire liquid phase ingredient is preferably
supplied to the upper portion of the pyrolytic reaction vessel, and the
N-substituted carbamc acid ester is again subjected to a pyrolytic

reaction. [0426] Herein, when th rolytic reaction vessel is a
distillation colum for exanple, the term"the upper portion of the
pyrolytic reaction vessel"” is used to nean a plate that is two or nore

t heor et i cal 3% atasd higherpref 2231y tthak tthe 206t,t dasefl thetbel weighwhen t he
pyrolytic reaction vessel is a thin-filmdistillation apparatus, it neans a
portion hi gherthehdir s thoritiesh qag e iseardd-J-6427L esterThe net hod for

pr oduci ng tEe i socyanate of the present enbodi ment further conprises a step
of separati %ﬁkwoduct obtained by the pyrolytic reaction into a gaseous
phase ingredient, _and.a Iiguid %gase ingredient and then recovering a part

of or an entire TR ESpRis Uy PeGPERLY SFhEDFLYERdLPHAS e F RGP edi ent
preferably i.ns C ound havi urea bond. Moreover, .in the nethod
f or produciﬁﬁﬂ%ﬁgﬂégfgg%y 55m153ﬁﬁﬂgﬁ%ghgeﬁﬁégéﬁpgeﬁﬂggiﬁSWﬂ? t he conpound
havi ng the bqﬂg{ ed . Vi g rea bond

cont ai ned i#g{§ﬁ§|l E#gﬁgﬁﬁgéQ%ﬁggé |§%t%%%fg¥ﬁgggﬁﬁgtﬁg 5%8 grétep. [ 0428]

Wen a parteRimedit alet, 2 dd G phaselingredigrt1is syppiEed to the
upper portion of the pyrolytic reaction vessel, the |iquid phase ingredient

i s transfergethgihes etrzi ol e retaining it preferably at 50C to 180C, nore
preferably 70C to 170C, and further preferably 100C to 150C. [ 0429]
Lewis acids represented by AlX;, TiXs;, TiX,, VOX;, VXs,
Zn¥,, FeX;, and SnX,; (wherein X represents a halogen, an
acetoxy group, an alkoxy group, or an aryloxy group), and
transition metal compounds for generating such Lewis
acids;
organic tin compounds represented by (CH;);SnOCOCH,,
(CHs) SnOCOCgHs, Bus;SnOCOCH;, Phi;SnOCOCH;, Bu,Sn (OCOCH,) ,,
BuzSn {(CCOC;3Hz3) 2, PhiSnOCH:, (CyHs) 38nOPh, Bu,Sn(QCH.) .,
BuzSn (0OC;Hs),, Bup;Sn(OPh}., Ph;Sn (CHi),, (C;Hs).SnCH,
PhSnOH, Bu;Sn0, (CgHis)}25n0, Bu:SnCl,, BuSnO{OH) and the
like;
compounds of copper element metals such as CuCl, CcuCl,,
CuBr, CuBr;, Cul, Cul;, Cu(OAc),, Culacac)., copper
olefinate, Bu,Cu, (CH;0).Cu, AgNO;, AgBr, silver picrate,
and AgCcHC1lO,;
zinc compounds such as Zn(acac),; and
compounds of iron element metals such as Fe(CyeHg) (CO) 4,
Fe{C0)s, Fe(C4Hg) (CO);, Co{mesitylene),(PEt,Ph,),

CoCsF5 (COY 5, and ferrocene (wherein Bu represents a butyl



Al so, a nethod which conprises recovering an isocyanate and a hydroxy
conpound generated as a result of the pyrolytic reaction in the form of
gaseous phase ingredients, and then recovering a liquid phase - 224 -

i ngredi ent containing an N—substitutgdzfgrbanic acid ester fromthe bottom
portion of the pyrolytic reaction vessel can be adopted. In the present

nmet hod as well, the recovered gaseous ingredient containing an isocyanate
is supplied, preferably in the formof a gaseous phase, to a distillation
appar at us f 6iropir i Pl mgParEcBEparaPPREY L her PeB YAt 2T 043BTESENtS On t he

ot her hand, a part of or an intirg i Uid‘§£ﬁ§e i ngredi ent__cqnt ai ni ng an
N-substit ut 88 GEEBYAPECLERE P8P s gUbﬁT B ¢ FEdBer” Pot tHon of the

lyti ti | d.t N-substjtut 1 ¢, acid t [
Bt n’ subj odt 800G 7R R V6IS P > BETFBRe WiEh- S BEer a5 En 3R re 1 qui d
gai n' subj ect &G A By SH Fi e’y _ , _
e T o e e T

it preferab%(%tlt %%‘Egggsﬂc%g%cﬁ%@ e&%mm a%agﬁagpcleaad further

preferably o1l 1] reover, a nmethod conpri sing

recovering, J@h-8%3Mak@, s2AnALERBLEECRYEr axy peapeuad)yfueanaaeng an
i socyanate and a hydroxy conpound generated as a result of the pyrolytic

reaction, i rstheyisasm ofhasgaseapsunbaseay nge ecsent s imndy tdreninz eciovering a
m xture containing the isocyanate as a |liquid phase ingredient fromthe
bot t om por t ifanrmofoft ke npwtalrygt iof teactromovessghbesan be adopted. - 225 -
[0399]
In the present reaction, a reaction solvent is not
necessarily used. However, for the purpose of
facilitating reaction operations and the like, a suitable
inactive solvent may be used. Specific examples of such
a reaction solvent are the same as those described in the
section < Compound having ureido group >.
[0400]
In general, the above described transesterification
is a static reaction. Accordingly, in order to
efficiently carry out the transesterification, the
reaction is preferably carried out, while removing the
generated alcohol (which is alcchol derived from the N-
gubstituted carbamic acid-0-alkyl ester as a raw
material) from the reaction system.
[0401]
Accordingly, if an aromatic hydroxy compound is

selected such that the standard boiling point of the

aromatic hydroxy compound used in the transesterification



[ 0432] In this case, the liquid phase ingredient is supplied to a
distillation apparatus, and an isocyanate is then recovered. Wen the

| i qui d phase ingredient contains an N-substituted carbam c acid ester, a
part of or an entire mxture containing the Nsubstituted carbamc acid

ester is preferably supplied to the u portion of the pyrolytic reaction
vessel, and the N-substituted carbam c acid ester is again subjected to a
pyrol ytic reaction. [0433] When a part of or an entire |liquid phase

i ngredi ent Peceuppllieshen thmen upperstporddah befi itikg pyrialty bifc gheact i on
vessel, the |iquid phase ingredient is transferred thereto, while retaining
it preferabfycRobotetbradoGomdie piefdrblty trOC ceabamdC, aaridi-four t her
preferably 100C to 150C. [0434] As stated above, in the pyrolytic

reaction, tHEYT REEDBESS i Tt dYiterials prlef@saBity Ascshated e om t he

bottom portion of Cil‘%/\p roldﬁii c, reaction vessel. This is because the above
descri bed po?{rert TR dUR st YEEr sedRs ch Hodddig ePrigitde ™ éd&t i ons

be. i ssol veH- VAR oy Th 8T S Hir Gad e T e 3P o Il adied phase
| ngr edi ent s, Lo om 4G PYSALLG LEAGHIPN MESS e AN 4 hus because it has an
ef fect of reducl ngﬂﬁ]e - 25%% - anount o];ﬁtﬁhe poﬁ ymeric Conﬁﬂgﬁﬁglg ering
to and/or ageurad af iAdaiit the B B8R PRnReSehe E43BL ¢

from the reaction system.

[0402]

Moreover, in order to efficiently carry out the

transesterification, it is preferably carried out

according to a continuous method. That is to say, it is

preferable that the N-substituted carbamic acid-0O-alkyl

ester as a raw material and the aromatic hydroxy compound

be continuously supplied into a reaction vessel to Carry

out the transesterification, that the generated alcchol

derived from the N-substituted carbamic acid-0O-alkyl

ester as a raw material be removed in the form of a

gageous ingredient from the reaction vessel, and that a

reaction solution containing the generated N-substituted

carbamic acid-O-aryl ester and the aromatic hydroxy

compound be continuously removed from the bottom portion

of the reaction vessel.

[0403]

Materials for the reaction vessel and line, in which
the transesterification step is carried out, are not

particularly limited, as long as they do not affect the



When the |iquid phase ingredient contains the N-substituted carbamc acid
ester, a part of or an entire liquid phase ingredient is supplied to the
upper portion of the pyrolytic reaction vessel, the N-substituted carbam c
acid ester is subjected to a pyrolytic,rgaction again. However, if this
step is repeatedly carried out, there Ts a case in which polyneric
by-products are accunul ated in the liquid phase ingredient. In such a case,
a part of or an entire liquid phase ingredient is renpoved fromthe reaction
system so Shatrtihe mabantslef or hbhactandr hdedspof yHRI$T: bytModds can be
reduced, or they can_be maintained in a certain concentration. [0436] The
liqui d phas&YPREr 8di ERPVPeRBYEH~ I BN EHe O eRERF on ERFs (AE Gt ai ™ a hydr oxy

di . -Such d d f th
g0t 0 phas 8 TRYPERFERR aBor AP Ry PG SP ot O SOER AL H LT Bt Pon, The
hydroxy compound.can,be recyeled as g Law TRLerial cuspdyia dbpqmet hod for

produci ng a NS carpam’c ac er o e present enbodi nent or
as a hydrox d.us isn the above described transesterification.
[0437] - 2§§%%%pgg% b%nggg ition, the liquid phase ingredient recovered
fromthe bottyamportion of the pyrolytic reaction vessel contains a
conpound having a urea bond in many cases. A step of recycling the conpound
havi ng the urea hoRdrasca tAw Peiefriah wsedel ni4 heotrgphod Jwraprwduci ng the
car bonyl conmpound of the present enbodinment, and reacting the conpound
havi ng t he uriedthkand whbhnategakboype acd dcdbmiwvatywve meweridieati ng at a
tenperature equal to or higher than the thernal dissociation tenperature of
the urea bonsssedy foart her usedaddéslrif@a3gires of Theewn itetdiedse in which
the recovered i socyanate contains an aromatic hydroxy_conpound and the

li ke, dependiufd &% Feadtinen EAnd¥iStngng, T€8REILPIONESFEE FEEBYAFERY t he

i socyanate, the reaction apparatus, etc. In sgch a_case, oeerations such as

di stillati ofHayP e Furthéd LE&ticsd "60:, aniilVah ' §66¥anale -@rt R a desired
purity may qguﬁgt%JQfﬁgtﬂf¥g§¥on column, & multi-stage distillation

column, a multitubular reaction vessel, a continuous
multi-stage distillation column, a packed column, a thin-
film evaporator, a reaction vessel comprising a support
therein, a forced-circulation reaction vessel, a falling-
film evaporator, a falling-drop evaporator, a trickle
phase reaction vessel and a bubble column, or & method of
combining these devices, are used. From the viewpoint of
efficient deviation of eguilibrium to the generation
system side, a method of using a thin-film evaporator or
a column-type reaction vessel ig preferable. In addition,
a structure having a large gas-liquid contact area, which
is able to promptly transfer to the gaseous phase, the
generated alcohol derived from the N-substituted carbamic
acid-0-alkyl ester as a raw material, is preferable.

[0405]



A type of the pyrolytic reaction vessel is not particularly limted. In
order to efficiently recover the gaseous phase ingredient, a known
distillation apparatus is preferably used. For exanple, various types of
known net hods such as a nethod of usi gﬁa_reaction vessel conprising any
one of a distillation colum, a nulti-stage distillation colum, a

mul titubul ar reaction vessel, a continuous nmulti-stage distillation columm,
a - 228 - packed colum, a thin-filmevaporator, a reaction vessel
conprising a suppeér trulliiéreicageadfeccédatioputaivon teasti on vessel, a
falling-filmevaporator and a falling-drop evaporator, and a nethod of
conbi ni ng thede: a4 codrrydeyinposopl tl-stageomibhehrdwsdient of t he
pronpt renoval, of | Qw boi | i redient fromthe reaction system it is

ng in . on
pr ef er abl y HREH Wistg & &H%ﬁ&ﬁ rEalitbnlvesder, 1anlvropPs _
Evapor ator B t (oUFRF PLI FERG- Fi T G0ABORaT of S A b1 Gher €oRETng a | arge
gas-liquid r t.lLy transferrli .he rated | ow boiling
i ngredi ent %%q%ﬂg%ﬁggggﬁggﬁﬁgégﬂﬁgi%¥%f%%a%%égjP%4}?]eggg?eﬁhterials for
the pyrol ytd&, v @achion uessal; and t hﬁng' gprVSf%%rg?if%&%%a” y limted, as

| ong as they do not affect the urethan the aro roxy conpound as

a product, @nstiSocyarat eolant the Hekesefhuss Kaewnagaterial s nmay be used.
For exanple, the sanme material as that for the above described reaction

vessel for gerodtcilng el Nesubstiltrut-ed ag@r Bamite 1aekdocasteruaan be used.

[ 0442] < Washing of reaction vessel >
Examples of the multi-stage distillation column include:
plate-column type distillation columns, which use a tray
such as a bubble cap tray, a perforated plate tray, a
valve tray, or a countercurrent tray; and packed column-
type distillation columns, which are filled with wvarious
types cof fillers such as a Raschig ring, a Lessing ring,
a pall ring, a BRerl saddle, an intalox saddle, a Dixon
packing, a McMahon packing, Heli-Pack, a Sulzer packing,
or Melapack. The type of a packed cclumn that can be
used herein is not particularly limited, as long as it is
a packed column filled with the above degcribed known
filler. Moreover, a plate column-packed column, mixed
column-type distillation column comprising both a plate
column porticn and a porticon filled with a filler is also
preferably used.
[0406]

A line for supplying inert gas and/or a liquid-state

inactive solvent from the lower portion of the reaction

vessel may be equipped in the reaction vessel, separately.



- 229 - In the production of an N-substituted carbam c aci dO-aryl
ester of the present enbodi nent and the production of an isocyanate using
the N-substituted carbam c acid-0- aryl ester, there may be a case in which
a small amount of polyneric by-product d the like are generated. Since
this polyneric by-product is highly so%ggle in the aromati c hydroxy
conpound used in the present enbodinent, it is renoved in the formof an
aromati ¢ hydroxy conpound sol ution fromthe reaction vessel However, when
condi ti ons Pshespérat i WeRhEhe eBEXEONSVEYEEPN @ el Bt ihen such
operation is carried qut for | ong _period of time, _there is a case in

whi ch such &YpStyABFEE 595?6@ﬁ€ta§gﬁe9e§rY% ?%Eﬁ¥é%gt}QﬁFﬁ%%%e?n [ 0443]

| h th t | ar | th |

concer ned r Sh&t %Hﬁé'égé'egwig%shﬁﬁpélﬁ?ﬁ sl B b S vent for
th | i duct. insLd t b
i neai ned Erami Logaan-02a i RRL SREERERE Shy MELLERFL) M) YERE R EAN O,

particul arl y..li %&%qaaalﬁrql ang,@s btf kaéﬂ' ¥§§1£@%P§é&”§él&t?¥np£1@dUCt
Ei t her an orfganic aci an“rnorganic acid may be used. Preferably, an
organi ¢ aci ¢ples 443841 0h0443ke1- nd30aiso be equipped. When the above
described inactive solvent is used, 1t may be a gaseous
and/or liguid solvent.
[0407]
Gaseous ingredients containing the alcohol derived
from the N-gubstituted carbamic acid-0O-alkyl ester as a
raw material, which has been discharged from the reaction
vessel, are preferably purified by a known method such as
a distillation column, and the resultant can be recycled
ag raw material alcohol for producing an N-substituted
carbamic acid-O-alkyl ester.
[0408]
< 8tep of producing isocyanate by pyrolytic reaction of
carbonyl compound =
The method for producing the isocyanate of the
present embodiment comprises a step of subjecting the
carbonyl compound obtained by the above described
production method to a pyrolytic reaction to produce the
isocvyanate.
[0409]
The carbonyl compound that is preferably used in the

method for producing the isocyanate of the pregent



Exanpl es of such an organic acid include carboxylic acid, sulfonic acid,
sul finic acid, phenols, enols, thiophenols, imdes, oxines, and aronatic
sul fonam des. Preferably, carboxylic acid and phenols are used. [0446]
Exanpl es of such a conpound include: saturated or unsaturated aliphatic
nmonocar boxyl i ¢ acid conmpounds such ds ¥ ric acid, acetic acid, pr opi oni c
acid, n-butyric acid, isobutyric acid, valeric acid, isovaleric acid, 2-
met hyl but anoi ¢ acid, pivalic acid, hexanoic acid, isocaproic acid,

2- et hyl but agmobedmeenk 5 Z2n AV -metbdeid ButteEdoica rdeind,c keptaleiacvdciedit eact anoi ¢
aci d, nonanoi ¢ acid, decanoic acid, undecanoic acid, dodecanoic acid,

t et r adecanof & aci®, Persistfoc aoi WEEEd attyl is@ Acisgibsélsrsme ¢ aci d,

i socrotonoic acid, vinyl acetate, nethacrylic acid, angelic acid, tiglic
aci d, allyl XAt e, 2ok (ideldenoi s @ d t ieatUrsbed 161 teRs SRFRaed al | phati c
di carboxylic a Hg§ such q&aoxalL acid, malonic acid, succinic acid,
glutaric act@Tadi PE! &5 T Heptane dibiuC s ifd PYSQ A Gi dEECAdion, and
nonanedi oi ¢ Ed, edj .ol cid, malei.c. acid, fumaric aci.d, nethyl

nal eat e, ms‘f%}Sﬁigftuc%jrzmrceg[le eafjélgléﬁtggenéeo |poCiSCEdZéLintjf,O itﬁl"gc&gﬁrg eé:‘é)fj&?il&g al |yl

mal onate; s r S i .G, trl yli i ounds
such as 1, 2%¢g%$lg{)£aé;e%wcﬁ E%%‘ﬁ?%%ac}%@ %L’%,%%%%g%et rA %gg)?géfﬁ‘% aci d,
or 2, 3-di metihwy | hutiane- o Brddi CHPOR 16 RGthard OFakhe ¢arhexyl ic acid
conpounds such as benzoic acid, - 231 - nethyl benzoate, "ethyl benzoate,
propyl benzeaieiigkinetdnd £ henzioatemari ddd metdtep Renzeatiec cahmatieC

di carboxylic acid conpounds such as phthalic acid, isophthalic acid,

t er epht hal iX- ik i ort erbtdutbansiophidial -at-eirvar ematdrc dotiad arBioxyl itheaci d
conpounds such as hemnellitic acid, trinmellitic acid, or trinesic acid,
mono- subst i alewerl devenol iz d yotrds tplenolethust iyl appenellytéichyesphidonl |
propyl phenol, butyl phenol, pentyl phenol, hexyl phenol, heptyl phenol,
octyl phenot® HMAN phatitducie @angsHeNdlg, adodesylyapladigolendplaeny| phenol ,
phenoxy phenol, or cunyl phenol; and dinethyl phenol, diethyl phenol,

di pr opyl pH%ﬁBW?t%ﬁtﬂﬁ%%O SR Wident P 2gHERGPT diReky® BAERSGEA, di heptyl

phenol , diogctyl phenol 3%90n | .phenol , di decyl phenol, didodecyl phenol,

di pheny! phg |I?lp%‘f$%é??o ept%ﬁ&f)o,wgndfompahﬂﬂy Q&ﬁéﬁﬁ PIESERA Taki ng

i nto consi ' e J.nfl ye th shi_ng_saol.vent,. whi ch

remai ns af ?%ﬁ@é:%%%{]’i oénﬂéof&%%%aéﬁéz%’?éjn or u\%éi\é\%rnﬁ It%ﬁnéi%ﬁfr SHAEYr eact i on
vessel , amngntNESE QF gaN G ,a81d5  d o r: f I romatic

hydr oxy conpo&%d, aﬁ' furﬁ%%r p e#éf%b%?@?%ﬁ%égﬁ%§#§$c%ﬁgﬁégﬁg type as the

aromatic hygﬁggahéanmgngggtgggréﬁ@hey%mggp%ﬁgﬁﬁd as a result of the above
descri bed nethod for producing an N-substituted carbam c acid-O aryl ester

and/or the pyaxdlytic reaction of the N-substituted carbam c acid-O aryl
ester is used. [0448]
Hereinafter, a step of subjecting an N-substituted
carbamic acid-C-aryl ester to a pyrolytic reaction to
produce an isocyanate (which is often referred to as a
"pyrolytic step" in the present gpecification) will be
described.
(0411}
The reaction temperature is generally in a range of
100°C to 300°C. 1In order to increase the reaction rate,

the reaction temperature is preferably high. On the

other hand, there is a case in which the above described



- 232 - When such an aromatic hydroxy conpound is used as the acid for
t he washing, fromthe viewoi nt of washing effect, the standard boiling
poi nt of the aromatic hydroxy conpound preferably has a difference in

boi I'ing point of 10C or higher fromthg,standard boiling point of the above
descri bed i socyanate generated as a result of the pyrolytic reaction of the
N-substituted carbam c acid-O aryl ester. [0449] As a net hod of
washi ng the reaction vessel using the above described washi ng sol vent,

vari ous net héde £GeRtasNg AEEhBASHEY| AEFBBUECPYIgRA Wedhi gt SoF$@nt fromthe
upper portion of the reaction vesgzérinto.the reaction vessel to shit,

or a net hod SGFPPREFodGEn§ S5 hadh sBRVERPCYAERCE h2® KotY DR PoF t#on of the

ti l, th il th hi | t Cli |
o wash t he 3 (o LEHBEEARITEan CHe Sppr Tod Sh st oIS R 0" Vesse
operation is _nqt necessarily carried t i ft letl f th
Ceaction. TRESAGHBEVor Tt Re FRRGRI R ABAratloie an b arkietarriye & 1
det ermi ned depending;on tBg-e0APAUAAS HSeHn:t NEnePEhELE NGekat-epcand the

| i ke. The washing operation can be carried out at a frequency of,

preferably eqreetiidnt ke sarer akiobet bARibpEdlwl @h200RAcKEUESo 1 IAGE preferably
once in the operation tine for 1 day to 1 year, and further preferably once

in the oper advdret iamg /loar hkamanthdeoiteyear. The reaction - 233 - vesse
may be equi pped with a line for introducing such a washing solvent into the
reaction vesSei2i[ 0451]
The reaction pressure is different depending on the
types of compounds to be used or the reaction temperature.
The reaction pregsure may be any one of a reduced
pressure, an ordinary pressure, and a compressed pressure.
In general, the reaction pressure is in a range of 20 to
1 x 10° ra.
[0413]
The reaction time (which is a retention time when a
continuous reaction method is applied) is not
particularly limited. It is generally 0.001 to 100 hours,
preferably 0.005 to 50 hours, and more preferably 0.01 to
10 hours.
[0414]
In the method for producing an isocyanate of the
present embodiment, a catalyst is not always necessary.
However, in order to decrease the reaction temperature or
to complete the reaction at an early stage, such a

catalyst can be used without problems. The catalyst is

used at a weight percentage of 0.01% to 30%, and more



A carbonyl conpound is industrially useful. In particular,
carbonyl conpound is an N-substituted carbam c acid ester,

when such a
an i socyanate

can be produced by the pyrolytic reaction of the N-substituted carbamc
acid ester. Accordingly, the method far producing the carbonyl conpound of
the present enbodinment is effective,” &ld it is industrially, extrenely

i nportant. [Exanples] [0452] Hereinafter, the present

be specifically described based on the foll ow ng exanples.

invention wl|
However, these

exanpl es arerafotrantyerded tto [20%,t Hehedscopehef wehghpr eSenhei mvent i on.

[ 0453] Analysis nmethod > (1) NMR anal ysis net hod Appar at us:

JNM A400 FT- NVR

System narfHaEtUrEEdyraEemnia dcldgsasr .Preparation of 114 and ' 3G NMWVR
anal ysi s sanpl es Approxi mately 0.3 g of sanple solution was wei ghed,
and thereaft %prproxinately 0.7 g of deuterated chl orof orm (manufact ured

by Aldrich, U S_A ; 99.8%%tand 0.05 g of tetranethyltin

: (manuf actured by
Wako Pure The same alysts as those used in” the above

described transesterification step can be used herein.

[0416]

Moreover, as described above, when a catalyst is

used in any step in the production of the N-substituted

carbamic acld ester, there is a case in which the residue

of the catalyst or the like is supplied to the pyrolytic

step. The presence of such a catalyst residue or the

like causes no problems in many cases.

[0417]

In the pyrolytic step, a reaction solvent other than

a hydroxy compound is not necessarily used. However, for

the purpose of facilitating reaction operations and the

like, a suitable inactive solvent may be used.

Specific

examples of such a reaction solvent are the same as those

described in the section < Compound having ureido group .

[0418]

Among the obtained carbonyl compounds, when the N-

gubstituted carbamic acid ester is retained at a high

temperature for a long period of time, it may induce side

reactions, such as a reaction of generating a compound

contalning a urea bond according to a reaction of

removing a carbonic acid ester from two molecules of N-

subgtituted carbamic acid ester, or a reaction of



- 234 - Chemcal Industries, Ltd., Japan; Wako | kkyu) used as an internal

st andard substance were added to the solution, foll owed by honbgeneously

m xi ng them The thus m xed solution was used as an NVR anal ysi s sanpl e.
Quantitative anal ysis met hod Each,standard substance was anal yzed, and
based on the prepared calibration curve, the anal ysis sanple sol ution was
subjected to quantitative analysis. [0454] (2) Liquid chromatography

anal ysi s nethod Apparatus: LC 10AT System manufactured by Shinmadzu

Cor por at i on gelggant 106 ginallrBReEsREeCDBCEs| afim? hafutbcPhr2dr8§cEC0%ci ences
Inc., Japan (two Inertsil-ODS Colums were connected in series) Eluent: A
m xed sol ut Mg ToPT5 1SREYARASRnERPHM SRefal8®afteBugeRBT AEFOn Y sblGti on A)

and acet oni L1116 (solut of Bl ELYSHL Lo £aLEandc kLT e CRLUM:

some cases. Accordingly, the time at which the N-
substituted carbamic acid ester and the isocyanate are
retained at a high temperature is preferably as short as
possible.

[0419]

Therefore, the pyrolytic reaction is preferably
carried out by a continuous method. The continuous
method is a method which comprises continuously supplying
a mixture containing the N-gubstituted carbamic acid
ester to a reaction vessel to subject it to a pyrolytic
reaction, and then continuocusly discharging the generated
igsocyanate and hydroxy compound from the pyrolytic
reaction vessel.

[0420]

Tn the continuous method, a low-boiling ingredient
generated as a result of the pyrolytic reaction is
preferably recovered as a gaseous phase ingredient from
the upper portion of the pyrolytic reaction vessel, and
the residue is recovered as a liguid phase ingredient
from the bottom portion of the pyrolytic reaction vessel.
All of compounds existing in the pyrolytic reaction
vessel may be recovered as gaseous phase ingredients.
However, the presence of a liquid phase ingredient in the

pyrolytic reaction vessel provides an effect of



Detector: R |. Detector (refractoneter), and PDA Detector (photodiode
array detector; neasured wavel ength range: 200 nmto 300 nm Liquid

chr omat ogr aphy anal ysi s sanpl es Approxi mately 0.1 g of sanple was
wei ghed, and thereafter, approxi nT:lteI)éz%L g of tetrahydrofuran (manufactured
by Wako Pure Chemi cal Industries, Ltd~“" - 235 - Japan; dehydrated) and

approximately 0.02 g of 1,1- diethyl urea (manufactured by Tokyo Chem cal

| ndustry Co., Ltd., Japan) used as an internal standard substance were
added to thlsEnptiag foldowedie tompgemeogsing raiteidng st Bemi dehe t hus mi xed
solution was used as a sanple in liquid chromatography analysis. *

Quanti t at i VEHHaISi D atetifod nducedednh theafdabdssibytadceankemdmal yzed, and
based on the prepared caljbration curve, the analysis sar’qt)lle sol uti on was
subj ect ed t%c%f{wﬁpﬁﬁec%tq UnASPGYSNAtE455E thgyr ekt REGVERL ABds Gfieng t her mal

di ssoci ation ter’g)e.rcature Qpr%ar rtus: %%T'A An%%é%r TG&120, manuyfactured by
R gaku Cor p&tafion.C FAp&P OMVE ST EIY e /8P 36EHPPdEt 1REnuf act ur ed
by Shinadzqu¥QﬁR9&%%&ﬂgﬁj%9Q%%ction vessel.
[0421]
An isocyanate and a hydroxy compound are generated
as a result of the pyrolytic reaction of the N-
substituted carbamic acid ester. At least one of these
compounds is recovered as a gaseous phase ingredient.
Which compound is recovered as a gaseous phase ingredient
depends on pyrolytic reaction conditions and the like.
[0422]
Herein, the expression "low-boiling ingredient
generated as a result of the pyrolytic reaction of the N-
substituted carbamic acid ester" is used in the present
embodiment to mean a hydroxy compound and/or an
isocyanate generated as a result of the pyrolytic
reaction of the N-substituted carbamic acid ester, and
particularly means a compound that can be present in the
form of gas under conditions in which the present
pyrolytic reaction is carried out.
{04231
For example, a method comprising recovering an
isocyanate and a hydroxy compound generated as a result
of the pyrolytic reaction in the form of gaseous phase

ingredients, and also recovering a liguid phase



At nosphere: helium Tenperature rise rate: 100 m n Measured tenperature
range: roomtenperature (approximately 25C) to 400C Analytic nethod
The sanple (approxinmately 5 ng) was heated under the above descri bed
measur enent conditions, and the generajed gas was then anal yzed using an M5
anal yzer. The tenperature, at which a tonpound containing a NH2 group
generated as a result of deconposition of a urea bond was - 236 -
detected, was defined as the thermal dissociation tenperature of the
concer ned c@np@addenpoagﬁyaggkagpa@ ﬁ]substituted carbamic acid

ester, can be adopted. In the present method, the

isocyanate and the hydroxy compound may be recovered from

the pyrolytic reaction vessel, separately.

[0424]

The recovered gaseous phase ingredient containing an
isocyanate is supplied, preferably in the form of a
gaseous phase, to a distillation apparatus for purifying
and separating the isocyanate. It is also possible to
convert the recovered gaseous phase ingredient containing
an isocyanate to a liguid phase using a condensexr oxr the
like, and to supply it to a distillation apparatus.
However, the apparatus becomes complicated, or encrmous
energy is reguired in many cases. Thus, it i1s not
favorable.

[0425]

When the liquid phase ingredient contains an N-
substituted carbamic acid ester, a part of or an entire
liquid phase ingredient is preferably supplied to the
upper portion of the pyrolytic reaction vessel, and the
N-substituted carbamic acid ester is again subjected to a
pyrolytic reaction.

[0426]

Herein, when the pyrolytic reaction vessel is a

distillation column for example, the term "the upper

portion of the pyrolytic reaction vessel" is used to mean

a plate that is two or more theoretical plates higher



Step (1-1): Production of N-substituted carbam c acid ester Usi ng the
reaction vessel shown in Figure 1, an N-substituted carbam c acid ester was
produced. [0457] 6.30 kg (28.1 nol) of 1,3-dicyclohexyl urea was m xed
with 13.2 kg (59.5 nol) of 2,6-xylenol_to prepare a raw material solution.
Thereafter, 2,6-xylenol was added i it & %2 pl ate-type distillation colum 102
having 40 plates, and it was then boiled with a reboiler 105, so that it
could be in atotal reflux state. At this time, the tenperature of the 15th
pl at e (countlkan f¥lymhdet @olamthopcive). oihehi theapyingyRiwas equi pped was
210C. This tenperature was higher than the thernal dissociation tenperature
(2050) of 1¥SEFEeI eS8 it en. thphr-dugin alilsitid latégui pppdren ushe idipper nost
plate (the first plate) of the distillation colum 102, a m xed sol ution
havi ng { he BEHEE Compost LM M h AT 15 BORR A 601 &F S6REHSon was

i ntroduced m&g the colum at a rate of approximately 2.0 kg/H. At the
sane tine, oUgh the line 2, a mxed solution of urea and 2, 6-xyl enol
(urea concentr ati.an: roxi nat el : 9 fed to th lumm at a rate
of appr oxi mat el ;Ilh% Slel%glﬁ}ﬁ??%loﬁf %)gfro)éb%ér ti{qgﬁm%%ﬁa?’?%ﬁ% ﬁngB? 237 - been
stabilized, I | MBS, | ie r oug .. 1 at a
rate of appg%i?en%?gi%ﬁoﬂ%ge Efrzu,llgé{r?gnt he r%%%%i gn%éttggu?} :fo%e%%gfattﬁgﬁ
recovered idt@rahsdOraae itk k0% HhrRuah & ild neB.-agu pped at the

| ower nost portion of the distillation colum 102. A gaseous phase

i ngredi ent gesedecqrerad If@uglera ldnde 23 19QuiipPetaat thervppemwost portion
of the distillation colum 102, and it was then condensed using a condenser
103 t hat wesnd etteimeck aiveapproyx netred YWBLE athertthue ahtaidegharegr edi ent
was recovered into a storage tank 104. [0458] The reaction solution
recover ed iWarrslisingr.agdhrankquds whssanahyredibyt| pgefdrahtpmat ogr aphy and
IHNVR As a result, it was found that the reaction solution was a solution
cont ai ni ng NG S HESRROWYE Beinad drEsebagidhet Myrpheay| ) ést ehe and
that the yiel qmo% ftégg Ncycl ohexyl carbam c aci d(2, 6-di met hyl phenyl ) ester
was appr oxiTat ) P % feaRreHe fpiges. ofo4be) present

embodiment, the compound having the urea bond used is
preferably a compound having a urea bond contained in the
liquid phase ingredient obtained in the above step.

[0428]

When a part of or an entire liguid phase ingredient
is supplied to the upper portion of the pyrolytic
reaction vessel, the liguid phase ingredient is
transferred thereto, while retaining it preferably at
50°C to 180°C, more preferably 70°C to 170°C, and further
preferably 100°C to 150°C.

[0429]

Also, a method which comprises recovering an
isocyanate and a hydroxy compound generated as a result
of the pyreolytic reaction in the form of gaseous phase

ingredients, and then recovering a liquid phase



[ Exanple 2] Step (2-1): Production of N-substituted carbam c acid ester
Usi ng the reaction vessel shown in Figure 1, an N-substituted carbamc acid
ester was produced. [0460] 8.20 kg (37.4 nol) of 1, 3-diphenyl urea was
mxed with 12.0 kg (162 nol) of n-butapg) to prepare a raw - 238 -

material solution. Thereafter, n-butanol was added into a plate-type
distillation colum 102 having 40 plates, and it was then boiled with a
reboiler 105, so that it could be in a total reflux state. At.this tine,

the pressur éPgrepRENEoFGRRAEBPIGa3 18 athDshHerFe (# eCHhd the
e e g nar e trRi BofrhEoParErah S HRS P Pe Rt el 2 e 2
di i ation t £ 100). . of - di _ Through a line 1
cqu pped. on VR SppaPnbe BPRrEC: et i P Mol s A Fon

col um 102’t%eﬁ&é%gvﬁgéﬂtbggegﬁé'?%ggggﬁéﬁEE0899Q9ﬁiﬁéqana§sé@§£n§@ethe raw

mat eri al soluti on was I nt uce e colum at a rate of approximtely

2.0 kg/ Hr. Al thesapg tibreretAHoYIint BRel AL 20t 8a X80 $9| phéoa, of urea
and n-butanol (urea concentration: approximately 5wt % was fed to the

col um at atate gakrappe@sommbebyratdskgbr puAl teingpenat sepacantihgi ons had
been stabilized, the raw material solution was supplied through the line 1
at a rate ofthapprexivemiely 2.0 kg/ Hr, and the reaction solution was then
recovered into a storage tank 105 through a line 6 equi pped at the

| ower nost paoroiz@d of the distillation colum 102. A gaseous phase

i ngredi ent was recovered through a line 3 equi pped at the uppernost portion
of the distillatPonthel akheToRangndai paihsof heh wnifehsedl 19w a condenser
103 that was retained at. approximately 50C. The thus o taingd i, ngr edi ent
was recover &RdSR ¢ PETEOHEGe CPRR1DGFT ap N-substituted carbamic

acid ester is supplied to the upper portion of the
pyrolytic reaction vessel, and the N-substituted carbamic
acid ester is again subijected to a pyrolytic reaction.
When a part of or an entire liquid phase ingredient is
supplied to the upper portion of the pyrolytic reaction
vessel, the liquid phase ingredient is trangferred
thereto, while retaining it preferably at 50°C to 180°C,
more preferably 70°C to 170°C, and further preferably
100°C te 150°C.

[0431]

Moreover, a method comprising recovering, for
example, an aromatic hydroxy compound, from among an
isocyanate and a hydroxy compound generated as a result
of the pyrolytic reaction, in the form of a gaseous phase
ingredient, and then recovering a mixture containing the
isocyanate as a liquid phase ingredient from the bottom

portion of the pyrolytic reaction vessel can be adopted.



- 239 - [0461] The reaction solution recovered in the storage tank
105 was anal yzed by liquid chromat ography and 114-NVR. As a result, it was
found that the reaction solution was a solution containing an N-phenyl
carbam c acid(nbutyl)ester, and that the yield of the N-cycl ohexyl carbamc
aci d( 2, 6-di met hyl phenyl ) ester was aﬁp@&ﬁ matel y 93% based on

1, 3-di cycl ohexyl urea. [0462] [Exanple 3] Step (3-1): Production of
N-substituted carbam c acid ester Usi ng the reaction vessel shown in
Figure 1, ah0feZlbstituted carbanmi c acid ester was produced. [0463]

7.2 kg (12.8 nmol) of 1, 3-dioctadecyl urea was mxed with 12.2 kg (130 nol)
of phenol to pr g canenatée aliagéfuprhene Therediert, iphenol was added

into a plate-tg e distillation colum 102 having 40 plates, and it was then
boi | ed wi t W& ngtfd?ﬂ‘é? a1 05,5 teld iataton eresied e prdacfoldPCvanplie state. At

this tinme, the pressure of the colu t was 2.3 atnospheric pressures,
and the tenperatt & it HE 5t W Epagge(ggﬁHﬁadp??6ﬁ1%%%P?gbenge) on whi ch
S 1, 2 S EPS YE, A200 DS LRI sl aner phancte
line 1 equigpped, amhd g ypRemSt ke it e Hd ikulsdt®hrey 240 -

carbamic acid ester is preferably supplied to the upper

portion of the pyrolytic reaction vessel, and the N-

gubstituted carbamic acid ester is again subjected to a

pyrolytic reaction.

[0433]

When a part of or an entire liquid phase ingredient

is supplied to the upper portion of the pyrolytic

reaction vessel, the liquid phase ingredient is

transferred thereto, while retaining it preferably at

50°C to 180°C, more preferably 70°C to 170°C, and further

preferably 100°C to 150°C.

[0434]

As stated above, in the pyreolytic reaction, the
liquid phase ingredient is preferably recovered from the
bottom portion of the pyrolytic reaction vegsel. Thisg is
because the above described polymeric by-products
generated as a result of side reactions induced by the N-
substituted carbamic acid ester and/or the isocyanate can
be dissolved, and they can be discharged in the form of
liquid phase ingredients from the pyrolytic reaction

vessel, and thus because it has an effect of reducing the



of the distillation colum 102, a m xed sol ution having the sanme
conposition as that of the raw material solution was introduced into the
colum at a rate of approxinmately 2.0 kg/H. At the sane tinme, through the
line 2, a mxed solution of phenyl carbapate and phenol (phenyl carbamate
concentration: approximately 7 w % was fed to the colum at a rate of
approximately 4.8 kg/ H. After operation conditions had been stabilized,
the raw material solution was supplied through the line 1 at a rate of
appr oxi mat eRICRNG RE/ HRe BAAYPRELFedeTPERRS of HREBHNRAkS tHH PBcovered into
a storage tank 105 through a line 6 eguipged at the IOMfrnDst portion of
the distill &CCHAUCdRA 2102EhR BHEELYUSHhASRCThgrelifeRt* was recovered
through a Iine_3._ equi pped at the uppernost portion of the distillation

col um 102,[§ﬁ35ﬁt was t hen condensed using a condenser 103 that was

retai ned at appr%ﬁina%ﬁéyﬁg%g%?jgﬁaégu§$é¥%54%§¥1ééﬁg%§ﬂ§wghgw§,recovered

. n .
Into a storage tan% 1 rea on solution recovered in

the storage sh%%%i%%gepﬁ%a%aln%egc% Likgui-d ghpopat ggrgphynande iHNVR As a
u

result, it was fo that the reaction solution was a solution containing
an N-oct adeayl G bami=e acidephenyl i@stappiand tBaththepybel gootithe
N-oct adecyl carbam c acid phenyl ester was approxi mately 94% based on 1, 3-
di oct adecyl g eme [R46HJytic 24hctipRefreserte ExanplesubptiSuepd(A-1):

Production of N-substituted carbam c acid ester Usi ng the reaction
vessel showradbariigurse il eanel debstibtereddcapbanpyrativdiestrenchasn
produced. [ 0466] 1.2 kg (10.3 nmol) of 1, 6-hexanet hyl enedi am ne, 3.1 kg

(17.8 nol) afgadin(.n- Bawgircai bohhie, shad 19. Bekegrbdd Hpudairel ehe?'et m xed to
prepare a raw material solution. Thereafter, n-butanol was added into a
pl at e-type difsand |idt iforfaER ditn "2 th 2@ g0 SpPYr@EC4AESi #TGas t hen boi | ed

with a reboiler 105, so that it could be in.a total reflux state. At this
tinme, the prEddifeaded i ddsum % 51 1REREEREE ¢ %?e%%ﬁ e3, and the

temperature coarsé ,hea ]pSa;[rhc %lfa toer (a%o%%t%dref rlgr(?utilgie pth%%es iiﬂ%)redient is
removed from the reaction system, so that the amounts of
the accumulated polymeric by-products can be reduced, oY
they can be maintained in a certain concentration.
[0436]

The liguid phase ingredient removed from the
reaction system contains a hydroxy compound in many cases.
Such a hydroxy compound may be recovered from the liquid
phase ingredient according to a method such as
distillation. The hydroxy compound can be recycled as a
raw material used in the method foxr producing an N-
substituted carbamic acid ester of the present embodiment
or as a hydroxy compound used in the above described
transesterification.

[0437]



on which a line 2 was equi pped was 220C. Through a line 1 equi pped on the
uppernost plate (the first plate) of the distillation colum 102, a m xed
sol ution having the same conposition as that of the raw naterial sol ution
was introduced into the colum at a r? g of approximately 2.5 kg/Hr. After
operation conditions had been stabili €d, "the raw material sol ution was
supplied through the line 1 at a rate of approximately 2.5 kg/Hr, and the
reaction solution was then recovered into a storage tank 105 through a line
6 equi pped at tH& keWatiost poetiionudfl phasdi shgtédténn veturmard@2. [ 0467]
- 242 - The reaction solution recovered in the storage tank 105 was
anal yzed bnyQ%uﬁhﬁ(9ﬁﬁﬁﬁﬂ(ﬁﬁ%ﬁﬂﬁﬁ~éﬁdtb@4PMWR1YA§CaIﬁé§Eﬂ@n vesaas found
that the reaction solution was a solution containing a

N, N - hexanétih a%ﬂ?(ﬁﬂqﬁﬂﬁqyngbﬁﬁ@ﬁn@U@yP¥§§t?Pﬁd éﬁdmﬁﬁﬁtcﬁﬁ65y|e$d of the
N, N - hexanedi car bam utyI ster roxi mately 74%
based on 1£§xﬁ%x§ﬂé%ﬁ9’gﬁéﬁf§%i %?W&ﬁ' FsuFEgcppﬁﬁ &6l éti on
contai ned diLp-putyl)y &y o3y Q%fy'm%'t%g zanedbylypisthexane- 6. 1 diyl)

di carbamat e as a conp ound aving a urea 8r g Pﬁe g d of the

di butyl-6, G arifHf O%Hﬂy %H?@%&J%&F%%pgﬁg@%oga%eﬂky1£n8'%QBE%QEEE was

approxi mately 21% base 6- hexa i'lam ne. The th

di ssoci at i aihd e/mGIcRIHg elaazfmtgh%lér eachopdneopt ahngd claBbBH@c acid
di (n-butyl)-6,6" - carbonyl bi s(azanedi y1) bi s(hexane-6, 1-di y1) di carbanate

was 205C. [d468ktive uMae@OvRiat ithe steactie@pesakut-toBwas eol bected froma
sanpling port equi pped on the 15th plate of the distillation colum during

t he steady lopgreat ithmn ame: ithewas 1t hdrsandkbyzed. tAsparnesukt ofdiqe- butyl)
carbonate was not detected.

urea bond, may further be added.

[0438]

There is a case in which the recovered isocyanate
contains an aromatic hydroxy compound and the‘like,
depending on reaction conditions, conditions for
recovering the isocyanate, the reaction apparatus, etc.
In such a case, operations such as distillation may be
further carried out, and an igsocyanate with a desired
purity may be obtained.

[0439]

A type of the pyrolytic reaction vessel ig not
particularly limited. In order to efficiently recover
the gaseous phase ingredient, a known distillation
apparatus is preferably used. For example, various types
of known methods such as a method of using a reaction
vessel comprising any one of a distillation column, a

multi-stage distillation column, a multitubular reaction

vessel, a continuous multi-stage distillation column, a



[0469] [Exanple 4] Step (4-1): Production of N-substituted carbamc acid
ester - 243 - The sanme nethod as that in the step (A-1) of Reference
exanple 1 was carried out, with the exception that a m xed sol uti on of

di (n-butyl) carbonate and nbutanol (di{n:butyl) carbonate concentration:
approximately 50 wt % was fed through e line 2 at a rate of
approximately 1.3 kg/ H. [0470] The reaction solution recovered in
the storage tank 105 was analyzed by liquid chromatography and 'H NVMR As a
result, it maskedusdlwhat @h’ehrlea%tfférﬁ‘é%ﬂ’wqfdﬁf'v\& ra%sttﬁtm OffETTht ai ni ng
an N,N' hexanedi yl - di (car bam c acrd n- but ester) hat the yield of
the N, N - h@?ﬁﬁﬁé??ﬂgdﬁ(E%Pﬁ%ﬁtct%% Bt - Bt t&ﬁﬁroxrnately 92%
based on 1, 6- hexanethglen dla d ition

|
cont ai ned dFERCHEPY1YESEE 6 g%%ﬁ%b?%r Qd%%%ﬁ%%$ﬂﬁgrﬁ§§;hgﬁ%ﬁﬁIﬁ%'2?
di b t d h b
i (o oty a2og e RBRRRGr D dh8 % Tt ‘%b‘?@ s hlle HEd St mte

was approxi gatel % 3% based on 1, 6- hexanet hyl enedi am ne. The thernal

di ssoci ation tenperature of the urea bond contained in the

di (n-butyl) 64841 carbonyl bi s(azanedi y1) bi s(hexane-6, 1-diyl) dicarbanate
was 205C. Vhen conmpared wi th Reference Exanple 1, on the 15th plate for

suppl yi ng the m xeshmsehatvomnedith (Mbuiyd Jpreardronaierand of kutlanol , the
conpound having the urea bond reacted with the di (n-butyl) carbonate under
- 244 - heabongiat antespeeatufeomquhkt teaoribmghestéhanit hest her nal

di ssociation tenperature of the urea bond (220C) to generate an

N-subst i t ut earedarbaiiyc aanedhedt ef. uFhng, ai tulasaronsadered Yaatet he

N-substituted carbamic acid ester could be obtained at a high yreld [0471]
and more preferably, a method of using a reaction véssel

such as a tubular thin-film evaporator or a tubular
falling-film evaporator. A structure having a large gas-
liguid contact area for promptly transferring the
generated low-boiling ingredient to the gaseous phase is
preferable.

[0441]

Materials for the pyrolytic reaction vessel and the
line are not particularly limited, as long as they do not
affect the urethane or the aromatic hydroxy compound as a
product, an isocyanate, and the like. Thus, known
materials may be used. For example, the same material as
that for the above described reaction vessel for
producing the N-substituted carbamic acid ester can be
used.

[0442}

< Washing of reaction vessel >



[ Reference Exanple 2] Step (B-1): Production of N-substituted carbamc
acid ester Usi ng the reaction vessel shown in Figure 1, an
N-substituted carbam c acid ester was produced. [0472] 3.2 kg (18.8
nol) of 3-am nonethyl-3,5,5- trinethylcycl ohexylamne, 6.6 kg (30.8 nol) of
di phenyl carbonate, and 8.2 kg (87.2 9) ‘of phenol were mixed to prepare a
raw materi al solution. Thereafter, phenol was added into a plate-type
distillation colum 102 having 40 plates, and it was then boiled with a
reboi l er 105, sdmt Hde iprogowitd obe cdfnaa tesabskeflhiugdstatkeamAt thig-tine,
the pressure of the colum top was 2.6 atnospheric pressures, and the

t enper at ur P AFTYheeABih P dile (ERRTEd Sefineatt epdsithe) pawdmsitdlona | i ne 2
was equi pped. was 230C. Through a line 1 equi pped on the uppernost plate
(the first Ptatd) I HCHHEH 451 EH edWhat 1o eda carkedisolrgtido® -havi ng

t he sane co ition as.that of the raw material solution_was introduced
into the co‘_irg‘pufrg HWEE At St Wik ey 12 3’%1%6;’14& SRPtér 39084t i on -

Co e e b sy e na bt on e
e oo S LSS SISO R 3 PR, LI LR 8,

aromatic hydroxy compound used in the present embodiment,

it is removed in the form of an aromatic hydroxy compound

sclution from the reaction vessel. However, when

conditions for operating the reaction vessel are changed

or when such operation is carried out for a long period

of time, there is a case in which such a polymeric by-

product adheres to the reaction vessel.

[0443]

In such a case, the inside (particularly, the wall

surface) of the concerned reaction vessel is washed with

an acid that is a good sclvent for the polymeric by-

product, so that the inside of the reaction vessel can be

maintained clean.

[0444]

A type of the acid used in the washing is not

particularly limited, as long as it dissolves the

polymeric by-product. Either an organic acid or an

inorganic acid may be used. Preferably, an organic acid

is used.

[0445]



The reaction solution recovered in the storage tank 105 was anal yzed by
| i qui d chromat ography and 1HNVR. As a result, it was found that the
reaction solution was a solution containing a

3- (phenoxycar bonyl am nonet hyl ) - 3, 5, 5-tgjnet hyl cycl ohexyl carbam c acid
ester, and that the yield of the 3-(phéenoxycarbonyl am nonet hyl)-3,5, 5-
trimethyl cycl ohexyl carbam c acid ester was approxi mately 61% based on
3-am nonet hyl-3,5,5-tri net hyl cycl ohexylam ne. In additjon, this reaction
sol uti on cont ai nBYamppeaxPhetelly B0 HYHHSPoFd dipheiif R mexylic
(carbonyl bi s(azanedi y1) bi s(net hyl eneDbi s(3

f T 1315_
tri met hyl cy @3Kex M8 F5MLCIRFIR dPRAL BRAEL 8CaY aPRBABLENERAVEng a urea
bond._The t her.mal di ssoci.ati.on tenperature _of the urea ffngacoatgined in
the. di pheny £ OBheNed 3 b dRy f5Ps ( SXaREGY y 1581 SERBERYT cRetT Brals05 s,

trimethyl cycl ohexane-5, 1-diyl icar C...[0474 Mor eover ,
the reaction S Fﬁ?&g ’w&grgéﬁpéggegcgag%bg @gﬁﬁﬁgggaﬁérﬁg%%Uipped on the
15th plate q%4%Qq distillation colum during the steady operation, and it

- 246 - was then"anal yzed. As a result, diphenyl carbonate was not

detect ed. [ 0475] clxgupLeot] sushop ESmbdunfr odupion ofcvaubstisut od

carbam c acid ester e sane nethod as that in the step (B-1) of
Ref erence exaiglteird twas sqdhiaed cotibnowhathokire iexeeptli oompbahda slxkd

sol ution of di phenyl carbonate and phenol (di phenyl carbonate

concentrati i fappriexiarEte] ywoed iwt adi dwaprbedonhicoaghdt he-bubhgr2cat a rate

of approximately 2.0 kg/ H. [0476]
acid, isobutyric acid, valeric acid, isovaleric acid, 2-
methylbutancic acid, pivalic acid, hexanocic acid,
isocaproic acid, 2-ethylbutanoic acid, 2,2-
dimethylbutanoic acid, heptanoic acid, octanoic acid,
nonanoic acid, decanoic acid, undecanoic acid, dodecanoic
acid, tetradecanoic acid, hexadecanoic acid, acrylic acid,
crotonoic acid, isocrotoncoic acid, vinyl acetate,
methacrylic acid, angelic acid, tiglic acid, allyl
acetate, or undecenoic acid; saturated or unsaturated
aliphatic dicarboxylic acids such as oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid,
heptanedioic acid, octanedioic acid, nonanedioic acid,
decanedioic acid, maleic acid, fumaric acid, methyl
maleate, methyl fumarate, pentenedioic acid, itaconic
acid, or allyl malonate; saturated or unsaturated
aliphatic tricarboxyliic acid compounds such as 1,2,3-
propanetricarboxylic acid, 1,2,3-propenetricarboxylic
acid, or 2,3-dimethylbutane-1,2,3-tricarboxylic acid;

aromatic carboxylic acid compounds such as benzoic acig,



The reaction solution recovered in the storage tank 105 was anal yzed by

| i qui d chromat ography and 1HNVR. As a result, it was found that the
reaction solution was a solution containing a

3- (phenoxycar bonyl am nonet hyl ) - 3, 5, 5-trimet hyl cycl ohexyl carbamc acid
phenyl ester, and that the yield of 1 e’ 13- (phenoxycar bonyl am nomnet hyl ) -
3,5, 5-trinmet hyI cycl ohexyl carbam c acid phenyl ester was approxi mately 93%
based on 3-am nonet hyl-3,5,5- trinethylcycl ohexylam ne. [0477] In
addi ti on, frebyheabovetaestriibledaremudttes gircReflebenceaBeanple 2, it was
assumed that a conpound having a urea bond was generated (the ther mal

di ssoci at i o ReEPHIe t M drddaidnd: 2oeOptien slyematigd7 - production
of an N-subgtlt ted carbamic acid ester in the present step. In the present

exanpl e, 1FREABERL I ST STOTRPBIGAE r?glctl'hélsm%@aéélcu?péﬂ of di phenyl

i phenyl eci?d%@i}ie%o]'dn%t Sitediine i ey bO”?fl{ o or “hi gher than
N subst! { oS EDy a%“-ceo chrﬁm{laé Chister e}f%‘béci%&@ CPabFes b e
ool Luted SRR €1 86 A3 ST e oL @e%rattr%m@sq% %Je'd [0478]

[ Ref erence Exanple 3 uction of 'N-substitlted carbam c
aci d mono-substituted phenols such as phenol, methyl phencl,

ethyl phenol, propyl phenol, butyl phenol, pentyl phenol,
hexyl phenol, heptyl phenol, octyl phenol, nonyl phenol,
decyl phenol, dodecyl phenol, phenyl phencl, phenoxy
phenol, or cumyl phenol; and dimethyl phenol, diethyl
phenol, dipropyl phenol, dibutyl phenol, dipentyl phenol,
dihexyl phencl, diheptyl phenol, dioctyl phenol, dinonyl
phenol, didecyl phenol, didodecyl phenol, diphenyl phenol,
diphenoxy phenol, and dicumyl-phenol.

[0447]

Taking into consideration the influence caused by
the washing solvent, which remains after completion of
the operation of washing the pyrolytic reaction vessel,
among these organic acids, it 1s more preferably an
aromatic hydroxy compound, and further preferably a
compound of the same type as the aromatic hydroxy
compound that can be generated as a result of the above
described method for producing an N-substituted carbamic
acid-0O-aryl ester and/or the pyrolytic reaction of the N-
substituted carbamic acid-0O-aryl ester is used.

[0448]



ester Using the reaction vessel shown in Figure 1, an N-substituted
carbam c acid ester was produced. [0479] 2.8 kg (13.3 nol) of 4,4 -
nmet hyl enebi s(cycl ohexylanm ne), 5.2 kg (24.3 nol) of diphenyl carbonate, and
18.0 kg (191 nol) of phenol were nixed %g prepare a raw material solution.
Thereafter, phenol was added into a pI% -type distillation colum 102
having 40 plates, and it was then boiled with a reboiler 105, so that it
could be in a total reflux state. At this tinme, the pressure of the colum
top was 2.3 at nogpéersechrassaresat badoydeote pateaure i6f used B8t h pl ate
(counted fromthe top side) on which a line 2 was - 248 - equi pped was
220C. Thr oughea aciife feregbicppaghdndt hErappehpoLicyPatet (Thewd# PRIl ate) of
the distillation colum 102, a_m xed . sol ution h vigg t he sape conposition

as that of Efechw frifertaRdasruPPoniRdsPPatt odtickd®i AT TheCcol um at a
t f imately 2.4 kg/ Hr . Af ti diti h
St abi 1 zod DRG P REEEPS PEGFGE B a8 sappI | B EAFbugh PHe i e 1 at a
t f i mat el 4 kg/ H th ti l.ut.i t
Fecover ed | REITE Sondat PArR B L HFlgH S TIHES Gdi podt dothe.
| ower most poyet iR @l e sdistiiblat saR-Gahure 402.-50480ks o redhierreaction
solution recovered in the storage tank”105 was anal yzed by liquid

chromat ogr aphy aRd phit MR 1 cAseB clesul bf itheWas stipubdriibad thebamaetion
solution was a sol ution containing a 4,4 -nmethyl enebi s(cycl ohexane-4, 1-

di y1) di (car banic cacird-iphesyh .ester), and that the yield of the

4, 4" - met hyl enebi s(cycl ohexane-4, 1-di yl)di (carbam c acid phenyl ester) was
appr oxi mat el po44&% based on 4, 4' - et hyl enebi s(cycl ohexylam ne). In
addition, this reaction solution contained approxi mately 19% by mass of
4,4' - (4,4 -carbésykbivethzdnedi yarbistcybfonexaheod, Yeserl 196189 nkbfyl ene)
) bi s(cycl ohexane-4, 1-di yl)di (carbam c acid phenyl ester) as a conpound
havi ng” a ur eP®sh de ST hee Ml 1aids S6VATTon VEEHPEFaliGEBO8F EHEPUPEA bond

contained In (1% rbd o (hetbafAn Y AR IR PSRy EhaneRRs 4 1

portion of the reaction vessel into the reaction vessel
to wash it, or a method of introducing a washing solvent
into the bottom portion of the reaction vessel and then
boiling the washing solvent in the reaction vessel to
wash the inside thereof, can be applied.

[0450]

The washing operation is not necessarily carried out
every time after completion of the reaction. The number
of the washing operations can be arbitrarily determined
depending on the compounds used, the operating rate, and
the like. The washing operation can be carried out at a
frequency of, preferably once in the operation time foxr 1
to 20000 hours, more preferably once in the operation
time for 1 day to 1 year, and further preferably once in

the operation time for 1 month to 1 year. The reaction



- 249 - diyl)bis(nmethyl ene))bis(cycl ohexane-4,1-diyl)di (carbamc acid
phenyl ester) was 210C. [0481] [Exanple 6] Step (6-1): Production of
N-substituted carbam c acid ester The sane nethod as that in the step
(G 1) of Reference exanple 3 was ca[ri§§ out, with the exception that a

m xed sol ution of di phenyl carbonate & phenol (di phenyl carbonate
concentration: approximately 58 wt % was fed through the line 2 at a rate
of approximately 2.0 kg/ H. [0482] The reaction solution recovered in
t he storagevetkl IO s eandlppesd Wiy H iaguliidiec foomanogrdphyngndutl- BVR. As a
result, it was found that the reaction solution was a solution containing a
4, 4' - met hy | SHEN A SRUVGHEX difd-y the gieprrdionc aesafile aci d phenyl ester), and
that the yiﬁ%g%@f t he 4, 4c- et hyl enebi s(cycl ohexane-4, 1-di y1) di (carbam c
acid phenyl r) was approxi mately 95% based on 4, 41-

met hyl enebi s(cy I%geﬁéla ine). Eg§83% ' ng %n.aggition 1a{romthe above
described resul €'s 6F "RE¥dr SRTRCERENpPe BUPF L {AS I ¥sUEREY t ha™ a compound
havi ng a ur é%U%#W@S erated (t t%&r |__di ci;ation tenperature of
the urea bgﬁg? 21(3 in %%EE%¥%HG%5%%#OO lgﬁomggéﬁgt%?u?ngcarbanic acid
ester in th&pstituted carbamic acid ester, an isocyanate can be
produced by the pyrolytic reaction of the N-substituted
carbamic acid ester. Accordingly, the method for

producing the carbonyl compound of the present embodiment

is effective, and it is industrially, extremely important.

[Examplesg]
[0452]

Hereinafter, the present invention will be
specifically described based on the following examples.
However, these examples are not intended to limit the
scope of the present invention.

[0453]

< Analysis method »

{1) NMR analysis method

Apparatusg: JNM-A400 FT-NMR System, manufactured by JEOL
Ltd., Japan

e Preparation of 'H and C-NMR analysis samples

Approximately 0.3 g of sample solution was weighed,
and thereafter, approximately 0.7 g of deuterated
chloroform (manufactured by Aldrich, U.S.A.; 99.8%) and

0.05 g of tetramethyltin (manufactured by Wako Pure



- 250 - present step. In the present exanple, on the 15th plate for
supplying the m xed solution of diphenyl carbonate and phenol, the conpound
havi ng the urea bond reacted with the di phenyl carbonate under heating at a
temperature equal to or higher than the,thermal dissociation tenperature of
the urea bond (220C) to generate an N-substituted carbam c acid ester.

Thus, it was considered that the N-substituted carbam c acid ester could be
obt ai ned at a high yield. [0484] [Reference Exanple 4] Step (D-1):
Producti on €hemisabsEntustgiedrbh Craéﬁﬁa%st%@ko IkkK%IrEF%%ea$éﬁhtlon

vessel shown in Figure 1, an N-substituted car id ester, was
produced. [G@§9Fnag stgngagg EE@SBaﬂB?)W%IQZaﬁ éhﬁ # ti9% 8 kg

53.5 I b t b nd 8. 5 1 I f
éhm h;y“F) B SR ot usiépﬁ?%ﬁﬁg éwrﬁm SFP S8 iR ©
T t d I 102
e ter. phegol ves added L6, o peL ey ypec il o ron e0lum 102
105, so that uanguLgt??eIQngl§%£%l %@ﬁégx state. At this tine, the
colunm top Was* 9.6 a

pressure of *t nospheric pressures, and the

tenperature of the -d5Sthaphate (@OuPLesk fiom dhelJoni side) wsahieh a line 2
was equi pped was 220C. Through a line 1 equi pped on the

the prepared calibration curve, the analysis sampie
solution was subjected to quantitative analysis.
[0454]
(2) Liguid chromatography analysis method
Apparatus: LC-10AT System, manufactured by Shimadzu
Corporation, Japan
Column: Inertsil-OpRS Column, manufactured by GL Sciences
Inc., Japan (two Inertsil-ODS Columns were connected in
series)
Eluent: A mixed solution of 5 mmol/L ammonium acetate
agueous solution (sclution A) and acetonitrile (solution
B)
Eluent flow rate: 2 mL/min
Column temperature: 35°C
Detector: R. I. Detector (refractometer), and PDA
Detector (photodiode array detector; measured wavelength
range: 200 nm to 300 nm)
e Liguid chromatography analysis samples

Approximately 0.1 g of sample was weighed, and
thereafter, approximately 1 g of tetrahydrofuran

(manufactured by Wako Pure Chemical Industries, Ltd.,



- 251 - uppernost plate (the first plate) of the distillation colum 102, a
m xed sol ution having the sanme conposition as that of the raw materi al
solution was introduced into the colum at a rate of approxinmately 2.8

kg/ Hr. After operation conditions had % en stabilized, the raw materi al

sol ution was supplied through the 1 iné P at a rate of approximately 2.8
kg/H, and the reaction solution was then recovered into a storage tank 105
through a line 6 equi pped at the | owernost portion of the distillation

col um 102.7§warg6]dehydratirslr eact icgprselinEited yr éc6vepedfi i, tthe st orage tank
105 was anal yzed by |iquid chromatography and 1H-NVR As a result, it was
found that ¥hethehdtivh gEmumissiures $ysdlolmicorhemdralniingugtry Co.,

4- et hyl - 1, 3- phenyl enedi (carbam ¢ aci d(3-net hyl butyl )ester), and that the
ynﬂdoftﬁ?=fﬁ@%ﬂLﬁ@%ﬁ%ﬁ%ﬁ%ﬁ%@%&%@%ﬁﬁwﬁmﬁmﬂ%M%memen

i 78% based ~tol diam ne. In additign, thi
E’Z‘éif‘?ﬁhzﬁbﬁ%%%(ﬁt%ﬁﬁﬁeaﬁwsi %pgf&i‘w&«eée%'@%%ﬁnsg?jiy mi xR '?d
, -carpo S n - y & e ene I {carbam C acCl

(3- net hyl bﬂ% 'est%glr%)%gg%a}nggr%goﬁ%gﬁ%élgnéag ired %n%i.éﬁrﬁ%?‘?hé?m

diSSOCiatiQﬂhhgﬂpQﬁg&%&ﬁx%%ﬁﬁ£§%$ﬁ%%y%g%ﬂ contained in the 5, 51-

car bonyl bi s(azanedi y1)bi s phenyl ene) di (car bami c

act d(3- et hy Iyl }astiee) ¥es 208G QdA7] [Example 7] - 252 - Step

(7-1): Production of N-substituted carbam c acid ester The sanme net hod

as that in the step cRahpaeh Beberanee e@xanphel¢z¥was gaarbedeQubn with the
exception that a m xed solution of bis(3-nethylbutyl) carbonate and

3- net hyl - 1-the grrape(xdid Iatetdnd thuty Idurear, banat encogeest satbo®:
approximately 50 wt % was fed through the line 2 at a rate of

appr oxi mat e3gl Ut iprkgisdr subjected to quantitative analysis.

{0455]
(3) Method of measuring thermal dissociation temperature
Apparatus: TGDTA Analyzer TG8120, manufactured by Rigaku
Corporation, Japan

MS analyzer GCMS~QP 2010plus, manufactured by
Shimadzu Corporation, Japan
Atmosphere: helium
Temperature rise rate: 10°C/min
Measured temperature range: room temperature
(approximately 25°C) to 400°C
e Analytic method

The sample (approximately 5 mg) was heated under the
above described measurement conditions, and the generated
gas was then analyzed using an MS analyzer. The
temperature, at which a compound containing a NH, group

generated as a result of decomposition of a urea bond was



[ 04881 The reaction solution recovered in the storage tank 105 was
anal yzed by liquid chromat ography and 1HNVR As a result, it was found
that the reaction solution was a solution containing a

4- et hyl -1, 3- phenyl enedi (car banm ¢ acid%§€npthylbutyl)ester), and that the
yield of the 4- methyl -1, 3-phenyl enedi (Carbam c aci d(3-net hyl butyl ) ester)
was approxi mately 93% based on 2, 4-tol uenedi am ne. [ 0489] I n addition,
fromthe above described results of Reference Exanple 4, it was assuned
that a conpdetéchadi ngaa deéanddndswase gererBtbd{THE ¥HerTl di ssoci ati on
tenperature of the urea bond: 208C% in_the roqgction of an N-substituted
car bani ¢ acit8MPSEaFUrE PhetPEeSBRECERE]. CPAPPWR present exanple, on the
15th plate for supplying the m xed solution of bis(3-nethylbutyl) carbonate
and phenol,itoﬁé6 onpound having the urea bond reacted with the di phenyl

car bonat e ug%er hgat&gg at a tenperature equal to or higher than the
thermal - 34 Fssoci ati on tenperature of the urea bond (220C) to

Nesubst i t ut ed i C_ac] . | " cansi dered th
Phe N subot FEER. Gar b £ QRar 400 oFt PO S el s R yi el

[ 0490] [ Exanppke 8] Step (8-1): Production of N-substituted carbamc acid
ester

Using the reaction vessel shown in Figure 1, an N-
substituted carbamic acid ester was produced.
[0457]

6.30 kg (28.1 mol} of 1,3-dicyclohexyl urea was
mixed with 13.2 kg (59.5 mol) of 2,6-xylencl to prepare a
raw material solution. Thereafter, 2,6-xylenol was added
into a plate-type distillation column 102 having 40
plates, and it was then boiled with a reboiler 105, so
that it could be in a total reflux state. At this time,
the temperature of the 15" plate (counted from the
column top side) on which a line 2 was equipped was 210°C.
This temperature was higher than the thermal dissociation
temperature (205°C) of 1,3-dicyclohexyl urea. Through a
line 1 equipped on the uppermost plate (the first plate)
of the distiliation column 102, a mixed solution having
the same composition as that of the raw material solution
was introduced into the column at a rate of approximately
2.0 kg/Hr. At the same time, through the line 2, a mixed
solution of urea and 2,6-xylenol (urea concentration:
approximately 5 wt %) was fed to the column at a rate of

approximately 6.9 kg/Hr. After cperation conditions had



Using the reaction vessel shown in Figure 1, an N-substituted carbam c acid
ester was produced. [0491] 4.3 kg of a pol yuret hane-urea copol yner
produced from pol yhexanet hyl ene gl ycol, 4, 4'-di phenyl net hane dii socyanate
and et hyl enedi am ne was m xed with 10.3 kg of 4-(1,1, 3, 3-tetranethyl butyl)
phenol to prepare a raw materi al soluti’on.” Thereafter, 4-(1,1, 3, 3-

tetranet hyl butyl) phenol was added into a plate-type distillation colum
102 having 40 plates, and it was then boiled with a reboiler 105, so that
it could bebé¢gn asttarialiget| e tmve maftertikils soilmeionheapr esguldedf the
colum top was 10 kPa, and the tenperature of the 15th plate (counted from
t he col um EBFreTRIRoN W ch &t 19 rete wis aprioppeateay 230CkaTHirs

t enperature s higher than the thermal dissociation tenperature (210C) of
the urea b ot WP FFA ATt st haite Qi &2 S SPSIy FECOVRREEN 1RA® Been neasur ed,

separately. Throu a.li equi pped .an the uppernmost plate (the first

pl ate) of t%%oﬁ%figﬁa}rﬁii]g% ]th%%ﬂﬂp % 4N 616"21?“11§pﬁ|dx@5 §glauti on having the
same conposyti t of t W {18 teri.al_.sol ution i ntroduced into

t he col umm %W%B?Cgﬁsce 0 taiﬁglr OOE%}%eI y .létll?gt/lﬁﬁl. CRtlufnﬁgg%rTe i me, through

the line 2, qadi ty ' and. 4o {1 1.3.3: thyl but y!
e line gé%égﬁgfhﬁ§géj'ﬂgkéﬁleﬁﬁ?%r%ﬁﬂ§égﬁé?%%%’é%ggﬁéégQE%Q¥ﬁ utyl)

phenol (urea concentration:” approxi mate e col um at

a rate of appigxidmtal il 2dilldlos AR ioRerAt ikeR eardiitihaRs Jhad been
stabilized, the raw material "solution was supplied through the line 1 at a

rate of apprexinvatiedy, 2 kg/ Mas atkid RedRaeiHomssekuti eBnwas khen
recovered into a storage tank 105 through a line 6 equipped at the

| oner nost  pood iikofwddhe-atiSirdd ald eppeeumattd?. shcgasenus phase

i ngredi ent was recovered through a line 3 equi pped at the uppernost portion
of the di steBtiairiesh igwinat er02 weendradovmas: & hert ccendénsedeusiamg & oaondenser
103 that was retained at approximately 85C. The thus obtai ned ingredient
was recover #GHto a storage tank 104. [0492] The reaction solution

recovered in the_stor age,tank 105 was anal yzed by |iquid chronmat ogr aphy and
1HNVR As a restft FSPENIRE FOUGHE lPRat eFRERF8dctPoRPSoPLPF8HEWAS A sol uti on

ot r anet hy U8 JTFDBIER o - e0asBr TR gy A ok a5

a result, it was found that the reaction solution was a
solution containing an N-cyclohexyl carbamic acid(2,6-
dimethylphenyl)ester, and that the yield of the N-
cyclohexyl carbamic acid(2,6-dimethylphenyl}ester was
approximately 95% based on 1,3-dicyclohexyl urea.
[0459]
[Example 2]
e Step (2-1): Production of N-substituted carbamic acid
ester

Using the reaction vessel shown in Figure 1, an N-
substituted carbamic acid ester was produced.
[0460]

8.20 kg {(37.4 mol) of 1,3-diphenyl urea was mixed

with 12.0 kg (162 mol) of n-butancol to prepare a raw



- 255 - Step (9-1): Production of N-substituted carbam c acid ester

Usi ng the reaction vessel shown in Figure 1, an N-substituted carbamc acid
ester was produced. [0494] 2.3 kg (19.8 nol) of

1, 6- hexanet hyl enedi am ne, 28.3 kg (138,gpl) of 4-(1,1,3,3-tetranethyl butyl)
phenol, and 2.7 kg (45.0 nol) of urea were mxed to prepare a raw materi al
solution. Thereafter, a plate-type distillation columm 102 having 40 pl ates
was heated, so that the pressure of the columm top thereof was set at

appr oxi mat emMptegiRpa soAutiRRs tTherea ke erfpdtdtantd ot s KEOEst it e

ted fromthe col top.side) on which a line 2 i pped 240C,
T ough o | @ 1F o6 GiBped ok 1L AS uBROF ORIl &2 PR {10 G0 BFate) of the

distillati ,um 10 i xed _sol.uti on_havi g t it

Uhat of 't he WEw areri 4P CoPtToR AAE™i Rt FORIEER": LD (RS COFimatat a rate
f i mately. 3.1.kglHe At Lie, he ling 2, a nixed
ol it hon of CveY ¥ia 1001 0 3 s et taneE Ry ouryT) phenal (ures

concentrati p: Q%g%k”%%%|%o§umﬁ %%Pwﬁésfﬁg EembBpnest Unpraksareat e of

appr oxi mat el ye .8 kg/Hr. After operation conditions had been st abi [ized,

the raw mat efj@l pe0ltuiRR e S bEPkhed 16 gugh d he:dunftedl faiord that e of
approximately 3.1 kg/ H, and the reaction solution was then recovered into

a storage t 05 hhipuemian iane ibeeauippedqatphba lvawerpost . patiison of
the - 256 - distillation columm 102. A gaseous phase ingredi ent was
recover ed t hreoughraardenava® éduihppedhan the utppempdstiipeotiahiofh the
distillation colum 102, and it was then condensed using a condenser 103

t hat was r ettamped-aaturappraoxi°tat efyi856iidhel theasy bbtaéaed Thgruadi ent was
recovered into a storage tank 104. [0495] The reaction solution
recovered i ntilife stesrHFPaarR 0S5 WEPERSFzed by I(ChEGi 4 ERFoREREEr aphy and

11-1-NVR. As a result, it was found that the reactionlsgl.uti n_was a
sol ution corftfaithith &t N IR AR Sredi™ Adi%( c &r Bafee Selution having

A SR L e S

was approxi matel i, 9% based Qn, 118 hexaik! i enedii@mBeapproximately
2.0 kg/Hr. At the same time, through the line 2, a mixed
solution of urea and n-butanol {urea concentration:
approximately 5 wt %) was fed to the column at a rate of
approximately 9.3 kg/Hr. After operation conditions had
been stabilized, the raw material solution was supplied
through the line 1 at a rate of approximately 2.0 kg/Hr,
and the reaction solution was then recovered into a
storage tank 105 through a line 6 equipped at the
lowermost portion of the distillation column 102. A
gaseous phase ingredient was recovered through a line 3
equipped at the uppermost portion of the distillation
column 102, and it was then condensed using a condenser
103 that was retained at approximately 50°C. The thus

obtained ingredient was recovered into a storage tank 104.



[ 0496] In addition, fromthe results of the after-nmentioned
Conparative Exanple 1, it was assuned that a conpound having a urea bond
was generated (the thermal dissociation tenperature of the urea bond: 2200
in the production of an N-substituted carbamc acid ester in the present
step. In the present exanple, as descri*fed above, on the 15th plate for
supplying the m xed solution of urea and 4-(1, 1, 3, 3-tetranet hyl butyl)
phenol , the conpound having the urea bond reacted with urea under heating
at a tenperBi4A€ equal to or higher than the thernmal dissociation
tenperature of the urea bond (240C) - 257 - to generate an N-substituted
carbami c aci d edtér repdon solusiconsitdevededhan the dreubgei tankd
carbami c acid ester could be obtained at a high yield. [0497] On the
ot her hand,!thé'ahgrediemd racdisrgd ichrofetodspagy eafk HodMRias Zubj ect ed
to 1H NMR neasurenent.. result, it was found that the ingredient was a

m xture corft & i '4-1(‘51',6\“%%61,@-‘%”& r&ifet IS EERCF L pReRBI UaRATUMEE, 2and t hat
Lhe urea copeall ot o eS8 PSR 10 0990 SU6P (957, Feeyel I no o

butyl}ester, and that the yield of the N-cyclohexyl

carbamic acid{2,6-dimethyliphenyl)ester was approximately

93% based on 1,3-dicyclohexyl urea.

[0462]

[Example 3]

e Step (3-1): Production of N-substituted carbamic acid

ester

Using the reaction vessel shown in Figure 1, an N-
substituted carbamic acid ester was produced.

{0463]

7.2 kg (12.8 mol) of 1,3-dioctadecyl urea was mixed
with 12.2 kg (130 mol} of phenol to prepare a raw
material solution. Thereafter, phenol wag added into a
plate-type distillation column 102 having 40 platesg, and
it was then boiled with a reboiler 105, so that it could
be in a total reflux state. At this time, the pressure
of the column top was 2.3 atmospheric pressures, and the
temperature of the 15™ plate {counted from the top side)
on which a line 2 was equipped wasg 220°C. This
temperature was higher than the thermal disscciation
temperature (210°C) of 1,3-dioctadecyl urea. Through a

line 1 equipped on the uppermost plate {(the first plate)



Using the m xture recovered in the storage tank 104 in the step (9-1), an
N-substituted carbam c acid ester was produced. [0499] The
concentration of ammonia in the m xture recovered in the storage tank 104
inthe step (9-1) was 440 ppm 2.3 kg 9f,1, 6- hexamet hyl enedi ani ne was added
to 27.2 kg of the mxture to prepare a raM/naterlaI solution. Using the raw
mat eri al solution, the sane nethod as that in the step (9- 1) mas carried
out. As a result, N Nl- hexanediyl-di(carbamc acid(4-(1,1,

t et r amet hyl bt FhEpHaAYE)SSEEPT GASUBDt AP Aed THESYi Bt QﬁOQrRﬁV1ng

N, N - hexanedi yl - di (car bam ¢ _aci d( 4- gl 1,3,3- tetraneth 1égy%%§3qul)ester)

was appr oxi ﬁﬁ-ﬁeﬁ?mQSWB‘B@éatbﬁnl‘"’l% Bsbnet hw%n%wawﬁ ®500]
Step (9-3): Productiaon of isocyanate of substltuted carbam c
aci d oot et A= SBLFRAUERS ARR! GPASCSRINA Th FiHUFE 2 PTEOHIAREIE was
produced. [35%1kg/Hr. At the same time, through the line 2, a mixed

solution of phenyl carbamate and phenol (phenyl carbamate

concentration: approximately 7 wt %) was fed to the

column at a rate of approximately 4.8 kg/Hr. After

operation conditions had been stabilized, the raw

material solution was supplied through the line 1 at a

rate of approximately 2.0 kg/Hr, and the reaction

solution was then recovered into a storage tank 105

through a line 6 equipped at the lowermost portion of the

distillation column 102. A gaseous phase ingredient was

recovered through a line 3 equipped at the uppermost

portion of the distillation column 102, and it was then

condensed using a condenser 103 that was retained at

approximately 50°C. The thus obtained ingredient was

recovered into a storage tank 104.

[0464]

The reaction solution recovered in the storage tank

105 was analyzed by liquid chromatography and 'H-NMR. As

a result, it was found that the reaction scolution was a

solution containing an N-octadecyl carbamic acid phenyl

ester, and that the yield of the N-octadecyl carbamic

acid phenyl ester was approximately 94% based on 1,3-

dicoctadecyl urea.

[0465]



Athin-filmdistillation apparatus 202 having a heating surface area of 0.1
n2 was heated to 220C, so that the pressure in the thin-filmdistillation
apparatus was set at approximtely 1.3 kPa. The reaction solution recovered
in the storage tank 105 in the step_(%—é)_mas added into a storage tank
201, and it was then supplied via a | %% 20 to the thin-filmdistillation
apparatus 202 at a rate of approximately 1.8 kg/H. A liquid ingredient was
di scharged froma line 22 equipped at the bottomportion of the thin-film
di stillati ofR&ppmngadxomleand it was then recovered in a storage tank
203. A gaseous ingredi ent containing hexanethyl ene diisocyanate and
4- (1,1, 3, 3-1 éempmedtnyll) bupopupiiépal cfia¥-dibehatybddf canpamicnec2d equi pped
on the upper portion of the thin-filmdistillation apparatus 202. [0502]
The gaseou§ﬁ¢%ﬁedient was introduced into a distillation colum 204, and
hexanet hyl ene dij socyanate was.separated from4-(1,1,3, 3-tetranethyl butyl)
phenol by distikkgpgb%%eAr58F?ﬁ8ﬁ Hﬁsﬁeﬂi6h988i? nslgﬁg?e%ieﬁP Yont ai ni ng
4-(1,1, 3, 3- - t : I - 9 - r rrned to the storage
tank 203 vi%‘%gﬁ%ﬂ%%b%q%%&?&%%?% Mter B2 prcbBLENCd L e L LT o
col um 204, [@wijher portion was supplied to the distillation colum 204
again via a reboiler 208, and the remaining portion was recovered in a
storage tank 209..2Akgaseous ﬂ6@$eoEngE@dh@ﬁ&mgQH%@&H&@QaﬁEﬁ@UE§hYlene
di i socyanate was discharged via a line 24 fromthe colum top of the
di stillatidnycalurm 04, dit dsas -theyloordensedrw,t hna condengerr205, and a
portion of the condensate was returned to the distillation colum 204. A
condensat e lportrad niwey chexageet Hyl e@repdiries oc yamate twad adbtailnedoinn a st or age
tank 207. The yield was approxi mately 90% based on
1, 6- hexamet MA@ dictv me P Es0d1 WaGompsest iivé oErapphéetypsStep (E-1):
Production of N-substituted carbam c acid ester The same net hod as
that in théisttediEdion sopEnpioe dayasdc4Or Peatest , 2wt Att Wasekxbept i on
that a nixtugﬁﬁgg urea and.4-(1,1,3,3-tetraneth Ibut%g) phenol was not

I

suppl i ed Vﬁg) WH? f;reb01ler 105, so that 1t cou be in a
total reflux state. At this time, the pressure of the
column top was 1l atmospheric pressures, and the
temperature of the 15™ plate (counted from the top side)
on which a line 2 was equipped was 220°C. Through a line
1 equipped on the uppermost plate (the first plate) of
the distiilation column 102, a mixed solution having the
same composition as that of the raw material solution was
introduced into the column at a rate of approximately 2.5
kg/Hr. After operation conditions had been stabilized,
the raw material solution was supplied through the line 1
at a rate of approximately 2.5 kg/Hr, and the reaction
solution was then recovered into a storage tank 105
through a line 6 equipped at the lowermost portion of the

disgstillation column 102.

[0467]



[ 0504] The reaction solution recovered in the storage tank 105 was

anal yzed by liquid chromat ography and 1H-NME. As a result, it was found

that the reaction solution was a sol ution containing an

N, N - hexanedi yl -di (car bam c acid(4-(;k%4%,3-tetranethylbutyl)phenyl)ester),

and that - 260 - the yield of the N, N -hexanediyl-di (carbam c aci d(4-

(1,1, 3,3-tetranet hyl butyl ) phenyl )ester) was approxi mately 72% based on

1, 6- hexanet hyl enedi amine. In addition, the reaction solution contained a

6, 61- car bonyl bi Etazeredr i) bF SV HesQIhet T ALRE &AL )it (& Fhsir@ge tank
id(4-(1,1 - :

B dpvae rpatyrbe. by L1BICYEneShEl daRipR QTP IRV RY @ urea

car bonyl bi s(azanedi y1) bi s( hexane-6, 1-di di (car bam .

el ACA (1, 173735 00¢1 atbt ROPOERYIT phERgl TES b1 e Fphak FRCES 2296 based

on 1, 6- hexanet hyl.enedi amine. _The_t herma I iat i %§%§ ture of the

urea bond og%%ﬁél§g6%9%g%g§%?gbsg(gzgne ?%%?%?g%ﬁeﬁgﬂ%% , -I@

di y1) di (car hamqraghf(4) CLeled, Sanbetnaretiyl pubyh) phonyb)gsier) was 220C

[ 0505] Mor eover, “the reaction solution was collected froma sanpling

port equi pped@mctine118thchk-abeief atha (distitlh pbkearcokagm during the
steady operation, and it was then analyzed. As a result, urea was not

detected. Fugiphesdmiaeeclihe4nepakedncaolluti-naxuastopléredeaminem arsanpl i ng
port equi pped on the 4th plate of the distillation colum, in which the
t enper at ur e avas tliess thds tkecthennabldissoctantehnedénpefatoneydf -t he urea
bond (220C), and it was then analyzed. As a result, urea was not detected.
[ 0506] [Conﬁaﬁatw@gtgwa&@ﬁg(gpanediyl)bis(hexane—6,1—diyl)

dicarbamate as a compound having a urea bond, and the

vield of the dibutyl-6,6'-

carbonylbis (azanediyl)bis (hexane-6,1-diyl) dicarbamate

was approximately 21% based on 1,6-~hexamethylenediamine.

The thermal dissociation temperature of the urea bond

contained in the di(n-butyl)-6,6'-

carbonylbis (azanediyl)bis (hexane-6,1-diyl) dicarbamate

was 205°C.

{04681

Moreover, the reaction solution was collected from a

gsampling port equipped on the 15" plate of the

distillation column during the steady operation, and it

was then analyzed. As a result, di(n-butyl) carbonate

was not detected.

[0469]

[Example 4]

e Step (4-1): Production of N-substituted carbamic acid

egter



- 261 - Step (F-1): Production of N-substituted carbam c acid ester

The sanme nethod as that in the step (9-1) of Exanple 9 was carried out,
with the exception that the tenperature on the 15th plate of the
distillation colum was set at 200C. It is to be noted that the
tenperatures on the plates on which thé%eaction in the distillation colum
took place were all less than the thernmal dissociation tenperature of the
urea bond (220C) [0507] The reaction solution recovered in the storage
tank 105 was andlhezednisy meitdpoidd achr-diesit dgr apey sangd 1H-NVRo£As a result, it
was found that the reaction solution was a solution containing an

N, N - hexaneQ¢ i renge b e deivei{-qai i a3l uxtet mairdt ebeylepthieny| ) ester),
and that the yield of the N N -hexanediyl-di (carbam c aci d(4-
(1,1,3,3-te%?%ﬁmﬁrWA%ﬁﬁ3ﬁ9%ﬂﬁﬂﬁn)Qﬁn@ﬁ§any§&§ﬁpﬁ@%#W@@éﬁyaagbgbased on

1, 6- hexanet hyl enedi am ne.. I n addition, the reaction solution contained a
6,6 - car body Bt a@n&ﬁi%t)%a)s(mt& FWPBdRtEa ani ¢

aci d(4- (1. 13, 34 GLLAE! hyd B o) RenWl. PRLET), AF (3SQTRRURd haying a urea

bond, and t t h

car bonyl bi Sﬁ%@@g'%@n@’ﬁ%@%}ffghﬁﬁw di (carbam c

acid(4-(1,1,3,3-tet t ester) was approxi mately 31% based
on 1, 6- hexapgifyl enedi am ne. The thermal dissociation tenperature of the
urea bond of the 6,6 -carbonyl bi s(azanedi yl) bi s(hexane-6,1- - 262 -

dggéédi(Carbaniqm@C&@éétﬁbnls%l%tﬁéhr%@%bbﬁ&@@tXh)Ehéngtoﬁﬁéériaﬂﬁs 220C.

| ] 105 was analyzed by liguid chromatography and *H-NMR. As
a result, it wag found that the reaction solution was a
solution containing an N,N'-hexanediyl-di (carbamic
acid(n-butyl)ester), and that the yield of the N,N!'-
hexanediyl-di (carbamic acid(n~butyl)ester) was
approximately 92% based on 1,6-hexamethylenediamine. In
addition, this reaction solution contained di (n-butyl) -
6,6 ' ~carbonylbis (azanediyl)bis (hexane-6, 1-diyl)
dicarbamate as a compound having a urea bond, and the
vield of the di{n-butyl)-6,6'-
carbonylbis (azanediyl)bis (hexane-6,1-diyl) dicarbamate
was approximately 2% based on 1, 6-hexamethylenediamine.
The thermal dissociation temperature of the urea bond
contained in the di(n-butyl)-6,6'-
carbonylbis {azanediyl)bisg (hexane-6,1-diyl) dicarbamate
was 205°C. When compared with Reference Example 1, on
the 15" plate for supplying the mixed solution of di(n-

butyl) carbonate and n-butanol, the compound having the

urea bond reacted with the di(n-butyl) carbonate undexr



[ Exanpl e 10] Step (10-1): Production of N-substituted carbam c acid ester
Usi ng the apparatus shown in Figure 3, an N-substituted carbam c acid ester
was produced. [0509] 2.3 kg (19.8 nmol) of 1, 6-hexanet hyl enedi am ne,
28.3 kg (138 nol) of 4-(1,1,3,3-tetrangthylbutyl) phenol, and 2.7 kg (45.0
nol) of urea were mxed to prepare a raw material solution. Thereafter, a
pl ate-type distillation colum 302 having 40 plates was heated, so that the
pressure of the columm top thereof was set at approximately 30 kPa. At this
time, a |in&e3fingdas ﬁiﬁ@mBgfﬂépéeeaHPﬁbeaooﬁrtgégﬁ%be? tthfate (the
first plate) of the distillation colum 302, and the tenperature of the
first platethesme3sdispREdaghoOrhECMPREASETBqEE ppRE BRER HECRPpefabst) pl at e
(the first plate) of the distillation colu , . a.m ol ug, havi ng
the same coﬁﬁb@i e&ﬁtﬁéaphgﬁsgksgﬁguFS% ﬁgng?%g% %gfﬁlégﬁeéasqﬁhggoduced

into the colym at arate.of anroxkmakelyy 3L koLl cafbahlie seug time
f, a m xeg S an

t hr ough the 15 ng -3 ol'ution of urea

4-(1, 1, 3, 3-tetramet by bbrahenal stuseaigangentpati on: approxi mtely 5 wt
90 was fed to the colum at a rate of approximtely 4.8 kg/H. After - 263
- operation gandijti ons had been stabilized, the raw material solution was
supplied through the line 31 at a rate of approximately 3.1 kg/ H, and the
reacti on sol WHdfeiramas: tHhemplecavered into a storage tank 305 through a line
36 equi pped at the | owernost portion of the distillation colum 302. A
gaseous phase sicagr edi-ent: wasdunecovar el Nhsahghiautedecddbagiicppetidat t he
uppernost portion of the distillation colum 302, and it was then condensed
usi ng a condstssr 303 that was retained at approxi mately 85C. The thus
obt ai ned i ngredi ent was_recovered into a_storage, tank 304. [0510 The
reaction sol uti oNSE88oVELedCPRTERB ¥EEFG4eSPANR 3057 WAdT Gnkhf y2Rd by |i qui d
chromat ography and 1H-NVR As a result, it was found that the reaction
solution\Mﬂﬁ@%%ﬁﬂﬁﬁqqﬁ1Qﬁﬁﬂ@ﬂ%ﬁ ﬁ§£§1QQ9@r-W@faﬁ§8%yF? i"(carbami ¢
acid(4-(1,1,ﬁ 3ﬂ}etranethylbutyl)phenyl)ester), and that the yield of the
N, N - hexaned %ﬁ-&i(carbanic acid(4- (1,1, 3,3-tetramet hyl butyl ) phenyl)ester)

was approxi mat el y 829.b3s@d s0Rod, 6ofrexanrt Avleargh agi 5es -
trimethylcyclohexylamine, 6.6 kg (30.8 mol) of diphenyl
carbonate, and 8.2 kg (87.2 mol) of phencl were mixed to
prepare a raw material solution. Thereafter, phenol was
added into a plate-type distillation column 102 having 40
plates, and it was ﬁhen boiled with a reboiler 105, so
that it could be in a total reflux state. At this time,
the pressure of the column top was 2.6 atmospheric
pressures, and the temperature of the 15" plate (counted
from the top side) on which a line 2 was equipped was
230°C. Through a line 1 equipped on the uppermost plate
(the first plate) of the distillation column 102, a mixed
solution having the same composition as that of the raw
material solution was introduced into the column at a

rate of approximately 2.8 kg/Hr. After operation



[ 0511] In addition, fromthe above described results of Conparative
Exanple 1, it was assuned that a conpound having a urea bond was generated
(the thermal dissociation tenperature of the urea bond: 220C) in the
production of an N-substituted carbam_c acid ester in the present step. In
the present exanple, as described a50@§§ - 264 - on the first plate for
supplying the m xed solution of urea and 4-(1, 1, 3, 3-tetranet hyl butyl)
phenol , the conpound having the urea bond reacted with urea under heating
at a t enpereenfeionmalhad ererhisgledri tilvaal  t det hemnmab tdicssdckatliuanon
tenmperature of the urea bond (235C) to generate an N-substituted carbamc
aci d ester . WIFhusIPR118ehs hesnsidehed st 1t Bé R $abst pfut ed carbani ¢ aci d
ester could be obtained at a_high yield. [0512) [Exanple 11] Step (11-1):
Prooduct i on FPIRETHES Nuted &abani @rdeitdeedeartion sgdifgophwageact i on

vessel showghin thyre 4. an N-substituted igrbani acid ester was
pr oduced. en recovered into a storage tank 105 through a line 6

equipped at the lowermost portion of the distillation
column 1G2.
[0473]

The reaction solution recovered in the storage tank
105 was analyzed by liguid chromatography and ‘H-NMR. As
a result, it was found that the reaction solution was a
solution containing a 3- (phencxycarbonylaminomethyl) -
3,5,5~trimethyleyclcochexyl carbamic acid ester, and that
the yield of the 3-(phenoxycarbonylaminomethyl)-3,5,5-
trimethylcyclohexyl carbamic acid ester was approximately
61% based on 3-aminomethyl-3,5,5-trimethylcyclohexylamine.
In addition, this reaction =zolution conitained
approximately 30% by mass of diphenyl-5,5'-
(carbonylbis (azanediyl)bis (methylene))bis(3,3,5-
trimethylcyclohexane-5,1-diyl) dicarbamate as a compound
having a urea bond. The thermal dissociation temperature
of the urea bond contained in the diphenyl-5,5'-
(carbonylbis (azanediyl)bis (methylene) )bis(3,3,5-
trimethylcyclchexane-5,1-diyl) dicarbamate was 206°C.
[0474]

Moreover, the reaction solution was collected from a
sampling port equipped on the 15™ plate of the

distillation column during the steady operation, and it



[ 0513] 3.20 kg (27.6 nol) of 1,6-hexanethyl enedi am ne, 102.0 kg (481
nol ) of 4-(a, a-di nethyl benzyl) phenol, and 5.1 kg (85.0 nol) of urea were
m xed to prepare a raw material solution. Thereafter, a plate-type
distillation colum 402 having 30 platgs-was heated, so that the pressure
of the colum top thereof was set at approximately 2 kPa. Thereafter, the
total ref lux operation of the 4-(a, a-di nethyl benzyl) phenol was conduct ed.
At this tine, the tenperature of the uppernost plate (the first plate) of
the distill @Bpohhesl aRAL¥B2decordt isiiRF W /i B AGTYIr CSURRPtTy "fe r aw
material solutiagn was 200C. Through the Iine 40 - 265 - equi pped on the
upper nost pPateSetRELEFrst plate) of the distillation colum 402, a nixed
sol ution having Ehe same conposition as that of the raw material solution
was introdud@d’Phto the colum at a rate of approximately 3.2 kg/H. At the
sanme tine, t%rouggeaBQine 41 equi pped on the third plate of the
distillatioﬁ &6l b, m xed sol ution of urea and 4-(a, a- dinethyl benzyl)
phenol (urea.conceptration: i mat.el ; % Mas f.ed. to.the colum
at a rate of gp%?o ?n%fe|§g%?§%gkéfﬁﬁf'@Q%%§é§%g§23@<nn cgwﬁg%f%ﬁgﬁhad been
stabilized, Jhe.raw material solution was supplied through the line 40 at a
rate of approximately 3.2 kg/H, and the reaction solution was then
recovered into aTEéosage habnkod(bsthroughn acthe nec el Ui )pped at t he

| ower nost portion of the distillation colum 402. A gaseous phase

i ngredi ent &< erecoeeredmpito2awvaborageitdnkud4wi hhotigh extepeidd equi pped
at the uppernost portion of the distillation colum 402, and it was then
condensed ugieg a odmgdnselutdsnt bit dimbenglarpsbionatapprdxphanely 85C. The
tenperature of the third plate on which the line 41 was equi pped was 215C.

[ 0514] (diphenydc CPEROBLEt FORCEBESFEI 8] | APPREXSTRFBE PANKT4B5 was

anal yzed by liquid chromatography and 1H NVR. _As result, i s.found
that the red@S &fcsSForeR %&? &{Eﬁlat?GnaCGﬁFﬁiR?nGPBEOXimaEeT@ 2.8

N,N'-hexane%gyggﬁ(carbanic

[0476]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and “H~NMR. As
a result, it was found that the reaction solution was a
solution containing a 3- {phenoxycarbonylaminomethyl) -
3,5,5-trimethylcyclchexyl carbamic acid phenyl ester, and
that the yield of the 3- (phenoxycarbonylaminomethyl) -
3,5,5-trimethylcyclohexyl carbamic acid phenyl ester was
approximately 93% based on 3-aminomethyl-3,5,5-
trimethylceyclohexylamine.
[0477]

In addition, from the above described results of
Reference Example 2, 1t was assumed that a compound

having a urea bond was generated (the thermal

dissociation temperature of the urea bond: 206°C) in the



aci d(4-(a, a-di net
the N, N - hexanedi

hyl benzyl ) phenyl )ester), and that the - 266 - yield of
yl -di (carbam c aci d(4- (a, adi net hyl benzyl ) phenyl )ester) was

approxi mately 83% based on 1, 6- hexanet hyl enedi am ne. [0515] In

addition, fromth
was assumed t hat

di ssoci ation tenp
N-substituted car

e results of the after-menti oned Conparative Exanple 3, it
a conpound having a {*da bond was generated (the thernal
erature of the urea bond: 210C) in the production of an
bam c acid ester in the present step. In the present

exanpl e, asP¥edertiud dbove N-eniksid tutiedd cph@eeiftorcsdppbyieng inhehri xed
solution of urea and 4-(a, a-di nethyl benzyl) phenol, the conpound having the
urea bond rREERIEY iG9P ur 68 GheePrReaptnegxarract epeklat ut®e epdaltet o or

hi gher than_the thernmal dissociation _tenperature of the urea bond (2100 to

generate an N stStitdi%dCarbaiict Sadivg 108t &F. dFRBSNYIt CAESOBEHSI dered t hat
L o ool Sl fareame Al o $a iy 4n2°.2257h05d L2l vield

with the diphenyl carbonate under heating at a
temperature egual to or higher than the thermal
dissociation temperature of the urea bond (230°C) to
generate an N-substituted carbamic acid ester. Thus, it

was congidered that the N-substituted carbamic acid ester

could be obtained at a high yield.

[0478]

[Reference Example 3]

¢ Step

ester

{(C-1): Production of N-substituted carbamic acid

Using the reaction vessel shown in Figure 1, an N-

substituted carbamic acid ester was produced.
[0479]

2.8 kg (13.3 mol) of 4,4'-
methylenebis (cyclohexylamine), 5.2 kg (24.3 mol) of
diphenyl carbonate, and 18.0 kg (191 mol) of phencl were
mixed to prepare a raw material solution. Thereafter,
phenol was added into a plate-type distillation column

102 having 40 plates, and it was then boiled with a

reboiler 105, so that it could be in a total reflux state.

At this time, the presgure of the column top was 2.3
atmospheric pressures, and the temperature of the 15

plate (counted from the top side) on which a line 2 was



Step (G 1) The sane nethod as that in the step (11-1) of Exanple 11 was
carried out, with the exception that a m xture of urea and

4- (a, a-di et hyl benzyl ) phenol was not fed through the Iine 41 equi pped on
the third plate of the distillation cobygn. [0517] - 267 - The
reaction solution recovered in the storage tank 105 was anal yzed by liquid
chromat ography and "H NVR. As a result, it was found that the reaction
solution was a solution containing an N, N -hexanediyl -di (carbanic

aci d( 4- (a, aedivrpphyl beszyRyphenyiresiadr B, lan¢ thaguihreed endtdée t he

N, N - hexanedi yl -di (carbam c aci d(4-(a, a- di pet hy] benzyl nyl ) est er
approxiﬁateP%%§?Wb as®d 2GR i?@éhgiﬁgﬁtH&Fﬁégg?gﬁFﬁ%.&¥%Q§Q§?¥%%ﬂ, thé e
reaction sol uti on gg%tained a

i

6,6, . . .
car bonyl bi sCRZEREITY £y bf's PAES 86 T2 Py 17t (e aF BRnfRme composition

aci d(4- (a, a_di methyl bengyl Joepyl «83Ler hottc 2ofONREUIM: PaYLPga2;  HEER bond.
The yield of*%t he g,g -

car bonyl bi s(gzanediyly) bicsghexanexg, bydi-yd) AhE6aLbaM Crg/Hr. aft
acid(4-(a,a&g%Hg$ﬁ§¥%E%§yl)phenyP espgr) was ap%roxina?él§ 30@662;ed on
1, 6- hexanet hyj-enedicani-eedi thenshesmabc8hsseabat i gadt epper aawre of the urea

bond of the 6, 6" -carbonyl bi s(azanedi yl1) bi s(hexane-6, 1-

material sclution was supplied through the line 1 at a
rate of approximately 2.4 kg/Hr, and the reaction
solution was then recovered into a storage tank 105
through a line 6 equipped at the lowermost portion of the
distillation column 102.
[0480]

The reaction golution recovered in the storage tank
105 was analyzed by ligquid chromatography and "H-NMR. As
a regult, it was found that the reaction scolution was a
solution containing a 4,4'-methylenebis (cyclohexane-4,1-
diyl)di (carbamic acid phenyl ester), and that the yield
of the 4,4'-methylenebis (cyclohexane-4,1-diyl)di (carbamic
acid phenyl ester) was approximately 77% based on 4,4'-
methylenebis (cyclohexylamine). In addition, this
reaction solution contained approximately 19% by mass of
4,4'- (4,4'-carbonylbis(azanediyl)bis(cyclohexane-4,1-
diyl)bis (methylene))bis (cyclohexane-4,1-diyl)di (carbamic
acid phenyl ester) as a compound having a urea bond. The
thermal dissociation temperature of the urea bond
contained in the 4,4'- (4,4'-

carbonylbis (azanediyl)bis (cyclohexane-4,1-



di y1) di (carbam ¢ aci d(4-(a, a-di met hyl benzyl ) phenyl ester) was 210C. [0518]
Mor eover, during the steady operation, the reaction solution was coll ected
froma sanpling port equi pped on the second plate of the distillation
colum, in which the tenperature was |less than the thernmal dissociation
tenperature of the urea bond (210C)['éﬁﬁart was then anal yzed. As a result,
urea was not detected. [0519] - 268 - [Exanple 12] Step (12-1):
Production of N-substituted carbam c acid ester The sane met hod as
that in thedsykbid ngyhofer@iaripl sl vyl Wi xeaer-idted -duty,l ) dil t katrvemexcept i on
that a m xed solution of urea and 4-(a, a-di net hyl benzyl) phenol (urea
concentr at | ®at4 gpproxd eeten) W 1% .was fed at a rate of approximtely
1. 34 kg/ Hr, tgrqygh a line 42 equipped on the 5th plate of the distillation
col um, i nst&itlof the line 41 equi pped on the third plate thereof.

[Example 6]
¢ Step (6-1): Production of N-gsubstituted carbamic acid
ester

The same method as that in the step (C-1) of
Reference example 3 was carried out, with the exception
that a mixed solution of diphenyl carbonate and phenol
{diphenyl carbonate concentration: approximately 58 wt %)
was fed through the line 2 at a rate of approximately 2.0
kg/Hr.

{ca82]

The reaction solution recovered in the storage tank
10% was analyzed by liguid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a
solution containing a 4,4'-methylenebis {cyclohexane-4,1-
diyl)di (carbamic acid phenyl ester), and that the yield
of the 4,4'-methylenebils (cyclohexane-4,1-diyl)di (carbamic
acid phenyl ester) was approximately 95% based on 4,4'-
methylenebis (cyclohexylamine) .

[0483]

In addition, from the above described results of
Reference Example 3, it was assumed that a compound
having a urea bond wag generated (the thermal
dissociation temperature of the urea bond: 210°C) in the

production of an N-substituted carbamic acid ester in the



[ 0520] The reaction solution recovered in the storage tank 405 was
anal yzed by liquid chromat ography and 1HNVR As a result, it was found
that the reaction solution was a sol ution containing an

N, N - hexanedi yl - di (carbam ¢ aci d(4-(a, grdi et hyl benzyl ) phenyl )ester), and
that the yield of the N N -hexanediyl-di (carbam c acid(4-(a, a-

di nmet hyl benzyl ) phenyl )ester) was approxi mately 89% based on

1, 6- hexanet hyl enedi am ne. &0521] In addition, from.the anve
descri bed r S oFtEPpalfat Fie B&iphe AR GuaLhddifed t hBLt25S conpound

having a bond ted (the.thermal .disspciation { t f
the urea borid® ZHOE) T HEpIoAGE PO T SnoR STREETY tt o0 RarBaf ¢ aci d

ester in thergiﬁﬁgﬁédst%%b E%m%pépﬁg%%%gkﬁféﬁgpggﬁaaﬁoggs%éggggdabove, -

269 - on_th@' te for sup h xed solutron of urea and
4-(a, a- di me wrp%@fey!d)ig%@%@e' catBBnSeRPAUAd  haxlRg,Lhec UL ea bond react ed
with urea under heating at "a tenperature equal to of higher than the

thermal di sSQ&{ALIQRN1LHRRHA Yt oof HiBReW eazhoRdet engengrate an
N- substituted Carbam c acid ester. Thus, it was considered that the

N-substi t ut et Cayham & AGshREeLeowd he abkal pedaat2aohighcyiel d. [ 0522]
[ Exanpl e 13]

generate an N-substituted carbamic acid ester. Thus, it
was considered that the N-substituted carbamic acid ester
could be obtained at a high yield.
[0484]
[Reference Example 4]
e Step (D-1): Production of N-substituted carbamic acid
ester

Using the reaction vessel shown in Figure 1, an N-
substituted carbamic acid ester was produced.
[0485]

3.6 kg (29.5 mol} of 2,4-toluenediamine, 10.8 kg
(53.5 mol) of bis(3-methylbutyl) carbonate, and 8.6 kg
{85.1 mol) of 3-methyl-l-butanol were mixed to prepare a
raw material solution. Thereafter, phenol was added into
a plate-type distillation column 102 having 40 plates,
and 3-methyl-l-butanol was then boiled with a reboiler
105, so that it could be in a total reflux state. At
this time, the presgsure of the column top was 9.6
atmospheric pressures, and the temperature of the 15"

plate (counted from the top side) on which a line 2 was

equipped was 220°C. Through a line 1 eguipped on the



Step (13-1): Production of N-substituted carbam c acid ester The sane
nmethod as that in the step (11-1) of Exanple 11 was carried out, wth the
exception that a m xed solution of urea and 4-(a, a-di met hyl benzyl) phenol
(urea concentration: approximtely 7. % g; %9 was fed at a rate of
approximately 1.34 kg/ H, through a 1 i%te 43 equi pped on the 7" plate of the
distillation colum, instead of the line 41 equipped on the third plate

t hereof. [0523] The reaction solution recovered in the storage tank
405 was anatnpedMdst |dlgdad dhreorfhtedgr agereandflHhNVRIsAs laakésnl t, it was
found that the reaction solutjon was a solution containing an

N, N - hexanet? i (ar Famiicestisflatigraaviaehhbe A2E) pRERYE)SsOBr ), and
that the yield of the N N -hexanediyl-di (carbamc acid(4-(a,a- - 270 -

di net hyl ber®y1 5iFHerRA té%eté%f’*)w Wééieg&ﬁrloﬁ dPp 966, passadpRea into

1, 6-h t hyl di th d i bed

resul?éagf nggﬁébgglkﬁfh & §f|ﬁP3ﬁg§l§§g&h§' ﬁa%OZhEoﬁpggﬁéghaS?ﬁélae

urea bond W@?é Hﬂ%nﬁﬁ?z e%!%%%%h%&' 2| t%ggeggture of the urea
a

bond: 2100 "in e pr uction o RECsubstitutéd carbam ¢ acid ester in

the presentmas@é&al s diRg SRELSR 8 cB3H8RCELRd3R0Ye5,00 the 7th

pl ate for supplying the m xed solution of
rate of approximately 2.8 kg/Hr, and the reaction

solution was then recovered into a storage tank 105
through a line 6 equipped at the lowermost portion of the
distillation column 102.
[0486]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and *H-NMR. As
a result, it was found that the reaction solution was a
solution containing a 4-methyl-1,3-phenylenedi (carbamic
acid(3-methylbutyl)ester), and that the yield of the 4-
methyl-1,3-phenylenedi (carbamic acid(3-methylbutyl)ester)
wag approximately 78% based on 2,4-toluenediamine. In
addition, this reaction sclution contained approximately
15% by mass of 5,5'~carbonylbis(azanediyl)big(2-methyl-
5,1l-phenylene)di (carbamic acid (3-methylbutyl)ester) as a
compound having a urea bond. The thermal dissociation
temperature of the urea bond contained in the 5,5'-
carbonylbis (azanediyl)big(2-methyl-5,1-
phenylene) di (carbamic acid(3-methylbutyl)ester) was 208°C.
[0487]

[Example 7]



and 4-(a, a-di net hyl benzyl) phenol, the conpound having the urea bond
reacted with urea under heating at a tenperature equal to or higher than
the thernmal dissociation tenperature of the urea bond to generate an
N-substituted carbamc acid ester. Thus;,it was considered that the
N-substituted carbam c acid ester could %e obtained at a high yield. [0525]
[ Exanpl e 14] Step (14-1): Production of N-substituted carbam c acid ester
The sane nethod as that in the step (11-1) of Exanple 11 was carried out,
Wi th the exeeptépn(7hal : aPnocect s bl g pfbsirida @l priami-diarstchy| benzyl )
phenol (urea concentration: approximtely 7.5 wt %9 was fed at a rate of
approxi mat eB§t€r34 kg/ Hr, through a |ine 44 equi pped on the 10th plate of

the distillation_colum, - 271 - instead of the lin equi pped on the
third plate thergB?.ST@%Z%TthO&-a%?éb?%a%?ﬂgﬁa§%fﬁii ﬁﬁﬁeégsered in the

SLoTate {ane 405008 BRTERLihakl AULFEI AR oI SR AN LA IR e o
an N’NI_hex%%%qiglhQ&gﬁaggﬁﬁkgon of big(3-methylbutyl). carbonate and
3-methyl-1-butanol (di(3-methylbutyl) carbonate
concentration: approximately 50 wt %) was fed through the

line 2 at a rate of approximately 2.2 kg/Hr.
[0488]

The reaction golution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction sclution was a
solution containing a 4-methyl-1,3-phenylenedi (carbamic
acid(3-methylbutyl)ester), and that the yield of the 4-
methyl-1,3-phenylenedi (carbamic acid(3-methylbutyl)ester)
was approximately 93% based on 2,4-toluenediamine.
[0489]

in addition, from the above described results of
Reference Example 4, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 208°C) in the

production of an N-substituted carbamic acid ester in the

present step. In the present example, on the 1552

plate
for supplying the mixed solution of bis(3-methylbutyl)
carbonate and phenol, the compound having the urea bond

reacted with the diphenyl carbonate under heating at a

temperature equal to or higher than the thermal



aci d(4-(a, a-di net hyl benzyl ) phenyl )ester), and that the yield of the

N, N - hexanedi yl -di (carbam c aci d(4- (a, adi nret hyl benzyl ) phenyl )ester) was
approxi mately 96% based on 1, 6- hexanet hyl enedi am ne. [0527] In
addition, fromthe above descri bed reS%Its of Conparative Exanple 3, it was
assuned that a conpound having a urea ond was generated (the thernal

di ssoci ation tenperature of the urea bond: 210C) in the production of an
N-substituted carbamc acid ester in the present step. In the present
exanpl e, asddeswridisidmbicmge wtude dOtthephate fondsuyppb§ing-the m xed
solution of urea and 4-(a, a-di nethyl benzyl) phenol, the conpound having the
urea bond r&ERFE A NrBwaridert e 4FHhgrac actiengetatur ellegsal 1o or

hi gher than the therpmal dissociation tenperature of the urea bond to
generate an"i¢ scde"s?tliC{I%eéid %‘%tbef%ec NyEupsdtat edrRgs Pape cwas 1o RSiE8&r ed t hat
t he N-substj t ut carham c acid ester cauld be obtained at a high yield.
[0528] - %‘ﬁff%e Obl%@r%r}%ga&ﬁe g Sfle i ngredient recovered in the
storage tan was subjected to 1H NVMR neasurenent. As a result, it was
found t hat e I'ngredient was a m xture containing 4-(a, a-di net hyl benzyl)
phenol and pieanp@ndithat the urea concentration was 5.0 mass % [0529]

e Step (8-1}: Production of N-substituted carbamic acid
ester

Using the reaction vessel shown in Figure 1, an N-
substituted carbamic acid ester wasg produced.

[0491]

4.3 kg of a polyurethane-urea copolymer produced
from polyhexamethylene glycol, 4,4'-diphenylmethane
diisocyanate and ethylenediamine was mixed with 10.3 kg
of 4-{(1,1,3,3~tetramethylbutyl} phenol to prepare a raw
material solution. Thereafter, 4-(1,1,3,3-
tetramethylbutyl) phenol was added into a plate-type
distillation column 102 having 40 plates, and it was then
boiled with a reboiler 105, so that it could be in a
total reflux state. At this time, the pressure of the
column top was 10 kPa, and the temperature of the 15"
plate (counted from the column top side) con which a line
2 was equipped was 230°C. This temperature was higher
than the thermal dissociation temperature (210°C) of the
urea bond of the polyurethane-urea copolymer, which had
been measured, separately. Through a line 1 equipped on

the uppermost plate (the first plate) of the distillation



Step (14-2): Recycling of m xture obtained using condenser Usi ng the
m xture recovered in the storage tank 404 in the step (14-1), an
N-substituted carbam c acid ester was produced. [0530] The
concentration of amonia in the mxturgsjyecovered in the storage tank 404
in the step (14-1) was 630 ppm 3.2 kg of 1, 6-hexanethyl enedi am ne was
added to 71.7 kg of the mxture to prepare a raw material solution. Using
carri od out COABTE f83ul B, PAERA- SHEXSHGR FYENY coibafte compidicn D 1S
ol (2 ey Bengul phenyl s5L o) ool Sl e Tt el 0l e
aDp o6 ot oL 9B NARE; Y RablSHUBbMAEELEY, 0%, OB S epd109):
- 273 - same time, through the line 2, a mixed solution of urea

and 4-(1,1,3,3-tetramethylbutyl) phenol (urea

concentration: approximately 5 wt %) was fed to the

column at a rate of approximately 8.2 kg/Hr. After

operation conditions had been stébilized, the raw

material solution was supplied through the line 1 at a

rate of approximately 2.2 kg/Hr, and the reaction

solution wag then recovered into a storage tank 105

through a line 6 equipped at the lowermost portion of the

distillation column 102. A gaseous phase ingredient was

recovered through a line 3 egquipped at the uppermost

portion of the distillation column 102, and it was then

condensed using a condenser 103 that was retained at

approximately 85°C. The thus obtained ingredient was

recovered into a storage tank 104.

f0492]

The reaction solution recovered in the storage tank

105 was analyzed by liquid chromatography and "H-NMR. As

a result, it was found that the reaction solution was a

solution containing a 4,4'-methylenebis(4,1-

phenyliene)di (carbamic acid(4-(1,1,3,3-

tetramethylbutyl)phenyl)ester) .

[0493]

{Example 9]



Usi ng the apparatus shown in Figure 2, an isocyanate was produced. [0532]
Athin-filmdistillation apparatus 202 having a heating surface area of 0.1
n2 was heated to 220C, so that the pressure in the thin-filmdistillation
apparatus was set at approximately 1.3 kPa. The sane nethod as that in the
step (9-3) of Exanple 9 was carried"o@?ﬁ with the exception that the
reaction solution recovered in the storage tank 405 in the step (14-1) was
added into a storage tank 201, and it was then supplied via a line 20 to
the thin-fid Atdistid-hat:i ercdppaianusf282sabsaitatedofaappnoxi aately 2.0
kg/ Hr. A condensat e contai ni ng hexanet hyl ene dii socyanate was recovered in
a storage t&nkeR207. [0533] [Exanple 15] Step (15-1): Production of
N-substituted carbam c _acid ester Using the reaction vessel shown in
Figure 5, an N Sf580 ChfedarBan ¥eg6pd &BOBR WasF pyeBRiced. 2P0¥34]

3.20 kg (27.6 mol) .of. 1, 6-hexanet hy] enedi am ne, 102.0 kg (481 nol) of
4-(a,a-din€ﬁﬁkﬁ?ﬁ§ﬁﬂﬂ% GHEREILC éﬁ&fg? %Fﬁ'@§§.@r PfFEEf urea were nixed to
prepare a r ﬁﬁterial solution. Thereafter, a plate-type distillation
colum 502 having 30 plates was heated, so that the - 274 -

2.3 kg (19.8 mol) of 1,6-hexamethylenediamine, 28.3
Xxg (138 mol) of 4-~(1,1,3,3-tetramethylbutyl) phenol, and
2.7 kg (45.0 mol) of urea were mixed to prepare a raw
material solution. Thereafter, a plate-type distillation
column 102 having 40 plates was heated, so that the
pressure of the column top thereof was set at
approximately 10 kPa. At this time, the temperature of
the 15" plate (counted from the column top side) on
which a line 2 was equipped was 240°C. Through a line 1
equipped on the uppermost plate (the first plate) of the
distillation column 102, a mixed solution having the same
composition as that of the raw material solution was
introduced into the column at a rate of approximately 3.1
kg/Hr. At the same time, through the line 2, a mixed
solution of urea and 4-(1,1,3,3-tetramethylbutyl) phenol
(urea concentration: approximately 5 wt %) was fed to the
column at a rate of approximately 4.8 kg/Hr. After
operation conditions had been stabilized, the raw
material solution was supplied through the line 1 at a
rate of approximateiy 3.1 kg/Hr, and the reaction
solution was then recovered into a storage tank 105

through a line 6 equipped at the lowermost porticn of the



pressure of the columm top thereof was set at approximately 8 kPa.
Thereafter, the total reflux operation of the 4-(a, a-dinethyl benzyl) phenol
was conducted. At this time, the tenperature of the uppernost plate (the
first plate) of the distillation colum-g02 conprising a line 50 for
supplying the taw material solution was 240C and the tenperature of the
ot her plates was 240C or higher. Through the Iine 50 equi pped on the
upper nost plate,éﬁhe,first plateé of the distillation colun 502, and al so
through a | Paétsd legdrppeadiont hB220th FAIRBIT RHEERT 1WHR Sd1&ft i on
havi ng the sane _conposition as that of the ra terial solution was each
i ntroduced iFROVERE %hﬁﬁﬁggtaaEFEFego?qﬁbBP8§€%gtg?ﬁ HPRBERGY g. At the
sanme tinme, through a_i i 2d_0 1 p e. of e gdistillation
col um 502,Fgﬁglgpsgftﬁ%%ué%sggﬁpﬁgggg §839§3e25§h %ﬂ% 5§tﬁgglgg%ﬁthereof,
a m xed sol utjon of nd 4z Liet Byl benzyl) «phepol n4r ga
.labﬂ§%ﬂ%edUE%§n§|g ?9&9&?@5?3 EX 8 % n

concentrati on: approxi mat was eac ed to the colum at a rate

of approxiW%F f%xgn%leﬁgiﬁ%pcf“tfﬂe‘H%Hé“dﬁ%&i IitigeRs i kad Reen

stabilized e raw material solution was each supplied through the |line 50
and the |ine&dwired ralte of sapprexi mahel y0i4..6 kg/ H, and the reaction
solution was then recovered into a storage tank 505 through a |line 56
equi pped at fcaedlower nost portion of the distillation colunm 502. A gaseous
phase ingredi ent was recovered through a |line 55 equi pped at the uppernost
portion of - 27%he rehetdpstpeplution cefamarsd2inapee i $tewade heantondensed
using a condenser 503 that was retained at approximtely 85C_ The thus
obt ai ned i ngrldivart anesl ze€owet éd Givd Ca CHreraGeorankysead [BHEER- AS The
reaction solution recovered in the storage tank 505 was anal yzed by liquid
chronatograﬁhfmﬁﬁﬁmeHQanﬁm§Q&nﬂe§ﬁﬁﬁ,t%@ ﬁE?CF68HdSPﬁHFlPHeWF§a8tion
sol ution was_a sol ution conLaininggg%wN N_-hexanedi di {carbam c

ste

aci d(4-(a, a-Hl I BEAY By f??xﬁﬁﬁ lﬁétdﬁkga§%§wacof t he
L eaned s Rt e At (B T RSRY pteal) sser) vas
the yvield of the N,N'-hexanediyl-di(carbamic acid{4-
(1,1,3,3-tetramethylbutyl)phenyl)ester} was approximately
95% based on 1,6-hexamethylenediamine.
[0496]
In addition, from the results of the after-mentioned
Comparative Example 1, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 220°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15 plate for supplying the mixed solution of
urea and 4-(1,1,3,3-tetramethylbutyl} phencl, the
compound having the urea bond reacted with urea under

heating at a temperature equal to or higher than the

thermal disscciation temperature of the urea bond (240°C)



In addition, fromthe above described results of Conparative Exanple 3, it
was assuned that a conpound having a urea bond was generated (the thermal
di ssoci ation tenperature of the urea bond: 210C) in the production of an
N-substituted carbam c acid ester in t%ﬁ present step. In the present
exanpl e, as descri bed above, on the 150K and 25th pl ates for supplying the
m xed sol ution of urea and 4-(a, a-di net hyl benzyl) phenol, the conpound

havi ng the urea bond reacted with urea under heating at a tenperature equal
to or hi gher® tdaimende tanethwuiditssodieat icompaovpgerat dr esdert heThmea bond to
generate an N-substituted carbam c acid ester. Thus, it - 276 - was

consi der ed tthafas FEMNIGHBRG tihedd tder Bamesiditytest 6pTE8UIE BELidbt ai ned at

carbani & actFGataLd B AR TRL PogbHiGN V4638 Shown in Figure 1. an
N- substi t ut Fdjalé:f?]r bam c acid ester was produced. [05381

On the other hand, the ingredient recovered in the
storage tank 104 was subjected to 'H-NMR measurement. As
a result, it was found that the ingredient was a mixture
containing 4-(1,1,3,3-tetramethylbutyl) phenol and urea,
and that the urea concentration was 9.5 mass %.

{0498]
* Step (9-2): Recycling of mixture obtained using
condenser

Using the mixture recovered in the storage tank 104
in the step (9-1), an N-gsubstituted carbamic acid ester
was produced.

[0499]

The concentration of ammonia in the mixture
recovered in the storage tank 104 in the step (9-1) was
440 ppm. 2.3 kg of 1,6-hexamethylenediamine was added to
27.2 kg of the mixture to prepare a raw material solution.
Using the raw material solution, the same method as that
in the step (9-1) was carried out. As a result, N,N'-
hexanediyl-di (carbamic acid{4-{1,1,3,3~
tetramethylbutyl)phenyl)ester) was obtained. The yield
of the N,N'-hexanediyl-di (carbamic acid{4-(1,1,3,3-
tetramethylbutyl)phenyl)ester) was approximately 95%

based on 1, 6-hexamethylenediamine.



The sane nethod as that in the step (13-1) of Exanple 13 was carried out,
with the exceptions that a raw materi al solution prepared by mxing 1.4 kg
(12.1 nol) of 1, 6-hexanet hyl enedi am ne, 38.3 kg (518 nol) of nbutanol, and
2.7 kg (45.0 nol) of urea was used, thatzthe pressure of the colum top

t hereof was set at approximately 1.2 kPa, and that through the line 1

equi pped on the uppernost plate (the first plate) of the distillation
colum, the raw naterial solution was supplied to the columm at a rate of
appr oxi mat ell$5808 kg/Hr, and through the line 2 equipped on the 15th plate
of the distillation colunm, a m xed solution of urea and n-butaqghq(urea

concent r at i 8nSt&Ppf dxP hant BY A8 it 084 O hiakS Qo e o A 1861 inPa™a rate

of approximately.1. gl H thig ti the tenperature of the 15th
plate, on mﬁFgﬁ)é%%B%FEnSaEb\%ﬁéce%?%p‘% “®¥as 220C. [0539] - 277 -

The reaction sol ytign pecoysrerhissigdt orage diank 05, vas. analged by

| i qui d chromat ograp As a result, 7t was found that the
reaction sohggiﬁgowgge@.solution contai ning an N, N -hexanedi yl -di (carbam c
acid(n-butyl)ester), and that the yield of the N,N - hexanediyl-di (carbam c
aci d(n-butylpestier) was approxi mately 90% based on

1, 6- hexanet hyl enedi am ne. [ 0540] In addition, fromthe results of the
after-nenti oned Retriantéelbxdmpt £l baticonwaspassuned thdtaeimonpound havi ng
a urea bond was generated (the thermal dissociation tenperature of the urea
bond: 2100) Heattihe pueducki ameaf ofinONdsubstas Uterk aartzardiZ°dci doest er i n
the present step. In the present exanple, as described above, on the 15th
plate for suhEityithg Pressiuxed i8olktei Shisf filBadanst hlpti @RofPPRREEEBNPOUNd
havi ng the urea bond reacted with_urea_under heating at. a tequrature equal

to or hi ghe™¥h&% Fé @ﬁ@?ﬁéﬂ@&??&&bﬂa?iBR?tedﬁ%ﬁdf %F%ﬁnt%%'%ﬁ%%Pbond
Consi ter od BT EHS NTUBSE: CUPEECEarBah d Ohc  CUForTRBuld Be SBFained at
a high yiel%ﬁk&&?%}ko a storage tank 201, and it was then supplied
via a line 20 to the thin-film distiilation apparatus 202
at a rate of approximately 1.8 kg/Hr. A ligquid
ingredient was discharged from a line 22 equipped at the
bottom portion of the thin-film distillation apparatus
202, and it was then recovered in a storage tank 203. A
gaseous ingredient containing hexamethylene dilsocyanate
and 4-(1,1,3,3-tetramethylbutyl) phenol was discharged
from a line 21 eguipped on the upper portion of the thin-
film distillation apparatus 202.
{0502}
The gaseous ingredient was introduced into a
distillation column 204, and hexamethylene diisocyanate
was separated from 4-(1,1,3,3-tetramethylbutyl) phenol by
distillation. A portion of a high-boiling ingredient

containing 4-(1,1,3,3-tetramethylbutyl) phencl was



[ Reference Exanple 5] Step (H 1): Production of N-substituted carbamc

acid ester - 278 - The sanme nethod as that in the step (16-1) of
Exanple 16 was carried out with the exception that a m xed solution of urea
and n-butanol was not supplied throug the line 2. [0542] The reaction

sol ution recovered in the storage tan >f05 was anal yzed by liquid

chromat ography and 1HNVR. As a result, the reaction solution was a

sol ution cont ai ni;q? an N, N - hexanedi yl -di (carbam c aci d(n-butyl)ester), and
the yield ofetianad N-¢ HeéxamddinageditEedr Bagi viachd(abet §F) egueppedas

approxi mately 65% based on hexanet hyl enedi amine. In addition, the reaction
sol uti on cdtit diltfed &6 RN WSS CidzdnrddrF LPpi SOhuREN&0E, 1-

diyl)di (car bam c aC| d(.n- but“é%ester) as a conmpaund having a urea bond. The
yield of tH&'S; f)‘Dblt§(ehé1>%§ﬁé1éaElBnyP&u(“@ar bani ¢

d but te te 32% do
ﬁg;(agrgt hyl gén%gls vvas & F)Irﬁg))r(lrf'gla 2él)sgo Q&agﬁ téﬁﬁ‘@?ﬁ%ﬂgepﬁftﬂﬁé‘ urea bond

of the 6,6'y Aéads;l%%n%&z%@ St(aw%@% 0 A~ 94 ydddl (gar bam ¢

aci d( n- but y‘ﬁ ester over urin € st eady

operation, th&-d@asid o, seliyt;i ﬂ]h\@{%{r{é‘%lf]{yg%h%d 19% aﬁé 'hr%% port

equi pped on the 15th plate of the distillation colum, was t hen
anal yzed. Asis&tHA54d vi ea vas nat rdeheethed cohrddlop of the

distiilation coclumn 204, it was then condensed with a
condenser 205, and a portion of the condensate was
returned to the distillation column 204. A condensate
containing hexamethylene diisocyanate was obtained in a
storage tank 207. The yield was approximately 20% based
on 1,6-hexamethylenediamine.
[0503]
[Comparative Example 1]
¢ Step (E-1): Preduction of N-subgtituted carbamic acid
ester

The same method as that in the step {(9-1) of Example
9 was carried out, with the exception that a mixture of
urea and 4-(1,1,3,3-tetramethylbutyl) phenol was not
supplied via the line 2.
(05041

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. Ag
a result, it was found that the reaction solution was a
solution containing an N,N'-hexanediyl-di {carbamic

acid{4-(1,1,3,3-tetramethylbutyl)phenyl)ester), and that



- 279 - [Exanple 17] Step (17-1): Production of conmpound having ureido
group The apparatus shown in Figure 6 was used. [0545] In a state in
which a line 66 was cl osed, 83.0 kg (392 nol) of 4-(a, a-dinethyl benzyl)
phenol was mxed with 5.1 kg (85.0 nol }z@f_urea in a storage tank 601 that
had been heated to 120C, and the m xed solution was then transferred into
an agitation tank 603 that had been heated to 120C. In a state in which the

m xed solution was_stirred in the agitatio ank 603,. 2.5 k f 1,6-
hexamet hy| efr8i XAFrhE Rhst8Epdt NeaFFahT 1¥fb$h§%a¥ ﬂﬂl%dﬁg%%(¥he agitation

tank 603, t | i 62 f ' k Af t
compl ot on O ha- 255ty OF teRE -k hER St FpP Enbh ey 1P RER K W was
ti d f [ I : [ EVa

Sampl od. | ThaoFoRREEan Rotul T BR AaS" IRAy Sat Be 1 quy i chr St Harabhy. As a

result, 1,616%%§?g%tg$hgggogiggﬁgamﬁgdgﬁggzg}ed at a yield of approxinmately

97% based on hexanet hyl enedi am ne. Thereafter, the line 66

was opened, @@%o&%b&%ﬁ&%bﬁ@d&?hMbﬁ@ﬂ'hé@§néh@_ﬂltdiﬁijIE)‘@i_ﬁ (esh-bhnough the line
66 to a storage tank 606. [0547] step (17-2): Production of N-substituted
carbam ¢ acisdiesuer(1,1,3,3-tetramethylbutyl)phenyl ester) as a
compounid having a urea bond. The yield of the 6,6'-
carbonylbis (azanediyl)bis (hexane-6,1-diyl)di (carbamic
acid(4-{1,1,3,3-tetramethylbutyl)phenyl)ester} was
approximately 22% based on 1,6-hexamethylenediamine. The
thermal dissociation temperature of the urea bond of the
6,6"~carbonylbis (azanedlyli)bis (hexane-6,1-
diyl)di (carbamic acid(4-(1,1,3,3~
tetramethylbutyl)phenyl)ester) was 220°C.
[0505]

Moreover, the reaction solution was collected from a
sampling port equipped on the 15" plate of the
distillation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
Furthermore, the reaction solution was collected from a
sampling port equipped on the 4“‘p1ate of the
distillation column, in which the temperature was less
than the thermal dissociation temperature of the urea
bond (220°C), and it was then analyzed. As a result,
urea was not detected.

[0506]

[Comparative Example 2]



- 280 - The apparatus shown in Figure 1 was used. [0548]

4-(a, a-di net hyl benzyl ) phenol was added into a plate-type distillation
colum 102 having 40 plates, and it was then boiled with a reboiler 105, so
that it could be in a total reflux st . At this tine, the pressure of the
colum top was 2 kPa, and the tenperature of the 1.-th b plate (counted
fromthe colum top side) on which a line 2 was equi pped was 240C. Through
a line 1 equi pped on the uppernost plate (the first plate) of the

di stillatioh Fciun¥-102, Frasfiuced csobiit Nesuhatingtefiecsahentonposiit i on as
that of the reaction solution obtained in the step (17-1) was introduced
into the cof¥iat a rate of approximately 2.0 kg/H. At the sane tine,
through the line 2, a mxed.salution of urea and 4-(a, adi net hyl benzyl)
phenol (urea coﬁgﬁhf?gFigﬁghggpﬁﬁxF el ?ﬁ% ﬁE956§aé§)fgg EgarRéScol um
at a rate o roxiately 1.6 .kq/ H.. After aperation. conditions had been
stabilized,ét épﬁ%%% %6%(%% Uﬂpgﬁlo}FhF éﬁgtﬁcph§%§$e5%fl7-l) was supplied

through they LinhercleBle ad bt Ofs:aPpl oXL NBE &lie 2 okl Hes AN SNG, L eacti on

solution was then recovere nto & storage tank rough a'Tine 6

equi pped at e, L0Wer msd:chor 11 o, of Lhe Lstd gty an gol umn 102. A gaseous

phase i ngredient was recovered through a ne 3 equi pped at the uppernost
portion of tdwpehtatitdatdonmoldratsk02n and dH twes rher ieandensed using a

condenser 103 that was retained at approximately 85C. - 281 - The thus

obt ai ned i ndjredi et was acicovertethk nilace steafeagd 1t arlksl@ban the
thermal dissociation temperature of the urea bond (220°C).
[0507]

The reaction solution recovered in the storage tank

105 was analyzed by liguid chromatography and “H-NMR. As
a result, it was found that the reaction solution was a
sclution containing an N,N'-hexanediyl-di (carbamic
acid(4~(1,1,3,3-tetramethylbutyl)phenyl)ester), and that
the yield of the N,N'-hexanediyl-di(carbamic acid(4-
(1,1,3,3-tetramethylbutyl)phenyl)ester) was approximately
48% based on 1,6-hexamethylenediamine. In addition, the
reaction solution contained a 6,61~
carbonylbis{azanediyl}bis (hexane-6,1-diyl)di (carbamic
acid(4-{1,1,3,3-tetramethylbutyl)phenyl ester) as a
compound having a urea bond, and the yield of the 6,6'-
carbonylbis (azanediyl}bis(hexane-6,1-diyl)di (carbamic
acid(4-(1,1,3,3-tetramethylbutyl)phenyl ester) was
approximately 31% based on 1,6-hexamethylenediamine. The
thermal dissociation temperature of the urea bond of the

6,6'~carbonylbis{azanediyl)bis (hexane-6,1-



[ 0549] The reaction solution recovered in the storage tank 105 was
anal yzed by liquid chromat ography and 114-NMR As a result, it was found
that the reaction solution was a sol ution containing an

N, N, - hexanedi yl - di (carbami ¢ aci d(4-(a, a;gi et hyl benzyl ) phenyl )ester), and
that the yield of the N N -hexanediyl-di (carbamc

aci d(4- (a, adi net hyl benzyl ) phenyl )ester) was approxi mately 95% based on

1, 6- hexamnet hyl enedi am ne. [ 0550 In_addition, fromthe results of the
et monti GHER ) GoBRFRENGE auatbhe (b 117 Wbt KOSty T W SRBGtng
havi ng a urea bond was gegerated (the thermal dissociation tenperature of
the urea boR&LeF10¥RSi A<PHe: production of an N-substituted carbamic acid

ester in thjpg%g ent step. In the present exanple, as described above, on
the 15th pl até r supplying the m xed solution of urea and

4-(a,a-dineq§%a Qéyhbiphenol, t he conpound havi ng the urea bond reacted
with urea under heating at a tenperature equal to or higher than the

thermal disgogiali onplemepalyne: of,the yrea Hond,defQ@dampaensiai e an

N-substituted carbamc acid ester. Thus, it was considered that the
N-substi tut edtear bam c acid ester could be obtained at a high yield. [0551]

S Using the apparatus shown in Figure 3, an N-
gubstituted carbamic acid ester was produced.
[0509]

2.3 kg (19.8 mol) of 1,6-hexamethyienediamine, 28.3
kg (138 mol) of 4-(1,1,3,3-tetramethylbutyl) phenol, and
2.7 kg (45.0 mol) of urea were mixed to prepare a raw
material scolution. Thereafter, a plate-type distillation
column 302 having 40 plates was heated, so that the
pressure of the column top thereof was set at
approximately 3¢ kPa. At this time, a line 31 and a line
32 were equipped on the uppermost plate {the first plate)
of the distillation column 302, and the temperature of
the first plate was 235°C. Through the line 31 equipped
on the uppermost plate (the first plate) of the
distillation column 302, a mixed solution having the same
composition as that of the raw material solution was
introduced into the column at a rate of approximately 3.1
kg/Hr. At the same time, through the line 32, a mixed
solution of urea and 4-(1,1,3,3-tetramethylbutyl) phenocl
(urea concentration: approximately 5 wt %) was fed to the

column at a rate of approximately 4.8 kg/Hr. After



Step (17-3) The condensate recovered in the storage tank 104 in the
step (17-2) was analyzed by liquid chromatography and 1HHNMR As a result,
it was found that the condensate was a sol ution containing urea, biutret
and 4-(a, adi net hyl benzyl ) phenol, and t@ay the urea was contained at a
wei ght percentage of approxi mately 6. 3%and the biuret was contained at a
wei ght percentage of approximtely 0.1% [0552] The sane net hod as
that in the step (17-2) was carried out with the exception that the
condensat e MBFEPT WG itches Nage bReat sgabdtlé zefl, appeoxawately 1.9 kg/ Hr,
instead of the mixed sol ution of urea and 4-(a, a- dinethyl benzyl) phenol
(urea concéttr&iioh: SANHGE Matelsyrplseg thyroughssBe 1ine Fheateact i on
solution recovered in the storage tank 105 was anal yzed by |iquid
chr omat ogr aphy® FPRFRNBA AL Va 3r-ds t9Y 1%t “Rds TREURBAERAP he reacti on
sol ution sol ution.containin N,Nh-hexanegi | - di (carbam c aci d(4-
(2, a- df et RV BESg] Y BRorD I e rGE) e aie Hhd ot ReCYParatans RE®
N N'-hexaneﬁgﬁgﬁ | (cary 3G & 'g%%—%a a- di_methyl b ygé g nyl Jester) was
’ _ at t i .

appr oxi mat el y 9§§%basé’ on 1,gﬁh gneﬁhyleﬁgglaélnggE[ E ?D C%ﬁparatlve
Exanpl e 4] the distillation column 302. A gaseous phase ingredient

was recovered through a line 33 equipped at the uppermost

portion of the distillation column 302, and it wasg then

condensed using a condenser 3032 that was retained at

approximately 85°C. The thus obtained ingredient was

recovered into a storage tank 304,

[0510]

The reaction solution recovered in the storage tank

305 was analyzed by liguid chromatography and ‘H-NMR. Asg

a result, it was found that the reaction solution was a

gsolution containing an N,N'-hexanediyl-di (carbamic

acid(4-{1,1,3,3-tetramethylbutyl)phenyl)ester), and that

the yield of the N,N'-hexanediyl-di{carbamic acid{4-

{1,1,3,3-tetramethylbutyl)phenyl)ester) was approximately

82% based on 1,6-hexamethylenediamine.

[0511]

In addition, from the above described results of

Comparative Example 1, it was assumed that a compound

having a urea bond was generated (the thermal

dissociation temperature of the urea bond: 220°C) in the

production of an N-substituted carbamic acid ester in the

present step. In the present example, as described above,



- 283 - Step (1-1) The sane nethod as that in the step (17-1) of
Exanple 17 was carried out to obtain a reaction solution containing

1, 6- hexanet hyl ene diurea. [0555] Step (I-2) The sane nethod as that
inthe step (17-2) of Exanple 17 was_cggfied out with the exception that
the m xed solution of urea and 4-(a, a-di net hyl benzyl) phenol was not fed
through the line 2. [0556] The reaction solution recovered in the
storage tank 105 was anal yzed by |iquid chromatography and 114-NVR. As a
result, it @astheufdrehablere FeactBAl¥HIAtFoh WeER LOHR1Yh Font ai ni ng

o0 I nexaned g1 (ogrbam g el ALt (e, 01 Tt ety dgheny) ester)
o014 (2, a0 RELKLDRUE L LPEOYLLE3! £ 105, SRS 4Lt gl Snopoed o1
heating at a temperature equal to or higher than the
thermal dissociation temperature of the urea bond (235°C)
to generate an N-substituted carbamic acid ester. Thus,
it was considered that the N-substituted carbamic acid
ester could be obtained at a high yield.
{0512}
[Example 11}
e Step (11-1): Production of N-substituted carbamic acid
ester

Using the reaction vessel shown in Figure 4, an N-

substituted carbamic acid ester was produced.
[0513]

3.20 kg (27.6 mol) of 1,6-hexamethylenediamine,
102.0 kg (481 mol) of 4-{a,o-dimethyibenzyl) phencl, and
5.1 kg (85.0 mol) of urea were mixed to prepare a raw
material solution. Thereafter, a plate-type distillation
column 402 having 30 plates was heated, so that the
pressure of the column top thereof was set at
approximately 2 kPa. Thereafter, the total reflux
operation of the 4- (a,ca-dimethylbenzyl) phenol was
conducted. At this time, the temperature of the
uppermost plate (the first plate) of the distillation

column 402 comprising a line 40 for supplying the raw

material solution was 200°C. Through the line 40



car bonyl bi s(azanedi y1) bi s( hexane-6, 1-di y1) di (carbam c

aci d(4-(a, a-di net hyl benzyl ) phenyl )ester) as a conpound containing a urea
bond. The yield of the 6,6 -

car bonyl bi s(azanedi y1) bi s( hexane-6, 1-di 3{51) di (carbam c

aci d(4-(a, a-di net hyl benzyl ) phenyl ) est r6) was approxi mately 35% based on

1, 6- hexanet hyl enedi am ne. The thermal dissociation tenperature of the urea
bond of the - 284 - 6, 61-carbonyl bi s(azanedi y1) bi s(hexane-6, 1-

di y1) di (cardattikresti el 4£a, wratinmstthyl lsdsz yithehénylsyepiletr) wad 21@C. [ 0557]
Moreover, the reaction solution was collected froma sanpling port equi pped
on the 15t et el TheEdium 1904 on daegmsditiieg thyisge Gpdeat i on,
and it was then anal yzed. As a result, urea was not detected. Furthernore,

the reacti or SOt Ut oA vis ‘611 &tlt &' 6T 4 3&&mpR NG OpUFt CBqldsped on the

{hn P eyt e ol Ut % solumm, dn VSR L Lemmenatng e ess,

was then an@%%@Fg'A@StﬁergﬁHEttiH%?atﬂ@éuQRtadfgﬁgtgg'equipped on
the third plate of the distillation column, a mixed
solution of urea and 4- (o, a- dimethylbenzyl) phenol
(urea concentration: approximately 7.5 wt %) was fed to
the column at a rate of approximately 1.34 kg/Hr. After
operation conditions had been stabilized, the raw
material solution was supplied through the line 40 at a
rate of approximately 3.2 kg/Hr, and the reaction
solution was then recovered intoc a storage tank 405
through a line 46 equipped at the lowermost portion of
the distillation column 402. A gaseous phase ingredient
was recovered into a storage tank 404 through a line 45
equipped at the uppermost portion of the distillation
column 402, and it was then condensed using a condenser
403 that was retained at approximately 85°C. The
temperature of the third plate on which the line 41 was
equipped was 215°C.
[0514]

The reaction solution recovered in the storage tank

405 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a

solution containing an N,N'-hexanediyl-di (carbamic

acid(4- (o, o-dimethylbenzyl)phenyl)ester), and that the



[ 0558] [Exanple 18] Step (18-1): Production of compound having ureido
group The sanme nethod as that in the step (17-1) of Exanple 17 was
was used instead
of 4-(a, a- dinethylbenzyl) phenol, and,that 2.4 kg (20.7 nol) of
1, 6- hexanet hyl enedi am ne and 4.8 kg (80.0 nol) of urea were used. The
reaction solution was sanpled and was then anal yzed by liquid
chromatography. As a result, it was found that 1,6-hexanmethyl ene diurea was
generat ed aviglgi efdcbe HpBf okeneredyy8sdd badeebhc 136kd (4- (o, o~

N substi 1 ut Ba"EAPHARFE 4T BRBRY L S50r) THED AREE GG RE A Tre

carried out with the exceptions that 63.2 kg of n-butanol

(17-2) of Exa

used instead’'o enzy

?he step

nn?[E:%éxggéFﬁg§%§§§igHgP§wjth t he exceptions that nbutanol was

phenol, that the pressure of the

colum top q%55g§ distillation colum 102 was set at approximtely 1.2 kPa,
that the tenperature of the 15th plate (counted fromthe colum top side)

on which the |ine,2;M@s: egNi PPESH Wase SEE s @t + 220C, r1andh fihat - die: fgaat | on

sol ution obtained in the

Comparative Example 3, it was assumed that a compound

having a urea bond was generated (the thermal

dissociation temperature of the urea bond: 210°C) in the

production of an N-substituted carbamic acid ester in the

present step. In the present example, as described above,

on the third plate for supplying the mixed solution of

urea and 4-{o,o-dimethylbenzyl) phenol, the compound

having the urea bond reacted with urea under heating at a

temperature equal to or higher than the thermal

dissociation temperature of the urea bond (210°C) to

generate an N-substituted carbamic acid ester.

Thus, it

was considered that the N-substituted carbamic acid ester

could be obtained at a high yield.
[0B16]
[Comparative Example 3]
e Step (G~1)
The same method as that in the step (11-1)

Example 11 was carried out, with the exception

of

that a

mixture of urea and 4- (o,c-dimethylbenzyl) phenol was

not fed through the line 41 equipped on the third plate

of the distillation column.

{0517]



step (18-1) was used instead of the reaction solution obtained in the step

(17-1). [0560] The reaction solution recovered in the storage tank 105
was anal yzed by liquid chromatography and 1H-NVR. As a result, it was found
that the reaction solution was a sol ut] contai ning an

N, N - hexanedi yl - di (carbam ¢ aci d(n-butyl)ester), and that the yield of the
N, N - hexanedi yl -di (carbam ¢ acid(n-butyl)ester) was approximately 85%
based on 1, 6- hexanet hyl enedi am ne. [0561] Fromthe results of the

af t er - ment i oned TREf geaidEd oRx @vphé len recrasradsiinethe hatoragenpauhd havi ng
a urea bond was generated({the t her mal di ssociation tenperature of the urea
bond: 2100)%h ¥#e Prodrdd ¢ ofl B NClImsttosseelyc aPBarf VMR d ster i n

the present_ste - 286 resent exanple, as._described above, on

the 15th plaa_t%e%]réfgdptpl‘iﬁ%g&t“%&e i3ed 6 dEPoT IOP GPAHTARE Bt &nol , the
Cemper at ur o SHUA1 T 6 BIHIGNG Thali L ha FHEAaY | drSS68r BEMBA t omper at ur e of
Thus, 11 vee $bhe1 B b TR e REEUBLT DY G C Bart e herd GoFer coul d be
obt ai ned aty g W Ak Wil Gy, N 0308)aneti8R (L8 Bpalhianses kgLl fheati on

dimethylbenzyl)phenyl) ester) wasg approximately 52% based

on 1,6-hexamethylenediamine. In addition, the reaction

sclution contained a 6,6"'-

carbonylbis (azanediyl)bis (hexane-6,1-diyl)di (carbamic

acid{4- (o, o-dimethylbenzyl)phenyl ester) as a compound

having a urea bond. The vyield of the 6,6'-

carbonylbis {azanediyl)bis (hexane-6,1-diyl)di (carbamic

acid(4- (o, a-dimethylbenzyl)phenyl ester) was

approximately 30% based on 1,6-hexamethylenediamine. The

thermal dissociation temperature of the urea bond of the

6,6'-carbonylbis (azanediyl)bisg (hexane-6, 1~

diyljdi{carbamic acid{4- (o, o-dimethylbenzyl)phenyl

ester) was 210°C.

[0518]

Moreover, during the steady operation, the reaction

solution was collected from a sampling port eguipped on

the gsecond plate of the distillation column, in which the

Temperature was less than the thermal dissociation

temperature of the urea bond (210°C), and it was then

analyzed. As a result, urea was not detected.

{0519}



The apparatus shown in Figure 7 was used. [0563] The reaction solution
recovered in the storage tank 105 in the step (18-2) was added into a
storage tank 701, and thereafter, 2,4-di-tert-anyl phenol was added at a
stoichionmetric ratio of 10 : 1 based_op:the anount of

N, N - hexanedi yl -di (carbam c acid(n-butyF)ester) contained in the reaction
solution, and also, dibutyltin dilaurate was added at a stoichionetric
ratio of 0.01 : 1 based on the sane substance as descri bed above, thereby
preparing a H&geseddd sol ution. [0564] A packed colum 702 filled
with a filler (Heli-Pack No. 3) was heated to 240C, and the pressure of the
i nsi de ther @oft@Rs (38t1at DEORPALIqnr oligh- 2P - LR FRTHAH G Pt HE packed
colum 702, the m xed solution contained in the storage tank 701 was fed to
the colum ©5%5€7 - at a rate of approximately 1.2 kg/Hr. Through a |ine 74

equi pped at the LAWeCpst ,DOELE 0N, ofyL s papkeds calupy H02.4t was

recovered in a storage gaseous phase ingredi ent was introduced

into a condenser,1¢03 1t hi-eugh,2:kisne,¥2 equhpped akctpeiypperapsh portion of
t he packed colu 702, and the obtained liquid phase ingredient was then

recovered iR, 5t AR AN/ U4 bNbaUIN -2098S ol ing¥hg186R3Y A OpniA4s The

reaction solution recovered in the storage tank 705 was ahal yzed by |iquid
chr omat ogr apfiyrcand:chideNYRatAsna eepulobcimat-ewas 7f. 6und thawash€ereact aon
solution contained an N, N - hexanedi yl-di (carbam c
aci d( 2, 4- di -dare cadmarphenyipestier )1,. 3andot/Hat, theoypbl d dfnehé2
N, N' - hexanedi yl - di (car bam ¢ agid(2,4-di-tert-anylphenyl)ester) was 85%
based on N, Nequimmeshadi yihedis( ¢ ar b iy riisitid hodsiosr Lo JuBes]
[ Ref erence Exanpl e 6] . . ,
instead of the line 41 equipped on the third plate
thereof.
[0520]
The reaction solution recovered in the storage tank
405 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a
solution containing an N,N'-hexanediyl-di (carbamic
acid(4- {o,a~dimethylbenzyl)phenyl)ester), and that the
vield of the N,N'-hexanediyl-di(carbamic acid(4- (o, a-
dimethylbenzyl)phenyl) ester) was approxXimately 89% based
on 1,6-hexamethylenediamine.
[0521]
In addition, from the above described results of
Comparative Example 3, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C) in the

production of an N-substituted carbamic acid ester in the

present step. In the present example, as described above,



Step (J-1) The sane nethod as that in the step (18-1) of Exanple 18
was carried out to obtain a reaction solution containing 1, 6-hexanethyl ene
diurea. [0566] Step (J-2) The sane nmethod as that in the step (18-2)
of Exanple 18 was carried out with [h%6 xception that the m xed sol ution of
urea and n-butanol was not fed throug he line 2. - 288 - [0567]

The reaction solution recovered in the storage tank 105 was anal yzed by
liquid chronatography and 1HNVR. As a result, it was found that the
reaction scuttiten AAspiasel (nF FurDtEiai e armNCN sciestdmediofl ~uwiezcar bam ¢
acid(n-butyl)ester), and that the yleld of the N, N - hexanediyl-di(carbamc
aci d( n- but yilr)éés%"e(roy wmiweqtmyd;hm@ yp@&%bﬁasédﬁeonomemanét hylvémedi ami ne. I n
addition, t reaction sol ution caontained a 6,

car bonyl bi st( &R VOIS SEREEsTe Y8 H- dirge) eﬁn(i@gr B@%Fénacﬁa(ﬁ butyl ) est er)
as a conpoqu havi.ng a ure ond

6, 6' - car bony1Bi < e(ﬁc-ﬂ}’f) §\ ﬁ)gxl‘ﬁg@ef &%}?‘f) Bltnffcﬁpﬁﬁ'ﬁ??:

d but y, t el 0 d
16 hexamerhy ﬁ%%ncéd&tal“#ﬁe%%t% ot GELBERRL PBRY, BRpEPRRERESOR™ he ur ea
bond of they Gmﬁjstgacm%y'égx%(aﬁa%n%%ﬁl)e@t%&he@@@s6 i ‘Qayl)d' (carbam ¢

aci d(n-butyl)ester) was
considered that the N-substituted carbamic acid egter

could be cbtained at a high yield.
[0522]
[Example 13]
e Step (13-1): Production of N-subgtituted carbamic acid
ester

The same method as that in the step (11-1) of
Example 11 was carried out, with the exception that a
mixed solution of urea and 4- (o, o-dimethylbenzyl} phenol
(urea concentration: approximately 7.5 wt %) was fed at a
rate of approximately 1.34 kg/Hr, through a line 43
equipped on the 7" plate of the distillation column,
instead of the line 41 equipped on the third plate
thereof.
[0523]

The reaction solution recovered in the storage tank
405 was analyzed by liguid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a
solution containing an N,N'-hexanediyl-d4di (carbamic
acid(4- (o, o~dimethylbenzyl)phenyl)ester), and that the

yield of the N,N'-hexanediyl-di{carbamic acid(4-(c,a-



[ 0568] Mor eover, the reaction solution was collected froma sanpling
port equi pped on the 15th plate of the distillation colum during the
steady operation, and it was then analyzed. As a result, urea was not
detected. [0569] [Exanple 19] Step (1?7&); Production of N-substituted
carbam c acid ester The reaction vessel shown in Figure 1 was used. - 289
- [0570] 2.8 kg (16.4 nol) of 3-am nonethyl-3,5, 5-
trimethyl cycl ohexyl am ne, 42.8 kP (252 nmol ) of 4-phenyl phenol, and 3.2 kg
(53.3 nol ) BEmMEEBEIREREY i RREMY b) PF pht eWas r 2P TR E13 1 6 ol Ut i%fred
Thereafter, a plate-type distillation colum 102 having 40 pl ates was
heated, so PﬁagfFﬁ@eﬁggggﬂYie%?dfﬂ%l%%runn top thereof was set at
approxinatelﬁé§% kPa. At this time, the tenperature of the 15th plate
(count ed fro ¢ col um top side) on which a line 2 was equi pped was 245C.

Through a line 1requhpperhon G, WARCTII0SSe RIALE: (die Jddiale Pl e) of 't he

distillation colum aving the sanme conposition as

that of thecbﬁpa%gft%gahﬁmb%i 9N yasykhAtodused 1o 4 heomebumm at a rate
of approximatefy 2.8 kg/Hr.” Through the line 2, a m xed solution of urea

and 4-phenyh phegol (wegapeAACRALI gbhenatapplexe matetyab. 3 Wt 96-) was fed
to the columm at a rate of approximately 1.8 kg/Hr. After operation

conditions hagsbeertrsbabikinpedattbe bawnst eréal psptiut oorasasissupp i ed
through the line 1 at a rate of approximately 2.8 kg/Hr, and the reaction

sol uti on wagprthdectiecowér ed Natobatstotadeceankmi@bathdotgben finehe
equi pped at the | owernost portion of the distillation colum 102. A gaseous
phase i ngr egiresentas tegcover ethe hPbaghna EXaBLBe eqaf ppeecChtPEAe2Bpper nost

portion of the distillation colum 102, and it was then condensed using a
condenser ©on the 77 plate for supplying the mixed solution of urea

and 4~ (a,a-dimethylbenzyl) phenol, the compound having
the urea bond reacted with urea under heating at a
temperature equal to or higher than the thermal
dissociation temperature of the urea bond to generate an
N-substituted carbamic acid ester. Thus, it was
considered that the N-substituted carbamic acid ester
could be obtained at a high vield.
[0525]
{Example 14]
e Step {14-1): Production of N-substituted carbamic acid
ester

The same method as that in the step (1i-1) of
Example 11 was carried out, with the exception that a
mixed solution of urea and 4-{o,ca-dimethylbenzyl) phenol
(urea concentration: approximately 7.5 wt %) was fed at a
rate of approximately 1.34 kg/Hr, through a line 44

equipped on the 10" plate of the distillation column,



- 290 - 103 that was retained at approximately 150C. The thus obtai ned

i ngredi ent was recovered into a storage tank 104. [0571] The reaction
solution recovered in the storage tank 105 was anal yzed by liquid
chromat ography and 1HNVR. As a result, it was found that the reaction

sol uti on contained a 3-((4-phenyl phen Q?)éarbonylaninonethyl)-
3,5,5-trinethyl cycl ohexyl carbam c acid(4- phenyl phenyl)ester, and that the
yield of the 3-((4 henyl phenoxy) car bonyl am nonet hyl ) - 3, 5, 5-
tr|nethylcy%m%M%%%Kﬁgéﬂbaﬂﬂéﬁadﬂd@@qﬁmmﬁﬂ pime i) s§ied rastapproxi matel y
92% based on 3- anlnonethyl 3,5,5- trinethyl cycl ohexyl am ne. [0572] In
addi tion, He results of the after-nmentioned Reference Exanple 7, it
was assuned 6$ a conpound having a urea bond was generated (the t her mal

di ssoci at i oh :%ﬁperature of the urea bond: 220C) in the production of an

N-sub d id h h
Sxaml e, a5 desePiobi a00y, SOREHEN1EERC %i?@”f%@%pﬁ%g% btk wed

| f l 5, h bond
solution o 484 edang, A ﬁgea Inaﬂgﬁqd drecempeynd ug}ean%tﬁﬁ%ur% on

reacted with urea unde nper at re e to or highér than

the thermal, disnogl ation,dLmRerRt l{:rh%tOfthteh?ce‘é %aokaoeglﬁ%ééﬁ) wh@ generate an
N-substituted carbanic acid ester. Thus, it was - - consi dered t hat

t he N-substddutteichic adianic iaei drest, er @@wa%e@@yqbaal @g@lbatnl@ hi gh yield.

acid(4- (a,a-dimethylbenzyl)phenyl)ester), and that the
yield of the N,N'-hexanediyl-di(carbamic acid(4- (o, -
dimethylbenzyl)phenyl)ester) was approximately 96% based
on 1,6-hexamethylenediamine.

[0527]

In addition, from the above described results of
Comparative Example 3, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, asg described above,
on the 10" plate for supplying the mixed solution of
urea and 4-{(¢,o~-dimethylbenzyl) phenol, the compound
having the urea bond reacted with urea under heating at a
temperature equal to or higher than the thermal
disgociation temperature of the urea bond to generate an
N-substituted carbamic acid ester. Thus, it was
considered that the N-substituted carbamic acid ester
could be obtained at a high vield.

[0528]



[0573] [Reference Exanple 7] Step (K-1) The sane nethod as that in
the step (19-1) of Exanple 19 was carried out wth the exception that the
m xed sol ution of urea and 4-phenyl phenol was not fed through the line 2.
[ 0574] The reaction solution recoygred in the storage tank 105 was
anal yzed by liquid chromatography and 1IH NVR. As a result, it was found
that the reaction solution contained a

3- ((4- phenyl phenoxy) car bonyl am nomet hyl ) - 5-trinet hyl cycl ohex
carbam ¢ aci d( 4- O’bh‘)'éﬁ?l %’é%li}@%@erth%rﬂdl%%#l%% Rfi‘?eﬂ‘v’cﬁiﬂfcﬁ%jly tjﬁb @1‘% (4-

gﬂigﬂ%&igﬁgﬁf %%%%?F%teﬁeiggaﬁ%gﬁ%@iﬁﬁﬁ?@ o6 T df ey ehen " 9\6‘”1 )
ction
sof ut on cofft & ﬁé‘&iapﬁFg?%’f*rsm h*%%ﬁ%ﬁé@%ﬁ@ e “t’%%ﬂ%ﬂ’sﬂﬁtﬁ? 5,5 -
1
(oo oy o SRSt bl SN En) LRLSC By

trimethyl cy& 1 rcar cgﬁp%ﬁ%duﬁav(ng a urea

bond. The they %Hlth@' s5e6! %h@@n&%&ﬁ%ﬁt wee of othgsyrea bond of the
di (4- phenylpheny )-5,5- - - (carbonyl bi s(azanedi y1) bi s( net hyl ene)

)bis(3,3,5 m@2@qthylcyclohexane 5,1-diyl) dicarbamte was 220C. [0575]
Mor eover, the reaction solution was collected froma sanpling port equipped
on the 15th-pb@r99 ofiat he. dretibh ahiyoss cal wplrdushingihd® w4 Bagly operati on,

and it was then analyzed. As a result, urea was not detected. [0576]
condenser

Using the mixture recovered in the storage tank 404
in the step (14-1), an N-substituted carbamic acid ester
wag produced.

{0530]

The concentration of ammonia in the mixture
recovered in the storage tank 404 in the step (14-1) was
630 ppm. 3.2 kg of 1,6-hexamethylenediamine was added to
71.7 kg of the mixture to prepare a raw material solution.
Using the raw material solution, the same method as that
in the step (14-1) was carried out. As a resgult, N,N'-
hexanediyl-di (carbamic acid {4~ (o, 0o~
dimethylbenzyl)phenyl)ester) was obtained. The yield of
the N,N'-hexanediyl-di(carbamic acid(4- (o, c-
dimethylbenzyl)phenyl)ester) was approximately 96% based
on 1,6-hexamethylenediamine.

[0531]
s Step (14-3): Production of isocyanate by pyrolysis of

N-substitutred carbamic acid egter



[ Exanpl e 20] Step (20-1): Production of conpound having ureido group The
apparatus shown in Figure 6 was used. [0577] In a state in which a
line 66 was cl osed, 52.8 kg (249 nol) of 4-(a, a-di nethyl benzyl) phenol was

mxed with 4.2 kg (70 nol) of ureaij1fyftprage tank 601 that had been
heated to 120C, and the m xed solution Was then transferred into an

agitation tank 603 that had been heated to 120C. In a state in which the

m xed solution was stirred in the agitation tank 603, 2.9 kg of 3-

am nomet hy1- 3, 5,549 fdieh prdpeedhex phaniné nwdd geuppRi ednf teargasboeage t ank
602 to the agitation tank 603, through a line 62, at a rate of

appr oxi mat ef'3° PERYYGF-. After conpletion of the supply of the
3-aninonethr@5%§T5,5-trinethylcyclohexylanine, the m xture was stirred for
appr oxi mat e hours, and the reaction solution was then sanpled. The

a<ur ef domethyl - 8851t B R a aBRES 2EP oo ganer at el at a
! et hyl oy SnER S e CHRET U TR garter i b T7HE 66 as opened,
and the reagchdOn 8ol ditd QARSI halk tansfanhedtdraugh sbhe Jing G640 a
storage tank 606.

was set at approximately 1.3 kPa. The same method as

that in the step (9-3) of Example 9 was carried out, with

the exception that the reaction solution recovered in the

storage tank 405 in the step (14-1) was added into a

storage tank 201, and it was then supplied via a line 20

to the thin-film distillation apparatus 202 at a rate of

approximately 2.0 kg/Hr. A condensate containing

hexamethylene diisocyanate was recovered in a storage

tank 207.

[0533]

[Example 15]

o Step (15-1): Production of N-substituted carbamic acid

egter

Using the reaction vessel shown in Figure 5, an N-
substituted carbamic acid ester was produced.
[0534]
3.20 kg (27.6 mol) of 1,6-hexamethylenediamine,

102.0 kg (481 mol) of 4-(a,a-dimethylbenzyl} phenol, and

5.1 kg (85.0 mol) of urea were mixed to prepare a raw

material solution. Thereafter, a plate-type distillation

column 502 having 30 plates was heated, so that the



[0579] Step (20-2): Production of N-substituted carbamc acid ester The
apparatus shown in Figure 1 was used. [0580] 4- (a, a- di net hyl benzyl)
phenol was added into a plate-type distillation colum 102 havi ng 40
plates, and it was then boiled with a repoiler 105, so that it could be in
atotal reflux state. At this tine, the pressure of the colum top was 1.5
kPa, and the tenperature of the 15th plate (counted fromthe colum top
side) on which a line 2 was equi pped was 230C. Through a line 1 equi pped on
t he upper no$EEsIsHEe P@héhﬁlp§ﬂuﬁﬂaF@P BFeFﬁ@de§F|F?%t?6n col um 102, a

m xed sol ution havin he same co on as_that of, the.reaction solutlon
obt ai ned inaﬁﬁgo %F%@ $) has i % EﬁF1rﬁQ)t ol ‘Wt a rate of
approximately 1.9 kg/ Hr. At th hr ou ne 2, a m xed

sol ution ofcﬁﬁgﬁtéﬁ RE &hgqi nzghQ ylbﬁgﬁggy(ﬁggﬁoioW3§ntratlon

appr oxi mat el \@k 36. )AWth&dt£19et h@hgoé a%; Bd A€ Qfc approximately -

294 - 1.6 kg/Hr. fter operation cohditions een stabilized, the

reaction SOlug%_de%hd%Qt 1ned | r&nreh%ﬁ%%ppﬁ&%i,) owasnsuApkE ed1hhreHgh the |ine
1l at arate apprOX|nater 1.9 kg/Hr; and the reaction solution was then

recovered i i @rSts@22ee 1505 at nﬁ.@.@glaoafbh:nguﬁpegungpeﬁeatatme
| ower nost portion of the distillation colum 102. A gaseous phase

i ngredi ent was dv8caveyadittinough a4orneada etné ppefbatat e uppeti®st portion
of the distillation colum 102, and it was then condensed using a condenser

103 that wassdtefipletded wapprax’oadel i b€ . ThEhtdugh abteailned i51gr edi ent
was recovered into a storage tank 104.
equipped on the uppermost plate (the first plate) of the

distillation column 502, and also through a line 52
equipped on the 20" plate thereof, a mixed solution
having the same composition as that of the raw material
solution was each introduced into the column at a rate of
approximately 1.6 kg/Hr. At the same time, through a
line 51 eqguipped on the 15" plate of the distillation
column 502, and also through a line 53 equipped on the
25" plate thereof, a mixed solution of urea and 4- (o, -
dimethylbenzyl) phenol (urea concentration: approximately
7.5 wt %) was each fed to the column at a rate of
approximately 0.67 kg/Hr. After operation conditions had
been stabilized, the raw material solution was each
supplied through the line 50 and the line 52 at a rate of
approximately 1.6 kg/Hr, and the reaction solution was
then recovered into a storage tank 505 through a line 56
equipped at the lowermost portion of the distillation
column 502. A gaseous phase ingredient was recovered

through a line 55 equipped at the uppermost portion of



[ 0581] The reaction solution recovered in the storage tank 105 was
anal yzed by liquid chromat ography and 1HNVR As a result, it was found
that the reaction solution was a solution containing a 3-((4-(a, a-

di et hyl benzyl ) phenoxy) car bonyl am nonet hyl ) -3, 5, 5- trinethyl cycl ohexyl
carbam ¢ aci d(4-(a, adi net hyl benzyl ) ph Hflfester, and that the yield of the
3- ((4-(a, a-di net hyl benzyl ) phenoxy) car bonyl am nonet hyl ) -
3,5,5-trinethyl cycl ohexyl carbam c acid(4-(a, adi nethyl benzyl)phenyl)ester
was appr oxi g eldeigicbhdibdsed cgumn 502, and it was then condensed

3-am nonet hyl-3, 5, 5-trinet hyl cycl ohexyl am ne. [0582] In addition
fromthe résttts ofcUEerEF e Ite ftivdnagsCarparacty 8 CERBRPPELBALEL Ywas
assumed that a conpound - 295 - having a urea bond was generated (the
thermal di ssoéi-atTon tenpetaiaieedf ingediasd bl reZBEr&dh ittheé producti on
of an N—suQ&;h}uteq:c rham c acid ester in the present step. In the present
exanpl e, as deset beédt €, on the 15th plate for supplying the m xed

sol ution of ;¥ and 4-(a, a-di et hyl benzyl ) phenol, the conpound havi ng the
urea bond reacted with urea under heating at a tenperature equal to or

hi gher than theqherBltion solution recovered in the storage tank
505 was analyzed by liguid chromatography and 'H-NMR. As
& result, it was found that the reaction scolution was a
solution containing an N,N'-hexanediyl-di{carbamic
acid(4- (o, o-dimethylbenzyl)phenyl)ester), and that the
vield of the N,N'-hexanediyl-di(carbamic acid(4- (o, o~
dimethylbenzyl)phenyl)ester) was approximately 97% based
on 1, 6-hexamethylenediamine.
[0536]

In addition, from the above described regults of
Comparative Example 3, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C)} in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15" and 25" plates for supplying the mixed
solution of urea and 4-(o,0-dimethylbenzyl) phenol, the
compound having the urea bond reacted with urea under
heating at a temperature equal to or higher than the
thermal dissociation temperature of the urea bond to

generate an N-substituted carbamic acid ester. Thus, it



di ssoci ation tenperature of the urea bond (230C) to generate an
N-substituted carbam c acid ester. Thus, it was considered that the
N-substituted carbam c acid ester could be obtained at a high yield.
[ Conparative Exanple 5] Step (L-1) 57¢ The sanme method as that in the
step (20-2) of Exanple 20 was carried out with the exception that the m xed

solution of urea and 4-(a, a-di net hyl benzyl) phenol
[ 0584]

i ne 2.

found that the_reaction sol ytion contalned 3- ((4 (a, a-

di met hyl benZ§H}BhBRoRY T 2ars n@?aﬂ1%bﬁ%t%§?%

carbam c a0|8g§ ﬁa adlnethylbenzyl)phenyl)ester and that the yield of the
296 -

3-

[Example 16]
e Step (16-1): Production of N-substituted carbamic acid
ester

Using the reaction vessel shown in Figure 1, an N-
subgtituted carbamic acid ester was produced.

[0538]

The same method as that in the step (13-1) of
Example 13 was carried out, with the exceptions that a
raw material solution prepared by mixing 1.4 kg (12.1
mel) of 1,6-hexamethylenediamine, 38.3 kg (518 mol) of n-
butancl, and 2.7 kg (45.0 mol) of urea was used, that the
pregsure of the column top thereof was set at
approximately 1.2 kPa, and that through the line 1
equipped on the uppermost plate (the first plate) of the
distillation column, the raw material solution was
supplied to the column at a rate of approximately 2.8
kg/Hr, and through the line 2 equipped on the 15" plate
of the distillation column, a mixed sgolution of urea and
n-butanol (urea concentration: approximately 5 wt %) was
supplied to the column at a rate of approximately 1.2
kg/Hr. At this time, the temperature of the 15t plate,

on which the line 2 was equipped, was 220°C.

[0539}

[ 0583]

was not fed through the
The reaction solution recovered in the stora e tank 105

was analyzeaasycpnahﬂar@ﬁr%h%¥o@?%p%yS%PﬁFHEHF%%ﬁ@aWQ9%%qw%ﬁH4 €Xas

- trinmethyl cycl ohexyl



((4-(a, a-di met hyl benzyl ) phenoxy) car bonyl am nonet hyl ) -

3,5,5-trinethyl cycl ohexyl carbam c aci d(4-(a, adi net hyl benzyl ) phenyl ) ester
was approxi mately 48% based on

3-am nonet hyl- 3, 5, 5-tri net hyl cycl ohexyl.am ne. In addition, the reaction

sol ution contai ned approxi nately 30%%}7 mass of

di (4-(a, a-di net hyl benzyl ) phenyl)-5,5" -

(carbonyl bi s(azanedi y1) bi s(net hyl ene) ) bi s(3, 3, 5-

tri met hyl cycl oh&kgn&esctidiny splditdanbarareeasdaigonpeuntoheye ngaakur ea
bond. The thernal dissociation tenperature of the urea bond of the

di (4- (a, adi et MADSHAAYFREeM )Lsgd chearpsrgirersyasadedt yI¥Bi s@fet hyl ene)
)bis(3,3,5- trinethylcycl ohexane-5, 1-diyl) dicarbamte was 215C. [05851

Mor eover , tahge’r%g&'i &géﬁ%tﬁ%ﬁl%&?%ﬂ%&?@&%%’ﬁl 8°4HhpPInY2Foft equi pped

on the 15th plate of the disstillat] ol umm dur,i t he st eady operati on,
and it was “?Cﬁle%laoﬁél%%&ln&?ga %%W'%&?‘&&e\%é’lﬁ (§8rBeP&§. " Furt her nore,
the reacti ; It | e froma s l.i;ng =p qui,pped on the
third plat gén?ojf ¢rﬁeﬂ\g{%]¥yiaﬁsﬁt;étq%)dn%éqo t}rlrlr?% it%e icﬁ“dt éf tgér%rpgr'yt ure was | ess

2" e LBl b asosl el apgherenali e el e e dand (2150, and LY
- 297 - StpARdmEte IRF GOUC @R Ofor\1S Whsidhduedyganbarkgiaci d ester

[0540]

In addition, from the results of the after-mentioned
Reference Example 5, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15" plate for supplying the mixed solution of
urea and n-butanol, the compound having the urea bond
reacted with urea under heating at a temperature equal to
or higher than the thermal dissociation temperature of
the urea bond (220°C) to generate an N-gubstituted
carbamic acid ester. Thus, it was considered that the N-
substituted carbamic acid ester could be obtained at a
high vyield.
[0B41]
[Reference Example 5]
e Step (H-1): Production of N-substituted carbamic acid

ester



The reaction vessel shown in Figure 1 was used. [0587] 3.5 kg (16.6
nol ) of 4,4- nethyl enebi s(cycl ohexylamne), 62.1 kg (323 nol) of 4- heptyl
phenol, and 3.8 kg (63.3 nol) of urea were mxed to prepare a raw nateri al
solution. Thereafter, a plate-type distitlation colum 102 having 40 plates
was heated, so that the pressure of the columm top thereof was set at
approximately 3 kPa. At this tine, the tenperature of the 15th plate
(counted fromthe colum top side) on which a line 2 was equi pped was 250C.

Through a |ine 1Teguspped"erehetidpEthodt Piard SR nd o ils®lpl ate) of the

distillation columm 102, a m xed_sol ution having the sane .conposition as
that of the Z¥aWPrk&t &fi YPSsE6REEILEH RES WHFPOgE%e%x??ﬁEﬁ?$m;%%£E%n at a rate

of approximately 2.1 kg/Hr. Through the |j i i of urea
and 4-heptyﬁlﬁﬁén59%ﬁﬁg83 88n8£ﬁ%r%??oﬁ:h%%%?%%iﬁ%?é%§93§§$§}i§§ was fed to
t he col um rat f rgximately 1.6 kg/Hr. After operation conditions
had been stg%ﬁ%ﬁ?%d?h%héﬁggm?ﬁateriaI sol ution was supplied through the

line 1 at a[bggg}of approximately 2.8 kg/Hr, and the reaction solution was
then recovered into a storage tank 105 through a line 6 equi pped at the

| ower nost portiofnef rtherdbstiblation £otsv@rdd2in Algasaniisaghasenk
i ngredi ent was recovered through a line 3 - 298 - equipped at the

upper nost pants ersohnbngzaidsbiyl Latjnad chkummtd§2aphpdand EasINhen Asondensed
usi ng a condenser 103 that was retained at approxi mately 150C. The thus
obt ai ned i ngr ediseritt ,wader ecavéred snfotaost vrage sahktion. cpps88ping  The
reaction solution recovered in the storage tank 105 was anal yzed by liquid
chronatograpﬂylhﬁﬁ-bHXNNRdiA§-§iH§§Mbﬁmlﬁtaﬂag(ﬂoQHHY@hﬁFt?ﬁgfréﬁ@tion
solution contained a 4,4'-(4,41- carbonyl bis azanediél)bisgéyclohexane-4,l-
di y1) bi s( mettA eHIG arbgni® MNHchararrEpty PréRGFPESEEr FS18R8 t hat the
yield of the 4,4 -( ‘- carbon IbLs%gzgneggyl bis§c§clohexane-4,l-

Bt I e

4, 4
diyl)bis(neﬁ¥%ﬂ%%ﬂ9§ﬁggaaﬁﬁén@@pégﬁﬁp R BheRyFyester) was approxi mately

90% based c”ké&é%%tﬂ?ﬁéﬁ@ %%BE%(CyEEOQEé¥L§8BPe%he reaction solution

contained a 6,6'-carbonylbis (azanediyl)bis (hexane-6,1-
diyl)di (carbamic acid(n-butyl)ester) as a compound having
a urea bond. The yield of the 6,6"'-

carbonylbis (azanediyl)bis (hexane-6,1-diyl}di (carbamic
acid(n-butyl)ester) was approximately 32% based on 1,6~
hexamethylenediamine. The thermal dissociation
temperature of the urea bond of the 6,6'-

carbonylibis (azanediyl)bis (hexane-6,1-diyl)di (carbamic
acid(n-butyl)ester) was 210°C.

[0543]

Moreover, during the steady coperation, the reaction
solution was collected from a sampling port equipped on
the 15" plate of the distillation column, and it was
then analyzed. As a result, urea was not detected.

[0544]



[ 0589] In addition, fromthe results of the after-nmenti oned Reference
Exanple 8, it was assuned that a conpound having a urea bond was generated
(the thermal dissociation tenperature of the urea bond: 210C) in the
production of an N-substituted carbam 9aci d ester in the present step. In
t he present exanple, as described ab_O\?e, on the 15th plate for supplying
the m xed solution of urea and 4-heptyl phenol, the conpound having the
urea bond reacted with urea under heating at a tenperature equal to or

hi gher thanlExmekerkal di ssociation - 299 - tenperature of the urea bond
(250C) to generate an N-substituted carbam c acid ester. Thus, it was

consi der ed % Fdtet Hé NS ub$rioduicgd cvarifaricupashd bsvéngceuttidbegobtipi ned at
a high yield. [0590] [Reference Exanple 8 Step (M1) The sane net hod
as that in the a@%f-rf)tuéf SBOYRpFE 519WKE EalRPedS®dt with the exception

that the m't%aQ%sJoI ution of urea and 4-heptyl phenol was not fed through the
line 2.

In a state in which a line 66 was closed, 83.0 kg

(392 mol) of 4-(a,a-dimethyibenzyl) phenol was mixed

with 5.1 kg (85.0 mol) of urea in a storage tank 601 that
had been heated to 120°C, and the mixed solution was then
transferred into an agitation tank 602 that had been
heated to 120°C. In a state in which the mixed solution
was stirred in the agitation tank 603, 2.5 kg of 1,6~
hexamethylenediamine was supplied from a storage tank 602
to the agitation tank 603, through a line 62, at a rate
of approximately 2.0 kg/Hr. After completion of the
supply of the 1,6-hexamethylenediamine, the mixture was
stirred for approximately 4 hours, and the reaction
solution was then sampled. The reaction solution was
analyzed by ligquid chromatography. As a result, 1,6-
hexamethylene diurea was generated at a yield of
approximately 97% based on 1,6-hexamethylenediamine.
[0546]

Thereafter, the line 66 was opened, and the reaction
solution was then transferred through the line 66 to a
storage tank 606.

[0547]

e Step (17-2): Production of N-substituted carbamic acid

ester



[ 0591] The reaction solution recovered in the storage tank 105 was
anal yzed by liquid chromat ography and 114-NMR As a result, it was found
that the reaction solution contained a 4, 41- et hyl enebi s(cycl ohexane-4, 1-

di yl) di (carbam c aci d(4-heptyl phenyl)esggr), and that the yield of the

4, 4" - met hyl enebi s(cycl ohexane-4, 1- diyl)di (carbam c

aci d(4- heptyl phenyl )ester) was approxi mately 55% based on 4, 4-

met hyl enebi s(cycl ohexylanm ne). In addition, the reacti%P sol uti on cont ai ned
approxi mat el y 19958y2HBa%2HHe 45hown in Figure 1 was used.

(4,4'-carboqﬁlbiE(azanediyl)bis(cyclohexane-4,1-
di y1) bi s( et §I§ e) ) bi s(cycl ohexane-4, 1-di yl1)di (carbam c

aci d( 4- hept yl phenyl ter havj bond. Th h I
dr ssoci | on Lenfatls i 8 bpEBREPERER boraiar . fed 4558 (e e Lo ™
car pon IS : D : - :

diy1) b s nesjﬁé]%e%ﬁglf}%‘%? o %&%ﬁ%hﬁgﬁzeélﬁiﬁ JIF PTG oy Srates, and

aci d(4- hept ylpheanylo-est 6k 19Wasw2tfCa [@B82Ler 105MEEOVREL tHechbaagtion
solution was collected froma sanpling port equipped on the 15th plate of

the distillald am coltwia 1dukirngxt heaskeadyr operattong, attk igrewmsatdien
anal yzed. As a result, urea was not detected. [0593] [Exanple 22] Step
(22-1): Prodifctdimen cafluwmonpopndaksaei kfaur endo theotpnPheatppar afushshown in
Figure 6 was used. [0594]

15" plate (counted from the column top side) on which a

line 2 was equipped was 240°C. Through a line 1 equipped
on the uppermost plate (the first plate) of the
distillation column 102, a mixed solution having the same
composition as that of .the reaction solution obtained in
the step (17-1) was introduced into the column at a rate
of approximately 2.0 kg/Hr. At the same time, through
the line 2, a mixed solution of urea and 4- (o, o~
dimethylbenzyl) phenol (urea concentration: approximately
7.5 wt %) was fed to the column at a rate of
approximately 1.6 kg/Hr. After operation conditions had
been stabilized, the reaction solution obtained in the
step (17-1) was supplied through the line 1 at a rate of
approximately 2.0 kg/Hr, and the reaction solution was
then recovered into a storage tank 105 through a line 6
equipped at the lowermost portion of the distillation
column 102. A gaseous phase ingredient was recovered
through a line 3 equipped at the uppermost portion of the

distillation column 102, and it was then condensed using

a condenser 103 that was retained at approximately 85°C.



In a state in which a line 66 was closed, 60.1 kg (273 nmol) of 4-nonyl
phenol was mxed with 3.5 kg (58.3 nol) of urea in a storage tank 601 that
had been heated to 120C, and the m xed solution was then transferred into
an agitation tank 603 that had beenwhggaeq to 120C. In a state in which the
m xed solution was stirred in the agitation tank 603, 2.8 kg of 4,64'-

nmet hyl enebi s(cycl ohexyl am ne) was supplied froma storage tank 602 to the
agitation tank 603, through a line 62, at a rate of approximtely 3.0

kg/ Hr. Aft éfhe dipleetdom igled Hagggspleptofvaphgecovered into a storage

4, 4" - met hyl enebi s(cycl ohexyl am ne), the m xture was stirred for

appr oxi mat et3F rs, and the reaction solution was then sanpled. The
reaction so(ﬂ%%ﬁn was anal yzed by liquid chromatography. As a - 301 -
result, 4,4 hyl enebi s(cycl ohexyl urea) was generated at a yield of

Ther eaf ter . 1 he e a6 uHE SRAREAC aRACTRE Faatti ORC SHIGH1En G&E%t hen
Pr oduct  on of NCLUBE P Harhais SEletat et bR dndl R sndin 10
pparatus shown in
Figure 1 was 880t [039¢as found that the reaction solution was a
solution containing an N,N'-hexanediyl-di (carbamic
acld(4- (o, a-dimethylbenzyl)phenyl)ester), and that the
yield of the N,N'-hexanediyl-di (carbamic acid(4-(a,o-
dimethylbenzyl)phenyl)ester) wag approximately 95% based
on 1,6é~hexamethylenediamine.
[0550]
In addition, from the results of the after-mentioned
Comparative Example 4, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C} in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15" plate for supplying the mixed solution of
urea and 4-{a,o-dimethylbenzyl}) phenol, the compound
having the urea bond reacted with urea under heating at a
temperature equal to or higher than the thermal
dissociation temperature of the urea bond (240°C) to
generate an N-substituted carbamic acid ester. Thus, it
was considered that the N-substituted carbamic acid ester

could be obtained at a high vield.

[06551]



4- Nonyl phenol was added into a plate-type distillation colum 102 having
40 plates, and it was then boiled with a reboiler 105, so that it could be
in atotal reflux state. At this time, the pressure of the colum top was
2.5 kPa, and the tenperature of the 15th-,plate (counted fromthe colum top
side) on which a line 2 was equi pped was 240C. Through a line 1 equi pped on
the uppernost plate (the first plate) of the distillation colum 102, a

m xed sol ution having the sanme conposition as that of the reaction solution
obt ai ned i n*tfeest €p7(26-1) was introduced into the colum at a rate of

approximately 1.9 kg/H, At the sanme ti rough the [i a .m xed
ngutlon of ﬁrea %ﬁgcﬁnéﬁﬁﬁﬁt?ﬁﬁﬁﬁﬁv?{ﬁé:;Q: &ﬁﬂgnt £§b i rdtely 4.2

w9 f to.th I t f t -
mﬁﬁ%%&%.ﬂwa$§%ﬁﬁiﬁ%ﬁ%%ﬁf
optal ned | Nk gt egﬁ*%? TS SUPRECE LROUAN ! BRe! bBRadnah.d rate of

approxi mately tHe reaction solution was then recovered into

a storage tank 103 FUE98%0§8n LOg:if egyéﬁpeglﬁ{régeaﬁ@wﬁfUQS& portion of

the distillation co ase us phase i ngredient was recovered

through a | gnee3nequvepped) abhbh@wpaﬁﬁmﬁétp@ﬁél@ﬁe@fwaélec@lmsamé@t| on
colum 102, and it was then condensed using a condenser 103 that was

ret ai ned ataapar@ku@ﬁtebﬁraéﬁtaﬁheoﬁhagpmbkamaedlyn@rEﬁlemﬁ was recovered
into a storage tank 104. [0598] The reaction solution recovered in the
st or age t anbkil@®twwssagahyzedelyaki guivdightomarognaphy @hd 1H NVR. As a
result, it was found that the reaction solution was a solution containing a
4,4 - (4,4 - aparisiyieliedyafanédi y1) bi s(cycl ohexane- 4, 1-
dlyl)bls(nethylene)dl(carbanlc aci d(4- nonyl phenyl )ester), and that the
yield of thed%%521-(4,41- carbonylb|s(azanedlyl)bls(cyclohexane 4,1-

diyl)b t hyl d b d(4 he t
é&@gyaii”)%%@%?ﬁ%&mgﬁﬁmet o556)2 VPPt Fon
fromtine resulls ol duie Athet el Wg%queftﬁE\%ngﬁ?Eﬁ %ﬁsgt | ,a4aS_assured

that a conpoun&jhaV|ng a urea bon S generate erna 303 -

di ssoci atl O LG A en@f 1ihe uread QO@%teZé@CAppﬁ_lowﬂﬁa%quqt.bon of an

N-substi t ut ed acid ester in the present sStep e present

egfm e 2o 38671 bediahover @t RE bt RoBLRUEn' OF aveR! ¥hAJ4the, Bi-xed

dimethylbenzyl) phencol (urea concentration: approximately
7.5 wt %) .
[0553]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a
solution containing N,N'-hexanediyl-di(carbamic acid(4-
(o, a-dimethylbenzyl)phenyl)ester), and that the yield of
the N,N'-hexanediyl-di{carbamic acid(4-{a, o~
dimethylbenzyl)phenyl)ester) was approximately 95% based
on 1,6-hexamethylenediamine.

[0554]

[Comparative Example 4]



urea and 4-heptyl phenol, the conpound having the urea bond reacted with
urea under heating at a tenperature equal to or higher than the thermal
di ssoci ation tenperature of the urea bond (240C) to generate an
N-substituted carbamic acid ester. Th it was considered that the

N-substituted carbamic acid ester cdu% %pé obtained at a hi gh yield. [0600]

[ Ref erence Exanple 9] Step (N-1) The sanme nethod as that in the step
(22-2) of Exanple 22 was carried out with the exception that the m xed
sol uti on ofe Wtew ddd 14- nonyl phenol was not fed through the line 2. [0601]
The reaction solution recovered in the storage tank 105 was anal yzed by

li quid chr omat odt&pRFTEndetHORVRE ABah fBsHRE, sSFePwhk7 fbureft hat "t he
reaction solutian contai ned a 4,4'-nethyl enehi s(cycl ohexane-4, 1-

diy1)di ( ca%ﬁ@%&%@ﬂ%&ﬁﬁ%mteweP%,taéﬁdgt %&F‘CFP\QHyF@PHtéPnt he

4, 41- et hyl enebi s(.cycl.o ane-4,1- diyl)di (carbamc
acid(4-nonjﬁ%ﬁ5%§%5é%ﬁér )%%§§@%§§¥%ﬁn%h9él ©5296 based on 4,4' - - 304 -
nethylenebiF&§%§Iohexylanine). In addition, the reaction solution contained
approxi mately 13@6by mass of 4,4'-
(4,4'-carbqn¥§QjsQﬁzgqediyl)bis(cyclohexane-4,1-

diyl)bis(neth&l nefl bi s(cycl ohexane-4, 1-di yl)di (carbam c

aci d(4- nonyl phenylk) ester he@soca 6@mpaHRd;ihavhagsfeyr ea7bondssThe ther nal

di ssoci ation tenperature of the urea bond of the 4,4'- (4,4 -
Example 17 was carried out with the exception that the
mixed solution of urea and 4- (o, a-dimethylbenzyl) phenol
was net fed through the line 2.

[0556]

The reaction solution recovered in the storage tank
105 was analyzed by liguid chromatography and ‘H-NMR. As
a result, it was found that the reaction solution was a
solution containing an N,N'-hexanediyl-di{carbamic
acid(4- (a,a-dimethylbenzyl)phenyl) ester), and that the
vield of the N,N'-hexanediyl-di (carbamic acid{4- (o, o~
dimethylbenzyl)phenyl)ester) was approximately 57% based
on hexamethylenediamine. In addition, the reaction
gsolution contained a 6,6~
carbonylbis (azanediyl)bisg (hexane-6,1-diyl)di (carbamic
acid(4- (o, a-dimethylbenzyl)phenyl)ester) as a compound
containing a urea bond. The yield of the 6,6'-
carbonylbis (azanediyl) bis (hexane-6,1-diyl)di (carbamic
acid(4- (o, a~dimethylbenzyl) phenyl) ester) was
approximately 25% based on 1, 6-hexamethylenediamine. The

thermal dissociation temperature of the urea bond of the



car bonyl bi s(azanedi y1) bi s(cycl ohexane-4, 1-

di y1) bi s( et hyl enef | bi s(cycl ohexane-4, 1-di y1l)di (carbam c

aci d(4- nonyl phenyl )ester) was 210C. [0602] Mor eover, the reaction
solution was collected froma sanpling,pert equipped on the 15th plate of
the distillation colum during the steady operation, and it was then

anal yzed. As a result, urea was not detected. [0603] [Exanple 23] Step
(23-1): Production of N-substituted carbanlc acid ester The reaction
vessel showd in- Fﬁ@GPEYib&é§a6§E@d1¥é6@HT Be¥2RG {1871 nol) of

2, 4- toluenedlanlne

184 mol) of 4-(1,1,3,3-tetranethyl butyl)

phenol , andd2yd)Rg F&Gb?mﬁﬁl?céﬁ firé% %ere nixed to prepare a raw materi al
sol uti on. erea | af e-t illati qunn 102 having 40 pl ates
was heat ed, %§ %ﬁﬁgﬁﬂéyg PR @BVZ?SFQ?H Eaﬁuhﬁ t'op thereof was set at -

305 - apprOﬁl
(count ed from

zl

y 6 kPa. At this tinme, the tenperature of the 15th plate
colum top side) on which a line 2 was equi pped was 250C.

Through a line lysyeover, the reaction solution was collected from a

sampling port equipped on the 15 plate of the

distillation column during the steady operation, and it

wag then analyzed. As a result, urea was not detected.

Furthermore, the reaction sclution was collected from a

sampling port equipped on the 4" plate of the

distillation column, in which the temperature was less

than the thermal dissociation temperature of the urea

bond

(210°CY, and it was then analyzed. As a result,

urea was not detected.

{c558]

[Example 18]

e Step

(18-1) : Production of compound having ureido group

The same method as that in the step (17-1) of

Example 17 was carried out with the exceptions that 63.2

kg of n-butanol was used instead of 4- (o, -

dimethylbenzyl) phenol, and that 2.4 kg (20.7 mol) of

1, 6-hexamethylenediamine and 4.8 kg (80.0 mol) of urea

were used. The reaction solution was sampled and was

then analyzed by liguid chromatography. As a result, it

was found that 1,6-hexamethylene diurea was generated at

a yield of approximately 88% based on 1,6-

hexamethylenediamine.



equi pped on the uppernost plate (the first plate) of the distillation
colum 102, a m xed solution having the sane conposition as that of the raw
material solution was introduced into the columm at a rate of approximtely
1.7 kg/H. Through the line 2, a nixpg¥30[ytion of urea and

4-(1,1, 3,3-tetramet hyl butyl) phenol ( a concentration: approximtely 5 w
%9 was fed to the colum at a rate of approximately 1.3 kg/Hr. After
operation conditions had been stabilized, the raw material solution was
supplied thi®tgh the line 1 at a rate of approximately 1.7 kg/Hr, and the
reaction solution was then recovered into a storage tank 105 through a line
6 equi pped @atStEre (16wer noSrogorctiion of Nheudpstithtadi oarcanumaddd. A
gaseous phase ingredient was recovered through a |ine 3 equi pped at the
upper nost pottion of the distillation colum 102, and it was then condensed

Uoi g B condenses AQAyLNAL IR et BhnEd AL ApPLox R o1y, 190C. The thus
reaction SaiUlion. reCouer el N, §1OLAYE Lank 103 pas anglyzed by | i quid

chr omat ogr aphy “and ares , 1T was foun € reaction

O S G ALA 8 P e AN I 92 ARSI AL TR )5 1

phenyl ene) di am c acl

t et ramet hylgndnd) phemt )est @iessand Wt Hheoihahd rob therne _

5, 5" - car bonyl bi s(azanedi y1) bi s(2-nmet hyl-5, 1- phenyl ene) di (carbam c

aci d(4- (1, §ikt3:-] teatiameidiynbutoy welemdt) est eppreasmappLoximat @by, 90% based
on 2, 4-tol uenedi am ne. [0606] In addition, fromthe results of the

af t er - ment i Ored Conrpammta nee uBbeanyd e, 15" ik s stmmech tdwhtf o arfpound
having a urea bond was generated (the thernmal dissociation tenperature of
the urea boi:unl0CP isidete Pr olicti dieofl ime R yabsequdpeddcambsaset aci d
ester in the present step. In the present exanple, as described above, on
the 15th plat €30F . sappl yhay the nexedienl aviohioh opeaimed in the

4-(1,1, 3, 3-tetranet hyl butyl) phenol, the conpound having the urea bond
reacted wi tT Ut egegumﬁderwﬁ%ér{%eﬁg 12t e0e e tEfuré 264 daR 381B|tlﬁpgher t han

the thermal ,dissocjatiqn tenper of the urea bond (240C) to generate an
N subst i tutOeb ac:'“z{lr daﬁjinc%ah(ﬁ r{%& Z(Trluf_iﬁUS, it was considered that the
N-substitut gk carbam c acid ester could be obtained at a high yield.

The reacticn solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution was a
solution containing an N,N'-hexanediyl-di{carbamic
acid(n-butyl)ester), and that the yield of the N,N'-
hexanediyl-~di (carbamic acid{n-butyl)ester) was
approximately 85% based on 1,6-hexamethylenediamine.
[0561]

From the results of the after-mentioned Reference
Example 6, it was assumed that a compound having a urea
bond was generated (the thermal digsociation temperature
of the urea bond: 210°C) in the production of an N-

substituted carbamic acid ester in the present step. 1In



[ 0607] [Conparative Exanple 6] Step (P-1) The sane nethod as that in
the step (23-1) of Exanple 23 was carried out wwth the exception that the
m xed solution of urea and 4-(1,1, 3,3-tetramet hyl butyl) phenol was not fed
through the line 2. - 307 - [0608] _ ,ggThe reaction solution recovered in
the storage tank 105 was anal yzed by |1 quid chromatography and IN-NVR As a
result, it was found that the reaction solution contained a

4- et hyl - 1, 3- phenyl enedi (car bam ¢ acid§4¢ n

(1,1, 3, 3-t eEPENBERYEDGt PEFPRERAY| F8sPBFFT 1RRY TRAYE ¢ HE Vil ¢ dF the

4- et hyl - 1, 3- phenyl enedi (car banj ¢ aci d(4- . _

(1,1, 3, 3- t ePramét 9?b§?§§§BﬁgﬁgkﬁgsWé¥%ém5§1%5%?%x?%ﬁ%%ﬁ%/?ﬁﬁkﬁ%ased on

2, 4-tol uenedi am ne. Ln _addjti .reacfio | L i i ne

appr oxi mat ol E8stiny Heesonpblla baTBEnEhE B S8 MR a1 5 1.
pheny! ene) di(ear bame agld:6d: Gl L BedpotetniameLbybbutyl dphenyhiester) as a
conpound having a urea boné. The therngl di ssoci ation tenperature of the

urea bond ofbherhe thermal dissociation temperature of the urea _
5, 5" - car bonyl bi s(azanedi y1) bi s(2-net hyl 5, 1- phenyl ene) di (car bam ¢ aci d

(4-(1, 1,3, 3,46t ranrehy! byt ybipheny! J.esiesipavas: 2L c {608 c acid Moreover,
the reaction solution was collected froma sanpling port equi pped on the
15t h pl ate efsttehe dirstikl | atiwas cobushdened nghatheclst eqdylogertattiash, and it
was then anal yzed. As a result, urea was not detected. Furthernore, the
reaction solasrtemivasicddl keeteed chrdm Resabphiingdpatt aegudppEdedn-the third
plate of the distillation colum, in which the tenperature was | ess than
the thermal Ifi%$dci ation tenperature of the urea

» Step (18-3): Transesterification

The apparatus shown in Figure 7 was used.
[0563]

The reaction solution recovered in the storage tank
105 in the step (18-2) was added into a storage tank 701,
and thereafter, 2,4-di-tert-~amyl phencol was added at a
gtoichiometric ratio of 10 : 1 based on the amount of
N,N'-hexanediyl-di (carbamic acid{n-butyl)ester) contained
in the reaction solution, and alsgo, dibutyltin dilaurate
was added at a stoichiometric ratio of 0.01 : 1 based on
the same substance as described above, thereby preparing
a homogeneous solution.
{0564]

A packed column 702 filled with a filler (Heli-Pack
No. 3) was heated to 240°C, and the pressure of the
inside thereof was set at 26 kPa. Through a line 71
equipped in the packed column 702, the mixed solution

contained in the storage tank 701 was fed to the column



- 308 - bond (210C), and it was then analyzed. As a result, urea was not
detected. [0610] [Exanple 24] Step (24-1): Production of conpound havi ng
urei do group The apparatus shown in Figure 6 was used. [0611] In a
state in which a line 66 was cl osed,_ %%Tthg (205 mol ) of 4-nonyl phenol
was mxed with 3.3 kg (55.0 nol) of urea in a storage tank 601 that had
been heated to 120C, and the m xed solution was then transferred into an
agitation tank 603 that had been heated to 120C. In a state in which the
m xed sol ut?or? vigist stGfr rapraxied edgi tlati &g /Hank BoBoudh 4 kjiné 74
2, 4-tol uenedi am ne_was supplied froma storage tank 602 to the agitation
tank 603, tFFOUGED &t e ovarme staterdf capplokhrabaryed. SoOkympr. After
conpl etion the supply of the 4,4' - nethyl enebi s(cycl ohexyl am ne), the
ure vas @i rred Fort ; "6 !

m xture was’ $ti rred Tor HProtichetery 4 R6Grs “3and /Phe rédtt$¥mMgol ution
2ﬁ?o%gfggf3%%%&9R§E§%¥%§§%{%%%,ig%%%%%%g d? %ggg%éggagﬁgkggghgat a yield of
A e S R e So A
the line 661 o8l 298 UK 806513 the obtained ligquid phase

ingredient was then recovered in a storage tank 704

through a gas-liguid separator 707. The reaction

solution recovered in the storage tank 705 was analyzed

by liquid chromatography and 'H-NMR. As a result, it was

found that the reaction solution contained an N,N'-

hexanediyl-di (carbamic acid(2,4-di-tert-amylphenyl)ester),

and that the yield of the N,N'-hexanediyl-di{carbamic

acid(2,4-di-tert-amylphenyl)ester) was 85% based on N,N'-

hexanediyl-di (carbamic acid(n-butyl)ester) .

[0B6E]

[Reference Example 6]

e Step (J-1)

The same method as that in the step (18-1) of

Example 18 was carried out to obtain a reaction solution

containing 1,6-hexamethylene diurea.

[0566]

e Step (J-2)

The same method as that in the step (18-2} of
Example 18 was carried out with the exception that the

mixed solution of urea and n-butanol was not fed through

the line 2.



- 309 - [0613] Step (24-2): Production of N-substituted carbamc acid
ester The apparatus shown in Figure 1 was used. 4- Nonyl phenol was
added into a plate-type distillation colum 102 having 40 plates, and it
was then boiled with a reboiler 105,_S%F§h§t it could be in a total reflux
state. At this tine, the pressure of the colum top was 2.5 kPa, and the
tenperature of the 15" plate (counted fromthe colum top side) on which a
line 2 was equi ?ed was 250C. Through a line 1 equipped on the uppernost
plate (the ﬂpﬁég plate) of the distillation colum 102, a mi xed sol ution

havi ng the sane conposition as that of the reaction,sol ution obtained in
the step (28-1) Was ¥?ﬁ9%ﬁﬂbéﬁﬁqﬁ%?qtﬁ?qgﬂﬁﬁﬁgdfl§hFaF OGFILp ORI mat el y

2.0 ka/H. At th ti ,.th h.t i i 1 i f
and 4= nony! TBReHAF CUF bk -EanRbnt TP Srotnant Ssdraal A Fami ' oo
the colum at s{ﬁ‘g? g[% %88r9§{11%t€ﬂ1 e Lede kg%&!ﬁti&t%w@i%@t&@@ gondi tions

had been stabilize e reaction solution obtained 1n the step (28-1) was

suppl i ed th%%‘i_glﬁitaﬂecbhegiﬂi% 2nTALR Ohe APREQXK) TBA 8| ¥adodhkg/ H, and the
reaction solution was then recovered into a storage tank 105 through a line

6 equi pped atikhe-bawenmestepprthnn efathendi gtéld adf otheal pm- 102. A
gaseous phase ingredient was recovered through a |ine 3 equipped at the
upper nost poekiaoedef/1t-Be (dasbaklat tohd¢otbonylD@stend waswas then - 310 -
condensed using a condenser 103 that was retained at approxi mately 85C. The
t hus obt ai negpirngriedicedty 6% besedeprndhentvenhytoneageanank- 1041 [ 0614]
The reaction solution recovered in the storage tank 105 was anal yzed by
| i quid chromeidagrigphy thed reRcRVRL A9lytieBufPntaing@safouhd that the
reaction solution was a sol ution containing a . , X
5, 5' - car bonyREPSPAARIEdPFENBRLY 2. PAEL R§E2BE 16 phefyy £he} §FFERFBARI ¢ aci d( 4-
nonyl phenyl )ester), and that the yield of the 5,5'-
carbonylbis@éi&ﬁ@ﬂ#?fygﬁ§€§?ﬁétﬁ§195?fmp8H8HyP%Hé?%ifc%%%%n?%nd'
aC'd(4'”°”y'.QP@%£h%F% r%h%a%,%pQEg§bgﬁ§§b¥s§g%%B@a§91Pﬂis(hexane—
2, 4-t ol uenedi am‘ne.

6,1~diyl)di (carbamic acid(n-butyl)ester) was

approximately 35% based on 1, 6-hexamethylenediamine. The

thermal dissociation temperature of the urea bond of the

6,6'-carbonylbis (azanediyl)bis (hexane-6,1-

diyl)di{carbamic acid(n-butyl)ester) was 205°C.

[cr68]

Moreover, the reaction solution was collected from a

gsampling port equipped on the 15”‘plate of the

distillation column during the steady operation, and it

was then analyzed. As a result, urea was not detected.

[0569]

[Example 19]

¢ Step (19-1): Production of N-substituted carbamic acid

ester

The reaction vessel shown in Figure 1 was used.



[ 0615] In addition, fromthe results of the after-nmenti oned Reference
Exanpl e 10, it was assuned that a conpound having a urea bond was generated
(the thermal dissociation tenperature of the urea bond: 210C) in the
production of an N-substituted carbam.g.acid ester in the present step. In
t he present exanple, as described abové,” on the 15th plate for supplying
the m xed solution of urea and 4-nonyl phenol, the conpound having the urea
bond reacted with urea under heating at a tenperature equal to or higher
than the thE¥T#l] di ssociation temperature of the urea bond (250C) to
generate an N subs it%ted carb?nic acid ester. Thus, it was considered -
311 - that the R-SubstiltGr&d™Par baki é -arinoBSERYIcdu? d®be obtained at a

hi gh yield't4£¥%¥ﬂyﬂé¥gfgﬁg¥¥i;%ﬁ%ggl%2%%]kgsagez(%%%% of 4-phenyl
phenol, and 3.2 kg (53.3 mol) of urea were mixed to
prepare a raw material sclution. Thereafter, a plate-
type distillation column 102 having 40 plates was heated,
so that the pressure of the column top thereof was set at
approximately 10 kPa. At this time, the temperature of
the 15" plate (counted from the column top side) on
which a line 2 was equipped was 245°C. Through a line 1
equipped on the uppermost plate (the first plate) of the
digtillation column 102, a mixed solution having the same
composition as that of the raw material solution was
introduced into the column at a rate of approximately 2.8
kg/Hr. Through the line 2, a mixed solution of urea and
4-phenyl phenol {urea concentration: approximately 6.3
wt %) was fed to the column at a rate of approximately
1.8 kg/Hr. After operation conditions had been
stabilized, the raw material solution was supplied
through the line 1 at a rate of approximately 2.8 kg/Hr,
and the reaction solution was then recovered intec a
gstorage tank 105 through a line 6 equipped at the
lowermost portion of the digstillation column 102. A
gaseous phase ingredient was recovered through a line 3
equipped at the uppermost portion of the distillation

column 102, and it was then condensed using a condenser



The sane nethod as that in the step (24-2) of Exanple 24 was carried out
with the exception that the m xed solution of urea and 4-nonyl phenol was
not fed through the line 2. [0617] The reaction solution recovered in
the storage tank 105 was anal yzed by_l bggi d chromatography and 114-NVR As
aresult, it was found that the reaction solution contained a

4-met hyl -1, 3- phenyl enedi (carbam ¢ aci d(4- nonyl phenyl )ester), and that the
yield of the 4-nethyl 1, 3-phenyl enedi (carbam c acid 4-ponylghenéj)ester) was
appr oxi nat ey 338Wrased shtainefobenbBraiHatein aeldli%i on St k8YPFeact i on
sol ution contai ned approxi,ately 15% by nass of

25" - car bony B SCESaneary B 6P E( Johet Ry ECL S AhaRyP eReT HPTEYR bERTE 204
acid(4-nony”%%@q yl )ester) as a conpound having a urea bond. The thernal

di ssoci ati on tengerature of the urea bond of the 5,5 -

car bonyl bi s(azaneggLy LS 2= 51 n i Mok:Nas|
acid(4-nony|)pheﬁgk)%é?g?§8ﬁgggg%%%?m[6%€g?gy%&3%%q¥&§%£ wﬁ%%&???f t he
reaction soljyd Q3 Va$aQ9zlec ted 1&3@%@1@@6&5&6@&9@ g88i hpaguon the 15th
plate of the distillation colum during the steady operation, and it was
then anal yzed.reAsiia I e3Ukias WoeadWasanot hdetreatedon| 8619t ipExanpl e 25]

Step (25-1) The sanme nethod as that in the step (B-1) of Reference
Exanpl e 2 wasrtarimeed codt- (Wist-iphehe lgheeptdyonat-batydamiredesbiyut ron of
phenyl carbamate and phenol (phenyl carbamate concentration: approxi mately
30 wt 9 was . fred tthrioegihyvilley dliohexy lacagbeate efigpproxi mately 2.7 kg/ Hr.
[ 0620] phenylphenyl)ester, and that the yield of the 3~ ((4-

phenylphenoxy)carbonylaminomethyl) -3,5,5~

trimethylceyclohexyl carbamic acid(4-phenylphenyl)ester

was approximately 922% based on 3-aminomethyl-3,5,5-

trimethylcyclohexylamine.

[0572]

In addition, from the results of the after-mentioned

Reference Example 7, it was assumed that a compound

having a urea bond was generated {(the thermal

dissociation temperature of the urea bond: 220°C) in the

production of an N-substituted carbamic acid ester in the

present step. In the present example, as described above,

on the 15™ plate for supplying the mixed solution of

urea and 4-phenyl phenol, the compound having the urea

bond reacted with urea under heating at a temperature

equal to or higher than the thermal dissociation

temperature of the urea bond {245°C) to generate an N-

gubstituted carbamic acid ester. Thus, it was



The reaction solution recovered in the storage tank 105 was anal yzed by

| i qui d chromat ography and 1HNVR. As a result, it was found that the
reaction solution is a solution containing a

3- (phenoxycar bonyl am nonet hyl) - 3,5, 5-44.i met hyl cycl ohexyl carbanmic acid
phenyl ester, and that the yield of the 3-(phenoxycarbonyl am nonethyl) -
3,5,5-trinethyl cycl ohexyl carbam c acid phenyl ester was approximately 91%
based on 3-am nonet hyl-3,5,5- trinethyl cycl ohexylam ne. [0621] In
addi ti on, f?%%%%%%ﬁ%%dVENHé%&ﬁiNﬁﬁﬁb&%ﬁHQQﬁdoﬁaR@ﬁ@ﬁén@@iéxéﬁﬁ@é‘2, it was

assuned t hat ound having a urea bond was generated (the thermal -
313 - di sso%?@#gﬂ@t%%%r & Ky wie¢ddbond: 206C) in the production of

an N—substi%&%fglcarbanic acid ester in the present step. In the present
exanpl e, on € 15th plate for supplying the m xed sol ution of phenyl

carbamate a oppﬂund havi ng the urea bond reacted with urea
under heatiggeg%ﬁggi%ﬁ%gggfhre equal to or higher than the thermal

dissociatiqngﬁﬁgpQ%gﬁ re of the urea bond (230C) to generate an
N-substituted carbam'c acid ester. Thus, it was considered that the

N-substituted canRamamcagied hest 8 ¢aukdiberabt aipgd (ab-a) high yield. [0622]
The present application is based on a Japanese patent application (Japanese
Pat ent ApplExaiplon N0.wa2) KarA30l 84), WHiidred Hen ckelpaoy 2hat2@kL;, the

di scl osure of which is hereby incorporated by reference. [Description of

Ref er ence Nuirerdlsilyt0iea8]of kimgur ent) 4:@¢heniQl phtdd, #@5: nstorfage t ank;

102: plate-type distillation colum; 103: condenser; 106: reboiler; 107:
gas- i qui d Separst orhe Lirgs 23, 4, 5, 6: line (Figure 2) 201, 203, 207, 209:
storage tank; 202: thin-filmdistillation apparatus; 204: distillation

col um; [0574]

The reaction solution recovered in the storage tank
105 was analyzed by ligquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution
contained a 3-((4-phenylphenoxy)carbonylaminomethyl) -
3,5,5-trimethylcyclohexyl carbamic acid(4-
phenylphenyl)ester, and that the yield of the 3-{(4-
phenylphenoxy)carbonylaminomethyl) 3,5, 5~
trimethylcyclohexyl carbamic acid{4-phenylphenyl)ester
was approximately 61% based on 3-aminomethyl-3,5,5-
trimethyleyclohexylamine. In addition, the reaction
solution contained approximately 20% by mass of di(4-
phenylphenyl)-5,5"-
(carbonylbis{azanediyl)bis (methylene) )bis(3,3,5-
trimethylicyclohexane-5,1-diyl) dicarbamate as a compound
having a urea bond. The thermal dissociation temperature

of the urea bond of the di(4-phenylphenyl)-5,5"~



205: condenser; 206: gas-liquid separator; 208: reboiler; 20, 21, 22, 23,
24, 25, 26: line - 314 - (Figure 3) 300, 301, 304, 305: storage tank;
302: plate-type distillation colum; 303: condenser; 306: reboiler; 307:
gas-liquid separator; 31, 32, 33, 34, 3§; 36: line (Figure 4) 400, 401,
404, 405: storage tank; 402: plate-type distillation colum; 403:
condenser; 406: reboiler; 407: gas-liquid separator; 40, 41, 42, 43, 44,
45, 46, 47, 48:. line_(Figure 5) 500, 501, 504, 505; storage tank; 502:
plate-type diCSFPPRHEPSH (@GRAALYS0BL LBAHERLERS) 5BES F eba T er . 507
gas-liquid separator; 50, 51, 52 53, 54, 55, 56, 57: line (Figure 6) 600,
601, 602, 60&iMEBEYISYGrREEXRRAKS 6081YhY gé??‘a]ﬂa%‘h%;w%%52.£%‘i§g- | | qui) d
separat or; Q%%ﬁ5 ondenser; 60, 61, 62, 63, 64, 65, 66: line (Figure 7) 701,
704, 705: st'orage tank; 702: packed col umm; 703: condenser; 706: reboiler;

707: gas-liquid geparator; ¢¥d, +d2et {3n d4iutiME was T redd Bl m 1]

sampling port equipped on the 15 plate of the
distillation column during the steady operation, and it
was then analyzed. Ag a result, urea was not detected.
{0576]
[Example 20}
e Step (20-1): Production of compound having ureido group
The apparatus shown in Figure 6 was used.
[0577]
In a state in which a line 66 was closed, 52.8 kg
(249 mol) of 4-(o,c-dimethylbenzyl) phenol was mixed
with 4.2 kg (70 mol) of urea in a storage tank 601 that
had been heated to 120°C, and the mixed solution was then
transferred into an agitation tank 603 that had been
heated to 120°C. In a state in which the mixed solution
was stirred in the agitation tank 603, 2.9% kg of 3-
aminomethyl-3,5,5-trimethylcyclohexylamine was supplied
from a storage tank 602 to the agitation tank 603,
through a line 62, at a rate of approximately 1.8 kg/Hr.
After completion of the supply of the 3-aminomethyl-
3,5,5-trimethylcyclohexylamine, the mixture was stirred
for approximately 4 hours, and the reaction solution was
then sampled. The reaction solution was analyzed by

ligquid chromatography. As a result, 3-ureidomethyl-



A nmet hod for producing a carbonyl conpound, conprising a step (X) of

reacting a conpound having a urea bond represented by a fornmula (1) as

shown bel ow with a carbonic acid derivative having a carbonyl group

(-(=0)-)

thermal dissociation tenperature of t

under heating at a tenperat %r% equal to or higher than the
g“urea bond to obtain the car bonyl

conpound: O NN HH(1) [d aim 2] The nmethod for producing the carbonyl
conmpound according to claiml, wherein the step (X) is carried out in the

coexi st ence® of @ hiyfdresdy lcarplodmky ] dzsiamwd]s generfiiedmathed yviied dpr oduci ng

t he carbonyl

ound according to claim11 or 2, wherein the carbonyl

co :
cormpound cdthrd HaESbst 1 ¥ e sFbamr@ iReng tésted , 5f 8i-ai m 4]

met hod f or

to 3, wherei

nth

carbanic ac't&%s]t er.

Thereafter, the line 66 was opened, and the reaction
solution was then transferred through the line 66 to a
storage tank 606.

{05791
¢ Step (20-2): Production of N-substituted carbamic acid
egter

The apparatus shown in Figure 1 was used.

[0580]

4- (o, a~dimethylbenzyl) phenol was added into a
plate-type distillation column 102 having 40 plates, and
it was then boiled with a reboiler 105, so that it could
be in a total reflux state. At this time, the pressure
of the column top was 1.5 kPa, and the temperature of the
15" plate (counted from the column top side) on which a
line 2 was equipped was 230°C. Through a line 1 eguipped
on the uppermost plate (the first plate) of the
distillation column 102, a mixed solution having the same
composition as that of the reaction solution obtained in
the step (20-1) was introduced into the column at a rate
of approximately 1.9 kg/Hr. At the same time, through
the line 2, a mixed solution of urea and 4-{o,da-
dimethylbenzyl) phenol (urea concentration: approximately

5 wt %) was fed to the column at a rate of approximately

The

roduci ng t he carhonyl conpound according to any one of clains 1
tP l%‘}%a‘?)bcgrﬁkte}%”' & vative is urea or an N-unsubstituted



- 316 - [Caimb5] The nethod for producing the carbonyl conpound
according to any one of clains 1 to 3, wherein the carbonic acid derivative
is a carbonic acid ester. [C aim 6] The net hod for producing the
carbonyl conpound according to any one,@f clainms 1 to 5, wherein the
conpound having the urea bond is a conpound represented by a formula (2) as
shown bel ow, which is produced fromraw material ingredients conprising an
organic prinmary am ne and a carbonic acid derivative: 0 W-N1 "N-R2 HH(2)
wher ei n 1.6RkI4HYE - ROARERN PrRIederiemanfiteiires Rl %8 gani ¢ group
conprising a group derived fromthe organic pripnmar mne.. [aim?7

The met hod ﬁ&ﬁb}%llé&ﬁéifnéhtehéeESFBSHyFOg‘dFrb‘Bﬁg‘abE\%%%‘?%i:Hb tVt}b‘£ a‘EnE/e]%ne] of

Rt et haad 2 S0 LEsn shngn SOIPRHRSLORVERT 1081 o8 PONhie B
approximately 1.9 kg/Hr, and the reaction solution was
then recovered into a storage tank 105 through a line 6
equipped at the lowermost portion of the distillation
column 102. A gaseous phase ingredient was recovered
through a line 3 equipped at the uppermost portion of the
distillation column 102, and it was then condensed using
a condenser 103 that was retained at approximately 85°C.
The thus obtained ingredient was recovered into a storage
tank 104.

[0581]

The reaction solution recovered in the storage tank
105 was analyzed by liguid chromatography and ‘H~NMR. As
a result, it was found that the reaction solution was a
solution containing a 3-((4-{a,0-
dimethylbenzyl)phenoxy) carbonylaminomethyl)-3,5,5-
trimethyleyclohexyl carbamic acid({4- (o, a-
dimethylbenzyl)phenyl)ester, and that the yield of the 3-
((4~ (¢, c-dimethylbenzyl)phenoxy) carbonylaminomethyl} -
3,5,5-trimethyleyclohexyl carbamic acid(4- (o, o~
dimethylbenzyl)phenyl}ester was approximately 95% based
on 3-aminomethyl-3,5,5-trimethylcyclohexylamine.
[0582]

In addition, from the results of the after-mentiocned

Comparative Example 5, it was assumed that a compound



[ Cl ai m 8] The net hod for producing the carbonyl conpound according to
claim1, wherein the carbonic acid derivative is a phosgene, and - 317 -

t he carbonyl conpound conprises a conpound having a group represented by
the followng formula (3): 0 -NC (3_)&[9%1 ai m 9] The met hod for
produci ng the carbonyl conpound according to claim8, wherein the conpound
havi ng the urea bond is a conpound produced froman organic prinmary am ne
and a phos%sne.

aving a urea bond was generated (the thermal
dissociation temperature of the urea bond: 215°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15" plate for supplying the mixed solution of
urea and 4- (o, o-dimethylbenzyl) phenol, the compound
having the urea bond reacted with urea under heating at a
temperature equal to or higher than the thermal
dissociation temperature of the urea bond {(230°C) to
generate an N-substituted carbamic acid ester. Thus, it
was considered that the N-substituted carbamic acid ester
could be obtained at a high yield.

[0583]

{Comparative Example 5}
e Step (L-1)

The same method as that in the step (20-2) of
Example 20 was carried cut with the exception that the
mixed solution of urea and 4- (o, d-dimethylbenzyl) phenol
was not fed through the line 2.

[0584]

The reaction solution recovered in the storage tank
105 was analyzed by ligquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution
contained a 3-((4- (o, q-
dimethylbenzyl)phenoxy) carbonylaminomethyl)-3,5,5~
trimethylcyclohexyl carbamic acid(4- (o, o-

dimethylbenzyl)phenyl)ester, and that the yield of the 3-



[ C ai m10] The net hod for producing the carbonyl conpound according to
any one of clains 1 to 9, wherein the step (X) is carried out in a
distillation colum. [Caim 11] A nmet hod for producing an i socyanate,
conprising a step of subjecting a carbggyl .conpound obtained by the
production nethod according to any one of clains 1 to 10 to a pyrolytic
reaction to produce the isocyanate. [Caim 121 The net hod for
produci ng the carbonyl conpound according to any one of claing 1 to 10,

wher ei n ( (BhdospepipREhyd bearyi eBNBRPXUSFAGLAN Y 3P RPEEFBHL ol um

conprising a supply port A a_suppl ort B, and. a, discharge port C the
step (X) COﬁpﬁh§é§X§F€ﬁ§Y&PyClth§§¥_BarbamlguﬁﬁFgﬁ%g%qa%fgatgrial

001! o0t ARSI SRIDOIN, DRV B UEERDONG 08 SaMLEr Al

the distillatiqn golum.wia at 5| gastiRBensyPPLYoROk1Anine. 1n
addition, the reaction solution contained approximately
30% by mass of di(4-(o,a-dimethylbenzyl)phenyl}-5,5"~
(carbonylbis(azanediyl}bis (methylene))bis(3,3,5-
trimethylcyclohexane-5,1-diyl) dicarbamate as a compound
having a urea bond. The thermal dissociation temperature
of the urea bond of the di(4- (o, o~
dimethylbenzyl)phenyl}-5,5"~
(carbonylbis (azanediyl)bis (methylene) )bis(3,3,5-
trimethylcyclohexane~5,1~diyl) dicarbamate was 215°C.
{0585]

Moreover, the reaction solution was collected from a
sampling port equipped on the 15°® plate of the
distillation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
furthermore, the reaction solution was collectea from a
sampling port equipped on the third plate of the
distillation column, in which the temperature was less
than the thermal dissociation temperature of the urea
bond (215°C), and it was then analyzed. As a result,
urea was not detected.

[0586]

[Example 21]



supplying the carbonic acid derivative to the distillation colum via at
| east one supply port B, and recovering a generated m xture
conprising a carbonyl conpound via at | east one discharge port C di sposed
at a lower part of the distillation cg%ﬁpn; and the at | east one

th

supply port B is disposed at a positi e sane as or |ower than the

supply port A the at | east one discharge port Cis disposed at a
position the same as or |ower than the supply port B, and a

t enper at ur e* ¢fteaghel2di-9bi:| IPatidorwtdohun &t sabbeightedf caheasiupphyiport B is
equal to or higher than the thermal dissociation tenperature of the urea
bond in theS¥efpound having the urea bond. [C ai m 13] The net hod for
produci ng the Cﬁrbogyl conpound aﬁcording,to claim 12, wherein the
precursors of tHESCIMPGMEThAFERGt FECUPedbBRrd U sFel ali®Br 4BREe primary

am ne and a G2y onic acid derivative. [Caim 14] The nmet hod for

pr oduci ng the car bonyl conpound according to claim 12, wherein the

precursor of the 5 3o (16.6 mol) of 4,4 -
methylenebis {cyclohexylamine), 62.1 kg (323 mol) of 4-
heptyl phenol, and 3.8 kg (63.3 mol) of urea were mixed
to prepare a raw material solution. Thereafter, a plate-
type distillation column 102 having 40 plates was heated,
so that the pressure of the column top thereof was set at
approximately 3 kPa. At this time, the temperature of
the 15" plate (counted from the column top side) on
which a line 2 was eqguipped was 250°C. Through a line 1
equipped on the uppermost plate (the first plate) of the
distillation column 102, a mixed solution having the same
composition as that of the raw material solution was
introduced into the column at a rate of approximately 2.1
kg/Br. Through the line 2, a mixed solution of urea and
4-heptyl phencl (urea concentration: approximately 3.8
wt %) was fed to the column at a rate of approximately
1.6 kg/Hr. After operation conditions had been
stabilized, the raw material solution was supplied
through the line 1 at a rate of approximately 2.8 kg/Hr,
and the reaction solution was then recovered into a
storage tank 105 through a line 6 equipped at the
lowermost portion of the distillation column 102. A

gaseous phase ingredient was recovered through a line 3



- 319 - conpound having the urea bond is a conpound having a urei do group
represented by the following formula (4): 0 NNH2 (4) [C ai m 15] The
nmet hod for producing the carbonyl compound according to any one of clains
12 to 14, wherein the raw material ingrgdients to be supplied via the
supply port A further contain a hydroxy conpound. [C aim 16] The
met hod for producing the carbonyl compound according to claim 12, wherein

the raw material ingredients to be supplied via the supg port A are
i ndi cat ed by iEHM R4t LHF CPPESPOEL] Poaééepu BédtBel o éﬁhatwﬂ t he

m xture to be _recovered t he disch t N-substituted
car bani c acﬁ@L§§?bﬁ‘gndaébhﬁ&r§?§|%§ argﬁa g%ﬁ Hﬁ?ﬁéhsﬁé?g ﬂsggan:cu ©

rimary am ne, urea, and a hydroxy conpoun
P y 103 that was reta{ned %t ap rDXQmately 150°C. The thus

obtained ingredient was recovered into a storage tank 104.
[0588]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction solution
contained a 4,4'-(4,4"'-
carbonylbis (azanediyl)bis{cyclohexane-4,1-
diyl)bis (methylene)di (carbamic acid(4-heptylphenyl)ester),
and that the yield of the 4,4'-(4,4"'-
carbonylbis (azanediyl)bis (cyclohexane-4,1-
diyl)bis (methylene)di (carbamic acid{4-heptylphenyl)ester)
wag approximately 90% based on 4,4'-
methylenebis (cyclohexylamine) .

[0589]

In addition, from the results of the after-mentioned
Reference Example 8, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 2106°C) in the
production of an N-substituted carbamic acid ester in the
pregent step. In the present examplie, as described above,
on the 15™ plate for supplying the mixed solution of
urea and 4-heptyl phenol, the compound having the urea
bond reacted with urea under heating at a temperature

equal to or higher than the thermal dissocciation



combi nation (ii): a hydroxy conpound and a conpound having a ureido group
represented by the following formula (4): 0 -NNH2 (4) - 320 - [Caim17]
The net hod for producing the carbonyl compound according to claim 12,

wher ei n the raw materi al ingreQi%gtswto be supplied via the supply
port A are indicated by conbination (iii%: an organic primary amne, a
carbonic acid ester, and a hydroxy conpound, and the m xture to be

recovered via the discharge port C conprises an N-substituted carbamc acid
ester and atemmrmpoumsonpgouit: Yrelaaiomnt8](250°C) to generate an N-

substituted carbamic acid ester. Thus, it was considered
that the N-substituted carbamic acid ester could be
obtained at a high yield.

[0590]

[Reference Example 8]

e Step (M-1)

The same method as that in the step (21-1) of
Hxample 21 was carried out with the exception that the
mixed solution of urea and 4-heptyl phenol was not fed
through the line 2.

[0591]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and *H-NMR. As
a result, it was found that the reaction solution
contained a 4,4'-methylenebis (cyclohexane-4,1-
diyl)di (carbamic acid(4-heptylphenyl)ester), and that the
yield of the 4,4'-methylenebis (cyclohexane-4,1-
diyl)di{carbamic acid(4-heptylphenyl)ester) was
approximately 55% based on 4,4'-
methylenebis (cyclohexylamine). In addition, the reaction
solution contained approximately 19% by mass of 4,4'-
(4,4'-carbonylbis (azanediyl)bis (cyclohexane-4,1-
diyl)bis (methylene))bis (cyclohexane-4,1-divl)di (carbamic
acid{4~heptylphenyl)ester) as a compound having a urea
bond. The thermal dissociation temperature of the urea

bond of the 4,4'- (4,4"'-~



The net hod for producing the carbonyl conmpound according to claim 12,

wher ei n the raw material ingredients to be supplied via the supply
port A are indicated by conmbination (iv): a polyurethane-urea copol ynmer and
a hydroxy conpound, and the m xtyse to be recovered via the discharge
port C conprises an N-substituted carbamc acid ester and a hydroxy
conpognd. [ aim19] f The nmethod for producing the carbonyl conpound
according to any one of clainms 12 to 18, wherein a hydroxy conpound is

furt her supﬁﬁ?@&nyébﬂﬁéaaﬁ§?@FYéfpbﬁ(Eﬁ?%ﬂ%e¥?%¢fﬁelgupplz po?P B. [Claim

one of ol ai RiVIERS (mrinanes hble |95 TaheRINe LT RILPR FEFPERb AR e
carboni o acPitidar vabrverkaayl REbFoky “EanpblRT i s supplied to the
distillatioqoggbwnn via the plurality of supply ports B.

Moreover, the reaction solution wag collected from a
sampling port equipped on the 15" plate of the
distiliation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
[0593]

[Example 22]
e Step {22-1): Production of compound having ureido group

The apparatus shown in Figure € wasgs used.

[0594]

In a state in which a line 66 was closed, 60.1 kg
(273 mol) of 4-nonyl phenol was mixed with 3.5 kg (58.3
mol) of urea in a storage tank 601 that had been heated
to 120°C, and the mixed solution was then transferred

into an agitation tank 603 that had been heated to 120°C.

In a state in which the mixed solution was stirred in the
agitaticon tank 603, 2.8 kg of 4,4'-

methylenebis (cyclohexylamine) was supplied from a storage
tank 602 to the agitation tank 603, through a line 62, at
a rate of approximately 3.0 kg/Hr. After completion of
the supply of the 4,4'-methylenebis (cyclohexylamine), the
mixture was stirred for approximately 4 hours, and the
reaction solution was then sampled. The reaction

solution was analyzed by liquid chromatography. As a



[Caim21] The net hod for producing the carbonyl conpound accordi ng

to claim 12, wherein the distillation colum further conprises a
condenser; the nethod further conprises a step of condensing a
portion of gas discharged froma top af,,the distillation colum using the
condenser to obtain a condensate; a hydroxy conmpound is further
supplied to the distillation colum via the supply port A and/or the supply
port B; t he carbonic acid derivative to be supplied via the supply

port B is uredidnd/ort anatiinsisdtiis (gived obgryamiueeaei dag8sgengrated t he gas

di scharged fromth op. of the distillation colum conprises a conpound
havi ng a ca?’tbo%ﬂleér%tf% FEFIRBY TGt RE *c P56/ ©ladi 8 deri vative and/or a

conmpound hayi car.bonyl _gr.oup .der.ived fromthe conpound having the urea
bond, a hyg%%ﬁgyiéﬂéhiﬁl, %ﬁ%@%ﬁ%%ﬁﬂ%&?gand the condensate contains a

conpound hayéﬁgﬂa carbonyl group and a hydroxy compound. - 322 - [Claim
22]

Thereafter, the line 66 was opened, and the reaction
solution was then transferred through the line 66 to a
storage tank 6G6.

[0596]
* Step (22-2): Production of N-substituted carbamic acid
ester

The apparatus shown in Figure 1 was used.

[0597]

4-Nonyl phenol was added into a plate-type
distillation column 102 having 40 plates, and it was then
boiled with a reboiler 105, sc that it could be in a
total reflux state. At this time, the pressure of the
column top was 2.5 kPa, and the temperature of the 15tk
plate (counted from the column top side) on which a line
2 was equipped was 240°C. Through a line 1 equipped on
the uppermost plate (the first plate) of the distillation
ceclumn 102, a mixed solution having the same composition
as that of the reaction solution obtained in the step
(26-1) was introduced into the column at a rate of
approximately 1.9 kg/Hr. At the same time, through the
line 2, a mixed solution of urea and 4-nonyl phenol (urea
concentration: approximately 4.2 wt %} was fed to the

column at a rate of approximately 1.2 kg/Hr. After



The nmethod for producing the carbonyl conpound according to claim 21,
wherein a part of or an entire condensate is circulated inside the
distillation colum. [Caim 23] The net hod for producing the carbonyl
compound according to claim21, whereimoa part of or an entire condensate
is supplied to the distillation colum via the supply port B. [C ai m 24]
Iﬂe nmet hod for producing the car bonyl conpound according to claim 21,
erein a part of ,or an ire c epsate_i as a raw materia
i ngr edi ent PBFIBF68BCFHB &SHﬁoﬁﬁg ?n@ f%%%% gﬁgﬁﬁm?%pr%%ented by
the follow ng-formi %P@ 4 nel gNyge(ég %Cjﬁﬁn1f5&as sup f%%é?%ﬁ%%h 1Pr

produci ng the carﬁony conpoun accor g to clarm 21,"Turt rising a

step of reagti.ng;the aoponi a_cantai B -HR1 Lhee 98s1 db sehatgedafig opnd he top
of the distillation colum mﬁth carbggrdl%X|d%g?o pro u@% ur%a the urea

being recychedcthChai=thdblion wasTh8efel-BOdvEPEAQPIRIYCH NG s heosathany!
conpound according to any one of clainms 6, 9, 13, 16, and 17,

105 through a line 6 equipped at the lowermost portion of
the distillation column 102. A gaseous phase ingredient
was recovered through a line 3 eguipped at the uppermost
portion of the distillation column 102, and it was then
condensed using a condenser 103 that was retained at
approximately 835°C. The thus obtained ingredient was
recovered into a storage tank 104.
[0598]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and ‘H-NMR. As
a result, it was found that the reaction solution was a
solution containing a 4,4'-(4,4"'~
carbonylbis (azanediyl)bis (cyclcohexane-4,1-
diyl)bis (methylene)di (carbamic acid{4-nonylphenyl)ester),
and that the vield of the 4,4'-(4,4"'-
carbonylbis (azanediyl) bis (cyclohexane-4,1-
divl)bis (methylene)di (carbamic acid(4-nonylphenyl)ester)
wag approximately 92% based on 4,4'-
methylenebis (cyclohexylamine) .
[0559]

In addition, from the results of the after-mentioned
Reference Example 9, it was assumed that a compound

having a urea bond was generated (the thermal



- 323 - wherein the organic primary amne is a conpound represented by the
followng formula (5): R3--(NH2 a(5) wherein R3 represents an organic
group containing 1 to 85 carbon atons, and a represents an integer froml
to 10. [Caim27] The nethod for prqﬁxﬁkpg_the carbonyl conpound accordi ng
to any one of clainms 2 and 15 to 21, erein the hydroxy conpound is an
aromati ¢ hydroxy conpound, and

dissociation temperature of the urea bond: 210°C) in the

production of an N-substituted carbamic acid ester in the
Present step. In the present example, as described above,
on the 15" plate for supplying the mixed solution of
urea and 4-heptyl phenol, the compound having the urea
bond reacted with urea under heating at a temperature
equal to or higher than the thermal dissociation
temperature of the urea bond (240°C) to generate an N-
substituted carbamic acid ester. Thus, it was considered
that the N-substituted carbamic acid ester could be
obtained at a high yield.

[0600]

[Reference Example 9]

® Step (N-1)

The same method as that in the step (22-2) of
Example 22 was carried out with the exception that the
mixed solution of urea and 4-nonyl phenol was not fed
through the line 2.

[0601]

The reaction solution recovered in the storage tank
105 was analyzed by liguid chromatography and 'H-NMR. As
a result, it was found that the reaction solution
contained a 4,4'-methylenebig (cyclohexane-4,1-
diyl)di(carbamic acid(4-nonylphenyl)ester), and that the
yvield of the 4,4'-methylenebis (cyclohexane-4,1-
diyl)di (carbamic acid(4-nonylphenyl)ester) was

approximately 52% baged on 4,4'-~



t he carbonyl conpound conprises an N-substituted carbam c acid-O aryl ester
represented by the followwng formula (6): / 0O HH NGCO-Ar (6) wherein

R3 represents an organic group containing 1 to 85 carbon atons, Ar
represents a group derived froman aroggLic hydroxy conpound, which is a
resi due obtained by renoving one hydroxy group fromthe aromatic hydroxy
conpound, and - 324 - b represents an integer from1l to 10.

methylenebis (cyclohexylamine). In addition, the reaction
solution contained approximately 19% by mass of 4,4'-
(4,4'-carbonylbis{azanediyl)bis (cyclohexane-4,1-
diyl)bis {methylene) )bis (cyclohexane~4,1-diyl}di {carbamic
acid(4-nonylphenyl)ester) as a compound having a urea
bond. The thermal dissociation temperature of the urea
bond of the 4,4'- (4,4'-

carbonylbis (azanediyl)bis (cyclohexane-4,1-

diyl)bis (methylene))bis (cyclohexane-4,1-diyl)di{carbamic
acid(4~-nonylphenyl)ester) was 210°C.

[0602]

Morecver, the reaction solution wasg collected from a
sampling port equipped on the 15" plate of the
distillation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
{0603]

[Example 23]
e Step (23-1): Production of N-substituted carbamic acid
ester

The reaction vessel shown in Figure 1 was used.
[0604]

1.6 kg (12.1 mol) of 2,4-toluenediamine, 37.8 kg
(184 mol) of 4-{(1,1,3,3-tetramethylbutyl) phenol, and 2.8
kg {(46.7 mol} of urea were mixed to prepare a raw
material solution. Thereafter, a plate-type distillation
column 102 having 40 plates was heated, so that the

pressure of the column top thereof was set at



[ C ai m 28] The net hod for producing the carbonyl conpound according to
any one of clainms 2 and 15 to 21, wherein the hydroxy conpound is al cohol,
and t he carbonyl conpound conprises an N-substituted carbanm c

aci d-O al kyl ester represented by the3%%ILomﬁng formula (7): O RNCOR4
(7) wherein R3 represents an orgdni'c group containing 1 to 85 carbon
at ons, R4 represents a group derived from al cohol, which is a residue

obt ai ned by renoving one hydroxy group fromthe al cohol, and c represents

an integer FRRFRXE- e ey q dPs-.m £9] this time, the temperature of

the 15”‘p1ate (counted from the column top side) on
which a line 2 was equipped was 250°C. Through a line 1
equipped on the uppermost plate (the first plate) of the
distillation column 102, a mixed solution having the same
composition as that of the raw material solution was
introduced intoc the column at a rate of approximately 1.7
kg/Hr. Through the line 2, a mixed solution of urea and
4-(1,1,3,3~tetramethylbutyl) phenol (urea concentration:
approximately 5 wt %) was fed to the column at a rate of
approximately 1.3 kg/Hr. After operation conditions had
been stabilized, the raw material solution was supplied
through the line 1 at a rate of approximately 1.7 kg/Hr,
and the reaction sclution was then recovered into a
storage tank 105 through a line é equipped at the
lowermost portion of the distillation coclumn 102. A
gaseous phase ingredient was recovered through a line 3
egquipped at the uppermost portion of the distilliation
column 102, and it was then condensed using a condenser
103 that was retained at approximately 150°C. The thus
obtained ingredient was recovered into a storage tank 104.
[0605]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'H-NMR. As
a result, it was found that the reaction sclution
contained a 5,5'-carbonylbis{azanediyl)bis (2-methyl-5,1-

phenylene)di {carbamic acid(4~(1,1,3,3-



The net hod for producing the carbonyl conmpound according to claim 28,
further conprising a step of reacting the N-substituted carbamc
acid-O al kyl ester with an aromati c hydroxy conpound to obtain an
N-substituted carbam c acid-O aryl estegfgrepresented by the foll ow ng
formula (6) and al cohol: - 325 - wher ein R3 represents an organic
group containing 1 to 85 carbon atomns, Ar represents a group derived

[rom an ar IRk IURLOK CRTBGUA, 0L o | =847 B3 0Us, o0t AL 1ed, B vt ng
| nteger fro@u%'L%a%%bnggkﬁgq5%gkedlyl bls(2—methyl—5,1—
phenylene)di (carbamic acid{4-(1,1,3,3-
tetramethylbutyl)phenyl)ester) was approximately 90%
baged on 2,4-toluenediamine.
[0606]

In addition, from the results of the after-mentioned
Comparative Example 6, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15 plate for supplying the mixed solution of
urea and 4-(1,1,3,3-tetramethylbutyl) phenocl, the
compound having the urea bond reacted with urea under
heating at a temperature equal to or higher than the
thermal dissociation temperature of the urea bond {z40°C)
to generate an N-substituted carbamic acid ester. Thus,
it was considered that the N-substituted carbamic acid
ester could be obtained at a high yield.

[0607}
[Comparative Example 6]
s Step {P-1)

The same method as that in the step (23-1) of
Example 23 was carried out with the exception that the
mixed solution of urea and 4-(1,1,3,3-tetramethylibutyl)

phenol was not fed through the line 2.



A nmet hod for producing an i socyanate, conprising a step of subjecting an
N-substituted carbam c acid-O aryl ester obtained by the production nethod
according to claim?27 or claim29 to a pyrolytic reaction to obtain a
product conprising an isocyanate and %%7armorrati ¢ hydroxy conpound. [Caim
31] The net hod for producing the carbonyl compound according to any
one of clains 2 and 15 to 21, wherein the hydroxy conpound is al cohol

obt ai ned by the production nethod according to claim29. [C aim 32]

The met hod f@&* 0% oduci ng the carbonyl conpound according to any one of
clainms 2, 15 to 21, and 29, wherein the hydroxy conpound or the aromatic
hydroxy - 326 -ThComFeGhdORs S8h AL 6Rat PECHFEREXYIcBRAPOBRArdBEaFABY by t he

producti on hod accarding.to claim30. [C aim 33 The nethod for

pr oduci ng tﬂzéi"éao% Yezeéjgéﬁ’r di ¥ o O t@@,raﬂ?&’t rEF BMMERsi fF a st ep
of separati h roduct_ oht ain by the pyrolytic reaction into a gaseous
phase i ngre%ig%érﬁ&atﬁd lgc 11U c?uﬁ(fgg%l%ng}rhgdi%ﬁf:t () FﬁEH%FSt?overi ng a part

of or an entdd {4l PRASG NG Sl (MIRLAI o rpamibNGCl gyl d Phase

gredi ent contalns a compou hdvi ng a-“urea bond.
(1,1,3,3-tetramethylbutyl)phenyl)ester), and that the
yield of the 4-methyl-1,2-phenylenedi{carbamic acid(4-
(1,1,3,3-tetramethylbutyl)phenyl)ester) was approximately
38% based on 2,4-toluenediamine. In addition, the
reaction sclution contained approximately 1%% by mass of
5,5'-carbonylbis (azanediyl)bis (2-methyl-5,1-
phenylene)di (carbamic acid (4-(1,1,3,3~
tetramethylbutyl)phenyl)ester} as a compound having a
urea bond. The thermal dissociation temwperature of the
urea bond of the 5,5'-carbonylbis(azanediyi)bis{2-methyl-
5, l-phenylene)di (carbamic acid (4-(1,1,3,3-
tetramethylbutyl)phenyl)ester) was 210°C.
foece]

Moreover, the reaction solutlon was collected from a
sampling port equipped on the 15" plate of the
distillation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
Furthermore, the reaction solution was collected from a
sampling port eguipped con the third plate of the
distillation coclumn, in which the temperature was less

than the thermal dissociation temperature of the urea



[ O ai m 34] The net hod for producing the carbonyl conpound according to
claim1, wherein the conpound having the urea bond is a conpound having a
urea bond conprised in the |iquid phase ingredient obtained by the
production method according to claim33gg -

bond (210°C), and it was then analyzed. As a result,

urea was not detected.
{0610}
[Example 24]
¢ Step {24-1): Production of compound having ureido group
The apparatus shown in Figure 6 was used.
[0611]
In a state in which a line 66 was closed, 45.2 kg
(205 mol) of 4-nonyl phenol was mixed with 3.3 kg (55.0
mol) of urea in a storage tank 601 that had been heated
to 120°C, and the mixed solution wag then transferred

into an agitation tank 603 that had been heated to 120°C.

In a state in which the mixed solution was stirred in the
agitation tank 603, 1.4 kg of 2,4-toluenediamine was
supplied from a storage tank 602 to the agitation tank
603, through a line 62, at a rate of approximately 2.5
kg/Hr. After completion of the supply of the 4,4'-
methylenebis (cyclohexylamine), the mixture was stirred
for approximately 4 hours, and the reaction solution was
then sampled. The reaction solution was analyzed by
liquid chromatography. As a result, 2,4-toluene diurea
was generated at a yield of approximately 98% based on
2,4-tcluenediamine.
[0612]

Thereafter, the line 66 wag opened, and the reaction
golution was then transferred through the line 66 to a

storage tank 606.
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(06131}
e Step (24-2): Production of N-substituted carbamic acid
ester

The apparatus shown in Figure 1 was used.

4-Nonyl phenol was added into a plate-type
digtillation column 102 having 40 plates, and it was then
beiled with a reboiler 105, so that it could ke in a
total reflux state. At this time, the pressure of the
column top was 2.5 kPa, and the temperature of the 15
plate (counted from the column top side) on which a line
2 was equipped was 250°C. Through a line 1 equipped on
the uppermost plate (the first plate) of the distillation
column 102, a mixed solution having the same composition
as that of the reaction solution obtained in the step
(28~1) was introduced into the column at a rate of
approximately 2.0 kg/Hr. At the same time, through the
line 2, a mixed solution of urea and 4-nonyl phenol {urea
concentration: approximately 4.2 wt %) was fed to the
column at a rate of approximately 1.1 kg/Hr. After
operation conditions had been stabilized, the reaction
golution obtained in the step (28-1) was supplied through
the line 1 at a rate of approximately 2.0 kg/Hr, and the
reaction solution was then recovered into a storage tank
105 through a line 6 eguipped at the lowermost portion of
the distillation column 102, A gaseous phase ingredient
was recovered through a line 2 equipped at the uppermost

portion of the distillation column 102, and it was then
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condensed using a condenser 103 that was retained at
approximately 85°C. The thus cobtained ingredient was
recovered into a storage tank 104.

[0614]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and 'BH-NMR. As
a result, it was found that the reaction sclution was a
solution containing a 5,5'-carbonylbis(azanediyl)bis(2-
methyl-5,1-phenyiene)di (carbamic acid(4-
nonylphenyl)ester), and that the yield of the 5,5'-
carbonylbig (azanediyl)bis(2-methyl-5,1-
phenylene)di (carbamic acid(4-nonylphenyl)ester) was
approximately 89% based on 2,4-toluenediamine.

[0615]

In addition, from the results of the after-mentioned
Reference Example 10, it was assumed that a compound
having a urea bond was generated (the thermal
dissociation temperature of the urea bond: 210°C) in the
production of an N-substituted carbamic acid ester in the
present step. In the present example, as described above,
on the 15" plate for supplying the mixed solution of
urea and 4-nonyl phenol, the compound having the urea
bond reacted with urea under heating at a temperature
equal to or higher than the thermal disscciation

temperature of the urea bond (250°C) to generate an N-

substituted carbamic acid ester. Thus, it was considered
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that the N-substituted carbamic acid ester could be
obtained at a high yield.

[0616]

[Reference Example 10]

e Step (Q-1)

The same method as that in the step (24-2) of
Example 24 was carried out with the exception that the
mixed solution of urea and 4-nonyl phenol was not fed
through the line 2.
f0617]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and ‘H-NMR. As
a result, it was found that the reaction solution
contained a 4-methyl-1,3-phenylenedi (carbamic acid{4-
nonyiphenyl)ester}), and that the yield of the 4-methyl-
1,3-phenylenedi (carbamic acid(4-nonylphenyl)ester) was
approximately 38% based on 2,4-toluenediamine. In
addition, the reaction solution contained approximately
15% by mass of 5,5'-carbonylbis(azanediyl)bisg(2-methyl-
5,1-phenylene)di (carbamic acid{4-nonyl)phenyl)ester) as a
compound having a urea bond. The thermal dissociation
temperature of the urea bond of the 5,5'-
carbonylbis (azanediyl)bis{2-methyl-5, 1~
phenylene) di (carbamic acid{4-nonyl)phenyl}ester) was
207°C.

[0618]
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Moreover, the reaction solution was collected from a
sampling port equipped on the 15" plate of the
digtillation column during the steady operation, and it
was then analyzed. As a result, urea was not detected.
[0619]

[Example 25]
e Step (25-1)

The same method as that in the step (B-1) of
Reference Example 2 was carried out with the exception
that a mixed solution of phenyl carbamate and phenol
(phenyl carbamate concentration: approximately 30 wt %)
was fed through the line 2 at a rate of approximately 2.7
kg/Hr.

[0620]

The reaction solution recovered in the storage tank
105 was analyzed by liquid chromatography and ‘H-NMR. As
a result, it was found that the reaction scolution is a
solution containing a 3- (phenoxycarbonylaminomethyl) -
3,5,5-trimethyleyclohexyl carbamic acid phenyl ester, and
that the vield of the 3-{phenoxycarbonylaminomethyl) -
3,5,5-trimethylceyclohexyl carbamic acid phenyl ester was
approximately 91% based on 3-aminomethyl-3,5,5-
trimethylcyclohexylamine.

[0621]

In addition, from the above described results of

Reference Example 2, it was assumed that a compound

having a urea bond was generated (the thermal
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dissociation temperature of the urea bond: 206°C) in the

production of an N-substituted carbamic acid ester in the
present step. In the present example, on the 15" plate
for supplying the mixed solution of phenyl carbamate and
phenol, the compound having the urea bond reacted with
urea under heating at a temperature equal to or higher
than the thermal dissociation temperature of the urea
bond (230°C) to generate an N-substituted carbamic acid
egter. Thus, it was considered that the N-substituted
carbamic acid ester could be obtained at a high yield.
[0622]

The present application ig based on a Japanese
patent application (Japanese Patent Application No. 2011-
035184), filed on February 21, 20ii; the disclosure of

which is hereby incorporated by reference.

[Description of Reference Numerals]

[0623]

(Figure 1) 100, 101, 104, 105: storage tank; 102: plate-
type distillation column; 103: condenser; 106: reboiler;
107: gas-liquid separator; 1, 2, 3, 4, 5, 6: line

(Figure 2) 201, 203, 207, 209%: storage tank; 202: thin-
film distillation apparatus; 204: distillation column;
205: condenser; 206: gas~liquid separator; 208: reboiler;

20, 21, 22, 23, 24, 25, 26: lines
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(Figure 3) 300, 301, 304, 305: storage tank; 202: plate-
type distillation column; 303: condenser; 306: reboiler;
307: gas-ligquid separator; 31, 32, 33, 34, 35, 36: line
(Figure 4) 400, 401, 404, 405: storage tank; 402: plate-
type distillation column; 403: condenser; 406: reboiler;
407: gas-liquid separvator; 40, 41, 42, 43, 44, 45, 46, 47,
48: line

(Figure 5) 500, 501, 504, 505: storage tank; 502: plate-
type distillation column; 503: condenser; 506: reboiler;
507: gag-liquid separator; 50, 51, 52, 53, 54, 55, 56,
57: line

(Figure 6) 600, 601, 602, 604, 606: storage tank; 603:
agitation tank; 605: gas-liquid separator; 607:
condenser; 60, 61, 62, 63, 64, 65, 66: line

(Figure 7) 701, 704, 705: storage tank; 702: packed
column; 703: condenser; 706: reboiler; 707: gas-liquid
separator; 71, 72, 73, 74: line
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CLATMS

[Claim 1]

A method for producing a carbonyl compound,
comprising a step (X) of reacting a compound having a
urea bond represented by a formula (1) asg shown below
with a carbonic acid derivative having a carbonyl group
(-C(=0) -) under heating at a temperature equal to or
higher than the thermal dissociation temperature of the

urea bond to obtain the carbonyl compound:

/ch
H H (1)
[Claim 2]

The method for producing the carbonyl compound
according to claim 1, wherein the step (X) is carried out
in the coexistence of a hydroxy compound.

[Claim 31}

The method for producing the carbonyl compound
according to claim 1 or 2, wherein the carbonyl compound
comprises an N-substituted carbamic acid ester.

[Claim 4]

The method for producing the carbonyl compound
according to any one of claims 1 to 3, wherein the
carbonic acid derivative ig urea or an N-unsubstituted

carbamic acid ester.
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[Claim 5]

The method for producing the carbonyl compound
according to any one of claims 1 to 3, wherein the
carbonic acid derivative is a carbonic acid ester.
[Claim 6]

The method for producing the carbonyl compound
according to any one of claims 1 to 5, wherein the
compound having the urea bond is a compound represented
by a formula (2) as shown below, which is produced from
raw material ingredients comprising an organic primary

amine and a carbonic acid derivative:

/ji\
R'—N N—R?
H H (2)
wherein

R' and R? each independently represent an organic
group comprising a group derived from the organic primary
amine.

[Claim 7]

The method for producing the carbonyl compound
according to any one of claims 1 to 5, wherein the
compound having the urea bond is a polyurethane-urea
copolymer.

[Cilaim 8]

The method for producing the carbonyl compound

according to claim 1, wherein

the carbonic acid derivative i1s a phosgene, and
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the carbonyl compound comprises a compound having a

group represented by the following formula (3):

O

PN

—N Cl
H (3)

[Claim 9]

The method for producing the carbonyl compound
according to claim 8, wherein the compound having the
urea bond is a compound produced from an organic primary
amine and a phosgene.

[Claim 10]

The method for producing the carbonyl compound
according to any one of claims 1 to 9, wherein the step
{X) 1s carried out in a distillation column.

[Claim 11}

A method for producing an isocyanate, comprising a
step of subjecting a carbonyl compound obtained by the
production method according to any one of claims 1 to 10
to a pyrclytic reaction to produce the isocyanate.
[Cilaim 12]

The wmethod for producing the carbonyl compound
according to any one of claims 1 to 1C, wherein

the step (X) is carried out using a digtillation
column comprising a supply port A, a supply port B, and a
discharge port C;

the step (X) comprises steps of:
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supplying raw material ingredients containing the
compound having the urea bond, or raw material
ingredients containing a precursor of the compound having
the urea bond, to the distillation column via at least
one supply port A,

supplying the carbonic acid derivative to the
distillation column via at least one supply port B, and

recovering a generated mixture comprising a carbonyl
compound via at least one discharge port C disposed at a
lower part of the distillation column; and

the at least one supply port B is disposed at a
position the same as or lower than the supply port A,

the at least one discharge port C is disposed at a
position the same as or lower than the supply port B, and

a temperature of the distillation column at a height
of the supply port B is equal to or higher than the
thermal dissociation temperature of the urea bond in the
compound having the urea bond.

[Claim 13]

The method for producing the carbonyl compound
according to claim 12, wherein the precursors of the
compound having the urea bond are an organic primary
amine and a carboni¢ acid derivative.

[Cilaim 14]
The method for producing the carbonyl compound

according to claim 12, wherein the precursor of the
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compound having the urea bond is a compound having a

ureido group represented by the following formula {4):

O

PN

—N NHQ
H (4)

{Claim 15]

The method for producing the carbonyl compound
according to any one of claims 12 to 14, wherein the raw
material ingredients to be supplied via the supply port A
further contain a hydroxy compound.

[Claim 16]

The method for producing the carbonyl compound
according to claim 12, wherein

the raw material ingredients to be supplied via the
supply port A are indicated by a combination (i) or (ii)
described below, and

the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a
hydroxy compound:
combination (i): an organic primary amine, urea, and a
hydroxy compound; or
combination (ii): a hydroxy compound and a compound
having a ureido group represented by the following

formula (4):

O

PN

"“““N NHZ
H (4)
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[Claim 17]

The method for producing the carbonyl compound
according to claim 12, wherein

the raw material ingredients to be supplied via the
supply port A are indicated by combination (iii): an
organic primary amine, a carbonic acid ester, and a
hydroxy compound, and

the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a
hydroxy compound.

{Claim 18]

The method for producing the carbonyl compound
according to claim 12, wherein

the raw material ingredients to be supplied via the
supply port A are indicated by combination (iv): a
polyurethane-urea copolymer and a hydroxy compound, and

the mixture to be recovered via the discharge port C
comprises an N-substituted carbamic acid ester and a
hydroxy compound.

[Claim 19]

The method for producing the carbonyl compound
according to any one of claims 12 to 18, wherein a
hydroxy compound is further supplied to the distillation
column via the supply port B.

[Claim 20]
The method for producing the carbonyl compound

according to any one of claims 12 to 19, wherein
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the distillation column comprises a plurality of the
supply ports B, and

a mixture of a carbonic acid derivative and a
hydroxy compound is supplied to the distillation column
via the plurality of supply ports B.

[Claim 21]

The method for producing the carbonyl compound
according to c¢laim 12, wherein

the distillation column further comprises a
condenser;

the method further comprises a step of condensing a
portion of gas discharged from a top of the distillation
column using the condenser to obtain a condensate;

& hydroxy compound is further supplied to the
distillation column via the supply port A and/or the
supply port B;

the carbonic acid derivative to be supplied via the
supply port B is urea and/or an N-unsubstituted carbamic
acld ester;

the gas discharged from the top of the distillation
column comprises a compound having a carbonyl group
derived from the carbonic acid derivative and/or a
compound having a carbonyl group derived from the
compound having the urea bond, a hydroxy compound, and
ammenia; and

the condensate contains a compound having a carbonyl

group and a hydroxy compound.
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[Cilaim 22]

The method for producing the carbonyl compound
according to claim 21, wherein a part of or an entire
condensate is circulated inside the distillation column.
{Claim 23]

The method for producing the carbonyl compound
according to claim 21, wherein a part of or an entire
condensate is supplied to the distillation column via the
supply port B.

[Claim 24]

The method for producing the carbonyl compound
according to claim 21, wherein a part of or an entire
condensate is recycled as a raw material ingredient for
producing a compound having a ureido group represented by

the following formula (4):

0O

A

—N NH,
H (4)

i{Claim 25]

The method for producing the carbonyl compound
according to claim 21, further comprising a step of
reacting the ammonia contained in the gas discharged from
the top of the distillation column with carbon dioxide to
produce urea, the urea being recycied.

[Claim 26]
The method for producing the carbonyl compound

according to any one of claims 6, 92, 13, 16, and 17,



- 323 -

wherein the organic primary amine is a compound

repregented by the following formula (S):

R?’*GNHZ)
a

wherein

(5)

R’ represents an organic group containing 1 to 85
carbon atoms, and

a represents an integer from 1 to 10.
[Claim 27]

The methed for producing the carbonyl compound
according to any one of claims 2 and 15 to 21, wherein

the hydroxy compound is an aromatic hydroxy compound,
and

the carbonyl compound comprises an N-substituted
carbamic acid-0-aryl ester represented by the following

formula (6)

O
3 H il
RY+N—C—-Q—Ar
{(B6)

wherein

R’ represents an organic group containing 1 to 85
carbon atoms,

Ar represents a group derived from an aromatic
hydroxy compound, which is a residue obtained by removing

one hydroxy group from the aromatic hydroxy ccompound, and
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b represents an integer from 1 to 10.
[Claim 28]

The method for producing the carbonyl compound
according to any one of claims 2 and 15 to 21, wherein

the hydroxy compound is alcohol, and

the carbonyl compound comprises an N-substituted
carbamic acid-C-alkyl ester represented by the following

formula (7):

¢ (7)

wherein

R’ represents an organic group containing 1 to 85
carbon atomg,

R? represents a group derived from alcohol, which is
a residue obtained by removing one hydroxy group from the
alcocheol, and

¢ represents an integer from 1 to 10.
[Claim 29]

The method for producing the carbonyl compound

according to claim 28, further comprising a step of

reacting the N-gubstituted carbamic acid-0-alkyl ester
with an aromatic hydroxy compound to obtain an N-
substituted carbamic acid-O-aryl ester represented by the

following formula (6) and alcohol:
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O
3 H 1
R>TN—C—QO~—Ar
(6)

wherein

R represents an organic group containing 1 to 85
carbon atoms,

Ar represents a group derived from an arcmatic
hydroxy compound, which is a residue obtained by removing
one hydroxy group from the aromatic hydroxy compound, and

b represents an integer from 1 to 10.

[Claim 30]

A method for producing an isocyanate, comprising a
step of subjecting an N-substituted carbamic acid-O-aryl
ester obtained by the production method according to
claim 27 or claim 29 to a pyreolytic reaction to obtain a
product comprising an isocyanate and an aromatic hydroxy
compound.

[Claim 31]

The method for producing the carbonyl compound
according to any one of claims 2 and 15 to 21, wherein
the hydroxy compound is alcohcl obtained by the
production method according to ¢laim 29.

[Claim 32]

The method for producing the carbonyl compound

according to any one of claims 2, 15 to 21, and 29,

wherein the hydroxy compound or the aromatic hydroxy
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compound is an aromatic hydroxy compound obtained by the
production method according to claim 30.
[Claim 33}

The method for producing the isocyanate according to
claim 30, further comprising a step of separating the
product obtained by the pyrolytic reaction into a gaseous
phase ingredient and a liguid phase ingredient and then
recovering a part of or an entire liguid phase ingredient,
wherein

the ligquid phase ingredient contains a compound
having a urea bond.

[Claim 34]

The method for producing the carbonyl compound
according to c¢laim 1, wherein the compound having the
urea bond is a compound having a uxea bond comprised in
the ligquid phase ingredient obtained by the production

method according to claim 33.



