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A PROCESS FOR PRODUCI NG | SOCYANATES Technical Field
The present invention relates to a process for
produci ng i socyanate. 5 Background Art |socyanates
are widely used as production raw materials of such
products as pol yuret hane foam paints and adhesi ves.
The main industrial production process of isocyanates
i nvol ves r ARROQESHFCGR PRODBUCING B@CYBNAIES gene
nmet hod), and nearly the entire anobunt of isocyanates
produced throughout the world are produced accordi ng
to the phosgene nethod. However, the phosgene nethod
T im_EuUs problens. Firstly, this method requires
the use of a | arge anmount of phosgene as raw
material. Phosgene is extrenely toxic and requires
spegi.al A : [ I ;
o B st i R o 2 PR A ng ek dhdte.
apparatuses to detoxify waste. Secondly, since highly
corrosi ve hydrogen chloride is produced in |arge
anpunts .8s, a by-product of the phosgene nethod, in
QBWTPPBH%N) requiring a process for detoxifying the
hydrogen chloride, .in many cases hydrolytic 20
chl dsacanatesc @i awidaly i wsetheas syeglatiansray dnatesigls of such
which may have a detrinental effect on the weat her
proghicts asceolywethars foami painis arst adpesiyes.et h@enain industrial
products in the case of using isocyanates produced
pregfuatioh heroced® f dsecyariatesl .inived eebetirigs andineédiwith phosgene
background, a process for producing isocyanates 1 has

(PRRBeheUaBbthdd)atnd 08garo the! S iR GHEGI - ofORRceARaRE cprdduced

a method for producing isocyanate conmpounds w t hout

th;r' %%‘ﬁhgﬁ%&l& hgfe Rﬁ(é)?l?@&i‘ ad&bgcﬂgéieg) itﬂé°k3¥éﬁ$§gene method.

onpositio car bam este

)

However, the phosgene method has numerous problems.

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

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

On the basis of this background, a process for producing isocyanates
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| socyanat es and hydroxy conpounds have | ong been known

to be obtained by 5 thermal deconposition of carbamc

acid esters (see, for exanple, Berchte der Deutechen
Chem schen Cesel I schaft, Vol. 3, p. 653, 1870). The

basic reaction is illustrated by the foll ow ng

formula: R(INHCOOR )a | R(NCOa + a RCOH (1) (wherein

h&s bepnesaight that doegandicuseephdsgeneayi Goe £xampie ©f aomethod for
R represents 10 a nonoval ent organic residue, and a
proziuicaRe néscyanaten taxgepouridsl withoubr eging Theosderrendhat has been
deconposition reaction represented by the

pafpsedeRbreed therdldl a desofpoditRind! 8f @AtbadriicC oatidasésters.
to the equilibrium thereof being towards the carbamc

. . I
ISty et Hnc APy, eBirpolindS (e IGH, HeBGioR) (e obliined by
r ' i LT T, v ogd
Rt BePBboRingl o el BAME. 8o eers (848, ' plefaple. Berchte der
t her mal conpositign reactio t Jigh ure .
Dhifecg Lramerhen 1GoeeBEngl a7 ol it 28700 °The basic
articular, since the reaction rate is faster for the
reacfigpds iliusiatacoby e follewing fo@dmposi ti on, nanely the
reacti on by which al k'e(l carbamate is formed from
i SORYNER@RINd AT TohBINCRaet ciRfhi ¢ 20 acid ester (1)
ends up being formed before the isocyanate and al cohol
(wheneed Rbrepredestsrah afgapicresiduedmvang asvalence ofia, R’ represents
thereby frequently leading to an apparent difficulty
ainfoid\algitagganisiresidat, hhe atrepresdntslas am@eger bf dor more).
reaction. On the other hand, thermal deconposition of

al kyfheCar PaALPS HecompdsiBhi P! Rakfion Ne repfBdbhRRLOUBY  the
occurrence of various rrever3|ble_3|de 25 reactions
BN by REl RIm IR 35 ek blel S| RS0 Hdl e Seddiorium
f by the th I ) ition. Ex | f.
theredE Bt BRAITY (R ARG SCkh e R et Sidf o3t low
bonds are forned as represented by the follo 'ng
tanperatues ) the, isegxanalg  and whyd X ar GUBPP T S1s: cbecomes

formed as represented by the followng fornula (3),
predominant at high temperatures. Thus, it is necessary to carry out the

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

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

reactions such as thermal denaturation reactions undesirable for alkyl
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5 and a reaction in which isocyanurates are forned as
represented by the following fornmula (4) (see,
Bercht e der Deut echen Chem schen Gesel |l schaft, Vol
3, p. 653, 1870 and Journal of Anerican Chem ca
Society, Vol. 81, p. 2138, 1959): 0 O OO HII Il H
H11 HRNCOR + R-OCGCNR->RNGCNR +
citba®aie© Rr (@ndeh8afbiN=CfOisotPaBatésR fakmRdIN=IG-NtiRe + thermal
CR2 (3) OR NAN-R 3RNCOO-N~OR(4) 1In
deestnpbitioh0 ERes®IeE dfthesadditlonsadtivmdi inglude  retsstiorainewhich
inyleld and selectivity of the target isocyanate, in
uFREbBRATHFS FR e a® PpreSERtcansy afe fd!lomli’ﬁg{ faratllian2), a reaction
these reactions may nmake | ong-term operation difficult
rEiihBhicEtodinfides e Sfme ReProstRIRL BY 1hg follauing formuia (3),
reaction,. vessel. Various t haods have been pr
20§ JeRRtialcn Fish BpcvaRues 25 R Meg R eRiERIREd by the
roducin ol yi soc ate has heen pro ed .in whigch
fOﬁﬁwmwr?rﬁﬁ?ﬂ%b?ﬁ%ﬁcﬁt%gﬁhfﬁﬁ%&%ﬁ Fiischen Gesellschatt,
conposed of al koxy 9roups 20 corresponding to a
Vek i e -y623.c 48P ands Jeunsipe of dmedcan Ghatsiest Sociatsa¥elod1, p.
reaction with a secondary al cohol to produce an al kyl
238 yt26Pamate in which the ester groups are conposed
of al koxy groups corresponding to the secondary
al gofiol , fol l oned by, thernal degdimpsition of &t he
Rit-Nyf—03Rpa| yBard&mit® (Sef, RFot-GExhmpl &, R—0-C—0—R (2)
I nternational Publication No. WO 95/23484).

R—N=C=0 + O0=C=N—R —» R—N=C=N—R + CO, (3)
0
Ry AR
3 R—N=C=0Q —™
Ao
R (4)

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

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

secondary alcohol, followed by thermal decomposition of the alkyl
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It is described in this nethod that the thernal

deconposition tenperature of the al kyl polycarbanate

can be set to a | ower tenperature by going through an

al kyl pol ycarbamate in which the ester groups are

conposed of al koxy groups 5 corresponding to the

secondary al cohol, thereby resulting in the effect of
polgcarpanzdibgsee, fonkeixbimplariatarpatienal dtubdication Woe WO 95/23484).

solid. However, the reverse reaction rate between the
Itpeldasenbganatthist metmst kyattthe theemahdedempopitioht tepiperature of

reaction of the al kyl polycarbamate and the secondary

tha @mg%owc@arﬁhmdte tafte $d19H %bl)bwér Qé%FBﬂathFéeb Pﬁmget'ﬁ\'&lgh an

i nhi |t|ngtheformat|on of al kyl polycarbanate by the

alﬁgl 'E@Z&Eﬂs | sc ose %%Egﬁql%@{} %%‘?Sﬁ'%?tb,ggﬂ'ggémy groups
oFeeyond a”%‘&ifqa%%e@?ﬁﬂﬁ%%wﬁa@@aﬁ@ ¥t o being

sub ec dtoatrans rlflcat n reactio
b PEeRRlo G erc el farHoB T ﬁem\fﬁgse reaction
ther rral deconposi tion of 15 the aromatic ar
raje bpbuedmthe polyisosyanrieformed bythe |taerr%ai<gﬂ&9mnpsct§5breacﬂon
for exanple, US Patent No. 3,992,430). This nethod
oﬁ@m:ralhéspmlhmrbaﬁmte and tbeisqr,oaluaa/ tadcahed is hatilk fastméilereby
deconposition tenperature to a | ower tenperature by
le@oingotHen prakdémanf imhibitiig thea forimationy obalighpblcatmweater by the
in the case of this aromatic aryl polycarbanmate as

ravelde radidieh dreoRedgat ures i ke 20 those at which the
transesterification reaction or thermal deconposition

reagp é!ﬂerhétn‘ié‘hfétﬁgd ‘Pﬁ% béé‘rPH%cﬂfs%erH% g,sﬁﬁttjé“pmu%hon of
si de reactions ose descri bed St
Gl iseeafatel o dmBieh A afhls 'J‘B{@%"ﬂmamaw and an
oA e sl Pl TRRelon
frequently result in 25 the occurrence of variou

pma@garra@lr%n%tmerw patycrermatedellowed bythepnal d%@mnosmon of
Patent No. 4,613,466). Disclosure of Invention
the aromatic aryl polycarbamate to product an aromatic isocyanate (see, for

example, US Patent No. 3,892 430). This method describes the effect of
being able to set the thermal decomposition temperature to a lower
temperature by going through an aromatic aryl polycarbamate. However, in
the case of this aromatic aryl polycarbamate as well, under temperatures like
those at which the transesterification reaction or thermal decomposition
reaction is carried out, there are many cases in which side reactions like those
described above still occur, there leaving the problem of improving isocyanate
yield unsolved. Moreover, thermal decomposition of N-substituted aromatic
urethanes in the gaseous phase or liquid phase is known to frequently result in

the occurrence of various undesirable side reactions (see, for example, US
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Problens to be Solved by the Invention 5 As has been
descri bed above, there are currently hardly any

nmet hods for industrially producing polyi socyanates at
favorable yield without using extrenmely toxic
phosgene. An object of the present invention is to
provi de a process that enables isocyanates to be
Pateaib No. gh;@t3)48d).over a | ong period of tinme at high
yield 10 without encountering various problens as
found in the prior art when producing isocyanates

W t hout usi ng phosgene. Means for Sol ving the Problens

DistlodedoPinvdnioabove, as a result of conductive
extensive studies on the 15 above-nentioned probl ens,

thepir @msqgsoeoéohggnt%ﬁ?gﬂg%ﬁtwnti on found that a

production process | carbamc acid ester and

a specific argmatic , hvdro compound S

2+ RS Tlisu et PR Ieg Afelee e T P rlychardy 5] o6l for
. carpamate fol | owed subj ecting the aryl carpa e to .
IngOE R ProdHR S POPISSHEP GRS | Bin RO KBI0 without Cusing

i socyanat e enabl es the above-nenti oned 20 problens to
exeerspiyieyic phnsgeps. | eading to conpl etion of the

present invention. Nanely, the present invention

pr oRindesiechef the boesemndsnveritibnaispioopside ar precess dhatgenables

an isocyanate, conprising the steps of: reacting a
iscoydrates tachel statblgrpraddcedh aveprmtiony mediodxyf timepatimigh yield

to obtain an aryl carbamate having a group derived

withelt hRoahiimg Qahiﬁqéogyobléﬁsc‘égp%bﬁ% iANgh& prior art when
subjecting the aryl carbanate to a deconposition

pFo%J%Engiqgo 184 WithBEt aéiﬂg%%gﬁﬁgr oxy conpound is an

aroma roxy conpoun I's represented by the
followng fornmula (5) and which has a substituent R
at at least one ortho position of a hydroxyl group: OH

Means for Solving the Problems

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

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

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

compound; and
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RL A5 (5) (whereinring A represents an aromatic
hydrocarbon ring in a formof a single or nultiple

rings which may have a substituent and which have 6 to

20 carbon atoms; Rl represents a group other than a
hydrogen atomin a formof an 10 aliphatic al kyl

group having 1 to 20 carbon atons, an aliphatic al koxy

gr ospbjekting tige aryl caffamatelhiora decorapositioargactpmoup

having 6 to 20 carbon atons, an aryloxy group having

6 t whePeinathenapdratic Aydrakd! kpmpwiedp idadh nardmatic 2Rydroxy
carbon atons or an aral kyl oxy group having 7 to 20

c&RbBORd AWINER is TESreSERIERA b %?ﬂ)lfﬂvﬂﬂ%%‘mﬁlﬁ%§%!nﬁ%ﬁi@h has a
froma carbon atom an oxygen atomand a 15" nitrogen

[ o [ .
s fIE) 3R onho bosbh el Micelyiliowor 1y
wher ei nagHhe aromati ¢ hydroxy conmpound is a conpound
represernt ed the following fornula (6): OH Rz Rl
(6) wherein ring A and RL are the sane as defined
aboye, 20 R2 represents a hydrogen atom or an
al i phatTc aj kyl group having 1 to 20 carbon atons, an
al i pRati c Al koxy group having 1 to 20 carbon atons, an
aryl 5—group having 6 to 20 carbon atons, an aryl ox )
roup having 6 to 20 carbon. atons, an aralkyl_qgrou .
(W7l RS ¢ Fensesents an arunatic PYdiosargan, 199 df & fe™m o a single
having 7 to 20 atons, the aliphatic alkyl, the
obMubinie rngsIdsly mawbaye @ S,Uhsﬁléue"ﬁr%ﬂdo‘ﬁ?)/',Chthfé’eaﬁ 40 RP| carbon
and t he aral kyl oxy groups contai ning an atom sel ected
afontsn 5 a carbon atom an oxygen atom and a nitrogen
atom and R2 may bond with A
R' represents a group other than a hydrogen atom in a form of an

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

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

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

OH
R2 R1

(6)

(wherein ring A and R' are the same as defined above,
R? represents a hydrogen atom or an aliphatic alky! group having 1 to 20

carbon atoms, an aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl
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to forma ring structure), [3] the process according
toitem[2], wherein in the fornmula (6), a total

nunber of the carbon atonms constituting RL and R2 is

2 to 20, [4] the process according to any one of itens

[1] to [3], wherein the ring A of 10 the aromatic

hydr oxy conpound conprises a structure containing at

gltegs having 6 46 rafc tanbensatcets, eah Ardoxyt heowgy baping 6 to 20 carbon
consi sting of a benzene ring, a naphthalene ring and

atmanhAr gy g{]rb[lp , hévihg theo P20 cesBoR Gtemdl 6O dralkiloRin group
[4], wherein the aromatic hydroxy compound is a

nt I 7
hse'ﬁglv% Eﬁégét?gﬁsp? Afﬁgﬁbbhta\?ﬁeélg*l QM %lﬁh@ﬂ@lﬁa{?%iyt )the%l the

\Y
am@pen dgﬁ'{lw %%gg@%sagﬁl@fbg(y@gngég’éﬁfﬁgmﬁﬁ afi‘l"ﬁjtoﬁﬁselected from
al i hatl c_al kyl oup havi to 20, carbo t
aﬁﬂ"ﬁﬂ%ﬁ‘?{“aﬁﬂé‘%‘y P &l mﬂ?aﬁ*fqg%awc%@fﬂa? g perid with A
ar rou haV| ng 6 to 20 carbon atons, an 20

t%Wy*ng l&@LHS ¥ing 6 to 20 carbon atoms, an aral kyl

roup having 7 to 20_carbon atons or an ar al kyl ox
[:%rtbﬂ Precassmccpreing 1o item bBinwaetsie in mﬂefcum%shéﬁ).. @ total number
al kyl, the aliphatic al koxy the aryl, the aryl oxy,

of the wrbbh)dtomsabonb‘etuangll?(yanﬂ(ﬁ |S72¢0@0ps contai ni ng an
atom sel ected froma carbon atom an oxygen atom and

[4 thetprogess atesding &l ahy@ner ofcitsras J¢L [B]nevherein tteering A of
[5], wherein the aromatic hydroxy conpound is such

tHehéﬁorhé‘hé H?dlfo%/ Bdhdpduhd caAphs&d a@tr@?@re%ntammgbat least one

i ndependently represents a 5 group represented by the

s{@%ﬁh?é"%gﬁciéﬂ b PtHeSdro L Ebri¥stingo P4 beR2e hERINGS 8 aghthalene

rogen a
ring and an anthracene ring,

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

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

OH

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

alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl and the aralkyloxy
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(8) (wherein X represents a branched structure

sel ected fromthe structures represented by the

following formulas (9) and (10): R6 10 R6 (9) H -C

R6 (10) (wherein R6 represents a linear or branched

al kyl group having 1 to 3 carbon atons), [7] the

process according to item|[5], wherein the aromatic
ghouprsosyntammgp an citorhbselscted drorm retaibont Atenf, @amuokygdr8atom and
Rl represents a linear or branched al kyl group having
ahitrogén atgripn at ons, and each of R2 and R4

i ndependently represents a hydrogen atomor a |inear

[6} rth@ 088 adddrd IngHoatdn W§¥ iEréint heba l%?r'iéﬂénhﬂir@@ compound
the process acCcordin 0 any one of itens

|s[ gl]l%a\’mﬂrlﬁ'tﬂ Bﬁnﬁlgr(l?znédﬁch Pow n R? |h§ﬁé}[o%nzlgt}@bfé§ents a

car mec aCI ester Ing p

QFQQ{BO%%??%?@?Q'OE?YO ¥ oo B B AR 5T o R P reppesent o

hgﬁ %TEI n the aI i phatic carbam c acid ester is an
09RBAteMy o ycarbam ¢ acid ester, 8 [10] the process

accordi ng N\ item[8], further corrpri sing the steps

of : usI y suppl ying the aliphatic carbamc

aci d est -—-—»: the aromati ¢ hydroxy conpound to a (8)
acti vessel react the aliphatic carbam

(gL er.epﬁﬁf%ea Franaerd s, Seldaiei o, g Stuctures

the reaction vess ecovering a formsd | ow boi l'i ng

r%ﬁﬁ‘?”@@rﬁ)’dﬁ@ﬁ?”@‘ﬁmﬂ fPB‘ﬂH'\a@f(gha@g conponent; and

continuously extracting a reaction |i qU| d contai ni ng
the aRryl carbamate

']?5 (9)
H
I
_cl:_
RS (10)

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

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

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

is an aliphatic polycarbamic acid ester,
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and the aromatic hydroxy conpound froma bottom of the
reacti on vessel, [11l] the process according to any one
of items [1] to [10], wherein the 10 deconposition
reaction is a thermal deconposition reaction, and is a
reaction in which a corresponding isocyanate and
aromati ¢ hydroxy conpound are forned fromthe aryl

[1€3 then pracess[abt2prding tpitemd8$ father domprisingithe stéps1ff;
wherein at | east one conmpound of the isocyanate and

ar ogphiitudusly supplgipatadliphaticedrdamichaid bsterand the aromatic
deconposition reaction of the aryl carbamate is

hyeY Ycthdihdtd ar idagtioR ve§§é|esw%sct@ma@ e alipRatid BSrbamic
process according to item[8], wherein the aliphatic

o o LB
Conﬁé%vg,qgao# Cg{r es(g(gv‘fs)ﬁgltlﬁ gﬁ Selrﬁé{:ﬁ%@l Fl\oﬂorgboggodé%eous

car bon ato and an aromatic group having 6 to 20
C‘&'QPBB%“%@BHE the group containing an at om sel ect ed

from a carbon atom an oxygen atom and a nitrogen

at oRBNtiRkRNSHa EHGoENg A eprdiopr liqyid comfaining gy earbamate
al i phatic group which has 1 to 8 carbon atons and

angh theghatnatic hygdramy spompasiddotrad Hottomeaofdhe beactionogsseh
oxygen atomand a nitrogen atom and n represents an
[ithttegeprorfest bocdrling %o [dry driee ofriteras s{1dcioo[ th]ngvherein the
item[13], wherein the aliphatic carbamc acid ester

dééorﬁld@;ﬁtlbﬁ&éa&ﬁ)ri & & e mRATRAEMh FRIMERE RS ctiBnb¥NE M€ a reaction
formula (11) is a

in which a corresponding isocyanate and aromatic hydroxy compound are
formed from the aryl carbamate,

[12] the process according to item [11], wherein at least one compound of the
isocyanate and aromatic hydroxy compound formed by the thermal
decomposition reaction of the aryl carbamate is recovered in a form of a
gaseous component,

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

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

0
R'—N—C-0—RS
: (11)
(wherein R’ represents a group selected from the group consisting of an
aliphatic group having 1 to 20 carbon atoms and an aromatic group having 6 to
20 carbon atoms, the group containing an atom selected from a carbon atom,

an oxygen atom and a nitrogen atoms, and having a valence of n,



group selected fromthe group consisting of an al kyl
group having 1 to 20 carbon atons and a cycl oal kyl
group having 5 to 20 carbon atons, [15] the process
according to item[14], wherein the aliphatic carbamc
acid 10 ester is at |east one conmpound sel ected from
thngroup consi sting of conpounds represented by the

f ol Fowepgedentsrdraaliphatic grdd verich (Had) 1 1© 8Hcdrbon atoms and
Ra'~OCN NIIQOL~ Ra Il HO(12) OO0 11 11 R8-1

whichCeohtafrsCiR atbi del@dted Gravh a bafBon &R arPoxy§dhGtor? and a
11 H (14) 15 (wherein R8 is the sane as defi hed

¥8)atoml&hgan aryl polycarbamate represented by the
n?%:glova%g’?]grnula (15), (16) or (17): 10 Rlo B RIO H
OD

n represents an integer of 1 to 10),

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

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

compounds represented by the following formulas (12), (13) and (14):
N E R®
c” \/\/\/\H/ ~o”

o (12)
o

Ra/o\

H H (13)

H o (14)
15 (wherein R® is the same as defined above),
[16] an aryl polycarbamate represented by the following formula (15), (16) or
(17):

10
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O YNNII~~-NOBCOHRs RO (15) Rs RRo O - pp O
HHO 10 9 (16) RO p O-NRlo 70 B NNk OH RO (17)
(wherein a ring B represents a structure which my
have a substituent and 5 which contains at | east one
structure selected fromthe group consisting of a
benzene ring, a naphthal ene ring and an ant hracene
ring, RO represents a group ot he hydr ogen at om
|nafmﬂmof ary allphatlc alﬁ* aving 1 to 20

car bgn 8 ) Y having 1 to
20 cargo @IS, group haV|n 6 to 20 carbon
at oNs . _10 aryl oxy group having 6 to 20 carbon

ato &n Bral kyl group having 7 to 20 carbon atons(15)
or an aral kyl oxy group having 7 to 20 carbon atomns,
gEONt ai ni ng an at om sel get ee oma car bon
q and R10

alip at Nc alXoxyTgroup having 1
to 20 & bon atons, an aryl group havkhg 6 to 20 (16)
carbon_atons, an aryI oxy group having 6 to 20 carbon

at ons 9 ﬁpral kyl

Re¥S0
0
H)J\O R

(wherein a ring B represents a structure which may have a substituent and

(17)

which contains at least one structure selected from the group consisting of a
benzene ring, a naphthalene ring and an anthracene ring,

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

© represents an aliphatic alkyl group having 1 to 20 carbon atoms, an
aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to
20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl
group having 7 to 20 carbon atoms or an aralkyloxy group having 7 to 20

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

11
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group having 7 to 20 carbon atons or an aral kyl oxy

group having 7 to 20 carbon atons, the aliphatic

al kyl, the aliphatic al koxy, the aryl, the aryl oxy,

the 11 aral kyl and aral kyl oxy groups containing an

atom sel ected froma carbon atom an oxygen atom and

a nitrogen atomy, [17] the aryl polycarbamate
aaalkyradidnaraikyloxtyegnoup 6 lcontdinioly arsatoep sekeetad:fiobya chebon atom,
foIIovvi ng formula (18), (19) or (20): RI3 RO 0 Rto

gghaﬂon@nﬁtrdgen SO R HR9 5 R13 (18) R11 R13
O R70 0~ R12- ORla'0 HCO\ RI1 RlL R9 (19) Ril1

[%Z}h%%i\igﬁér&%e{e acedidingdto kA [RBP wihéh is! (dprEkerfted by the

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

R13
. R10 R12
L N )'I\
R o N\/\/\/\
(o] R11
\Il( H Y
R12 R10
(18)
R11 R13
12 R? R 12
» OAH Al
R10 RS (19)
R1
R13 ’"\
; )
(20)

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

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

an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
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(wherein R9 represents a group other than a hydrogen
atomin a formof an aliphatic alkyl group having 1

to 20 carbon atoms, an aliphatic al koxy group 10

having 1 to 20 carbon atons, an aryl group having 6 to

20 carbon atonms, an aryloxy group having 6 to 20

carbon atons, an aral kyl group having 7 to 20 carbon
catbemmsatomsaor an atdloxy gayupuipaviay i7rtg 20 tarb2f atamispthe aliphatic
atons, the group containing an atom selected froma

alkgl, A8 Aibhatic Akakyy BRNal OfRcda|dky, thd BRERY, aharthe aidikylox
12 each Ef R10, %1, R1Z2 and qu’13yi ndepenggntly yioxy

gFRYSESAAR| Qbf%&ﬁ%ié&t%&“fr&ﬁ PBarBohPhB, farﬁbmaﬂatom and

group having 1 to 20 carbon atons, an aliphatic oXxy

: j 1 to 20 carbon atons, an aryl group
A A

20 carbon atons, an aryl oxy group having
6 to 20 carbon atons, an aral kyl group having 7 to 20
12 carbon atons or an aral kyl oxy group having 7 to 20
carhon atons, the aliphatic alkyl, the aliphatic
al kOdyaniageoys\rtect ghthg \veRrlion t he aral kyl, and the
aral kyl oxy groups containing an atom sel ected froma
car herotingn toathesprgeentainyentian, as ifocyagaie saonbe. peduced
Advant ageous Effect of the Invention According to the
eficesndytwithout nsingrphaagensocyanat e can be produced
efficiently without using phosgene. 10 Bri ef
Description of Drawings Fig. 1 shows a concept ual
drawi ng showi ng a conti nuous production apparatus for

BREPOESEMicHPEMORIMINGS d ester according to an
enbodi ment of the *Ppresent invention; Fig. 2 shows a

CCRERRL i B ScfyHhESREE 8 AArBR groucr
3,shows

a waj%ﬁ#gf%g {;}%9\5:1 %ﬁgﬂ%%ﬁ)%%gla &s&g&g&qq&gﬁ % %erpérlﬁglodiment of the
present invention;

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

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

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

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

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

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

13



10G

15

20

25

reacti on apparatus according to an enbodi nent of the
present invention; Fig. 4 shows a conceptual draw ng
showi ng a thernal deconposition reaction apparatus
according to an enbodi ment of the present invention;
20 Fig. 5 shows a conceptual drawi ng show ng an

i socyanate production apparatus according to an
asidpdi(R, frevteibutyiphenys ester iobiained om step 3-4p of koampid @ of the
1H NWR spectrum of N, N - hexanedi yl - bi s-carbam c acid
presedht ivebintibar t - but yl phenyl ) ester obtained in step
(3-4) of Exanple 3 of the present invention; and, 25
Fig. 7 shows the 13C- NWR spectrum of

N, N - hexanedi yl - bi s-carbamc 13 acid

D@b&ﬁ;?t‘f’mfbfﬁéfér hed Wy |3 ester obtained in step

e 3 of the present invention.

@g Ji:)l’l pti on of Reference Nunmericals: 5 (Fig. 1) 101,
distillation colum, 102: colum-type reaction

THERE} b Syt e G %Fﬁi‘éc(f'fmve8§$b10§1’;06 thin

reboiler, 121, 123, 126, 127 : condenser,
fl%ﬁypgo[qgga 1024 @u’cqpla\@ H05g efgrbomqatlopztanj_(g 1114112 117 :
transfer line, 3, . recovery line, 16 : extraction
rekiadler, 127, 128426, 1@7| iasadensen 1, 9): Rply linecd 4,406, 7, 8, 10,
202 : thin filmevaporator, 203 : distillation colum,
19012, ﬁbrﬁdle:nlsmsfeﬂllme,.z}zj&Srecbﬂeryﬂﬁ)e,zm  @draion IR, 17 : feed
transfer line (Fig.3) 15 301: feed tank, 302 : thin
lidg.| m evaporator, 303 : distillation colum, 304
reboiler, 305: condenser, 31, 32, 33, 34, 35, 36, 37,
“3§ transfer line (Fig. 4) 401 : feed tank, 402 :
in f|In1evaporator 403, 404 : distillation colum,

2093 feed tank, 202 : thin film evaporator, 203 : distillation column, 204 :
condenser, 21, 22, 23, 24, 25, 26, 27, 28, 29 : transfer line

(Fig.3)

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

(Fig. 4)

401 : feed tank, 402 : thin film evaporator, 403, 404 : distillation column, 405,
407, condenser, 406, 408 : reboiler, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 63 : transfer line

(Fig. 5}

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

81 : transfer line

14
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407, condenser, 406, 408 : reboiler, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 20 52, 53 : transfer |line
(Fig. 5) 601, 604 : stirring tank, 602, 605, 608 :
tank, 603, 606, 609 : thin film evaporator, 607, 610:
distillation colum, 611, 613 : condenser, 612 :
reboiler, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72, 73, 74, 75, 76, 77, 78, 79, 80, 25 81 : transfer
line 14 Best Mode for Carrying Qut the Invention The
Best Moderfgr Saoyimedubtthdelneehtioh expl anati on of the best
node for carrying out the present invention (to be

r ef El'lhbeﬁblloWiﬁ? praQidese aedbtailede BROBhEBSH ) of the best mode for
Furt hernore he present invention is not limted to

cér'?'ﬁnpo'd WM BretaRntinGERGSH {Tﬁﬁt bePYbidrAd &b G the present

|n vari ous ways I'n the scope of the gi

ohibRRA ntéThequr?[lgecrmgt etherﬂgéjscéﬁtopwggﬁ%ﬁsé Wottnﬁlted to the

presen 0CEesSs rodu
f°'1'§°° F RSt SinGodERER, LR el Ba8 e nﬁ%fﬂs‘i’y Vetidls ways

npound to abtain an aryl carbamate having a group
W&Bmt\lﬂgcﬁﬁppgrﬁftﬂh%gﬁtéhﬂﬁpg hydr oxy conpound and
subjecting the aryl carbamate to deconposi tion

r eadhBoigOCYABRE praductionr pransiss nﬁzdh@xpre@@nb@m@pdjmt is a
an aromati c conpound having a specific conposition.
pEeshdof prbducing isoclianates winiche campirisesfthehstegetafi reakting a
reacti on scheme of the present enbodi nent. However,

cérb@amis i@ nester PhddEAt a0 g X@Scompaung doi obtalie an aryl
present invention is not limted to the follow ng

c?%%ét@%a%ﬁi@eg%rouﬁ%@rﬁfe@ fforR the:aronfatlc"\R/droME cofrplothd; and
subjecting the aryl carbamate to a decomposition reaction; wherein the
aromatic hydroxy compound uses an aromatic compound having a specific
composition.

The following indicates an example of the detailed reaction scheme of the

present embodiment. However, the isocyanate production process as

claimed in the present invention is not limited to the following reaction scheme.

Table 1
2 \/\/OH Me
Me H o
N i o M ™ ™ )'L Q
\/\/O\n/ \/\/\/\Nko/\/\ \g/ No oo T
o H o Me
H
Me Me
2
Me OH
Me H j)\ Me\@'/me
N OCN
| o\n/ \/\/\/\H 0 —_ \\/\’/\/\NCO + 2
o} Me

To begin with, an explanation is provided of those compounds used in the
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[l NH)\O\ "/\ o \/~/~~\N Il O\/~ ~~a 0--<N Il HO
M OM OHMt M ZOH MHOM/ MM f ~NCON
fyO~\NO\~~\NCO~ 2 (t ~\ OHM 20/ M To begin.
with, an explanation is provided of those conpounds
used in the 15 isocyanate production process of the
present enbodi nent. <Aromatic Hydroxy Conpounds> The
isecyamaterogdetonprooeps ofithe presént emblodimenicyanat e
production process of the present enbodi nent are

ar oréromatiy HyakyqcGoppouwtalswhi ch 5 are represented by
the following formula (5) and which have a substituent

at Fhe hRFAALIOHydPdEE cOMptunde asdy dhopel isticgsRateOprddfiction

A (5) (wherein’ring A represents an aromatic
r n 0 .
P e pieshFt ST L Ble Braimafl o kohigeyRas which
a%oreﬁé?@rﬂed by the following formula (5) and which have a substituent at at

least one site ortho to a hydroxyl group:

OH
R1

(5)
(wherein ring A represents an aromatic hydrocarbon ring in a form of a single
or multiple rings and which have a substitute and which have 6 to 20 carbon
atoms;

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

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

group (isomers), a heptyl group (isomers), an octyl group (isomers), a nonyl
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10 atons; Rl represents a group other than a hydrogen
atomin a formof an aliphatic alkyl group having 1
to 20 carbon atoms, an aliphatic al koxy group having
1 to 20 carbon atons, an aryl group having 6 to 20
carbon atons, an aryloxy group having 6 to 20 carbon
atons, an aral kyl group having 7 to 20 15 carbon atons

goruparisemaErk) | axgeoyl ognoupa(isomers)t ca 2bdemybanoap ofmers), an
the group containing an atom sel ected froma carbon

oetaderylhgrouty gieonire)monrtHe aikei Aliph@dd #kexy growb<Rin rdlyich the
bond with Ato forma ring structure). Exanples of Rl

nUﬁ]bfe‘Prébeé‘rbBﬁ) aﬁ#ﬁﬁ’é’ %oh@ﬁﬂuﬂﬁﬁ Rkl §F&Iﬁ fs @l Kinbe¥ Q#é‘i’éctéﬂ from
whi ch the nunber of carbon atons™constituting the

|rg%§’é’r@, 6151at0n95b§ ﬁ'%Jseﬁtrﬁgthogﬂg érro?l'ﬂi‘ I SHRNG é’rfouéb%opropoxy

such as y group, gr oup, *a” pr

ggﬁg}u é }Ut@O%S’(S%UP SI(),S%gﬁérﬁt&soxya&ﬁélrg?b?omers) a
hg*‘ﬁﬂg\( Edrégﬂrrg&%‘;meﬁgd bépy rOU q(li-}i?(gﬁ)rg}grSh Ogylpxy group

group (isoners), an octadecyl group (isoners) or the
(iSPI0ETS)al @ pRANYIEXAI RESUP JISUMRTS)n avliedyleye drauRbéisosrers), a
carbon atons constituting the group is a nunber
dedéadoxydgfaugn{isomers)eas astadeaytoxyogrosipclincigding riserners) or the
group, an ethoxy group, a propoxy 5 group (isonmers), a

lites tarlylognous anl vHicts thiee namnbed op eatbdnoatonts oomstitutiranthesgroup is
a hexyloxy group (isonmers), a heptyloxy group

6(tc§02t!3f§i|ehaé‘s°§tﬁiﬂaéﬁw grdu;bp a(h@wﬁﬁﬁényla?fwwl(%mers), an

group (isoners), decyl oxy group (i soners

t
<oty go?é;t#@p%r%z RopBRel gfégtf&g%ézﬁgséf;wwahenv'
aiefBe WHGrFs of éiﬁi"gﬂ%ﬁﬂﬁﬁﬁ o&%*fﬁ*g?%et yﬂ%kﬁﬁ'ﬂeh?' group
r (i.so n hen I o
0%9 Eﬁ)pﬁe S bheud arctinksdyer ﬁnéﬁw grgyfa {isomers), a
(isomers), a pentyl henyl ‘group |so
nwéyéyh@mérqrpugr(@emerﬂ Sotesdphenyl ﬁé@lﬂmlgﬁw) grlppenyl group
(i somers), an octyl phenyl group (isoners), a
(isomers), a dlmethylphenyl group (isomers), a dlethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexylphenyl group (isomers), a
diheptylphenyl group (isomers), a terphenyl group (isomers}, a trimethylphenyl
group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
(isomers), a tributylphenyl group (isomers)or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(isomers), a propylphenoxy group (isomers), a butylphenoxy group (isomers),

a pentyiphenoxy group (isomers), a hexylphenoxy group (isomers), a

heptylphenoxy group (isomers), an octylphenoxy group ({isomers), a
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nonyl phenyl group (isoners), a decyl phenyl group

(i soners), a biphenyl group 15 (isoners), a

di met hyl phenyl group (isoners), a diethyl phenyl group
(isomers), a dipropyl phenyl group (isonmers), a

di butyl phenyl group (isoners), a dipentyl phenyl group

(i soners), a di hexyl phenyl group (isoners), a
ndinyippepbdphemydbumyr disontérshnea s )decylphenokgnydrogpoufisomers), a
(isomers), a trinethyl phenyl group (isoners), a
phengphghehengrlougr qigonersRmer Jimethylphémaxyy | groapy l(isomers),
group 20 (isoners), a tributylphenyl group (isomers)or

I@g[)bh&%xyargﬂo@iﬁy (HoPAES), | B WiipEdpyipHEh XY REEUST (lsomers)

on at oms constituting the group is 6°to 20,

SRS B B RSO T
SRR A WM HSE O, nrr.
oBERIho] G TR 5 RS b .

(isomers), a decyl phenoxy group (isaoners),

tftﬁﬁ'@ﬂQh%’P@%x@ ogPoulsoMmes éﬁe 3 ) triPEORY] |l?ﬁﬁr}%XNp t%ﬁ@&y (igpo@hs). a
& soners), a diethyl phenoxy group (isoners),

tri Lﬁylppqmcpxyeg.w (gvavoers) ios dne fike;, aralkyti g mupgl lphdmolayhe number
group (isoners), a dipentyl phenoxy group (isoners), a

ob cdriimax ptgrhe repnstitutingpthe gy & 7 ® @0hepth| ahanphgnylmethyl
group (isoners), a diphenyl phenoxy group (isoners), a

gidupTes hyheme vgm@plp(uéorﬁ@@r%) pr@nyrp"ro;@}lhgidmﬁr(@,mers) a

group (isoners), a trlpropy enoxy group (I'soners),

phénABGY) %'f'@mﬂ? Lé t nurrt@:aﬁ?g@n i ol {téé‘tﬁersﬁr 3l bHénylhexyl

groups i on' a

gﬁ}?@s{lﬁéﬁi%ﬁsg,ga E?Bgngl ER/I Q? ﬁ%qrﬁ%ﬁ\} é'gﬂgﬁgloﬁ gF]oEup asomers),
o IR P 8B IR, ) AP o8 i o

phenyl hexyl group (|soners a phenylhep%yl group
n?"‘?@ﬁe‘Pfs)Ca”%berﬁ,tﬁmso@f)jﬂﬁt'tgf'ﬁgp“\q AP siF, 7 ihedY YR as a
group (isoners) or the |ike; and aral kyl oxy groups in
phenyimetivexy gioier aopheaylethoxyt giesip Gisstiers) | mghernylpropyloxy
group is 7 to 20, such as a
group (isomers), a phenylbutyloxy group (isomers), a phenylpentyloxy group

]

Q

44Y]

o

(isomers), a phenylhexyloxy group (isomers), a phenylheptyloxy group
(isomers), a phenyloctyloxy group (isomers), a phenylnonyloxy group (isomers)
or the like.

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

like, preferable examples include rings selected from the group consisting of a
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15 phenyl net hoxy group, a phenyl et hoxy group

(i soners), a phenyl propyl oxy group (isoners), a
phenyl but yl oxy group (isoners), a phenyl pentyl oxy

group (isomers), a phenyl hexyl oxy group (isoners), a
phenyl heptyl oxy group (isoners), a phenyl octyl oxy

group (isoners), a phenyl nonyl oxy group (isoners) or
behzené king, a0ndptdthpleas rifg andg@nAanthraceneuting( 1)n additien, these
i nclude a benzene ring, a naphthalene ring, an

riags ma baee @i fubstitugritenhert faenterabuye-mentphed & eegamples of
ring, a chrysene ring, a pyrene ring, a triphenylene

whidh indude ndliphane é|kﬂggro@r¢s RZ WHRdHE thé NMumBeh oPIRISHE atoms
ring, an indacene ring, a biphenylene ring, an

BRERARN M B S nufibe? %?ﬁ&"%%rﬁﬂ ﬁ“i%‘?‘%f"éf’g 920, such as a
BIRERBAR A5 U ottt SniT bty (ha, RkEHR groym gsomers)

and nant cene rin In adltlon t hes n
R b8l JEPF R, Boheiad SLo RHBERob eRbr aromR ysRTIers). an

exanpl es of whjich include aliphatic al kyl groups in
O] QﬁWH’Ié'ﬁ%’PﬁJ’é) af Nl AURL dFRMersbndt deeH igrgup hdsomers), a

group is a nunber selected fromintegers of 1 to 20,
dedetyl sgroapS(isamens), gnoogiadacylagroup (isaoers) orptheplike; aliphatic
group (isoners), a butyl group (isomers), a pentyl
alosy mréuso mewhijch thehraxyibergofocgrbbn sboms Jonstitutiegtine group is a
group (isoners), an octyl group (isonmers), a nonyl

NP seictts®irdin infedkas)of 10foP2, (Uchodeh Thethd @@@tﬂ@yén ethoxy
group (isoners), an octadecyl group (|sorrerxy or the

A KO T A S s s
ST R ol R gt Bl BN Bl L. on
) HYL%‘)ngﬁ L%ouq%gég}'ﬁg ?pgu@x?em O@éon%r%: oRyAEGYoxy group
(I%§P%§(I?S€qﬂ§9§ Wsﬁﬁb'ggég‘)fgééégé'ﬁ&%&;&@?&wgmem) or

a dodecyl oxy group (isomers), an octadecyl oxy group
the dkeiers) arpups inhwhichkibe aumbegraiupwbon atomsh constituting the
nunber of carbon atons constituting the
group is 6 to 20, such as a phenyl group, a methylphenyl group (isomers}, an
ethylphenyl group (isomers), a propylphenyl group (isomers), a butylphenyl
group ({isomers), a pentylphenyl group (isomers), a hexylphenyl group
(isomers), a heptylphenyl group (isomers), an octylphenyl group (isomers), a
nonylphenyl group (isomers), a decylphenyl group (isomers), a biphenyl group
(isomers), a dimethylphenyl group (isomers), a diethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexylphenyl group (isomers), a

diheptylphenyl group (isomers), a terphenyl group (isomers), a trimethylpheny!

group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
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group is 6 to 20, such as a phenyl group, a

nmet hyl phenyl group (isoners), an ethyl phenyl group

(i somers), a propyl phenyl group (isoners), a

but yl phenyl group (isoners), a pentyl phenyl group

(i somers), a hexyl phenyl group (isoners), a

hept yl phenyl group (isoners), an octyl phenyl group
(isomens) @) tribatyhehenyth grolme (somegrsjupr thieslikes asylpxy groups in which
decyl phenyl group (isomers), a biphenyl group

tHe swmier) of @acboretaityrp hesmstitgtimy the igroopris)6 te 20, such as a
di et hyl phenyl group (isoners), a dipropyl phenyl group

phEREXE r%ﬁ)up,a adhieshylbREAEY BOOY OSB! ah, efhylphenoxy group
di pent yl phenyl group (isoners), a di hexyl phenyl group

St p??é!ﬁ*?%%ﬁé@@??*?"ﬁ“?’é% RUBATEY Soup isgmers)
o RRRR eI, SreBboFRTEY,  ErhBBRaEE” roe o isapiers). 2

r i sonmers) or,.the |ike; arylgx roups in ich
BRI AR oLy LT SR e @OnSEBRReTRI: Par oL ETEer). @
to 20, such as a phenoxy group, a nethyl phenoxy group
nep¥iBherayy  growr h;ﬂsﬁﬁéﬁf%i:y r SA8SYIRfesenkr group “(isomers), a
ropyl phenoxy group (isoners), a butyl phenoxy group
PEEBBHﬁ’BeB‘MV grauperspnEighoRy dimethy/phetoyr Yroup (isomers), a
hexyl phenoxy group (isonmers), a heptyl phenoxy group

digtsypeesdxy agroapt \isphwreXy agrdipopyipeneaxy) graup (isomers), a
nonyl phenoxy group (isoners), a decyl phenoxy group

dibuddpréendxy agrobpeisopiaBNX\a gcﬂi?éﬁty(rimim S)grodp (isomers), a
, a

di met hyl phenoxy group (isoners di et hyl phenoxy

SARISISRIZ Y Ssdn py o ey Ao o). o
. et | oh . ‘
SR B RRER g Ss RS, B GRS, GRS Kohers). -
RIS o s e LR i gmets.
royp (isoners), a tributylphenox roup (i sorr,ers% or
tr&:ty@ylghﬁ@xyagrgupwsc@p%rﬁbgr,tlhe rcafaﬁwggmw&én whjclythe number

carbon atonms constituting the group is 7 to 20, such
ohsatbqsh atgmsnomptitutigoctiile, geouphiny| tx BY| syclags a phenylmethyl

(i soners), a phenyl propyl group (isoners), a
group, a phenylethyl group (isomers), a phenyipropyl group (isomers), a
phenylbutyl group (isomers), a phenylpentyl group (isomers), a phenylhexyl
group (isomers), a phenylheptyl group (isomers), a phenyloctyl group (isomers),
a phenylnonyi group (isomers) or the like; and aralkyloxy groups in which the
number of carbon atoms constituting the group is 7 to 20, such as a
phenylmethoxy group, a phenylethoxy group (isomers), a phenylpropyloxy
group (isomers), a phenylbutyloxy group (isomers), a phenylpentyloxy group
(isomers), a phenylhexyloxy group (isomers), a phenylheptyloxy group

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

(isomers).
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phenyl butyl group (isoners), a phenyl pentyl group

(i soners), a phenyl hexyl group (isoners), a

phenyl heptyl group (isomers), a phenyloctyl group
(isomers), a phenylnonyl group (isoners) or the |ike;

and aral kyl oxy groups in which the 20 nunber of carbon
atons constituting the group is 7 to 20, such as a

phehy | adstitierk ythgr atgimatic hiydreplye comppugds ugar ibsouneed )preferably
phenyl propyl oxy group (isoners), a phenyl butyl oxy
wiethay if issamarshatia hydeoxy! gempelink hZagingup substitaent a ona ortho
phenyl hexyl oxy group (isomers), a phenyl heptyl oxy

PSR td i 5 OMRITEXyl ardlleno o@t Wreratier Ridroky S esm@ipdlind 2having
phenyl nonyl oxy group 25 (isomers). 20 In addition,

s&ﬁﬁltﬂééﬁtgaé’t QwBygftﬁéypt%i Qgsa)(?yﬂ ﬁ%l gﬁ%pgﬁgf i %Bh'}bounds

is an aronat | ydro aving a

t r ition to a hydroxyl group
regﬂ'ggéﬁt%#goﬁfawg foﬁ&ﬁln ;Bhﬂwﬁpp@znd having substituents
at two dpH ho p03|t|ons to a hydroxyl group as in
compaunds Rtepresented by the following fornula (6):
OH RZRLIXA (6) (whereinring A and Rl are the sane
as def i fed Jabove, R2 represents an aliphatic alkyl
iNg 1 to 20 carbon atons, an aliphatic (6)
al koxy group having 1 to 20 carbon atons, an aryl

(Ve ARy A¥hPR! Qre e @:S)méadsb@éﬁr@doéﬁov@n aryl oxy

group having 6 to 20 carbon atons, an aral kyl group

ng:d;geér%&@% a%a'%lgﬂ'l%t:ﬁ Ik agﬂ{) Bhal l‘?é]l ARk P2Y B atoms, an
aftly hat §¥§b@xpywwago€@bgcﬁ#§?rﬁrﬁﬁﬁ %,?rgr‘ﬁeqarrgﬁr{)%ving 6 to
roma carbon ato a en atomand a nitro

2Qicarbon, Aoms. aRyary vig ka2l ¢arkgn ato%s an aralkyl

group having 7 to 20 carbon atoms or an aralkyloxy group having 7 to 20

atoms, the aliphatic alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl,
and the aralkyloxy groups containing atoms selected from a carbon atom, an
oxygen atom and a nitrogen atom, and R?> may bond with A to form a ring
structure).

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

alkoxy groups in which the number of carbon atoms constituting the group is a
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15 structure). Exanples of R2 in the above-nentioned
formula (6) include a hydrogen atont aliphatic alkyl
groups in which the nunber of carbon atons

constituting the group is a nunber selected from

integers of 1 to 20, such as a nethyl group, an ethyl
group, a propyl group (isoners), a butyl group
n¢imbemseEciedifrat inbegers of riotop2(,i soimeas i methiogy group, carpethoxy
(isomers), a heptyl group (isomers), an octyl group
g(om@rmbpox:y @mﬁb (Bommirs),i & BRYIBXY %ﬁodpq‘:éorgel@l)lpa pentyloxy

e

(i soners), cyl group (isoners an oct adecyl

gﬂf@u\l\ﬁs&m&ﬁeésr)ex?fox‘yg@ohbk(%orﬁéﬂsﬁ’hé“lie%tylé&ﬂ‘@?@brg(i@éiﬁérs) an

i ch the number carbon atons constituting th

o824, 5, G TSI MR gttt oo
BB, nyo RS OTBLR GO YA SR ST (domérs) or

h
ﬂ'&r gorrers &{gPeﬁe%é”ﬁ')é y rggaﬂ@g&a% ‘F%%F?ﬁ Pmsac%nsf%tlng the

decylox group (isomers), a dodec OXy group
gauPoised ig Oaﬁu@@ﬁgcﬂaepeaydwrgﬂaua meé&y | group figomers), an

i ke; aryl groups in which the nunber of carbon atons
ethyiphenyligrogp t(lsemershua prepgiphenglograu: Kisemess)p e ydtylphenyl

group, a nethyl phenyl group (isoners), an ethyl phenyl

g@upuiddnsensir 3 , pentplpappiohpoyup Gsomers), sambiesyiphanyl group
but yl phenyl group (isoners), a pentyl phenyl group

(.émﬂ@r&)r &)k heﬂylbﬁéﬁ{/lp?@w' (:gérﬁéﬁs)lan(dagaﬁéﬁw grdup (isomers), a
hept yl phenyl “group (isoners), an octyl phenyl group

n&hﬁ@ﬁ@ﬁﬁz%/rf)@p (RBmd Qj"%néféc?gﬁl‘i’é‘rﬂfl I@:{)ﬁgﬁ'&%ér)nerﬁ a biphenyl group

group soner

R BEA déﬁ%t%ﬁ@%i}“ #Q@%&%‘W %b%méﬁ%rﬁ@?ay?ug fisgmers).
(i sonme b ut yl phen grou
= iR yRbRERy I OGHB ROk S HahIRRETIN phEs (g 2
(isoners), a 15 di heptyl henyl group (i soners),
dipeppyiheny! grasawe (i(somers), a tdin WW%e@PUPgr(&%ners) a
%ISOHETS) a tryethylphenyl group (isoners), _
dineptyiisnybgeon (igomers), aitetpteny) greup frsmmega)padnmethylphenw
group (isoners) or the like; aryloxy groups in which
group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
(isomers), a tributylphenyl group (isomers) or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(isomers), a propylphenoxy group (isomers), a butylphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group (isomers), a
heptylphenoxy group (isomers), an octyiphenoxy group (isomers), a

nonylphenoxy group (isomers), a decylphenoxy group (isomers), a

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

o

diethylphenoxy group (isomers), a dipropylphenoxy group (isomers),
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t he nunber of carbon atons constituting the group is 6
to 20, such as a phenoxy group, a nethyl phenoxy group
(i somers), an ethyl phenoxy group 20 (isoners), a
propyl phenoxy group (isoners), a butyl phenoxy group
(isomers), a pentyl phenoxy group (isoners), a

hexyl phenoxy group (isoners), a heptyl phenoxy group

dibusppleersyxy agroopt \(Ispheersyy agr dippniyiphenexy) graup (isomers), a

nonyl phenoxy group (isoners), a decyl phenoxy group

dihexgiRepbxy agrdlie Niddmenyxva gdﬁépt;ﬂptﬁﬁ‘@dys)groaﬁ (isomers), a
di met hyl phenoxy group (isomers), a 25 diethyl phenoxy

d%ﬂh@ﬁ?lp@\bﬁ@ﬁﬁrérbupa (HbRieaB)/ | RN efiR&thy e t?ﬂiﬂﬁ{e Sisonfers),

2 dlbutylp enoxy group (1Ssoners), a di pe noxy

ST Xypgﬁgeﬁ*%szz'&?&@?P&Wﬁwﬁgnﬁeﬁénz@m@rs) :
oty ot TR Sl Mo oo

oS ST Sl NI i

carbon atoms constituting the group is 7 to 20, such
gENIP hehgmyiethi Igrogp oligpmarsyhényphenylpropylogipup (isomers), a
(i sonmers), a phenyl propyl group (isoners), a
phéwrylbutyligyoup (isomers); cashenylpentylegrpupefisgrets) oapphenyihexy!
(i somers), a phenyl hexyl group (isonmers), a

grhpniddmertsy| a phenphéptydgrRIL) (|scﬁnelk$€)n3/bhehylbc@l gttmp (isomers),

(i somers), 10 a phenylnonyl group (isomers) or the

ahdHéﬁyIrﬂi?ﬁl BFAUPGSOMErd) SURE fike; \UndCArallifoxyny .*H%% lﬁfwhlch the

carbon afons constituting the group is 7 to 20,
hber &h%ﬁYMWtQB Q:BHH utlﬁgpﬁ‘%”ﬁpswo?éyﬂrt uf’O such as a
I somers), a phenylpropyl oxy I Somer s
pﬁ’%@ﬂ% “w %é%fust?rguﬁgétﬂéa’ﬁﬁé 93%9"?%%% %r@f%sv'prgpwoxv
ORGPt Ay Ry RIP sre Sl oA RGBT o%y group
t he Ilke In the case the aromatic hydroxy conpound
(isprears)n @ hehesybgurlaxe gwdﬁqrﬁwsa»rcﬁ;esger@ylhewoxy group

present enbodi ment are aromatic hydroxy
(isomers), a phenyloctyloxy group (isomers), a phenylnonyloxy group (isomers)

or the like.

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

Examples of such aromatic hydroxy compounds include compounds
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conmpounds havi ng substituents at two ortho positions
to a hydroxyl group, 20 aromatic hydroxy conpounds in
whi ch the total nunber of carbon atons constituting
Rl and R2 is 2 to 20 are used preferably anong the
conmpounds represented by the above-nentioned fornula
(6). There are no particular I|imtations on the
reprebentedi mnthedbll®RingrforRRIzpf70vi ded t he total nunber of
carbon atons constituting R and R2 is 2 to 20. 25
Exanpl eOldf such aromati ¢ hydroxy conpounds i ncl ude

conmgun B'represented by the follow ng fornul a
(7): R R3R54 (7)) (wherein RL and R2 are
the § defi ned above, and each of R3, R4 and R5

indéﬁoen entIR? represents a hydrogen atomor an 5
al i phatir* al kyl group having 1 to 20 carbon atons, af7)
al i phatic al koxy group having 1 to 20 carbon atons,

(@Rer@iry R' @haUR? BvineGsdiné asefinatbdval ang, an  aryl oxy
group having 6 to 20 carbon atons, an aral kyl group

havi A Iek30;
naviaah oS 38 afd FEoRaBbaRe fly RrBiaE . Ao Hom or an
I ahat. XY .. it.he aryl oxy, th ral kyl
i ol bayhdor 3 A B Bl 0Bl Wby group
sel ecied, froma carbon ato an o en om.and a
PAYIPBoh5h 20 RSN FFMBarti | roUPaPEAgic b Girgon atoms, an
conpounds in which each of RL and R4 in the _
apiRxXre OFastR havied § & Rl earbpp atemsatianmikyl greppdiaving 7ato 20
group represented by the followng fornmula (8) and
cRbonRBomsdorRE amikydexngraupdnadgeg 716 20 carbon @toras othet aliphatic
hydr oxy compounds in which R in the above-nentioned
akkgl, 1thé alipRatic alkoxy] theaarydr ther anytidxgdttad kydlkygr ang the\daralityloxy

1 to 8 carbon atons and
groups containing an atom selected from a carbon atom, an oxygen atom and
a nitrogen atoms).

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

each of R? and R* independently represents a hydrogen atom or a linear or

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

aad
®)

(wherein X represents a branched structure selected from the structures

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

24



each of R2 and R4 independently represents a hydrogen
atomor a linear or branched al kyl group having 1 to
8 carbon atons, are used preferably: -x 0 (8) 20
(wherein X represents a branched structure sel ected
fromthe structures represented by the follow ng
formulas (9) and (10): 24 R6 -G R6 (99 H 7 -CR6
(10) RS%herein R6 represents a |linear or branched
al kyl group having 1 to 3 carbon atons). 5 Exanples
of such aromatic hydroxy conpounds incl ude
2- et hydephenol ,  2- propyl phenol (isoners), (9)
2- butyl phenol (isoners), 2-pentylphenol (isoners),
2- hexyl phenol (isoners), 2-heptyl phenol (isoners),
2, 6-di et hyl phenol , 2, 4-di et hyl phenol ,
2, 6-di gt hyl phenol , 2, 4-di propyl phenol (isoners),
2, 6- diggr opyl phenol (isoners), 2,4-dibutyl phenol (10)
(isonmers), 2,4-dipentyl phenol 10 (isoners),
(wharein Rexepperants a(linsarmrd)ranghad dilkyd groupharing 1 to 3 carbon
(isoners), 2-nethyl-6-ethyl phenol,
afomek hyl - 6- pr opyl phenol (isoners),
2- met hyl - 6- but yl phenol (i soners),

5  2- mExXayhplés RfréuchpARIMRAtid h§areXyS¢ompounds include 2-ethylphenol,
2- et hyl - 6- propyl phenol (isoners),

25{{@?2!}}?%%#’Hédﬂnﬁghﬁp@-ﬁ)&t}(&ﬁf@ﬁbﬁﬁ's@mers), 2-pentylphenol (isomers),

| - 6- pentyl pheno I'somer

2}%@@3’?@nfﬂ3%%ﬁ 28?"‘%@%@‘%@%‘: (]réomers), 2,6-dimethylphenol,
2%~§I|Pﬂ§(>%|plierg{!,? 5?/:{)2@2&'%’“(@%;)8 ) ' 2,4-dipropylphenol (isomers),
2,26-5:Ip|?3/;|3iléﬁgr$oqt(\{slopnqgl%()),l Zfﬁl—g%ﬁ‘glsplénoi (isomers), 2 4-dipentylphenol
10 (isomers), 24-dihexylphenol (isomers), 24-diheptyiphenol (isomers),
2-methyl-6-ethylphenol, 2-methyl-8-propylphenol (isomers),
2-methyl-6-butylphenol  (isomers),  2-methyl-6-pentyiphenol  (isomers),
2-ethyl-6-propylphenol (isomers), 2-ethyl-6-butylphenol (isomers),
2-ethyl-6-pentylphenol (isomers), 2-propyl-6-butylphenol (isomers),
15  2-ethyl-4-methylphenol (isomers), 2-ethyl-4-propylphenol (isomers),
2-ethyl-4-butylphenol (isomers), 2-ethyl-4-pentylphenal (isomers),
2-ethyl-4-hexylphenol (isomers), 2-ethyl-4-heptylphenol (isomers),
2-ethyl-4-octylphenol (isomers), 2-ethyl-4-phenylphenol (isomers),
2-ethyl-4-cumylphenol (isomers}, 2-propyl-4-methylphenol (isomers),
20  2-propyl-4-ethylphenol (isomers), 2-propyi-4-butyiphenol (isomers),
2-propyl-4-pentylphenol (isomers), 2-propyl-4-hexyiphenol (isomers),

2-propyl-4-hetpylphenol (isomers), 2-propyl-4-octylphenol (isomers),
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2- et hyl - 4- hexyl phenol (isoners),

2-et hyl - 4- hept yl phenol (i soners),

2- et hyl -4-octyl phenol (isoners),

2- et hyl - 4- phenyl phenol (isoners),

2- et hyl - 4- cunyl phenol (i soners),

- 4- nethyl henol (isoners), 20

Zzorppugﬁph&nehphsenp ensorniesirer 2-propyl-4-cumylphenol
2- propyl - 4- but yl phenol (i soners),

2 pyiepyhethyipbenpl phe(isbmergpmer ybutyl-4-ethylphenol
2- propyl - 4- hexyl phenol (i soners),

2 utyleppropybisd Ho | thB@hwérs)SOWETZSbutyl—4 -pentylphenol
2- propyl - 4-octyl phenol (isoners),

Z%LRVIQ&hbxﬂpRBﬁBW phﬁé&he(é)sor‘m‘?%utyl 4 -heptylphenol
2- propyl -4- cunyl phenol (|sone

Z%ngltty :o_c 1 ! phgf%%h omer?-)outyM phenylphenol

phe mer s

22%3}9 4. pug{]_ygoé}é)r%l BE: m%rsi,omlz_:&éntyi 4-methylphenol
23 %EYIY‘{' %ﬁégﬂd? Bﬁga%‘?"(' gen;f%-penyl 4-propylphenol

2- butyl 4-oct yl phenol (|sonersé
2:pantyly4-butyiphanal phe ispmergloner ipentyl-4-hexylphenol
2- butyl - 4- cunyl phenol (i soners),
2pandyitdrheptyiphtempl phefiedmeisgonerZpentyl-4-octylphenol
2- pentyl - 4-et hyl phenol (isoners),

23)amylt44bhén3€mh@r5{¢|pheﬁ@cbmér§OﬁeeéﬁentyM-cumylphenol
2- pentyl - 4-butyl phenol (isoners),
2ZeRgRiyhethylphenbPhengéormbRIMer S2.hexyl-4-ethylphenol
2-péntyl -4- heptylphenol (1soners),

2%99(2[1&ﬁroﬁylgﬁé%lphe cﬂn('%'%Zo rsﬂ)heith -butylphenol

enyl phen
ziweﬁsxyl SRR R 57 St neppnens
%I T cﬁylﬁtfl y Fgﬁgﬁgp'g I ;ggenezlyexyl—f-l -phenylphenol

2- hex | - 4-but yl phenol (i somarrsé)
2-hepghdriclmyheigngl pheligmerss.one 2sheptyl-4-methylphenol
2- hexyl - 4- hept yl phenol (i soners),
2-hepiyii-ethylateyiophe nigoniesper £-heptyl-4-propylphenol
2- hexyl - 4- phenyl phenol (isoners), 15
2-heptyi:d-bdtyiphayiop he nidontespmer D-heptyl-4-pentylphenol
2- heptyl - 4- net hyl phenol (i soners),

%e?ﬂﬂWheﬁd@ﬁéhdl phen@bnddrgpmer Q)heptyl-4-octylphenol
eptyl - 4- propyl phenol (i soners)

Z%eﬁgyg |{>h WsheH phe'@qngt%lﬁgnerﬁ)lseptyMcumylphenol

-4-penty oners

(isomers),
{isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),
(isomers),

(isomers),

2%(?— H‘{\g*hyﬁxh%m %Eﬁﬂ%\ }S*I -ﬁ@&ﬁ%ﬁeno& %&@meﬂylbdﬁgfﬂﬂylphenol
('%rﬂ ﬁ'{ﬂ?‘éﬁ%ﬂﬁgégﬁoéﬁﬁé%& eE&w%egthf{; enty?p%enol

2.6-d hyI 4 propyl phe

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

(isomers),  2,6-dimethyl-4-cumylphenol  (isomers), 2.4 6-triethylphenol,

2,6-diethyl-4-methylphenaol, 2 ,6-diethyl-4-propylphenol

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

26
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(isomers), 2,6-dinethyl-4-butyl phenol (isoners),

S
2, 6-di net hyl - 4- pentyl phenol (i soners),
2, 6-di et hyl - 4- hexyl phenol (isoners),
2, 6-di net hyl - 4- phenyl phenol (i soners),
2, 6-di net hyl - 4- cunyl phenol (isoners),
2,4,6-triethyl phenol, 2,6-diethyl-4-nethyl phenol,
28-diedhytdrhexyipbenply | (isomets)( | 2dvdiethyl-42phenylphenol  (isomers),
2, 6-di et hyl - 4- but yl phenol (i soners),
28- -Giedhytdrplmdiptenioy | phizoeter§), son2@ss ripdfpylphenol  (isomers),
2, 6-di et hyl - 4- hexylphenol (i soners),
2%- Grpﬂlbﬁﬂb#étrﬁvl éfsg( | 38I@p2pyl-4-methylphenol (isomers),
2, 6-di et hyl - -cunylp enol (isomers),
di
6

p@op}lltpeﬁﬁ( fﬂeyfﬁ Lﬁél‘né r§)Sudlprtaeyl—#pentylphenol (isomers),

2
di prop enol (i sone

%-
2,
2?@ qb@?lopy{exﬂp ﬁcﬂykggﬁgfé)( %ﬂﬁ@f—zl-phenylphenol (isomers),

| phen ners
2%-@!})(5? -tg-éflmx -pﬁ‘&'?dpﬁenoﬁo C(l"('l rs)) 23 -dimethyl-6-ethylphenol,
6- di propyl - 4- phenyl phenol (i sone )
Zgngthdrﬁ-g Q;E thylp | pheRgnethys 6rﬁg'p§yl)6 ethylphenol (isomers),
2, 4-di net hyl - 6- et hyl phenaol
2ﬂnﬁt§whﬁfblﬂy|63-@!mtlpmrmiencﬁlsomers) 2-methyl-4-pentyl-6-ethylphenol
2-met hyl - 4- propyl - 6- et hyl phenol (i somers),
(igometd)y| - 4- but yl - B-reethyl|-pexygl-6{ctisyiphes)l, (isomers),
2-met hyl - 4- pentyl - 6- et hyl phenol (i soners),
2 dnettiyhyphenyeBydth@phehyl phgmbré)l S QRetyi-418umyl-6-ethylphenol
2- met hyl - 4- phenyl - 6- et hyl phenol (i soners),

(|§orﬁ§F§)Y - &dﬁH@‘H‘M—@ ‘pﬁ‘b%ﬂbﬁ@ﬁ&‘){lsorﬁé MBIRdthyl-4,6-dipropylphenol

met hyl - 6- pr opy[ phenol soner

Y ¢8tha§:aﬁﬁﬁ@néng (somers).
2%13%@/ %bu Y’%R&H ?%'P 2 y)(/rggﬁ%g%)r (mgﬁwi-tlggentyl 6-propyiphenol

2- et hyl - 4- hexyl - 6- propyl phenal (|sonersL 15
@'H@Fﬂyl 4- phenyl‘?-'@5'3:"|H"ﬁ’(5‘|5y|l1 P¥-Popropyipheap

2- net 4- cunyl - 6- pr opyl phenol S Soners)
@ﬂmdi"%ﬁwvl@mgpﬂpbﬁwo isgmetse 2snethyl- 4-cumyi -6-propylphenol
2-met hyl -4, 6-di butyl phenol (i soners),

(isomets)y| 2,4-qtinmmw1-65bbtytghqm¢n(i‘sombss)neﬁa'methyl-4,6-dibutylphenol
2- et hyl - 4- et hyl - 6- butyl phenol (i soners),

(isbrmetshy| - 4- pent yI2- el yd-pheyPB-butyIBRERSIS) | isomers),
2- metd)hyl 4- hexyl - 6- butyl pﬂenol (i s%ﬁers) ( )

Z%ém?h&iet I@SWIph@h‘%Pt yge&%gg) (i sGHEf] r@) 4- pentyl-6 butylphenol

(isomers),

-4-cunyl - 6- but yl phen i somer
met hyl - 6-p S A
(|§orﬂe& y| AP pzw%tﬂgl-‘{'gkfyl 6-butylphenol (isomers),

2-methyl-4-phenyl-6-butylphenol (isomers), 2-methyl-4-cumyl-8-butylphenol
(isomers), 2,4-dimethyl-6-pentylphenol, 2-methyl-4,6-dipentylphenol,
2-methyl-4-propyl-6-pentylphenol (isomers), 2-methyl-4-butyl-6-pentylphenol
(isomers), 2-methyl-4-ethyl-6-pentylphenol (isomers),
2-methyl-4-hexyl-6-pentylphenol (isomers), 2-methyl-4-phenyl-6-pentylphenol

(isomers), 2-methyl-4-cumyl-6-pentylphenol (isomers),
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t hyl - 4- propyl - 6- pentyl phenol (isoners),

t hyl - 4-butyl - 6- pentyl phenol (isoners),

t hyl - 4- et hyl - 6- pent yl phenol (isoners),

t hyl - 4- hexyl - 6- pentyl phenol (i soners),

2- met hyl - 4- phenyl - 6- pent yl phenol 25 (isoners),

2- net hyl - 4- cunyl - 6- pent yl phenol (isoners), 27

224-dinkthgk- Gnnexglpherol, phenol | 2-methyl-4,6-dihexylphenol,
2- met hyl - 4, 6- di hexyl phenol ,

2Zmetiyh prépp-®bekyliBhbasly | gikendrs) i sRmeethyl-4-butyl-6-hexylphenol
2- et hyl - 4- but yl - 6- hexyl phenol (i soners),

(iBometd)y! - 4- pentylz.ﬁTeh ¥4E RIYRE-He SRR - (isomers),
2 met hyl - 4- et hyl - hexylp enol (|soners)

%&Eﬁlet yIRBLRB /g HSPWE) B.%%fé)(lsohﬁeﬂﬁﬂfifébhenyl-s -hexylphenol

- 4='cuny exy eno

<f§°@‘9£95u ﬁﬁ%“ﬁl?ﬁ-@rfegﬁ@-”‘-?“ Féa*%ar@ah (isomers)
2ft§¥lh4§rneih®[ﬁqyf) @ﬁ%ﬁu%@r&e I%c? o%r):oner%ﬁ-dlethyl 6-propylphenol

2-eth ent yl - 6- propyl phenol (i sone

(isorpe zﬁtﬁtélfd/ -@P&Wﬂﬁh%}%rﬁ@pm@b&eﬂwl -4-butyl-6-propylphenol
2- ethyl-4 hept yl - 6- propyl phenol 10 (i soners),

(isoreerg)| - 4- oct yi - 62-pthyhvi-penrtyb6-progypeendl, (isomers),
2- et hyl - 4- phenyl - 6- pr opyl phenol (i soners),

22ty hexy| Sspyopyichemaby | gisenddrs), (| sbetiydd-heptyl-6-propylphenol
2- et hyl - 4- net hyl - 6- but yl phenol (isoners),

(iSorfierb)et hyl - 6- but pletAgnaloctylies enol isomers),
2-ethyl -4, 6-di butyl phgnol (\f‘so%e@g?h ( )

22191 hé’mﬂ@ ygslﬁjtﬁdy S rs (i S?Bﬁ{ﬁhnc%nyl -6-propylphenol

2- et hyl - 4- pen eno |soner

(%orﬁ%%)}w 24e g%x lnﬂ&%@ﬁ %Mﬁ@%@ﬁ)l( %‘?@%@) $2y4 -diethyl-8-butylphenol
(lérﬁ{ah i 24 %‘HL%;Q g@uﬁrﬁl‘gﬁ?ﬁe %grgm SSS%L?&WM -propyl-6-butylphenol!

2-et hyl - 4- cunyl - 6- but yl phenol (|soner L
(isQrBersyy - 4- net hyl - 8= Bmlr%psﬁéﬂr@rbwmﬁ@p
2, 4-di et hyl - 6- pentylghenol (i soners),

nme
nme
nme
ne

(isomers),

-ﬂ@t%hexyl@ Hllltwlﬂlrleylb hendisofiessimer 3)2 -ethyl-4-heptyl-6-butylphenol
2-et hyl -4-butyl - 6- pentyl phenol (isoners),
(isbreetsy) - 4- propyl - @-pthyi-dladtel®butylplsamar s) , (isomers),

2- et hyl - 4- hexyl - 6- pentyl phenol (i soners),
2%tre}|14y;bhénw@obuﬂygﬁemnt yl fﬁtﬁ'ﬁ@ﬂs)( | SQ@BHHY)-4-cumyl-6-butylphenol
- pe e

et hyl octyl - ntyl pheno
(isomers), 2-ethyl-4-methyl-6-pentyiphenol (isomers),
2,4-diethyl-6-pentylphencl (isomers), 2-ethyl-4,6-dipentylphenol (isomers),
2-ethyl-4-butyl-6-pentylphenol  (isomers),  2-ethyl-4-propyl-6-pentylphenol
(isomers), 2-ethyl-4-hexyl-6-pentylphenol (isomers),
2-ethyl-4-heptyl-6-pentylphenol  (isomers), 2-ethyl-4-octyl-6-pentylphenol
(isomers), 2-ethyl-4-phenyl-6-pentylphenol (isomers),
2-ethyl-4-cumyl-6-pentylphenol  (isomers),  2-ethyl-4-methyl-6-hexyiphenol

(isomers), 2,4-diethyl-6-hexylphenol (isomers), 2-ethyl-4,6-dihexylphenol
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(i soners), 2-ethyl-4-phenyl -6-pentyl phenol (isoners),

2-et hyl -4- cunyl - 6- pentyl phenol (isoners),

2- et hyl - 4- net hyl - 6- hexyl phenol 25 (i soners),

2, 4-di et hyl - 6- hexyl phenol (i soners),

2-et hyl -4, 6-di hexyl phenol 28 (isoners),

2-et hyl -4-propyl - 6- hexyl phenol (isoners),

(isomens)l - 4- pent yl - @-elbylmiepyi6-hexynhesol, (isomers),
2-et hyl - 4- but yl - 6- hexyl phenol isoners),
2»tbypeatii@shentylthdrely | pHisoaier§), s om@-ethyl-4-butyl-6-hexylphenol
2-et hyl -4-octyl - 6- hexyl phenol (i soners),

isonedray,| - 4- pheny! - 8-diRyly4-pBPRAE-FexyFaEm S) | (isomers),
2- et hyl - 4- cunyl - 6- hexyl phenol (isoners),

22atR{IOR. ut y{iRBsiaed). (i sor ; 6-

2, 4?di )SF%)?FF%&%%qﬁoghenglga (1 s)(’)merg;g,%ﬁﬁ)“ phenyl-6-hexylphenol
Q5 | -4, 6-di butyy ] 1 SO .

(50 2 RERS T B IRhenal) (isomers),

- proypl - 4- et hyl - _
2 B S SN 2B hef 02 -cpropy.6-butyphen

2-propyl - 4- he | - 6- butyl phenol 10 (isoners),

(BB P-oroR g B aBHBI G R (BOmATSh A-PLyp 4 Sthyl-8-butylphenol
2-propyl - 4- phenyl - 6- but yl phenol (isoners) and )

(isomesny| - 4- cunyi -%—ﬂﬁ@l@v’r%ﬁéhﬁlﬁ-t{utﬂﬁhﬁﬂeg or the |i(isemers),
The inventors of the present invention surprisingly

2fppapy-4-hexylsbubilphiertdie  (spewirs),c a2-pneyil-¢-hgrtybyputylphenol
conmpounds as descri bed above, aromatic carbamc 15

(isomergsters, whi cl2-pwpgl-4uthg8-boyiiHanotonsi dered Y(@Bomers),
be unstable, are able to inhibit side reactions |ike

21016 R-ABRERVIBEUBAMENJI TjsBnidra) aﬁa_tEﬂéﬂﬁ@témﬂym-butytl)%henoa

reaction and / or thermal deconpositionreaction to

isserd r. Although the nmechani sm by which the
(Iar orerlﬁt)ikb?qﬂégrr(%xy compound inhibits the side reactions

is l. he i nventors of the present Jjny Lon .
or e HRiinigls e P endiGndent s foFRIGNoUAR Thatll using the
ro derived fromthe aropati c, hydroxy. conpound in .
SRERIG @FR!P?%?‘WrWiW@OW ap SieECren abene caramatiearbamic
above-nentioned fornula (2) is formed, the substituent
agifl astersomitich wese woowentienallyi cansidered dorieiuostableyrasamble to
_sterically protects the urethane bond, thereby
inhibit side reactions like those described above in a transesterification
reaction and / or thermal decomposition reaction to be described later.
Although the mechanism by which the aromatic hydroxy compound inhibits the
side reactions is unclear, the inventors of the present invention presumed that
in the case, for example, R’ is a group derived from the aromatic hydroxy
compound in the reaction by which a urea bond represented by the
above-mentioned formula (2) is formed, the substituent at the ortho position
relative to the hydroxyl group sterically protects the urethane bond, thereby

hindering the reaction between a different carbamic acid ester and the

urethane bond.
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hi ndering the reaction between a different carbamc

acid ester and the 25 urethane bond. 29 The aromatic

hydr oxy conmpounds are preferably aromati c hydroxy
conpounds having a standard boiling point higher than

the standard boiling point of a hydroxy conpound
corresponding to an aliphatic al koxy group, aryloxy

gr oulheoraramaticy hydioxyr @eprdudsc @npopesferaidy eaoeratic  hydroxy
group of the 5 carbam c acid ester described bel ow.
COhgouads Hantimg dasthnoaird ibegingopoint Hgherr thaer thed stamdiand  boiling
the present invention indicates the boiling point at 1
painTosh ae hgdroxy CespblLsd AsdreeSeundliry” td Ne ealiphatie Calkoxy group,

particular limtations on the carbamic acid ester use

airﬁoiwmroﬁﬁ b:s%ﬁﬁ?%&g%ﬁ;ﬁﬁ%é@%ﬁf&%ﬁ&ﬁe.%{ber grop of the

prese enbodi nen al1phati'c carbamc a
cBific, ol FeleP oBREHAY beicnte T Nafth SR Soling gt as
fQllowng foromula (11): O, HJII R/ N C O
¢t Yo S e Pre it FivBpligd incSitey the pollbediaaipiet afesrpere.
group consisting of an 15 aliphatic group having 1 to
20 carbon atons and an aromatic group having 6 to 20
carbon_atons, the group containing an atom sel ect ed
<CashamicAsigdstessm and an oxygen atom and having a
nunber of atons equal to n, R8 represents an aliphatic
gr odprenaara golparbc@ac imitatiorss onghe eartzamicnacid &stertusad in the
sel ected froma carbon atom and an oxygen atom and 20
isocyanatespriiduction iprbegsy obfthd pgresdfh) ermbddirpent|shd i) aliphatic
above, n is preferably a nunber selected fromintegers
c@fbamic acid ester is used preferably. Examples of aliphatic carbamic acid

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

Hon
R’—N--C—0—R8®
" (11)

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

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

n represents an integer of 1 to 10).

In formula (11) above, n is preferably a number selected from integers of

2 or more, and more preferably an aliphatic polycarbamic acid ester in which n

is 2.
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2 or nore, and nore preferably an aliphatic

pol ycarbam c acid ester in which n is 2. 30 Exanpl es

of R7 in formula (11) include |inear hydrocarbon

groups such as nethyl ene, dinethylene, trinethylene,
tetramet hyl ene, pentanet hyl ene, hexanet hyl ene,

oct anet hyl ene or the like; unsubstituted acyclic

hy drioxamples ofgRoip$orsuda (a%) noiudep Enéambeydrogatbainegeoups such
cycl ohept ane, cycl ooctane, 5 bis(cycl ohexyl)al kane or
ashengthideneal disretisylbse, trinethytared otetranethylane) péntamethylene,
nmet hyl cycl opent ane, et hyl cycl opent ane,
hebmdtioyiehehexantetihyleRERIrsthe like: r!bHsﬁ%iitQt@i(éB?cllc hydrocarbon
(i soners), propylcyclohexane (isoners),

gPdtipd Cé’&ﬂjrphﬁééigfcclgé?ﬁtﬁﬁsrsé cJARMHECY € g ﬁﬁﬁ‘t@lﬁﬁ kce:yclooctame,

(| soners exan | somsré)

fut d he

o Y SRR e e ol é?VF%bbSS!‘?@FﬁyP&Jehsﬁ%&% such as

I,SOITer S ut I Iohexane i sone
nf%fﬁ&'wpbeu%gﬁtﬁ? TR es DetNig@ionexane Tsomers),
ghQES trimeth Icyclohexane .
eihyicyelghaxangy §9me6wex%rﬁeyfcrcl9hsxw¢ Hissyes)c byhdsysiphexane
(isomers), 1,5,5-tributylcyclohexane (isoners) or the
(iBprersamntyikytlobexane t(isosershnhexydeyclehaxanes (isomess)e or the
et hyl benzene, propyl benzene or the liKke;

lilgke; adlilaiklyl-s ulbstititedt etldieXameseneh asidimethyloycihexane (isomers),
di et hyl benzene, di propyl benzene or the |ike; and

dmtl@flﬁj‘rctl@hé%ﬂem@kﬁd?ﬂé&)sU@lbuﬂﬁFcﬂiIdH@@hbé"(@h%rsb)eﬁieﬂﬂa like;

or the like. In particular, hexamethyl ene, phenyl ene,

triﬁll%h%%bﬂﬁltté’@nec dGh&seies CXs‘EJ'cHhe ne,q ,)Syﬂrflﬁl hylcyclohexane,

thylcyclohexane i sophor one and di cyc ohe
I 20 Lude al kyl
1&”E%&?@ﬂ?‘cy&%ﬁ%ﬁéﬁﬁeynunbéfé%‘@%?épﬁ#ﬁ]%%@ . “'Géomers)
1553 R8nd (RaReR) cribR kECmonr suBtfdteg tenzenes
SRR D GRSl omvpmednesh sl i bsiived
heptyl group (isomers), an octyl group (isomers) or
bemeenascguchas sylenearieinylgenzans, i dipwpytrenzesenonte lise; and

aromatic hydrocarbons such as diphenylalkane, benzene or the like. In
particular, hexamethylene, phenylene, diphenylmethane, toluene, cyclohexane,
xylene, methylcyclohexane, isophorone and dicyclohexyimethane are used
preferably.

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

carbon atoms constituting the group is selected from an integer of 5 to 14,
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25 carbon atoms constituting the group is selected

froman integer of 5 to 14, 31 such as a cycl opentyl
group, a cycl ohexyl group, a cycl oheptyl group, a

cycl ooctyl group, a dicyclopentyl group (isonmers), a

di cycl ohexyl group (isoners), a

cycl ohexyl -cycl opentyl group or the Iike. Exanples of
sdcRyas pol syciorsatdt groupe pa esysishekybygrobe, a cycloheptyl group, a
above-nentioned 5 forrmula (11) include al kyl

cyelobatyht gupych dicybla¥entydx grag y(!isdﬁrhérszarabadibfcloﬁéxw group
di net hyl ester, N, N -hexanediyl-bis-carbamc acid

(domidhy), a@cﬁhexyhb%m,b@m\r%@'l\'plgrqh§1,ﬁgr bani ¢ aci d

di butyl ester (isoners hexanedi yl - bi s-car bam ¢

aC' CE)@ 8& fﬁf?%eﬁol Qﬁ\%’?és repd'eaented by the above-mentioned

ane car am C acl I hex

fwge(lrﬁi rtméﬁd%\' éﬂg{#{é‘?&ﬁ?&ﬁ%&é{ | SR & E\Pﬁnhgxa%?eéj lyl-bis-carbamic
g R T ——

N? p{ﬁ@é/ - met hyl ene- di cycl ohexyl carbamate _

Ns ’l%d'V' tlﬁ‘l@aftiﬂml&? 4' - sty | endibgitdycl olesien (isomers},
carbamate (isoners), 15

Nd'Np'é@PE%ﬂemyHbIS-ﬁﬁtbgrm@ne diacigc| ohedigéntybr barester (isomers),
(i somers), dihexyl-4,4" -nmethyl ene-di cycl ohexyl
MNHmeumt&diy(lJ}tm}rrartxa)mic acid dihexy! ester (isomers),
di heptyl -4, 4' - met hyl ene-di cycl ohexyl carbamate

N Sloseriediyl- tﬁ@:-@étﬂdmlé 4" - ridy | engiodtyty cl olagtey! (isomers),
carbanmat e (i soners)

I hyl)-3,5, 5-t t hyl
d%étﬁ?l‘-#‘%bﬁéﬁﬁ@ﬁécﬁ? téhigf yl)- ri met hyl cyclpt&mate,

xyl carbam ¢ acid ester,

dl%’[ﬁﬁ%h@)%& M?g@g%@ﬂ?@t hyl ) -3, 5 5-trinmet hyl Cyc'c%rr]ga)\(mate

car bam ster,

SRR By ™ ™ e

on carbonylamno nmet hyl) -355tr|methylcycloh
d'gk'&f B Vl,e"@c‘i"gy(ﬂg Bily| ester qarbamele), (isomers),
dipentyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
dihexyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
diheptyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
dioctyl-4,4'-methylene-dicyclohexyl carbamate (isomers),

3-{methoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl  carbamic  acid
methyl ester, 3-(ethoxycarbonyiaminc-methyl)-3,5,5-trimethyicyclohexyl
carbamic acid ethyl ester,
3-(propyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic  acid
propy! ester (isomers),
3-(butyloxycarbonylamino-methyl)-3,5 5-trimethylcyclohexyl  carbamic  acid

buty! ester (isomers),
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32

3- (pentyl oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl o
hexyl carbam c acid pentyl ester (isoners),

3- (hexyl oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl oh

exyl carbamc acid hexyl ester (isoners), 5

3- (heptyl oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl o
3Herytyl@aicesianylanind-metmil) B, Sestrimethydeyckotexyl  carbamic  acid
3- (octyl oxycar bonyl am no- net hyl)-3,5,5-tri net hyl cycl oh
pertyl carbamic acid octyl estdrer (i soners), (isomers),
t ol uene-di carbam c acid di nethyl ester (isoners),
3t(akuporychrbanpamiso-atethylizes BUHnRSAEYIbROART Starbamic  acid
t ol uene-di carbam c acid 10 di propyl” ester (isoners),
hegyuene- di carbam c acid dpibdtyl ester (isoners), (isomers)
t ol uene-di carbam c acid dipentyl ester (isoners), '

S USRS A s 85 BB oK Bhmamic aci

ene-di carbam c acid diogctyl ester (isoners),
h%{ﬂ%v-m, 4' - et hanedi yl - di Bﬁ%ﬁw ) - bi scarbanic acid

SNORDIYCaRIdRRETS Iy DR yImebysyalbaNVlc Sarkamic  acid
ngtfy(ﬁrtg%lﬂ[ jaégf{@éf‘adnet@iqﬂneddipammip- lpicit adibwthy aster (isomers),
tdi%{%%g?égﬁaf%; iaauidadd'wlth;di eistary [(lsoherspr beloege-alidatbamic acid
di(tjd{%fg;l] g Bé/lstégégg?@amgi toluetiepdieastamibi aeir Rt astét (isomers),
tdyfé\hﬁgg'lﬂ:agisa:rg?r%f *é%beddikﬁém@i ey | dsdmhéreir halkRediddtbamic acid

diﬂ;e&%lb%aéfeﬁyggﬁé%fd‘!oYdéri@-HﬁSFB’e]rﬁl’cbla\%fﬁarot?t?égtfil At (isomers),
R RESRLATE or cndd ke ASKYTt hoge, Sxlety (isomers)
t in which R7 in f | 11)  ab N
NG S8 SarBeredhl HpReNb RRepAINS| SEFity of detikyl  ester,
roup having 1 to 20 carbon atonms and a cycl oal kyl
N&l dép+ tasthagedivt-dichenybrbisnarbamins ar ecacided  2lipthyl ester,

preferably, while alkyl carbamates represented by any
Ng¥'-(4 e-niethaoedigdibbenyl)-déscadBamic acid dipropyl ester,

(isomers),

N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dibutyl ester,
N,N’-(4,4'-methanediyl-diphenyl)-biscarbamic acid dipentyl ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid dihexyl ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid diheptyl ester,
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid diocty! ester or the like.
Among these, alkyl carbamates in which R’ in formula (11) above is a
group selected from the group consisting of an alkyl group having 1 to 20
carbon atoms and a cycioalkyl group having 5 to 20 carbon atoms are used

preferably, while alkyl carbamates represented by any of the following formulas
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(12) to (14) are used particularly preferably: 0 H I
R8 110~1 CN N~C~0 11 RB Il HO (12) OO Il NI R811
0 -CAN"CORB HH(13) 011 N~CO Ra HO1l1 ~.
N~C ~~R H O (14) 5 (wherein R8 is the same as defined
above). Exanpl es of al kyl polycarbamates represented

by formula (12) include N,N -hexanediyl-bis-carbamc
(h%)it@ (A herehysea padicularly, ivefarakiynedi yl - bi s- car bani ¢
acid diethyl ester, N N -hexanediyl-bis-carbamc acid

di butyl est (i sorrers) N N Iﬁbxanedl yl - bi s-carbam c
acid dlcp}i?;rj
N, NRr8Aexaerédi

ester
- bis<’carvam Nécl?bﬂ' hexyl ester

(i somers)lland N, N -hexanedi §I - bi s-carbami ¢ aci d
di octyl eSter (i ncI ud| ng isoners). In addition, (12)
exanpl es gf al k bamat gs represented by
formél a (r13)
I en ﬁlfsh%ole car bamat e,
(13)
(o}
¢ R®
N/ \0/
E /j H o
It 8
N/C\O/R
H (14)

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

Examples of alkyl polycarbamates represented by formula (12) include
N,N'-hexanediyl-bis-carbamic acid dimethy! ester,
N.N'-hexanediyl-bis-carbamic acid diethyl ester, N,N'-hexanediyl-bis-carbamic
acid dibutyl ester (isomers), N,N'-hexanediyl-bis-carbamic acid dipentyl ester
(isomers), N,N'-hexanediyl-bis-carbamic acid dihexyl ester (isomers) and
N,N'-hexanediyl-bis-carbamic acid dioctyl ester (including isomers). In

addition, examples of alkyl polycarbamates represented by formula (13)

include dimethyl-4,4'-methylene-dicyclochexyl carbamate,
diethyl-4,4'-methylene-dicyclohexyl carbamate,
dipropyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
dibutyl-4,4'-methylene-dicyclohexy! carbamate (isomers),
dipentyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
dihexyl-4,4'-methylene-dicyclohexyl carbamate (isomers),
diheptyl-4,4'-methylene-dicyclohexyl carbamate (isomers) and
dioctyl-4,4'-methylene-dicyclohexyl carbamate (isomers). Moreover,
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di et hyl -4, 4" - met hyl ene-di cycl ohexyl carbamate, 15

di propyl -4, 4" - net hyl ene-di cycl ohexyl carbamate

(isomers), dibutyl-4,4" -nmethyl ene-di cycl ohexyl

carbamate (isoners),

di pentyl -4, 4" - net hyl ene-di cycl ohexyl carbamate

(isoners), dihexyl-4,4"-nmethyl ene-dicycl ohexyl

exampiesmoé alkyl podycsrbamates represented by formula (14) include alkyl
di heptyl -4, 4' - met hyl ene-di cycl ohexyl carbamate
pblysartearaatesnd 20 di octyl - 4, 4' - meglisH ene- di cycl ohexyl as
carbamate (isoners). Mireover, 34 exanples of alkyl

3NERtROXRHTBS BaFrRI-ARIRYIRG, 5)2 tf.ﬁfemviéy&&féxw ncEad@mic  acid

al kyl ‘pol ycar bamat es such

xyf' P st bogﬁéﬁm"?ﬁa%‘“thrﬁmg*lﬁeﬁwi)[é,%—H%&H&ic&)&%hexw

carbam ¢ aci

o3t EH oxycar bonyl ani nmet hyl ) -3, 5, 5-t,[i met hyl cycl ohex
I gar bam c acid e%lﬁ?/ ester, tF‘ ester,

S%Q@y? rB/rIaS{gP l%g;%ﬁeg%/r eﬁ"y 2o ’rret h%l’b mlc acid

3- (butyl oxycar bonyl am no-net hyl ) -3, 5, 5-trimet hyl cyc| oh
pEQRYI carbam c acid butyl e8fer (isoners), 10 (isomers),
nt yl oxycar bonyl am no-net hyl )-3,5,5-tri net hyl cycl o
3Hbu54|0xy§artmnydaram|0erneﬂmh)t-f§|5 Strimethyloyolobesyl,  carbamic  acid
3- (hexyl oxycar bonyl am no- net hyl ) -3, 5, 5-tri net hyl cycl oh
betyy| carbami c acid hexylestster (isoners), (isomers),
3- (heptyl oxycar bonyl am no-nmet hyl )-3,5,5-trinet hyl cyclo

3l(péuﬂy|css@&bﬁmrmaaﬁme rh8tHyBRs, 5'5-ﬁﬁﬁ€th¥(o¥§l%ﬁék g . carbamlc acid
3- (oct yl oxycar bonyl am no- net hyl trinmethylcycl oh

&yl carbamic acid octyl .ggter (isonmers) or the Ili
pA t)Ignown met hod can be useg to produce the carbam C(ﬁsmers),

-Sr o)g( )é}(f%b@orpg %lrn{rro é‘%mﬁg 5 %Aﬁ%&“ﬁg&fcﬁ&rexypﬁ carBamlc acid

hexyl ester (isomers),
3-(heptyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
heptyl ester (isomers),
3-(octyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic  acid
octyl ester (isomers) or the like.

A known method can be used to produce the carbamic acid esters. For
example, carbamic esters may be produced by reacting amine compounds
with carbon monoxide, oxygen and aliphatic alcohols or aromatic hydroxy
compounds, or reacting amine compounds with urea and aliphatic alcohols or
aromatic hydroxy compounds. In the present embodiment, the carbamic acid
esters are preferably produced by reacting carbonic acid esters and amine
compounds.

The following provides an explanation of the production of alkyl
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20 with carbon nonoxi de, oxygen and aliphatic al cohols

or aromati c hydroxy conpounds, or reacting am ne

compounds with urea and aliphatic al cohols or

aromati ¢ hydroxy conpounds. In the present enbodi nent,

the carbamc acid esters are preferably produced by

reacting carbonic acid esters and am ne conpounds. 25
cdithariates byiregciingdiaties carbomeapdsaaad aonine tottpounds.

production of alkyl 35 carbanmates by reacting dialkyl

car DealRylesarbpeate8irapresentutl by the flldling foaraiul@21)esan be used

represented by the following fornmula (21) can be used

erQﬁeHmkﬂ'cé%‘dﬂatéé‘rbonateS 0 RL7 R17 (21) 5
wherein R" represents a |inear or branched al kyl

group hevi ng 1 to 8 carbon atons). Exanples of R’
|nc WRJT groups in a formof aliphatic 1)

hydr arbon groups in which the nunber of carbon
(VR ETEh RONEHrEEEMte % hr‘i’@ar%rob’f%nbﬁeé allt g&tip halmegt ¢ 8 carbon

froman integer of 1 to 8, such as a nethyl group, an
| 10 group, a propyl group (isoners), a butyl
grodp (isoners), a pentyl group (isoners), a hexyl

o ofrs ‘f‘ﬁé’%ﬁt 5 g0 gy LS I SRR Gir A BRetfinggarton
oA B eoater i SR e oo i o
car bonat e é)l soners), dipent )t/@“ carbonate (i soner

nambex pelested iem an(intagasra)1 t@ithayehias g rasﬂ%.sa@lép an ethyl

(i soners) and dioctyl carbonate (isoners). Anong
groupsea propylapkaup (sermsoahta butyhigrewp t{iromenshea péentyl group
carbon atons constituting the alkyl groups is a

(isombey), acheai eplofip qivoarers))te teptybfgrdup qisonersysar octyl group
particularly preferably. Am ne conpounds represented
(i$dMERS drolhleoniteNd Exaimples df2glichelRilkyl carbonates include dimethyl
carbenate, diethyl carbonate, dipropyl carbonate (isomers), dibutyl carbonate
(isomers), dipentyl carbonate (isomers), dihexyl carbonate (isomers}, diheptyl
carbonate (isomers) and dioctyl carbonate (isomers). Among these, a dialkyl
carbonate in which the number of carbon atoms constituting the alkyl groups is
a number selected from an integer of 4 to 6 is used particularly preferably.
Amine compounds represented by the following formula (22) are

preferably used for the amine compounds:

R” NHZ)
n (22)

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

and an oxygen atom, and having a valence of n, and
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preferably used for the am ne conpounds: R74NH2 ) 2 O

n (22) (wherein R7 represents a group selected from

the group consisting of an aliphatic group having 1

to 20 carbon atonms and an aromatic group having 6 to

20 carbon atons, the group containing an atom sel ected
froma carbon atom and an oxygen atom and having a

val emepredents aarninte@ér of 1éprnBkents an integer of 1 to

10). In fornmula (22) above, a pol yam ne conpound is

useth ifermbiiac(2) abovelr &fRilgdhinel compduatddisnased in which n is
preferably n is 2. Exanples of such pol yam ne

pFIERBNN %o B fRrd bréreaddif nds 2 nes such 5 as
hexanet hyl ene di am ne,

g';/éil%(ﬁ]é{ Y GRERLE éé%@ﬂ%ﬁﬂb@'ﬂdﬁ% ihI588%iiPhatic diamines such

ane dram
o BEARERHIG PoBrtnd LR EIRISE pn ABGing) fisomers)
ISR U o BoaRe o) BrnaE st R mgthyutohory

i ke. Anbng these, aliphatic diam nes such as o

am@ﬁwmﬁg@ tbeéikeh@rgd apomatic diamines such as phenylene diamine
4, 4' - met hyl enebi s(cycl ohexyl am ne) (isoners),

(isyrokd) elcdmenal damiine {{sosuars), 9),4'-methylene dianiline (isomers) or the
3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne

liKg.sommtiong thesde alipkstiardlamaad spchf asahéyamethylene diamine,
hexanet hyl ene di am ne,

4ﬂ1»'-ﬂﬁetﬁﬁbh¥bi§l(b9}&icﬂ{e%ﬁénﬂhéfﬁéé\%@) cy@dexane diamine (isomers),

3- anmi nonet hy |-3, 5, 5-trinethyl cycl'ohexyl am ne a(rj_e used
R e 7 T Sr ARl ABnSR) rh e e 25 P ol usea
PREFSEBY dhinBignBSRnG, hnies 2 A BN efRol G ARSiamine)
g o e TORA Y.t ME HEIOHERY I M N BIfBECEM PP BATREDI

groups of the am ne conpound within a range of from?2

to Reactien nganditions viagn reqosdippete bl (eadtedn corpountds, and

times and nore preferably from2.5 to 30
although the dialkyl carbonate is preferably in excess based on the amino

groups of the amine compound to accelerate the reaction rate and complete
the reaction quickly at a stoichiometric ratio of the dialkyl carbonate to amino
groups of the amine compound within a range of from 2 to 1000 times, the
range is preferably from 2 to 100 times and more preferably from 2.5 to 30
times in consideration of the size of the reaction vessel. The reaction
temperature is generaily within the range of from normal temperature (20°C) to
300°C, and although higher temperatures are preferable in order to accelerate
the reaction rate, since undesirable reactions may conversely occur at high
temperatures, the reaction temperature is preferably within the range of from

50 to 150°C. A known cooling apparatus or heating apparatus may be
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20 tinmes in consideration of the size of the reaction
vessel. The reaction tenperature is generally within

the range of fromnormal tenperature (20C) to 300C,

and al t hough hi gher tenperatures are preferable in

order to accelerate the reaction rate, since

undesi rabl e reacti ons may conversely occur at high
instatiedrinthe eeactionevasseatio maintainpecansiaet feactipetempsraiure. In
within the range of from25 50 to 150C. A known

additibn nglthppgtn atargingr ateadingg tapbartgpes ofagorbpouds used and
installed in the reaction vessel to nmaintain a

rezefish ampeaaire0thbergatishUpfessufe Mg bé Odecrabsbd Ugiessure,
varying according to the types of conpounds used and

nbPR4I prelsbRTBE it A Sed EP@ssrLﬁécéh@ﬁh@rréééﬁﬁr? lé"@énél%lly carried

decr eased pressure, r mal pressure or | ncr eased
d d
oSSBT T ST 0% 0, e v
o e o R B Sy e cae o

conti nuous, ne . and | ner om 0. 001 t
%Musdﬁéﬂl&d;b? 1% GRNER 'G!gfr @@0%6 @nh%rw%f%rgﬁy from
preferably from0.1 to 5 hours. In addition, the
0.0dalex 18rhasn andsmase ryefgsrblyetiony 0ok Br howg. t hamdgition, the
desi red anmount of al kyl 10 carbamate has been forned
refagtioh ararealsopbe cohipleted imh confitnoiggadhbt aaflesired amopint g atkyl
the reaction liquid. In the present enbodinent, a

cardhplate t hasirbdem forsst asy, Ifor enamiple, dindidexarphatogedphy after
catal ysts that can be used include organic netal

s&APRY RS raastidraggian ‘Fn RéE PreSORPEMBBRINENt! iaNcataB@t .can be
copper or titanium and basic catal ysts such as

u?étf%ﬁ% ?S‘lélﬁﬁsﬁrga%%d?%nk ﬁ' %t@&sl@'thﬂéé}??% ?sgﬁ dﬁaude organic

m%ﬁé'y%%hposﬁd%%”ﬁﬁﬁoraﬁpwouzﬁ?af"énﬁ%%fnﬁ? of Bhaded-ohopper or

SGRRES Pk ANt SR A AR TR v
used as a_ reaction sol vent for t he purpose of

eardimetalg imie frm efdnethylates celylates @ndnbytysates (igemers) of

i ncl ude al kanes such as 20 hexane (isoners), heptane
lithivsmmspdium,o potassiym s aabgigim, O reanient. s@tﬁﬂanﬂgh the use of a

reaction solvent is not necessarily required in the present embodiment, a
suitable inert solvent is preferably used as a reaction solvent for the purpose of
facilitating the reaction procedure, examples of which include alkanes such as
hexane (isomers), heptane (isomers), octane (isomers), nonane (isomers),
decane (isomers) or the like; aromatic hydrocarbons and alkyl-substituted
aromatic hydrocarbons such as benzene, toluene, xylene (isomers), ethyl
benzene, diisopropyl benzene (isomers), dibutyl benzene (isomers),
naphthalene or the like; aromatic compounds substituted with a halogen or

nitro group such as chlorobenzene, dichlorobenzene (isomers), bromobenzene,
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decane (isoners) or the like; aromatic hydrocarbons

and al kyl -substituted aromatic hydrocarbons such as
benzene, toluene, xylene (isoners), ethyl benzene,

di i sopropyl benzene (isoners), dibutyl benzene

(i soners), naphthalene or the like; aromatic

conpounds substituted with a hal ogen or 25 nitro group
dibwemobenzéner obésrears), di cthloranaphtteriend,i sorrogionaphthalene,
br onobenzene, 38 di bronobenzene (isoners),

nitfben2eap hhireheapkthalsreronthehlils | e yclioihytd adranzem eompounds
ni tronapht hal ene or the |ike; polycyclic hydrocarbon

sGeHPadNdfiphsiigh asodlitieanydiphémast dighendh diditieane,. terphenyl,

di phenyl nethane terphenyl, anthracene, di benzyl
aﬁﬂ’Jr# o&lb%'ﬁ? | idiGend! blpriﬁé' ﬂTéjygﬁ;ﬂ‘fé”lfcb?l%r&é?l@oﬁss such as
ohexane, cIo ent ane, C

RN 3l e, MRS A9 e
s mb%taﬁ'a@@y‘" st fefine eceinnnehans i %ehlg%' ?e% s sches dibuty

hi oet hers such as dlphenyl et her, K
patmaiataedlaﬁxylr@thal@te cdieelyl phthalate. d@@@ﬁvl@t alate or the like;

di met hyl sul f oxi de, di phenyl sul foxi de or the Iike.

ethess andathinsithenst suahaas diphesnyti etherndiphenylsultide eoitbe like; and
types can be used as a mixture. In addition, the

sulicdided sruahbwadimeﬂsﬁ@lfdxidegceiphebwsatﬂon@eaum' ttee dikeupJhese
of the am ne conpound is also preferably used as a

sloeN@NEan Bet iad SRPkl OMtwd ok Made ty@@% ¢=PBE AUsedCad dMixture.
reactor or distillation colum can be used for the

i SG@E?H nth\éecﬁélﬁyl’ caBEnae (uoi éﬁ&‘g’%gﬁ% Erdrﬁél%lﬁ'ﬁigtéégﬁ)s of the

S reaction vesse I nes provi

airifR odfhpdthg FHBeRveRabVEbedn sBlbrBh hededs®a 204
ek ST glGE SR FEApL o e 0B v v
i socyanat.e production process of the present
fasthsdiemstien vessebhanc: a EBP@BQ&"@M awdeaalgrmﬁvcb%w?exfw the

conpounds are first reacted to obtain aryl carbamates
reeplipn yessel andp links prasided theyt de nat bave iaddaiitestal effect on the

starting substances or reactants, SUS304, SUS316 or SUS316L and the like

can be used preferably since they are inexpensive.

<Transesterification Reaction>

In the isocyanate production process of the present embodiment,
carbamic acid esters and aromatic hydroxy compounds are first reacted to
obtain aryl carbamates having a group derived from the aromatic hydroxy
compounds. This reaction involves an exchange between an aliphatic alkoxy
group or aralkyloxy group constituting the ester group of the carbamic acid

ester and an aryloxy group derived from the aromatic hydroxy compounds
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conpounds. This reaction involves an exchange between

an al iphatic al koxy group or aral kyl oxy group

constituting the ester group of the carbam c acid 25

ester and an aryloxy group derived fromthe aromatic

hydr oxy conmpounds 39 resulting in the formation of

the corresponding aryl carbamate and a hydroxY
resgitinguindthgetarmation rafrthereoreapeading ao ¢agamaate and g bydroxy

referred to as a transesterification reaction in the
cagmpeentl derded Hionorthe édarbamighacidrgsteg (andoisdrefgrred to as a

the reacted conpounds, the reaction 5 conditions of

transsstenfafivntreatflion & iherpreeent deytriptionpuch that the
aromati c hydroxy conpound is used within the range of

fro 1 i t r ' ;
mtﬁg?g? @mﬂglﬂg Reoldifg Aot Be rBhER @bniddingd! RAE1 feaction

acid e n-expressed as the stoichionetric ratio.

cOvdiflori € Sof ‘(t)r?iQI H’éﬂ%?éelggﬁ(%ﬁio%trggﬁdﬁ abudLes. tﬁabﬂsthfeo ljaqugmatic:

I nventors ( sen . I nven on surprisin .
P e R P RS0 ol s
I [ hi - . .
NEERNERUNTIC MU NG Sp———

reactions as previously-described attributable to the
Agad bigsull ebicondueting sxtensive studigscthe inventers ffniher present
the aryl carbamate can be inhibited in the
inveatier stuepiiginglyt foond thahdnyi osingl thet Bgomatic hydroxy compounds
transesterification reaction, although the aromatic

hévidg exgulisliteompatuatdeast eriebehalpositicredithmespectsts thassdiroxyl
on the ester group of the carbamc acid ester in

gRIUpeih thid rahdd¥térifidaiBn’i8aelioas distfibbytabehe, sidetldactions as
carbamic acid ester and / or product in the form of

p%&ﬁ)&%ﬁgfﬁ@ﬁ&?@%@ﬁb%' theac?ar?l.fl@ﬂ‘}’]"?/&iaeesrt@laﬁﬁél Q%rga‘l’oduct in

co , the aronma droxy conmpoun
[ ref erabl ed w thin e . . .
vl 30 A ST oSt A8 38 et fgator
pbub oA laeihan Gofin U5S A G E orony
the range of from 100 to 300C, and although high
cerappundtisr peferablpusedr ibescess haged oo thecestesegionp of the

reaction rate, since there conversely may be greater
carbaoupt adid| estertio onder to inhibit side reactions attributable to the

carbamic acid ester and / or product in the form of the aryl carbamate as well
as allow the reaction to be completed quickly, the aromatic hydroxy compound
is preferably used within the range of from 2 to 100 times and preferably within
the range of from 5 to 50 times in consideration of the size of the reaction
vessel. The reaction temperature is generally within the range of from 100 to
300°C, and although high temperatures are preferable in order to increase the
reaction rate, since there conversely may be greater susceptibility to the
occurrence of side reactions at high temperatures, the reaction temperature is

preferably within the range of from 150 to 250°C. A known cooling apparatus
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occurrence of side reactions at high tenperatures, the

reaction tenperature is 25 preferably within the range

of from 150 to 250C. A known cool i ng apparatus 40 or

heati ng apparatus may be installed in the reaction

vessel to maintain a constant reaction tenperature.

I n addi tion, although varying according to the types
obheating cappsatusethaynbie riostalled nint thep egaationeyessed to maintain a

reacti on pressure nmay be decreased pressure, norna
censtasureaction itempesstarke. priessddition, aaithdugd Varyieacacoending to the

generally carried out at a pressure within the range

typesiofeahibundslused dritfreZrtion Rempepdtare) Ahd asddtiom pressure may

[inmitations on the reaction time (residence tine in

b SRR e oy BoRAR: AN, BRSNS ot Ba T B ie, 4 the
r%&ﬂpﬁ?% ﬁgﬁ%ﬁa&lﬁrc%g é(%/d é %Ea% p}?és%régwtgﬂpfﬂ ang% of from 20 to 1 x

irmn h 1 n f
1@2? ?ﬁégﬁq@én@ya%&x jg F érgg |qtnqﬂqu regctl |men?reS|dence
chr omat ography after sanpling the reaction |iquid
timgenpgnesease émﬂnﬂﬁvs mﬁf@oehﬁaﬂygtga@ral%ﬂom Of%‘ln’fo 100
0.01 to 30% b ht and preferably at fromO0.5 to
howrs, pyeieealyytin Q)“asﬂa 1dn thdowms @nd wore psefesatylyfremadildto 30
ester. For exanple, organic netal catalysts such as
holidsut yh additio, Ithe raaetiorf ean aiso be complted dy sorfirmong that a
octoate, or am nes such as

ddsifed]iaaralnt cofchpl Zafbahatd aae, bedr ifeinyd dyedoaekamps, liquid

triethylam ne are suitable for use, while organic

chifehftoglephy! Yarsr Sifipiy diHlt MactibA diquRl’ at ¢h  the present
ferrous octoate or stan ous octoate are particularly

eRBBAERER. fhe JAERR: ROUBAHACROIRY o10USRA b3I0BNPE0 pgeferamy

séd as a - m Xxture

S e AP el ea%tsﬁbfaaﬂ?éné?g*ﬂe@f}ﬁ?icbragmmwd

soI vent is fer ably used as a reaction solo%ent
Foh&xpiinids er i¢ peRH tcataligist pech ascAituily! fn lawiate, ferrous
exanpl es of which include al kanes such as hexane
ogtpatsner stannoke cioeale Psaminey sugh aarfeddiazatieys)Ql2,2,2]octane,
nonane (isoners), decane (isoners)or the |ike;
triethyienediamyry oc driethytamine at&ybkalnlbsﬂnirtuﬁeedmaita)mgamic metal
hydr ocar bons
catalysts such as dibutyl tin dilaurate, ferrous octoate or stannous octoate are
particularly preferable. These compounds may be used alone or two or more
types may be used as a mixture. Although the use of a reaction solvent is not
necessarily required in the present embodiment, a suitable inert solvent is
preferably used as a reaction solvent for the purpose of facilitating the reaction
procedure, examples of which include alkanes such as hexane (isomers),
heptane (isomers), octane (isomers), nonane (isomers), decane (isomers)or
the like; aromatic hydrocarbons and alkyl-substituted aromatic hydrocarbons

such as benzene, toluene, xylene (isomers), ethylbenzene, diisopropyl-
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25 such as benzene, toluene, xylene (isoners),

et hyl benzene, diisopropyl- 41 benzene (isoners),

di butyl benzene (isoners), naphthal ene or the |ike;
aromati ¢ conpounds substituted with a hal ogen or nitro
group such as chl orobenzene, dichl orobenzene

(i soners), bronobenzene, dibronobenzene (isoners),
benhtene nGpdinbed) e ndiputyllbenzesneht (isdneers), maphthalepreneor the like;
ni t ronapht hal ene or the |ike; polycyclic hydrocarbon
amalic! netgn Sowid sa s ubdtituted YWith sablalogehedr dhifrbegydup such as
di phenyl nethane, terphenyl, anthracene,

cHioRsiEnZeha! WidoldbeRZBAE ) (i59imdraE bidriobenzaPeatdisromobenzene
hydr ocar bons such as cycl ohexahe, cycl opent ane,

(igé’ﬁ%%gm ane%hlﬁrtozbt)éhg Iéﬂ‘éexanebﬂfmbﬁﬁﬂjlthgfénet(et onﬁﬁ'loEg?zene,

such as nethy et one, acet ophenone of the

AR 3. 7 I AR st e, e =

fhe |ike; thers,and thipethers sych as di phenyl
diohgay!, “Sisuo Simnenit sfie mediandq Suheryl; aathracene.
such as di et hyl sul f oxi de, di phenyl sul foxi de or the
divepgylteluene {sPmesve @i ItheThkse alinhatint ydiprasBongeguch as
al one or two or nore types can be wused as a m xture.
cydohexanss cyelopedtane; cyeldoaiamee ethylayvietahgixanger the like; ketones
transesterification reaction in the present
sectbadimethlyl ethyd ketohe, laeetophienoge drethedike; esteralsughads dibutyl
al koxy group constituting the ester group of the

phihaRAE] gihagyibitRalRie, AlisctynshiRbdte XenIRUN pirhalesior the like;
fromthe aromati c hydroxy conpound resulting in the

ne ¢ ! o o
efh%?ﬁhHQﬁto&ﬁe&%&oééw ?Ehé?r Iéﬁ(g)rr]l%g P&IRYE DraRE like; and

t he al_clo_ol_s, thetr_an |_cat reaction is
@il | 4 WD FREINOKUL, dlofeRiBifoke °bF ety and.

Sif:gnses'.t Sﬁbfi cat 'b/on reacti on erabl e

it is pref t

iR 81 | fhess SalEnts Frnie Hsed elang B TG of dyoredipes can be

t he conpounds having the |owest standard boiling
USRA A¢ 3 TIXWE. r eacti on system are the al cohol s formed

by the transesterification reaction, the alcohols are

pr ePerhas heeredeswibdd abovehalthebgh dbe tiansestpsifieatiary reaction in

nmet hod such as distillative separation.
the present embodiment involves the exchange between the aliphatic alkoxy
group constituting the ester group of the carbamic acid ester and the aryloxy
group derived from the aromatic hydroxy compound resulting in the formation
of the corresponding aryl carbamates and the alcohols, the transesterification
reaction is an equilibrium reaction. Thus, in order to efficiently produce the
aryl carbamates by this transesterification reaction, it is preferable to remove
the products from the reaction system. Since the compounds having the
lowest standard boiling point in the reaction system are the alcohols formed by

the transesterification reaction, the alcohols are preferably removed from the

reaction system by a method such as distillative separation.
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42 In addition, the transesterification reaction is
preferably carried out with a continuous nethod to

all ow the transesterification reaction to proceed
efficiently. Nanely, a nethod is preferably used in

whi ch the carbam c acid esters and the aromatic

hydr oxy conpounds are supplied continuously to the 5

r eatn additivestie transesienfication rnehction imprederabiyf camiedout with a
reaction, the alcohols fornmed are renoved fromthe
comtaniousn methodl tonatlbe ftiee mrahsédterifiestion sreactipontnt proceed
and reaction |iquids containing the fornmed aryl

efialdpaiyat Ranidl & heethbaBtpreferA¥R @3t &P WHsH % dafbamic acid
conti nuously renoved fromthe bottom of the reaction

edePS 8hd th@.%rBﬁé?cieg’fﬁ(o%xg? %fgﬁzjo‘ﬂjﬂdgg etglf?)tpliez_jL $ontinyously to the

transesterificati reacti according to

R Yo B 8 h 1RSI e reaction, ths gigonols formed
surprisipgl ffect .of being aple to inprove the final

oy o fad o frEacth wgSainine o o dbe B8SepUs somiinents,

reviously described, Al though known materials nmay be )

and dgagtign ¥%@dFM¢'BWW%@rm¢daN| asbamateg and é%? @ajomatic
out the transesterification reaction provided they do

hydroxy gesppunds afetacntitously éemeyed drom ke boltoni abthe reaction
subst ances or reactants, SUS304, SUS316 or SUS316L and

vedsel.| | indheaasbeofwaayiny edteheliansesterficatiery reaction according to
I nexpensive. There are no particular limtations on

thidendthioe, v ad€ifiehitenproRteirly thenNflafsddi@ificationNteacaas ! ere is
or colum reactor can be used. A reaction vessel is

alBbetiy aéllrizﬂrisnrig@/\ffv eg%%i_&s iRy 4188 W t r;Jri%%le?sthfeo'rﬁnal yield of

extracting a iTing poimt reactio m Xt ure

GO L B9 il GOREISidO RS A1 elRRR ARl EHpLLCaL | o

reaction veé orm of the
gas s components, and for, renovicn m xed |iquid .
Sontuicivgly KRRATterial mat pe USPHJRRING reasgon Vige! and lines
h%gr ox% conmpounds fromthe | ower portion of the
usehiq rary i dbe transesterifisation e%Ct!qthTQi’.‘ded\/H}QYoﬁ‘é not have a
known net hods are used for such a reaction vessel,
defrimentaleftect 2p thaistarting subatances s reactagts; S4LR3Wh SUS316 or
vessels containing a stirring tank, a 43
SUS316L and the like can be used preferably since they are inexpensive.
There are no particular limitations on the type of reaction vessel, and a known
tank reactor or column reactor can be used. A reaction vessel is preferably
used that is provided with lines for extracting a low boiling point reaction
mixture containing alcohol formed in the transesterification reaction from the
reaction vessel in the form of the gaseous components, and for removing
mixed liquids containing the produced aryl carbamates and aromatic hydroxy
compounds from the lower portion of the reaction vessel in the form of a liquid.

Various known methods are used for such a reaction vessel, examples of

which include types using reaction vessels containing a stirring tank, a
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mul ti stage stirring tank, a distillation colum, a

mul tistage distillation colum, a nultitubular

reactor, a continuous nultistage distillation colum,

a packed colum, a thin filmevaporator, a reactor
provided with a support inside, a forced circulation
reactor, a falling fil mevaporator, a falling drop
maytigiagastirringatabkt aidigdillatibhaelursacadnyltistagestisdlationueatymn, a
and types using conbi nations thereof. Methods using
multtubhian feactore\eaponéihoou® rmabistageadistdiatioorcalumn, a packed
preferable from the viewpoint of efficiently shifting

chliienre Gali thirP filnd neviaporditer, pa odigetst piolRiedMilitheaasupport inside, a
structure having a large gas-liquid contact area is

fd?lbétﬁ %‘ir.@mfaﬁoﬁ Q'gat@lgoir,{‘% fé\t?ﬁgz gﬂrﬁ ev%?@?éﬂ)i{ 4 FAR%] BFop Bfaporator, a

al coho or me e gaseous ase. 10 The nul'tistage

itk HohHRICA HIBECLSIA By Bst UiAh! AGRAHORS thereot

_ ages_ln_mhl _ e nu
el 8B Pl bl 8 gBlor et rom
R ViU TsiPT e ML 18 A BB Do b BrgHTtE side, while a

mul tistage distillation colum provided it is )
shvelurm hevingus éargegas-kavid icontapt area ds prefierable dar being able to
col um, exanpl es of which include tray colum types
rapsdl g draansfdribbladcahod jorreedotor they ateaus phasg, a val ve

tray, a counter-current tray or the like, and packed

col Tie irvltstagea clictitlatidn towanhh defersyipes diétillatioki eiyumn having
mat eri al s suc as a raschig ring, a lessing ring, a

niiMigle 'stadbs i RRidh BRAALRbeR RS RdGetieakplafddbedistifation is 2 or
D xon packing, a Mahon packi ng, Helipack, a Sul zer

M
KLng, Ly , i : .
RFE RS Al ARo Kiafio colin AR (REESER FOVHED it allows
ckin rials,as described. ve. reover, a
oI Rl Bty AR ORI R iR pelhsed for the
referably. that conbines a tray portion wth the )
”ﬁﬂfﬁ‘?% Jﬁé&h@@anmlﬂmher%w rﬂé iy dinHlys Usedieas a multistage
reaction vessel is preferably provided with a line
distliatinip solum, gxamples ©f cwhichi inalde HEay LobaRD ctypss using a
acid esters and the aromati c hydroxy conpounds, a |line
bibblerteayai prroub elatédrayn sevalse piaysa coumperrantent tray or the like,

cont ai ni ng al cohols forned by the
and packed column types packed with various types of packing materials such
as a raschig ring, a lessing ring, a pole ring, a Berl saddle, an Interlock saddle,
a Dixon packing, a McMahon packing, Helipack, a Sulzer packing, Mellapak or
the like. Any packed column can be used provided the column is packed with
known packing materials as described above. Moreover, a combination
tray-packed column type is also used preferably that combines a tray portion
with the portion packed with the packing materials. The reaction vessel is

preferably provided with a line for supplying a mixture containing the carbamic

acid esters and the aromatic hydroxy compounds, a line for removing the
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transesterification reaction, and a |ine for
extracting mxed liquids containing the carbam c acid
esters and aromati c hydroxy conpounds, and the |ine
for renoving the gaseous phase conponents contai ni ng
the alcohols is preferably 5 at a | ocation that allows
t he gaseous phase conponents in the reaction vesse
gaseds r lmsed, campdnientd | neoritainirext ralcotialg t fmmedkedy the
liquids containing the aryl carbamates and the

transe@éfificalion MectienMaAY Nl sine Sfop axtriaetih@mhixefl Ikfuidslebyitaining
| ocated there below. A line for supplying inert gas

th%ngafba%déd?d“éitér@eéﬁd Pbvané Hyﬁ?diﬁf BSmpBWRHs, ARd the line for
portion of the reaction vessel be separately

refhofind T ggﬁﬁwwﬁé% %ﬁ@*@@&%ﬁ@é% flbanals fe groferably
0 unds, cont ai reacted car
Q%?%ﬁai%n (R RS 3 G480 HBASS G bl BRI fieTRgtugy vesse
el Bk s o G 5 el Eonhng o v
above-nentioned inert solvent, the inert solvent
carRgmades randh éhe (ﬂrﬁmtwah\gcagxuar@mp@un® is dparticularie preferably
gaseous conponents contai ning al cohols extracted from
lochted thact below.vessel nmay be purified using a known
nmet hod such as a distillation colum, and the

azept lirepfar supblyinglinert gaseny / by liquiehiericsdlyemtolkym the lower
compound and the |ike may be recycled. Equipnment for

péﬁbﬁ‘ df%he GEALHCHIvES sl PRy BG JEpardiely &Qaciﬁé@e@nﬂ% qRé& ltase the
line in conS| deratl on of” cl oggi ng and the |ke <Arvyl

Gﬁé 4§ %5 rtH f&rﬂ’i&f‘gg‘l %%rﬂrﬁgférsa% S5C RYdroxy

anses er| I on ction are ary car anmat es

c#@B%ﬁ@?@Eﬁ&a&iBﬁ%@#g&%&lﬁé 98‘@ %{és an\Heaﬁ\aS/]l@ attgé"ned for

recirculating all or a portion of the mixed liquids to the reaction vessel. Note
that in the case of using the above-mentioned inert solvent, the inert solvent
may be in the form of a gas and / or a liquid.

The gaseous components containing alcohols extracted from the reaction
vessel may be purified using a known method such as a distillation column,
and the azeotropic and / or accompanying aromatic hydroxy compound and
the like may be recycled. Equipment for warming, cooling or heating may be

added to each line in consideration of clogging and the like.

<Aryl Carbamates>
The aryl carbamates preferably produced by the transesterification
reaction are aryl carbamates represented by any of the following formulas (15)

to (17):
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OHRs RO (15 RO R 1A' Op~ OHH\O R10 9 (16)
JROAN Rt0 O 10 10 B NXOHR9 (17) (whereinring B
represents a structure which nay have a substituent
and which 5 contains at |east one structure sel ected
fromthe group consisting of a benzene ring, a
napht hal ene ring and an anthracene ring, RO represents
a group other than a hydrogen at’Riinn =&, form of an
al i phatr*t al kyls group having 19to 20gcajbon atons, an

' ! NG o020 Lar bon at ons,
an g gr ougy having 6 to 20Hcar bon gtons, an 10
aLoup having 6 to 20 carbon ‘atons, an aral kyl
g 7 to 20 carbon atoms or an aral kyl oxy (15)
group _having 7 to 20 carbon atons, the group
contAi ni hggan atom sel ected from giocato

oxygengat pm apd a atgn and
an ali pha 'c)ﬁky@ﬁmig@\l t
an 1 Lipﬂatiﬂ: al’koxy grouff ha®ng

gar bon at ons,

0 20 carbon
atonms, Ran aryl group having 6 to 20 ®arbon atons, ahl6)
aryl o group having 6 to 20 carbon atons, an aral kyl
groyp hakimg 7 to 20 carbon atonms or an aral kyl oxy
groyp mavingo/ to 20

o/lkn R'lﬂ

10

R o
N)'I\O
H R?

(wherein ring B represents a structure which may have a substituent and which

(17)

contains at least one structure selected from the group consisting of a benzene
ring, a naphthalene ring and an anthracene ring,

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

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

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

al koxy, the aryl, the aryloxy, the 46 aral kyl and

ar al kyoxy groups contai ning an atom sel ected froma

carbon atom an oxygen atom and a nitrogen atons).

Among these, nore preferably produced aryl carbamates

are aryl carbamates represented by any of the

afatky| @nidnaratkyory igasuit< 8pntaming@ @n: atdiBselBdted fRdrm d c&bon atom,
Hyl R7T1\ ONN) \OR11 R12 +0o OHR9 R 5 R13 (18)

aRbky§8i3 atdth@ankd%a Rifdbgdhzatomey. O H H O Rit 10 R9 (19)
R11%ls RO O R/3/ O-NRLI3" Rro RO Rlz 'O HOR1

R9 8fing (118SECiMof® FRRIABRN Hodudicd UhyP ciBal R dre ary

hydrogen atomin a form of 10 al kyl “group having 1
chibaf bS8 TR sBh¥Foy 3Ry B h@%ll@w%"fo'ﬁm&gmk) 9 (28
R13
R Ri2
R® H
R11 O\H/N\/\/\/\N)J\O R11
0 H RrR?
R'2 R10
R13 (18)
RN R13
R12 Rg o o R10 R12
R"3 O)J\H H)\o RM
R0 RS (19)
R11
R12 R®
O
R13 OAI\N R13
R10 'ﬁ R R12
o
o A
R® (20)

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

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

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

atons, an aryloxy group having 6 to 20 carbon atons,

an aral kyl group having 7 to 20 carbon atons or an

aral kyl oxy group having 7 to 20 carbon atons, the

group containing an atom selected froma carbon atom

an oxygen atom and a nitrogen atons, and 15 each of

c&tbon Rbds drlzh aralkyRigy grodppeandeg ]te 20ecarbspritema, the aliphatic
hydrogen atom or an aliphatic alkyl group having 1 to

akyi, ape oiphatio mko@ntid bpfatHec aglidigx the @ralupl, andi the dralkyoxy
to 20 carbon atons, an aryl group having 6 to 20

GRAURELAAITG an Borf 61Ot TFH R E¥BRGB, reSaRRrPABm and

atons, an aral kyl group having 7 to car bon

?‘{It?(?@e % ar al kyl oxy group havi ng 7 to 20 car bon
‘we aI i phatic alkyl, the aliphatic al koxy t he

oy h | k d th |
S%FB? o el it cierdiiahed & RBH gy dpotude
%%1 DRFARESE epr esont 88tby | or muBS@IRVIPReNylester

|nclude N, N - hexanedi yl - bi s-carbam c acid
NOV'Shexanesiyl-irepgibpeaicer ,acidy, N big@xaroeuipfienyhestenr bdispmers),
acid bis(2-propyl phenyl)ester (isoners),

NNN'Nhexamedivddis taitbiasnicar baoidc abis(2- butylphenyl)ester (isomers),
bi s(2- butyl phenyl )ester (isoners),

NN Mexzencdiyedigibatbiasnic ar begidl ¢ dsis@-pentylphenyl)ester  (isomers),
bi s(2- pentyl phenyl )ester (isoners), 10

NI Dhexapedngdisiba®amie ar bAGHC aBisfR-hexylphenylester  (isomers),
bls(2 hexyl phenyl)ester (isoners),

gﬁei{ég{:éayﬁ%ﬁ)ﬁ&a a?m ar b?&hc a%'sgiZ -octylphenyl)ester  (isomers),

phenyl er (I'somer

NQ‘“ e BR h@ﬁ?ﬁfy?ar o C@‘iﬂexaned. JiS@reumyphgyester

|d bi s i e henyl ) est.
N FeRERIAL B PR By ban GG 4 i(2 4 dthyphenyDestr
bIS(2 4- di propyl phenyl )ester (isoners), _
NN 'NnexXanegivi-disyTansasie aramiti oise@: f&rdlpropylphenyl)ester (isomers),
bi s(2, 4-di butyl phenyl )ester (isoners),
NNN'Mhexamediyb-tisytarbamic ar bainli ¢ bés:(x'zdl-dibutylphenyl)ester (isomers),
bi s(2, 4-di pentyl phenyl )ester (isoners),
NN 'Mexaeediybdisytabamic arddn chis(d,4-dipentylphenyl)ester (isomers),
bi s(2, 4-di hexyl phenyl )ester (isoners),

NBNLII ﬁ@g%ﬁﬁ?gﬁgﬁ;?%ﬁg C?Pg%ﬁedlh()axylphenyl)ester (isomers),
N,N'-hexanediyl-bis-carbamic acid bis(2 4-dioctylphenyl)ester (isomers),
N.N'-hexanediyl-bis-carbamic acid bis(2,4-dicumylphenyl)ester (isomers),
N,N'-hexanediyl-bis-carbamic acid bis(2,6-dimethylphenyl)ester,
N,N'-hexanediyl-bis-carbamic acid bis(2,6-diethylphenylester (isomers),
N,N'-hexanediyl-bis-carbamic acid bis(2,6-dipropylphenylester (isomers),
N,N'-hexanediyl-bis-carbamic acid bis(2,4,6-trimethylphenyl)ester,
N,N'-hexanediyl-bis-carbamic acid bis(2,3,6-trimethylphenyl)ester,

N.N'-hexanediyl-bis-carbamic  acid bis(2,4,6-triethylphenyl)ester, and
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N, N - hexanedi yl - bi s-carbam c acid

bi s(2, 4-di cunyl phenyl )ester (isoners), 20

N, N - hexanedi yl - bi s-carbam ¢ aci d

bi s(2, 6-di et hyl phenyl ) ester,

N, N - hexanedi yl - bi s-carbam c aci d

bi s(2, 6-di et hyl phenyl )ester (isoners),
NINNNhexanealinddiis-Catiiasnicaraoahi bisé; 4 G-tripropylphenyl)ester (isomers).
bi s(2, 6-di propyl phenyl )ester (isoners),
INabtiditioex anethples ifsalkgr baljicartaghates represented by formula (19)
bi s(2, 4, 6-trinethyl phenyl )ester,

m'ﬂldﬂe‘ hexanggy ﬂéth?!p‘-’rre%?l)mmlﬁeﬂfw%e-d|cyclohexyl carbamate,
, 3, 6-trimethyl phényl )ester

g PEWW ’hyr‘fﬁ'gﬁﬂéﬁ? GQ(X |, garbamate (isomers),
bis{ g ngyjp ?’% o %ﬁﬂgﬁgﬁ?@’& exe;, sone?%rf)amaltﬁ (isomers),

bﬁ?g Iptgh%rép 3%) 4gM§§h¥J%|@g-dIC))%ﬂ) eg(?( barr%ta?\garag er ese }s%gners)
bi s(2- et hyl phen /I') -4, 4" - met hyl ene-di cycl ohexyl .
bis&2-hexdpbenyl)-4, methylene—dtcyclohexyl carbamate (isomers),
bi s(2- propyl phenyl ) -4, 4" - net hyl ene-di cycl ohexyl

bisﬁ?-hap’amme(nyt)ehér-m)ath)ﬂene-dicyclohexyl carbamate (isomers),
bi s(2- butyl phenyl) -4, 4' - net hyl ene-di cycl ohexyl

bis{2-batyireril)sh Aemethylene-dicyclohexyl carbamate (isomers),
bi s(2- pentyl phenyl) -4, 4" - net hyl ene-di cycl ohexyl

bief2- Eaﬁmﬁeﬁiyﬁmf-ﬁkthylene dicyclohexyl carbamate (isomers),
bIS(2 hexyl phenyl ) -4,"4" - met hyl ene- di cycl ohexyl

PRI Fngtne AOBren | sy cobomet
b%?’%?%&?’yfp&%@ﬁ@@%atnﬁthvmﬁa9|°gﬁ'8hsr%'yc|%ﬂsamate (isomers)
b'ﬁf%? %9 A 52 hethVions Higvelbewrlcy coaramate  (somers),

armt e (i sorreﬂe%, . '
bl@(?sﬂzdlneravl@mw% yngthylene-gisyelphexd- dicafbasiaisy| (isomers),
car bamat e,
bib(%&idihexvilmhern&)l—ﬁ.ﬁém&tl)ylenaidimmxyhe- datdyarhateexy l(isomers),
carbamate (isoners),

bis(Z 4 idepstyy phienl P Aciyhtrylete-dieytighexd- di carbamiatxy| (isomers),
carbamate (isoners),

bl@(2&21|60t9l'pﬁéﬁwi4p¢7ﬂﬁ¥ih¥re‘he4dm{@bh&kyﬂne dhmarhaeexy [(isomers),

carbamate (i soner
b|§ngS,giir%%‘utrﬂyI?ﬁé%k@-?g'%éthﬁleﬁe-&%a%h@% di .CyC| ohexylgarbamate,
biggfé- it @%&MQQ?Qm&ﬁﬁeéé—HWcmﬂe%F' diFhGhiie Xyl(isomers),
bing? égm%tpgip?] %htg rXe hyléne-dlrcr;?(t:lgx r]e d Cybcalrr?a %xy (isomers),

bi s 4 dlcunyl yl)-4, 4" -nmet hyl ene-di cycl ohexyl
bis¢d p@y Iphenyl) 4 4' methylene dicyclohexyl carbamate” (isomers),

blséz 6- di met hyl phenyl ) -4, 4' - net hyl ene- di cycl ohexyl

bistz. # Hattimethylpbenyliy,4'-methylene-dicyclohexy! carbamate = (isomers),
bis(2,4,6-triethylphenyl)-4 4'-methylene-dicyclohexyl carbamate (isomers) and
bis(2,4,6-tripropylphenyl)-4,4'-methylene-dicyclohexyl carbamate (isomers).

Moreover, examples of alkyl polycarbamates represented by formula (20)
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20 bi s(2, 6-di et hyl phenyl ) -4, 4' - met hyl ene-di cycl ohexyl
carbamate (isoners),
bi s(2, 6-di propyl phenyl) -4, 4" -net hyl ene-di cycl ohexyl
carbamate (isoners),
bi s(2,4,6-trinmethyl phenyl)-4, 4" -nethyl ene-di cycl ohexyl
carbanate (i soners),

inclusdg2, 4 H{Eﬁtmlpbemmmrbonylémlneﬁnqtlhghé QiSetyimathgieytliohexyl
carbamate (isoners) and

cébatic4, 6-tri propyl phergdig - 4, 4' - et hyl ene- dPeatbliphexylester,
carbamate (isoners). 25 Moreover, exanples of alkyl

g@i -BEGHYRIHENSG) da@@éﬁﬁsﬁﬁrﬂﬂrrtéthwemabarm%m lcyohdigh ude

((2-ethyl phenoxy)car bonyl am no- net hyl ) , b-trinmeth
C%”P%@%Piéil P oxy) car bl éﬁfSﬁM”%“mE%@h’yF? 3, fisomers)
%Q—BP%&&&#E@ﬁ%m rfor-g‘%zi:]@ -@% g-tnmethylcyclohexyl carbamic

2- but yl phenox a no met h , 5-trineth
W((:§/cl oheiy}o car bg%&i‘b E%& nb e$iEH v | p%e%yl )ester (ISomers),
mer
344 pguwﬁnqn%mmwwmmemma & tipeihyicysionaxyl gesbamic
hyl cycl ohexyl carbam c acid (2-pentyl phenyl)ester
agidsoners), (2-pentylphenyl)ester (isomers),
3- ((2- hexyl phenoxy) car bonyl am no-nmet hyl )-3,5,5-trimeth
3-%((23hekydpl)wryd:xy)earbanylemliﬁoiméetdy()-?;r,ﬂ,éﬂyihm‘lhylwolebe)eyl carbamic
| SOMers

agid( (2- hept yl phenoxyrasiyihg ?bg[@Trret hyl) -3, 5, 5-t ri(gBers),
hyl cycl ohexyl carbam c “acid (2-heptyl phenyl)ester

- hylcycloh | carbamic
Y2 ( (gs_ ‘ﬁfﬁhﬁ"gﬁé’ﬁé‘iy@“ e ey pat Tsthylgyclohexy] carbami

a%/ihcycl ohexyl car ba'@-ﬂep%ﬁﬁﬁer{ﬁ)egféryl phenyl ) ester (isomers),

rsoners), 15

3 S Ey BB A B mea AT S e ety Ry ichend] "Bafbamic

(isonmers), 3-((2,4-diethyl phenoxy)carbonyl am
a¢g- net hyl ) - 3, 5, 5- t{2roatyl PBY'&%ﬁ'éxyl car bani ¢ aciligomers),
(2, 4-di et hyl phenyl ) ester, h‘li)t—
34((2-owyl|phenoxy)cethanyiar e met WLF) transthylayclalexyl capamic
cl ohexyl 20 carbam c acid (2, 4-dipropyl phenyl)ester
agidsoners) (2-cumylphenyl)ester (isomers),
3-((2,4-diethylphenoxy)carbonylamino-methyl}-3,5,5-trimethylcyclohexyl
carbamic acid (2,4-diethylphenyl)ester,
3-((2,4-dipropylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid (2,4-dipropylphenyl)ester (isomers),
3-((2,4-dibutylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid (2,4-dibutylphenyl)ester (isomers),
3-((2,4-dipentylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl

carbamic acid (2,4-dipentylphenyl)ester (isomers),

3-{(2,4-dihexylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
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, 4- di but yl phenoxy) car bonyl am no-net hyl ) -3, 5,

nmet hyl cycl ohexyl carbamc acid

di but yl phenyl )ester (isoners),

, 4- di pent yl phenoxy) car bonyl am no- net hyl ) - 3,

ri met hyl cycl ohexyl carbamc aC|d
(2 di pentyl phenyl )ester (isoners),

carb(a(mp4 di hexyﬁ@denoxy)ca(ﬂb@dﬁexmmmnyﬁemr) 3, 5, 5-(isomers),
met hyl cycl ohexyl 50 carbami c acid

3{(22,4-dihdystyiphenery)chesdradarainpometts))-3,5, 5-trimethylcyclohexyl
3-((2, 4-di hept yl phenoxy) car bonyl am no-net hyl )-3, 5,

3-((2
5-tri

(!4'
3-((2
5,5-t
4-

cartiamioet hyl cycdcgdexyl cap h&ﬂihép%ﬁényl)ester (isomers),
(2, 4- dlheptylphenyl)ester (|soners
Sg(i ﬁ%hé rrg tpﬁl%f\%@’&%%] i @‘3 BTg‘frHéﬂWkﬁclohexyf

Cé@ﬁgh"éiii o 'n’yFZ?nef f%&%@%eg%%s‘l@r“ @1 (isomers),

3%; ﬁlyﬁéd % ex anﬁl%%%%ﬁ'lyé %1,5-5 trimethylcyclohexyl

| phenox carbonlamno met hyl )-3,5,5-trinmeth
C%ﬁ@ﬁ p car Bé;m c ac?/ﬁc'@z 6- di ma%/hgll phe@ﬂ)@%‘ﬂ'@vl ¥|g_aoyl)ester
3-(&2 6 di et hyl phenoxy) car bonyl am no-net hyl) -3, 5, 5-tri
164, Bydimeth wphenaxy)ceab baytamine ntethyl)-3,5,5- tnmethylcyclohexyl
(2, 6-di et hyl phenyl )ester, 3-((2,6-d
canbamit phenoxy) car bonydadr no- et hyl ) - 3, (8,6-dimethylphenyl)ester,
5-trimethyl cycl ohexyl carbamc acid

3(((2 @mthg@mhbhﬂﬁﬁfﬁcﬁ@leﬁﬁm@m@ﬂM)ﬁ 5,5- tnmethylcyclohexyl

tri met hyl phenoxy) car bonyl ani no- net hyl ) -

Caﬁ-bgn{,gl met hyl cycl ohexyljgl5 carbam c acid
(2,4 '6 trimet hyl phenyl )est er, 3-((2,4, (2.6- dlethyiphenyl)ester

L e rdnyone
4.6-trieth enyl ) es and tri .
2B ‘Bhenoxy) Bl onyl am (58 dﬁ%rpwtpfl byfaster (isomers),
trimeth cl ohexyl carbamc
3184 STV PSP OROESbPEY NP3, 5. Satmeleyigysiphexyl
carbamat es produced in the transesterification
carbamti¢ on may be subg@@ted to the sub@ehbdrimathyphenyi)ester,

deconposition reaction while still as a
3-((2,4 6-triethylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl

carbamic acid (2,4,6-triethylphenyl)ester, and
3-((2,4,6-tripropylphenoxy)carbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid (2,4,6-tripropylphenyl)ester (isomers).

The aryl carbamates produced in the transesterification reaction may be
subjected to the subsequent thermal decomposition reaction while still as a
mixed liquid containing aryl carbamates and aromatic hydroxy compounds
which are removed from the reactor, or the aryl carbamates may be subjected
to the thermal decomposition reaction after purifying from the mixed liquid. A

known method can be used to purify the aryl carbamate from the reaction
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m xed liquid containing aryl carbamates and aromatic

hydr oxy conpounds which are renoved fromthe reactor

or the aryl carbamates nmay be subjected to the

t hermal deconposition reaction after purifying from

the mxed liquid. A 25 known nethod can be used to

purify the aryl carbamate fromthe reaction 51
lidquiduexamplesngfl wkicbfinolbde eyl dbthecamizaticoliydrbgy compounds
aromati ¢ hydroxy conpounds by distillation, washing
byididtillatibiv enashing dvithis olvesit areh pafifiddtnasfithe carybearbbatates by
by crystallization. Since the aryl carbamates of the
cRERABAioAModi ment are carbamic acid 5 esters

conposed of aromatic hydroxy conpounds and

| o AR RS BE e RSN tAE XTERAR, RO L8 ot barn acia
of8l7 RGOt I B £y R RS Bt e

reaC|ons s a reaction resulting in the "
e HPBMBPS D TRE PSR S D58 St SPYOrUN idbuy) Iaaddition,
hi gh tenperatures tg\eUCh 10 as 180C) at which thernmal
thge @ amates ofc rPé%ﬁ%@tem@dlﬁaﬁléha&ehéwnf%hl@ﬁﬁemely
by which side reactions are inhibited is unclear, as
resisiapl tovthe asicyrreties of islstedreaictions (giraksamadeactian eesulting in the
substituent at the ortho position relative to the
famycitionydf & ures behe rascprigvioushotesdribeal) wt diigiatemperadures (such
thereby hindering the reaction between a different

a§afét&@)Caﬁ%mcﬁswmancaéc%wsﬁdm@ &nndd dat. Although the

Mor eover, al though the aronmatic hydroxy conpounds

mfe%h?ﬁcar Wiich 'égfé F%ctlgﬁg AR PHibit 4 dsf Eﬁ&éépr%sc\ﬁraé bPeviously

ary YRt es present e

IR, BaP e RiNef 2R Eﬂ@smﬁbﬁgt H‘S*?‘S RB¥Gh2 at'fj’ﬁ% the
RS BEI el PR s?hoqﬁa"%f@dm{uaﬁé "ﬁﬁH@%ﬁng the
reverse reaction rate in the thermal deconpositio

reastienibevean 3| difereph arbapie Agichgstenand ke urethage bond.

deconposi tion reaction on the aryl carbamates, there

i s Museavkraralthgagbf theeiangmatic chydrosy stanppeends fomnedeby the

aromati ¢ hydr oxy
thermal decomposition reaction of the aryl carbamates of the present
embodiment are aromatic hydroxy compounds having a substituent at the
ortho position relative to a hydroxyl group, since the reaction rate between the
aromatic hydroxy compounds and isocyanates are surprisingly late, namely the
reverse reaction rate in the thermal decomposition reaction is slow, when
carrying out the thermal decomposition reaction on the aryl carbamates, there

is the advantage of being able to easily separate the aromatic hydroxy

compounds and the isocyanates.

<Thermal Decomposition Reaction of Aryl Carbamates>
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conmpounds and the isocyanates. 25 <Ther nal

Deconposition Reaction of Aryl Carbamates> 52 The

foll owi ng provi des an expl anation of the aryl

carbamate deconposition reaction of the present

enbodi nent. The deconposition reaction of the present
enbodi nent is a thermal deconposition reaction by

whi dhec ofoflesrgnd pnwvideo c wanaegsanatibrar @fatthe dyl carbamate
hydr oxy compounds are fornmed fromthe aryl carbanates.

débempesitibh 8adtRIPEI Ak Presémt drpbedipiént. Wi t hi n the range
of from100 to 300C, and al though a high tenperature

| S mhaf aeédhBosiibn! REICABS! B9 thd DreSSRACEMPRJIABRL i$1d)$ermal
side reactions as described above may be conversely

. t | . . r: ti .
dEcyBes Bn RBclbY o WFRHRESTeShing isbdfaridfde ‘A aromatic
reaction tenperature i ref.erab i thin the range of
iRy Bp iR e omed s B ks s e or
heatj ng apparatus may be installed in the reaction
Voo dbE KGRRaN rIeHIn AR 1S Gane alyn Biih the FpRYRqirfEom; 00 to
addi tion, although varying according to the types of
388Tpoandsalikeupmd hige demnatatusepisr prefeeable Her risstaasing the
pressure may be decreased pressure, 15 normal pressure
reactioncrede,s simcpr sideureactiansl asheesedloed @bove maynbel gonversely
carried out at a pressure within the range of from 20

causel by fHbaRh caizenatesrandoor thereactibaprodutts it ihenfermannf the
the reaction tine (residence tine in the case of a

isBePandtEeUtheTRé4tdidbh @hﬁbérﬁtlﬁén@rﬁei‘é’rﬁbfyomtﬂirg% randddf from

hours, preferably from 0.01 to 50 hours and nore

180.36°086 0 ARG &R, BErtud i ohaatR ApParatis “May be

used I nt

ngpfiRadh 4 BBty SeralaliE e Rl eBefptiaRbdefire.

ryvl carpamgtes. For exanple rgani c tal catal ysts

adfiton 2 hBSuRh wRrving achrabeaics Ihe dypee S cerppwa Used and

stannous octoate or the |ike, or am nes such as
repclioR temprralieo[the oreactien apEsstre dnay| becdreiapsed pressure,

triethylamne or the like are
normal pressure or increased pressure, and the reaction is normally carried out
at a pressure within the range of from 20 to 1 x 10° Pa. There are no
particular limitations on the reaction time (residence time in the case of a
continuous method) and is generally from 0.001 to 100 hours, preferably from
0.01 to 50 hours and more preferably from 0.1 to 30 hours. A catalyst can be
used in the present embodiment, and the catalyst is used at from 0.01 to 30%
by weight and preferably at from 0.5 to 20% by weight based on the weight of
the aryl carbamates. For example, organic metal catalysts such as dibutyl tin
dilaurate, ferrous octoate, stannous octoate or the like, or amines such as

1,4-diazabicyclo[2,2,2]octane, triethylenediamine, triethylamine or the like are

surtable for use as catalysts, while organic metal catalysts such as dibutyl tin
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25 suitable for use as catal ysts, while organic netal

catal ysts such as dibutyl tin 53 dilaurate, ferrous
octoate, stannous octoate or the like are particularly
preferable. These conpounds nmay be used al one or two

or nore types may be used as a mixture. In the case

of using the catalysts in the above-nentioned

dilawate sfarods cadtoate, r staonoos, otlvate aval thet dike oatai paxticularly
inthe 5 mxed liquid follow ng the

plafeizbhst EThddec odinpbundaeiabe Rrdisions e tad ¢r metatyris may
in the thermal deconposition reaction or catal ysts nay

be ukegshky AAdBdule0 thR tRé Ybasdr BANBSIRG WWENcAAR/sts in the

thermal deconposition reaction is carriéed out.

abbvd HdHiio H%@ Hﬁﬁségt%ﬁﬂ(fa‘i’%ﬁt FeHLtiBA! \fﬁé'tcréoélagﬁt contalned in the

necessarily require e preseht

it & ﬁ#%l?%hg?ﬁ#%ﬁ%ﬁ%ﬁfs&#@%&ae ﬁafﬁ%ﬁ%‘%h@%ﬂ as a catalyst
e ST AEIS AP S ior D okens cateVE i S sl ied to the

(i somers), nonane (isomers), decane (isonmers) or th

am k@rbamﬁ%& iwhery dhecthasmas mmmsmn Jepstion u{5e€ﬁmed out.
aromati ¢ hydrocarbons such as benzene, tol uene, xylene

Altheugheths usethg Irebetioneslyenti is Sob nepg:tsamu,anmbred in the present
(i somers), dibutyl benzene 15 (isoners), naphthal ene

embotiimeht, kesuiaibieriiarcsslvoamotartbe Uslest ad dtredctiori Bolent for the
hal ogen or nitro group such as chl orobenzene,

pd#ﬁb@bobﬂbﬁﬂlﬁﬁ'ﬁﬁ (trfé”i‘@é@l)on p%@é’ﬂlh @%ﬂiples of which include
br omobenzene ?ISOHEYS | or onapht hal ene,

i\pgﬂ I r al elr
amaﬁ%) h‘%l 3‘%33 c'étﬂgg%ba (génH%:o‘irmpoungz O%C% (|somers)
e n e
n?@%@%&am&%ﬁtﬁc&tﬂé (s SHBE, ine BRE %%ma%tﬁc ﬁi@%ﬁ%ons and
he 1ike: ali dr ocar bons,such _as hexane
alyEsusthitericar %'co%ar%r@rﬁoaﬁ c@y@ﬁoh@& oo, vlene
i ke; ketones such as_nethyl ethyl keton
(iseraets)h &tbyle berzens duwroeglt @ﬁ@zgmh(lwaw%u@butyl benzene
pht hal at e, di hexyl phthalate, dioctyl phthal ate,
(isemers) b maphthstierealaxt theolike;haramatis corpaundsnaubstituted with a
t hi oet hers such 25 as di phenyl ether, diphenyl sulfide
halogeheol nitey growuh swichoas dsdopbehzase, dichlorobenzene (isomers),
bromobenzene, dibromobenzene (isomers), chloronaphthalene,
bromonaphthalene, nitrobenzene, nitronaphthalene or the like; polycyciic
hydrocarbon compounds such as diphenyl, substituted diphenyl, diphenyl
methane, terphenyl, anthracene, dibenzyl toluene (isomers) or the like;
aliphatic hydrocarbons such as cyclohexane, cyclopentane, cyclooctane,
ethylcyclohexane or the like; ketones such as methyl ethyl ketone,
acetophenone or the like; esters such as dibutyl phthalate, dihexyl phthalate,

dioctyl phthalate, benzylbutyl phthalate or the like; ethers and thioethers such

as diphenyl ether, diphenyl sulfide or the like; and sulfoxides such as
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54 di et hyl sul f oxi de, di phenyl sul foxide or the I|ike;

and, silicone oil. These solvents can be used al one

or two or nore types can be used as a nmixture. As was

previ ously described, although the thernma

deconposition reaction of the present enbodinent is a
reacti on by which the corresponding 5 isocyanates and
dinhethgisolfexide, Hdiphexylswtogite mts tlee dikeor amd] Biliconeheil.  These
aryl carbamates, the thernmal deconposition reaction is
salNeatsUddn be uged heRs botvo o Ridse typesotalebe ged as a mixture.
efficiently obtain isocyanates in this thernal

dec AEG 4 | Previd RAF L dé¥bribel | §Itfﬁﬁhertﬁ5| ¢hdithd] © @B¥EmPbsition
| east one of the products of this'therm

rELABRRSI bl SR sL AR SirRRihnt 8% rEAddhl by Wbt B¢ EBR6EBonding
temin the . formo

SGESRIRES i Ind A Shpth MEFREL colhep s il Tfinel fipm the aryi
cabamiihsy die 05T GacaDsson 18aRtcR 4b arh GBI Tedction.

arbitrarily determ ned according to the conpounds »
Thysdin oedes tpoefligigatty abtaiphgoeyanaies i dhist thegaatidecomposition
boi ling points of the isocyanates and 15 the aromatic
readtiooxit i prneferatils taremowapatriedstt aie ofhke produstoof this thermal
the conpounds having the | ower standard boiling point

decorhpesition mrezdctibheingdlse ofosm obnpenisticyandtes angl the aromatic
carbamates are al so susceptible to the occurrence of

hpdidRy dPASOURIES friafn 4IRS Ghemeal dbeRpbsitibheesateh @ystem in the
eing held at a high tenperature 20 for a |ong period

' r ik ar '
T & SRpasobS RMbaRrR oS FrcRf o ER e Bl bt R Eer the
o [,.Qns ' t ' e
sPEFRREE ot Ao Tinle el iihouiils R IORPYAT U e gaseous
the time during which the aryl carbamates, and the
o9 DBePEET et b hETATAAeIETIGN ACBHBI G TS [Compounds used,
preferably as short as possible, and the thernal
and fmeambles the respestive skandard bejliagappintscefi thedsosanatgs and
t he continuous nethod. The continuous 55
the aromatic hydroxy compounds are compared followed by removing the
compounds having the lower standard boiling point in the form of the gaseous
components.

The aryl carbamates are also susceptible to the occurrence of side
reactions as described above in the case of being held at a high temperature
for a long period of time, although to a much lower degree than carbamic acid
esters. In addition, the above-mentioned side reactions may also be induced
by the isocyanates formed by the thermal decomposition reaction. Thus, the
time during which the aryl carbamates and the isocyanates are held at a high

temperature is preferably as short as possible, and the thermal decomposition

reaction is preferably carried out by the continuous method. The continuous
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method refers to a nmethod in which the aryl carbamates
are continuously supplied to a reaction vessel where
it is subjected to a thermal deconposition reaction,
and at | east either the forned i socyanates or aronmatic
hydroxy conpounds are renoved fromthe reaction
vessel in the formof a gaseous 5 conponent. Al though
metbed federsr taids mathosdnuwbighr the and earhemates \areseontinuously
and lines wused to carry out the thermal deconposition
suppled t;mapeaciicedes$adywligrenbts shizieeted tded theramal alecomposition
effect on the aryl carbamate or the products in the
réactionofand het Rastradiiher hther foryhaD igustyadatedn@dr aromatic hydroxy
i socyanat es, SUS304, SUS316 or 10 SUS316L and the Ilike
cORTpORRAISHE RIGORIPA RN She G8adtY vassell |HethBel'E)$I‘nVSf a gaseous
There are no particular limtations on the type of
ﬁ.g,%rnbﬂ vessel, and a known tank reactor or colum
re can be used. A reaction vessel is preferably

o P08 KR et ¥ oty el B st Er{‘ﬁ%ﬁseﬂ Al ines
o8 A RE L oRHPBEIE] GRCPERSEINEN ISeoHPR HrovlRg: Ty do not

vessel in the formof the gaseous conponents, and for
hawerd defgmantaleifecianithecam gamangateer igcrredugisyin the form of
car bamat es and the conpounds not extracted in the form

the arpenatigabydiexycoomprantds andnisbbyrradesr SWB304HnSGIS316 or
the reaction vessel. Various known nethods are used

SUS316lcand ethet like cansbel wsedepesfplatdy afinothitisdy ians |ingdgpensive.
20 types using reaction vessels containing a stirring

Thenkarean8Wdriciladimpatidnd 86 thépe oﬁréiioﬁbh'de%&élo%nd a known
colum, a nultistage distillati'on col umm,

talfikl Féa‘c?&%raéolh FéHctoracar‘F‘H%t b%lé’c?’usA 'FH!aEt cﬁ{ 98$sql is preferably

distillation colum, a packed

oS AREE S eroBgRa AR axw%%rﬁﬂcm.aﬁ JFEReipd e mcr
YRR St %babaﬁgdfea B8 il 355 oo
conbi nations thereof. Mt hods usi n? 56 the thin film

fosmegoinaihg: thermabdaremposiiant feactior Tionftee seactian yasseldn the

vi ewpoi nt
form of the gaseous components, and for removing mixed liquids containing

unreacted aryl carbamates and the compounds not extracted in the form of the
gaseous components from the lower portion of the reaction vessel. Various
known methods are used for such reaction vessels, examples of which include
types using reaction vessels containing a stirring tank, a multistage stirring tank,
a distillation column, a multistage distillation column, a multitubular reactor, a
continuous multistage distillation column, a packed column, a thin film
evaporator, a reactor provided with a support inside, a forced circulation
reactor, a faliing film evaporator, a falling drop evaporator, a trickle flow reactor

or a bubble column, and types using combinations thereof. Methods using
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of rapidly renoving | ow boiling point conmponents from
the reaction system while a structure having a |arge
gas-liquid contact area is preferable for rapidly
transferring the | ow boiling point conponents forned
to the gaseous phase. 5 The reaction vessel is
preferably provided with a line for supplying the
ther $Hin ditmbavapioeator ar lcohemhar reastavamregpeeferabén from the viewpoint
conmponent containing at | east either the isocyanates
ob rapidiyesrnovinyg dioax poitingesintl eofrpomedtd frohh ¢hé heaswdn system,
deconposition reaction, and a line for renoving a

whilg estrii@Utdh8@RE &l RIrgd ghBSiquiPERNEBOAS0 JrefdXSIE faF rapidly
a gaseous conponént and unreacted aryl 10 carbanates,

trtalhgfeln@irytrfé)lromf ﬁ&‘iﬁl’{? Bﬂgﬂbﬁg‘%?%%%sfo?m&o@%é %arseous phase.

cont ai ng at eas I the 1 socyanates ™o

aronmt | .dr Q ds i s eferab l ocated .
et Fofpath VeesBhE BHEC e PR Bt B 16 5oyl the
reaction vessel tp be renoved, and the line for. .
AR CRIRATAIFS: AdiN IPEdSMOYIE Ga5ROUS FORPAREY ceBiATIOAd least
not renpved as the gaseous conponents and _the
elibercthe isacyanates s afamaliAdlyesoxyscoaperads fmed by the thermal
preferably |ocated there below. In addition, a line
deopmpopibbyiragcliore randyadirenfor/reprovingy ai mixedediquid containing the
from the I ower portion of the reaction vessel may be
csmpauntiel yohtreawived, agnad gaseoas omypehsot khdaturmebetdd aryl
for recirculating all or a portion of the mxed |iquid
ca®ahRtes "Bt e 1R TeRMOVRY t%éydzaéé@ubéumﬁﬁcﬁnéﬂﬁl cbhﬁlinin? at least
conmpounds not renoved as 20 the gaseous conponents fo
. > ¢ g .
e alE T 8P et AV RimiSiie e prefiibly Mcateo at
- 1.ng i el f
aorfi MACaRhE theBestfs idhndtE i e Tepbfof 335sdl to be
sol vent y .be in the formof a,gas and /. or, a |iquid.
e oaande i afite FXigcte ik vabaan idis] cordinfig the
production process can 25 be preferably used as a
ComBaUREs Get remonad as; the @@S%SyWTEPﬂﬁﬂ@SfWﬁhepﬁNﬂ@,ted aryl
57 adhesives and the like. Since this process enables
carbapyatasispartioulady preferablyiodated theredsziowi t hout usi ng
extrenely toxic phosgene, the present
In addition, a line for supplying inert gas and / or liguid inert solvent from

the lower portion of the reaction vessel may be separately attached, and a line
may also be attached for recirculating all or a portion of the mixed liquid
containing the unreacted aryl carbamates and the compounds not removed as
the gaseous components to the reaction vessel. Equipment for warming,
cooling or heating may be added to each line in consideration of clogging and
the like. Furthermore, in the case of using the above-mentioned inert solvent,
the inert solvent may be in the form of a gas and / or a liquid.

The isocyanate obtained by the above-mentioned production process can

be preferably used as a production raw material of polyurethane foam, paints,
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invention is industrially extrenely significant. 5
EXAMPLES Al t hough the follow ng provides a detail ed

expl anation of the present invention based on

exanpl es thereof, the scope of the present invention

is not limted by these exanples. <Analytica

Met hods> 10 1) NMRAnal ysi s Apparatus: JNM A400 FT- NWVR
aghesives ambithet dke. Jdpnce thiy process anablesfisatyanades to be
13C- NWR Anal ysis Sanpl es About 0.3 g of sanple
effiziartiyo producedwevitioad dsihg ovritedlyt hexiedghbsgunerf the present
about 0.7 g of heavy chloroform (99.8% Al drich Corp.

idd@ﬁiioﬁﬁ@in@b@ﬁtall?-eQﬁeﬂ‘_nelylEig@ﬁfidaﬂt.efna' standard in the
formof tetranethyl tin (guaranteed reagent, Wako Pure

Chem cal Industries, Ltd., Japan) and m xing to
uniformty to obtain solutions used as NVR anal ysi s

(2) Quantitative Analysis Anal yses were
E?)‘?ﬁ%ﬁ%@d for each standard and quantitative anal yses

20 e rforped on the gnal ysjs sampl e solutio
oas S gHOR b T eroudrs i detaied Bxblanaspn, ¢t e, present
.Chroma%ogr aphy Apparatus: LC 10AT system Shimadzu =
INYSAKON baaead Pricxamples dnerech-tbe scorermf thegsesentdpyention is not
“Japan, two columms connected 25 in series 58
limded byphese ssampias. M xed |iquid of hexane /
tetrahydrofuran (80/20) (v/v) Solvent flowrate: 2 nL
/  nm<An@htticahMethmasrat ure: 35C Detector: R 1.
(refractoneter)
1)  NMR Analysis
Apparatus: JNM-A400 FT-NMR system, JEOL Ltd., Japan
(1) Preparation of "H and >C-NMR Analysis Samples
About 0.3 g of sample solution were weighed followed by the addition of
about 0.7 g of heavy chloroform (99.8%, Aldrich Corp., USA) and about 0.05 g
of internal standard in the form of tetramethyl tin (guaranteed reagent, Wako
Pure Chemical Industries, Ltd., Japan) and mixing to uniformity to obtain
solutions used as NMR analysis samples.
(2) Quantitative Analysis
Analyses were performed for each standard and quantitative analyses
were performed on the analysis sample solutions based on the resulting
calibration curve.
2)  Liguid Chromatography
Apparatus: LC-10AT system, Shimadzu Corp., Japan

Column: Silica-60 column, Tosoh Corp., Japan, two columns connected

in series
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5 (1) Liquid Chromat ography Analysis Sanples About 0.1

g of sanple were wei ghed foll owed by the addition of

about 1 g of tetrahydrofuran (dehydrated, Wako Pure

Chem cal Industries, Ltd., Japan) and about 0.02 g of
internal standard in the form of bisphenol A

(guaranteed reagent, Wako Pure Chem cal |ndustries,

Lt d Devébgpamg saiventriMixed liquiduof Hexamet AtetrabydrofurandB6/20) (v/v)
solutions used as |iquid chromatography anal ysis

sanBobsent fl2Ww @&t hilatmire Anal ysi s Anal yses were
perfornmed for each standard and quantitative anal yses

ver e dghhaeperatrd: Mpognal ysi s sanpl e sol uti ons based
on the resulting calibration curve. 15 3) Gas

Ch g@%g : y GC-2010, Shi mad Corp.,

Ja:Jan Pt?npvy(WQQPm Agi | ent Telcﬁolzggi e;pCor p.,

SA, . ] € X [ [ : 0.250 mm film
(1tL)Jhi %dyi@g:wﬁmégjq%wﬂﬁ%rytsgn%gﬁgﬁﬁe Hel d at 50C for

5 m, nut fol Lowed, by incregsi 20 at the te o
0CBoHF B+ § oIl s g rsrianed by tiaddidh Phapert 19
b increasing at the rate of  10C/ mn to 300C
Ob{qt@dwwefuFaro?réqf)yd@@du%lﬁm%ea{aﬂ@mm@éﬂly@il%ﬂ%%nbtﬂesdapan)
About 0.05 g of sanple were wei ghed followed by the
and dboub9.Q2 gatfounternal gmngacd imthe foren pﬂbigniﬂeaiog& (guakanteed
Pure Chem cal Industries, Ltd., Japan) and 59 about

reagent, dNako iRurerCladmihimthustries) Ltde Japam) afd rukingrte uniformity
(dehydrated, Wako Pure Chem cal Industries, Ltd.,

tol@itam sallfiomd ysélas Hquidi dHbatdgraph dinalysis %EHS@ ns
used as gas chromat ography anal ysis sanples. (2)

B SRS Lot tati ve analyses

Analyses were performed for each standard and quantitative analyses
were performed on the analysis sample solutions based on the resulting
calibration curve.
3) Gas Chromatography

Apparatus: GC-2010, Shimadzu Corp., Japan

Column: DB-1 column, Agilent Technologies Corp., USA, length: 30 m,
inner diameter: 0.250 mm, film thickness: 1.00 pm

Column temperature: Held at 50°C for 5 minutes followed by increasing
at the rate of 10°C / min to 200°C; held at 200°C for 5 minutes followed by
increasing at the rate of 10°C / min to 300°C

Detector: FID
(1) Gas Chromatography Analysis Samples

About 0.05 g of sample were weighed followed by the addition of about 1

g of acetone (dehydrated, Wako Pure Chemical Industries, Ltd., Japan) and
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were perfornmed on the anal ysis sanpl e sol utions based

on the resulting calibration curve. [Reference

Exanpl e 1] Production of Bis(3-nethylbutyl) Carbonate

Step (I1-1): Production of Dialkyl Tin Catalyst 10 625

g (2.7 mol) of di-n-butyl tin oxide (Sankyo Organic

Chem cals Co., Ltd., Japan) and 2020 g (22.7 nol) of
aBoute0102 glefbintemal stafudead dp tGe. forint of foludeeddehydmated, Wako
placed in a 5000 m - volunetric pear-shaped flask. The
PlteasBhemiral dadnsteibsd Lid, alapavi i troikirgRtd 4dnifopmithatoa obtain
Co., Ltd., Japan) to which was connected an oil bath

s&|%heﬂsea/5§l§$% éFﬁbmatog}apﬁp)ana%is%iﬁprth a 15

tenperature controller,” a vacuum punp (G 50A, U vac

(d%an Eﬁﬂéom{% vacuum control l er (VG 10S, kano

el sa Japan). The purge valve outl et

a C e

n tﬁ*ﬁaﬁrﬁ%‘"’@@% bg\v&oﬁﬁggtfgﬁ'%%ﬁﬂn%@‘@?@eaﬁ ATGREE Balyses
closm t he pur e.of th rat to reduc

F qasthurés Pie i Anafisi marible BabGRTS drarednes Bl esutting
%radually to 20 aIIow nitrogen to flowinto the system
calfation gHiyet o nornml pressure. The oil bath
tenperature was set to about 145C, the flask was
i miRefeenae kxkampld 1] bdtroduetibn ot Bis{®methylbutyl) Carbonate
evaporator was started. After heating for about 40
m nut Btepi (+1):Neropuetiom of Did kyl tThm Satslystc pressure
nitrogen with the purge valve of the evaporator |eft

opeezsggsféz 171 tndl)i eMdioh-batyrRinwkidéd- (usanﬂ?glorgmwowmcals Co.,

wat er began.” After nmaintaining in this state for 7

L{I0Uispa I)%QOQDQG Qa’lgi&’ g o e‘?fuce ¥ hyl- PO U5 (KuFarlaySCEE Lid.,

he system was gr ally nd excess

| ns: t‘mé{ él"‘&%ﬁ a%ﬁ?ﬂ?'bv EJ“?%S? FS%F&%F{%HQ?Q#%(E Th% flask
B R Pfi%%é&f%ér@ﬁg o i%ﬁ:’%ﬁft;@i%k 2o lithe :@tpeﬁh ¢ yhich
room t emperature , the flask was taken out

W@’F qoneesied gatrl b@fﬁ'e(cbéﬁ WMBRGUdFLorBp elan@n) GasiRRad with a

and the pressure inside the systemwas returned to
temparspurer ¢entrolier, a vacuum pump (G-50A, Ulvac Inc., Japan) and a

vacuum controller (VC-10S, Ckano Seisakusho Co., Ltd., Japan). The purge
valve outlet of this evaporator was connected to a line containing nitrogen gas
flowing at a normal pressure. After closing the purge valve of the evaporator
to reduce pressure inside the system, the purge valve was opened gradually to
allow nitrogen to flow into the system and return to normal pressure. The oil
bath temperature was set to about 145°C, the flask was immersed in the oil
bath and rotation of the evaporator was started. After heating for about 40
minutes in the presence of atmospheric pressure nitrogen with the purge valve
of the evaporator left open, distillation of 3-methyl-1-butanol containing water

began. After maintaining in this state for 7 hours, the purge valve was closed,
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pressure. 1173 g of reaction liquid were obtained in

the flask. Based on the results of 119Sn-, 'H and
13C-NWR anal yses, 1,1, 3,3-tetra-n-butyl -

1, 3- bi s(3-net hyl but yl oxy) di stannoxane was confirnmed

to have been obtained 10 at a yield of 99% based on

di -n-butyl tin oxide. The sane procedure was then

pregsadie edinsizlet | ties taystdhai waa tgiaalually 1IedBbed, ofand excess
1,1,3,3-tetra-n-butyl -1, 3- bi s(3-net hyl but yl oxy)
Samnetryiiaatancl whepidtilled withPhedsrebs @rie iAGide the system at 74 to 35
Bi s(3-net hyl butyl) Carbonate Bis(3-nethylbutyl)

kPar bl ehavagaclbA e RifgieR aﬂpélﬁzrrgg, rﬂg@ Yiask ViAo ut 16F the oil

apparatus |ike that shown In

bitht, 3afaf %'ilf)@wgtb:)gfllé lfgéikb{c? 3ol™8h ht)‘llebyig}eﬂsitg;(%% Ioom, temperature

I St annoxane uce n the  manner

EFTAHRP iaFR e, R BUE oBing ol bl 1o pifciVBvecwps opened

10 acked with Metal Gauze CY Packin Sul zer )
OHHIRCR T the PTaRPY Bl e RrsIal Wa ARTUTAAG fo atmospheric
di aneter of 20 151 mm and effective Ie_n%th of 5040 mm
PEafsute.nel A g1ofsaaction liguid iwerecphtpingd in the diesk) aBased on the
colum 10 oS syppl ied at_ the rate of 14953 g / hr

résudts aof t f abst.er 'Hi nangd. TiteNMRyui ahalgsgmer at,dr3:3itesadebutyl-
reacti on vessel 102 was controlled to 160C by a

118ehis€3-nwethylbutyidagi) |distahhdxaren dasheonfiregsiuocha@s been obtained
adj usted to about 120 kPa-G with a pressure control

avalyisd of 0e% 65$é@6ﬁ@i%§bﬁl\%% bﬁidbhem@abifdnﬁeé?rdc%mﬁé was then

was about 17 minutes. t hyl - 1- but ano
réHéd Ni NG wWajigfesat {Je B?fa‘?n of gl508%a0 / oftr f1"0‘3g5t hey  of
top of the reaction vesse via a transfer line 6, an%l

- et - . 8 [_hr via feed

1 ﬁlﬂgt%%bv\ré Pg%ﬂ %é 5ﬁ'@%ﬁ¥@$?ﬁ%ﬂ)o ncﬁgtg?lu%ari%l packed

W th t auze CY Packi and prqvided with a

r eboi g@ﬂi‘fﬁﬁ?&’u t'?%ﬂﬁéﬂ@%“ﬁ@!’%héﬁﬁp%? 5
di sbi_llative purification. In the tq(;P'Of distillation
col Bi{3Taathybutyly carkenate gvasinipdecad M ghcontinuous production

concentration of water was condensed by condenser 121
apprratuscover etik@ r om a thatovery shows 3. Puirified FIG 1.

3-net hyl - 1- but anol was
1,1,3,3-tetrabutyl-1,3-bis(3-methylbutyloxy) distannoxane produced in the
manner described above was supplied at the rate of 4388 g / hr from a transfer
line 4 into a column-type reaction vessel 102 packed with Metal Gauze CY
Packing (Sulzer Chemtech Ltd., Switzerland) and having an inner diameter of
151 mm and effective length of 5040 mm, and 3-methyl-1-butanol purified with
a distillation column 101 was supplied at the rate of 14953 g / hr from a
transfer line 2. The liquid temperature inside reaction vessel 102 was
controlled to 160°C by a heater and a reboiler 112, and the pressure was
adjusted to about 120 kPa-G with a pressure control valve. The residence

time in the reaction vessel was about 17 minutes. 3-Methyl-1-butanol
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punped to colum-type reaction vessel 102 via transfer
line 2 located in the bottomof distillation colum
101. An al kyl tin al koxi de catal yst conposition 10
cont ai ni ng di - n-butyl -bi s(3-nmet hyl butyl oxy) tin and
1,1,3,3-tetra-n-butyl -1, 3- bi s(3-net hyl but yl oxy)
di stannoxane was obtained from the bottom of

camtaining water aktet iadem of 45687 glLOAr frarmdtheuiopl ofelthet reaation vessel
thin film evaporator 103 (Kobel co Eco-Sol utions Co.,

viat 8l trandtgrdie 8] and 3-maavflerblianel at thel kate of 825 g / hr via feed
3-net hyl - 1- but anol was distilled off in thin film

ity ap%@bgﬁurﬁ%d atadd.étﬁld&.%h%dl%nt 00 f YadRBd twite Me&QPGaQIEe cY
vessel via a condenser a transfer line 8

and
Ptaf:ﬁﬂéfﬁd lir&\Gddd witt aaéébyllef; '1'?1 aérjggté't omd?fs%hl 21 tq carry out

conpodsit1 6n was  punped fromthe

oRHRARES sRetion af IHSAPREPr o fialioR SR P EiG R o fraction
cirilid. o bioh Shnacsiallen oh st b colese o sppenser 121

di st annoxane t o about 5130 g/ hr Car bon di oxid
ang prscoNgred, frame autesovate ling 3.t r BHefied 3imethyl- b‘PUfEH!Q' was
rate of 973 g/ hr, and the pressure inside the
palmvedltavmlum-hyaeneacti@m vassal MRva trahefertlimep2decated in the
i nside the autoclave was set to 120C, the residence

bottore sfadistikatjars teldniro 18bouindalkgltis , alkoxida cataigsti composition
bet ween the carbon di oxide and the 25 alkyl tin

cantimingle cat al ¥ih-InayPeIs{3-hRAhyBatyRXy) i ed out tio and

obtain a reaction liquid 62 containing

18 @(ﬁ {FEW LR Y- Bgﬁ%?@%ﬂﬂbﬁt tl?@%ﬁlgﬁﬂﬁé%ﬁﬁvmgyb@aiﬁa from

trans erre to' a

r r g
*hﬁ%@ﬁﬁ{ﬁn of SR s e, 88%%6“% o3 ABRTEE 192 thin fim
recov an fe e 1 S bse uent |
etaHi 10 iR EtrSothions L.« b, Japanen A #nsfer ine 5.
eva orator Kobel co Eco- Sol uti gns Co., Ltd n)
Theggaethyl ol wascdistilednefht Inotlynkﬂmvwawator 103 and
transfer line 12 and supplied while adjusting the
retuimgdr tex eolomnitypesreactien vesaebl®y Ivia sgcwidgrdenct2dyla transfer
but yl oxy) di stannoxane to about 4388 g / hr to obtain
lire & antli teansfentiaéd.ngThe sHlidy! ntirt aykduidey Icatalpstbomapesition was
pumped from the bottom of thin film evaporator 103 via a transfer line 7 and
supplied to an autoclave 104 while adjusting the flow rate of
di-n-butyl-bis(3-methylbutyloxy) tin and 1,1,3,3-tetra-n-
butyl-1,3-bis(3-methylbutyloxy) distannoxane to about 5130 g / hr. Carbon
dioxide was supplied to the autoclave by a transfer line 9 at the rate of 973 g /
hr, and the pressure inside the autoclave was maintained at 4 MPa-G. The
temperature inside the autoclave was set to 120°C, the residence time was

adjusted to about 4 hours, and a reaction between the carbon dioxide and the

alkyl tin alkoxide catalyst composition was carried out to obtain a reaction liquid
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On the other hand, the evaporation residue was

circulated to colum-type 10 reaction vessel 102 via
transfer line 13 and transfer line 4 while adjusting

the flowrate of

1,1,3,3-tetra-n-butyl -1, 3- bi s(3-net hyl but yl oxy)

di stannoxane to about 4388 g / hr. The fraction
coptairangibig( 3eme{3dbutyih dabbdndte. cdhizsoresotiondijuid wasl tradsferred
to a distillation colum 107 packed with Metal Gauze

tdC¥ gackiboaizfien LK PR diavat frafsfeelipiel ¢0 did aaBdniol valve to
condenser 127 via a condenser 126 and a 15 transfer

rérhBe lés@ﬁalt EftbbAlRode SR thd cé‘fboﬁ%bﬁ?%%@g recovered from a

distillTative purification to obtain 99 w%

tr%%oﬁéﬁfeé?éé ! bgpé%%%fe?{ﬂ? El‘?é ?@%‘(étﬁmt ﬁ%wglc\géfg rtk’ar{slf&‘?ec}% a thin
iR SR sioE Rpp 099%.3%‘5’&' B o s LS a 19€ Sef o about

V\gs found to _ cont ai

1425C gnd ahaut 4. %kBat\'yﬁr atransfird(ng. e fAgisyepled whyle adjusting the
di st annoxane but not 20 contain )

flew- hateutafl 114 8.Catetraemprbiitlyd-bist$-naethyloatylexy)c gistgnagxane  to
out the above-nentioned continuous operation for

abbou43281@ hbutes pbtalrk gl fradtionacdrdainiey bsd3-ahgthylbutyl) carbonate.
conmposition was extracted froman extraction |ine 16

Cait thdhotiiart Bandl, e eyapohdtionvredidue was circulated to column-type
1,1,3,3-tetra-n-butyl -1, 3- bi s(3-net hyl but yl oxy)

réislc%ﬁf\ié@ééﬂ ¢02 W@%ﬁsﬂar%@o’f 3liaRg tPéhéf@nehﬁé)QV\ﬁhﬂé %GPE‘Eng the
was supplied froma line 17 at 25 the rate ot 18

/ 3 of
f'%gr SR 1§f‘§‘3”e‘%ﬁﬁfﬁfﬁﬁ‘e§%§aﬁ?? TERIREIONP igthine to
6929
rohgéé 5570 Py FcIBY ebfeR Bt oBRste v
ustrle n aced 3000
Rt Bisslafon raRBRn 1o Aaecken i Mefl Baizs e g and

white, slurry-like mxture was attached to an
e@wap@ﬁ &vith atrgbaigrch Anvard aospnstenser 487 o/ia apegndenser 126 and a

equi pped with a tenperature controller, a vacuum punp
transfes lineclduat themateodd 859 grhbr gﬁultcyeed/hw&stﬂlatiwetpwﬁication to

this evaporator was connected to a |ine containing
omﬁirr o9 ent% bis(Bimethpthutil) barborkte frofs Hirecovdry dineci®at thg rate

t he purge
of 944 g / hr. When the alkyl tin alkoxide catalyst composition of a transfer
line 13 was analyzed by "'°Sn-, 'H- and "*C-NMR analysis, it was found to
contain 1,1,3,3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane but not
contain  di-n-butyi-bis(3-methylbutyloxy) tin. After carrying out the
above-mentioned continuous operation for about 240 hours, alkyl tin alkoxide
catalyst composition was exiracted from an extraction line 16 at the rate of 18
g / hr, while 1,13 3-tetra-n-butyl-1,3-bis(3-methylbutyloxy) distannoxane
produced according to the above process was supplied from a feed line 17 at

the rate of 18 g / hr.
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10 val ve of the evaporator to reduce pressure inside
the system the purge valve was opened gradually to
allow nitrogen to flowinto the systemand return to
normal pressure. The oil bath tenperature was set to
about 126C, the flask was immersed in the oil bath
and rotation of the evaporator was started. After

r ot fiRefegencelERkampiand] Pudustiontof BibutyhGadxoreste nor nal
pressure with the purge 15 val ve of the evaporator

| ef t Stegn(ll-1h€rotdudtioneoftDiallgt TanGathiysti | | ati on of the
| ow boiling point conponent began. After maintaining

i N oSy §2. 78N of i MAbLt ?i, tirh BRidePaR@ 2008 g/ 2 MAfol) of 1-butanol
cl osed, pressure inside the systemwas gradual |y

%‘Clﬁﬁ d@@nu&%ﬁ'lr‘?&{#tné@"ﬂﬁo' 'JbBQr?O_ aéei‘étﬁl%BS”ﬁ”h 9860 mL

st| I e pressure e system at
f 1 nt ;
%l@nfegﬁé&g{%m@regﬁ able (T PRl OO CRAHEL S'”ﬁv-"ke
th. The reaction |iquid e form of
Y westabseied 10 s Sbaliic Apictouad Ginedted i oi batn
oi] bath, the purge valve was opened gradually and the
eﬁ'r"@&%r‘é"thn@l iRMpaaturey SOBHPURS 3 eYanusd RYNRoARE| @ vacuum
pressure. 952 g of reaction liquid were obtained in _
comieolierasikhe puksgel vatve autleteafuthissevaparalin-wag wonageted to a line
13C-NWR 25 anal yses, a product in the form of

cdntairdng nitedgen gab Uiowing , 8- mbremal preygsuney ) Afigd closing the purge
di stannoxane was obtained at a yield of 99% based on

vélve 'of Rhé WvapbrateX il ReducENsreganm iPERIREE! €Y@, tl’ﬂ?r}urge valve
repeated 12 tines to obtain a total of 11480 g of
{ t X (PXERE return t
vl bty iy o 40 B gt o
t S n Ob$ino
@ﬁ%‘iﬁ%ﬁs app X 'LQ% eﬁﬁﬁ%%ﬁﬁgs e B phREe-C, the flask
Tet 0 di st an ne
Wﬁ?d@ateerat*ﬁ? &%BFF?% 394 701t pf e avaRoraiq s BBHER"C Afer
g/ hr fromtransfer line 4 into a colum-type
rqt@tygg ?Gﬁ heafing| f%ﬁh@lé@ 0 ﬂﬂmﬁéﬁlaiﬁw( ma}%%%@k‘f"ﬁé the purge
(Sul zer Chentech Ltd., Swtzerl and% and havi ng an
valdeef the eyeantater laft ope, thm mixdurer beited srd (distfiationfof the low
5040 mm and 1-butanol purified
boiling point component began. After maintaining in this state for 8 hours, the
purge valve was closed, pressure inside the system was gradually reduced,
and residual low boiling point component was distilled off with the pressure
inside the system at 76 to 54 kPa. After the low boiling point component no
longer appeared, the flask was taken out of the oil bath. The reaction liquid
was in the form of a clear liquid. The flask was subsequently taken out of the
oil bath, the purge valve was opened gradually and the pressure inside the
system was returned to normal pressure. 952 g of reaction liquid were

obtained in the flask. Based on the results of "'°Sn-, 'H- and "“C-NMR

analyses, a product in the form of 1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy)
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with distillation colum 101 was supplied to

colum-type reaction vessel 102 at the rate of 24717

g/ hr fromfeed line 2. The liquid tenperature inside

the reaction vessel was controlled to 160C by a

heater and reboiler 112, and the pressure was

adj usted to about 250 kPa-G with a pressure control
distdnroxamlbewas ohiginddnatcatyield oh99%e basedtoroni-ndudel tin oxide.
was about 10 m nutes. 1-Butanol containing water at
Thbsanad progedify Wasdhén hepéatet 12hiemeo o obtdima toaof o480 g of
vessel via transfer line 6, and 1-butanol at the rate

1013 82étr8-r-bltyl Mi Rdi(BEE/Idy) Bistani®iahe Punped to
distillation 'colum 101 packed with Metal Gauze CY

o ovi 028 (2K FFRRcRR bbb Qe aee nder 11 1o
i < arflie e s iemgﬁaﬁg&ﬁeh et BBt PRl 8h prratus
"%33?5& 3008 7 iomiEanaTor 11 ﬁﬁése‘?w¥uf°°”Fi%g@£rb§§ﬂyloxy)

punped via transfer I|ne 2 located in the bot
d@¥armog<ﬁne|%rpﬁ5ﬁewn §tep {b1) wes supried et ﬁh%lrat%(pfjéZm g/hr

catal yst conposition containing di-n-butyl tin

fram- Wapsfenlinded Igoamgolumn-type reaction vessel packed with Mellapak
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane

75a% packangeBdlzemCHemitceh htd.;] @witdertapidymand yphaving an inner
reaction vessel 102, and supplied to thin film

diawier af 961 18m éKQhﬁ”fé@:ﬂyECI@5§E|@ft5mnﬁﬂ anbt flbutanol purified
Japan) via a transfer line The 1-butanol was

wilh 2t a6 @blurh 10 pad m@gﬁ%@mﬁ- 198 880 FI4RP 402 at

col um-type reaction ondenser

th"eIr @?éfo?rzziﬂ?gga) Ao Fefe%”ﬁrﬁ{"z | '1‘?% ﬁbu%rlgm%l%l%tltuhé ifkide the

de ca st conmpositi

tomofthlnf via tr er
re3atod egpelios sonBle faJB04E b heatl gt ek 4B~ atd the
flowrate of the active corrBonentsmthe form of
Pgspuie/vas adiusted toabadt 2ykPa-G with a pressure control valve. The
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane
resisleiseutimes i the/ reactiogavessel divasi deowiad Osnpiplitesd tsButanol
the 10 autoclave by feed line 9 at the rate of 973 g /
cdntainingiwalker atrtbe sateeof 247 tie gt Her fromittbel tepefths reaction vessel
mai ntai ned at 4 MPa-G The tenperature inside the
vigutzmsk&vithe 6, and 1-butanol at the rate of 824 g / hr via feed line 1, were
pumped to distillation column 101 packed with Metal Gauze CY packing
(Sulzer Chemtech Lid., Switzerland) and provided with reboiler 111 and
condenser 121 to carry out distillative purification. In the top of distillation
column 101, a fraction containing a high concentration of water was condensed
by condenser 121 and recovered from transfer line 3. Purified 1-butanol was
pumped via transfer line 2 located in the bottom of distillation column 101. An
alkyl tin alkoxide catalyst composition containing di-n-butyl tin di-n-butoxide

and 1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy) distannoxane was obtained from
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was set to 120C, the residence tine was adjusted to

about 4 hours, and a reaction between the carbon

di oxi de and the al kyl tin al koxi de catal yst

conposition was carried out to obtain a reaction

l'iquid containing dibutyl 15 carbonate. This reaction
liquid was transferred to decarboni zati on tank 105

tive ebattcam séfe columretyh@ aeactiorc vessel 102 \andt supplad/ do thin film
resi dual carbon di oxide, and the carbon dioxi de was
evaporatsed0d (KobékaBieGoltivns1Go., Sids gapany Via a tia@sfer line 5.
reaction |iquid was punped to thin film evaporat or 106

T(h@l@flhﬁé’ncﬁcﬂa§0<ﬂ|§ﬂ|lélf‘%ﬁ (PP thin LilFh evéﬁsfma;r %9*3, éﬁ’d q%a%ed to

40C and about 1.4 kPa vi a tr?nsfer I ne
°§%?@f% bttt Jaishl 02 4 IQehBLr 00 g 'asnfﬁax*g]e 8 and
trtaﬁsﬁe?ii‘ﬁt i ol et %%@amaﬁ%é‘r%h%oé%%%bﬁh”%ﬂ from

sclr ulated to c e reactign vessel
Mﬁ o i P ?Y?@o@g’ra%gt‘f‘% tEanser ng supplied to
adJ usting the flow rate of
aytoplayes 186tWB“Eh agiusfing1the- ﬂ@\(l ratkiof 1tbe \gctivp seamponents in the
to about 4201 g / hr. The 66 fraction containing
fatmbuof/ | dibatybotiat eibutexidep@nded iig3,ditstrain-bufybh, Edi(nHputyloxy)
107 packed with Metal Gauze CY packing (Sul zer

dishanmmanel tal .abotn 481 Igandir. arGhrbeAudipRidié Washsupplied to the
reboiler 117 and condenser 127 via condenser 126 and a

alifctiieehy fbd® lind Qﬁht tHeerdtatst o3 §3Q1r9 ahd Hhe&ﬂbééﬂ)’i@%ﬁﬂe the

distillative purification to 5 obtain 99 w %

aﬁhoﬁa%é‘ﬁhg%‘hﬁgﬁﬁéd %?Phl?\‘ﬂpah : f?ﬁée'ﬁé&lrﬁégrﬁp?énlng’{éoﬁqﬁ d@ﬁtoclave

e rate o

R @Jﬁ%'stnr&%%fcabkﬁ‘gﬁ\&?%%u S 5 T e
r%:ﬁ"%{oﬁhﬁmé@ e AT APDA- BIR AL 18 SlkoKide catalyst

-n-but oxi de. After carrying out the above-nenti oned
C‘e@ﬁpsweauwaioc%@dapubrtOf ebtaip cutregeiierndigrisl centajning; dibutyl
al koxi de catal yst conposition was extracted from
casbonata.i orhisireactidh diguidneas dranséérred tg dedarbomibatien tank 105
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane
viarteahsfedlingn 18taawl & Idonfrpl valve to remove residual carbon dioxide, and
the carbon dioxide was recovered from transfer line 11. Subsequently, the
reaction liquid was pumped to thin film evaporator 106 (Kobelco Eco-Solutions
Co., Ltd., Japan) set to about 140°C and about 1.4 kPa via transfer line 12 and
supplied while adjusting the flow rate of the
1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy) distannoxane to about 4201 g / hr to
obtain a fraction containing dibutyl carbonate. On the other hand, the
evaporation residue was circulated to column-type reaction vessel 102 via

transfer line 13 and transfer line 4 while adjusting the flow rate of

1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy) distannoxane to about 4201 g/ hr. The
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was supplied fromfeed Iine 17 at the rate of 16 g /

hr. 15 [Exanple 1] Step (1-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (3-nethyl butyl)

Ester 1818 g (9.0 nol) of bis(3-nethyl butyl) carbonate

and 208.8 g (1.8 mol) of hexamethyl ene di am ne

(Al drich Corp , USA) were placed in a 5 L volunetric
fractio wonteiningt dibutyl darbanatei wasrsuppdieg| tacditillatiarheolumn 107
flask, and a Dinroth condenser and three-way val ve

paecked afithadbtd Ganzel@Yfdarking (Sulfar Cle@hnsuhnddt, Bwitzsilaiel) and
of the systemw th nitrogen, the four-nouth flask was

eqmiiibbaeﬂnthnréﬁblléfH‘]l?abhd ESRbErkbr AP UAR &Sﬂdén’seﬂa%‘)and a
heated to 80C foll owed by the addltlon of 3.5

trﬁﬁgfe‘r' rfh@ejm%’f'tg@ rhfeB e g@g‘lﬁ?“ﬂr j %6 %&' dlg\ﬁl vguﬁl?nflcatlon to

Chem cal 25 I ndustries sta

S B, IR R M e o
S, eeﬁ&vsﬁﬂraémﬁ@n@aw& 87 BBt fpengtrne 12

result of analyzing the res uIt| ng solution by Iiquid

WaRrnalYERst Bh S'i-heHs@nsh STNMR sanalysis, tth%%rﬁ@léﬂdw to contain
29. 9% by wei ht of N, N - hexanedi yl -bi s-carbam c acid

18, 3i3¢tetraen- bytybdtl‘yﬂ)(némtﬂoxy)sdletar(rmxam itsnotl centaiondien-butyl
Low Boi l i ng Poi nt Conponent The sol ution obtained in

tist dpn{bitdyideas piftecedarging Soudt \thé uabbrégnéhtisiied continuous
equi pped with a three-way val ve, condenser, distillate

operatient for st 6O HBUFE! alkyl amd amb&.déﬂ%hfhﬂyétf cémMBosition was
flask was repl aced wth nitrogen in a 10 vacuum The

eit?@&léd"‘%rh ”’@?frﬁ@ﬁ’od nidd Q6! datthe heafeedy ft°1@bgm/ hr, while

Dstillation was carried out Il e gradta

EE???E‘?% '%PS%IPB?SQ@?\%UMR%J’ dis&ietahe dredie, in step (1)
gﬁﬁghﬁ Frg%%,edqsu @Q{){ %?eexﬁéé%f ngafo be a

solution containing 78.3% by wei ght of
bi s(3-nmet hyl butyl) carbonate and 21. 4% by

[Example 1]
Step  (1-1):  Production of N,N-hexanediyl-bis-carbamic  Acid
Di(3-methylbutyl) Ester
1818 g (9.0 mol) of bis(3-methyibutyl) carbonate and 208.8 g (1.8 mol) of
hexamethylene diamine (Aldrich Corp., USA) were placed in a 5 L volumetric
fourth-mouth flask, a stirrer was placed in the flask, and a Dimroth condenser
and three-way valve were attached to the flask. After replacing the inside of
the system with nitrogen, the four-mouth flask was immersed in an oil bath
(OBH-24, Masuda Corp., Japan) heated to 80°C followed by the addition of 3.5
g of sodium methoxide (28% methanol solution, Wako Pure Chemical

Industries, Ltd., Japan} to start the reaction. Samples of the reaction liquid
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15 wei ght of isoanyl alcohol. In addition, as a result
of analyzing the resulting distillation residue in
the flask by liquid chromat ography, the distillation
residue was found contain 98.0% by wei ght of
N, N - hexanedi yl - bi s-carbam c acid di(3-nethyl butyl)
ester. Step (1-3): Production of

wierey suitekiynealiegtedand cubjeoted tadNMR aalysis, and the reaction was
D (2,4-di-tert-anyl phenyl) Ester by

téfnanatedtatrthé ipoitti examdthplese sdiamirfd wasironlohgec tiettedis As a
carried out in a reaction apparatus |like that shown

regvlﬁﬂ%naaizlﬁ%lhé r@éulﬁh@@bﬂtlohltﬂ/ ﬁhdl@%h?érﬁafdéﬂﬁﬁhyﬁ Qhe solution

gr ade, ure Chemical |Industries, Japan)
9 t |
W%Qdfoﬂ:@éstog }98%8%1 QQdQ% ﬁ%g‘bé'ﬁ%ﬁj Qﬂ?\gﬂa é%%@oﬁy!%%%?%mlc acid

I reS| due 68 obtained in step (1-2)
dgggn%ﬁ’ bg)a% %gbt ain a honogeneous sol ution which was
t he I feed tan |nf|Im
di s%lt%l’ gfﬁgrﬁ'ﬁﬂ%im doyBo W@b%‘?'E'E) OFRLENEAE ut i ons
Ltd., Japan) havin heat conducting surface ar
of " Ghe spiUtiop Sbiined i ﬁgepzﬁbé‘) WaRIPEREd A el yplumlric flask

thin filmdistillation apparatus was 5 replaced with a
eauippedenwith mes pheseway avatvephearidensees glistiflaterheollector  and

solution was supplied to the thin filmdistillation
treppenzetas and thepinsidd iofieh21flask was replacedfwithhmitrogen in a

1200 g / hr. A m xed gas containing 3-nethyl-1-butanol

vaEILIM 2, Fhel fAsH waRTHhRReSE iMedn it bat fh@aféd)% 3aBdLHG1 30°C.
25 provided in the upper portlon of the thin film

DEtRAiidH Wa‘s%rﬁ@@%@Wﬂﬁle%%d 4 k ﬁl‘é [Sr‘ésélérg in th% flask to

distillation 10 col um t Met al uze
Eﬁ%ﬂaﬂ%s%fé‘ {?)ra%ﬂlﬁ'an dqg Q gﬂof E:llsﬂ%léz\ﬁ%}eﬁgﬁeam eAs a result
GESTEE o B ) e b 5% A o souton

ortion_of thin filmdistillation apparatus 202 by a
CHTAIING 7553 %y DY ctelaNt 13febwEH-TasthBbUB K caThonate ANEh 20rfe by

203. The reaction liquid was 15 extracted froma |ine
weighb afvsermayi alcohel. bgﬂtaﬂﬂitﬁn,taﬁ a resbihadianalyzieg ithe resulting
digﬁl?ai{o?\t |}Jessidue in the flask by liquid chromatography, the distiliation residue
was found contain 98.0% by weight of N,N'-hexanediyl-bis-carbamic acid
di(3-methylbutyl) ester.

Step (1-3): Production of N,N'-hexanediyl-bis-carbamic Acid
Di(2,4-di-tert-amylphenyl) Ester by Transesterification
A transesterification reaction was carried out in a reaction apparatus like
that shown in FIG. 2.
111 g of dibutyl tin dilaurate (chemical grade, Wako Pure Chemical
Industries, Ltd., Japan) and 4119 g of 2,4-di-tert-amylphenol (Tokyo Chemical

Industry Co., Ltd., Japan) were added to 618 g of the distillation residue
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202 and returned to feed tank 201 via a line 23. After
carrying out this step for 62 hours, the reaction
liquid was extracted froma |line 24. 4532 g of
extracted liquid were extracted, and 304 g of
solution were recovered froma line 27 provided in the
upper portion of 20 distillation colum 203. As a

obtadngd irostepr(dF3)zand)stifed éx pbtein achoreagenasud sofution shich was
liquid chromatography, the reaction |iquid was found

tHem plackdiim aZéed%ably 20ei gl thif film distillation apparatus 202 (Kobelco
N, N - hexanedi yl - bi s-carbam ¢ aci d

Edb{Soldtishs Cer {LtaMUapBANKhYingHedit-conBuatis sufBee afda af 0.2 m?

result of analyzing the solution recovered fromline

m%éuﬁr?c'?téa*'to HAHo@S aég%i%lyﬁ%iég g:h'%fﬁ{e) ?hin%l@ﬁ\ Gttt aPBSratus was

fo contalh Wel
- a1 : 1-4); t] :
RSB WiON b apeh stk EReresa simotidietabBistis . e gpiution
N. N - hexanedi vyl -.bi_s-carham ¢ Aci d . .
WBF(Sél’pEﬁag 1 glpc%/ _traﬂﬁr&]cgﬁ@%tlon RParatys ia sUpply line 21 at the rate
gecorrposi tion reaction was carried out in a reaction
ohApauht 11400 | 9 ke rhatA SHBRE i9asFeentaning, grmethy|-[futanol and
distillation apgar atus 302 (Kobel co Eco-Solutions Co.,
2 4r-di-tert-arapiphienbb wasg extraeied- ond actineg2s iprouidedaire shefupper
0.2 nm2 was heated to 200C and the pressure within the

poition &fi then tthirs filrh |digtillation @ppasatus 2025 =t soppliadiolot a Wiillation
10 kPa. The solution obtained in step (1-3) was pl aced

colonmth Degdpacked 3th ARdal Sapeki €Y Packifg (Sulred Ch@mtech Ltd.,
distillation apparatus at the rate of about 980 g / hr

SWitli‘erlé\ndé)i ne Ple %arh!eﬂWI-GLE&glgtelt“eQﬁd "‘@Sckﬁﬁféfrf!?ﬁn%ﬁérfb'ﬂ‘ were

a line 33 provided in'the om of "t hi
S, L R0 R 107 269, SRR LA S R vas
reEA T e e ot BF R 7B g apopratus 202 p a tne 26

rovided in the upper. portion of a thin film
pigv

dad 1 dhe potigea el distifalion salbmy2O5us Thenfrartion Ugd was

extracted from a line 22 provided in the bottom of thin film distillation apparatus
202 and returned to feed tank 201 via a line 23.

After carrying out this step for 62 hours, the reaction liquid was extracted
from a line 24. 4532 g of extracted liquid were extracted, and 304 g of
solution were recovered from a line 27 provided in the upper portion of
distillation column 203.

As a result of analyzing the extracted reaction liquid by liquid
chromatography, the reaction liquid was found to contain 24.2% by weight of
N,N'-hexanediyl-bis-carbamic acid di(2 4-di-tert-amylphenyl) ester. In addition,
as a result of analyzing the solution recovered from line 27 by 'H- and

BC-NMR analysis, the solution was found to contain 98% by weight of

69



10

15

20

25

introduced into a distillation colum 303 foll owed by
separation into hexanethylene diisocyanate and
2,4-di-tert-anyl phenol, and a portion of the

2,4-di -tert-anyl phenol was returned to feed tank 301
through Iine 34 via a line 20 36 provided in the

bottom of distillation colum 303. Wien this reaction
3wasthytarbutanolout for 13 hours, 266 g of a sol ution

were recovered froma line 35, and as a result of

anal y3iepg (1449: Fobductivn f Hekamathylse Difsoapanstei by Thermal
the solution was found to contain 99% by wei ght of

DReympisfivnesreN NiHexaraast-Bis- Jérﬁanﬁd: Alci DﬂQQﬂdPtért -amylphenyl)
hexamst hyl ene di am ne was 88% 25 [Exanple 2] 70 Stép

%l?e Producti on of N, N -hexanediyl -bis-carbamc Acid
{3 nmet hyl butyl) Ester A solution containing 12.8% by

it (M hefhal ok rs st s Brussr ﬁf@ﬁgﬂﬁx}uﬁiﬁ adr%ac&'ohﬁpﬁaratus
5 1-1 Ex 1
I"@(ﬁ'@gtsﬂgwndf'ﬁgd?ng ZZ?SE)eS ((Jf 3) rrgt hyl ar1pr(at an\(I)V: ttot ae
L volumetric four-nmouth flask and t hen_addi n

(7 g\ Hin Hfilgy dﬁ?'ﬂ%@ﬂr@f)ﬁ?ﬁ’é% W02 é'é@%ﬁ%tlzec%ﬁﬁhﬁ@ﬂ!sgco Ltd.,
(1.5 nol ) of hexanethylene diam ne thereto and usi ng
Jaygar) hpvifg sctkatreansiueting derfatearea of G2 on was hesatedto 200°C
t hrough a colum packed with an ion exchange resin 10
afdvttve prgssiurd witbiry the&Rthimfism diistillatioC@appatiday veasd s8Othlalput 1.3
of solution were recovered. Step (2-2): Distillation

kP&, LThe BalliticroobRiinéd A0 8R@NENS) %E%Iﬁc@tﬂ i adfe’ddi fahRt30D1 and

wer e obtained by carrying out the sanme nethod as step

s&ﬂpl?eh ﬁfthgﬁﬁmllﬁ‘n als‘ﬂ‘llétfbr{ Qﬁp%?.gaoﬁg% @k UP hB?utt ?@0 g/ hrvia

sol ution obtained In I'nstead o
03 T BBt ey b aTrge  e
ogfepe i @%UF@O&@%&%@P%WQ@%W tadegsltanis 301 via a
line 34. A gaseous component containing hexamethylene diisocyanate and
2 4-di-tert-amylphenol was extracted from a line 32 provided in the upper
portion of a thin film distillation apparatus 302. The gaseous component was
introduced into a distillation column 303 followed by separation into
hexamethylene diisocyanate and 2,4-di-tert-amylphenol, and a portion of the
2 4-di-tert-amylphenol was returned to feed tank 301 through line 34 via a line
36 provided in the bottom of distillation column 303. When this reaction was
carried out for 13 hours, 266 g of a solution were recovered from a line 35, and
as a result of analyzing the solution by 'H- and *C-NMR analysis, the solution
was found to contain 99% by weight of hexamethylene diisocyanate. The
yield based on hexamethylene diamine was 88%.

[Example 2]
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3-nmethyl -1-butanol. In addition, as a result of

analyzing by liquid chronmatography, the distillation

residue in the flask was found to contain 92.1 % 20

by wei ght of N, N -hexanedi yl - bi s-carbam c aci d

di (3-nethyl butyl) ester. Step (2-3): Production of

N, N - hexanedi yl - bi s-carbam ¢ Acid

Di (2, 8teghi - t(Bf1): buPrddoictoy | ) oEstNN'ihexanediyl-bis-carbamic  Acid

Transesterification 3351 g of a reaction liquid were
DEBtrhatHyitshityl) @xtéri ne 24 by carrying out the sane

nmet hod as step (1-3) of Exanple 1 with the exception

of uskaktied Ldhthin ?252@'/3 Kl SeigAtads WN'ﬂﬁékéiI%wI bis-carbamic

obtained in step ( i nst'ead of the distillation

afélﬁsdlfwﬁ\etﬂ)ﬂbg@f)aééigrdwfag (ﬁ:}tglﬂegéqfé:arr@ﬁb Wt e Qaffe method as

aurate, usin

%‘Pﬁu@t}ter l%%xp%hegol t%%ge%{cgp on o?aladding 2230 g of
srosiob el EGRumATe B 185 shlSnes bk 11

recovered fromline 27 provided in the upper portion

(6% gnal) swf| |M$(Bdﬁetrmlhutﬁl)2@arbqnféee>an%cﬂgﬂ iGatt-pormol) of
liquid contained 24. 2% by wei ght of

hékahethylensediaghineitberdo [@mdi usingi2B.9 g of sodium methoxide. The
di (2,4-di-tert-butyl phenyl) ester. Step (2-4):

sdlutidin ova® pasbediehprmithyl eslanid ipackydiwitie apy iohhexewdnge resin
Deconposi tion of N, N -hexanediyl - bi s-carbam c Acid

(APhbéF|¢std15 (532 Rbﬁwlaﬁaqnaéa c&sw S%Qn&%@m §fof3solution were

sol ution werée recovered fromline by carrying out
rdddGenyre nethod as step (1-4) of Exanple 1in a
reactlon apparatus like that shown in FIG 2 with the

fiél‘éei’ e%&%?) B_is@ﬁ'eﬂﬁ@ of kv, %IIJ%&?‘%@%%SF%@"??{ o
SupBPYs oot Slilpt RRAE SbiBingd #3i satoriag oub i same method as
thin filmdistillation 15 apparat us at the rate

of
stgpoldt28b Exammie W withy ﬁhﬁeemept@ndofcasmguthg %ﬁjut@m@btamed in
reaction for 11 hours. As a result of analyzing the

stepl (R-1pringhpadHof dinel sdlGiirNvRtainatyin step {é-190l Mis enresult of
was found to contain 99% by wei ght of hexanethyl ene
ackalyzing \ngd= chroneatpyedhyb #eedistitatexasridund eneordaiard@m6% by
weight of bis(3-methylbutyl) carbonate and 72.9% by weight of
3-methyl-1-butanol. In addition, as a result of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 92.1%
by weight of N,N'-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester.
Step (2-3): Production of N,N'-hexanediyl-bis-carbamic Acid
Di(2,4-di-tert-butylphenyl) Ester by Transesterification
3351 g of a reaction liquid were extracted from line 24 by carrying out the

same method as step (1-3) of Example 1 with the exception of using 544 g of

the distillation residue obtained in step (2-2) instead of the distillation residue
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was 89% 20 [Exanple 3] Step (3-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (3-nethyl butyl)

Ester 2754 g of a solution containing 21.6% by wei ght

of N, N -hexanedi yl -bis- carbam c acid

di (3-nethyl butyl) ester were obtained by carrying out

the sane 25 nmethod as step (1-1) of Exanple 1 with
obtaineck demtepn(1e2), usimgy 9254501 dityl6tin 7dilawwdte, afsing 2999 g of
bi s(3-met hyl butyl) carbonate and 209 g (1.8 nol) of
2hedtert-bytyihenotl (\Wako & ak @igemicahinduetridd, ILte! Japanh instead of
using 3.5 g of sodium nethoxide. Step (3-2):

2[2-glidri-aiyRhePbl, LY Efth)ihg duPtd FedRiBRBE 7D hﬁolﬁ@ OinPdddition,

a distillate were obtai'ned by carrying out the sane

Zggy;% §5|uti§nu3é|?§ grét svare8 frdns AR drol iihl?ﬁ%tugger portion of

ption o e sol ution obtaine

I ' th 0 i obtai.ned. i n, step.(1- o
dlgfinglor ARG 203, afoS ol RGBT diuR, Foffhifed 24.2% by
chr raph .he distillate was.,.foyn 0 nt aj. n
wiigion o) R BBARedy s chsbarnfiAnd i 4. Liert Bt bster
14. 0% by wei ght  of 3-nethyl-1-butanol. In addition,
as a ptpuI2-4F Paﬁawttqm@fb%exaraatrwlqr@ Hiisepvanaieapny Thermal
the distillation residue in the flask was found to
Desamwiosites. afobl, Nishewangdiyl-bis-carbamic Acid Di(2,4-di-tert-butylphenyl)
N, N - hexanedi yl - bi s-carbam ¢ aci d di (3-net hyl butyl)
Eetgrer. Step (3-3): Production of
N, N - hexanedi yl - bi s-carbam c Acid

Di (224-¢flof h eblutmleretovefett #6mbihe 35 by carrying out the same
Transesterification 4834 g of a reaction’liquid were

it ekedep f(@m)'(df[%a%ﬁwéw il ﬁéa%ﬂt\?mﬁﬁ?p{aﬂéeius IkeSRYE shown in

nmet hod as step Exanpl e except i on

"t £p3% SSpoin of Alaiiain P LSRR APFaBNE 0 Yo 200-c.
s%ﬁ%ﬁhﬁ%?péégﬂife: 330 ghin“a?fi'%%qi%ﬁl%t%ngéﬁrija'ffﬁiﬁ%afbe%%&htaka Pa.
carryil n(ﬂ" out the reaction_for urs. n a

suRplYRgofthey sqlvlipn ebtaised ﬁ%oﬂ@é?@qg) riemthe nfélirg;ftil;no%isti"ation
provi ded in the upper portion of

apparatus at the rate of about 980 g / hr via line 31, and carrying out the
reaction for 11 hours. As a result of analyzing the solution by 'H- and
"®C-NMR analysis, the solution was found to contain 99% by weight of
hexamethylene diisocyanate. The yield based on hexamethylene diamine
was 89%.

[Example 3]

Step (3-1): Production of N,N'-hexanediyl-bis-carbamic Acid

Di(3-methylbutyl) Ester

2754 g of a solution containing 21.6% by weight of N,N'-hexanediyl-bis-

carbamic acid di(3-methylbutyl) ester were obtained by carrying out the same

method as step (1-1) of Example 1 with the exception of using 2545 g (12.6
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20 distillation colum 203. The extracted reaction

liquid contained 22.2% by weight of

N, N - hexanedi yl - bi s-carbam ¢ aci d

di (2,4-di-tert-anyl phenyl) ester. Step (3-4):

Distillation of 2,4-di-tert-anyl phenol A vacuum punp

and a vacuumcontroller were attached to a nol ecul ar
ik of IDig(Biroattwfipdylhtoasbenate nand 208c eftedl melxtafnitexamethylene

operated by oil circulation 25 (480 nol ecul ar
diinsineldiong withaheatiereyandAssihg 3% gsxlsoshum Goethokide. |

Japan), and 73 the purge |line of the vacuum

cont _rS‘cé_pf(ﬁ—wﬁ)i§tﬂra‘ﬂi©ﬁtcﬂd.oKAPB@i_liﬂ%;tF"d?@le(Doﬂ\%%nbhﬂe- The

air inside the nolecular distillation apparatus was

repbaeady ¥k hmigﬂilfaﬁﬂg\ﬁﬂe cﬂ:{iginbﬂeol}{“miﬂg _Phﬂg ithe W3fne method as

heated to 150C wth an oil circ pressure

. | oy . S _ _
sigbs iR OF ERGME £yl INFhOMRRPaE Bhify RSs0RHUE b thRed in
d the, nol e ar distillation apparatys, at the

S{ei)t 69 St °§L{be/ S‘ﬂPﬁ"%‘?tra}E'"P N %Dt(ﬁé”w § fresult of
the nol ecul ar_distillation apparatus at about 300 rpm

apalygingt g ddﬁtﬂ'a%bzgas ofrhmfrﬁ%t@graﬁpv,pH&]alstl"mms deund to
a high_ boiling point substance were recovered in a )

conigin 851604 iy Woioht of histh-enetby bubibgarbnepte avd 1A %diweight
as a result of analyzing by liquid chromatography, was

ofi B-ethd-t-butaodl.ai ning&dbMidmy aei ghtresidit of analyzing by liquid
N, N' - hexanedi yl - bi s-carbam c aci d

chiiohZatédgiptiyettie- disvllativpnegkdueshehe flaklewasFobhd to contain 98.4%
Production of Hexanethyl ene D isocyanate by Ther nal

b @!N,mﬁeﬁéné&ii}f-big%ﬁﬁ‘é’rﬂid’éci@id‘g’(SCrﬁé 'Lﬁ}(lﬁ\%isfér.
(2,4-di-tert-anyl phenyl) Ester 15 A thérma

d iti re [ SNAS I I | : I :
appar S0hs (Pl TroHBRden 667 I BirGhoedh B RAfbAM  Acid
| ut, i rec red fromline..35.by carrying out
DRA SRR MRURSEIE EL ey TRee R ta) 1 Vi (1 Che
' f feedi m xed | i qui in the formof a
o1 UHBY GohiR rescignd it vers eadeddram de bt SRt Ut the
acid 20 ester-containing substance obtained in step
sqrge;meﬁwg a stepg(108) ebhRxgmpla JIwith the exception of using 602 g of

the distillation residue obtained in step (3-2) instead of the distillation residue
obtained in step (1-2), using 109 g of dibutyl tin dilaurate, using 4431 g of
2 4-di-tert-amylphenol and carrying out the reaction for 70 hours. In addition,
297 g of a solution were recovered from line 27 provided in the upper portion of
distillation column 203. The extracted reaction liquid contained 22.2% by
weight of N,N'-hexanediyl-bis-carbamic acid di(2,4-di-tert-amylphenyl) ester.
Step (3-4): Distillation of 2,4-di-tert-amylphenol

A vacuum pump and a vacuum controller were attached to a molecular

distillation apparatus having a jacketed heating unit operated by oil circulation

(¢80 molecular distillation apparatus, Asahi Seisakusho Co., Ltd., Japan), and
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pht hal at e (guarant eed reagent, Wako Pure Chem cal

I ndustries, Ltd., Japan) to feed tank 301, supplying

to the thin filmdistillation apparatus at the rate of
about 980 g | hr and reacting for 14 hours. As a

result of analyzing the solution by 1H and 13C NMR

anal ysis, the solution was found to contain 99% 25 by
theepgrge e loé tlaersahy Ursneortialieo evamaomnectee tyiaehitrgeseghs line.
on 74 hexanet hyl ene di am ne was 83% [ Exanpl e 4]

TSeegr (Mbidg thémaolectiiapriistilatioiN appaxstog divad réplace@itiThitrogen
Acid D butyl Ester 5 A solution containing 30.8% by

angitB8heatindluNit- e ABSHEV o bﬁ@’@ﬂﬁthaﬁﬁ 8il cREldtdt bﬁ*g& pressure
ester was Obtai ned by carry| ng out the sane ma

wﬁﬁ%nﬁi’e(cg ar cﬁ%tll Eﬁ@ﬁ%ﬁg ty car Hg:tégqetgr% a4, SHE ItR8 solution

- t r Ie 2_and 7
oBEAES I Wiebos Y It e e LR EAPR APearaf ot e rate
.. and u. 10. sodi hOXId
ﬁ%sé\%%%ﬂqw pisotaes e FipeORE M B GG é?!on apparatus
g vol unetric four-mouth flask.
abpBiut 408y 1P chilaet dhe & didwiesbAmyih et 1561 g of a high
Conponent 1156 g of a distillate were obtained by
beiling yoinf substaree wareerenovacetl isa highe poiling Dointf safpleptaiector
1 with the exception of using the solution obtained in

héld at dR0(@-4dnd iasshersbuitl of BAayRIngt bpnicuid ahreshatayrapey was
(1-1). As a result of analyzing by gas chromatography,

faune db stohtadt e83a% fiopNEleight CONtRINLhERaREH Vblsw.%rgaﬁmc acid
of dibutyl carbonate and 20.8% by wei ght o - but anol .

dit? 4084k iAyipAsnyIfesRs Ul t of anal yzing by I|qU| d
Ic(:hromat ogra ﬁy,”’(ﬁe %?Stl [lation residue in the flask

vvas f%[léﬁd&ég y %I sa'&?\'? {QI%Y rﬁ%ﬂhgrcétng E)usa?xﬁnaégty Thermal

Dﬁéﬁ?@pgsmo "of N %gcér?gdlw bis- carbgr%ﬁ(caﬂgﬁl ES.(z 4- 31 teﬁramylpﬁenyl)
Ester

A thermal decomposition reaction was carried out in a reaction apparatus
like that shown in FIG. 2.

290 g of a solution were recovered from line 35 by carrying out the same
method as step (1-4) of Example 1 with the exception of feeding a mixed liquid
in the form of a slurry comprising a mixture of 1289 g of the carbamic acid
ester-containing substance obtained in step (3-4) and 3422 g of benzylbutyl
phthalate (guaranteed reagent, Wako Pure Chemical Industries, Ltd., Japan) to
feed tank 301, supplying to the thin film distillation apparatus at the rate of
about 980 g / hr and reacting for 14 hours. As a result of analyzing the
solution by 'H- and '*C-NMR analysis, the solution was found to contain 99%

by weight of hexamethylene diisocyanate. The vyield based on
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D (2,4-di-tert-anyl phenyl) Ester by
Transesterification 4929 g of a reaction liquid were
extracted fromline 24 by carrying out the sane

nmet hod as step (1-3) of Exanple 1 with the exception
of using the 25 distillation residue obtained in step
(4-2) instead of the distillation residue 75 obtained
heramethylérie diaminesivwas 82%g of di butyl tin dilaurate,
addi ng 4566 g of 2,4-di-tert-anyl phenol followed by
sti [Exav@pleodobt ai n a honbgeneous sol ution that was
then fed to feed tank 201, heating thin film

di sti blel i(gny)amanaétich 292N mrmémeawﬁatc%aﬁﬂ&tme Dibutyl
surface area’of 0.2 n2 to 240C and reacting for

uyrs. 233 g of a solution were recovered fron1I|ne 27
provided in the upper portion of distillation colunn

2 o P S B A e
E“Rldl\i'd gH@isgfﬁgWﬁ;SﬂBgOIrA{éﬁ Bﬁﬁ:ﬁgy , taut the same method as step (1-1)

4-di -tert-anyl phenyl) ester. In addition,
Of ﬁéaﬁlﬂﬂ%t ivgiih thecexeantionfofdusing 14791 (s r@@hp&ﬁwtw;ﬁarbonate
1H and 13C-NMR analysis, the solution was found to
prasivcedna@®rdingbip thet g‘nithad toft Referenc Exa(mpld)2 and 197 g (1.7
Production of Hexanethyl ene D isocyanate by Ther nal
mdc efffesidnmeathyleheNdidmihe xgXiddely | Cips - UBA)ammd Asirdy 3.3 g of
Di(2,4-di-tert-anyl phenyl) Ester 15 A thermal

s6GEATBRRhbXiEE (‘2%%7trlht@tﬂaﬂ‘\@ﬁsél‘iwhbhe@\l&ﬂ%&bt Pufe THeédchl Mustries,
apparat us like that shown in . 248 g of a

L r 5 by carryi ng out
R *@mfk“ﬁﬁ@i&@?igufé@% ﬂ% anpl e 1 with the
excephon 0k, us] r mline
241 néte%e“ 25 S5t SR8l Boffl EFHICEHBERBHEC ca
fro ste dreactl for 14
hour 5 fEota clisttele B8 ablginte BV orriao et i sByiermethod ac
and C— NMR anal ysis, the solution was found t
S'@@nﬁa?h ob&gampe ve mith ther exesatiost af using tei g@em &bgained in
The Xl el d based on
step (4-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 78.5% by
weight of dibutyl carbonate and 20.8% by weight of n-butanol. In addition, as
a result of analyzing by liquid chromatography, the distillation residue in the
flask was found to contain 98.8% by weight of N,N'-hexanediyl-bis-carbamic
acid dibutyl ester.
Step (4-3). Production of N N'-hexanediyl-bis-carbamic Acid
Di(2,4-di-tert-amylphenyl) Ester by Transesterification
4929 g of a reaction liquid were extracted from line 24 by carrying out the

same method as step (1-3) of Example 1 with the exception of using the

distillation residue obtained in step (4-2) instead of the distillation residue

75



10

15

20

25

hexamet hyl ene di am ne was 87% [Exanple 5] 25 Step

(5-1): Production of N, N -hexanediyl-bis-carbamc Acid

D butyl 76 Ester 2091 g of a solution containing

26. 2% by wei ght of N, N -hexanediyl-bis- carbamc acid

di butyl ester was obtained by carrying out the sane

met hod as step (1-1) of Exanple 1 with the exception
obfaind my sty Y142)( Leing 8819 offdidutyutinl difawate) caddireg 4566 g of
209 g (1.8 nol) of hexanethyl ene di am ne, adding a
24-t-egt-amyibhendt fdlbwbd by errlﬁ?dbumtﬁﬁi honbegeé@ls solution
(5-2): Distillation of Low Boiling Point Conponent

trila'i%vasgtﬁgn ﬁaodtoSféédl fihR mﬂr qme%@.hgltﬂﬁﬁmm ds?s%néﬁd;map?aiatus 202
the sane nethod as step (1-

h%gﬁﬂ@% h@ﬂ 86 ddﬁc#ti?\g 4t O%Féta' 81” bIIr'na't %0"’& and %ﬁc‘i g for 86

he ' so 1 on a| ne I n step

ar uIt of zin hr onmat

ngP RS °m£sscﬁ5€<e~r¥%%§5%¥9~%fﬁd SRIRb Bfiisd ftne upper
di butyl . onat 6. 6% by wei ght of n-butanol. In

pgﬁ&qc}?ﬂstﬁ%@on&o '-EEG%{) of anal yzing by |iquid
chrorratography, the distillation residue in the flask
was Woemd the cexragtad ooreapliop wiauight was analyzed by  liquid
N, N - hexanedi yl - bi s-carbam c 15 acid di butyl ester.

caoepategraphy, e deadtioonliqfid Wwas fdundatee doptiairo 26-4% ryawetght of
Acid Di(2,6-dinethyl phenyl) Ester by

NN anesezstegiiyibis-ah fbaimid Heid di(2f4-di-teetearhiyiphehiyl) @isterwe treaddition,
extracted fromline 24 by carrying out the sane

whehhee f5utidreRedoleded %Mﬁmﬁwas%ﬁélyzézﬁb@@mricpfﬁc NMR
of u3|ng 548 g of 20 the distillation resid

aHQI &fgh uﬁ&r? %q‘ogﬁd (o) 8b. Qﬁ’/ﬁ‘ﬁy h JI% kL.
S el hght

alne In step usi ng

2 € S L %’?"fgﬁ%e%?)%ssg’?@%? f Thema

o bRk B P S RS R B2 b amyiphenyy
Ester

A thermal decomposttion reaction was carried out in a reaction apparatus
like that shown in FIG, 2.

248 g of a solution were recovered from line 35 by carrying out the same
method as step (1-4) of Example 1 with the exception of using the solution
extracted from line 24 in step (4-3) instead of the solution extracted from line
24 in step (1-3) and reacting for 14 hours. As a result of analyzing the
solution by 'H- and C-NMR analysis, the solution was found to contain 99%
by weight of hexamethylene diisocyanate. The vyield based on
hexamethylene diamine was 87%.

[Example 5]

Step (5-1); Production of N,N'-hexanediyl-bis-carbamic Acid Dibutyl
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the reaction for 225 hours. In addition, 239 g of a

sol ution was recovered 25 fromline 27 provided in the
upper portion of distillation colum 203. The 77
extracted reaction liquid contained 18. 7% by wei ght of

N, N - hexanedi yl - bi s-carbam c aci d

di (2, 6-di net hyl phenyl) ester. Step (5-4): Production
EsferHexanet hyl ene Dii socyanate by Ther nal

Deconposi tion of N, N -hexanediyl - bi s-carbam c Acid

Di (2001dy rtahydlntiém tohtai®inGSte22 % by WeigBl of N,N'-hexanediyl-bis-
deconposition reaction was carried out in a reaction

iatd4s ' i 4 i+Pe Tl

camRMhidlatid dibut@ ddidt wab t atPBd%ﬁ%@Q@ﬁgg tﬁ‘? flahfB method as

distillation apparatus 4 Kob 'ut i ons

sl CEBA N BRGNP TG oy
kb b8 0 BB oS sk 2 anc

laced_i n feed tank 401 and supplied to the thin
agﬁj'Pﬁwe%ﬁgtq’f?ﬁoéjt"i"Bﬁnﬁwﬁéld& us at the rate of about 680 g

/I hr via a line 41. A liquid conponent was extracted

f r om atep (921 Digillatipa of Low Baiking Fsintdemponanh fil m
distillation apparatus 402 and returned to feed tank

401 16B3@ ol 8 distillatel dierd optained Hycecarping it toesaima mgthod as
hexamnet hyl ene dii socyanate and 2, 6-di net hyl phenol was

stept (1a2} efl Eiaeple 1 with the exseptidedol OsinfethepasiltioR dbitslfed in
of thin filmdistillation apparatus 402. The gaseous

. . st ;
stA@fgg{I?g??lﬂhst\éﬁa of Mhé O$BIGESh |dbt&indd dinS std t ﬁgi‘gﬂe‘?@ EMesult of

0: owed by separation into hexa
1% ; | i
AtPEAE Y o it atodi T B e BIRAE yas Rind to gentais 87 9% by
. t istillatiag ¢olum 403, and aseoqus
whighs 5P Bilind st Pl 1o % R eianier ooltnl, o FRagaton, as
extrlﬁ%tfed froma |i n&gﬁ rovided in the distillation
a (BRYOT ARy DY eliptin Shremateoraphy e distilation rsidye in the
substance was extracted froma line 46 provided in the
flagk; wam fetndHe epniain 99.0% bycweight, of N N'shexenediyhbisegarbamic
returned feed tank 401
acid dibutyl ester.
Step (5-3): Production of N,N'-hexanediyl-bis-carbamic  Acid
Di(2,6-dimethylphenyl) Ester by Transesterification
3554 g of a reaction liquid were extracted from line 24 by carrying out the
same method as step (1-3) of Example 1 with the exception of using 548 g of
the distillation residue obtained in step (5-2) instead of the distillation residue
obtained in step (1-2), using 3142 g of 2,6-dimethylphencl (Aldrich Corp., USA)
instead of 2,4-di-tert-amylphenol, using 109 g of dibutyl tin dilaurate, making
the temperature of thin film distillation apparatus 202 200°C and carrying out

the reaction for 225 hours. In addition, 239 g of a solution was recovered

from line 27 provided in the upper portion of distillation column 203. The
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25 through |ine 44. The gaseous conponent contai ning
hexanet hyl ene 78 diisocyanate extracted fromline 47

was punped to a distillation colum 404, and the

hexanet hyl ene dii socyanate was distilled off and

separated in the distillation colum 404. A high

boi I i ng point substance was extracted froma |ine 48
epiracteded ireadtiom di siguld at icomtaipédimm 284 % andby poweighh  of
was returned to 5 feed tank 401 through line 44. On

N, Nehetarazdiyldishcatbagaiseamic d{2/Gdinesthylphenylpesterct ed

froma line 49, and hexanet hyl ene dii socyanate was

ext r agtegfl (IMPradlittith 2 MeRametYlse Wilsochhhgle by Thermal
reacting for 11 hours, 249 g of a’solution ~containing

reé{%@g o AR R%Eﬁﬁ@af@'a £ OKER2 (216 imethylphenyl)

from I|ne4 eyle ase
E??}amet hyl ene di ami ne was 82% 10 [ Exanple 6] Step
Production of N, N -hexanediyl-bis-carbanc Acid

[ r ution. containing, 39..0% wei ght
of o ' Rermeldncam S Hpd rearlisiines cauTeH ahtig s HediEpdparatus
erein was obtained by carrying out the sane nethod
"'é%thaiéih?t”é‘ﬂ"(ﬁelff of Exanple 1 with the exception of
using 765 g (8.5 nol) of dinmethyl carbonate (Al drich
Cor |6\ thanSm)n distillation @pparatust02 @lobeizarfeehpobtions Co., Lid.,
diamine, and using 3.3 g of sodiumnethoxide in a 2 L

Japan)neaving aof loeat-conducetihg asikfacstaepa (-2 mDivasiHdaaéd ¢om 200°C
of Low Boiling Point Conponent 582 g of a distillate

angniee ssmedw’mrn @9 Khih TImQuétillhien epparait sk ast to?lbout 1.3
step (1-2) of Exanple 1 with the exception of using

kPBe FREWdI rPBB?uﬁE‘djrd Qteﬁﬁ@@% Q%slalab@éﬁﬁ%dfe,% faPk 401 and

solution obtalned in step ( resul
di
Rl e P BRURSRE Sb6R S ép&ze =y h'aﬁ&ﬁt 886 g / hr via
arbopate and, 17. 9%
2B #1onA 1R SomRAnEt s R oteflo ) ff‘."ae.%ﬁ provided in the
hrormtogra ., the distillation residue in the
betterayof thib fflgﬁatll{q;ro&ﬁgpcﬂrgtuggdf@,grﬂﬂ, refaimsck todeed tank 401 via a
N, N - hexanedi yl - bi s- car bam ¢
line 44. A gaseous component containing hexamethylene diisocyanate and
2,6-dimethylphenol was extracted from a line 42 provided in the upper portion
of thin fim distillation apparatus 402. The gaseous component was
introduced into a distillation column 403 followed by separation into
hexamethylene diisocyanate and 2,6-dimethylphenol, the 2,6-dimethylphenol
was extracted from a line 45 via the top of the distillation column 403, and a
gaseous component containing hexamethylene diisocyanate was extracted
from a line 47 provided in the distillation column 403. On the other hand, a
high boiling point substance was extracted from a line 46 provided in the

bottom of the distillation column, and a portion was returned feed tank 401

through line 44. The gaseous component containing hexamethylene
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79 acid dinethyl ester. Step (6-3): Production of

N, N - hexanedi yl - bi s-carbam ¢ Acid

D (2,4-di-tert-anyl phenyl) Ester by

Transesterification 4517 g of a reaction liquid were
extracted fromline 24 by carrying out the 5 sane

met hod as step (1-3) of Exanple 1 with the exception
dasoaysinate @xtragtedf frotmhknel 43t whs gilingped &s addistillationheéolumn 404,
flask obtained in step (6-2) instead of the

addsthe hakamethydsnd hisbdydriige flas dighledl BRhid seblfated in the
(1-2), using 82 g of dibutyl tin dilaurate, using

distifidtich ebiufnd 4dig; t & ﬁ[gﬁn%%gﬁ% 'E)?;nt%s%c’eymg SHiadtdlf from a

reaction for 86 hour a solution were

SR B4 BRI BEURRT A50, M0h PR feapes

AP eyt bihboh IR oot Bie hetidniae seseus cgmponent was
contai.n 22. 1% by wei ght of .

exiragted drneiing 48; gn%d?m%thg@ing diisocyanate was extracted from

di (2,4-di-tert-anyl phenyl) ester. In addition, when
atline Sé| viei acondenser ed\féfdﬂﬂbtimﬂe for7 1heowinalg2egl dfya solution
1H and 13C-NMR 15 analysis, the solution was found
contagung &0 By .wéighy ofvbegimettatidrendiisocybapte wad)recovered from
Production of Hexanethyl ene D isocyanate by Ther nal

lifkedBnpasietyield baised,dd héearasedisne dibmitawWeanBAci d

D (2,4-di-tert-anyl phenyl) ster 242 g of a solution
vverfE,(@ﬁgpée@;ed fromline 35 by carrying out the sane
20 nethod as step (1-4) of Exanple 1 with the

excepgi )6 . US] : il act i 6
o1 PSR O B XNl BB HATAL Dimetny
E[é{?gmline 24 in step (1-3), and carrying out the

ction for 13 hours. As a result of analyzing the

oA e AR RS, SRR A B
di i socyanate. The yield based on 25 hexanethyl ene
agjd wiestesthergip was obtained by carrying out the same method as
step (1-1) of Example 1 with the exception of using 765 g (8.5 mol) of dimethyl
carbonate (Aldrich Corp., USA) and 197 g (1.7 mol) of hexamethylene diamine,
and using 3.3 g of sodium methoxide in a 2 L volumetric four-mouth flask.
Step (6-2): Distillation of Low Boiling Point Component
582 g of a distillate were obtained by carrying out the same method as
step (1-2) of Example 1 with the exception of using the soiution obtained in
step (6-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 80.8% by
weight of dimethyl carbonate and 17.9% by weight of methanol. In addition,

as a result of analyzing by liquid chromatography, the distillation residue in the

flask was found to contain 98.9% by weight of N ,N'-hexanediyl-bis-carbamic
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[Example 7] Step (7-1): Production of

N, N - hexanedi yl - bi s-carbam ¢ Acid Dinethyl Ester 934

g of a solution containing 42.4% by weight of 5

N, N - hexanedi yl - bi s-carbam c acid di met hyl ester was

obtai ned by carrying out the sane nethod as step

(1-1) of Exanple 1 with the exception of using 729 ¢

acgl dimathyl estterdi et hyl carbonate and 209 g (1.8 nol) of
hexamnet hyl ene di am ne, and using 0.35 g of sodium

met hoStefe. Bt8p (Pr&juctibhst iof | aNjMrhaxankdiyl-Bis-tambamic  Acid
Poi nt Conponent 10 533 g of a distillate were obtained

D2, 4-ai-tert-aehyipHeryeE starBy Medmtbtasficatibap (1-2) of
Exanple 1 with the exception of using the solution

obt 51¢dy bfa r8AER Iqust Wé?'été?&\%cﬂ{d frB i 'bg'barrygig out the

obtai ned in step As a resu anal y

I I

S%@f% T LE R L g Itﬁ;lq@%s{cgﬁﬂﬁw &% 4l 376 g of
© RS i T gt a%%n?qyﬁﬂ% L‘g?t%ap%éz? pgtead of the

tlllatlnre3|de|nthe | ask was found t
ﬁ@téqth regﬁ; 4,4 g\glaalﬁtob@qmed in step (1-2), using 82 g of dibutyl tin

N, N - hexanedi yl - bi s-carbam c acid dinmethyl ester.
dipgte, usd)g 4@%6@&' Rehdteriamylphensh aod ydartying oat therreaction
Acid Di(2,6-di-methyl phenyl) Ester by

forr@thbesiser if0i0cgof arsdltiGbeere redovered &onm dne 27qpriogtided in the
were extracted fromline 24 by carrying out the sane

uppéhpesttian of destillafloBrokimiFzegpl e 1 with the exception
of using 395 g of the distillation residue obtained

i N $YRéh ( 4he) éﬁ%cﬂé@' Orfeat:h@nd'lﬁg]ml]' éé(;lnb r%)?}fz%‘dfe by liquid

obtained in step ( si ng tin

oy O e T 2 o
BN BB B AR BRGTY o0 g,

ﬁ h ? were recovered froamline 27 provided |n;3
when the solution recovered from line 27 was analyzed by 'H- and "“"C-NMR

analysis, the solution was found to contain 99.4% by weight methanol.

Step (6-4): Production of Hexamethylene Diisocyanate by Thermal
Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(2,4-di-tert-amylphenyf)
Ester

242 g of a solution were recovered from line 35 by carrying out the same
method as step (1-4) of Example 1 with the exception of using the solution
extracted from line 24 in step (6-3) instead of the solution extracted from line
24 in step (1-3), and carrying out the reaction for 13 hours. As a result of
analyzing the solution by 'H- and "*C-NMR analysis, the solution was found to
contain 99% by weight of hexamethylene diisocyanate. The yield based on

hexamethylene diamine was 85%.
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upper portion of distillation colum 203. The

extracted reaction liquid contained 18. 3% by wei ght

of N, N -hexanedi yl - bi s-carbam c acid

di (2, 6-di - net hyl phenyl) ester. 5 Step (7-4):

Producti on of Hexamet hyl ene Diisocyanate by Ther mal
Deconposition of N, N -hexanediyl -bis-carbam c Acid

Di ( #Egamplardl hyl phenyl) Ester 243 g of a solution

cont ai ni ng 99% by wei ght of hexanet hyl ene

di i soStem¢I-d)wWeraduction vt KN ‘thiex@nediy-bis2canpaedic rAgid Dimethyl
out the sane nethod as 10 step (5-4) of Exanple 5
Pétdrh t he exception of using the reaction |iquid

obtained fromline 24 in step (7-3) instead of the

sol giyon Hbt g negd i (5 ; by I Ng,, 0ut, &

lgf3ly QrP Bfl ﬂ %oﬁft@ﬁe %ﬁa&n%@?h ffe‘.ﬂ/y B}/o Wdifft  of

reaction Tor 16 hours. spect

Ng@*%ﬁr@ﬂé@?ﬁgé?ﬂéﬂ% & dﬁ%lg/fhyF géfﬁma:s (l%tai'nSedSBff Rarrying out
tis 3ol e 25 b rAmpE | mihdneedkebtion st esing 729 ¢

Ester 1980 % (9.8 nol) of bis(3-nmethylbutyl) carbonate
(GAdnolyof dinathyl earbpnate and 209 g (1.8 mdl) of hexamethylene diamine,

3-am nonet hyl -3, 5, 5-tri net hyl cycl ohexyl am ne (Al drich
agdusing USA)g aksediumompthxdde.in a 5 L vol unetric

fourth-mouth flask, a stirrer was placed in the flask,

and aStam{7e2h Distilkdtion @f LandBbiling CaialyCompoaener e

attached to the flask. After replacing the inside of

t he 538sq emantiishilatetwegetbtainrl by War Buf ks kaMRSmethod as
imersed in an oil bath (OBH 24, Masuda Corp., Japan)

slté%afﬁg% bP El@%leffg\l'l‘of’l"‘ﬁ% Eg%écﬁl%ggﬁﬂ ht:)i'ng’nth%‘;sglu fo dBtained in

sodi u Im=:t hoxi de_ Yo et utro x\a o Pure
SEBOT} 1 b RAUEE 158, ot ABRRY [ A1 15, = result of

oS P 500 R BB b T R B PP
weight of dimethyl carbonate and 20.6% by weight of methanol. In addition,
as a result of analyzing by liquid chromatography, the distillation residue in the
flask was found to contain 99.7% by weight of N,N'-hexanediyl-bis-carbamic
acid dimethyl ester.
Step (7-3): Production of N,N'-hexanediyl-bis-carbamic Acid
Di(2,6-di-methylphenyl) Ester by Transesterification
3537 g of a reaction liquid were extracted from line 24 by carrying out the
same method as step (1-3) of Example 1 with the exception of using 395 g of
the distillation residue obtained in step (7-2) instead of the distillation residue
obtained in step (1-2), using 108 g of dibutyl tin dilaurate, using 3133 g of
2,6-dimethylphenol instead of 2 4-di-tert-amylphenol, heating the thin film

distillation apparatus 202 to 200°C and carrying out the reaction for 250 hours.
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3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne was no
| onger detected. As a result of analyzing the
resulting solution by Iiquid chromatography, the
solution 5 was found to contain 23.9% by wei ght of
3-((3-nethyl butyl)oxycarbonyl ami no-nethyl)-3, 5,
5-trimethyl cycl ohexyl carbam c acid (3-nethyl butyl)
Iregdditionsep ¢ &f A solbtioni werst renovered dronBdingi 24 provided in the
Conmponent 1683 g of a distillate were obtained by
upper yporgoroudf tdistillatior celuhod 263, 107H egxtfabie) mfaction liquid
Exanple 1 with the exception of using the solution
cothmieded 1813%st &y ( Bvdight NséadN of -hekanéd@ylbisdarbamic  acid
obtained in step (1-1). As a result of analyzing by
_ he distillate was found to
d%ﬁtgﬁﬁ@@ﬂ%@g%&\%ﬁ ght of bis(3-nethyl butyl)
car bo e . 0 [ : VRN apol
In ad%'i%h g%g'?aﬁ %&r/&et;%l }B?olﬁg%anrﬁ%’w férﬁgée @y&’?%@é 1@3? Thermal
hr To[s i still.atian resi i he fI
DERSTPBANEN: 8 oM Brenauog s antn ACH Difz 6%F-metfjibheny)
3- ((3-met hyl but yl ) oxycar bonyl am no-
hyl)-3,5,5-trinethyl cycl ohexyl carbam c acid
(3-nethyl butyl) ester. Step (8- 32: Product i on of
3- (@4349dof a solution containing 99% by weight of hexamethylene
i -tert-anyl phenyl ) oxycar bonyl am no- net hyl ) -3, 5,
disacyanatehwery sdoohered froOlineabBdry carAgng out the same method as
(2,4-di-tert-anyl phenyl) Ester by Transesterification

ste@35-4) offExampiadd With the @xcdpli@t ef agihgahé é?éaétidﬂﬂic?di@ @btained
24 and 221 g of a solution were recovered fromline

frérh fO'YUdRdstied (8) HAREAd RPthe WdldordbBtdinddin Qfep (5-3), and
colum 203 by carrying out the sanme nethod as step
= . W e ept i of;i Ui 5
Céc#y"t?r%e% |Is [ |’§$ﬁ°§%wr t(gtgrl dté]e gg?‘%’nedﬂh lte EJB ?’ghzigi%d to
h. nsi e@]d of t.he.disti Idjfg}i on residue obtained in step
é’fﬁrﬁ?, /iRt ABUNGWEP Hi‘Butyl tin 83 dilaurate, using
464 of 4-di -tert-anyl phenol, heating the thin
fil ﬁgr’%(ﬂ"@?izq]l ation apparatus 202 to 240C, suppl ying
the solution to the thin film distillation apparatus
via foe® line 21 at {#d)rate of abouPredwdion / hr, and of

3-((3-methylbutyi)oxycarbonylamino-methyl}-3,5,5-trimethylcyclohexylcarbamic
Acid (3-methylbutyl) Ester

1980 g (2.8 mol) of bis(3-methylbutyl) carbonate and 239 g (1.8 mol) of
3-aminomethyl-3,5,5-trimethylcyclohexylamine (Aldrich Corp., USA) were
ptaced in a 5 L volumetric fourth-mouth flask, a stirrer was placed in the flask,
and a Dimroth condenser and three-way valve were attached to the flask.
After replacing the inside of the system with nitrogen, the four-mouth flask was
immersed in an oil bath (OBH-24, Masuda Corp., Japan) heated to 100°C
followed by the addition of 2.7 g of sodium methoxide (28% methanol solution,

Wako Pure Chemical Industries, Ltd., Japan) to start the reaction. Samples of
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carrying out the reaction for 75 hours. 5 Wen the
extracted reaction |iquid was anal yzed by liquid

chr omat ogr aphy, the reaction liquid was found to

contain 17.2% by weight of 3-((2,4-d

i -tert-anyl phenyl ) oxycar bonyl am no- net hyl ) -3, 5,

5-trinethyl cycl ohexyl carbamc acid (2,4-di-tert-
thanpeqationyliquid swese sultablydaillected, andsnbjectedstd MM @nalysis, and
recovered fromline 27 was anal yzed by 1H and 13C NWR
teenal ysi mactibe 10 swdsuti on temsirfadedd to gpnt ai nth@9% by point
wei ght of 3-nethyl-1-butanol. Step (8-4): Production

S?fmlrﬁ)‘hﬁétﬁ?pﬁ,%,@trﬁrﬁéﬁ‘byﬂﬂ@kﬁlehlylaﬁhﬁé Wés nBABRGECALIECRY. As a
ré’S'LfIt( gf’ én£| ZI rtf"ne lﬁlﬁlh@gwl)t% &n@ﬂgwh%‘?ngfbg'}ﬁﬁmlthe Jolution

cyc ["'carbam’c
4- d t h tyl 257
“é%l ut| Ioﬁhﬁgnt gmbﬁgegw%gﬁc\e?gﬁ%%i sopﬂgr onewe'ght of
d f | j 5
e rhBEbD g niiepabnsae Bt S et ycobe s o
vvlth t he exception of heating the thin film

carbbatmlgaﬂq chmadpatlest®? to 200C, making the

pressure in the thin filmdistillation apparatus about

1.3 Riep (52kdisiflation of diow Boiting fitaininédmipenentp ( 8- 3)

to feed tank 401, supplying to the thin film

di stlioBBag bba diglilatawere \didained byldamying lvait tiaé @anie method as
about 680 g / hr, and 20 carrying out the reaction for

step {opy of Eﬂmmeei Wf?ﬁﬂf@eﬁﬂeptlon of using the solution obtained in
3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl'am ne was 83%

slepX 260} €inSead! BP tﬁ@ dolutiGh oéthtﬁh'eﬁnlrp sen (1th W c a oﬁult of

3- (butyl oxycar bonyl am no-

0
oATBIT R iy e SRl b 4 o
ion, of  usi 2 no of Qut yl
on %f?e b séggnﬁfﬂg/p.gﬁﬁogﬁagégnatg aﬁ‘?‘ﬂ ml:g#f by weight of

3,5, 5- %rl nmet hyl cycl ohexyl am ne and sodi u
3irethyki datanals o IReAdditiosy, a%al @zfﬁ%}“'{ hef ré@%ﬂﬂ'ﬂﬁg by liquid

sol ution by |iquid chromatography, the
chromatography, the distillation residue in the fiask was found to contain 99.4%
by weight of 3-((3-methylbutyloxycarbonylamino-
methyl)-3,5,5-trimethylcyclohexylcarbamic acid (3-methylbutyl) ester.

Step (8-3): Production of
3-((2,4-di-tert-amylphenyljoxycarbonylamino-methyl)-3,5, 5-trimethylcyclohexyl
carbamic Acid (2,4-di-tert-amylphenyl) Ester by Transesterification

5034 g of a reaction liquid were extracted from line 24 and 221 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with

the exception of using 530 g of the distillation residue obtained in step (8-2)

instead of the distillation residue obtained in step (1-2), using 84 g of dibutyl tin
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5 solution was found to contain 20.0% by wei ght of

3- (but yl oxycar bonyl am no-net hyl )-3,5, 5-tri nmet hyl cycl oh

exyl carbam c acid butyl ester therein. Step (9-2):
Distillation of Low Boiling Point Conponent 2075 g of

a distillate were obtained by carrying out the sane

nmethod as 10 step (1-2) of Exanple 1 with the
dilnoafs, i osingf 484y t b 2 didittedrandpbemald heatingt ghe thin film
(9-1) instead of the solution obtained in step (1-1).

diRsill&tiore spbbratlis mlthzwcbyswgmar fhatselitophio théethin film
distillate was found to contain 89.2% by weight of

dﬂhh’éﬂdﬂ apPaRAGS Va QQé’d 19024 at iRl it & abolru120®lg / H, and

addition, as a result of analyzing by liquid

E%t”q_) ation residue in the 15
%HP%H vvag{%oun [1282?3%?%’:“# 98. 7% by wei ght of
carb m nQ thyI 5,5-trine yel oh

exyWﬁ%’Jbamq@ )9[ ?ylreagﬁ?'&r qé't'%p V@JS B)ana&%gﬁcﬁyonllqmd

ChFOE@E’é%lENI g}f‘efﬁﬁ‘at'&?ﬁy'&:&#%wﬂﬁ E{?H'\ﬁ’ot%?’l‘\‘?!f) 18,256 by weight of
5-trinmethyl cycl ohexyl 20 carbam c Aci

3, 4%telﬁmylﬂmwlmﬁgnbpngmnowethyar%ée’irt-swn¢thwl§vc|@hexvi
4077 g of a reaction liquid were extracted fromline

cabamid ardy (3 dedi-tart- sohylphemylwesterr ebroadditionf mdvan theesolution
27 provided in the upper portion of distillation

revolverat 28n bijnec @7r wasg apalyzetdebgalie- methOiC-NMRt apalysis, the
(1-3) of Exanple 1 with the exception of using 525 ¢

s6llitibmavadifolihd |t@bbﬁﬁm’i QQWWV%M'df%dmleﬂwwﬂe@utéﬂoQ) 25
using 89 g of butyl tin dilaurate, using 3751gof

ZoIAfufI | o%’elrdhse@u|t ﬁ'g?&lﬁﬂf&'t hfdr? #?(Fblﬂ%lbgltalnltﬁlgtﬁ on appa at-Ulc,ermal
oRFerpb bt AR Uafibaeiobiabltpio s
wpeifyicy Sonexbarianna A G dBrpSienenaiPantd biter o o

? Lr ag%g]gflljg gglu |o/n ggntglﬂgngcgé%yby gve?guﬁt of |stgg]heor{)ﬁg Cdtulsé))cr:]yanate
were recovered from line 52 by carrying out the same method as step (5-4) of
Example 5 with the exception of heating the thin film distillation apparatus 402
to 200°C, making the pressure in the thin film distillation apparatus about 1.3
kPa, feeding the solution obtained in step (8-3) to feed tank 401, supplying to
the thin film distillation apparatus via line 41 at the rate of about 680 g / hr, and
carrying out the reaction for 11 hours. The vyield based on
3-aminomethyl-3,5,5-trimethylcyclohexylamine was 83%.

[Exampie 9]
Step {9-1): Production of
3-(butyloxycarbonylamino-methyl)-3,5, 5-trimethyicyclohexylcarbamic Acid

Butyl Ester
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When the recovered reaction |iquid was anal yzed by
liquid chromatography, the reaction liquid was found
to contain 20.7% by wei ght of
3-((2,4-di-tert-butyl phenyl)oxycar bonyl am no- net hyl ) -3
, 5, 5-trinethylcycl ohexyl carbamc acid
(2,4-di-tert-butyl phenyl) ester. In addition, when the

sol uthe&Fame metd Bestep dfr1)i efeExampies Bawas \caetiebpul Mith the
and 13C-NMWR anal ysis, the solution was found to

exoeptiom ob 8singy 2349 gh(t13cﬁ niolpof aitalty! Girbpné@, 255 g (1.5 mol) of
Production of |sophorone Diisocyanate by Ther nal

3esnimgrosthy |- 35, 6ttrimethylcyclohexylamine and 2.9 g of sodium methomde.
3-((2,4-di-tert-butyl phenyl)oxycarbonyl ani'no- et hyl ) -

AsSa Treshitigredra SN d
(S a4 gl -tert- b%t gﬁﬁgﬁ% gjﬁ{ﬁ ESt er ﬁ%ﬁ?’)’lhcbu'd chérlorsngltoLﬂrthy, the

sBRIbAI NI YehI9%y PMnH‘B' 9ty Ofcdorﬁglﬂhor ORfgdl 1 S h:ngfya%ght of

were recovered fromline 52 by  carrying out

SRR Wl ke 52 Reoby Be i s SHSL0 uty

ef ?hOC maki ng the pressure in the thin film

SCLLEEM i on apparatus about 1.3 kPa, feeding the
solution obtained in step (9-3) to feed tank 401,

suppl plary(%-d): Ristillaéion of ILON Bediag $taint Gempanepbar at us

via line 41 at the rate of about 680 g / hr, and

car 2Pvhg olia distélate suerée ebtdined by tarying ol ¢he isahte method as
based on 3-am nonet hyl -3, 5, 5-trinethyl cycl ohexyl am ne

steps(182)0f Exsanpt e With thiecoxdekilioh) of Efémguﬂhbl §61uBdn obtained in
3- (but yl oxycar bonyl am no- net hyl )-3,5,5- 25

fepi (@ hyihsteatHoBEXNé B fy. 8
> gl ﬁl Zn cont ai ni ngcggaﬁ ?yaﬂ'?g W})‘s#ep'zs(ﬁei) Adta result of

TP R TR B e R 2 o
R B B R 98530 Bof ity R o

agleb‘ﬂ# #8 it bona '51%"1% q%ﬁéqugrepaﬁe%ﬂ disfiirtiomntesidue dn the

of sodi um mat hOXI de.
flask was found to contain 98.7% by weight of

3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid butyl
ester.

Step (9-3): Production of
3-((2,4-di-tert-butylphenyl)oxycarbonylamino-methyl)—3,5,5-trimethylcyclohexyl
carbamic Acid (2,4-di-tert-butylphenyl) Ester by Transesterification

4077 g of a reaction liquid were extracted from line 24 and 197 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of using 525 g of the distillation residue obtained in step (9-2),

using 89 g of dibutyl tin dilaurate, using 3751 g of 2 4-di-tert-butylphenol to
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Step (10-2): Distillation of Low Boiling Point

Conponent 1657 g of a distillate were obtained by

carrying out the same nethod as step (1-2) of Exanple

I with the exception of using the solution obtained in

10 step (10-1) instead of the solution obtained in

step (1-1). As a result of analyzing by gas

obtaiomaheyrgphgous helutive: héatingtheathin film distdlationtapparatus 202

85. 7% by weight of dibutyl carbonate and 13. 4% by

to4QtT, eblavidy ttenipkidel of thédhini film, digbllatidn fspdratuefwith nitrogen

anal yzing by liquid chromatography, the distillation

a\tNe @gnﬁ;t@pg?ni tpressilieasduppiing aHBdséRtisANR e IBin® ¥k Ydistillation
g

apphfitly l\f%‘%ﬁﬁﬂgfﬁgﬁél ?‘fﬁar‘ﬂﬁé“?étgyé)f) %{?be% ‘f(sll(%f g?q{rhgﬂc?}éﬁ}r?ﬂg out

exyl carbam c ‘a buty ester.

ﬂ% %ﬁﬁhg&iﬁ -hﬁgﬁﬁyl phenyl ) oxycar bonyl am

inosethyl)-3,5, 5-trjnmethyl cycl.ohexylc arbamc Acid . .
(2,4 @?ritg’ﬁetwpﬁﬂr Ife%'toé'r lﬁ“'ar aW§§st%’F$Y¥%ti n liquid
ﬁo 3067 of a reaction |liquid were extracted from ]
chiomAtoarantY. His rPAGIONAIGWY MRS BHINGbIe coalaiy 2Pahitnomeight of
i ne 27 provided in the upper portion of distillation
3d & drfi-tetr D utyiphenyl)txygadenylameinesmethybt 6 6-tismathgisyclohexyl
(1-3) of Exanple 1 with the exception of adding 76 ¢
cafbadiibuagid (Ridrdididrbbuigiphengl)Sédteg dh addition s whehatheosolution
resi due obtained in step (10-2), adding 2645 g of
retodefed Ifigmtimg Prerals @hafizedhbyS HEoEpd, "ESNMRNEnalysis, the

using in the formof a honobgeneous solution, heating

séllfioh Wad folikd t cBhis bBY ﬁ% @mrﬁ@ﬁ?%&gmﬁoz to 220C

replacing the inside of t stillation
appar S oAb R I GN: ,

SEoerSis (hA" BARAER % RAPRIBRE; BIREETANE sy fperma
ratus vi plLy, Lin at . the rate of. about 1
DBRRAbRRISR A Roaitiert v PheRi o capso g ninsme g 5.5 5-

.V\heB t he ﬁxtract ed reaction |iquid was analyzed by
timeayigycleRexveabarmip Avid (d-di-tait-brbrphenyll BStgas f ound

to contain 22. 7% by weight of 3-((2,4,6-tri-methyl

phedy1 osly2 sphdion contaio nged9Yl by welghtmf isophorone diisocyanate
were recovered from line 52 by carrying out the same method as step (5-4) of
Example 5 with the exception of heating the thin film distillation apparatus 402
to 200°C, making the pressure in the thin film distillation apparatus about 1.3
kPa, feeding the solution obtained in step (9-3) to feed tank 401, supplying to
the thin film distillation apparatus via line 41 at the rate of about 680 g / hr, and
carrying out the reaction for 11 hours. The vyield based on
3-aminomethyl-3,5,5-trimethylcyclohexylamine was 82%.

{Example 10]
Step (10-1): Production of 3-(butyloxycarbonylamino-methyl)-3,5,5-

trimethylcyclohexylcarbamic acid Butyl Ester
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tri met hyl cycl ohexyl carbam c acid

(2,4,6-trinmethyl phenyl) ester. In addition, when the
solution recovered fromline 27 was anal yzed by 1H

and 13C-NVMR 10 analysis, the solution was found to
contain 99% by wei ght of 1-butanol. Step (10-4):

Producti on of |sophorone Diisocyanate by Ther nal

Decdnposi sdlotionf containing 251% by weight of
3-((2,4,6-trimethyl phenyl ) oxycar bonyl am no-net hyl )-3,5
3; (ButhxwetﬁbﬂwamInbhmémyl)as,B?&anémy%yclohexyicarbamlc acid butyl
(2,4,6-trinmethyl phenyl) Ester 286 g of a solution

e§l%ﬁ*ﬂr@d§‘bl§‘@u%%%@k&a%in@%ut%e' §a?uﬁ’$‘9r’iéiﬁ8d Wi s“t@@(gf‘ﬁtcﬁ Example

were recovered fromline 52 by carrying o

82@%@%{&?&&%{@}?&3&{% gé ?%4@ rqctfﬁ &%WJ%H?UM I:%}btongte 2729(1.6
PP R 255 DA BA Sk oo s

"'leiedlag the solution obtained in step (10-3) to feed

1, supplying to the thin filmdistillation
apparatus via line 41 at the rate of about 680 g / hr,
and 29tepa1Oydln @Isidlatlen of LewdBeiling Feint:@ompapent The
yi el d based on
3- aftBhdrgeohgldigtjBis weare mbtained \byl careying aui tlee wameBitthod as
[ Exanpl e 11] Step (11-1): Production of

stégp( (le2hpf Expedyld onwithniheoexsiption) oBusing-thel s Utvh @ptdiaed in
hexyl carbam ¢ acid 25 Methyl Ester 88 A solution

st@gn(m ) nigstédd 686 e Welioh Bbtained m step (1-1). As a result of
(rret hyl oxycar bonyl am no-net hyl )-3, 5, 5-tri nmet hyl cycl o

Z.hp%f@é@, Ettmﬁagh%gﬁg&”ﬁ Y hhéeg&fggﬂ%t afgél%d“ c&ﬁgm 85.7% by
Wg q\ﬁ%toﬁ 9?51@%6{?%&@ %t%n%?%égsﬂf ?’Z 5)1( é?buzarrlmf ) In addlt:on as
= §pSUL o aftaAiRd, ¥ s Pt qgf%vﬁgﬁffé't delilRicihresdge i the

Boi | i ng Poi nt Conponent 1111 g of a distillate were
flaglt ai nWasby dawndi ngtout cRBEFANE ﬁﬁtﬂ%d aPy  weight  of

3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid butyl
ester.

Step (10-3): Production of
3-((2,4,6-tri-methylphenyl}oxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylc
arbamic Acid (2,4,6-tri-methylphenyl) Ester by Transesterification

3067 g of a reaction liquid were extracted from line 24 and 208 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of adding 76 g of dibuty! tin dilaurate to 560 g of the distillation
residue obtained in step (10-2), adding 2645 g of 2,4,6-trimethylphenol (Aldrich

Corp., USA) and using in the form of a homogeneous solution, heating the thin
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step (1-2) of Exanple 1 with the exception of using

the solution obtained in 10 step (11-1) instead of

the solution obtained in step (1-1). As a result of

anal yzi ng by gas chromat ography, the distillate was

found to contain 86.7% by weight of dinethyl

carbonate and 11. 3% by wei ght of nethanol. In
fimd diigtillation @ppasatussBO2 tof2207d, yweplegiray the duside of the thin film
chromat ogr aphy, the distillation residue in the flask
digtiaticn R paeatas Mvith NnikBgéke Ay atwiosphe®d pkessure, supplying the
3- (et hyl oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl o
sOBkYh qartﬁérﬂq][h fifeh QistMBESY lapper@ls v YRppllind 21 at the rate of

Production o

_ L - [ i NO-
aﬁ%‘%@%@@f%{"&@% ﬁgf@‘éc'?e%ﬁ@w%ar aﬁnggcj:rgAci d

2, 4..6-tri-methyl phenyl) Ester .. by. Transesternification,. .
50" e B8t PRI ool Voo A o Rliauic
reaction ratus Jike .that sho in FIG 2.0 4457 .
CROTRPORETYL G FeRRtETWEIA Sies: TRUTKLI: FaRRIn RE.75h BYnweight of
118 g of a solution were recovered fromline 27
3&?06i%d%miemtlmenvé}%ycw@pnyamlao-raet@ofl)ﬁ.5¢5ron col um

203 by carrying out the sanme nethod as step (1-3) of
triivethylcyclbhekylhatt@mnibeaeidc € ditetrinasthyiptienyl) 9stgr.of In addition,

di butyl tin dilaurate and 4006 g of 89

whed, thetgdlntirydquverad fiom 5iAd 27 ohastdrealyiest by |'dt-izond '°C-NMR
resi due obtained in step (11-2) and using In the form

aRAlysis NHEPSRGRGY Va8 Tbuhd & conaft 99% By&eldht bf HLbutanol.
distillation apparatus 202 to 220C, replacing the

15 8 100! R 01 S GRRRShS Y e
DEEhpySohd iz el g BBl BBR T3 5.5
bV es o PP SRS Al (5 d-Bimethananh Fstei oar aphy.

the_ reaction liquid was found to contain 20.5% by

vei §R wef azofytivnicordaining B8Ry wieighti of dsorherepadilsacyanate
wgr: ;engv2¥elc% ;‘r?c,)’m ﬁﬁe 552 by carrying out the same method as step (5-4) of
Example 5 with the exception of heating the thin film distillation apparatus 402
to 200°C, making the pressure in the thin film distillation apparatus about 1.3
kPa, feeding the solution obtained in step (10-3) to feed tank 401, supplying to
the thin film distillation apparatus via line 41 at the rate of about 680 g / hr, and
carrying out the reaction for 14 hours. The vyield based on
3-aminomethyl-3,5,5-trimethylcyclohexylamine was 81%.

[Example 11]
Step (11-1): Production of

3-(methyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid

Methy! Ester
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10 tri et hyl cycl ohexyl carbam c acid
(2,4,6-trinmethyl phenyl) ester. In addition, when the
solution recovered fromline 27 was anal yzed by 1H
and 13C-NVMR analysis, the solution was found to
contain 99% by wei ght of nethanol. Step (11-4):
Producti on of |sophorone Diisocyanate by Ther nal
Decénposi solotiorof containing 33.6% by weight of
3-((2,4,6-trimethyl phenyl ) oxycar bonyl am no-net hyl )-3,5
3; (Eetﬂﬁokyoammhm atethyl)-Ge8, Barimefinyichclohexylcarbamic  acid
(2,4,6-trinethyl phenyl) Ester 368 g of a solution

@yl ishémneal Vithinewand BhrrPing SAPIRR’ S418e thbfel a8 atdh (8-1) of

were recovered froml’ine 47 by carrying out the sane

BT RE R plen T BT AT Aehif et pabonace
34 o T8 b pTeRaEL G-yt BiicyBsherliathing a1 o o

%‘ﬁl utlo obtained in step (11-3) to feed tank 401,
Hl? 'thethlnfllmdlstlllatlon apparatus via
li ne 41 at e _of about 900 g / hr and carryi ng
out tﬁ@pr(éé@r)i thtlﬂemomgf h@m&o'lmmgo on
3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl am ne was 79%
[ Exanl g of 3 d@@ll&eewe(elgbta)nedDbudmmngqout theogame method as
Bi s(3-net hyl butyl) -4, 4" -net hyl ene-di cycl ohexyl
st@ar(ﬂa:ﬂ)ab’éEkaﬂﬁI@ 1( with thel excadptions¢f3using ik sdlytion obtained in
carbonate and 273 g (1.3 nol) of 4,4 -
stapt (ML en alstedd ot wﬁeswuﬁahn@bta{n@cmn Geqnpt), U@A)a result of

wer e pI aced in a5 L volunmetric fourth-nouth f

aidZih§'b by gs E’r'n%ﬁrf‘éi gw rfel dktiiatdWh ndl tébn'rf%ln 86, 7% by

ondes r~and t ve were attac
h
T b1 L 4 B, PR T oo
t0,..100C
a5 BIPsuLa BoavRR ST e aBSaabhy dne shsRrAR Freitiadn the
to start the reaction. Sanples of the reaction liquid
flagky e SWP$ abl oWl | ecled af@M@iibj ecP8d %o NBIX anavgight — of
and the reaction 10 was term nated at the point _
3-fmathyiyearhonytaninoymietndkxs, Sornnethyteyclehexyicgdramic  acid
methyl ester.

Step (11-3): Production of 3-((2,4,6-tri-methylphenyl)oxycarbonylamino-
methyl)-3,5,5-trimethylcyclohexylcarbamic Acid (2,4,6-tri-methylphenyl) Ester
by Transesterification

A transesterification reaction was carried out in a reaction apparatus like
that shown in FIG, 2.

4457 g of a reaction liquid were extracted from line 24 and 118 g of a
solution were recovered from line 27 provided in the upper portion of distillation

column 203 by carrying out the same method as step (1-3) of Example 1 with

the exception of adding 99 g of dibutyl tin dilaurate and 4006 g of

89



10

15

20

25

detected. As a result of analyzing the resulting

solution by liquid chromatography, the solution was

found to contain 34.3% by wei ght of

bi s(3- et hyl butyl) -4, 4" - net hyl ene-di cycl ohexyl

carbamate. Step (12-2): Distillation of Low Boiling

Poi nt Conponent 15 1034 g of a distillate were
2 dob-siimethyiphered ty i56d@ @ of thehdistibationetsivhue abtairsgcin step (11-2)
(1-2) of Exanple 1 with the exception of using the

andl usingninolthai forel oh a Horpogdrikdls isbhitioad rdatingethe thin film
sol ution obtained in step (1-1). As a result of

dRAR&IH %p@)fatggszebrwzwcaﬁ'@wadﬁq% HESHsidt & WRS thin film
found to contain 77.8% by weight O

ST L, oo g g s e

utano
s@g_sbegatef%.fﬁ%w'ehwgﬂaziugﬁé%?bﬁ%tﬁg“vx%abﬁﬁw@ et o
3@5@3{5 O gl Séélbgeﬁﬁfﬂﬁbm @%égqtgo”:% t Qfﬁﬂr}g;ion of

Bi S&\@I‘Af d| -tert-anyl phenyl)-4, 4' - net h%/l ene-
d| c Y¥nerh dhe | reagtion digtid b\g,asraaahrégd by fipuigk chrpmatography, the

of a reaction liquid were extracted fromline 24 and
re,apbog ofliquid 91wa®| ufdwrd weloe reardaier ed2G.5%m | bye Seight of
provided in the upper portion of distillation colum

32034 Bytriemettyilplierplioxyterbenplamind noethgh-3358p (1-3) of
Exanple 1 with the exception of adding 79 g of

trméthyhtyclbhéxyﬂbéi@ahﬂbea@ﬂd(%ﬁ@gtrﬂaélﬁ¥lﬁhenyl) ester In addition,
4-di -tert-amyl phenol to 547 g of e distillation

whéﬁ'tﬁé%oﬂhw ﬂfd?ovéFbcP?rS fid€ 27) wﬁeatl n%k%tdﬂgyt p- tﬁlﬁ? BC.NMR

form of honbgeneous s ution, ilm
t 0
aﬁé@éée oféf%?% @fﬂgéw%?o G ol BB LR,
nitro, pressur e p
sol H 2812 RRARCHS R '§Pph¢rgnﬁoﬁ5 é&ﬁﬂ@@é‘ss Y hermal
&% ine 21 at the rate of about
Deg 9Pﬁ'50'a@tf 3r06%4r%érwet5wlnmnya9xmb@nqumlwmethbi 5,5-
reaction liquid was anal yzed by |iquid chromat ography,
trmhylﬁw@hemcarqul@lmmise/ fbﬁridmeﬁhyipheaylharz% by
wei ght of
368 g of a solution containing 99% by weight of isophorone diisocyanate
were recovered from line 47 by carrying out the same method as step (5-4) of
Example 5 with the exception of heating the thin film distillation apparatus 402
to 200°C, making the pressure in the thin film distillation apparatus about 1.3
kPa, feeding the solution obtained in step (11-3) to feed tank 401, supplying to
the thin film distillation apparatus via line 41 at the rate of about 800 g / hr, and
carrying out the reaction for 13 hours. The vyield based on
3-aminomethyl-3,5,5-trimethylcyclohexylamine was 79%.
[Example 12]

Step (12-1): Production of
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bis(2,4-di-tert-anyl phenyl)-4, 4" -nethyl ene-di cycl ohexy

| carbamate. In addition, when the solution recovered

fromline 27 was analyzed by 1H and 13C NWR

anal ysis, the solution was found to contain 99% by

wei ght of 15 3-nethyl-I-butanol. Step (12-4):

Producti on of Hexanet hyl ene Diisocyanate by Ther mal
Bix¢3-aonelhy|bwity)4 #F-methylene-dicyclohexyl Carbamate

Bi s(2,4-di-tert-anyl phenyl)-4, 4" -nethyl ene-di cycl ohexy

| Q3nBayes.6 A8l of Wis(Zamettdl @yl ecacbon@terand) 293% 1.3 mol) of

wei ght of 4,4'-nmethylene- 20 di (cycl ohexyli socyanate)

4\Aﬁ-fmetrﬂﬁéh@ﬁ@(@yélbﬁékﬂdhﬁﬁnéW(Ahﬂ’néhaCprh NYSANtwéiepaas8ina 5 L
met hod ‘as step (5-4) of Exanple 5 with the exception

vaLmEaL ko -Hodth 'fl%sf(' b Btirdir Shdd F%Ebe Mn 8(H€ ﬁ[ar%nkyén& % Dimroth

to 210C, nmmking the pressure In

CSOCFédées%"g‘*ﬁa. SR ‘?’%Péj%ﬁ%%sd t%PﬁPe ¢ o el feptacing the
ingiREOebysfarhafi Pitdgen; thebtoiy-rpedhifask ﬁ?ﬁé‘i{ﬁ%\%‘?’seﬂ in an ol
carrving out the reaction for 11 hours he yield
@s@yﬁ b4 Niasiypia Gottondanan hesioht, 0556 fellowark bl addition
Exanpl e 13] Step (13-1): Production of

& 9-ofesadiimumethoxidel to itarh yhe meactiary c | Sarepies of the reaction
Car bamate 5 A solution containing 29.4% by wei ght of

liduiid (“Bereeduitpblyucollectet] dhd mabjectedhto NiMR cdnahsig;land the reaction

carbamat e was obtained by carrying out the sane

was tteedinated betel ;i(ﬁnflh Mnéih BREBis Hé&eﬂdh@in@{ ARt onger
of using 1818 g (9.0 nDI) o bi s( nethy but yl

d at epg 345 iqui
@t@bﬂ{?ﬁmt h@lse%ebrlgg%%ygf gﬁg%lﬁ@% nthe resul&n% solution _ by liquid

TSRty AL e AP oA B 5 e or
oA 2 BTSSR )
obtal %% (|15-2): Distillation of Low Boiling Point Component

1034 g of a distillate were obtained by carrying out the same method as
step (1-2) of Example 1 with the exception of using the solution obtained in
step (12-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 77.8% by
weight of bis(3-methylbutyl) carbonate and 21.2% by weight of
3-methyl-1-butanol. In addition, as a result of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 99.0%
by weight of bis(3-methylbutyl)-4,4"-methylene- dicyclohexyl carbamate.

Step (12-3): Production of Bis(2,4-di-tert-amylphenyl)-4,4'-methylene-

dicyclohexyl Carbamate by Transesterification

4702 g of a reaction liquid were extracted from line 24 and 210 g of a
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step (13-1) instead of the solution obtained in step
(1-1). As aresult of analyzing by gas

chromat ography, the distillate was found to contain

82.6% by 15 wei ght of bis(3-nmethyl butyl) carbonate and

16. 8% by wei ght of 3-nethyl-1-butanol. In addition,

as a result of analyzing by |iquid chronmatography,
solhtionl wstre Ireeevesed frepi doe 2i7rprowiget indhe wppef porignt af distillation
contain 98.0% by weight of
calusn320@ byyddrnting out the samichmietnet adistare ( DBEXY [Example 1 with
carbamate. Step (13-3): Production of
thi sex@eptioh - bﬁréddmgyvghgmdf) dibudyl- TRt RibeRRe dAd 4358 g of

di cycl ohexyl Carbamate Dby Transesterification 4987 g

2Qfd|%eﬁe{}ﬁg|bﬂ {:! ﬂliw'i th&YistitaicitrddiqlB {;g:t%gn%f;maéiép (12-2)

uti on re recovered from

BB B B A S

dlgf( I n|e a})p\émrqtﬂl}fsaé&gt ;ﬁﬁ%gg@g addégg insi of the thin film

4-di -tert-butyl phenol to 633 of the distillation
d'ﬁ@iﬁttﬂ’lﬁ‘e apBaEtiS gV rjtregen 13t gymow%md PiRFSHGe; SUPRlIng the
formof a hormfgenepu_s solution, heating the thin film
sqlutien [to dhe dhinapirmr:imtlllathnapparauu@@ja sepplydineg2i rat the rate of
inside of the thin film distillation apparatus with
aboutri@®rg Ahr abdeapgig cuthe ssactmn foodglhourg. t he
solution to the thin filmdistillation apparatus via

supwhen it réactin liggidr dae Qﬁalyie@tbwllq&aoahr@fnﬁﬁtogfﬁbhy, the

carrying out the reaction for 78 hours. Wen th

rea@Ah! ONghiddUiWad@SIANY Y287 Workdifll! AP0 GBYht  of

reactlon ['1quid was found to contain 18. 3% by
b*é%%% "@vep'ee'wt@ﬁb ey 7og AP eng TR onex
b ddi t
af?@%%@é\w B3R s v ﬁ%@%ﬂéﬁi%@ﬁfy Wiy e an
13 VR anal ysis, the solution was found to_contain
nalyie. dhe spiutigywas faupdnta contain P9% py. weight of

Product| on of 4,4'-methylene-d i(cyclohexylisocyanate)

3 Biﬁthﬂh%bﬁﬁHQbecon'pom tion of
Step (12-4). Production of Hexamethylene Diisocyanate by Thermal

Decomposition of  Bis(2,4-di-tert-amylphenyl)-4,4'-methylene-dicyclohexyl
Carbamate

287 g of a substance containing 99% by weight of 4,4'-methylene-
di(cyclohexylisocyanate) were recovered from line 47 by carrying out the same
method as step (5-4) of Example 5 with the exception of heating the thin film
distillation apparatus 402 to 210°C, making the pressure in the thin fiim
distillation apparatus about 0.13 kPa, feeding the solution obtained in step
(12-3) to feed tank 401, supplying to the thin film distillation apparatus via line

41 at the rate of about 680 g / hr, and carrying out the reaction for 11 hours.
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Bis(2,4-di-tert-butyl phenyl)-4,4"-met hyl ene-di cycl ohex
yl Carbamate 15 325 g of a substance containi ng 99% by
wei ght of 4,4'-nethylene- di(cycl ohexylisocyanate)
were recovered fromline 52 by carrying out the sane
nmet hod as step (5-4) of Exanple 5 with the exception
of heating the thin film distillation apparatus 402
The yizdd 6ased kinnh 4t methpylesshis @yciohekgattineg) Wwas 84 %.

di stillation apparatus about 0.13 kPa, feeding the

sol fExamplebt3i ned in step 20 (13-3) to feed tank 401,
supplying to the thin filmdistillation apparatus via

l'ine ggh at the rate@ﬂ bout 680 g /pfyduchdd carrying of
out the reaction for ours. The yield based on

kR AP i
soI 8 Y on selidt L.“xggaétaﬁhﬁ%"' OnBUo 25 B DAThGight A of
oS 5L etRUb Y )b e - RIS TS %S%%%?%ts\?@fmsgﬁbtamed by

(12-1) of Exanple 12 with the exception of using 1696
cyrying @uiihe samegnptiod as stapotizr &) oft3axample112 wilhl thegxception
5 4, 4" - et hyl enebi s(cycl ohexyl am ne) and 2.9 g of
ofsusi'ngrﬁ&fﬁ B dgiQenolspE pis(3methylbbihd} chiteniatey 315 igofd.5 mol) of
Boi | i ng Poi nt Conponent 1409 g of a distillate were

4 dbhwmtimgdnélyisytioherglamihe) rd 2¢018 ofebliinsh arethskide.
(1-2) of Exanple 1 with the exception of using the

sol utstep (@Bl Dedillafion of Eﬁw(lﬁdﬁhﬂd PoHtICfpSherithe

solution obtained in step (1-1). Asaresult of 10

oot ol ﬁ""a??’%i?éﬁ%%@é i i e sapinap o

ontaln

SB05%) 8 e e 1 b o o
stgbﬁbeﬁ J|11atl n r(@( &)lée I ltggeobtalinaesc}< ir‘]Nas?efo nﬂ t%\s a result of

di butyl -4, 4 nethylene d|cyclohexyl car bama
analyzing by gas chromatography, the distillate was found to contaln 82.6% by

weight of bis(3-methylbutyl) carbonate and 16.8% by weight of
3-methyl-1-butanol. In addition, as a result of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 98.0%
by weight of bis(3-methylbutyl)-4 4'-methylene- dicyclohexyl carbamate.
Step (13-3): Production of Bis(2,4-di-tert-butylphenyl)-4,4'-methylene-

dicyclohexyl Carbamate by Transesterification

4987 g of a reaction liquid were extracted from line 24 and 238 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of adding 90 g of dibutyl tin dilaurate and 4511 g of

2 4-di-tert-butylphenol to 633 g of the distillation residue obtained in step (13-2)
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15 Step (14-3): Production of

Bi s( 2, 6-di net hyl phenyl ) -4, 4' - met hyl ene- di cycl ohexyl
Carbanmat e by Transesterification 3923 g of a reaction
liquid were extracted fromline 24 and 194 g of a
solution were recovered fromline 27 provided in the

upper portion of distillation colum 203 by carrying
andit using batiee fotrmodf s hsinepgdriedis sbiufivantieatihgwtheh tAim film
the exception of adding 89 g of dibutyl tin dilaurate
digtilatitdd Gppadtus 2262 dicredioyCphepicing th8Sirgidd dfhthe thin film
distillation residue obtained in step (14-2) and

didsilatebn Ap PB%tﬁQr\ﬂmﬁ’fmﬁo?@ﬁoﬁle%ﬁﬁ%pﬁéﬂldﬂ r@éhurBe%UpB@mg the
the thintilm distillafion apparatus 202 to 20

sélﬁi%ﬁ‘% Qﬂettﬁﬁl flIPr? 'd%‘?lllgfloﬁ %%Q%Fﬁt[]s fvid @hpgilyzﬁsdséu rbgtétot'ﬁe rate of

apparatus wt trogen at erlc

il m
a@#@ﬁ?ﬁ@ﬁ?’bh?@%ﬁﬁl&éﬂ@ﬂs Sabim AN e rat 3
of out 1 r and carr .out t e reacti
for 35" Qe ACNaN. ok waSaerRgred By it i V. the
y liquid chronatograph the reaction I|qU|d
r%‘-tlﬂa t daeignt avas 16f@mcby Rei gantain  18.3% by welght of
bi s(2, 6-di met hyl phenyl) -4, 4" - net hyl ene-di cycl ohexyl
bis (2, hairsert-butyiphenyi-+ sk meahylese-dityeiahexyt | ocartaroater ed In
fromline 27 was anal yzed by 1H and 13C NWR

additibry,swhentthe sitidri cgcovesed drond line ZDMiaai andiy2edby 'H- and
wei ght of 1-butanol. Step (14-4): Production of

¢ NMRTEd By S8e 18 (Sofalicrh axyd | RARYARAI@NtAN 9FERIweight of

Deconposi tion of

3@1&(-. | ndidrRii hy! phenyl ) - 4, 4' - met hyl ene- di cycl ohexy!
Carbamate 10 313 g of a sol ution contai ni ng 99% by

vor & 7eBo5: B FBBIATT S S BRI BT B Bmpate) by
msthd_as step (5-4) of EBa le 5. with the exception
'Thagatl ng the thin film &nEmHOﬁEP fon appar at us 402 of

ing the pressure in the thin film
B'a(?sf‘rq'ﬂ%'thb&tyla%%flhﬂds"zfﬂbml@ne dicyqlghexyl Gamhaigatene
sol ution obtained in step 15 (14-3) to feed tank 401,

supp2yigeft @ shbstahce ¢ontainitigst99% aby o.ﬁelgpparfaﬂu%-nwtaylene-
dil(c;ygﬁ)hexylisocyanate) were recovered from line 52 by carrying out the same
method as step (5-4) of Example 5 with the exception of heating the thin film
distillation apparatus 402 to 210°C, making the pressure in the thin film
distillation apparatus about 0.13 kPa, feeding the solution obtained in step
(13-3) to feed tank 401, supplying to the thin film distillation apparatus via line
41 at the rate of about 680 g / hr, and carrying out the reaction for 14 hours.
The yield based on 4,4"-methylenebis(cyclohexylamine) was 83%.
[Example 14]
Step (14-1): Production of Dibutyl-4,4'-methylene-dicyclohexyl

Carbamate
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41 at the rate of about 700 g/hr, and carrying out the

reaction for 15 hours. The yield based on

4, 4" - met hyl enebi s(cycl ohexyl am ne) was 80% [ Exanple

15] Step (15-1): Production of

D butyl -4, 4" - net hyl ene-di cycl ohexyl 20 Carbamate A

sol ution containing 27.0% by wei ght of

di bét yl - 4g0iutioret hy| cortaifiing cl oh@8yd%car bdmat e waeight of

obtai ned by carrying out the sane nethod as step
diblifA-4) 4 ahefhylena-diciCohexl tdrbamate praorobtéinedi by cal®iag out

g (9.8 nol) of dibutyl carbonate, 294 g (1.4 nol) of
théSsdmé’ meedty benabp S ngl SNEXdprE N2) wtRdh8. &dcedtibh of using

sodi um et hoxi de (28% 96 net hanol sol ution, V\&ko Pur e
al (gl gnd i e 2 Di ti
1@510‘(3\/ EFI @B?’m ﬁft (@)%t%inentb%ibé%é )03f15a gl stil 3I a?{eb) of
ste
Fr%tf?@%ﬁéﬁ'SﬁcX?*’oh%%%h”%H%xcééﬁt Y SKB hiH R, ™
sol ut tead of the
sot ue s8R G2 Bistnefion BeFoFBANS Roing Cabipndiy
anal yzi ng by gas chromato raph the distillate was
f ouﬁ%[)?él el distilatey wesg @P é’mcadfwres St $he éam@owgt'pd as
and 11. 7% by wei ght of n-butanol. In addition, as
stepsiir2) ef Examipje iinwitbythe; epdaptionr dfnusing rthghsolutions obtalned in
distillation residue in the flask was found to

stepntidi-n) aedtedy ofethghsohftion1l6btained in step (1-1). As a result of
di butyl -4, 4" - met hyl ene-di cycl ohexyl carbamate. Step

anfdlpziRy by%@dl@ﬂdnm“togfaphy, the dlstlllate was found to contain 84.0% by
Bi s(2-tert-butyl phenyl)-4,4"-methyl ene- dicycl ohexyl

w%hb%ﬂﬁftﬁjtﬁyca-l:ﬁé‘ﬁhc@sérﬁf g '9‘%‘ Qﬁ?’@f H- Bﬁftar?olr eﬁfPhbl&lﬂon as

I'"quid were extracted from|

a3r8§ﬁ‘ﬁ o?rb | j2l gi)?)@oIch{l&cﬁhfr@%mAdrgéh%? hgr 8%5@% Hestl(ﬂ?e in the

upper por ion
St e P00, SO o
di g ltJlIr46}trr(1eetzf11ry}lden:)t:,-?d|cyc§ohexyl carbamate.
Step (14-3): Production of Bis(2,6-dimethylphenyl})-4,4'-methylene-
dicyclohexyl Carbamate by Transesterification
3923 g of a reaction liquid were extracted from line 24 and 194 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of adding 89 g of dibutyl tin dilaurate and 3447 g of
2,6-dimethylphenol to 595 g of the distillation residue obtained in step (14-2)
and using in the form of a homogeneous solution, heating the thin film
distillation apparatus 202 to 200°C, replacing the inside of the thin film

distillation apparatus with nitrogen at atmospheric pressure, supplying the

solution to the thin film distillation apparatus via supply line 21 at the rate of
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2-tert-butyl phenol to 562 g of the distillation

residue obtained in step (15-2) and wusing in the form

of a honbgeneous sol ution, heating the thin film

distillation apparatus 202 to 220C, replacing the

inside of the thin filmdistillation 20 apparatus wth

nitrogen at atnospheric pressure, supplying the
aboutut20ihg ¥ &ir ehe catrtying dut thedieattion fdridH0 lgurar at us vi a

supply line 21 at the rate of about 1200 g / hr and

car Whév thetrebbRor digtild Qs ﬁha[&@@df‘@}lﬂ@um\/\ﬁﬁfbmmbgraphy, the

reaction |iquid was anal yzed by |iquid chromatography,

réafd:ﬁonre%moon WheUi ol T RHNdedRamONt #8 BoglS: BYS D¥yeight  of

wei ght of

b@?é%@?&ﬁy!ﬁl‘@lﬁ d’gﬂ‘?{% h’?e’dﬁgénﬁwr%%'}gf % Qt'éeXle\ addition,
f d b
whEB 8! St Reqvifed ol Ing ot e ra%meﬁn by | CNMR
ht , of 1-hut I Pr oduct f

aaa'xg’ nm%ﬁﬁr afien @3369@%#@@?% @%réf w;?%l'} of frietagel

De t f

Bi o 25ter {14 Produagon of 44 metinjensnilaraghetisagyanate) by
Carbamate 287 g of a solution containing 99% by wei ght
Thérmdal Decornpysibore of Bis(2 pediotethylpheoyl}-4 #Enegthwizne-dicyclohexyl
recovered fromline 52 by carrying out the sane

Corddmigteas step (5-4) of Exanple 5 with the exception
of heating the thin film distillation apparatus 402

to 319Cy @hkangolufiSn PESSBIHIRG | Qg%hfbg‘ Ridight |dP 3 -methylene-

distillation apparatus about feedi ng the

?a)p p\ﬁH}ﬁjRg%%pﬁfé% t sl%%pve%ﬁsfg??ﬁl Ifg;éll ff)f Egppad hl_cf;(g&t the same
mehfEy ﬁ%*ﬁ%éléﬂir?f%%"mea’ni i ey oA B
dlggljatlpgmmgg qug?glﬁé Cyélgﬁ]&x ,3;”5@%3 t\lngpZe%Zuré %a’g% thin film

Di et hyl - - met hyl ene-di cycl ohexyl Carbamate A
d'§tﬂ|ﬂipﬁoﬂpl@,@fﬂtléﬁ @oeyt £812%Rs, feedingt the solution obtained in step

(14-3) to feed tank 401, supplying to the thin film distiilation apparatus via line
41 at the rate of about 700 g/hr, and carrying out the reaction for 15 hours.
The yield based on 4,4'-methylenebis(cyclohexylamine) was 80%.

[Example 15]

Step (15-1): Production of Dibutyl-4,4'-methylene-dicyclohexyl

Carbamate

A solution containing 27.0% by weight of
dibutyi-4 4'-methylene-dicyclohexyl carbamate was obtained by carrying out
the same method as step (12-1) of Example 12 with the exception of using
1705 g (9.8 mol) of dibutyl carbonate, 294 g (1.4 mol) of

4 4'-methylenebis(cyclohexylamine) and 0.27 g of sodium methoxide (28%
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di met hyl - 4, 4' - net hyl ene- di cycl ohexyl carbamate was
obt ai ned by carrying out the sane nethod as step
(1-1) of Exanple 1 with the exception of using 1440 20
g (16.0 nol) of dinethyl carbonate, 336 g (1.6 nol) of
4, 4" - met hyl enebi s(cycl ohexyl am ne) and 1.5 g of sodium
nmet hoxi de (28% net hanol sol ution, Wako Pure Chem cal
mietithrst! sbkdipn| YhKo. P@tecPhérmca? Ynduditses, IUtddi on of Low
Boi I i ng Poi nt Conponent 1271 g of a distillate were
obt ai Sl%? (18-DaDistillagon of LbWeBsiing PoRitiCsmpsne®d> st ep
(1-2) Exanple 1 with the exception of using the

sol ybh9ry 8P4 idtfatd Wer@%bﬁlﬁ@d Wé}ylh@%h?%’e Qéniehﬁethod as

sol ution obtained in step (1- result of

SBE 1 B0 EBi: CPBEicaing, L5 ot b
S%?P‘%” IR T "y eut of

tillatjon resid

H;lag yg@asll%%m%gm yoi;he dljgtlllate was lf(ound5 to conQaln 697.7% by

d| butyl -4, 4' - net hyl ene-di cycl ohexyl carbamate. Step .
w [ €N o by weight of n-butan ,
eiobt 9 dmﬂyjmbp@a]t qand 11.7% by weight of n-butanol. |n addition, as

Bi s(2,4-di-tert-anyl phenyl)-4, 4" -nethyl ene-

a desylt [of ranalyzirga byakqutid diyomaérgraphyrihei distillatiore iesidge in the
of a reaction liquid were extracted fromline 24 and

flétk g ofvags 10fosabuti oo wer eontaizover 88% r omblyi ne wéight of
provided in the upper portion of distillation colum

dlgg?yl-ﬁ%QﬁéWléﬂ@-&é&clbﬁ@xﬁ%ﬂﬁadﬁéi@Od as step (1-3) of
Exanple 1 with the exceptlon of adding 97 g of

di but gy t(Hg 3; br&%ﬁ&.ﬁ l?ﬂ/lﬁ}?gng -4 4'|rr1ethylene—

2, 4- d| ert eno tiron

d'é?aéﬁﬁ%’%ﬁéﬁﬁi by %ﬁ%%#&ﬁfg@cwz”?h?{ nn fiimas
e RO R EEACREE
ni trogen at atnospheric essure, supplying t

salglien WeFe recavesed Erpm fine 57 dreyided i theh UBIB?TaFP%ﬁ'Q@ af idgstillation

supply line 21 at the rate of about 1200 % / hr and .
calamny203; by warnying cetthe samednes®dnas step (1-3) of Example 1 with

the exception of adding 84 g of dibutyl tin dilaurate and 3980 g of
2-tert-butylphenol to 562 g of the distillation residue obtained in step (15-2) and
using in the form of a homogeneous solution, heating the thin film distillation
apparatus 202 to 220°C, replacing the inside of the thin film distillation
apparatus with nitrogen at atmospheric pressure, supplying the solution to the
thin film distillation apparatus via supply line 21 at the rate of about 1200 g / hr
and carrying out the reaction for 180 hours.

When the reaction liquid was analyzed by liquid chromatography, the
reaction liquid was found to contain 155% by weight of

bis(2-tert-butylphenyl)-4,4'-methylene-dicyclohexyl carbamate. In addition,
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When the reaction liquid was anal yzed by liquid
chromat ography, the 20 reaction liquid was found to
contain 19.5% by wei ght of
bis(2,4-di-tert-anyl phenyl)-4, 4" -net hyl ene-di cycl ohexy
| carbamate. In addition, when the solution recovered
fromline 27 was anal yzed by 1H and 13C NWR
when| thei solutidre recsiveréd fromadine ih wasoanalyzad byI9hodnyd *C-NMR
wei ght of nethanol. 25 Step (16-4): Production of
ahialysisetheysalotordwiasdoynd &b echitail BeYnipy weittht of 1-butanol.
Deconposi ti on of
Bi s ( 2Gtepd{t5-8):t PRIMCREE bf| 4, 44methyiBhéyi(ep@oléBiebefate) b
I Car%gdm(ate q’he same met hod as sx{@g?) (ée‘gﬁ' of)@wExaan e ) by
3 oi |
ThelRal, PREOPOSIIeN Bt i CIen SHTRRE RN 43V JUERV fibfoiohexy
chsamatdPr essure inthe thin filmdistillation
appar att us about 0.13 kPa, feeding the solution

obtgapped in step (.16-3 0.fee ank 401, supplyj,n 0
Che2Bh 8 OF) & SBILLER; PheietningBatit weiant b 4 Hetriiene-
the rate of about 680 g / hr, and carrying out the

di{@ighexyliseryaigte)onere respyerpdoiron g B2 by casidPHl the same
99% by wei ght of

methpd astsigp ¢beb) dif (oxarnpleek withstheyaxrapdipnvefi keatingother thin film
fromline 52. The 10 yield based on

didtidatiome tippheatadi 402 ytol Ahexy| amaking thes pre€kurg Brathd ehin film
17] Step (17-1): Production of Tol uene-2, 4-di carbam c

diéﬁlilaiioanpﬁéraﬁ@é Rploaut/ i3 KEed, efeelifhkp tile (s RiofPbbtaMed in step
bi s(3-nmet hyl butyl) carbonate and 220 g (1.8 no f

) o
(1523 Yo eleal tapR A 0! %Phﬁgtirﬁgﬁ:djfdecfhirfﬁ{rﬁ- stwgﬁ‘%g 2 ?)‘égatus via line

i
placed in a5 L vo our nout

4fil‘s*h 3’@%25%%; aﬁﬁﬁlﬁﬁe%.ﬁmf;@f@&kﬁﬁm%}g?é% eaon fard # hours.
A . Ve . .
The PRty oaced o' 4 SuPelbtheis G ResTrmns s Thian o |
batﬂ EC]?iH- 24, Masuda Corp., Japan) heated to 80C
f ol Byl8he addition of

Step (16-1): Production of Dimethyl-4,4'-methylene-dicyclohexyl
Carbamate
A solution containing 28.2% by weight of
dimethyl-4,4'-methylene-dicyclohexyl carbamate was obtained by carrying out
the same method as step (1-1) of Example 1 with the exception of using 1440
g (16.0 mol) of dimethyl carbonate, 336 g (1.6 mol) of
4,4'-methylenebis(cyclohexylamine) and 1.5 g of sodium methoxide (28%
methanol solution, Wako Pure Chemical Industries, Ltd.).
Step (16-2): Distillation of Low Boiling Point Component
1271 g of a distillate were obtained by carrying out the same method as

step (1-2) of Example 1 with the exception of using the solution obtained in
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20 0.35 g of sodi um net hoxi de (28% net hanol sol uti on,

Wako Pure Chemical Industries, Ltd.) to start the

reacti on. Sanples of the reaction liquid were

suitably collected and subjected to NVR anal ysis, and

the reaction was termnated at the point

2, 4-tol uenedi am ne was no | onger detected. As a

steps (18-1dfinsteatlyai the tsodutioes obtaingd snl stepo(l-by, | Agua desult of
chr omat ogr aphy, the solution 25 was found to contain

aRQlyZ @htorRatogPapie)) ehe dibtiflaanBg fbiind &l BontaR091.3% b
bi g(%@%%ﬁbutoyl ) ogst[g?.n Step t( 17-2): Distil I%?i on of s

wbi@ﬁt%@idliwﬂwggeé%n%@%%ﬁ%w eibrﬁfof%@ihﬁgiai. ! gﬁ @ddition, as

were obtain by carrying out the sane net as step

(L f M1 h [,OR, OL: WS ,
agbrak B PRy By 1l B Bee R e st eth ifave in the

|ution obtained in,step (1-1). a result of .

150K1"y > PRg by TBUS chr fmt HGPRIAY. ¢ RSt IPac e WaiSht  of

ound t,o contain 78.2% by weight of
d{'?i“g){i'fﬁé‘rﬁ[‘ﬁ&\y @'PY%ISPOBM&aéb 8%1. 2% by wei ght of

3- et he/l -1-butanol. In addition, as a result of

anal y2ieRd 18y3)i Peedurtionrnfdiatotditer-amyirhenyde4. Al-astiyiene-
residue in the flask was found to contain 98.0% 10 by
disgclghexyfCarbhmarte by, 4adsestetificdtionaci d

bi s(3-nmethyl butyl) ester. Step (17-3): Production of

Tol 6¢8¢-@ oft-adreaitivaniquiacvére extracted from line 24 and 88 g of a
bi s(2,4-di-tert-anyl phenyl) Ester by o
sAILAGS M reddverbd fdnP AR 2¢ ﬁ?&vi@sﬂi?‘f@é Qgg%l* Bertien W distillation

extracted fromline 24 and 289 ution were
v f L 7 [ ' ' ;
COFREZ0% By efyind Bt 6 Bae HErad 3R TS] P Biahde 1 witn
a .hod_as ste -3) of l.e L.with the
trE5 EBGBPlON oo kit $5o0y ofr oRBITY it o85e, 464hiq0 of
8 of ,4-di-tert- | phepol to 615 of the
2'§r§3iaﬂrao{w'9ﬁemﬁpﬁpé 31 lendltiliafion @afttufvg@tﬁme&da step (16-2)
using in the formof a honbgeneous sol ution, heati n% o
anchusing rinf themform sefi 1| homagensensasolution2 heatingotbe thin film
replacing the inside of the thin film20 distillation
disfizdioat appaidths 282 dge 846tC atreplapingr itise pineigigué, the thin film
supplying the
distillation apparatus with nitrogen at atmospheric pressure, supplying the
solution to the thin film distillation apparatus via supply line 21 at the rate of
about 1200 g / hr and carrying out the reaction for 80 hours.

When the reaction liquid was analyzed by liquid chromatography, the
reaction liquid was found to contain 195% by weight of
bis(2,4-di-tert-amylphenyl)-4,4'-methylene-dicyclohexyl  carbamate. In
addition, when the solution recovered from line 27 was analyzed by 'H- and
BC-NMR analysis, the solution was found to contain 99% by weight of

methanol.

Step (16-4): Production of Hexamethylene Diisocyanate by Thermal
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solution to the thin filmdistillation apparatus via
supply line 21 at the rate of about 1200 g / hr and
carrying out the reaction for 70 hours. Wen the
reaction liquid was anal yzed by l|iquid chromat ography,
the reaction liquid was found to contain 20.0% by

wei ght of toluene-2,4-dicarbamc 25 acid

Decefipodition-dfBis 2odndi-ferbayiy)preatydir4, 41-matliglen e-alicychdhexy!
the solution 101 recovered fromline 27 was anal yzed
Chybakhlteand 13C- NVR anal ysis, the solution was found
to contain 98% by wei ght of 3-nethyl-1-butanol. Step

(17Tﬁé seﬁf@%@fﬂd&(‘agfstgﬂl(B%)eo’rQEﬁadeégC%%a&&n% oyt with the

hermal  Deconposition of | uene- 2 I carbam c Aci

d
’Eée%‘;fogp Hedifl tp’%‘Eti*gﬁfﬂﬁ*‘éﬁf atbrclel a0 [ 2FB rdnaling the
BSHP. i S0 8hE oipb S TRtk PP RE '@?gb rEE # KRy feeding the
sélB'an (RptEREd Eoslan 61 ahia, eed Fan f‘ﬁﬂr SubDYIY o rthgfhin fim
tank 301, supplying to the thin film10 distillation
distilation apparaius viadine14 het the: ratetef alioudi§SGa 1 bocangd carrying out

hr, and carrying out the reaction for 15 hours. 267 g
thef reactionutor ot6 Weues.r e328/ gr ofl af solutibn nepr@dininga88%a byaweight of
result of analyzing the solution by 1H and 13C NWR

4;ﬂl’laietﬁyléne1d1ﬁi:ycmbnﬂlm yaaate) owark trecoveredi frof®%ifey 52. The
wei ght of toluene-2,4-diisocyanate. The vyield based

y.eru eaée_d Gh U mAER StEcISRSRy ARINSPHART P618] St ep

Producti on of

: t hanedi yl - di phenyl ) - bi scarbam c Acid
'%"?Af"ést@ 1774 g (10 rml) of di butyl carbonate

Di

o 35800 (7 1oL cRldof 8L BLBaH e A
B asreubutd) BFeF ot b condenser e;nﬁ’a? oo vy val ve

o 1876'G (6.0 mo) of bis(3-methylbutyl) carbonats ard 220 g (18 mol) of
2 4-toluene diamine (Aidrich Corp., USA) were placed in a 5 L volumetric
fourth-mouth flask, a stirrer was placed in the flask, and a Dimroth condenser
and three-way valve were attached to the flask. After replacing the inside of
the system with nitrogen, the four-mouth flask was immersed in an oil bath
(OBH-24, Masuda Corp., Japan) heated to 80°C followed by the addition of
0.35 g of sodium methoxide (28% methanol solution, Wako Pure Chemical
Industries, Ltd.) to start the reaction. Samples of the reaction liquid were
suitably collected and subjected to NMR analysis, and the reaction was
terminated at the point 2 4-toluenediamine was no longer detected. As a

result of analyzing the resulting solution by liquid chromatography, the solution

was found to contain 29.7% by weight of toluene-2 4-dicarbamic acid
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the systemw th nitrogen, the four-nouth flask was
imrersed in an oil bath (OBH 24, Masuda Corp., Japan)
heated to 80C foll owed by the addition of 3.3 g of
sodi um net hoxi de (28% et hanol sol uti on, Wako Pure
Chem cal 25 Industries, Ltd.) to start the reaction.
Sanpl es of the reaction liquid were 102 suitably
bis¢3-meethylbutyidestebj ect ed to NVR anal ysis, and the
reaction was termnated at the point 4,4 -nethylene
di ani Stepe(1we2): stillatior of deheBbitidg P‘?ﬁntaComprléht of
analyzing the resulting solution by liquid

chr quadp
30. 89 b?&,ﬁ?g‘*‘%“"g@ Wtk Wt ORed WASCARYIRG ot theRbRidmethod as

SRl ot RS, SR B 3609 S o
P nen 1452 of ,a disti

7y ﬁ%}eear? S&H“"t"h&" e i (s S AE'S resut of
tion S|n t he

abdvainachy 5 Shrndioaramhye e GbLT4tc: was Sunibo Gargain 78.2% by
solution obtained in step (1-1). As a result of 10

waighIty 20fn g bisf3grethyhubyiht d@ra@n@te t Beddi 21i2% atly waweight  of

found to contain 82.7% by weight of dibutyl carbonate

3anethyb1-dutayolnei dht asfditiorhutasnod . résultaddi t analyzing ky liquid

result of analyzing by liquid chromatography, the

cltfostatbgriphgntheedistillationretidee ih lthe Ragkwaksdoodd te contain 98.0%
contain 98.5% by wei ght of

legl'{t‘bf‘iolugﬁéhlaﬂ%dfbaﬂ'lcpﬁﬁﬂ)ﬂlél:@hh%'ﬁ}!mﬁm eshfi d
utyI ester. 15 Step (18- roduct’i on” of

Bls(2 4 d| mh?nedf}%eny ;qenyb]a bﬂ'@ﬁ@n@%%éﬂb@mic acid

t-anmy ESt e
nliquid were
bg{(?r ac?%rg ﬁ%@%ﬁéi‘%ﬁxg—rgé%easdé@t?ca;b%soI ution were
rec romI .ne 27.provide er, porti
£ BEEE ' b ey Backis Il e wxtiasted: oyt RS a4 Bﬂ@% g of a
sams nmet hod as step (1- 35 of Exanple 1 vvlth
s¢d RMN%P%?OV%@FII ff@nltne 7dxrowd§dtlwh6t HRPES p@mpateé digtfation
3799:% 2,4-di-tert-anyl phenol to 656 g of the
calumin 203 by marrying dutthebsamegdethodsase ptepl8-3) of Example 1 with
the exception of adding 109 g of dibutyl tin dilaurate and 4835 g of
2,4-di-tert-amylphenol to 615 g of the distillation residue obtained in step (17-2)
and using in the form of a homogeneous solution, heating the thin film
distillation apparatus 202 to 240°C, replacing the inside of the thin film
distillation apparatus with nitrogen at atmospheric pressure, supplying the
solution to the thin film distillation apparatus via supply line 21 at the rate of
about 1200 g / hr and carrying out the reaction for 70 hours.
When the reaction liquid was analyzed by liquid chromatography, the

reaction liquid was found to contain 20.0% by weight of toluene-2,4-dicarbamic

acid bis(2 4-di-tert-amylphenyl) ester. In addition, when the solution
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and using in the formof a honpbgeneous sol ution,

heating the thin film distillation apparatus 202 to

240C, replacing the inside of the thin film25

distillation apparatus with nitrogen at atnospheric

pressure, supplying the 103 solution to the thin film

distillation apparatus via supply line 21 at the rate
recbvereub ditor 0@ @7/ was andlyzedr py ntH-oandt FE-NaRt analysis, the

for 62 hours. Wien the reaction liquid was anal yzed by
sdlufion daglfoanate® aoaeity 98%ey mrefﬁjmtdf@t:mbtrwlmdbmaor ound

to contain 25.3% by wei ght of

NN -$tbp fp?lﬂi)t paswstitish- cﬁ'TBh%ﬁ%' in @Is%%?ér‘i’é’t@tfy Peithal

bi s(2, 4-di-tert-anyl phenyl) ester. n add|t| on, when

oA SEIMEGEF ORI, ALZBIR R B

Econt ain 99% by wei ght of 1-but anol Step (18-4):
ﬂe duct| on of 4,4'-di phenyl net hane D i socyanate by 10
The Deco sition, of
T RE a0 FORARH R FISRi( AL ) aemRle ot was catged out with the
Bis(2,4-di-tert-anyl phenyl) Ester Wen the thin film
ion oft heatingother nﬁtmllmansm@lone@nmatus 202 ¢ 2088C, making
pressure in the thin filmdistillation apparatus was
theppressorebin tisothin dilh digtiljatianhapparatus ebhoobi & kBd, faeding the
step (18-3) was fed to feed tank 401, supplied to the

sdlbtiorhiobtdinednidi step| (1AL3)oto fexphtaii 04| supplyihgt to ake tthin film
rate of about 680 g / hr, and the reaction was

disfildtiopdapptral @ vidlinzogy St tﬁé*a& &f aBoor GUO @W hr, and carrying
cont ai ning 99% by wei ght of 4, 4" - di phenyl neét hane

oHAET B 4 S 8o Bl e oo

hsz%ﬁ%&?y&]%@ﬁ%za@ltﬁ%%ﬁqﬁ B arG MR, gnalvsis, the
I BANER R M e
ylglldbbz}s)t/ad gns t2e4r-tovl\€esneoglta?rlmr1]g ?Nas 85%.

[Example 18]

Step (18-1): Production of

N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic Acid Dibutyl Ester

1774 g (10.2 mol) of dibutyl carbonate and 336 g (1.7 mol) of
4,4'-methylene dianiline (Aldrich Corp., USA) were placed in a 5 L volumetric
fourth-mouth flask, a stirrer was placed in the flask, and a Dimroth condenser
and three-way valve were attached to the flask. After replacing the inside of
the system with nitrogen, the four-mouth flask was immersed in an oil bath
(OBH-24, Masuda Corp., Japan) heated to 80°C followed by the addition of 3.3

g of sodium methoxide (28% methanol solution, Wako Pure Chemical

Industries, Ltd.) to start the reaction. Samples of the reaction liquid were
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by carrying out the sanme nethod as step (18-1) of

Exanple 18 with the 25 exception of using 1583 g (9.1

nol ) of dibutyl carbonate, 257 g (1.3 nol) of 104

4,4 -nmethyl ene dianiline and 2.5 g of sodi um net hoxi de
(28% net hanol  sol ution, Wako Pure Chem cal

I ndustries, Ltd.). Step (19-2): Distillation of Low
s@ably nepliestend afuhsuibeuted 362 NMBf aaalysist | ahditthewssaction was
obtai ned by carrying out the sanme nethod as 5 step
tdrini2atedfatEramulire 4,4 Winkelhyldre aidriipid @as o I@ﬁ?égdéf@ted. Asa
solution obtained in step (19-1) instead of the

relitubil SaleAh @G fed itisg 8BIUtidn Dy lidifid nF&Ridgrabh i
anal yzi ngp%yggas ST ogr aphy, 1he dist; dorsibhy, the solution

dt t ai R,85. 5% : ' di bug yl t
W 15 BB el Sht ot Y anorCFh addi B on, AEUE © o
| i |zl [i.Qui h t hy, th
NS RerBRReNE e A e 3ER GO SR (o
taLn 98..6% i.ght .of - i

N, N ?%%,Pﬁﬁréf ﬁﬁﬂﬁ@i@ﬂ L BHRGHPY FioitFUmRPBeRL | o

di bl,it | ester. Step (19-3): Production of

N, N 4§E,Q4C>f Aetistilaie ware mbipiaad Iby- earewag iwaitithe Aeme method as

Bi s(2, 6-di net hyl phenyl) Ester by Transesterification

step (182K of) Example cawmithotinel exgeptioneot usingrthet selufiormbtained in
line 24 and 160 g of a solution were recovered from

stepnél 827) pmsteadeof the sbiutioppebtaimed iivrstep CL$) i |Asitd essult of
colum 203 by carrying out the sanme nethod as step

aifdly 3hg & BRioendtodtdghy, HERYRABIWAS fQindPEiEdHaini8 8 7%
ofydigutyy@?i n dil gg‘r. aﬂthg and 2441 g of " SHaif6Bl7% by

waighit &F emdgga' dﬁ?saﬁétetéhcﬁ?é.% ?:;)\Lgighfj bFY 1Hdtéﬂi6|.°2 In addition, as

rési due obtained 1n step and using i

f ] e S i tj.ng . thin film

= ) °F RS RR Sern HRSObIFRIN Rfdldn e
[nside of the thin film distillati pparatus Wt

38K r 0gWAS at S?ngphehc pP@Qé‘U? e, gg&ﬁgyi n®¥ he We'glp‘t of
El tjon tothe thin filmdistillation apparatus via

N r(g|‘(f"ﬂ?tha"%quhﬂlphﬁ@ylaﬂﬁsaébammd ditady epter. hr and
carrying out the reaction for 662 hours.

Step (18-3): Production of
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic Acid Bis(2 4-di-tert-amylphenyl)
Ester by Transesterification

4322 g of a reaction liquid were extracted from line 24 and 226 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of adding 103 g of dibutyl tin dilaurate and 3799 g of
2,4-di-tert-amylphenol to 656 g of the distillation residue obtained in step (18-2)
and using in the form of a homogeneous solution, heating the thin film

distillation apparatus 202 to 240°C, replacing the inside of the thin film

distillation apparatus with nitrogen at atmospheric pressure, supplying the
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25 When the reaction liquid was anal yzed by liquid

chromat ography, the 105 reaction liquid was found to
contain 18.9% by wei ght of toluene-2,4-dicarbamc

acid bis(2,6-dinmethyl phenyl) ester. In addition, when

the solution recovered fromline 27 was anal yzed by

1H and 13C-NWR anal ysis, the solution was found to
selobionite thevhivy filveidigtilation lapparatus| via Suppbplifd 2145t the rate of
Production of 4,4'-di phenyl nethane Diisocyanate by
albbetr 1200 O¢twmpdsidriying ofit the reaction for 62 hours.

N, N - (4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ Acid

Bi s{/@hén dherichrtiohaiyid we @ha édgb)ﬁfllqﬁlds‘&hlﬂﬁrhafbgraphy, the

cont ai ni ng 99% by wei ght of 4, enyl met hane

réﬂdtléﬁcyfhﬁﬁkﬁ V‘ﬁéﬁr CEAd edid ! O&?’# 5&? gbé(caﬁ{ry' g%ight of

out the sane nethod as 10 step

i e t
NIVeR 4 ﬁ%ﬁggwpﬁh&a‘ég‘i&iﬁbé&@ Bf%-ﬂstert-amwphenvn

ressure the thin fil]mdistillation par at us
efle" 2 ol aadition dhen i 5 eDiEca efi.faqmd {7 hages analyzed by
ﬁ?tenﬁq ﬂg-ui?lto feed tank 401, l'H_eallngtothethl

1809 di Beﬁn%@l%ﬁbﬁﬁ@!tﬂ@m\fvﬁsrﬂp i; Cantaim@9%r byt weight of
of about 700 g / hr, and carrying out the reaction for

tanalrs. The yield 15 based on 4, 4' - met hyl ene
di aniline was 75% [Exanple 20] Step (20-1):

Pr oduStepor{18#4)N, Rtoduetiamedf y4,4bdipheaylnssthanéc Dilsocyanate by
D butyl Ester A solution containing 22. 7% by wei ght

ThérmalNDedipnpssiion bf Kig-@a4' bﬁé“l!h%neaQl-afﬁr@ngl)miéddrbﬁﬁﬁ@)\cid

was obt ai ned by carrying out the sane mnet as step

Bislz 4)d h the exception of using 2192 ¢
(%2.6lrtrgﬂl€t)d:ﬁ?ﬁg%%{lﬂ{ér carbonate, 209 g (1.8 nol) of

SSRRHE AR s G A, o
P”&%ﬁ%"&hiﬁ%g@ mﬁﬁé)dést@ﬁ & aa'pi"t@ra fis e, Biasiots, bF b1 kP,
thgasola/ tioni ogtained ?n 3%?(1%95) was fed to feed tank 401, supplied to the
thin film distillation apparatus via line 41 at the rate of about 680 g / hr, and the
reaction was carried out for 11 hours, 351 g of a solution containing 99% by
weight of 4,4'-diphenylmethane diisocyanate were recovered from line 52.
The yield based on 4,4'-methylene dianiline was 83%.

[Example 19]
Step (19-1): Production of
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic Acid Dibutyl Ester
A solution containing 26.7% by weight of
N,N'-(4,4"-methanediyl-diphenyl)- biscarbamic acid dibutyl ester was obtained
by carrying out the same method as step (18-1) of Example 18 with the

exception of using 1583 g (9.1 mol) of dibutyl carbonate, 257 g (1.3 mol) of
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106 step (1-2) of Exanple 1 with the exception of

using the solution obtained in step (20-1) instead of

the solution obtained in step (1-1). As a result of

anal yzi ng by gas chromat ography, the distillate was

found to contain 85.9% by weight of dibutyl carbonate

and 13.6% by wei ght of 1-butanol. In addition, as 5 a
4iéoethyleheadidniimencarisy 2.5qgi df clodivmt owgthpkide (28% methanol
distillation residue in the flask was found to

solatiba] Wk8. BifebFhewiagihindufstries, Ltd.).
N, N - (4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ acid

di but glereefigep). DR RRALIORGf Bbiw gbﬂ]ﬁg@di@trt)@ﬁponent

N, N - hexaned| yl - bi s-carbam c

D (33624 rdlst*ﬂlétté( M@S@%}é@mgﬁt %é’rr ingtout thT:-Isame method as

Tr ansest | cation I on
r 2 of ,,a ut i . :
st @-ﬁﬁ%aﬁé{a@%% B @ &% %ﬂ%m BEy%rd vwesa'ab g dblained in
r of di Iatlon ol 203 b ng, o
e & Shabaduob i Sfhon’ spinedinngies -l { AS g gesult of
exception of obtaining a honbgeneous sol ution of 550 %
aaalvzlng Ry gas phaﬁm@wgraw m%d@mlaten\@as foung tpcontaine§s.5% by
109 of di but tin dilaurate and 4950 g of 15
ngqmdlfdﬂwtﬂ éyn@ﬂeeamﬂ 1316Sathyngeighe of Arbutandlm In addition, as
distillation apparatus 202 to 240C, and carrying out
atriesult exfcanalyzingrby8bquid wroméhegraphy, theadistittation eesidue in the
was anal yzed by liquid chromatography, the reaction

flaglgui dwags f qonAdt o eont aicBnisin 9% BB 6% ghthyf  weight  of
N, N - hexanedi yl - bi s-car bam ¢ aci d

NON.I'(@,Afj rﬁéthtaﬁéﬁ yREIPHER Srﬁfé §|tn‘i"tf cﬁ'&@?l &dgp, 20

when the solutron'rec vere rom I ne was anal yzed

by 1 nd 13C NWR sis, the sol s found

to cg%tt gi n 99% by vveﬁ%ﬁ% “of 1 -but ano'ilﬁI d@?ﬁ%ﬁ(zo 4): of
odugti o amsthlene i socyanate by, T
N st P Brob RSt - TAQH . L BIR(A Gty IphenyD)

‘@6 d| -tert - butyl phenyl) Ester 25 The sane net hod
Eglet by Jrapsesterifigationanpl " 1 was carried out with the

2824 g of a reaction liquid were extracted from line 24 and 160 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of adding 74 g of dibutyl tin dilaurate and 2441 g of
2,6-dimethylphenol to 475 g of the distillation residue obtained in step (19-2)
and using in the form of a homogeneous solution, heating the thin film
distillation apparatus 202 to 200°C, replacing the inside of the thin film
distillation apparatus with nitrogen at atmospheric pressure, supplying the
solution to the thin film distillation apparatus via supply line 21 at the rate of
about 1200 g / hr and carrying out the reaction for 662 hours.

When the reaction liquid was analyzed by liquid chromatography, the
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exception of heating the thin filmdistillation
apparatus 302 was heated to 200C, making the pressure
inthe thin filmdistillation apparatus to be about
1.3 kPa, feeding the solution obtained in step (20-3)
was fed to feed tank 301, supplying to the thin film
distillation apparatus via line 31 at the rate of
regedion lguibeag foumd fo apataimi 8\9% hyoveighhef tobianea-24-dicarbamic
13 hours. 210 g of a solution were recovered from
atidnizisGh6-dinethyipsarvl) esteanalnyaddition herhgal thiel selutiyn 'rekeovered
and 13C-NWMR analysis, the solution was found to
freAntiné 270 WAsL ¥ndlyze8 thyo T H- kv Mg -RIMR Ngnalidis o Ralidion was
The yield based on hexamnet hyl ene diam ne "was 70% 10

f&xﬁﬂ%ﬂ@oﬁtzﬁﬂr}%gﬁ ?:giv&&%gtg%ﬂ_ﬁ[,wt i on of

N, N - hexane amc Acid Di(3-nethyl butyl)

E . L 00 . §

NN - SERS AL Bt EbE B A4 Uil Hieiahe Thisocygnate by
e A B RRSST by NEE A Rt SR B o

2 (11.3 nol ) _of bis(3-nmethyl butyl) carbonate,

BE@%E&'G‘%W'B“WIS Egterhexanet hyl ene dianine and 3.5 g
of sodi um net hoxi de (28% net hanol sol ution, Wako Pure
Chedftd g of |sh@ablitioneeontaining 99% &y weight)of 4dsdipheayingthane
of Low Boiling Point Conponent 20 1891 g of a

digiccyahatet wasweeoavedifromd ling 52 by ydanyingiout tree same method as
method as step (1-2) of Exanple 1 with the exception

step (Fs4)ngf ERampiad Bt with thdteaicaption f Hatipg (tRé-thin filns idigtllation
of the solution obtained in step (1-1). As a result of

appErhiA 392bYo Qﬁﬁ?g;r@%[g\gjg Wl?é’!"ﬁ/resétrg? th the! 1 SiMe Yistillation

found to colnt ain ] wei ght _
et G gLl kPa Rl B'sdfunor BlafBlay'stéh (99) to

roRP3RNR P baririiir i AR AL S oials weding 41 ot the

8. 6%
ra‘?e o? about 700 g / hr, and carrying out the reaction for 13 hours. The yield

based on 4,4'-methylene dianiline was 75%.
[Example 20]
Step (20-1): Production of N,N'-hexanediyl-bis-carbamic Acid Dibutyl
Ester
A solution containing 22.7% by weight of N,N'-hexanediyl-bis-carbamic
acid dibutyl ester was obtained by carrying out the same method as step (1-1)
of Example 1 with the exception of using 2192 g (12.6 mol) of dibutyl
carbonate, 209 g (1.8 mol) of hexamethylene diamine and 3.5 g of sodium
methoxide (28% methanol solution, Wako Pure Chemical Industries, Ltd.).
Step (20-2): Distillation of Low Boiling Point Component

1845 g of a distillate were obtained by carrying out the same method as
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by wei ght of N, N -hexanedi yl - bi s-carbam c acid
di (3-nethyl butyl) ester. Step (21-3): Production of
N, N - hexanedi yl - bi s-carbam ¢ Acid D (2-phenyl phenyl)
Ester by Transesterification 5 3977 g of a reaction
liquid were extracted fromline 24 and 276 g of a
sol ution were recovered fromline 27 provided in the
sigppEr-2hof tHixample tiveth theaekeeptictoblinmingothebgolation yabigined in
out the sanme nmethod as step (1-3) of Exanple 1 with
steipe (20«d pphstead obf dukelisudutiohO optaihedliibustep t1-m).di Aeud aksult of
and 3545 g of 2-phenyl phenol to 606 g of the
afalyting| Bt 89 chashalograpraitnedistiNatet was faindio adwtai85.9% by
using in the formof a hompbgeneous sol ution, heating

wb@htto'?'d"bt]‘t | CBrBbakt g rgcg'19%%?%%&@?1?:‘%f3%t§ﬁ?lz4q)r?additlon as

repl aci ng he|n3| t he istilTation

Sk amfrﬁggw OB 1 B e

ar at pIy line 21 at e of about 1200
ﬂ%ﬁ? %gn ingt%ut tcﬂQtar"%act § or &Y houVgighfs of

\Whe he reactj UId was anal yzed by liquid
N7 @n‘t fB%ﬁhéﬁﬁgi'v?a yeémadhaquawa dipdtvtestan o
contain 20.0% by wei ght
N, N - PleRanbdi-ph- stogmt@aJm of adi iN'texanpdighbisptarhgmjc  Acid
ester. In addition, when the solution recovered from
DI(2 fediZteriiastyphahyt) &t@yb;&ﬁamedtelﬂiﬁ‘aﬁm analysis, the
solution was found to contain 99% by wei ght of

3- m68HY g bf buteartibn liZRidShwere (Xiratled RoRTINAS I2NaRd 206 g of a
Hexanet hyl ene Dii socyanate by Thermal Deconposition

GHitioh W
B DEnst ahem oL r” F15vedih the yore: porion of distilatior

CATTRy ST 5 9 Bl e PESEE g 1 o
thgoez&%@héﬁ%g gt a3 B e

L Db BShTRES P05 908 5, 5P b h S awetS catdedo50 g of

su ppl yi ng to the thin filmdistillation apparatus
2 6rdi tertﬂltylphenol heating the thin film distillation apparatus 202 to 240°C,
and carrying out the reaction for 86 hours.

When the reaction liquid was analyzed by liquid chromatography, the
reaction liquid was found to contain 149% by weight of
N,N'-hexanediyl-bis-carbamic acid di(2,6-di-tert-butylphenyl) ester. In addition,
when the solution recovered from line 27 was analyzed by 'H- and *C-NMR
analysis, the solution was found to contain 99% by weight of 1-butanol.

Step (20-4): Production of Hexamethylene Diisocyanate by Thermal
Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(2,6-di-tert-butylphenyl)
Ester

The same method as step (1-4) of Example 1 was carried out with the
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31 at the rate of about 980 g / hr, and carrying out

the reaction for 13 hours. As a result of analyzing

the solution by 1H and 13C-NWR anal ysis, the solution

5 was found to contain 99% by wei ght of hexanet hyl ene

di i socyanate. The vyield based on hexanet hyl ene

di am ne was 80% [ Exanple 22] Step (22-1): Production
extepiion dichaating the hig- Glan distllatidni apparatus 302 was heated to
Di (3-nethyl butyl) Ester 10 A solution containing 23.8%
200°@e nEking thé\phesdues anabé thinbfiley estilande appaidtus to be about
di (3- net hyI butyl) ester was obtained by carrying out

t
1355%?:‘%@ “ﬁ‘i’?ﬁ'gt'gﬁtg%@gﬁ%ﬁ %ﬁ ?e,ién% P@EPW%S]feWtb Heddd@ank 301,

Egém fﬁélnﬁﬂﬁ ¥irh, dié‘lrllpzﬂ’lgﬁt .psa}gt{:sgvléjlrne 8Plak tﬁe Jate_of about

e di am ne an of sodi um net

r I

9?@5959 F‘f”%@?rb%wi"’% By @f’cﬂ fi GO 22119, 8 2 pglytion were

I|n Po nt onent 178 dlst |l ate were
SR ed 'Haqc&%p Ko resit af’%ssolgte% by 'H- and
{&1;'2) of Exa 1 with the exception of usi ng t

NMR oﬁ”@'df;@l- n‘@'@ ﬁﬁ'Ut'QFeWaéiZiolﬂd |tﬁst3@%té'fbf99c/ﬁeby weight of
solution obtained in step (1-1). As a result of 20
hexampthykene\digasyanatenailber yiety based dnshexdraethyiene diamine
found to contain 83.5%by weight of
wass{®B4net hyl butyl ) carbonate and 16. 0% by wei ght of
3-methyl -1 -butanol. In addition, as a result of
anal[gzam@ld®1] i quid chronmatography, the distillation
residue 1n the flask was found to contain 97.1% by

wei ghtief o1y he)Fﬁ’B&Ei'ét)ﬁn b' Cﬁrrf’gg@%néﬁbﬂ bis-carbamic -~ Acid

di (3- met'hyl'but yl ) ester. ction

E%PNE g |s car bam c AC| d 110
( Egb si rret hyl benzyl ) phenyl ) Ester

Tra r|f|c |on of a re wer e :

ext Pagolon e i 33 Tnboueafitcsl NG %%ﬁ%ea‘?v'm Garbamic

recovered froml 27 provided in the upper portion
agid ¢j{3mathyputyh ester was obtained by carrying out the same method as
step (1-1) of Example 1 with the exception of using 2290 g (11.3 mol) of
bis(3-methylbutyl) carbonate, 208.8 g (1.8 mol) of hexamethylene diamine and
3.5 g of sodium methoxide (28% methanol solution, Wako Pure Chemical
Industries, Ltd.).

Step (21-2): Distillation of Low Boiling Point Component
1891 g of a distillate were obtained by carrying out the same method as

step (1-2) of Example 1 with the exception of using the solution obtained in
step (21-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 83.6% by

weight of bis(3-methylbutyl) carbonate and 16.1% by weight of

3-methyl-1-butanol. In addition, as a result of analyzing by liquid
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colum 203 by carrying out the sanme nethod as step

(1-3) of Exanple 1 with 5 the exception of adding 103

g of dibutyl tin dilaurate and 4385 g of

2, 4-bi s(a, a-di et hyl benzyl) phenol (Al drich Corp.,

USA) to 575 g of the distillation residue obtained in
step (22-2) and using in the formof a honbgeneous
chromatographiyethtei digtiltationtresiduiei ihrthel flask Mast fioand dp pant:tin£8.6%
202 to 240C, replacing the inside of the thin film
byliwaight! GftN, B haparediyiusis Warbamid a¢ig ei(3amellmityy et i C
pressure, supplying the solution to the thin film

di sti $lept | g@1-3§tppﬂr@dl&t§’tio‘t‘|‘ a of UMWIN-HelxafediyI-Bls-ddiBalié € Acid
of about 1200 g/ hr and carrying out the freaction for

I ' eaud . was anal yzed by
[?R%W&hgmhghng'gg&?%p%?%ggtér@gg?%n liquid was found
f\lo,\ﬁ_ﬁﬁgﬁaﬁggfgﬁ%‘_’éﬁﬁé_@@;cg%r%f%fa%ted from line 24 and 276 g of a
i (2, 4-Dbis(a,a-dinpethyl begzyl )phenyl ester. In. e
sclufish Wi "R en 805D e 26PPUESGAN e PBR pensf digtiation
anal yzed by 1H and 13C-NMR analysis, the solution _
COIHRTY S0% BYicaredng aHhireosemme methast asstes( ik ohixample g with
utanol . Step (22-4): Production of Hexanethyl ene

thei iexceptiorat of @addingr i) @oofDaibutplodint idilaucdte and 3545 g of
N, N - hexanedi yl - bi s-carbam ¢ Acid

2-phedyithiehel o 806lignet thel distiltationplezidue obimed A2 6tep @1-2) and
solution were recovered fromline 35 by carrying out

uding i8ane forfRtd1asl hamotePRolid -sblutin, INeiR ,qlhlé thirf filnt laBstillation

exception of heating the thin film distillation
{ 3 0 j I Re.: b, t ' ;
i AL R A N R

g Rl Sutooett BE Rt oilen Spppiing €6 FRulipo o the

o Atia ebiine Pl 15T i a 28 0P T og o e
re’sul t. of analyzing the _solution by 1H and 13C NWR

anghgaRWing out e Egactiendar 80deUfsund to contain 99% by

wei ght of hexanet hyl ene diisocyanate. The
hen the reaction liquid was analyzed by liquid chromatography, the

reaction liquid was found to ~contain 20.0% by weight of
N,N'-hexanediyl-bis-carbamic acid di(2-phenylphenyl) ester. In addition, when
the solution recovered from line 27 was analyzed by 'H- and "*C-NMR analysis,
the solution was found to contain 99% by weight of 3-methyi-1-butanol.
Step (21-4): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(2-phenylphenyl)
Ester

241 g of a solution were recovered from line 35 by carrying out the same
method as step (1-4) of Example 1 with the exception of heating the thin film

distillation apparatus 302 to 200°C, making the pressure in the thin film
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5 yield based on hexanet hyl ene di am ne was 77%
[ Exanpl e 23] Hexanet hyl ene dii socyanate was produced
in a reaction apparatus like that shown in FIG 5.
Step (23-1): Production Process of
N, N - hexanedi yl - bi s-carbam c Acid 10
Di (3-nmethyl butyl) Ester A stirring tank 601 (internal
digtillatian apparptusato e abeut 1 3 190, feeding( thersniuljorbabtained in step
carbonate was transferred to the stirring tank 601
(218t fdadnank630 Bisupplyingite thed tHm Jilrp distiilationtdppardiusevia line
62 cl osed, and a m xed solution of hexanethyl ene
3dizarthegate3ofrabbid 986 Rut anandbsrrgiagiouh thetreagiiste fdr28%hours.
15 met hanol solution) (mxing ratio: hexanethyl ene
i ' : 5 -t 1305 i ' i
A A B o eI ERBIYSjs ik fution
lin . f i
ScfBufa) e S ogoh bl st of hefhrigtiiend'diShofanate. The
transfer of the reactign liquid a tank 602 was
viel€fgest af nexemetidser Srspng Wahig0%. e 62 vas 20
mai nt ai ned at. 80C to prevent precipitation of solids
frofr¥@BPeeddt i on 1iquid. Wen the reaction |iquid
transferred to a |line 602 was anal yzed by |iquid ) _
chr onBtepgr &81): t Reodection oef| | NN dhexasediylbis-earbamic  Acid
contain 20.3% by wei ght of
D3 hetinylautgdl Egterbi s- car bami ¢ aci d di (3-net hyl butyl)
ester. Step (23-2): Low Boiling Point Conponent
Di s| solatibereoitain@gs23 3% Byhineight! on NiNthéxadeddn-bis-carbamic
apparatus 603 (heat-conducting surface area of 0.2

aéiél?di(ﬁme‘ﬂ%h%tgﬁ =46 wak HotaiRed &Y carkjiflg oud AR BAIMEHethod as

heated to 150C"and the pressuré |Inside the apparatus

SHES( S EubifpRoT i 8 ERApudiecr il 276514708 7 o o
RSPty Byt oot PRy oS & 7. RE e Bteiilale digthine and
3.t3h8 gfo lsghiu%] r\rl\ig{h%x%est(iZé%egne%Fm;hongglultigx\,’ filkloi rIl%rg O&H(t-:-mical
Industries, Ltd.).
Step (22-2): Distillation of Low Boiling Point Component

1783 g of a distillate were obtained by carrying out the same method as
step (1-2) of Example 1 with the exception of using the solution obtained in
step (22-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 83.5% by
weight of bis(3-methylbutyl) carbonate and 16.0% by weight of
3-methyl-1-butanol. In addition, as a resut of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 97.1%
by weight of N,N'-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester.

Step (22-3): Production of N,N'-hexanediyl-bis-carbamic Acid

110




10

15

20

25

conponent that had been distilled off was extracted
fromthe thin film distillation apparatus 603 via a

line 64. On the other hand, a high boiling point

conmponent was extracted fromthe thin film

distillation apparatus 603 via a |line 65 maintained

at 150C, and transferred to a stirring tank 604

D& 4rbisi{ o eddinethglbEpa @) phienythEstea by Transesterification
2,4-di-tert-anyl phenol was transferred via a line 66

to <68Org g d sedctiohdliculid terer @kteactéd K306 lie/ 241andaps9 g of a
di butyl tin dilaurate was transferred to stirring

sblufisn &e \fedoveret Trorf finat2 7 pevidddeinghe Zi% ggzr hohtion d@istillation

m xed liquid prepared in stirrin an

IS bl S e 1o
Ui icep ﬁaﬁé@ﬁ%’ddﬁgt 285 81 1, BB R cBletEE, e, 438 g o

é‘o% (ersiatobefzdinano ST Cam. 8ANCK @75 o “of the

Cess of N, N - hexanedi yl - bi s- car bam c Acid
dguﬁ ation Jesidaet _og:ﬁgmgqeﬁw stest2r2pyand using in the form of a
Transesterification 20 Athin filmdistillation
hamegeaeods solkitiphebeatingnthecthimfiings distilatioraapparstu202 to 240°C,
n2, Kobel co Eco-Sol utions Co., Ltd., Japan) was heated
reptacing GheAirsiden s sther itiinchilim afistillaéiohi appavatus avith @itrogen at
out by transferring a mxed Iliquid of

afdépHesicapeeisire bistppRifg mhe aoldion (t8 m%.t hAlrP Ui ddistillation
ester, 2,4-di-tert-anylphenol and di butyl t| n

%Ibérétlfsa@lﬁ stpphefhd D1 ta@@lg%g&él 6f°abtotﬂl't '1252 gﬁw garrying out the

stillation apparatus [T ne

re%\fch%ﬁ?gr%ﬁ 'ts wth aline 72 113 cl osed. A mxed gas
con alnlng nethyl 1- but anol and

rt-a was extracted. . from ine 73
o or ovityah B, TBAGIAIL FBRic, B BRAUEST 1Y (At Fhromatograbhy, the
gtl ['1ation apparat us 606, and supplied to a
regelion | | favigh MpmieoE  Tiee eaniginhy (2918%ut ol wiight  of
2,4-di -tert-anyl Ehenol were separated in the
NN'hexangdiybhisscarbamie i di@ptbiste, a-dimethylbenzyl)pheny! ester.
2,4-di-tert-anyl phenol was returned to the upper
Inpadifiem winén the solitiomreiotared dtonofine27awas ahafedhya'H- and
line 74 provided in the bottom of
BC-NMR analysis, the solution was found to contain 99% by weight of
3-methyl-1-butanol.

Step (22-4): Production of Hexamethylene Diisocyanate by Thermal
Decompaosition of N,N'-hexanediyl-bis-carbamic Acid
Di(2,4-bis(ac-dimethylbenzyl)phenyl) Ester

220 g of a solution were recovered from line 35 by carrying out the same
method as step (1-4) of Example 1 with the exception of heating the thin film
distillation apparatus 302 to 200°C, making the pressure in the thin fim

distillation apparatus to be about 1.3 kPa, feeding the solution obtained in step
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distillation colum 607. A reaction |iquid was

extracted froma line 70 provided in the bottom of

the thin filmdistillation apparatus 606, and supplied

to thin filmdistillation apparatus 606 via a |line 71.

When the 10 N, N - hexanedi yl - bi s-carbam c aci d

di (2,4-di-tert-anyl phenyl) ester in the reaction

(Ha-éh taifesd tamdt 3, fsuppllingiéo Toe thiadiraddisiilativnappseatyistvia line
line 72 was opened with line 75 closed and the

3l edcheoatd bflabdutB80 tg Ahgfarid edriyingaodtank reG8ffon freP8 hours.
(23-4): Production Process of Hexanethyl ene

ABid rautaiiairaing fHe d0ietioRbyDer (RPEICNRIR ahalysis, the solution
N, N - hexanedi yl - bi s-carbam ¢ Acid

L ( ie ) X N

S O on Sl DB L W O heX el Mispiftifle. The
; - tin f,ace area of 0.2 n2,

yl%g]g@%%%d@?:g'-gg%ﬁ%m%@gg%'ﬁe%sﬁfapan) heated to

ZOO&fnd Is,?ezto an internal pressure of about 1.3 20

k Pal NP ]75 at the rate of 1395 g / hr. A gaseous
conmponent contai ning hexamethyl ene djiisocyanate was ‘
ext FgaEethylgpe dispeanate ay PEHGed inha reaslipst apparatus like
portion of the thin filmdistillation apparatus 609

thahghewppn iFéE. 8.0 a distillation col um 610.
Distillative separation was carried out in
di st i $tept(R8+): Podduatiof Rrocass ohNxdriedXaniediyd-bis-carbamic Acid
di i socyanate was recovered froma line 79 at 25 the

Di{aireetbiylb(®/IpESterr . 114 [ Conparative Exanple 1] Step
(A-1): Production of N, N -hexanediyl-bis-carbamc Acid

o R Rf S0 Phol L 08 "B 60
SEE D EB16h, 2866 RAL e 1%y Pl b B o e
o sy 567 S, B 050 e Kutn o
hesigrﬁétﬁgffengn%iamine, 3-methyl-1-butanol and sodium methoxide (28%
methanol  solution)  (mixing ratio:  hexamethylene  diamine 50
parts/3-methyl-1-butanol 50 parts / sodium methoxide 0.42 parts) was
simultaneously transferred from a line 61 at the rate of 112 g / hr. After 4
hours, line 62 was opened with a line 83 closed, and transfer of the reaction
liquid to a tank 602 was started at the rate of 790 g / hr. Line 62 was
maintained at 80°C to prevent precipitation of solids from the reaction liquid.

When the reaction liquid transferred to a line 602 was analyzed by liquid
chromatography, the reaction liquid was found to contain 20.3% by weight of
N,N'-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester.

Step (23-2): Low Boiling Point Component Distillation Process

A thin film distillation apparatus 603 {(heat-conducting surface area of 0.2
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using 2.7 g of sodium net hoxide. Step (A-2):

Distillation of Low Boiling Point Conponent 10 729 ¢

of a distillate were obtained by carrying out the sane
method as step (1-2) of Exanple 1 with the exception

of using the solution obtained in step (A-1) instead

of the solution obtained in step (1-1). As a result of

min dabeilen Hop-Jakitiohs ddat ddd.aptapan) easlinebited 40 e1508€ and the
found to contain 87.5% by weight of dinethyl

preessioed afstdeath@d ddpat#iusywase ngde ©f berabbah®02 Ka.a resul t

of 15 analyzing by |iquid chromatography, the

di stiiHel 86lufon rA6IMm tahK Bezf\lva§ Kra¥Ferré®UB NP film distillation
contain 98.2% by wei ght of

abafanEARRK Il €3 SRS TS0 o AEWR¥Te SR bolling point
Qg %ﬁ??”’émﬁﬂﬁ% SRR FEtiled Bl ©Tngol B point
carponaay thal hatl sseey digiecatomas, f@effrﬁpﬁaq” szgcm%ﬁwn film

203 by carrying out the same nethod as step
disliEafinneanpaiptys 6Qhuiack dap brton (JF theseingr Madga szgft h@llmg point
distillation residue obtained in step (A-2) instead
cempphentiwes iextracieshfromsthedbinofimadistidation appqratus @93 via a line
using 85 g of dibutyl tin 25 dilaurate and 3770 g of

6H maamitainé&d rat MED°C, @naicirdnsfeiredctol @ stiriiék tartii604 rhdmtained at
Chem cal Industries, Ltd., Japan), setting the heating

1204, OAt iHéesérhéﬂlnﬁé |2n4 cﬁﬂél‘t@nﬁyﬂbh@fﬁbl%frﬁh%rﬁe@ Vid@(ine 66

and carrying out the reaction fTor 430 hours.

tcﬁ‘éfu’rﬁﬁ%t Rk’ 668 tdtORe! A ﬁ'ﬂﬁg Pef Snd %i I’Vﬁh‘mfau?éte was

exanedi yl - bl s-carbam c a di pheny ster
rghSRret P Ankddyigha a7 s hd R o?zbsgomanat e

N N h di b Aci Est T
sand hﬁ%ﬁ%ﬁ* lelid Arspeigd A Sring ser B0 ks vBseead . tank
exceFItlon of heating thin filmdistillation

6&‘@&@ gtllgg Gpyitha b E9 dlagethgndhetored in the tank 605. When the

solution stored in the tank 605 was analyzed by liquid chromatography, the
solution was found to contain 10.7% by weight of N,N'-hexanediyl-bis-carbamic
acid di(3-methylbutyl) ester.
Step (23-3): Production Process of N,N'-hexanediyl-bis-carbamic Acid

Di(2,4-di-tert-amylphenyl} Ester by Transesterification

A thin film distillation apparatus 606 (heat-conducting surface area of 0.2
m?, Kobelco Eco-Solutions Co., Ltd., Japan) was heated to 240°C.

A transesterification reaction was carried out by transferring a mixed
liqguid of N,N-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester,
2,4-di-tert-amylphenol and dibutyl tin dilaurate stored in tank 605 to thin film

distillation apparatus 606 via a line 69 at the rate of 1496 g / hr with a line 72

113



1¢G

15

20

25

pressure inside the thin filmdistillation apparatus

about 1.3 kPa, feeding the 10 solution obtained in

step (A-3) to feed tank 401, supplying to the thin

film distillation apparatus via line 41 at the rate

of about 680 g / hr, and carrying out the reaction

for 11 hours. 134 g of a solution containing 99% by
closieght Aohixcdegaseitalninge 3dhethyt ¢ dndarolvaasl 2 dedivterteamylphenol
fromline 47. The yield based on hexanethyl ene
wdisaskingcted sfrom%a line I@dptovided i Bhaalppeel paHivAsof the thin film
adhered to 15 the sidewalls of the thin film

dibtinbdidn aéfﬁérﬁaﬁﬁp%@t %d%%(ﬁl@d' Wd‘%iﬁmﬁﬂbﬁtwﬁmﬂf 607. The
step (A-4). [Conparative anpl e Step (B-1):

P
3t lﬁ%gﬂﬁtﬂ lﬂﬁﬁﬁélte%ci\’zg]? ?l;%‘nglfkg'n %?F%@g%ﬁrafgd fh the distillation
f N, N h
céﬁe%@_ﬁﬁzpﬁgﬁéhéé%—yq»ﬁ%m? adl&%%?%e&ytooﬁﬁ Hagergorion
of i Ae ARl e B e ey il n 7 B o
bls(3 nmet hyI butyl) carbonate and 174 g (1.5 nol) of
disdillatien Raldme @ﬁém rfe, reaghien nlifuid swps r extraciad fiem@ fine 70
2.9 g of sodium nethoxide. 25 Step (B-2): Distillation
peividenvirBthe batiomodhthedbimGine distiliation BpPparatusi60B, and supplied
distillate were obtained by carrying out the sane

torethind firm  distifatioh- 2dppdrafosanp® Viani ah lifee 2xceptibien the
of using the solution obtained in step (B-1) instead

NI’ héb&r%dlwlﬂlélﬁamw%ld Nagbenditeriiamyiheyl) €Bdtdr Oh the

anal yzing by gas chromatography, the distillate was

rd 408 tnﬁ‘?—ﬂ%ﬁ?&fﬂgﬁ] iRY 70 eI 5?%} by we gnr%t line 72 was

b| s( 3- ar onate and

B i, 0 s g wzassdképsfqmﬁq ot

GQQSI due in the flask was found to contain 96. 7%
|ght of N, N -hexanedi yl -bi s-carbam c acid

3-nmet hyl butyl) ester. Step (B-3): Production of

PR 23t Vi @I@@erﬁe@sA@§ Hexamethylene Diisocyanate by

Thermal Decomposition of N,N’-hexanediyl-bis-carbamic Acid
Di(2,4-di-tert-amylphenyl) Ester

The solution stored in tank 608 was supplied to a thin film distillation
apparatus 609 (heat-conducting surface area of 0.2 m?, Kobelco Eco-Solutions
Co., Ltd., Japan) heated to 200°C and set to an internal pressure of about 1.3
kPa via line 75 at the rate of 1395 g / hr. A gaseous component containing
hexamethylene diisocyanate was extracted from a line 77 provided in the
upper portion of the thin film distillation apparatus 609 and supplied to a
distillation column 610. Distillative separation was carried out in distillation
column 610, and hexamethylene diisocyanate was recovered from a line 79 at

the rate of 72 g / hr.
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10 D (4-net hyl phenyl) Ester by Transesterification
4978 g of a reaction liquid were extracted fromline
24 and 185 g of a solution were recovered fromline
27 provided in the upper portion of distillation
colum 203 by carrying out the sanme nethod as step
(1-3) of Exanple 1 with the exception of using 510 g
of t[eemparative Example d5i due obtained in step (B-2) 15
instead of the distillation residue obtained in step
(1-2) Stepsi(Agh)9Pradodtioh bEN/N' hex\aneﬂj |Bis- b ASEODInethyl
of 4-nmethyl phenol (Al drich Corp., USA), and carrying
Eiér the reaction for 58 hours. The extracted reaction

l'iquid contained 8.1% by weight of
Q'S;\feﬁdﬁx ;bgdak xb gﬂbﬁpﬁg el 28808 by &é}gﬁﬁ;ﬂ% RAEE¥ARediyi-bis-
R ety '\?r@ @%{%gﬁf’a@%ﬁa %?%bh?@vfﬁ'fwm? rethod o

Eﬂar Af{Eherm? osition reaction was _car

1) & ER8ibie A Wb Reserespionial g B8Rav-8 mall ef dimethyl
4. Thin f| Imdistillation apparatus 402 (Kobel co

cathnnsie andoles @61.4 meb of hexamethylaae digmime, adding a stirrer, and
heat - conducti ng surface area of 0.2 n2 was heated to

using2.7 Zpoksntivmenpthexide.e i nside the thin film
distillation apparatus was nade to be 117 about 1.3

kPa. Step golitDistilatinedfriasv BoilinigeRoinBE3mperent ed to
feed tank 401 and supplied to the thin film

di stzizll %tdf@d%mﬁéa\hé?e ﬁb@uﬂéd“ﬁy”cjarﬁiné et %aﬁfe method as
about 0 g/ hr. i quid conponent” was ext ract

sferpom—lb? B¢ EiAnmbievi Y5t {%Osk@tm Bf%fﬁf e @Iﬂh@n fddtﬁ}led in

di's ation appar at us gt urne

%@iiﬂ‘-"kfhg'ﬁ*eén%e oﬁ-”‘lﬁsoe%ﬁ%“@%tﬁaﬂ@?ﬁg o aﬁéﬁé?'f&%sa result of
42
SRR ob4 2 oo i S o B B8 5%
conponent was to distillation colum 403 where

W@rgé\twéﬁaneﬂwyp@wgnate 30¢ A7 byameighhohmethanshends a result of

wer e separated, the 4-nethyl phenol was extracted from
analyzingsby diqeish sboarsatogeaphye the pdistillatiost idsidud @m thelflask was

403, the hexanet hyl ene
found to contain 98.2% by weight of N N'-hexanediyl-bis-carbamic acid
dimethyl ester.

Step (A-3): Production of N,N'-hexanediyl-bis-carbamic Acid Diphenyl
Ester by Transesterification
4101 g of a reaction liquid were extracted from line 24 and 65 g of a

solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of using 316 g of the distillation residue obtained in step (A-2)

instead of the distillation residue obtained in step (1-2), using 85 g of dibutyl tin

dilaurate and 3770 g of phenol (for nucleic acid extraction, Wako Pure

115



10

15

20

25

di i socyanate was extracted fromline 47 provided at an
internmedi ate stage of distillation colum 403, a high

boi l i ng point substance was extracted fromline 46
provided in the bottom of distillation colum 403, and

a portion was returned to feed tank 401 via |line 44.

When the reaction was carried out for 11 hours, 15 114
Chentical sndustties) Ltisht dapangy Sgtagythaehgatingfunit of the thin film
hexamnet hyl ene dii socyanate was recovered fromline
détillafitve apparatubaeed801C hexhorirbngeoet teamagiomator $300hours.
In addition, a black solid was adhered to the

TﬁedeV@h#aﬁ:téﬁ t Fgactibhn fliguid dishtalrdedt | 0B 79pPabgt U@t  of
foll owi ng conpletion of step (B-4). [Conparative

hﬁwﬁrﬁa*]%xéaﬂ#ggg EEC%S é%%r?lﬁ{:r%ﬁgpéé%iqbutyl Ester 1818
et %Sg?%#’%f el @h?“@éef Fra Mo ShU6S e B g
%éﬁ?n%s NAaRetb Bieafrfasie pdcdapranyics ”Fta;'k°

nd a D| nr ot h condenser and t hree-way val ve_ wer
att dwetems Methad asstep {3¢) Afilexample awvag caried ﬁlﬂ with the
of the s)}/stemvvlth nitrogen, the four-nouth flask was
exgeptictedt haatimg dhin fijex dlstlttammappmlu&j&OZdopZQO"IG.‘eansbﬂng the
to 80C followed by the addition of 3.7 g of sodium
prastshiox iked¢ 2B&sothiat filan distitiation iapparatag @bPut d.3 GRayifeeding the
Industries, Ltd.) to start the reaction. Sanples of

sblhlﬂohe@tﬁtblrm In gté (R-Jeteefeat taik M0aolsupplyth addhe thin film
subjected to NVMR anal ysis, and the reaction was

dfsﬁﬂé‘i‘id’iﬁbﬁﬁar@ﬁué #a Iﬁ’l‘é' M af‘ﬁ?@i‘ﬁé by bBBG 6*8@8"/'1‘# ¥RS cBRying out

| onger detected result of analyzin

tHeefé%étfoﬂgfo?‘oﬁuPbﬁ& byI§4I fda CSIE’E-@[@'O ﬁ%ﬁt@ﬁ'm ﬁ{gb fb\.{ weight of

1 on ound to ¢ al n y wel
i RSO Red FOR Pfn SE 5% Bo Bhcc on

ent 1444 of a distillate were obtalndby
h@é@%ﬁhyéer&g:qnw e WA Siee.n ol addition, a black solid was adhered to

the sidewalls of the thin film distillation apparatus 402 following completion of
step (A-4).

[Comparative Example 2]

Step (B-1): Production of N,N-hexanediyl-bis-carbamic Acid

Di(3-methylbutyl) Ester

2146 g of a solution containing 23.1% by weight of N,N-hexanediyl-bis-
carbamic acid di(3-methylbutyl) ester were obtained by carrying out the same
method as step (1-1) of Example 1 with the exception of using 1970 g (9.8 mol)
of bis(3-methylbutyl) carbonate and 174 g (1.5 mol) of hexamethylene diamine,
adding a stirrer, and using 2.9 g of sodium methoxide.

Step (B-2): Distillation of Low Boiling Point Component
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step (1-2) of Exanple 1 with the exception of using

the solution obtained in step (C1) instead of the
solution obtained in step (1-1). As a result of

anal yzi ng by gas chromat ography, the distillate was

found to contain 80.9% by 15 wei ght of dibutyl

carbonate and 18. 6% by wei ght of 1-butanol. In

addil6Bdrg ohe distillate were atbtainatiyy carryinglauydhel same method as
chromat ogr aphy, the distillation residue in the flask
steps( -2l ol Bbanguat hiwithotheO éxdaption ghuspiy the solution obtained in
N, N - hexanedi yl - bi s-carbami c acid di butyl ester. Step
stef- 83-1) Anetset ioprinef sdlutibn hetranedi i SkS-@afbamie a°~(‘ré§ult of
20 Di (4 octyl phenyl) Ester by Transesterifi cat| on

agaSIgEmQ Hﬁg&é bﬁfhﬁéﬁﬁfﬁt‘fiﬁe a?éﬁlflé‘l‘"et\ﬁgs [ d Egn}a‘h 8‘1‘.@% by

solutio e recovered from

'd | L at,i I
B, 50 st Bn i, TP i$4f(1b>§° Wi o
1 th th t f
kbt T s AR UL R
e disti]lation residue obtained in s go
C'ér&’m garephy therdigtiliatiop residus ipitie sl whsTouBs senfﬁug% 7%
of 4- oct& henol and using in the formof a

-bexanedivi-bis-wathania acid bis(3traethylbutyl) ester.
heatl ng the thin film distillation apparatus 202
havi ngtep h¢Bi3)corfroduction suoff addNdhezandédig-Hisr@rbamic  Acid
240C, and carrying out the reaction for 86 hours. 5

Digkenethifibhexil) Extecby Trtfseeterificatiodl was anal yzed by
liquid chromatography, the reaction liquid was found

10 A9T8 Q) bf dlrealt Y 1ifelict Werd
N, N - he?anedl yl - t;l S- ygr bamrc eg:t:ﬂagteéi Ero[nog??/ 2ghgrr‘1?/ 385 gofa

st 3’?‘%@%&%@ﬂsﬁﬁ?@%hﬁﬁwﬂgﬁ*ﬁ&ﬁ%@iSﬂ of dfation
oS0 AP e LR B o B v
Di i socyanate h Decorr&oy tion, of

18 CBRURA R N0 113§ B damaiSHlatan eeKLBCRRREhin step (B-2)

er A thermal deconposition reaction was carried out
msiﬁeag Gfdhe distiatipn sesidue obtained in step (1-2), using 91 g of dibutyl tin

dilaurate and 4645 g of 4-methylphenol (Aldrich Corp., USA), and carrying out
the reaction for 58 hours. The extracted reaction liquid contained 8.1% by
weight of N,N'-hexanediyl-bis-carbamic acid di(4-methylphenyl) ester.
Step (B-4): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(4-methylphenyl) Ester

A thermal decomposition reaction was carried out in a reaction apparatus
like that shown in FIG. 4.

Thin film distillation apparatus 402 (Kobelco Eco-Solutions Co., Ltd.,
Japan) having a heat-conducting surface area of 0.2 m? was heated to 200°C

and the pressure inside the thin film distillation apparatus was made to be
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like that shown in FIG 3. Thin filmdistillation
apparatus 302 having a heat-conducting surface area

15 of 0.2 nm2 was heated to 200C and the pressure

inside the thin filmdistillation apparatus was nade

to be about 1.3 kPa. The solution obtained in step

(C3) was fed to feed tank 301 and supplied to the
aboutnl.Bi kite.di Bhe Isbiutioorobtpipedainuesepi(B-3) wae fad tatfeed dank 401
rate of about 980 g / hr. A liquid conponent was

aed tsupplied toribwn thim fdm3dishilationdappamatid eidb diheodl et thberate of
thin filmdistillation apparatus 302, and 20 returned

abéutf 680 gt/ak F0fqiitl cdrhpenett- wds BRE86E fOMNMLAS provided in
cont ai n| ng hexamnet hyl ene diisocyanate and

tht 9t @?Qﬁé"tthBiﬁme?&filﬁeﬁn x Iﬁf)ﬁé?glds' nd F&tem&% feRd tank

t he upper portion o at| on appar at us

4§Pzwa 93580US, COIRENENT MRS, ﬂttSoHia?ﬁ.h l exgpn thylene
i SR5RAS sPhonRe ity

ol um where th exane difrsocy
oct he e separated, and. a ort on
d'?°&¥?§?‘f% 114+ RELBRERSNES o fiacit Bhet 469 ‘fi%%ﬂed in the
line 34 vi rowdedlnthe bot t om of
URRedt P‘P"F'ﬁﬂlcgﬁ#"@ f'imwﬁisﬁé@owepa&aﬁés #84ct ThA dassous component
carried out for 13 hours, 167 g of a solution were
was ded de slistilation |ci0htmt3a03awbereaa1eahemethytﬁnead g$ocyrngte and
the solution by 1H and 13C-NWR anal ysis, the solution

4ymathiipbhedol wersose@aratedd théd g-methylpherfol wasarttdeiddfrem line 45
dii socyanate. The 5 yield based on hexamethyl ene

cohrotte® WS the3 %opl nofadgistiliztion acdiimek 408,1 dhe Wangxamethylene
adhered to the sidewalls of the thin filmdistillation

dlﬁb@?éﬁé@wgg%xﬁr‘%{é&‘frﬂ& Ilﬁé’uﬂ?' %de%cpﬁt §helﬁteﬁ'ﬁ‘eﬂ)ate stage of

Mpar ative Exan'p e Step ( Production of

b @fﬂﬁ@% i o g Bl g
4%1"?%"2&%%@? Of%‘f@ iﬁ{%‘ﬁﬁa luﬁ]nf‘é rﬁl3 a p%rlion was re?urned

totf(éggftpaé |(161 via Ilne 44, Ut\RIhIaln%ﬁe reé\ictlsc}lrlI \rtvggrcarned %lu??ord1 1I Hours,

114 g of a solution containing 99% by weight of hexamethylene diisocyanate
was recovered from line 47. The yield based on hexamethylene diamine was
57%. In addition, a black solid was adhered to the sidewalls of the thin film
distillation apparatus 402 following completion of step (B-4).

[Comparative Example 3]

Step (C-1): Production of N,N'-hexanediyl-bis-carbamic Acid Dibutyl

Ester

1818 g (10.5 mol) of dibutyl carbonate produced using the method of
Reference Example 2 and 220 g (1.9 mol) of hexamethylene diamine were

placed in a 5 L volumetric fourth-mouth flask, a stirrer was placed in the flask,

and a Dimroth condenser and three-way valve were attached to the flask.
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and a Dinroth condenser and three-way val ve were

attached to the flask. 15 After replacing the inside

of the systemw th nitrogen, the four-nouth flask was

imrersed in an oil bath heated to 80C fol |l owed by the

addition of 0.37 g of sodium nethoxide (28% net hanol

sol ution, Wako Pure Chem cal Industries, Ltd.) to
ABteardpladieg tlea aiside of Benpystemolvith ndrogeay the folr-mouth flask was

were suitably collected and subjected to NWR

infareed m afitdl BdiR (OBH-RUOMARRIat €bP. NAkBRPio 80°C Kellowed by
poi nt hexanet hyl ene di am ne was no | onger detected. As

the 4&dition opB.7 grtﬁl.%amﬁ nﬁamo&ra%U{ igoA enXRBHSI émutbdn Wako Pure
I'i qui d chromatography, the solution was found t

Qﬂﬁéélgngﬁstﬁe/g DYt Yeto Lt Yhe Iﬂe%%tg)n Samples of tg? reaction liquid

exane arbam ¢ aci d

W%ﬁ%ﬁ?iﬁabﬁ“v SJ&"'@?%H Fh SokHe R Mg @5\‘%&?%'%%? 9??8 Raftion was
terRinalag & the ROBK NEXRRE YIRS G1ai e e D8, BeeT detectady As a

(D-1) instead of the soI ution obtained in step (1-1).
resylt of analyzing the easailting sejution gy diagid @hmlwparﬂﬁhy. theesolution
distillate was found to contain 80.9% by weight of
was aund te adndaint 28. 3%d by Sv&ighb of WeNghibexsfnetiybisnathaniic acid
addition, as 5 a result of analyzing by liquid
dibbtypeetergr aphy, the distillation residue in the flask
was found to contain 99.5% by wei ght of

N, N -drewqoesh: Disthiatiof 3 paw Bomﬁgl%um boinponest er. Step
(D-3): Production of N, N -hexanediyl-bis-carbamc Acid

Di ($4@@§V$1°§3ﬂ) ﬁéfee ehY oEfeﬁﬁ‘ gecfdrﬁ}]gr?%‘gbf%elgaﬁl%gﬁgﬂ'nod as

t|on |qU| wer e ex ted I'ne

Sté?ggg%)oéf Bxaliplé ﬂp%t’v@&?’?"%ﬁéﬁ & 'é%'f’ﬁqh%: iy, Phffned
Stégg‘é'lﬁ%c'%g ng (%5 :'Sa dalgp 8@1, % E_p@( 1(\:2 ﬁgresult of
istillation residue obtained in st i nst

anglyzing byigas ehrematagiepdygthe distiltate er@s &)U@F‘)etﬁ qorﬁqp 80 9% by

addi ng 120 g of di butyl
weight of dibutyl carbonate and 18.6% by weight of 1-butanol. In addition, as

a result of analyzing by liquid chromatography, the distillation residue in the
flask was found to contain 98.0% by weight of N,N'-hexanediyl-bis-carbamic
acid dibutyl ester.
Step (C-3): Production of N,N'-hexanediyi-bis-carbamic Acid
Di(4-octylphenyl} Ester by Transesterification
6122 g of a reaction liguid were extracted from line 24 and 182 g of a
solution were recovered from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of using 594 g of the distillation residue obtained in step (6-3)

instead of the distillation residue obtained in step (1-2), adding 114 g of dibuty!
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15 tin dilaurate and 3727 g of 3-octanol (Al drich

Corp., USA) and using in the form of a honbgeneous
solution, feeding to feed tank 201, heating the thin

film distillation apparatus 202 having a

heat - conducting surface area of 0.2 n2 to 175C, and
carrying out the reaction for 180 hours. Wen the
tiextiaoate archch8in d | ofuiddosttphenal yarel Uming i ipuitde ROm of a
chromat ogr aphy, the reaction liquid was found to
hemgaheods -é&hﬁdn,}l\ﬁe@dﬁhgofq feed tank 201, heating the thin film
N, N - hexanedi yl - bi s-carbam ¢ aci d di (3-octyl oxy)

dFﬁﬂﬁion hppadiiid PR, haWisd al H@at-é&ld&%@i%ﬁ%&e&@g & Q.?em2 to

ine 27 was analyzed by" 1H and 1 analysis, t

AR P "1
RN, bl o oo A g e v

122 A thermal deconposition reaction was carri out
chrematpgeanhy, the, ppagtion, liauid iwas {aund gqqemtaiqu@? by weight of
Thin filmdistillation apparatus 402 (Kobel co
NN hexangdivinbis-carbamie cacid dj@pgﬁy!mgmylgges;er. In addition, when
heat - conducting surface area of 0.2 n2 was heated to
theosnduticn eeadvered froesling 27 iwas aralytes byi'H- ant 1FC-NMR analysis,
distillation apparatus was nade to be about 1.3 kPa.

thEhsolsiibruivasfoudd t oenatalma$.08h by Wreightvars]-betanbp f eed
tank 401 and supplied to the thin filmdistillation

ﬁfpar%jﬁc}thﬁ Froectioh 8t HEXSmBHyRerR Diié&@éhaﬁégﬁ g'h/ermal

. A liquid conponent was extracted fromline
DREG . e of . . e st .
e fioh By 3} Rl Xis BRI R4 Pl Hoter
[in . onent containi,ng . hexanet hyl ene
ai 1 BB ST B O R 1F Afrere Sparatus
provided in pper portion of thin film
II% '&4 Pﬁ%‘f’ﬂéﬁ?@ ratus 402. The gaseous component was
fed_to distillation colum 403 where the hexanethyl ene
di i $BRyHradistilation apparaisol02baving epheatteanductieg surface area
3-octanol was extracted fromline 45 connected 15 to
oftha m%plasfhezated itd [280°PGrarebthenpre$8are imsidentrichihirefilen distillation
di i socyanat e was
apparatus was made to be about 1.3 kPa. The solution obtained in step (C-3)
was fed to feed tank 301 and supplied to the thin film distillation apparatus via
line 31 at the rate of about 980 g / hr. A liquid component was extracted from
line 33 provided in the bottom of the thin film distillation apparatus 302, and
returned to feed tank 301 via line 34. A gaseous component containing
hexamethylene diisocyanate and 4-octylphenol was extracted from line 32
provided in the upper portion of thin film distillation apparatus 302. The
gaseous component was fed to distillation column 303 where the

hexamethylene diisocyanate and 4-octylphenol were separated, and a portion

of 4-octylphenol was returned to feed tank 301 through line 34 via line 36
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extracted fromline 47 provided in an internediate

stage of distillation colum 403, a high boiling

poi nt substance was extracted fromline 46 provided in

the bottomof distillation colum 403, and a portion

was returned to feed tank 401 via line 44. Wen the
reaction was carried out for 11 hours, 149 g of a 20
peyided on therkettam nef gstillationvenlmon G0 exXafivenhthiee neaction was
di i socyanate were recovered fromline 47. The yield

caieddbutrfohd 8chmmirby i 8¢ of asohgionasertbfécoveredaftdit lime 35, and
a bl ack solid was adhered to the sidewalls of the thin

aé ial resdit oF iahbﬂ,‘zir?ﬂheawaﬁ@ﬁ by "HOZndoPCoNMRY aﬁﬁgﬁls?lﬁé)golution
of step (D-4). 25 Industrial Applicability 123 Since

waefohﬁecﬁb?‘Béﬁt%irP@@%q}; %idﬂitoﬁﬁﬁéxéﬁl%ﬂ{ﬂérﬂ% g‘iigo&%ate. The

present i nvention enadbl es | socyanates ‘to

VB ARR AT e A8 3o B8 S o

osgene,
Lnvention, i extrepel y, useful induystrially and .
Wi SRt the FoskRlR of & Bin i sdfadior apiadlia 467 gotlowing
roduci ng an i socyanate, conprising the steps of:
C&@B@%Pﬂégékﬁhf ic acid ester and an aromatic hydroxy
conpound to 5 obtain an aryl carbamate having a group
der [Geaparadivettr@mplerdt i ¢ hydroxy conpound; and
subjecting the aryl carbanate to a deconposition
r eact$tep, (M1@r Brodudtonand b N'hegdediylybisacgrbamit iAcicdrDibutyl
aromati ¢ hydroxy conpound which is represented by the

Eéterl owi ng formula (1) and which has a 10 substituent
R at at |east one ortho position of a hydroxyl group:

OH 1814 g (11.0 mol) of dibutyl carbonate produced using the method of
Reference Example 2 and 232 g (2.0 mol} of hexamethylene diamine were
placed in a 5 L volumetric fourth-mouth flask, a stirrer was placed in the flask,
and a Dimroth condenser and three-way valve were attached to the flask.
After replacing the inside of the system with nitrogen, the four-mouth flask was
immersed in an oil bath heated to 80°C followed by the addition of 0.37 g of
sodium methoxide (28% methanol solution, Wako Pure Chemical Industries,
Ltd.) to start the reaction. Samples of the reaction liquid were suitably
collected and subjected to NMR analysis, and the reaction was terminated at
the point hexamethylene diamine was no longer detected. As a result of
analyzing the resulting solution by liquid chromatography, the solution was
found to contain 28.3% by weight of N,N'- hexanediyl-bis-carbamic acid dibutyl
ester.

Step (D-2): Distillation of Low Boiling Point Component

1532 g of a distillate were obtained by carrying out the same method as
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A (1) (wherein ring A represents an aromatic

hydrocarbon ring in a formof a single or nultiple

rings which may have a substituent and which have 6 to

20 carbon atonms; 15 R represents a group other than

a hydrogen atomin a formof an aliphatic al kyl group
having 1 to 20 carbon atons, an aliphatic al koxy group
shepy i{ h@) Joft ExaBplean boith dhe mxceptiomof lusirigp thie Balltiog 6bthined in
20 carbon atonms, an aryloxy group having 6 to 20

sty (DA1 tietBad adf Helsolltionr ebmilay 1iRdstépt 01-2P  ASr o@sult of
atons or an aral kyl oxy group having 7 to 20 carbon

anbfiFing b?gagrdi’llr'@m%%gfrﬁﬁﬁ ithk %&ﬁl?té‘%@fﬁﬁh@% ednfaiP 8L % by

carbon atom an oxyden atom an nitrogen atony an

HEBYF | r i pQ.: Struct ur 1 "
w%% pr oaggfshgl g%@%!‘é?éng"{’ glgg(%i t?]* %'%e‘#g‘i'ﬁu@hgl'aﬁgnﬁq't&on’ as
hydr ax conmpaund i.s conpound represent t he .

ar i e ARG Y (8 BORRORTE! TS Miafiln reRigu in the
and R are the sane as defined above, 5 R2 represents _
f'aS'ﬁm%g%that%ﬁpeta'rar?ﬁ%ph&twgm RGN, §r-Bexanadiyirhis-carbamic
to 20 carbon atons, an aliphatic al koxy group having

agid djbutyl estebon atons, an aryl group having 6 to 20

carbon atons, an aryl oxy group having 6 to 20 carbon

at onsStefn  dbaBky| Pgpdugbiohaviohg N,N'de3@nediybbis-carbamior Acid
aral kyl oxy group having 7 to 20 atons, the aliphatic

Di(3kydtylokipeE sler by alransedtfioationhe aryl, the 10 aryl oxy,
the aral kyl and the aral kyl oxy groups containing an

P S S, S B0 256 of 5
sbiuB8n WerdTbEbGred from line 27 provided in the upper portion of distillation
column 203 by carrying out the same method as step (1-3) of Example 1 with
the exception of using 605 g of the distillation residue obtained in step (6-3)
instead of the distillation residue obtained in step (1-2), adding 120 g of dibutyl
tin dilaurate and 3727 g of 3-octanol (Aldrich Corp., USA) and using in the form
of a homogeneous solution, feeding to feed tank 201, heating the thin film
distillation apparatus 202 having a heat-conducting surface area of 0.2 m? to
175°C, and carrying out the reaction for 180 hours.

When the extracted reaction liquid was analyzed by liquid
chromatography, the reaction liquid was found to contain 17.1% by weight of
N.N'-hexanediyl-bis-carbamic acid di(3-octyloxy) ester. In addition, when the
solution recovered from line 27 was analyzed by 'H- and "*C-NMR analysis,
the solution was found to contain 99.0% by weight of 1-butanol.

Step (D-4): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(3-octyloxy) Ester
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3. The process according to Claim2, wherein in the
formula (2), a total 15 nunber of the carbon atons
constituting R and R2Z is 2 to 20. 4. The process
according to any one of Clainms 1 to 3, wherein the

ring A of the aromatic hydroxy conpound conprises a
structure containing at |least one structure sel ected

f r or thermal depompositioni nregctidn wasexarsed out ilga reactRh apparatus
napht hal ene ring and an ant hracene ring. 5. The

like dsstsshowacior EiGg.t o Claim 4, wherein the aromatic
hydr oxy conpound is a conpound represented by the

f ol 1T nin{ @fistikaion 3AppakafisOl2 R dhelcRERSBtods Co., Ltd.,

(wherein R and R2 are the sane as defined above, and

BP0 PSSR BRIl 60152 Slindirq i 200°C
59 %r E%&g@?@ g&m@%g' fhﬁf ?lfrh ;‘? gtll%&wilvgr our%ttfsg) “%a?v Irnna%le to be
aﬁpsﬁif'é BRar zhm st ibiaiehl sepotial wes, e fodegadank 401

an aral k roup having 7 to 20 carbon atonms,
aﬂHeSLmn“&Hatq tbe X'I"Ryﬁ"m fiwélllamq!rpmpaaatus Rezyline A3 atrthe rate of
the ar on?/1 the aral kyl and the aral kyl oxy groups
abeut ﬁBéigwg an Adiguidsedraporent wamextragtasbfroat time 43rprovided in
oxygen atomand 10 a nitrogen aton). 6. The process
treee bottoimnef the tBirafilm Bistitliliore appariatusa0Bpand rétyeiek o feed tank
conpound is such that in the fornula (3), each of Rl

4gnd v iindeprndenp| mas@@ﬁéewﬁor@rﬁr %ﬂtduﬁuﬂgema%thylene
by the following fornula (4), and R2, R3 and
diisdtyaratd afidM.BeeseY wisCBktracted from line 42 provided in the upper
portion of thin film distillation apparatus 402. The gaseous component was
fed to distillation column 403 where the hexamethylene diisocyanate and
3-octanol were separated, the 3-octanol was extracted from line 45 connected
to the top of distillation column 403, hexamethylene diisocyanate was
extracted from line 47 provided in an intermediate stage of distillation column
403, a high boiling point substance was extracted from line 46 provided in the
bottom of distillation column 403, and a portion was returned to feed tank 401
via line 44. When the reaction was carried out for 11 hours, 149 g of a
solution containing 99% by weight of hexamethylene diisocyanate were
recovered from line 47. The yield based on hexamethylene diamine was 45%.

In addition, a black solid was adhered to the sidewalls of the thin film distillation

apparatus 402 following completion of step (D-4).

Industrial Applicability
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(4) (wherein X represents a branched structure

sel ected fromthe structures represented by the

following fornmulas (5) and (6): R6 -C R6 (5) 127 H

| -G R6 (6) (wherein R6 represents a |linear or

branched al kyl group having 1 to 3 carbon atons). 5

7. The process according to Caimb5, wherein the

ar oRirigec thg dismcyanatemponduttion fuwotesshaccordihgetd ahaulpaesent
(3), R represents a linear or branched al kyl group

inkaKiit) dniifle8 IRARaRISOTE, ban@ffaehtyofpidduasd Rithout using
i ndependently represents a hydrogen atomor a linear

eﬁrerhé@nmﬁd Qénéartﬁa hrBavttith Eréc%s% of e Oerés@hpiment.on is

The p S accordlng to any one of al s
t: | i phatic

e%g?lﬁ/g&:%eg%l E@ustﬁgﬁy ahY glag‘ﬂ gn %éﬁl%ﬁ?ﬂﬁgal ggm% P

conmponent formed with the aryl carbamate is an

al i phatic al cohol. 15 9. The process according to

Claim8, wherein the aliphatic carbamc acid ester is

an al i phatic polycarbamc acid ester. 10. The process

according to Claim8, further conprising the steps of:

conti nuously supplying the aliphatic carbamc acid

ester and the aromatic 20 hydroxy conpound to a

reaction vessel so as to react the aliphatic carbamc
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acid ester and the aromati c hydroxy conpound inside

the reaction vessel; recovering a fornmed | ow boiling
poi nt component in a formof a gaseous conponent; and -
conti nuously extracting a reaction |iquid containing
the aryl carbamate 128 and the aromatic hydroxy
conpound from a bottom of gihgmMmeeacti on vessel. 11. The
process according to any one of Clainms 1 to 10,

wherein the deconposition reaction is a therma
deconposition reaction, and is a reaction 5 in which

compountaeees for ARG AN RECAAI o Detsle e senngr
et AhE S e Ao 1y Bfpound 1o
compound fornmed by the thermal 10 deconposition

obtait anoaryb carhamate, havingna gredp i derivedoffermethe grematie fRydroxy

of a aseous conponent. 13. The process according to
canpbun@, antherein the aliphatic carbanmic acid ester is
a conpound represented by the following fornula (7): O

H | bulbjéctiBg 1ite bryCOaRmart#@le to(avdecempoBlitionaesetiemt s a
- group selected fromthe group consisting of an

al | phareéit GheUBréANtE I hididky2Eoffdduil aik0mEn aavénidlic hydroxy
aromati c group having 6°to “20 carbon atons, the group

ccgﬁebaha‘ivmcﬁrﬂs %ﬁﬂ@séﬁ{e‘bcbg‘ihé Walmvﬁgggﬁbﬁg.ﬁlégﬂg%nd Ahich has a

xygen atom and ‘a nitrogen atons, vin val ence

sstfoertiy ot 48RS Sl AT OL nORIBLERNR. oo oo

froma oarbon atom an oxygen atomand a nitrogen
atom and R

(1)

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

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

nitrogen atom; and R' may bond with A to form a ring structure).
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n represents an integer of 1 to 10). 129 14. The

process according to Caim 13, wherein the aliphatic
carbamic acid ester is such that R6 in the conmpound
represented by the fornula (7) is a group selected
fromthe group consisting of an al kyl group having 1

to 20 TRe $rBEESS aiHc@FE!inQ% e1&ibC hoalkerkeird t9e! RarbdtiROhpdroxy
to 20 carbon atoms. 15. "The process according to Caim

at
cophoHeied EoBBuRy FBBREFIETEYER RUAMAIAMARLE, g
of conmPbunds represented by the foI | owm ng fornul as

(8)R2 an@R'(10): HO R8'~ OCNN-~C~O0I1IR8 Il H
10 O 008 Il VCIl RB~ OC, NORHH(9 O
11 O R HONCQ IIRB Z HO (10) (wherein
R8 i s\t he/sane as defined above). 15 2)

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

R? represents a hydrogen atom or an aliphatic aikyl group having 1 to 20
carbon atoms, an aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl
group having 6 to 20 carbon atoms, an aryloxy group 'having 6 fo 20 carbon
atoms, an aralkyl group having 7 to 20 carbon atoms or aralkyloxy group
having 7 to 20 atoms, the aliphatic alkyl, the aliphatic alkoxy, the aryl, the
aryloxy, the aralkyl and the aralkyloxy groups containing an atom selected from
a carbon atom, an oxygen atom and a nitrogen atom, and R? may bond with A

to form a ring structure).

3. The process according to Claim 2, wherein in the formuia (2), a total

number of the carbon atoms constituting R' and R? is 2 to 20.

4. The process according to any one of Claims 1 to 3, wherein the ring
A of the aromatic hydroxy compound comprises a structure containing at least
one structure selected from the group consisting of a benzene ring, a

naphthalene ring and an anthracene ring.

5. The process according to Claim 4, wherein the aromatic hydroxy

compound is a compound represented by the following formula (3):
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R4 | (3)

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

each of R?, R* and R® independently represents a hydrogen atom or an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic
alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl and the aralkyloxy
groups containing an atom selected from a carbon atom, an oxygen atom énd

a nitrogen atom).

6. The process according to Claim 5, wherein the aromatic hydroxy
compound is such that in the formula (3), each of R' and R* independently
represents a group represented by the following formula (4), and R? R® and R®

represent a hydrogen atom:

=0
| 0

(wherein X represents a branched structure selected from the structures
represented by the following formulas (5) and (6}

RG
|
_._CII.—...-.
R® (5)
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RS (6)

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

atoms).

7. The process according to Claim 5, wherein the aromatic hydroxy
compound is such that in the formula (3), R' represents a linear or branched
alkyl group having 1 to 8 carbon atoms, and each of R? and R* independently
represents a hydrogen atom ora linear or branched alkyl group having 1 to 8

carbon atoms.

8. The process according to any one of Claims 1 to 7, wherein the |
carbamic acid ester is an aliphatic carbamic acid ester, and a low boiling point

component formed with the aryl carbamate is an aliphatic alcohol.

9. The process according to Claim 8, wherein the aliphatic carbamic

acid ester is an aliphatic polycarbamic acid ester.

10. The process according to Claim 8, further comprising the steps of:

continuously supplying the aliphatic carbamic acid ester and the aromatic
hydroxy compound to a reaction vessel so as to react the atipha_tic carbamic
acid ester and the aromatic hydroxy compound inside the reaction vessel,

recovering a formed low boiling point component in a form of a gaseous

component; and

confinuously extracting a reaction.liquid containing the aryl carbamate
128



and the aromatic hydroxy compound from a bottom of the reaction vessel.

11. The process aécording to any one of Claims 1 to 10, wherein the
decomposition reaction is a thermal decomposition reaction, and is a reaction
in which .a corresponding isocyanate and aromatic hydroxy compound are

formed from the aryl carbamate.

12. The process according to Claim 11, wherein at least one compound
of the isocyanate and aromatic hydroxy compound formed by the thermal
decomposition reaction of the aryl carbamate is recovered in a form of a

gaseous component.

13. The process according to Claim 8, wherein the aliphatic carbamic
acid ester is a compound represented by the following formuia (7).

H 0
R'+tN—~C—0—R8

n

(7)

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

R® represents an aliphatic group which has 1 to 8 carbon atoms and
which contains an atom selected from a carbon atom, an oxygen atom and a
nitrogen atom, and

n represents an integer of 1 to 10).
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14. The process according to Claim 13, wherein the aliphatic carbamic
acid ester is such that R® in the compound represented by the formula (7) is a

group selected from the group consisting of an alkyl group having 1 to 20

carbon atoms and a cycloalkyl group having 5 to 20 carbon atoms.

15. The process according to Claim 14, wherein the aliphatic carbamic
acid ester is at least one compound selected from the group consisting of

compounds represented by the following formulas {8), (9) and (10):

)
H ]
RB/O\C/N\/W\N/C\O/R

o
Q 0O
. i il .
R \O/C\N /C\O/R

N N ()

8

e

(8)

N

=

C R
H/ \0/

8
(10)

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