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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
| nvol ves ﬁ\ﬁ%b@ﬁ§ﬁbi€ﬁ%ébcmesl%@%ﬂﬂ&%°5ge”e
nmet hod), and nearly the entire anount of 1socyanates
produced throughout the world are produced accordi ng
to the phosgene nethod. However, the phosgene nethod
as rous problens. Firstly, this method requires
1é$h@9% delgf a | arge anount of phosgene as raw
material. Phosgene is extrenely toxic and requires
speci al handlin%_ 15 precautions to prevent exposure
of TRariesery inyRIitienfrelaips tap HroeessUpF PEdeing igpcyanate.
apparatuses to detoxify waste. Secondly, since highly
corrosi ve hydrogen chloride is produced in |arge
anounts as a by-product of the phosgene nethod, in
Baeklgiolhdmrt o requiring a process for detoxifying the
hydrogen chloride, in many cases hydrolytic 20
chigicvBRales @RIt @idRRAH uded B IPeGYARA eawWPHRsHEESY. of such
whi ch"may have a detrinental effect on the weather

prddeiet E@n&ﬁ%&[éﬂ'nzﬂfeafoérﬁsbéfrﬁg‘%ﬁdoédhé’é?\llé@fr eltﬂéagﬁl;aég Jndustrial

products e case of using Isocyanates pro

. h . Y
proificheh ol 38 IS0 lBlek el FeartPBo o tins b phpsgene
orS3BR oo B g i 5 L S A P
usi ng phosgene that has been proposed involves ,
threughowt| thee AR 3T BRRdusied: acsarding ol6 dhe sphesgene method.

However, the phosgene method has numercus 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 chloride, in many cases hydrolytic
chlorine is contained in the isocyanates produced, which may have a
detrimental effect on the weather resistance and heat resistance of
pelyurethane 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(NHCOOR )a 0 RFNCO a + a RCOH (1) (wherein

e R F30H 300G SPLSAD 21009 BBIETF i o

represents an.,integer of 1 gr pore). The ther
profiing oaperaets oo prliaul isihg, BGedes et nas been
above-nentioned fornula is reversible, and in contrast
preposese dw@ivasor themmaf h&e@smn?é!twg-teﬁapago%'ﬂ'@ c@r'Banpiiers.
acid ester on the left side at low tenperatures, the
Isdcyacptasagrd Aydrary domppundsityedoag deepdaevastolise obtained by
predom nant at high tenperatures. Thus, it is
theveest Shoynpgositioar ofycarbantid acidcestbeniseeaforde)esnele, Berchte der
thermal deconposition reaction at high tenperatures.
Ddulecridili théischent BRseRsehap! woikyd, pardGBay830).n The basic
particular, since the reaction rate is faster for the
: | : ﬂ.@fp@ﬂposi tion, nanely the
re{?@e’\c %gmﬁéﬁg{f/&%%ﬁé gﬂ@@{.ﬁ@gorr anate is formed from

isgamﬁeab@(.)and_aj_gom“co;ahg gayggm c 20 acid ester
ends ho)l

up bei'hg formed before the | socyanate and al co

ormed. b ther mal deconposition .are separated, ..
(WhRESGH, TehrenHRis T OFERi R dds BAvinG 3 EBAC B B Retarrgsents
in the progression of the thermal deconposition
a meAeYalght orgaNIGEesiYRe ANFhEEPTesRIHEN IREESREb i ineRSf
al kyl carbamates is susceptible to the sinultaneous
occlhe endherofal vardesespasitioner siascioni dgeprasentestt i Biis  the
such as thermal denaturation reactions undesirable for
abavkyheniforesd Harmulas isorevarsiidz sand on  cbnirastc yarthe esquilibrium
formed by the thermal deconposition. Exanpl es of

th&RRS ebSinge idwwaelsi 8RS ddrBhmite cid eester oo i thewhaft Fsidair e low
bonds are forned as represented by the foll ow ng

o SBIPeZHe? SO ot o EAvMLCES bocomes
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, namsely 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 simultanecus occurrence of various irreversible side

reactions such as thermal denaturation reactions undesirable for alkyl



i0

15

20

5 and a reaction in which isocyanurates are forned as
represented by the following fornmula (4) (see,
Bercht e der Deut echen Chem schen Gesellschaft, Vol.
3, p. 653, 1870 and Journal of Anerican Chem cal
Society, Vol. 81, p. 2138, 1959): O H1 11 HH 11 H
101 RNCOR + R-OCNR->RNGCGNR+ R-0-CGO0-R

coAeh et o AT, RSy, pome

side reactians | eadi to a,decrease . ield and . .
deGapBesiion: y Egampis pilgsp §dossarians, neipde gureaction in which
producti on of polyisocyanates in particular, these )
ureahends AEe fRratkRe reRTR§ERIEANRI e tllpwingsfarmula,(2), ageaction
result of, 15 for exanple, causing the precipitation

in whighotarbediinides|arddotrhed asiregrasestadeby thefollowingtsrmula (3),
Vari ous net hods have been proposed to sol ve such

angr ableation Far whithaisgcganarates levd fopmegdr aslueprgsented by the
pol yi socyanat e has been proposed in which an al kyl

fol RQIiNG I6PATBL (@) éééb,vﬂér‘éht@%?@ém% ahenfiseres 6dselischaft,
al koxy groups 20 corresponding to a primary al cohol,

. hipst h . . _ . b
vol S oHOESS! SF7 Ruf ERRBFSH A (GemLar Sl Not, o
21@@ f%%%t he ester groups are conposed of al koxy groups

T

onding to the secondary al cohol, followed by’
t hepmal deconposigti on of the al kyl 3 pol ycagbamate

nigieb.olar xR & HN ecnat isonhl{ RUbki gaklen{Ne, diGo)

23484) . t is described in this nmethod that the
ri-bDgEERLgdecogpesifiop tengergiigecefy—R + co, 3)
o]
R, AR
3 R—N=Cc=0 —>
Ay o |
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 resuit of,
for example, causing the precipitation of polymeric solids that clog the reaction
vessel.

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

secondary alcohol, followed by’  thermal decomposition of the alkyl
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t he al kyl pol ycarbamate 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 being able to
inhibit precipitation of polyneric solid. However, the

ev eact.i b L anate

polBERARR Re. bl Eialebr R KSR B omgoese)
al kyl pol ycarbamate and the secondary al cohol is still

It ﬁaé%?cr{gﬁéﬁ/ Bptpis |rr&.tb@$dh%@epﬁ*@5m@ %GFOMPH%'P{H g Refature of
formati on of al kyl polycarbamate by the 10 reverse

the eliyt pelycaibeanateande selttera lowardemperitireny goingnthrough an
di scl osed whereby, in the production of aromatic

alky$ polyeadiamatef iorwieichrtpé estarrgraupsrare coaipgogked of alkoxy groups
pol ycarbamate and an aromatic hydroxy conpound are

cofreBpesding th eh@ sbEems® s taicdHol Cibraby feaftingdn the effect of being
produce an aromatic aryl polycarbamate foll owed by

abld’ Wit@jgﬁa?éﬁiﬁ%fow Fp&imbrctdtidar MFdver ah¥! reverse reaction

pol ycar te to product an aromatic |soCyanate (see,

o BRI o 0 a0 9 Ty o
o 55 ARTE PR SPE B S DB S Dpery

in the case of this aromatic aryl polycarbanate as
legydng the, piblers /hénhibiting <hefREmaiion vhSkvaPahrraEhamate by the

transesterification reaction or thermal deconposition
reygysetreaetiarsunsalyeédkd out, there are many cases in which

side reactions |like those described above still

oc AN altehretige | reathioddghashbeen alidcboseanf wherebyy iméhe production of

i socyanate vyield unsolved. Moreover, thernal

areipafonesdyaneles) foNexafple,! ah efomatictdlkg polyedrbaneseidnd an
t he gaseous phase or liquid phase is known to

arbmafs Hydrdxy 8SMbbuh® afe JUBREAES Yb 'L HaRsedteMAcdtRiFSreaction to
undesi rabl e side reactions  (see, for exanple, US 4

prg@%ﬁéﬂs @??rgégg ]aggfts@dpags%n%gé ﬁ@g\%ﬁ% {HAA W8Bomposition of
the aromatic aryl polycarbamate to product an aromatic isocyanate (see, for
example, US Patent No. 3,992,430). This method describes the effect of
being able to set the thermal decomposition temperature to a lower
temperature by going through an aromatic aryl polycarbamate. However, in
the case of this aromatic aryl polycarbamate as well, under temperatures like
those at which the transesterification réaction 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 ih‘lproving 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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5 As has been described above, there are currently

hardly any nmethods for industrially producing

pol yi socyanates at favorable yield w thout using

extrenely toxi c phosgene. An object of the present

invention is to provide a process that enables

i socyanates to be stably produced over a |l ong period

ta | yield 10 w thout encountering various

Pagérrgbﬁlég%éi%%gﬂnd in the prior art when producing

i socyanates w t hout using phosgene. Means for Sol ving

the Problens In view of the above, as a result of

.conductive extensive studies on the 15
Digglorree fl IVERHER probl ens, the inventors of the present

invention found that a production process in which a

cafsatemsadtei ke Sotved yritrednsgdlicirt i ¢ aromatic  hydr oxy

conmpound are subjected to a transesterification

r edct hasbéen peschiteel alboveqtiyérecare mamsndly frelrdigveey rogthods for

subj ecting the aryl carbamate to a thermal
iNARRHIRO FrbHIEIng € polyisityhfattiso tAtC FavGraplkangeRr eRRRbES using

t he above-nentioned 20 problens to be solved, thereby
exir8RH @xicp l.etion of the present invention.

Nanmely, the present invention provides the follow ngs:

[1 [ f ' [ t .Sl

t &0 BoSEP §F e phksdti IR, 8o, SN Eer eR ia e bles
. aromatic, hydroxy conpound to obtain an aryl. carb te
SR BRS oG b SRR PEER e 1o 1Tt RETPG o st R Vield

.conpound; and 5 subjecting the aryl carbamate to a
W'tﬂéggrﬁimmﬁmgr é’a?é'PPénPr%ﬁ%'F‘éi Ast Fung oRathie PRRIr & when

conpound is an aromati c hydroxy conpound which is
Prodysing sAcEaNaigs witbotbusiogipig@sgensul a (5) and whi ch has

a substituent RL at at | east one ortho position of a

hydr oxyl group: OH R

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 speciﬁb aromatic
hydroxy compound are subjected to a transesterification reactibn to produce
an aryl carbamate foliowed 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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A5 (5) (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 atons; R 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

%%beégﬁpltﬂgg%yﬂ eé?ng@rte%ée&ﬂﬁes. n A& Adtionr oup

on atons, oxy group having

ﬁaﬁ ot b°<%r3rg%{"§r s 'ygéweﬁsaﬁiaf‘%% Horfail Abrory

car bon atons 0 con ng_.an to sel.ecte
COMPoMNY \Ma'r«tadﬁ rsp nigdl By @Lﬁ A o aﬂritw@g@rhas a

atom and Rl may bond mnth Ato forma r|ng
supstituentiRe pt af @]ast ore prtbe eositipacdredhyitjoxy) grewp [ 1] ,

wher ei he aromati c hydroxy conpound is a conpound
represefited by the followng formula (6): OH RzZ Rl

sereRh ring A and Rl are the sane as defined

aboye, R2 represents a hydrogen atom or an
al ifphawj ¢ &l kyl group having 1 to 20 carbon atons, an
al iyhatic al koxy group having 1 to 20 carbon atons, an
aryl oup having 6 to 20 carbon atons, an aryl o)
group having 6 to 20 carbon atons, an aral kyl group

(whardif @in j? AQepfdsentsham apdragtic wyda:roalrtt@ﬁ ﬁNF igrpftPm of a single
havi ng to 20 atons, the aliphatic alky t he

Ol‘%%’ﬁ?l@t \ @%h%ma? 'P\%vérayéub&ﬁ@entaérid WKkeh hdR @ﬁ@'ZIG)Yéarbon
aI kyl oxy” groups containing an atom sel ect ed
atc‘; gm5 a car bon atom an oxygen atom and a ni trogen
atom and R2 may bond with A to forma ring

str trgggre)sénts 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 éromatic hydroxy compound

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

OH
R2 R!

(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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[3] the process according to item[2], wherein in the
formula (6), a total nunber of the carbon atons
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 hydroxy conpound conprises
a structure containing at | east one structure

oIS A0 TR oo
Dy SRy %Enﬁfﬁrh@g ﬁ@v'ag ﬁ{aﬁ%}?&&#@éﬁ Aamsea’ BRIy group
foIIovvln%formJI R3 R5 15 R4 (7)

havifiger eioh 2R1atgms, Ftbeaalaohati@ @Ilayie the ail@hahféca“myvéhe aam the
each of R3, R4 and R5 independently represents a

aryiguy, dge aralkpnang thenaratidylqpdyagroopsickylaignoap dtemi sejedted drom
20 carbon atoms, an aliphatic al koxy group having 1

a tarbdA atamban oiygen,atem ad/ b ritregen Bton, "ghd REmaObond with A
carbon atons, an 20 aryloxy group having 6 to 20

tomhbﬁrhr@télf[ﬁstur@) aral kyl group having 7 to 20 carbon
atoms or an aral kyl oxy group having 7 to 20 carbon

[3]@5@'&00%&83@6 ,ngtt'o‘%hen?!‘ %’J/vp eldif n’:f‘llﬁeﬁfygfya%f %):(Qﬁé{tal f;ﬂﬁwber

e ar and t

°f%i@%@a@ﬁéﬁsﬁoiﬁaﬁ”@%ﬂ%@ibﬁ L3706 the process
4 E B raSS Aouisitg 16 by e HelaBs §4i & O Whemin 17 i A of
and R4 independently represents a 5 group represented

th%?ﬂ?fﬁém By ey iePrrRRYAS BOMBYiISeR AGIRIEIUNRCANIaNRY at least one

resent a hydrogen atom
struc ure selected from the group consisting of a benzene ring, a naphthalene

ring and an anthracene ring,
[5] the process according to item [4], wherein the aromatic hydroxy compound

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

OH

R4 (7)
(wherein R’ and R? are the same as defined above, and
each of R®, R* and R® independently represents a hydrogen atom or an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic

alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralky! 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 -C 10 R6 (9) H
I -G R6 (10) (wherein R6 represents a |inear or
branched al kyl group having 1 to 3 carbon atons), [7]
the process according to item|[5], wherein the

T L T A S

grou having 1 to 8 carbon atons, and each of R2 and
awogg‘a@fﬂ!ﬂhently represents a hydrogen atomor a
|'i near or branched al kyl group having 1 to 8 carbon
[BlathermrocessBpceardingr iocitars [faﬁ wdhadeingheAramptis iy dsexy eempound
[1] to [7], wherein the carbamc acid ester is an
is sLichptiadtiin therfoamila () dacsbBR’' anddRA indepeandientngepreisants a
20 conponent forned with the aryl carbamate is an

gr@lg;'b phprekentekdashite foll SvirldrinuRE 635 and Rt °rand B® irésressent a
[8], wherein the aliphatic carbamc acid ester is an
hyatd flofn-Pol ycar bani ¢ acid ester, 8 [10] the process

according to item[8], further conprising the steps
of: co yously supplying the aliphatic carbamc
acid s and the aromatic hydroxy conmpound to a a
reacti on“vessel so as to react the aliphatic car ban{c)

(wﬂ%?eﬂn ext RdprdBehtsNg BFRIERBHC sRYEIRX YefTBg Uiidmi Bisd dructures
the reaction vessel; 5 recovering a formed | ow boiling

reBYsBhtetPEP I MiohFohAlMEsAo) 3n83F6RUS

RS , (9)

R (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] to [7], wherein the carbamic
acid ester is an aliphatic carbamic acid ester, and a low boiling point
component formed with the aryl carbamate is an aliphatic alcohol,

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

is an aliphatic polycarbamic acid ester,
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conmponent; and continuously extracting a reaction
liquid containing the aryl carbamate and the aronatic
hydr oxy conmpound from a bottom of the reaction vessel,
[11] the process according to any one of itens [1] to
[10], wherein the 10 deconposition reaction is a
t hermal deconposition reaction, and is a reaction in

r : ygdr oxy

kS B AR ARG AR R ARG o e TR TBG oret] O e

process according to, ite. 1], wherein at | east one .

PR BOR RO P insde AVRhata hrta iR L SHiph Aa S Sromatic

compound forned by the thernmal 15 deconposition _
hydeoayt ¢IRP@Ng fR aaiepction Meshel &0 @§ tper@@@gﬁ@j aliphagics earkamic

of a gaseous conponent, [13) the process according to
acid estef 8hq theharcenatia indraky pompioond andideriie eesiction estsal;

is a conpound represented by the follow ng fornul a

( 1tgcoveering 4 fored\ici bBoifBgrpdiritlgom@éndmitinreformRyt a gaseous

represents a group selected fromthe group consisting
cofipoRBnt; &lndphat i c group having 1 to 20 carbon atonms and

an aromatic group having 6 to 20 carbon atons, the

gr %BHtiﬁL‘i’(Sl‘.is;ﬂ( r&xﬂ%cgﬁgaé ?é%&%'neﬁé‘&g édrﬁéﬁhﬁlgﬁ?r{ebggll g&a‘?ﬂbmate

an oxygen atom an nitrogen atonms, and“havin _
an 8 Bheinlc Buordal Lol BRUAET e Bl ki Belier "
RS B 8 Bh o B ST o e
deég%bggi,tj%?r]gatgu?cﬁb%g ﬁg&%ﬁ%&%@d&&%n&% ii'ga%tni]og,lg%d is a reaction
in which a corresponding isocyanate and aromatic hydroxy compound are
formed from the aryl carbamate,
[12] the process according to item [11], wherein at least ane 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 formuta {11):

0
R” H—g-O—RB
" (11)
(wherein R’ represents a group selected from the group consisting of an
aliphatic group having 1 to 20 carbon atoms and an aromatic group having 6 to
20 carbon atoms, the group containing an atom selected from a carbon atom,

an oxygen atom and a nitrogen atoms, and having a valence of n,
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ester is such that R8 in the conpound represented by
the formula (11) is a group selected fromthe group
consi sting of an al kyl group having 1 to 20 carbon
atons and a cycl oal kyl group having 5 to 20 carbon
atonms, [15] the process according to item/[14],
mherein the aliphatic carbamc acid 10 ester is at

R eotosras 7L Aeaelc Sa&%?f%‘ié’ﬁ 158 BuPHE EBPGhIE ana

(12) (13) and (14): 0 H I p~CN C', O~R R8 11 H o
whiglpponiging an atem seleqted fF@f@%Q?{hqnertPFﬂB)a” pxygencgtag gnd a
o N Il 5 NC- ~-RBHo(14) 15 (wherein R8 is the

nitsegen atonjeidned above), [16] an aryl pol ycarbanmate

represented by the followng formula (15), (16) or

n represents an integer of 1 to 10),

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

ester is at least one compound selected from the group consisting of

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

y I e
Ra/o\c/ \/\/\/\N/C\O/R
(till H (12)
ORGSO
H H (13)
7
N’C\o/RB
H o
76: ¢ _R®
N o7 (14)

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

(17):

10
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(17): 10 RL RIO HOBOYNO N OHR9 B CRO (15
RORL BAO IIOB'O~a NOf HHp RIO RO (16) R9 B
OO0--U N1 WO NO HR9 (17) (wherein aring B
“represents a structure which may have a substituent
and 5 which contains at |east one structure sel ected
fromthe group consisting of a benzene ring, a
napht hal ene ring and an anthraceone , RO represents
ot her than a hydrogen, a formof an
|C@w group_havi ng torbon atoms, an

N gretip ~havfig e tg—20 car bon at ons,
an argl [growp having 6 to 2B carbome at ons, an 10

gOUp having 6 to 20 carbon atons, an aral 3}“5)

group having 7 to 20 carbon atons or an aral kyl ox
gro avi ng 7 to 20 carbon atons, the group

R10
Q 3

/O/\O\ A
(wherein a ring B represents a structure which may have a substituent and

R® (16)

=Vuoll

(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

R'® represents an aliphatic alky! group having 1 to 20 carbon atoms, an
aliphatic alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to
20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl

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

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

11
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contai ning an atom selected froma carbon atom an
oxygen atomand a nitrogen atom and R70 represents
an aliphatic al kyl group having 1 to 20 carbon atorms,
an 15 aliphatic al koxy group having 1 to 20 carbon
atons, an aryl group having 6 to 20 carbon atons, an
aryl oxy group having 6 to -20 carbon atons, an aral kyl

u aving 7 to 20 carban_ato or _.an, aral kyl ox

argkd @A §588 coBlaInn S Ahet SoiRtted i farbon atom,

al kyl, the aliphatic al koxy, the aryl, the aryl oxy,
any/gen atemaand,a nErrgesy APRYI oxy groups cont ai ni ng an

atom sel ected froma carbon atom an oxygen atom and
[13 the targdgmiycarbainatg azgording teritam hthly ednidiaisenegresented by the

according to item[16], which is represented by the
folfonlihg Yoraguld ¢T3 $0)(k&R0):(19) or (20): R13 RO O R10 /

Raz “R11 O N N1 ORIl HR9 R' Rao_» R13 (18) Raa

R1I3 Raz R R1I0 O *R12 Raa N '0~~3 NjO Raa Rao H R9

(19) IgaaRlZ\HRQO R13 O-N R

11 N
(o) R?
R*? R10
R13 (18)
R11 R‘!S :
R12 R® o o R'? R12
R13 o/j\ﬂ H)\O R
R0 R® (19)
R11
R12 Rg
0
10 H R") 12
R o R
Aol
RS (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 carban 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
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RILOHR Rae H \OR' RO (20) (wherein R9 represents

a group other than a hydrogen atomin a formof an

al i phatic al kyl group having 1 to 20 carbon atons, an
---ati phati c -al koxy group 10 having 1 to 20 carbon atonms,

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

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

avi 7 to 20 .carbon atons. or-an~aralkyl I . :
cafiRniAigm$ o Gy eralb vt {8 Ao ARt R Blpnatic
atom sel ected froma carbon atom ﬁn ox%%gnagﬁ{j m antﬂ(?
alkyl, #he @phalioakoxndhenyh dhe & YRy, threara thgyaralkyloxy
i ndependently represents a hydrogen atom or an
groaipis pieataioingl &y Btagn sefedted freg @ qasbo ateinban oxyeen ateR and
al i phatic al koxy group having 1 to 20 carbon atons,
a nitrogaryatogrup having 6 to 20 carbon atonms, 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 carbon atons, the aliphatic alkyl, the

2! WeahiseBl.& Bhteet S ReahVentghe aryl oxy. the araikyl,

and t OXy groups containing an atom sel ected

o Sl ARV Hieeil @V, SR kB arlartar ¥ Produced
Accordi. o the present invention, an isocyanate can
effigien Vdﬂﬂ'%é@lus@gfl? S8RMPy wi t hout using phosgene. 10

Brief Description of Drawings Fig. 1 shows a
conceptual drawi ng show ng a conti nuous production

apparatus for produci ng carbonic acid ester according
BriebDaacréptiooddfridiawings t he present invention;

Fig. 1 shows a conceptual drawing showing a continuous production
apparatus for producing carbonic acid ester according to an embodiment of the
present invention;

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

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

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

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

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

Fig. 7 shows the '*C-NMR spectrum of N,N'-hexanediyi-bis-carbamic

13
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Fig. 2 shows a conceptual drawi ng show ng a
transesterification reaction 15 apparatus accordi ng
to an enbodi ment of the present invention; Fig. 3
---shows -a conceptual draw ng showi ng a thernal
deconposition reaction apparatus according to an
enbodi nrent of the present invention; Fig. 4 shows a

concept ual  draw n howi n .t her nal C 1]
aciialg ol erbBp P o PR e b endaa i pip . of the

present invention, 20 Fig. 5 shows a concept ual
prageahinygniedwi ng an i socyanate production apparat us

according to an enbodi nent of the present invention;

Fig. 6 shows the 1H NMR spectrum of

N, N' - hexanedi yl - bi s-carbam c acid
Dedtfiptich 6 RéferéndeiNyiehealst ) ester obtained in step

(3-4) of Exanple 3 of the present invention; and, 25
(Fiﬁ ﬁ 7 shows the 13C-NWR spectrum of

, N - hexanedi yl - bi s-carbam c 13 acid

[ 4-.di = I n i j ' - thi
10?4 (% _ g@h@tg&rﬁp ?@Hgﬁbﬁbghébhﬁﬁﬁe RIcAbASEsEd), $OBP106 : thin

¢ pres nt 1 nventi on.
. Descri pti R i . o e
S SbRPAbETC | B oM SISkt Bk, 11, 92117

vessel . 103, 6;.thin_ filmevaporator, 1Q4 :
reQﬁJ'leéc12a1\/é|,2%16é8! 1320%59?!?%% ﬁo% 'tsé'rﬂP?y !lrle.h,az’ﬂzi' 8 {78 10,

reboiler, 121, 123, 126, 127. condenser, .1, .9 : su L¥
1] 12e13,214 4gra|5§fe5!|nq,,3,81,5 1(PCOVERY I|rg’161:§xt@4;_tlop,hgﬁ55 Zr eed

line, 3, 15 : recovery line, 16 : extraction line, 17
line. feed 10 line. (Fig. 2) 201 : feed tank, 202 : thin

filmevaporator, 203 : distillation colum, 204
(Figogyienser, 21, 22, 23, 24, 25, 26, 27, 28, 29 :

transfer line (Fig.3) 15 301 : feed tank, 302 : thin
o0k | re&y 8RO 22OF . tRRS film dhvaiportal,i 206 ¢ odistifatioBOdolumn, 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 evéporator, 403, 404 : distillation column, 405,
407, condenser, 406, 408 : reboiler, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53 : transfer line

(Fig. 5)

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

81 : transfer line

14
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reboil er, 305: condenser, 31, 32, 33, 34, 35, 36, 37,

38, 39, transfer line (Fig. 4) 401 : feed tank, 402 :

thin filmevaporator, 403, 404 : distillation columm,

405, 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:

r iI r 61 6 64,,.65, 66, 67, 68, 69, 70 71,
Be?E %0"798"7%5'9 égt t?"ﬁlnv?%t' O%g 80, 25 81 : transfer

I|ne 14 Best Mode for Carrying Qut the Inventjon The

f olTNewitlpWing Rrauides aeti@'ianf@e @ﬁ!@%ﬁib&n &h the bRet pade for

node for carrying out the present invention (to be
carrgihgr edi the apreshet pnesslian (#o ebdodefatrad) to as the present

Furthernore, the present invention is not limted to
enfboelirfiehl) owl Igrthsrameat thebpriserntinvéntion a8 haot diewitidae to the

nodi fied in various ways wthin the scope of the gist

folloheh@ Yresditeemboaiagiat ®ubrathest ¢4 ber ArRiffedPin Mafious ways
present enbodinent is a process for producing

wﬂhEpfh\éa{)&:%gsof\{Hé Iyt PRk Ses the steps of: reacting a

o aC| ester and an aromatic hydroxy

ool ey nRe B iofh é*%%%% T HE AT et is o

subjectin r ca ba to a _.dec
ProERE L B O a P ORERLes BTN EORPHF SR he SR feaeting a
an aromati c conpound having a specific conposition.
carpamigeadid) eHer @gdi AQi rRMAliCaRydeRyprampund do Ritain ag aryl
reaction scheme of the present enbodi nent. However,
catieenate dwmint aegroup dlesivied frgim doe ssomatic dydroxydcompeund; and
present invention is not limted to the follow ng
subjeating othes @ngnearbamate 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.
o e N Me H i
N o A N P ’\ Q
\/\/OI/ \/\/\/\N)I\o/\/\ 7—4» (‘:[ \lo( No° e
oH Me
Me Me
2
OH
Me H )OLMQ Me NMe
o NS ™ N N N + 2
o ———
T y 1 NCO

Me

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

15



10

15

20

Table 12 OHM ~/HOMN-~/j\~~ HHOHM OH
MOH M/ M : I MOH MH/ MM ~NONONO\
NCO+ 2 OHM 20 Me To begin with, an explanation is
provi ded of those conpounds used in the 15 isocyanate
producti on process of the present enbodi nent.
<Aromati ¢ Hydroxy Conpounds> The aromati c hydroxy

"S°§vg¥%§rb8§8§§ﬁ%‘i" khsar LB HReA BT ) oo

ound i ch are represented by the f ol I oW ng
for fP%laf?B YRk PETR 5‘38 a substituent at at |east

one site ortho to a hydroxyl group:;; CHR A (5) i
The aromatic hydroxy compounds used in the isocyanate production

process of the present embodiment are aromatic hydroxy compounds which
are represented by the following formula (5) and which have a substituent at at

least one site ortho to a hydroxyl group:

OH
R‘

(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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(wherein ring A represents an aromati c hydrocarbon
ring in a formof a single or nmultiple rings and
whi ch have a substitute and which have 6 to 20 carbon
10 atons; Rl represents a group other than a hydrogen
atomin a formof an aliphatic alkyl group having 1
to 20 carbon atons, an aliphatic al koxy group having
1 tq.20 carbon atons, an.aryl grou in to.
gl s Shes de o B g STBE) RhchBtd Bt Tsthgn). an
atons, an aral kyl group having 7 to 20 15 carbon ato
octadegkl QP (ISBRIEIg) Bﬂﬁﬁﬁa‘{hehgaq'?%%c QY BERHRS: B 13115 the
the group containing an atom sel ected froma carbon
nugthem ofanabopgstenas eenalidting thet greyenisagommead sriected from
bond with Ato forma ring structure). Exanples of Rl
integefsoofm| o 20) satlv\as &nokimbsy ayroppbatncethloky [grgupupspriopoxy
whi ch the nunber of carbon atons constituting the
grtSiJBSJlQiféchﬁar@), HBhgAosehRRIE dsodBrd)l anpénityieagrgroab (lsdnters), a
20, such as a nethyl "group, an ethyl group, a propyl
nedYRE GioRprER e phkpuASD RIS IEBHELS). BREYCY aroup
. (LS t p i #ﬁgﬁ ) 0
('Sgb%ﬁg’(?sg‘@&@(y gp%@gye{éogn?%%; (él SO rs@, g{g@god@ééﬁneﬂs@, a
ro i soner.s a oct adecyl group (is rs)_or the
dofleRdB, s eRlo 2 steinod bR NG Jsdhels)pr the
_carbon atons constituting the group i s a nupber .
likgepryt BERYAS IBWhICR gy BHEBEF of cafPoatomi FORKIEINEINGRPUP IS
grouB, an et hoxy group, a propoxy 5 group (isoners), a
6 ot 20.0epuchr eapa( phendr gioum Bemeindryed ogrpup di6RE1EES), an
a hexyloxy group (isoners), a heptyloxy group
etity|sloemyl sgroupn(isarhgisdxa propyphetiyls gnaurs Xisomensinya dxyylphenyl
- group (isoners), a decyloxy group (isoners), a
gregsie aybasys)gr &Upehiyliheeiys) groap gisbadesy| axyegyiphpny! group
(including isoners) or the |ike; aryl groups in which
(isg)g%éﬁ}t{o@ggpeﬂpﬁé‘fyb@?o@ Qﬁ‘émié?’é‘),staht é&tylbﬁehgis?l@hgu@?drﬁers), a

. such”as a phenyl group, a met pheny
oSBT (o £ BB g0 RpET I St arous
(isomers), a dimethylpheny! group (isomers), a diethylphenyl group (isomers),
a dipropylphenyl group (isomers), a dibutylphenyl group (isomers), a
dipentylphenyl group (isomers), a dihexylphenyl group (isomers), a
diheptylphenyl group (isomers), a terphenyl group (isomers), a trimethylphenyl
group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
(isomers), a tributylphenyl group (isomers)or the like; aryloxy groups in which
the number of carbon atoms constituting the group is 6 to 20, such as a
phenoxy group, a methylphenoxy group (isomers), an ethylphenoxy group
(isomers), a propylphenoxy group (isomers), a butylphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group (isomers), a

heptylphenoxy group (isomers), an octylphenoxy group (isomers), a
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group (isoners), a pentyl phenyl group (isonmers), a
hepyl phenyl group (isoners), a heptyl phenyl group

(i somers), an octyl phenyl group (isoners), a

nonyl phenyl group (isoners), a decyl phenyl group
(isomers), a biphenyl group 15 (isonmers), a

di met hyl phenyl group (|soners) a di et hyl phenyl group

ro
ol BBEGbBhe sy SERArED o EcSitRehRRs! ra%«%n&s o
(isomers), a dlhexyl henyl gr. ouaaxlsoners)
phanKePENPh eBRAUPG {ISSRIETS s o Re rdine Qf&mnﬁmﬁ?owme%)’ a
(isonmers), a trinethyl phenyl group (isoners),
dlethyighagomegmupgr(wpwe(rskoraer@prowlnhqwmgr%nysomers a
group 20 (isomers), a tributylphenyl group (isomers)or
difutgiphekexy agndupx y(ispnearpl ian dipeotylphemexpuigbaup ofisomers), a
carbon atons constituting the group is 6 to 20, such

du@yﬁohéﬁi@&ﬁowo@ oli$omeér _téwyumpmmerwxvuméupoﬁs@m)ars), a

an”et hyl phenoxy group I somers), a propyl phenoxy

o

. u%‘g%r{éh %geg?c)urpo ISQHféfEPhﬁn%MefﬂrkWnﬁkﬁoﬁﬁiuﬁ) (|soi=hers) a

(1 sofers) exyl phendoxy grou

frf%tbf/@a“%hé%% Wﬁ%%ﬁﬁ‘*{%@ﬂer £ e iharcnd fé‘?%%xQEafPSLa
tnm&ﬁé g def%%rﬁgfﬁ%%?sﬁe%”%mﬁ%ﬁs RS g sHpoer

(i somers), a di et hyl phenoxy u SO
of Cgafgp%ﬁtgmgn@g@st@ moﬁ(q % Qf’ E) (29 b %ﬁﬁ@nBQ?nylmethyl
group (isoners), a dipentylphenoxy group (isoners), a
greupli lae phiepyietiy yorgupuispmetiiera \ohanyiragy: groedisepers), a
group (isoners), a . diphenyl phenoxy group (isoners),
phenylbutylegroub (isemersy, grphanypeniyege)ip dsomers), a phenylhexyl
triethyl phenoxy group (isoners), a tripropyl phenoxy

gr@u@ '(flomeﬁgﬁarmenymeptyl ighoilipy (ipbiees)y aghenploctyd gr[m{:sblsmmers
l'i ke; ‘aral kyl groups in which the nunber of

$1u t Ugtich th
e o

%@é}”%?s%arpenpgﬁﬂﬂ% PERYitut O‘gﬁ’%g% FE\’SS)Y t8 20, such as a

enylbu group (isonmers entyl group

P%'?éfﬁvne‘ﬁ%hﬁﬂmﬁhe” T LA A —

groLS o(usomgrs) a phenylbutyloxy group (isomers), a phenylpentyloxy group

W

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

Examples of ring A in formula (1) above include a benzene ring, a
naphthalene ring, an anthracene ring, a phenanthrene ring, a naphthacene ring,
a chrysene ring, a pyrene ring, a triphrenylene 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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phenyl nonyl group (isonmers) or the |ike; and
aral kyl oxy groups in which the nunber of carbon atons
constituting the group is 7 to 20, such as a 15
phenyl met hoxy group, a phenyl ethoxy group (isoners), a
phenyl propyl oxy group (isoners), a phenyl butyl oxy
group (isoners), a phenylpentyloxy group (isoners), a

beﬁ?%ﬂ%lriﬂgﬁém%@ﬁ@ 6{'\ oK o%ﬁ ntﬁra%@ﬁ@ﬂrfbeml% 'a%}‘cson these

oxy group ~(i soner

. phenyl nonyl ox ou r the

rings 41N BQV P #&%ﬁ{%rﬁ’ﬁ 5 i iﬁ? oy iRnioEH e syamples of
benzene ring napht hal ene rin an an hracene rlng

whichp freluse rﬂll@h@tlm{@/l GrOHRBHE b ERe I ﬂgm €5 JnFgrbeRedtoms
ring, a pyrene ring, a triphenylene ring, a pental ene

constitgtingthe gravpeisea number selkestschiremdntagess ohi to Rfaserle as a
ring, a biphenylene ring, an acenaphthylene ring, an

mélﬁ?lagrbhpyéﬁ ¢hy! ignglip, @prepebirenpr(isomerejia butybgroupt(rsemers),
't ke, preferable exanples include rings selected

a Eﬁérﬁg‘t % BpQfsBHiers P RshSdl B (igomdis),Pe ReplyegFdupdisdiners), a

al ene ring and an anthracene ring. In addition,

oc%&jrgg%%{ﬁnﬁyﬁ??&@;% ;!?S(Fég?ﬁ’&mL L&&mjpﬁ t(J@,Emers) a
B

frominteger uc as ou n.
alkspal,grogps ) %ép?bﬁh&wwma? FPaB aiss COQSM 94/ 33 @L%L?P s a
(i soners), pent yl group |soners) hexyl
nmbﬁ;rﬁ@l@gted gqm; integergraf dpto(2Q simshs3s a gp]ethg& g[o%@ Gigethoxy
(i somers), a nonyl group (isoners), a decyl group
gréimoaEprepoxy grdupleispmershud RUtWereaspup Jisomarskie aentyloxy
group (isomers) or the like; aliphatic alkoxy groups

group \@Bbatershe hexybety gfoupalistoners), canbieptylety graupngsarhers), an
group is a 10 nunber selected fromintegers of 1 to

ocBHoxyp UfBupS(iorfiBis) 08y r@h?ldﬂg groupt ffi@synersly, oalpde@yioxy group
pr opoxy group (|soners) utyl oxy group (isoners), a

(|s?I So%&‘%}ﬁod@éﬂb‘% 9 oﬁﬁ"‘ﬁé&%ersﬁ Qﬁ%éﬁ@bywx?@ou[) (|somers) or

oXy group (Isoners), an

th% REP isgﬁflﬁ%) in FhRAMHL NP Wt E4rBBRBARINS @onshtutlng the

ecyl ox

group is 6 to 20, such as a phenyl group, a methylphenyl group (isomers), an
ethylphenyi 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
diheptylpheny! group (isomers), a terphenyl group (isomers), a trimethyiphenyl

group (isomers), a triethylphenyl group (isomers), a tripropylphenyl group
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(isomers), a dodecyl oxy group (isoners), an

oct adecyl oxy group (isoners) or 15 the like; aryl
groups in which the nunber of carbon atons
constituting the group is 6 to 20, such as a phenyl
group, a nethyl phenyl group (isoners), an ethyl phenyl
group (isoners), a propyl phenyl group (isoners), a

bt B Ol i
i SIS A 1 STk e CSULPAoRY o 96 as

decyl phenyl group (isoners), a biphenyl group
phenexmgreyp, a aictedplyenhengroun dspmersiorast Sthylahenoxy group
di et hyl phenyl group (isoners), a dipropyl phenyl group
(isdmeeste Bspropglpthiehoky lgptnem isomeos)p a( butpiphesdxy group (isomers),
di pentyl phenyl group (isoners), a dihexyl phenyl group
a (de?\‘ﬂﬂﬁhéﬁaxya gréupepisphigienyl dexyphenagyegup isomers), a
terphenyl group (isoners), a trinethyl phenyl 25 group

nebRSTS), ol aSE Ty SCOUBICATEI e, (somers).
v RbE BRGNP SREY RS Bl (8
ok uERan o BAREL £ B T T, SIS e, -

_propyl phenoxy group (isomers), a butyl phenoxy grou
digthyBReneyy, FoNPpdIREIgsRkn Gk yIigioRy P nggyreeg‘at,YP lisorhers), a
hexyl phenoxy group (isoners), a heptyl phenoxy group
dibuitgiphensyy, @noeupct(isoprasabx @ gdipepty{phesasy sproup (isomers), a
nonyl phenoxy group (isoners), a decyl phenoxy group
dilexyipneneky aroyhersph@nehoey dineptpiphesoxer giqupa (isomers), a
di net hyl phenoxy group (isoners), a dethyl phenoxy
di%e?%&_lbf(ér@ﬂyfeg@up sBhidropy b plnethyipheaory (grdape(isomees), a

i butyl phenoxy group (isoners), a dipentyl phenoxy

tri%f\glgﬂeﬁbéﬁgﬁfo@p’ (Bontbr8g Xy Rhﬁmmr&{jr\?ggeigﬁ&rf?rﬁéomérs),

ptyl oxy group (1soners), "a nyl phenoxy

RHRa0P SRR it PP ARSI B8 AN e
o i (SRl ST 50 8 SRR A8 Bk

group, a phenylethyl group (isomers), a phenylpropyl group (isomers), a

o

AV

phenylbutyl group (isomers), a phenylpentyl group (isomers), a phenylhexyl
group (isomers), a phenylheptyl group (isomers), a phenyloctyl group (isomers),
a phenylnonyl group (isomers) or the like; and aralkyloxy groups in which the
number of carbon atoms constituting the group is 7 to 20, such as a
phenylmethoxy group, a phenylethoxy group (isomers), a phenylpropyloxy
group (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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15 of carbon atons constituting the group is 7 to 20,
such as a phenyl nethyl group, a phenyl ethyl group

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

phenyl butyl group (isoners), a phenyl pentyl group

(i somers), a phenyl hexyl group (isoners), a
phenylheptyl gr oup (isoners) a phenyl octyl group

0 phenyl nony!
Sl AFEEDY oRsHPOTE THeTRAY ol N % Used el Sably
atons constltutln the group is 7 to 20,
whathesiy lﬁ@masam@tﬂroﬁqbdroay SREPUBAHBYNG AP SET F L&b‘ﬁ@ f ope qrtho
phenyl propyl oxy group (isoners), a phenyl butyl oxy
posjtionipto( iss dyerely, erapie®y| enekEdRtic GHEIRKY (qomﬁﬁsm) haying
phenyl hexyl oxy group (isoners), a phenyl heptyl oxy
sulsstitugnts (&ts dwerentho pasitiems! txtay Ihyxigoxyr @rpug | 3D redmpeLnds
phenyl nonyl oxy group 25 (isoners). 20 In addition,
reprBSembaBHtthe foNAViRY Yoeauaeends can be used pr ef er abl y
whether it is an aromatic hydroxy conpound having a
substlt'~nt at one ortho position to a hydroxyl group
ax onsRi c hydr oxy compound havi ng substituents

at ty Lho positions to a hydroxyl group as in
conpyp 5 represented by the followng fornula (6):
OH R (6) (wherein ring A and RL are the sane (8%

defi nd bove R2 represents an aliphatic al kyl group
(whersimgdng AtancPR' aes thensarhe s, dedimedadhioybat i ¢ al koxy
group having 1 to 20 carbon atons, an aryl group

haw?repfedehts 10 2fbrasic eyl agroup haafrnganmbm cgromrpatoms, an
havi ng 6 to 20 carbon atons, an aral kyl group having 7

alz[%igat?coalﬁé‘igpeﬁ@ ﬁ?ﬁng M @WZQrcél'ﬂfdﬂ S PHAND @Yd)Lﬁtﬂ hdvihg 6 to

atons atic alkyl, the aliphatic al koxy,

2o B hor B YA AT e 2oy, o7 ol
grcg:uapr gOm% 7% 38 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
structLIre).

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 (isomérs), a butyl group (isomers), a
pentyl group (isomers), a hexy! 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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oxygen atom and a nitrogen atom and R2 may bond with
Ato forma ring 15 structure). Exanples of R2 in the
above-nmentioned formula (6) include a hydrogen atom
al i phatic al kyl groups in which the nunber of carbon
atons constituting the group is a nunber selected
fromintegers of 1 to 20, such as a nmet hyl group, an

h u [ so r
bbb PR o U LB B 2 o
i soners a heptyl group (isoners) oct
Qréups oamr@,&oxsa gm%ﬂsg?wmﬂa SEREPXY grfaumé@m%ﬁb@ ‘péntyloxy
(isomers), a dodecyl group (isonmers), an octadecyl
gr@po(mome&;)nerm%xytnxytgf@upu(le@m%ns) FhAEPYI0w goRp (SBOYS), an
in which the nunber of carbon atons constituting the
ocg!cﬁéyp gréum (isdhnergiber nsallegy egraupofisomieesiera décyloxyo group

such as a net hoxy group, an ethoxy group, a

~ (isBmePHX Y %dé@ldxys?r:aggsasorﬁe@wtah @\syacwwmy(gr@qﬁqm)mere)

pentyl oxy group mer s) hexyl oxy " group
thé 'hﬁg 'Tgbﬁ ) %roﬁPE SRt \)gh f&ﬁytl'fér RURMbEF 7 '?é@bn é}Bgnso%b{étRﬁb(ng the

nonyl oxy group (isoners

d
grﬁpi?én@?é#f 3B &k BT groyo B %@&%&%&95 (isggmers). an
etl{ylétﬁgqn y?[&lpngou sera Véhppr%gy{@*ﬁf%e{} groel.iaJ |{§o§€err§ g)hwrfshenyl
hyl ph h
grfg&;&&qrﬁgﬁr%) Segtg A i’&"fe&bf"’@"ﬁé\%x ?goﬁgf%%heayl group
butyl phenyl group (isoners), a pentyl phenyl group
(isbireoske s heptylghenyl pheupy (isgmers), 20 Q¢t§§|@?ﬁ§m§|) groglp (isomers), a
hept yl phenyl group (isoners), an octyl phenyl group

nohiyhieRYysgroup (istomsrishhe dgtylpheny grospifisosjersiaa biphenyl group
decyl phenyl group (isoners), a biphenyl group

(|s6hr°e‘P§'FrasﬂbméthﬁllpﬁEhWézr@hlpm%nﬁér@}lIQa tictloyiphanyl group (isomers),
di et hyl phenyl " group (i soners) a di propyl phenyl group

SRR, PRSI BT e s
HATRIBRS Y it SRR S BB (dmors.
dléqqsfblggsdipg{g,{ty{d %ayhepéfphgnﬁ ug?o&ﬁ ?8% Tc‘g) aatrlmethylphenyl
group (isomers), a triethylphenyl group (isomers), a tripropyiphenyl 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 butyiphenoxy group (isomers),
a pentylphenoxy group (isomers), a hexylphenoxy group (isomers), a
heptylphenoxy group (isomers), an octylphenoxy group (isomers), a

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

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

diethylphenoxy group (isomers), a dipropylphenoxy group (isomers), a
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(isomers), a tributyl phenyl group (isoners) or the

i ke; aryloxy groups in which the nunber of carbon
atons constituting the group is 6 to 20, such as a
phenoxy group, a mnethyl phenoxy group (isonmers), an

et hyl phenoxy group 20 (isomers), a propyl phenoxy group
(i soners), a butyl phenoxy group (isoners), a

pent yl phenox rou i soners henox [
diojihdeiiasy, iR &s&mé@noayd&%ﬁsapﬁseﬁ Apub, fisiiters),
oct yl phenoxy group -(isomners) nonyl phenoxy %P
dihexglshenexy, grou@quspmﬁ@)xyagrcbhlﬁptyipgeﬁﬁﬂggroalp gilso ers), a
phenyl phenoxy group (isoners), a dinethyl phenoxy grou
diphesyiphesdxy agrabp d{isshgts)hendrmetdpenoxyorasewy | (Ispmers), a
di propyl phenoxy group (isonmers), a 22 dibutyl phenoxy

trlﬁﬁ)ﬁﬁﬁeﬁd@m@’b@b (iBoflepSNt 31 piEoPYiphgnoxp @icspnEisomera), a

exyl phenoxy group (isonmers), a di heptyl phenoxy

trlﬂﬁﬁgﬁeﬁdmng) (isofhers) Bhﬁiéylh@"'%ﬁélkyl $roap® i Whirehe) nuraber

Xy group (isoners), triethyl phenoxy

of Baftith Bl IR Eonsiufind rth@f@%gp.eeﬁ%yz@r Pl s o8 BHeh ety

phenoxy g mers) or 't I ke;

ou th
0@ 5 mns%ﬁ%hvﬂgra&% ‘!ﬁébnie% 8 %ﬁéﬁﬂﬁmﬁfiﬁw (isomers), 2
phenyl net hyl group, hy r ou
phglméhywb.%@w (isemgps) =|%<E\%€F‘¥ en&v Haﬂw'%ﬁé o‘?!i?”yﬁ‘e"y‘
(i soners), henyl pentyl group (isomners)
groupefisomensy, a pgemu epﬁykgﬁﬁeIps()sonaerﬁheawphmfiWV' gieypdisomers),
(i soners), a phenyloctyl group (isoners), 10 a
a pieyionyhgroup (ispmers)crethe)iiket antearalkyloxyagraups in which the
aral kyl oxy groups in which the nunber of carbon atoms
nufbest bt Warheh t4tengr eopstitatifg the2@rogudb dsta 20, such as a
phenyl net hoxy group, a phenyl ethoxy group (isoners), a

phghﬁﬁiéltl?é)ap r&%Y, adpREfyléiheRPEg@Lp Asimers)! RitpHedyipropyloxy

group (isorrers), a phenyl pentyl oxy group (isonmers), a

ordIE i) ;%ﬁers@#&z%%@w@%%?gﬂup febiosy rou
T L

(|sorsnoe?¥) 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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producti on process of the present enbodi nent are
aromati ¢ hydroxy conpounds having substituents at two
ortho positions to a hydroxyl group, 20 aromatic
hydr oxy conmpounds in which the total nunber of carbon
atons constituting RL and R2 is 2 to 20 are used
preferably anong the conpounds represented by the
above-nEntione? fornul a %2 -There are no particul ar
represgntgdiRyrise deliawind fymHIRAT S ons of RL and R2 provi ded
the total nunber of carbon atons constituting R and
R is PHo 20. 25 Exanpl es of such aromatic hydroxy
comdoupkls iREI ude conmpounds 23 represented by the

f fornula (7): OHR2Z R R3 RS R4 (7)

Rl and R2 are the sane as defined above, and
ea of R3,R°R4 and R5 independently represents a
hydrogéﬁ atomor an 5 aliphatic al kyl group haV|nd7l
to 20 carbon atons, an aliphatic al koxy group having

(wherein RO aparoarehesameas defihegabope,tand ng 6 to 20
carbon atons, an aryloxy group having 6 to 20 carbon
at @Feh @erQirFQﬂ vy F@Hﬁd@;ﬁéﬁd@ﬂll@] réptesehls ad@ydrogeratatore or an
or an aral kyl oxy group having 7 to 20 carbon atomns,

al@ﬁ&@gllﬁ@h@d&p Rg{lthp té % é‘ér‘b@haétbﬁ'l@éﬁpéwphétf&ealﬁbw group

and the aral kyl oxy 1o groups

haﬁﬁ%ﬁag&’fﬁfﬁﬁﬁta‘*gﬁ% %ﬂci Pgﬁébg’h”“%’ﬁﬁ?b%g??ﬁ%u gF Homs, an
eyl S BEYEOTe 6 L BTl AT, () (ol By il 7o 20

‘represents a group re resent ed
cartsmalons 8) a AERIRAoX G LR #4Ng @Sﬁébe%r[)ﬂ%?%!aa hi’sa"Pha“C
atons, or aromatic hydrox%/ conpounds in whic
alkwheth&bdmab‘eralk@qyedwe aryl, the aryloxy, the ara|ky| and the aralkyloxy

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

a nitrogen atoms).

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

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

-
®)

(wherein X represents a branched structure selected from the structures

represented by the following formulas (9) and (10):
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formula (7) is a |linear or branched al kyl group having

1 to 8 carbon atons and each of R2 and R4

i ndependently represents a hydrogen atomor a |inear

or branched al kyl group having I to 8 carbon atons,

are used preferably: -X (8) 20 (wherein X represents

a branched structure selected fromthe structures

repre ented by the following forrmulas (9) and (10): 24
R6 (9) H-C R6 (10) (wherein R6 represents a

Ilue —or branched al kyl group having 1 to 3 carbon

atonyg). 5 Exanples of such aromatic hydroxy conpounds

i ncl w@e 2-ethyi phenol, 2-propyl phenol (isoners), (9)

2- but yl phenol (isoners), 2-pentyl phenol (isoners),

| phenol (isoners), 2-heptyl phenol (isoners),

inet hyl phenol, 2, 4-di et hyl phenol ,

i et hyl phenol, 2,4-di propyl phenol (isoners),

2. 6- di®pr opy!| phenol (isoners) 2, 4- di but yl phenol (10)

4- di ent henol

(Wéerﬂrgﬁqé)ﬁmﬂe@iﬂﬁ)ﬁ rbéﬁnchfdg 'gvfﬂf@b@)‘émﬂ p 3 carbon
(isomers), 2-net hyI 6 et hyl phenol,

atamset hyl - 6- pr opyl phenol (isoners),.
2-met hyl - 6- but yl phenol (i soners),
2- emple$-of enichl aioeratic by@’@mr@mpounds include 2-ethylphenol,
- 2-et hyl -6-propyl phenol (isoners),

2-propyipnkbnt hsdimbe) e rabutyiphener sisomers), 2-pentylphenol (isomers),
2-et hyl - 6- pentyl phenol (isoners),

2- h%)@[ﬂ'@r‘\'ow %h‘)ér@ en@he?tﬁﬂﬁ@{cﬂ) (isbmers), 2,6-dimethylphenol,

2-ethyl -4- nethy phenol (i'soners)

2, £uRkVPREAT OPY b RNGRHyISHSHITET S) 2 4-dipropylphenol  (isomers),

2,6-dipropylphenol (isomers), 2,4-dibutylphenol (isomers), 2,4-dipentylphenol

(isomérs), 2.4-dihexylphenol  (isomers), 2,4-diheptylphenol  (isomers),
2-methyl-6-ethylphenal, 2-methyl-6-propylphenol (isomers),
2-methyl-6-butylphenol  (isomers),  2-methyl-6-pentylphenol  (isomers),
2-ethyl-8-propylphenol (isomers), 2-ethyl-6-butylphenol (isomers),
2-ethyl-6-pentylphenol (isomers), 2-propyl-6-butylphenol (isomers),
2-ethyl-4-methylphenol (isomers), 2-ethyl-4-propylphenol (isomers),
2-ethyl-4-butylphenol (isomers), 2-ethyl-4-pentylphenol (isomers),
2-ethyl-4-hexylphenol (isomers), 2-ethyl-4-heptylphenol (isomers),
2-ethyl-4-octylphenol (isomers), 2-ethyl-4-phenylphenol (isomers),
2-ethyl-4-cumylphenol  (isomers), 2-propyl-4-methyiphenol (isomers),
2-propyl-4-ethylphenol {isomers), 2-propyl-4-butylphenol (isomers),
2-propyl-4-pentylphenol (isomers), 2-propyl-4-hexylphenol  (isomers),

2-propyl-4-hetpylphenol (isomers), 2-propyl-4-octylphenol (isomers),
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2- et hyl -4-butyl phenol (isoners),
2-et hyl - 4- pent yl phenol (i soners),
2- et hyl - 4- hexyl phenol (i soners),
2- et hyl - 4- heptyl phenol (isoners),
2-et hyl -4-octyl phenol (isoners),
2- et hyl - 4- phenyl phenol (|soners)
2- et hyl - 4-cunyl phenol (isoners
2-Ropylepyherylipeemsl| pHésasners), so@wpsqpylz"ocwpsmﬁypt 4- BBPIPRrS),
phenol (isoners), 2-propyl-4-butyl phenol (isoners),
2-butfpmethyiphendly | phésoohers),s ome2-putyl-4-ethylphenol (isomers),
2- propyl - 4- hexyl phenol (i soners),

2-RRitALRP bt!pyf[xyﬂtﬂovyl plied@erd)i SonRusityl-4-pentylphenol  (isomers),
2- propyl- -octyl phenol (isoners), 25 2-propyl-4-ph

2- b?ﬂgM HQQ}?Bheéélsonelﬁper% pro Jbuf‘ylﬁiﬁé!btmb?ﬁﬂbl (isomers),

hyIp enal (isofers),

2- sztg.4.§Pt ﬁor&}r@%wzﬁgﬁheﬁfggﬁgéym -4-phenylphenol  (isomers),
2-butyl -4- pent | phenol .
2 AU AR phimEbo "‘2583“%'-%-01%}?!'2“%@%' | (isomers),
phenol (isoners), 5 2- butyl 4- oct ‘Hhenol & r?)
2- @Fﬁﬂt‘irlethwlmwl ph@mer(q :som?r@?”t{/ propylp eno isbmers),
2-butyl -4-cunyl phenol (isoners), )
2-Eengid-pltyipmetdly | plisomers)i son%fpﬁ)wtyIA -hexylpheno! (isomers),
2- pentyl - 4-et hyl phenol (isoners), )
2-gerR@ind-Yep ﬁrlm'iemyl phgismhe(sj),sorm2—p¢ntyl-4-octylphenol (isomers),
2-pentyl - 4-but yl phenol (isoners),
bphengbmeéirsgomenspentyl-4-cumylphenol  (isomers),
2 é?'ﬂgl%yheﬂlylﬁeﬁé?J phgnol (glg)somaf%) y ye

2-|§%>§ﬁ-ol %kelth? d@ﬁ%ﬁ%& Phembm@ksﬁorrer 2)hex§ﬂp4%1ﬂ%ﬁﬁhéﬂ1d4 pmsovders)

2 penty 4- cunyl phenol” (i soners),

2- eﬁi—%#roﬁy%%l)h e % Som??‘ﬂe’xyl—ét -butylphenol  (isomers),
2- épyzv)&peqt E}b@ﬁ%‘o eno'rreé §g gsl)\exyl-4 heptylphenol (isomers),

2- hexyl - 4- pent yl phenol :
2- Qené,%pct&lg%@ﬁp | ShWergs vsomeé i\fexyl—d, phenylphenol (isomers),
- 2- hexyl - 4-oct yl phenol (i soner %7 .
2-Bekdsdrcumylphengl phéisemersls onet-spptylg-methylphenol  (isomers),
2- hexyl - 4- cunyl phenol (i soners), ‘
2-Repgpthdthdiphendly | piiisooierg), son&i’@ptyl-4—propylphenoi (isomers),
2- heptyl - 4- et hyl phenol (isoners),

Z—Eeﬁﬁlllﬂ}’dmﬂipﬁéﬁ@w phisoalers), sonBsptyl-4-pentylphenol  (isomers),
eptyl 4- but yl phenol (isoners),

2% E@Pt A )ﬁﬁ?@?\‘o}’ | phgs@hefd)sonephkptyl-4-octylphenol  (isomers),

hexyl phenol (i soners),
o B TR T b RSB gt hmers),
2 4 6-trimethylphenol, 2 6-dimethyl-4-ethylphenol, 2,6-dimethyl-4-propylphenol
(isomers), 2,6-dimethyl-4-butylphenol (isomers), 2,6~-dimethyl-4-pentylphenol
(isomers), 2,6-dimethyl-4-hexylphenol (isomers), 2,6-dimethyl-4-phenylphenol
(isomers),  2,6-dimethyl-4-cumylphenol (isomers),  2,4,6-triethylphenol,
2.6-diethyl-4-methylphenol, 2 6-diethyl-4-propylphenol (isomers),

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

6-trimet hyl phenol, 2,6-dinethyl-4-ethyl phenol,
nmet hyl - 4- propyl phenol (isoners),

net hyl - 4- but yl phenol (i soners),

nmet hyl - 4- pent yl phenol (i soners),

met hyl - 4- hexyl phenol (isoners),

nethyl 4- phenyl phenol (|soners)

|net nmyl phenao|
it OMas RN oSS s. i SLIRINYod-RbeRylPhBRgh fisomers),
di et hyl - 4- propyl phenol (i soners
digthyi-<teymylpheoely|  Faemers)(i s&ﬁﬁs%npropylphenol (isomers),
2,6 di et hyl - 4- pent yl phenol (i soners),

4,
i
i
i
i
i

- di
- di
- di
- di
- di
di

N
OB/ OO

N
oo D
Q- -Or

I =1

- 2,82diprapviidhethylbhieanl | (jsoeress), ( Rsadiprapyl- 4-methy|pheno| {(isomers),

2, 6-di et hyl - 4- phenyl phenol (isoners),
2,62d©r%bﬁ14hwuty$h©bhﬁv| (Eeners), ( I2seaiprepyl-4-pentylphencl  (isomers),

tri propyl phenol (|soners)

Zezd@ %‘,‘ﬂ@ﬁé&yﬁhﬁd"y iRy, O @-@lﬁ?bé})M—phenyipr&enol (isomers),

propyl met hyl phenol (i soners)

GBI L, o7 gt oorsns
2. rBe yﬁm, @u%gﬁ%}pﬁ,ﬂgl pé- T %%nglge)-gthylphenol (isomers),

2- @emywwﬁyﬁ-eglyﬁjh%og R 2 Eg«{)mgrss)? me&-sr%éthyl-4—pentyl-6-ethy|phenol

2- et hyl - 4, 6-di et hyl phenol _
(isomees)hy| - 4 pr opyR-etby hihereretpiRmngls) | (isomers),
2- et hyl - 4- but yl - 6- et hyl phenol (isoners),

2-Rethgt-HyphehypératiylipBerslhy(igirears), Qi-met’rml-é)c;umyl-ﬁ-ethylphenol
2- net hyl - 4- hexyl - 6- et hyl phenol (isoners), 10

(is3mees)n 2 4-4irnbew 6oy pliémdi ismérss openathyl-4, 6-dipropy!phenol
2- et hyl - 4- cunyl - 6- et hyl phenol (i soners),

t hyl - 6- p_ - i :
(|58mi’e'r§§'hge 4y6 & Fp’%g%*%ﬁfﬁg{yl 6 (;frgg?n!g??nol (isomers),

- 1 PYi I ) |

2 |§ @4 M %Eﬂ?}%y‘l;gwég{rdépg ﬁl%?%r %Irég —% pentyl-6 propylpheno

. 2= hyI 4- pent - RO 1 ners)

('sﬁgﬁ%)hyl 4- hexyl>Q %‘eg?‘g ‘gﬁ%)%%hﬁgﬁg%@?g) 15 (isomers),
2- h

2-@:5@% ey as |pBE R EiEh grﬁnéﬁﬁ Sdumyl-6-propylphenol

net hyl - 6- but henol (i somers)

(isapEthy PRI PUBRIION . (SBRES )y 2-methyl-4,6-dibutylphenol
2- et hyl - 4- pr opyl - 6- but yl phenol (i soners),

(isemess)hy| - 4- et hyIZﬁJQihﬂy‘Y -prigybH-utylphens!) | (isomers),
2- et hyl - 4- pentyl - 6- but yl phenol (i soners),

2-Retral-dydth¢-B-exypitermit y(isbmeos), (1| 2emethy)-4-htyl-6-butylphenol
2- et hyl - 4- phenyl - 6- but yl phenol (i soners),

(isdmigeéNy! - 4- cuny| 26méily ki MepPé-butylphenol (isomers),

2-methyl-4-phenyl-6-butylphenol  (isomers), 2-methyl-4-cumyl-6-butylphenol

(isomers), 2,4-dimethy!-6-pentylphenol, 2-methyl-4,6-dipentyiphenol,

2-methyl-4-propyl-6-pentylphenol  (isomers), 2-methyl-4-butyl-6-pentylphenol

(isomers), 2-methyl-4-ethyl-6-pentylphenol (isomers),

2-methyi-4-hexyl-6-pentylphenol (isomers), 2-methyl-4-phenyl-6-pentylphenol

(isomers), 2-methyl-4-cumyli-6-pentylphenol (isomers),
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(i soners), 2,4-dinethyl-6-pentyl phenol,

2- et hyl - 4, 6- di pentyl phenol

2- et hyl - 4- propyl - 6- pent yl phenol (i soners),
2-met hyl - 4- but yl - 6- pentyl phenol (i soners),
2- et hyl - 4- et hyl - 6- pent yl phenol (i soners),

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

o GBS SRR P (S Hp e ol

met h - 6- hex phenol neth
-rzetfefilﬂypronylpﬁ%syylp*eem@xy (ine®REY) %Eﬂ'?gmg 4( BUBIEHExyIphenol
2- met hyl - 4- but yl - 6- hexyl phenol (|soners) )
(is@mees)hy| - 4- pent A-methykexpentghehexylphesaker s) | (isomers),
2- et hyl - 4- et hyl - 6- hexyl phenol (isoners),
2- rﬂetﬁgrlhyéthﬂ-@henylbhéﬁdﬂexyt@hem)l 2-rethyirdephenyl-6-hexylphenol
2-met hyl - 4-cunyl -6-hexyl phenol (isoners),

| - 4- et hyla. RYERGRS hekyiphEROIS) | | i :
(138m“é§‘ I et hyl - 6- przog;dlﬂg)ﬂenol g}(lsc()arriti.\l?s) 2-et hyl - g_sgriners)

2- ghggﬂh@m?g@ lpyébygﬂﬁogg” ph(enorl'nersz 2 4-d|etByl-6—ﬁropy|phenol

i sonmer s)

(|39rrg{?%tzy ﬁtﬁxgg)ﬁog é %S@%%%&H gi'sﬁ §)S)2-ethg£-4-butyl B-propylphenol
(sprgimy| -4 25?5?'%% t€¥sﬁtgﬁ&prw§8ﬁe$@”“s’ (isomers),

2- et hyl heny r opyl henol

2 gmyt-ﬂ%em il B py ((SREIES %g@,l &tieptyl-6-propylphenol
2- et hyl - 4- net hyl - 6- butylphenol (|soners)

(isemeergl), et hyl - 6- but3reiblybAaictyl(G-pemyiphenol (isomers),

2-et hyl -4, 6-di butyl phenol (isoners), 2-ethyl

2-et11=ryp4qmdny56tpmw1plpémﬂol (is¢insosier sa-,ethyi-4-cumyl-6—propyiphenol
2-et hyl - 4- pentyl - 6- butyl phenol (isoners), 15

(us%nﬁ;rsyl 24t ine lpﬁeabl (is5meEs)s )2, 4-diethyl-6-butylphenol
2- et hyl - 4- heptyl -buty phenol (isoners),

(|s§n‘?ér%l -4’ & Q%LR bKERBIE (1I8bmiet $)0 'Tf—éﬁ')yl-4-propy| 6-butylphenol

eny ut yl phenol (|sone

ol oot o lalenilo (o) amer)

fr@q%’ et%%-%tggﬁ?%lgﬂgn@ﬁonﬁéé g 2%—et%-4-heptyl-6~buty|phehol
gl DY O P (UBRIE) ) (somers)
2-itheytl-g)—/pl)r;edrnyllq-%)—(gultyIghgﬁglt Yl IC()llg(ca)R’loelrs;)(I S’02 eth3|-4-cumyl-6 butylphenol
(isomers), 2-ethyl-4-methyl-6-pentylphenol (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-pentylphencl
(isomers), 2-ethyl-4-phenyl-6-pentylphencl (isomers),
2-ethy!l-4-cumyl-6-pentylphenol  (isomers), 2-ethyl-4-methyl-6-hexylphenol

(isomers), 2 4-diethyl-6-hexylphenol (isomers), 2-ethyl-4,6-dihexyiphenol

28



10

15

20

25

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

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

2- et hyl - 4- phenyl - 6- pent yl phenol (i soners),

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

2- et hyl - 4- net hyl - 6- hexyl phenol 25 (isoners), 2,4-d
et hyl - 6- hexyl phenol (|soners) 2-ethyl -4,6-di hexyl

hen 28 (i songr 6- hexyl phe
('SB %ers 2- et %W'%'Bm 'GGﬁGF?&x@'F%}%noI (i somaﬂ%mers)
2-ethyl -4-butyl -6-hexyl pheno
2-ethytdrperty Reppfinhsna lﬁﬁ'é\ﬁ*éfﬁ) (i < Srfahig4-butyl-&-hexylphenol
2- et hyl -4-octyl - 6- hexy Iﬁhenol |somersz1E
iscnenshy| - 4- phenyl 2&thgdrheptyefdiexsipheseher s) ,
2- et hyl - 4- cunyl - 6- hexyl phenol (i soners),
2-@thproctyl4-hetymherfol but ispmers)| (i mnwi—a}phenyl-s-hexylphenol
2, 4-di propyl - 6- butyl phenol (i soners),

{(isomers),

(|33rrl‘¥r§)0y| 4, 6- di bl@-é’thpmlwhwyﬁi&ﬁ fishenol (isomers),
2-proypl - 4- et hyl - 6- but yl phénol i soners),
tyl -B-
2- é’c@&?@%etﬁyﬁé%ﬁgﬁ r{?}tﬂy?’pm%}ﬂb : I)Isf) :’m‘@ §~)dtpropyl 6-butylphenol

(|sgn%|r§)g§;l| prjr:_p g-ﬂﬁv d@ugﬁ%ﬁ@%@%e{rgg %é?b%ﬁh%thyl-e -butylphenol

(s55rSyl -a- cuny! 2@rBRtBRMGE-0LYEBRBYS) or the (SREETS)

The inventors of the present i nvention surprisin Y
2-propy ey -G putideignalhe (Isomershi ¢ 2PRRAAeR} %By viphenol
conpounds as descri bed above, aromatic car bam c 15
(isaoiedskst ers, whi c?%pmyéil&mweﬁrbubfﬂfd’lﬁﬂpf consi der ed (isgmers),
be'unstable, are able to inhibit side reactions |ike
2-propyb4asrety|-Benlityplsmoli (scamers) amslie2-peopyi-deatrmyl6-butylphenol
reaction and / or thermal deconposition reaction to be

(is@Rsss) Behelieer . Al though the nechani sm by which the
aromati ¢ hydroxy conmpound inhibits the side reactions

IS 'H{@ing@ﬁhorg B?tHé”M%@be ﬁw@ﬁtnér‘i@uﬁfm@ﬁ@l’g fduFMQHéﬂ tSV‘usmg the

presune I'n the case, for exarrp e,

sp%ﬁ,@léfae ﬁ{dt %@6%6&\&%8&%‘ &e? gé&’%ovéoggfr’ﬁéym‘i Eée\'bamlc

a urea bond represent

acgi? 8§f?és,o\fvﬁ1|ﬁ: ne%laj gqrbvr?n?oslaﬂy c3n3|8ern%ldto ﬁg%lnﬁé%ﬂ,iérﬂeégle to

inhibit side reactions like those described above in a transesterification
reaction and / or thermal decomposition reactilon 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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relative to the hydroxyl group sterically protects the
ur et hane bond, thereby hindering the reaction between
a different carbamic acid ester and the 25 urethane
bond. 29 The aromati c hydroxy conpounds are preferably
aromati ¢ hydroxy conpounds having a standard boiling
poi nt hi gher than the standard boiling point of a

hydr oxy conmpoupd_ correspondi Lphati .-l
o J ra ey Ve SR BRH Ry P P gt mEgmate Pkroxy
conposes the ester group of the 5 carbam c, acid ester ..
conpountp dipving @nstangdard @ngsﬁfaﬂagfgﬁ‘%&ﬁﬁﬁ ﬁBep%?'HsafdaBO'“”g
referred to in the present invention indicates the
pointi o aghpdiony ecampoundneaprespendingCia Riabiphalicl 2y group,
There are no particular limtations on the carbamc
arfky gL ot spdlkidoxy hgroupO thatocympases thedester agroup of the
process of the present enbodiment, and an aliphatic
caﬂf’érﬁ%"b&daé‘étgr Qekefibdd besdl DTIeS esmb!"gtantepdibotimgopoint” as
al i phatic carbam c acid esters include conpounds

re{g?%%gﬁa@ttﬁg P%etn'i‘ F‘n\feﬂltibﬁ\ﬂ‘l%gatfeg el bailihg Point&itH tdsphere.

wher el n represents a group
sel ected fromthe group consisting of an 15 aliphatic
group having 1 to 20 carbon atons and an aromatic

cgarj‘oup,havj ng 6 to 20 carbon atons, the group
<GReAIn ARG E$eEom sel ected from a carbon atom and an

oxygen atom and having a nunber of atops equal to n,.

RS Thesearernaspanicuiar jritetieng ophe rﬁi\?‘?@@'%a?‘a egterdissalin the

atons containing an atomselected froma carbon atom
iseoydnate pryduatioat proceas dof 2benpresphie samodimant, Andyen phatic

1to 10). In fornula (11) above, n is preferably a )
cafbamiRs asidl estbets Gsednprefecady.s Bfamples of aliphatic carbamic acid

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

. o
H 1l 8
R™-+N—C—0—R
n

(11)

(wherein R represents a group selected from the group consisting of an
aliphatic group having 1 to 20 carbon atoms and an aromatic greup 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,
octanet hyl ene or the like; unsubstituted acyclic

hydr ocar bon r.oups suc S | gpent an clo e
oy Erarant R B Pt Taciiie FBEE: BRGarhtirk bR sucn
the |ike; al kyl-substituted cyclohexane? such as
as npeHylens | dpedinyiane, et{lﬁggtl@x)@pg,péﬂ(gﬁg’ghy ene, pentamethylene,
met hyl cycl ohexane (isoners), ethylcycl ohexane
hexametmyrene, qstapgthylericone fhm éke;i w@s}g)yqted acyclic hydrocarbon
but yl cycl ohexane (isoners), pentylcycl ohexane

grdupsorngich) ;ashexylapeditaries x ayelohesamsr sycimheptame, | ckapoctane,
di al kyl - substituted cycl ohexanes such as

bisﬁmm&tambﬁéeéanﬁe( liREMRAIRYI-subStitdtert oylchreikahexangch as

soner S), dibutyl cycl ohexane (isoners) or the I|ike;
=1 5 tit ane csqrmi
el lelifhealis) | | ShotyeuababRe ety denerane, | (somers)
1,5 5-tripro ko ' r.s):
etryielenafie R B e SR Oy LY ERER" somers),  futyieyciohexane
) | kyl - substituted b h t ol
(P B B R RE o e Byt ners) o the
. dial kyl -substituted 15 benzenes such as ﬁﬁlene, .
likeyi dialkyl-sebstivied eictexsnge sHERasrimaiBylcyKahexang (isomers),
aromati ¢ hydrocarbons such as di phenyl al kane, benzene
diegnylcyuiohésiene -(isomers).t | Goutyicyclebrsane hyisemers) or the like;
phenyl ene, di phenyl net hane, tol uene, cycl ohexane,

triafiy |l esnbdstitmady | cpatdleanase, susbphasond,@hdrimethylcyclohexane,
di cycl ohexyl net hane are used preferably. 20 Exanpl es

1,R5-tR8ihyRGtAexahky! gr oups Sitfiprbytdycldexangber of (isomers),
carbon” atoms constituting the group is selected from

_ i . ; . . t b :
SR cHerind oGl 58, A8k 00 ronos

s SR} e, ApREBh YR P BSOS S 1 iREX Mg ABsitiod
be Iﬁéﬁqnﬁ?%aép Oezrﬁ g(')?l%nlej lél?éthﬂggnfé/ncel, ocﬁb#@ﬂylb%rn%gﬂé Arnth\@ii@? and
aromatic hydrocarbons such as diphenylalkane, benzene or the like. ‘In
particular, hexamethylene, phenylene, diphenylmethane, toluene, cyciohexane,
xylene, methylcyclohexane, isophorone and dicyclohexylmethane are used
preferably.

Examples of R® include alkyl groups in which the number of carbon
atoms constituting the group is sélected 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

octy! 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
al kyl pol ycarbamates represented by the
sugbcH ArGHHIOBRERT ONBr DR HAace A henty group, 2
car bamat es such as N, N - hexanedi yl - bi s-carbam ¢
cydlonetyhydroupt €3 , disyslopeieiyhr@raHp | (iBPRSERy bAnfCYSOheXY Group
diethyl ester, N, N -hexanediyl-bis-carbamc acid
(isdinkeus)y b cqrstoﬂexﬂli—amfm:en)yl growNor thexbteedi v - bi s- car bami ¢
acid di pentyl ester (isoners),
N, M xepias efiankyl Posyozbdragies @prebatitbe oyl thesalve-mentioned
(isomers), 1o N, N -hexanediyl -bis-carbamc acid

t @i ®BrSamates such as N N'-hexanediyl-bis-carbamic
forﬁ-!uﬁ& (MH ?r?&lgcﬁe rre@ﬁy | ene-di cycl ohexyl car bamaltey

aclﬂ efdﬂﬁéﬁhyh fs't@rt hy FlnﬁeQé(\ﬁéédi%I@ﬁ)gébtf&ﬁkbaQ@iﬁe diethy! ester,

net hyl ene- car bama

N &gﬁggﬁﬁ iyl lwgl(g%a?%ylc 15 acné hyl ea%uﬂllcyd gg{s&yl (isomers),

entyl -4, 4" - net hyl ene-di cycl oh car ba .
N N exanediyl ‘bfﬁh 14, 4 EE'FrE’E/hyl éﬁ%é/'?fyl:ycl c?r? yI (isomers),
carbamate (i somars) o
N, M -hexanyediy-bis-onstamicene- @cid cl oh@ikeKYlcar bastare  (isomers),
(isoners), dioctyl-4,4"-nmethyl ene-dicycl ohexyl .
N,B.Ia-hbaammiylétbisanaeh)amtc acid dioctyl ester (isomers),
3- (et hoxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl ohe

di@?ﬁ)ﬁ?ﬁ?ﬁ%ﬁﬂ?ﬂ%%ﬁhﬁft gr 5 5-trinmet hyl cycﬁa(;aaen;ate'
d'é*"(’ﬁ?%?@“@??%ylﬁxngsgi hyl)-3, 5, 5- trl met hy|°§y”é?rgate’

W&%h@ﬁ%@g%‘%&gﬂ%@%t ﬁfllt ;ar cfd5§5 tri met hyl Cy(lcslo(r)nhers)
d:&%l-{%— qmlgngpdncyc?oﬁwe%f yl ester LISAmES) . (isomers),
dipentyl-4,4'-methylene-dicyclohexy! 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-trimethylcyclohexy carbamic acid
methyl ester, 3-(ethoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid ethyl ester,
3-(propyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
propyl ester (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- et hyl ) -3, 5, 5-trinmethyl cyclo
hex carbam c acid hept est er S rrers)%ﬂ,; . .
ee@étquammwnwaﬂﬁhmﬁ %%mylmetb, Y@O'@% 14 PaPIg oFCid
exyl carbamic acid octyl ester (isoners),
pentyl uene- di carbani c aci d esteet hyl ester (isoners),(isomers),
t ol uene-di carbam c acid diethyl ester (isoners), _
3-(hekylergcetb say bainenathyd)-3®, SHtnmethylcyekthexy|( | sartmm): acid
t ol uene- di car bami ¢ acid di butyl ester (isoners),
)ql uene-di carbam c aci d ghitgentyl ester (isoners), (isomers),
toI uene-di carbam c acid dihexyl ester (isoners),

3-(hEbHRNG AR RANG-REl :géé%ofr?ﬁl.etﬁ@kyél? APTeEdibamic  acid

i carbam ¢ acl i'octy ners)
hea'{yﬁret gf/rl 4' - met hanedi yl - dtlagtlggnyl ) - bi scar bam c aC| d(lsomers),

ester, 15 N,
3- (@pgrswcaggartg?aar&%%% hyﬁ)loé1 gry{ ?n%e%?l%)a}(rzlgﬁg)](yﬁ a%lapoamic acid -
4, 4' - met hanedi yl - di phenyl ) - bi scarbam c

octjnl pe@tpm (isemers), tgluene-dicarbamic acid dimethyl ester (isomers),

N - (4, 4" -nmet hanedi yl - di phenyl ) - bi scarbani c acid
toldeherdydarbamir , acidl, diethyl ester (isomers), toluene-dicarbamic acid

N -(4, 4' - met hanedi yl - di phenyl ) - bi scar bam ¢ aci d

dlpibpﬂnfeﬁtereﬁtsemers)N toluene-dicarbamic acid dibutyl ester (isomers),
-(4, 4" - met hanedi yl - di phenyl ) - bi scarbami ¢ aci d

toldéﬁ@%ﬁ’éarﬁﬁﬁﬁ! adk® dipentyl ester ﬁlsomers) toluene-dicarbamic acid
- met hanedi yl - di phenyl ) - bi scar bam ¢ aci d

dll'%)&?%%ﬂer ?fstoﬁ‘i rs%Jle Cfﬂu?ne-du:arbarpsc acid diheptyl esterd(lsomers)

EI phen bi ﬁcar bam E lac
oA SEE, o, e o ey ), s
N B0 R-ReVas R B e 'S iﬂé@%&ﬁ' ! ester
roup havi ng 5 to 20 ? rbon atons are Sed

gré‘?érﬁ'@f‘ e tdPRANYIOIECATRAMIE es r Y esentdgegh}ﬂly anyPster,

of thefollovvlngforrrulas 33 )
N,N'-{4,4'-methanediyl-diphenyl}-biscarbamic acid dipropyl ester,

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 dioctyl ester or the like.
Among these, alkyl carbamates in which R’ in formula (11) above is a
group selected from the group consisting of an alkyl group having 1 to 20
carbon atoms and a cycloalkyl group having 5 to 20 carbon atoms are used

preferably, while alky! carbamates represented by any of the following formulas
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formul a (12) i nclude N, N -hexanediyl -
xanedi yl -
Hedi yl| - bi s- carbani c
N, N - hexanedi yl -

acid di net

(11 8] BrecEatE 2Rl Nr SR

di butyl ester (i somers),

00 Ra -1-~C

( 0 (14) are used particularly preferably: O
a Ra~OC N ~C-0~-R 0 H (12)
BC'" Ra HH (13) 0 11 BC'

H 11

-.N"0"*~a

Ra HO 11 ---C- R8 H
(14) 5 (wherein Ra is the sane as defined above).
Exanpl es of al kyl pol ycarbamates represented by

bi s- carbam c
bi s- carbam ¢

acid dipentgyl ester 10 (i somsﬁs)
c_aci d @ hexyl ester
“¥'s- car bani ¢ acid
di octyl bster (including is ners)
exanpl es of al kyI pol ycar banat es represented by

N, N - joex xaww
(i ®Birer an - heXane

formul a 613)
di ngt hyl 1|4
di €t hyd<4;

(i soners),

0

i etk i Tygt Ohexy
di propyl - 4 H' - et hyl ene-di cl;lcl ohexyl

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

addi ti on,

i cyc}:ohex k carbanat e,
carbamate, 15
car bamat e

aci d

bi s-car banm ¢

(12)

(13)

(14)

Examples of alkyl polycarbamates represented by formula (12) include

N,N'-hexanediyl-bis-carbamic

acid

dimethyl

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 dimethyi-4,4'-methylene-dicyciohexyl

diethyl-4,4'-methylene-dicyclohexyl
dipropyl-4,4'-methylene-dicyclohexyl
dibutyl-4,4'-methylene-dicyclohexyl
dipentyl-4,4'-methylene-dicyclohexy!
dihexyl-4,4'-methylene-dicyclohexyl
diheptyl-4,4'-methylene-dicyclohexyl

dioctyl-4,4'-methylene-dicyclohexyl

carbamate,

carbamate,

carbamate (isomers),
carbamate (isomers),
carbamate (isomers),
carbamate (isomers),
carbamate (isomers) and
carbamate  (isomers). Moreover,
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di butyl -4, 4" - met hyl ene-di cycl ohexyl carbamate
(isoners), dipentyl-4,4"-nmethyl ene-di cycl ohexyl
carbanmate (isoners),

di hexyl -4, 4' - net hyl ene-di cycl ohexyl carbamate
(isomers), diheptyl-4,4"-nmethyl ene-dicycl ohexyl
carbamate (isoners) and 20

di octyl -4, 4" - met hyl ene- di cycl ohex car ba .
exqBlererTsalkyhBPYSaRAMates 8 sﬁﬁﬁn@s&/bv @rw{ﬁﬁ*) include alkyl
pol ycar banmat es represented by fornmula (14) include
polytanpamates ycar bamat es such as such as
3- (et hoxycar bonyl am no-net hyl ) -3, 5, 5-tri nmet hyl cycl ohe
3-(methmarhmtnylamind-metttyly3, 5&strienethylcyclohexyl  carbamic  acid
3- (et hoxycar bonyl am no- net hyl )-3, 5, 5-tri net hyl cycl ohex

mellyl5 Cashani ¢ RdtoRfdirbosamino-methyl)-3,5,5-trimethylcyclohexyl
3-(propyl oxycar bonyl'am no-net hyl )-3,5,5-trinet hyl cyclo

car bam c aci djpropyl ester (ggoners), ester,
cargféi(‘rﬁ%t yl oxycar bony%glrg)no- nmet hyl ) - 3, 5?@4 ri met hyl cycl oh

L T e G L e

hexyl carbam c acid pent%tlgfester (i somers),

Progyt hexyl oxycar bonyl am no®#e€f hyl ) - 3, 5, 5-t ri net hyl c%?'gﬁrs)’
xyl carbam c acid hexyl _ester

e ! I I soners), . .
3~(Bu F?TW@&?'B@ﬂw@bﬁ)rﬁa5r§eﬁrmﬁ“§¥|§¥‘gg‘3@9’r‘i mERRATG | Goid
hexyl carbam c acid 15 heptyl ester (isoners), )
butgl (oct yl oxycar bonyl ani n@st&st hyl ) - 3, 5, 5- t ri et hyl c{EBars),
exyl carbam c acid octyl ester (isoners) or the |ike.

3-(Pektytmaycartdnythntino-rhethy 6315 tSetripresbiylcyclohexyt ard¢aib@mic  acid
acid esters. For exanple, carbamc esters may be

pefypduced by reacting ani gsteconpounds 20 with car fissmers),
nmonoxi de, oxygen and aliphatic alcohols or aromatic

3-(ﬂ§§>29§3¥n0 gﬁ&gﬁ@?foéngﬂé%ﬁgfi@g@némyl@cmlunfi!:%rm'zm& acid
hexyl ester (isomers),
3-(heptyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl  carbamic acid
heptyl ester (isomers),
3-(octyloxycarbonylamino-methy!)-3,5,5-trimethylcyclohexyl  carbamic  acid
octyl ester.(isbmers) or the like.

A known method can be uséd 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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aromati ¢ hydroxy conpounds. In the present enbodi nent,
the carbam c acid esters are preferably produced by
reacting carbonic acid esters and am ne conpounds. 25
The follow ng provides an expl anation of the
production of alkyl 35 carbamates by reacting dial kyl
carbonates and am ne conpounds. Di al kyl carbonates
represented by the follomﬁn? formula (21) can, be used
carbamatesbyirea®ing dalkyberbegates@ndramine cRNpgYNds1) 5
(wherein R17 represents a linear or branched al kyl
gr Digikylavariponates cepresantedrby thediefywinedarpulas(2d) canpe used
i nclude al kyl groups in a formof aliphatic
foriiie BRMaN eafbortesips in which the nunber of carbon
atons constituting the group is a nunber sel ected
fromaly integer of 1 to 8, such as a nethyl group, an
et R .@'oup, a propyl group (isomers), a butyl (21)
grouﬁ)(i oners), a pentyl group (isoners), a hexyl
(wiSsreHPR(7 FepiBESNts 2Rlisartor branokied Glikyb growg) having dctoy8 carbon
group (i1soners) or the like. Exanples of such dialkyl
auﬁﬁgponates i ncl ude di methyl carbonate, diethyl
car’bonat e, di propyl carbonate (isoners), dibutyl

caraonal Do ' % dibPafi®hlrocarbon
i RIS Ehar s o Sk Ebdes ifs 1o dphalthy:
(isomers) a dioctyl garb t ' I . :
or b ol Jhes Rl o ERBRPL S R AE grove s
carbon atons constjtutin he al k roups,, i a
Uines GPISPAIcER B GNRGES BTt A58 EN4 8 ety gedp. an ethy
particularly preferably. Am ne conpounds res)resent e
growp,t Beproply| @PWy (semersh a2bytyhGsouR dsammeys).y a BRI @roup
the am ne conpounds: R74NH2 ) 2 0 n (22)
(isomers), a hexyl group (isomers), a heptyl group (isomers), an octyl group
(isomers) or the like. Examples of such dialkyl carbonates include dimethyl
carbonate, diethyl carbonate, dipropy! 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 carben 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:

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

and an oxygen atom, and having a valence of n, and
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(wherein R7 represents a group selected fromthe group
consisting of an 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
froma carbon atom and an oxygen atom and having a
val ence of n, and 36 n represents an integer of 1 to
10). In fornmula (22) above, a polyam ne conpound is
usBdepiesaAiscan mteger ofleicet@biy 1 to 3 and nore
preferably n is 2. Exanpl es of such pol yam ne . _ .
colpéormidai (22) ahovel igpipatyiamine daannraeungd is ussdaig which n is
hexanet hyl ene di am ne,

preferéblyTetd gl apidehbsy preférablxy Iss?d ne) (i somers),
cycl ohexane di am ne (isomers),

3- ERBAGIE BYSuch Eci)@aﬁﬁﬁé‘”@%lh}z&bﬁmé pleridd aliphatioeliamines such
i ke; an

(i somers) or the aromati c di am nes such as

b ATDe (| SO L .
as (ﬁg’gyrr’égg';"éﬂfa ra'aﬁ'é?%yﬁé{@ﬁ%?“é'ﬁw’% pidiagieifing) (somers)
cy%{éﬁ%?ééhng ngq{tglfﬁ IS Zy]sﬁ@',ewgt £ 2Rl 861-8 Y8t ARethylcyclohexy
a & 4[|§¢n@§%gﬁgﬁghﬁégﬂ ghex tlg:)agapn?r)wes( 59Gh'ES S[’3?1t=,=:'|ylene diamine
_ 3-am nonet hyl -3, 5, 5-tri net hyl cycl ohexyl. ani ne.
(ispmetmretalyenst digmingilisemars), %@dﬂetﬁwkﬁ*@r féiaﬂgl‘!‘eiﬁprr@rs) or the
hexanet hyl ene di am ne, _ o
liket, 4'Armanchythesebiaipbstid slierinesnsue) asrfiexamethylene diamine,
3-ami nonet hyl -3, 5, 5-tri net hyl cycl ohexyl ami ne are used
4 AvprigthpleptbistdicioheRgaetinen(isamelis)),| cytiohexaneatiamird (igprmers),
t he reacted conpounds, and 15 although the dial kyl

3-diAnbAAhA-3,6, SPirRihpBYslohexy ersine (lsumestspiortthe likeiare used
groups of the am ne conpound to accel-erate the

présftsgalcbﬁc%%ifeahéxémeﬂﬁﬂ’éﬁé Bizfnink 8 ZI"-?r?éili'd/t@ﬂeﬁi@'{rﬁfkﬂdl‘le%'l_aihine)

ionetric ratro of the dialkyl carbonate to am no

ol AR UG mRRGH ) ety S 2338 Ryl BB
CoRGRIPH: POMTERS NETg; EoRINOn® fab ePiec) SEnliurf, and
ath G A R Bl o SR W il s BROA B
hi gher tenperatures are preferable in order to
greunsepkthet emine 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 generally 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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the reaction rate, since undesirable reactions may
conversely occur at high tenperatures, the reaction
tenperature is preferably within the range of from 25
50 to 150C. A known cooling apparatus or heating
apparatus may be 37 installed in the reaction vesse
to maintain a constant reaction tenperature.

I n
_addi t.ion, although varying,according .t h
insEiRo00Re reAREAikTsel AN R et B afls, 10
pressure may be decreased pressure, nornal pressure
adgitionnelthasedl VANKESUARCOTENG hde dpes G Gam Hpgd and
carried 5 out at a pressure within the range of from
restflioho tdmperbb@rePathe Thagationr prassurganay che sdedreasehtiressure,
on the reaction tinme (residence tine in the case of a
nofiRal praseufe BRlihadhsedpiessurgennd ahé yrefction (& generatly s@rried
hours, preferably from 0.01 to 10 hours and nore

oup%?faefvﬂ*’slsﬁré WA tHe tande bPiom 20ntoaddi H0BPa.t Mthere are no
reactl on can al so be conpleted by confirmng that a

i f ; a1 .

o4 S nBERIN o R, Sl SRPRsBkentoyhech b st o o
th ti liquid. | j

copluf S enand, S e NEBCT BN G HOIRS prefirgply from

065 i BOUEANY (B GaRISLoTRDhA ToBb o Fhaonarst | 1) gl the
copper or titanium and basic catal yst s,uc(£ as

readtioy| g $lss bal camplatechby AoaTigRIng that A-desishamonnt of alky
nmetals in the formof nethylates, ethylates and

cathdmpatt éms( bsemeosnedf by, | for hexampleodiawd obeerastiaaraphy after
cal cium or barium Although the use of a reaction

saﬁﬂilmgnmei Fedttibn it sani thy pegent edhbiodiméaet, @ estalyst can be
enbodi nent, a suitable inert solvent is preferably

usBeesh BScayshRAGhUXXaRf¥E Bt chtalystdihaptan deaised include organic
acilitating the reaction procedure, exanples of which

m%t%?ldb‘?»‘?pcfﬂr{@sn%ﬁdsi‘l‘l%l dhic JRe i X@MpdirRRTBf 3in, (888! @BBper or

I'soner's), octane oners), nonane (isoners), decane

T o] AP RO EREHI T3 or i
oog T Bl e PSS T 8 mers) o
Iittgih%?ngégi{xh‘l, potassium, calcium, or barium. 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), 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,

3B



10

15

20

25

napht hal ene or the Iike; aromatic conpounds
substituted with a halogen or 25 nitro group such as
chl or obenzene, dichl orobenzene (isoners),

br onobenzene, 38 di bronobenzene (isoners),

chl oronapht hal ene, brononapht hal ene, nitrobenzene,
ni t r onapht hal ene or the Iike pol ycycli c hydrocarbon

., CO unds such_as d phenyl . subs ut ed dj hen I
d’ba?’gﬁgﬁweqﬁet hal m?rg pherforon rf‘tﬁ?f“%&?ne b hthalene,
tol uene or the I|ke al i hatlc hydr ocar bons such as 5
mtr@y:@ngﬁ@q,amgonggtahg@@mqn e I&Semp@i/y@ygifgehydrocar on compounds
et hyl cycl ohexane or the Ilke ket ones such as net hyl
sueh hgs kdiplosrey), awsmlmtedorcbplmnyll hediph&ryl daetbapesutarpaenyl,

di butyl phthal ate, di hexyl phthal ate, dioctyl

antbhabeiait dibebeyiz yolheriey | o tidnalkat ealiphatibehydrisearboesheush as
and thioethers such as di phenyl ether, diphenyl

cyé’]lslhé*aﬁ% @yclopenidnke cy@péctahs] é@?gld?@ﬁ)héuéﬁe ?p the I|ke ketones
di met hyl'sul f oxi de, ' di phenyl sul f oxide or the lik

su%@%%% XFE h‘ﬁ/?%@n‘éa%cafbp‘ﬁ%ﬁ%é'o‘?%e ‘Fggt BErefd sﬂﬁﬂé s dibutyl

as a mxture ti1on,
ol S G AR R S e
ettign gy thetrTs 1 es eyl AessiPBEnY Sy br T, IS and
reacti on vessel, and al though known material s %d These

sulf@ddes uchnas dl@eﬂé’é%!'fodfﬁ%é@@@?”ﬁﬁ%’fQ’ﬁ"i’%Qrp‘ihﬁv

they do not have a detrinental effect on the starting
solyebtst canc be wsed sneaon WO SUSBYE, tysesTa6 ke usedassa nkture.
the like can be used preferably since they are
in BdditipanthievdialkylTesrborateausdd inacess Raaed iooramiz@ dnoupbef the
i socyanate production process of the present

anfii®edmipelhd is BROIABTtably Ubeldses SoReAt i theabactidhy dr oxy
conmpounds are first reacted to obtain aryl carbanates

haw Rown Y5k Pedt@bi, EBRinhA 9@&&8@ oPTMbficn BYRINX¥an be used

conpounds. This reaction |nvo ves an exchange between

il s Lt L e
@%g@ggbﬁ%%ﬁﬂéiﬁ rovided HPe &5 'n\éF Ha graetnl%eﬁ{a?'éﬁ%ctcon the

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

can be used preferably since they are inexpénsive.

<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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39 resulting in the formati on of the correspondi ng
aryl carbamate and a hydroxy conpound derived from
the carbamc acid ester (and is referred to as a
transesterification reaction in the present
description). Al though varying according to the .
reacted conpounds, the reaction 5 conditions of this

transesterjficatio eaction_are suc )
resullinin e yRERY L ohs somroPe iBecH i pbRmaIE B g dvgrow
from2 to 1000 tines the ester group of the carb
compbdna sdesivesh &enethe cearbamie agid este; &?ﬁ%ﬁ%trﬁf%r “‘ri
As a result of conducting extensive studies, the
trahsestatificationfrenbompinetherpresemhaascriphor)ur pri si ngly f ound
that by using the aromati c hydroxy conpounds 10 havi ng
a puesligh U%??]/ir@t agtoldiagttootre geattedposinpbondsyi tie reaction
respect to the hydroxyl group in this

cohdiftBs§Sbeihib! GahseRefifcRioroteastiote st bach abat ethes afsmatic
reactions as previously-described attributable to the

hy@%&?ggﬁp% iseﬁ'%eecf mﬂﬂfi"bt[hepf%n%%%%m@tohgbﬁo friphd8 Be ester

__arra_ecan e!nlltedlnt
ord AL B BRI R4 orb AR bepldhebies I sicimec rvo
Asol Tk of SomgREUES e REee SHEBkY, RSB H R Brtkent

order to inhibit side reactions attri butaﬁ{é(e to the
invemtipansurpesinglyefaund thad by ssing g, @romatic fydrepnfampounds
the aryl carbamate as well as allow the reaction to
habingcaspbsiiteentai aklepst ohe anthonpesitompithorgpeeiriedhadiydroxy!
is preferably used within the range of from2 to 100
grbupes tHis & apseterifitdtionvdsiion 2 déseribadgboye, sidemesctions as
50 tinmes in consideration of the size of the reaction

pr(‘-:‘ﬁﬁﬁﬁg*de-gt:‘.ﬁbé@%‘&ﬁbgﬁabﬂ@Eﬁ)ﬂfeaéahb@m'i@ agRINestal byd Widr fpraduct in
the range of from 100 to 300C, and al though high

th{a :l’ggﬁr 8t Yh&Saif eca?ﬁ%@[}é@‘@a% bB RiHiSted th ither fassestdrification

ion rate; since there conversely nmay be greater

tibjli : ' - i
roRp it dpiralrre€steifice RO AR dhoBlang AR njdroxy
o el B o, SR GeRt bES BROule RRACardtp of the

carbamic acid ester in order to inhibit side reactions attributable to the

dpoes a

carbamic acid ester and / or product in the form of the aryi carbamate as well
as allow the reaction to be compieted 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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or heating apparatus may be installed in the reaction
vessel to maintain a constant reaction tenperature.
In addition, although varying according to the types
of conpounds used and reaction tenperature, the
reacti on pressure may be decreased pressure, nornal
pressure or increased pressure, and the 5 reaction is
g}gnerally carried out  at acﬁ_r_essure wi.thin the ran%1 .
or beating rapparatys1mry beéngiallearin the JeaCHR) y&sEeF!clo) ain a
limtations on the reaction tine (residence tine in
comstantcrEsetion temperatuneuous additiond pitapidoh vagng: aererding tenihe
0.001 to 100 hours, preferably fromO0.01 to 50 hours
typaBabf Eehpaihes efsalliand reanti¢h fertperaturehtingrreaction pressure may
addition, the reaction can also be conpleted by
beCOBELRERA gprhaéﬁreg Adn#E Spresgudmer Nihcafasedy presdubsimahd the

has been formed by, for exanple, liquid

reeftﬂiéﬂg?éggélaa‘ﬂpé@ﬁ%%&&uﬁ@f?‘ﬁé%gdé“@itﬁiﬁ%éirQﬁgé bfiftbsh 20 b 1 x

sent 1 | e he cat a Iyst is used at from
01 30% Wels - .
1058 by REEP oAte nadzttiaiar faRforsh, BR e factbfiile dréchience
timiy WA C298, 0B S BRUS FRPGWL 544 i GeparalY oot S fRD Jg 100

octoate, or am nes such as

howrss-pieterably dyamd).81 20256 koyre andihes RiATeIARY &orm - bito 30
triethylam ne are suitable for use, while organic

hooes. alin” adtitidry he reactiorasaniaien e eampletechby asfirming that a
ferrous octoate or stannous octoate are particularly

debiréd earadligt. ofTbpd ecarbamaten thas negerb éorusati by) foreexamplep liquid
or nore types may be used as a m xture. Although the

ch#&ﬁai@bra&:ﬁ;ﬁaéﬁéronséﬁﬁbﬁ/r@t tHes m@ictid@ niecrssarId ythe present
required i'n the present enbodi nent, a suitable inert

er@cﬂJg\rﬁBEt iSe cEif'a‘?);s‘?rié‘PLé’d Wb REMAS 03 th S0h ib?%éi@ht\/&gﬂ pfeférably

purpose of facilitating the reaction procedure,

o FEREEL T o, IR 60,01 O B HC0 8 e i ot
nonane Iéi éorrer.s) : '

Fol OYRITPIE, Y aRBE B s Aol Ryt amela-bilith dfPure ferrous
o ocaLbans 28 Sueh cas Henzens, oo YShSaEE8 2 olociane
triq(etiléi%lrrzgtd'sa)n%ing ! gru%r?/eltr?ﬁgrzn?r?ee a% Ss%ﬂaeéiz) fornt?sper,]tvcﬁillee rc‘)(reggr{ic metal
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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aromati ¢ conpounds substituted wth a hal ogen or nitro
group such as chl orobenzene, dichl orobenzene

(i somers), bronobenzene, dibronmobenzene (isoners),

chl or onapht hal ene, brononapht hal ene, nitrobenzene, 5
ni t ronapht hal ene or the |ike; polycyclic hydrocarbon
conpounds such as di phenyl, substituted di phenyl,

di phenyl nethane. r phenyl ,.. ant hrac e
berBans ) PRBRLRncapHY orIsPAIEtRT  TePathalgns g the like;
hydr ocar bons such as  cycl ghexane, cxclopentane
areyalio ceempeLNGy rﬁqbéym%ew%eao alpgen | P Atrq grokRs such as
such as nethyl ethyl ketone, acetophenone or the Iike;
chissoberszens; Hdislotitenzene AFEopmrahl krogohgingergy dibromobenzene
pht hal ate, dioctyl phthal ate, benzyl butyl phthal ate or
(isbfirer$), ke, cleibleraphtiradend)i oet besraosamtithalend] phemyjtrobenzene,
et her, diphenyl sulfide or the like; and sulfoxides

nitﬁﬁ%kﬁﬁal@h@ebf‘y{hé Uiilfé?xbdl‘?cyl_éﬁcph?ﬂbdc%btbdmﬁdﬂm)wndsheuch as
I ;

and, silicone oil. These solvents can be used
i y d | Xhhthea
difictif RipsfEiR Rneni aRnETl RRHEE G\ TpREn T MaMhRacene,
transesterifi i i i ngy ol
aigriaipnene ((BE onahe.dfenga i BficE o erapns syony o
al kox gro constituting the,ester qgroup of, the .
cyERNgRANe A OPetaias. SYHPOLTRDE BYRERFOHIE Fdbp g ketones
fromthe aromati c hydroxy conpound resulting in bhe .
suphrammiedy| ehyltkeiond AEBRIRING o e B B3iRlp SUchiRs dibuty
the al cohols, the transesterification 20 reaction is
phiimalatgyidihiexyl phihatatet dioatyl phinalate nbenzydhutylphthelate enths like;
produce the aryl carbamates by this
ethémnaes tioetheeasLiom asediphémyl ether, idiphangt sulfide erttbe like, and

renmove the products fromthe reaction system Since

sulfBRide8 MeOE d&s havidiByIshifoxit@welipherlyiutfaxideber | theg like; and,
point in the reaction systemare the al cohols forned

silmbnfet&ﬁ t'fl?éb%e%ﬁéﬁt;sic%ﬂ !'tntg%séﬂaéléfﬁé’%f tivBoraheah 8lpesassh be

preferably renmoved fromthe 25 reaction systemby a
AR g2, Sl o e Spper e, o2

D oA Bk AR ol Db NS Ay cton
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 cdmpounds having the
lowest standard boiling peint 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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efficiently. Nanely, a nethod is preferably used in
whi ch the carbamc acid esters and the aromatic

hydr oxy conmpounds are supplied continuously to the 5
reaction vessel to carry out the transesterification
reaction, the alcohols formed are renoved fromthe
reaction vessel in the formof the gaseous conponents,

and regction |Ijquid ont.ai ni nq. the fornmed aryl .
c b aRaticn. Wi ahe seriative PeRGiRD S P BN Hade gut with a
continuously renoved fromthe bottom of the reaction
contirgiois, methore teaghowr ther ronsgptenificatige reaction to proceed
transesterification reaction according to 10 this
efficieritigd, Namedy di iethod ds prefepablygusedein which the carbamic acid
transesterification reaction, there is also the
esters phdsthednsnefticastdrety bempoupds aré eubpidentimedsiyngd the
yield of isocyanates by inhibiting side reactions as

redttiohi Vai4sENiodeR A/ blafe trAnsBeSiickidhredBabAT thel Acsmdls férmed
used for the reaction vessel and lines used to carry
arér)] g{%m{%\h@d Woﬁ{]??{?gc;i?he Q/%%g@qggtﬁgg iR Bf LY L 888l BSipERents,

ave a on the starting

ubst ances or reactants, SUS304 r L :
ani{8 L TRl iorTabhg, e Brmgr, et felbaybs i He-affiflatc
i nexpensive., There are no particylar limpgtati on_ ..
hv@mytwque%r@t%wnveggg|r,3m9H83gr%m%{taww%ﬂsﬁa?sﬁ'on
or colum reactor can be used. A reaction vessel is
vepsealf elruibie,casgsefcariving odt thedransestarification rRastipgaccording to
extracting a | ow boiling point reaction 20 m xture
this onethiod| iy additiohoto pronmdihg thet transesterfication reacten,oihere is
reaction fromthe reaction vessel in the formof the
alspagiee usurpeisie dffect aofd Heirig rabstevtogmprowedhki finaldsyield of
containing the produced aryl carbanates and aromatic
isdyEhaEYS byCIRRTBMIHYISIdé Feations dsoyvevioRelyt deyeripédt he
réaction’vessel in the formof a liquid. Various

MR P A 1) 0 Ul TG RICHES5L) and s
oo B85t B B TGO PRoRER o e o

istil ' I . titubul

defrigietal Bliechhl frosttEpa s Bot e S Besrlfn SUsad, aus3te or
colum, a thin filmevaporator, a reactor provided .

SUR316la agdpther like ggndee yped 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 stiming tank, a
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forced circulation reactor, a falling film evaporator
a falling drop evaporator, a 5 trickle flow reactor, a
bubbl e col umm, and types using conbi nati ons thereof.
Met hods using the thin film evaporator or col umar
reactor are preferable from the viewpoint of
eff|C|entIy shlftlng the equilibriumto the products

str e ha
m istode St ek gl 231 ﬁbaem@sﬁﬁs%%f%ﬁ'bﬁ%ﬂa\m a
transfer the al cohol forned to the eous ase
mubtiabiiar  fesetase aliconfinves GRuisiegRndREReIAD (B iR, " packed
distillation colum having nmultiple stages in which,
columen,nanbar fibh eveporator,cal repbtﬂfeﬁromdedl ‘Mtgl 2 AUPpRrt Kside, a
or nore, and any nultistage distillation colum nmay
foread Wsred dtibavededr, 4 fallihgfitm evapbiaton wsfatlingt diopagvaporator, a
Any nultistage distillation colum can be used for the

tnéﬂl‘é oW PeHtel %\t bLibBlel 85luSP, Wi ﬂ/‘f@gl ktelg idonilsinations thereof.

dinarily used as a nultistage 15 distillation

M%ﬁbﬁgﬂsm%tﬂg%ﬁsf I e VAR Btdr i Icd ﬁérarléaﬁfﬂrlé‘m p‘r&ﬂ%ﬁé’ole from

ray, a porous plate tray, a valve
th%&? ?@SC,@‘U éﬁ' ﬁgg éﬁ&ﬁ% Hea¥qlgf|bﬁr}§ té §H§ pa:}g %?dé‘%ile a

SHiYGIABe RIS 8 1A SESIRNE, commedt Ares 1S pLEELRlp £ B%mgaab'e to
D xon packi ng, a McMahon packi ng, Helipack, a Sul zer
rapigiykirangfene %9@@'6@"“2@ fchﬂ"el Qwouﬂrﬂh%ﬁcked col um

can be used provided the colum is packed with known
pacKiegnuttistage adistilsation esaduinbergfensotpea distillatiper colgmn having
conmbi nation tray-packed colum type is also used

mitipfeestabksy it haicts ¢mbinnetben dfrtbgometicel platesidt distitiation is 2 or
portion packed with the packing materials. The

{;I%ﬂfériooany ¢agabtags distilRitionhaddidmpr wiay desl usketifprevidedeit allows
or supplying a mxture containing the carbamc 25

co?ﬁhﬂoﬁ?df‘srtiﬁaﬁ&ﬂ tAJ:jy AUMIRELHE distAlaGY cBRIMPEEA De aséd R the

r emovi n gaseous phase conponents
R s T A
BB oD RORREE B 518 AR b usio o
\ﬂ;tié?g@bg ?p%sroeusc Sgﬁ’é’ rt]r%rg},t g v%?vnet tarléal ngour“er—current !rgy 'of the like,
and packed column types packed with various types ofrpackihg 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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5 at a location that allows the gaseous phase
conponents in the reaction vessel to be renobved, and
the line for extracting the m xed Iiquids containing
the aryl carbamates and the aromatic hydroxy
conmpounds is particularly preferably |ocated there
below. A line for supplying inert gas and / or liquid

inert solvent fromthe | owe 10 portion of the
eERE VIR (S’ﬁ‘a%ssé‘f-’mﬁﬁ?e%‘é s&ﬁa{aﬁi"@gy Q[‘:Pbeﬁed Tormef | nb¥ hell
case the mxed liquids containing the forned

transastenification aeaction and maling fory exteagHinacHkssy Hﬂl‘é’gﬁ SNRIRINg
unreacted carbamc acid esters, a line may be attached

thef carbarmic iacidikeataraignal arconatic bpdmmrcompqumdsmaﬂé‘dthe line for
liquids to the reaction vessel. Note that in the case

rerﬁcﬁv:H@ it gh@@o@@ﬁ@smﬁcﬁeﬂsi dotdiningl the rficoHdieisi preferably
solvent 15 nay be in the formof a gas and / or a

athl Ic%éltﬂn tﬁgf?lgﬁsfﬁ#@?% NSHEsE SSRpShentath ahe pddution vessel

extracte eaction vessel may be purified

to g% &Q&ﬁg&%?@@%ﬂﬁ@ dé;f@%tlﬁ tRe Hhixdd 'Ilh&ﬁ%%rﬁé}hfr'@"lhe aryl

roplrc an cco nmpanyi ng aromatic

caBaRe AT 1% RaPPHG, MEBEY o UnaR, brEdikbRpy prsferably

added to each line in consideration of clogging and
locatad therg belest y|  Car bamat es> The aryl car bamat es

preferably produced by the transesterificatio

r edclineoforasuppiiing inert igasansk/ pébﬂwgéﬂ@@cﬁ%rﬁrﬁw%fth% fwer

followng formulas (15) 25 to (17): 45 R1 RI1I0O NN
pofldnBofithe! rBsctitth yés8el niy Ba Geparately attached, and in the case the

mixed liquids containing the formed aryl carbamates and the aromatic hydroxy
compounds contain unreacted carbamic acid esters, a line may be attached 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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IO ~7 OKINN\ORIO HHR9 (16) RO BO OA NRH R
H o NOO' 9 (17) (wherein ring B represents a
structure which may have a substituent and which 5
contains at |east one structure selected fromthe
group consisting of a benzene ring, a naphthal ene
ring and an anthracene ring, RO represents a group
other than a hydrogen atomin a formof an aliphatic
al kyl group having 1 to 20 cayROn/atois, an aliphatic
al koxyr™yroup thaving 1 to 20 garbpnBat pns, an aryl

gr oup-havi 1o 20 Cariony ps.~Nan 10 aryl oxy group
b kyl group having 7
to\20” garpon atons or an aral kyl oxy group having 7 %?
20 carBonRatons, the group containing an atom (1
sel ected froma carbon atom an oxygen atom and a

ni t pogen, gepom and R10 representgeapat phatic al kyl
gr qupghayi ngy1 t 020 Tarbon atgons,

al kgQxy upJJ\hav'l &.’ carbo :

group—Havi Rg 6§tTo 20 carbo#fj atdhs, &n aryl oxy grou
havi ngR® to 20 carbon atoms, an aralﬁ?l group havﬁﬁ&)
7 to 20 carbon atons or an aral kyl oxy group having 7
amrbon atons, the aliphatic alkyl, the

algoxy, the aryl, the aryloxy, the 46

ar akky| d_&r alkyoxy gr oups._cont ai ni ng an atom
sel ectég fTomh bon & SB
o
N
N
A (17)

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

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

R® represents a group other than a hydrogen atom in a form of an
aliphatic alkyl group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an 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'® 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
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an oxygen atom and a nitrogen atons). Anpong these,

nore preferably produced aryl carbamates are aryl

carbanat es represented by any of the follow ng

formulas (18) to (20): RI3 R12 RRORL*W RONOH

RO R12 Rto 5 R73 (18) R11 R13 ::i>iiyZi:: N RO R9

(19) R11 R12 CR9 O R13 O-N R13 R1IO H R10 R12 H-O

R' RO (20 (wherein R9 represents a, gro ? ot her than
aradkyi \Rimdo @HyaKYy BT oUPSaCaiRIRINSt aa@torm@eéﬁ%qlfl T9FbE SRR APM.

1 to 20 carbon atons, an al koxy group having 1 to 20
an oxyben atoroand aanitrageh ajemep having 6 to 20 carbon

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

an Apidndl Yihegé o unorea \piref@rably opasiucadbany| atartanuates aare  aryl

aral kyl oxy group having 7 to 20 carbon atons, the
cafahiies PEb@isBhizg %ﬂanﬁbﬂﬁ'e&‘@ll@ﬁﬁw@d’ofrﬁ@iﬁbmB)aifob(QU):at om

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

R10, R', R12 and R13 independenltvloy Peprssents a

R

hydr o atom
i ' 1
R D\n/ \/\/\/\H o R"
0o R®
R12 R")
R13 (18)
R‘“ R13
R12 R? o o R'2 R"2
R o/k N H/u\o R™
R10 R? (19)
R11
R12 R?
o]
13
RS O/U\ﬁ R i 12
10
R o R
RO
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 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 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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or an aliphatic alkyl group having 1 to 20 carbon
atons, 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 atorms,
an aral kyl group having 7 to 20 47 carbon atons or an
ar al kyl oxy group having 7 to 20 carbon atons, the

aliphatic alkyl, the aI| atic t he ar the, ..
camop RS QRN a@m%y ot TEanG7 3o é%rbor@ AIRTRS ‘the'diBhatic
contai ning an atom sel ected froma carbon atom
alkyk ythereliphatic aitbxyathe endghe atvimy. the axaliyl éed dhe aﬁ@\kyoxy
pol ycar banat es represented by fornmula (18) include N,
grdlipsheorataiedtigy bn lEtsmeseleated draae iadcarbon atom, an oxygen atom and
bi s(2- et hyl phenyl )ester, N,
a rh{ro Exafere). yl - bi s-car bami ¢ aci d
|s 2- propylphenyl)ester (i somers),

Igf(f QGd*' o@c%?dé?ﬁﬁ?e% présented by formula (18) include

utylph ster (|soners)

N @I' E%%’b%ﬁﬂﬁ%ﬁéh@ﬁ eg?;Eam gorer@r g) 10 His(2-ethyiphenylester,
N g -Be rﬁeg'-ﬁﬁr%ﬁg%ﬁa)r@g gfan%lﬁ Sg@;g)-prquphenyl)ester (isomers),

N hexanedl | - bi s-carbam c acid .
N Nl'@?&ar@ﬁqlﬂr%ﬁ@ﬁw&)@@t er aFidsoant‘g? butyjphenyllester  (isomers),
N - hexanedi yl - bi s-carbam c ac )
N, Ni-beganadiyltpseaihgraist er acidn, bIS(2 -pentylphenyl)ester  (isomers),
‘N - hexanedi yl - bi s-carbam ¢ acid _
N, NI-b&Rardedlylcbibydapbamizl ) eatier , blg(2-hexylphenyl)ester  (isomers),
N - hexanedi yl - bi s-carbam c acid
Mr&ézaﬂediymgmlrwmmyl ) estder  (His(@rmotglphenyd)ester  (isomers),
N, N - hexanedi yl - bi s-carbam ¢ acid

N R{’ négﬁexaglqgkﬂal?@ﬁﬂw )ester gigoners), bis(2-cumylphenyl)ester,

'yl -bi s-carbam c acid

N H-ﬁggﬁﬁe&klﬁ’@ c%é'r RRY1 ) est epey sgrrer Sbhis(2,4-diethylphenyl)ester,

exa I S- car bam c aci

Nﬂ-ﬁgxﬁg %MQ xyI lgqae@ Sggfn E)(sgﬂgmbrsapylphenyl ester (isomers),
N N-J'%égéﬁg&%lfsngp Ié]grgn L%ﬁ{r él?@p % |Sl}tylphehyl ester (isomers),

bi s(2, 4-di cunyl phenyl )ester (isoner %_‘ .

NN -hexrasdiyi-his-qareamis basidc RS 4~dlpentylp enyl)ester (isomers),
bi s(2, 6-di met hyl phenyl ) ester, )

N N'Hexbpedigkbisytarbamic ardsichi is(@ 4+dihexylphenyl)ester  (isomers),
bi s(2, 6-di et hyl phenyl )ester (isomers),

N N'NexaasdiyeBisydarbamicc arduidi cbia(2, d-dloctylphenyl)ester (isomers),
bi s(2, 6-di propyl phenyl )ester (isoners), N,

N N ﬂé%ﬂ@&i% Wis-Girbafid baiid #3(2 4-dicumyliphenyl)ester (isomers),
(2,4,6-trimethyl phenyl)ester,

N,N'-hexanedlyl bis-carbamic acid bis(2,6-dimethylphenyl)ester,

N,N'-hexanediyl-bis-carbamic  acid  bis(2,6-diethylphenyl)ester  (isomers),

N,N'-hexanediyl-bis-carbamic acid bis(2,6-dipropylphenyl)ester (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

48.
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N, N - hexanedi yl - bi s-carbam c acid
bi s(2, 3, 6-trinethyl phenyl)ester, 25
N, N - hexanedi yl - bi s-carbam ¢ aci d
“birs(2,4; 6-triethyl phenyl )ester, and 48
N, N - hexanedi yl - bi s-carbam c aci d
bi s(2,4,6-tripropyl phenyl)ester (isoners). In

ddition, exanples .of _al kyl. ar.b t S
N'Eyg?)ﬁr}ﬁﬂ;ﬂ%ﬁ_ﬁ rblr:lirngrI f&lg‘( bls%%,)égtnzroapr{/?plh%?y[)glgtre? ﬁ%r%grs).
- et -4, 4" - et -
n & é}?gt@%/an%]ggyof) alkyl po%a@arﬁantgs rle(;:)}'/é:se%teeé( %y formula (19)
~ bi s(2-propyl phenyl ) -4, 4' - met hyl ene-di cycl ohexyl
incudd amat ebi§(£gtlmr nyB-4,4'-methylene-dicyclohexyl carbamate,
bi s(2-butyl phenyl) -4, 4" - net hyl ene-di cycl ohexyl
bist2doapEpleriy| 54 methylene-dicyclohexyl carbamate (isomers),
bi s(2- pentyl phenyl) -4, 4' - net hyl ene-di cycl ohexyl

bigg ényllj-8 anmiedhylene-dicyclohexyl ~ carbamate (isomers),
bi s(2- hexyl phenyl ) -4, 4' - net hyl ene-di cycl ohexyl

oS TR e derotieg, , satmae, (somor)
2 EYRL BRIy opesiersohend. i cSaPaREl)  (somers)
. b t ' 10 . :

oig e Ry TRy e clen o coettammaly  (isomers)

.carbanmate (isopers), X )

bisg S eI A ey Scrclafenyl | enccaiPagetonexy (isomers),
car bamat e,

big¢2-sumyipkim loh d-methyiene-gicyclohexyly | en&adiagyatPohex{isomers),
carbamate (isoners),

bisi2 gk disthythtmmyi)thAempthylenstdioyeiohgk@ne- di cycl ohexgarbamate,
carbamate (isoners),

bigf? sitdiproplipremyl)lpaemptbyidnet dicyelohgkd ne -cirbsmateh e x fisomers),
carbamate (isoners), 15

bid@t,ﬁ(&bétwbrtmmt@h'e\;ﬁé{ﬁwénéarclysrohék;ﬁne- dambephatBexy (isomers),

carbamat'e (i soners),

bisth A éﬁ@iﬂ?ﬁé&ﬁ?ﬁﬂ&ﬂﬂéﬁééfsﬁbh&ﬁne'déirﬁé(rﬁh@ex‘(’llsomers),

ar bahat

biJg%ﬁl(-&hé{ngﬁfé@%&ggﬁ-ﬁ&ﬁﬂ%é@éﬁﬁﬂéﬁPe' dfygrhqiaexy tisomers),

r'bana

biszg,%gcingg;@@p%%l)%%Rﬁy‘ﬂén%;afzsagwegﬁe- ALy SR XY bisomers),

. bis(2, 6-dinethyl E'hen%ll 333 4,4' - et hyl ene-di cycl oheXﬁI
big{ A diralyiPhenybrfet snethytensi-dicyclebaxdt hy Pabémats - 4, dsomers),
_-net hyl ene-di cycl ohexyl carbamate (isoners),
blsﬁzsle@pemulgbne@pﬁ)/ﬂpﬁemlhylene&dzcm@ohgmne- di cycl oheggrbamate,
carbamate (isoners), :

bigiP St dimbtidyIphemp)-Ayl -plethylehe4licycloheixiply | ecarbadmaye| ofiscmykrs),

carbanmate (isoners),

bisiqu,@@&eﬂnyﬁoﬁdriyama'Lmbmgéaeﬂi,c»&'ctoﬁ@k;hyI epgrbdintatel ohgixdyers),

carbamate (isoners) an _
biég%,ﬁ«gﬁgotpgnFS(IféSr@REQgg")-@Bﬁ{wéaé—éicfr'croﬂsiqhy' LA &naKE | O18dmkrs),
bis(2,4,6-trimethylphenyl)-4,4'-methylene-dicyclohexyl 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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25 Moreover, exanples of al kyl polycarbanmates
represented by formula (20) 49 include

3- ((2- et hyl phenoxy) car bonyl am no-net hyl )-3,5,5-trimeth
yl cycl ohexyl carbam c acid (2-ethyl phenyl)ester,

3- ((2-propyl phenoxy) car bonyl am no-net hyl )-3,5,5-tri net
hyl cycl ohexyl carbam c acid (2-propyi phenyl) ester
(isomers), 5

- incRide( 2- Bel{3-eihephenpiaaseemylaminfoneiy B Stimathylqygiahexy!

yl cycl ohexyl carbam c acid (2-butyl phenyl)ester ‘
carbiagtiger s) , acid (2-ethylphenyl)ester,

3- ((2- pentyl phenoxy) car bonyl am no-net hyl ) -3, 5, 5-t ri met
3-(LbropsHERKY ) corbdranamincamisthy )23, Beivrirethy oy Llobe xr

| SOmers),

car:ﬁ'a%ig' hexyl pheppxy) car bome@@p?gm@ﬂyhyétbr 3,5, 5-tr(is@hbrs),
y i

I"CyCl ohexyl carbam c 10 acid hexyl phenyl ) est er
OfelS inQ- - trimethylcyclohexyl carbamic
3'@%&’%%%1%’%%‘%%%?r_@é”r%%"r‘?_ﬂ‘/ﬁ‘yé 3 e TmeIcYg oneRY,  Forer
ac&ylsgyrglrg;],exyl car b&%&ytpﬁ%hgl)é&épept yl phenyl ) est €fisomers),
3- ((2-octyl phenoxy) car bonyl am ng- h Iﬁy Sno-tri :
3—(&2@paty&wi@mxykc@rrba%mﬂ|emi%%ﬂwl-gé% rﬁﬁ% f%@’&?‘y" Siblimic
(isoners), 15 .
ackt ( (2- cunyl phenoxy@qentdpherubiestermet hyl ) - 3, 5, 5- t r (FRERS)
yl cycl ohexyl carbamic acid (2-cunyl phenyl)ester .
S—gﬁmlpﬁ)anoxy)carbonylamino-methyl)-3,5,5-tr|methylcyc|0hexy| carbamic
-((2, 4-di et hyl phenoxy) car bonyl am no-net hyl )-3,5, 5-tri

adgt hyl cycl ohexyl Samierstiedter (isomers),
(2, 4-di et hyl phenyl )ester, 3-((2,4-di

S-Q?W%ﬁﬁﬁfd&éﬁﬁ@ﬁﬂéhﬁm%ﬁmhﬁ5-‘t§ngeﬂxylcyclohexyl carbamic

exyl 20 carbam c aci

o PRI TEESHBEDRRANIOE) 1) s, (5O
S-agf-éétggégn%/rly%ﬁérﬁgﬁ?%lg}i%(?-ﬂ{éli@m%f%?':tﬂmethylcyclohexy! carbamic
addret hyl cycl ahexy! (ERCIAREARRE ) % (dlers)
3-&33&;‘232%2%%%‘%%@%”&?@%25)ﬁz}flfz{%{lmmjclgl’lagyg capamic
met hyl cycl ohexyl '

acid (2-cumylphenyl)ester (isomers),
3~((2,4-diethy|phenoxy)carbonylamino—methyl)-3,5,5-trimethy|cyc|ohexyl
carbamic acid (2,4-diethylphenyl)ester,
3-((2,4-dipropylphenoxy)carbony|amino—methyl)—S,5,5—trimethyicyclohexyl
carbamic acid (2,4-dipropylphenyl)ester (isomers),
3-((2,4—dibuty|phenoxy)carbonylamino-methyl)—3,5,5-trimethylcyc!ohexyl
carbamic | acid (2,4-dibutylphenyl)ester (isomers),
3-((2,4—dipentylphenoxy)carbonylamino-methyl)-s,5,5-trimethylcyclohexyl

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

3—((2,4-dihexylphenoxy)carbonyiamino-methyl)-3,5,5—trimethylcyclohexy|
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50 carbam c acid (2, 4-di hexyl phenyl )ester (isoners),
3-((2, 4-di hept yl phenoxy) car bonyl am no-net hyl )-3,5,5-tr
i met hyl cycl ohexyl carbamc acid
(2, 4-di heptyl phenyl )ester (isomners),
3-((2, 4-di octyl phenoxy) car bonyl am no- net hyl ) - 3, 5, 5 tri
nethylcyclohexyl 5 carbam c acid
4- di octyl phenyl ) ester ner.s) , .
car, 3{"‘('9 4- di curBAi$henoxy) égﬁb%ﬁ%ﬂﬂe‘wl)@@ﬁfyl) 3, 5, B3qPers),
met hyl cycl ohexyl carbam c ac
3-((244ikeptviphepengaibesyamino- methyl) -3,5,5-trimethylcyclohexyl
3-((2, 6-di net hyl phenoxy) car bonyl am no-net hyl )-3,5,5-tr
cafbaetibyl cycl olamidyl  car béhditmeptdphenyl)ester (isomers),
(2, 6-di net hyl phenyl )ester, 10
3- (@z a(dfio&yré)h@hbw @Bﬂjw}é)rﬁzﬁbk?ﬁ@thwfa BE-tipicibyitySoleA t r i

hyl cycl ohexyl carbam ¢ acid

g:%zw? di et hyl phggyl ) est erg 4 dioctylphenyl)ester isomers
ca 5 6- di pro%’??phenoxy)car bé)orclz){%m nyo) met hyl ) - 3, 5(5 tr )

3-( gﬁ-@%:‘é?@b FS%%) ﬁ%%&téiﬁh%l sorrglr) 3)5 ,5-trimethylcyclohexy!

-((.2,4,6-trimethyl phe oxy) car bonyl am net h
ca%-aS’S'Frret hyl cycl ohexy? 5 carbani ¢ aci d&04 HHyBrhylster,

2 6-trinmet hyl phenyi)ester,
-G el Re R ER R YR - & S ImEI D IoheRY .
trinmet hyl cycl ohexyl carbam c acid )
caftmnice- t ri et hyl pheny@giést er, and (2,6-dimethylphenyl)ester,
3-((2,4,6-tripropyl phenoxy) car bonyl am no-nethyl)-3,5,5
3-((2,5Ldieﬁ1ymr@y1ob(p)¢extydnylmairbanbﬂ1yb)63,6,5-trimethylcyclohexyl
(2,4,6-tripropyl phenyl)ester (isonmers). 20 The aryl
caftdnfiamat es produced iggid he transest eri f@R¢&diethylphenyl)ester,
reacti on may be subjected to the subsequent thernal

2o %%X!g;&r@ho&%@%&{yldmwo%éw)ts 595-ﬁf|mélh3ﬂ%9clbhékyld

aryl “car barmat es and aromati c hydroxy

caﬁ%?ﬁ aunds  whjeh are regbfe(g%{crggmhtegwﬁggptor Or(|58rﬁers),

car barmt es may be e thernmal
5 &zg e A N R R A
carabglmlcCar bamat & fromaéige reaction 51(.'2,4,6—tr|methy|phenyl)ester,
3-((2,4,6-triethylphenoxy)carbonylamino-methy!)-3,5,5-trimethylcyclohexy!
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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l'iquid, exanples of which include renoval of the
aromati ¢ hydroxy conpounds by distillation, washing
with solvents and purification of the aryl carbamates
by crystallization. Since the aryl carbamates of the
present enbodi nent are carbamic acid 5 esters
conposed of aromatic hydroxy conpounds and
i socyanates, the .thermal deco erature
IaWigaEaP SR G IYIRRB ARV S B Bt e ra foipbinds
car bamates of the present enbodinent are surprisi qgly
by ehstillatien ywaﬁhsﬁgsfflﬁh{SO't’@ntﬁr%‘doEWLﬂqeé'ﬁBé’félﬁe &y carbamates by
reactions (such as a reaction resulting in the
crylstalliwdtioon of a urea bond as previously described) at
hi gh tenperatures (such 10 as 180C) at which therma
de@mes sid iagm chfoamadtes e thetpreddritremigdditieet ane chdr@mnsimacid
by which side reactions are inhibited is unclear, as

| ba¢drokyy tempbasdseshd higbcyanates, the
esVé&?%st@ Eg%%&a?f télzgﬁlgmjhg?%ros?tl oerr el ative tlo t)ﬁae

L
T T —

formed by the ther deconposi n_reacti.on o
resipiEnt (M ARRESTGP o AEIRECHRTS (B Ranreinesuling in the
aromati ¢ hydroxy compounds having a substituent at th
foronatten pbaitreamond| ag praviqusly dagertsd) atdigh beme?'i?élé’etsr{émh

reaction rate between the aromatic hydroxy corrRounds
asang0? G @t awhiobs thermat udgudnsposilion |iat earrindnevly tAkhagh the
reverse reaction rate in the thermal deconposition

médERidra by whighoside Wsstions areyinhibited is theleahesmaias previously
deconposition reaction on the aryl carbanmates, there

desBribéd |9F¥V§f'é‘sﬁ%d0tﬁ1apé'§‘tﬁ>sﬂﬁle¢lt P tinbithy p@%@@h&b&a’t"&zb&o the
aromat’i ¢ hydr oxy conpounds and the isocyanates.

hyég&sfh opegt%?EQW Eée%c'i.l'ré’tﬂaﬁé Koxd, fRere |ﬁ‘§€rlng the

| oW ng p OVI des an expl anation of the aryl

reg%aﬁ%en e SRS darOamI 25 o%ter Und A8 REFRRBbond.

Moreover, although the aromatic hydroxy compounds formed by the
thermal decomposition reaétion 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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The deconposition reaction of the present enbodi nent
is a thermal deconposition reaction by which
correspondi ng i socyanates and aromatic . 5 hydroxy
conpounds are fornmed fromthe aryl carbamates. The
reaction tenperature is generally wthin the range of
from 100 to 300C, and although a high tenperature is

preferaple for increasing the, reactio ate i nce

S| gj@er e&@PWH?% H?Vé‘g%r Paeoe%%nv%'%yoae[r@on@@aseqa&;bamate

caused by the aryl carbamates and / or the reaction
degpmansitienireagtins efghenrsesariempdiggblanat es, t he

reaction tenperature is preferably within the range of

f r dine BCOMpPOSIHOC. reackonvef theolpresprdppabadinendris a thermal

heating apparatus may be installed in the reaction
devemposkitiba redctibai By avisiohstemésporaiirig dsodyamptesatandeardmatic -

addi tion, although varying according to the types of

hyém%ﬁ%dﬁm%réﬂgrmé&ﬁéfﬂ R dronasbakiatées. the reaction
preSsure nmay be decreased presSure, 15 normal pressure

or 4inc . : .
cart FlFETER BRTd e 1S HorkPAl SRR B ndCpMiont 100 to
9-1 x 106 Pa.. Ther. r rticul L1 g ' . on
30pa abgzetaiten it o Sefulendi' Piedlps Tol Hyydgsing"ne
conti nyous, nethod) and is generally from0.001 to 100
reds otar SISEaBRS FSHSHPNS, B ABSOHRAh GAGe oA ks @onversely
preferably fromO0.1 to 30 hours. A catalyst capn he 20
cayisedby the Reyl sAEamates AL, PReihe, reastion ﬁ@%@fsewg? forgn of the
used at fromO0.01 to 30% by weight and preferably at
isdcyanai@ss the reasticny taneberaturbais epretarablyewithingthe wnget gk from
aryl carbamates. For exanple, organic netal catalysts

156utth 288°@j bt khownncoalingaapparatud err besting: appamtus may be
st annous octoate or the |ike, or am nes such as

instalfediinarabesatinolessél €] Palrdsin. a EohRamreatesh amparature. In
triethylamne or the like are 25 suitable for use as

adgﬁibﬁl ﬁt’nt%:.xﬂﬂmér?inﬁr SE8UraiInde i thé alpby T ScaiHSburs used and

I but 537 di’l aurate,” ferrous octoate, stannous

I . .
4B oRlAlR. s A RERCE RS e B8 U gresure
used

no@%%p%%grq qr iﬁﬁr@%sren&)grgéset.ire,l Qné Hnee rceaasc’:ﬁoﬁ fis nginpaqwt&?ried 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

suitable for use as catalysts, while organic metal catalysts such as dibutyl tin
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above-nentioned transesterification reaction, the
catal ysts contained in the 5 mxed liquid foll ow ng
the transesterification reaction my be used as a
catalyst in the thermal deconposition reaction or
catal ysts may be freshly added to the aryl carbanmates
when the thermal deconposition reaction is carried

.out, Although ,the use of a reactiao vant i :
dilgigates sIBTIYP rRARAPe STPANPYR %&83{?nt°r} zﬁ%olg{léne%r?, rb%ﬁ'ucularly
sui table inert solvent can be uaeﬁi as a reaction
prefefabimt These eRMPOURRE FEYDHSEA PTG Gt [y Of fePre types may
reaction procedure, exanples of which include alkanes
bes uskdamshex amixtygries ondn s the heaseanef (Usingretns) catalyslse In the
(i sonmers), nonane (isoners), decane (isomers) or the
abbl&Sierfiope! iransesisnfatiooneseaatidn, #hékdatalysist canjaiped in the
aromati ¢ hydrocarbons such as benzene, toluene, xylene
mi%é&’ ﬁﬁ@ﬂ%‘bnovﬁh the R@RZESErificktiFOREeAYN nimwzensed as a catalyst
Isorrers), dibutyl benzene 15 (isomers), naphthal ene
. ar Li ke; i ' iy Bdded to the
in ﬂ}ﬂ %&gwagtrﬁg%?rﬁwﬁﬁ&ﬁ ?e&&faﬁo&n&?aﬁgg%by BeSFeMiy B

0 group such as chl orobenzene,
i chl,or ohenzene (i.soper PP ;
aryi GR% ﬁ%e‘ﬁﬁeraitbgngfegﬁa c%%?‘gﬁ!apﬂ'i Egﬁg%téc:n is carried out
br ononapht hal ene, nitrobenzene, nitron t
ARPRUGH TRB Lspof adgarien Soyande e SRoRSBL HAREGIR 108 present
di phenyl, substituted di phenyl, diphenél 20. et hane for th
embzodiment;|3 seitabie rarheolvanhed? e Ysid ahe epstipR palyept for the
the like; aliphatic hydrocarbons such as cycl ohexane,
pLeposo méntamiitating the ceaatien precegurey @¥Ian eOfo Whigh include
i ke; ketones such as nethyl ethyl ketone,

allErRisoRhEnoas iexanee (isbiers)esheptans u@sorasrsji ipgtane (isomers),
pht hal at e, di hexyl phthalate, dioctyl phthalate,

oli‘ﬁ:ii’\@’ ih¥ls) PAEaatiofteré)her it dikeetiumatiahgdrocarbons and
nt |oe{lﬁdeﬁr‘s S%uch 25 gs di ph)enyl et her, di phenyl sulfide

al@fl%@%’ﬂu@é&f;ara teiéum;&fébg%n%%ﬁc@%s bénzene, toluene, xylene

1t I foxi phenyl sul f oxi de or the |ike; and,
(G TAREE BRI SRR SR 9N Skene
(SR B e o R S Rl pitn i =
hélggg;ic?rnni?r% \apciu%h SLQI'? a(:sorchﬁasrgggrgzie%%, dichlorobenzene (isomers),
bromobenzene, dibromobenzene (isomers), chloronaphthalene,
bromonaphthalene, nitrcbenzene, nitronaphthalene of the like; polyeyclic
hydrocarbon compounds such as diphenyl, substituted diphenyl, diphenyl
methane, terphenyl, anthracene, dibenzyl toluene (isomers) or the like;
aliphatic hydrocarbons such as cyclohexane, cyclopentane, cyclooctane,
ethylcyclonexane or the like; ketones such as methyl ethyl ketone,
acetophenone or the like; esters such as dibutyl phthalate, dihexyl phthalate,

diocty! phthalate, benzylbutyl phthalate or the like; ethers and thioethers such

as diphenyl ether, diphenyl sulfide or the like; and suifoxides such as
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5 isocyanates and the aromatic hydroxy conpounds are
formed fromthe aryl carbamates, the thernal
deconposition reaction is an equilibriumreaction.
Thus, in order to efficiently obtain isocyanates in
this thermal deconposition reaction, it is preferable
to renove at | east one of the products of this thernal
. deconpgsi.tion, reacti in the formof the .isocyanat
gy HEOHF B P o7 e BRRa ny cHIEaRe Her rtese
deconposition reaction systemin the formof a
solyepisaean e Hpenannanyr tworit meee ypes cap he 4sad asainxiure.
Whet her the isocyanates or aromatic hydroxy conpounds
ar d\sr avas/ gureaoushe descebed, alibopghetiies ibermbe decomposition
arbitrarily determ ned according to the conpounds
reatiiof, of tABGrbssntdmEBLRRentie d asptiohi biewhidnither corresponding
iling points of the isocyanates and 15 the aronatic

boi |
isﬂgﬁé’t& SRR Smatie r%?&léf 8dmbelLh@yefe F¥rrhédmamane aryl

conpounds havi ng the I'ower standard boiling point

caldhnhdiEs ! %éntﬁérrﬁ%\edg@&ﬁgg%g?@ﬁggﬁgﬁ[‘? 'anTgﬁui‘ﬂBML'Jm reaction.

car banat es” are al so sus e occurrence of

side reactions. ag descri.bed above.ip.th e..of s
This: fyofr doatigieA e yer aetaEs. it el itpmmasiion
of time, although to a rrucr' | ower dfe ree tha{% cathbatmc
reagdion, &4 praferabis dademoyR atilaastas, el henproghely &itgls thermal
reactions may al so be induced Dby the isocyanates i
detoempesitiop teastioneinmdhe deeonpbdhei isacyanaies oand thesaromatic

the tinme during which the aryl carbamates and the
hydsogyeorapesnds éroneltide 2hemndli dgcomposiiiorareactionssystem in the
preferably as short as possible, and the thernmal
forére 0P ANgRcous rcodp dresrt toyos niethod slieh a3l distil@atione d Viethby the
t he continuous nethod. The continuous 55 nethod

isdc9hRARs! Or AréMbNe thydiodicepolfdarare EHhOAERERSIHY Gaseous
continuously suppliedto a reaction vessel where It

rcog@oﬁémse%ﬁ et Qrbﬂlj]éernf IR HSEP HRESIdind o tHhe %Hp?_ﬁnd@rﬂﬂed,

east either 1 ormed i socyanates or aromatic
or 3L B TR 85 SR R 3 W ntes and
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 th_e 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

55



10

15

Al t hough known materials may be used for the reaction
vessel and lines wused to carry out the thernal
deconposi tion reaction provided they do not have a
detrinental effect on the aryl carbanate or the
products in the formof the aromatic hydroxy
gaggigﬂds 3ndhichyanates SUS304, SUS316 or 10
and the like can be used preferably since
methasl irefexpdasa vaethorhisy avhigh: the %&f?ﬁ@ﬂ"&? oF| # 8?“‘5&12@03'3’
on the type of reaction vessel, and a known tank
suppiect tora ceacticinuvessebwbecs itdasubiectacbtp aAhewaaltdasiemposition
vessel is preferably wused that is provided with lines

‘reécﬂbneﬁrfda@wéestaeithw thoe: | fongegoisotyanatesirer acwnatic rivagoxy

at |east either the isocyanates or aromatic hydroxy

corﬁEHBHH@%? %ﬁ&%ﬂeﬁomntﬁehﬁeédﬁ@hWSséﬁwmmﬁn ofl a gaseous

action romt e reaction vessel in the formof the

conponents, and for renoving mxed |iquids
Co%@ﬁﬁgﬁﬁl ng unreacted aryl carbamates and the

und not extract h
%lﬁaﬁ mvw?@a'%ﬁ&%%ﬁ%feé‘ﬁ&ﬂ}f@ roetfion 4EREaHnd lines

vesse Various  kno nmet hods..are us

uspador TR du Jb6 SERRAAPEATBRS AN CREEHER (RRvBHE dppg o not
using reaction vessels contalnln irri t ank

hawala detrimentak effect gy thendry! carbgimd P|qrét1ﬁcmoa@¢fad‘ﬂ,th%?°fm of
mul ti stage distillation colum, a nultitubul ar

the esrotratic aydmxyt composndsi| and tisgevarates,| SAIS3H, cSUSHE or
a packed columm, a thin film evaporator, a reactor

susde@ehdeﬁehlnae appbe tusens preferaily csm::@dthayr are anexpensive.
reactor, a falling filmevaporator, a falling drop

Th%Yf"%?é "f‘aboéartléhlhf ligithBord oM/ the agsenof Riactionaebsdlbbad a known
and types using conbinations thereof. Methods

targf |8 t006r ‘c@ﬁ.ug’irﬁ‘ ré‘aétbt BhRRPO5EY O AGEa R TBSde! i€ peéferably

prefera romthe viewpoint of rapidly renoving

W b?' i, nr%dgrfélﬁ &v @g\ﬂ/ﬁg@%& %)&Fagﬂﬁgr? !6\9aﬁbﬂlﬁg }§dﬁﬁf PRfkture

area|s r ef £ Iargeg I'qui d contact
Z e
coptAmNRGeh A SRhen Do RnaEs o ASHE, H;y%ﬁgiygﬁm ounds

foragte 1 §he S0eipHg) dRFOITROS ﬁyﬁ%gﬁiﬁ%{ﬁ 485 GBFI4L VPl i the
forrn(1e ﬁvtkggg:se%%sseg&%pg&%g ngput:i fg? rr]érgia\rfl|lnggm%<tedl ﬁQUIdS 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 fim
evaporator, a reactor provided with a support inside, a forced circulation

reactor, a falling 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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ei ther the isocyanates or aromatic hydroxy conpounds
formed by the thermal deconposition reaction, and a
line for renoving a mixed liquid containing the
conmpounds not renobved as a gaseous conponent and
unreacted aryl 10 carbamates, the line for renoving
t he gaseous conponents containing at |east either the
i socyanates or aromatic hydroxy conpo n%g IS . .
thepthin &imatsvappeRiar e calumnar 1gaslar Gie tirateralle Jim the viewpoint
gaseous conponents in the reaction vessel to be
of rapidiyersmavidgtibe boilieg frmintesempenentg rere thexeaactipguaygtem,
containing the conpounds not renoved as the gaseous
whileremnentice Baving kelarge gasliqdidasoritactldrea ds peafetabde for rapidly
particularly preferably | ocated there below. In

traﬁg@rﬁri(\]é’[he oW E&Fné Bbing BBH\'p)b'pﬁﬁts: fofhbd 88 shergdsdo® phase.

rquid I nert solvent from e |l ower portion of the

" e3GH BB \HssBPY BREERY Blided el dtle RALUBPliNS the

for reclrculating a

ortion of the mxed liguid t al nj
arf oS Rp R 0 o o TRE oA 5eRaE CBiPRoRACodNaRf & cas
_the gaseous components.to the reaction, vessel,
eithel, o BREYRAISR R ATAEC BYGTY SO PPRGAS TRITEd Py, the thermal
added to each line in consideration of cloggi and .
dechmposition reactioiar st 8, linenfor femexing armixed H@U!Cﬂgon’fa'”'ng the
above-nentioned inert solvent, the inert solvent may
colmpounds haof aemavieda agas @adepusr camppaentd andhanreacted ary!
i socyanat e obtai ned by the above-nentioned production

cafARaRs aaNlind foremoviretreblasemstonspangnts dactairing ehleast
materi al of pol yur et hane foam paints, 57 adhesives

elittﬂgFj g{eh %g#:’ H®ate SioP GRorbLi6 hpERSE SCormpslrdesisiFefeyabigtiesated at

e iciently produced w thout using extrenely

= [FENERTRGE BaRe h teBRs o e Treppur vessalo oo

e 98 PRIPES 5, R, 10 BORH SR Biarng e
coﬁ%d&iﬁ;&% _rv%sdeanst trileméggéci)l?sn cé)r?'\pgﬁtentsl ér{H {heedunyeacted aryl
éarbamates is particularly preferably located there below.

In addition, a line for supplying inert gas and / or liquid inert solvent from
the lower portion of the reaction vessel may be separately attached, and a line
may also be aftached 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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<Anal yti cal Methods> 10 1) NWR Anal ysi s Appar at us:
JNM A400 FT-NMR system JEOL Ltd., Japan (1)
Preparation of 1H and 13C-NWR Anal ysi s Sanpl es About
0.3 g of sanple solution were weighed foll owed by the
addi tion of about 0.7 g of heavy chloroform (99. 8%
Al drich Corp., USA) and about 0.05 g 15 of internal

standard in the form of tetranethyl tig %guarant ed o b
adhesivemtanddRe e e SRGA B PRRASS: pAEPle t.t?.OPyﬁ'é%‘&ﬁ) o be
and mxing to uniformty to obtain solutions used as
effiddRtigtn prodticeds withbuk US{)  eikamely ataxie PResO9Ees the present
Anal yses were perfornmed for each standard and

inverast id mduseiatiy ekiremely &@nifieast. per f or med on t he
anal ysis sanpl e solutions based on the resulting
calibration curve. 2) Liquid Chromatography Apparatus:
LC-11 OAT system Shimadzu Corp., Japan Col unm:

inlnd 60 col umm, Tosoh Corp., Japan, two col ums
E%ﬁé@?’ed 25 in series 58 Devel opi ng sol vent: M xed

liguid o exane |/ r of v/ AF)
sorsiwSh B FByind, AR £ AR Borhbuty o the presen
. Detector: R 1. (refractoneter) 5 (1).Liquid. . P
!n\@mﬁleﬁﬁa@sﬁ&w@(ﬁa‘ﬁ%ﬁ@f@gﬁ%ﬁ °Rﬁo‘2]hth%.*°?g~°ge”$#”‘éeﬂ%‘8ﬂés not
~were weighed foll oned by the addition of about 1 g of
limitedriyhinese fexpmp!9dehydr at ed, Wako Pure Cheni cal
I ndustries, Ltd., Japan) and about 0.02 g of internal
st asAreaiytidahMetleodsyr m of bi sphenol A (guar ant eed
reagent, Wako Pure Chem cal Industries, Ltd., Japan)
1)andNRARgysie uni formty
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 (89.8%, 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)  Liquid Chromatography
Apparatus; LC-10AT system, Shimadzu Corp., Japan

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

in series
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10 to obtain solutions used as |iquid chromatography
anal ysis sanples. (2) Quantitative Analysis Anal yses
were perfornmed for each standard and quantitative
anal yses were perfornmed on the anal ysis sanple
solutions based on the resulting calibration curve.
15 3) Gas Chromat ography Apparatus: GC-2010, Shinadzu
Corp., Japan Columm: DB-1 columm, Agilent Techng| ogies
Coevelagng splypgk Mixed ligyid qf hgxane{ r OeraZB@O%) (Viv)
filmthickness: 1.00 m Col um tenperature: Held at 50C

f oiSchverit floweatd. & mbwedinby i ncreasing 20 at the rate

of 10C/ mn to 200C, held at 200C for 5 m nutes

f old e tempetatareeds°0g at the rate of 10C/ mn to
300C Detector: FID (1) Gas Chromat ography Anal ysis

Sampdisst Yt SraBogetdr) sanpl e were wei ghed fol | owed
by the gfﬁ?ti(cr)n of abouz 1 25 g of acetone

L
| st PC o Raif oS sl WP 1R85 By R PGB Pt 1

obtain solutions, used Aas s chromat ogr aphy. anal, ysi
of alrpnessoffan (ephidratash %kfg\%&r?g%e@caﬁkl%ﬁ%@é» Japan)
performed for each standard and quantitative anazl éses
andeateoub &1 02 chetiinternehstaadard 1 et ef BisphenelA (g4a@gteed
on the resulting calibration curve. [Reference . .
reggentpWakt Rurer Ghemidab indifstrigss L&d. mdapgn)oand, mixica te shifeenity
Step (1-1): Production of Dialkyl Tin Catalyst 10 625
to %E)(azn Eollmﬁbbésé abediasnigaid shrofriatograptye acShysisysaniplgani c
em cal s -

(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.

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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Ltd., Japan) and 2020 g (22.7 nol) of 3-nethyl-1
-butanol (Kuraray Co., Ltd., Japan) were placed in a
5000 niL vol unetric pear-shaped flask. The flask was
connected to an evaporator (R-144, Shibata Co., Ltd.,
Japan) to which was connected an oil bath (OBH 24,
Masuda Corp., Japan) equi pped with a 15 tenperature
controller, a vacuum punp (G 50A, Uvac Inc., Japan)

abautd).82 yadflinteroainstaotiest in Y@ fors) afktaluenseidelndegied, Wako
Co., Ltd., Japan). The purge valve outlet of this

PURY THEGESl IN@SstienERE edapanky ahidnmixingttai aniformmityt togerain
gas flowing at a normal pressure. After closing the

solBHERELY é& g% chhEmBNRPAPIY: BRalysie saAthles pressure

I'nside t tem the purge val ve was opened

(Z)ELQI%%H#WE%'%%’%' ow nitrogen to flow into the system

ormal pressure. The oil bath

tenperature was set t 1 h I AVY=E

| ABRLRES! feith BeRPimed 15h Mikn Stafup and Rtive analyses

evaporator was started, After heatjng for gbout, 40 !
werg martsmed OReths @é‘@ﬁ@és @@"ﬁ'ﬁo%caH{éﬁ’ri%c bﬁsggsﬂ? efhe resulting

nitrogen with the purge valve of the evaporator |eft
caldpation gusei | | ati on of 3- et hyl - 1- but anol cont ai ni ng

wat er 25 began. After maintaining in this state for 7

ho{Referétiee Exameled) vPraduciivroetidis(3-a@thylbutyiirGanbasaie

the systemwas gradually reduced, and excess

3- megiud ?I}-’h)r Pricietbn ohDialkgtTin Oadalyétt h t he pressure
inside the systemat 74 to 35 kPa. After the fraction

o n%?ﬁﬁﬁfb‘?)abﬁEli—nltf‘u@ylftirﬂékidé@(%diﬁb’fﬁrO@ahid)Chél‘r&cajisICo.,

bat fter allowing the flask to cool to the vicinity

Lt JBRST BEARALR 41927 (Bt sifienll-ttutRa (kekaayaws, L,

e purge val ve was opene gradual |y
JaBeRb sFe AIRce e a5 BP0 ol YNGR TR Re ol et e flask
Wa%?tggir’ijr]e?cq&qijﬁot@ﬁl‘qu e&ggéﬁngﬁ_jﬁgggégﬁé‘aﬁa (58.‘?’ LthaS J%fpan) to which
v e o Rl ESEL A o s
a yield of 99% based on di-n-butyl tin oxide. The sane

temppecadie contrsllehen vacep@apumnpl §Gt50fes Uivacohici dagan) and a
total of 10335 g of

vacuum controller (VC-10S, Okano 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 retumn to normal pressure. The ail
bath temperafure 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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1,1,3,3-tetra-n-butyl -1, 3- bi s(3-net hyl but yl oxy)

di stannoxane. Step (1-2): Production of

Bi s(3-net hyl butyl) Carbonate Bis(3-methylbutyl)

carbonate was produced in a continuous production 15

apparatus like that shown in FIG 1.

1,1,3,3-tetrabutyl -1, 3-bis(3- nethylbutyloxy)

di st annoxane oduc din the er des Hed above
Pregas s udpiifed tﬁ3é5 PRt e WSS 49%&&‘ Y he and - excess

transfer line 4 into a colum-type reaction vesse

3-methybhdidanalivas distiltad widin the pessheeinside thewrystem at 74 to 35

Chentech Ltd., Switzerland) and having an inner
kPali aAfiertheofraction 6a |omgexrap peial ed,t thedfld skngas taldenc@dtOofrtime oil
and 3-nethyl -1-butanol purified with a distillation

battol lAﬁErlélloWi&? tepphsiedoagodi e g &idgiityl 49330 temperature
froma transter line 2. The liquid tenperature inside

(25°€§CfHé3ﬂa§l€§f%%| taik@ﬁ d’t‘ﬁsof tﬁ@rﬁzf Béihe%é but§@ e &as opened

eater and a reboil er and theé presstre was

jo2 Hzta%?ih 332 %uré%ﬂaggatih@ %ét@ma rel%?HarneedCfU“a[rﬂb?phenc

b ence h e reacti on
Pf%’%ﬁf 0 oHirs'd o beRBR i d R 8Pf51%?553 o g5k ¢ Baseriap the

rosyfBc 0y | "SSPt bt 8R0 1 neCIMME oPNabESs, | Tk i vPeLty -

line 1 wer e ed to distillation col urm 101 packed.
1,3npis(s- mwib@dwgﬂamﬂﬁw@ﬁmpﬁm@é@ haverpegn obtained
reboiler 111 and a condenser 121 to carry out 5
at alyiid bf 89%visagad o deatiubyl tinloxidéne Tl semedirecedulratwamthen
colum 101, a fraction containing a high

repeaitexent riat i otimeb weatber oltaircondensietalby afondedd3s 131 of
and recovered froma recovery line 3. Purified

1,133, Gﬁbfmln-&u H apis(3RfethPBIRREky) O difthHmekdngpe reaction
vessel 102 *\?I‘La tragsfer )FI né 2y?ocat ed in the bottom

of a?i%gyt('lb tPr%'&uE%ﬁ‘B?BEE%n et %IBth)' Chigdnatdoxi de

cat np03|t|on

?‘l‘ég—é‘ﬁ% by GRS S48 Bloduckho B kntipugys production

dIS nnoxan vvas obt ed fro t he bottom of
aPRYP type %actl oﬁﬁ‘@‘gssel gé Nand suPplied Fifa 1.

1,1,3t]3-te{raé)utyl 1,3- bls(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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evaporat or 103 (Kobel co Eco-Sol utions Co., Ltd.,
Japan) via a transfer line 5. The 3-nethyl-1-butano
was distilled off in thin filmevaporator 103 and 15
returned to colum-type reaction vessel 102 via a
condenser 123, a transfer |ine 8 and transfer |ine 4.
The al kyl tin al koxi de catal yst conposition was
punped fromthe botto thin filmeyaporator 103 via
confainingweter atithe r?teaﬁﬁ%§%7pﬁlli '@’d{' 91D g, o 06 A eaciipy vessel
whil e adjusting the flow rate of _
viada tranisferylinend sérsd Aenetiybdtbutang at the ratg)of 825 g / hr via feed
1,1,3,3-tetra-n 20 butyl-1,3-bis(3-nEthyIbu&&loxy
lingli1s tvesreopanped do atistiliatisn 3®Ignn 101, paskasb withdVietal dsawess CY
supplied to the autoclave by a transfer line 9 at the
PaEﬁhg ?ﬁd Bfvided with a_Bdiléhel papssarcndessee 12hdo carry out
aut ocl ave was nmai ntained at 4 MPa-G The tenperature

dis%iﬂa:'rﬁé\%\?\ﬂ%d?ﬁggﬁgﬁ Cl gy A0S Cbf Idisthidlbn EQBNESICAENS efraction

usted to about 4 hours, and a reaction

bet v h i OXi ot
coBB5 & i SP0REM oo Rl BB S ReRE gy bpaenser 121
obt ai n acLeacti on | igui d. 62._.contai

. i
ang; tqasvREchy 101 91 1PN P Ree 3 Tr 8l Rl TSN IrBHE R gas
transferred to a decarbonizati on,tankg10?, \é{)@ a .
pumpeekticeeolumietype reagtian ¥688elo] 0% Xia rapsfer ligfyy ipcated in the
resi dual carbon dioxide, and the carbon dioxide was .
botterouk distillatiarmealumn 404f e Ant piky! tin alloutide gataly$tycorppesition
reaction liquid was transferred to a thin 5 film
cotamingat or  ( Katie-butyEbis{Balathylbutyld®y), Ltd., tihapan)  and
106 set to about 142C and about 0.5 kPa via a
1, 1f ,F?Eﬂfé"n%r—nltiu[},ﬂ—11,§-b@dw-rﬁélthpltimaﬂoxmi distandpxanie wastditained from

ow rate of
thelzb]ctt%n?"o‘f%l&iwﬂztp;g%%aét Ries681- 182 hh@WuPpRsE)to a thin film

ioh
di stannoxane to out 4388 g / hr to obtain a

ev%hﬁ?a&{uﬁ ipg Egégél% LR UFoREICY.! Pid.Y héﬁ&%\h@ 'éaFrSnsfemge 5.

he evaporation' resid s circulate
to col -type_ 10 reaction v el 2via r
They dsmedndi b et vas s B¢ ‘é@} il ﬁ{éé’?‘ﬂé{&f 9% and
rate of . .
returned ta qolima-type, (R3Ation, vessek (1 2 ia R FBﬂ??”I‘%%Ey?S- a transfer
di stannoxane to about 4388 g / hr. The fraction .
lineoBtanidchitragstarsiire det Mepalky ?‘nc%ik%ﬁﬁt%atﬁlﬁt cemppsitien was
to a distillation colum 107 packed with Metal Gauze
puRpemi o theabdttom 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-methy!butyloxy} tin and 1,1,3,3-tetra-n-
buty|-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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equi pped with a reboiler 117 and a condenser 127 via a
condenser 126 and a 15 transfer line 14 at the rate of
959 g / hr followed by distillative purification to
obtain 99 wt % bi s(3-net hyl butyl) carbonate from a
recovery line 16 at the rate of 944 g / hr. Wen the
al kyl tin al koxi de catal yst conposition of a transfer
line 13 was analyzed by 119Sn-, 1H and 13C NWVR

coptainingi kis(3- meﬂyg}bqtﬂm,@@rl@@atgonﬁ'@ﬁnreactlon iquid was transferred
1,1,3,3-tetra-n-butyl -1, 3-bi s(3-net hyl butyl oxy)

toda steaarhnmmlobutankow@@na:@ntramfer line" 10 and a control valve to
di - n-butyl - bi s(3-net hyl butyl oxy) tin. After carrying

remidivetresiduabearboratidideeshd the carbonsliopde atasorecbeered from a
about 240 hours, alkyl tin al koxide catalyst

trefRFOfd 19N %Eséq&iérﬂlﬁt Bk fré@éﬂo@anh@i&i s nepstdrrsl &S a thin

at the rate of

fllrg] é\{%:gfa{o‘?t 'H%]é?:“@éb démlafl&'\SQ'(@b "?_tt&‘le% ﬁj P08 set to about

noxan produce ccordlng toth ove process

1455 PT80S B el 5 Bl e
f@:fg‘e@zéfeégﬁ%;@#%m T T

2000 (27 nmol) of 1-butanol (Wako Pure
abioy B. @4 hr te @btain @ﬁﬂgﬂ%@@ﬂteurﬁaﬂaalsl(?wrﬁéetbwéytyﬂhca@onate
vol unetric pear-shaped flask. The flask containing the
Omttheeother uvang; |th& eeveiporatian viesidue twash sifrculatech to column-type
evaporator to which was connected an oil bath
readliorppessel 102 dattensésraing ¢3 el tramdfer lina 4nabileiadjustipg the
and a vacuum controller. The purge valve outl et of

~ fidwWhi gat€VaP or, AR03-teMERN RN EC S 8k (Bdnéthlibigylogondistahmexane to

nitrogen gas flow ng at nor mal pressure. After closing

aldift 424R08 /41 V?h?ée?régtlohr@orﬁ?a’lﬁﬁ'g{ st% rﬂé?h*lSQ%ecarbonate was

pressure”inside the system t e va

su%ﬁ?@?ﬁ) %n@gfﬁ%‘nox dofurfth 18% n%c,tkreag/ﬁ[h N%télﬁ%i@Fq ﬁé&ﬁung and

arnto  nor
o BTN 5o S BAhodb W et 25
AR 458 e & S50 T owued dperiafiaerriiagen to
obtain 99 wt% bis(3-methylbutyl) carbonate from a recovery line 16 at the rate
of 944 g / hr. When the alkyl tin alkoxide catalyst gomposition 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-butyl-bis(3-methylbutyloxy) tin. After carrying out the
anve-mentioned continuous operation for about 240 hours, alkyl tin alkoxide
catalyst composition was extracted from an extraction line 16 at the rate of 18
g / hr, while 1,1,3,3tetra-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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15 valve of the evaporator |eft open, the m xture

boil ed and distillation of the low boiling point

conponent began. After maintaining in this state for 8

hours, the purge valve was cl osed, pressure inside

the systemwas gradually reduced, and residual |ow

boi I i ng point conponent was distilled off with the

pressure |nS|det stemaj /6 tag 54 kPa. After the

| oliRBflsTenGREXRITRALe n’ﬁ%’HEH?” H{)DMW'E}@BP Nal§oear ed, the

flask was taken out of the oil bath. The reaction

| i quBtep (lat): ProduasionnfRiatkyhliol@lalyst qui d. The fl ask

was subsequently taken out of the oil bath, the purge

valeee gwa. 76moldf gii-achuayll n exidetdre POCS gui2€ mabiafdl -butanol

systemwas returned to normal pressure. 952 g of
(V\raﬁacpu@ GHembicel Wedustriedt pidnedapan)t erd Ipisded Base 3000 mi

the results of 119Sn-, 'H and 13C- NWR 25 anal yses, a

t - Hixs f Th ﬂask contalnn the whlte slurry-like
VO%”TQQE p‘%'ée}térﬁaéepn lejlt yﬁ 1, 3edl but yl o>l<y% y

m%u?%a oéﬂgf‘n%@ g(o%t gbgﬁcgra%r f?) %h?dhd £ %(?ela?eiﬁgno&l bath

e sane DTOC ure was

repeated, 12 atotal of 11

echiPpeg, Bt SRR, £oalhIfh A sl SR A iy vacuum
Step (11- 2) Producti on of D but Carbonate 5

couﬁekwm dhaurgestaire atietsf dﬂ'lﬁ:@bgﬁ%at&rd@ﬁ FReRRted to a line
producti on apparatus |ike that shown in FIG 1.

cotitalnisg itTegern gaskilnwing 1at3reima-Hsessurexy Afted iclasiit fauperge
produced in step (11-1) was supplied at the rate of

valv20df thelevaporadtooito teducsf preskuresindidenthe systarhutine- pynge valve
reacti on vessel packed with Ml lapak 750Y packing

wesSHperfsd ghadifigholdibw nfimigenetd fowlinnthehsysterg amd return to
i nner 10 dianeter of 151 nm and effective | ength of

noﬁgépﬁ]ﬂg%sg?é‘d T dl %911 té?Hﬁérfa‘lLﬂ'@ wié 8t @ st BlgooN the flask

1 was supplied to col um-type reaction vessel

el]saéﬂ'ﬁé setdrlﬁ th&'0f Hlth aAd }gteﬁﬁﬁ Jind E%%Jr%ﬁﬁi vl/é%@ta?ted-rh After

erature insrde reaction vesse

o S e P B A At Gy 1 oo
it e i B B SR en e ow
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 cbmponent 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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contai ning water at the rate of 24715 g / hr fromthe

top of the reaction vessel via transfer |ine 6, and

1-butanol at the rate of 824 g/ hr via feed line 1,

were punped to distillation colum 101 packed with

Metal Gauze CY packing (Sulzer Chentech Ltd.,

Switzerland) and provided with reboiler 111 and 20

condenser 121 to, rr out, di t|v ur1f|c t|on
A HETEo s ORIRIEED, Fies "t P BapAd o 'Bl-fiy (i oxice.

contai ning a high concentratlon of water was condens
Theysatom aeerasiura Wasdhan reperted d@ timesda phisét artols %1‘5480 g of

Purified 1-butanol was punped via transfer line 2
1,1,8¢htedch-nbutyid , Balibutylofy) distanmdxaieon col uim 101. An

aIkyI tin al koxi de catal yst conposition containing

- NSt wl-2}: IPTodUctlibrbUﬁ Ibblu Cirhanate
1 1,3,3-tetra-n-butyl - i (n-butyl oxy) distannoxane

Wasc ABbAicSEd st was ptr&ﬂlld&t ﬁwoénc@ﬁtlﬁ%uémrddmﬁon apparatus
reaction vessel 102, and supplied to thin fil
f gvaﬁ)\%;t At QP3| ﬁKOE@‘- coqEco- 30§ $ ?%ﬁ%%utxﬂ \%dsl (n-butyloxy)

via a transfer line 5. ut an

o et o). GRS o e 151
fff&lﬁﬁ?@sf{s L’I@? |'8£qa22‘6ﬁw8 q?ﬁ%%%\g@r’ff @gﬁ lﬂbwellapak

bottomof thin fil mevaporator 103 via transfer line 7
798Yd paghingi édukzer @ner@&e%@q@ﬁwﬂmr&ar@cﬂj gsdi hgvingean inner
flow rate of the active conponents in the form of
digtnbierydf 151 mon kndosffetiveniength of 5040 mm, and 1-butanol purified
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) di stannoxane
witrodiatmaﬂommﬁmg 10thwas @apbﬁﬁd th coludm-type reaghpln eesseb 102 at
the 10 autoclave by feed line 9 at the rate of 973 g /

th8 ratc2 B 2U1€7 By L5 Yckn ifé&d GRethe TrRaNigaidaeenpERature inside the
mai ntai ned at 4 MPa-G The tenperature inside the

| reﬁb‘ﬁd?ﬂ/é‘é’d;%l \AY&sccﬁﬁFoL{Iteﬁ tb¥p° Ct%ye a'tsdt8e B8 rébARAS, and the
t o about

adj uste hour s, reaction between the

pré%s[r}gg S‘{ﬁdé %ﬁhgtaedat ar ouf C?fgb‘%lgat E;;' \glg?élb%éaﬁ'gac%lﬂjoy%lve The
bRt GRS B AT ook S AIBLP 0] M35 Bt
cq\agn{glbgpgtf@gr,ab# Eq: é)%f%.él%grgj?ﬂtr E‘r%lm E/haeI tvo% ct)fo the Teaction vessel
via transfer line 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 Ltd., 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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the carbon di oxi de was recovered fromtransfer |ine
11. Subsequently, the reaction liquid was punped to
thin filmevaporator 106 (Kobel co Eco-Solutions Co.,
Ltd., Japan) set to about 140C and about 1.4 kPa via

transfer line 12 and 20 supplied while adjusting the
flowrate of the

1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane _
thet boboUb 420Imp-typdirreactiombesisal 402 SHppkRf dPnihiy film
di butyl carbonate. On the other hand, the evaporation

evarf%ﬁvé@ydq 08K obel @ EabblttiorsoConi-ity papashvia atranefasdine 5.
02 via transfer line 13 and transfer line 4 while

Th%‘di'l—l:igfa‘gl_'&tg W didtiAvd " ¥ 6n Qhin2Bim evaporator 103 and returned to

: > S jtra- n-butyl -1, 3-di (n-butyl oxy) di stannoxane

0 abo NI . .6 o] 0 kg N

CD‘}ljg\éﬁ‘tY{}fg E%ﬁ?cg'é_ﬂaf/ ésgm%s1§§ug\6 igo q%%gks?%?l g? ﬁg?rclg?eurrsn and

packed.w t tal, Gauz X i.ng:

tra@fgmulée ‘Erte sl Bl Ealily <P S5 iASRlsr v pumeed from
reboiler 117 and condenser, 127 vi d 126 .

thet bartereef |thife filN. eUaPORRIOF Q5 ¥f2 %r%@%ﬁe”r/ ifey f@Pﬁoﬁ\@’q‘ﬁ@ to
distillative purification to 5 obtain 99 w % :

autoickve- 184 hwhilsuagiustioa the flove rateont the §¢lys componeptsyin the
the rate of 814 g / hr. Wen the al kyl tin al koxi de

forgat &f ydibutybntinsidibuoxidé andnst, &3, 3-tetea-nPutyah S Hutyiexy)
by 119Sn-, 1H and 13C-NMR analysis, it was found to

diststiHcXaRe fb bbduB-481r g- h-Hhut Parbord-diotidebway| supplied to the
di stannoxane but not contain di-n-butyl tin

AU VePHY Péd fne A BetheCats W BT 304 Hrhan@ ey pressuié dmeide the
continuous 10 operation for about 600 hours, alkyl

i B B8 finfahG Ll MRERRS, TG ferpgrargpe hekielic camiave

wa%’r oo e S ey T b B SHlopd AR 8nd @
7 h

reqution) bepveBCiNc0 paBrorh AP HE, ARG g . HifRe apiphvt

Di (3-nethylbutyl) Ester 1818 g (9.0, mol o
cobipogitiane vas @a%/rigq o0 180 ARIEN S JOB0RITD 'QU%.C‘Q”%’P'E‘%?"WW'

carbonate. This reaction liquid was transferred to decarbonization tank 105
via transfer line 10 and a control 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-butyi-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/ br. The
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hexamet hyl ene di am ne (Al drich Corp., USA) were pl aced
inab5L volunetric 20 fourth-nouth flask, a stirrer
was placed in the flask, and a Dinroth condenser and
three-way val ve were attached to the flask. After
replacing the inside of the systemwth nitrogen, the
four-nmouth flask was imersed in an oil bath (OBH 24,

Masuda Corp., . Japan) heated to 80C.follo th

fragdant Gastalpingdipuby %?Fb%%PuWWPBQ?‘géO(y fﬂ%ﬁﬁé{\h‘%{?‘iﬁmﬂ 107
sol ution, Wako Pure Chemical 25 Industries,

pashpdmjith Metal &rauzereY meskingdSulzsarihesstesh lidhe SN@B@flﬁaﬂ) and
liquid 67 were suitably collected and subjected to

e ezh aliyys irehoilendl t/h@ndeashdersenatl? twa dandeaderat! 26hand a
poi nt hexamnet hyl ene di am ne was no | onger detected. As

trafhsférelﬁﬂé 1404t tABaaIZ oN83Dbhe / heFolldwed byadistiliative urification to
I iquid chronmat ography, the solution was found to

ob‘il\@ﬂrtg'g Wt%%n%%’rﬂ%’%ﬂuﬁm c8fbonate from r5ecover§/ line 16 at the rate of

hexane cafbam c aci d met hyl but yl)

it etﬁgzaw Pt L LA e 1
oG] G o R DL 4y g

r monet er, and the|n5|de of the flask was repl ac:
1,8 TN MLy Bl HiStaome g ORIV G FORTBFG g -buty
in an oil bath heated to about 130C. Distillation was .
tirc adlirn-butaxide. whi Aterg readiiying youtedhei rapovRanpniénag ecoriinuous
the flask to a final pressure of 0.02 kPa. 1410 g of
opdiration Ifat @boat €00bhaunsedalkylstira allesadie catdlystnadbpposigjobywas
gas chromatography, the distillate was found to be a

ex@@ictsd Oftonc osNtrictibng 1iRg. 3B bat vibleghatedf of 16 g / hr, while
bi s(3-net hyl butyl) carbonate and 21. 4% by 15 wei ght of

al ; bdaéednal yt@ 11-1
1.1 BBt AARAC! 2-dif-BAgloky PisBANGAIRS irbdGed 1Al ¥pnqIl1)

+ #dﬂ tcrﬁ-aln %F"g&quat&&? %b%fl1l6lffhpn residue vvas

N, N - hexanedi yl - bi s-carbam c acid di(3-nethyl butyl)
ester. Step (1-3): Production of

N, IT xgﬁnxpeﬁfl yl - bi s-carbam c Acid

Step (1-1): Production of N,N'-hexanediyl-bis-carbamic Acid
Di(3-methylbutyl) Ester
| 1818 g (9.0 mol) of bis(3-methylbutyl) 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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20 Di(2,4-di-tert-anyl phehyl) Ester by
Transesterification A transesterification reaction was
carried out in a reaction apparatus |ike that shown
in FIG 2. 111 g of dibutyl tin dilaurate (chem cal
grade, Wako Pure Chem cal Industries, Ltd., Japan)

and 4119 g of 2,4-di-tert-anyl phenol (Tokyo Chem ca
25 I ndustr

Co., Ltd., Japan) re added tq 618 f
wetesutialdly iqallaetedrand sukigetede's HW&@H@ S|Sh agAd e(rf-%ﬁﬁm was
and stirred to obtain a honobgeneous sol ution which was
tertriveatep|ad diosl poimt hekemethydene demina was no fgnger detected.  As a
distillation apparatus 202 (Kobelco Eco-Sol utions )
resolt- of drdlyzing éRardsulting sgutiemby digquitbchrongtegnaphg,etharssiution

of 0.2 n2 was heated to 240C, and the inside of the

wasHolinf! fo"shain Eb.@ﬁ%%}; BRI AGTUN, Ntetfexankaigl-bisechrbaiiic &cid
ni trogen at nosphere at" atnospheric pressure. The

S0l ut i upplied to the thin filmdistillation
d'(gﬁﬁ‘g&g@‘g‘y@?g%upmy line 21 at the rate of about
12 re. A, mxe Nt ad nJ - | - 1- but anol
an%?e’g,(ir-zg‘i D‘F@llqr{'l-og I@Zﬁgﬁlﬂﬁ&é‘ﬂ@?@gﬁé roma line
25 provided in the upper tion of the thin film.
i e el om oRiE T sten bl Th e RIBER daad LavolLmBlric fask
distillation 10 columm 203 packed Wt hrql_\/emag Ga éee CcY q
eqRippledn gwitisulaz ethregrsaye cYalYe.d . condeRser o distigie ctor an
3-nmet hyl - 1- but anol and 2, 4-di-tert-anyl phenol were .
therepanateedand thieeirgide iof | thei flask wasnrepleged withdiiregen in a
2,4-di-tert-anyl phenol was returned to the upper
vaBatiks orTHef flabk rwdd linnebrséd |ihadm il batrahettes! kO Zbiopt a130°C.
line 26 provided in the bottomof distillation colum

DigffibtioRPag Efedctt iflY ghadasii fecucirigatieatebamm in theliask to
provided in the bottomof thin filmdistillation

a ﬁrﬁ%jﬁ%_&ﬁr&%@?ﬂ?rﬂ’d _et1u4“1r@e§l o{f‘éiisftmgﬁa Wark oBfdlned.a &s a result

carrying ou his step for 62 hours,

o 46y o LTS3 (U W Bali B8 soltin
copbaritgo b B A MBS AB B A A 44 by
weight of isoamyl alcohol. In addition, as a result of analyzing the resulting
distillation residue in the flask by liquid chromatography, the distillation 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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As a result of analyzing the extracted reaction |iquid
by l'iquid chronmatography, the reaction |iquid was
found to contain 24.2% by wei ght of
N, N - hexanedi yl - bi s-car bam c acid .
di (2,4-di-tert-anyl phenyl) ester. In addition, as a
result of analyzing the solution recovered fromline
27 by 1H and 25 13C- NWR anal ysis, the solution was
obtajned in stepdiitl andstioed tavebtgin adomeenpoprstsaytion which was
-butanol. Step (1-4): Production of Hexanethyl ene
théh plemeyddn at feebytaik @0ral A tbircfinpdistifaton apparatus 202 (Kobelco
N, N - hexanedi yl - bi s-carbam ¢ Acid
Eda-$8lufiofls Cloer Ltdandpahg hgling Heslt-eonBudtindeurfade area of 0.2 m?
deconposition reaction was carried out in a reaction

wa}:)lé?{@%tlé(ld%.ﬂd"be ahﬁatheﬁﬁglgg d(fEIQ)E 'ttlﬁn fAm Astilditidnl Apgaratus was

ation abpa_r at us el co Eco- Sol utions Co.,
e i ol Rl aEAUEHE BOAAT e
wassgpeiiedTdhg i, i SRR el 342 Brob (B ptirisate

in a feed tank 301 and, supplied to the_thi i1 m

of gakeyt) 120008 Ag¥ar AuBiXad 1938 copi@IRipg a%ﬂﬂﬁtﬂﬁé@)‘bé't‘?‘”%rand
via a line 31. Aliquid conponent was_extracted from

2 4-ditertagyighanal deas iextrested Hom @nlioe 2hiprovides in the upper
distillation apparatus 302 and returned to feed tank

poBidn of theathihifie dstillatiogaammanatus G rand seppliiedi 1o aglistillation
hexanet hyl ene dii socyanate and 15

colurfin 203 @atkednwith enetal \Geuzex CiYaPiaekingr (Bulzed Cherd@ch Ltd.,
provided in the upper portion of a thin film

SWAtAdridntft | OThaPPRhRitHyl- BBatanb e afids SoUY - EHBANAHeNORS were

Introduced into a distillation colum 303 fol lowed by
ti , e ¢
sobSEAER e Shf)ARE B 208° e a2 3E8LE Mool was

4- di, - - | I ! -
refpadin VY habeupoR R iiThanTsliAes sdhai bRt 4908y Bhe 26
origeed e rechohb B SR D 98 20 S KSR SRRCHAD wes

were recovered froma line 35, and_ = o
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

3C-NMR analysis, the solution was found to contain 98% by weight of
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as a result of analyzing the solution by 1H and

13C-NWR anal ysis, the solution was fouﬁd to contain

99% by wei ght of hexanethyl ene diisocyanate. The

yi el d based on hexanet hyl ene di am ne was 88% 25

[ Exanple 2] 70 Step (2-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (3-nethyl butyl)

Ester . A solution containing 12.8% by wei ght of
3_n4\étﬁ{,|=hg&@a@dl yl -bis-carbamic acid di(3-nmethylbutyl)

gstfr \M(as obt alF nd%%ﬁby carrying out the sanme nethod as

St PfodecabR! 6 HewalriztityienexXDisddyanatef byddhegnal
2230 gpogiLI %9 rret hyI 1 -but anol towa 5 Lﬂy(/%lyurretrlbg nean

De%q?rﬁ%g&ﬁg@hyl Rebe ggwe difl&8is- R pgic e IIJ22 4151-’59rltrel~r)y|mfenyl)

onate and 174 g
Shexfamet hyl ene di am ne thereto and using 28 9 g of
%€hdi um met hoxi de. The sol ution was passed through a

col utm packed with an ion exchan
Ao aGIRomRP B aason ek ca gt 5ol & g Tsreif dpdeTatus
were recovered. Step (2-2): Distillation of Low
likeBtriak shgwRdn FiGGanponent 3373 g of a distillate were
obtai ned by carrying out the same nethod as

( LAZihimffilfExdistillatich apparatus: 36Rclqmbiels &COu%@‘HEMﬁ&O Ltd.,
solution obtained in 15 step (2-1) instead of th

JasahUidvig ebheatasmdusting sprfade Bea A5 0L méswas h@ﬁted to 200°C
anal yzing by gas chronmat ography, the distillate was

ané%%'%rééé Q%%H tH traRoY diswiaBbh apbaratus was set to about 1.3
yl butyl) carbonate and 72. 9% by wei ght of

kPQngﬁbgy%od%&Vﬁﬁ%J\%d H‘ﬁ%g)d 1-BPasasiaded §% ¢l feetftank 301 and

TR R t°%£g""§t“é’m¥$§@d'g§t5'é§“ o)

S“g?‘(‘g rret hnvi‘f ﬁ"Nd ﬁiﬁ?fﬁaﬁé I's-carbam cfacO t 980 8 hr via
a lper3ihedn K@@jaﬁ/ I'%,(? rv%%%egggéﬁea?ﬁ‘)rompé AUCES Motlied in the
bo%p&ﬁgéttfrle% ||tn$ Eégﬁgt% é’gﬁa’}%{& 5& and ré/turned to feed tank 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 PC-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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3351 g of a reaction liquid were extracted fromline
24 by carrying out the sane nethod as step (1-3) of
Exanple 1 with the exception of using 544 g of 25 the
distillation residue obtained in step (2-2) instead of
the distillation residue 71 obtained in step (1-2),
using 92 g of dibutyl tin dilaurate, using 2999 g of
2,4-di-tert-butyl phenol (Wako Pure Chem cal
| nduStep eq2-1t d.Prodaption) iafst d§N'-béxanediyl-bis-carbamic  Acid
2,4-di-tert-anyl phenol, and carrying out the reaction
D|¢3Qheﬂ'®|5myl?$£stérn addi t i on, 246 g of a solution were
recovered fromline 27 provided in the upper portion

of P sghbbh! écﬁ‘ﬁé@i‘ﬁgz ) %‘%g b%#o@elgﬂ? %feNtN HxaAeHiGRBIsLHbamic

liquid contal ne y~ weight of

e I
acly %"@-Ew%ﬁvr‘?@bb G651 ER B B farrving ut {he sgme method as
Pro He th Dii soc anate by .Ther,
te@ec@n%b o Erbpien, k Wb eI eoRal bt ba%iﬁi'egAﬁ%b g of
%)( 4-di -tert-butyl Fhenyl) Ester 10 225 .
3-rgethyi-1 diitareldo gz be etflf:cfﬁw-mwt@@aﬂyae%ﬂ?%n Agdipg1515 g
the same nethod as step (1-4) of Exanple 1 in a
(7.6ea1301)omfa@dﬁamathwlbut!é?t natbmn and H4 92 (id hmalp of
exception of heating thin filmdistillation apparatus
heg@ethyl&¥ Giamiaettheredo tane ysieg 28 @ gnot sodiumhmetttixide. The
filmdistillation apparatus to about 1.3 kPa,

soRk#BR! Whe pdssed splolighoa esllainpecked WP ah2ioR) exohahe resin
thin filmdi stl [lation 15 apparatus at the rate of

(Aﬁ‘lB@H%stg%) bAd! i18gs To., WAh)Cad BoR9 Q'ok sbhﬁlon were

reacti on f ours. As a result of anal yzing t
reéo‘?)e %di on by H- and 13C-NWR anal ysis, the soluti on
ound to contain 99% by wei ght of hexanethyl ene

at S ﬁogaezﬂ%%n% TS oo e
= 37 355 85 ikl Siere CPIAINGH Po-FaIe Sul Big Bymaetigthod as
ste(;)af (1’\-|25\rof hlfx)(a%];;elgl lw_ltkr)wI t?{e exception of using the solution obtained in
step (2-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to contain 27.0% 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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carbam c acid di (3-nmethyl butyl) ester were obtained by
carrying out the sane 25 nethod as step (1-1) of
Exanple 1 with the exception of using 2545 g (12.6 72
nol ) of bis(3-nethyl butyl) carbonate and 209 g (1.8
nol ) of hexanethylene diamne along with the stirrer,
and using 3.5 g of sodium nethoxide. Step (3-2):
Distillation of Low Boiling Point Conponent 2150 of
obtﬁlrﬁz‘dstrl Istet €1-®r esinbt 92 rpdf Wyibuett tigi dpusate, (URNG £¥89 9 of
method as 5 step (1-2) of Exanple 1 with the
4%5&%1%&9\ AEn&ISVIskd: PeresCheiea Industiiesd tdn Japaepinstead of
ead of the solution obtained in step (1-1).

2,4 —%Hta{?ﬁg!bheﬁéi aﬁﬁ@aﬁ%ld@o&tﬁﬁe%ﬁ&ﬂdd frg0yogras  In addition,

stillate was found to contain

24&% %3;% Bélu fign gﬁ{r %qo@gf‘éd? rﬁﬁ"t iﬂ{ g?‘ﬁ:gé% &R frPPRAIHeRRdrtion of

In addition,

sl S i B Ao AR o

contain 98.4% by wei ght of

welgHtof e iahe anadiiihis-samsame 2o A2 drdide iy PRERY) Fster

ester. Step (3-3): Production of
N, N Steax 4Det)i ﬁrguugmpﬁdﬂe@m@ﬁhﬁlene Diisocyanate by Thermal
Di(2,4-di-tert-anyl phenyl) Ester
Debiopipsusitio of Nwthmnéagnbg-mrbam@wd Bif24-gctrt-trdylghenyl)
extracted fromline 24 by carrying out the 15 sane
hod as step (1-3) of Exanple 1 with the exception
using 602 g of the distillation residue obtained

0]
h
DTS B AP Ryt o id e gt e same

mgt:qlg A at gls-%ﬂ?f éﬁgﬁpﬂa ?fin ¥r{a épﬁzfafrat@wikeﬂhﬂﬂﬁhown in

eactlon o Hour s.

Flzéd%é}nh%nqg e aplian O HeRER mE?ﬂB\éﬁ{tﬁlaﬁgﬁg}S%ﬁ%g B0 200°C,
distillation colum 20

settimg then g@sggrezwtmp thget brhglhepfas)fl Iatlc% gSpér%ﬂfé {oogbmlaut%' BOkPa
N, N - hexanedi yl - bi s- car bam c D e g
subplying - thie- seftioampbisiesd | éb&per(2-3)si%pth63“lt5‘ film _ distillation
Distillation of 2,4-di4ert-anyl phenol A vacuum p
%m‘amsvac thenratencf abber 98@rg /At wehkne &4, 2ndoFENg out the
istillation apparatus having a jacketed heating unjt
(RREEATRA DY Houks.Ci Asubatdisalt of analyzing the solution” by 'H- and

136_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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25 (~80 nol ecul ar distillation apparatus, Asahi
Sei sakusho Co., Ltd., Japan), and 73 the purge line
of the vacuum controller was connected to a nitrogen
gas line. The air inside the nolecular distillation
apparatus was replaced with nitrogen and the heating
unit was heated to 150C with an oil circul ator. The
essure in the nolecular distillation apparatus
malb @ GRE(rpetyibutrh carhenathAnsh 201 11 8 BEVAShDERRetylene
step (3-3) was fed to the nolecular distillation
diamirer aiong with tha stirrat, @ndodsing 8t g B godiur methaxide.
rotating the wi per of the nolecular distillation
appaiStépl 63-2 ptDistilkation3FLowpBoiling dodtti Compdrerthe 2, 4- di -
tert-anyl phenol. 1291 g of a high boiling point

Subﬂtwg %f\éea@mraeré %é%btélﬂea BY &naed loub ehePSame method as
sanpl e Collector held at 120C and ‘as a result of

s %g # 'd?g%?%ﬁ qu'vﬂﬂ{:H’(éjg?&éiﬂrcﬁlpm’uswasthéos&lﬁﬁm obfined in

st%q Rrg ﬂexa?%aér %f tﬁﬁl Bﬁlgh?ﬁl %t@g?\%ld lns Eerp é}) 13) As a result of
r@Lv°d“°3'e,${‘q el Y QoS ean 9@%BE¥aﬂm§$4ﬂeh%@3*omd to

4d|-tert anyl phenyl) Ester 15 At
coatfﬂro RSt hyoweighh of |b¢ﬁ{3wa%thafmw)e@ar@9f'atenarad ﬂée{b@ iRy weight
apparatus |like that showmn in FIG 2. 290 g of a
of s8tmethyh 1 vitanolecolreradtifioromalsi me resulbyofc anefizing day liquid
t he sane. nmet hod as step (1-4) of Exanple 1 with the
chemaaﬂig’ramh;pfthé distill atgpraresidusdinl the fiegk wias fohed tocontafn 88.4%
slurry conprising a mxture of 1289 g of the carbamc

byaweigh2er RN HexefBHFI-BistearbHsd a8ia &ii@dhatHydslityln esteep
yew ) and 3422 ¢ o?{l benzyl but yl pht hal at e (%Ear ant eed

reag Pup ca I .
to %rt%%l Y@k@ 301 supp yi h& ?’é#ﬁ{gk?ﬁ?c#%gis calBRA  Acid

Diff Aidi bt I@%}g@rg\g%ﬁbﬁmg,ﬁ%s@&&%n about 980 g /

an result of analyzing

e i A SO ﬂveiaﬁ b7 Bargying out the

h t hyl di t Th | d bas
san?e)-( %rrepiho agns?ep I("I—%?%f?x%n?ple W u‘( | r?e excgptlon oP 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

(680 molecular distillation apparatus, Asahi Seisakusho Co., Ltd., Japan), and
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74 hexanet hyl ene diam ne was 83% [ Exanple 4] Step
(4-1): Production of N, N -hexanediyl-bis-carbamc Acid
D butyl Ester 5 A solution containing 30.8% by wei ght
of N, N -hexanediyl-bis-carbamc acid dibutyl ester
was obtai ned by carrying out the sane nethod as step
(1-1) of Exanple 1 with the exception of using 1479 ¢

(8.5 nol) of dibutyl carbpnate r oduc accqr di :
thet paroReTTonel e YEREIR SoBTBSE fee cBnBRedde S FCUA gk e
of hexanet hyl ene dianmine (Aldrich Corp., USA), and
ThesimipsRiesthg ofolamularodistilation: apRaratis( W@%TRBH‘FSHOWM"' nitrogen
sol ution, Wako Pure Chemical Industries, Ltd., Japan)
and theéhBatingy ahit Weis heatbddo -1B0aCwith aslail droefatorn - Jhe pressure
Distillation of Low Boiling Point Conponent 1156 g of

in ﬁedrhégchla%%tmmn ngaﬁdﬂ@ﬁm reduced o0 BUP4, hendstessolution
nethod as step (1- of Exanple 1 with the exception

ool i U1 ol gastusp sl rsiomidolls . e

or 3 o A SRR PR PR g s
ot St S B 0 SuE RO IR ek ol A ot 4 i

chromat ography, the distillati [ '
boiliag nmhs&%%waf%rej@ys%qiﬁ a‘i&fg&ﬁé&ﬁﬁé potht shpié cBctor

N, N - hexanedi yl - bi s-carbam c 20 acid di butyl ester.

heft @b 120°G) andraxiactdssit of analyzirgeR4rg (ChEPraatog Bl cvas
Acid Di(2,4-di-tert-anyl phenyl) Ester by

folricnee Soatdif i 8atichnbyo@Bignt obf aNNdiexaoediyl-bigreprpamic acid
extracted fromline 24 by carrying out the sane

e e | 2t on resi due obtained |n step

(4- 2)pd NsseRd BrodlBorflictt Hbkahbtyides iDlisecyditate by Thermal
Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(2,4-di-tert-amylphenyl)
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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obtained in step (1-2), using 82 g of dibutyl tin

di l aurate, adding 4566 g of 2,4-di-tert-anyl pheno
followed by stirring to obtain a honbgeneous sol ution
that was then fed to feed tank 201, heating thin film
distillation apparatus 202.- having a heat-conducti ng
surface area of 0.2 n2 to 240C and reacting for 86 5

hours. 233 of a solution were recovered fromline 27
hexametidens ﬁ%“ﬂ@edﬁ%‘%é{%porti on of distillation colum

203. When the extracted reaction liquid was anal yzed

by [Exaupte 4khr omat ogr aphy, the reaction liquid was

found to contain 20.4% by wei ght of

N, N Stexddeli \RrodusticrnohadiN--hexadediyl-bis-carbamic Acid Dibutyl

di (2,4-di-tert-anyl phenyl) ester. In addition, 10 when
Estére solution recovered fromline 27 was anal yzed by

1H and 13C-NMR analysis, the solution was found to

COMY b[LtiBR- g%tls_lagw&iseh@% Iy Mei@H0b: NJUSRexatredihi-bis-carbamic

Producti on of xdmet hyl enie Diisocyanate by Ther mal ,
oo BB 34 e i, B KBRS LA R G BB bidiep (1-1)
or S5HIE L T SRELH A MR 27 h G5 i) B O Elbonte
proecach ABcordicnis ta Maeibpd (o Astednds, EgIE 2P0 Tied (1.7

exception of using the solution extracted fromline

mal} ofnhexampethylane idiarmiead (AeriemCapL uliSh, Bnd yeingqs-3 g of
fromline 20 24 in step (1-3) and reacting for 14

soldium smethexaler 28% tmefhanobhispluting, Wako PoretGhamiogl hdustries,
and 13C-NMR anal ysis, the solution was found to

Lte oUbpam) inWS6 Lbyoluvaegittfoaf-mveitafiasiyl ene dii socyanate.
The yi el d based on hexanethyl ene di am ne was 87%

[ Exargpés (2b):A5isfilfRn(SFLbw BBNAEFSinoDo®bonent
N, N - hexanedi yl - bi s-carbam c Acid D butyl 76 Ester
1156 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 (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
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2091 g of a solution containing 26.2% by wei ght of

N, N - hexanedi yl - bi s- carbam c acid di butyl ester was
obtai ned by carrying out the sanme nethod as step
(1-1) of Exanple 1 with the exception of using 1879 ¢
(10.8 nol) of dibutyl 5 carbonate and 209 g (1.8 nol)
of hexanet hyl ene diam ne, adding a stirrer and adding

3.5 g of sodium net hgxi de. e 5-2): Distillati 0
obtatngdph; Ferg(T )IMS'%%OHG% %ﬁg‘}q@ ﬁ?a‘gg@-sﬁd'ﬁ@@% § of
wer e obt ai ned bty carrying out the sane EEt hod as st FIR
2, 4¢di-tent-amnylphengl| fellowas thy shEingxicepbliagh 2onomepRpePHR solution

solution obtained in 10 step (5-1) instead of the
that elast then febittaifeed tamk 20&pheating) thimdira distillation @pparatus 202
anal yzi ng by gas chromat ography, the distillate was
havify Rohé-couating Sarfaée yea veiDghm?ab 20 gihd ceadiingafioe 86
and 16. 6% by wei ght of n-butanol. In addition, as a

hm@%ﬁ?b?fig oA AN AicROwE fdcaVERCHEMTREODT ppthided irethe upper
St

lon residue in the flask was found to

poi‘%w&@@%g%?%pmﬁﬁtg@aﬁ bg:ri c 15 acid dibutyl ester.
S, oo AT Ty Ll B VB2 i

Transesterification 3554 of, a reaction |Iiqujd
chromatagraainys Fnﬁﬁqqﬂengm% e, folinflgo untain 20! %, by Welgnt of
met hod as step -3) of Exanple 1 with the exception,...
N, NEhexsineglivi4is-gar mibacich@ (A iteTATARNerRd) ster. In addition,

obtained in step (5-2) instead of the distillation,
wheasthéusolatidraremyerad foapling 27) was nalyzedapy gHoend “C-NMR

2, 6-di net hyl phenol (Aldrich Corp., USA) instead of
andly$isdind solttiamwagennd to csmtain AR9%gby weighiut-butanoh

dilaurate, making the tenperature of thin film

di st 'Blégat(hﬂ!?: #Ban@idns o HediRsihgshec Biiisycyamateitby (Termal

reacti1on for 225 hours. In addition, 239 g of a

' N§S iyRBist i Rcii’DIRR Avdided-driyibhenyl

N e e e e

E tracted reaction |iquid contained 18. 7% by wei ght of
SN - hexanedi yl - bi s- carbami ¢ aci d

d (A2 fh%r%la telcqgrlntselPlX% )regdchto%rWas 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 yield based on
hexamethylene diamine was 87%.

[Example 5]

Step (5-1); Production of N,N'-hexanediyl-bis-carbamic Acid Dibutyl
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Step (5-4): Production of Hexanethylene D isocyanate
by Thermal Deconposition of

N, N - hexanedi yl - bi s-car bam ¢ Acid

Di (2, 6-di net hyl phenyl) 5 Ester A thermnal
deconposition reaction was carried out in a reaction

apparatus |like that showmn in FIG 4. Athin film
di stillation apparatus 402 (Kobel co Eco-Sol utions Co.,
Esteqy. , Japan) having a heat-conducting surface area of

0.2 n2 was heated to 200C 1o _and the pressure within .
t he2@%H @ afia gplutienigoniainies 2% By weightsofsiiN'thexapgdiyl-bis-
1.3 kPa. The solution obtained in step (5-3) was
carbamedatid dibtigbedstenmasidtaimed bysoppyingdut the samenmngthod as
filmdistillation apparatus at the rate of about 680 g
stép (1-1Y o Examiplene with the dxogption o opipgerd7 g 61 @& tmalf bedibutyl
froma line 43 provided in the bottomof thin film

cagiaéﬁétb'emd 2000 gﬂﬁ?g AHoMSos aaRsthy1ehe disdine) abieig 4 stiffer and

1 via a 15 lNine 44." A gaseous conmponent contai ni ng

a@%@g‘g)ﬁ Qﬁkg&&uﬂ{ hgﬁ%t e and 2, 6-di net hyi phenol was

roma provi ded in the upper portion
of thin fLlymdistillatd,on [ gaseous
conp gﬂt(éﬁ?sﬂ'sﬁlﬁﬁqo dcﬁfc"_eooYv ?ﬁﬁ@g?%ﬁ%‘#gﬁpgﬁ ?@tn col unm
3P?g%|g&éfegd§ﬁﬁast§?\gér%t tlatgtgﬁiﬁndpt%t X %ﬁ‘iﬁﬁf@ﬂ%’ug %Sme method as
2, 6-di net hyl phenol 20 was extracted froma |ine g)i)é%/ji a, .
stepd 1t2pofoExampledil swith the iexgertben fh using, thengolytion pgd in
conponent contai ni ng hexanet hyl ene diisocyanate was
stemt (Sat) énbtedd ooh the isplution pbwinatedn istep HE-Hi stAS laatreet of
col um 403. On the other hand, a high boiling point

armpsha hyegasachremiatagraptly ftherdistillatenerad Goymab to dentaimB2.886 by
bottom of the distillation colum, and a portion was

wéight b efbLtye edriicite 4pd RD6Y%NBY WeigHticdie1-Bdtandhe g asidition, as

conmponent ‘cont ai ni ng hexanet hyl ene 78 diisocyanate

af llﬁjlﬁn%? %Mﬁ@n Eypggf{% CHRSIAGEPRShY! thé dilitifibiion 264i80e in the

ol ul exanet hyl ené di i socyanate was
b g, EPAARRTDI 89 JghlSy ANl i carbamie
agétd[llﬁau%/leéjstérr oma

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-dimethylphenol (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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line 48 provided in the distillation colum 404, and a
portion was returned to 5 feed tank 401 through |ine
44. On the other hand, a gaseous conmponent was
extracted froma line 49, and hexanet hyl ene

di i socyanate was extracted from a line 52 via a
condenser. After reacting for 11 hours, 249 g of a

sol ution cagntainjng,99% by wei ght  af.hexapet hy|
extirGtedcy atRACHONas 9%86ver89'¥tla Ii1§e70417. Eﬁe ngmﬂ of
based on hexanet hyl ene di am ne was 82% 10 [ Exanpl e 6]
N, [t axanediy)-biseabantic apidodi(AEHImalyipheny)iest®’s- car bani ¢
Acid Dinethyl Ester A solution containing 39.0% b\ﬂl_
wei g8tepo{5-M):NProducioedof |Haxasnethyleasi Diisewyianats rt Hipermal
ester therein was obtained by carrying out the sane
DeBBEREItRR of NN SRxbhediyl-bis-darbamice Acid Dif2 Brdimethylphenyl)
exception of using 765 g (8.5 nol) of dinethyl

Es rbonate (Aldrich Corp., USA) and 197 g (1.7 nol) of
examet hyl ene diam ne, and using 3.3 g of sodium

s b e it e

) of distillate were obtained by carrying out the
ik 47 Shewhda 'Jalb- 420 step (1-2) of Exanple 1 with the

exception of using the solutjQn tain [ te

( 6-ALthinfére distidatiam appgraiys cAP%o Q?fg?‘ﬁ%% ?@-S?Igﬁo?%ch-g Ltd,

As a result of analyzing by gas chromatography he, ..
Jagan) havinge heat-tondeting ssoiecaiaica®! §2 By Wae F@ﬁ%ecfa@ 200°C

di met hyl carbonate and 17.9% by wei ght of nethanol. In
anda#ibtiressureagitiain ties thin firh distilafienrappagatis qvasdset to about 1.3

chromat ogr aphy, the distillation residue in the 25

kPl ashenesiufion pbtdited inistap (98) Washylaved gita feled tank 401 and
N, N - hexanedi yl - bi s-carbam ¢ 79 acid di nethyl ester.

thi ' NMiod axaregity lof Bbeutesdgnihr via
suﬁ@lﬁ%’d (%I%Ehﬂlrr?gﬁﬁ?grﬂt”-ggbnﬂagﬁbény?) Ester by - 9 |

= BEME PB4 P Shapeienan el dioriea n e
bottom of thin film distillation apparatus 402 and returned to feed tank 401 via a
line 44. A gaseous componeni containing hexamethylene diisocyanate and
2.6-dimethylphenol was extracted from a line 42 provided in the upper portion
of thin film 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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5 same nethod as step (1-3) of Exanple 1 with the
exception of using 376 g of the distillation residue
in the flask obtained in step (6-2) instead of the
distillation residue in the flask obtained in step
(1-2), using 82 g of dibutyl tin dilaurate, using
4161 g of 2,4-di-tert-anyl phenol and carrying out the
_reaction for 86 hours. 100 of a sol ut]
diisesyanatecertraciad Ifare e 47 WASRUMPRA R @ d ﬁﬁ%ﬁ‘em'mn 404,
portion of distillation colum 203. Wen the extracted
and dhet heramethylenendiseoyangteewasydistilpd @ff and separated in the
chr omat ogr aphy, the reaction liquid was found to
distithatiami tol2thnl 494 by Aveglyoilimlg point substance was extracted from a
N, N - hexanedi yl - bi s-carbam c acid

linéliaB2prbvitied B freddiliRhiRaytolupt 404, drd adsbrtib@was vétemed to
t he soI ution recovered fromline 27 was anal yzed by

fee]d"{'anﬂ%ﬂtﬁ%w%%%an@'ﬂtﬁb%théﬂ?aﬁ&'#@éﬁbd@éorﬁﬁ&%t was

to contain y wei ght et hanol

{
ex%éc‘é%ﬁﬁ“gﬁ% Bie 58 %”Wﬁa’é’é 07 R aﬁa?%‘i&*%ked from
4-di -tert-a Est 4 of sol

a s 8248 3, SPBEERRY ?ﬁﬁﬁi %%ﬂ fﬂgrﬁ/%ﬁg L?tf% ook b ution
20 nmethod as ste 1 wth the

coptitung 98 By W@gﬁgoi h@xqamvlem d'@PPV%mt@dN@? ErRAVERRA from
24 in step (6-3) instead of the solution extracted

ling¢ 48m Mheyield basadsrdpexameathylepadlizminevag 88l t he
reaction for 13 hours. As a result of analyzing the

solfexample® 1 H and 13C-NWR anal ysis, the solution
was found to contain 99% by wei ght of hexanet hyl ene

di i sgryaEl R Pidticior ol MaBe@xanedigbbiaarb@mnity Aeite Dimethy!
di am ne was 85% 80 [Exanple 7] Step (7-1): Production

Esfdy N, N -hexanedi yl -bis-carbam c Acid D nethyl Ester
- 934 g of a solution containing 42.4% by weight of 5

% nﬁg@@)‘j‘&&gﬁ%l{a@{lqjgéyj)t@w ettt brINTRHansal/RbisiGsbamic
acid dimethyl ester therein 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 6f 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 solution 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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the sane nethod as step (1-1) of Exanple 1 with the
exception of using 729 g (8.1 nol) of dinethyl
carbonate and 209 g (1.8 nol) of hexanethyl ene

di ami ne, and using 0.35 g of sodi um et hoxi de. Step
(7-2): Distillation of Low Boiling Point Conponent 10
533 g of a distillate were obtained by carrying out

the sane nethod as step (1-2) of Exanple 1 with the
acigxyepthybasir. usi ng the solution obtained in step

(7-1) instead of the solution obtained in step 1).

As aSteesul(®-2f Pmdugtiomg afy Hab' -b%mﬁ&hﬂ@*%ﬁﬁ&banﬂ'ﬁe Acid

distillate was found to contain 77.8% by wei ght of

Di(digiiayt-amgiphengl) € sterchy2Trasesterifieatignt of met hanol . In

addition, 15 as a result of anal yzing by liquid

Chh@???otgf ApduttichiRufl weid brracad fremh v 24royt terryifd askthe
to contain 99.7% by wei ght of

e PR oA OB T 2
the?‘.ﬂéﬁglggp f(ﬁ.% loﬁggg%gt)dalﬁéﬁa ] Sk cﬁ’ (E;J-Z)I msteadd of the
dsu“ﬁamé%dt it T3k oPRisen i b (§-2h il 28t BTy tn

of using 395%1 the distillation residue obtajned .
dilaurate, epswqgmm ichet 8a’ddbﬂerft$f§V|@h§ﬂPi a |CGH'YW@5?‘8%E reaction

obtained in step (1-2), using 108 of di but tin |
ford88 houes e,100sg 10f akba@ian were zecswereﬁbfrﬁm mﬁﬁlpmwgﬁéa@the

of 2,4-di-tert-anyl phenol, heating the thin film25
upFéﬁpohﬂoﬁtdefbthﬁﬁm abm:sanQQSto 200C and carryi ng out

he reaction for 250 hours. 81 In addition, 100 g of

a SQhh ofeeBRrA&EQY eFerltibn ONiduidie was pramalydnedl i byt Higuid
upper portion of distillation colum 203. The

ch?%%ﬁ%&ﬂﬂé{( RE b8 'db A ftid w@%@d‘&dc&&aﬁ?@bw %HyoREight of

anediy I s-carbam c acid

B L
whary Qneagéthglég??ﬁgqf)\fﬂl}%ﬁrﬁgm 1R WasChialfhd B '#- a5 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-amylphenyl)
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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Ester 243 g of a solution containing 99% by wei ght of
hexanet hyl ene dii socyanate were recovered fromline
52 by carrying out the sane nmethod as 10 step (5-4)
of Exanple 5 with the exception of using the reaction
liquid obtained fromline 24 in step (7-3) instead of
the solution obtained in step (5-3), and carrying out
the reaction for 16 hours. The yield with respect to
helzxarnpiel Ane di amine was 81 % [Exanple 8] 15 Step
(8-1): Production of 4 . o
3- ( (Stepethy): bRtogLrtory camhbipesanedylHesearoansicsAcid Dimethyl
5-trinethyl cycl ohexyl carbam ¢ Acid (3-nmethyl butyl)
fester 1980 g (9.8 nol) of bis(3-nethylbutyl) carbonate
and 239 g (1.8 nol) of

3- @A hyd - 35 5, Baft fi iehghexypl 4 Al i
Cogggf‘O[%tA ¥ - 33 ggﬁJgFﬁmt '&&hfémhg exiplam ney( Aldsighh  of

) were aced in a L volunetric

ourth- th fl . iy I i;
N ARSI ot caRtun aght Sty lefas Bhidifleq BY carfitg ou
attached to the flask. fter replaci 1 NS
the FRngyBPEIRAAS HRi (gt arier R Tt Bl atian o dind 729 o
imersed in an oil bath (OBH 24, Masu Cor Japan) .
(8 Hemob et cimabalsarbanaavans &P B4 ALY Do areyege Bmine.
sodi um net hoxi de (28% net hanol solution, 25 Wako Pure
anGheimgal3s gafisedivesmethozide. Japan) to start the
reaction. Sanples of 82 the reaction liquid were
sui t Stapy (%0} | Ristiletionnd LewbBaitng #oirg Gevmpeneitysi s, and
the reaction was term nated at the point

3- @YNgEFt A istiBate. Wetd bbRided by Cantyingy bainiheesame method as
| onger "detected. As a result of analyzing the

stég;?(;%wzt) i&%@u@f PRt tHd BXEShtRIY 61MBSIPGI ARSIt obtained in

Fution ound to contain 23.9% by wei ght of

o 2 TP KRS SR oL T, ApL e o
analyzing by gas chromatography, the distillate was found to contain 77.8% by
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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Step (8-2): Distillation of Low Boiling Point
Conponent 1683 g of a distillate were obtained by
carrying out the sane nmethod as 10 step (1-2) of
Exanple 1 with the exception of using the solution
obtained in step (8-1) instead of the solution
obtained in step (1-1). As a result of analyzing by
gas chromatography, the distillate s fou to . .

In @oiditsing 199, @%fH solwipghyers r%%f@@%&?’ﬁﬁ'ﬂ%% provided in the
carbonate and 13.8% by wei ght of 3-nethyl-1 -butanol, .
upber astsitibhoof distillations ablurul 20/ y Aihey exrariaguirgaation liquid
chromat ography, the distillation residue in the flask
colBsndPuUNes 8o Comy ai el 4%f byN\Mirgkanediyl-bis-carbamic  acid

3- ((3-net hyl butyl ) oxycar bonyl am no-

di(?%'ﬁ%{fﬁ}qﬁgﬁ‘rge;ﬂ'féﬁ@ﬁhy' cycl ohexyl car bani ¢ aci d

! ester. Step (8-3): Pr Ioduct ion o;

- 4- die- - . .

. S B AR RSB i eput ) s
21 4- .. ~ = A . . T i fi i

Dessmpesian o TSN iPe patis. AL AIE Bl ithi@Reny)

24 and 221 g of a solution were recovered fromline
Ester provi ded in the upper portion of distillation

col um 203 by carrying out the same nethod as ste
(1-33 of Ekansautivn eantaining S8% pbY owelsht |8 H‘&X@B@tﬁy'ene
of the distillation residue obtained in step (8-2) 25
dilsbsysrate aferehecoverediftam ilios 52:by gaeyiog: litibe semesigghod as
(1-2), using 84 g of dibutyl tin 83 dilaurate, using
sté45-49 P Ex@ntpiél B-wigh theasydaphionasf usirepthiemgaction tigiid obtained
fil'm "distillation apparatus 202 to 240C, supplying

i tj td\einkiigy b tHe selutibh |dbisined inpgep 4648y, and
frc%/rlhglr}%:gg 'f‘?‘ﬂ%bgz :gfint he rate ofS about 1200 g / ﬁpr? and

ca&ﬁ;{iﬁ%ic?ggo e tI%SCﬁ&‘?CHr.onIGf Yours. NOYhHE. y'@etWWitf%h@spect to

eactron [iquid was anal yzed by |i qui

chr omat ogr aph the_r tion liquid was found to
hgREHELs Saing Ve S of

3- (g, 4-di -t ert-anyl phenyl ) oxycar bonyl am no- net hyl ) - 3,

5, Bo@Emple

tsrlyl cycl ohexyl carbamic acid (2,4-di-tert-

anyl pgteegyl ) ester. | {18_?9dl tion, V\henPFOhdeucggkutl on of

3-((3-methylbuty|)oxycarbonylamino-methyl)—3,5,5-trimethylcyclohexylcarbamic
Acid (3-methylbutyl) Ester

1980 g (9.8 mol) of bis(3-methylbutyl) carbonate and 239 g (1.8 mol) of
3-aminomethyl-3,5,5-trimethylcyclohexylamine  (Aldrich Corp.,_ USA) were
placed in a 5 L volumetric fourth-mouth flask, a stirrer was placed in the flask,
and a D‘imroth 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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recovered fromline 27 was anal yzed by 1H and 13C NWR
analysis, the |o solution was found to contain 99% by
wei ght of 3-methyl-1-butanol. Step (8-4): Production
of Isophorone Di i socyanate by Thermal Deconposition
of
3 ((2 4-di -tert-anyl phenyl ) oxycar bonyl am no- net hyl ) - 3,
, 5- trinmethyl cycl ohexyl carbam c
thE( .D_eaﬂl@n licwia wars Pty Cplletad ;and@ttwc@@?o NMR gpalysis, and
sol uti on containing 99% by wei ght of isophorone
thali i socreaatiom 15 wase r ecderenindteldr om | iale 52 Bye point
carrying out the same nethod as step (5-4) of Exanple
3-aminiohiethyie3, 6)5kiptathpicptloheatlaming wastit foriger metected. As a
distillation apparatus 402 to 200C, naking the

reéiﬂﬁéﬁé‘r‘ié?yiiﬁg ke rddlithhd éblﬁ’tlé’h BYitigupd b%n@@@ﬁa@hysth@bﬂutlon
kPa, feeding the solution obtained in step (8-

wag.o f.elqﬂ uh@nk 404, supghidifg t°231§]‘fﬁa: hlt% fil mwe|1ght of

istillTatron apparatus via |liné rate

(?2?0 i D?Igut)%ﬁéy%rgpaﬂ%gﬁrg%-%iq&ﬁ% %95 glfnmemylcyc?ocntexyp for
- am hI-355tr|msthIc cl ohexyl am ne was 83%
Ca?b,g[%{ gﬂﬁ Rajiputyl) psterpy OéUC%/I on ofy
3- (butyl&zcarbon Iam no- net hyl 5-trinmet hyl cycl oh

5
exy| Starp@wk Diglliation of ngﬁoulag@i?plrwqmom met hod
as step (8-1) of Exanple 8 was carried out with the

exd&pBi wof afdistdiatey wesd @bjained by cavtying butitheusgme method as
carbonate, 255 g (1.5 nol) of 3-am nonethyl -

step B61-2) of iErainipié cly alibhitrey xceptionasfdusing tbe odolwtizi oained in
mat hoxi de. As a result of analyzing the resulting

(&t1i) ciRskad bfithd ﬁlumtdtﬂém@aym 5 $139! ulson MRSt of
ound to contain 20.0% by wei ght of

anéryﬁf?\gb;ér(%géé’ %ﬁf&ﬂﬁﬁgﬁétﬂyw{ﬂ@agﬁlatﬁ?wé Fbu% t%élggég@% by

exy m c aci ester therein,
el L 08 T ALTE, ol pEATIRIRES B oyhight o
3-metthy?-q-bu§anol. In addition, as a result of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 99.4%
by weight of 3-((3-methylbutyl)oxycarbonylamino-
methyl)-3,5,5-trimethyicyclohexylcarbamic acid (3-methylbutyl) ester.

Step (8-3): | Production of
3-((2,4-di-tert-amylphenyl)oxycarbonylamino-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 distiliation 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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10 step (1-2) of Exanple 1 with the exception of using
the solution obtained in step (9-1) 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 89.2%by weight of dibutyl carbonate
and 10. 0% by wei ght of n-butanol. In addition, as a

result of analyzing by liquid chromatogra he ,,... ¢
dilairate, | LarCooREai I DB DIRERoha R g e thin  fim

contain 98. 7% by wei ght of _ . L
disBH4tinst \Hppasatas 0% tan24 Cresupplying thesselptiantaythe, ghigpfilm

exyl carbam c acid butyl ester. Step (9-3): Production
disBfiatich Gbparktds vie féedlingl Pheythp oaye af Eheut 4400 g / hr, and

no-net hyl )-3,5, 5-trinethyl cyclohexyl 20 carbamc
cafifirt) did s HadthltoPre Yophenyl) Ester by

sesterification 4077 g of a reaction liquid were

eXyBEH CGnbr OBfddiEd2 FedRfiod Ticid! vl Seilyjzen ey e liquid

romline 27 provided in the upper portion

of distillatjon ol um .. ] t i
CW@PW&@%@%?'&% r?a&@ ﬁh'éxq’garr%roe&@{ {/c\/l)y%ﬁqa?ﬁg?g%e T\ o ht of

of using 525 of the distillation, rges i i
3-gediramyipBenuay cabvam BPiRyY ic & SruBglohBxy!

using 3751 g of 2,4-di-tert-butyl pE_‘enoI ) S oﬁjt ai 0 ti
casbanieoged @ distertarphred) ia8tET hin eAARioR; When the solution

distillation apparatus 202 to 240C, repl acin

the .
retovarde fodbmt Hiee t 27 nvas | analyzed Iblyafmorﬁ”&ipp&'ﬁ{'\ﬂjg Analysis, the
nitrogen at atnospheric pressure, supplying the

soh@lom was fdund teecdritain 96% oy dveigiht ofd-methylelbataaols vi a
supply line 21 at the rate of about 1200 g / hr and

carr g9 @), ProaachicRcbf oRopRorcdé (Dilscyakiien heThermal
recovered reaction liquid was anal yzed by |iquid

D%%ﬁ@%@%_@?@ﬁ(%&%&%rﬁ%ﬂﬂ;Sl"ibﬂyjl)%H&ébrb@ﬁylbﬂﬂﬁ@-nié!hyl)-&5,5—
e L e A
(2 o A RN 0 b Pt

w;arlg re%%?/érle%%rol\lminaenglz %/i gérrii#ge 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%.

[Example 9]

~ Step (9-1): Production of
3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic Acid

Butyl Ester
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solution was found to contain 98% by wei ght of
1-butanol. Step (9-4): Production of |sophorone
Di i socyanate by Thermal Deconposition of
3-((2,4-di-tert-butyl phenyl)oxycar bonyl am no- net hyl ) -3
,5,5- trinethyl cycl ohexyl carbam c Acid
(2,4-di-tert-butyl phenyl) Ester 15 271 g of a solution
cont ai ni ng 99% by wei ght of isophorone diisocyanate
welTbe rszcn enathod rasnstepri@- bobixampley Briwan garrdtkovhith the
met hod as step (5-4) of Exanple 5 with the exception
excfptiopadfi wxing 2840hy (M3.51moklic dibutplt carbonaiea2&bug (4.62mol) of
to 200C, making the pressure in the thin film

3- éi'ﬁlﬁbfn'e'tr%lll 915 SRR Iy cRBeXjlahife akiP2.9 besfdouiur mesthoxide.
solution obtained in Step (9-3) to feed tank 401,

Asséjﬁ]g%t?(ﬂ g f&% g%ﬁ}g&ﬁ‘% Fégd"tlrid lsg‘ugbﬁtb ||é\§|b°(§hré dg}hbﬁy, the

e rate o ut 6

So'Hﬁééél 2 OUt &FP BI °3 é’q% rf“ mgyﬂ cyc ohexy?gm ne °

3- (%M%%@%bﬁﬁﬁ@ﬁ?ﬁéﬁ&%ﬁgc duc%carﬂal% ¢ acid butyl

tri met hyl cycl ohexyl carbam ¢ acid Butyl Ester 86 A
estebtharen cont ai ni ng 25. 1% by wei ght of

3- (but yl oxycar bonyl am no- net hyl z_m 5-trinmet hyl cycl oh
exy| Stpu(@2)c Distillation of Lowddniking int Siormpanant by

carrying out the same nmethod as step (8-1) of Exanple

8 @OVbB d baalistitiate eerebbtained by Ha4erying aut thensame onethod as
di butyl carbonate, 272 g (1.6 5 nol) of

stepr AR OFELBMIIS, B whitht thienduptio cdf oy lthei sotutimmdoBiaines! in
of "sodi um nethoxide. Step (10-2): Distillation of Low

ste?g'(é 12918€%a@t o@ﬁ@%&ﬁ@ﬁor;%?alﬁe@fmas@ t1-h).at aswar gesult of

y carrying out the sanme nethod as step

ané@zﬁ%g oA, S e
i e U

found to contain 85. 7%
a result of analyzing by liquid chr%matography, the distillation residue in the

flask was found tq contain 98.7% by weight of
3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyicarbamic acid butyl
ester.

Step (9-3): Production of
3—((2,4—di-tert—buty|phenyl)oxycarbonylamino~methy|)—3,5,5—trimethy|cyclohexyl
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-butylpheno! to
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wei ght of dibutyl carbonate and 13. 4% by wei ght of
n-butanol. In addition, as a result of analyzing by
liquid chromat ography, the distillation residue in the
flask was found to contain 98.9% by wei ght of 15

3- (but yl oxycar bonyl am no- net hyl )-3, 5, 5-tri net hyl cycl oh
exyl carbam c acid butyl ester. Step (10-3):
Producti on of

obtair{ ahomagenaousesaiyiion dieating the dhipdity distillaioranpargtus 202
5,5-trinmethyl cycl ohexylc arbamc Acid

to $220°C Gepracirtetheyihside y the s &im bistifatiors epparats with ngrogen
20 3067 g of a reaction liquid were extracted from

at 'dtﬂ%séﬁeﬁé‘%r@@&lrﬁ Qfup ﬁlywﬁgﬂthé | spiutieer ¢o rtheothin didimf distillation
|ne 7 provided In e upper portion of distillation

% L;Q‘V%O%ﬁiﬂn%qlﬁé 12’1' HUfatd e 2bRGE 1080 g?ﬂ h]aénatdéi@lgrlngg out

the exception addi ng 7
of di Iarateto 560 of the distillatio
th?@:ﬂ%%&%ﬁ%bﬁg%‘ [ nustep (10- 2),gaddi ng 26|4§ Ig of o
6-tri hen rich,. 25 , d TP
usNNBe'T'n BE ?ﬁﬁ%ﬁﬂen‘é%@%?%ti i{?ﬁ)zﬁggt b¥19 liquid

the thin 87f|Imd|st|IIat|o parat 2‘5 220C ht of
chraspataTaRint e MARFIE WUiE s TRUAc ta chnains |7 an opeant o
apparatus with nitrogen at atnospheric press
3-¢agptisterteoutylphesy)anycarbonylamisotethyid, .Sﬁ'mqtmylawlfa*hexy‘
apparatus via supply line 21 at the rate of about 120
cagifdmicaacidc(@, 4-yii-tart-butylphenyt) eester. orinf additien wben shessolution
When the extracted reaction |liquid was anal yzed by

reboviited fremr aRat Zonegdanayredr egctii-omnti HiO-NMRsarialysie, the
to contain 22. 7% by wei ght of

so@tﬁéaué]sﬁa d o@rﬁ‘#h%@@ﬁ&wﬁéﬁfmﬁuﬂaﬁm no- met hyl) - 3,
trinmet cycl ohexyl carbam c acid

Soi st 14 5;%'?@98%"} ?'St'%%'}d"%g‘gdgﬂgéosganaté’”% tfifermal

Y e o D
tnm nqng algge?r%ho OH ?2 12' dlsterctyb tﬂpﬁer%y ) Eh{e (mal

3-((2, 4,6-trinmethyl phenyl ) ox carbonxla no- net h Jr)
,5-271 9 'of a solution containing 99% by weight of isophorone socyanate

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 appai‘atus 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-

trimethylcyclohexyicarbamic acid Butyl Ester
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tri met hyl cycl ohexyl carbam c Acid

(2,4,6-trinethyl phenyl) Ester 286 g of a solution

cont ai ni ng 99% by wei ght of isophorone diisocyanate

15 were recovered fromline 52 by carrying out the

same nmethod as step (5-4) of Exanple 5 with the

exception of heating the thin filmdistillation

apparatus 402 to 200C, nmeking the pressure in th

thifh il 8Piep; || aﬁOBF?'@BEar at &> Bout 1PV kpyeight of

feeding the solution obtained in step (10-3) to feed
3-tasioxyarbenylaminosgethy!)-8 Bedtiimathyidysiciesy icarkamismcid butyl

apparatus via line 41 at the rate of about 680 g / hr,
estardv@9 cbtaimgd by carryirigheutrtbectanee nfedihod 4sebep $8-1TIoé Example

yi el d based on

8 Witiathé eRE ptidm oF iy 1849%t (1Y Zivel Qi”ffﬁfb(ut nedrbomae, 812% (1.6
[ Exampl e 1d:;Lt] rTStep"‘lg_Egll 1?9 (Igroduct)l on of 4 © 4

mal) (dfeé iRSHeR 1Ay Bﬁg}ﬁe‘i’n)ﬂggfélﬂﬁé gﬁarﬁm@ EhH”@‘IhgnSV%beium

hexyl carbam c dcid ' 2 Est 88 A sol uti

mé:%tﬂ LA i.ni ng 33. 6% by wei ght of
? hyI oxycar bonyl am no- net hyI )-3,5,5-trinet hyI cyclo

hexy LG th bt ai ne by
carr F’E‘E‘??tﬁ 'I%zg C’r‘é‘%ﬂ’ogc’@ gt\gi%(? R?n%ﬁa Exan'pl e
8thhthe exception of usjing 1323 nol )
di r?éﬁ?yg oéé\(glghgqtg wegegg)ia@e Zbylcqfﬁylyg @,ut the safme method as
3-am nonet hyl -3, 5, 5-trinet hyl cycl ohexyl am ne and 4.1
steff (1-2dcfUxareplBokivdth the epceptioropf usingt thel selution @bta_wd in
Boi l i ng Poi nt Conponent 1111 g of a distillate were
stemt(a0+ie dinbteadaof ihagsabutiont lobtaiaed inestepd(las). sAem result of
(1-2) of Exanple 1l with the exception of using the

anabjzirid by gabtahrdvadtdgnaphyy tisé elisti(ate as fogiccadcaitaintes.7% by
sol ution obtained in step (1-1). As a result of

wél@ﬁ‘(' MZdIBthWaI%%afé‘éﬁ@ﬁ%Q%Welg‘hh Bf ﬂHﬁItbhélat fh ¥8dition, as
found to contain 86.7% by weight of dinethyl

a F%yﬁoﬁg%ﬁal?ﬂﬁglﬂy ﬁg/iall v ana?r%fyhgefl'géaaﬁlllllaﬂdh residue in the
ﬂagfgr om%ao&r ap@ﬁhdt he tgi St 'con‘?é hon rQ%?’é‘%ue '@y t hewelght of

3-(butyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic acid butyl
ester.

Step 7 (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 dibutyl 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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flask was found to contain 99.1% by wei ght of 15

3- (et hyl oxycar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl o

hexyl carbami c acid nethyl ester. Step (11-3):

Producti on of

3-((2,4,6-tri-met hyl phenyl ) oxycar bonyl am no-

nmet hyl ) -3, 5, 5-trimet hyl cycl ohexyl carbam c Acid

(2,4,6-tri-nethyl phenyl ter . b A P
filnT digti atiere EPPREA S 2259/3&{:% ng%@?@ﬁgfthsa'f’?'gﬁ ¢f.the, fin film

was carried out in a reaction a p%ra,tus like thatl. the
distilhatiom iapp&iaBis zuutrnMO@erbfataam&%R e PESFEHER weRPYING

extracted fromline 24 and 118 g of a solutjon V\ﬁre
solLB6R\E RS thinofim distllatforpapparssds ivie swephiiper2 &t the fate of

of distillation colum 203 by carrying out the sane

A% ahHearfyingoutthe Fsaotidrefat 180tHoURS t he
abéﬁtéﬂ%‘%j?on of ad ingg 99 g of dibutyl tin dilaurate and

40 of,..89 t rieBegbmY | ligeienebast 0 ahélfyzgdof by hdiquid
di g/t% Iattpgn ?égl %de obt ai ned icﬁ] step (11-2) and

[ in.th ; ; :
chéjchlggtggi'a?pi}yi, ﬁ}é ?%%Est@h |F%L{|‘8 WfkﬁﬂdstoS@éMéinom.ngg l,\ﬂ@‘lght of

ron apparatus 202 to

G RStV 2. 2
impcyclaheny isaEhaipy e .36t Rupay FbiShp o f ackllion.
wiep it son shcovered i IPPGRA tvaahallend ParbyAd G IMR

chromat ography, the reaction liquid was found to
arafy¥igithe 28iUkYn wastelghtto contain 99% by weight of 1-butanol.

3-((2,4,6-tri-nethyl phenyl ) oxycar bonyl am no- et hyl ) - 3,
5, 5glépt ({0} hPrededtidneofl ¢sopimmome aDiigbcyanate by "Thermal
(2,4,6-trinmethyl phenyl) ester. In addition, when the

DS Hha o BF Qé(lﬁiéll&,@-t_frih%f%!bﬂén?%martﬁfﬂ@lam'ad-rbgthyl-)l-s,5_,5—

ysi's, e solution was found to

bR ReyRarba ARl 2Tes ety ey Ester)

on sophorone I socyanate by Ther nal
o (0989 41 % SPEbn FopIrRD 332 oY eis! ShissBnoren fisogyanate
wérSe_ 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 (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-(methy|oxy¢arbony!amino-methyl)-B,5,5—trimethy!cyclohexylcarbamic acid

Methyl Ester
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15 trimet hyl cycl ohexyl carbam c Acid

(2,4,6-trinethyl phenyl) Ester 368 g of a solution
cont ai ni ng 99% by wei ght of isophorone diisocyanate
were recovered fromline 47 by carrying out the sane
method as step (5-4) of Exanple 5 with the exception
of heating the thin filmdistillation apparatus 402

00C, Ki i ng t he essure int thl film
i 11 afPBHO8ppar 6?108 BHGut 1%&% kPa, \'f eedi W§idHe  Of
sol ution obtained in step (11-3) to feed tank 401,
3-§n9fﬁw§ﬂxmganb@nykan@n@ﬁn¢ihf/ﬂaﬁ 6rt§matmsd@yqimh@wmaamg: vi aacid
line 41 at the rate of about 900 g / hr, and carrying

methy| ebier messc bbtaingd by Tariyng sut tﬁeesamelrdewmieds astep (8-1) of
3-am nonet hyl -3, 5, 5-tri net hyl cycl ohexyl am ne was 79%

Exdrisles with Zle drcsptiin dflibidg 1328 gdual7 adl)0df difidthyl carbonate,
Bi s(3-net hyl butyl) -4, 4" -net hyl ene-di cycl ohexyl

35725 hanede)) 1&1§aﬁw|ﬁ&n5tHWb)5 thrsr%bﬁ{y%mﬂé&ym|ﬁé)and 41 g of

car bonat e and 273

sdaﬁ}ntm?qﬂsggg(cycl ohexyl am ne) (AI dr| ch Corp., USA)
wer

aced’in a5 L volunetric fourth- m)uthhflask a
he f Di th 5
iéhé@ﬁ%ﬁ%ﬁ E?atﬁ%gowg& S 58t PRRE GRSt he
i L THihor BT aaa b nad Y ERmITG-BHLE SAmaMsinod as

bat h (BH— 24 Masuda Corp. , Japan%J heated to 100C
step (1 EExarople hadth the exeeptiorsot usingsibei sefutien iebiained in

to start the reaction. Sanples of the reaction liquid
stowr(d1-d)i instslag oblthe ctoduticsm dbkaigd din estep o INNR ahwmlay sesylt of
and the reaction 10 was term nated at the point

andlyingrey gk emedrnalotyspio), ey distilate) wae sounal {cotwain 86.7% by
detected. As a result of analyzing the resulting

wéiQIHtUbi‘ @iyl ¢iBbRateCAR @RI rb}p\w?ghi I nfethHhOION INRRIdition,
ound to contaln 34. 3% by weight o

car %m gﬁé@fd st|{3§'%?hgn O?CI-' %lﬂﬁ':ﬁlé "psidue in the
ﬂasglt glt ne bynfzog'hg)lusnéggﬁt Q‘ToﬁLauga §Qh;ei ﬁggeab\&ere welght of

3-(methyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic 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-methylphenyi) 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 tine 27 provided in the upper portion of distiilation
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
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step (1-2) of Exanple 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
anal yzi ng by gas chromat ography, the distillate was
found to contain 77.8% by weight of
bi s(3-net hyl butyl) carbonate and 21. 2% by wei ght of 20
3-methyl -1-butanol. In addition, as a result of
2 4e8iry@ihyphencl ts6T g afitherdistiigtiaptigsiduaopised in starol 1-2)
residue in the flask was found to contain 99.0% b%/_ _
anc‘!"euéi iAf the F6@n st By hbrogehedud' sotetitryl baating the thin film
di cyc ohexyl carbamate. Step (12-3): Production of

dusﬁ‘ %{ﬂ%\ Aé\;i‘) tﬁ%azgﬁyﬂoph%y(t)r'réplécm@elﬂi‘e”|ﬂ§|de of the thin film

mat e by Transesterification 25 4702
of a react,i r Fd8Ukd NS madthe
d'sgﬂ P GPP ratg%r\g@%trgﬂé\ﬁm@esﬁ% ver i(ea:dbfrorl?l1 mg@ﬂ; 0
rovided in the upper. porti
sobiian s BartFin g SRTeHET ahg 21t i SLeply P2 Ahg e of
Exanple | with the exce tlon of %qu%7ng
abdirbi260 ot ini aaH | carYIkodhe 188% ‘%‘ urs
2,4-di-tert-anyl phenyl to 547 of the distill
r eaNHer thbt reiaction i liausd eyas( @Qaly;e@ yhHauig RBrama %H@Ph% the
form of a honbgeneous solution, heating the thin film
reddtiin | Im?Jmpn apar dowsd 20B t oCOBII0, %{gﬁ%m gy t hweight  of
i nsi de thethinfilm distillation apparatus with

Q%f“ﬂ??’gﬂ‘?ﬁ' he thin ?ﬁﬂ?@??ﬁ?ygﬁﬁgﬁgr ;Pﬁs Vi a
oyt o ey s
g sgwu?azbﬁ. YEPRLFRCZE e apeed v o
oS S aphr o (BRI 957 %%W&fa“%t;‘s"g'hexy

fr omHeRe ( Br4lia T e pre o oordle DIt Rflgle 6y oFRmai

anal ysis, the solution was found to con ain 99%
Deomposiben of B-(E2 - figrethylPhany vcagr;acg}y Jip z;rye?th) -3,5,5-

Production of Hexanethyl ene Dii soc anat e é)g/ Ther nmal
trimethylcyclohexylcarbamic Acid (2,4 6-tr|methy phenyl) Ester

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 distiliation 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 900 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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Deconposi ti on of
Bis(2,4-di-tert-anyl phenyl)-4, 4" -net hyl ene-di cycl ohexy
| Carbamate 287 g of a substance contai ning 99% by
wei ght of 4,4'-nethylene- 20 di (cycl ohexylisocyanat e)
were recovered fromline 47 by carrying out the sane
met hod as step (5-4) of Exanple 5 with the exception
of heating the thin film distillation apparatus 402

Bis(3nrtogpulyikd Agmetiyipne-giayelohexyk Garbamates i | m

di stillation apparatus about 0.13 kPa, feeding the
sol| 8138 qn(Gbtradled bis{3anheihylbutyt) sarbomates and t27i3kg 40.8 mol) of
supplying to the thin filmdistillation apparatus via

4,41 metrdferebidbydibteytaming) (Alpich G&H.,dJSAhweraptaced ina 5L

carrying out the reaction for 11 hours. 92 The yield

VOIP@%@@&{O@%E%%%&@{ ol By |irﬁ'ffﬁé“ﬁésk{\/€h$1d8é‘%imroth

Pr oduction o

Bi ' \ g L h _

BRI W o RS Mt o o

nsPe SRS M ) oo S B P 5 Rt an o

batft (G-, MRS GO+ SPARLICa M BBy By 1 acition
carbonate, 315 g (1.5 nol) of ] )

of 2,5 9-ofesdniumneiethpdige tostary therrerstioand Samplgs 6f the deasHon
met hoxi de. 10 Step (13-2): Distillation of Low Boiling.

liqiRdiwereGauitabheodllettdD agd stibpectids ta NMR @nabyisis, epddhadgaction
by carrying out the sane nethod as step (1-2) of

wabXampinatdd et tHe pbiat @xr-epithpienebis(siciuhexplaningéwvasmo longer
obtained in step (13-1) instead of the solution

deftiéd nedakn St Rk 1ot) andyzing aptl tresiitingnablutibng by liquid
gas chromat ography, the distillate was found to

chfiaBhert, oo Sobfoti T WaS] RincGiS  SomBITIA#aRY b, weignt of
bisg by ko 7R e Pl RN FBindle: ke 11 ask
was fS?eupnﬁ 2t-8):%qsr:]ttli%itign %? L836° Boiling Point Component

1034 g of a distillate were abtained 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-methyibutyl)-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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by wei ght of bis(3-nethylbutyl)-4,4"-nethyl ene-

di cycl ohexyl carbamate. Step (13-3): Production of
Bis(2,4-di-tert-butyl phenyl)-4,4"-methylene- 2 0

di cycl ohexyl Carbamate by Transesterification 4987 g
of a reaction liquid were extracted fromline 24 and
238 g of a solution were recovered fromline 27

provided in the upper portion of distillation colu .
sol208n hyereascovergd daim tihe 2 arevidet o theayPRETRPHIEN ﬁ’f disiilation
Exanple 1 with the exception of adding 90 of

g9 :
bk By SarfiihgslLatiee sahedbithogl as sk (1-3) of Example 1 with
Cog{nﬁ?di -tgrt -ﬂu% phenol to 633 g of the distillation

th% gé')%né%guﬁiogb%?i Qg&ngn@t &P dfl3ityl ¥R aildutaté ngndn48b@ g of

honbgen€ous sol ution, heating the thin film

2 £t LaLi 90, APRosRt HHrANZ d<Rdiirediald abiateed inSstep (12-2)

distillTation apparatus wt
nitrogen at ajnospheri,c pre , nlyi the in fil
angloMstNGo ttget {%mt H?r@ qurﬁ%é@#{lﬁ g? !{g@hapﬂ;%rt@pughev itgm m
supply line 21 at the rate of 5 about 120 hp. a .
distdletigh ngpraratush @02e 2 t385h  orePIEIRG g, | ‘gengcéfhg‘e Win fiim
reaction liquid was anal yzed by |iquid chronat %aphl)( th
disthiation eapparatus Mithi oitiegeny gt RIMOSPEBHE HTRSTYCgFURpIVINg the
wei ght of

soMitlr2tot it triie Milmbdistilatioargpparatus viessuppheliee &lcgkieneste of
yl carbamate. In addition, when the sol ution
wehas fif &ia Lamging dutese rezatipa dor 5§ hoarsl- and 10
aHl(%‘égNNRQ‘gnal ySi s,m{ﬁhg sol ution was found to contain

99%pfherBiihbadiion RodB! ub -hatbiecR g liquf aghrérhatobraphy, the

Producti on , 4' -met hyl ene-di (cycl ohexyl i socyanat e)

by,. Ther. sl I tion (Qf tain  182% b weight of
regr\ég?r}, 45'8?'-(1t ES'?é-i%ut yuBHenJ?) O et hyl ene- dlycycl ohex

oikia, Sl ey e PSR Ctstalmatg?e B in
a@mégiga.é@fég‘éit{mggscﬁ@% lrelg%%g%ijrrﬁﬁgwc Eﬁéﬁ?nh%?g:éneafl(@gf?gﬁw and
ENDO s e hOpER e TN ArERR S By WRignt o
3-methyl-1-butanol.

Step (12-4). Production of Hexamethylene Diisocyanate by Thermal
Decomposition  of Bis(2,4-di-tert—amy|phenyl)-4,4'-methylene-dicy,clohexyl'
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 film
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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di stillation apparatus about 0.13 kPa, feeding the
sol ution obtained in step 20 (13-3) to feed tank 401,
supplying to the thin filmdistillation 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" - met hyl enebi s(cycl ohexyl am ne) was 83% [ Exanpl e
14] Step (14-1): Production of '

ThBi yheltHaséd 4n-4dtimgtryhenatiisigyclohexyaming was 84vat e 94 A
sol ution containing 29.0% by wei ght of

di bekathpke #3]- met hyl ene- di cycl ohexyl carbanmate was
obtai ned by carrying out the sane nmethod as step

(12- erpf Exanmpl e 1 13Ni1;;h t he exceptpraguétiortsi ng 1696 of
g (9.8 nol) of dibutyl carbonate, 315 g (1.5 nol) of

5al 4 L,epehi I ' 2.9 f
B8 gt I G GYEre AR LRI 7 Low
Boi J i ng Poi pt Conpanent .1409 f di sty )l ate
ob ingdsﬁyﬂgﬁrrg})ﬁaﬁ@ﬂ'%he gg%e“f?et hoowas s\{vé?h? of
(1-2) of Exanple 1 with the exception_ of using the.
biGrromtha puBe LA e thylene ] GeBaBale opaeBtined by
solution obtained in step (1-1). As a result of 10 .
cagyiig/itihe wamemetndaaswf BiAn) ot Rxample 1u$ Wé‘?'ethﬁéécemm“
found to contain 84.0% by weight of dibutyl carbonate
of arsihgl 48 986ch(0. Genaihtof dfis(@-methytimityl) carkangte. 31 gak!-S anol) of
result of analyzing by liquid chromatography, the

4 diabinyleridbigicydshakytamime) bed X 9 gf sedini mettoxide.
contain 97.3% by wei ght of

di but 5y i ' inta@drh wt. 15 Ste
{135yt 33 bshenor Lo Bbmhg PnBupones. 15 S cp

S S DR o s ol s o
sk PGB LESHE 6 PILADIR, B 300 sy e
SRt O S B8 RO SRE Bl o
analyzing by gas chromatography, the distillate was found to contain 82.6% by 4
weight of bis(3-methylbutyl) carbonate and 16.8% by weight of
3-methyi-1-butanol. In addition, as a result of analyzing by liquid
chromatography, the distiliation residue in the flask was found to contain 98.0%
by weight of bis(3-methylbuty!)-4,4'-methylene- dicyclohexyl carbamate.
Step (13-3): Production of Bis(2,4-di-tert-butylphenyl)-4,4-methylene-

dicyclohexyl Carbamate by Tfansesteriﬁcation

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
coIan 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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20 the exception of adding 89 g of dibutyl tin

di l aurate and 3447 g of 2, 6-di nethyl phenol to 595 g
of the distillation residue obtained in step (14-2)
and using in the formof a honbgeneous sol ution,
heating the thin film distillation apparatus 202 to
200C, replacing the inside of the thin film

distillation apparatus with nitrogen, at atnospherig. ..
anbriesnania. thalsat of 5t ReM26eEBPYT | SHLE ¢ ReaTTd ¢ | fin fim
distillation apparatus via supply line 21 at the rate
distiatichs appardtud 2202 do/ 248°Gindeplacingi g doside hef ke cihin film
for 350 hours. Wen the reaction |iquid was anal yzed
dishatldnd dpgacitu® et giepgen dthatmosphericopresisys, dsupplying the
found to contain 16.8% by wei ght of '
b AR Apfaratie iy & dineyz! ahehy Irate of
SO‘?Q‘?@?\%&?@.tmﬁnmgldglrétﬁi"%ﬂ#?n SP%en t he s%¥i on recovered
fro ' ﬁ.[qag] Ll-sle G NWR
ab?xwa{%dsq Qlﬁr %ﬁg"(’%grlyu o%tzt\ﬁgsng%%ﬁ?cﬁtr gegg)rﬁi n 97% by
wei ght of 1-butanal.. St -4) . t
4 Yoo i eREIGN dayid SRB, ST LA LY. FAEL G onRtography, the
Deconposi tion of . :
reagition2, dickichet WaF ph&HNG - 404 GRNRD er?g:%%cyctfyohe\%?/'lght of
Carbamate 10 313 g of a solution caontajning, 99%.by
bis{detittedibutyiphemdi-hA' sribylgnedieiainsy is&gmts) In
were recovered fromline 52 by carrying out the sa
addiohpsvhes thieegol(ifior recdverad fisine lipevd 1 wasw@xa%bbygﬁl- and
of heating the thin film distillation apparatus 402
13¢ MROSnalyBisi Nbiet belufiorswas efoundt te ddmtainf PA% by weight of
distillation apparatus about 0.13 kPa, feeding the
3 Selii1sutaRbri ned in step 15 (14-3) to feed tank 401,
supplying to the thin filmdistillation apparatus via

i h f .
bt SieP (T4 Brodicfioflofihuinelitfieds dlioy deaibscyenate) by

eaction tor 15 hours. ‘The el d based on
4, 4' -met hyl enebi s(cycl oh ] s 80% [ Exanple of
Trﬁﬂ“a tep (15-1): Product %é oﬂ d¥lort'@
Bisi2 4 dtert butylphanyd AsmlrSh 28R ¥bnedf] CABRRLRL ©

325 g of a substance containing 99% by weight of 4,4'-methylene-

di(cyclohexylisocyanate) 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): Preduction of Dibutyl-4,4'-methylene-dicyclohexyl

Carbamate
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A solution containing 27.0% by wei ght of
di butyl -4, 4" - net hyl ene-di cycl ohexyl carbamate was
obtai ned by carrying out the sane nmethod as step
(12-1) of Exanple 12 with the exception of using 1705
g (9.8 nol) of dibutyl carbonate, 294 g (1.4 nol) of
25 4,4' - et hyl enebi s(cycl ohexyl am ne) and 0. 27 g of
sodi um et hoxi de (28% 96 net hanol sol ut| on, Wako Pure
Chéni cal saluliRrst ri esOnteining . st 8B.-Q% 5- 2) byDi st iweight on  of
of Low Boiling Point Conponent 1643 g of a distillate
dibutylet, dbmathytehebglicyaohgiyl gcarhemiake veamebtaindd doyasarrgingpout
(1-2) of Exanple 1 with the exception of using the
thes ehitlel Aetifdd aksngidpi (M2-0 of Epathpfe 12 witts e @xaéptidre of using
sol ution obtained in step (1-1 As a result of

zZi bymegs r r tdre ghstiyl attes Wapol)  of
oun% {)w%ont glﬁn g@ 7/o tglg \%gfbé)r?ta of di but%}/l a(E:ar bongte °

4 @gﬂgetwle%é%@é% | nglagﬁmﬁ o 2@4‘,‘ of 58 i%ﬂﬂjHe‘ll%kldtﬂs

qU| rona ogr aphy,
Slof]: l @%&@eﬁgﬁaﬁﬂ?o ﬂngﬁ m%‘%sonfnggnnedntto

|-4.4 hyl
?'13‘1@}5 g pf acmgﬁag% V\%?g o) tal &d % a¥ry|r(l:ga58tat & Same mgthod as

Bi s(2-tert-butyl phenyl)-4,4"-nmethyl ene- dicyclohex .
stapafbam Exaynpte ﬁs\e&tm exeaptioprofsegng ghers t%@bé&ﬂed in
liquid were extracted fromline 24 and 181 g of a
stepol(14-1prinstend of tiwey esobiohr obdalinatk ir2 Btep diPed Asn at rasult of
upper portion of distillation 15 colum 203 by

an@@flz gy Wﬁéﬂhhf&fﬁa@@@pmtﬁwdlsﬁﬁatat\ﬂs folind) toafonkain Ba. &% by
with the exception of adding 84 g of dibutyl tin

we‘it?ﬁt%ﬂcﬁ&ﬁ vPESHBR8E Sndf4 .98 bWeibHE ¥ RIBRMENOIT OIrb&ddiGon, as

the distillation residue Obtained in step (15-2)

= F R R RSEPAT  Afe e
flag20C p! aﬁoggdt he{yPnSA %Sn frl'g]t Elet9t7t§°ﬁ fi Ibm weight .  of

stll“f tio appar at us™w rogen at atrmsp eric

afides A By atisy Euobg%of’c%'ré*%rbéﬁ”eyt 'ine 21 at the rate
of aboeug (1%423 3 P%oductlon 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 homogenecus 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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and carrying out the reaction for 180 hours. When the
reaction |iquid was anal yzed by |iquid chromatography,

the reaction liquid was found to contain 15.5% by
wei ght of 25

bi s(2-tert-butyl phenyl)-4,4"-nethyl ene-di cycl ohexyl
carbamate. I n addition, 97 when the sol ution

recovered fromline 27 was anal yzed %‘i '"H and 13C- NWR
aband2p8ig! hr ard sairvino ot ke reastial fR3ebRPYISH 999 by
wei ght of 1-butanol. Step (15-4): Production of

4, Wierethy Ireactioi {igyidl whexanalyzas, by aliqid spromatagraphy, the
Deconposi ti on of

reaBlish 2- 1igtid- bubad phsd) - 404" coetdiy| er6-8% cy byohexsipht 5 of
Carbamate 287 g of a solution containing 99% by wei ght

bisffesfbsr%étrgﬂ’ér’}%ﬂr@&?,w-%é%r@lsvéyblbﬁ@wmbammr eln addition,

covere li'ne 52 by carrying out the sane

5 wheh T igh o rel 18 [FGPT, FrF Seyetily rBRH 03 MR

m distilTation apparatus 402
to 210C, ki ng the SSUr.e. i i ik
angysie; EadlatP s G I g i ik HypkOoRL ot Bihol
solution obtained in step ,(15:3) to_ feed.tan
suppBiam gl 4-4): tredugtien Pi? |4 dvﬁmﬂ%fﬁ'ﬁ"éwcg%eiﬁé’g%‘ﬂ&&%\? ale) by
line 41 at the rate of about 710 /‘Qr, @Qd c%[iéyilri% |
Thetmal Decorepesition of Bis(2 5-gigathyIphamd)-¢i4smetByeng-diyyclonexy
4, 4" - met hyl enebi s(cycl ohexyl am ne) was 78% [ Exanpl e
Catbamate Step (16-1): Production of
Di et hyl -4, 4' - met hyl ene-di cycl ohexyl Carbamate A
10 solyylsi @n dfoat dolities 28nRihiby BBYgHy ofeight of 4,4'-methylene-
di met hyl - 4, 4' - net hyl ene- di cycl ohexyl carbanmate was

i Laad vBEE AlbovetdtPfrEmNeTER hydanyirsf ept the same
dl(??@%g%ﬁmg%%%ywe%th tvﬁe exrcepti on Ig? usi ng 1440 20

i B AP gttt it i
aigiaion  sisrar oy 478" 5 Po-E 0 HAKIRG: 1A EReddire iFNEE G film
distillation apparatus about 0.13 kPa, feeding the solution obtained in step

15  (14-3) to feed tank 401, supplying to the thin film distillation 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
20 Carbamate
A solution containing 27.0% by weight of
dibutyl-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

25 4 4'-methylenebis(cyclohexylamine) and 0.27 g of sodium methoxide (28%
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Step (16-2): Distillation of Low Boiling Point
Conponent 1271 g of a distillate were obtained by
carrying out the sane nmethod as 25 step (1-2) of
Exanple 1 with the exception of using the solution
obtained in 98 step (16-1) instead of the solution
obtained in step (1-1). As a result of analyzing by
gas chromato aph the distillate was found to
me&tmancdusmmlpns%d wiei ghemisal ndwstrigs, Lihkbonat e and
7. 7% by wei ght of methanol. In addition, as a result
of aBtpy(2i5r2). Dystillatien df cow dBailingyPajph ompanent
distillation residue in the 5 flask was found to
conkary 8Pa4hsthistevriegdbbedined by carrying out the same method as
di butyl 4, 4 - met hyl ene-di cycl ohexyl carbanmate. Step

1 f é"IOW fih e exception of using the solution obtained in
ste@ @g 2 ' eny% p4 4' rret gI ene-

st EY5h 906 .onc‘?’f g}ﬁ,{%{aﬁmﬁ}ﬁ SORAREP i ddp 93L0)0N ARl alrdbuit of

were ex rac ed I|ne 4 an

10 solution I vered, f I o
anakys@wgﬁsegﬁﬁ OBW%IBQ@PW ORI G q“{'@t. odr?r"‘?%ﬁﬁi e by
203 by carryi ng out thod
wesaht R v GarRonakeans 44,308 By WHIOBRL Uy o 2dd {*on as
di butyl tin dilaurate and 4645 g of 4-di-te rt-a
a reiseliodf analpaing dJYOflqltﬂﬁeCmpmafCPgraPhbnthﬁeélis'ﬁlllﬁiloﬂbﬁeéiq#@d'n the
in step (16-2) and using in the formof a honmobgeneous
flaslol ut iwas, hefdundg t hie t hi aofitalrm 1598%st i | byt i orweight of
apparatus 202 to 240C, replacing the inside of the

dibutyiny, Biingthytkrid-Hickelohexyl aaplearadies Wi th nitrogen at
atnDspherlc pressure, supplying the solution to the

thin 85 Prbdi@dtiop bl B R tsutyipheyiMal & -rhéthglehk- at
t he rsglétdemc?gj )Sakgout 1200 g ?Z hr ang p?ar??ﬁ]ng out??t he

d,gﬁ@%&gm%%nﬁaq gufransé[g}gﬁﬂ&én reaction |iquid was

ronat ograp the 20 reaction

54 Eé‘%@'ehﬁr%ﬁ . %ﬁ%%é@ifrﬁﬂf'e'ﬁ%b&?%%.% of o

SOlmcar bamat e. i.ti sol ution.rec

G e'Rdesoveiag TAI)S o RIPVERLiN Ta QP ParsR R Srotiation
co{iggrlgﬁs I3§}y E:Qr?yuﬁg Iolﬂltt Itr(\)en s\g?nsé In%ltjhnodd Ef:lso s%eopnh '3{‘ o? Exarrﬁlale 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 soiution 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 liguid was found to contain 155% by weight of

bis(2-tert-butylphenyl)-4,4'-methylene-dicyclohexy! carbamate. In addition,
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met hanol . 25 Step (16-4): Production of Hexanethyl ene

Di i socyanate by Thermal 99 Deconposition of

Bi s(2, 4-di -tent-anyl phenyl)-4, 4" -net hyl ene-di cycl ohexy

| Carbamate The sanme nethod as step (5-4) of Exanple

5 was carried out with the exception of heating the

thin filmdistillation apparatus 402 to 210C, naki ng

the 5 pressure in the thinfilmdistillatio 13
whepptheasalstierbrreovererBirrmaline @2dwag analyzed) i | ignand °C-NMR

obtained in step (16-3) to feed tank 401, supplying to
anbijeist tHesdlidion weasSound bt comtaip@Ribdtyugeighbof 1-etanclat

the rate of about 680 g / hr, and carrying out the

r eackiey \Agesm{: Ibrdaoeicon of 284'gmefhytersstigtyiotohexglisadyainate) by

99% by I ght of

' o : | & -NEth§lehe ity sisexy |

Theral ERBHEERAH, OF BE G e TBRUANTUSY mhAenacdeIeieexy

4. 4' - et hyl enebi s(cycl ohexyl am ne) was 77% [ Exanpl e
Caf'??méregp (17-1): Production of Tol uene-2, 4-di carbami ¢

Aci d_ Bis(3-nmethyl butyl) .Este 818 . L) 41 € .
bi R87- r@ethbeéPWP”c&iéB pa°Bad %%q'éé'gﬁpéﬁ%ﬁ Hethylene
15 2,4-toluene diam ne (Al drijch r USA) were

di(syelobexylisogyanate) welmeacovereg Igfa'ﬂﬁilqaﬁ%m %)”é{é’?@ Oyt the same
stirrer was placed in the flask, and a D nroth

metbodessstep (@rd) ohExampley Swith theaexeeption-efaeating theethin film
flask. After replacing the inside of the systemwth

ditiltion eappdratust d0p- o @10°€| anakingsthempeesseweiin e dhin film
bath (OBH 24, Masuda Corp., Japan) heated to 80C

diétﬁl‘a&ieﬂeﬂo&a‘aﬁﬁeawlﬁi 0i18nkph, edingdng sdiutkmdiobiained in step
nmet hoxi de (28% net hanol sol uti on, Wako Pure Cheni cal

(1 F{]%Lﬁtféé?ﬁanﬂ-hm ,L?l%;ﬂ)lﬁhérté th&enihgaet distillatiSarappdaies via line

~reaction Iq were suitably collected and
4C B R S PR 0% Y Troend earviR SRaRE88ctaR for 14 hours.
Theweid prepon dct-onetnyeneliie s fRRleL Bes 7%,
sol [llJEtxia?nnple 16]
Step (16-1): Production of Dimethyl-4,4'-methyiene-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 (16 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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25 was found to contain 29.7% by wei ght of
tol uene- 2, 4-di carbam c acid 100 bis(3-nethyl butyl)
ester. Step (17-2): Distillation of Low Boiling Point
Conmponent 1422 g of a distillate were obtained by
carrying out the sanme nethod as step (1-2) of Exanple
1 with the exception of using the solution obtained in
5'step (17-1) instead of the solution oZtainegéln st ep
steplmﬁﬂ ) Aestaad eafuihe spiuingl 9otringdbip §tep EHldna g‘?aﬁ?ﬁ&t‘ of
the distillate was found to contain 78.2% b 8
anmgznbgsuﬁgamchmrfmmgta)pmaﬂWam@tamszfmua%twomlrg .36 by
3-methyl-1 -butanol. In addition, as a result of
wefjhtlof gimé&thpy carbanate acd mewgmghyof mbthatiost i Inl sdditeon, as
reS|due in"the flask was found to contain 98.0% 10 by

a Pé@h %{ﬁ cinél éﬁir@rﬁéﬁi@?‘b&@%é distillation residue in the

bi s ester. Step Pr oducti on of
Iuen rbagic a 0 b ht of
ﬂaﬂ? (2W Sdl -tgir"ﬁ@anqu%hen%?i IL:nst erg%dw y weig

n ste i catl o of reactlonl|qU|d wer e

d'bé‘iﬁ ‘ggt'r@@ F%’]ﬁ ﬁ'%@f’g jﬁgr%@ﬁﬁ of a solution were

recovered fromline 27 provided i ortjo

of - abem (168 Brodusiopa Bis -y Ry i Toeislene-

same nmethod as step (1-3) of Exanple 1 with the
dicyglobpxyldarbamate bygiraosesedicaipbut yl tin dilaurate and

4835 g of 2,4-di-tert-anyl phenol to 615 g of the

di SHBH| gtdfom reasticiuquititeénecextracted dpn 1ne234 ansy88 g of a

using in the formof a honbgeneous sol ution, heating

solufiontwera retbveredifedn lihai7grovigpdrimthes ugper partiar eOdistillation
replacing the inside of the thin film20 distillation

co%ﬁ}??@i@t@ &\é&ﬁn@ldd AYEBaite MbIREPAS gD A-8FSLERample 1 with

supplying the Solution to the thin filmdistillation

th%‘p%gcfe%tﬂ}iﬁ Wy géﬁﬂg' prl | eofzalbt?% yit Bf ChGratd ar@@o%% g of

hr an rryi g out e reaction for 70

2 LA e SRR 3P b Tt AT RIB dpahcbip a2
R R TR et
d|s\thngrt1 haep;:?aorgtjl}sl (:)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 80 hours.

When the reaction liquid was analyzed by liquid chromatography, the
reaction liquid was found to contain 19.5% by weight of
bis(2,4-di-tert-amylphenyl)-4,4'-methylene-dicyclohexy!  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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101 recovered fromline 27 was anal yzed by 'H and
13C-NMR anal ysis, the solution was found to contain
98% by wei ght of 3-nmethyl-1 -butanol. Step (17-4):
Production of Tol uene-2, 4-dii socyanate by Ther nal
Deconposi ti on of Tol uene-2, 4-di carbam c Acid

Bis(2,4-di-tert-anyl phenyl) 5 Ester The sane nethod
as step. (1-4

of Exanpl e was carrie ut with the
DesarBesion aibiscetanETEAEVITEIA 4 Bpuiesficyfiches
apparatus 302 to 200C, making the pressure in the
Carbamafe | m di stillation apparatus about 1.3 kPa,
feeding the solution obtained in step (17-3) to feed
t aMfhe38amesmptiod ag stept(Hed)t bii Exaimpe Sowaks searriedqusrwvith the
apparatus via line 31 at the rate of about 1000 g /

ex@%pticﬁf‘gf K&ating the thPUfiind Btinaret agparbss 402 toRtG°C, 26aking the
of" a solution were recovered fromline 35, and as a

lin0 Y R isdIRtisA! Hby t O 113G, NBding th
pr%%#és’f“sfhe?ﬁ@h glgfl %'%ﬂ%tl\?gsgé%ﬂ%&%’g$ggnt ain 99% by ng e
i ght, of toluene- i J.s e h ' in fi

soffiod ap @it B 15 oS PR IE 4P L Supph i O g i fim
.(18-1): Production of . N, .
cisiion FOPARNSNEGHA 24iEDiTeRgFP. B e 659 8 R apd carving out

Di butyl Ester 1774 g_(10.2 nol) of dibytyl c opat e .
theurreachm for( 16 honsE) %é?’ o ofa ﬁekﬁwe@%%m %E‘egy weight of

(Aldrich Corp., USA) were placed in a 5 L vol um_atric2
4,2 anéthyterie-diboidiotiaxy &QCY@@FQ)r were wiesoperask drom, linge 2. The
flask, and a Dinroth condenser and three-way val ve
yidlgbaisetitoncd étmisthylibreedis@yklohskyleminedpvac T i%. t he i nsi de

of the systemw th nitrogen, the four-nmouth flask was

im[E&éﬁ@lé A7pn oil bath (OBH 24, Masuda Corp., Japan)
heated to 80C followed by the addition of 3.3 g of

o S,V PR S b,
Bi?&‘weﬁylgﬂtyf)lﬁstéreami on liquid were 102

1818 g (9.0 mol) of bis(3-methylbutyl) carbonate and 220 g (1.8 mol) of
2 4-toluene 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-méuth 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-24-dicarbamic acid
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suitably collected and subjected to NVR anal ysi s, and
the reaction was term nated at the point

4,4" -met hyl ene dianiline was no | onger detected. As a
result of analyzing the resulting solution by liquid

chromat ogr aphy, the solution was found to contain
30.8% by weight of 5

N, N - (4, 4" -net hanedi yl - di phenyl ) - bi scarbami c acid
bisti-etylibatyt)essterSt ep (18-2): Distillation of Low

Boi I i ng Poi nt Conponent 1452 g of a distillate were

obt agtap(1py)CBIstiliatidh olitow Boilsanoime Chopoaent st ep

(1-2) of Exanple 1 with the exception of using the

sol H%IQ g;';oig%td?étﬁl'é% {vBre §b%ﬁhéd18§/ &Egﬁg eatdthef sarhe method as

sol u tained 1n step (1-1 result of 10

steor PhExain EBRB PRI o GingiBe ek, Bome "

car bonat e
and _16. 6% by wej ght of .1-butanal, . h4\ONA8S redult of
SteP_eﬂf!'?) d‘FS_tS%QI Q'Jzﬁ'l‘?gSB_I'f‘t‘Pqul%%"ﬁergr ﬁr&t@ﬁgﬂg!\&ﬁy Pishé resuit o
angfa;itnlg: Avatg!eg gb)gcggsyétgg[eqj)lﬁg/ &?eedis{illla%g Kivél\éa f%ufngl{gdc&?ain 78.2% by
N, N - (4, 4" -net hanedi yl -di phenyl ) - bi scarbam c ,acid .
weiHiut of  d&is(@rmethylstyp (cegbyatepy aa%ct%ﬁ%f by™ weight of
N, N - (4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ Acid L
3-Retry21 dudandler t -lamdduiteory | Jas Bt eesully of analyzing by liquid
Transesterification 4322 g of a reaction liquid were

chldrh&gtashyl frisiimgioddesiitiedd dhg flask wasdolnd imaonigineS8.0%
recovered fromline 27 provided in the upper portion

distd | - i B etHyibytyly ester. t he
by Jleightéi ol S?‘étdi%ar??- 3) 8'?%5(%% Y e the

ESRLED T b B hm e o

i g-eA-emurr Bl EEet B TBECRBIE R o) neati no
et At mseeclnlaud watg SRPEN o dng 2t AR08 of 2

e 2 L LA BRI B PR ofcstton

ccgliﬂrfl;i2|0|3alt)yi/ ggrr@i%%aélittgg s\gn'?e ?nuep’:ﬁé alsisrt]gp %11 -3 tofté;(%mrp%% with
the exception of adding 109 g of dibutyl tin dilaurate and 4835 g of
2 4-di-tert-amylphenol to 815 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-amyiphenyl) ester. In addition, when the solution
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about 1200 g / hr and carrying out the reaction for 62
hours. Wen the reaction liquid was anal yzed by |iquid
chr omat ography, the reaction liquid was found to
contain 25.3% by weight of 5

N, N - (4, 4" -net hanedi yl -di phenyl )- biscarbam c acid

bis(2,4-di-tert-anyl phenyl) ester. In addition, when

the solution recovered fromline 27 was _anal yz
reéHder@dro‘tﬁQW?amﬂsysanalyzeﬂebs;o1IHrt Ao \A&Nf\/ﬁ%rﬁﬁaﬁ's the

contain 99% by wei ght of 1-butanol. Step (18-4):

ﬁc{t]leﬁwé %n@fto‘éoﬁ{arﬁieeflﬁbyh\mﬁgmme -detrgbdylautanel. by 10

er mal Decorrp03| tion of

| Pearehal
Bi s(§ jjgll g};ﬁ? al%{oglh%fg{ﬁ%@%ttg@i{/\hen 'Sﬁg]tf/hl n fﬁ m

distillati oy h d 4L8GerttdByipheny
Degogyqsiten © t nﬂg ﬁgaf e, I?gc%?or?ﬁsggpar AtUs WS )
made to be about O 1 kPa, the sol ution obtained in

Esterep (18-3) was fed to feed tank 401, supplied to the

15 thin filmdistillation apparatus via |line 4
rat'ﬁme)samomptmgbag ste(1- @,{%aﬂ—i I,eejglal\{qsoﬁawg out wpﬁ the

carried out for 11 hours, 351 of a solution

exceptien of patfgotby thmeﬂllghdls@ﬂatzpmapgam@@pggp%C making
di 1 socyanate were recovered fromline 52. The yield

th@gﬁégs&@ ih, the-thit fiyh elinstilldtionidppacatua ateeds!.$ gj?@ma;e%dlng the
] 20 Step (19-1): Production of N,

d&tcfrﬂoﬁtmr’i@& aresh Y47-8) nbefegl) tabk 3G, beupptyiRgitd the thin film
buty Ester A solution containing 26.7% by wei ght of

d%ﬁ) gtigﬁ%piaatré%tsr\ﬁé‘ﬁﬂ Y41 di pleerate)of dHovgaoben ¢ hacard carrying

er was o ta| ned by carrying out the sane

o@%%%?g@wn%?ﬁgﬁﬁgr + ﬁ?g%%&u ?t?w %F%Tédl?ss?e'ij from line 35,
car bonat e

an] a7 (RS RD PRGN bl Y ntf A (Bl el e

sc;ciStllcl:thl Lv%g fm\J/:\":acli< ?o Egr;tgm%j&?] by we:gh?| of orlbgﬁc’e-z,lztt-gi'is)o'cyanate. The

yield based on 2,4-toluene diamine was 85%.

[Example 18]

Step (18-1): Production of

N,N'-(4,4'-methanediy!-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 placedina 5L 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 ;mmersed 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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Step (19-2): Distillation of Low Boiling Point

Conponent 1342 g of a distillate were obtai ned by

carrying out the same nethod as 5 step (1-2) of

Exanple 1 with the exception of using the solution

obtained in step (19-1) instead of the solution

obtained in step (1-1). As a result of analyzing by

gas chromat ography, the distillate was found to .
suitanly adallegBds @y subjertgist tof NMRbanAlysisr BaRale sgction was

13. 6% by wei ght of 1-butanol. In addition, as a
terfrisatet] Mfth@palnt i 4ignéthylengudienitine ovast iy fangey deteded.  As a

distillation residue in the 10 flask was found to -
rem@éﬁhlﬁﬁn@%@kéﬁlﬁl@éolgﬁon by liquid chromatography, the solution

N, N - (4,4"-nmet hanedi yl - di phenyl ) - bi scarbam c acid

i but ter. Step . Pr ion iaht of
wa%, N %ﬂ‘huﬁ& to Qﬂ)ﬁf 80804 8l wei

- rre}]hlanedi y [ phenyl ) - bi scar bam c %Am
N Bt Emef it b bis b A WA ¢ T om "
[ 24 and_1 f | ut.j. d f
i neSiop fioar auafiefon RELERUR BTG Gl at fon

colum 203 by carrying out the sanme nethod as ste
(513528 ofsaciptiiata Ware ioblained By AR OUf thestary hatngd as
of dibutyl tin dilaurate and 2441 g of i . ,
stehy 6+-@) rwéthanie b withother exegpsiont efeusing tthe | slytign obtained in
resi due obtained in step (19-2) 20 and using in the
sté(M8dh iasteanipge tes solutmnuobtainechdmtstery (dHB. t s af result of
istillation apparatus 202 to 200C, replacing the

analJEriEbP bat Rerdhagkaphy, tek istilidtetwasfapridoatantaini 847 % by
ni't rogen at at nospheric pressure, supplying the

i ' [ iyt weight bPN-Lphesiat (s addigion,
wei%ﬁf‘ycﬂﬁﬂk@cér‘%%gtb{% ﬁrécﬁ r1§{6 e%o nglggfj? pTZOO g/ hraan]dOn 2

o e e e LR

anal'yze romat ogr aphy,

RIS I S S L

aci
bi s(2, 6-di net hyl phenyl ), ester. .In addition,, when the
N b el Srethanasiibreiherny s sargamis BBt Bset oy 11k
and 13C-NMR anal ysis, the sol ution \Ags i
Step (18-3): roduction

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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found to contain 99% by weight of 1 -butanol. 5 Step

(19-4): Production of 4,4'-diphenyl net hane

Di i socyanate by Thermal Deconposition of N,

N - (4, 4" -nmet hanedi yl - di phenyl ) - bi scarbam c Acid

Bi s(2, 6-di net hyl phenyl ) Ester 244 g of a solution

contai ning 99% by wei ght of 4, 4'-di phenyl net hane

di i socyanate was recovered fromline 52 by carrying
solatibntthetheahin filgn idistillation Bppsratys (viz ayrply lineadpiad the rate of

with the exception of heating the thin film
abdis1200 gV iheanaprearyiigiouttta reactitirOGr 6Bdidung t he

pressure in the thin filmdistillation apparatus to

be Wﬁé’h‘tthg reaklan liRfdiwvigs bRalysed Wy dguiebtivoneatography, the
step (19- to feed tank 401, supplying to the thin

re%#tfoﬁbg{}@ﬁ%loa\tzv’agn 00 L i Vishthinne ZBlagt the  walght  of

and carrying out the redction for
3. hours,. The,. i d 5 e
N PR bt nbﬁﬁa?%ﬁ%sfég”d P2y ci9BR-amylpheny)
Production of N hex [ bi s-carb
estarulfy RAGBOReMNEN 46F GO CBRP SRR ?W??fwawzed by
. of N,N -hexanediyl-bis-carbamc_ 20 aC|d dlbg% est er
HwasddBe AIMBcamgySar g seitiin waR dodahto renARGIS% Rt weiant of
(1-1) of Exanple 1 with the exception of using 2192 ¢
1-dtan6l. mol ) of di butyl carbonate, 209 g (1.8 nol) of
hexanet hyl ene di am ne and 3.5 g of sodium nethoxide

( 28%sray hengol): s Production \ofikd, 4diphefykmetbahe | Biiisecydrate by
Ltd.). Step (20-2): Distillation of Low Boiling Point

Tf@??ﬁ@?D@Ebm%%sﬁ%%fw 8f (£ 4Uinsthdrisate-dishienybiscaredmiy Acid

carrying out the sane mat hod as 106 step (1-2) of
By oD B8 | Mot ead of the solution
ool Hn s dogbep i B0, e
oreSmu b Raabi B T el aa B 618 BBt 01 v
the solution obtained in step (18-3) 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-dipheny!)-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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5 a result of analyzing by liquid chromatography, the
distillation residue in the flask was found to
contain 98.6% by wei ght of
N, N - (4, 4" -net hanedi yl - di phenyl ) - bi scarbam c acid
di butyl ester. Step (20-3): Production of
N N - hexanedi yl - bi s-carbam ¢ Acid
Di (2,6-di-tert-butyl phenyl) Est
4 4rmateysner diendinei 8Ad18 5Hfy S%g'uw Rethoxisle (28 gnethanol

were extracted fromline 24 and 206 g of a solution
solukiore, \WekoPure €CHentinal Indesto@s pktgvi ded i n the upper

portion of distillation colunm 203 by carryi ng out

t he Stepy19e2)hDiktiflation epLéw-Bjiling Péxh@oingoahentt h  t he

exception of obtaining a honbgeneous sol ution of 550 g

Of 1332 gfbfséld.étnret@%ré ebiined Btoainiyet bot theegari@0né&hod as
butyl tin dilaurate and 4950 g of 15

0
steé @t | Pf Ebnidit Y RiRNRe: ﬁlbﬂgaft @sﬁné hhe dolltBn cbtained in

ation appar at us. C, “and carrying out
s TR ¥ e, i I 489S, A s
anNy gﬂ&gﬁ%& Eﬂ%ﬁ}:&{p&} g].ﬁn@%ﬁlg%% 0 S fy\%n%% c%ntam 85.5% by

G (2 6.di-tert-butyl ph t t
o sty orarbpRle) i 4P b et A1 hiael gl sdpion. as

by H and '3C-NMR analysis, the solution was found
a nesuttmftmaiyzgegﬂ)mthwd@hromatqgr@ghﬂntbp digfiltggionoresidue in the
Producti on of Hexanet hyl ene Diisocyanate by Ther nal
flaBleconpesi t i cfoundl N, kb - hexantain y| - BBS%ar bayi ¢ Awgight  of
Di(2,6-di-tert-butyl phenyl) Ester 25 The sane nethod

N,H'S(;M eRethbnédiyddiphenyn hsdarbamicacididisutplastad. t h t he
107 exception of heating the thin filmdistillation

appaﬁgg'ys 302 was hgﬁg_ to 200C rmgdnstidre pressure of
int hin filmdistillation apparatusto be about

=_€4 %E’@e ﬂa‘?“%‘éj éﬁ-% 6Hr;éﬁ1yggﬁi§ﬁér85m taaggd | Qt@alﬁegﬁylﬁhenyi)

supplyirng tO e thin

Esgea}ﬁ@%é'g%” FipaT Sﬁdvtir rying out 1 LQer cacti on for

13 zhours ofzalcr)egctlon Iqu| wetrieoenxtrvél%{eed 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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recovered fromline 35. As a result of analyzing the
solution by 1H and 13C NWR analysis, the solution
was found to contain 99% by weight of hexanethyl ene
di i socyanate. The yield based on hexanet hyl ene di am ne
was 70% 10 [ Exanple 211 Step (21-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (3-nethyl butyl)

Ester A solution contaipni ht of
reatinn liHEiaaS fOHNbIOCRURI ﬂ%g%é by W&'%ﬁ& tﬁ%{é?ﬂ?ﬁb“ itjfaybamic
ester was obtai ned by carryi out the sanme net hod as
acitiSbis{Zp-direthyInifengk 2siee 1nvadgd1thmé~la%érrﬁ isgiition rsoNgred
2290 g (11.3 nol) of bis(3-nethylbutyl) carbonate,
froR0Bn8 27 @\rassanameabfoyh&taaauh&?mwm.mm ahe sauton was
of sodi um net hoxi de (28% net hanol sol uti on, Wako Pure

fourdaBl emkain I9T & grv{/ee St ditdbltandt.ep (21-2): Distillation
of Low Boiling Point Conponent 20 1891 g of a

di st &idy; RG0! eP&%eyé‘ﬁdobm Qaalwbﬁﬁln@#ﬁaﬁ@enﬁmanate by

nmet ho Exanple 1 wth the exceptlon

Th%%m%lﬁlé&?waﬁf»@ﬁ*étt\'al 2t OB Ry SRyt bRl

. apal t hy, the di |
qu(g{gsnél ﬁﬁ'Eﬁ?ﬁ}ﬁiEg rg(r)zabggragl éhttos istillate was

bi s( 3- net hyl but yl ) carbonat d 16, t
3- Rdtng| of 12 seltinel comtainipgy Y \3(?'9&‘(#3 ﬁpd‘gﬁe”ﬂme%ha”e
anal yzing by liquid 108 chronatography,

diisbyanitewasreceveréddrom lingeS2 Ibystaridid PHUHIP s@mednethad as
98.6% by weight of N, N -hexanediyl-bis-carbamc acid '

step (5%4?:& IBxkaimply |9 witht the. exsteption 2f-IB3atingr taeubin Bim glistillation
xanedi yl - bi s-carbam c Acid D (2-phenyl phenyl)

apFéFaﬁ&s byo A rigng eedcer hidkaay ithe pre3Sidre dn oheathieaiiin distillation
iquid were extracted fromline 24 and 276 g of a

apg)g éiErJé gcg rb}éf%rﬁolggygl\kgaﬁﬁ?g@ﬁgﬂghé ReIRiGnPsIsteinéadni step p€9-3) to
feed tank 401, supplying to the thin film distillation apparatus via line 41 at the
rate of 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-bié-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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colum 203 by carrying out the sanme nethod as step
(1-3) of Exanple 1 with the exception of adding 110 g
of dibutyl tin dilaurate and 3545 g of 2-phenyl pheno
to 606 g of the distillation residue obtained in step
(21-2) and 10 using in the formof a honbgeneous
solution, heating the thin filmdistillation
apparatus 202 to 240C, replacing the inside of th
steph(n27 iof ixamgptie 1 withdhe exseatian @ yiing the sobgon aptained in
at nospheric pressure, supplying the solution to the
stelphi(201) linstdad tofl trat isohutiappabtatnesl in stepigptty. | Aseaznessit of
the rate of about 1200 g / hr and carrying out the

ané@@ﬁfgl WPghe &hﬁﬂné}@gr@hylﬁwevwgmlété evdsfatinddo dontpin @5v@86 by
anal yzed by |iquid chromat ography, the reaction

we@rﬂr%f%%’@ %&Bpﬂgtreoar?@ﬁ‘%@"’,@ by Qwé) hpé{f Yol Of In addition, as

hexa I'S-car bam c”acl (2- phenyl phenyl)
t t
a foRH'S gﬁéat%v"ﬁ%ta aﬂ%*bignféﬂﬁﬁéh%&@%?"}sﬁéﬁ%%'mL”e‘“e
| ut f t 99% t f
flagk et hg%@ 1" TBtPdnol 828°%9"é‘&”r<21 SP6%r oalbt fonvgpht  of

Hexanet hyl ene_ D| i socyanat e by Ther osition
N, B (A e A D S ashaTeS S fIbut SSeT

Di (2- phenyl phenyl) Ester 241 of a solution
r ecoStared (20&) | ifredagidny ©hr r@aN@%aﬂe@M'eb@aﬁ%bam'C Acid
nmet hod as step (1-4) of Exanple 1 with the exception
Di(, 6-aib-tdrt-botyipreeriyt)i Estén byrTr&sesdtesificatien i on appar at us
302 to 200C, nmaking the pressure in the thin film 109

di H3d5 gldron reaidhalidird Werbesafetdd froth KRa,24f erdi20f g of a
the solution obtained in step (21-3) to feed tank

softflibn ﬁé%%qje%bweﬁq drR ink D7 orolid@ddh She Ubéér* Q@hlaﬁ Mﬁ@é’tmstmn
1 ne t ,

VI a 1 at e rate of about 980

AP 4 Ao M%&éﬁ%‘;;
the sol uti

f
the, SRaRNH, PERR aaﬂw'ﬁé&ﬁiwﬁ?éﬁe@ﬁ& Bl o 1130, 4 B e fttilation
reneX MRl Y a1 Jba 0% 48980 % LGB %iddtate and 4950 g of

2,6-di-tert-butylphenol, 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 liqud was found to contain 14.9% 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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Step (22-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (3-nethyl butyl)

Ester 10 A solution containing 23.8% by wei ght of

N, N - hexanedi yl - bi s-carbam c acid di (3-nethyl butyl)

ester was obtained by carrying out the sane nethod as

step (1-1) of Exanple | with the exception of using

2163 g (10.7 nol) of bis(3-nmethyl butyl) carbonate,
exddiftich 6 héating) thef tHiexametistillation appatates 202 wassheaied to

sodi um et hoxi de (28% et hanol sol ution, Wako Pure

' reddstd irfthe tHid film dBstiatioR 22paratus to be about
20@@%!&% g;% gf Low Boi li ng Point Conponent 1783 g of

124 PRt Es?}e\é\%&?q@%ﬁ% BYsteB(2Wid) Gvated foefeedrtank 301,

f anple 1 with the exception

of using, the.saql|utj [ 1,9 .St 22 |

suBpviRL SRS B st STRBEN HRREraL® Vi 158 S e ey ot apout
20 analyzing b as_ chronmat ogr he, i st |l :

o ey st o, o

s(3- et hyl buty car bonat e an , 0% i 4 0

reGoverotiyfrorm e oIAS Fnresal of SRaVANG, e SoILtiogy by H- and
anal yzing by liquid chromatography, the distillatian

13¢ agVIRuenalysisiethiel askitinns wasufaund te csaniain §9% by wgjght of
wei ght of N, N -hexanedi yl - bi s-carbam c acid

hellafmsthfEhY | digorlanatet eMhe2§iel dased208)hexamiiyvienendigmine
N, N - hexanedi yl - bi s-carbamic Acid 110

w% £@y4- bi s(a, a-di met hyl benzyl ) phenyl) Ester by
ransesterification 4689 g of a reaction liquid were

ext mline 24 and 259 g of a solution were
rec@éb@ge?ﬁgm line 27 provided in the upper portion

of digtillation I 03. /by \Gar sk M lhid-B&befii®  Acid
met hot®Bs @f‘é@' ( 1@%&@0@{3\%' re\ﬁ? t\q/\/lé/)%eﬁ‘%gwtp??le excepti on

of addi ng 103 % of dibutyl tin dilaurate and 4385 g of
Dig3-methylbtly E&ehet hyl benzyl ) phenol (Al drich Corp.,

IS Savas b g U broviish PR R ReaBi ettt
sol gti on, heating the thin filmdistjll attit%g sadpnﬁ)grn%jlettHgd as
a@@adifRematgdhutyl) ester was obtained by carrying ou
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% methano! 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 resuit of analyzing by liquid
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replacing the inside of the thin filmdistillation
apparatus with nitrogen at 10 at nospheric pressure,
supplying the solution to the thin filmdistillation
apparatus via supply line 21 at the rate of about 1200
g/ hr and carrying out the reaction for 80 hours. Wen
the reaction liquid was anal yzed by liquid

AL @%¢5§,tt|1\%§p@ e o e e A Folrd e cartain 98.6%
N, N' - hexanedi yl - bi s-carbam c aci d

by wisfghtaf N, Bil-hezangdigttriscaeranyic)asicaiyB-nesthitoutyl hester.
addi ti on, when the solution recovered fromline 27 was
anal Stepd (31-Bk+ Rrobuctidaf- NMR &N W-hekanediyieis-ardidnic  Acid
was found to contain 99% by wei ght of

Dﬁ2%¥|phén? N ER0H by TriapResdAfidation”r oduct i on of
Hexane hy ené Diisocyanate by Thermal 20 Deconposition

o P PRI LB BReS fomles 24t o & 2

{

bt AL LR Ll B R e

colifpaeds BY RmG ovbie SRR ITHENPHEDFEESr D Sft b?ﬂap&eh ith
film25 dlstlllatlon apparatus to be about g

ther caxgrRtion hef wsiding ohl g L aibuty émeﬂlfaq@e(éfzd 35 4% g of
feed tank 301, supplying to the thin filmdistillation

2-phmainiens! td GOBighef tr@distillatien residveoebtainagt inogepd21-2) and
hr, and carrying out the reaction for 18 hours. As a

usithiuI thedbrranafl & hionggemeocss| salutimm, thealifg thedhib3dr\uRtiliation
anal ysis, the solution was found to contain 99% by

apE@ﬂaﬁhg a2 hexaamdy Feacifly | SCYidias eof The thin Yilm! distillation
ed on hexanet hyI ene diamne was 77% [ Exanple 23]

apbﬁeé%@mwrﬁfﬂg%&h I8 QM é?lcv\ﬁf%sﬁur‘éd %aﬁgnymg ﬁhef ﬁﬁ@ﬁérpfb the

appar at us | that shown in FIG '5

thﬁglﬁg YdinBhoh =PpaEuS lid sl ix@as dtthe ki’.‘at% 5@55&@1?00 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 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-methyl-1-butanal.

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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10 D (3-nmethyl butyl) Ester A stirring tank 601
(internal volunme: 5 L) was heated to 80C.

Bi s(3-net hyl butyl) carbonate was transferred to the
stirring tank 601 froma line 60 at the rate of 678 g
/I hr with a line 62 closed, and a m xed sol uti on of
hexanet hyl ene di am ne, 3-nethyl-1-butanol and sodi um
nmet hoxi de (28% 15 net hanol solution) (m xing rati o:

ng 1o,
dishmpaareahyirans i barabeuts0 3 ki, leedingdhe pplutiop RXiABPD 90 Step
parts / sodi um nmet hoxi de 0.42 parts) was

(2%@&@&%&&'}% seppfyiig RoltHe tin filnh idistillétiomappaetuavia line

. After "4~ hours, line 62 was opened with

a_ljne_63 f e e asadtiom for i1@uihalrs.
3174 hETafi of gEOGELBE &) b, Y Eamithg e theaghetion for T

Li 2 20 i ntai t t . .
et B o g M 068 31 4 SRRy o solton
Wh th ti L iquid.t [ ji:
e SRR ShGiRRCEF BRGSOyl iSofaThe
liquid was found to contajin 25%%58 by wei ght of

yield Nasad varekametbylene siaaimecy i (3- net hyl but yl)

ester. Step (23-2): Low Boiling Point Conponent

Di JEihinplé BB] Process 25 A thin filmdistillation
apparatus 603 (heat-conducting surface area of 0.2 |
112 rflep Kopelpp Heodgofion | mis NiN:hexatediyrbisapgrbamic  Acid
heated to 150C and the pressure inside the apparatus

Y gepbout 0.02 kPa. The solution stored in
D'@m@gguwﬁtsansferred to thin filmdistillation

appgrat s 6 ORY | 39)8%05By abeibhe of N N'-hbxat¥tig-tisitarbamic

V\hegeS%idﬁo&wgég{ﬂr"ﬁn 263&8"6% §y5 %Ignponent contained in

aqq BRI AT RSP BRI b sAFr B ge e, 2o =

: : eh ! was extract ed
sobri-thor ool b PR IEGE B 21698, ikl of
big?%%?ﬁﬁéums %’é%;&ﬁ%@%?qﬂéﬁﬁl)} qu ge;%égmllerﬂealdiﬁgne and
3.$gﬁ§ggbd;r:gté;&%iﬁifg%t %Mélaﬁg{a\%ﬁjﬁggéure Chemical

i-tert-anyl phenol was transferred via a |line 66
Industries, Lid.). ,
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 additon, as a result of analyzing by liquid
chromatography, the distillation residue in the flask was found to contain 97.1%

by weighﬁ of N,N'-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester.

Step (22-3): Production of N,N'-hexanediyl-bis-carbamic Acid
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to stirring tank 604 at the rate of 1306 g / hr, and

di butyl tin dilaurate was transferred to stirring

tank 604 via a line 67 at the rate of 29 g/ hr. The

m xed liquid prepared in stirring tank 604 was

transferred to a tank 605 via a line 68 with a |line

69 closed, and stored in the tank 605. When the 15

.solution stored in the tank 60 s analyzed. by liquid
Di-bivke.aoREIy DN WBEDNY s Sy T aaRaselhcaiarh n

10. 7% by wei ght of N, N -hexanedi yl - bi s-carbam c, _acid

di ¢688eg o lcbreagtipn diguisk weme etraptedsfromplingigdtansh 259 g of a

Process of N, N -hexanediyl -bi s-carbam c Acid _
solDtioA werdiret@rareaufnphpliren 27 Yor&sgted imbihe upper portion of distillation

Transesterification 20 Athin filmdistillation
coRRRADES Wy &fitd eat tHesstetrhetosiuad sep @rBpofExdmale 1 with

n2, Kobelco Eco-Sol utions Co., Ltd., Japan) was heated

et e putions O . _
théo %&%@Eon%f fagdngrqugﬁgs rg;C@ft Lty e AR IIBUMAS 88G T 4886 g of

transf xed Ti1quid of
N, - hexanedi y]| - bi W C. aci i( t iyl yl
2 il PEURGYbor R PERD BRI Coly U W) 275V of the
.dil aurate stored.in, tank, 605 thin film?2
disiiefen (s shisindd (B 6P vea ) Al UL 8T, e farn of a
hooamgpf 1;22;1% g{:@ri]i;;gmégﬂragg {5{9? tE'mZﬁ%l nhééﬁ ||f-§tl o%sggﬁaréu@ ﬁb%dtogffmc,
2,4-di-tert-anyl phenol was extracted froma |ine_ 73
replacingdthe iinsidaeofuihgethipofil shistitletioncapparatus; with nitrogen at
distillation apparatus 606, and supplied to a o
atrelosphigricatpressure| wsupphfily fHee solstioet hy | the- Boinadibn  distillation

2,4-di-tert-anyl phenol were separated in the

apgbﬁétué Wit 61@5pl\p lis®@ 2 e 16 Tateaofcabidue 1200 g/hr and carrying out the
,4-di -tert-anyl phenol was returned to the upper

reBQidn BP8oMourdi n filmdistillation apparatus 606 via a
ine 74 provided in the bottomof distillation colum

O RuRC o B O ey, e

provided I'nt Infil'mdistillation

roBRE S Rig0cueta’ SURRL B Lhuh DAGER 'V Bl of
N N-hoariebicar CaETbrarig) 91 4ir s imethyReneyDheny! ester

liquid extracted fromline 70 reached 20. 3% [ ,
In|ad%'@kiomwjv@§1 the solution recovered from line 27 was alga?)yze\gebfml— and

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
Decomposition of N,N'-hexanediyl-bis-carbamic Acid
Di(2,4-bis(ca-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 film

distillation apparatus to be about 1.3 kPa, feeding the solution obtained in step
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opened with line 75 closed and the reaction |liquid was
transferred to a tank 608. Step (23-4): Production
Process of Hexanet hyl ene Diisocyanate by 15 Ther nmal
Deconposi tion of N, N -hexanedi yl - bi s-carbam c Acid

Di(2,4-di-tert-anyl phenyl) Ester The sol ution stored

in tank 608 was supplied to a thin filmdistillation

apparatus 609 (heat-conducting surface area of 0.2 ng, .
(28D &b EeedEtamkSH) 1y tsupplyingCt thq&m filmy st ptiere zpRaratys via line

200C and set to an internal pressure of about 1.3 20
31kdlatnei ratd ohabdht 880 thehr, snel cdrmingBuy the Reactiqngles d@yours.

conmponent contai ning hexamet hyl ene dii socyanate was

AsSX Hé it @fdarfélgﬂh?tﬂlé B6IUTIGN BYOW-ded PE-NKR anglpsis, the solution
portion of the thin filmdistillation apparatus 609

we%nquﬁquc% I8dtdiQ oAby Wiyt bPRegaafyIdid) diisocyanate.  The

i've Separation s carried out in
distillatioon ¢ . met hyl ene
y'e‘j?‘%@8@9&9&?%@%%@%@8\%@@?%%?2%i ney79 at 25 the
rate of 72qg/hr. 114 [Conparative Exanple 1] Ste
(A—[E)‘?”W%gﬁlsti on of N, N -hexanedivyl -bis-car bampc Aci d
Dinmethyl Ester 1044 g of a sol utiop, cont aipi ng 29. qo/g lik
by Wexajnethytene diiseeyanaigi YRS Rreducec iy g {RACIYL Agraratus like
nmet hyl ester were obtained by carrying out the sane -
thaestowh asFiGtep (1-1) of Exanple 1 with the exception
of using 882 g (9.8 nol) of dinethyl carbonate and .
162 tép (2310 Proalictienx Bnetdssl afhe Nithexanssiyldusicagpamic Acid
stirrer, and wusing 2.7 g of sodium nethoxi de. Step

DA ntathyBURLY EStaf i on of Low Boiling Point Conponent 10
g?éﬁég %P‘ngdl stillate were obtained by carryi ng out

LeapBTEEE 0K, 801 Fhnd e, 50 et e G0
B@-ﬁqté@ﬁb@ﬁgqa%oﬁﬁs wit L SBrrel ket Re tikiRgtasee04 fbin a line
60 at the rate of 678 g / hr with a line 62 closed, and a mixed solution of
hexamethylene diamine, 3-methyl-1-butanol and sodium methoxide (28%
methanol  solution)  (mixing ratic:  hexamethylene diamine 50
parts/3-methyl-1-butanol 50 parts / sodium methoxide 0.42 paris) was
simultaneously transferred from a line 61 at the rate of 112 g / hr. After 4
hours, line 62 was opened with a line 63 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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anal yzi ng by gas chromat ography, the distillate was
found to contain 87.5% by weight of dinethyl
carbonate and 11. 7% by wei ght of nmethanol. As a result
of 15 analyzing by liquid chromatography, the
distillation residue in the flask was found to
contain 98.2% by wei ght of

N, N - hexanedi yl - bi s-carbam c acid di nethyl ester
m2Skaepe{os Ero-Solutions iCsn, bfd.NJﬁpaWewaﬁe'aﬁ%%}Pé HocT 681G, 2R the

Acid Di phenyl Ester by Transesterification 20 4101 g
pré¥sufe Inehid iherappanatud was madetto fetaleput Oz kPae 24 and

65 g of a solution were recovered fromline 27

Pr QHed8slutisn th6redPipetariko60? ava tradisteridd &t ithin filooHistitiation

203 by carrying out the sanme nethod as step (1-3) of

L Ninet Q¥ 70 §9iHrovRee g ek tioilimg point

apglés |+$g%iﬂéﬂnrh:hgseié£g?§qk§géitned in gtep (A-2) instead

of the distillat] b t.al j It oAl oint
coffbeng o gestehib e, FORA S8 PG O ol o b Foie P

aurate and 3770 g o
phenol (for .nucleic agi Xt pactio 1Dvn fi
CO@}P@RPBBIJ‘Phcnﬁf sl q‘ﬁt@l_es 9§p§’ﬁ)s , g&égﬁéﬁg ?thhg tnéatﬁ?l?}gﬂlm
unit of the thin film_  distil]ation, apparatus. :
digtifigtion apparaiunEe3 vikea fiBg & ol 3567 B3 A Pickhofivpoint
extracted reaction |iquid contained 8. 7% bg/ vvelquc‘l;g of i
cop¥nenhexaseatityactes Fomatheathircfilar digtitatneaRparatusHls ya a line

Step (A-4): Production of Hexanethylene D isocyanate
65ophaitainedl at TEOW e triansfeofed to a stirring tank 604 maintained at

N, N - hexanedi yl - bi s-carbam ¢ Acid Di phenyl Ester The

1%R0E MRthedare Hhep2 Usdidertddmiphentlevas trassfeared \dd aoline 66
with the exception of heating thin filmdistillation

- o
to?ﬂﬁﬁﬁg?‘itt?@]( ﬁ@%t Iéf’tl’?é)%ie aBKBOg g her, Bresdibug! tinsdideirateewas

['ati on apparatus about 1.3 kPa,

w0818 DG 0k 504 9y B8 Ened ihd ratoa oy B feed

_ yi'ng to e thin film distiTlation
PR e bt Pt n S B A e S ek
o5 TSRS et SRl b n BB B e
sotl)gt?oend s?or:’ed 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

mz, Kobelco Eco-Solutions Co., Ltd., Japan) was heated to 240°C.

A transesterification reaction was carried out by transferring a mixed

liquid 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

distiliation apparatus 606 via a line 69 at the rate of 1496 g / hr with a line 72
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hexanet hyl ene di am ne was 57% In addition, a black
solid was adhered to 15 the sidewalls of the thin film
distillation apparatus 402 foll owi ng conpl etion of
step (A-4). [Conparative Exanple 2] Step (B-1):
Production of N, N -hexanediyl -bis-carbamc Acid
D (3-nmethyl butyl) Ester 20 2146 g of a solution
cont ai ni ng 23. 1% by wei ght of hexaned] yl - bi s-
clasgrbaf MBIXGEigASHNai xﬂri\lbla\tﬁ’@f'( Gﬁ&e&/'gbfe&f‘ﬁ@é{'%?”"'
carrying out the sanme nethod as step (1-1) nﬁ
was axtracteuérmaarjmeoﬁsq@roulgledgmmmugp@rgpgrtm Pf tf&ﬁ in film
bi s(3-nmet hyl butyl) carbonate and 174 g (1.5 nol) of
distiRpsret estas 0608 argd supphtiedgtoaasdistifatign aotinuziGly. The
2.9 g of sodium nethoxide. 25 Step (B-2): Distillation
r@ W-tﬁﬂbhbl%d’? I40di-terrarpPeRtnolMérelésplrgteafinahe distillation
|'ate were obtained by carrying out the sane

co@#%@?aépﬂsthg e ?ért—%hw i | vab f@tur‘heﬁh@ BsCgidrPbrtion

usi ny eso 'ution o ined in step (B-1) instead

td 0 n .St I
of m 195 Al gl ePBaRlig s g'%hifﬁn% 7413&“ 2ffipf 1 3 ot of
ound to cont 84, 2% b 5 wei -
dlfﬁi”@@%ﬂ n%'HWb%P?I) A deaoton o % ‘?(%%@‘*B%Pfﬁﬁiféﬂﬁ" g line 70
3-nmethyl -1 -butanol. |n addition esu@sof .
pravidesn the bpttomyel e ik i cifialio) 2PPREAIES S0P P ipplied
residue in the flask was found to contaln 96 7% W¥|
to wdhightfilof  distillatiesx aaperrptusi 608 aMiminc 18 d7 1 en the
bi s(3-nethyl butyl) ester. Step (B-3): Productl on of
N,N-Nexasedipidsisydaribarmicc aadid nidi( 246 detert@mylphenyl) ester in the
Di (4- et hyl phenyl) Ester by Transesterification 4978 g

reséncfh héf@ﬁ@lt &aradtéd fictn Weee7 @ xéacsced0f3% by iveigh?4licen @2 was
solution were recovered fromline 27

op%\%\ﬁ' \gﬁﬁ ll'nB f’f)‘%ldéféﬁeémﬂ’%é ir@8ctiin %&H'Wé@&ﬂa@@ferf%d tt][T@ tank

carrying out the same nethod as step (1-3

6(ﬁan'pl e 1 with the exception of using 510 g of the
'stillation residue obtained in step (B-2)

Step (23-4): Production Process of 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
appafatus 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 distiliation apparatus 809 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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15 instead of the distillation residue obtained in

step (1-2), using 91 g of dibutyl tin dilaurate and

4645 g of 4-nethyl phenol (Al drich Corp., USA), and

carrying out the reaction for 58 hours. The extracted

reaction liquid contained 8.1% by weight of

N, N - hexanedi yl - bi s-carbam ¢ aci d di (4-net hyl phenyl)

ester. Step (B-4): Production of Hexamethyl ene

D [Gomparative Exariplerifal 20 Deconposition of

N, N - hexanedi yl - bi s-carbam ¢ Acid D (4-net hyl phenyl)

Est egtepNA-NEr PRddudtion s o, N'-heranedigi-biercaneamicaAcideDimethy!

out in a reaction apparatus |ike that shown in FIG
Esfer Thin filmdistillation apparatus 402 (Kobel co

Eco- Solutions Co., Ltd., Japan) having a

heaaGQp Gt LOSH EhARRAG 90 8% By il EoNIERERShddyl-bis-

e pressure”insi hin film

ist.illation ratus .
caffafiic A BRNON BIF okt s faaon 5t by o gt fug Sty rigthod as
feed tank 401 and supplied. to the thjn fi .
stan Gt phexamPieohaitin e cxeaptionet using e (¢ Brmol et dimethy
about 680 g / hr. A liquid conponent was extracted
catbanate ang 152 @ bédirael) of hexamethylanedizprine.RAdinG A stimes, and
distillation apparatus 402, and returned to feed tank
usihg4D¥ grofesddiure Mdthokidgaseous conponent cont ai ni ng
hexamet hyl ene dii socyanate and 4-net hyl phenol was
ext r gesegh-2): distiliztion4d LowoBoiliad Roint @empopeet - porti on

of thin tilmdistillation apparatus 402. The gaseous
Comzen Wi a WRGllARAwvER Ebiiidd BYica gonthéE0Sambanethod as
h e§amst hyl ene dii socyanat eyand - met hyl phenol

t he
st I&‘E—Zﬁ:‘?%@érﬁﬂe Wﬁth“tﬂ%ﬁé’é&l&ﬁ@# udRy Bt saGhed oblfeﬁﬁ@ad in

connected to the top of distillation colum

o T O AP TP, 2 ot o
o SRR, 1 TR R Ay 7% o

bottom of distillation colum 403, and a portion was
wagt ot et CERnAS ARAIG TRy Welgbt i eirgiol, HBs & osuit of
reaction was carried out for 11 hours, 15 114 %1
arabizing by kquid sshiomgtaamephy thei distillaliornEsaitng Wy |
di i socyanat e )
found to contain 98.2% by weight of N, N'-hexanediyl-bis-carbamic acid

of a
e dlask was

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
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was recovered fromline 47. The yield based on
hexanet hyl ene diam ne was 57% In addition, a black
solid was adhered to the sidewalls of the thin film
distillation apparatus 402 foll ow ng conpl etion of
step (B-4). [Conparative Exanple 3] 20 Step (C1):
Production of N, N -hexanediyl-bis-carbam c Acid

Di butyl Ester 1818 g (10.5 nol) of dibutyl car k%on te
Chpmichlcidustiesg Lithe Japemyd sefting heatiag bl he ﬁm film
220 g (1.9 mol) of hexanethyl ene di am ne were placed
distiflatforP abpa@itugred r80°Coand reamyirid ot disé  reaction fereA3Gzours.

placed in the flask, 25 and a Dinroth condenser and

TheNT eEaaRedv al RackEs € Agliachedntanédie BlZsk. byll8véigher of
replacing the inside of the systemwth nitrogen, the

oML - Neguyg ' ighefan oi | bath (OBH 24,
NI&/B@%&"%{%@}PE'% 9%@3%‘@%8% Eé'fqgﬁsgbm'gd by the addition
of 3.7 g 0f. spdium ne i 9 : ' |
vakco e RO H et S B R 2hplty Theha
reaction. Sanples of the reaction |igu.d
D@@mm:éntgprwﬂN,él:-h@aa%@%‘aﬁﬁ@é‘?%fa'ﬁ °'§|@P%Mﬁ ¥, and
the reaction was termnated at the géi nt . ith th
hexEreesayeanethiidaas stemée of IEraganle fivas erriedLyt with the
result of analyzing the resulting solution by liquid
exebpiiurad peatiny thinHémsdistiation apearatusuA@? de ZEaimaking the
28.3% by wei ght of N, N - hexanediyl -bis-carbamc acid

prélédust Vhsigattae thiOfilbt elstijlaia@) apparstus lahoubi.kPapipeding the
Boi l i ng Poi nt Conponent 1444 g of a distillate were

so?\?f_og Bg%i%ﬂaﬁng{sidé NA-Pufo FR1 t@iie 4081 kagpling $ dpe thin film

e 1 wth the exception of using the

dli'lgllram)b %ﬁpgﬁtf’i‘é DRidd'41 8t B e )13} abbst 880 gthr! ék?‘tj carrying out

arned 1n step (1-1). As aresult o

e dEaart okt PRS0, 9% By o 8 Rl Boitalling SpE biweicht of
h é{;{ﬂf?ﬁ%ﬁ@tﬁ Sea .Igo é)? 60%%3‘3’%;%%@?;{%l?i@)%a{‘iﬁgull'tgé”yield based on
hecxharng)er{ﬁ)tﬂg?lcreadegr)r/ﬁnet UvgstiTS"}o.i ! na%h%o%,e 2ibqgc isglié r\Jv%s adhered to
the sidewalls of the thin film distillation apparatus 402 following completion of
step (A—4)7

[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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flask was found to contain 98. 0% by wei ght of
N, N - hexanedi yl - bi s-carbam c acid di butyl ester. Step
(C3): Production of N, N -hexanediyl-bis-carbamc Acid
20 Di (4-octyl phenyl) Ester by Transesterification 6122
g of areaction liquid were extracted fromline 24 and
182 g of a solution were recovered fromline 27
provided in the upper portion of distillation colum
20368y ¢of aydistilatverdebtained ytdeoding odt e game)nethod as
Exanple 1 with the exception of using 594 g of the _
step B-D) brEx@mplesi dite Wt ekduptionnofstisipg (the JplEon obtaied in
of the distillation residue obtained in step (1-2),

ek i oD o L arne La) f
stegc f‘lﬁ{‘lgcﬂwéfep%e%ff tAkbEGIVtion Idftafnel ™ Ry Q}ﬂganﬂs Glhesyit o

nol and using in the formo

honpgenequs | ' e i o
anfRARErDy S chftpBlarh R Biildte (R ARkl 84.2% by

havi ng, a heat - conduct i ng surface area . 2 .
wetic, g%\ncp‘%(gfm ‘i??(g"'gm %%8?%%& i %ﬂgf ofé'é% hob[?r2 S_Wééght of

When the extracted reaction liquid was {anal zed b%) iquid
3-methl-d-buaneinat dgr AsIjtion. hes eac et | Pl AREIVERY f ndiaY!

to contain 11.5% by wei ght of . 0
chigraitolgeage they tlistilatioraesisiedndae Hask wasdewnd fhepRipin 6.7%

ester. In addition, when the solution recovered from
bylveighRdf M -Hrexa hgdigibisycarbaminacid 20s(Rivretapupd) ester.t he

solution was found to contain 99.0% by wei ght of

1- buspgp! - (BLE): St PRoduetiéh: B o' iheianédilebisraaribgrhisne Acid
Di i socyanate by Thermal Deconposition of

ol fiaiyprag ehorby et 0 (4 ooy phenr)
T BT RRR] 8 bt g 25 0 of o
o PR b 58 21 bt By o thaton
oS Aoy SAmyRREAThe oM RS 58 e PRt BBl i
th;;géeggégw?@isn%pg“)egd o% ?heE rcgigestitllg’(iic?n frtiasliért].lg i()%‘t:aitirl'nl)d?l tir|1 %Pep (B-2)
instead of the distillation residue 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 decompasition 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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line 31 at the rate of about 980 g / hr. Aliquid
conponent was extracted from line 33 provided in the
bottom of the thin filmdistillation apparatus 302,
and 20 returned to feed tank 301 via line 34. A
gaseous conponent containing hexanet hyl ene
di i socyanate and 4-octyl phenol was extracted fromline
32 provided in the upper portion of thin film
abslitst BIHF. i OTheappiatian whtdinad imistep RS ovas fashisoivesh tapk £01
fed to distillation colum 303 where the " e of
?E%pﬁé@ LaRe Ghir SiRAYdBELioANspparatisy iphkmm 4 net ghe rate o
an“Eep ateﬁ, and a portion 25 of 4-octyl phenol was
rat d Lo Tersly %ﬁ&‘i’erﬁ Wy 8Rradteg fidn Vine 43 peovdded in
abT%dﬁgyghﬁﬁgd/fﬁﬂﬁﬂe bottom of distillation colum 303.
When th eactiQn rri t . SAQes. toiedd dank
thespodBt b GnaP e ISR SR Bl 407 e e

an as a
result of analyzing the sol ution ' ad. 183G

108naigsise e LohubasHOUSASOTEINGTY ooRge SyakBinviene
wei ght of hexanet hyl ene dii socyanate. The 5,.yi :

diisey@maten anéx@mthylpbﬁ@ddwaﬁi%'y%%} i29 v %%BF‘{’VS%%‘,’ i the
bl ack solid was adhered to the sidewalls of the thin t

upbit poetiost bf thirt filom distitatien eppaeus 40Pow G 9aSERHP SOMTEPNEN
of step (G4). [Conparative Exanple 4] Step (D-1):

D-1):
wa UG el aforNedlmhesG atiieys e Seramstivlenagiigpcyanate and
i butyl 10 Ester 1914 g (11.0 nol) of dibutyl

5 b
+-GRANAPA IR 4pseralel gL imontslinsha asrtoater fom line 45

and 232 g (2.0 nol) of hexanethyl ene di am ne

co‘g“ﬁ%ﬁegf'@ggﬂsi Nod  f L diHIEEN ' bsiuhaur 183 mmeh Hdasiethylene

|aced 1n the flask, and a Dinroth

diiggggd%]asf%n/%‘ g&%ggm W AP EliBedidtai plefnfedise stage of

! . ['aci ng the 1 nside of the system
o S o e Y B 2 gheg A ERF R e o e
ey 02 ST AR AT 42 i rtmed
torfizgttiagl? ﬁo?avrirg lliﬁg t&f. tVr\]lr(?|err1 ?ﬁec trieac\)tzr%iolni \ﬂgé gar\"}?erde o&tugog'qk?ll'}/ours,
114 g of a solution containing 99% by weight of hexamethylene diisocyanate
waé 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 Dibuty!
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

placedina5L 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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col l ected and subjected to NVR anal ysis, and the
reaction was termnated at 20 the point hexanet hyl ene
di ami ne was no |onger detected. As a result of

anal yzing the resulting solution by |iquid

chr omat ogr aphy, the solution was found to contain
28. 396by wei ght of N, N - hexanediyl -bis-carbam c acid

i butyl ester (D-2): Distillati f Low
AR TRINGN O (TSR B0 ME Y SH 195 iy ogn, T &Uhm%'a fipgkvas
obtai ned by carrying out the same nethod as step
immersed iof ambodrpath (OBH-24, Measudrepipi )ohe@ieddgu%ctmowed by
solution obtained in step (D-1) instead of the
thesadlditioonf @bt giofesddium m@po((iﬂe](28°/ﬁmeﬂ’!arﬁd otution, Wako Pure
anal yzi ng by gas chromatography, the distillate was

Cheficdl 1hausiaas i . )a0. S50t e rewditioht Saneibsitof thes padatinatiiguid
and 18.5% by wei ght of 1-butanol. In addition, as 5 a

weF@%Hlt%lFlgtccﬁﬁEé{eﬂzéﬁ@ sﬁﬁjebtéwtdj NW %N%‘Hi MW thel fiction was

di sti lon residue 1nh the | ask was found to

terh‘?rﬂ%tgﬁrbt ?ﬁeg rﬁ%%h%lﬂﬁ)b&fle diamine d/vads Bo Iongersc{etectegt As a

exane I'S-Carpamc acl

it el e EedndsdhpdfERlEEld ?hr%g?ﬁtéﬁfa%%%%?‘%&'f’n

of areactlonl id were from|ine 24
wassigugddp gontaip) 263% %W%'gﬁeﬂb%%& PSRN P@*@#bamlc acid

provided in the upper portion of distillation columm

ditrdd es{ercarryi ng out the sanme nethod as step (1-3) of
Exanple 1 with the exception of using 605 g of the
di st BtdpatC-2h Distliation aflitcay BodingPainte@orneosent i nst ead
of the distillation residue obtained in step (1-2),

addigag d 3padistillate ery lobtained bydidraingoat dnedsdma methokl as
3-octanol (Al drich Corp., USA) and using in the form

ARG fHePBxcdptivfl BPusifgf thedsdiaivh dBfained
steﬁf gtl zg t he th?ﬁl 15"5'6|€“IhumH di )é(tzlpﬂ | ati OH 'appar atus 202 I "

sté%gggm g«% &%@ue&,runs Satithifed, ﬁ{"s?ed;f’f 02 "% EOresult of

ryrng out t e reaction hour s.

an\rall\f1 [5‘|gdtr>]35e ggé tch?&r%?%grgﬁﬁ} 08! dls'tlﬁéjtbqué{@%moygo?ﬁalnﬁo 9% by

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'-hexanediyl-bis-carbamic Acid
Di(4-octylphenyl) Ester by Transesterification
6122 g of a reaction liquid 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 dibutyl
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20 chromat ography, the reaction liquid was found to
contain 17.1% by wei ght of

N, N - hexanedi yl - bi s-carbam ¢ acid di (3-octyl oxy)
ester. In addition, when the solution recovered from

line 27 was anal yzed by 1H and 13C NMWR anal ysis, the
sol ution was found to contain 99.0% by wei ght of

1-butanol. Step (D-4): Production of Hexamgt fml ePe fa
tin Qiiztessanade 56¢1 The ofred-octipimacbnpad ¥$ioa by the form o

N, N - hexanedi yl - bi s-carbam ¢ Acid Di (3-octyl ox%é%3 Est er
hori@gerbd e dBNitighe N tbofesddankoROhahestingi die doin film

I'n“a reaction apparatus |like that shown in FIG 4.

dis@%@gﬁ%ﬂeﬁrﬁi&t %(gi %ﬁ’?@ ?ﬂfé%‘t-@bhduét% Eifdaes apea of 0.2 m? to

ons Japan) having a
heat - conductin r 2 n2 was heated to
248 6o @nchearfng Rt ﬁ}%e%g‘éﬁ%ﬁfcﬁ?éé@m?ﬁé thin film
distillatijon

Thieen aithen SRl TPHOLy LS 1B WasPAHivied K. liauid

tank 401 and supplied to the,thin fi i st kb i
chappatograpghyy the |rearé|0m1"°é+ﬂé) was found %Cé'ﬁ]é@’uﬁgélbag ‘yé‘gh_t of
hr. A liquid conponent was extracted fromline ,
N, K-Beskatestiiylsbis-chebanvict agid sfi(4-aetypheryd | §siet; 4t ﬁ‘@l‘?”o pvhen
apparatus 402, and returned to feed tank 10,4

1£Whg@lysis,

. : q

thd 5818tidd redogned trosn tuerpdveast anapzed Ry n- RE arfer)
dii socyanate and 3-octanol was extracted fromline 42

thé? EBM!uBﬁ%snfohha t§ RPAtain POI% by vedighhoin-butamol.
dirstillation apparatus 402. The gaseous conponent was

gfﬁsg,g?é (EL4)! bRiR]oR @ WERaRihybre Bilsbeydmataby Tinpreab

an oct anol were separated, the

Dé’@ﬁﬁé@%ﬁ%@ o Sﬁ'ﬁe{ﬁtﬁbaﬁl-fors%rbbﬁﬁc ASidcDARctSshaky|)t Bster

atron columm 403, hexanet hyl ene

dii t t . i ) e
o R diegpanos g BRLh Wap Eartig off s Réadied agparatus

_high boiling point substance was extracted fromline
likeathpt showe it FIGthe  bottom of distillation col um 403,

and a portion was returned to feed tank 40 ia li
44. Tinefim distilfatigotannaraig 302-h3dog aLHeaF‘&P”%ECM?%'{f% area
b

149 of a 20 solution containing 99% i ght_of .. s
oﬂ“@&&?ﬁéww iegatedito mamdeth@epr@sgure inside the tHin film distillation

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 distiliation 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-octylpheno! was returned to feed tank 301 through line 34 via line 36.
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recovered fromline 47. The yield based on
hexanet hyl ene di am ne was 45% |In addition, a black
solid was adhered to the sidewalls of the thin film
distillation apparatus 402 follow ng conpl etion of
step (D-4). 25 Industrial Applicability 123 Since the
I socyanate production process according to the present
i nvention enabl es isocYanates to be efficiently

propicetl dredhev haitam afsdistilation: celkany 308xi Vb4 rfeacttcma was
producti on process of the present invention is

caeddr eunefoy 18sefurs, 16itgsdfra ablujionwerhascoverhd domeinei 3, and

value. 5 124 CLAIMS 1. A process for producing an

as IS REYRH RhalyeHEPHessdIgtidrh By dHe pRd GPC-NWMRaaridlysis,ahe solution
carbam c aci'd ester and an aromati c hydroxy conpound

a%ofo%nebfoabent% Wt@r Rayd sm@uéa{eoaws&%ha@d The

romthe arorra corrpoun and subj ecti ng

e qmsfegs@fsfg&ré@%na@%ﬁﬁgr@%%gzﬁs PEASHI, 2 ck s

wa AT T4 SPHa P! R B ORGLEEPD 24t TR ——

Rl at at |east one ortho positi on of a hydroxyl group:
completion of stap (Ctddherein ring A represents an aronatic
hydrocarbon ring in a formof a single or nultiple

ri i@emplarativeniayarhpheedla substit uent and which have 6 to
20 carbon atons;

Step (D-1): Production of N,N'-hexanediyl-bis-carbamic Acid Dibutyl
Ester
1914 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 systém 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 dibutyi
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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15 R represents a group other than a hydrogen atomin
a formof an aliphatic alkyl group having 1 to 20
carbon atons, 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 atonmns,
an aral kyl group having 7 to 20 carbon atons or an

ar al kyl ox roup having 7 to 20 carhon at , . .
stegy GUB) 20 BroMP T O PERARENe St Lol B DTt Bpteined in

atom an oxygen atomand a nitrogen atom_ and Rl ma
staporiD-1)i tristead ©f f thersalutiphgoktaingst i sfep 124)2. Afhé@ result of

process according to Claim1l, wherein the aromatic

anBiEIrRXby gasThrmatogsaphy tne distilateepas faimdete ¢antained0.9% by
following formula (2): OH Rz R t (2) (wherein ring

welgnst cﬁgulgf 8arbbfaf2ard a8 8% Hynwdighbof ¢-bilarid.  In addition, as
represent$ a hydrogen atom or an aliphatic al kyl group

a EL;% Gk &nélgéi%g tg;gﬂggﬂ”c%ﬂ{% %ﬂ@' {HehalstiRatdirk p¥didue in the

d up thI . carbon a an aryl group

vin t 0 _car oNs, ; ; ' i

flag vge?éwﬁw SR BB TPl Mg Eo NN ncHeniceyiie Sguamic
carbon atons or aral kyl oxy group having 7 to 20

acid dibptyl €8teral i phatic alkyl, the aliphatic al koxy, the

aryl, the 10 aryloxy, the aral kyl and the aral kyl ox .

gr oufder onflaBhi n@’f%%-'cél%‘m &k e %/'\gd"efxlaaﬁg'ylég@é(?%éﬁm'é/ Acid

atom an oxygen atomand a nitrogen atom and R2 may
Dit®odtytoxyh Eaterty Transesterifiegfist ructure) . 3. The process

according to Caim2, wherein in the fornula (2), a

t ot 403 oo reectiont liglid warsbextradtedsrarnrisie 24itanalg238 g of a

and R2 is 2 to 20. 4. The process according to any one
soitidel wefSrekol/Bred frovhaing 27 previdedio tha upipet pertioroofedistdlation

hydr oxy conpound conprises a structure containing at

cdt&rﬂﬁtZOB 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 homageneous 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 1'80 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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one structure selected fromthe group consisting of a
benzene ring, a 20 naphthal ene ring and an ant hracene
ring. 5. The process according to Claim4, wherein the
aromati ¢ hydroxy conpound is a conpound represented

by the followng formula (3): 126 CH ::i: R4 (3)
(wherein RL and R2 are the sane as defi ned above, and
each of R3, R4 and R5 independently represents a

hy drthgenaladerongposition eddgtibatwas earkigt aut dup reactiotyaprargtus
20 carbon atons, an aliphatic al koxy group 5 having 1

liké hat Sne@hhiRFIGt 9B, an aryl group having 6 to 20
carbon atons, an aryl oxy group having 6 to 20 carbon

at §ifh, i Qi&ﬁhé%n %fggg%hévém ;Robacaoisc@%dmmmt o, Ltd,

or ‘an aral Kyl'oxy gr aving 7 to 20 carbon atons,
the aliphatic al kyl.. ' [ 200°C
sabid ryRa Ry Satr@riflring <EifRe B2 o 0 BT ¥ PR
contai ning an atom sel ected from.a car t
angygarresbaea MRS 105 ANt TSt By gy brer ot o gfde to be
according to Caimb5, wherein the aromatic hydrox
abouhpGukidai sTeadelutieat OWtﬁineﬁénf%%Mﬁéo)(\@% (f%%i% f%?g fgpk 401
and R4 independently represents a group represented
andysuprdietiold the thjnffdmndiséligtion apparates Vi liga A Rat the rate of
represent a hydrogen atom -X (4) (wherein X _ _
abbBp6ee )L Bir.a Alignichesmpbnentt was extraetetdrormnrig 4hgrovided in
structures represented by the follow ng formulas (5)
th@BaHb®) of 1@ thirCrilm distillation apparatus 402, and returned to feed tank
401 via line 44. A gaseous component containing hexamethylene
diisocyanate and 3-octanol was extracted 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 v_vés 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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R6 (5) 127 H -CR6 (6) (wherein R6 represents a

i near or branched al kyl group having 1 to 3 carbon

atons). 5 7. The process according to Claimb5, wherein

the aromatic hydroxy conpound is such that in the

formula (3), Rl represents a linear or branched al kyl

group having 1 to 8 carbon atons, and each of R2 and

R4 i ndependently represents a hydrogen atomor a

| i gige te Hsanemnate aploguctivouprosass naccoreings to cthep present

atons. 10 8. The process according to any one of )
invéntirTeratiés Tisotfriates td1cbe ceffionly poodiicestt avittiosit apsing

al1 phatic carbamc acid ester, and a | ow boiling point

i ' | Sagh e ippesunt invention is

o EHBRABR: RieTRAR L PEIucEN prege i

The process according to

Claim 8, erei.n ] ' i cid ester is
extrgmely; Lﬁﬁgfwr&d'ﬁéﬁi?)y;%b%bnég H@ﬁ %@@% E‘g} Qi' \%&@'Th e 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
acid ester and the aromati c hydroxy conpound inside
the reaction vessel; recovering a formed | ow boiling
poi nt conponent in a formof a gaseous conponent; and
continuously extracting a reaction |liquid containing
the aryl carbamate 128 and the aromatic hydroxy
conmpound froma bottom of the reaction vessel.
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11. The process according to any one of Clains 1 to
10, wherein the deconposition reaction is a thernal
deconposition reaction, and is a reaction 5 in which
a correspondi ng i socyanate and aromati c hydroxy
conpound are formed fromthe aryl carbamate. 12. The
process according to Claim1ll, wherein at | east one
conmpound of the isocyanat d aromatic hydroxy
conmpound fornmed by the t 10 deconposition
reaction of the aryl carbamate is recovered in a form
of a gaseous conponent. 13. The process according to
Claim8, wherein the aliphatic carbanmic acid ester is
a donpopraess forgreducidg iz isbeydraitd, cxdimuyising thel stepFpf: 0
"H11 R7 NNCOR8 15 n (7) (wherein R7 represents a

Or eEACtif actfBami®Acideser Al eAnaropidtitghydrogy compound to
al i phatic group having 1 to 20 carbon atons and an

ob iR HH by FepbEmBRY hQﬁpgce% gro@rp deRAUBQTramh GRE arbhftie N1iMRoxy

contal ni‘/ng an atom se d froma carbon atom an

. m and a nitrogen atons, and having a val ence
co%@%s%gﬁﬁs represents an aliphatic group which has 1

to 8 car.bon ato nd ich,contains an at.om sel ected
{  ShPEURAT0 Bl Saibemetdb i atom il B BE ogen
atom and n represents an integer of 1 to 102. 129
14 Wheseinprthee $£0matier BYFgXY oCRIMROHNY3 S \far efGmatife hydroxy
aliphatic carbamc acid ester is such that R8 in the
coapepiodnuhicbis sepiesedtaslyby the fallowima fermula {1hand whieh has a
sel ected fromthe group consisting of an al kyl group
substituegt R' aibaPi@astommotibo pasition airmcdhalreyd lgoaliky| gr oup
havi ng C§3Hto 20 carbon atons.

R1

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

R' represents a group other than a hydrogen atom in a form of an
aliphatic alky! group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the 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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15. The process according to Caim14, wherein the
aliphatic, carbamc acid ester is at |east one
compound sel ected fromthe group consisting of
conmpounds represented by the follow ng fornulas (8),

(9) and (10): O HIl RBi~~CNH 10 (8 OORS$ 11
11 G~ N-J:D- N"CllI Ol-1 RHH(9) 011 N
C 10111 R8 HO 1 | R8 HO (10) (wherein R8 is the

sape Thedpfdcees avowding tHSClM An waeyeinpibiey staratimthydroxy
represented by the followng formula (11), (12) or

corhpddnd R’ 8 cofbdubldMeftesentdd by theFoflowing formula (2):

OH
R2 R

(2)

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

R? represents a hydrogen atom or an aliphatic alkyl group having 1 to 20
carbon atoms, an aliphatic alkoxy group having 1 to 20 carbon atoms, an 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 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 formula (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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R (11) 130 RO RI0 B O OB 0O1~1 NNORIO HH R9 (12)
RO BOOA NRIO ROHIAQII B N”"OHR9 (13)
(wherein a ring B represents a structure which my
have a substituent and which contains at |east one
structure selected fromthe group consisting of a 5
benzene ring, a naphthal ene ring and an ant hracene
ring, RO represents a group other than a hydrogen atom
in a for@of an aliphatic alkyl group having 1 to 20

a irrs R'an al i phatic al koxy group having | to

At ons, an aryl group having 6 to 20 carbon
(g rF%ony group having 6 to 20 carbon at ons,
an aftal kyl gmoup having 7 to 20 10 carbon atons or an
ar al kyl o group having 7 to 20 carbon atoms, the )
group containing an atom sel ected froma carbon atom
(WBBrew i emdaROareaing sama bt defiead abore, amtl R10
represents an aliphatic alkyl group having I to 20

carpn G RTR* aAd KA iinBEFlbhﬁerﬁM@pYeﬂimsl@ tdrbgen atdm or an

20 carbon atons, an aryl group having 6 to 15 20

aligﬂ%tﬁ’rcg %1@1%2?% ﬁ\%l\/ﬁgﬁ %V%Cg Eg%nhéfﬂnﬁ% Zh bRpR&iCakeRy group

oup having 7 to 20 carbon atons or

| ha%lnnga!i %% 85%0%%%913'?%\(4 gr%]/! Z:r&ﬁ) ﬁgving 6 to 20 carbon atoms, an

aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic
alkyl, the aliphatic alkoxy, the aryl, the aryloxy, the aralkyl and the aralkyloxy
groups containing an atom selected from a carbon atom, an oxygen atom and

a nitrogen 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:

s
@

(wherein X represents a branched structure selected from the structures
represented by the following formulas {5) and (6):

RS
|
_c|:_
R® (5)
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carbon atons, the aliphatic alkyl, the aliphatic

al koxy, the aryl, the aryloxy, the aralkyl and

ar al kyl oxy groups contai ning an atom sel ected froma
carbon atom an oxygen atomand a nitrogen atom. 20
131 17. The aryl polycarbamate according to C aim 16,
which is represented by the follow ng fornmula (14),
(15) 0or (16): R13 R10 R12 RO H Qu Rl11 o rN NO R11
RI2 ] RO Rto OHRI3 (14) RI1 RI3 (R R0 R12 RL 00
Rl13—g~N N o R* RI0O HRO (15) R11 R12 RO 0 R13 0-A
N RJ.%SR].O R10 Rlz N-o~/X R'" 5 H RO (16) (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’ represénts 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 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 aliphatic 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

continuously extracting a reaction liquid containing the aryl carbamate
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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 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 10 carbon atons
or an aral kyl oxy group having 7 to 20 carbon _at omns,

and firee grasoatic bysrosy aomgoand drsradation efitherieactior Xpewi
atom an oxygen atomand a nitrogen atom and each of
R10, R', R12 and R13 i ndependently represents a
hydrogen atom or an aliphatic alkyl group having 1 to

20 1qar ype [5HeESs a@Bor@ingOttﬁbh? koK Llaifs itoutD, vevereln the
1 to 20 carbon atons, an aryl group having 6 to 20

de&?ﬁwﬁggltlaﬁ ‘?gﬁc aé Yljléﬁ%h %&H&H&%}ﬂoﬂg’e@cﬁ&l 2&1@ A B9Baction

an ar a group havi ng 20 carbon atons

Ik
i B&r‘]%l‘gy'?gi\f%‘ga i ol G498, R
t he t I dth
o SR, o re el oy 152

an oxygen atomand a nitrogen atons). 133

12. The process according ta 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 formula (7).

RI-tN—C-0—R®
" | (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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44. 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

5 carbon atoms and‘ a cycloalky! group having 5 to 20 carbon atoms.

15. The process according to Claim 14, wherein the aliphatic,carbémic
acid ester is at least one compound selected from the group consisting of

compounds represented by the following formulas (8), (9) and (10):

o H ﬁ RS
RB/ \ﬁ/ \/\/\/\H/ ~o~
10 o (8)
o (o}
R \O/C\N N/C\O/R
H H (9)
(o)
c R®
N/ \0/
H o
c. R®
N >N
H o (10)
(wherein R® is the same as defined above).
15 16. An aryl polycarbamate represented by the following formula (11),

(12) or (13):

R10
R10 H a
OYN\/\/\//\ )j\o °
B o R?
RS (11)
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Y oro 10

Q/Lf\i ;.

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

(12)

(13)

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 alky! group having 1 to 20 carbon atoms, an aliphatic alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the group
containing an atom selected from a carbon atom, an oxygen atom and a
nitrogen atom, and |

>R1° 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

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

an oxygen atom and a nitrogen atom).
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17. The aryl polycarbamate according to Claim 16, which is

represented by the following formula (14), (15) or (16):

R13
R19 12
RQ H (o] R
11 N
R OY \/\/\/\H)J\O RM
12 0 R®
R R‘IO
R‘|3 (14)
rM R13
R12 R® R1 R12
WO
R10 R® (15)
R‘“
R12 R®

(o}
R‘IZI OAN R13
R0 H R R2
(o]
oo e
R? (16)
(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

carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the aliphatic

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

a nitrogen atoms).
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