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PROCESS FOR PRODUCI NG | SOCYANATES Technical Field The
present invention relates to a process for producing

i socyanates. 5 Background Art |Isocyanates are wi dely
used as production raw materials of products, such as
pol yur et hane foans, paints and adhesives. The nmain

i ndustri al PROCESSIFORPFROBLICING ISOOMANATES i ncl udes
reacting am ne conmpounds with phosgene (phosgene 10

nmet hod), and nearly the entire anopunt of isocyanates
produced t hroughout the world are produced according

phosgene net hod. However, the phosgene net hod

TEChnk%gkﬁﬁ%erous problenms. Firstly, this nmethod requires

he use of a |large anmount of ph ene as. raw
¢ ofesant InyRnupBBIAES (B PLoReSy PbRracting Pésyanates

speci al handling precautions to 15 prevent exposure

of handl ers thereof, and al so requires speci al

apparatuses to detoxify waste. Secondly, since highly
Backgroun@&irve hydrogen chloride is produced in |arge

anounts as a byproduct of the phosgene nethod, in

Bddiyaihatestare vadelynised as prodoeten rdve matetiabsidfynroguatbesuch as

hydrogen chloride, in many cases hydrol ytic chlorine

polyufeth&ricnme paiftsidhd dhdshasy amdieamaly induskidl prtluctionpyocess
have a detrinmental effect on the weather resistance :

of iso&yHh §$Fnc'i tﬁ?éssrte%Eﬁ@% ahniR® LY pRLRAS it bsehel (PhbS§ene

case of using 1socyanates produced using the phosgene

metndf. 488 ey I8 oS Bt B Sl U cBuRRRBREY] o von

are BB 8RS G e oo R s BB Fetnoc
been proposed involves thernmal deconposition of

has nuEehRs BraieMSest ers. | socyanates and hydroxy 1

conmpounds have | ong been known to be obtained by
Firsfyrdhisdaethegaenuires thsf 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 chioride is produced in large
amounts as a byproduct of the phosgene methpd, 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 polyurethane products in the case of using
isocyanates produced using the phosgene method.

On the basis of this background, a process for producing isocyanates has been
sought that does not use phosgene. One example of a method for producing
isocyanate compounds without using phosgene that has been proposed involves

thermal decomposition of carbamic acid esters. Isocyanates and hydroxy
1
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carbam c acid esters (see, for exanple, Non-Patent
Docunent 1). The basic reaction is illustrated by the
following formula: RINHCOOR )a - R(NCOa + a R CH (1)
5 (wherein R represents an organic residue having a
val ence of a, R represents a nonoval ent organic

compb@idsiigve Ritg BedrPRAGRE IS Be DbtiNeE B§Tthefmdl dcomrfcitior{Br
t he other hand, thermal deconposition of carbam c acid

carl:)aO 8% dslers: %Eefbtr'esléﬁ'lglé’ NOR-PEkeRt B SQFRSS ﬂccq{h'eec%s‘?c

vari ous reverS| Si de reactions such

reactiBHf%ﬂHgtrgt%'&aﬁaPti\ féﬁ&uibg‘?%-h@ s undesirable fOf

anic aci nhdensati on of isocyanates

the Lhes d cogpaﬁlti on. Exanpl es of
{i@[ese S| de reactl HEBY n%l u a reaction in which (l]r)ea

bonds are forned as_  represented by the foll ow ng
(whereigy Ruearesents an pEgANi 635IdYe RAYIBE a¥aletes pﬁﬂd@sfe&r gsents a
formed as represented by the following formula (3),

“monovalgnhorgsnic fasidue) anii a representy anLinteges oifleorforedd as

represented by the following formula (4) (see, 15
QorthBaitkert hékd, themhalldemoehfesitidPadfecdrb B aeidtesters i® O
OOHIIITI HMII HII RNGCOR +R-0C -R--

susce ttbl@‘tH‘tH’e sifultéhdous dtcutréhce idf NaficGs frmédersibieRside reactions such
NECENR + CO2 (3) 0 RNINR 3 RN=C=O O-N~0 R (4)

as thérﬁa@gghéfﬁé‘tlérpr ég:%ﬁs &hd snFﬁﬁ&.tfblo@a;f‘BegﬁéjtéEﬂ dste or

decrease I n vyi e ect|V|ty e target

condéazé%ﬁ%@&?Ls%cy%ﬁa@eg%a@%@t&ygﬂ.@ A SRR BRRER, ol o

peratian difficu as.a res or, exappl e,
theseégf% HEpRc SR P RioTR BrcheroapPREs 858 Fiedas
g t he reaction vessel .
represent d by the following formula (2), a reaction in which carbodiimides are
formed as represented by the following formula (3), and a reaction in which
isocyanurates are formed as represented by the following formula {4) (see,

Non-Patent Document 1 and Non-Patent Document 2).

o
R—N-E-o—r + R—0-t—H—R —> R—N-6-H—r + rR—0-&—0—r (2)
R—N=C=0 + O=C=N—R —» R—N=C=N—R + CO, (3)
o)
R\NJKN/R
3 R—N=C=0 —™
o)\llu’ko
R (4)

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

Various methods have been proposed for producing isocyanates that do not

contain phosgene,
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Various nethods have been proposed for producing

i socyanates that do not contain phosgene. 2 According

to the description of Patent Docunment 1, an aliphatic

di urethane and | or alicyclic diurethane and / or

al i phatic polyurethane and | or alicyclic polyurethane
Ateordiripioeed duscripion oh Batent Doduinddntc!, @hi afiphgtididuretrane and
and / or alicyclic primary diam ne and / or al i phatic

{or alf&&bl‘i&iﬂwr&ﬁbﬁé@nﬂq Gt phafié BIyUFé’tﬁbhé 2RI /B c9<9l Fethane
he presence of an Oa Kyl carbamat e and al coho

are ot?ﬂﬁ’i?gg)é} %t%cgﬁg %fw {tc %Hﬁ%?ﬁl glrngﬁa&?f(: cgrlr %Ir‘c#gﬁﬁ pﬁﬁ@ary
al co 10. 0; and [ Dy

dlamnge] @nagﬂg llgfl\%q %@a%pﬂlggggg%pggﬁﬂg @"W%’&Rr{m?@ po yargine in
v L o A REBE R e & Ssorc o

functi onal él socyanate as necessary. The detail ed
a Catamstraéé@ﬂut@@O@& it rae of @minadNH:heiowl . ersbamptssi alicehol of 1:

are not described in this patent publication.
0.8 toAdr@r OiZigta 50, tare wasaving theoamoforita fermedas meeassaty. amhe
aromatic diisocyanate and / or polyisocyanate are

resultipigadlucstidamy apai/ g pbiyuesthant kanfbd tonwvered toths tcoprespbnding
the first step, an aromatic primary amne and / or an

diisocgeﬁ%térfd Péi ghk OALHGHE| PRhAEStybRaleLas h8Eedddr)) aMhe detailed
al kyl carbamate in the presence or absence of a

reactlﬁﬁtcehﬁﬁlbpéwr fhi tth‘?‘naqu ﬁé(}“tfes%]ﬁlbg? }?/r?tf‘ﬁ'@ Batent

orman ary ret ane
ublldoﬁoﬁuret hane fol | owed by rem)val of the ammoni a forned
P 5 ecessary In the second step, an aromatic

é%gg'y na gﬁﬁl%?gbgggﬁﬁuﬁ L%l;l,esrg?g%r@rgp%tlc diisocyanate

di ur et hane and / or aryl polyurethane. 20 O her

and / pupplyisecy anatecBrtipAUGRL BY Bpinddhsoyah e feliowingiwa stgps.  In
substitution of urea and / or diam ne by a

the firshstepngh -acometic primery anpoa @add wr larearoaticprinanyt palyamine are
carbamate and / or dial kyl carbamate, or

reactedbwith snbStalkyitatbariata in the sresehce o etdsane=of a catalyst and in the
nono- substi tuted pol yurea or di-substituted pol yurea

rese o B ot OIS o o/ BT Ao or e
polyurethane followed by removal of the ammoma formed as necessary. Inthe
second step, an aromatic isocyanate and / or aromatic polyisocyanate are obtained |
by thermal decomposition of the aryl diurethane and / or ary! polyurethane.

Other publications contain descriptions relating to partial substitution of urea
and { or diamine by a carbonyl-containing compound such as N-substituted
carbamate and / or dialkylcarbamate, or mono-substituted urea, di-substituted urea,
mono-substituted polyurea or di-substituted polyurea (see Patent Document 3,_
Patent Document 4, Patent Document 5, Patent Document 6 and Patent Document

7). Patent Document 8 describes a method for producing aliphatic O-aryl urethanes

by reacting (cyclic) aliphatic polyamines with urea and aromatic hydroxy compounds.
3
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25 7). Patent Docunent 8 describes a nmethod for
--produci ng aliphatic Oaryl urethanes by reacting
(cyclic) aliphatic polyam nes with urea and aromatic
hydr oxy compounds. 3 There are several known net hods
for form ng correspondi ng i socyanates and al cohols by

TherdBie S@RPANKTOWA Afetddd Ry FbintihgdoreRpbhdingdsscyanates and
particularly aromati c, nonourethanes and di urethanes,

alcoh%l?%ﬂﬁal‘&é&ﬁﬁﬁoﬁ dﬁb?ﬁﬂ/‘ég&) AllpHee, é’ﬁd’?érﬂ&h?&?@ aﬁbma@nc

nper at ur e rr|ed Fiquid
|
monoBARERS R FREHRES. KR MUhOdTBEMRE R n the vapor phase at
xture, gives e . to the side reac ns desc

a hiothlstaeraite; BBy riariEes Sari SulR AJRE pRESe EREEoTtRarstively
sedi nent, polyneric substances and obstructions in the

low temapgrailsgs cppsdions. 4 iythesegveinedsypawayers thepfeackgn mixture gives
formati on of substances that adhere to the sidewalls

rise taotha $ide reactidnsroasssibed aboNey ieyelnesausinggor axaopte, the
econom c efficiency in the case of 10 producing

formattien ©f @edinesntppelynmericosubspenidescaral obstroectiomburs the reactier vessel
of a chem cal nethod, such as the use of a speci al

and r@@d@ryabpém@s K6 Rr AR BT EuLRtartd sRAbEAIhdPe U TR kidewalls
10) or a catalyst conbined with an inert solvent (see

of thePr@béﬁén P@géaretﬂb e;lbl,) nesnﬁ WE’W Ieéshsﬁﬁcdeﬁfe.én iR E8$e of

yieldin the erma |t:jon ofburet ahe.
prodyzily %%}aﬁﬁs ge{%'e Ay ﬁf’f‘%‘ﬂéf fsooyanate | nel 33??3
TREETR euﬁe%‘ig%ﬁﬁw%iﬂi’%ha "G i LA ePtualcataivst (see

so] vent and resence of a catal yst mx
Pate"ﬁ&?ﬁ%‘@@ 8fa"}?e'?ﬁkﬂm cyareat Q) Pﬁﬁétaéa'&w*ﬁﬂﬁﬁwﬁl% inert

di chl ori de. However, since there are no detail ed
solverelseri PateshBosimenbilic has besn disclpsed ta improse thegield in the
starting conponents or purification and arbitrary
thermat desemposition lvf uratbbment and catal yst m xture, the
econonic efficiency of this process could not be

Evalenample, Ftent dodigné®t 12hdes@ibesta griess fedprodubaigent
Docunent 13, urethane can be -easily broken down into

hexa@?ﬂ%ﬂhgglﬁsgg%n%qHEIGHlddThérrﬁafWt@ér‘i‘bf‘ﬁexamethylene
diethyl urethane in the presence of dibenzyl toluene used as a solvent and in the
pm%m&daw@wWMMemmmmddmkammew%m@mﬁdmmwm
dichloride. However, since there are no detailed descriptions of production or
isolation of the starting components or purification and arbitrary recovery of the
solvent and catalyst mixture, the economic efficiency of this process could not be
evaluated.

According to the method described in Patent Document 13, urethane can be
easily broken down into isocyanate and alcohol in a carbon-containing fluidized bed

without using a catalyst. In addition, according to the description of Patent

document 14, hexamethylene dialkyl urethane can be decomposed in the gaseous
4
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25 without using a catalyst. In addition, according to
the description of Patent docunent 14, hexanethyl ene
di al kyl urethane can be deconposed in the gaseous 4
phase at a tenperature in excess of 300C in the.
presence or absence of a gas perneabl e packagi ng

phasé‘ﬁteﬂérﬁﬂ)eﬂéﬂﬂ% |ﬁfe~xcé§§ o300 B thedirB88nce ePaBsendy s gas
zinc, alum num titani um chrom um cobalt or

perméaﬁg)gé %aécﬁé’gf'l corg ﬁ%?exgﬂn i, e ?gtitrbrass, stéel.

on 'e “descr ptlon

h hod '
zine, SREUTTBL G hé;zspg”@irm#@a8F§ﬁ%#$9°o%y%ék@‘gr@eﬁhwme
donor. However, this nethod is unable to achi eve a

d"socyaré@f@ of hexamet hyl ene diisocyanate of 90% or nor e.
This is because the deconposition products

ar
readditionyaceecdingita doe desgintiangf RetenhBoewneat féihisgmethod is
ur et hane bonds. Thus, the hexanethylene is required 10

carriedoub én thadpreisenad Iof/amyld'rcbquhaljdedfam { b hydirogenisilida donor.
frequently increases yield |l oss. Mireover, according

Howel/@r, thie respediipuhableab dmien a Petd okhéxdrbethylene diisocyanate of
nonocar bonate is disclosed to be able to be deconposed

90% cW thré avehiaid Bedh Rlhadbdompdsitoriparies st parfalyRtbmbined

In the presence or absence of a catalyst and / or

resultﬁ'@h't é%&rrméc{fo fCLg'EB"er%t bords/ st ﬁ{g’ﬁéﬁﬁﬁﬁ\ym is required

antageous reduced 15 preéssure

1tioQ odu I

to be SE6RPRAI b Fed bR A BoT R A REHAE AU i o e
distillation and separately capture se rtive
MaTaRKRa AP ding &E$BP¥?%H§@P[@?%Hﬁﬁt 1aor med
during thermal deconposition including parti al 3{

monocarhsyiate is Wisclosad te b ahletube d@ﬁ@@ip@éeg Nathsiaypeafle yield and in
described in a generic form Thus, although byproducts

the albsandecofrasolvent dndin thedpresemes obabssnceRf a @@tai/ sband / or
vessel, problens remain with respect to the case of

stabilenat armmpdrati\teh@ |ai eenpértaturef andhadvardageously esdet resksiced
previ ously described, and problenms with respect to

press'uPé‘g 1168 HeeORbaLHIBA ProfBets (onelsoedandts Aaltolasl) are removed
there is no description regarding industrial

from %t(t:ig” r@ﬁjﬁ?%oﬁgr}%tgﬁe 520%@5"5 %ﬁgg%gﬁfﬂté&p‘&aﬁ)&reg by separative
condensation. A method for removing byproducts formed during thermal
decomposition including partié"y removing the reaction mixture‘outsidé the system is
described in a generic form.  Thus, although byproducts can be removed from the
bottom of the reaction vessel, problems remain with respect to the case of adherence
to the sidewalls of the reaction vesse! as previously described, and problems with
respect to long-term operation remain unsolved. In addition, there is no description
regarding industrial utilization of the removed reaction mixture (containing large
amounts of useful components).

According to the description of Patent Document 16, thermal decomposition of

aliphatic, alicyclic or aromatic polycarbamates is carried out in the presence of an
5
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25 According to the description of Patent Docunent 16,
t hermal . deconposition of aliphatic, alicyclic or
aromati c polycarbanmates is carried out in the presence
of an 5 inert solvent at 150 to 350C and 0.001 to 20
bar, and in the presence or absence of a catalyst,

inert S?Jr\%rﬂ%t ﬁﬁé'téts%@"c' éfd’)‘@l‘.)fl 96 '@O‘Harhﬁﬁd qpeR srekentsler absence of

organic acid chlori kylation agent or organic

«corf ST AR B R
oA BB B E%W%ﬂorg%dsgé@%?wmﬂ%usw

added sinul t aneousl shortcon1ng(§ % %

removed frergrthexaagtien V%ssei&fmth@rnwmﬂv%ea 'BH&@'L{ 19 19} & 3&1“10'9
of polyisocyanates as a result of using a refl uxing

and aswirkesponding 2reountsef freskyenlventpraenayaredsigivent gands : Sdded
including that for recovery of the solvent. Mreover,

simultaheoaslyi sAsticstcostdg af this alethod &, fordeanmple, adedudtomn i in the
conditions, resulting in the 10 potential for

spacélﬁ’mb%ﬁélﬂfﬁf 'p&lil‘yu@écﬁﬁﬁtéiﬁﬁ@ awesilt bbusing eresiugingl solvent, while also
addi t'ion, the amount of residue is |arge based on the

requﬁr%ﬂ@r%lﬂé?ﬂa‘ﬂiégﬁ&@gafn% udity' thdt $sviceBveéun the soflerbt Moreover,

di ng econom | ciency and the'reliability of

G 0 AR o
poten&gp{qqgég |in@ tan lg% Q?qﬁ‘g‘ﬁ Oﬁé& i pPdadtes 2" RAURitfor Y58 amount

5- (et hoxycar bonyl am no) - 1- ( thoxycar bo nm nomet -
of residug ts.largenRasgr e e frsingseo Yl§9fa¢ﬁnaé% tﬁﬁaﬁ%a\t"ﬂ%“?‘ﬂﬁé%f doubt
surface of a tubular reaction vessel in a liquid form
regardimgt éronopnie sfinienay and Meyrelisbility eigngustial RSINAGS: . Thi s
nmet hod has the shortcom ngs of low vyield during
proedrding ¢ thef désgription)of RatehiaDocurdent beyemetied mwcdiescmwed for
selectivity. In addition, there is no description of

contifudiy thefralidedihpositios op aartyimgter |ebvas theofychia diurethane,
reconbi ned or partially deconposed carbamates, while

5- (etﬁdlﬁzbsrb g&lrﬁmoﬁ'ﬁ (Eﬁ%xyearbmm@n%nmnynhr@@ltﬁm@thwéyclohexane

ent nt al ned the byproducts and cataly
r
e REEe i oo el oo o

v B TR AL S B o o

ur et hane. Thi-s  proc
yield during production ofp(cychci aliphatic diisocyanates and low selectivity. In

addition, there is no description of a continuous method accompanying recovery of
recombined or partially decomposed carbamates, while there is also no mention
made of post-treatment of solvent contained in the byproducts and catalyst.
According to Patent Document 18, a circulation process is disclosed for
producing (cyclic) aliphatic diisocyanates by converting corresponding diamines to
diurethane followed by thermal decomposition of this urethane. This process
minimizes reductions in yield by recirculating the product of the urethane

decomposition step following reaction with alcohol to a urethanation step.
6
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25 mnimzes reductions in yield by recirculating the
product of the urethane deconposition step follow ng
reaction with alcohol to a urethanation step. 6
Byproducts unable to be recircul ated are renoved by
separation by di stillation of the mxture of

Byproﬁéggg.ﬁ%%ﬁé R:{‘b@"r %r‘&:‘iﬁé’te érﬂob@dfj Bg“s%?:%ratﬁb HRlikston of the

orne orn1o om products,

i e TRLAL Y LY Sl R ea

m. However, this roces as_the.short.comn
the forfa oh BoltoMUhTGEUEIRo WIS CraTgtva Qv BOIERCRISERporents,
of the diurethane nust be evaporat ed in the presence,
includisfg diarathgee, arerremavies! fepm te temef thaeaiuma. e ver dhis
at a tenperature level within the range of the

procese bagites shorcomingplarsing edange amethtzofeanearpy.eolkis s because all
i socyanate groups fornmed in useful products react

of the\’ml&r’étﬁa?% St Bé @ngﬁ%tgd U presenceof tatatyst drd ihis diurethane
the formati on of 10 conparatively high nol ecul ar

must B8 e98hor& %fjé%ﬁgbhélhré RYEI withidl the rbAg@dfitid @scomposition
according to the description of Patent Docunent 19, a

I
femp%?%%ﬂ@ac gghEs; &%??ﬂ\é@év??zéﬁ%b QLA lseRlipisducts
0sitio s
react Wé'f‘ﬂgg'd% rafhete & a%'/ﬁ?'&fAS@QR@l’i@fe‘BﬁgW% ioh
yur et hane endlng U ei ntained in

COF"PBS&SW@MJ’@QE meleeviar W'&gﬁ%wé‘gd% b"aaé OWRleY'E tem I'n

addi ti on, heating of products_ _remaini ng

ireaddition, seesrdingiptthe @%sﬁféptl@ efRaieat D@GH@WG&U?hé method is

systemresults in the formation of polyneric
disclosedfoupatsiallyp nemohiegadiiesess byprodubissuitsideibe susterpduring

the reaction vessel makes conti nuous operatlon over a

thermiz® ﬂ@c@mﬁggﬁoﬁfof gomrduhfahec ulatshorfeaheng obtiisimethod is &t
Pat ent 4497 20 Patent Docunent 2: US Patent

t ORMhane ehingaiebsi tained in
o O g oo B

byprdé%‘:cu n;éﬂl?@@ﬂ%@&@ elﬁ? nﬁ%{h%%yg%g.gfﬁ‘%&é%n, ﬁ’é’étﬁf@}of byproducts

remaining in the reaction vessel without being removed outside the system results in
the formation of polymeric compounds, and the adherence of these compounds to
the reaction vessel makes continuous operation over a long period of time difficuit.

Patent Document 1: US Patent No. 4497963,

Patent Document 2: US Patent No. 4290970,

Patent Document 3: US Patent No. 4388238;

Patent Document 4; US Patent No. 4430505;

Patent Document 5. US Patent No. 4480110,

Patent Document 6: US Patent No. 4596678,

Patent Document 7: US Patent No. 4596679,

Patent Document 8: European Patent Application Laid-open No. 0320235;
7
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25 Patent Document 7: US Patent No. 4596679; Patent
— - Docunent 8: European Patent Application Laid-open No.
0320235; 7 Patent docunent 9: US Patent No. 2692275;
Pat ent Docunent 10: US Patent No. 3734941; Patent
Docunent 11: US Patent No. 4081472; Patent docunent

%é;en‘t’éo%ﬁ%%gggggfér%%ﬂ% oBgPaygnt Docunent 13: US

ent No. 4 Pat ent docunent 14: US Patent No.

613 : t ' at ent No. 4386033;
Batett Bioumatint: 4 5%@31%%73@4?&388246; Pat ent .

cu t 17: n 4 ; 10 Patent Docunent
%ﬁeﬁ%ﬁéﬁﬂtgjtgﬁsﬂ%ﬂ%ﬁﬁgﬁﬁga 0355443: Pat ent
Docunent 19: Japanese Patent No. 3382289; Non- Patent
Batantwlecumenid 2 HiSePalent NouteBRaB.cheni schen
Cesel I schaft, Vol. 3, p. 653, 1870; and Non- Pat ent
Patantdncutentol®: il PaterANe.i44832488eni cal Society, Vol .
81, p. 15 2138, 1959. Disclosure of Invention

Paahiteleubrient d 4SQIS/Pdtdmy Nchd6H 8486t i on As has been
descri bed above, various processes have been studied

PatdHt Tt fnertOl 5; 196 Pafaitado. WM3gsas; usi ng highly toxic
phosgene. However, since these processes have

E%%tm@&@n? U el Amediehi gh boiling point

ypro iculties 1n continuous operation

Vi ; i, ' d t he adherence of
?ﬁgé’&q%‘%‘%ﬁ‘qe@gﬁ%gﬁé‘%’ﬁ{w%y@o ugts to the reaction
essel, hardl . of thes rocesses Y%
BasT g ent i Burbaeny PaiaArES 1% NoY Bans 8 ccent
invention is to provide a process for long-term
PalgntdDocument 19; Japanese Patent No. 3382289;

Non-Patent Document 1; Berchte der Deutechen Chemischen Gesellschaft,

Vol. 3, p. 653, 1870; and

Non-Patent Document 2: Journal of American Chemical Society, Vol. 81, p.

2138, 1959.

Disclosure of Invention

Problems to be Scolved by the Invention

As has been described above, various processes have been studied to produce
isocyanates without using highly toxic phosgene. However, since these processes
have problems such as the formation of high boiling point byproducts, and difficulties
in continuous operation over a long period of time due to the adherence of these high
boiling point byproducts to the reaction vessel, hardly any of these processes have
been carried out industrially..

An object of the present invention is to provide a process for long-term, stabie

production of isocyanates at a high yield without the various problems found in the
8
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production of isocyanates at a high yield w thout the
various problens found in the 8 prior art during
production of isocyanates w thout using phosgene.
Means for Solving the Problens In view of the above,
as a result of conducting extensive studies on the 5

QUi dTBridutiaed o@rsa%Paﬁ*a‘testmummmm plogeriche present
pnor%ﬁventl on unexpect' ed found t hat agjcarsk}jam c acid

ester or isocyanate is |ess susceptible to the
occurrence of side reactions |ike those described
ve | Nat a specific conpound having
@%aﬁé ?Q@OGwa%ﬁfﬁ%ﬁﬁ%ﬁé it was also found that, in
t he case, of haV|ng e? éhls eci fic _compound han%n
aresdt peeRd

lnvigegfitbe @bgvgna N] Fenive PifdiEs Pio e

of hi gh boiling point byproducts formed as a result of
above-mentipaed peallementhe mwen@w ohBie piesest yertien Hegweatedly
or obstruction of the reaction vessel. As a result of
foundchatta caibanieracich estee os isedyanatehe lesssusceptibieverthe oscumrence
the present invention determ ned that high boiling
of sid® eeadtichshikeaness destritast Siyovdiestbegirdsemazaot a specifiacempound
hi gh solubility in: the specific compound having an
havun@%h' ARivB Spﬁ‘bﬂih INISTRR¥r, #AkY BI® foliRd thats i hiehsisarsferaving

be ea renoved ouUtsi de the system. In addition,

used @46§ Qg ﬂ .chﬁﬁaro%nﬁﬁ%v & abﬁve‘!"[ﬂf&tBn SPFe %fha?ﬂﬁﬁérﬁy Ereclpltatlon

aving an a Irve proton are subjected

ok R P o S B o o

in the case of car n t he QSitio f
causig adpgERRGe tacqfcpcbééf@é{w'? A &I‘?e’ @9@.’{83 f ngss%ea L
carbonic acid derivative, in 20 addition to
conduqﬁ@lmter@m@ﬁms thereen,ife irenteisedthe tpée%ﬁ!ﬁ Jﬂveﬁt'ﬁe
yield of isocyanate is inproved. Although the
determirwchttias imighybeiting hoint substances joreiat by theserside seadionsthave
clear, the inventors of the present invention presune

high §d1|@l§lh@| indlee tsFeciﬁomSpmmdmba\dwh@g ah laetiae proten pthereby enabling
reduces the kel i hood of thermal denaturation as

these' fbstdnc@s tbfse e@ﬁ@&bm@@a%m&da taeepblent dardudition, aithdugh
derivative, the formation of high boiling point 25

there%‘ﬂ?%‘é@@g whitHQ5the g;'f Egv%’ fi % EBh'Eioh?ﬂs havihg &REENIRNproton are

ween e conmpoun active proton

subjegfé%dt%g% f%qéllgﬁ O&;E@ed 46 RAUHEFEE QP oPMErMBP SRR, it was

unexpectedly further found that, in the case of carrying out thermal decomposition of
a carbamic acid ester in the presence of a specific carbonic acid derivative, in
addition to this thermal denaturation being less likely to occur, the yield of isocyanate
is improved.  Although the mechanism by which isocyanate yield is improved is not
clear, the inventors of the present invention presume that since the compound having
the active proton reduces the likelihood of thermal denaturation as resuit of the
coexistence of a specific carbonic acid derivative, the formation of high boiling point
substances is most likely inhibited by a reaction between the compound having the

active proton subjected to thermal denaturation and the carbamic acid ester and / or
9
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9 isocyanate. The inventors of the present invention
-sol ved the above-nentioned problens of the prior art
based on the unexpected findi ngs descri bed above,
thereby leading to conpletion of the present
invention. 5 Nanely, the present invention provides

: follow ng: [1] a process for producing an
'Socyéihg%yanate by subjecting a carbamic acid ester to a

conposi ti reaction rej d PAS |-
TEaaTemor P rrete d hovatiRriadyr L fer BESERABkbELd problems of
havi ng an active proton; .10 [2], 6 the process accqrding.
the prics 4t BRSE pr Uk PBXPECLRY TEgifEs RSB AoV Re NBIAHY Jgading to
proton is a conpound having a hydroxyl group; [3] the
completionay she peegatit inyendont em [ 2], wherein the conpound
havi ng the hydroxyl group is an aromatic hydroxy
dlampslynithe drésenthrventimresrevitesdhdifolipwiogi t em [ 3],
wherein the aromati ¢ hydroxy conpound is an 15

[1] @Eﬁj&bk fooHosNgCRBOLYshdte byneubjectingsa thrbantic ok ester to a
the process according to item|[4], wherein the

: RTy Xy conmpound having the substituent is a
deco@éﬁp&ghhge%grgsent ed by the following fornula (1): OH

( Wi feRgti i k& of

R QoibhsieclioR orreB b S PATRAMAR P brRBRhee of 2

whi ah rrar?/ has S“bcf;“'t uent, the ring A being
compRURERNGAB AR PIEYM i c, RL represents or a hydroxyl

roup or a group other thap a hydrogen atqm th .

2] Gpqupcets AertsAnaItPHIem [, Whethin far FrigPetng Nangiipg Active

atonms, an aliphatic al koxy group having 1 to 20
protopas baenpains havingeyhydiexsi @ @@Ri ng 6 to 20 carbon

atons, an
[3] the process according to item [2], wherein the compound having the hydroxy!|
group is an aromatic hydroxy compound,
[4] the process according to item [3], wherein the aromatic hydroxy compound is an
aromatic hydroxy compound having a substituent;

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

having the substituent is a compound represented by the foliowing formula (1).

OH
R

(1

(wherein ring A represents an aromatic hydrocarbon which has 6 to 20 carbon atoms,
and which may has a substituent, the ring A being monocyclic or multicyclic,

R represents or a hydroxyl group or a group other than a hydrogen atom, the
group being an aliphatic group having 1 to 20 carbon atoms, an aliphatic atkoxy

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

10
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10 aryl oxy group having 6 to 20 carbon atons, an

aral kyl group having 7 to 20 carbon atoms or an

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

al i phatic alkyl, the aliphatic al koxy, the aryl, the
aryl oxy and the aral kyl groups containing an atom

arylo%edrﬁﬁe?%vfr{goé”l& %b%%on?ébb@r%‘ Ak BRAP ARG to?lgijcarbon

Ato forma 5 ring structure);

atoms SFﬁxgtaF%ﬁﬂg)éng&delg é‘?’ Olbtﬁm:érﬂ)n HERE iR él!}ﬁ'latlc aliyl, the

ound represent

the f forrru a

aliphatt gikoafie 2 dHe Y80 Bnd e a%?\ﬂr'r%aue.%éé@a'r&% B 6
represents an aliphatic group having 1 0 c

selectgddram carben,ipuaen @ndNitegsn gl anslRn @ayz? fgw'fﬂ Atoform a
carbon atons, an aryl group having 6 to 20 carbon

ring sttuoee); an aryI oxy group having 6 to 20 carbon atons,
an aral kyl group having 7 to 20 carbon atons or an ‘

[6] the prbdodsacoprding thitermi$], Avherelvthet anoenaticheydabry eompound is a
groups containing an atom sel ected from car bon,

comp@tﬁﬁ@?@pr@@dn@dtﬁy@moﬁb\ﬂn@foﬂhuﬁa (zydrogen 15 atomor a

hyd roIX group,” and R2 may bond with Ato forma ring
ure)f [7] the process according to item][6],

hier eln iR fornmula (2) above, a total nunber of

caybon Qtons constituting RL and R2 is from2 to 20;

[ 8] tphe process according to any one of itens [5] to

[ 7]N»wrerein the ring A of the aromatic hydroxy (2)
conpound is a structure containing at |east one

(whersirn ting Wand Rl ece thie s@Befasodefined apawep consi sting of a
benzene ring, a naphthal ene ring and an ant hracene
IR2aprdsthts 86 allpB&Rs §raupasaving g tb @0 darboh Blomeham aliphatic
the carbam c acid ester is an aliphatic carbamc acid

alkox??‘r@u %;91(; fiaﬁzwbsﬂﬁﬁataﬁrso BRIl droupHRWINg to Rbaspboh
e a?l pha

ic carbamc acid ester Ts
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 atoms, the above groups
containing an atom selected from carbon, oxygen and nitrogen atoms, or a hydrogen
atom or a hydroxyl group, and R? may bond with A to form a ring structure);

[7] the process according to item [6], wherein in formula (2) above, a total number
of carbon atoms constituting R' and R? is from 2 to 20;

[8] the process according to any one of items [5] to [7], wherein the ring A of the
aromatic hydroxy compound is a structure containing at least one structure selected
from the grou-p consisting of a benzene ring, a naphthalene ring and an anthracene
ring;

[9] the process according to item [1], wherein the carbamic acid ester is an aliphatic
carbamic acid ester;

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

11
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11 an aliphatic polycarbam c acid ester; [11] the
process according to item|[9], wherein the aliphatic
carbamic acid ester is a conmpound represented by the
following formula (3): O HIIl RBNCGCOR4A N (3) 5
(wherein R3 represents a group selected fromthe group
an aliiatR! SdIy eutbami@Bcidl ddibati c - group having | to 20
carbon atons and an aromatic group having 6 to 20

[11] %E%es?é%@rdiﬁ fo ity gg?ggféfr@iﬂ%é%iaﬁéﬂgﬁégﬁg%%gghsester is a

alning an atOm se rom carnon an Xy

comp i Fepufpente] By d G B TR has 1 To 20 car bon

atops, and ich 10 has an atom sel ected from carbon
and oxygen atjons, and n represents an integer of 1 to
1% K'I [IL2] thel process according to item[11], wherein
RrgNa1¢ pRat R carbanic acid ester is a conpound
repyesented py the fornula (3) wherein R3 represe('igas a
group selected fromthe group consisting of an al kyl

P i . .
(unerf Rtk HBE AR ) BRI oyl Wt
ccordin oiteml[1 erein the deconnositij
aroupTEEES (iio 20 atpFi sl i an el IERBIREING 38 20 carbon
conpound having the active Er oton.and a carboni c ac#' d
atomsy dhe aliphate arpqﬂqe BIANGHOLRS £OBIIRING AN oM ERIeFes) from
wherein the carbonic acid derivative is a 20 conpound
carbon@ndeeaipesdatons; Badtbe gswirhabngal valgnoe egyalxow, (4)
(wherein each of X and Y independently represents an
R irppratsieotsadrk aliphaticognoupantiioly has 1 to 20 carbon atoms, and which
has an atom selected from carbon and oxygen atoms, and
n represents an integer of 1 to 10);
[12] the process according to item [11], wherein the aliphatic carbamic acid ester is
a compound represented by the formula (3) wherein R® represents 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;
[13] the process according to item [1], wherein the decomposition reaction is carried
out in the presence of the compound having the active proton and a carbonic acid
derivative;
[14] the process according to item [13], wherein the carbonic acid derivative is a

compound represented by the following formula (4):

X
X7y (4)
(wherein each of X and Y independently represents an aliphatic alkoxy group having

1 to 20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyioxy

12
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1 to 20 carbon atons, an aryl oxy group having 6 to 20
carbon atons, an aral kyloxy 12 group having 7 to 20
carbon atons or an am no group having O to 20 carbon
atons); [15] the process according to item|[14],
wherein the carbonic acid derivative is carbonic acid

group@@ivirig Ptto 20eRirseBRInElor A @mihBren® pasingds &R0 cAbdrPatoms);
item(15], wherein the carbonic acid derivative is a

151 PRERIS S TE ST RSt sk e
carboffl A EBEREF B g%@ﬁéﬁﬁ'iﬂt 2yl aroup havi %{fépt 020"
[16] rglgarq:egtg%g:gop lrp%t%ﬂ t{iﬁ roulg‘ tgg%\grtg‘cﬂ'ac gpg &@nlvatlve isa

groups contai ning an 10 atom sel ected from carbon and
carbopizyagithestes feprespted pnbefrlewing fagpsladoly to item

[15], wherein the urea conpound is urea; [18] the

process according to item[11l, wherein the

Heco os/tReon reaction is a thermal deconposition

re&Cti dd; [19] the process according to item (1],(5)

wherein the carbamic acid ester is supplied 15 to a

(wheréiPasddrosy Re88€ Roiindepuridentil ee fReaAROSM blqﬂﬂhtrce@r@bb%virﬁg 1to

carried out in a formof a mxture wth the conpound

20 cafbh élSn‘Fsh gr%% u rI*f?;\tv 16 ﬁ@gb c‘a?t?orﬂ’é ér Qﬁ i%gélﬂyl@oup

to it car am c aCI

having 2 ‘*@3&%@#@ ﬁ”‘f‘?@iaﬁ%ﬁfbﬁéﬂéstﬁﬁ 4 40 gﬁ%ﬁﬁ%r %R gyngining an

t t b d. d t 20 [21] th
atom GBS bOR SR AGRRRAIO: wher oi n Che car bahi

acid ester is supplied to a reaction vessel in which
[17] ﬁ%PH&@éﬁ}ﬂ%PEQ'M q dermtlil 6h whereiy thedfled GeMRPURDSiS LS f
m xture with the carbonic acid derivative and the

(18] Mmmasmﬂrcgng teitert[il | avhmreirothe dgcpmpasitiorpresstien is a

according to any one of itens [19] to [21], wherein a
thermbbdedomposition peadtionconponent fornmed by the

deconposition reaction is extracted fromthe reaction
[19] the process according to item [1], wherein the carbamic acid ester is supplied
to a reaction vessel in which the decomposition reaction is carried out in a form of a
mixture with the compound having the active proton;
[20] the process according to item [2], wherein the carbamic acid ester is supplied
to a reaction vessel in which the decomposition reaction is carried out in a form of a
mixture with the carbonic acid derivative;
[21] the process according to item [20], wherein the carbamic acid ester is supplied
to a reaction vessel in which the decomposition reaction is carried out in a form of a
mixture with the carbonic acid derivative and the compound having the active proton;
[22] the process according to any one of items [19] to [21], wherein a low boiling

point component formed by the decomposition reaction is extracted from the reaction

vessel in a form of a gaseous component, and all or a portion of a solution containing
13
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25 vessel in a formof a gaseous conponent, and all or
"a portion of a solution containing 13 the carbamc
acid ester and / or the compound having the active
proton is extracted froma bottom of the reaction
vessel . Advantageous Effects of the Invention 5
the caf6a&MidIhEid dstertdrd Poehebonpdla’t having itlse® ag@smpresors &etteacted
produced efficiently wthout using phosgene. Brief
from ePBéﬁér‘nFﬁf'tﬁP r@hctidrvé é&%ﬁ FIG 1 shows a concept ual
ng ilTustratin e continuous production 10
apparatus for produ0| ng carbonic acid ester used in an
enbodi ment of the present invention; FIG 2 shows a
ghcept ual Iustratlngthethermal
é‘g H%‘Q?P’t‘?‘gﬁ?\&se%ctb YBPY at us used in an
enbodi nent of the resent iinvention; FIG 3 g mgsf?.
deresting ko ther pirsag! Inwraqur.awcry@naliﬁé ¢3nepeproduced efficiently
deconposition 15 reaction apparatus used in an
withowindisio) pbosgerie.t he present invention; and, FIG 4 shows
a conceptual drawing illustrating the isocyanate
production apparatus used in an enbodi ment of the
present invention. Description of Reference
Brief DeB&ipticH &f Drajfing$i 9. 1) 101, 107 : distillation
columm, 102 : colum-type reaction vessel, 103, 106 :

iy Ehb\% £ @“dravlv% |Iluﬁkﬁtﬁ%tﬁ\é%oniiﬂ§aus proldé.llctlon

decar boni zat i on reboi |

apparé?lf’s]fo}é?oq%&gq é&%%?@é@ﬁ eisie t?se%dr lgnn a%bkalhﬁzentgpf tﬁ% present

covery line, 16: extraction line, 17 : feed line. ry
'“"e”g%“(ag 2) 201 : feed tank, 202 : thin film
evaporator, 203, 204 : djstjllation E c?
FAGc shews a congsplual sawingd|vetratingithe dpermpa %@m%mﬂ
26, 27, 28, 29, 30, 31, 32, 33 :
reaction apparatus used in an embodiment of the present invention;

FIG. 3 shows a conceptual drawing illustrating the thermal decomposition
reaction apparatus used in an embodiment of the present invention; and,
FIG. 4 shows a conceptual drawing illustrating the isocyanate production

apparatus used in an embodiment of the present invention.

Description of Reference Numericals:

(Fig. 1)

101, 107 : distillation column, 102 : column-type reaction vessel, 103, 106 : thin film
evaporator, 104 : autoclave, 105 : decarbonization tank, 111, 112, 117 : reboiler, 121,
123, 126, 127 : condenser, 1, 9 : supply line, 2, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14 :
transfer line, 3, 15 : recovery line, 16 ; extraction line, 17 : feed line.

(Fig. 2)

201 : feed tank, 202 : thin film evaporator, 203, 204 : distillation column, 205, 207 :
14
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transfer line (Fig.3) 401 : feed tank, 402 thin film
evaporator, 403, 404, 405 : distillation colum, 406,
5 408, 410: reboiler, 407, 409, 411 : condenser, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58: transfer line_ (Fig. 4& 601, 604;
condenser.r 206y 2Cfhk rebuter, 80522, 28nR4, 86326, 2hi #8f 2P0, 31, 32, 33 .
evaporator, 613 : ion exhange resin colum, 607, 610:
transfdr Bme | | ati on col um, 608, 611 : condenser, 609, 612
reboiler, 10 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
(Fig.3¥1, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81 : transfer
['ine Best Mode for Carrying Qut the Invention The

- 401 :ﬁgg&é Q%@%@Z ohifeRmPefgictald?d 463 phosasdmn dutillien siimn, 408,

carrying out 15 the present invention

408, épttf ! Eé r b} 407 S0 48 - (RnBBnsdiNA1PESSER 48 digTent 4. 49, 50,

ernor'e, the presént 1nventioh I's not liited to

fol LawLpg-present enbpdi nent, but rather can be
51'5%'#%3%%8\/%&5%3” §Er &n’q‘? hin the scope of the gist

. thereof. The process for producing an isocyanate
(Fig. 4ccording to the present enmbodiment conprises a
rocess for producing an i socyanate by supplying a,
601, 604 baHirinadents, 682,305 2tanko BESAABVIELPYARMTaIBLETH ojon exhange
wherein the deconposition reaction is carried out in -
resin chkinm, 05 64 Oafdistiliatiop eehumh B0H B Hn cadensep 6619 /12 : reboiler,
Moreover, the present invention conprises carrying
61, 62UB3t B8, d6ceBpPeIi 6BoBI FacilpT2| T3 ITd, FeFéNGE, @B, 9, 80, 81 :
conpound having an active proton and a carbonic acid
transféelihyati ve. To begin with, the explanation is given of
those conpounds used in the process 25 for producing
the isocyanates according to the present enbodi nent.
The term "active proton” in the conpound having the

most e B ESA R G5E e Aublon 2 Pr e ST

ﬁi@?frgglg\ﬂirgt é{lﬁgy glﬁqgg{aﬁeg re?(plta]a%g}/ior% %? Se Egstmrﬂci:gg for carrying out
the present invention (hereinafter referred to as “the present embodiment”).
Furt_hermore, the present invention is not limited to the following present embodiment,
but rather can be madified in various ways within the scope of the gist thereof.

The process for producing an isocyanate according to the present embodiment
comprises a process for producing an isocyanate by supplying a carbamic acid ester
to a decompaosition reaction, wherein the decomposition reaction is carried out in the
presence of a compound having an active proton. Moreover, the present invention
comprises carrying out the decomposition reaction in the presence of a compound
having an active proton and a carbonic acid derivative.

To begin with, the explanation is given of those compounds used in the process
for producing the isocyanates according to the present embodiment.

The term "active proton" in the compound having the active proton used in the
15
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carbon atons in nol ecul es of organi c conpounds are

inert and lack reactivity, there are many cases in

whi ch hydrogen atonms bound to oxygen atons, sulfur

atonms or 5 nitrogen atons and the |ike are strongly

reactive and easily react with various types of
presehtegbotinerfivefers tbahyalyogembtom ias explainedtetaw.as an

active proton in the present enbodi nent. Exanpl es of

FHEENEE, | AIPoBGRtNER areahEfg chyes PoRNichtysogan ainmebound to

In~ an atom c group such as an -OH group, -SH group,

carbon Bm4iR %ﬁ’%@{:ulé%r@érﬂ& Eon'lrg?sunag &ré it ahd WKIRActivity, there
at d a

ons boun I 0 a carbon atomto which i s boun

t 10 t - ' _
ar i SSeb a1 bl i 0 PESURIUEN i, B o
rirodper e LRl P Dbl SR ARV Fod M aous vres

bound to an general carbon ato and such hydro er}‘I
of reageptss Huchad fydiqganaiem igsetarresia 3% apAst¥R P}/ﬁ’mf‘ﬁ%t e present
present enbodi nent. Note that the conpound having the )
embagimente [Exarmples of sheh petive protens ingiudenydrogeq jatgras sontained in
fromthe inert solvent referred to in the prior art

an atémaegrouprsueeamae -OHSyieaper8H ghoup, 4BiBi452up oFe€OO0H group.  in
exanpl e, according to this patent publication,

additidht R4teeA atoMeHounsab\edrbbalasm th aviticls 1bound atsiang
does” nol react with isocyanate forned by thernal

oo FEAEERHd iy TS ATCO0R ool O g MO COR

regar urnal” of the
n . . . '
aroug TSR ERESBts A SEhie. ot St ErofiptS ofiupdonetrate
aromat.i ¢ droxy compound, and ,phenyl is a h
areatEh Rty AN erPRB Ans bEUHap ey deretALEPOh Sporh End such
i socyanates. In this nmanner, the use of the c und
hydragen #igmsrare-alse inclynes 8% afActNG srefen in The REsset Fbogyment
due to the risk of reacting with the isocyanates, and
otertbat theslompnundaigaving dae pativep@tem it thegrreseiat ermbadiment
with the isocyanates. However, according to 25 studies

differs drathu tHeeitheblysdiventirefezrecbiosndhe pher artdseatfor axamplep S Patent
it was found that the isocyanates can be

No. 4UBMa7D RoeuISdRanisie O¥essdinguenhisipatést puidisation, aithouhl an inert
16 conpound having the active proton. Mreover, in the

solvégmgf gFrg %ocﬁgfyﬁfpgjgpg?ﬁlattn (‘Iﬁsgﬁbt reﬁ@ﬁﬂmﬁ’%c?iaﬁateofbrmed by thermal

presence of the conpound
decoprﬁj\gsﬁ%nt&ecarbamic acid ester, as is described in the literature with regard to
this (Journal of the American Chemical Society, Vol. 64, p. 2229, 1942) that urethane
is formed by a reaction between an aromatic hydroxy compound and phenyl
isocyanate, the compound having tghe active proton reacts with the isocyanates. In
this manner, the use of the compound having the active proton was avoided in the
prior art due to the risk of reacting with the isocyanates, and an inert solvent was
used instead that does not react with the isocyanates. However, according to

studies conducted by the inventors of the present invention, it was found that the

isocyanates can be advantageously recovered even in the presence of the
' 16



10

15

20

active proton, it was found that the effect of

inmproving the yield of isocyanate is denonstrated in

conmparison with the case carrying out the reaction in

t he absence of 5 the conpound having the active

proton. The conpound having the active proton used in
compdltd RagiRghe ertiosbrston. | Mareowaipotheccdsa\ofmgrymgodt thermal

proton as defined above. In particular, although the

rRRESI0SI Ef BavbaRtlc aRid S3TeBirOMB preSthel 8Lihe coBoiPHaviAg the
deco-m%&grou%ﬁas ﬁse:j preferabply, in the case the 9

cctvediefid e s AT L oD SOBAR NG R pBRESt Bl
havi .t h L t t I i-at € '

comoR AR hEr BB bk ATt IAREIR) B i bsdbnce o
effects of the cgnpounds having the active proton to

the coippeebaYed th%ﬁ&t'ﬁrzgfbf%m According to studies

conducted by the inventors of the present invention,
Shacem haéng theeaclive pratere Hsedhan terresegt embodiment is a
i nproving isocyanate yield is small, the conpound
compband hgvingeari ctivedpraton agdefiped abosved hopartipuier,aitiough the
whil e an aromati c hydroxy conpound is used even nore

compBled eeaipigyan ADHREOP, 191 geows, eNRg gpauh bc LCAIOH group is used
[imtations on the aromati c hydroxy conpound wused in

prefeldBfy, N BRLEEsciHR0sHiAB ér Pasivitydetnid %rio‘éjpas exepssivsly high or low,
havi ng a hydroxyl group directly bound to an aromatic

ner 4, 30815 B SEboaBTaTR e MK BB BNAGEP
assodiE R CRIREAIReREN e BTt Bk eAs e
comp%ﬁgr se ﬁ%gitngjlmg b,%:ltiﬁg %{&ghkg :ggﬁee{cglhga l%qéiégé%%%%rdiﬁg to

hydr ocar bon which has 6 to 20 carbon atons, and which .
studigregonusted bybae investars of e prasgnhinyerignrbnee Jarp@rgcases in
whichrrtl#et;f?eyc(t: I(:)If Frﬁproving isocyanate yield is small, the compound having the
hydroxyl group is used more preferably, while an éromatic hydroxy compound is used
even more preferably.

Although there are no particular limitations on the aromatic hydroxy compound
used in the present embodiment provided it is a compound having a hydroxyl group
directly bound to an aromatic ring, it is preferably an aromatic hydroxy compound
having a substituent, and particularly an aromatic hydroxy compound having a

substituent at at least one ortho position relative to a hydroxyl group as represented

by the following formula (10):

OH
R1

(10)

17
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R represents or a hydroxyl group or a group other

than a hydrogen atom the group being an aliphatic

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

5 group having 1 to 20 carbon atonms, an aryl group

having 6 to 20 carbon atons, an aryl oxy group having
(wherin ing@ A représentsaam aromatic bydiocatbar whichttzas &itp Z20tcartin atoms,

carbon atons or an aral kyl oxy group having 7 to 20
and WwhtHI Ry HaE subSituaht. Birfihg ABeiig mdriteycliid bpaitioyclic,

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

Yo ¢
R PeisaRnE, 6 A&y R ol i iU, (R FEySgeRiom, the

nitrogen atons, 0 \ Ato
arous! el B E AR brodR ARG Bl etk AEAH, o HRhnaNG

car bon at constituting the group is n er,
aroundE o ElkeATpAC b 87 ] Srdlis Bviod it Bathonygtpms. an
group, an _ethyl group, a propyl group (includin
aryloXysgreppdyaving Gﬁgeamagb%atqmmaruar.aﬂ@d iggmhaylnge?g t9e2} Garbon
group (including isoners), a hexyl group 15 (including
atoms soar @salkylaxy gooyp hgviogd toi 2(t cadioncatossntheszliphaticalky)) the
group (including isomers), a nonyl group (including
aliphatisaies:s) theaafg ok sgylomp abdnlaé adalkg greape coptairing an atom
dodecyl group (including isoners), an octadecyl group

selectdd o H=Boh SHYRER)ar nitrBgeh ikdins, hd RhdtdyEbehd With A to form a
groups in whichthe nunber of carbon atons

; ifuting the group is a nunber selected from
ng sﬁﬁte%g%)}fs of 1 to 20, such as a nethoxy group, an

h i " i . . '

B E R R iR L RoyS 3Rab bhfe Byl GBS ™ whicn the
ro including is rs), a hexyl ox rou i nel udi n

numbfi; GhBation afosshR BAcPE ot I P du e aeimrted froMiders of
octyl oxy group (including isoners), a_  nonyl ox ﬂ{qug

110 20; seehas mmedateraye. an %ﬁg&w@w. arnselavl(qr%ﬁ{ &fapf\#e g isomers), a
i soners), a dodecyloxy group (including isonmers), an

buty! gmupdéngiLding igemers)( & penbdigneup Goeluding isemess): Adexykgroup
aryl groups in which the nunber of carbon atons '

(includimgsisoinegrsna Heptylaroup (insluding isoftiers s actocy gropp éngluding
group, a methyl phenyl group (including isonmers), an 18

st e tp o), g ),
dodeléyg g&iﬁ%g;g;(iﬁeydﬁﬁ@b%rs)? aRYH AP BIOLBAARIBdinG 1S HENS) Br the like;
aliphatic alkoxy groups in which the number of carbon atoms constituting the group is
a number selected from integers of 1 to 20, such as a methoxy group, an ethoxy
group, a propoxy group (including isomers), a butyloxy group (including isomers), a
pentyloxy group (including isomers), a hexyloxy group (including isomers), a
heptyloxy group (including isomers), an octyloxy group (including isomers), a
nonyloxy group (including isomers), a decyloxy group (including isomers), a
dodecy'loxy group (including isomers), an odadecyloxy group (including isomers) or

the like; ary! groups in which the number of carbon atoms constituting the group is 6

to 20, such as a phenyl group, a methylphenyl group {including isomers), an
18
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hexyl phenyl group (including isoners), a heptyl phenyl

group (including isoners), an octyl phenyl group

(including isoners), a nonyl phenyl group (including

i soners), a 5 decyl phenyl group (including isomers), a

bi phenyl group (including isoners), a dinmethyl phenyl
ethylpheavbgroupqinstiidiog iscomes} )a propyipkieny| pieepyinaduding isomers), a

(including isoners), a dlpropylphenyl group

butylphbﬂgl SUPLinchaliBg omers Iab lgm fhcudisg uwnm@s) a

mer s) a dlpentylpheny group |nclu i ng isoners)
! SIS PrOAEReR ooty g 0
P R LSS S B B -
decyRRRaEUP an?lbéia‘é{@ ey P BRI Bre G amﬁgm?gs) :

~or the |ike; OXy. groups in which the nunper of
dimetbylpbenylarexs (i K@mg \sOMegs) redietivirhpnys gepupdinudiag dgpmers),
as a phenoxy group, a methyl phenoxy group (including
a dipropylpbesyl, graup éinciditgisorerg), @gibutyipheany gepups@nalrding igpmers),
propyl phenoxy group 15 (including isoners), a
a dipdntyiphehgrgnoup ginelipliria isomears) @ dibergphenylaroup (including isomers),
pent yl phenoxy group (including isoners), a

a dlhéhtﬁ%I%‘Jhéhﬁ@éMp ginenRing Rehets NG ﬂesmmm);ro@ (mcludmg isomers), a

phenoxy group (i ncl udi ng |soners)

TS G e g%sdgwg isgmers)
a trlp%px%b&ﬂgoﬂg JH@:}\@R&F&?% hyﬁiﬂﬁ@ﬁéxy g p;9 [iRY8ding isomers)
ng 20 i soner. I

or the( Iflﬁua@gpﬁgg;%p i él%j‘ttgﬁ Blrlrgg éhgﬂ X%(Pngl nstituting the
arous s gisr 29, SUhcASB ADPREEAP. AR RTERGIu BFap (rcilaing’

i somers), a di hexyl phenoxy group (including isoners),
isomexs), dirhelpyiphghexy gioup Gogudingdseriers), a evriBhenaxy group

di phenyl phenoxy group (including isonmers), a
(inclutlirignisbimgr$h annrylpbenayy group! (irdbluding :i;srumers),,a pentylphenoxy

triethyl phenoxy group 25 (including isoners), a

groupt (rmcﬂu@mgl ishaBeya gnesawphéhaﬁy gﬂjupg(md@dmg $9omers

uty phenoxy group (including Isoners) or t%e l'ike;

hepty? e 5/ L#BQ;S‘ E’iﬁcl‘u&ﬁ&%ﬁ‘ne??)e aﬂ%@ﬂbh@rﬂo@%r@% (intfudih@ Fomers),

ng the group |s such as a
a noq@ﬂ:&%ogtd?gu% ﬂéc‘r?]ly:ﬁmlgg Yl Stcﬁ%& r?ﬁ%gyﬁ 8%%%&"?9‘9 isomers),

a phe?ﬁr}Fp%noxy group (including |somers), a dimethylphenoxy group (including
isomers), a diethylphenoxy group (including isomers), a dipropylphenoxy group
(including isomers), a dibutylphenoxy group (including isomers), a dipentylphenoxy
group (including isomers), a dihexylphenoxy group (including isomers), a
diheptylphenoxy group (including isomers), a diphenylphenoxy group (including
isomers), a trimethylphenoxy group (including isomers), a triethylphenoxy group
(including isomers), a tripropylphenoxy group {including isomers), a tributylphenoxy

group (including isomers) or the like; aralkyl groups in which the number of carbon
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group (including isoners), a phenyl pentyl group

(including isonmers), a phenyl hexyl group (including

i soners), a phenyl heptyl group (including isoners), a

phenyl octyl 5 group (including isonmers), a phenyl nonyl

group (including isoners) or the like; and aralkyl oxy
atom@IESHEBULirY Ml grouplie 7TnorHte such asar Pleenydnettyl group, a phenylethyl

constituting the group is 7 to 20, such as a

grouﬁm&lﬁﬁ tlél:ﬁﬁdrs% rg Wenﬁ RIS @oluding li@orﬁeﬂﬂ | & @h@@ylbutyl

I'somers propyloxy group (i ncluding

group (‘?rgcﬂ@cﬁﬁé 8& né( bhgﬁﬁlbgﬁﬁll g‘él #Eéxﬂ?ersgs@ BRERYIhexy!

gro I SO

hex on ro L u
arourl ARG RS pﬁ%ﬁ%ﬁé@'ﬂém@ P@%ﬁ@ﬂ‘i@ew‘i‘ a phenylocty
henyloctyloxy grou i ncl udi n
groupp(mwlﬁa HSRMBRYF) o GDERYIS"HEY'MPHB%E”&M% Kot er thadike: and
Exanples of ring Ain formula (10) above include a
aralkylexy grasipsiingvhieh thephumbee atcarorg, atems Aonstibutisgdne |gﬁ@UP is 7 to
a phenant hracene ring, a naphthacene ring, a chrycene
20, sudhngs a phepytreetboxy ggoum a phemdetyioxy @rmwmgncladw@nsam'@ﬁ@ a
ring, a azulene ring, a heptalene ring, 15 an

pheny | PERSANE drolp.(inkiURiindg fsonersh o phenylioutyoxggrpbp incledng

rlng an aceant hryl ene ring, an acephenant hryl ene ring

|semé’r‘s ?h%;ﬁﬁ?entﬂ&&‘ﬁr@@b GnENAIRY B88riens), HhehylMEyloxy group

€ group consisting of a benzene ring,

(lnclugg&alggtr%%)r %j:ﬂérp ?\negﬂﬂo% gﬁﬁ“ﬂ(@&@ﬂ@gtl{s?lﬁg% phenyloctyloxy
aroug (BALERGIsSRED: & LRy oLy By ﬁ%g@ﬁf*{%@'ﬁs BLSHibe e

of carbon atons, const| t t he I S_a _nunbe
Forasnles of FiggA infereyia ) Sorg udidecB penzdnd Hiig: ¢ Ayyaphthalene
group, an ethyl group, an propyl group (includin

ring, A @nghrapene singuaahegeptiyacent Nogi %@apgm%“ﬁg? rnng, %e?ﬂr ygene ring,
group (including isoners), a hexyl group (including

a pyresemegs i, triphéregerye riggoa petitatenaiinge azeireesing, arhegdalgne ring,
group (including isoners), a nonyl group (including

an intacams fihg, A bipteyllepeainy, @nadardiphthylewsng) an ac@snthrylene ring,
dodecyl group (including isonmers), an octadecyl group

an aééﬁ?@nﬁﬂtﬂ?ﬁleh@?ﬁﬂ&)th@rhkbhe Pré‘férablélbkﬁﬂh@lesllnaldd@@mgs selected

groups |n t he nunber of carbon atons

from T?‘P{g d@sfﬁ{beof%ﬂé!ﬁzérﬁ. rind, é‘nQ?l‘?ﬂ’nﬁferéeﬂlrﬁféﬁd ahr&ithracene

such as™a net hoxy group, an
ring. gh{\] oﬁg;w%r ﬁb%ipa r?qq%ﬁggﬁgg %@%s(t@.;ﬂﬂt%qhé}gthbﬁ‘iﬂ@r s), a

above-mentioned R, examples of which 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 methy! group, an ethyi group, an propyl group (including isomers),
a butyl group (including isomers), a pentyl group (including isomers), a hexyl group
(including isomers), a heptyl group (including isomers), an octyl group (including
isomers), a nony! group (including isomers), a decyl group (including isomers), a
dodecy! group (including isomers), an octadecyl group (including isomers) or the like;

aliphatic alkoxy groups in which the number of carbon atoms constituting the group is
20
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pentyl oxy group (including isonmers), a hexyloxy group
(including isonmers), a heptyloxy group (including
i soners), an octyl oxy group (including isoners), a b
nonyl oxy group (including isoners), a decyloxy group
(including isoners), a dodecyl oxy group (including

a numtyrseletted fonvirtegersyof dxtp 20, suph @sme medhoy grooe as)etioexy
the like; aryl groups in which the nunber of carbon

groupa*acﬁf'éioéﬂﬁéﬁddp‘{%é)gdlhbQscﬂh@m a dpufylo epgrb@p (Wohding isbmers), a
phenyl droup, a nethy phenyl group ncl udi ng

porty STER SrER AR SH (b i gy
heptyiygs Bpsg%};hghg&o i), @aylogggﬁg% OB, KomeRY
nonylbxh st (Ml RgaRBrS HeGYioH) g(%f%ﬁn%pﬁ@q 'Eérlv.%‘ﬁsb)”

nonyl phenyl group_(including isoners)

dode@fl@xbpgr(qumnr&mgg iismenss) an acisdsrdayY g@?%ﬁ 'ﬁﬁ@ﬂdﬂ%ﬂgrﬂ or
i soners), a dinethyl phenyl group (including isoners)

the like; dirydtglryum anyhichrtbemuniber af diateon stﬂms §9’nSt%BtlféQ the group is 6
dlpropylphenyl group (including isoners), a

to 20déduk 43 alpteny| growpp a(meitlylptiengl goopgircjyding isomers), an
di pentyl phenyl ‘group (including isoners), a

ethyl%’?éihg%pl'&hﬁﬁdélu&hgqﬁorﬁbfm| H Q&S| ISR gPOup (iAcluding isomers), a

y pheny group (including isoners), a terphenyl
oo UG L350819) o piplnd) OB cogftone.
noor bR b4 GBI s gty o
octvléﬁwlar%po@%'ﬂgﬂ% 15105 fBvinRa L Plp g RESRIEE Ropférs). 2

as a phenoxy group, a nethyl enox |ncJud|n
decylpbghdrarpup dRc SeaIsRY ag*?lggﬁm(' q\ﬁeﬁa Zlﬂgb*%ﬂ%ﬁem
propyl phenoxy group (including isomers),
dimethyipHepyegmuwp (incugingiisemers).ng diethytphenyl ggoup (including isomers),
pent yl phenoxy group (including isonmers), a

a diplopypranghgroupdiirecipdiagnstroeis)ga dﬂmh}jpbgenyfzgreap (including isomers),
hept yl phenoxy group (including isoners), an

a dup@ﬁty}ﬂrré?@nge@upg(rmmhgngémdrsnga idsfex®Iphenyl group (including isomers),

nonyl phénoxy group (Irncluding isoners), a decyl phenoxy

a dlhgpwl%#yﬂgidé@oqgluﬁﬁﬁ%é%ers) Zéte%ﬁﬁﬂﬁﬁﬂrﬁbﬁ TP dIPidBmers), a

di met'hyl phenoxy group

vimel ) B SRR s BYEATBREHV LB Grohaing somers)
a tripropylpheny! group (including isomers), a tributylphenyl group (including 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 (including
isomers), an ethylphenoxy group (including isomers), a propylphenoxy group
(including isomers), a butylphenoxy group (including isomers), a pentylphenoxy
group (including isomers), a hexylphenoxy group (including isomers), a

heptylphenoxy group (including isomers), an octylphenoxy group (including isomers),

a nonylphenoxy group (including isomers), a decylphenoxy group (including isomers),
21
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(including isoners), a dibutyl phenoxy group (including
i sonmers), a dipentyl phenoxy group (including

i soners), a dihexyl phenoxy group (including isonmers),
a 5 di heptyl phenoxy group (including isonmers), a

di phenyl phenoxy group (including isoners), a

a phehylphehbyy phrotpofinclgdiog psdmes!) ualldn'gehrgmmnow geoup (including
triethyl phenoxy group (including isoners), a

|sometr§)' B BtHy IS HIMOXY gaéwgnémamgudom@rs)s ardpropyiphenoxy group
tri butylphenoxy group (including isoners) or the

(mclu!ilbg‘?‘smﬁé?é k¥'d|tﬂ§tﬂl§ﬂ§nbﬂ( WHL%”] indIGaiRY Tthed), éﬂfﬂﬁﬁylphenoxy

rrscontltutl s7to 20, stch as

QFOUPp(E!iqrf}éq@; &a,[“%'%l @Bg}eggghlﬂ%ﬂ%%fgh%dp én‘?cl gﬂs&'nBFsl.r)S?' ng
R

|nclud|ng i soners), a phe %lheptyl 3 Alncludlng

isomarg) etrig)ethylphreey aw (incYydng qurﬁ%ﬂs Hg‘-‘t ¥Bhenesy droup
phenyl nonyl group (including isonmers) or the |ike;

(includingl ikginexs), grtdprepyiphennky greu(induding isemess)ba Aribtyipkenoxy
constituting the group is 7 to 15 20, such as a

groupPiiveciydling ti sengrs) ron die lilke; draliy| gtdupsyin gvmu;lptlf(e marhbel o@carbon _

i somers), a phenyl propyl oxy group (including

atoms EEMRRItSling ﬁwé)?@ﬂhpl 1Bl7tt)z§|270<35u@h@$na phesyitditng grosprephgnylethyl
a phenyl pent yI oxy group (i ncluding isomers), a

groupgm {iﬁg’i% éVs)gé ylzjhﬂ@l g??tﬁ‘tg ;hélgﬂﬁfgﬁéomérs) a phenylbutyl

oxy g OUD ng | SONers)

] |
groupoﬁricﬂ%lﬁg %rﬁéi gg gﬂ%ﬂ(]&)eﬂﬁh \.8:9 |F§(glﬂn§?rﬁ ﬁ%om@{ﬂé Ipt‘.kenylhexyl
y.dr ox addlt he
grourh O Rt R S Ry eRBA R B e aﬁ'@?ﬁ% ajphenylocty
an aromati c hydroxy conmpound havjn substlt t
QFOUR)H@C|H¢WIdS%§I'9()n 8 PheayionyLarou (i %J&ﬂma’ﬁ {Qﬁa‘"‘%
aromati ¢ hydroxy conpound having substituents at t wo
aralkgpxh groups inivanish the aumber obcarbepdtens canstitylingthe@raup is 7 to
compound represented by the 25 follow ng fornul a
20, sdH hs aXshePiyimBIoRy ghoup, a phenylethoxy group (including isomers), a
phenylpropyloxy group (including isomers), a phenylbutyloxy group (including
isomers), a phenylpentyloxy group (including isomers), a phenylhexyloxy group
(including isomers), a phenylheptyloxy group (including isomers), a phenyloctyloxy
group (including isomers), a phenylnonyloxy group (including isomers) or the like;
and hydroxyl groups.
In addition, the aromatic hydroxy compound can be used preferably whether it
is an aromatic hydroxy compound having a substituent at one ortho position relative
to a hydroxyl group or an aromatic hydroxy compound having substituents at two

ortho positions relative to a hydroxyl group as in a compound represented by the

following formula (11}
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(11) (wherein ring A and Rl are the sane as defined
above, R2 represents an aliphatic 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 5
ato an aryloxy group having 6 to 20 carbon at ons,
g@ arjal kyly group having 7 to 20 carbon atons or an
Ky e group having 7 to 20 atons, the above
grougs \containing an atom sel ected from carbon,
oxygen ,and nitrogen atons, or a hydrogen atomor a
1 group, and R2 may bond with A to forma(Alhg
structure) les of R2 in the above-nentioned
(whereigriing A 3(1913 an nﬁ&cﬁ@"ée A debged agpgﬁ] 10 a hydr oxyI
group; aliphatic alkyl groups in which the nunber of
BArépnesentsran alighaticigraup hgvrige! tp 80 sarkomatemmp én aliphatic
selected fromintegers of 1 to 20, such as a nethyl
alkoxypgmup, having tl tg1200carbpn atoms.oqy Bng iguopp baviogEoionZ0 carbon
i soners), a butyl group (including isonmers), a pentyl
atomsy bﬂbmybxp@raap REVINGBTRY 20 cafbdieatvmsy mtmakyngdcw hegving 7 to

i sonmers), heptyl” group (including isoners

20 cafiHbW to so&paﬁ b@kﬁ?ﬁgrdm g 7 18 2IP&6Insd 193 Bbdve groups

I'ng.1soners oup (including

con s 38588 e 48! bEGHHS08 gcFpl, 3 rvckomn
o B R B T g VA R a9
LSS SERE: B, 204850 i D S Bodi st

but yl oxy group (including isoners), a pentyloxy group
a hydpax {gmm@ilnbam%@m&wup&:mwwm by 9fi GaEper alyms
i soners), a heptyloxy group (including isoners), an
constituting theygrouplp a(numberdselected diroen &)tegersnafriyoo2, egxohuqs a methyl
(including isonmers), a decyloxy group (including

group, &ﬁ@hﬁ) ro@ip A9 gespiyl ?FOUFQ( inelndingiiseinees)ng biusyd meowsy) (inelnding
i nc

octadec oxy group | udi ng 1 soners) or the like;

isomett) la [Qérﬂylp%rghphe L %@gﬁ%gf%" h&tyl @%@pnnabamg 3|sc:mears), a

consti t 0 20, Ssuch as a

heptypgﬁ:%ar rﬁl@dﬁﬂg éﬁ@?ﬁé@p@%}/é OQ‘rR:rI] tiilﬂgllér,]ﬁghlé\%g 2 noswyl group
(mcluBJr Op%oﬁ\ré?s Yh S rhnc&‘d’dwﬁ‘& idonOLRY 54 doBe Q) YO BRMLding

isomers), an octadecyl group (including isomers) or the like; aliphatic alkoxy groups

in which the number of carbon atoms constituting the group is a number selected
from integers of 1 to 20, such as a methoxy group, an ethoxy group, a propoxy group
(including isomers), a butyloxy group (including isomers), a pentyloxy group
{including isomers), a hexyloxy group (including isomers), a heptyloxy group
(including isomers), an octyloxy group (including isomers), a nonyloxy group
(including isomers), a decyloxy group (including isomers), a dodecyloxy group
(including isomers), an octadecyloxy group (including isomers) or the like; aryl groups
in which the number of carbon atdms constituting the group is 6 to 20, such as a
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(i ncluding isoners), a pentyl phenyl group (including

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

hept yl phenyl group (including isoners), an octyl phenyl

group 5 (including isonmers), a nonyl phenyl group

(i ncluding isoners), a decyl phenyl group (including
phenyl growgy, 8 methyiphemyhgtowr Gngludingdserders), as ethaiphegnyhgroup

di met hyl phenyl group (including isoners), a
(inclu%ih@ﬁébfﬁiéﬂ%z,ﬂé{ brapyfstieriyl ?ﬁddﬁﬂ(iﬁ@udﬁgﬂmmbrs)ﬁa butylpheny! group

p

I propy enyl group i ncluding isoners), a

(incluﬂb%ﬁ%?%ﬁg% )bfﬂmg@i ?fdﬁﬁﬁ@uﬂiﬁ@%nﬁéﬁss),aa gexylphenyl group

ding rsoners),

ST BN S S e oo o
(inclug PSP 2 aoRybheauETofS (R lonfhral, A SemiRE I Sroup

) including isoners), a tripnopylphen¥l [ ou

(mclUf%Inadwmﬁ , @ 9&?@%{; groaipt (iRahediog psrmers) @ 815%9%49@#90&!& grgupP
isoners) or the like; aryloxy groups in which the

(includingieomers)cadisthylphenyl arou {includingyispmers )y Acliprapy!phenyl group
20, such as a phenoxy group, a nethyl phenoxy group

(includingdsoriers), 4 dibuigiphesyl,graop ¢inclddiritpisorers), augipentylpheny! group
(including isonmers), a propyl phenoxy group (i ncluding

(includiB@ e Rbrs ) 2a Rty Kiralfoqineigding isshes), s direpsyipheny!

pent yl phenoxy group (including isonmers), a

groupﬂﬁ%ﬁt‘ﬁﬁﬁ Wsr@&%%rﬂeé‘ﬁ&l Wb (hERHGGsomrs), a trimethylphenyl

enoxy group (I ncluding 1sonegrs), an
| : . (i i i .

arous G & it B st ons SR Bno isBrmers) 2,
wiprofyREPRM G R UBREREE SEmaTshe g W B GRBf ncHIdHg isomers)
or the(lKFG PDIPREITCS PRGN H1C s DRV BhEABRY A0 BR ponstitting the

(including isoners), a dibutyl phenoxy group (including
group is &ner ), sughdispe phenereasip, agnetiyintienexy greidp (including

i soners), a dihexyl phenoxy group (including isonmers),
isomexs), dinhethyphehexogsoupr ngudingdsarders), a poopyghenaxy group

di phenyl phenoxy group (including 25 isoners), a

(inclutliigiedmer$HhannityipBetesy gioup! (rbludging fsomesrs),.a pentylphenoxy
triethyl phenoxy group (including isoners), a

group{ {i:i\tﬂé)&&iﬁ || SE1RETYa BERHPhERBK) HFHUPAINchONTBE $domérs), a

ut y'phenoxy 24 group (1 ncludi ng i soners) or the
nep oo PR RerY, 5 AP ot ckath somers)
a norﬁrpp%%logstgﬁ]glhp %aﬂafngaisgr%%rr] l Std@égllphenoxy group (including isomers),
a phenylphenoxy group (including isomers), a dimethylphenoxy group (including
isomers), a diethylphenoxy group (including isomers), a dipropytphenoxy group
(including isomers), a dibutylphenoxy group (including isomers), a dipentylphenoxy
group (including isomers), a dihexylphenoxy group (including isomers), 'a
diheptylphenoxy group (including isomers), a diphenylphenoxy group (including
isomers), a trimethylphenoxy group (including isomers), a triethylphenoxy group

(including isomers), a tripropylphenoxy group (including isomers), a tributylphenoxy
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group (including isoners), a phenyl propyl group

(i ncluding isonmers), a phenylbutyl group (including

i soners), a phenyl pentyl group (including isoners), a

phenyl hexyl 5 group (including isonmers), a

phenyl heptyl group (including isonmers), a phenyl octyl
groupqiriidihh NEdnhétis N Br tHoNies; %)ralk?l fbaps irn@hich theawumber of carbon

(i ncluding |sonErs) or the and aral kyl oxy

atom@é&#ﬂ?ﬁut‘iﬁq Q}Eubh@'/%@?ﬁ%u&ﬁ aSd ﬁ?éhﬁh@ﬂ‘ﬁtl group, a phenylethyl

const it e group is /7 to suc

groupp(ﬂ'gql}é# §§ tlgbgﬁé’rgﬂéég éﬁ 8 @BR:F)?] él’ﬁﬁ‘@%@f ot d‘ﬁén%‘i,' HShBRyIbutyl
o B3 o A bRl B oo
oo 7, S el e SO 5 ey

phenyl octyl oxy group (including isoners)
groupliriyding nsarosns),cd pbenylnaoylgrrHg %n@wgsasomerﬁh@r thiedike; and
In the case the aromati c hydroxy conpound used in the
aralkyimocgoupbon whichithe mgmbes ot yarbahetoms condfitudjng dhe Igeoup is 7 to
present enbodinent is an aromatic hydroxy conpound 15

20, sitVA98 pheRginéthery rap, lashanyidtborp gidup(icludingtisordets), a

a hydroxyl "group, aromatic hydroxy conpounds

phenmﬁfgﬁ/ﬁtﬁﬂt&gufﬂmﬁﬁﬁhrﬁ%%bﬁﬁéﬁﬂd B RY Y rédd lintliding

t ot al er of Ccarbon  atohs tonstituting

ronfly KSR RO e o
(ncluBEPrBI o) g ek okg Lo Sy C%{ﬁ%%ﬂ 2 BfBniggtyiowy
grouna‘ér‘sqr{&é@‘éﬂ@%%ég%ﬁﬁeh%?lﬁgaﬁle%'acb‘&éﬁ é&@%%r}saqerw@e k.
R7 RO 8 (12) (wherein Rl and R2 are the sanme as
bn &ve oase thedeomalie, hysliexzeompourg Usad Imkthe prIsess ferdprpducing
and independently represent a hydrogen atom or an

isocyahatelagdcordihds yo ther presehbeimbgdiment i@ @ncrob@ticatysinexy egmpound
al i phatic al koxy group having 1

having substituents at two ortho positions relative to a hydroxyl group, aromatic
hydroxy compounds represented by the above-mentioned formula (11) in which the
total number of carbon atoms constituting R' and R?%is 2 to 20 are used preferably.
There are no particulaf 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

represented by the following formula (12):

OH
R2 R

RS (12)

(wherein R' and R? are the same as previously defined, and

25



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 carbon atons or
an 5 aral kyl oxy group having 7 to 20 carbon atons, the
aliphatic al kyl, the aliphatic al koxy, the aryl, the

RY YiOxdd ROhespediveyy and thdepehlighihxsefresentsa hypdiogieniaigm, or an
an atom sel ected from carbon, oxygen and nitrogen

aﬁphaa;i%fgﬁh Efé‘g’n g%ggbﬁ%%% CcAbRABtbinsh %A s Hatio BIRONT @?%Lth?hawng 1

int above-nentioned fornmul a
tivel '
to 20 FERRRRY B ¥ FABPEERIITS 1 20 BRrES Al Py tondrou
naving BripatheAr PR e naREr Ry OB By 2 e P8 celp gt Fieior an
5 aralkylaol orgup hedm &4 BOreekpOMSIaY RS A BhatedlvbBs Blhaigalon
and i ndependently represent a hydrogen atomor a
the aryl, tiemarydoxy, theacdied andaralkyloyOradRs agNtainiag anaiproielected
atons, are used preferably: 15 (13) (wherein Z nerely

from ¢borsefigenaarmbnitrogen atofmsanched structure sel ected
fromthe structures represented by the follow ng

Erﬁigjﬁiﬁlﬂcﬁﬁarﬂ%}néﬂc HykPdxy BdfipoufdRin whith RHamd R°Gr tRLO

20 wherein RIO represents a |inear or -branched

abové;— tioPed ‘f?rrﬁ‘lﬁéi;gg) Feép%cﬁvé]g%% Wn@éﬁéﬁ)entlyﬁéﬁmﬁﬁa@roup |

uch aromatic roxy conpounds 1 ncl ude 2-ethyl phenol,
2-Qr I L [ { S < I
10 reprefee A R TBEbnBRISHAYed5] SRERESKY oPp b ycrogen
atomslz_sc?qgagéaayﬁ@g%% %ﬁﬂ&l@fg %&Hi‘ghrﬂg ih3REBb3Ye-mentioned formula
(12) represents a linear or branched alkyl group having 1 to 8 carbon atoms and R?

and R® respectively and independently represent a hydrogen atom or a linear or

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

O -
15 (13)

{(wherein Z merely represents a bond, or a branched structure selected from the

structures represented by the following formulas (14) or (15);

R10 _ (14)

R10 (15)

20 wherein R' represents a linear or branched alkyl group having 1 to 3 carbon atoms).
Examples of such aromatic hydroxy compounds include 2-ethylphenol,
2-propylphenol (including isomers), 2-butylphenol (including isomers), 2-pentylphenol

(including isomers), 2-hexylphenol (including isomers), 2-heptylpheno! (including
26
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I somers), 2-phenyl phenol (including isoners),
+ 2, 6-di net hyl phenol, 2, 4-diethyl phenol,
2, 6-di et hyi phenol, 2, 4-di propyl phenol (i ncluding
i somers), 2,6-dipropyl phenol (including isoners),
2,4- dlbutylphenol (i ncluding isoners),
|some23)42@bhm1ylphqme(mtlud(nmsbmmg 2165dlmmthylphenol 2 ,4-diethylphenol,
2, 4-di hexyl phenol (including isoners),

2,6- d;@th‘hﬁé?@ﬂﬂhﬁ%@klpﬁehbﬂ(@hd@dmg i$craewry) s2,6-dipropylphenol
met hyl - 6- et hyl phenol, 2-net hyl - 6- propyl phenol

(mcluélhg‘?%cﬂﬂé 2'45&36{érﬁ3he£% ngﬁﬁIUHInEQSBH\bYé)PEQﬂQipentyIphenof

I'somer pentyl” phenol

IR B R A
(mcluéngggﬁyprs@pg %t}wggéﬁgh éﬁ%gqlalug-lnﬂ%hyégrp&gglpheno! (including

2- et hyl - 4- met hyl phenol, (including 10_is 4§
lsomezs)eemneﬂwh@r@ﬁylpbﬁaﬁb Incgwweguwﬁgrs)s%wm@yi -pentylphenol

2-et hyl - 4-butyl phenol (including isoners),
(inclugingtisgmers)p2retipylrprapylghensl (iotinginasisemess), 2-ethyl-6-butyiphenol

2- et hyl - 4- hexyl phenol (including isoners),

(includifigdstiylers); Baphyitgpentyiphenot (incudingi |somners)) ,
2-et hyl -4-octyl phenol (including isoners),

2- pro@ylfﬁ BM{wﬁwé?m(WlbI@qu)ﬂsoﬁieﬁQ' QcitRg-4-$estayiphenol (including
t hyl’-'4- cunyl pheno (|nclud|ng i soners),

|some§ )szoé’ﬁﬁ —ﬁ EQPHEH&QFH Lfdt é’rg ISR S,)butw}@henol (including

ropy eno soners

isome%s)glzggﬁ/l-ﬁ &iﬁ%bﬁgrﬁé\a (ﬂcﬁ{c{‘rﬁé r&%gﬂfﬁg ?g%ﬁy-hhexylphenol (including
T

4-octyl phenol, (i ncludin
isomers hropi-4- AR AERON NG AT RLE) SHarIA-eumylphenol
2- propyl - 4-cunyl phenol (i ncluding isoners),
(inclug w@;s9mens)natm¢pplh@1mthylphengld(ulrmiucﬂog ISTARIS,) |
2- butyl - 4- et hyl phenol (i ncluding isoners),

2- proﬁylbm-bmylﬂhqmmmuyicwdu@isomens] 2epnogyl- 4dmhy4pbgenol (including isomers),
2- butyl - 4- pentyl phenol (including isoners),

2-progylb4l-b)éhty1piﬁ‘éﬁﬁl I(mbmm% isbAairsid 2agropiys eneglphenol (including
butyl -4- heptyl phenol (i ncluding Isoners),

|som% ZLE e 6@13%61&9?@%8%! ((r\c’L‘ileg iig¥ineris, oZTBIWF)ysI-ﬁf-oc:tylphenol

phen henol ™ (i ncltdi ng iSoners)
B R e A
2- progygg &%ylp}n &t h?ﬁ@ﬁ@ﬁnm 'Isglf']%ﬁlﬁ)lu %Oﬁu,ﬂ&l'-& ?@%h@@?nol (including
|somqrsggznrwiyj ﬁ%%h‘éﬂgﬂ@}m&@% llsuéjrhgr%),i f—%ﬁ?}{l-stl)—bropylphenol (including
isomers), 2-butyl-4-pentylphenol (including isomers), 2-buty|—4-hexylphenol (including
isomers), 2-butyl-4-heptylphenol (including isomers), 2-butyl-4-octylphenol (including
isomers), 2-butyl-4-phenylphenol (including isomers), 2-butyl-4-cumylphenol
(including isomers), 2-pentyl-4-methylphenol (including isomers),

2-pentyl-4-ethylphenol (including isomers), 2-pentyl-4-propylphenol {including

isomers), 2-pentyl-4-butylphenol (including isomers), 2-pentyl-4-hexylphenol
27
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(including isoners), 2-pentyl-4-heptyl phenol

(i ncluding isoners), 2-pentyl-4-octyl phenol

(i ncluding isoners), 2-pentyl-4-phenyl phenol

(including isomers), 2-pentyl-4-cunyl phenol

(i ncluding isoners), 2-hexyl-4-nmnethyl phenol
(mcludshg%mﬁem ? s)hepty ipbenbl dnciudingpsemets) (i ncl udi ng

|sonErs) - hexyl - 4- propyl phenol (i ncl udi ng
- erfgh (Ac
2o 4eﬁsﬂwsﬂ'éﬁﬁ?ﬁr“%ﬁzf’2&ﬁeﬁg i

o 2o SR B4 2008 hmotyns
(mclu%naéaéne@)pﬂ%%gﬁ%%@ﬁs'ﬂeh%acﬂﬁm%ﬁé’ﬁ% ISR
2-hexyl- ﬂ@ﬁég}lpée@n&kwwﬁg is lo(ng fﬁ}ﬂ o&i@%ﬁéﬁncluding isomers),

2- hept yl - 4- pr opyl phenol |nclud|n I somer
2-hexgl- ﬁmrw%phemlt(mobn@msonwﬁb |2:*ae>ﬁ§4 B%mmnoi (including
2- heptyl - 4- pentyl phenol (i ncluding isoners),

isome2s} @shgntyl4-betylpheheh@hclgding lisatners)i 2 dwiylsd-phenylphenol
2- heptyl - 4-octyl phenol (including isoners),

(mclu&m@eiﬁbmler R lesxyl-aheemneyiplénl |(indluding somers),,

hept yl - cunylphenol (i ncluding isoners),

2-hep¥y!44 ﬁfétﬁ 1Eﬁéﬁml (Heflihg isbnferd), @heyﬂy-a =athjiphaheinciudiag

4 propylphenol (|nclu ng i somers)

|som%sg Zjh%@{y 1 prép@éh%hﬁgmql él el %h{sé bﬁ,;lytphenol
<m°'uém%%%%%% Aok Hilsro pﬁélgﬂw|agﬁ%2%a:zs>, |
vk AT A S e

2,6-dieth propyl phenal (|nclud|ng 20 i some P
isomersk-2hepty |4 mﬁﬂﬂmeﬁﬁé%ﬂu@irﬂdﬁ‘wﬁﬁd 2Ry *s‘&cumv phenol
2, 6-di et hyl - 4-pentyl phenol (i ncluding isoners)
(inclu@lirgy isbetens), 244, Beriyietmaplend; zﬁmmatlgylr%awmenoi
2, 6-di et hyl - 4- phenyl phenol , 2, 6-di et hyl - 4- cunyl phenol ,
2,6-ditnéth§l-44propy!phehal{Erohiding iswheréb,lmeic&mamyt-)df;butylphenol
2, 6-di propyl - 4- et hyl phenol (i ncluding isoners),
(inclugiir? r%bﬁ{émy I2-g-aithé |—ﬂft@WIphém|(MMng5ﬁa@m§rs), :

di propyl - 4- but yl phenol” (i ncl udi ng 25 i soners),

2 LB Bt e
(inclu%ing i 'oﬂ{e(?'g}f Z,é—dﬂﬂSW‘-Hr}:WIpI{méﬁlﬁl(fﬁ%HEﬁ’né E%WPJ@?,

2,4, 6-riethylphenol, 2,6-diethyil-4-methylphenol, 2,6-diethyl-4-propylphenol (including
isomers), 2,6-diethyl-4-butylphenol (including isomers), 2,6-diethyl-4-pentylphenol
(including isomers), 2,6-diethyl-4-hexylphenol (including isomers),

2 6-diethyl-4-phenylphenol, 2,6-diethyl-4-cumylphenol, 2,4,6,-tripropylphenol
(including isomers), 2,6-dipropyl-4-ethylphenol (including isomers),
2,6-dipropyl-4-methylphenol (including isomers), 2,6-dipropyl-4-butylphenol (including
isomers), 2,6-dipropyl-4-pentylphenoal (including isomers), 2,6-dipropyl-4-hexylphenol

(including isomers), 2,6-dipropyl-4-phenylphenol (including isomers),
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6- di propyl - 4- cunyl phenol (i ncluding isoners),
, 4- di met hyl - 6- et hyl phenol ,
- met hyl - 4, 6-di et hyl phenol ,

2- met hyl - 4- pr opyl - 6- et hyl phenol (i ncluding isoners),

2-met hyl - 4- but yl - 6- et hyl phenol (i ncl udi ng isoners),
2,6-digropst-dydundy|pleenol (indiedihy isoinears), 2,4idinetnyl-Geethylorensl)

2- met hyl - 4- hexyl - 6- et hyl phenol (including isoners), 5
2- metﬁylﬂﬂfebdiéﬂ'ﬂvtﬁﬂéﬁﬁwz-ﬁreﬂﬁ Y- Ei‘t@?%-dthﬂphadolr(mdll&tﬂnglsc)mers)

2- et hyl -cunyl-6 et hyl phenol (i ncluding isoners)

2- met§y|44 @ug}ﬁldﬂéﬂhy@ BPthﬂU&iﬂ@|s6maﬁd)uﬂlrﬁ&hy§@ |l-6-ethylphenol

| propyl phendl (i ncl'uding isoners

inouGTb b 2R R s iSAherd R R phEr )
2- met%bln%p%pﬁ iﬁ]ﬂé};@]ol glnﬁ %J’y? nenal F ?W%%@"g‘ g&ﬂ{}i‘-&é %}hy!phenol

(incliBB1ERBps). SAmanyIE BrRIe rrsa'? 5%9%@38%?92%3%39

i soners), 2,4-dineth I-6 but yl phenol ?lnclud
2-methylofér dipropyipharioy (inaluging nﬁgmr@)harmatw-ﬁcetbmlrﬁr@mpy!phenol
i somers), 2-nethyl-4-propyl -6-butyl phenol (including

(includingriesmgrs) 22meathyl-4-butt i prapyipiteriop finclodingss¢mecs)udi ng
i soners), 2-nethyl-4-pentyl-6-butyl phenol (including

2- meth§pwe$ﬁyl-5-§rdwtménoﬂ(uhgmwngasmevé)phenol (i ncl udi ng
i Somers), 2-nethyl-4-phenyl -butyl phenol (i ncluding

-meﬂhgflﬂﬂ?{ei}/m%éagﬁﬁbfénd “(FAding igamiersphenol (i ncl udi ng

di net hyl - 6- pent yl phenol
2-mey RN e g %@ﬁﬂéﬁéﬁwm ey sorers).
h ud:
2- meﬁ%gbﬁ&gsv%whﬁé%w?@ﬁﬁ | Bi'ﬁ?ﬁ)pgg'ﬁéﬁ%tﬁﬁ-nﬁlar’gm%en°'
> ] : .

(inclupigrigpRpTs). 2 %@Lﬂi‘éaé‘EHi»ﬂehe%‘? i rBt=rT ’h"n& LS?ng

i soners), 2-methyl-4-cu - entylphenol (| ?
-meﬁhybﬁmrgpyl-@buty@phmqwncl@gy @pmg methyl-4—ethyl-6 buty phenol

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

(incluﬁia"rgeisbmersl)'; Efmelyiyl-é-mw@betydphe(ﬁm Ghaldiding isemers)s)
25 2-nmet hyl - 4- butyl - 6- hexyl phenol (i ncluding isoners),

2 mofy LS Tt lrs, 2t gt el
(including isomers), 2-methyl-4-cumyl-6-butylphenol (including isomers),
2.4-dimethyl-8-pentylphenol, 2-methyl-4,6-dipentylphenol (including isomers),
2—methy|—4—propyl—6—pentylphenoi (including isomers),
2-methyl-4-butyl-6-pentylphenol (including isomers), _2-methyl-4-ethy|—6-pent-ylphenol
(including isomers), 2-methyl-4-hexyl-6-pentylphenol (including isomers)',
2-methyl-4-phenyl-8-pentylphencl (including isomers),
2-methyl-4-cumyl-8-pentylphenol (including isomers), 2,4-dimethyl-6-hexylphenol,
2-methyl-4,6-dihexylphenol, 2-methyl-4-propyl-6-hexyiphenaol (including isomers),
2-methyl-4-butyl-6-hexylphenol (including isomers), 2-methy!-4-pentyl-6-hexylphenol

(including isomers), 2-methyl-4-ethyl-6-hexylphenol (including isomers),
29
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2- met hyl - 4- phenyl - 6- hexyl phenol (i ncluding isoners),

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

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

2, 4-di et hyl - 6- propyl phenol (i ncluding isoners),

2-et hyl -4, 6- propyl phenol (i ncluding isoners),
2-metay|941py\len§1t-®4hkxy+pﬁepob(ﬂr)dludﬁagc‘n$orﬁe|(sb,ncI udi ng i somers),

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

2- metﬁyﬁl%hy‘f«ﬁh@é‘%l Kerid fRRiuaiiR_bmer e Q@hyminﬁé’cﬁ?r—wopylphenol
2- et hyl -4- heptyl - 6- propyl phenol (|nc udi ng i soners),

(ot ipefinos S BEOBLORRBRS (hdtid ganbagrer )
-emé%?pﬂpﬁ%wn%ch@%os&eerag: ARS8
e R e B e,

2- et hyl pr opy but yl phenol (i ncl udi ng i soner
2- ethﬂ%hﬁwi&pmyﬁghemb(lagluwnwﬁ@ﬁ@rsx Zrﬂihﬂd‘? hgptywrﬂpgylpheﬂol
2- et hyl - 4- hexyl - 6- but yl phenol (i ncluding isoners),
(mciudrngtlhqmens)hﬂfaﬂyw-@obm -SHhpyiehenoininalding isanoans).s) |
2- et hyl -4-octyl - 6- butyl phenol (including isoners),

2-ethyl=ebhghylHB-phesynendd (ihglupimgnisbmEds )( 2rathyled-egmiys-6reosylphenol
2-et hyl - 4-cunyl - 6- but yl phenol (including isoners),

(mclu&rn% iSdnefs)TRidinyI-Lrieahyiys-BOgNsHerol (Intdingisbmernsy s) |

- |ethyf 6- pent yl phenol (|nclud|ng I somers),
2’4_d%ﬂ§{|%\£y¢ il’ @139 )S/r %&Ig@ﬁp%or&en | cl udl‘l’ﬁgﬂlﬁlé%r;%r(isncludlng
B G Y

-ethy] -4-h | - 6- | ph I
z-ethé@bﬁesm-%ﬂ@%% S BRIt A 'Sewi B Gpneno
i 2- et hyl - 4- phen n Iphenol $|n0|ﬁ€ |so rs)
(incluging Rgmers)e arhyist-heRb)EoRENPRerPHATGRRIAG T
2- et hyl - 4- met hyl - 6- hexyl phenol (i ncl udi ng |soners?
2-ethg-4-odtyeSHyuty iphrogh(inthediog igomers).d?-ethyl-<ophenryl-6-butylphenol
2- et hyl -4, 6- hexyl phenol (i ncluding isoners),

(inclugiref ispetis )p eatiny-H-chewy-Bahapiphe(oinoiakdiing iQﬁ'ﬂé@(),mar s),
2-et hyl - 4- pentyl - 6- hexyl phenol (including isoners),

-eth%l £ e y%ﬁggw;lrﬁ%diﬁgygmmigﬁﬁieﬁ@ pdi-Hptihy BSrpestylphenol
(including isomers), 2-ethyl-4,6-pentylphenol (including isomers),
2-ethyl-4-butyl-6-pentylphenol (including isomers), 2-ethyl-4-propyl-6-pentylphenol
(including isomers), 2-sthyl-4-hexyl-6-pentylphenol (including isomers),
2-ethyl-4-heptyl-6-pentylphenol (including isomers), 2-ethyl-4-octyl-6-pentylphenol
(including isomers), 2-ethyl-4-phenyl-6-pentyiphenol (including isomers),
2-ethyl-4-cumyl-6-pentylphenal (including isomers), 2-ethyl-4-methyl-6-hexylphenoi
(including isomers), 2,4-diethyl-6-hexylphenol (including isomers},
2-ethyl-4,6-hexylphenol (including isomers), 2-ethyl-4-propyl-6-hexylphenol (including
isomers), 2-ethyl-4-pentyl-6-hexylpheno! {(including isomers),

2-ethyl-4-butyl-6-hexylphenol (including isomers), 2-ethyl-4-heptyl-6-hexylphenol
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(i ncluding isoners), 2-ethyl-4-octyl-6-hexyl phenol
(including isonmers), 2-ethyl-4-phenyl-6-hexyl phenol
(i ncluding isoners), 2-ethyl-4-cunyl-6-hexyl phenol
(including isoners), 2-propyl-4-nmethyl-6-butyl phenol
(i ncluding isoners), 2,4-dipropyl-6-butyl phenol

(1nc|u<s'hh5<iédiﬁéf$9 p SN Qemest?%eﬂoﬁ(ﬂ@h:lbdihghsﬁmém)
(1ncluding 5 |sorrersy 2- proypl - et hyl - 6- but yl phenol

2-ethyfl4’lﬁﬁé+§}l & Ié@ﬁeﬁférﬁcgl (mgﬁ.lcmo%i‘% gﬂ%ﬂﬁgr A lﬁ@lﬂ%ﬁlﬁ%@henol
(mclut%l'paﬁs};clfrg{an ?gg@l-ﬂ}meﬁ}\ﬂ g@ﬁ )yfp‘i‘\ tlﬁ{:lug r@%éﬁn@ﬁgzg:
2,4—di%=[qrh§/:|5g?q§glph H&]rggludt Séqjﬁ%rs) 42 W-%ggﬁ%ul{}%lBﬁgﬁ%Io(mcludmg

(including isoners), 10 2 di cunyl phen and the
isomersk @- PWMEHW&PBWWWE('B‘F'HQ ISP t| on
unexpectedly found that carbam c acid esters are |ess
2-propyletpeniybutgphiapoldinalindieg isoers), r%pmxé—h@mnﬁdwémlphenol
side reactions in the presence of the hydroxy

(includipgnseme s ) ag-prepyi-4-heptybBeylphbnbidiirgiuding isoreetsyni sm
by whi ch the hydr oxy conmpound i nhibits these side

2- proﬁ)ﬂa&bb@ﬂ@-ﬂ&ylﬁﬂéh@ﬁ(ﬁncldcﬁn%; orhéves, Fﬂ-pr@py@ﬂ-ﬁﬁmwae@ﬂglbhenol

i'nvention presuned that or exanple, in reaction

(mcluHE@tlsor%QF%]BZﬁaégb?% Qﬁfhgr -?%dtﬁ?ﬁ@ﬁ@l%%lhdiﬁg H@ﬁners)

or mu s a result of
ur et of carbam c acid esters and
24d?HQYW§H§$ﬁ% 'ds )form' ng a hydrogen bond, since
e .uret are forned in in
TR TeHO o TR RS widechadly ﬁ?tﬁbdr*%‘# flidaimic acid
difficult for the side reaction

resultin
esters gravigsp svseePtiRle 40 Hamascureenseceft helqlﬁ)oaﬁrfg%m%ﬁd S'Bﬁ reactions

the case of the aromatic hydroxy conpounds havin
in thesprissencaichthedtydinxy compopods as sigscabead abeve.o Ahléough the
hydroxyl group, in addition to the effects described
mechahizve by tteich theehydnosy abripgoengriekibits thesevsideireactionssiamnclear,
that due to the effect of the substituent bound at an

the ifREhitPs BPHE p@ident Rivahtiome pkasunied thead fox ekagiple)in a reaction that
sterically protecting the urethane bonds, the effect

orme £ 75 BSRERBr pSRE e 2 o of
a ure{HQHebéén%d(-N%OO—) of carbamic acid esters and the hydroxy compounds
forming a hydrogen'bond, since the urethane bonds are formed in a state in which it
is difficult for them to approach each other, it is difficult for the side reaction resulting
in the formation of urea bonds to occur. In particular, in the case of the aromatic
hydroxy compounds having a substituent at an ortho position relative to the hydroxyl
group, in addition to the effects described above, the inventors of the present
invention presume that due to the effect of the substituent bound at an ortho position
relative to the hydroxyl group sterically protecting the urethane bonds, the effect is

demonstrated by which reactions with urethane bonds of other carbamic acid esters

are strongly inhibited.
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In addition, as a result of conducting extensive
'studies, the inventors of the present invention
unexpectedly found that the aromatic hydroxy conpounds
having a substituent as descri bed above has favorable
solubility with respect to carbamc acid esters,

PRAdRAbS, A deslar bvaindieing extehsilesstudiesd thaineentors of the
hi gh boi'ling point 5 substances forned by side _
I v -
preseg@ﬁgélg R erfugé\l?ﬂﬁéédl& éélérﬁc?“g’nggﬁ‘fé’ﬂﬁﬂﬁéﬁé Bidrdky €BRiRItInels having a

later, 1t 1s not necessary

10 add anot. ' iy L GLLL] .
substiyferfES GEHESH A8\ 4 Tls la BBl B IRECRAA T, bafbitndlc acia

substance jis . forned, duri dec osition of carbam.c
esters, GAIPELS BPid e VLUST Hoba dBRarred I apy it halfh et

used in the present enbodi nent di ssol ve this_higq .
substansas fegnpd byt side reagiionsn c Alamely iafthe decPBPesitioRSaf carkamic

of not allow ng such substances to adhere to or ,
acid esters tade deaseribed datieqit iset oecesyary g @dd-anatheraniyentitg obtain a

preferable an aromati ¢ hydroxy conpound having a
homogéagelas iquidiphiasg, aed evehirgtner cadeea higrebaiting gaind substance is

boi ling point of a hydroxy conpound corresponding to

forme@Hurighiaddripadifier ¥f €srdlmic atid ebtersysiee the arombliy hgdsoxy
group that 15 conposes the ester group of a carbamc

mmp@%ﬁ“f”? 654&¢n ﬁﬁﬁﬁe&@ﬁ@erﬁﬁbﬁi‘%eﬁ[@séﬁéﬁhié RlgHGHisy point

ng pol “used I n the present invention reters to
I DO} . <Car j '

substplfs 10 o0 A0l edoq B FPEBRRIRp SERISIRELA R fo acere oo

c%rbanic acid ester used in the 20 process for
obstrugt g FeaIoN¥RSF8hat es according to the present

enbodi nent, and aliphatic carbanic,acig esters are .

FbedysFenceapPouUntHiEGpisierabls 2R Bromatic BYerpy sompound hpving &

esters include cogﬁounds represented by the follow ng
standarg boiliag Eod)t:higherithan thig standacs kailing pog)t of @imedraxncepound

represents a group selected fromthe group consisting
corresporating.to phadipbatic alkoxy group, aryloxy group or aralkyloxy group that
composes the ester group of a carbamic acid ester described below. The term
"standard boiling point” used in the present invention refers to the boiling point at 1
atmosphere.

<Carbamic Acid Ester>

There are no particular limitations on the carbamic acid ester used in the
process for producing isocyanates according to the present embodiment, and
aliphatic carbamic acid esters are used preferably. Examples of aliphatic carbamic

acid esters include compounds represented by the following formula (16):

(o}
H Il
R3+N—C—-0—R*

" (16)
(wherein R® represents a group selected from the group consisting of an aliphatic
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32 group having 1 to 20 carbon atons and an aromatic

group having 6 to 20 carbon atons, the aliphatic and

aromati c groups containing an atom sel ected from

carbon and oxygen atons, and the groups having a

val ence equal to n, R4 represents an aliphatic group
group\avirig has 20 ¢arb@0 atam$ andaroamaticogrebpdiavirg € ém28igasbon

an atom sel ected from carbon and oxygen atons, and n
atomd, @S aRENAtc &fd Broreatis g@up$ domtdifing drnafoon seleatedBym carbon

above, n is preferably a nunber selected fromintegers

f el ioat i c
and og%?@n StomdTdrfy thj%ggiglsl?ée fiaPs'hg £ alehe aqual torh

ycar bam ¢ aci inwhich nis 2. Exanples of

RSP S R B
contalg, A et PR pRe Sransaef HAFS . Vot ¢

hydr ocar bon gr.oups uch_as cycl opent ane, cycl ohexane,
ByePeReptsAR Integer %fo‘ls:ﬁoaﬂlg),- bi s(cycl ohexyl ) al kane or
the |ike; alkyl-substituted cycl ohexanes such as
nefarpiuty (1@)mbavens is praferabjy popsmheselected from integers of 2 or
met hyl cycl ohexane (including isoners), 15 _ )

more ety hnoye [poéfexably ani aliphatic polyicadramic)gcid ester in which nis 2.
propyl cycl ohexane (including isoners),

By es bb RExafrmila ¢18)dheigde sinser lsydrocarbon groups such as
pent yl cycl ohexane (including isoners),

: ( ~udi ng o
meth;ﬂiég?,ktgflirrféstﬁ@Sﬁé,nlﬁn{étﬁﬂbHé,' 2t anfIRPIehd, ﬁérggl‘mthyléﬂe,

stituted cycl ohexanes  suc

hexarg;bm%/}?(% ﬁﬁ?%rﬂé@?&% ) tﬂ%uﬁgkgﬂsﬂﬁﬁﬁﬁba)acyclic hydrocarbon groups

ne (1 nc I somers),

di but yl cycl ohexan i ncl udj ' he |ike;
such &5 BfHRePH A, &Y R tA ) YoloP SRl B Bbofank!

1,5, 5-trinethylcycl|oh ne, -triethyl cycl ghexane,
bis(cy ARG 168 dkarakanalbsited avHghP LA Sych &2

1,5,5-tributyl cycl ohexane (includin i soners), or, the
methylcxelopentassl Rty oygmntmmqibulﬁﬁﬂ@g%m(la@umgu%@?fs),

et hyl benzene, propyl benzene; di al kyl -substi tuted
ethylbeictenenedirciudisg isdmesrs), piopylaytipbexanse(including isomers),

di propyl benzene; or the like and aromatic hydrocarbons

butylStoidhed@andi (iHutudihg isoaners), 2eritgoyelokexand (iecludikg.isdmers),
parti cul ar, hexanet hyl ene, phenyl ene, di phenyl net hane,

hexyl?:nggﬁgﬁr}]egMg%IgB%qgﬁneM|cﬁftﬁe lig dialkgyshisdtitedazyciohexanes
such as dimethylcyclohexane (including isomers), diethylcyclohexane (including
isomers), dibutylcyclohexane (including isomers) or the like; trialkyl-substituted
cyclohexanes such as 1,5,5-trimethylcyclohexane, 1,5,5-triethylcyclohexane,
1,5,5-tripropylcyclohexane (including isomers), 1,5,5-tributylcyclohexane (including
isomers) or the like; monoalkyl-substituted benzenes such as toluene, ethylbenzene,
propylbenzene; dialkyl-substituted benzenes such as xylene, diethylbenzene,
dipropylbenzene: or the like and aromatic hydrocarbons such as diphenylalkane,

benzene or the like. In particular, hexamethylene, phenylene, diphenylmethane,

toluene, cyclohexane, xylene, methylcyclohexane, isophorone and
33
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33 cycl ohexyl met hane are used preferably. Exanples of
R4 in formula (16) include al kyl groups such as a
nmet hyl group, an ethyl group, a propyl group
(including isoners), a butyl group (including
isoners), a pentyl group (including isoners), a hexyl
cyclo xglf'ﬁetﬁ!aﬁé%‘r'é'u%d'p?@ﬁ?étﬁ} a heptyl group 5 (including
ners), an octyl group” (including isoners), a nonyl

%r#g és)&%‘“ﬂ' fB als(ci@‘ffr&?lu eaaﬂi?f:%]l gé QHeh (ds@hié%fl%roup, an

dod an un | I nc | SOFTEFS
qr%Hsré@r%ﬂ“azM s L o S T e
proh Ry AT ol e S By o

group (including isoners), an octadecyl ro%p
(includingdsenaersy, ar oawt gyoupa(irﬁrdu@a@dwmg&sau@npnvslcﬂ eapr(@cludlng
i somers), an eicosyl group (including isomers) or the
isomerske; deqytgmlpl{yrhchgdmg isomsersh, arsuadegy igopeh{iptiugingupemegrs), a
cycl ohexyl group, a cycloheptyl group, a cyclooctyl
dodedi glctmp @ncﬂuélhgnmérg,r atridedy| gmup (ntdegingdsamers)r a téteadecyl
I"i and oxyal kyl groups such as a methoxynet hyl

groupgtﬁerﬂﬁtﬁﬂ ‘?’sdﬁér@é%‘ﬁ&ﬁt@dbc rg}BQinn&Fddlﬁb RGmeTS)TRS Is9xadecyl group

ropy roup (Including 15 isoners), a

(mclu%%;rl%%g%a%/é Ih%E’r oupgl § L%d(l ngﬁudlﬁ ’?dnsrépsg %an octadecyl group

soners

i LSRR b e %Hﬁ‘?'aﬁﬁwﬁq()gﬁhée}sy i syt groue

net hoxyoct yl C i SO ynonI
(inclugieLBoRerD adR gk <ol & »m@%a%@ﬁv Ec?p Rk,
(including isoners), a nethoxyundecyl % P
cycloliexd grelim @ Fyaiphantyl oraupea msszlyafé%asﬂupg S1qNoRY| SRURy 2
20 isoners), a methoxytridecyl group (|nclud|n
cyclodsoyiereyp onthediken andeatkaryality! groups sugh As |almpﬂ'gaxymethyl group,
I somers), a methoxypentadecyl group (including

a meﬂh%@ﬂ@étﬁgl , greup richelind soatesy, la methgxypromil gdoup (including
i sonmers a met hoxyhept adecyl group (i ncl uding

|30mér§? R hthoxy bR %Wﬁhéld@ﬂg' is@ners), & lmhudjglfaéwtyl group

oners), a nethoxynonadecyl group (inclu

(mciuglﬁ‘%ﬁéﬁ‘?ers g rﬁéﬁ‘\%&yﬂ@%bﬁ?% fiHILd |§6|li‘|%¥é?)ebhﬁéth&kﬂh’ébtyl

I SOMEers Xypropyl group (including

e bR T ety

group (II'IC Bdﬁ'\lgnlgonl%gl's alrr?eotﬁgxy&écy?group (including isomers), a

methoxyundecyl group (including isomers), a methoxydodecy! group (including
isomers), a methoxytridecyl group (including isomers), a methoxytetradecyl group
(including isomers), a methoxypentadecy! group (including isomers), a
methoxyhexadecyl group (including isomers), a methoxyheptadecyl group (including
isomers), a methoxyoctadecyl group (including isomers), a methoxynonadecyl group
(including isomers), an ethoxymethyl group, an ethoxyethyl group (including isomers),
ethoxypropyl group (including isomers), an ethoxybuty! group (including isomers), an

ethoxypentyl group (including isomers), an ethoxyhexyl group (including isomers), an
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34 et hoxyheptyl group (including isoners), an

et hoxyoctyl gdgroup (including isoners), an ethoxynonyl

group (including isonmers), an ethoxydecyl group

(including isoners), an ethoxyundecyl group

(including isoners), an ethoxydodecyl group (including
ethoxyISspIgrbup (MelLelifgspimdref eyl ethoryartyli grolpdinelyiding isomers), an

I soners), an ethoxytetradecyl group (including 5

ethoxwi’cﬁ?ﬁ??%up gﬁciGH W&ﬁ@?sadﬁﬁ)éth&(y@léﬁyl(grﬁg*)l(iiﬂclwimg isomers), an

n.et xyhex ecyl group ~ (1 ncl uding

ethoxy@rﬁ%&g ?fo%(lﬁcg{?ﬁ?é@%@bg%gg% eﬂ{c&gﬂoééﬂg |dﬂugug@ncludmg isomers),
an etl'% xtndes [ g%@r@%cﬁﬁégﬁe%%rségﬁgﬁpﬁk%‘f 31% gggrou 1nc§ud|ng

a propyl oxypr rou i.ncl udi ng i
Isomeﬁﬁayf’%a%ym%nté’%qcaﬁgsrqufmeéw wg"wﬁﬁa 331 elfoxyRexadecyl group
propyl oxypentyl 10 g J;@(lncludl i somers),  a
(inclugingpsorogig) ean |et@o>eyn§pta yugrong (i 'F'Q)SO'%?VS) an |
propyl oxyheptyl group (including isoners)
ethoxpoctpsibop grotiy (ingluding isomersiiamropylonmeshy! gspura (including
propyl oxynonyl group (including isoners), a

isomeREp Féy;br@}syﬁﬁwﬂhyl;gm (naradingiisamerss carprapyloxypropyl group
propy oxyundecyl group (including irsomers), a

(inclu@ +|‘ﬁé¥é3°9 ngy%tﬁyl 4rb[lﬁ|(lrlﬁlzlu%ﬁhg Fs@fﬁﬁrﬁz, a p\ropyloxypentyl

oxytr| group (including 1somners
groupzérﬁcﬁ%#ﬁéﬁéﬁh{eéﬂiéﬁ T g
I h . incl udi .
ron BRI %ﬂ%g%ﬁ%ﬁ%ﬂ%am%g@ﬁ&msy,mg'udmg somers),
a propub S RSP Rk 3 Brob TR Lofbup (ncluding
butyloxypropyl group (including isomer F? ﬂ
isomera). 8 propvisyLngee grewm Encliding iﬁgm)s? rgpyloxydodecyl group
but yl oxypentyl group (including 20 isoners),
(incluidirtgyisomgng @l prgpplopyt(iidacyhg]‘bhg%Ir@bmgbsomfs) a
but yl oxyheptyl group (including isonmers), a

propytosiyétpadessd growy (ngudingdsomiers), amqwlsxypemtadecyl group
but yl oxynonyl group (including isonmers), a

(mcluﬂ&ﬂ@ﬁ's%éi'@}:)él pr&b?]%&ylﬁéﬁﬂe@ﬂ! H@upSiHBiliding ISbmerS) a

oxyundecy group (incCluding isomers),

e e AL
o IS BB o e
isomgr;a,@samw s B SPHES EATB R roup (noang

entylox¥eth
isomers), a butyloxyhexyl group (including isomers), a butyloxyheptyl group

(including isomers), a butyloxyocty! group (including isomers), a butyloxynony! group
{including isomers), a butyloxydecyl group {including isomers), a butyloxyundecyl
group (including isomers), a butyloxydbdecyl group (including isomers), a
butyloxytridecyl group (including isomers), a butyloxytetradecyl group (including
isomers), a butyloxypentadecy! group (including isomers), a butyloxyhexadecyl group

(including isomers), a pentyloxymethyl group (including isomers), a pentyloxyethyl
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35 group (including isoners), a pentyl oxypropyl group
(i ncluding isonmers), a pentyloxybutyl group
(including isoners), a pentyl oxypentyl group
(i ncluding isoners), a pentyloxyhexyl group
(i ncluding isoners), a pentyl oxyheptyl group
group((lri%ﬁldﬂlgg RdmdrsPrEpShtyloxypeSHyY beoupoghailidipgdsgmers), a
[

(i ncluding isomers), a pentyl oxynonyl group 5

pentyl%&gﬁutypgr'&g @iﬁg%ﬁg )l(ilc?&rn de?y% b@ﬁ%&(@lnﬁ}g %é} gﬂ@lbémm@omers)
a peniyica% %I 9@&3@{?{%@ Pﬁ%?r?é(}%yﬂgﬁ i up |?I gfgrgﬂlﬁ (including
isomer S Ay R SR Y POR 58 em%&%rﬁ%@oéweﬁxﬁéﬂﬂ group

nmers a hexyl oxynet hyl grou i ncl udi
(Inclwétnaes(@m)@sa)ea [Yag s@%@ﬁ%cyl %@Hgdm@dlé@) fﬁ&f@,ﬁ}m?% Pen"nl%xyzmdecy‘
hexyl oxypropyl 10 group (including isoners),
grouphincilding ecnyérsyra ppniyioxydadeay) grespréineiuding |somers) a

hexyl oxypentyl group (including isoners), a

pentyltyirldecyhgroub (rahuding istrherd), pEB’(@'I’tB(tht[adE@W group (including
hexyl oxyheptyl group (including isoners), a

|somé?§?<)é! e PBkybebaE Sy @r@@gb HHEINEirgsiebmEs3), a rfexyloxymethyl group
hexyl oxynonyl - group (1 ncluding i soners)’,

(mcluEﬁ)@y}aoxyu CY ey @*getﬂy?? ity G}%Iuﬁﬁﬁ%cﬁhers) G2 hexyloxypropy!

tecyl ncl udi ng 1 Soners)

oo ATRIEER AR k%&“ﬁﬁ&ﬂﬁﬁem%
hexylagﬁe;n?gﬁﬁéﬁ ﬁélqg?rﬁ%u e‘% Cl u qggﬁéflﬁngbé)(i’ncﬁxdmg isomers),

hept yl ox ethyl roup . |ncI ng i some

a hexylspyepty| gripyd m%wémg $OMETSAA ngyleasy]%qtg groap (including isomers),
heptyloxybutyl group (including isoners)

a hexylaxypooy\greup Wincldingisomess ) & hexyieysecy) groua (including isomers),
hept yl oxyhexyl group (i ncluding isoners).

a hexyepiyuhdegh oy (igcladmg isolers) agwemluxydadew)l graup (including
hept yl oxyoctyl group (including isonmers), a

tsomé‘r%Pta’ h&oamided ereup (inciabing isgmess)ne myyioacytetradecyl group
eptyloxydecyl group (including isomers), a

(lncluﬁﬁg{ %Foxy% erfegﬁtylog{fiﬂté& bf&lw(ﬂhélgquwhé}s) éheptyloxyethyl

group (i Acluding isoners),

y
oSBT VB S 0 BT
hept)%t%)ﬂfguy I f u;%; zgrﬁ@dﬁg |s§§1eg t?%ﬁ(@lg%%%rﬁf%a p(lncludlng isomers),
cludi ng isonmers), an oct X
a hemvlﬁesywyhgroq%ﬁgpémg 'a?mse%s &5@@9%1“%?@ LQEOUP (including
(including isoners), an octylox heptyl grou
isomers), a heptyloxyoctyl group (including lsomers) a heptyioxynonyl group
(inciuding isomers), a heptyloxydecyl group (including isomers), a heptyloxyundecy!
group (including isomers), a heptyloxydodecyl group (including isomers), a
heptyloxytridecyl group (including isomers), an octyloxymethyl group, an
octyloxyethyl group (including isomers), an octyloxypropy! group (including isomers),

an octyloxybutyl group (including isomers), an octyloxypenty! group (including

isomers), an octyloxyhexyl group (inciuding isomers), an octyloxyheptyl group
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36 (including isonmers), an octyl oxyoctyl group

(i ncluding isoners), an octyloxynonyl group

(including isoners), an octyl oxydecyl group (including

i soners), an octyl oxyundecyl group (i ncluding

i somers), an octyl oxydodecyl group (including
(includif@"&drhdrs) darn 8Byl cxypoB bydupolinslpdibgisdmeis)gam sotyingnony|

a nonyl oxyet hyl group 5 (i ncluding isoners), a

groupgﬁﬁ}'yt% OP% dﬁﬁl?’r's) HrPse (dx?&ééﬂ'g?& ﬁﬁﬂ%ﬁfﬂgls@mers) an

group” (i ncl udi'ng |soners)

octylo% QI)(({’&(?YY ﬁ@{ﬁv mcggcgﬁ‘l &Srﬂ%}sg HScWE&écylfbroup (including

|nc

|some|2&§| qﬁ&@g&ﬁet@%muﬂ?& f d %%pgeiﬁﬂ%ﬁanyéo)@ethyl group

nonyl oxynonyl group (including is
(lncluﬂlaa¥$w¥eﬁc¥|nog1yt§>5§pr(qpﬂb9wpr{g'@%fgﬂaﬂ%f;me'§? a nonyloxybuty|

nonyl oxyundecyl group (including 10 isoners),
groupdoiding nsanngis),og oapylekyrenivi grgup {ineliding lsgmerS) a

decyl oxyet hyl group (including isoners), a

r{onyldgmdxwgmupmﬂchgdlng psdmens),ual nogylosyimeptyl) groap (including isomers),
decyl oxybutyl group (including isoners), a

a non%ﬁ(yb@l&vgﬁﬁdpy iNGILARG i§dmersyda menixyrosyl,graup (including isomers),
decyl oxy exyl group (including isoners), a

a nong éb@@;@f [? kingfLAiHY kbﬁﬁe‘rﬁd h%ﬁyﬁ&dﬁhabcyl group (including

group (i ncluding isonérs)

wond 5 GG B B oo o
oA 3 o SR oo

(i.ncluding isoners), an undec ou
groug {inRvdiagrsemetied g?cvlaﬁweﬁm%lc@% %‘&M}lng gﬁ%“ﬁ s). @
(including isonmers), an undecyl oxyhexyl group, .
decyloxyhsxytigrayn dnshedisd isemersina egylaxyneiivaroypdingiuding isomers),
(including isoners), an undecyl oxyoctyl group
a decyioxyboyl grppO(inclodingsgomens)ua decylbrynarh groun Bguding isomers),
(including isoners), a dodecyl oxynet hyl group

a dec(erldi@bddyl@oup ginelugling sothats); whaindstcyldxy gretind group, an

i ncludi ng isonmers), a dodecyl oxypropyl group

unde%;rlﬁfé*é‘lﬂ&l%ohﬁ‘tﬁ%ﬁﬁing ABOHRIST, WO Ydusy10 foopw group {including

ing i soners), a dodecyl oxypéntyl group

i e ¥ af'idRcyloxypentyl grou
som{s1 3 Sh Ao/ SRR o IREEENAKTRNY o' alicyomypenty srove
. cl udi ng, i sone 2
(nei g HI . ARGy oS ER aitur BDRkig HoBiefe) an
cl ud trid I t hyl : :

s RO ER S L S i Grovan

(i ncluding isoners ?
isomers), an undecyloxynonyl group (including isomers), a dodecyloxymethyt group
(including isomers), a dodecyloxyethyl group (including isomers), a dodecyloxypropy!
group (including isomers), a dodecyloxybutyl group (including isomers), a
dodecyloxypentyl group (including isomers), a dodecyloxyhexyl group (including
isomers), a dodecyloxyheptyl group (including isomers), a dodecyloxyocty! group

(including isomers), a tridecyloxymethyl group (including isomers), a tridecyloxyethy!

group (including isomers), a tridecyloxypropyl group (including isomers), a
37
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37 tridecyl oxybutyl group (including isonmers), a
tridecyl oxypentyl group (including isoners), a
tridecyl oxyhexyl group (including isoners), a
tridecyl oxyheptyl group (including isoners), a
tetradecyl oxynet hyl group (including isoners), a
tridecyl8kydgICaroap Y Ricludingisourer§), ectrideicpioxysentylr groupdincluding
t etradecyl oxypropyl group (including 5 isonmers), a
i { ling isow | SpHRC§oxyBeptyl grou
|some¥§)f ?gﬂgg%’){l%gx%ﬁo@g%ﬁlddlﬁg idtharg),| B § ;/ % yl group

roup (Tncluding isoners

A T L
cracb B TR nd s BRTRE R BB o (rouang

i (including isonmers), a pentadecyl oxypent ro

isomefs naitaAAgCISsI|drod {DohImase ey AdpiraHegHBopentyl aroup
(i ncluding isoners), a hexadecyl oxyethyl group

(includingdsemiers), aitetoade: quaehﬂma@ewn@ﬁgdmgawmegﬁb@p
(including isoners), a hexadecyl oxybutyl group

pentatieogbxyinethyl group, s)perdadeniaietlyy groue (ingldingispmess), a
hept adecyl oxyet hyl group (including isoners), a

pentahé@}l@ﬂﬂﬂ‘bb?%bﬁ Rl @iy Bomers), ipagatecytexybutylaroup
octadecyl oxynet hyl group (including isoners), an

_ N . p th

(mclufiﬂk;g_gsmﬁw%ehwéd&g%faéhmbtww@néédlhg%mﬁéas),oa e

g these, : | grotps 'in which the nunber of
nexaZh R0 AEroGR MKl dfia RpierS) & Byfadebyd s braup (including
. rou an, ethyl gro a pr A [ '
isomats Eperiueyiypeyl B (ioilbinagHbish 2 fekiiedionpuy

roup (i ncluding isoners a hexyl grou i.ncl udin
aroup GRturig e Resp g hegtRsasy rERd SEoHE harkfdetioRektpy! aroup
_ group (including isoners) or the 20 |ike, and
(including isameys), gr qaYlouYPEOPY! 19604 iBelHding 18@MBER. 8P ons
constituting the group is a nunber selected froman, _
octadenyleggmettyl Group @ocludingsemess)c ao lostasacyloxyethypgraup (including
cycl ohexyl group, a cycl oheptyl group, a cycl ooctyl

isomdrspuptheiid. c yYahong thaede, gliol groupsniolwhicinghe sombes pf carbon
di cycl ohexyl group (including isonmers) or the |like are

atom%bﬁstitﬂﬁﬁé Habidup idldMimpepsdecicd b ah inksyerwitieto 20, such as
carbon atons cConstituting the alkyl 25 group is a

o mofT 3RS AL Bl 995 (gl it
(inclu%%g}/ Fs%Fnbe"?'s , taegeﬁtﬂcérgﬂs (f?nlcm@ingf %BR‘?EHE}, Ehedit Brtﬁfp (including

isomers), a heptyl group (including isomers), an octyl group (including isomers) or the
like, and cycloalkyl groups in which the number of carbon atoms constituting the
group is a number selected from an integer of 5 to 20, such as a cyclopentyl group, a
cyclohexyl group, a cycloheptyi group, a cyclooctyl group, a dicyclopentyl group
(including isomers), a dicyclohexyl group (including isomers) or the like are more
preferable, alkyl groups in which the number of carbon atoms constituting the alky!
group is a number selected from an integer of 4 to 6 being even more prefefable.

Examples of such alkyl polycarbamates include alkyl carbamates such as
38
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38 N, N - hexanedi yl -bi s-carbam c acid di net hyl ester,

N, N - hexanedi yl - bi s-carbam ¢ acid diethyl ester,

N, N - hexanedi yl - bi s-carbam ¢ aci d di butyl ester

(i ncluding isoners), N, N -hexanediyl-bis-carbamc

acid di pentyl ester (including isoners), _ _
N,N'-Héxsnetigi-bivschnphamic acidadibmting esterd NN Heswanedstl-bis-carbamic acid

(including isoners), 5 N, N -hexanediyl -bis-carbamn c

diethy@%bférdNQ@Iﬁéxaﬁéﬂ@l-b(s'-éé‘rbéﬁ'h@ acidsdiPBySester (including isomers),
met hyl ene-di cycl ohexyl car bamat e,

N.N- *ﬂ%‘é*%”f '645 ﬁa’%“f’% SERFPaRNF bRRP XY B8R,
NNl ?e%ﬁr?p%ﬁhé%sw AP SRR g isomes)
NN itecipl-Bis-a8 ?aaavamoaﬁv&%ﬁesH@ﬁbﬁd'%'ﬁsﬁ}%%)e

| ud
dlmeté{uﬂ%,a;n{eﬂr?ﬂéééﬁéw?wuwpem;wetwaﬂmamtavlene-dncvclohexw

(i ncluding isoners)

carbattidte pdipropy-4, 4'rroethyieneedidydobexyl srrharoatedinpiyding isomers),
(i ncluding isoners),

dnbut;dmtmbﬂﬁleheadbyﬂxbhexgdwmbtmmtymdmgnmmse
(i ncluding isoners), '

dupen@ylmtrhewfeﬂéoamyblaﬁémﬁé%émhﬁe Gndudingrisameryy) cycl ohe

Xyl "carbam c acid nethyl ester,

dmexg-&%‘ WW@BQM% r%&é@tg JineiRiing isBRIdMY), cycl ohex
dinepfi ¥ 9@%#&2%90&5@?&%“3&%%#% i pricudp phEry ! oy o
dnoctﬁé%evé a%aéﬁg%ba&{“ Poale frclding somee.

cl ud| ng i somner . _ . .
3- (mejh@www@@mq;m}mﬁhﬁrfoSﬂ%meM%'@%ﬂ FaThamig AEingthy!
hexyl carbam c acid pentyl ester (including isonmers),
ester.33-(étbryycacpoaylpmine-mathy-3ed, hytrimetdcy oiexyl carbamic acid ethyl
trimethyl cycl ohexyl carbam c acid hexyl ester _
ester( 3-felopgloxgcarbomgias)ino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid
3- (heptyl oxycar bonyl am no-net hyl )-3,5,5-tri net hyl cyclo
prop;n @siér (FRIULANG fsontard) @mwyloxﬁ&rbbnﬂammsnmmsmx s),

(octyl oxycar bonyl ami no- met 3,5,5-trinethyl cycl oh

tnmemédglrﬁf_%gcp%rﬁaﬁﬁé Qc@lodt}ﬂll @s%leﬁn&lh&ﬁb Ysbrigrs)soners),

carbam c acid di methyl estér (including

o o BB oA TBE AL ARy St iy i pon
B

ol uene- d| carbam_c aci d di pent ester, (including
tnmethylcyclohexyl carbamic acid hexyl ester)(mciudmg isomers),

3-(heptyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid heptyl
aster (including isomers), 3-(octyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid octyl ester (including isomers), toluene-dicarbamic acid dimethy! ester
(including isomers), toluene-dicarbamic acid diethy! ester (including isomers), |
toluene-dicarbamic acid dipropyl ester (including isomers), toluene-dicarbamic acid

dibutyl ester (including isomers), toluene-dicarbamic acid dipentyl ester (including
39



39 isoners), toluene-dicarbam c acid di hexyl ester
(including isonmers), toluene-dicarbam c acid diheptyl
ester (including isoners), toluene-dicarbamc acid

di octyl ester (including isoners),

N, N - (4, 4" -net hanedi yl - di phenyl ) - bi scarbam c acid
i Wl dhe-BRlafbamic acid dihexyl ester (including isomers),
Isomeﬁ,)m%&eﬂf' - et hanedi yl - di ghenyl )( bi scgr bam c acid

[ t - i ing i -dicarbamic acid
toluer-§ear2 eflq difeptyl ester (including isomers) toluene-dicar

dioctyfee? Ffcinddionmes ). Nai4 fmgihenseivksirnan bigpgypamic aci
dimetﬁ;lrlbwusftt%/rlar Niﬁ'f—@é@'ﬂgﬁmr@piy&dmwf)ﬁig@@gp‘%caﬁpig diathyl ester,
di pentyl ester,

5  N,N-(,4¢methanediyediphenyl)pisasirpamie agid IeRYIRTPE aci d
di hexyl ester,

N,N'-(, A méthanediyb tipheast)stisatirpamit/adid ditsgplr estes, c aci d
di heptyl ester, 10

', NméthatediyRtiphesdi)tisctirbamity agid i bestex; aci d
N.N (glii' ocTyI egtg‘r1 or tgg Il?ké. Armong t.h?gg? al kyl

N,N'_@%'Qﬁaﬁ\%ﬁédg/ﬂqug&gi)@séaﬁbéﬁwyéiaoﬁﬁ@w aBmye

épresents sel ected fromthe group consisting
v 0Of 4 I ‘ N3 ar, and
e e e Gl L AR
, preferably, . al kyl r.b S O r sane
10 N B ST RERR oy DIAPOUELE EER A adeP g
particularly preferably: 0 H R4 ~QO\ [ C\
Grepnd theseo Sy hamamatds iBiheR] M ormifs {1eabgveppretents a
(18) OIl cl~O R4 .
group selected from the group consisting of alkyl groups having 1 to 20 carbon atoms
and cycloalkyl groups having 5 to 20 carbon atoms are used preferably, alkyl

carbamates represented by any one of the following formulas (17) to (19) are used

) 15  particularly preferably:

(o)
o H é': R*
R4/ \ﬁ/ \/W\”/ ~o~
0 (17)
o) 0
e A T O
MmN Pt
(o)
° N (18)
o
l
N0 R
H o
ﬁ g R?
N pq"
H o (19)
(wherein R* is the same as defined above).
20 Examples of alkyl polycarbamates represented by formula (17} include

N,N'-hexanediyl-bis-carbamic acid dimethyl ester, N,N'-hexanediy!-bis-carbamic acid
40 '
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\,)"NN HO 11 npmac- ~R4A HO (19) (wherein R4 is the
sane as defined above). 20 Exanpl es of al kyl

pol ycar banat es represented by fornmula (17) include
N, N - hexanedi yl - bi s-carbam c acid di met hyl ester,

N, N - hexanedi yl - bi s-carbam c acid 40 diethyl ester,

oy il ST ek APRIG 28 Ay et caghahg comers
NS B ot B et RERRRI ropers)

(i ncluding isoners) and, N, N -hexanediyl-bjs- am c
N,N'-haxapediybis Ffarbamie ae|%@h8@r'r?gst‘?fs(§?%‘ﬂ‘g5‘. ‘ﬁW%réggbpon, 5

exanpl es of al kyl poldyc.ar bamat es. r epresent ed by s
N, N'-Hieameldyl-pistaibamiod@sid dioctyl ester (including isomers).” In addition,

di met hyl - 4, 4' - met hyl ene-di cycl ohexyl carbamate,
examplieetdndikyt pblycaebambtmsaegraserteh by jormyar h3higckide

di propyl -4, 4' - met hyl ene-di cycl ohexyl carbamate _
dimetg?p@,huﬁié%yléﬁé@é}ﬁ;}ohexyl carbamate, diethyl-4,4'-methylene-dicyclohexyl

butyl - 4,4" - met hyl ene-di cycl ohexyl carbanate

LAs! 4l L0 lene-dicvclohexyl carbamate (including isomers),

Carba%%%h#@?%'ﬁ?@téﬁyl Eénne- dlycycl )(%exyl car bamat e

i YA AESEBhed Saregmet s ing emer)
ey HE e 4SS EsRphend. srbgmpis dnshing eamer)

(i ncluding isoners) an . L
dihexsl-8 4 ynethy merrieTg R e SREANIRAIRF|TR [5omeTe)
(including isoners). Mreover, exanples of alkyl
diheptyll4, 4 ametinglere-dicys! k carbpipate (IREILFINGIPMERT) %?ﬂe
al kyl  pol ycarbamates such as S
diocti=4, Aeiathylens iyl arexpbearbatmaty (BeEiIdng isPRErsly| MREsNEr.
xyl 15 carbanmi c acid nethyl ester, _
exarr?plé@bhﬁm%{zpﬁﬂf?@éwamét@@fépfr"ebelht)ed&;ﬁtoﬁnula (19) include alky!
trimethylcycl ohexyl carbam c acid ethyl ester,

poly%‘ré?@_%%&rgl %‘?ﬁé‘f’ qudtﬁ&y&rwwaﬂn)no-meﬂyl)-s,5,5-trimethylcyc|ohexy|

cycl ohexXyl carbam c acid propyl ester

carb e AP, ety omis T e 8

_ : , 5-tr1 met hyl cycl oh
trime?ﬁ(;}lll:y&gﬁg%mcgr@a%i% abc% glhy?ggt%rr, 3-(propyloxycarbonylamino-methyl)-

3 5,5-trimethylcyclohexyl carbamic acid propyl ester (including isomers),

.3—(butyloxycarbonylamino—methyl)-3,5,5-trimethylcyclohexyl carbamic acid buty! ester

(including isomers), S{pentyloxycarbonylamino-methyl)—3,5,5-trimethylcyciohexyl
carbamic acid pentyl ester (including isomers), 3-(hexyloxycarbonylamino-methyl)-
3.5 5-trimethylicyclohexyl carbamic acid hexyl ester (including isomers),
3-(heptyloxycarbony!amino-methyl)—3,5,5-trimethylcyclohexyl carbamic acid heptyl
ester (including isomers), 3-(octyloxycarbonylamino-methyt)-3,5,5-
trimethylcyclohexy! carbamic acid octyl ester (including isomers) or the like.

A known method can be used to produce these carbamic acid esters. For

example, a carbamic ester may be produced by reacting amine compounds with
41



(i ncluding isoners), '

- 34pent yl oxycar bonyl am no-net hyl )-3,5,5-tri net hyl cycl oh
exyl 20 carbam c acid pentyl ester (including
i sonmers), 3-(hexyl oxycarbonyl am no- net hyl ) -
3,5,5-trimethyl cycl ohexyl carbam c acid hexyl ester

Infir R By §8ABIn aliphatic alcohols or aromatic hydroxy compounds, or
carboé_n?:ﬁept y ’oﬁgar bonyl aprri no-net hyl )-3,5,5-tri nethyl cycl o

| . : | sl . ud . o
by reag T8 cARENE S5 b R sH A mpuitips: 6 BY re&QTRY &hin
trimethyl cycl ohe arpam cJ ]
compiiis Wi HES% a8 bhalss aEABoR Fer SaBt R vERY bamRaundsin
be used to produce these cgrﬁbam’ acid esters.. Fort th
EquaraEples exampian of methads gy PREUGNGCADAMIS aFidRstpIs Py the
am ne conpounds with 41 carbon nonoxide, oxygen and
reactiah bpheeern catbopimagd @st%rrsamtamlnwrawuadﬁrﬁdual&ﬁt,edg?e'OW-
by reacting carbonic acid esters with an am ne
Canpsnicdsid estelsrepeessrited byrihe éollovdng fonntida (26)rcar lee used for
and aliphatic al cohols or aromatic hydroxy conpounds.

the cdrBbniegtiPksterexanpl es of nethods for producing
carbamic acid esters by the 5 reaction between

carbgnic acid esters and am ne conpounds is indicated
R&! .Rfarbonic acid esters represented by the 0)
folqovﬁ’ng formula (20) can be used for the carbohicC

(wherefii R"'ergbpssentd a liReaP &Pbrarthéd @Phati¢ ghapehavifd 1 to 20 carbon
represents a linear or branched aliphatic group having

atomsg to 20 carbon 10 atons). Exanples of R11l include
[ kyl groups such as a nethyl group, an ethyl group, a

1 P e REeu) ' : Bn ethyl group, a
BBkt RE RGeSk Yo TRich =6 2 Rl o) n ethy group
i soner hexyl grou i s ' a I
propy R (A¢luind: mmef ooy SRl BBy HAETERRer Rl grow
) i soners), a nonyl grou i ncl udi ng | soper al .
(incluging RogEbel (1% iRy TulEn Somets) ey ogip ghclucing
. (i ncluding isoners), a. dodecs/l group (incl udi r(j;g
isomershras egtyl groupi (insdyding isamers), i noRN | OUR HREMgiNg Igomers), a
tetradecyl group (including isoners), a pentadecyl
decylggroup (inichuinglisogers) reersidecy! drovpdénsiudigg dsqiners), a dodecyl
group (including isomers), a tridecyl group (including isomers), a tetradecy! group
(including isomers), a pentadecyl group (including isomers), a hexadecyl group
(including isomers), a heptadecyl group (including isomers), an octadecyl group
(including isomers), a nonadecyl group (including isomers), an eicosyl group
(including isomers) or the like; bycloalkyl groups such as a cyclopenty! group, a
cyclohexyl group, a cycioheptyl group, a cyclooctyl group, a cyclononyl group, a
cyclodecy! group or the like; and, alkoxyalkyl groups such as a methoxymethy! group,
a methyoxyethy! group (including isomers), a methoxypropyl group (including

isomers), a methoxybutyl group (including isomers), a methoxypenty| group

(including isomers), a methoxyhexyl group (inclu_ding isomers), a methoxyheptyl
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(i ncluding i§oners), a heptadecyl group (including
i soners), an octadecyl group (including isoners), a
nonadecyl group (including isomers), an eicosyl group
20 (including isoners) or the like; cycloal kyl groups
such as a cycl opentyl group, a cyclohexyl group, a

groupgm‘éwwwmaég WmethdXyekBPgtolp Gricludingasamietsina mydthoxynonyl
roup, a cyclodecyl group or the |ike; and,

s A AR e
et SLARE GV 36 BHRE HBFEE, BetpRRicHey Broue (ot

isomelioh AGRSRERYY CGRAEIOUP ARl HoBeSE & Meionyfotradecyl group
_ met hoxyheptyl 42 group, (including ispnerﬁhésﬁ
(includipgienmeryd mptooy/ReniReery! AEPURRERING ISORBIH Ry nony |
group (including isomers), a methoxydecyl group . )
methdiyhekadésy) greupréinaiiding isomers)x aumetboyyheptadecy! group (including
(including isonmers), a methoxydodecyl group (including
isomer§)0 eahathoxgot@itboyl\droup ¢ioyludingisprmers) laudethpxy sonadedy] group
a met hoxytetradecyi group 5 (including isoners), a
(inctuﬁé?ﬂ%%@%}? aH LNy StH! éﬁo&?[ adigisoly R Igdup dincluding isomers),

oxyhexadecyl group (including isoners), a
an BRI EPAE BB i) S ERTSF S (uing somer)
th d | ' ' ' N
an onJBAERIRBRTIT (b8 1Rorbldl b 3 B8RS Dl PRl somers.
an et SBERBAPERER (GRLY EoRET AR S SaREn BrodR i (B Fisomers),
an et ot e o) "B P RSP tbmers),
(including isoners), an ethoxyoctyl group fincluding_
an etheomedsgyl graopdnchidinmispmesshan Qt};ﬁwd&d&%{ growipelinguding
an et hoxydecyl group (including isonmers), an
isomers ) @ty ethdrglyidegyiarpug iimcluding someoske es) sthaxytetradecyl group
et hoxydodecyl group (including isomers), an

(incluBlintPisiner §ie anl etBbRtRntadubyl giaup firseiging isoraers), an
et hoxyt etradecyl group 15 (i1 ncluding isoners), an

' BFd)Ugh Bthd faecyPdroup (includin
etho S BRIAS LRSS HAciBERHR o6 B Sh e yHEBIecy Paroup (including
. 0 . ar : d IS0
somgsf B 8EGHeqf 5y (RERHHE Bemel SCB3FBbyoRnethy aroup
(inch.gigr?igslpox g)‘(9 h%rhg?l[g%gé)@yﬁg{%u ' q&@hﬁi{gjﬁg&& éapropyloxypropyl

pr.opyl oxypropyl . .
group (including isomers), a propyloxybuty! group (including isomers), a
propyloxypentyl group (including isomers), a propyloxyhexyl group (including
isomers), a propyloxyheptyl group (including isomers}, a propyloxyoctyt group
(including isomers), a propyloxynonyl group (including isomers), a propyloxydecyl|
group (including isomers), a propyloxyundecyl group (including isomers), a
pro;ﬁyloxydodecyl group (inciuding isomers), a propyloxytridecyl group (including

isomers), a propyloxytetradecyl group (including isomers), a propyloxypentadecyl

group (including isomers), a propyloxyhexadecyl group (including isomers), a
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group (including isoners), a propyloxybutyl group
(including isoners), a 20 propyl oxypentyl group
(including isoners), a propyl oxyhexyl group (including
i soners), a propyl oxyheptyl group (including isoners),
a propyl oxyoctyl group (including isoners), a

propylﬁ%tgé%% @yf%upggﬁéiﬂdihbﬂ%rﬂgmgaib‘i@ﬂ&kﬁ%eth@lagroup (including

roup (i ncludi'ng isoners),
isome&)ggﬁbgﬁ%y%ﬁgﬁyﬁrogﬁ ﬁﬁglu%i}rﬁ;i:sggileﬂg, ?:%@Pig@mgyl group (including
comely OBk B TSR B ARG b G
isomeg)ggyﬁ&gwgggﬂ)dpdimgg S\éqr}ﬁéﬁ%grg Bgtli’ifg&g‘;aggyé 93%“9

propyl oxyhept adecyl group (including isoners), a

(including ydomgnsit & pLityimaoptyl graupuinelgdingdsesess), 2 Putyloxynonyl group
but yl oxyet hyl group (including isoners), a

(includ H%; Yé iy o pLtyisgidiecyl groupdinluding moemess), aabutyloxyundecy!
butyl oxybutyl group (Including isoners), a

groupgquo?% m?(r%),% Byl dxyBsHEE Roup ﬁﬂﬁl&diﬁg;samers), a

group”(including isoners),

buty!o%ﬁ{rﬁeg&wg%%’dnc%dw@ ts%rﬁ?r%gl éghﬂ%ﬂy&@eﬁgi g@dup (including

group” (1 ncludi ng r'soners),
somefsl A GBS A G181 s EFLEHIR S3REFEF bubionheradecy roup
(mclu&%é%%%ﬂé%nt;@&%&p%&ﬁyﬁ? A @ﬁﬁgﬁér‘s&a&a pentyloxyethyl
grourbingHidRgsamaticy BeghURpPIoR GiaSA o aigsefers. 2

but yl oxypent adecyl group (including isoners), a o
pentylxybltyk gheua (ieclytingrisamens), aipentylaxyrentyrere Yinchuding isomers),
pent yl oxynet hyl group (including isonmers), a

a perd@bkyHexyy giduy ﬁincglndiug i¢ometsiga pgntyiaybesly! geoup (including
pentyl oxypropyl group (including isoners), a

isomé]%mé’ ‘DQ%MR}*WEWBQ% (ndsdingiissmeérsyre pentylaxynonyl group
penty

oxypentyl group (including isoners), a

_ . ( di ng o
(mcll.@grﬁ P}é}:ﬁ?}%@:ﬁéﬁrﬂg@gm&(ﬂ gtﬁdﬁﬂcm&iﬁg‘%éﬁ'nerﬁ, a pentyloxyundecy

Ing isonmers), a
ntyl.oxyoctyl .gr j ' ' Yy

arou Bey Ry REproIgP G MRl YGelsEP Tchiding soere). 2

pent yl oxydecyl ,.gro (includi ng i . .
pentfionise) aroi g CGPGLOTPIR) AR P RARpeder group (ncluding

pent yl oxydodecyl group (includi.ng.isoners a
sombish 3 PenIITREHIAIE LoD MR G P aTT L el joxymethy! group

pent yl oxyt etradecyl group (including isomers), ? |
(inclugting jsomerpk rat hebydgxyeling @royp HEEEIngiSPEGADy §)Nexyioxypropy

hexyl oxymet hyl group . o
group (including isomers), a hexyloxybutyl group (including isomers), a
hexyloxypentyl group (including isomers}, a hexyloxyhexyl group (including isomers),
a hexyloxyhepty! group (including isomers), a hexyloxyoctyl group (including isomers),
a hexyloxynonyl group (including isomers), a hexyloxydecyl group (including isomers),
a hexyloxyundecy! group (including isomers), a hexyloxydodecyl group (including

isomers), a hexyloxytridecyl group (including isomers), a hexyloxytetradecyl group

(including isomers), a heptyloxymethyl group (including isomers), a heptyloxyethyl
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(i ncluding isoners), a hexyl oxyethyl group (including
i soners), a hexyl oxypropyl 20 group (including

i soners), a hexyl oxybutyl group (including isonmers), a
hexyl oxypentyl group (including isoners), a

hexyl oxyhexyl group (including isoners), a

group'“{ﬁ'i@hhd]ﬁ@ hehars), 4 Hé&g‘dﬂf)hﬁﬂ)l BEbuS @RELghg |§omers) a

hexyl oxyoctyl group i'ng isoners),

heptyl@?ﬁ%{;@éﬂﬂ@’dm&?@ﬁ %ﬁ)tﬂ%{’éﬂuglé%piﬁ%eﬁyl g‘?‘oup (including isomers),
s SR A B BB g

hexyloxytrldec cl udi ng j soners
isomesgl A lsit yewcaﬁi uer(ﬁ’u;w g FROMRIPH S h%@f@%w)& group
hept yl oxynet hyl rou (i ncluding isomers)
(includingtisomeiet ayieptylax bgl(qundm';ghm@g ﬂ%?tﬁﬂ%ﬁ%)a hgptyloxyundecy!
hept yl oxypropyl group (including isoners), a
grouph@ptlyding yéomeis)oa beptyloxydodecylgroep (:iecbpjngaisomers), a
hept yl oxypentyl group (including isoners), a
heptyttﬁ@tride@yvgm| (irpieding ($omeénsdli arpottyloxgethylaroup (including
hept yl oxyheptyl group (including isonmers), a
1somé’r§Pth Miﬁg%é’*h yBaOP ((ridehH? isHndr P a é&tylo@cypropw group

hept yl ox gfoup 5 (incTuding I'somer s)

(mcluﬁﬁﬁl}é{)oxy ﬁ%&é&‘ u)g’grbﬁg l(lﬂg Bﬁ'?ersg*an octyloxypentyl
rounq@'ﬁﬁ‘é@oxﬁ?%qﬁsﬁy GEtpBRY ﬁapﬁéh%@@@lﬁm%fs) an

octyl }1 v ox§g§%€( nﬂ%;%é%érhg?q)ggh&% yy Son&l g}%LIIP P ncluding isomers),

octyloxypropyl group (including isoners)
an ochdexynsnybararp (naudngiisRmes)ng, P§WI@’{Y§|)?CY%9{0UP (including
octyl oxypentyl 10 group (including isoners),
isomars),\d@roagtiexylindecyl gréum hcuding iseoees)san oattyloxydodecyl group
octyl oxyheptyl group (including isonmers), an

(incluaiirigyisomens), vl narytoxyniethgll greup ginchaieg Bpmera)) a nonyloxyethyl
octyl oxynonyl group (including isoners), an

group?fiﬁ(‘ilh@?f’n)gq%bré)rQ%n@ld&?bﬂiﬁyﬂgmu;ﬁ(@rﬁ@u@h i$6mers), a

octyl oxyundecyl” group (including isoners an

nonyf&%%%t%%ﬁ%?:%ﬁ?@ltgrﬂgg ‘t’éb(mér's Cé ﬁﬁgﬂ??gﬁﬂgr@bup%mdudmg isomers),

a nowgg&h%%ilpé %el(&% Lg{Jrg:ﬁ’?s m«#gt I‘éﬂr’é&% 6%@%3?1)%0% (including

o BRI P g Ry o o
nonyloxyhexyl group |nclud|ng I somer

(incluslng iserigreh@/n orgﬂ@g@epyhgqoyg,(w!uql%mrs) A nonyloxyundecyl

nonyl oxyoctyl group (including isoners),
groum Gngludingisayiergj; augecyloxymethyl group (|nclud|ng lsomers) a

decyloxyethyl group (including isomers), a decyloxypropyl group (including isomers),
a decyloxybutyl group (including isomers), a decyloxypentyl group (including isomers),
a decyloxyhexy! group (including isomers), a decyloxyheptyl group (including
isomers), a decyloxyoctyl group (including isomers), a decyloxynonyl group (including
isomers), a decyloxydecyl group (including isomers), an undecyloxymethyl group, an

undecyloxyethyl group (including isomers), an undecyloxypropyl group (including
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(i ncluding isoners), a nonyl oxydecyl group (including
-1soners), a nonyl oxyundecyl 20 group (i ncl uding

i soners), a decyl oxynethyl group (including isonmers),
a decyl oxyethyl group (including isoners), a

decyl oxypropyl group (including isonmers), a

isome}’ éhoxypeklﬁxygutgljgrddp'@%ﬁﬁ é@@%ﬁ% fésn uﬁdecyloxypentyl group
(mclu%@é%%ﬁéwgp%/mu% %ﬂg&*ﬂbﬁ%”'g@q (u'lftfs?tg&rrég)?orﬁers) an

oSS Seth s B Aot S By o (ot
decyloxydec group (including isoners)
isomans)d @y xyppnyraseep (ingiud mgj@eme&ﬁlr@tﬁecgl%ﬂm‘ethy' group,

(including isoners), an undecyl oxypropyl gro
a dodétylokyethgbgrtbipi (Fmiuisy jsoamershddglies)eupse sd.gﬁ%p (including
(including isoners), an undecyl oxypentyl group ‘

isome(rSP%i disti ety 1dgDuB/ g}aupa(lnmladmgysmgras)xg Idogiecylpxypentyl group

(including isonmers), an undecyl oxyheptyl group

(mciusiilngjgkélﬁx'e@) I SRIBRICG loxy Réx @eegy linzuairigisomens)pa dodecyloxyheptyl

l'uding’ i somers), an undecyl oxynonyl group

LA 8 S o AR Ul ) o
tridecggxg@c ltlg\ij)gﬁ §¥||na%iﬁﬁ) l(sgh%%)u & tﬁgle%@&?@lwp%roﬂp (including
isom%gg g% d%%‘%é lyopgfJ 8)‘5}?3( (ﬂl{ﬁ!ﬁl(ﬁ 85 ﬁ%orﬁgrgﬁreﬁ;dse)cglo@ybutyl group

(ncl.digspmersh o ihegyBupNaraub GOl Femers). 3 ridecyloxyhexy

tridecyl oxynmet hyl group (including isoners)
group (indedinigizgriens)l agridegy!exyieptd |gﬁgdg0nclysml§9meas) a
tridecyl oxypropyl group (including isoners),

tetradddyitgyneylogroup (mohuding (somﬂraﬁlaqt@tnasiemdosyethal group (including
tridecyl oxypentyl group (including isoners), a

isomérsh déafé/d'ég(éyt?@xtvy lrorﬁﬂ grtup| fimaudidnisomens)ea $dtradecyloxybutyl group

tridecyl group (|nclud|ng i soners), a

(incl dﬁﬁ PsgeCngxyet o Eé!gkﬂ')%tfrl' grelipdinetiiding rsonsdrs), 2

roup (1 ncl udlng |soners)

tetraq o REEH CET BRI P I ri B PR AeRIS gsyf"gm“p (including
com e, SneeB RS bamim@:ﬁ b3 gpagcbropropn
grougz%m:wi%%@%ga qg ngggp ggsoﬂgjg i)sgmers) a

pent adecyl oxypr opyl roup (including isone
pentmmwnwmmmmmwgm I§om@rs)darlr@xaga%é%jméﬁw?gmup,
hexadecyloxyethyl group (including isomers), a hexadecyloxypropy! group (including
isomers), a hexadecyloxybutyl group (including isomers}, a heptadecyloxymethyl
group (including isomers), a heptadecyloxyethy! group (including isomers), a
heptadecyloxypropyl group {including isomers), an octadecyloxymethyl group
(including isomers), an octadecyloxyethy| group (including isomers) or the like.

Among these, alkyl groups in which the number of carbon atoms constituting the

group is a number selected from an integer of 1 to 20 are used preferably, such as a
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pent adecyl oxypentyl group (including isoners), a
hexadecyl oxynet hyl group, a 20 hexadecyl oxyet hyl group
(i ncluding isoners), a hexadecyl oxypropyl group
(including isomers), a hexadecyl oxybutyl group
(including isoners), a heptadecyl oxynethyl group

Iy Gl A1 di , tyl
b T T P

T
some b P TFehbl prt o0, SRR L i) o e

) constituting the group is . a nunper selected . froma
ke, RraTRISOT StichGeonie Sbiskexiors BFaRRT TSl Carhane, Ygthy!

met hyl group, an ethyl %roup, a prquI gr oup , ,
carbopiate; Idiphopy! tarbapate) (including ysorgersupdibptyvh sarbenate (including

i soners), a pentyl group (including isoners), a hexyl
isomeg s Wipdntpictarbonate (irstuding Jsonaersi pdibexy cator@te ¢ingding

i soners), an octyl group (including isonmers) or the
isomdrsK elihéptgnedrbenate (ﬁﬂhﬁdiﬁgﬁé&ﬂer@),adiodtyEearbbgatm(mhclddng

di met hyl “carbonate, diethyl 5 carbonate, dipropyl

isom%r??}@f’ﬁ%it Iﬂ(g( i :@hﬁ@ g}?eée? RFKA Joarsbrittby in #AIPARtrRimber of

, dipentyl carbonate (including

| s s j oF:Ts teid ] ' ' i of 4t0 6
carb QBB ons ) HRpe IR0 PR Bleck g B hvegers

carboqat%%§including i somers) or the |ike. Anbng
are usgd PECTeERRLY. || carbonates in which the number of

carbon atons constituting . th kyl, group is . Ka nber

S éﬁh@care@ermmp@m%@%e%ﬁgntad Sﬁ%e Yolaying famyia (M are

preferably. The am ne conpounds represented by the
prefefatiy oed §orf theramiae@mpeund: preferably used for the
am pe gonpound: R34NH2 ) n (21) (wherein R3
RS ;mgénts a group selected fromthe group consisting
of an dlnphatic 15 group having 1 to 20 carbon a{2ts

and gn aromatic group haviqg 6 to 20 carban atops, }he )
(wheegio R rgprasentoaigiour RglesiediTom theigsevr gonsishing gt o Aliphatic

and oxygen atons, and having a valence equal to n,
grougthdving 1 to 20 carbon atoms and an aromatic group having 6 to 20 carbon
atoms, the above group containing an atom selected from carbon and oxygen atoms,
and having a valence equal ton, and

n represents an integer of 1 to 10).

In formula (21) above, a polyamine compound is used in which n is preferably 1
to 3 and more preferably nis 2.

Examples of such polyamine compounds include aliphatic diamines such as
hexamethylene diamine, 4,4'-methylenebis(cyclohexylamine) (including isomers},
cyclohexane diamine (including isomers), 3-aminomethyl-3,5 5-trimethylcyclohexyl
amine (including isomers) or the like; and aromatic diamines such as phenylene

diamine (including isomers), toluene diamine (including isomers),
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n represents an integer of 1 to 10). In formula (21)
above, a polyam ne conpound is used in which nis
preferably 1 20 to 3 and nore preferably nis 2.
Exanpl es of such pol yam ne conpounds i nclude aliphatic
di am nes such as hexanet hyl ene di am ne,

4 4'-mbtdyleRBdiBMRB RIS eS| oRpvnpankses)aliphatit ditiniges such as
i soners), cycl ohexane diamne (including isonmers),

e A A it i e
c:ycloqsegﬁ%gﬁcga%ﬁ%h@D‘{Iipgﬁ?ﬂﬁ%ﬁ%ﬂ ?%g‘r#@ras eﬂ%ﬁs,'&?tﬁﬂ?étﬁ}lcydohexyl
i SRS A £ S8 TR e

4, 4' - et hyl enebi s(cycl ohexyl am ne) (i ng¢ludin
4,4'-mesbylenebis (cysienendaraine) @nan-amnineriet &3@5Tt§%ﬁmyé§x°'°hexvl
3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne
aming beioguiedgnossoprefarablyy the |i ke are used preferably,
hexanet hyl ene di am ne, 5 4,4'-nethyl enebi s

Repxctioh esytitiohs eaneactording to the reacted compounds, and although
3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl am ne being

the catB8HicBYi@ eBlcf £ prtbiablyRPaside8s baadidn thesanviablgroups of the
according to the react'ed conpounds, and although the

amin{ﬁﬂémgﬂhﬁd % EE‘C&%F&% tl?e?1 éégcﬁfo?lrr%m ¥néd %oﬁ?&ﬁé@f’(h@ as&digquickly at

m no groups o am ne conpound to accelerate

o sl S R o B RS R A O B G AR At
comebnd e S15HBS F ek 6% BB B HRBL P P2 o 10

) to 100 tinmes and nore preferably from2.5 tq 30 i
timesjandopaee peafarabbnirem 2./d0s30Wmes lr%/ ﬁ%nS'F‘%E?é'PP&% t%%&r&%he

The reaction tenperature i s generall P/ wi thin the ranrqe
reactioh viasset. rAdeneiactienprmpenatereiz@eneraly3uitiin the genge of from

al t hough hi gher tenperatures are 15 preferable in
normalrtéepdratuses ¢20°€)ab S00P€, ardalthongh higher démperatures are

undesirabl e reactions nmay conversely occur at high

prefefddI@fi aider &6 actHlerdte dss reuctionmats, ainvecundesirableerealetipns may
within the range of from50 to 150C. A known cooling

comy REH/ P PR LR AL Moo 8214 by witi
the rén%'épgfr s to 150°C.  Aknown cooling apparatus or heating apparatus
may be installed in the reaction vessel to maintain a constant reaction temperature.

In addition, although varying according to the types of compounds used and reaction
temperature, the reaction pressure may be decreased pressure, normal pressure or
applied pressure, and the reaction is generally carried out at a pressure within the
range of from 20 to 1 x 10° Pa. There are no particular limitations on the reaction
time (residence time in the case of a continuous method), and is generally from 0.001
to 50 hours, preferably from 0.01 to 10 hours and more preferably from 0.1 to 5 hours.

In addition, the reaction can also be completed by confirming that a desired amount

of alkyl carbamate has been formed by, for example, liquid chromatography after
48



10

15

20

25

In addition, although varying according to the types
of conpounds used and reaction 20 tenperature, the
reacti on pressure nay be decreased pressure, nornal
pressure or applied pressure, and the reaction is
generally carried out at a pressure within the range

samptﬂ{qi}'{eor@a%@oﬁ fgdid® Pt ?res@ﬂ?éﬁb@ﬂﬁné}% Baiatalgst &in be used as

Ateons O the T e8c fime (residence tine in
t h f |
necespB, S30 e é:§€%%§'%¥s§tf%?é?ﬁ%b@%ﬁp‘aﬁd%%&ﬁéﬁw fga
h d f 5 h
NG 5o G Pyt P e
confirmng that a desired anpunt of aI k carb
and basic aatalysts surb @spglkylatas ehalkgling, metadPt a%ﬁh 3EH mgtals in the

after 48 sanpling the reaction liquid. In the present
form afmheitiytates, ethylatasa bytyratesd innludisg isamersh et By irs, of Ithwm,
exanpl es of catalysts that can be used include organic
sodiufE patassiapsaloiden enbariuvar gaithougiktize use opauadstiasf solvant is not
| ead, copper, titaniumor the Iike, and basic

ntat:,esf'::%hiayJ peeUfred s hetpretlely babraliménilbkalitabRe saivetss preferably used
al kaline earth nmetals in the 5 form of net hyl at es,

as a r%%:@?f&r?%&%entbl‘éw d@hﬁ?pcfs‘erkﬁlfﬁaht%ﬂng ?lﬁ’éf?ééc)hoﬁrprbﬁéduﬁek examples

M pot assi um al ciumor barium

oo SR i R GO0 S e

o e GBS ot B o
procedure, exanple of which inpc|ude alk S _suc
tsomerékahthe(llhec prRMAtc h%ﬁ?@ﬁé@onm albyl- %Wﬁ%‘l@&&?&l’f@ e

i soners), octane (including i sorrers[) nona
hydro(c:artunnsdsu@ asberpzane, tduenaexylene (induding lﬁ@@@ﬁ)s pthyl benzene,
the like; aromatic hydrocarbons and al kyl -substituted
duso;ﬁbFWﬁér&enb}(d’foﬂﬂrﬁm@mtsnmwdilaustybbmm (incidingdsomers),
ene (including isoners), ethyl benzene,

nap hmalew)esml nk@eak@nas(sum alivirgharsg ethahot, grdpand! (including
benzene (|nc udlng i sonmers), naphthalene or the Ilike;

|som§4sz°cflﬂéﬁoi %rrers 9 tperﬁér‘iﬁ Hcludi’rﬁg’lfs@:ﬁférs) hexanol

tanol (i ncluding i somers),

ek S S RO 5 o B,
rora GG S 2 o S S G i

hal ogen or nitro roup such as ¢ I? enzen
halogereen njfregsage sech ,aﬁ(ghm'pﬁgn; gr) orobenzene tlncludlng isomers),

bromobenzene, dibromobenzene (including isomers), chioronaphthalene,
bromonaphthalene, nitrobenzene, nitronaphthalene or the like; polycyclic
hydrocarbon compounds such as diphenyl, substituted diphenyl, diphenyl methane,
terpheny!, anthracene, dibenzyl toluene (including isomers) or the like; aromatic
hydroxy compounds such as phenol, methy! phenol (including isomers), ethyl phenol
(including isomers), butyl phenol (including isomers), pentyl phenol (including
isomers), dimethy! phenol (including isomers), diéthyl phenol (including isomers),

dibutyl phenol (including isomers), dipentyl phenol (including isomers) or the like;
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br onrobenzene, di bronobenzene (including isoners),
chl or onapht hal ene, 20 brononapht hal ene, nitrobenzene,
ni t ronapht hal ene or the like; polycyclic hydrocarbon
conmpounds such as di phenyl, substituted di phenyl,
di phenyl nethane, terphenyl, anthracene, dibenzyl
. ol . . . i o :
siprelig P Lo HEACHR G e ePabi ofReteiene

_ ~conpoun su p met hyl' pheno
et RS B R e o IE Sl ot 18Ry, eycipentanl
cycioc?qrt]g{glllmi Ihgﬁ\l(é% g§29,5 suldq: oggwgtaﬂ%gﬁt%%%%ré%phenone or the

i somers), dibutyl phenol (including isoner

like; edigre sugh astdipiaty phthialatel digexy phthalgtey diqotd Hﬂtw,ate- hgnzylbutyl
al i phatic hydrocarbons such as cycl ohexane, )

phthalze bo frenlie) ethersanobibiceibers schydscdiphenghether, giphamy! sulfide or
i ke; alicyclic alcohols such as cycl ohexanol , _

the likey harerbriaes suck ue! dimetanslifoxidd, kiipHeriysulforidenarshe liké.
as nethyl ethyl ketone, acetophenone or the |iKke;

Thes§§6|%ﬁ\s%§h%@aséa Rind, P Avb B Mt tbdieutinasbisohlentecan be
dioctyl phthalate, benzylbutyl 5 phthalate or the
e er LRl . [ n
used gb STnpGirec, in B fF EpBnE: it EICF L BBEMY ExEdiibased on
._di met hyl sul foxi de, di I [ r [ ;
amindrgBRpSL e AP S SRTRELL0aS BB as s sty n the
of these solvents can be used as a mxture. In
reactighdi ti on, the carbonic acid ester used in excess based
~on amno groups of the am ne conpound is al so
Fhereaeng pasticulardinaitalisinsean thereprtion gppartys Hed whepe
are no particular limtations on the reaction .
carryiagpaut dhe seactied, ahe knowarmepction vesselh eam bgdisesh, Ganyentionally
known reaction vessels can be used. Conventionally

 the kiidven keaotior veasklsotarvibe seltably aontiinen)iexaiples ofvhigrdnclude a

exanpl es of which include a stirring tank, a

stirri n@ﬁﬁﬁk’,ué brsbusitb Stiftthd @Rk, a ¥avaeywiirdig tarkne doitkn reactor, a
olunm reactor, a 15 distillation colum, a packed

distinﬁf?&r\l%‘lu{ﬁ LAk el dBll‘i‘MﬁPQrtﬁihcfﬂinvaEg%tbf ketheTlies € Biege are no
no  parti cular th

_ Imtations on the naterial of e
pari A ot i ey KLPSARGH Loy Bgtafipatriel car
e i B 5 e RO B S Pl bt
carbon steel., Hastelloy, materials comprising a base material lined with glass, and
those provided with a Teflon (registered trademark) coating.

An example of a process for producing carbamic acid ester is indicated below in
the case of producing carbamic acid ester by reacting urea, a hydroxy compound and
an amine compound.

An alcohol represented by the following formula (22) can be used for the
hydroxy compound:

R'2-OH (22)

(wherein R'? represents an alkyl group having 1 to 20 carbon atoms or a cycloalky!
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those provided with a Teflon (registered trademarKk)
coating. 20 An exanple of a process for producing
carbam c acid ester is indicated belowin the case of
produci ng carbam c acid ester by reacting urea, a
hydr oxy conpound and an am ne conpound. An al cohol

o BRI T 5
Eralds LA S B 4580 5P

atons% nples of R12 in faornmula % %@ﬁﬁe |ncludled

groupaBRat sgrgjglpg QQ&PYAEF%HT%’MW'”%?% rs)a ;ﬂm‘é‘? §uguding
a propyl group (including isonmers), a butyl 8

isomefsnal patitplgroup dinetuding isoparsyia et greumbnduding IsomerS) a
i soners), a hexyl group (including isonmers), a5

heptyhgfilyp! (irheding (soménsdli avg octybgraup) (including ugdm@sc)),uq:) nonyl group
(1 ncluding isoners), a nonyl group (including

(inclugﬁg'\'ﬁéﬁbrs)aadﬁ%w g @UPYdudiag isbinnersh, sermendaceyl group (including

ecyl group (including isomers), a dodecyl group

isomélrég gcj)ié@fl b&ﬁ]éﬂe Iﬁ%’ud!ﬂ tigdrAeesy] a Giduty Gidig) @skinging |somers) a

ecy group (i ncluding i soners)

tetra c%rec ad:%ym%ﬁé ﬁ(ogﬁ%h‘d% Bgnﬂaﬁ g? a@ g?lngruﬁiﬂgéj%%ers) a

nexadas oS et OB R, SToPEART ol BB g s on

octad%zél?éyél.:p?{{n%rfﬁ?s%n@%ng%hég%qg%gwndwle%sorgers) an
cycl ohexyl group, a cycl oheptyl grou a cycl ooctyl

sicosyl gropp (nalyding isnmers) g teplikes CygloplkEBrAURSTHEH a5 a crelopentyl

i ke; and, al koxyal kyl groups such as a nethoxynet hyl
grour rmmnomxwgwmmdh@m goyp,re Cyalpodtyl gromer s)cyc@nonyl

nmet hoxypropyl 15 group (including isonmers), a

groupTe Bradsty GralipPeithel ket BadingikbsyateylDroups such as a
nethoxypentyl group (|nclud|ng i soners), a

methﬁalﬂgmgﬁﬂﬁ %@g@g&kyﬁﬂwﬂ%md (FRINRAIRY tsonﬁers) a methoxypropy!

Ing 1 SOI’TETS

grouﬁﬁfn'ﬁlgé%%g%{'neg#)gﬁ% t%hﬁgpb\gwgrdu?q mg éﬁrrrg?rﬁc))xydecyl
methgag%g)ntyll gr%upctlnc%dmg |somgr5) a methoxyhexyi group (including isomers),

a methoxyheptyl group (including isomers), a methoxyoctyl group (including isomers),
a methoxynonyl group (including isomersi, a methoxydecy! group (including isomers),
a methoxyundecyl group (including isomers), a methoxydodecyl group (including
isomers), a methoxytridecyl group (including isomers), a methoxytetradecyl group
(including isomers), a methoxypentadecyl group (including isomers), a
methoxyhexadecyl group (including isomers), a methoxyheptadecyl group (including
isomers), a methoxyoctadecyl group (including isomers), a methoxynonadecyl group
(including isomers), an ethoxymethyl group, an ethoxyethyl group (inciuding isomers),

an ethoxypropyl group (including isomers), an ethoxybutyl group (including isomers),

an ethoxypentyl group (including isomers), an ethoxyhexy! group (including isomers),
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a met hoxyundecyl group (including isoners), a
nmet hoxydodecyl group (including 20 isoners), a
nmet hoxytri decyl group (including isonmers), a

nmet hoxyt et adecyl group (including isoners), a
met hoxypent adecyl group (including isoners), a

an etlﬁt&ﬂ gé% gg:ﬁ% d@ﬁ(&lﬁ:&ﬁﬁ g%l:l:orﬁ%iféz'c?’ﬁ gﬂ%xyéel"ﬂ?@l@up (ﬂ'\cludlng isomers),

_ Ing” 1Sofers),
o o BRI IR Uik P PR (gt somers)
et I A S &ghwmam

I soners), an ethoxybutyl group (includin 3 3
isomens), @nratRopdridgey! grouwp (DENEINGISAGET Do ﬁ@rﬁ'élgoxy ﬁtrade yl group
et hoxyhexyl group (including isoners), 51 an
(inclugiingoxyimeps)y bn gtiooxypentedecy gr@ups(mﬂttn@mg isgmershadtoct vl
group (including isoners), an ethoxynonyl group
ethox&h@%d&&yﬂ grdupPIRISding asorers) xaml ethdxybeptadetyrgrougiingluding
an et hoxyundecyl group (including isoners),

|som@r?heérhé’tﬁﬁ Méc;ﬂb?éiﬁb (|h6!9Hh"@ |§6mer§)oﬁqueﬁ>ylowmethyl group

oxytri group i ncludi ng isomers),
(|nclu@irﬁii%}b’%&%)a%jﬁ%}aylgkgéiﬂyﬁgr&)gpc( g g)s?gg@%?)a pRIpyloxypropyl

oS R RS ST POTER sy
ncil. udai n | SONE

propﬁég%xﬂyr@ﬁ;a?gt?ﬁ?FC@@M‘SE’N%@» & avlpésm@f@prﬁf (incuding
propyl oxyet hyl group (including iso ﬁé% 3 vl
isomens, 0y poxieoieptyl @r@m)(lmﬂldémdﬁ‘ﬂ'@ergs QB’V O’éVOC yl group

propyl oxybutyl group (including isomers),

(inclugling idomerpk e priopytoayporyrgrbup |(|ngludm]§pgyer8)a a propyioxydecyl
propyl oxyhexyl group (including isonmers), a

group (iBBNIdMYY iR RTerS), @rmpylbwmdshyhgrom:ohmlsgﬂmgasomers) a
propyl oxyoctyl group (including isoners), a

propgr g&%dﬁ% dg?ﬂ p (AQYHING iSherd) ngp r@ymwﬁdeql group (including

group (|nclud|ng i sonmers),

isom%fsﬁﬁélpﬁéﬁyﬂ@%@%@f d&ﬂ%?oé gﬁ#IHQIn@QSbﬁ@F@r 5)pro@yloxypentadecyl

group udi Ng 1 soners)

arouB Y o<l  FroBY By sadtlirct %ﬂ@@é@*wﬁers) |

o SR 5 s i LY e e

propyl oxyhept adecyl group_ (i ncl udip S0
isomens)y ad;qﬁyigxyg,thy@rgyp%mch@mgﬂs,qgwerﬁ %ﬁqtggéexya opy?group (including
but yl oxyet hyl group (including isoners),
isomiaus )y acbutplospydtybgroup (Nchudingisegers), a butyloxypentyl group (including
isomers), a butyloxyhexyl group (including isomers), a butyloxyheptyl group
(including isomers), a butyloxyoctyl group (inciuding isomers), a butyloxynonyl group
(including isomers), a butyloxydecy! group (including isomers), a butyloxyundecyl
group (including isomers), a butyloxydodecyl group (inciuding isomers), a
butyloxytridecyl group (including isomers), a butyloxytetradecyl group (including

isomers), a butyloxypentadecy! group (including isomers), a butyloxyhexadecyl group

(including isomers), a pentyloxymethyl group (including isomers), a pentyloxyetny!
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i soners), a butyloxybutyl group (including isonmers), a
but yl oxypentyl group (including 20 isoners), a

but yl oxyhexyl group (including isonmers), a

but yl oxyheptyl group (including isonmers), a

but yl oxyoctyl group (including isoners), a

groupg%%% rsﬂ@b‘@ntl/{dx?‘él‘dﬂl Qﬂ)u;ﬁ@rﬁ&lu@:hg l@omers) a

group (inc udlng i Somers)

pentylgﬂyéfytgf(élg)uge@ﬂlucgﬁg%H??iér:ns IC Q@o%ﬁ%@@u@(mcludmg isomers),
et R Y
o RN S0P LLOELSA0 J SEIE S rus
uncnu&ESEi%éééSf;%kts%m&@&ég”r‘éh%i# digg ?ga?éﬁb)a pantyloxyundecy!

pentyl oxypropyl group (including isomers),
groupp@vdyding ysnmens),ca pepty(dxydbdecyl @rogp ﬂBﬁly)imgalsomers) a
pent yl oxypentyl group (including isoners), a
pentyREpride@yy | (irplwding (Someénsli mgemtyqutemade@y! group {including
pent yl oxyheptyl group (including isomers), a

isomd?§]] y;}:éﬁi IBﬁgﬂént%Qé'ﬁ %b@;@ leﬂluH(hg iSOARNS)) a Hexyloxymethyl group,

pent nohyl group (i ncl udi ng |soners) a

a hexge%f/é{l{h%?(é{}ﬁ.@@ cﬁutfﬂHg é%dprﬁfnlsﬁd? ﬁgxyﬁgi?s@'gﬁel  group (mcludmg
isom%gm% d)?y glg%ﬁrgfﬁ Qﬁﬁlﬁeﬁﬂc F‘sglén%gsa | Son&@xyp@ntyl group
oo B B o TR B Elogopenty

hexy| thyl hexyl oxyet hyl
grouR (indudarisomEtsIon SPXVIEXHesY| FRYBHA SHshd taryigonony

10 isoners), a hexyl oxybutyl group (including

group Goctadisip, isamBes)y & hexpleny §eCy) 6oHP Ocludlngdﬁ‘ﬁ@lefss)oﬂer s),
a hexyl oxyhexyl group (including isoners), a

hexylbﬁwddhwhgmw (in@uding i$ometsida hgxylsroyd;:fda)cyl group (including
hexyl oxyoctyl group (including isonmers), a

nsomé’r%)()’é REXY8Hde & Grurh (lﬁ@lhdmmgom%ﬂsmaES')e.xymxytetradecyl group

hexyl oxydecyl grooup (including isomers), a

(mcl@@%is@ﬁﬁg d%°ﬁ(+ptgl gﬂ?\ei ?}' Inﬁclbﬁﬁ’lﬁ%%er@ a heptyloxyethyl

ecy ng 15 rsoners)

hex t.r
o LB S PR i TR ory <
hept)aep Itox gpﬂg%ch.gﬁ % E'r’qgg %ﬁ%ﬂo&ﬁ%ﬁ@g grog:p (including isomers),
onxypropy roup (includin
2 heptalory oy BEog (GBRIBAIEHBRTEh RGEPLIRBIEPY! ghoup (including
heptyl oxypentyl group (including |soners%
isomers), a heptyloxyoctyl group (including isomers), a hep yloxynonyl group
(including isomers), a heptyloxydecy! group (including isomers), a heptyloxyundecyl
group (including isomers), a heptyloxydodecyl group (including isomers), a
heptyloxytridecyl group (including isomers), an octyloxymethyi group (including
isomers), an octyloxyethyl group (including isomers), an octyloxypropyl group

(including isomers), an octyloxybutyl group (including isomers), an octyloxypentyl

group (including isomers), an octyloxyhexyl group (including isomers}, an
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a heptyl oxyhexyl group (including isoners), a
hept yl oxyheptyl group (including 20 isoners), a
hept yl oxyoctyl group (including isonmers), a
hept yl oxynonyl group (including isonmers), a
hept yl oxydecyl group (including isoners), a

octylo%gﬁ%ﬂtppéﬁbg@gﬁ%‘fudm §IRersh, i 5&ymyb§@ngmp (uﬂ:ludlng isomers),

ecyl g oup (i ncluding isomers)

an oc@f%%gﬁ?@r%:@?ﬁg@%d&%& t%rﬁé#rgg ' é@b&?lo&i‘a&?ﬂl @ouﬁ‘nndudlng
|Sc:3rru=.=g§)t3 é:n%ﬁ %oge&ygﬁr %"{‘}Lﬁﬁe@ﬁg (lﬁoﬁng 2%% Pgt?/loxgdodecyl group

octyl oxybutyl group (includin
(includipgysexepanayonygxymetiyl grewr %HQ'UF'EWE%’Q‘FF -Qaﬁ‘ nonyloxyethyl
octyl oxyhexyl group (including isoner % an 53
groupolinciliding hsqm?ltsgg&l oapylexyienopyl @r@lmémeéu N9 '%Pr'iners) a
octyl oxyoctyl group (including isoners)

nonylegyhutexyroapy(inchuding isoimers ) é m@ylexypantyl gr@mp (Includlng isomers),

octyl oxydecyl group (including isoners), an

a norQFdx)ﬁh@%M gﬁdﬁﬁ Yincidingisoimers & mghyiogmeps) graup (including

octyl oxydodecyl group (including isoners), a

|soméfgﬂ¥% j]@ﬁﬂ&%%’r@ﬁﬂ ﬁbfﬂ:@l'iri&'sﬂ&e'r@o E&fdﬁylo@nony! group

grou (i ncl'udi ng isomers),

(lﬂCiUﬁﬁ%lﬁgﬁﬁ@? %yrko &Qﬁf&kl'tﬁbgﬁ AE\QIUSO ﬁers)a a nonyloxyundecyl
groum@aép%ﬁ%?fﬂgr Sy W@"%@ﬁ@?@? g sBmers), a

nony| oxyheptyl grou in i soner
decylggy%ﬁhuk&rgy&{nc@?@w? &x,%qsk,cﬁ qaaflgmpgyt g}rgup {(including isomers},
nonyl oxynonyl group (including i sorrerst)' ludi
a deaytmyboky geeyp (igeloding(isawerdi Aglecyexgpantyl group (including isomers),
nonyl oxyundecyl 10 group (including isoners),
a dedjtmyyhexyingrobpl(inghuading (somera)iandecvexybestyl ggoup (mcludmg
decyl oxyet hyl group (including isoners), a

|somén%9yé @élﬁgbﬁwdtyiggr@up {inchedinglisomers)y medeyloxyaonyl group (including
decyl oxybutyl group (including isoners), a

|somgl%‘g y)ia 6529décy9 bR @mﬂgbmgl iS6MbR) "B Sthdec@loxymethy! group

oxy exyl group (1 ncl udlng |soners) a

t som@rs), an

i 54 |Gy BRI 0P Bl

decyl oxynonyl
s SR AR B a%rﬁ%*sﬁgaw S5k SRRl oup (i

undecyl oxymet hyl grou d|n i SO
lsomafﬁiee'ymséyexlﬁwp%%ﬂ@gM fﬂﬁf fe 3%4?369'0"3’“9"3" group

undecyl oxypr opyl group (|nclud|n sg % 5%
(inclugtini ésarosrghary ndeeyipryienty! lgaq;wg cludingrisgmers), an

undecyl oxypentyl group (including isoners),
undacyegptiyk groapyiincudiog isomers), an undecyloxynonyl group (including
isomers), a dodecyloxymethyl group (including isomers), a dodecyloxyethyl group
(including isomers), a dodecyloxypropyl group (including isomers), a dodecyloxybutyl
group (including isomers), a dodecyloxypentyl group (including isomers), a
dodecyloxyhexyl group (including isomers), a dodecyloxyheptyl group (including

isbmers), a dodecyloxyoctyl group (inciuding isomers), a tridecyloxymethyl group

(including isomers), a tridecyloxyethyl group (including isomers), a tridecyloxypropyl
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(i ncluding isoners), an undecyl oxyheptyl group
(including isoners), an 20 undecyl oxyoctyl group
(i ncluding isoners), an undecyl oxynonyl group
(including isomers), a dodecyl oxynethyl group
(including isoners), a dodecyl oxyethyl group

group((inefidied Remere)er sidecflostpoietyldroxppirehyding isomers), a

(|nclud|ng i soners), a dodecyl oxybutyl group

tridecﬁlb%éﬁﬂ?l@ohﬁ?%( ng ROARSSE @lﬁé&ﬁﬁkyﬁe@l 8HFUp (including

ng 1 soners a dodecyl oxyhexyl group

o SRR @<'ﬂe_ﬂs@gde@%i@béitsﬁég%@angmew
ireu SRS OIS ol G GRS RRPe

(including isoner a tridecylo ropyl 54 group ,. .
tetrad(epwemrpﬁg sa@elﬁém-%ud"aggﬁqna%'é |%@%ﬁ*@§%°§¥ MPQFOU% (including
(including isomers), a tridecyl oxypentyl
isomeg$)nel tetradecylexymantyl graup (inabeinmisomexs), agegagecvloxyhexyl group
(including isoners), a tridecyloxyheptyl group
(includingdéarders), Tamntade)cyloaymmsd@uw,wpmﬁﬂybylgxmlbyt group
(including isonmers), a tetradecyl oxyethyl group

(includingasordeny, & pemeidecyloxyprapit grulecihaxding dgorhens) oap

(including isomers), a tetradecyl oxybutyl” group

penta(ié&%k%dlﬂ groBif TRIcRidinglisofidrafl Ly rsdBENGM pedityd Woup

cluding Tsoners), a t et radecyl oxyhexyl group

RN, TR B PO
hexange&;f{ ade%’:l @.ﬁ:{f 6‘1)‘4”8'?'@3%8?1%551 %bﬁgkég?é@ﬁgb@byl eg?oup (including
isomqggﬂgggé}gﬁyl ox%gent t gr%.ﬁ;p(p Qq}%&é chqqﬁgrlsgoq,rb gar:% ?/onymethyf

hexadecyloxyethyl group (including isoners)
groupincladiog lisspeisopy heg yloxyethybgreyp (i@r&mg)sorﬁew) a
hexadecyl oxybutyl group (including isoners),
heptauepylaﬂmpgkgmpﬂmclu@m@tqmnnerﬁbIamocrtgde@)dmrs&)!thyhgroup, an
hept adecyl oxyet hyl group (including isonmers), a
octadeegbrythyl groypr(reidding @omédrshor thdi like. | sﬂcmeang)hemn alkyl groups
oct adecyl oxynet hyl group, an 15 octadecyl oxyet hyl
in wh&hQHE rﬁjn’iB‘érlH'c%%éﬁ aremhs E:ow@étnt&ﬂ'}ﬂg tHekgrouprre achdrieseselected

al kyl groups in which the nunber of carbon atons
e [ f
from ?‘E@%gr %ﬁf%} tééj %P%‘é&gﬁetﬁyﬁ@%? hy groyeu%né gﬂip@ﬂgroup

i B Ror ol R B B A 2B i

isomers), a hexyl group (including isomers), a heptyl group (including isomers), an
octyl group (including isomers) or the like are preferable.

A previously-described amine compound can be used for the amine
compounds.

Although varying according to the reacted compounds, the reaction conditions
are such that the hydroxy compounds are used within the range of from 1 to 500
times the amino groups of the amine compound when expressed as the

stoichiometric ratio.  Although:.it is preferable to use an excess of the hydroxy
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i soners), a hexyl group (including isoners), a heptyl
group (including isoners), an 20 octyl group
(including isoners) or the like are preferable. A
previ ousl y-descri bed am ne conmpound can be used for
the am ne conpounds. Although varying according to

compﬁnﬁﬂéi sﬁfgtbecﬁ]ngﬂgggHBgﬁtutéd@rdae&ﬁﬁbﬁhd@é\@ foivABE eadIgif the

suc f roxy conpounds ‘are used wthin the
amou P i DT 8T oG8 e ot
N ]

substituted urea conpounds are forned easi I% i f }{}e

the ameunheof ibie hyssoxy BPBRYUBGSSoRiRrably Withis the sangs ef trpmelto 100
t he anmount of am no groups of the am ne conpound, in

timescanwsintee aréferatny within thezange of from 840t500imess sEhe amaut of
amount of the hydroxy conpounds is preferably within

urea Ishgittianee rahgé bbfrorm 0.6 tdQtirhes itmee amimal gmups ¢frtbe pobtenyine
wthin the range of from5 to 50 tinmes. The anount of

compélfas iwheM Xprassée at andeichlorhétmeratid. t AltRodghitss pleferable to
am no groups of the polyanm ne conmpounds when

use ag?r(%gc%ﬁa?g&?rgaofﬂr% SIHREIhpbIex sBbbftutdd LiH&mpéunds form

era ‘use an excess anount of urea since

o Rk Sy B oo IRBHnGDb Q62 it e
comp b PSS SPABRM eal BBl 8 grcegs amoun

urea i s used, the anmpbunt of urea used js preferabl
of urea isised, iee pmeyet of urgakser 5 Rrgrerably; witan The gands:ef fram 0.8 to
tenperature is preferably from 150 to 280C. If the
2 timesnpEhatreactidrsteimpesature impreseably fremy £ ta 2806 . ovik the
does not occur at all due to strong bondi ng between
tempehatuly driowgr eearpOSORC, ah redeticans laws codoes mibt ogcersatal! due to
15 byproduct anmoni a, or the anount of conplex

stron@tﬁtﬁ{diﬁ@béﬂvé&rﬁmqu?iﬂ@kwsw boAd emsiehe dniineeoynpuakidygrea or

this undesirabl e the other hand, at a tenperature

bypr@&t%i%rmrhﬁﬁ% oPte a%ﬁmﬁbﬁ@orﬁﬁ@%@ﬁ%ﬁmw& Deedyéinpsknds
conpoun e

under goes ydrogenation, or the product in

increi&s "REPAEY mERMARICuifdsftaBRf. 'Ok theé Bffer hand, at a temperature
higher than 280°C, the urea decomposes, the hydroxy compound undergoes
dehydi‘ogenation, or the product in the form of carbamic acid ester is easily
decomposed or denatured, thereby making this undesirable. In this sense, the
reaction temperature is more preferably within the range of from 180 to 260°C and
even more preferably within the range of from 200 to 250°C.

Since the reaction is an equilibrium reaction that shifts toward the reactants
side, it is preferably to carmry out the. reaction while removing by byproduct ammonia
outside the system, and methods for carrying out the reaction in this manner include
reactive distillation, use of an inert gas, membrane separation and adsorptive

separation. For example, reactive distillation refers to separating ammonia
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deconposed or denatured, thereby making this
undesirable. In this sense, the 20 reaction
tenperature is nore preferably within the range of
from 180 to 260C and even nore preferably within the
range of from 200 to 250C. Since the reaction is an

succegﬁgélvfﬁ{rﬁ@r{ ﬁ%cﬂerbgg?r‘i Pft‘cl;nesfﬁhﬁto? d g?é(@bﬁ' didhfati®RcCt il Tan be

prefe carry ou he reaction while

reno duct
came@epwbﬂgpe%nsﬁﬁéﬂwat qﬁ&ﬁﬁ%@é@?’aﬁ?ﬁ&? i
ude 25 reactjyve distil e, of t :
distilaenistirend pdh fEHIOTa R ST V@*ﬁ%%aaw%{%f‘oﬁ%%%a'%'“de
exanpl e, reactive distillation refers% ar at | -
separatimpainmoria sugcessively Erynachintbg reachon "P@‘a f8ﬁ°!'9{9§¥%em by
formof a gas by distillation. This can be <carried
combiifig whh lam iheitigasgn @ gadeseiststate. hjxeopjes ehpeeihtnerigases
i ncrease the anmonia distillation efficiency. In

mciuo%qqtrb%&ﬁ‘ hetiAiRIrg6n Ofarborelidxide gas nyetharien ethangaand propane,
i nclu separating ammoni a successively forned in the

and tﬁé’s%céérPBe Lsemdidife beas bimRiiEIhersobyarid & andihod tigatvalioiws the
aninert gas in a gaseous state. Exanples of such

inert #sﬁ{ﬁ%%ﬁﬁ@?ucba hiddhe 'Fé%é]t%ﬁ?\eé}/st '|é gﬁéfe?élﬂém ELambIs of.

net hane, ane ‘an pane, and these.

adsorﬁggﬁgﬁsqqi@?arg%a By sQrptiye, ggp%ﬁgbﬁw&ﬁomﬁ@ﬁ% the¥erat can be used

e I ntroduced
undetiederpier s eanaioN aﬁ%ﬁbﬁéﬁfsgé B Eei TR ufh s siica

i nclude those that can be used 10 urr]‘?] éﬁq
aluminanpaicus.types o apelitg s diatoacenUs ke olfinds £°f removing
carried out, such as silica, alumna, various t
ammeohiazraside ¢he systent magdrencarriedraut alona 6oa sP'Lfr@UtVle Sn@f
amoni a outside the system nay be carried out al one or
methdd® syehe Eymeindd/pes of nethods may be conbined. A
catal yst can be used in the reaction for the purpose

g(«:atfa st %ﬁ'EB' $uedlip theseS@RINTer tHepugastioinfor akample,
anpl’es of such catal ysts that are used preferably

increh @b %ré’%ﬁlggu% .2l gl Bfé%“d? s@%h'ﬁ%ié]yi‘»tgttﬁét arelizekiireforably

I nclu i soners) or the

inclulg%&)@ﬁlcr%@om 4 pot 5! d@lb?ia%% ﬁﬁd lBﬁf rélf@s (frﬂihﬁ:img

al orie or ‘oxi des;
sul fides hese elene
isomers) or the Iike o? ﬁltlhlum, soc]"tum potassmm tSilcium or barlum rare earth

elements, antimony and bismuth alone or oxides, sulfides or salts of these elements;
boron alone or boron compounds; metals of the copper family, zinc family, aluminum
family, carbon family or titanium family of the periodic table and sulfides of these
metal compounds; and carbides and nitrides of elements of the carbon family
excluding carbon, titanium family, vanadium family and chromium family of the
periodic table. In the case of using the catalyst, although there are no particular
limitations on the amount used thereof, catalysts can bé used within the range of
from 0.0001 to 100 times the amount of amino groups of the amine compound in

terms of the stoichiometric ratio.
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boron al one or boron conpounds; netals of the copper
famly, zinc famly, alumnum 20 famly, carbon famly

or titaniumfam |y of the periodic table and sulfides

of these netal conpounds; and carbides and nitrides

of elenents of the carbon famly excluding carbon,
Altheaughuvafying aycordimgetdithenchapdsiticsnaf thiareadction $ystémny reaction
of the periodic table. In the case of using the

tempetaiupé Yahmaotlid PeHebaltétedarsadlionRippar stub aind the like, the reaction
[iTmtations on the anpbunt used thereof, catalysts can

pressm?ri%r;gzﬁtgﬁ\ef‘é@ i g?é flHe Kram CJ‘.(‘)PFB ??1 WMe3, drid HObnsideration

unt amno groups o e am ne conpound

o 0 B A A i 4 H08D 5w

Ao LDl S3Sk20 fo RS 4 TR BB R LA
pressure is preferably within the range of fromO .01

temparature, AMmCNiaEMAVelgRstesk seadien anpPagals. actign RrpsR}re and
out industrially, preferably within the range of from

the like, the mEtinPdimesis/ganasalinfroay §.01dodOOdralrag to the

conposition of the reaction system reaction
irethheredction, akinoogh i noeaiwesis nexslseary toamet 4 oeaction solvent,
apparatus, reaction pressure and the like, the

suitatfl @86k mayBe LiSedfiieha lpLypddeonh faclifating thePelictivrsprotedure,
this reaction, although it not always necessary to use

and e?ﬁﬁﬁ?& Bﬂﬂeséag\)’ﬁ% Hefé#ﬁﬂl@‘%@?] 28/r¥8&torBolvests #S@ddé @lkanes

e purpose o itating the reaction procedure,

suen 48 B OB B AL b B eBhist e (ncuan
a5 o 55001 BB BRI, eane nctuin

) i somers), nonane (includi i soners), decan

isomers); @rapietig hyresaebays a'ag @ﬂgfi-ﬁebwm%c%rpmﬂi@yﬁamam% such
al kyl -substituted aromati ¢ hydrocarbons such  as

as bepzaneteluens, ¥eoe (inglusirg (somaraliatylibesrene) diiseprepyl benzene
benzene, diisopropyl benzene 15 (including isoners),

(includirigLisgmebsn dibuty! (Cemzend i(ingludingrisosiers h apbhthalenaoonine like,
the like; nitrile conpounds such as acetonitrile,

nitrilet®Mgealindd $uhods hbstohitile; bahzsipiles osthalikes alovtiblsasudh as
et hanol , propanol (including isoners), butanol

3T ORI kR Sl o).
pentanal (including isomers), hexanol (including isomers), heptanol (including
isomers), octanol {(including isomers), nonanol (including isomers) or the like;
aromatic compounds substituted with a halogen or nitro group such as
chlorobenzene, dichlorobenzene (including isomers), bromobenzene,
dibromobenzene (including isomers.), chloronaphthalene, bromonaphthalene,
nitrobenzene, nitronaphthalene or the like; polycyclic hydrocarbon compounds such
as diphenyl, substituted diphenyl, diphenyl methane, terphenyl, anthracene, dibenzyl

toluene (including isomers) or the like; aromatic hydroxy compounds such as phenol,

methyl phenol (including isomers), ethyl phenol (inciuding isomers), butyl phenol
58



10

16

20

25

~isoners), octanol (including isoners), nonano

- (including isonmers) or the |ike; 20 aronmati c conpounds
substituted with a hal ogen or nitro group such as
chl orobenzene, dichl orobenzene (including isoners),
br onobenzene, di bronobenzene (including isoners),

o AT gr BIB9S 35t
oIS nat il R, SO BRI oo

] tol uene (including isoners).or the |like: aromatic

dipentyl Bineng) (mﬂﬂm@W@h%@edrh&naf'PhathewﬂfP%rﬁ’é’ﬁ‘8|S“°h as
(i ncluding isoners), ethyl phenol (including jsonerﬁgﬂ

cyclohexape, pyclopentase,(cyaioantang ateymerlehexanamerihedikenaglicyclic
(including isoners), dinmethyl phenol (including

alcohols Gureh s, cyetiotielxphob kgdopeiianol, wyclogpcianoier He like: tketgnes such
phenol (including isonmers), dipentyl pheno

as mekthy @il iketones ABtPhepionkltt the kike; estershsudhcas dibutyl phthalate,
hydr ocar bons such ‘as cycl ohexane, cycl opent ane,

dihexggypﬁ'{tﬁé’lﬁfé?% tﬁ;dg%é%fé,@é%ﬂ%tﬂ bhiffatel drethe dikbCatlers afd

I"'cohol's "suc cycl ohexahol ,” cycl opent anol _
. I t | ke, ne I 4i
oot ARELEE RureHych el foA N ERRET FHetnBRy SRERY, diphenyl ether.
., dibu ht hal at di hexyl t a ioct
aipnefyHatce BT O3, Rateri el ARETES pedpfl. ety gty ketone
and thioethers such as tetrahydrofyr 1, 4- di Qxane,..
or thelike; @B e CREIRAIERC s BB, 2CRie R I BRPROAIOTdlF PReand
or the like; ketone conpounds such as acetgne, nethyl
sulfoxides sudteas dimatbytsulfoxide| dipeenyistiexide @b dum like.s uMﬁr%éveﬂ
ethyl acetate, ethyl benzoate or the like;, and
additisnhlf exindsles of céacimndiaiegriy irmldeRaldgenated aromatic hydrocarbon

di phenyl sul foxi de or the |ike. Moreover, additional

comp8¥AdPLash 8k chiebezers dichibrdbenzéns!eribhlbogmerzeed,
aromati ¢ hydrocarbon conpounds such as chl orobenzene,

ﬂuoroé'!{r'?ﬁ%ﬁé, &%%]Gerﬁ%,rémﬂoﬂb?ﬁﬁm,broﬁbhﬁbﬁ@ﬂwa the like, and

orot ol uene, chl oronapht hal ene, brononapht hal ene or

halog%@%&ééﬁlﬁ:ha%%f%%ghgﬁ g:gﬁg)ﬁ)@ nilk i 'P\%%%H&Yéﬂ %ﬁé}fcﬂ@ hydrocarbon

S or icyclic rocar oon

comeERBR 4D AR 5o Bhe S SR Ton A SR RHERpere

tetrachloride or the |jike. There are no particul ar
methylenpechiqrisies C@FP%‘@”FSE@('F’S@"QB%E“%‘[ us used when

There are no particular limitations on the reaction apparatus used when
carrying out the reaction, and known reaction vessels can be used. Conventionally
the known reaction vessels can be suitably combined, examples of which include a
stirring tank, a pressurized stirring tank, a vacuum stirring tank, a column reactor, a
distillation column, a packed column, a thin film evaporator or the like. There are no
particular limitations on the material of the reaction vessel, and a known material can
be used. Examples of materials that can be used include glass, stainless steel,
carbon steel, Hastelloy, materials comprising a base material lined with glass, and

those provided with a Teflon (registered trademark) coating.
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carrying out the reaction, and known reaction vessels
can be used. Conventionally 20 the known reaction
vessel s can be suitably conbi ned, exanples of which
include a stirring tank, a pressurized stirring tank,
a vacuumstirring tank, a columm reactor, a

Aicakbarhitacia e@t&rtpmdu@ecpw arbtiod ermmpafedn aboté hmay be
evaporator or the like. There are no particul ar

subjeétbg‘té %kdéﬁb?nﬁﬁ“slﬁ&?ré&‘u%'@ is Obr th? besfbiedad Y@%ﬁﬁoomposmon

nown naterial can be used. Exanples of

reaci it oin M gRAIEERHSfflc ) 4er 0 BESmectheioas or
pur'fvmgﬁ” B BE AeelF 3 ora s e onobl D6 TR Rt pthocs

ing. 59 A carbapic acjd ester produc
such %S(EW;S‘FWS fau oh%w POV BOlliBg RO GANRITIED %ée%sa%*rw
reaction as is, may be subjected to a deconposition
comppenrds, iusea a:brrmoun@m tpa,rbpnlpeaﬁ:ld petegs by gigtidlatiengnethods
ester. Exanples of nethods for purifying the carbamc
involvirg wasisingrwith arsotvent raret purification diydcry stallizationn olmaddition, in
met hods 5 such as nethods for distilling off |ow

the cd¥d of Indg e EatafyEp et sroductiorisf derdamiy aciciangten thiscatalyst
urea conpounds and car bonic acid esters by '

can a@os’éé Ls&d i b@ghe ESPJW%f al tREIPha dEbonRsd¥itish f@atcﬂoﬂ dependmg on

sol vent, pur| I cation by crystallization.

the ¢ '8? glﬁ’é‘gﬁﬂagffst ?%ﬁﬁ n% {ﬂ‘er ?célﬂﬁ?ﬁ%ﬁ'ré!étftldnnmé ®e added

am c aC| e cafa
whneah@@ﬁ%sﬁeg RIATERE L A, éiha aaaﬁ“’i%[%#@aéses°m8°s'*'°“
he catalyst for use in rmal 03|
reactipBac i BACHRY. 16 cataat Uses NaRe T PRUCHEBLS Rarbaii; agid ester may

catal yst may not be used in the thernal decorrp03|t| on

also hecearodvad. |1n the erse of Usingea basigicpialysls sigce thergeare cases in
production of carbam c acid ester may also be

whichr 2 neactibn attrinuieblede éhe tatatyish gceursailiringcthedhegoal daogmposition
there are cases in which a reaction attributable to

reactioheesalting s & detedse hyieldgthditetrhal dadcorpositipo seadtion is carried
15 reaction resulting in a decrease in yield, the

out aﬁé‘refreﬁ%wﬁ’? mﬁly‘si MsUic®PEAdeRN IASKkidW hiRihod ghn del wied to

removi ng 1 he cata yst in such cases. A known net hod
f
oo R R ORI AN RIS oty g ppuriano

the c Ey éxftr(’eaﬁgtggﬁﬁérg%%ﬁ!g gﬁ@ocﬁ';aq'gﬁo?gmb deRy ind'homogeneous or

heterogeneous phase. An acid used for this purpose is preferably a mono- or
dicarboxylic acid, ion exchange resin type of alkyl- or arytsulfonic acid, or phosphoric
acid. Although removal of the catalyst may be carried out within the range of normal
temperature to 200°C, since there are cases in which the formed carbamic acid is
solidified or denatured, it is preferable to continue to carry out the reaction while
maintaining the temperature at which the formed carbamic acid ester does not
precipitate from the reaction liquid of the carbamic acid ester production step after

having carried out the carbamic acid ester production step. Next, the carbamic acid
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het er ogeneous phase. An acid used for this purpose is
preferably a nono- or 20 dicarboxylic acid, ion
exchange resin type of alkyl- or arylsulfonic acid, or
phosphoric acid. Although renoval of the catalyst nay
be carried out wthin the range of normal tenperature
: ' ' : F BAvi (88 faw
oster iy blkied 1 (A LecBRposAERTIAE NGt B Forers
eferable to continue to carry out the reaction while
materﬁaiﬁ H?%f?m #F4e tenperature at which the forned
carbam c acid ester does not 25 precipitate fromthe
reaction liquid of the carbam c acid ester production
step after having carried out the carbam c acid ester
pCathanit AsidkbepivatNgrt , the carbamic acid 60 ester is

subjected to (thermal) deconposition step after havi ng
Acobenic maid denvativiedh $ha preasent embastimentraiensdriacompaund
Derivative> 5 A carbonic acid derivative in the

having§ 2GR Bbn@Eredp el theqiresentt embodioredyie: caroniogcid derivative
carbonyl” group. In the present enbodi nent, the

' LfbvARE iR G23) RsREeREraculBsy bhefefably:owi ng
repre?%rﬁt@nﬂ:ﬂg%(ﬁg%iﬁs gsed L;)aSt [ )::ul arly preferably: O Xk 'Y
(23 (wherein each of X and Y independently

regy esents an aliphatic al koxy group having 10 1 to 20
gfﬂggn atons, an aryl oxy group having 6 to 20 car
ons,

an aral kyl oxy group having 7 to 20 carbon

(wherBia BB ef ek IIHARSTPERY LS RER gy AN RICA o) oL having

above include carbonic acid esters bam c aci d

Ca1b iyt
1 to 28scarbon Atemar aa apdesoarup. having PrieA0calerp alams,an aralkyloxy

refers to a conpound in which one or two of the tw 15
grouphiiaving dntos2®oarbon athmsearanmaminagioypdEdrg B tp LO carbon atoms).

substituted with an al kyl group or aryl group, and in

tEh@nmsies en tosipoaniseapresanteanipofonthulae (23) shavednelyde garbonic

followwing fornmula (24) is used preferably: O
acid esters, carbamic acid esters and urea compounds.

A carbonic acid ester refers to a compound in which one or two of the two
hydrogen atoms of the carbonic acid CO(OH)z is substituted with an alkyl group or
aryl group, and in the present embodiment, a compound ‘replres_ented by the following .
formula (24) is used preferably:

0O
5 6 :

R \O)J\O/ R (2 4)
(wherein each of R® and R® independently represents an aliphatic group having 1 to
20 carbon atoms, an aryl group having 6 to 20 carbon atoms or an aralkyl group
having 7 to 20 carbon atoms, the aliphatic, the aryl and aralkyl groups containing an
atom selected from carbon and oxygen atoms).

Examples of R and R® in formula {24) above include alkyl groups such as a

methyl group, an ethyl group, a propyl group (including isomers), a butyl group
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R5 )L Rs OO~ (24) (wherein each of R5 and R6

i ndependently represents an aliphatic group having 1
to 20 20 carbon atons, an aryl group having 6 to 20
carbon atons or an aral kyl group having 7 to 20 carbon
atons, the aliphatic, the aryl and aral kyl groups

(mctucﬁﬁg‘iﬁ%rﬁé@ é;Eanﬂ gfﬁu%g ifGLEA f"éd?ﬂé@?@ﬁ@xﬁ@o@ﬁ)(@emdmg

and |nforrrula(24) above

130m95§ lagwde%éﬂ é}%ﬂp ?hglﬁgﬁ'}f %ﬁﬁ‘&?%)dgn dHF}i ﬁfmuﬁ (lHHlﬁdbﬁmSHéYé) a
v B, g 55, m 7o

soners), a hepty grou i ncludin
(mclugma USPTEFR @@pﬁgcylﬁw Elpsluahnqn'éﬁm r@% a %SH &f%l? ﬁax'”d'”g
i soners), a decyl group (including |soners
isomensid adgtradecyl grogp tiotludinggseeensy g)perﬁadﬁ%emupg@faﬁh%dmg
(including isonmers), a tridecyl group (including )
isomers) eeiexadeaylt groupdinciuding momershd beptadety cgnews%nclgjdmg
pentadecyl group (including isomers), a hexadecyl

isomePs P lél?u ddté‘@ééw gRsup GacTadiRY. isemba| adenpbecy! aupup (including
(1'nclud |ng i soners), an octadecyl group (including

|somér§)g'£'ﬁr osy@ SP&E&‘ﬂﬁﬁMHln@ﬁ@@ﬂeﬁé)r&'tHQ'hRQ cyCWWI@'ouwsuch as a

0S gro udi ng I soners) or the

o] R I, Sepest .

r a 10 cyclon
ovsofiiinde SRR TH0D ud ISR e tig g
°“p;ay@@rg;»r%%g?@gg&qtaw?&spag&%w@ oG shetrbapropy
met hoxybutyl group (including isoners
groumgindlustipgdsemersyr a metopxduivi grQUPéwﬁwzwg Isgmers), a
nmet hoxyhexyl group (including isoners), a

methomtpgeotyl lgepty (ingluding isomersid langeihmmhe&ol greup (including isomers),
met hoxyoctyl group (including isoners), 15 a

a meffRkpRXNYPECupIirBIUbing Tednishishoa metineyocty] aroog (insludiegyisomers),
group (including isoners), a methoxyundecyl group

a melﬁ"lg‘%geb'ﬁ%l ’?ﬁobﬁgﬁ@hﬁ)n g BofRr S0 xvHesRsyHed) gr’ﬁ.]p( (includithgrigomers),

t hoxytTi decyl group (inclu I sonmers)
I
a me%&ﬁ%ﬁ@%&’ I?&%@%@ﬁé‘l g@qg% Irt]%hpg%dgr%fdr@;li?f §:)oup3(|ncludmg

isomers), a methoxytridecyl group (including isomers}, l_a_methoxytetradecyl group
(including isomers), a methoxypentadecyl group (including isomers), a
methoxyhexadecy! group (including isomers), a methoxyheptadecyl group (inciuding
isomers), a methoxyoctadecyl group (including isomers), a methoxynonadecyl group
(including isomers), an ethoxymethyl group, an ethoxyethyl group (including isomers),
an ethoxypropy! group (including isomers), an ethoxybutyl group (including isomers),
an ethoxypenty! group {including isomersj‘ an ethoxyhexyl group (including isomers),
an ethoxyhepty! group (including isomers), an ethoxyoctyl group (including isomers),
an ethoxynonyl group (including isomers}, an ethoxydecyl group (including isomers),

an ethoxyundecyl group (including isomers), an ethoxydodecyl group (including
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nmet hoxyhexadecyl group (including isoners), a

met hoxyhept adecyl group (including 20 isoners), a
nmet hoxyoct adecyl group (including isonmers), a

nmet hoxynonadecyl group (including isoners), an

et hoxynmet hyl group, an ethoxyethyl group (i ncluding

isomeh%?gﬁ[%&?/%@@?% Eg&l}y {iﬁaﬁ mgrl%’rﬂeﬁé hré'lr.' Sﬂé)ﬂﬁé}@rtétﬁéﬂ&ry%roup

I nc Ing IS

R ek et S5 ISR 30

(including isomers an ethox i.ncl udi.n .
sthoxylayasiesy| Sroupdinciidias J3RRTS) o O(vﬁ%wtaﬁﬁé-ad grg%@Pg'de'ng
an et hoxydecyl group (including isoners)
isomees ) anyathogmptadgayligrqumiinclading wnﬁ@r)se) pr%nvloxymethyl group
et hoxydodecyl group (including 62 isoners), an
(includinbdsorhers)ea yropyloxyetitylrarbupl i(imgttjdingfsoa‘)e,rs)aa propyloxypropyl
et hoxytetradecyl group (including isoners), an

groupiRNiRg ng@ﬁ@%yla BfSpoxXybie) ebus (inslatiigsisomars), a

et hoxyhexadecyl group (including isoners), an

propygc{@gé?ﬁ@? ?Fﬂ.@f@ﬂéiu&h@%’olﬁém |y @ré}@ioﬁﬁﬁw ér)oupf([hcludlng

grotp (1 ncluding i soner

s R P G ) 3o
(incluﬁ{rﬁﬁ%%r ow{l)@ﬂar i uc{ﬁ ﬁb?@iﬂuﬁ@aﬁ@bﬁ%@% 4 propyloxydecyl

propyl oxypent yl oup (including isgners), a
groupiRsyding$RINGIS) g amﬁf)s(lwvém&mﬁ OHBZW«S@}*"Q Eome'fs) a
propyl oxyheptyl group (including isoners)
propyimxypipHesyl@aroup (igelbging ispmearsi |a|1y0pg@m1§f-'cvlagroup (including
propyl oxynonyl group (including isoners), a

isomers ) @y propyeyidtrat@eygt gropip((inoduaiag mg)nn@eha plopytoxypentadecyl
propyl oxyundecyl group (including isonmers), a

grouPindiddiogvisereens) a prepoxyesaddeyigroap iieckidingisomers), a
propyl oxytridecyl group (including 1isoners), a

o S el g e (e
som T B TS ETBOplgetgroup (nluing
|som?;§ )ﬂ 85!‘5’3}%@?‘/' VégB‘ﬁ'EP Qn‘ ﬁinéd%tg% jhéﬁﬂwféé)pen@l group (including
isomefiiad BRI PExysapp 4?15@@3%'9% ' So'@its?l)osvheptv' group

butyl oxypentyl group |nclud|n? I SONers)
(inclugling/iseraniek @ btgylgmoqtyk@pug,( y @g@ogr)ers), a butyloxynonyl group

but yl oxyheptyl group (including isoners),
(incluging isorears), A bugylowpdédyh graup ﬁgcluglmges@l)'nersa a butyloxyundecyi

but yl oxynonyl group _
group (including isomers), a butyloxydodecyl group (including isomers), a
butyloxytridecyl group (including isomers), a butyloxytetradecyl group (including
isomers), a butyloxypentadecyl group (including isomers), a butyloxyhexadecyl group
(including isomers), a pentyloxymethyl group (including isomers), a pentyloxyethyl
group (including isomers), a pentyloxypropy! group (including isomers), a

pentyloxybutyl group (inciuding isomers), a pentyloxypentyt group (including isomers),

a pentyloxyhexyl group (including isomers), a pentyloxyheptyl group (including
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(including isoners), a butyloxydecyl group (including
isoners), a butyl oxyundecyl 20 group (including _
i soners), a butyl oxydodecyl group (including isoners),
a butyl oxytridecyl group (including isomers), a
butyloxytetradecyl group (including isoners), a

|some?;t.Pt Y rSBﬁ( &é’éiﬂ%?’rbuﬁr(%ﬁxﬁm@ Rlotlirsy 4 ﬁﬁrﬁ?b&%'nom! group

onxy exadetcyl group (including isoners

(InC|U§l§ﬁt|y+ oxyﬁeé 'E:ié'nt i cE/ %“Eg.‘”r%‘?@ rs) 3& pentyloxyundecy!
group@%% éﬁm@y ggbgﬁ% éﬁy@ﬁgggﬁlyogﬁ AREL ngaﬁoﬁ%rs) a

ntyl oxypentyl gr i ncl udi n .
pentyggugryWegy &@yp{(u@?@]ﬁg sf(qq@qe@ %nggweglje}degyﬁgroup (including
pentyl oxyheptyl group (including 63 isoners
isomqmeh@mmyl@wwntgge@ﬂ growie (ineluglna isemers) a hﬁxyloxymethy% group
pent yl oxynonyl group (including isoners),
(inclupiewt igbimeysie ayHexglooyethyd gedupedfimaiudisg rmmgers),aa hexyloxypropyl
pent yl oxyundecyl group (including isoners), a
groupPEmdlydingyisetiens)] a tieryipxybuty grbupdirichading ﬁqmers) a

pentyl oxytridecyl group (including isoners), a

hexyleﬁ)ﬂieiﬂtﬂ b (ReRitg &bﬁ#&?sf(, 'anﬁéxy%xweﬁyilgrgupf(ﬁbumg isomers),

oXype tadecyl group (i ncluding isoners),

ahex& %%WLM blgcgﬁ%ﬁﬂ |§6 étﬂs‘ﬂﬂé ﬂ@xixl%ﬁf@fs‘tﬁl)groép (1nc|ud|ng |somers)

a hexpfggg&p%@ipr O§¥ (@;g{ggﬁﬁ) |s$?gﬁjr %ﬂ%&%ﬁ) %‘roﬁp (including isomers),

a nen B SR T b R B S L S eSSl pbsed group (ncuaing
hexyl oxyheptyl group (including isoner ?2, a

isomerskya beydexyirideeyd @oyp (BFkdingSPReHDr 8) exx@*xtetfadecyl group
hexyl oxynonyl group (including isomners),

(including/isomate); A heptylogymietiul! umuw(ln@uﬂ@ggyomegs), a heptyloxyethy!
hexyl oxyundecyl group (including isonmers), a

group eissudingdiedeeyd), arreptylokyrrbpyli grgupl(mimilrsag isomers), a
hexyloxytrldecyl group (including isonmers), a

hethMﬂu@% 8up %@ﬁ.ﬁdmgﬁfs@bﬁbrsf, 'd“ﬁéptﬁlo&gpem?h@rbﬁb (irecluding isomers),

eptyloxynethyl group (including isomers),

ahe gﬁwh&ygm inL4 %bﬁ‘l%" di MaphASKRHepy| g’l‘oup (including

ro y grou I ncl udi ng |sonErs)

|somﬁr t%bg;z%cé%g W gfcg.ﬁ:b rb ﬁh*ﬁg OIIQ%SE ﬁgyl&ynonyl group

(inc ILRE& zqo%he)gw&é&:efggé?ﬁ %ﬁ%nﬂﬁluﬁ%rﬁéﬁgsﬂ 8 heptyloxyundecyl
hept yl oxyoctyl group |nclud|nﬂ I SO Q.

group épekading isemars)y adweptyloxydedravhgra léqlng isomers), a
hept yl oxydecyl group (including isoners),

heptyiexttridecyl gnoep {including isomers), an octyloxymethyl group {including

isomers), an octyloxyethyl group (including isomers), an octyloxypropyl group

(including isomers), an octyloxybutyl group (including isomers), an octyloxypentyl

group (including isomers), an octyloxyhexyl group (including isomers}, an

octyloxyheptyl group (including isomers), an octyloxyoctyl group (including isomers),

an octyloxynonyl group (including isomers), an octyloxydecyl group (including

isomers), an octyloxyundecyl group (including isomers), an octyloxydodecyl group
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group (including isoners), a heptyl oxydodecyl group
(including isonmers), a 20 heptyl oxytridecyl group
(i ncluding isoners), an octyl oxymethyl group
(including isomers), an octyl oxyethyl group

(i ncluding isoners), an octyl oxypropyl group

(inclucgihg%dm%&g éﬁB 5 me ng&?&ﬂ gﬁé‘!ﬁ& lisGin@ED), &irfdmyldsty8thy!

nersj, ‘an oc xyp roup (i ncludi'ng

aroupiRg 156ty °Et% 'E@E*?Pﬂﬁ@?&@% G %{’!égﬂgs’

oct yl oxyoct i ncl.udi ng | soner n o
nonylw@l«qt )g%%miu &dm;gm%m%%a I@gﬁgpi@ gchHp ﬁncludlng isomers),
octyl oxydecyl group (including isoners an . ,
a nongloxyhey @mvnclyﬁmpwmﬁes)uamﬁ@v!%henaz)d Groyp (mcludmg
oct yl oxydodecyl group 64 (including isoners),
isomens)) gl ronpietyioetyl grmm(n(mlud1ln.ds¢rgets§oamos\yloxanonyl group
nonyl oxyet hyl group (including isoners), a
(includiPBYSEAE ) 08 Honglokydedyl Redusl (ingludingnisomers)aa nonyloxyundecyl
nonyloxybutyl group (including isoners), a

grouprtﬂﬁbh]@ﬁd ﬁ’&ﬂ'ﬁé!r‘s) O Bé@ylbkﬁﬁétﬂ@! Qﬂ)dpsﬁlﬁ@uélhg isémers), a

nonyl oxyhexyl group (i ncl udlng i soners),

decyl&gw(ll'n@@f @&Yﬁ: rﬁ;ﬁ?l e :jc?]egﬂvll 3 ?@Q;S;Tb?éup Bncluding isomers),
adecw?%y: OX Qrgaz (uﬁ:{]@cﬁjﬁg d%{ﬁ% Xdégg%%%@" %'Bup (including isomers),
o R e B TSR b

decyl oxyet hyl %roup ilncludlng i sqQmer . . .
isomefa) A daSHPPELY Grenn |(1pIngngd§g@erss)0p(gegyloxgnonyl group (including
decyl oxybutyl group (including isoners),
isomats};\d degyentdecybgroup (rioiuding isagershrasn gmdecyl@wanethyl group
decyl oxyhexyl group (including isoners), a
(includiryisomerep apl urgiceyioxyeing! gaivpg indlsding ns:)merzs) an
decyl oxyoctyl group (including isoners), a

undeg,ﬂéwﬁéﬁﬂ@bﬁhpqrrﬁumﬁg et @n wrsdBByioxybuy! group (including

cy oxydecyl group (1ncluding isomers), an

is’oméfg ecy oxy Wen%fi %P&zp ghiﬂﬁgh‘\% :QSmb?é)”Eﬁ%de@ﬂoxyhexyi group

groodp g | SONErs)

undec | 0x
(mc!ueme'sé b sty Eione %@Fé@ﬂﬁwﬂﬂ&@ﬁﬁmﬁ%n
I I . .
undegﬂ %Een&% B.%‘n PsoE'qug) %: qciﬁﬂ&f@g’lyl @ﬁup (including
undecyloxyheptyl group (including iso
isomensdez drdedoexynetybaipupi ( ml%ﬁinagsq'@?mge %Féd%w'oxvethy' group
undecyl oxynonyl group (includin i sonmers)
(includiinipisphssret dgdeaytaiypranh grams a@clugr@ggsgmersa a dodecyloxybutyl
dodecyl oxyet hyl group
group (including isomers), a dodecyloxypentyl group (including isomers), a
dodecyloxyhexy! group (including isomers), a dodecyloxyheptyl group (including
isomers), a dodecyloxyoctyl group (including isomers), a tridecyloxymethyl group
(including isomers), a tridecyloxyethy! group (including isomers), a tridecyloxypropyl
group (including isomers), a tridecyloxybutyl group (including isomers), a
tridecyloxypentyl group (including isomers), a tridecyloxyhexyl group (including

isomers), a tridecyloxyheptyl group (including isomers), a tetradecyloxymethyl group
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st
(including isoners), a dodecyl oxypropyl group
(including isonmers), a dodecyl oxybutyl 20 group
(including isoners), a dodecyl oxypentyl group
(including isoners), a dodecyl oxyhexyl group
(including isoners), a dodecyl oxyheptyl group

o ! : mlediny liscamensp, a
(noub g3y o [amRegbyanipdeny) momyisanes)

raobbEhbAY dE5ER o A LOSYELBU Y] group (ctutn

i.ncludi ng i somers), a frf. O I
isomel3)ngItaF ey amert) ordub EnBERKCEPRIE Y, afbfalecyiohexyi group
including isoners), a tridecyl oxyhexyl .gr
(incluélnadasmerwg, a P@Btﬁﬂe@ylc’x&"&emyz %%@R%%‘F’Qgc@ﬁg%%hw group
(including isonmers), a tetradecyl gx q&thyl roup. 65
(includingdserders), & pentaderyloxypenyhaedip M'é IRGISQYPEHe: 2
(including isoners), a tetradecyl oxypropyl group
pentaibogbugiiutg dreopeinsluding semete): @/pentadaeyoxypesly) oroup
(including isoners), a tetradecyl oxypentyl group

(inclu?ih@qléé'ﬂbﬁg, h¥Ryatstylogyrhethyhgrtypl (inchiairg lisamens) a

i ncluding i soners), a pentadecyl oxynethyl group, a

' i i\nalHestaagcylsypropyl. graup (including
hexadik Icﬁaaggc I| %Lgir gb(élualh@usor%e_és), &/HesthaigcyisRyproeYl, graup (i

pyl group.(including isonmers), a

. t (] i i hvl
i L S s i

h decyl. hyl ' ' ' S), -
oous, RED SEPRR eI ET fe RTBER sivrs. o
neptapisreon) B B Bl BB arove
(incluting BOTEys ) eyegacay B REPURIIRGURER P OFTe)pr thd like; ary

hept adecyl oxypropyl group (including isoners), an
groupEcsiacteay hophemyt bdupg AcaPhtty! BEeuRl ayantherharayip. &Ryrenyl group,

oct adecyl oxyet hyl group (including isoners) or the

phenhhlF@yl Gtolp or @ liRs, andcaryagraupsteichl asga mashylphaayiarayp
group, an anthryl group, a pyrenyl group, phenanthryl

(inchﬁfir‘itﬁ &oﬂ%er&ﬂ%r{ eth§ioh@Rgl groub (Bcluddsy Boversy; apropylphenyl group
methyl p I

enyl group 15 (i1 ncluding isoners), an
o A, BB e s o
incnd5 9, SRS Shanf PSR hapaRLiaghals), stepRbadaroup
it SRS shos o b ey AR B arsE oyt oo
(irwr:lt.%:’drir?é;J IL't)somers), a decylphenyl group (including isomers), an undecylphenyl group
(including isomers), a dodecylphenyl group (including isomers), a tridecylphenyl
group (including isomers), a tetradecylpheny! group (including isomers), a
dimethylphenyl group (including isomers), a methylethyipheny! group (including
isomers), a methylpropylphenyl group (including isomers), a methylbutylphenyl group
(including isomers), a methylpentylphenyl group (including isomers), a

methythexylphenyl group (including isomers), a methylheptylphenyl group (including

isomers), a methyloctylphenyl group (including isomers), a methylnonylphenyl group
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(i ncluding isoners), a decyl phenyl group (including

i soners), an undecyl phenyl group 20 (including

i soners), a dodecyl phenyl group (including isonmers), a
tridecyl phenyl group (including isoners), a
tetradecyl phenyl group (including isoners), a

(inclu%@?ﬂﬁé@@@%@t@@é@lﬁﬁ Il geburg(inclodipgsdomers), a

et hyl phenyl group (including isomers), a
I NV . : |
et TERSY LB RSP e ) M rasiyipneny aroup
: t byl | ph : ' ' '
(mclucﬂﬁg fﬁyﬂrﬁ%)% ?’ebﬁ‘@ﬁw{rﬁﬁéglgﬂgﬁw%gﬂ'rggtg:lidso BS ,ergﬁ Z&ethylpheny!
aroup e PRaE o Py bASh YA hagFRGRamers), an
hyl | ph I 66 (incl udi [ .
othylbuiipReNI GYoUmGNY LG Easmersic A ape AgRbERy S (heluding
met hyl undecyl phenyl group (incl uding isoners%, a
isomers){ apletoglnexyiphemy igroum (ipcludingdsomeny), 28 @iaylagptylphenyl group
met hyl tri decyl phenyl group (including isonmers), a
(inc|uathﬁti§tyrh§fsq,naﬂ1 ettgiantyipheny| grdup ginchuing ispmeas), an
et hyl propyl phenyl group (including isoners), an 5
ethyln%hwh%gv?m%rmcmw Rscmareh,ushi styideesiphenyl group (including
et hyl pentyl phenyl group (including 1isoners), an

_ L . : | oheml
o YR FREEN o pLABipebnare n smdodooionny
t hyl act yl ph I i ncliudi | .
aroupgiiRfe SR RE R 2 RERRy phE b8 hEBRRictbondfs). a
t hyl d | phenyl . (i ncludi ' . .
propyl o R LRsRIsh e wb Ry PRy Blaup (ncluding
isomééﬂ&é&%ﬁ%?&%&légp%k%u 'rh@??s:oggﬁfgum ngﬁlgpoﬁ[hse)p‘tylsrtenyl group
propyl butyl phenyl group (including isoners), a
(includimgpisbmens )y Bprepylbcylrheny] graupLndieding 3raers), a 5
propyl hexyl phenyl group (including isoners), a _ )
propyicRMp groupepntiudingugomers)ch pdomddecydpreeny) greup. (including

propyl octyl phenyl group (including isoners), a

isom%?@k%ﬂdﬂé@?%eﬂ?%uﬁi (rluding isonsers resglibutylphenyl group
propyl decyl phenyl group. (including 15 isoners), a

(i”d"@?%%’ﬁ%ﬂgﬁﬁ ﬂg?%btﬁl’%@l (ogeiite Hﬁ@lﬁﬂinbﬁ@émgﬁé),, adutylhexylphenyl

(i ncluding isoners),
arouR AL BATRFEY s SFHEP IR0 GRARIRpdrer) o
oty G RS B 2 B TREBE! rgte (g
isomgnyst),y €|:1 g%?y)féggy?ﬁgény?rgpo% (Qri\éiﬁcl:lilﬁgiiggners), a dipentylphenyl group
(including isomers), a pentylhexylphenyl group (including isomers), a
pentylheptyiphenyl group (including isomers), a pentyloctylphenyl group (including
isomers), a pentylnonylphenyl group (including isomers), a dihexylphenyi group
(including isomers), a hexylheptylphenyl group (including isomers), a
hexyloctylphenyl group (including isomers), a diheptylphenyl group (including

isomers), a trimethylphenyl! group (including isomers), a dimethylethylphenyl group

(including isomers), a dimethylpropylpheny! group (including isomers), a
67



10

15

20

25

i somers), a butyl decyl phenyl group (i ncluding

i soners), a dipentyl phenyl group 20 (including

i soners), a pentyl hexyl phenyl group (i ncl uding

I somers), a pent yl heptyl phenyl group (including

i soners), a pentyl octyl phenyl group (including

s TR BT S S b o
<*ﬂ°‘um@3§ﬁx%%w5)p%éﬁwfﬂéif@g PERv b el '55??'?%{9) 3

di hept henyl u |nclud|n I S r
dlmetlwlhagty %@Mb%/mupdpr@ﬂgél(\g ﬁiqmu@*s a@&tﬁ Igf:fﬂgpenyl group

di met hyl et hyl phenyl group (|nclud|ng I somer s)
(includihgesdmyéns) opyimétbyirionylohepy{ grecpUinahding isasers). %1 67

di nmet hyl but yl phenyl group (including isoners),
d.meﬂgyla@émahwtgrbm ¢ingludgrgpispmets)n aldumBﬂylwmﬂwimenyhgrow

met hyl hexyl phenyl group (including isoners), a

(mclu@lhgg%ﬂv{at}?{jé WirRBeR oddcpiphehyNgroupi(gludingrescsiersy a

yl phenyl group (including isoners), a

trieth;gﬂ)rg%wé}'%y{ﬂgpgwl 15&‘21%@ % Whé’tﬁylbﬁ@ﬂﬁ@’bup@r@ludmg

gro i ncluding” i soners)

som %§ﬁﬂé{@%e C“é‘bﬁﬁﬁﬂﬁrogé gMelu(cﬁﬁr@ fsbﬂfgrg)g Ia'gcﬁa@ﬁ‘&{t?)tylgﬁenyl group
(incluginen b RE g CISEHPED g{u’ap”@‘ﬁ'y e e ety 2

di et hyl propyl phenyl group ncl udi | SONer s a . .
diethylihexyigtneny grmhwlugmuﬁomerﬁcﬁM‘Hg'h B’rr@?%";\/' gipup (including

di et hyl pentyl phenyl group (including ISOHEYS]
isomatsktehdietredgdtylpbenyl aroup fincludingisomersl aripty

di et hyl heptyl phenyl group (including isoners

(includirf i8pinees)y bidiethyldegyiphenyi grolipdinciudisg mmgrs; a tnpropylpheny|
di et hyl nonyl phenyl group (including isonmers), a
grou@(lﬁélbdi’nQQWr'nBFé%na|d|;9‘b§§dl|me(th?|ph§dyl@‘oup ¢imehsling wsomers), a
tripropyl phenyl” group (including isoners), a

dlprogylgfrgfﬁ%}é%9Y6Lﬁbﬁr§}%1h%|rﬂg‘?é’cﬂnéf§] Ch HﬁBrBﬁylbﬁWéﬁyl gﬁoup (including

I n¢l uding 1soners)

somdir 81 SRR G i) sapamosinens
groum EI@B gdhgé%ﬁ%ﬁg%progy%hﬁ)ﬁ%ﬁgpﬂ% t@%ﬂngirnglsonﬁers) a
dlpropyhorggyﬁ)grlpq%%)élggfuhpga&m |Ewgﬁ€qn{]a; @ ?nlg.gﬁlgﬁggelr )JUp?mcludmg

di but yl nmet hyl phenyl group (i ncluding isoner 81'1
isomelishua diketyipiatngplpeny gsegp (including isomers), a dlbutyle ylphenyl group

a ]hO
nognylp enyl group

(including isomers), a dibutylpropylphenyl group (including isomers), a
dibutylpentylphenyl group (including isomers), a dibutythexylphenyl group (including
isomers) or the like.

Among these, alkyl groups such as a methyl group, an ethyl group, a propyl
group (including isomers), a buty! group (including isomers), a pentyl group (including
isomers), a hexyl group (including isomers), a heptyl group (including isomers), an
octyl group (including isomers), a nony! group (including isomers), a decyl group

(including isomers), an undecyl group (including isomers}, a dodecyl group (including
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(including isoners), a dibutyl propyl phenyl group
(including i-sonmers), a 20 di butyl pentyl phenyl group
(i ncluding isoners), a dibutyl hexyl phenyl group
(including isomers) or the |ike. Anong these, alkyl
groups such as a nethyl group, an ethyl group, a

isome%)%)(htaﬁ;c% %f%ﬁ&wmgﬂg%@gﬁjeg ii%ta%@?wgydu&ﬂ(ﬁélﬁdmg isomers),
a pentgciogy QiPHe G Boere). 418 %’*%E@@%?"@Wud'ﬁg thifs), =

(i ncluding isoners), a nony |nc
heptaﬂe@rt@r@l)p ?lacluélﬂg ISgMeEY): a('|q'Fé4qC[ﬁﬂYEg QuPy g“?'ﬂgzﬁ?me’s) a
undecyl group (including isonmers), a dodeg ﬁ%ﬂ1 g |
nonadeayt gratipninclGding ssomers), amecosedrpHP §inGlys V{g 8] },g-ycloalky
i soners), a tetradecyl group (including isoners),

groupB &jcAdRCcY bYQ bpeinty( grotipy dioyglcheaylegropp, a cieiehepty group,
group (including isonmers), a heptadecyl group

cycloéétg%r'ebgs) ng cyﬁl@:ﬁéhﬂ)groap aeyeiddeyyl groap pr (henlike)dindgalkoxyalkyl
nonadecyl group (including isoners), an

grou p‘§' ﬁ%ﬂyés g WHP&@% thyfjbgtﬁ.l ([):Ju %%ﬂﬁ;be@th?I galubyinduding iszsners),

as a cyc a cycl ohexyl group, a
< oS Sy Y st smer.
a mergbgﬁﬁéqtﬁﬁ&%@f H'B:Iqr@t DoX ersgyég%ﬂg@g ¢ %ﬁl'ﬁrm}ﬁg?%ﬁjd?ﬁ(é isomers),
a meﬁ%&%&?&r@%&m@pgiﬁqﬁrﬁégg I{q)w%cfyg gLy ggﬁlgpg'% isomers}),

a met hoxyhexyl group (|nclud|ng i Somer s) 0.,.a o
a methetdoayyigroyp (igcuding isaaiens), Agneterydesy! géoup (including isomers),
met hoxyoctyl group (including isoners), a nethoxynon

yl
a methoxyandécys igrolip Gnclsidingr |s¢mees)natmelk|wy§@gqlecgql eyP (mcludmg

(including isoners), a nethoxyundecyl group

|somér's‘j‘°é HelitREytEO8E) Srourr (inelltingyisoriers)| agnethpxytetradadylragoup
soners), a methoxytridecyl group (including isoners),

(lncld?il s'%ﬂ%‘éf‘& @ﬂ?ﬁﬂgp@h%cyl( lﬁgbl{mc{mmgwm) @

oxypen adecy oup (inclTuding isoners), a 15

meth%y%%@sf@%% }f'%[!,‘?déﬁ% %ﬁcl g dé‘&e'tﬁc?iggﬁ;@lasde%yl group (mcludlng
tsomﬁ@t ho%g %?ﬁ%q %’r [fg.npg {.”ﬁ{g%‘gﬂg%ﬂnggf ?thax%nonadecyl group
(mclq?ci;%érg aqrr? rg?l'}lag(y ;dggé et hg{hcﬁgpﬁ‘&l %cpufpsﬁrrd\% I)ng isomers)
an e&gxsépo%);%/gruc}u)g (|r?cr|3é|J|P\g |s|c?rﬁt|arus?l El;]lg e{h%?(gguty] group (including isomers),
an ethoxypentyl group (including isomers), an ethoxyhexyl group (including isomers),
an ethoxyheptyl group (including isomers), an ethoxyocty! group (including isomers),
an ethoxynony! group (including isomers), an ethoxydecyl group (including isomers),
an ethoxyundecyl group (including isomers), an ethoxydodecyl group (including
isomers), an ethoxytridecyl group (including isomers), an ethoxytetradecyl group
(including isomers), an ethoxypentadecyl group (including isomers), an

ethoxyhexadecyl group (including isomers), an ethoxyheptadecyl group (including

isomers), an ethoxyoctadecyl group (including isomers), a propyloxymethyl group
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an et hoxypentyl group (including isoners), an

et hoxyhexyl group (including isoners), 20 an

et hoxyheptyl group (including isonmers), an ethoxyoctyl
group (including isoners), an ethoxynonyl group
(including isoners), an ethoxydecyl group (including

nmer s an ethox n
(inohudifd Gxarmkiraca Bt & e BhFhgig 'Eé*.lré‘jé;, 8 drBfBicpropy
t hoxytridecyl group (inclu

groupémw&m@tww;wa BT, XVPPWSQ@%@“HE G'H\)EJ '§‘ime%ﬁ¥ a

et hoxypent adecyl group (including isoners) ZF )
propylexppeyiybgripciiclyding psqrmens) i PFF@JW@@’H@P(EI)QFOHH (including

et hoxyhept adecyl group (i ncl uding |soners% an
isomepé)nexpropyiasigtaptylgroup (nchedinglistgnershreepropylaxyoctyl group

propyl oxynet hyl group 69 (including isoners), a

(inclu@ihgﬁé’érﬁéyﬁt Ryrogfexmanynghoud (hcligingescomersy, a propyloxydecyl

pyl oxypropyl ~ group (including isomers), a

group[{ opy(]|| RQYQ‘H'B@,{IJS gégpl(-)lij)aﬁd)ﬂiﬂnﬁﬁbﬂﬁbrbﬁs'(fﬁbﬁ.bding?llsomers) a

penty (i"'ncl udi ng i soners)

propy&r){g}gé é)?j E;zé%fé 1%!?@9155 ksﬁﬁ'l&'rlg)dg ropzlﬁggﬁ'lﬁbcylagroup (including
isom ;ﬁ% Gpg;oct Eﬁtr%{e r(af.lfql ncbﬂcﬂ %ggﬁ%gg a%rop?vloxypentadecyl

propyl oxydecyl group (inclu
groum@wﬁydsagymew a@f%ﬂ@{»ﬂh%ﬁ 8? §r P%@BF&*P'"%‘SW”S) a
propyl oxydodecyl group (including isonmer
propytmapebtadecy! gresyp (inpludipg (Samensd, meufyi%ﬁﬁtayl gl'aup (including
propyl oxyt et radecyl group (including isoners),

isomers P Ry batyigxgetratl gmup (ingelodipg(isoroets)i a@ut)d@wgpyi ggoup (including
propyloxyhexadecyl group (including isoners), a 10

|somé}‘sz> ltb?ﬁhfw gelp Gneludingi isormed)na btydoyEntyl group (including
yl oxyme hyI group (including isoners), a

|som%§ y% W)@/ Tqﬂ gg?ge p (ineRldinY l%@rﬁe‘i@)'@fﬁ)tyloayheptyl group

up (i ncl udi ng |soners)

(mcl%m%s%@egg)ﬁ“%ﬁ)&g goét%f‘{#gﬁg éPﬂ:lgdoﬁl rrer%rs? abutyloxynonyl group
(inclu%ﬁﬁ%s%@q?g)zyl &éﬁégg&iyq@#@%pﬁgh?g@ﬁer T rg’)aa butyloxyundecyl
arout e S8 oS Pt 3R e jeomers),

but yl oxydecyl group (includin isonerﬁ%, a . .
butylotiitdesyl @neer (nclugnsuisorenrsh agqumgoxgtg F’%?Y' group (including

but yl oxydodecyl group (including isoners),

isombrs)y4 builoxypeniddepybgmupi (indluding dsareeishra putyépxyhexadecyl group
but yl oxytetradecyl group (including isoners), a

(inclddity isonygre ) tznpestyloxgmetinyl @roap Gdclugingsisomess), azpentyloxyethyl

but yl oxyhexadecyl group
group (including isomers), a pentyloxypropyl group (including isomers), a
pentyloxybuty! group (including isomers), a pentyloxypenty! group (including isomers),
a pentyloxyhexyl group (including isomers), a pentyloxyheptyl group (including
isomers), a pentyloxyoctyl group (including isomers), a pentyloxynonyl group
(including isomers), a pentyloxydecy! group (including isomers), a pentyloxyundecyl

group (including isomers), a pentyloxydodecyl group (including isomers), a

pentyloxytridecyl group (including isomers), a pentyloxytetradecyl group (including
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(i ncluding isoners), a pentyl oxynethyl group
-(including isoners), a pentyloxyethyl 20 group
(including isoners), a pentyl oxypropyl group
(i ncluding isoners), a pent yl oxybutyl group

(including isoners), a pentyl oxypentyl group
I
lsomezré)n% ﬁéq{tﬂgn{ﬁseg{nfgé%%w gf&ldip ﬁ Fbﬁgﬁgﬁéi's)g?%yloxymethyl group

(mcnuélpqmm?wﬂ ‘f"b%g%nggféthg?ggHBJ%g%ﬁ@gﬁf%gné&gﬁl“bohexyloxypropw
grouﬁdj{;}(l:ill,iijlg!g ?s%%%ﬁ%ﬁwm%r%gg E-lﬁ“?é I ncI udi ng

i somers), a pentyl oxydodecyl group (includ .
hexyloxypesty group (ipelndingirgmersle ayiexylaxypexy! r&fwia%ﬁgludmg isomers),
i soners), a pentyloxytetradecyl group (including 70
a hexylsayreptyl g@updincuding Eemerd) yhexyloxyootylrgroud(ingluding isomers),
i soners), a hexyloxynethyl group (including isoners),
a hex oRﬁ%dﬁﬂ@@@@thl@ﬁmgasém%)udlh’@(ylmdecw)groap (including isomers),
exy oxypropyl group (including isoners), a

a heerX cg/l‘? (lﬁélﬁdl(‘\?ri%rﬁgfé)ga 'h%QVI%&?&Iodetyl group (including

group (i ncludi'ng |soners)

isom%gi;% w q&fg‘f’g #&ngsérlﬁgo r}sxefﬁgi‘y.tet.radecyl group
e, SR 5 s i

hexyl oxydecyl grou incl in |so % vbutyl
lsomeﬁg)(yi\ RRRIYIR¥RKAPYLE g W‘?@ % éyty%y utyl group
hexyl oxydodecyl qroup &lncludlng i somer
(includingyisomers)i adwptylgxmantyligieun &mﬁlyc#l%ﬁ@mp) 5 heptyloxyhexyl
hexyl oxyt etradecyl group- (including isoners), a
grouph@gmtlydiog)isenesd), gheptyloxyﬁeemy@ménm}amr@lggmers) a
(including 10 isomers), a heptyl oxypropyl group
hepty(dxv@btw grsLp Gaceding.isemben} & heptyotyriongt gropip (including isomers),
(i ncluding isoners), a heptyl oxypentyl group

a hep{t;lflﬁﬁ(déﬂyﬂgrdt.ﬁp(‘ﬁ%l%lngasdlﬁ@ﬁs&}| AREPEIMyundeeyyroup (including

udi'ng 1 soners), a heptyl oxyheptyl group

isoméljsﬂ‘% Hgbtﬁ%ﬁaeﬂgéﬁ;gmg) HH@IBH?Hg)%M%P | ag'[éb‘t‘ﬂoxytnde c?’l group

SONMEer’s eptyl dxynonyl” group (i'nclu

oner.s he r
(mc'ugsrwe@wfe&xy aoecﬁx)%‘xﬁﬁé{ﬂﬁfé °r%§ﬂ [fughBEsitsid o5 B@C’WW‘
| oxydodec [ d|n i.SQ

aroumGReHG EomaE A GEDIRt R R &”P@.LP@ '§5’meé?~k an

octyl oxynet hyl group |nclud| I SONEers)
octyl@mbyxm)gy@mynclugmigor(nieﬁ@; ga,qﬁ%/ pwg)grogm (|nc|ud|ng isomers),

octyl oxypropyl group (including isoners),
an cadyloyyheybgroup gradudingiisemers)ngn o@bfiﬁewbpptyésroup (including

octyl oxypentyl group (including isoners),
isomers), an octyloxyoctyl group (including isomers), an octyloxynonyl group
(including isomers),an octyloxydecyl group (including isomers), an octyloxyundecyl
group (including isomers), an octyloxydodecyl group (including isomers), a
nonyloxymethyl group (including isomers), a nonyloxyethyl group (including isomers},
a nonyloxypropy! group {including isomers), a nonyloxybutyl group (including
isomers), a nonyloxypentyl group (including isomers), a nonyloxyhexyl group

(including isomers), a nonyloxyheptyl group (including isomers), a nonyloxyoctyl
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an octyl oxyhexyl group (including isonmers), an
octyl oxyheptyl group (including 20 isoners), an
octyl oxyoctyl group (including isoners), an
octyl oxynonyl group (including isomers), an
octyl oxydecyl group (including isoners), an

groupidIY IRATEY). a BB HOUEaaRGISomaR), a
nonyi2 'cgﬁér@?& AC&?‘E&'S@P%Q‘I}H%% géjhgﬁg(@%ﬁgﬁse)%}l grgnup (including

) nonyl oxypropyl group (i ncluding isoner a
someranl ARRIOATC oY T LP NHERASTE FomST b grfiacyj gty group
nonyl oxypentyl group (including isoners), a
(includiogyisemers x g idegylowypropy hglou (inFludisaisamersy a decyloxybutyl
nonyl oxyheptyl group (including isoners), a
groupimliding dsdrpérs), 74 dgeylopyentyll grdup ginclusting ispmess), a
nonyl oxynonyl group (including isoners), a
decylBAMEXYKYIRBY(indllidIHg iddrershich decyleytpyl graup (including isomers),

nonyl oxyundecyl group (including 1soners), a

. 1 1 1 . I d- . ’
a decg@%{)%’t%gﬁ.@/ﬁng%ddigﬁ |s(drﬁéﬂ|s5‘,cﬁ B8cyleRRIry groglp (including isomers)

(1 ncl uding I soners),

s cocfEYHROIR D S D BRIRAP I o (g
W e i e
(inclugigisepseh 3 Lm%@ew%a(m&vtaﬁ%@g@%%jg,dr%efs): an

decyl oxynonyl group_ (including isoners), a . .
undedgdeyypeniylaroup glnstsuphr(g isemeans @i wislasyloxyhaxy! group (including
undecyl oxynmet hyl group (including isoners), an
isomensy|eary Uiodgey dwgiheptyb gpoup tiotludinggsemeradr 8 ungacyloxyoctyl group
undecyl oxypropyl group 10 (including isoners), an
(includifiE sy wnindegloxy Gomg grdip Gnckidiney ispmess), a
undecyl oxypentyl group (including isonmers), an

' i | @dodi ethyl group (includi
dodegﬂgﬁﬁﬂ)ﬁ%g’?;Egﬂg{ﬂysuf%&&ﬁgﬁéd}ﬁé#&, AdodbeylBRyethy %nup (including

ecy group (including isoners),
i € ’ i Brmer T8 dodecHlbxybutyl grou
isom 35t Up g Bk KiroBl tBup (InEFIY BaricTERs! dodecyixybutyl group
. dodecyl ox th Qu j i N
(ne G BPTERy bergroavistBe iyl Blre 6L ERB chers). a dodecyloxyhexy
dodecy| oxypropyl group (includjing isoner .
grouy 88@'&9!%@8{5@9%' grassgey ME?I%{' q%qps(gﬁ@}g lsgomers), a
dodecyl oxypentyl group (inc]udin isoner&%; a . .
dodegypl@xygstykgnesyinciusting, t;qmefg),lﬁﬂrﬁ%cylggy@p ,I group (including
dodecyl oxyheptyl group (including isoners), a
isomels) ea Vriideoytmtyethyl groyp (includingiisemessone trijecyloxypropy! group
tridecyl oxynet hyl group (i ncluding _
(including isomers), a tridecyloxybutyl group (including isomers), a tridecyloxypentyl
group (including isomers), a tridecyloxyhexyl group (including isomers}, a
tridecyloxyheptyl group (including isomers), a tetradecyloxymethyl group (including
isomers), a tetradecyloxyethyl group (including isomers), a tetradecyloxypropyl group
(including isomers), a tetradecyloxybutyl group (including isomers), a |
tetradecyloxypentyl group (including isomers), a tetradecyloxyhexyl group (including

isomers), a pentadecyloxymethy| group (including isomers), a pentadecyloxyethy!
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tridecyl oxyethyl group (including

i soners), a

i soners), a tridecyl oxypropyl group 20 (including
i soners), a tridecyl oxybutyl group (including

i sonmers), a tridecyl oxypentyl group (including

i soners), a tridecyl oxyhexyl group (including

group! (FRIGiA ’iscﬂnerts?,iéj Sﬁﬂﬁéﬁ@%ﬂhﬂypgf §reRip((ineflding Rmers), a

i'soners), a tetradecyl ox group (i ncluding

oS3t G GRBEIAEIE Y| Bkt rove
ek Ebr S BRSTTHR Honll BB AURE M oo

) i soners), a tetradecyloxyheﬁ%l 8rpu inpludinﬁ
(inclugdiegriseprs)aa feradaedPmioRe HeHP Ginslysing IseMsish§

i somers), a pentadecyl oxyethyl 72 group (including
hexadenytaxybltyl groumiincledingdsgpetpya hgptadecyloymeth group, a

i soners), a pentadecyl oxybutyl group (i ncluding
heptaideopexgethybgmpeapt(athaihgisppearsy,a heptadecyloxydropyirgroup

i soners), a hexadecyl oxynet hyl group, a
(inclulREASEMErHX ¥R IdRAdedlyioxy methyl rodp figciuskneiseiners), an

hexadecyl oxypropyl group (including isonmers), a b

¢ t i ' tHtDlikeSarERliged preferably.  Alkyl

octadﬁgglt% g@%ﬁgf@?ﬁéﬁ% I@%ﬂé}gs Hﬁteﬂrﬁl-g%ezcyl oxye‘t) hyl gryoup Y

orousd 4t FTRE o BbALEE R B of caroon
somd LA S SR A h SR AN BB By, such s

Al kyl - groups in the formof aliphatic hydrocarhbo
methylrgiopR. am eliivl sFPym e Pf@ﬁﬁb@roapatmﬁﬂfﬁﬂg 59 fa?rsa buityl group
_ constituting the group is a nunber selected from ,
(includingsigomersy, alpentylgrogp ¢inckusling ispaeRy), afiexyboraup éreyding
group, a propyl group (including isoners), a butyl
isomershupheptyhgtaugi (mclidingesehersy, areactyl grpupuinqlidiog istimers) or the
i soners), a hexyl group (including isonmers), a heptyl
like, afeQied(mbed prEfetablys O rBamiplesof eatly dialkyd cartanatésitichgle
i soners) or the |like, are used nore preferably.
i | rEey defPSondte |(WeRidiny isomers), dibutyl
dlmemetﬂlﬁa?érﬁﬁglt %r@%{ﬁ%ﬂfhs@ c@?bonat e, éi propy _ ) Y
carbcfrfaﬁ% l‘ﬁﬂg@%ﬂq e ghﬂ(ﬁ?g%l%onﬁb gmc}ﬂdm %"oﬁf@?@}, fihexy!

Sonersy, car bonat e {1 ncludi’'ng
corb RSB BB RIS S48t IR ). cocty
carbgcrgtg gﬁgﬁ%@(& %%lml%?’%ﬂgq th%qwé:rts, 'glkyltcrlaerb%éig's ir?| W%liCWJhe number of
carbon atoms constituting the atkyl group is a number selected from integers of 4 to 6
are used more preferably.

A urea compound in the present émbodiment is a compound having at least

one urea bond in a molecule thereof, and preferably is a compound having a single

urea bond as represented by formula (25) below:

R4 R18 (25)
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carbon atons constituting the alkyl group is a nunber
- selected fromintegers of 4 to 6 20 are used nore

preferably. A urea conmpound in the present enbodi nment

is a conpound having at |east one urea bond in a

nol ecul e thereof, and preferably is a conmpound havi ng

(wher%fefeawﬂ;;'c% gﬁ Ei%@@%nﬁi‘ﬁiﬁﬂ%%ﬁ%ﬁﬂx PefrkRoi o Gk arowp
o] , , R7 n in nden repr
navingif 19 BOgeshih aims AL ERee B dnedeikbaRbeE ShbER stoms

atom the total nunber of carbon atoms constitufin
constiRtibigdrt aRtVR1“ds am integegef 0de 29, epdibe tefabnymeet 8{ %@r%on
nunber of carbon atoms constituting R15 and R16 is an
atomsl dregitntingfRY drel RY)is o iftegepiof§ tof20R13, R14, R15 and
R16 include al kyl groups such as a nethyl group, an
Eké‘ﬁhkleﬁf SUR'2 RYDRIP whdar Suicl (e @lkydl graupsssuohray a neethyl group,
utyl group (including isoners), a pentyl group

an etrl{s)g gﬁ‘@gﬁgi)afﬁgbﬁg%foyﬁ)(in@diﬁgﬁon%r@g!Qa biithtedipncluding isomers),

ol 2 . group (i ncluding isoners), an
. L .

a porff Rt Ry BagI6R1EkE192 AT ol (ORI [RAAE) a hoptyi group

. | Soners), I . (i ' [ .

N AL R I S i

inclu i i :

isomersbiaedeny] Seourneladibal saret. o Herae aowe YAELE Gomers), =
hexadecyl group (including isoners), a heptadegyl

dodegyl gupui _(mcluqmgngonngwe addecyh gprumUeeyding, gmers%, a tetradecyl
(i ncluding isoners), a nonadecyl group (including

group Gediatisy isemess)ca pehtagtesybgropriniciting isoseere). 9 hexadaey! group
l1ke. In particular, urea, in which R13, R14, R15 and

(incluBHg i5Brmkps)| arHBptadddA rapoiincludipgésemers)yan ogtadesylgroup
is used preferably. In the present enbodi nent, sone

- V 1 1 . . ) .
s bt e L i e s

(inc!u%?nngallsléfnaetr.ﬁ)o& HERRBY1 MY particular, urea, in which R'?, R™, R'® and R'S in

formula (25) above represent hydrogen atoms, is used preferably.

In the present embodiment, some compounds having an active proton may be
susceptible to a reaction presumed to occur due to thermal denaturation depending
on the conditions of the thermal decorﬁposition reaction during thermal
decomposition of carbamic acid ester in the presence of the compound having an
active proton depending on the compound having the active proton. The inventors
of the present invention unexpectedly found that, in the case of carrying out thermal
decomposition of carbamic acid ester in the presence of the carbonic acid derivatives
described above, not only is this thermal denaturation less likely to occur, but also
that the vield of isocyanate is improved. Although mechanism by which isocyanate
yield is improved is unclear, the inventors of the present invention presumed that

since the compound having the active proton is less susceptible to thermal
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on the conditions of the thermal deconposition
reaction during thermal deconposition of carbamc
acid ester in the presence of the conpound havi ng an
20 active proton depending on the conpound having the
active proton. The inventors of the present invention

denatﬂ%@@a@e @eco n%rgggn&ehaf %Récfi‘ﬁé Eﬁrbﬁ@ﬁ:eaé?& deAV AN tdiformation

OSition car acid ester in the

. ence .o car boni
of higBBEIIR Rt SHRTCES FH L ep 10l Aep Stk hatiRn & fisatacitslured
likely to occur, but als t hat. t he :
compp@@féyhamgean 3CHVAHPTRIRIY anaﬁﬁmﬁfgﬁ %%ﬁafﬂr %k!frm%@"ate 1S
i socyanate 25 yield is inproved is unclear, the
inhibitedvent ors of the present invention presuned that
since the conpound having the active proton is |ess
susceptible to thermal 74 denaturation due to the
presence of specific carbonic acid derivatives, the

oramaintacialEdteoDebombosiionedctionbst ances caused by
a reaction between a heat-denatured conpound havi ng

ARANBrT ot tapsamic a6id estarrdecomposition
@3?92% ﬁﬁgﬁﬁﬁﬁ?ﬁ?ﬁd 5 <Car bam cAci d Ester

reect SRR ARG PP AR EBRG i c aci o est or decomposi ti on
TER AT IR ErGreeB I Vi BHeE Rimaof e RS RR R "

deconposi ti on reac on in which a corre onoclf(ﬁﬂydroxy

decomeégtlaﬂdﬁacm'wh B%yre &EOE&?%
aromati ¢ hydroxy conpound ori gi nati n% fromthe id
comp@alnue(ﬁiczﬂh@{wam%th hygdrexy spmeQUNA GHBINatRaERM dhe catpamic ac

ester. This thermal deconposition reaction is carried
esterpate fonriekergmesearbanué acikesteonpound having the active

proton, or in the presence of the conpound having the

THhigehdrrtal Rleebmipositidntreactian socarded outlirdiel prasenes obthe
descri bed above. Al though varying according to the

ot R rii9 thes presiehice s tisd o pohd thaging the
com F{cﬁlmwa ?H‘feegctl\lehﬁr i e mp

of the conpound having the active proton

activil $FGtohSarff $e4tBbic acid derivative, as described above.

Although varying according to the compounds used, the reaction conditions are
such that the amount of the compound ha\/_i_ng the active proton used is preferably
from 1 fo 100 times the carbamic acid ester in terms of the stoichiometric ratio.
Although the amount of compound having the active proton used is preferably large
from the viewpoint of inhibiting side reactions as described above, in consideration of
the size of the reaction vessel and the like, the amount used is more preferably from
2 to 80 times and even more preferably from 2 to 50 times.  in addition, the amount
of the carbonic acid derivative used is preferably from 0.00001 to 0.1 times the
compound having the active proton in terms of the stoichiometric ratio. Although
some specific compounds having the active proton are susceptible to the occurrence

of a reaction presumed to be caused by thermal denaturation during the thermal
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from1l to 100 tinmes the carbamc acid ester in terns
~of the stoichionetric ratio. Although the anmount of

compound having the active proton used is preferably

| arge 20 fromthe viewpoint of inhibiting side

reacti ons as descri bed above, in consideration of the

size.of the reactio j ;
decorfigil L raRTRnor he RS LR o gh e ecopAmRATef the
nore preferably from2 to 50 tines. | it laQn,
carbagymasiE sier INHE® PSPERIIeoIARs FaRATG éf’\@%&ﬂ‘%&gé%’ prélBusly
preferably from0.00001 to 0.1 tines_the ¢ u .
described; the carboaistacie dprivative has the ?ﬁeféfofm%'”g R EAE for this
stoichionetric ratio. Al though 25 sone specific
thermabomeatarktionetel oupur.heOndhe wtharhansh imthe easeceipising a lage
the occurrence of a reaction presuned to be caused by

amouhl6f ife! caiBBRicHG denvativel triereaee ttasesin whieh the carbonic acid
deconposition reaction, in the case of carrying out

deriv%tﬁ%rrgﬁ&s%iﬂ? ﬂ@§¢é&iﬁ’@c@ﬁ'\pbﬂﬁd he@inathiecactive preteneresulting in the

presence of he car boni ¢ aci d. deri yat i ve as o
fomef8 4 ARG 2T s SRR o o cortepiosis verative
th | t ti — t j
uses TS pe R S00kB5 365 e G Adnahgpibreidby from

acid derjvative, there are cases_|. i ¢l e . I
0.000dpcD. O et 10ehe Eaes apamoroaa o v Bt iea i ne

havi ng the active proton, resulting . in the fo .magi ﬂg thod
carbapficerdin ester durng mraductianof aarkamifetit erﬁ?@%‘il?% (e me

acid derivative used is nore preferably fromQO. 8%%05. .
exemiplifiéd @bove nike canbomic @cichdervativerraan beyIseARAR 1S000BRPON acid

0.01 tines. In the case the carbonic acid derivative
derivhfive Aialyadaaewiyaddi thithearabiaric acid @stan eA specifisgcompound
productfion of carbamc acid ester according to the

havi@.@%ﬁyeg:ﬁawﬂ disedpabIevs théfeal cnaturation @sdiescribed above

Ivative may be used as is, or carbonic acid

refergg éYg%}rk}’oﬁlmlf&Paé‘SWaYoﬁgﬁé ﬁg&&@%m@mmmtéd with a

Specitic compoun ving the active proton
uscepti ble tod hermal PO simPSthrRRAEon
branSiRERBY §obe. o MG Bt EFE BatEd Which s deqkemie
conpound. substiftuted wit 5 bra - :
occuts, s etk & 195 M tS 2ChEIfRERp ks e terbonic
~reaction occurs, the formation of'f g_l|.kene i,s_| ﬁis
acid Hekieative is present. | ANtbough dae eaason Top &ig iz YaRREn Tz ¢
derivative is present. Although the reason for thi ?hi S
dealkerg/lation redetion is presumed to originate from the catalyst within the system
or metal ions eluted in trace amounts from the structural material of the reaction
vessel, and it is presumed that the carbonic acid derivative traps these components.
Although the dealkenylation reaction as described above is not observed in the
case of, for example, the aromatic hydroxy compound substituted with a group other
than a branched alky! group, since there are cases in which the yield of isocyanate
formed during thermal decomposition of carbamic acid ester in the presence of the

aromatic hydroxy compound decreases, it is presumed that the aromatic hydroxy

compound is also subjected to some form of thermal denaturation resuiting in the
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deal kenyl ati on reaction is presuned to originate from
" the catalyst within the system or netal ions eluted
in trace amounts fromthe structural material of the
reaction 20 vessel, and it is presuned that the
carbonic acid derivative traps these conponents.

formatibr b6 thesrmidh dedatk dteory patducts. r Side ireactnsdetweebditese thermal

above is not observed in the case of, for exanple,

denatﬁf‘%ﬁ”oﬁrﬁ?ﬂahb@ AnaE s mi© BBiaWllersatis ] bi ﬂéb@f’ar\(été kar@ tiggroup
than a branched al kyl group, since there are

presufr%gr :?d&aﬂ“h' Iﬁr‘sdcﬂecéé'egl% WEI| SR fﬁé%rgseﬁ@é HP%edéHrbﬁﬁlc acid

eco osition car'bam c aci ester In
T T L T
e SRR S EhGEL S B AL B o

denaturation products. Side reactions between these

the carbenigwcid dernativeds psesuned te hava te efedtnfiredgeing ﬂé%{"é?"hwd
and / or isocyanate are then presuned to occur. In

of thesaochrrease of termel denaiunation htther arseratic hydroxecemppund even in
acid derivative is observed to result in an

the cdsensfaurefitic Midrdxaosympaliedy sebstitutedwittathet groupeotbercthae the
of the aromatic hydroxy conpound substituted with the

brancﬁééwgr&lpkw group, the carbonic acid derivative is
presuried to have the effect of reducing the |ikelihood

Fhet b&‘ﬁ%‘érgfoeaér‘?vémet éﬂ‘?&t HEOSdd rﬁt@b%s@foftd%mg a specific

aronmati C roxy conpound even in case of
aro tic h [ oup
compiifid P wa%r?ﬁ@f‘y%ﬁ%ﬁ%ﬁéﬁgév@%gﬁé et dchet dngh e
i d derivative need not n the case of L NG o
FRegearien Eropsrabids Asopra)y st ie et e do0 e Hboc,
subjected to thermal denaturatjon. The reaction
and adte%@m hidhes teropgeatiares  are Rietareblefae aP‘éﬁ!@'@“&Q th? saqetinn rate,
to 400C, and al though hi gher tenperatures are
since sidsf egeatipos fasrdescibéd abovaghayhbe carsed by cagramic agighester and /
side reactions as descri bed above nay be caused by

or thecprokiaist i theifdrne of esocganate dtthign terheenaturéscthel neactien
formof isocyanate at high tenperatures, the reaction

P S Aty I gy 100 0C ol s Bertly
withiniP® raRg® Fronf 1 50 982569€! | B rRRRPESIY éﬁpé?ﬁt@fs' dtheating
apparatus may be installed in the reaction vessel to maintain a.c-:onsta'nt reaction
temperature.  In addition, although varying according to the types of compounds
used and reaction temperature, the reaction pressure may be decreased pressure,
normal pressure or applied pressure, and the reaction is generally carried out at a
pressure within the range of from 20 to 1 x 10° Pa.  There are no particular
limitations on the reaction time (residence time in the case of a continuous method),
and is generally from 0.001 to 100 hours, preferably from 0.01 to 50 hours and more

preferably from 0.1 to 30 hours. A catalyst can be used in the present embodiment,

and the catalyst is used at from 0.01 to 30% by weight and preferably from 0.5 to
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apparatus may be installed in the reaction vessel to
mai ntain a constant reaction tenperature. In

addi tion, although varying according to the types of
conmpounds 20 used and reaction tenperature, the

reacti on pressure may be decreased pressure, nornal
pressu or ,applied. ssur . aeti ' :
20% oo hpSea AP kB ES U Ba g MR 6 P BRatple organic
of from20 to 1 x 106 Pa. There are ,no, part. a
metal bkt Piefe 28 i trogiauafe, ey PRORHEA: Hefipdé ogtoate, or
the case of a continuous nethod), and is %enerallg% ,
aminekrsuchGso03-diszalioyeleli2: 2 2]qstansa téethylanegianyng Lrigetylamine are
hours and nore 25 preferably fromO0.1 to 30 hours. A
suitabfeforluge! theaorgaeicusethl icatalysts suek astdikutyblin ditaurate, agous

the catalyst is used at fromO0.01 to 30% by wei ght and

octoalt) & REARLYs beeEObSingPafiicldaly preferbigt , Thessedoropouhds may
wei ght of carbamic acid ester. For exanple, organic

be usgg ttaa?d &£ 3 A Bk TncreAPpas ofliHiib\onipduridis! gy decuseideas ausixture.

até or stannous”octoate, or am nes such as

a5 BBUR R by kA s o

_ “for use, the organic netal
conveouBal A S U8 Bhhet ot Hbfe (hEkfieisamers)
hexars (REMAING, REoEH), PRBRBSd BN SoRae b gl guging i¥mers),

m xture. A solvent can also be used in the present.
nonaeartioduding isomess)e despne Sneiuding ISamess) ¢id 935 , FemRtG
i ncl ude al kanes such as pentane (including isoners),
hydrdtexsors 4md alkytisnbstitstedearejmaticdydaoearbpns istigh ag benzene, toluene,
i somers), octane (including isonmers), 10 nonane
xylengl (Hudihg E‘sdn?é?@ﬁ reibhyl biéerzane, diisopiroplyl anenapélnsb.ldmg ispmers),
I'i'ke; aromatic hydrocarbons and al kyl -substituted

dibutg;qagﬁgh%i(%ﬁ{]ogﬁgrmSﬁ WlphBsalees B tre like Inittleecompounds such

g isoners), ethyl benzene, diisopropyl

as ac%?ﬂ'ﬁﬁ@%it%ﬂl‘bhﬂﬁiie% the RRE! atfdl Qithybungd@igtituted with a

soners), naphthalene or the like; nitrile

oGBS i B AEEANE I OB oAb i isomers)

ogen

L L e T e R

(i ncluding isoners), ch|oronaphthale

bromonepbiiaise lteakenzene; DIFRARAAIRNG Pbitiediken BPGEClS

the like; polycyclic .
hydrocarbon compounds such as diphenyl, substituted diphenyl, diphenyl methane,
terphenyl, anthracene, dibenzyl toluene (including isomers) or the like; aliphatic
hydrocarbons such as cyclohexane, cyclopentane, cyclooctane, ethylcyclohexane or
the like; alicyclic alcohols such as cyclohexanol, cyclopentanol, cyclooctanol or the
like; ketones such as methyl ethyl ketone, acetophenone or the like;. esters such as
dibutyl phthalate, dihexyl phthalate, dioctyl phthalate, benzylbutyl phthalate or the
like; ethers and thioethers such as tetrahydrofuran, 1,4-dioxane,

1,2-dimethoxyethane, diphenyl ether, diphenylsulfide or the like; ketone compounds

such as acetone, methyl ethyl ketone or the like; ester compounds such as ethyl
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hydr ocar bon conpounds such as di phenyl, substituted

di phenyl, di phenyl nethane, terphenyl, anthracene,

di benzyl toluene (including isoners) or the Ilike;

al i phatic 20 hydrocarbons such as cycl ohexane,

cycl opent ane, cycl ooctane, ethylcycl ohexane or the
acetald, byl Behsyatei or thé GiRBOAS SUKdKIASs SeH abainstylsulfoxide,

cycl opentanol, cyclooctanol or the |ike; ketones such

i ket ; hie8;
cona g RS f bk Sy BINE B4 okt compe

iR U VAR Iyl st
I e B T e

acetone, nethyl ethyl ketone or the Eike; est er ; .
Ahpegh the thesmahdesdmppsition seastionof taemresent eraedimgnt is a
the |ike; and sul foxides such as dinethyl sul foxi de,
reactidn plyewlyich tihé orirdspanding ésddyrpatetaibther hydrpxy sofpeund are
procedures becone conplex during separation and
formetidcam ¢y cafbanhie drydliestey asprpuionsly ddseribedy tined thermal
deconposition reaction of carbam c acid ester is

decorﬁAFsésﬁéﬁbéafct%rié iRt qUilibrivinh Readtionsi Mhua, Fpbrdento efficiently obtain
‘Al 't hough the thermal deconposition reaction of the

isocy@iAeGH thi€ Wﬂ%%ohﬁ)&itidn%‘ébﬁéﬁ! it pHBierBpleNS remove at least

correspon g I socyanate and the hydroxy conpound are
. . : I
one of HEBAAER 118 GRPA ool Hachin R R A ne
. equi libriumreaction. Thus, in.order to effici .
isocySiteics the YRR RasRRaRRah T, he Bl el eattion
reaction, it is preferable to renove t{%eqa% 10.?ﬂe.
systegx intthe ferre afiaigasspus w&mn%\eﬁapsws&)wgz? pith g Sistiation.
~in the formof the isocyanate or the hydroxy conpound
Which obthe isecyanatewir hydtaypesnpownd isdamaved cas/ke aémitrariyhe
formof a gaseous conponent using a nmethod such as

deteriirssd htedrdiong to thiéicompafuridseusiesio c fan example, ly deroggrison may be
compound is renoved can be arbitrarily determ ned

maded§fthE ditaitidra HoilmgsontLafdhe sy an&e and tgphgdroay compound,
conmpari son may be 15 made of the standard boiling

and tbg%i(iﬂﬁﬁuo%dt%iﬂ @@1@%? QteHfArd BeiliRY BWmee HedeRfbved as a

e compound having the | ower Standard boiling
gase&?& ngg'gxe,q@ renoved as a gaseous conponent.

The thermal decomposition reaction is preferably carried out by a continuous
method. The continuous method refers to a method in which the carbamic acid
ester is continuously supplied to a reaction vessel where it is subjected to the thermal
decomposition reaction, at least one of the isocyanate or hydroxy compound formed
is removed from the reaction vessel in the form of a gaseous component, and a
portion or all of a solution containing the carbamic acid ester and / or compound
having thetive proton is removed from the bottom of the reaction vessel.

In the case thermal decomposition reaction is carried out on the carbamic acid

ester using the continuous method, the carbamic acid ester is preferably is supplied
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The thermal deconposition reaction is preferably
carried out by a continuous nethod. The continuous
nmethod refers to a nethod in which the carbam c acid
20 ester is continuously supplied to a reaction vessel
where it is subjected to the thermal deconposition

ot e&eac{?iurﬁ\ges[s% g'aes i e r. g Feact N S S usse, |
to th Qﬁzﬁ; ’ [wb f@ tF\%Hﬁél c%&?cn'g)ﬁ@%iﬁ&‘??é&?cﬂ%h IQEQ@EVOM in the
form ok miuce W 19 GHOODIG AR CRE VRN ¢ TR Pagie FElLPgf is more

and / or conmpound having thetive péotonl | S rermvted ction
preferblyrsupipiied do therregctioneessalwhene thedseimal BEomRGFINQIEa
thermal deconposition reaction is carried out on th
is carted Baninthedorm of atreixtursiwith theccarbapicrasidigeriativegand
carbam c acid ester is preferably is supplied 79 to )
compbilifd h&#dPkItAB acase protoher Fhereatdmanyicades impbigh thercarbamic
reaction’is carried out in the formof a mxture with
acid s} (Y 81 & Rihfh) Sehperahines (ioFep@no B C)acinigenera, the
i's nore preferably supplied to the reaction vessel

react%\'{}g %?#p?ﬁg?%b‘j{( mi]dg‘ﬁ‘? ﬂ{g’?iéré B%rﬁﬁ@%hb@%udpﬁyiﬁ@mé ashetants to

a mx e wmth the ¢arbonic acid

der.i ti the 5 i i
e e B o TR Y e
contimeéégégib;_tﬁg Sﬁglagwgzﬁc%) {eﬁ%lr tc% gi%féﬁ:&@ﬁ gl?zggél% this thermal

preferably liquids in_the case of continuously. .

decomppgitiphirgaction aswellanifousdtherg are MEEY| 55§43 ¥%\'°h thigcarbamic
carbam c acid ester is preferably a |iquid when

acid estat isnsuppliey ts tippreadtignivesselintsadtate atheingheld tq g tepperature
reaction vessel in this thermal 10 deconposition

equal RAG higRedthanathe mdlting poimaf eheacarbaamg acukester ffonpxample,
the carbamc acid ester is supplied to the reaction

1 50°égs sbwkler ifthalarndmizaidid eBRirés heldauridersechttemperature
éGual to or higher than the nelting point of the

condﬁi??rg? ?gllr %ééﬁ'hgdc Beﬁ&g Bf tithkCthi& ?‘rﬁdglﬁbﬁd to ¥RP Btcurtinvsyef sidé feactions

acid estef Is d under such tenperature

as prenustydrsies. fhoBFRREL 480ehe ) e (A IR ipotincle

o vieptsard 1he pirserk fupripd “GPxpraeghdBunt Bt dheh fhe
oo U hely SR 088 BB B R o acve

protc:nrj ir?‘u;:c;rlevg'eferably, a mixture with the carbonic acid derivative and the

compound having the active proton, there is less likelihood of the above-mentioned
side reactions occurring even in the case of being held under temperature conditions
as described above for a long period of time.  Although the mechanism by which
these compounds having the active proton inhibit side reactions is unclear, the
inventors of the present.invention presumed that, for example, in a reaction that
forms a urea bond as represented by the above-mentioned formula (2), as a result of
a urethane bond (-NHCQO-) of the carbamic acid ester and the hydroxy compound

forming the hydrogen bond, since the urethane bonds are formed in a state in which
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proton, or nore preferably, a mxture with the
carbonic acid derivative and the conpound having the
active proton, there is less |ikelihood of the
above-nenti oned 20 side reactions occurring even in
the case of being held under tenperature conditions

it is diffieutidscihehetb aporeach@ach dibery itpe dificliltfior thereeactibniresigting in
the nechani sm by which these conpounds havi ng t he

the foARhlione oPURIzMPonddicdbdeupl de reactions is unclear, the
I nventors of the present invention presuned that for

aq@ti6n élﬂcﬁcﬁﬁﬁﬁhh thavngthé%"c'tﬁe rb’t‘bﬁ%s@@gﬁ tRE present

represen’te ove nti1 oned orrru , as a

resul.t. of r ;
embofffinetle Sl RGN BFHe D R amic Beid @ﬁﬁﬁs‘ﬂ caffic acid
since the ure S ar ar.ned
ester 55@5§t%19pﬂeaﬁ? Hip regstipp vesse) \V*P?f@dﬁ?qg%ﬁm%'rﬁe%"{QPOS't“’q‘
approach each other, it is difficult for the rea
reactipadsicamieg out in thefaray ofa hemogengeus sahigs of @%E@ﬁ%ﬁm'F@C'd
addi tion, since conpounds having the active proton
ester asddhé cotrpeupddwaying theralivernrator Mherely seswtng in aisimpler
with respect to carbamc acid esters, carbamc acid 5
procedsteer can be supplied to the reaction vessel where the
thermal deconposition reaction is carried out in the

{PIHE dscathROrRBaRROHEIdSRerib %pﬁfed tetheaiedation vessal where the
ester and the conpound having the active proton,

therm&aﬂ@é@&% 69%511%9%@%3%3%&@ b&fin tﬁégéﬁﬁ F 8- mixfurk RAtE e

car amc acl ester 1s supple to the reaction

carneb255H Qﬁﬂéﬂé’séﬁx%éﬂﬂé IR o

amougEot (e Garaeerind Brdnaiibe ee ﬁp"t@@" ?rﬁ%%%%éhﬁﬁ%ﬁ Wine
havi ng the active proton used e supplied, t fb
reactipaasFeHMIBS S1m Ph AT OF fi%t Cal acid gater r’i’ée carbonic acid

carbami c acid ester, the carbonic aci d derivative and
derivative auhtheicempavine baving the @ictive prafoBnor aporigRpitheospound

t he conpound 15 having the active proton used may be
havingdtedictiee phetonesediray besidedi to the veadton véssel ovadvange,

addi ng the remai nder to the reaction vessel in the

followeRf 5y a8dipg tHe emiaiider to fid Readibnaegsknnwhe fareof saidmaixture.

be used for the reaction vessel and |lines

Although any known material may be used for the reaction vessel and lines
used to carry out the thermal decomposition reaction provided it does not have a
detrimental effect on the carbamic acid ester or products in the form of the hydroxy
compound and isocyanate, SUS304, SUS316, SUS316L or the like can be used
preferably since they are inexpensive. There are no particular limitations on the
type of reaction vessel, and a known tank reactor or a column reactor can be used.
A reaction vessel is preferably used that is provided with lines for removing a low
boiling point mixture containing at least one of the isocyanate and the hydroxy

compound formed in the thermal decomposition reaction from the reaction vessel in

the form of a gaseous component, and for removing all or a portion of a mixed liquid
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used to carry out the thermal deconposition reaction
provided it does not have a detrinental effect on the
carbanmic acid ester or products in the formof the
hydroxy 20 conpound and i socyanate, SUS304, SUS316,
SUS316L or the like can be used preferably since they

cota B SSERE Y amEL 85 16, AR RGNSl (A P form o
g 5o L 35 by B S g O b

for renoving a low boili n% poi nt. m xture contiai ni %
Varioust knavers metinedsare used f05pah 2 agtien vResely exapples:of wnich
conpound formed in the thermal deconposition reaction |
includbrigpes beingaeattiomvessedetontaininga stioing tanka agaultisiage stirmng
conponent, and for renoving all or a portion of a
tank, SidiftflatioqebRimSh pofistidgs distilatioracdlening ambaltitubular reéactor, a
ester and conpounds not renoved in the form of

contirﬂﬁ%@%&lli%ﬁ%%%ﬂl‘éﬁoﬁ Ierkiea patkedtailimin) @ thirefilin evaporator, a
vessel I n e I

ormof a liquid. Various known nethods

react&ﬁpg%iggtv{ljg{eg %E@Ecﬁrg in G851 4 RitcYs %ﬁél{.llatiéﬁ pERLEE ol frm

reaction vessels containing a
stirri tank, a nmultjst BLL
evapQiply » FRING AT f(AReraioreA PR IgH s bFERucBIe column. and
a multitubul ar reactor, .a_  continugus, multi st
typesdising FPRbiratiops thergol.a Methads Lt%’l‘%ﬁ?ﬁ thip f"ﬁﬁ' Rvgipprgtor or the
evaporator, a reactor provided with a_supgort_ i nsSi oga o
columnaraeaetor are prefenabimfroanteofewnoink pf rapidly irempeving low bailing

evaporator, a falling drop evaporator, a trickle flow

point coapiomenty framithé beactin syatemaadtruciyrehayiigg large gas-liquid
conbi nations thereof. Methods using the thin film

contaRY BRI BiRg mPeferdisle 16r beihgrabie to mmidly tramsterthe faw bolliag point
fromthe viewpoint of rapidly renoving | ow boiling

compRkRts féﬂﬁ@@@@‘ﬂﬁég&&@éﬂ:é Peageaction system a structure
having a large gas-liquid contact area being

R e Bl e g it

acid él'%gr'rﬁej Ay ?Eﬁ%gg\sr@g%:ggs@qg g@ﬁgbxer’?{ &Ht%ﬁﬁdr’]‘ééttlgggt Arie6f the

est er,

) renovi ng a gaseous conponent cqnt gj ning at :
isocyanaie and s BydiRaY SOIRPUR IO AR S NE R SR BT IRSFHpp reaction
the thermal deconposition reaction, and a,line f

and a bneferTgmavingimixes iqrid RDEAIMNG SORMAIES Ot ﬁ%moysﬁ%"v&? form

in the form ,
of gaseous components, unreacted carbamic acid ester and the compound having an

active proton, and.a line for removing gaseous components containing at least one of
the isocyanate and the hydroxy compound is preferably at a location that allows
gaseous components in the reaction vessel to be removed, and the line for removing
a mixed liquid containing compounds not removed in the form of gaseous
components, unreacted carbamic acid ester and the compound having the active
proton 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, or a line may be
' 82
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of gaseous conponents, unreacted carbanm c acid ester
and t he conpound having an active proton, and.a |ine
for renoving gaseous conponents containing at | east
one of 20 the isocyanate and the hydroxy conpound is
preferably at a |ocation that allows gaseous

attacHeRI P FEdHcRIldtihgt A1For £ pbiticroftas seiked diqbiel coriaingty urredcted
the line for renoving a mxed |liquid containing

carbaffiE BRI ER e Sha/bE ﬂ%vé‘%nbﬂuﬁ@ ﬁaftiﬂg'fhéfacﬂ@é PRBESN to the reaction
conp e

onents, unreact carbamc acid ester and the
o r g _ . L el o
vessel PBlHhd) 2650 bifiefid ¥Fuphistie ey Be BAbY ke in
for supplying iner s and / or liquid inert solvent
cons@grgﬁpppgc?/qg(gﬂ;ga@%hqg ‘of the reaction vessel may be
separately attached, or a |ine rmry be 82 atta%geg f or
Theiiseqyanatagbiainedin the RPduRIONRIopRss A SegciilerpRove can be
contai ning unreacted carbam c acid ester and/or the .
preferablyposediab ayiroguction taw maternialef pelyusethasefear: paints, adhesives
vessel . Warm ng, cooling or heating equi pment may be
or thedikded Sincetrid ptocessiemabtasnisodyarsite dm befefiidieniy prpdaured without
the like. 5 The isocyanate obtained in the production

using RHAERTSy aSxi€ pRESHEIRS tRE Praset invemtionnsireiuatislly usenesy
a production raw nmaterial of polyurethane foam

_ Sigﬂifl%%h ts, adhesives or the like. Since this process

enabl es i socyanate to be efficiently produced w thout
- using extrenely toxic phosgene, the present invention
is industrially extrenely significant. 10 EXAMPLES

baugh the foll ow ng provides a detail ed explanation
EXA@IIE{ESe present invention based on exanples thereof,
the scope of the present inventjon is not

[mted hy .
Piborahdha frllowang providespetailad explapaiion o 1*&19 RigpSentinvention
Anal ysi s Apparatus: JNM A400 FT-NWVR system  JE

based apaxamples thereof, the scope of the present invention is nc%imLitte%' by these
examples.

<Analytical Methods>
1)  NMR Analysis

Apparatus: JNM-A400 FT-NMR system, JEOL Ltd., Japan
(1) Preparation of 'H and ®C-NMR Analysis Samples

About 0.3 g of sample solution were weighed followed by the addition of about
0.7 g of heavy chloroform (99.8%, Aldrich Corp., USA) and about 0.05 g of internal
standard in the form of tetramethyl tin (guaranteed reagent, Wako Pure Chemical
Industries, Ltd., Japan) and mixing to uniformity to obtain solutions used as NMR
analysis samples.
(2) Quantitative Analysis

Analyses were performed on each standard and quanti'tative analyses were

performed on the analysis sample solutions based on the resulting calibration curve.
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(1) Preparation of 1H and 13C NMR Anal ysis Sanpl es
About 0.3 g of sanple solution were wei ghed foll owed
by the addition of about 20 0.7 g of heavy chloroform
(99.8% Al drich Corp., USA) and about 0.05 g of
internal standard in the formof tetramethyl tin

2) '&gﬁﬁeﬁ'gf’gg%fbgﬁg‘% Wako Pure Chem cal [Industries,

xing to uniformty to obtain

sol utions u as NWVR .anal ysi a . (2)
QQBWﬁ“t'%iﬁ-iersgﬁaﬁyﬁ g, %"ﬂ%’y@%@’"@%ﬁperformd on
each standard and quantitative anal )@es n@[‘e ed in
GohrondilicaROranurnalgsansCemmYaPa, FWP (oM ENTS CRNeH
the resulting calibration curve. 83 2) Liquid

seriesChr omat ogr aphy Apparatus: LC 10AT system Shi nmadzu
Corp., Japan Colum: Silica-60 colum, Tosoh Corp.,
Dapaivpirig\Soiventy Miged ﬁqlmdcufmxaneitemnmowrmmlag) V)

solvent: M xed |liquid of hexane/tetrahydrofuran

682 HoW\ral: 2 mekwpnt flow rate: 2 ni/nin Col um
tenperature: 35C Detector: RI. (refractoneter) (1)

?F%ﬂé%bg@b@rﬁe y Anal ysis Sanples 10 About 0.1 ¢

wer e Wweil ghed foll owed by the addition of
Ehtaied &) bR 7 0 Lt Y oy
(1) (e SvoBatoaanenARab@RSSPRS crem cal | ndust ri es.
* ok DG of Semp e were tiaac {RURMPD DR AT & gbout 1 g of

sanmples. 15 (2) Quantitative Anal lsi s Anal isesé?\/\%gsand about

tetrahyeirbforane (Hehydeatet, ¥akodRure Ghemigahindustiiasy bidn

were performed on the anal ysis sanple solutions based
0.02 glofirterriat staridang irctdel formtdf dnispheneoeA (guaranteed reagent, Wako
Pure Chemical Industries, Ltd., Japan) and mixing to uniformity to obtain solutions
used as liquid chromatography analysis samples.
(2) Quantitative Analysis
Analyses were performed on each standard and quantitative analyses were
performed on the analysis sample solutions based on the resulting calibration curve.
3) Gas Chrdmatography
Apparatus: GC-2010, Shimadzu Corp., Japan
Column: DB-1 column, Agilent Technologies Corp., USA, length: 30 m, inner
diameter: 0.250 mm, fiim thickness: 1.00 um
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
' 84
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3) Gas Chronmat ogr aphy Apparatus: GC-2010, Shimadzu
Corp., Japan 20 Colum: DB-1 colum., Agil ent
Technol ogi es Corp., USA, length: 30 m inner
di aneter: 0.250 mm filmthickness: 1.00 m Col um
tenperature Hel d at 50C for 5 mnutes foll owed by

ggﬁ@eﬁ 1a§arhp ?r’%{ ﬁe%ugﬁ%ﬁ&ké‘d b9 1RO Editidel ¢ a¥out 1 g of

m nu y I ncreasi ng at the rate

ol 54 AR R e A, g o2
of integiig) AndwEUndRe g Ay THURR SRt oer 1y "Jﬁn"?,o‘?hg‘q%

I ndustries, Ltd., Japan) and about 0.02 |nternal
Industriesn btitd: dJanart)mf\ctr@rmgnto wifQranly te&%@&ﬁ&?@lﬁms\}&?@ 38,08
Chem cal Industries, Ltd., Japan) and m xing to
chromatbgmphiytgnajysiﬂlsamiplesm utions used as gas 5
chr omat ogr aphy anal ysis sanples. (2) Quantitative
(2) ManigtieMdlysies were performed on each standard and
quantltatlve anal yses were perfornmed on the analysis

?@E\i}}s%s% L FSRASEE 086N Eihdaes Bhiliqu@ntitdtiverartalyses were
cur ference Exanple 1 : Production of

BT PR o et e

tin oxi de ( Sankyo Organl c Chenmicals Co., Ltd. Japan)
and 2020 g (22.7 nmol) of 3-nethyl-1-but anol (Kuraray

Refoisaise E5taginte | A chme of Pk etV LEpulalean 15 ¢

evaporator (R-1 44, Shibata_Co. Japan) to which
e Slonr{bdt oy oscHn ob B (GRREsY ks uda. Cor .

Japan) equi pped with a tenperature controller,

WSuI (2. 7 poot) of di-6dutyl dinvexide @ankym@eggmg%emq@g&nn Ltd.,

controller (VC10S, kano Seisakusho Co., Ltd.). The
Japaﬁ}lélﬁtﬂimab\ge(zam hretl) off 3-hietisylel-bptana (Kumy Conrdd; dapan) were
placed in a 5000 mL volumetric 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) equipped with a temperature_ controller, a vacuum
pump (G-50A, Ulvac Inc., Japan) and a vacuum controller (VC-10S, Okano
Seisakusho Co., Ltd.). The purge valve outlet of this evaporator was connei:ted'to a
line containing nitrogen gas flowing at normal pressure.  After closing the purge
valve of the evaporator to reduce pressure inside the system, the purge valve was
opened gradually to allow nitrogen to flow into the system and return to normal
pressure. The oil bath temperature was set to about 145°C, the flask was immersed
in fhe oil bath and rotation of the evaporator was started.  After heating for about 40
minutes in the preséncé 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, pressure inside the
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i ne containing nitrogen gas flaw ng at nor nal
pressure. After closing the purge 20 valve of the .
evaporator to reduce pressure inside the system the
purge valve was opened gradually to allow nitrogen to
flowinto the systemand return to normal pressure.

systr-zn:Pr Fzgasibllacﬁﬂlﬂm @ kcwas Sﬁﬁéthtym ahesholhdasdistited with the

was | in the oil bath and rotati on of

ressﬁjileeing'é%%éas@%fen}ﬁ?gzﬁttg%% a N Adr tR83ddiEn iy ioﬁaé’l“épﬁééred

ence O at nospheri c pressur

e 58501 5 e BB T T

cont ai ni ng water began. ter mai n i nin th

of roogt tanepergture (Ratles th@ Hastwagdakan gt Eea'ig%%tg the purge valve
pressure inside the 85 systemwas gradually reduced

was opaded gradualty-ans thel pressuig insise tha syatest wasgetuined t he
pressure inside the systemat 74 to 35 kPa. After the

atmosphesicipressurel onye3 gagfireactish liquit everbabitained in theefiashut Based
of the oil bath. After allowng the flask to cool to

on thé hﬁsdﬁb%fmgs)ﬁ 'Qfandd8e IR analyses; 1( 233-tettdha-tutdsk was
taken out of the oil bath, the purge valve 5 was

1,3-bi mgﬁ%@hﬂbﬁggﬂ&ms@é}%ﬁ%%&s%&aﬁﬁmé&ﬂoq@a@seéyéb@med ata

retur at nospheric pressure. 1173 g of

O
12 el el i o e O P R e vguion

yi el d of 99% based on di-n-butyl tin oxide. The sane
distarla¥@B8ur e was then repeated 10 12 tines to obtain a

total of 10335 of

1, T, 3ep{i-8): R.foﬁugmwptEIS@weébﬂbHM)rQaWE%xy)

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

Bis(Gamatitythytil) tatborae hasgiredu@diGa sentiyhdust propiuction

carbonate was produced in a continuous production

appaHRRa B8 sHBWASN FIGWN, | M 13 G-Tetra-n-butyl-1,3-bis(3-methyloutyloxy)
1,1,3,3-Tetra-n-butyl -1, 3-bi s(3- rrethyl but yl oxy) 15

dlstamééﬂﬁrﬁéaﬂée@frpﬁeﬁgnhé\‘ AR ADoVERsES bsslisaltBe rate of
was supplied at the rate of 4388 g / hr from

s A 810 AP B To 50 ey 2B
w2 SIS APt O8 550 b an v

| -1-
diameter %%1 mmb.':alﬁwt gf?elctﬁflérieggt% 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 contro| valve. The residence time in the reaction vessel was about 17
minutes. 3-Methyl-1 -buta.nol ‘containing water at the rate of 15037 g / hr from the top
of the reaction vessel via a transfer line 6, and 3-methyl-1-butanol at the rate of 825 g
/ hr via feed line 1, were pumped to distillation column 101 packed with Metal Gauze

CY Packing and provided with a reboiler 111 and a condenser 121 to carry out
' 86
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with a distillation colum 101 was supplied at the
rate of 14953 g / hr froma transfer 20 line 2. The
liquid tenperature inside reaction vessel 102 was
controlled to 160C by a heater and a reboiler 112,
and the pressure was adjusted to about 120 kPa-G with

st Bt B 5 oTAEer S350 o el {taring

-butanol contajning water at .the rate 7
high coPGAREAoN Bwalst WHkCadRnsat Y e Sef 121 28 elterl from a
line 6, and 3-nmethyl-1 -butanol at the rate of i\fZS % .
recovery finend. vPurifiedd-methyl-1-buind Wampwared tacolymp-fyRepaction
colum 101 packed with Metal Gauze CY Packing and
vessebn 02 ivitetiamsfeh line Rdbaatedrin 1ha battam:of chstiatioe collmn 1. An
carry out 86 distillative purification. In the top of ]
alkyl #H alkbkidatdepalysotomposifidn centairing idon-mdyithis(@-methylbutylgxy) tin
concentration of water was condensed by condenser 121
_RtvSIRAALr - RitWoky)dis@nnBuand ivag obtained from
and 1@%&%&%—‘?-%‘5‘%@%2?%3%%% owcol um-type reaction

the b%tf&ﬁ I%lf tclgaﬁ.ﬁ'%ﬁ(-gt)a:hé f:eg&ﬁéﬁ "\ff%lfié]el A%‘ %}?ﬁaél%ﬁé@ ) BQh?Pﬁ_ilggéDaporator

S . al kyl' tin al koxi
103 (§3b8I0f Bt SRERHS O GRLL B A g bprepre . The
o e bt dvtoma s i R B S BB RHAP H e tumea o

col um-type reaction vessel 102, and s ljed tq a
columrhtypef ieagtien ¥gsselt1dR quwqmﬁeil?%c%ff%ﬁ%@{ ﬂ%? i transfer
Ltd., Japan) via a transfer line 5. The 3-nethyl-1
line 4- b TirenaikyMiasalkoxside catalystdomppsitiomwes InweRath P& the britem of
and returned to 10 colum-type reaction vessel 102 via
thin fitm Gvagenser 102%ia a ttansfesflies 7 and s@ppiied torametiaciave H4 while
4. The al kyl tin al koxi de catal yst conposition was

adjus%Hgﬁﬁé flowWoraté Bfﬂdbﬁibhgmmé 3-hbihylbutyloxgMirpandtiot, 3 Botra-n-
Vi an

a transfer line supplied to an autocl ave 104

butynlgf‘i?ﬂ'_a.'r?f%a,%ﬁ%f_#@!dé{igpirc{@ﬁﬁagwok?ﬁ@tcpébout 5130 g/hr. Carbon dioxide

utyloxy) tin and

vas T idpalhl S s LMy g
prestg o408 tof S PESHATEER SNBEES L i phe i
i oo e S e Lo ol Feved S EAEE! 84151 rours,

time was adjusted to about 4 hours,. and a reacti an
and b esausion heteeearthe sathaxdigsiderand the alkryin alkexide caial et
com;oa;it?clarz/ i/tas carried out to obtain a reaction liquid containing bis{3-methylibutyl)
carbonate. This reaction liquid was transferred to a decarbonization tank 105 via a
transfer line 10 and a control valve to remove residual carbon dioxide, and the
carbon dioxide was recovered from a transfer line 11.  Subsequently, the reaction
liquid was transferred to a thin film evaporator {(Kobelco Eco—Squtiqns Co., Lid,,
Japan) 106 set to about 142°C and about 0.5 kPa via a transfer line 12 and supplied
while adjusting the flow rate of 1,1,3,3-tetra-n-butyl-1 ,3-bis(3-methylbutyloxy)

distannoxane to about 4388 g/ hr to obtain a fraction containing bis(3-methyibutyl)
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conposition was carried out to obtain a reaction
l'iquid containing bis(3-nethylbutyl) 20 carbonate.
This reaction liquid was transferred to a
decar boni zation tank 105 via a transfer line 10 and a
control valve to renove residual carbon dioxide, and

carbohat®. &R i othePhbAE, theevaporatiiretésiduanvas tireulafezt td | ne
11. Subsequent |y, the reaction I|iquid was transferred

ool fyPe FBAcic BB PO kPR 53 et Snfeirars i

set to about 142C and about 0.5 kPa

adjustilripthe' W F%f :cgf o1|f } 3% {4 PRDANPP RIS 32me Y B ity BY V distdihoxane
to aboyit S8R LEme 15 BTN cetang B PPl Ettenate vas

cont ai ni ng bi s(3-net Ibuty 87 car onat 01 t he

supplieditera wghlgatlmwlwaﬂ RIS r\@%h Mgta §U%€f Jupaiking apd
colum-type reaction vessel 102 via transfer |ine 13

equipped withaa séteiler 12 amdwehcordenseir 127 vig atgendensey 128 angf
1,1,3,3-tetra-n-butyl -1, 3-bi s(3-net hyl but yl oxy) _

transféi Ft@nacit ane rate@f A% / BdkBowed Yy distilhkaivermatification to obtain 899
cont ai ni ng bi s(3-nethyl butyl) carbonate was 5 supplied

wi% H& 3%%@1&&&%&;‘%@% HBM & Pdchrsty Afe Wistdt ths rale ¢BBuzeg / hr.

packi'ng and equipped with a reboiler 117 and a
v RT Akpds oGRS 0ror a7 Hhoea
"snff 'a%ﬁ“j%ﬁi\ﬂ BV D f?f*‘ﬁcﬁ%%? r{rﬁfe%f’:t 5t 044 g
11 e S it el Lo SR8 AR e

119Sn, 1H and 13C-NMR anal ysis, it % nd to
di-n- by(t_))ﬁtmsp(@-methylbuty!oxy) tin.  After carrying out the above-menhoned

1,1,3,3-tetra-n-butyl -1, 3-bi s(3- net hyl but yl oxy)
conhmimaxsaop&mhm foruabayd 246 dhauss,ralkyl tin alkoxnde catalyst composition was

di - n-butyl - bi s(3-net hyl butyl oxy) tin. After carrying
extractet fidre anboitmctiontineriédat thematenofol® gd herwiniieon f or
about 240 hours, alkyl tin al koxide catal yst

1,1,3 QUERSHIUE- VD 3Imaﬁzmu>ﬂom distaprbxaes patiucedactbrding to
at the rate of 1 while 15

the a%l \i? ér&e‘é?tv&a?s %Ce rom 2 f‘éba(lr'ﬁe”?ﬁ Qb’tlh@fhté 18 g .

nnoxane pr according to the above process
was supplied froma feed line 17 at the rate of 18 ¢
/' hr. Reference Exanple 2 : Production of D butyl

Refeg@kg%ple% ®Broduictidh o Brlbtﬁyf:éa%%n%e Dral kyl Tin

- Step (II-1): Production of Dialkyt Tin Catalyst
692 g (2.78 mol) of di-n-butyl tin oxide and 2000 g (27 mol) of 1-butanol (Wako
Pure Chemical Industries, Ltd., Japan) were placed in a 3000 mL volumetric
pear-shaped flask. The flask containing the white, slurry-like mixture was attached
to an evaporator to which was connected an oil bath equipped with a temperature
controlier, a vacuum pump and a vacuum controller. The purge valve outlet of this

evaporator was connected to a line containing nitrogen gas flowing at normal

pressure. After closing the purge valve of the evaporator and reducing pressure
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20 692 g (2.78 nmol) of di-n-butyl tin oxide and 2000 g
(27 nol) of 1-butanol (Wako Pure Chem cal Industries,
Ltd., Japan) were placed in a 3000 nL volunetric
pear - shaped flask. The flask containing the white,
slurry-like mxture was attached to an evaporator to

inside}'@iﬁ%&%@ﬁrt@g%g%r Ewal bp@ﬁétﬁ‘ n‘gqg allbivhiffogen to flow into

Ier a vacu m pu a vacuum

controlJer. The pu val ve

the SY@WB@%J["@FW\WAQ g HEBEQ@&“f% gﬂll'+ ﬁ@ b%gh tééhénr%grﬁl\'\{arsos%tnto
gas flow ng at nornal [essur, fte I03| n

aboutpwqj@ {he faskowas ramarsee int ghe‘A i %0 P@@?ﬁ"é‘mfam’
88 inside the system the purge val ve was ed

was staréethal Aert rotaﬂngoaxsmngr@yéﬁemg fasabiont 80 r@'ﬁetes%ttr@&ma'
and return to normal pressure. The oil bath

pressURSAthahe perg@salyetof the eabpenatdraéfCopenethel mbturgdeniled and
imersed in the oil bath and rotation of the

dlstnl@tY&PSF ReQbw BEIEhEht E6mpAhear begdrat i After maintaining iaris state
heating for about 30 m nutes at normal 5 pressure with

for 8 %gugrtsg'ﬁfteg@ Rq%e\)c’?‘?\é%’g'atsgfoé’ééﬁ%ﬁ&é ingidé trpsysteinheas gradually

til'lation of the | ow boiling

reducpred, dﬁ%ﬁﬁggﬁﬁy t?@ﬁﬁ@ goﬁ\ft S pERiht ?«h@d@nbﬂ dfith HeétpRessure

val've was ¢ pressur e
inside g'wl gy%térr\']\%sﬁ rﬁ@%tj ﬂw{,%%awdlﬁtg ﬂH§ ‘f)ggtt ?:pﬂw ‘?'%hg tlﬁ'longer
e g

flask was taken out of the oil bath. The reai:‘I ﬁ?‘l
of a diéapiiquicasThe flasiewasrswbsaguantly takenqub of the aihbahy, thgpurge
was subsequently taken out of the oil bath, the purge

valvewghy epened apadueallycaratiine pressure insideghe sysiesn wasirgliIrpgg to
systemwas returned to nornmal pressure. 952 g of

normB?BFés)sQl‘b | i gBg 9 ofReactibh digniewere obteiridddaithe Basled Based on the
results of 119Sn, 1H and 73C-NMR anal yses, a

resulF qgs% R 40 nzcgﬁlw?fanég(ses a product in the form of

'tetra- (n-butyl oxy) di stannoxane

1,1,38%et2h 3 ‘hgt%gl-%bgl o3 ist&iioBRBaBomind B Yleld of 99%

_ ure was then repeated

vasey A gadunf i e te?'S%f*& éedfhiy pen et tpges o
1 Di

obtaiacs ST AA B bavbader b bR bpoA S g fane.

appar atus as
- Step (iI-2): Production of Dibutyl Carbonate

Carbonic acid ester was produced in a continuous production apparatus as
shown in FIG. 1. 1,1,3,3-Tetra—n-butyl—1,3- di(n-butyloxy) distannoxane produced in
step (11-1) was supplied at the rate of 4201 g / hr from transfer line 4 into a
column-type reaction vessel packed with Mellapak 75QY packing (Sulzer Chemtech
Ltd., Switzerland) and having an inner diameter of 151 mm and effective length of
5040 mm, and 1-butanol puriﬁe_d with distillation column 101 was supplied to
column-type reaction vessel 102 at the rate of 24717 g/ hr from feed line2. The

liquid temperature inside the reaction vessel was controlled to 160°C by a heater and
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20 showmn in FIG 1. 1, 1,3,3-Tetra-n-butyl-1, 3-

di (n-butyl oxy) distannoxane produced in step (11-1)
was supplied at the rate of 4201 g / hr fromtransfer
line 4 into a colum-type reaction vessel packed with
Mel | apak 750Y packing (Sul zer Chentech Ltd.

vl A Pnefingiied ?dlag&?ﬂ‘lgfﬁ%wé%%gﬁaﬁ“ﬁ’%f* prassure
contr el crimarpsieradmel eeegrtb ety RS SR fFfinRes.
1-Butangicoatainiegreater Bbieis of SHZL Bt i e 195 G fgreaftséé%f’“

heater and 89 reboiler 112, and the pressure wa

vessehdjaltsaresfer lineaBoand 23nitamel-attos f&feﬁf&?éﬁbh'é\”acf@ﬁ@r"ﬁﬁ 1, were

val ve. The residence tine in the reaction vessel was
pumpal ey distflatiom tblesnn 101 Patked Withdvietal Gangev@Y eackingt(Bulzer
rate of 24715 g / hr fromthe top of the reaction

Chem‘(?&? Bld, VS@ltiéﬁ’é]‘f‘d)%nd praRided wittdrédboilent dhahdaondeaserat 2t to
0 / hr via feed line 1, were 5 punped to

carry ﬂh?éishliékb)gfﬁhrﬁféaﬂgﬁel% ts%i drétiiBtidf ealunruoe, £itaction

, Switzerl and) and

corsa8 1 EphEe AR e VBB RRfgBa dfner 121 e
oo g kG4 ER T, i e SOl

and recovered fromtransferﬂﬁ ne. 3. i fied

located thgrkattamef gighialipn pelu erAN @hé’v N AKX, cAFsh

the bottom of distillation colum 101. An alkyl tin
compakkioxi chatainirg gist-butyblip sntpwexiderdd ni ng di - n- but
tin di-n-butoxide and

1,1, 3 B-fet-3-biglvig3-di(pebutyloky Bdidtgnmobang me@asygbtaineddrere tas dottom of
was obtained fromthe bottom of colum-type reaction

coluny retRon ¥edssIUnd, iapd supplibd o thih filre eappoestor 103 gobelco
(Kobel co Eco-Solutions Co., Ltd., Japan) via a

' & iMes. dimeiel 1-bathrel ivatdistilled off
Eco- %ﬁﬁﬂaﬂgﬁﬁ el\[/}gpdlragt FVI%O%Hgﬁg@rgf?ﬁrned to col um- typej

in thlg‘ﬁﬁﬁ v?aﬁgyagérs% 204 r {Lﬁ‘qﬁ&%‘ﬁgﬁﬁﬁ{- k%%ea&ﬁ&%é@ée!'ﬂmewa

| ne al koxi de cat al yst
conposition ot
condG OB L RBR B 4R phchidSamnet
comp e s B i ol Ba0fotiod U8 vansterine
di but oxi de and
7 and supplied to autoclave 104 while adjusting the flow rate of the active
components in the form of dibutyl tin dibutoxide and
1,1,3,3-tetra-n-butyl-1,3-di(butyloxy) distannoxane to about 4812 g/ hr. Carbon
dioxide was supplied to the autoclave by feed 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 containing dibutyi carbonate.

This reaction liquid was transferred to decarbonization tank 105 via transfer line 10
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20 1,1, 3,3-tetra-n-butyl -1, 3-di (butyl oxy) di stannoxane
to about 4812 g / hr. Carbon dioxide was supplied to
the autoclave by feed line 9 at the rate of 973 g /
hr, and the pressure inside the autoclave was
mai ntai ned at 4 MPa-G The tenperature inside the

and aaivhfol aalge W@ semele residdaCarboe dicxéde) eamckthel caebovadioxide was
adjusted to about 4 hours, and a reaction between the

recoveRIPOmdiAhsréleimndh t hsuBddadentiithalrkastisieliqad atasspurdped to

conposition was carried out to obtain a reaction

i i 608 PRSI 1o sl 149007 an
sl 65 e 30 o e K3 o BBV of e
RRC T AT ERILER ] ] —

106 (Kobel co Eco-Solutions Co., Ltd., Japan) set to

fractioruomtaining diboityl carbpnate. vOa the pilkerdiand, dee gyapergtion residue
supplied while adjusting the flowrate of the 5

was circtlaBedta evlummtypatreactigrivelsseh168twa tapsfediioe d3randinansfer
to about 4201 g / hr to obtain a fraction containing

line 4a¥Hlet adjustindotieac rébe dfliel Bihmtrdaidity it 1) B-difnalputy iy pn
residue was circulated to colum-type reaction vessel

distankkatb o bba84201 bi/Me, 1¥hamdctibArRsheiiningidisutyl ¢dtbbRate was
adjusting the flow rate of

oSBT ko Ml G S
CrenfSPRE. SylBin) EERLBA Gl EbIE] 20 e o7 v
SEY M- A8 ST T TN S AT e

14 at the rate of 830 g / hr followed by distillative
purifigationitp ebtainrBS wi'estibuty casbapatedrasn rorovary b oatithg fate of 814
recovery line 15 at the rate of 814 g / hr. Wien the
g / hral WHert the alkydin alkoxide aptalyst compasitiaroef toansferling &3 was
line 13 was 15 anal yzed by 119Sn, 1H and 13C NMR
analyaedbysi%8n, i'H ams CoNMR tnalysist diwas found to contain
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane

1,1,3 Ruetraoi-beg/M1ad-ai(ALouty IBiY Ydisfanfoxahe BubHOLXAr&IN dMri-Butyl tin
carryi ng out the above-nmenti oned conti nuous oper ation

dim-ﬁlﬂéxidé.boﬂﬁeﬁegrrﬁﬂgtbrﬁg éﬁgﬁévé-mn@ibheﬂid&ﬁtiﬁ@?@ Mﬁﬁrg]tig{w for

conposition was™ e rom extraction I ne

abouﬁéqq 58{;’%[, g%ﬁﬂ W&_ iﬁ@ly)&? %%mga't;i)t/ipla YRS extracted from extraction

line 16 at the rate of 16 g/ hr, while 1,1,3,3-tetra-n-butyl-1,3-di(n-butyloxy)
distannoxane produced in step (lI-1) was supplied from feed line 17 at the rate of 16

g/hr.

Example 1
- Step (1-1): Production of N,N'-hexanediyl-bis-carbamic Acid
Bis(3-methylbutyl) Ester

2121 g (10.5 mol) of bis{3-methylbutyl) carbonate and 243.6 g (2.1 mol) of
91



10

15

20

25

20 di stannoxane produced in step (I1-1) was supplied

fromfeed line 17 at the rate of 16 g¢g/hr. Exanple 1

Step (1-1): Production of '

N, N - hexanedi yl - bi s-carbam cAcid 25

Bi s(3-net hyl butyl) Ester 2121 g (10.5 nol) of
hexaniBthyi@nedidmirizitaltnicte EomnBISA )avetei8ced i 4 3. Llvolumetiod

91 hexanet hyl ene diam ne (Al drich Corp., USA) were

four-nRILRS sk M 8tifPet-wH€ IHERI ih&he RAYK -dFtth Difketblkcordlenser and a
stirrer was placed in the flask, and a Dinroth

th ree-?f[%ggl%ﬂ?i\'@vte?é‘ Qttéchéd“foetﬁé}’f%\éky alay r Y%lﬁtt:iﬁgttﬁé ffGad Bf tHetsystem

er replacing e I nsi system wth
. it the f - th f S 1 ' '
with rfdE RO SR N R PR ARG Q2 Wb
Corp.(JRpATReRISTb o SoTtulaIBe berki o 2 & P ERRUR imethoide
Ltd., Japan) to start the reaction. Sanples of the
(28% meshanarsalytin. ¥Valka Bues Chamical dndystdesd-tdn Japan) stag the
to NMR analysis, and the reaction was term nated at
reactiome Samplathehthearaotiornljquwdsverdisaitably callecied anshgabjected to

detected. As a result of analyzing the resulting

NMR a0blykispandthé Peddtipuni wias termiirdtedrat iy tintehehen hekametiwdane
found to contain 29.9% by wei ght of

diamihe WashfRngar vbtdted Candanbsulasf Enaliytidgtré hydditing sdlution by
ester. The solution was supplied to a colum which

i RO 1y 89750 s oL e delgegsidgnes
,.adjusted, b Vi Ng: i 0 C Wi
NN R R ARt S8 TE iy nB08) SR e stitont e
sodium 15 net hoxi de had been neutralized. Ste
suppIBE-toya Ceid WhIa 4 RO PP AHC BSHTBNE AT R chRpoe
_ solution obtained in step (1-1) was pl ac%e@ inalb L
resin (Aynbaryst- 15 (spheres)eBehppend Wass G014 alsiaghhY Jame¥ingmoisture
condenser, a distillate collector and a thernoneter, .
and wanmietHe 657€i with ah external jasketnds obtgin acedutidn in winich de godium
in a vacuum 20 The flask was inmersed in an oil bath
methdddé bddibeemmutrali2@d. Distill ation was
- Step (1-2): Distillation of Low Boiling Point Component
The solution obtained in step (1-1) was placed in a 5 L volumetric flask
equipped with a three-way valve, a condenser, a distiliate collector and a
thermometer, and the inside of the flask was replaced with nitrogen in a vacuum.
The flask was immersed in an oil bath heated to about 130°C. Distillation was
carried out while gradually reducing the pressure in the flask to a final pressure of
0.02 kPa. 1640 g of distillate were obtained. As a resuilt of analyzing by gas
chromatography, the distillate was found to be a solution containing 77.6% by weight

of bis(3-methylbutyl) carbonate and 22.2% by weight of 3-methyl-1-butanol. In

addition, as a result of analyzing the distillation residue obtained in the flask by liquid

chromatography, the distillation residue was found to contain 93.9% by weight of
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carried out while gradually reducing the pressure in

-the flask to a final pressure of 0.02 kPa. 1640 g of
distillate were obtained. As a result of analyzing by
gas chromat ography, the distillate was found to be a
solution containing 77.6% by wei ght of

. bis(3-nmethyl bytyl.) ca e 2% by ' 0
N.N-hEaRRHy DY e 2o o6 BRI Py ibn i Eeltor When the
~ analyzing the distil|ation residue obtained.n.the .
distillaticagrsigyie wag ARy 284 Bwa@agaha?m?fjoqrﬁeh!a i:ﬁ%? Sﬁt‘g?ﬁ‘%res'due was
resi due was found to contain 93.9% by wei ght. of 92
found ko Kbntainx hisédHnyethpibsty cearbanete ala Morgeo PRI vi )
ester. In addition, when the distillation residue was
N, N'-texahgdgtibly cgasanicravihbis(3-apsthylbuhd) esteti | | ation
residue was found to contain bis(3-nmethylbutyl)
cat lpast 3¢t Praduetien of Hekamethylefd Diisocyanate by Thermal
N, N - hexanedi yl - bi s- carbanm c acid bis(3-nethyl butyl)

Decorgplbgﬁion f Nsﬂﬁgﬁﬁﬁeﬂiyl—ﬂl?ﬁ-%ﬁ%rhi%m&é Hl?(Bﬂ'P@W)HlﬁﬂPEster

oCyanat'e erm Deconposition o

2o p SRR P TR Shemitel iny BBy 120 2R, dapem) an
o6.1 B! bl i e aRaLiR vt Bl el udte, L.
Japaniareiadacte heslsiialoh 4 Hin OPRIGER D teba)-2)do shiain

a 10 honogeneous solution. Wen this was analyzed b
homogenects solationr ap¥iien thirewas analyzed tyv-gas efematag aihe

bi s(3-nethyl butyl) carbonate at a stoichionetric ratio
solutioh w3 fo0Aa to cobtadn bis(3-enathyiphydhearbbnate aftresigighiometric ratio of

deconposition reaction was then carried out wwth a
0.002098Ct KL te phérsolas shown in FIG 2 using this

solution. 15 thin filmdistillation apparatus 202

fhSPAEEISO4itibh PEKCtiER wad-tkn ca;rﬁédrmt wittva reaction

eat-conducting surface area of 0.2 n2 was heated to

appaé%@%ﬁ%ﬁ?%nﬁ F18 ?g@uwsgethiié‘%lﬂ ohe thin film

'on ‘appar was set to about 1.3 kPa. The
t . d i h ' i
e T R
navingra BBekEOTLISIGO SUBBCRAroA O Py YHER o 720 C. ol the

extracted froma line 23 provided in the botto f
pressune inside the thin film distillation gpparatus was set to about &?(Pa. The

solution prepared in the manner described above was placed in a feed tank 201 and
supplied to the thin film distillation apparatus via a line 21 at the rate of aboUt 980 g/
hr. A liquid component was extracted from a line 23 provided in the bottom of thin
film distillation apparatus 202 and returned to feed tank 201 via aline 24. A
gaseous component consisting of hexamethylene diisocyanate, 3-methyl-1-butanocl
and 2 4-di-tert-amylphenol was extracted from line 22 provided in the upper portion of
thin film distillation apparatus 202. This gaseous component was introduced into a
distillation column 203, the 3-methyl-1-butanol was separated, and a portion of the

high boiling point component was returned to feed tank 201 through line 24 via a line
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filmdistillation apparatus 202 and returned to feed
tank 201 via a line 24. A gaseous conponent

consi sting of hexanet hyl ene diisocyanate,

3-nmet hyl -1 -butanol and 2,4-di-tert-anyl phenol was
extracted fromline 22 provided in the upper portion

26 preigiest L fp Heirt RPHisHIAId PEBRAT G oh GRSpos LomBBAGE >
coma AR i A R 2 A e v

returned to feed tank 201 t [ 4 vi.a

hr ough | i ne a llne .

from @@ @7 reveddn HistiRiomneRLEI S5 and inttadcedhinicos gisiiation
203. A gaseous conponent contai ni ng hexanet hyl ene |

columdi 2G% c yEmmhexamethg|enaidiisasyanate,wah spparaied Ine%ﬁ digtiltation
froma line 27 provided in distillation colum 203 and

column2ahdusfest ¢aptyingodt el elagtio for 1heuns, 28@ g dfreesolution were
hexamet hyl ene dii socyanate was separated in this

recovBied frbindd [i98 38, S50 BET RRGIt oMahalyzirey by | H@ndUfCEMIIR analysis,
reaction for 13 hours, 330 g of a solution were

the sc&@ﬁc@Y ﬁfagﬁgﬂ@g@ msn@g byAREigh® oﬁhé{éﬁémy%n@&@mygﬁae.

anal ysi's, "the solution was foun

t ontain 99% b ' : tdayl e s
The gl 3368 o8 iekapiVEhe i Blnel 48 98,80 "R addifion, tnere were no
di am ne was 93, 5% _ 1n dj,tion,, t 7 .
substgEes GReelvon is bpastnered el Aaie e e indfaporstor fplowing
thin fil mevaporator follow.n Q the reaction..There
the ragstienno Theif WREsN@ peBaNSS q'eﬂe%ﬁé "PE*JW ) BP{HBQ ﬁ&"ﬁtc"mpo”em
conponent presuned to have originated from
presutegthtainate origioatez] ifomi danaturating 95 Retrdi-fertEamiyinhensl.
Step (2-1): Production of
N, N - hexanedi yl - bi s-carbam cAcid Bis(3- 15
nmet hyl butyl) Ester The sanme nethod as step (1-1) of

Exa pple 1 was carried out with the exception of using
158 g (10.7 nol) of bis(3-nethylbutyl) carbonate,

225. 4ted (01 rggﬁhodﬁﬂéibnﬁf N RKABREMIPIOSEs Garpamie Acld Bs(B- 9
i um rret e (

of so oxXl 28% met hanol ™ solution) to obtain
Uk | cont ai ni ng 27. 9% by wei ght of 20
methQoRBIHESET

exanedi yl - bi s-carbam c aci d bi s(3-nethyl butyl)

\ ! e%%:ngir%%ﬁga i%ql#stt% R,E,—ér] gfﬁi@cgn{p%é Dwadkskisd &it\ith e
exception of usingl 2158 g (10.7 mol) of bis(3-methylbutyl) carbonate, 2254g(1 .94
mol) of hexamethylene diamine and 3.7 g of sodiuAn"n methoxide (28% methanol
solution) to obtain a solution containing 27.9% by weight of
N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester in the solution.
| - Step (2-2): Distillation of Low Boiling Point Component

1707 g of a distillate were obtained when distillation of the low boiling point
component was carried out in the same manner as step (1-1) of Example 1 using the
solution obtained in step {2-1) instead of the solution obtained in step (1-1).  When

analyzed by gas chromatography, the distillate was found to be a solution containing

80.2% by weight of bis(3-methylbutyl) carbonate and 19.7% by weight of
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1707 g of a distillate were obtained when distillation
.of the low boiling point conponent was carried out in
the sane manner as step (1-1) of Exanple 1 using the
solution obtained in step (2-1) instead of the
solution obtained in step (1-1). Wen 25 anal yzed by

3-me@§fut IL%%'@ Qﬁgl)(‘iont\gﬁelg i1 Hisiiﬁétﬁﬁ’%%’é@éﬁa&%dqﬁ tRe flask

Fning

v e BRI il

esi due obtained in the flask was .gnalyzed ui
98.2% By ovRigligRTbN; he%ﬁ@e@'VkP'ﬁrqaéP?"o"iF adini( fmagh R‘H})ﬁ'ﬁ eﬁf?
contain 98.2% by wei ght of

additishNvhee the distilation eesiduewas anabizeddsgas ahiomategtaphy, the
ester. In addition, when the distillation residue was .

distillatier sestdLieowag aeumm)mtaiyr Bip{8rmetthdbadtylicerbonateiad@ molar ratio
resi due was found to contain bis(3-nethylbutyl)

of 0.(A2 BN A PrerbnédiyRbidtcarBaintc aclfl bis(@iRethyldNityl) ester.
N - hexanedi yl - bi s-carbam ¢ aci d bi s(3-nethyi butyl)

est.egte §t®pPg§dL§rﬁlon%f%éiﬁ I%ﬁe"@iié@:@éﬁmbeﬁﬂ hermal

Di i socyanat’e er nal Deconp05| t| on of N,

oecplgEg gt %%x%ﬂ%&&.?%@%f?‘%hﬁ’% Ao
31 MBS B
st R

to contain bis(3-methylbutyl) carbonate at
Whes this shiutisntwasanalyzed by gasmqmﬁtpgrepl@y dh%PM'PBW@FofOU”d to
A thermal deconposition reaction was then carried out
contaih bis(Bmethgtibety| poarbbbatepatsa ataichiometrionatioiof (F0Q24 B
using this solution. Athin filmdistillation

2, 6-difeyiinenofi02 (Kobel co Eco- Sol utions Co., Ltd., Japan)
havi ng a heat -conducting surface area of 0.2.n2 was

EFst | ﬁa‘i Beggﬂgosﬁlﬁﬁ rbA&tiorPWaS $HEre chftfiiddsutivieh tHel reattibmn

at1on apparatus was set to about 1.3 kPa. The

appa?%ace Og?w%r? @9 ,ﬁ@lg.ﬂ Eﬁgodescrl bed above was

'na supplied to the th|n

i %ﬁt@@%@bﬁ%ﬁ%&? Sith Kebesnbladle 2, L8 e
havu&gIr gwegt-lcblqgucd:i%gpsrl?r}gc%egrebnof C. f m vtvet.as? Weatedt éb0°C and the
pressure inside the thin film distillation apparatus was set to about 1.3 kPa. The
solution prepared in the manner described above was placed in a feed tank 401 and
supplied to the thin film distillation apparatus via a line 41 at the rate of about 980 g /
hr. Aliquid component was extracted from a line 43 provided in the bottom of thin
film distillation apparatus 402 and returned to feed tank 401 via a line 44. A
gaseous component containing hexamethylene diisocyanate, 3-methyl-1-butanol and
2 6-dimethylphenol was extracted from a line 42 provided in the upper portion of thin

film distillation apparatus 402. This gaseous component was introduced into a

distillation column 403, the 3-methyl-1-butanol was separated, and a portion of the
95
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filmdistillation apparatus 402 and returned to feed
tank 401 via a line 44. A gaseous conponent

cont ai ni ng hexamet hyl ene dii socyanat e,

3-nmet hyl - 1- but anol and 2, 6-di net hyl phenol was
extracted froma line 42 provided in the upper portion

o i A G R R e
403, 3-ne -1 -
o ST 5 B T, SR

returned to feed tank 401 through line 44 via a lin

containing hexardethyiene diisosyenae and 2saimatiayipBsneloyan etiased from a
A gaseous conponent containing hexanethylene

line 47iprovidsd imdistibatibrecducinnddhang frdrasiuordsniexa digtitiatipr eeJpmn
a line 47 provided in distillation colum 403 and

404. | Thé o0BLaRAethyipheholivabisebatdted ire this distifatitcolling 404, and the
2, 6-di et hyl phenol was separated in this distillation

2,6—dffﬁ3tf;ﬁ)‘i§héﬁéﬁ wad feddh@redfrEnfi NBE B2l Phregadecusscomsenent &dntaining
ro I ne 52.

A gaseous conponent contai ning

hexa@%%%%iisgﬁﬁﬁﬂégeg\?% %g?é&e%ﬁ: A REELHrdViAE M distifation

! ron colum 404 and i ntroduced

[ i.Sti t]. . .4

cotr ¥ Spdirbeiid €S54 IRed S By DS, TR bR
diisoqyanateswas aeparaied Poydisiabue seRaatioa s ths Ryiagh tafifiuos

304 g of a solution were recovered fromline 57, an
and racovereddiain adinebial yaftercasyingodhine reget T Rngws 804 gofa
the solution was found to contain 99% by wei ght , of
solutibaxeeretregbesreddidns diog &iTated apreregsull of analwinghy H and
hexamet hyl ene diam ne was 93.4% In addition, there

3C-NMIR Gy ¢l hb 3ot g nokasfowed toccdntaindi®ss byl weaighthef
inside 15 of the thin filmevaporator follow ng the

hexag'@ﬁﬁléﬁé‘ didO§/=pale’ T yierbasstion heramettedene didnenk avas
ol I’ ng poi nt” conponent " presuned to have origi nated

934,%{ ZE)P' ?Q&ﬂ?ﬁu{g‘;&é %{t?@r?%éﬁ'sgirﬁ%"s hydseRRIPlo bdsandred 18 tRE inside

oduc

N, N -hexanedi yl - bi.s- car ' o3 (- |
of thefin SR E ROt USeTRARTeaF clfdtsiverd o combBlinds
deteé)tgctd il'\'lM tl'gehlowgoiling point component presumed to have originated from

denaturation of 2,6-dimethylpheno!.

Example 3
- Step (3-1): Production of N,N'-hexanediyl-bis-carbamic Acid Di(n-butyl)
Ester
The same method as step (1-1) of Example 1 was carried out with the
exception of using 1777 g (10.2 mol) of dibutyl carbonate instead of
bis(3-methylbutyl) carbonate, and using 237.0 g (2.04 mol) of hexamethylene
diamine and 19.7 g of sodium methoxide (28% methanol solution) to obtain a solution

containing 31.6% by weight of N,N'-hexanediyl-bis-carbamic acid di(n-butyl) ester.
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exception of using 1777 g (10.2 nol) of dibutyl

. carbonate instead of bis(3-nethylbutyl) carbonate,
and using 237.0 g (2.04 nol) of hexanethyl ene 25
di am ne and 19.7 g of sodi um net hoxi de (28% net hano
solution) to obtain a solution containing 31.6% by

ot ko f52) st Loy BB'Wf;ﬂHf*gbmp%ﬂeﬁh on of Low
RSl ST el i

conponent was carried out in the sane ner

compgnent)wad castiadmd in the sﬂ@etrﬁ@nn%ro%?‘ie&r{qaﬂt& EXenR ﬁ Pusing the
step (3-1) instead of the solution obtained in st P

soluti¢ri objainathenstBpdBel)justdad pf fes seltionebianed ity stepid-1).  When
distillate was found to be a sol ution contai ning

analyZéd B%d@s oMeb@atograpy, be vistilatsoeas feurxhtd 24 agrution containing
wei ght of n-butanol. In addition, when the

78.0"/9b Mélgﬁtt%ﬂfibutgﬁbé’r%nﬁf@ ahdngd.dop bSrhﬁal hesin-patanol.  in addition,

chromat ography, the distillation

when rl\ﬁé\rdﬁjsﬁmai’*@ﬁ réﬁ#ﬂ% ob%lr%tgﬁ%ﬁ f%@k%\/é@éinéﬂgt&ﬂ‘ bs/ Hhuid

exanedn y am c acid di uty ester.

crvorflgicin B @f%'?%wm%a‘*&%a&%%%d'?ﬂg% Br5voint o
NSRS L 210 § a?wwm%'&t%ﬁzm%@a%?wheamswatwn

acid di(n-butyl) ester Step (3-3 roduct |
residue yasanajyzasbyoas §bmﬁtpsf43hw§hﬁ ﬁ@rlf &ﬁi&’g’? ‘%"'f‘%f?“”d to
of N, N -hexanediyl -bi s-carbam cAcid Di(n

contalrbditeity cgrindnate 4t 8-melamsatin/ PhBoRSIto (mNdheéﬁnﬁeﬂsylpbls-cafbamlc
USA) and 63.6 g of dibutyl tin dilaurate were added

acid d;(h.bt]t_yndegtérl | ation residue obtained in step (3-2) to
obtain a honbgeneous solution. Wien this was anal yzed

by O86p3LIFredlicivnbf HéamethlyldnedDiisuryahaterisy Tiermal
contain dibutyl carbonate at a stoichionetric ratio of

Deco\aﬁe&gmoﬁ 8 N ﬁméahéb bly AR AcilBi(§-bY JI?EQ@IT ution

re recovere rom |ne 57 by carryl ng 20 out the

SR B HrBlSipierf Sl YR, LAty oo gyt
RS LI . K e
homt;rgheene)gu%l s%ll?t?osn?d \Rlﬂelq ?ﬁ(lgnv?s}shznaﬁyzed by gas chromatography, the
solution was found to contain dibutyl carbonate at a stoichiometric ratio of 0.0011 to
2,4,6-trimethylphenol. 314 g of a solution were recovered from line 57 by carrying
out the same method as step (2-3) of Example 2 using the solution.  As a result of
analyzing the solution by 'H and BC-NMR analysis, the solution was found to contain
99% by weight of hexamethylene diisocyanate. The yield based on hexamethylene
diamine was 91.8%. In addition, there were no substances obse'rved to be adhered
to the inside of the thin film evaporatbr following the reaction. There were no

compounds detected in the low bailing point component presumed to have originated

from denaturation of 2,4,6-trimethylphenol ._
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diamne was 91.8% In addition, there were no
subst ances observed to be adhered to the inside of
the thin filmevaporator follow ng the reaction. There
were no 25 compounds detected in the | ow boiling point
conmponent presunmed to have originated from
denaturation of 2,4,6-trinethyl phenol. 97 Exanple 4
Step (4-1): Production of N, N -hexanediyl-bis-carbanic
Bi s(3-nmet hyl butyl) Ester 5 The sane net hod as
Exam?fé@ (1-1) of Exanple 1 was carried out with the

exc¢
bi sﬁéf?@ '131 b@“ﬁﬁ"%g’?é‘oﬂa'éée’ga’%fyys e%'ﬁ’afb'c Ay of
he e diam ne and 40.5 g of sodi um net hoxi de
B'“%@%&é’%&’aﬁ solution), and not carrying out
neutralization treatnent wi.th ap ion excha ag’ |Hto
dhehamamashned pssteRii-Al Af RyaPRlehas GRETS %rﬂt the
N, N - hexanedi yl -bi s-carbanm c acid 10
excepion(FF-usinch925110y(17.Oonobof bisBepethyibely!) carbonatea24dr3 8(2.10
Low Boi |l i ng Poi nt Conponent 1765 g of a distillate
mo!) ofdiexanidthyiead didmimet dred 46ufeg oEsbdidmamettiosqdd (282 nuéthanol
Exanple 1 was carried out using the solution obtained
solutlblﬁ‘) %hﬁﬁ'ldt%ailr}mg“@ﬁtmu@lzéﬂ'@'l tregaimdntasittoah drmerchange resin to

step (1-1 When anal yzed by gas chromat ography, the
| } id
o s 8 i s sy o

ght of 3-nethyl-1-butanol. In addition,
bls(S-\ﬁﬁetﬁy@)ﬁézl)V%%tg ‘illation residue obtained in the fl ask
al d.by..Li gui g chr t ogr.a e
di St PP 4N Df%@, ofLEVETRIS EEPR SRS, 606 by
: ht of N - hexaned;j yI b| s-carbam c aci
|7§33; ol ﬁwlﬂaﬁwree%htame Iwhap he $3Re w@ﬁgﬁ%estge (1-2) of

distillation residue was anal yzed by gas
Exampie drwasearsisnout usingdthersalytian @btarr‘@ﬁ lalﬁéeli\‘wﬁ%1 ) stgrd ebthe

contain bis(3-nethylbutyl) carbonate at a nolar ratio
solutioh obt£lnéd irostel, (1-1)he ¥sihenl apalyized byaydsachromatdgraphy, the

bi s(3-methyl butyl) ester. Step (4-3): Production of
distill slexeae sl it d h isstpanaintaibingTTEevEby weight of bis(3-methylbutyl)
carbonate and 20.8% by weight of 3-methyl-1-butanol. In addition, when the
distillation residue obtained in the flask was analyzed by liquid chromatography, the
distillation residue was found to contain 93.6% by weight of
N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester. In addition, when the
distilation residue was analyzed by gas chromatography, the distillation residue was
found to contain bis(3-methylbutyl) carbonate at a molar ratio of 0.015 to
N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester.

- Step (4-3): Production of Hexamethylene Diisocyanate by Thermal

Decorﬁposition of N,N'-hexanediyl-bis-carbamic Acid Bis(3-methylbutyl) Ester

2544 g of 2,4-di-tert-amyiphenol and 66.0 g of dibutyl tin dilaurate were added

to the distillation residue obtained in step (4-2) to obtain a homogeneous solution.
98



10

15

20

25

Deconposi tion of N, N -hexanediyl-bis-carbamc Acid
- Bis(3-nethyl butyl) Ester 25 2544 g of
2,4-di-tert-anyl phenol and 66.0 g of dibutyl tin
dilaurate were added to the distillation residue
obtained in step (4-2) to obtain a honbgeneous

lution, ' . .
Whenilﬁk'%’f‘ﬂ%% 35?‘5{%%9,\%?4%’5 %ﬁﬂ}%&r@@ﬁg%g %ﬁg}ﬁtogle\g%sn {oaLfnr? to c;ontam
s R el SRR OB

sol ution were recovered fromline 32 by carryi ng out
2,4-ditfag-arayiphendlet hod as step (1-3) of Exanple 1 with the
exception of using the solution and using. a reaction
Bil g affa $dlutionmere fecevered dlom tine 3341, carndng put the same
solution by 1H and 13C NWR analysis, the solution was
methdPHe etepo(1c8)boRERarfph bwithehgexceptiornekasiag tiye enltion and using
di i socyanate. The yield based on hexanet hyl ene di am ne
tirf8 35%7 Hduraddiakizprasult e apakelre) the sollitidreipy &4 and
0

served to be adhered to the inside 10 of the thin

C-NMIR BBV R BEldilh A RIS o 0 o T onent

resunmed to have, ori-gj ' af .
nexarBef N A oAy Rt e N A TR s R Ridrpaginine was
- Production of N, N -hexanedjyl -bis-carbam.c [ el
88.5%; o (RO DETS MeraL0p SLDSRECES AESABEHI Hhadidied 1 thg inside

of Exanple 1 was carried out with _the exception of d
of thatimtineesapeyator folpwipg)the reatiqns.- r?&t%?mﬁ? 0 compounas

carbonate, 225.4.9g (1.94 nol) of hexanethyl ene
deteatiedhini the lawcbdilin@pginbtospanent piesumedde Havgograinaigadom

20 solution) to obtain a solution containing 25.7% by
denalt®agbri ob 4-di-irf-draylphedoly| - bi s- car bani ¢ aci d

bi s(3-nmethyl butyl) ester. Step (5-2): Distillation

of Low Boiling Point Conponent 1775 g of a distillate

wer e obtai ned when the same nethod as step (1-2) of

le 1 was carried out using the solution obtained
Exanﬁﬁég?ep (5-1) instead of the

- Step (5-1): Production of N,N'-hexanediyl-bis-carbamic Acid

area

Bis(3-methylbutyl) Ester

The same method as step (1-1) of Example 1 was carried out with the
exception of using 2355 g (11.6 mol) of bis(3-methyibutyl) carbonate, 22549(1.94
mol) of hexamethylene diamine and 11.2 g of sodium methoxide (28% methanol
solution) to obtain a solution containing 25.7% by weight of
N, N'-hexanediyi-bis-carbamic acid bis(3-methylbutyl) ester.

- Step (5-2): Distillation of Low Boiling Point Component

1775 g of a distillate were obtained when the same method as step (1-2) of
Example 1 was carried out using the solution obtained in step (5-1) instead of the
solution obtained in step (1-1). When analyzed by gas chromatography, the

distillate was found to be a solution containing 81.0% by weight of bis(3-methylbutyl)
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25 solution obtained in step (1-1). Wen anal yzed by
gas. chromat ography, the distillate was found to be a
sol uti on containing 81. 0% by wei ght of

bi s(3-nmethyl butyl) 99 carbonate and 18. 9% by wei ght
of 3-methyl-1 -butanol. The distillation residue

carvofs it ts Poblin ] TR Sl st o5
'\i}\{qg ,qhstt‘ﬂﬁg an qlaug Qﬁfqﬂ %%g\ tbﬁ&ﬁ?% ézga%WaPﬁed Wit £6506¢ r?' hexane

chromat o the white 5. so I
(dehydated; Wiakadiug ntcnﬁmnaunmgu@ﬁehlowﬁ an i oY Ribh G out

bi s(3-methyl butyl) ester. In addition, when t ?h hit
white solid.d Wierathis whidel sblid yas anglyzesdby iguigieh romﬁt@egéagbé e white

no residual bis(3-nethylbutyl) detected in the white
solid wab félind & esntair 99.8%Ppp deightaf NyN'-hexamasiiylybisgarbamic acid

Di i socyanate by Thermal Deconposition of

bis(3 E\ ¥|B§ neslby | -1Ri SR Wie: tAsivhifd sqIRH was apblyaed by gas
2018 g of 2,4- di-tert- anyl phenol and 54.4 g

chron?%tpg%%/g}etﬁ% gyéé ﬁ@%é&\?&l‘ﬁé(@-ﬁéﬁ@ﬂautw? deftedin e white solid.

I'n ste to obtaih a honpbgeneous

sol u% 31 é%bgﬂ(?&%%toﬁf‘c{flw&aﬂ?etﬁgﬁﬂe@l Qﬁat@ﬁwﬂh@mﬂai

exception torlngthe

sol utj on r . 150 ho in f ~
Decomqu NDsxenagvale Bﬁ%u% BB R BRI B £
a solution fromline 32. As
D618 @ of Sk drfemhamyiphrgoha R artapud nfiRtialf yits pdded
was found to contain 99% by wei ht of hexarret&}j.ene
to thalwhite splid abtainathin step! (5-23at§éd>t@ﬁ a RRIRAARDEHSARYULION.
di am ne was 86.2% In addition, there were no
StHiséane asethobsey steg (1 8)nd Ea@mpled was cagigdaitadtipthe
the thin filmevaporator follow ng the reaction.

exceptiG Bf ¥RFiRgtREREIMGH foet 5O hedrs in fobd tamk2Bbheateyl tod30TC
conmponent presunmed to 20 have originated from

folio\gfd‘ o] z‘%é%r@‘flgﬁ’ﬁ hdtrito tsdver DBE RS bolutibe Pk €32, As a

uctl on of N, N -hexanediyl - bi s-carbam c

" TR A BediSsalliedh was found
res“'??t %')‘B'S%'P‘Egg ‘Jfaé“'tiﬁmgg %%ﬁd g Rl N the
to contain 99% by weight of hexamethylene dilsocyanate. The yield based on
hexamethylene diamine was 86.2%. In addition, there were no substances
observed to be adhered to the inside of the thin film evaporator following the reaction.

There were compounds detected in the low boiling point component presumed to

have originated from denaturation of 2,4-di-tert-amyiphenol.

Example 6
- Step (6-1): Production of N, N'-hexanediyl-bis-carbamic Acid Di(n-butyl)
Ester
The same method as step (1-1) of Example 1 was carried out with the

exception of using 1829.5 g (10.5 mol) of dibuty! carbonate instead of
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exception of using 1829,5 g (10.5 nol) of dibutyl
carbonate instead of 100 bi s(3-nethyl butyl) carbonate,
and using 244.0 g (2.10 nol) of hexanethyl ene diam ne
and 40.5 g of sodi um net hoxi de (28% net hanol sol ution)
to obtain a solution containing 34.1% by wei ght of

o e BESHISa BRR L 4 ot s
diaming BRI S salrioaiu reetapxite 2B Methal il SpfitbR) BESotIFE solution

carried out using the solution obtained.in %t£ 66-6)
containing 84d % bywaightsefl NN -hrexenedivhBi§-Garbamis,agiq @O" Wy pster.
anal yzed by gas chromatography, the distillate was
f ourStep ¢642): Bistitdation ohLowBailing Rgint Lompasentei ght of
di butyl carbonate and 25.0% by wei ght of n-butanol.

has8ddbfta arstillatespershsbtdinetl when trensameindetbodtesastap d1-4) of
in the flask was anal yzed by |iquid chronmatography,

Exam%‘f@1 %%béﬂrigaldm UsT] Hessonatfor! Gbtathed in step (611 ifdBeakdof the
y wel ght o

N, N - hexanedi yl - bi s-carbam ¢ acid

il OB k f@rqy. | hl itSgraph@fthen

sounf A oG5/ 1) nfdil B et derdayicbhy

. .distillation residye. was f [ j [

cistilgigem IRl B RsPlicR Rl A G £ 96 Pl Wefll dr iy carbonate

and 2%@“&%&2@3&@ Ig}/ln-qki):;ts 3{ F’rgéndﬁqigﬁé\gg%ég%ﬁ%ﬁﬁéﬁonerc‘etsﬁw obtained
Dii socyanate by Thermal Deconpositjon of N, . :

in theNflagkewas @nalyzediby.lisicheiomategiaphy( thegdistliatiopgegidus s found
g of 2,4-di-tert-anyl phenol and 66.0 g of dibutyl tin

to conliairafB #%6 byeveighidufdd, N' hexanediyi-gistaarbamisacid slidautyl) ester.  In
obtained in step (6-2) to obtain a honbgeneous

addit®l Whedthe didtiflation fesidee watsi amalywsdbby gas vbraratogoaphy, the
line 32 by carrying out the same 20 nethod as Step

distinéﬂ?ﬁ}egau@wbané t¥bhtairh gibetys eptorateat usholgr tétio of 0.020 to
solution and using a reaction tinme of 17 hours. Asa

NN-DEZ it Rarh eac BB 8HePY comtai n 999% by

! el PRI e DT o b
R e R S

rffs% é;%? Q,ZIgieilr‘e?'t-gg;thne%ofgrqB %Lénéj gsy of dibutyl tin dilaurate were added
to the distillation residue obtained in step (6-2) to obtain a homogeneous solution.

324 g of a solution were recovered from line 32 by carrying out the same
method as Step (1-3) of Example 1 with the exception of using the solution and using
a reaction time of 17 hours. As a result of analyzing the solution by ‘H and
13C-NMR analysis, the solution was found to contain 99% by weight of
hexamethylene diisocyanate. The yield based on hexamethylene diamine was
92.0%. In addition, there were no substances observed to be adhered to the inside

of the thin film evaporator following the reaction. There were no compounds

detected in the low boiling point component presumed to have originated from
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detected in the | ow boiling point conponent presuned
to have originated from 101 denaturation of
2,4-di-tert-anyl phenol. Exanple 7 Step (7-1):
Producti on of N, N -hexanediyl -bi s-carbam cAcid

D (n-butyl) 5 Ester The sanme nmethod as step (1-1) of

Ex I arried t wwth the exception of using
denatlil@%gﬁd)%éﬁ%?%ﬁpyﬁﬁﬂ jutyl carbonate instead of

bi s(3-nmet hyl butyl) carbonate, and using 255.5 g (2.20

nol ) of hexanet hyl ene diam ne and 42.4 g of sodium

nmet hoxi de (28% net hanol solution) to obtain a solution
Examp@ €ont ai ning 34.1 % by wei ght of

N, N - hexanedi yl - bi s-carbam c acid di(n-butyl) ester.

St e[StéF{2)1): Picaictibmof diNeihexanedidibis-agromsiigicid Di(n-butyl)

Conponent 1524 g of a distillate were obtai ned when
Estert he sane nethod as step (1-2) of Exanple 1 was

carried out using the solution obtained in step (7-1)

AgLERtk ﬂ{)e;ﬁ&? as fep t1-90 oPBkampRS1 WasséAed bul withWhen

anal'yzed gas chromat ography, the 15 distillate was
f Ly Wt 13 b D) o fght of
sxcepip s 3T SR O A S g bt et ol
oo ddi t i when the disti t | ' | _
i 17 o Lo AR ) 5 84 20 T En gt
diaming anel 46 ot SeRUMTBRANRBISE (2555 hetapsl sEBiteE) fo SBtahta solution
di (n-butyl) ester. In addition when the dj Scait!‘l Eati on
contairdad Bdel %y weighty ebN, Nshaxasediv-bireFGREIR ACId iin-bityl) ester.
distillation residue was found to contain dibutyl
car-b@ept(Z-2it Distittation of howdBaeifing Poss Ganponent
N, N - hexanedi yl - bi s-carbam c acid di (n-butyl) ester.

St52r ¢ 6f 3)distilatswetd obtairfedwhanthédpameaneihiosioas stept(d-2) of
by Thermal Deconposition of

- ' ' bastiornebhimdd i stepy71) Fisstead of the
Exang!g%rl‘l gsﬁﬁggﬁgﬁ?tﬂﬁq%utyl phenol Iand 68.$xg gf

st Ykt L pBA e s enfdogapty e
st B SARAIREISE R e ARl 74 94 L BB camonte
and 25.1% by weight of 1-butanol.  In addition, when the distillation residue obtained
in the flask was analyzed by liquid chromatography, the distillation residue was found
to contain 93.1% by weight of N,N'-hexanediyl-bis-carbamic acid di(n-butyl) ester. In
addition, when the distillation residue was analyzed by gas chromatography, the
distillation residue was found to contain dibutyl carbonate at a m‘olar ratio of 0.032 to
N,N'-hexanediyl-bis-carbamic acid di(n-butyi) ester.
- Step (7-3): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(n-butyl) Ester

2331 g of 2,4-di-tert-butylphenol and 68.7 g of dibutyl tin dilaurate were added
to the distillation residue obtained in step (7-2) to obtain a homogeneous solution.

336 g of a solution were recovered from line 32 by carrying out the same
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102 method as Step (1-3) of Exanple 1 with the
--exception of using the solution and using a reaction
time of 18 hours. Asa result of analyzing the solution
by 'Hand 13C-NMR analysis, the solution was found to
contain 99% by wei ght of hexanethyl ene diisocyanate.
methddas \Bted (1 -BaetExamplet avitt thy ®@eptionwf nsingabeSobdicePand using
There were no substances observed to be adhered to the

a reattit GiRedf 18Nfour8] NAsTd FdBLR\GIRPER/AHg fHel Soidtoby Me and
reaction. In addition, there were no conpounds
13C-N?lgé %%‘éag}iéér F@% Egltu'ggw Wiy #o'uﬁ@ t8 %H{e{irﬁ g%ﬁf Weightstumed

hav from “denatura
el Sk I el D BafamB o e ves

Di net hyl Ester The sane nethod as ste - of . .
90.9%: afFhele werRR0 supsirages absehved to e a@a&%@éi‘? ﬁ%ﬁ pesidaseiige thin
. 1241 (13.8 nmol ) of dinethyl carbonate (Al drich
film ezapgratonighgwingribe saactsm. bilp(egiditism {heratwerg R ceRaRdSs
and using 290.5 g (2.50 nol) of 15 hexanet hyl ene
detectikchin the lawddiihdglpainbéompdnent prestimedde Hep@oeriginateddrom
solution) to obtain a solution containing 37.2% by
denateatitii ob? 4NiNerftrpRahyll - bi s-carbami ¢ acid di net hyl
ester. Step (8-2): Distillation of Low Boiling Point
Conmponent 949 g of a distillate were obtained when the
same nmethod as step (1-2) of 20 Exanple 1 was carried
Exan#ﬁé@g the solution obtained in step (8-1) instead of
e solution obtained in step (1-1). Wen anal yzed by

gas, ghr ography. t ISt ] (SR da L:
Lo T Bbh PRl M b ous Bk a8 Difethyl Ester
rbonate apd 16. 6% i ght of thanol. In, .
4156 el BSiRSRr L1y PF EXPBIPIS dSY ek EAgEA agth e
the flask was anal@;lﬁed by liquid chromat ogr aphy, the
exceptiaf of wsing R4 @IS Mok dmethy! serbenate (AidriehdeprpoWSA)
wei ght of N, N -hexanediyl -bis-carban c acid dinethyl
instead pebis(3-matbyibuivbrgarkbeate; Bod dising 29A6ip2. 2@ smallef was
anal yzed by gas chronat ography, dinethyl 103
hexamethylene diamine and 24.1 g of sodium methoxide (28% methanol solution) to
obtain a solution containing 37.2% by weight of N,N'-hexanediyi-bis-carbamic acid
dimethyl ester.
- Step (8-2): Distillation of Low Boiling Point Component
949 g of a distillate were obtained when the same method as step (1-2) of
Example 1 was carried using the solution obtained in step (8-1) instead of the
solution obtained in step (1-1). When analyzed by gas chromatography, the
distillate was found to be a solution containing 83.3% by weight of dimethyl carbonate
and 16.6% by weight of methanol. In addition, when the distillation residue obtained

in the flask was analyzed by quuid chromatography, the distillation residue was found

to contain 95.7% by weight of N,N'-hexanediyl-bis-carbamic acid dimethyl ester. In

addition, when the distillation residue was analyzed by gas chromatography, dimethyl
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carbonate was not detected in the distillation

residue. -Step (8-3): Production of Hexanethyl ene
Di i socyanate by Thermal Deconposition of

N, N - hexanedi yl - bi s-carbam c Acid D nethyl Ester 1692
g of 2,4,6-trinethylphenol and 78.5 g of dibutyl tin
di | aurate re, added to ..5.. LStillation residue
carbop@iewaao% ‘ﬁg@f:‘%ﬂpgﬁﬁ)ﬁstt@ggé{f g?sﬁagé'hormgeneous
solution in which the dinmethyl capbonate t
2 rbten (5-31' RrogkEtom B Hesameiviens Bisrevanats Y THkEa"
384 g of a solution were recovered fromline 57 by
Decoroposifion@f dUN'-bexanedi-bissarkamighagd BIMeTIVBFESIRT Exanpl e
2 with the exception of using the solution and using
1892 o' F 4 jeeminiathylpbéndidartbris 6. g sbdipuiv fioidilagrate were added to
anal yzing the solution by 1H and 13C-NWR anal ysis, the
the diﬁfmdﬂibh%smé JoraiREd i st B2 NtoXainya heimgigenebus solution in
exanet hyl ene dii socyanate. The yield based on

whichgﬁézc{@%gé)sl %ggosogir@gg&? Wfad o AiarTags of 600 wothe

o be adhered to the inside of the

hin i vaporator followi ng the reaction. In
2'4'6%6'%{”3’5)#3 Q‘rffere were no conpounds 15 detected in the

| ow boj | i ng.poi nt conmponent. pr
3B Fke SEKPONSradRIP U Bt IR o7 by EartfiiG out the same
2,4,6-trinmet hyl phenol . agple 9 Ste 9-1): . .
methar 8l Giep 65 3B Rxarmie 2B HE, PaBpuot & itz solption and using
D nethyl Ester 20 The sanme nethod as step (1-1),,of
a realiamiiine of \alsowrsr r Asca trRERULGfEanaly7ng &&%‘aﬁﬁ‘%bﬁf Handg
1355 g (15.0 nol) of dinethyl carbonate instead of
13C-NMR (Ghallgis) thé sbldtipnorad fmaddp condain S9%g by 9eighipf( 2. 50
nol ) of hexanet hyl ene diamne and 24.1 g of sodium

hexafRRAHASHE Biid RS harisd yiewl baseahdn hexammethyiene s@mineovas
cont’ai ni ng 34. 7% by wei ght of

, byl Bisha ' ol ltodlsé eriside6f the thi
91.4(%{( gtl)'hgge‘g)ﬁf‘é’gﬁ suBbfan%é%%bﬁve@lbdoéjaaﬁér@ﬂ to si e thin

stillation of Low Boiling Point
film gvaﬁggé;ﬁgfo#é%ﬁéﬂwaegesa?tégﬁ?tllﬂléé’dcgﬁoﬂ}ﬁggrééxhg%p il‘itg @i)m\%bgnds
deteq?t%éﬁrléﬁge @\} Sﬁgﬁ{f Boint lc%trﬁp%rﬁeﬂ%?éé&%d B FaRPofigndted from

denaturation of 2,4,6-trimethyiphenol.

Example 9

- Step (8-1): Production of N, N'-hexanediyl-bis-carbamic Acid Dimethyl Ester

The same method as step (1-1) of Example 1 was carried out with the

exception of using 1355 g (15.0 mol) of dimethyl carbonate instead of
bis(3-methylbutyl) carbonate, and using 290.5 g (2..50 mol) of hexamethylene
diamine and 24.1 g of sodium methoxide (28% methanol solution) to obtain a solution
confaining 34 7% by weight of N,N'-hexanediyl-bis-carbamic acid dimethyl ester.

- Step (9-2): Distillation of Low Boiling Point Component

1062 g of a distillate were obtained when the same method as step (1-1) of
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solution obtained in step (1-1). When anal yzed by gas
chromat ography, the distillate was found to be a

sol uti on containing 85.0% by wei ght of dinethyl
carbonate and 14.9% by wei ght of nethanol. In

addi tion, when the distillation residue obtained 5 in

e B B S r TL pg me
coaifs BBl i e O e T AR S

anal yzed by gas chrormtography di net h arhonat e
distilataavaiouniie gl SpiPREOURNDIES O by Weic of Hmﬁbw carbonate

(9-3): Production of Hexanethylene Dii soclyanate
and 17195 gl weigbt Cmethawei.t i leradsiition, when the disfillation residue obtained

N, N - hexanedi yl - bi s-carbam ¢ Acid Di nethyl Ester 1865
in thedlagk was amél'[vbeﬂl B fibaitthromatographgdhe distllstipn sesidag was found
g of dibutyl tin dilaurate were added to the

to corqéiﬁt b4 Y ed b WeigHtict NeENQBERdetlylLisis-Safiarhie-abid timethlyhéster.  In
onngeneous solution in which the dinmethyl

addltlgﬁ ﬂ?ﬂ ?Hﬁlhgﬁ%ﬁ%%%@wﬁyaﬁélfzéb'ﬁy §4s ciroptio ﬁapl’d?edamethyl

of a “sol ut’i on merehrgcovere
carbogs Pl'i ey s%e%;iﬁspﬁﬁer@‘o‘*"‘f'ﬁwﬁa’d‘é%cZS?Fon”Eéf “Usi ng
t
* Sap tbRrediphar leBmahDslé s e by
Deco?n%gsﬁlgﬂ?veq?%&&%@e\l}gé%&bg&rﬁgﬁ%m&éﬂmﬁi l?é'@%%ﬂaia
In addition, there were no substances observed

4B65rg:df 2denetylpientd (Bidrich<Cemi 1J$A) andvEoaaf é#butyl tin
following 20 the reaction. There were no butenes

ditaurcktd aere addedtthiche distibation regidueE obttarmdiorstep (9-2) txabtain a
to have originated from denaturation of

hom _blis Retutiopiavaich E'A@Hmelh?’uocarﬁbﬂae(\&@s aYided at a molar ratio of
roduction of N, N -hexanediyl -bis-carbamc Acid

' Th b
0.00%d;iﬁ%er’e l‘ef\?\:ggflpheonrbl 8§96 ?'B? BII0R6h ders fedbveted Jroff line 57 y

carri ed with the exceptl on of wusing

carry'llsfégcg’u.gqr&é t]s%nf% ﬁcscp ;ﬁg%?g—‘é OFEgQI‘ﬁE ng ﬁ%@@&c@?p%@@f using
v b a2 D e R Ao s 60 e v
solution was found to contain 99% by weight of hexamethylene diisocyanate. The
yield based on hexamethyiene diamine was 94.4%. In addition, there were no
substances observed to be adhered to the inside of the thin film evaporator following
the reaction. There were no butenes detected in the low beiling point component

presumed to have originated from denaturation of 2-fert-butylphenol.

Example 10
- Step (10-1): Production of N,N'-hexanediyl-bis-carbamic Acid Dimethy! Ester
The same method as step (1-1) of Example 1 was carried out with the

exception of using 1463 g (16.2 mol) of dimethyl carbonate instead of
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cont ai ni ng 34. 7% by wei ght of

N, N - hexanedi'yl - bi s-carbam ¢ acid di nethyl ester.
Step (10-2): Distillation of Low Boiling Point
Component 5 1146 g of a distillate were obtai ned when
the sane nethod as step (1-1) of Exanple 1 was

bis(s-ﬁ%ftwlsgtygf%ét?ﬁ%ﬁé@, SR4 UkingB 10T & STD bl Sdfeiexaihtethylene

I nst'ea solution obtained in step (1-1). e

n
camiE3hYASD BB U A86R2BY, Ebianc] s  souion
oo AR R e LR o g

a5 L 355 B B oRERT

by wei ght of N, N -hexanediyl-bis-carbamc acid

i 48 grofla distikate ware obd@ined avhendhersame methed estep f1-1) of

resi due was anal yzed by, gas chromat ography, dinethyl
Examobs haveat earvied using thet sotttexh obtaires idi step (1@:1) nstead of the

residue. Step (10-3): Production of Hexamnethyl ene

solutiGh lopesiviéd & steb)1Ter Wethen ahallpesd by agist ctwomatography, the
N, N - hexanedi yl - bi s-carbam c Acid D nethyl Ester 1865

distin%ie%as?f&ﬁﬁt olBd ¥ sBREBA cortsiniA®: §5.0%0by WeldHt)dF dirhéthy| carbonate

| aurate were added to the istillation residue

and @ge}ﬁitlﬂzg\gg@ég? g{%ﬂg‘—%’%;?l I %?c.‘ﬂ%ﬁ‘,i Whéh m&ﬁﬂ‘ﬁgﬂfmsidue obtained

( _ on were recovered from

i tre 0, R 5250 RSB BS 8sicl s oun

10 con SERRE pyaias! o N rENadei e Ay BB RS Seter.
hexanethglene di i socyanate. The yield based on

additivoxwhenhfe eistilationresidurwassmalyzed by gas corasatography, dimethyl
were no substances observed to be adhered to the

carbdnate das raft debectedimtte distilatiopoesidoe. f ol | owi ng t he
reaction. There were butenes detected in the |ow

boi | $ep (N0L3N Pecdytioardf Heamathglehe Disoeyanatgibyal mermal
fromdenaturation of 25 2-tert-butyl phenol. 106

DecolpiRfERIdh dEN N erahtdiylois AT Hme Al g? e 1)

EI%G%rg of 2-tert-butylphenol and 78.5 g of dibutyl tin dilaurate were added to the-
distillation residue obtained in step (10-2) to obtain a homogeneous solution. 388 g
of a solution were recovered from line 57 by carrying out the same method as Step
(2-3) of Example 2 using the solution. 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
85.4%. In addition, there were no substances observed to be adhered to the inside
of the thin film evaporator following the reaction. There were butenes detected in

the low boiling point component presumed to have originated from denaturation of

2-tert-butylphenol.
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304.5 g (2.62 nol) of hexanethylene diamne, 313.2 g
(5.22 nol) of urea (Wko 5 Pure Chem cal Industries,
Ltd., Japan) and 4611 g of 3-nethyl-1-butanol (reagent
grade, Wako Pure Chem cal Industries, Ltd., Japan)
were placed in a 10 L volunetric four-nouth flask
kpped with a reflux condenser, a thernoneter, a
Examgﬁ“}fer and a gas feed tube. The flask was i mMmersed

i n.an qil, .bath H AN, ; heat ed

t oS oPatuB o N gk gt s cartibAcid
. introducing nitrogen gas at 10 the rate of 20 L / hr
Bis(3methylpuba) gsﬁei"l ter that reached to the bottom of the

reaction vessel. Sanples of the reaction | qui re

30450 1(2.620n0k of bexamatviene diasine o3 TR & mfﬂ), of g (Wako

the reaction was termnated at the tine when
Pure GheaniealHptestaes lidi, dapaasand 461 b guefi 3-mathylt khutanol (reagent

sol ution containing amoni a was distilled fromthe _
grade/WW&ko Pord Cpemicdl Ihdastriesditdgriapenyeiere paceten &l s k volumetric

was connected to a rotary evaporator (R-144, Shibata

-rhEL -aqui MthizPreffik CondeRs&0 artRstnesmeterca ktivet And a gas
four %&ﬁ%ﬁ?\%ﬁ%@?@rp., Japan) equipped with a

feed {uzagpeﬁ?{aegfg%kgﬁﬁé [RinbRied R AP6HBEP H%ﬁ Masudd €., Japan)

and a vacuum controller (VG 10S, Ckano

Sei . t h ' ot

neatSE P 080 e vl Gl R i BB o g a
di still f 20 f 0 P. '

the ralpf 20 o] hotromca bah e Lah s dertpdug bolint Siipg teattbrfvessel
distillati id i QUi )

Samighs ok the garbep eumovarS o e ol bitbiaieq R iyl
contain 99.0% by wei ght of o

and thie Neattiorawes itgrimibatedcatrtbatime whes hexagiethylens giasning yas no
ester. In addition, when the distillation resi due was

longetubtycted. b scatiorctortaimingyamphynia wasdistilfesUinamttoe upper portion
contain urea at a nolar ratio of 0.005 to the 25

of thé\rdbictidpaagd] vl - bi s-carbani ¢ aci d bi s(3-methyl butyl)
ester. - Step (11-2): Production of Hexanethyl ene

ﬁ;’ﬁﬁﬁé’l@%%&ogﬁ?%@aﬁw rotary ‘eVapRratBP PR 114aN Sefbata Co., Ltd.,

exane I's-carbam’cAcid Bi s(3-nethyl butyl)
seoeb kA VBt 4B M i el S0 e
equigli%é?cf \tgﬁé agil?nnéqdel,gl@ l#{e %toﬁtro err?aa\ll%%ﬁgmt SUI%B?G%@&} llvagEiIR@., Japan)
and a vacuum controller (VC-'IOS, Okano Seisakusho Co., Ltd.), the oil bath
temperature was set to 130°C, and the low boiling point component was distilled off
at a pressure of 0.02 kPa to obtain a distillation residue inside the flask. When the
disti‘liation residue was analyzed by liquid chromatography, the distillation residue
was found to contain 99.0% by weight of N,N'-hexanediyl-bis-carbamic acid
bis(3-methylbutyl) ester. In addition, when the distillation residue was analyzed by
gas chromatography, it was found to contain urea at a molar ratio of 0.005 to the
N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester.

- Step (11-2): Production of Hexamethylene Diisocyanate by Thermal
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step (11-1) to obtain a honobgeneous sol ution. Wen
t.his was anal-yzed by gas 5 chromatography, the
solution was found to contain urea at a stoichionmetric
ratio of 0.0010 to 2,4-di-tert-anyl phenol. 273 g of a
solution were recovered fromline 32 by carrying out

R T e
550 2R T8 5 PP 4

contain 99% by 10 wei ght of hexanmet hyl ene . . .
and 54i7 ¢ of wiindyldin dileurgtecveresaddad @r]thﬁéé{éﬁﬁ'ﬁwwguai"&ﬁ'ﬂ%d in
was 92.0% In addition, there were no substances
step (Absirty ebtdin aiwmdpenentis solutien. | Wieadhisiwahanalyzad Oy|gas
evaporator follow ng the reaction. There were no

chronfstbERfshy, B Sultihsh wastfbend tovcbutair upapati anstoiahigroetsietratio of
presuned to have originated from denaturation of

0.001§}t§£h:&i-?éftt—'a?ﬁ{}'{‘¥r|\éﬂtﬁ.n 0b73 Hrofxsomtien Wre Seeaverdd frbm line 32 by

ctron o N - hexanedi yl - bi s-carbam ¢ Acid

carwigipS@gﬁ%%ng-Jfbem&d §§‘s€éd: @h.s) mrﬁﬁfehpdiitﬁslhéfe&ﬁeﬁtlorlbf

was carrie ut”wth e 20 exception of

. usjin 26 .5 nol f hi 2 e 4
Stor‘rlgatbﬁ%‘ﬁ’iﬁ&n f%é%%é npuf %'%ﬁ%dr%h? &éf] rmééﬁx%&ne %%Ide'n Jea resit of
di am ne and : of sodi ym net hoxi d ¢ o
analygiaRY JHpne GENMR Saey g, AP L Whs o g Etapso% by
wei ght of N, N -hexanedi yl -bi s-car barri& aci d N
weighti of (@xametyylBoe gisoaanate. Hpeyield bagse opyhexpmedy'sne diamine
of Low Boiling Point Conponent 25 1781 g of a
was @l2.6%.| | lataiditiore théreaverecnamBebstances pbsgrved teperadherggto the
boi ling point conponent was carried out in the sane

insidEBR IR thas filbh epadralor foflowanantheeeaction. ngihene weredo butenes
solution obtained in step (12-1) instead of the

dete%tﬁhliﬁ i@lo@ﬁ&iiﬁ@?oiﬂi cohiforeht presurifeito lena yrgidateyd foes

romat ogr aphy, the distillate was found to be a

de“a?}ﬁjs?yéh%?ﬁ@ﬁ%@(ﬁ?@@%ﬁ'gﬁ? gya\r/:gi g?t 2<?/cf> by wei ght of
Example 12
» Step (12-1): Production of N,N'-hexanediyl-bis-carbamic Acid
Bis(3-methyibuty!) Ester
The same method as step (1-1) of Example 1 was carried out with the
exception of using 2326 g (11.5 mol) of bis(3-methylbutyl) carbonate, 267.3 g (2.30
mol) of hexamethylene diamine and 44.4 g of sodium methoxide (28% methanol
solution) to obtain a solution containing 29.9% by weight of
N,N'-hexanediyl-bis-carbamic acid bis(3-methyibutyl) ester.
- Step (12-2): Distillation of Low Boiling Point Component
1781 g of a distillate were obtained when distillation of the low boiling point

component was carried out in the same manner as step (1-1) of Example 1 using the
108



10

15

20

25

3-nmethyl -1 -butanol. In addition, when the distillation
residue obtained in the flask 5 was anal yzed by

I iquid chromat ography, the distillation residue was
found to contain 92.4% by wei ght of

N, N - hexanedi yI bi s-carbam c acid bis(3-nethyl butyl)

solutloiri tgsgﬂréecﬁ] Wq gﬁ 2*?!5 &%’F%@ ngfﬁ/gélflﬁénj\ bg{dl ne'.ftng?-f’)@s When

resi due was found to contai

analyzsd b gaeEremalausREby. 156 CistaR Wos KOs B8 taysdutm °°“*a'”'”9
N, N - hexanedi yl - bi s-carbam ¢ acid bis(3-neth

78.2% by aveightoof ta;sg Spmethyityl) pagnate gRde1- %@wé
Di i socyanate by Thermal Deconposition of

3-me Ny N1 -Hutarsol e dIry ddition cahéen the distitiatRinsesidus: Wamﬁdyln)the flask
Ester 1801 g of 2-ethoxyphenol (Aldrich Corp., USA)

was atailz6d. By iqud caidratigraphy, the distibatonvesidusdsas found teecontain
distillation residue obtained in step (12-2) to obtain

92.4%@%?9{36‘@%@ mh%u@nb.s\l&mam Scidasis@akiaasuthly ests.  In

ography, the 15 solution was found to contain

add|t|§bs&lgeﬁgﬁ§§ﬁis? Héﬁ’é)r% G%g%%l%r%iyg%d%ﬁ$£§‘b%étb§rdpﬁyl the

sol uti on were

dzstﬂl%ﬁrﬁé‘}r {g/r@g onl(ar':ﬁ % tgﬁ%‘%‘g @é%lgﬁ’tﬁ ctaEe So?"atta molar ratio
of 0.4 o NN IS asiy PBaDRBICSe D é&a%%a%{-ys' >

hexanet hyl ene dii socyanate. The yi el d base
oo Siept (] PoAe Pt e ot Hepgasmalbylons Dlwoguan@tﬁgw oo

were no substances observed to be adhered to
Decompsisitioroéf NiN-Hetxanediyl-hisevarbamia SeidiBis(mediay ibﬁ'@f') Ester
reaction. There were no conpounds detected in the | ow

b0 ¢ 8f PaithdxypPRPRNENIUrich ConppdSA) dral/22.8rg of dibutyditin
from denaturation of 2-ethoxyphenol. 25 Exanple 13

d1|au§t§ Qve(ré%d@ed t6 rtﬁ’é’I arstillatorPfesidue obtained in step (12-2) to obtain a
- hexanedi yl - bi s-carbam cAcid 109

hom%&@u%wwt YAhebrThish a@ﬁniﬁ;\f‘iﬁd Hﬁbﬁ@‘éﬁ?&néﬁo@%;ﬁﬁy e

was carri e out except I on

solut@i\ggﬁigl% %r&%gﬁ:ﬁﬁ(@?&étkﬁ{#@&@@ fBnate l;/lltsgthéhtometnc ratio of
0.0018 o ihaabeaol BEY g 5P sHiLBA WEre fBRok&RR AEMIMAYS7 by
carrying out the same method as step (2-3) of Example 2 using the solution. Asa
result of analyzing 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 90.5%. In addition, there were no substances observed to be adhered

to the inside of the thin film evaporator following the reaction. There were no

compounds detected in the low bailing point component presumed to have originated

from denaturation of 2-ethoxyphenol.

Example 13

- Step (13-1): Production of N,N'-hexanediyl-bis-carbamic Acid
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5 solution) to obtain a solution containing 34.2% by
wei ght of N, N -hexanediyl -bis-carbamc acid

bi s(3-nmethyl butyl) ester. Step (13-2): Distillation
of Low Boiling Point Conponent 1401 g of a distillate
wer e obtained when distillation of the |ow boiling

poi nt conponent was carried out in the sanme nmanner as
Bis(3-fifedtylbutyR)Estér Exanpl e 1 using the 10 sol ution
obtained in step (13-1) instead of the solution,
P dbRRLmiethdd 89 step (1)-1) Offxaraplel 1 wes agyrigdgut with the
chr omat ography, the distillate was found tobbe ta 256.6 g (2.20
i ArY his(3amietivibutiyl) carbonate, 250. :
excep@?b%%-”%e %%m @%%ﬁ%éﬁi?e (and 2‘%‘:‘3% by weight of

J hyle 4 i idd £28% |
A e e i

so!utié&%ﬁ&gi%gggmg@b %gmgéﬁibh'tﬂag?%% 6;@@}1@ we was found to
-h ivl-bis- . . . i
NN-btsem e athams aod bt e duR sdigs Tot 11 butvl)

ion residue was
anal yzed by gas chromat ography, the i St J tion
r esi Step (W32)f Digtitlation ebkew '%?%E’?'-’Héf%é%%@ )
carbonate at a nolar ratio of 0.023 to - oint
Miy1-dekaistillate wess obtainad wha distijaters ofihenloMRRNINg P
ester. Step (13-3): Production of Hexanethyl ene ing th
comdﬁnhﬁ?%%%ﬁe@buﬂ’hﬁﬂ%ﬁdamémmoﬂpcﬂ@w(bﬁ) Example 1 using the
, N' - hexanedi yl - bi s-carbam cAci d Bi s(3-net hyl buty

I
! 45 Ipi thiersalutidroettairie | ﬁé@ﬂ)(‘?-&hd When
50'”@@.‘35%%%?%3% t§/f3 t4|) ﬁisgei‘al’ﬁaﬁ; atee \/\}tgre adz.leélj ?o t he i
di sgillati ' Hi ' 13-b2) a solutibn &ontaining
e e e A g

72,540 ReIahd o Al Birh By R AR ¥l dnd 07 3o bysReiah et

€ 1 using thé solution

3-me¥¥5§j?1;§aﬂ?g%c f@éﬁcﬂu@{ 5 n&ﬁaﬂiaﬁlgaafb&\i %@%'@o&%ﬁﬁﬂn the flask

anal ysis, the 110 solution was found tao. ' % :
was apalyzeghty lsuictsheareatagranty. the é‘éﬁ@ﬂj&‘?&t r&?"ﬁ%@*’%ﬂ’ﬁ % contain
based on hexanet hyl ene di ami ne was 89.9%. |n.addi.tid
93 3By avelghtofid, N SbianediybbiscrEbaTi e iR 3ABRLY, ty) 8Bter. In
the inside of the thin filmevaporator foll ow ng t he th
addIESﬁC\fvh@ﬁ thd apstiRatieent residuecwap analizeddycgaeahiomat graphy, the

distill;)tli;r: :egsiguoc; :v;s found to contain bis(3-methylbuty!) carbonate at a molar ratio
of 0‘.023 to N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester.
- Step (13-3): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbaric Acid Bis(3-methylbutyl) Ester

3593 g of 2,4-bis(a,a-dimethylbenzyl) phenol and 68.7 g of dibutyl tin dilaurate
were added to the distillation residue obtained in step (13-2) to obtain a
homogeneous solution.

332 g of a solution were recovered from line 32 by carrying out the same

method as step (1-3) of Example 1 using the solution with the exception of using a

reaction time of 17 hours.  As a result of analyzing by 'H and *C-NMR analysis, the
110
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5 conmponent presunmed to have originated from
denaturation of 2,4-bis(a, (x-dinethyl benzyl) phenol.
Exanple 14 Step (14-1): Production of

N, N - hexanedi yl - bi s-carbamic Acid 10

Bi s(3-nethyl butyl) Ester The same nethod as step (1-1)

solutiélﬁ Ivjr%qg%q td c?@%ir‘é@é%i I?Fw?\%ht théHﬁthﬁéﬁ@BﬁédHﬂraﬁéte The

3 nmet hyl"but yl)

s AR ot ot P HETIR Rifravere o

w3 o id Ehlol I A R s o

bi s(3-nethyl butyl) ester. Step (14-2): Distjllat]

the regtticaw Baefs Werere 6eMEoNpes éiﬁteCi%@ in Hedpwbejling pein t e
wer e obtai ned when the sane nethod as step (1-2) of

compéranippresimesstodzavel aripinateddeim glenaturetioniof on obt ai ned
in step (14-1) instead of the solution obtained in

2,4-bi%gc€&-tﬂ|helhy!b¥ﬁ2y1) pihéhgized by gas chromat ography, the
20 distillate was found to be a sol ution contai ning
77.6% by wei ght of bis(3-nethylbutyl) carbonate and
22. 4% by wei ght of 3-methyl-1-butanol. The

i Il ation residue obtained in the flask was washed
Exam%l%ﬁ]h(s 3 L of n-hexane and a whi te solid was filtered

gm o%té\pg r ﬁhe g}ﬂ?i'sa%?t“eﬁsﬁe 2 oungd '48' ?bﬁr#ai n

% t of 25 N, N - hexaned| yl - bi s-carbam c
Bm(e’d’@?ﬁ’yﬁ?éﬂmﬁ Thyl but yl) ester In addition, when the

white solid was anal yzed gas chromato th %re

vide same srethod jasistep 61 0 9f ample {twas C%rgiegd'-ﬂéﬁ“@t

detected in the white solid. Step (14-3): Production
exceptforHeiasing 2424 rge(10.5 my@trms(@-wtmiwtuﬁwarbonate 24409 (210

Deconposi tion of N, N -hexanedi yl - bi s-carbam cAci d

mol) & iséarmethlyidrzudigmindane 40.5 g & sgdinim Mhgihexige (2@%ahethanol
(Aldrich Corp., USA) and 65.4 g of dibutyl tin 5

solutn@hb f6Blafh BARbfutRARMtAIAINGED. Bl b wedghtdfobt ai ned in

step (14-2), and bi s(3-nethyl but yI )
N,N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester.

- Step (14-2): Distillation of Low Boiling Point Component

1631 g of a distillate were obtained when the same method as step (1-2) of
Example 1 was carried out using the solution obtained in step (14-1) instead of the
solution obtained in step (1-1). When analyzed by gas chromatography, the
distillate was found to bé a solution containing 77.6% by weight of bis(3-methylbutyl)
carbonate and 22.4% by weight of 3-methyl-1-butanol.

The distillation residue obtained in the flask was washed with 6.3 L of n-hexane
and a white solid was filtered out. When this white solid was analyzed by liquid
chromatography, the white solid was found to contain 99.8% by weight of

N,N'-hexanediyl-bis-carbamic acid bis(3-methylbuty!) ester. In addition, when the

white solid was analyzed by gas chromatography, there was no residual
1M1
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carbonate was further added at a nolar ratio of 0.030
to the 2-phenyl phenol to obtain a honpgeneous
solution. 290 g of a solution were recovered fromline
32 by carrying out the sane nethod as step (1-3) of
Exanple 1 with the exception of using this solution

. and usin 10 a reaction tine of 19.hours. The yield

bis(S-MMbwgwmﬂﬂtﬁﬁe@%e‘a i*%ih%\yﬂuﬁé%fé. 4% Ther eywer e
no substances observed to be adhered to the, ipside of
t he Stéap (114-B):rRroduction af biexametipnfLilsecyanals by ;ﬂ\er pal
addi tion, there were no conpounds detected in the |ow

DecopbsitiBe d?N, Nt-hegamstiyirtiis madsamiscAaid Bis(@anetviauidi Egter
from denaturation of 2-phenyl phenol. 15 Exanple 15
%ﬁg g{]&ﬁz-éhéngipﬁéwt(muﬁdhf c_:orX.,_ USA) and 65.4 g of dibutyl tin
N, N"“hexanedi yI - bi s-carbam cAcid Bi s(3-nethyl butyl)

. t T . f
o3 S AgEONT (R s A o Eoyg s ommtyty)

carboﬁw%_tzebevaggbl}lh%; atﬁi%%je{'ﬁ@$¥nl BitYdr 636 RO Ephaﬁ%gﬁeﬁol to obtain

A b do ¢ ene diamne and 38.6 ¢
sodi um net hoxi de (28% et hanol solution) to obtain a
a horaegenaads SIWHRN ni ng 25. 5% by wei ght of

N, N' - hexanedi yl - bi s-carbam ¢ aci d R s(3-net hyl
©90cg of a Splsionwere)recoyaied fr%mﬁlélﬁ bé%"’é&ﬂi\/"f“m%é%n e
Conmponent 25 1969 g of a distillate were. obhai ned.. b .
method msystep () of Exampie 1 vethithe excepliep of uging)t &S@%?FEPB“ using
1 using the solution obtained in step (15-1) instead
a readfion iesel 10 noars. 1 Theoyield baskd on hespmethyigne diasine was 82.4%.
anal yzed by gas chronat ography, the distillate was

Ther%_%lz s ttan@Rl siideved anbaiadhaed’o. thecinsidesr §ie thin film

g| s(3-net hyl butyl) carbonate and 22.4% by wei ght of

; win ior.Nelrthddifibh, ahbrnwershd ¢orplouaiis etttected in
evap, F}é{gﬁémhménsim\g%%\%%ﬂed With 6.3 [ of n-hexane 5 and

the |(§%gg‘iﬁp§ é@éggﬁﬁﬁq%ﬂ: ﬁé@é&%ea 45 haVBigilRedHrioh® deebtudation of

2-phenylphenol.

Example 15
- Step (15-1): Production of N, N'-hexanediyl-bis-carbamic Acid
Bis(3-methylbutyl) Ester
The same method as step (1-1) of Example 1 was carried out with the
exception of using 2427 g (12.0 mol) of bis(3-methylbutyl) carbonate, 232.4 g (2.0
mol) of hexamethyfene diamine and 38.6 g of sodium methoxide (28% methanol
solution) to obtain a solution containing 25.5% by weight of
N, N'-hexanediyl-bis-carbamic acid bis(3-methylbutyl) ester.
- Step (15-2): Distillation of Low Boiling Point Component
1969 g of a distillate were obtained by carrying out the same method as step

(1-2) of Example 1 using the solution obtained in step (15-1) instead of the solution
112 '
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chr omat ogr aphy, the white solid was found to contain

99. 8% by weight of N,N -hexanediyl-bis-carbamc acid
bi s(3-nmethyl butyl) ester. In addition, when the white
solid was anal yzed by gas chronmat ography, there was no
residual bis(3-nethylbutyl) carbonate detected in the

onarl A1 ), e 5118 gl ARy, e s
R e Sy Ao
g o aurate were added to the

and moﬁé)YS‘M?‘SBt Bﬁ%ﬁnﬁ’tbﬂﬁ%uéﬁ'% (15-2) to obtain a
honpbgeneous sol ution. 253 g of a solution wer
Thedlstilletion residue ebtainedin gmfiaﬁwa%m%hﬁ@ V@ﬁh%%lsof n-hexane
met hod as step (1-3) of Exanple 1 with the exception

and zokhites solil wh fittetad ool adben shenyhite solid svasoanalyzed by ligoid
hours. Asa result of analyzing by 'H and 13C NWVR

ch ron@é’t@bbe?dlf@, thel WoRits ablid was faasd teuontair98 806 biy welghb dfy
wei ght of hexanet hyl ene diisocyanate. The yield based

N,N"- ﬁ&&r@éﬁfm&%%@nng'a@m BR ﬁ\lﬁ‘ﬁetﬁﬁbﬁfgl) Jdier e IMedditiod, when the

subst ances observed to e adhered to the inside of

whitetsg)gd'wtﬁsnaﬁéil f%c?ﬁ%@%@h%mgfﬁ r %O%Qhéljé%é§ﬁ6trﬁgﬁualzo I'n

ere e conpourrds tected 1nt

bis(3 bV ERDreA anP%@’@&%*G&H@A@? WREE ’deiﬁp%' T st
E\i?oét)ep((ﬁ’éﬁﬂté dUeginederamainigne bi ﬁs%nai}sbnsvrt'berma'

(1-1) of Exanp Ielvvas carried out with the 11
Decomnﬂsﬁtqrmf NN’ ur@xageqlghel%ca(@qm@p Heid)Biges- membtiwtyl) Ester
carbonate instead of bis(3-nethyl butyl) carbonate,

AT62.3 0F 2 phBBYIPheneLarmd 66w § obtibiuby dimedilayratmavere addaskto the

and 21.2 g of sodi um net hoxi de (28% net hanol sol ution)
whitetsplialdbadined irs stayt (18-2) toasidtainra hgmdged&oby soletight of

N, N - hexanedi yl - bi s-carbam c acid di (n-butyl) ester. 5

953y b §slitioRi wérd feablerediforhtine ™ by Barrppigrdut the same |
Conmponent 1473 g of a distillate were obtained by
meth68'dsYtE9 (P45 of BRafiie 1 Wt &&eptiBR of using the solution and using
a reaction time of 19 hours. As a result of analyzing 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 75.5%. There were no substances
observed to be adhered to the inside of the thin film evaporator following the reaction.

In addition, there were compounds detected in the low boiling point component

presumed to have originated from denaturation of 2-phenylphenal.

Example 16
» Step (16-1): Production of N,N'-hexanediyl-bis-carbamic Acid Di(n-buty!)
Ester

The same method as step (1-1) of Example 1 was carried out with the
113
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(1-2) of Exanple 1 using the solution obtained in step
. (16-1) instead of the solution obtained in step

(1-1). Wen anal yzed by gas chromat ography, the

distillate was found to be a solution containing

78. 4% by wei ght of di butyl carbonate and 21.6% by 10

wcnlflely LIl AP e,
o P ) B g

N, N - hexanedi yl - bi s-carbam ¢c_aci d di (n buté L .
diamine andd .2 grof Sogiem nagthoide: (2BYamedhanal SOl FMQO tain a solution
anal yzed by gas chromat ography, the distillation

containisg 80el% by Weightioft ¥, N'évexanadiyi-bistsarbaminaeighdi(nzbutyl) ester.
molar ratio of 0.006 to 15

N, N St xaeeqh Distibatiorcef bewiBoilig Eoidt Compangr)t est er .
Step (16 3): Production of Hexamethyl ene Diisocyanate

qn7§|¥6@HIStIW¢ thiadBy carrym%lout the same methed as step

exanedi yl - bi s-carbam ¢ Acid (n-butyl) Ester

(1-2) éf’géalgngfg r&%ﬂf{c{] Meetidr bskalrd |§§{§éb (16@an5@§% 6Bthé dblution

dilaurate were ed'to

SR ﬁ%ﬁ&g‘*ﬁeoﬁﬁd“ﬁﬁ%ﬁé O TR B 8 e
e e e

nonyl phenol . 282 of a solution were recqvered
welghtrczi M pitaBoB? Ipyadgitiony M@ndbe distlaigReesidee RBERIRRA 1 e flask
(1-3) of Exanple | with the exception of using
was arlyeichby hquidichromatagfaphy, dae dls@ﬁamam@awquaﬁégm@d to contain
Asa result of analyzing the solution by 'Hand 73C- NWVR
95.8% 3 wsight of NEN'sedxainediyl-tisscéramic aoidodi(n-buty!)oggteny In addition,
wei ght of 114 hexanet hyl ene dii socyanate. The yield

whenhﬂé@stﬂ!&hbﬁ*@ﬁﬁb@)ﬂ%éiyﬁéﬂ B¢ gee shratfiatbigraphiy, the distillation
dition, there were no substances observed to be

resid ?Q t}\r%{s%uﬁﬁ t{a1 RSnidirs bRt nle:faﬁ thdeath Bkt B rhblafr S0 B800 BBt

e reactlo ere were no nonenes detected
' d h
BBy R e i P RRIRgBSRE DTS TR ol "

Exa_rrg!e% (]%-3): Production of Hexamethylene Diisocyanate by Thermal
Decomposition of N,N,'fhexanediyl—bis-carbamic Acid Di(n-butyl) Ester

2397 g of nonylphenol (Aldrich Corp., USA) and 68.7 g of dibutyl tin dilaurate
were added to the distillation residue obtained in step (16-2) to obtain a
homogeneous solution. When this was analyzed by gas chromatography, the
solution was found to contain dibuty! carbonate at a stoichiometric ratio of 0.0012 to
nonylphenol.

282 g of a solution were recovered from line 32 by carrying out the same
method as step (1-3) of Example 1 with the exception of using the solution and using
a reaction time of 15 hours. As a result of analyzing the solution by 'H and

13C-NMR analysis, the solution was found to contain 99% by weight of
114
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Step (17-1): Production of

N, N - hexanedi yl - bi s-carbam c Acid D (n-butyl) Ester
10 The sane nethod as step (1-1) of Exanple 1 was
carried out wwth the exception of using 1964 g (11.3
nol ) of dibutyl carbonate instead of

bi,s(3-methyl b ) j ¢
nexarifyieR IEREYRiAlD! < NEe VG bEsed S MM RENEe dahihe e

nmet hoxj % hanol Lution [
76.1%: orif éqqq?te@(, 58_ P@?)E%r)gar\';é Fﬂﬁﬁc{aﬁéesoogsér%a B% Behdherd 1 ¥ inside

N, N - hexanediél - bi s-carbam c acid gé} n- but ﬁl )__ester detected
of the 15in fismegvaporatey follovdng thefaashons THRIBYEIT ARG NSOEAES 9

Conmponent 1506 g of a distillate were obtained b .
in the daw bpiling print corepenent presumedde havepriginated frigm Eéaﬁ%ir%t'on of

| using the solution obtained in step (17-1) instead
nonyigtheridie sol ution obtained in step (1-1). Wen anal yzed

by gas chronmat ography, the distillate was found to be

a solution containing 77.6% by wei ght of dibutyl

carbonate and 22. 2% by 20 wei ght of n-butanol. In

ktion, when the distillation residue obtained in
Exam@ﬂé;'l?l ask was anal yzed by Iiquid chromatography, the

di std,l| akLon. pesi 0 AgNL R NCHa BY(n-butyl
wer-ghepdt NP RS S 3 NaHE ar R Rafoarfie ACIE BY(n-buty)
di (n-butyl) ester. In addition, when the distillation

Estery esi due was anal yzed by gas chromat ography, there was

no dibutyl carbonate detected in_ the distillation
i saree maghod asastep { =13 pF Expawle d ives %frﬁé’&ﬁ&'ﬁwgne
Di i socyanate by Thermal Deconposition of
exceptiod efhasingd86¢ig (ils3 nwlefdikutacearbonate ipgtead) of st er
115 2509 g of nonyl phenol and 72.0 g of dibutyl tin
bis(3Mhétayibaitd) parbenats) emhd usind 267 & & 1(2.BDauoly of hexamethylene
obtalned in step (17-2) to obtain a honbgeneous

diamiz! atd 222 #6f's6diai Methidd (RB%enethanobseiutich)fto @btainmesolution
32 by carrying out the sane nethod as step (1-3) of

2
contdj%;iﬁgé@f%% By %icqﬂlﬁ%f RXQCR TR dRI-DiS camaniie o dih-batylnester.

a-rea on tine of 15 hours. Asa result of

S0, TP IR Dl g Ry Coffnbe= = e

Eﬁﬁ%ﬁ&{oﬁélcﬁ%ﬁl i gﬁ%ég%@eed b;(r IagrrWn%I &tk{ﬂé §9rl method as step
(1-2) of Example 1.using the solution obtained in s_tep (17-1) instead of the solution
obtained in step (1-1). When analyzed by gas chromatography, the distillate was
found to be a solution containing 77.6% by weight of dibutyl carbonate and 22.2% by
weight of n-butanol.  In addition, when the distillation residue obtained in the flask
was analyzed by liquid chromatography, the distillation residue was found to contain
96.7% by weight of N,N'-hexanediyl-bis-carbamic acid di(n-butyl) ester. In addition,
when the distillation residue was analyzed by gas chromatography, there was no
dibutyl carbonate detected in the distillation residue.

- Step {17-3): Production of Hexamethylene Diisocyanate by Thermal

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(n-butyl) Ester
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68.3% In addition, there were no substances observed
to be adhered to the inside of the thin film
evaporator follow ng the reaction. There were nonenes
detected in 10 the | ow boiling point conponent
presuned to have originated from denaturation of

PBRY e e Bos 72 g tfga%g,ﬁirg]a- alfa %dw,g;é 8464 to the

distilatian eStLBLODANGR DD L-2hi0 Shicki 2 iEmAgPRYS sol Jor,

nol ) of dibutyl carbonate instead

BBd(Boha shiutivntwerp reaeyrsadfeom Jng ?@s%@a%'?g ey tﬁezs%me

nol ) of hexanet hyl ene diamne and 19.7-g of sodium
methe@ BB etép ¢1 -6 8VExamblendiwithothetéxeeption obbsiaigrtha sebition anf using

20 containing 27.1 % by wei ght of

a realidh tik@Gnerhailirsbi RrsCardsut of axalyring the soluldn begdHeand
Step (18-2): Distillation of Low Boiling Point

13C. hﬁﬁﬁ%l ﬁé&oﬂm% asictind torchtainreas P/&Véigﬁtt’@fy

carryi stillation of the low boiling point

hexaT %lger) %ﬂH%&Sytg:ﬁgtes ar'ﬁwérgltﬁfbeﬁa%éd 8h ‘ﬁ%xééhe I@ﬁe BisniiREavas

"on alned 1n step - i nst ead
of heslut on obtained.in step id
68.3%nal @/?QH'% BﬁeW6ﬁ&%sg?ﬂﬁ?% t%sje °V$$QF ﬁém\/\gsto the inside
found to beasolutlon ont ai pi ng 82 80/ t
of thetfin iym eyapacHa BIAWINLTeT8R6)e) Tirearoi A g detpred i
addition, 116 when the dlstlllatlonres@g& 8 ol f
the law bofiigfpaistcamponsmiipyesdmed tp hgup @rignat %WF ation ©
the distillation residue was found to contain 98.1 %
nonyg:,hemil.ght of N, N -hexanediyl -bis-carbam c acid
I (n-butyl) ester. In addition, when the distillation

resi due was anal yzed by gas chromat ography, the
distillation residue was found to 5 contain di butyl

ate at a nolar ratio of 0.006 to
Exarﬁﬁilli\erb%exanedi yl -bi s-carbam c acid di(n-butyl) ester.

St epﬁi%ﬁgfﬁnl bEF‘rBQHEﬁd 6 QN HR @RI bRGarBlatfie AXRNBI(A-buty)

03| Ion' of
EsterI\I' hexanedi yl - bi s- car bam ¢ Aci d D (n-butyl) Ester

The same method as step (1-1) of Example 1 was carried out with the
exception of using 1777 g (10.2 mol) of dibutyl carbonate instead of
bis(3-methylbutyl) carbonate, and using 237.0 g (2.04 mol) of hexamethyiene
diamine and 19.7 g of sodium methoxide (28% methanol! solution) to obtain a solution
containing 27.1% by weight of N,N'-hexanediyi—bis-carbamic acid di{n-butyl) ester.

. Step (18-2): Distillation of Low Boiling Point Component

1631 g of a distillate were obtained by carrying out distillation of the low boiling
point component in the same manner as step (1-1) of Example 1 using the solution
obtained in step (18-1) instead of the solution obtained in step (1-1). When
analyzed by gas chromatography, the distillate was found to be a solution containing

82.8% by weight of dibutyt carbonate and 17.2% by weight of n-butancl.  In addition,
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1451 g of phenol (for nucleic acid extraction, Wko
Pure Chem cal Industries, 10 Ltd., Japan) and 60.9 g
of dibutyl tin dilaurate were added to the
distillation residue obtained in step (18-2) to
obtai n a honbgeneous sol ution. Wen this was anal yzed

e B BN ELERTRR Bt e TS AR 140,

of 0.00075 to phenol. 259 of a sol ution :
chromasegiaay the SR IR SAUBYVASIG PR Ot - L hy weignt o

met hod as step (2-3) of. ExanpleZusingthealﬁ\E‘ .
N, N'-sentansidiyi-bisscarbagic lcichi(ahaty yesier  He asdgitian, yhepthe distillation

"Hand 13C-NMR anal ysis, the solution was found to

resideoWagianah¥dty gss ghtontdtopeapinyetheydietitationi residiarmasfound to
The vyield based on hexanet hyl ene di am ne was 79. 5%

contaldiddl ChRsonak@ el & MEIBE ratin o0IDE620 kN -hbsaediyl-tis-caebamic
dheréd to the inside of the thin film evaporator

a
& ' he reaction. There were no conpounds
acid %@%@&Q%tﬁgt he | ow boiling point 20 conponent

h PR .
i e e A
3- ((3:- net hyl but yI ) oxycar bonyl am RQ-.re:
DecogiRgsHiqt PR kobPRER SR B ACHIT T PUERT bucy
%{ﬂé‘? Egggfg (8;.1%1}&%: g%ld)ge;(?rf?&%ﬁg _arﬁ%tﬁ]n}(rle%é/rwcal industries,
3-am nonet hyl -3, 5, 5-trinmet hyl cycohexyl am ne &AI ,ﬂr ch .
Ltd., @apan), andS30. Svgpotdipub 80 dilaueate were egddp the distiflation residue
four-mouth flask, a stirrer was placed in .the flask,

obtainsd ims@ip(16t2) towbtaiarskomagenecyhsaotiony Wiiendhigewas analyzed
attached to the flask. After replacing the inside of

by gdd'ehreHfteghaphythai dolwtaswas feuricier cordaintdibliyb&antapate at a
Imrersed Tn an oil bath heated to 100C fol |l owed by

staicﬁi%mé’mg Féticp @.boé?s % ghehols 0%isary 64 lkaitidn Wetefebovered from
met hano

solution) to start the reaction. Sanples of
i LSRGt iyl ' - e3Ndsing the
ine &7,y Bt o Geafhe ot s SepY(2 PR Bl sing
t erm pat ed he .ti.ne, when..3-amnii i -
solulhl A resal ok e e SR BV REATH G MR ghalysis. the
resulting solution was supplied to a colum [
soluipfwes RN iceoRtan @ Th <t WeighE of éﬁ%ﬂ%@p{@&fﬁ@ﬁéﬂaxﬁg- The
resin (Amberlyst-15 (spheres),__Rohm and Haas %OL
yielddstjsest eiheyamethylene diamine was 79.5%.  In addition, there were no
substances observed to be adhered to the_inside of the thin film evaporator following
the reaction. There were no compounds detected in the low boiling point

component presumed to have originated from denaturation of phenol.

Example 19
- Step (19-1): Production of 3-((3-methylbutyl)oxycarbonylamino-methyl)-
3,5,5-trimethylcyclohexylcarbamic Acid (3-methylbutyl) Ester
2080 g (10.3 mol) of bis(3-methylbutyi) éarbonate and 318.5 g (1.87 mol) of

3-aminomethyl-3,5,5-trimethylcyciohexylamine (Aldrich Corp., USA} were placed in a
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10 renovi ng noi sture and warnmed to 65C with an
external jacket, to obtain a solution in which the
sodi um et hoxi de had been neutralized. As a result of
anal yzing the solution by liquid chromatography, the.
solution was found to contain 30.7% by weight of

3-((3-nethyl butyl)oxycarbonyl am no-. hyl ). 3
5 L vaupeRcIR e dab R SO SE g RGEL RyPE bk 2L gt
Step (19-2): Distillation of Low Boiling Pojnt .
condenmep@andra threaavay walve were atteched touihesfiah aiATRS Rplasing the
the | ow boiling point conponent was distilled off in,
insidé btheasystemwity nittegen eive(foutjnasth Rasknyas immeysad i @ oil bath
solution obtained in step (19-1) instead of the

heatetPloUOMPT Phewbatsy the Hiditon df 18.0 ghsf sodiruhethokide (28%
anal yzi ng by gas chromat ography, the distillate was

QRSN 8aRipNEs EAh8Feattidry liqwtd gvdre suitably
meth B o Bt e S e e o

colleéﬁ%@%’%@%cﬁ%& gﬁg{r\{llﬁ l'ag]aﬂg‘ijé Qn@ﬁgs Z‘éatgyne\ﬁ% terPhinated at the time

ti'on’'resi tained in the
flask by Liquid.chromatogr - St '
wheny &&minealty i orma riaTy BBk alfe B giq IoffpePBetected.  The
3- ((3-net hyl butyl ) oxycar hony!l am po- net hyl ) - 3 -t E .
resulfing SolEPE A, SRR P A &aoam WBIch Wak b %‘f’?‘?)"gé‘{'@ﬁ“""mc
In addition, when the distillation residue, was :
acid EncahangeyesiadAmiierbystr SdsRRTES). RO RSH Hass Cgn adiusted by
resi due was found to contain bis(3-nethylbutyl) 118 .
removiigoebiEteresandiwarhad to 6P with an @gternal jacket , to obtain a solution
3- ((3-met hyl butyl ) oxycarbonyl am no- net hyl)-3

in wifichtHe samtimhesxideenad bachamutratized] (s awesylt biiagalyzing the
ester. Step (19-3): Production of |sophorone

I SR %t lthe BEILABRAGES folid@b contain 30.7% by weight
Sowt@ﬂ%%f@t&@&rﬁt yol %‘?(};i/%ar bonyl am no-nethyl) 5

o BSOS Bt i

.dibutyl tin di,laurate were added to the distillation
acid ?%’g?q}ﬁ)élblﬂb?)a?ﬂgﬁ in step (19-2) to obtain a

DS o il ar gl M COER o o

2'15 3-gonrgfah%/ilgtti)irattz lw)rerg %rbttJaoirqgé ?thetn t%eslév%ib%i En"g”EéiH &%%Bli"lgnt was
distilled off in the same manner as step (1-1) of Example 1 using the solution
obtained in step (19-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to be a solution containing
80.3% by weight of bis{3-methyibutyl) carbonate and 19.6% by weight of
3-methyl-1-butanol. In addition, as a result of analyzing the distillation residue
obtained in the flask by liquid chromatography, the distillation residue was found
contain 96.4% by weight of
3-((3-methyIbutyi)oxycarbonylamino-methyl)—S,5,5-trimethylcyclohexylcarbamic acid
(3-methylbutyl) ester. In addition, when the distillation residue was analyzed by gas

chromatography, the distillation residue was found to contain bis(3-methylbutyl)
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10 2,4-di-tert-anyl phenol. 378 g of a solution were
recovered fromline 32 by carrying out the sane

net hod as step (1-3) of Exanple 1 with the exception
of using the solution and using a reaction tinme of 13
hours. As a result of analyzing the solution by ' H and

carboglg‘%%w Wg # 'Biofios‘gﬁh@%:d@ %"W‘é‘g‘g@g&a%&’ e y| eI d

based on 3 am nonet hyl -3, 5, %Yﬁé .L)O%Fﬁ |_\,/I am ne
methyha3, Schttrimethyicyslaiiexy rbamsra&' ey B
observed to be adhered to the inside of the hhln film
evajStep( t8-3):dProskiction oh lsopbataneohliisoryapate ey hggnal
pentenes detected in the | ow boiling point conponent
Decomp@@uﬁndaf130((sanethgmml)mwedrmtammeﬂaemwt| on of
4-di -tert-anyl phenol. 20 Exanple 20 Step (20-1):
afdamizUaid Y 3nsthyibaty) Bsteno- et hyl ) -
3'55?“9@ ye{%k{é&y%cycl ohexyl (X:ar bamycAtt:wd (n-butyl) Ester

?ﬁr 13052 HE&I qgﬁmgﬁg@@%é@ 6 offekBUR Bn HRaurate were added

exception of using 1521 g (8.7

to theﬁg%i@?ng?@?rhgﬂ étcg/tﬁ%'hg@ ér?%fae#a@@ ﬂatg délﬁcgilnnag hgmogeneous solutlon

Wheqrr}?]ligryfaﬁ megfg&eéggﬁp%ngﬂgrap%yztl'& sglution was, found to contam
net hoxi de (28% net hanol sol ut n|) l%fdp
bis(3-snethyibuiyl - earbanatenat %?t%@%'welﬂ& o

3- ((n-butyl)oxycarbonyl am no-

2 4-diietrhgmylphefob- t ri met hyl cycl ohexyl carbami ¢ aci d
(n-butyl) ester. Step (20-2): Distillation of Low
Big ¢ bfa BeiutionGesneorenter@dlitern ligedd2 by gagyinplaut thesame
obt al ned when the [ ow boiling point conponent was

methe'a %%i dté§?1 ) fof Bxabipfe 3aMh R @ieptionsif epingltng)sobdtion and using
using the solution obtained in step (20-1)

a reacﬂéﬁ ﬁﬁ% c?’ff 13 HS 20! A4 %%Qﬂlté\" aieflyding Sesol(fiod by 'Hsared

ana yzi ng by gas chromat ography, the
13, % l/(')%)?sﬁe ﬁ“%hﬁ"’%%g tﬁﬁﬁ'\ car%ﬁ%‘b?ganﬁ yt\ﬁéaghg‘gfyisophorone
diisocyanga o'ﬁ'he ylelfd %gagled on'3 -grdn%émgfhyl—&5,5-tr|methylcyciohexylamine
was 91.2%. In addition, there were no substances observed to be adhered to the
inside of the thin film evaporator following the reaction. There were no pentenes

detected in the low boiling point component presumed to have originated from

denaturation of 2,4-di-tert-amyliphenol.

Example 20
- Step (20-1); Production of 3-({n-butyljoxycarbonylamino-methyl)-
3,5,5-trimethylcyclohexylcarbamic Acid (n-butyl) Ester
The same method as step (19-1) of Example 19 was carried out with the
exception of using 1521 g (8.7 mol) of dibutyl carbonate instead of bis(3-methylbutyl)

carbonate, and using 330.4 g (1.94 mol) of 3-aminomethyi-3,5,5-
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10 as a result of analyzing the distillation residue
obtained in the flask by liquid chromatography, the
d:CStI Ilation residue was found contain 97.8% by wei ght
0

3- ((n-butyl)oxycarbonyl am no-nethyl)-3,5,5-trinethylcy
trimet&kl%ﬁ@?éﬁleﬁya gna% b ?WSBHM meRhdade (28addiHanensolution) to

ation Tesidue was anal yzed by gas

avart B %%ﬁ%lﬂgc@eé?n i Ak

: methxl}-ﬁfﬁgéé\g}m@i}bﬁ Lﬁﬁg %m%%]ﬁ?éﬁ%’hﬁﬂt%@t% ester.

Step (20-3):. Product fls
ThePSf(ﬁP (2923"{9095@1:!;%@%8? bgw Boiing 8531?%09\155’;9 Gyanate by

3- ((n-butyl)oxycar bonyl an no- net hyl ) -

tin dfres diya distillatiecxgrecebtaimedovizen the |ﬁ%b@li}m9 ppist epmpenent was

1156 g of 2, 6-di net hyl phenol and 59.8 g of dibutyl tin
distill€dl bffun ate sumeemanidedas etept 1e1 dofdExdrhplei busingdhe gelution

obtained in step (20-2) to obtain a honbgeneous

obtaiﬁﬁc‘l W s12p- (ZOW)‘?ﬁsthti%st@mﬂbN obthihyd gastep (1-1).  As a result of
chr omat ogr aphy, the solution was found to contain

analygirﬁgﬁ%ba? %L;P:ﬂﬂ?t’oﬁ aﬂﬁqsﬁt@%gisghét@'%é fdundabite #koitieA béntaining

of a solution were

75.0% %ﬁ\&g{ggg i{:lganw %Ow%tgég A{.%% ( tléﬁ;rﬁ'&?ﬁﬂﬂﬁn% In addition,

he excepti on
as a flﬁzﬁéﬁ‘tﬂg%ﬁ N%?miﬂ}ﬂ” n'sﬁl?at%%?re%ﬁu%ﬁ@%@%ﬁﬁ?ﬂﬁ%@ﬂﬁwgﬁﬁ
chromelagsep e Biptiidion fesiaua §8BOvINEoNain Shayh R eioht
yi e ased on

3-((nDudyh oxycatborylandosmethyhed Bya-tiraetxisxplohexvisarhaimic acid
89.8% In addition, there were no substances observed

(n-butg) bsterdhier addition, tvirleen thesdigtilationt nesiduei was analyzed by gas
evaporator follow ng the reaction. There were no

chrorﬁ@tﬂ@j?éﬁﬁf, the dRtRatied résidid wasdouhodtd cogtapodibutyl carbonate at a
componen presurred to have originated from

mola f @ o%‘ (ﬁabﬁin WG B RyRIRho-RsByPLE55L  Step
AR 6 b

uct on
e R MRS, 5 %

- Step (20-3): Production of Isophorone Diisocyanate by Thermal
Decompositidn of 3-((n-butyljoxycarbonylamino-methyl)-3,5,5-
trimethylcyclohexylcarbamic Acid (n-butyl) Ester

11 56lg of 2,6-dimethylphenol and 59.8 g of dibutyl tin dilaurate were added to
the distillation residue obtained in step (20-2) to obtain a homogeneous solution.
When this was analyzed by gas chromatography, the solution was found to contain
dibutyl carbonate at a stoichiometric ratio of 0.0014 to 2 6-dimethylphenol.

387 g of a solution were recovered from line 57 by carrying out the same
method as step (2-3) of Example 2 with the exception of using the solution and using

a reaction time of 13 hours. As a result of analyzing the solution by 'H and
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The sane nethod as step (19-1) of Exanple 19 was
carried out wwth the exception of using 975 g (10.8
nol ) of dimethyl carbonate instead of
bi s(3-nmet hyl butyl) carbonate, using 306.5 g (1.80 nol)
of 3-am nonet hyl -3,5,5- trinethyl cycl ohexyl am ne and
3C- N@AF@ a&aﬂfsuss@ﬁé dAILEBH e fdant 28 Yorkelin 809 by Aeightat isdkdhorone

Pure Chem cal Industries, Ltd., Japan), and not

dusoc&%ﬁ%ﬁ@ ngl'r%’@ Eﬁ?’éé 6ﬁ9térﬁ|?|onfétﬁ t@B@—trhﬁ%tﬂ?!cgalgg.@g&am|ne

ange re tarn on cont ai n

was E%Y Fhot 1§ |3893'@gr g 08 HSIgTsRReseved 9o AR i e
inside LNy 1B SGPAranT A1 e T eActieBm AR Wats hgpopounds

of a distillate were obtained when the | ow boilin
deteciry it thedawdmiling peist C@nﬁpnemt@regﬂmeﬂrfoméfes%%n%a fam
as step (1-1) of Exanple |I using the solution
denatipatiomefl? Brdistedhylpizdnd) i nst ead of the solution
obtained in step (1-1). As a result of analyzing by
gas chromatography, the distillate was found to be a
solution containing 85.1% by weight of dinethyl
Exanftfé bgnate and 14.8% by wei ght of nmethanol. In 25
addition, as a result of analyzing the distillation

resi g Qt?t %LLC%Q@F 3f(:n?e°t|"1 BXytardbh Iammo—methyl) 35 5-

chr ona ogra hy, istillat onreS|devvasfoun

tnme@'ly %@l‘:ﬁ?f‘ @f%‘&ﬁ%ﬁ%@y r%%égll )-3,5,5-trimethyl cycl o

I b ddi t
v SadTla) e o o Ui e
chr omat ogra%hy, re was no di meth car bonatﬁ
excepfiqreet Wsing 976118 %mql) aftqiimetlmémﬂ ategilféﬁa 9i.3):

Production of |sophorone Dii socganate bg Thermal 5

bis(3Meetbyipody!) campoonte, using 306.5 g (1.80 mol) of 3-aminomethyl-3,5,5-
3- (et hyl oxycar bonyl am no- net hyl ) - 3, 5, 5- -

trimethyicyeldngxglamhinb end 6. 8rgoafns adivwi rdeibbbcldﬁl (2B& eretharid splution,
of 2,4,6-trinethyl phenol and 56.6 g of dibutyl tin

Wakd! PLR ChemivENAdastees [itg., Japanyliztid hdtasarging et ibigralization
obtained in step (21 2) to obtain a honbgeneous

treatréghﬁtf/élgg anibA &cﬁéné’%?églh‘id BBtaW? é%dilﬁﬁﬁ\V&irﬁﬂinfﬁ(g?@.b%‘By

rryrng out e sane net hod as step

welgljf_txfﬂ@ [fiethyltdyRaftdhy RitR Btrhg{ﬁyﬂ 3,43 f?ﬂnétﬂ?lcﬁ&BHékﬁEar%%%c acid
methy| ester.
- Step (21-2): Distillation of Low Boiling Point Component

764 g of a distillate were obtained when the low boiling point component was
distilled off in the same manner as step (1-1) of Example 1 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 be a solution containing
85.1% by weight of dimethyl carbonate and 14.8% by weight of methanol. In
addition, as a result of analyzing the distillation residue obtained in the flask by liquid

ch.romatography, the distillation residue was found contain 98.2% by weight of
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a reaction tinme of 16 hours. Asa result of analyzing
the solution by '"Hand 13C-NMR analysis, the solution
was found to contain 99% by wei ght of isophorone

di i socyanate. The yield based on :

3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne wa

S
S R R e
oster SSRGS e SR 85 o o

presuned to have originated from denatur.at,i on.s% . d
chronzategeaphy therewashm dimethyheanbenate gejecied;ip ghe gisfijlation residue.

Producti on of

3- («( Stepe(2hy3)bRtgdyctiopad i sepharane Riisaexanatg by Thermal

3,5,5-trinmethyl cycl ohexyl carbam ¢ Acid (3-nethyl butyl)
DecoRfidaditior?ds. 3(eethlldkycarbonytdmino-methyl)-3,5,5-

3-am nonet-%l @5 g—t ri met hyl cycl ohexyl am ne, 212.4 ¢

trime@}@dﬁﬂg&@%ﬁﬁrﬁ@m@hﬁﬂﬂ Bstef 3-nethyl -1 -butanol

. ( a 10 L volunetric four-nmouth fl ask
SR 3 & il Finehdt REHEE bof HBIFTIPERI fhte Bers added to
in.an oil .bath heat '
i o BPenH st A BT S0 01 T oP E omod s tn.

f 20 L / hr f 122 bal |l filt t ‘
i Sk elsohaion e msbrbent e St SRk TS Rife e
reaction liquid were suitably col] ected. antii_‘%ég%ect ed .

method agvstepr2+3) of Examiie 2nwith tha exeaptigaof usina fiof} and using

the time when ] . ’ :
a regtianitinmref 1§ hodrss, FAs airestihol analydneg e sautienkys Hand
| onger detected. A solution containing ammonia was
3C_NIAR AhalgsisS thensdilittoriwae foyrad to contalh @8%tthyeweight of isophorone
vessel . The flask was connected to a rotary evaporator

diisobPartdtbC N THES/i41Q HaREHH Sanfhometsi3, Sauiimetiylvjddhexylamine
tenperature “controller, a vacuum punp and a vacuum

I .1 i
was gﬁ?{’-ﬁelﬁ%’v"‘ﬁﬁﬁ tlﬂlﬁ"ge R nb SRS IACHE db4Bs/edietb HePadiRéled to the

poi nt  conponent was distilled off

s e RSEH R PhePy SR RauiS villsdbied Crabiald fcampouncs

e distillation

deteqies nithal s RoBg aia SREPHTRIH: Preshrien 15 Ve Brgingiglf rom
dena\/{ﬁ:‘a%gtn §f2,4,8-trimethylphenol.

Exampie 22
- (Step 22-1): Production of 3-((3-methylbutyljoxycarbonylamino-methyi)-
3,5,5-trimethylcyclohexylcarbamic Acid (3-methylbutyl) Ester
301.4 g (1.77 mol) of 3-aminomethyl-3,5,5-trimethylcyclohexylamine, 212449
(3.4 mo!) of urea and 3120 g of 3-methyl-1-butanol were placed ina 10 L volumetric
four-mouth flask equipped with a reflux condenser, a thermometer, a stirrer and a gas
feed tube. The flask was immersed in an oil bath preheated to 155°C and the

reaction was carried out while introducing nitrogen gas at the rate of 20 L/ hr from a
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3- ((3-net hyl butyl)

~.oxycar bonyl am no-net hyl )-3,5, 5-tri net hyl cycl ohexyl carb
amc acid (3-nethylbutyl) ester. In addition, when
the distillation residue was anal yzed by gas
chromat ography, it was found to contain urea at a

oai St gt heh Bt PoRohlotsi spacton vesseh, Fomplesct e eacion
iquidsgerp L igBby R SrBlghies AR A Laly B Fctin ves

Thermal Deconposition of . .
terminated 2t Hee AMepubon BoaPinanriiyt-35 Siimethy|rysiohexylamine was no
3,5,5-trinethyl cycl ohexyl carbamic Acid '(‘3- met h){l butxél 2 :
longeEsietacted 1865lujionfcantaining ammanimwas| distilgdsromy the yppef portion
di butyl tin dilaurate were added to the distillation
of the eBictius vebéeli ned in step (22-1) to obtain a
honogeneous sol ution. Wien this was anal yzed by gas

iHPARIKOUES BBMnedtBa t6 @ rétarg evaperdtotmdwhichorss epmnaatec an oil
a stoichionetric ratio of 0.0010 to 2-tert-butyl

at
Y | and Bamduune
bath BGRRbd wift/a ferporhtifd rtRiehH faciluft pUETEFand ac/ach

ampl e 2, 25 usij | U, it :

contrgliy T i oa 0 #MPalyFS seRa dhaplE, dnd Fich Boling poin

was found,.tqg contajn 99% b [ ' r : ;
compsiest i i dlearat: 2, preeutd ol BB RS Io bBRANE R¥iftation residue

3-am nonet hyl -3, 5, 5-tri nmet hyl cycl ohexyl anj ne,.wa
insidg ghey fask.n nithe distiliatien ée%ig‘l‘%wﬁé @%‘éﬁeﬁ%%gq‘ﬂaser ved

to be adhered to the inside of the thin film .
chroreatograpiy theé distiation residue wasieend torpantain,@9 9%, By weight of

but enes detected in the low boiling point conmponent .
3-((3pnethyimdyl) oxyearbonylagiime:methy )35, Serimetindeyaleheylgarbamic acid

2-tert-butyl phenol. Exanple 23 Step (23-1):

(3-m5’flﬂﬂ$tﬁ%lb astepf [ sddition tvayé the tistilation nestduel was andlyzed by gas
i cycl ohexyl carbamate 10 2124 g (10.5 nol) of

i 2 | i &f 0D0OBo)thef
chroﬁa %ﬁﬁgﬁ%gy‘gﬁgﬁ% dcyc ohg%lfﬁga'%ﬁg)gﬁ (8%\}1: oTrthltgh Corp., e

SR BBt SR s pcavamic aci
(3-matTSithy ester
- Step (22-2): Production of Isophprone Diisocyanate by Thermal

Decomposition of 3-((3—methylbutyl)oxycarbonylamino—methyl)-
3,5 S-trimethyicyclohexylcarbamic Acid (3-methylbutyl) Ester

1305 g of 2-tert-butylphenol and 54.9 g of dibutyl tin dilaurate were added to the
distillation residue obtained in step (22-1) to obtain a homogeneous solution. When
this was analyzed by gas chromatography, the solution was found to contain urea at
a stoichiometric ratio of 0.0010 to 2-fert-butylphenol. 347 g of a solution were
recovered from line 57 by carrying out the same method as Step (2-3) of Example 2

using the solution. As a result of analyzing by 'H and *C-NMR analysis, the

solution was found to contain 98% by weight of isophorone diisocyanate. The yield
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condenser and a three-way valve were attached to the
flask. After replacing the inside of the systemwth
nitrogen, the four-mouth flask was i mersed in an oil
bath 15 heated to 100C foll owed by the addition of 6.8
g of sodium nethoxide to start the reaction. Sanples

basedbn t3|3§mh%‘iéth9p3 5 Mrﬁewr@cﬁjwek Bihine Qldsess 4th. and addition,
subjected to ~NVR anal ysis, and the reaction was

theregffeﬁg]rf&a%l.ﬁ% iyl ée%"t?r% ; )l;\'??% e% adnered to \Atgg |fP]so|de gﬁ él’g—:; thin film
o B I P 1
b0|ltn|goﬁg>lrm20§gmex§gg1an gaé%ei%%q AB‘b gﬁnﬁées &gﬁpnscf aj&%ﬁgg%ho

warnmed to 6Sva|th an external jacket, to obtain a
2-fertdnltylphencli n whi ch  t he sodi um net hoxi de had been
neutralized. As a result of analyzing the solution by
l'iquid chromatography, the solution was found to
contain 30.6% by weight of b is(3-nethylbutyl)-4,
Exantple @Bt hyl ene-di cycl ohexyl carbamate. 25 Step (23-2):
stillation of Low Boiling Point Conponent 1658 g of
a di sfebl(balf; PREGUCHBhfBRS 3k f)am.qyn)mhﬁeﬂhymepo' nt

corrponent was 124 distilled off in the sanme manner as

dicycﬁ.,ggylgértg%gﬁf Exanpl e 1 using the solution obtained
Im-step - T)

i nstead of the solution obtained in

i PR EH e P DI T8 e #9509 175 mon o
4 4Ry DI YN %ﬁé@.@%gﬁpﬁs& BB 27 5L

3-nmethyl-1 - butanol , I'n addition a resul
volureetsicyeungoutteflasksa stireariwas plased i th %E@%h fEd 3 "f'ﬁ-&h

flask by liquid chromatograph the distillation
condersérdarel adisrekousayl vatyenmterﬁtw&%tmiheﬁa%t After replacing the

bi s(3- et hyl butyl ) -4, 4" -met hyl ene-di cycl ohexyl car bamat
insid@ of tHensyastglintwith nltmgelm tHrefodir-shouth dlaiskwascimrdersegdn an oil bath
anal yzed by gas chronmat ography, the distillation

heatéf & %@’O"ﬁﬁloﬁ/é@l'ﬁi/ fre SQiich Bf ©issd 8f s&diby ethoxide to start the
carbonate at a nolar ratio 10 of 0.012 to

react'iBr?( §£Fﬁb%§'cﬁgl§é”r%a f‘w I W&k&ﬁﬁﬁ%l?%h@&édﬂn@a&md to

NMR[%Q%H%% %ﬁ @%e C?% GiGH %a%ﬁ%ﬁ%!ﬂa?@c%?ﬁ@ tﬁ'}le K¥henner mal

4 4'-@931&«?9 ls(cya oﬁgxylamine) was Ihe hg llc?nrb%r %‘e?gtﬁeg h e'ﬂ% ?gélﬁﬁxqago!ution

was supplied to a column which was packed with an acidic suifonic acid ion

exchange resin (Amberlyst-15 (spheres), Rohm and Haas Co.) adjusted by removing
moisfure and warmed to 85°C with an external jacket, to obtain a soiution in which
the sodium methoxide had been neutralized. As a result of analyzing the solution by
liquid chromatography, the solution was found to contain 30.6% by weight of
bis(3-methylbutyl)-4,4'-methylene-dicyclohexylcarbamate.

+ Step (23-2): Distillation of Low Boiling Point Component

1658 g of a distillate were obtained when the low boiling point component was
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1305 g of 2,4-di-tert-anyl phenol and 54.9 g of dibutyl
tin dilaurate were added to the distillation residue
obtained in step (23-2) to obtain a honbgeneous
solution. 15 Wen this was anal yzed by gas

chr omat ogr aphy, the solution was found to contain

istilldt 1.21)3F Exapiple ahiging thie solutibn o
dlsmléq 8&%%%%&‘%&39%15@%%§9an&| phenol'ﬂ 404 g@of a

obtatrfegzl Htétcg;g( r1ﬁ wés‘fgé’&' § %cgﬂtgﬁ g?@llzr)%l Wstégr(t é"l:)ﬂgAts%érfesult of
analyyﬁ\g%_y 5\5}%%3?%{36%%@ %edigtﬂfa{% Qo%gfobﬂa %S)%ﬁi %&Utl@ﬁ{ chtaining

contain 20 99% by b
82.2% by WISt BIAC-BLBY A CRRonase Rl % B eelant ol
based on 4, 4'-net hyl enebi s(cycl ohexyl am ﬁ’l,% was .
3-methg|-2dutanoladdn endiion: arasesif of Avalyzinadoa isilaien esidde
to be adhered to the inside of the thin film
obtaireathipathatftaskfin liquid ohromategrapiy thendistitasion residuerwas found
pent enes detected in the | ow boiling point conponent

contaIEH 98 396 Bytwiaibhvef sisi3ometiysislityl) e 'destitylers-dicyclohexylcarbamate.
,4-di -tent-anyl phenol. 25 Exanple 24 125 Step

in adéha fn %neﬁ’ 198 dfdtil forPfesitie Wab Wnalyzed By ga@tinonestegraphy, the

i cycl ohexyl carbamate The sane nethod as step (23-1) of

d1st11lMs§%€% ffgéﬁ%'ﬁé E?nt%Hi big%mémbu @Rbbifte@t a molar ratio

usi ng ut yl onat e I nst ead
f. 5 hi th 0.7
of 0.412 3 iy ‘m&FW *aéfth%%-rhﬁﬁﬁ%&“@%?c'eﬁ%@é@#b%?n"a‘n% and
gén? %q%HOf S@'PET@@I ne Izﬂ? raptry énaé-al(cydo exy ég&anate) by
s(n-butyl)-4,4"-nmethyl ene-dicycl ohexyl car%g \?
ThermahiDepomppsition ot e op NYMHIA# TEoYIae SeHpBReRICGamate
1683 g of a distillate were obtained when distillation
f305he of 2yd-tistert-amylpbieno! andiflShe of dikwtyl tardilasiatsyergradded

the sane manner as step (1-1) of Exanple 1 using the
to thé Bistilation e¥idieebltairedsinatel £23-2) to oblatrad hoimageneous solution.

solution obtained in step (1-1). Wen
When this was analyzed by gas chromatography, the solution was found to contain
‘bis(3-methylbutyl) carbonate at a stoichiometric ratio of 0.0022 to
2 4-di-tert-amylphenol. 404 g of a solution were recovered from line 57 by carrying
out the same method as step (2-3) of Example 2 using the solution. As a result of
analyzing the solution by 'H and '>C-NMR analysis, the solution was found to contain
99% by weight of 4,4'-methylene-di(cyclohexylisocyanate). The yield based on
4 4'-methylienebis{cyclohexylamine) was 88.2%. In addition, there were no
substances observed to be adhered to the inside of the thin film evaporator following

the reaction. There were no pentenes detected in the low boiling point component

presumed to have originated from denaturation of 2,4-di-tert-amylphenol.

Example 24
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anal yzed by gas chromat ography, the distillate was

~ found to ‘be @ solution containing 82.7% by wei ght of
di butyl carbonate and 17.2% by wei ght of 1-butanol. In
addition, 15 when the distillation residue obtained
in the flask was anal yzed by |iquid chromatography,
the Shi'tleﬁt(?hiﬁ.tPfhﬁdcﬁéh@ﬁ@i%&:dtﬂ%@'lmem?mm 97. 6% by
wei g 0

: 605 z14, 4' - met hyl ene-di cycl ohexyl carbamate. In
dlcyclgia\%ﬁ/l?g%t?grﬁmﬂén the distillation residue was anal yzed

oo INGER0 S8 002 G EBd 2000 S e

excerdiceyed iion S A Hiol) & dinciEarbpRas Bitradt o of

4, 4" - met hyl ene-di (cycl ohexyl i socyanat e% by Ther mal
bis(S-mthm&(pamoaate, and using 420.7 g {2.0 mol) of
Di (n-butyl)-4, 4" -nethyl ene-di cycl ohexyl carbamate 1215
4, 4'-maptbilchebistgyaohmxytaning? aadd 18 gdif sediim methexide de gbtain a
were added to the distillation residue obtained in
solutishepntalding)32.9%0by aeigh dionbgeneous sol ution. Wen 25
this was anal yzed by gas chromatography, the solution
bis(nWRy|-aUihétAyepBlatytichdilodrbamaionat e at a
stolchionetric rati'o of 0.0014 to 2, 6-xylenol. 470 ¢

of .agR '(%i-étﬁnplﬁﬂlstioﬂr%ﬁLbﬁgﬁiﬁﬁﬁﬁﬁoﬁt%mb&%rﬁ7 by

carrying ou e same net as step (2-3) of Exanple
Sj t he. i o r | & . i ]

J6ER% BRa SRR B Ol Bl RRLERY e Er K] B Bdlfng point

found to contain 99% by weight of 4. 4'- hyLene- .
compgreR) weSIRERP Obk Vulhia RS RieF as Gt LER) BHERARple 1 using the

4, 4" - et hyl enebi s(cgicl ohexyl am ne) 5 was, 89. 6% IP
solutigachtpiord in stan(2det kingteas fdhaseblioprRipiped i stape(1-1)-  When

adhered to the inside of the thin film evaporator o
analyzed| ynpasychiogategraphyntheTdistillateuwas faund dapemsejution containing

detected in the | ow boiling point conponent presuned

82.7%myhaeight of dibutl edriforaie addrmat 2%y weightt of 1ébutghelnolln addition,
10 Exanple 25 Step (25-1): Production of

wherlnerdibifl atibn4esidkbtsingd i Hefiadiewss ehaheedtty liqUd
same nmethod as step (23-1) of Exanple 23 was carried

chrorﬁ?fg&f‘%@lﬁy télg? kc)iiosﬁ‘tg{élgdﬁ t}és’étﬂ:él%wg?. if8Gnd 8 Lostalnle7 84TBY Wweidht of
di(n-butyl)-4,4'-methylene-dicyciohexylcarbamate. In addition, when the distillation
residue was analyzed by gas chromatography, the distillation residue was found to
contain dibutyl carbonate at a molar ratio of G.OOT to di(n-butyl)-4,4'-methylene-
dicyclohexylcarbamate.

- Step (24-3): Production of 4,4'-methylene-di(cyclohexylisocyanate) by Thermal
Decomposition of Di(n-butyl)-4,4'-methylene-dicyclohexylcarbamate

1215 g of 2,6-xylenol and 62.9 g of dibutyl! tin dilaurate were added to the

distillation residue obtained in step (24-2) to obtain a homogeneous solution. When

this was analyzed by gas chromatography, the solution was found to contain dibutyt

carbonate at a stoichiometric ratio of 0.0014 to 2 6-xylenol. 470 g of a solution were
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bi s(3- et hyl butyl) carbonate, using 462.8 g (2.2 nol)
- of 15 4,4' -net hyl enebi s(cycl ohexylam ne) and 8.5 g of
sodi um et hoxi de and carrying out neutralization
treatment with an ion exchange resin to obtain a
solution containing 38.5% by weight of ‘

recov%%%'lfa@sﬁ P*"E{aﬁi‘n@%%é%ﬁh@ﬁéﬁd‘aﬂéég @-3) Stexample 2

n~of Low Boiling Point nponent
oo 2 08, o S e B LR
the salwion a5 dew o BetP e b VEIgN 262 A RIBYERE- of ¢ e
dilcyaenkisoapia - dhe Xisbiiasesial ddimalanebhsighexRine

sol ution containing 87.6% by wei ght of dinethyl
was 88a8%0nan addition] theBeoneyews gistancasahsend tq e adhered to the
addi tion, when the distillation residue obtained in
insidd BRthk!tBFKil ey apvahtor éslldwing ite rebc@iBne hThees werapmeompounds
the distillation residue was found to contain 98. 6% by
detectsd theQbw boiling point component presumed to have originated from
di net hyl - 4, 4" - met hyl ene-di cycl ohexyl carbamate. In

Ioki 11 v he distillation 127 residue was
dena@tﬁ%}%ﬂzé‘@@y gasal'chr omat ogr aphy, the distillation

residue was found to contain dinmethyl carbonate at a

nol ar ratio of 0.002 to di nmethyl-4,4"-nmethyl ene-

di C£C| ohexyl carbamate. Step (25-3): Production of
Exampl@i2onet hyl ene- di (cycl ohexyl i socyanate) by 5 Ther nal

Deconposi ti on_of . . , vl lcarbamate

Di reBlepl (25: 1 Predusfioe i Rimejlylshaspethylengicclphgyigarpam

- of 2,4,6-trinethyl phenol and 69.0 of dibutyl tin

diHeasameenetbod asditep (23-1) oh Example EBasrATdicHivith the

obtained in step (25-2) to obtain a honbgeneous
exceptidribf 0sing 1880y (15.4 nval s obdimtethylaphonate instead of

chr omat ogr aphy, the solution was found to contain

bis(3dhEBRDUtyls Bafomate WRIng4628 ¢ l2.omedll bt ratio of
s( O.%%&O ¥g 2,4,6-tri rreg?hyl phgent%l . 487 10 g of a

- L Ui ld ignduarryi t
.- RS o EfaAIY D sl souirwining o

v Dy 50 1 ] RS FE A o0 OB coltanins
a6 DL et e A B §RS et
- Step (25-2): Distillation of Low Boiling Point Component

1134 g of.a distillate were obtained when distillation of the low boiling point
component was carried out in the same manner as step (1-1) of Example 1 using the
solution obtained in step (25-1) instead of the solution obtained in step (1-1). When
analyzed by gas chromatography, the distillate was found to be a solution containing
87.6% by weight of dimethyl carbonate and 12.3% by weight of methanol. In
addition, when the distillation residue obtained in the flask was analyzed by liquid

chromatography, the distillation residue was found to contain 98.6% by weight of

dimethyl-4,4'-methylene-dicyciohexylcarbamate. In addition, when the distillation
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4, 4" - met hyl enebi s(cycl ohexyl am ne) was 84.4% In

- addition, there were no 15 substances observed to be:
adhered to the inside of the thin film evaporator
following the reaction. There were no conpounds
detected in the |ow boiling point conponent presuned

residL&é’\ﬁlgg\éﬁaﬁfzbgm#cﬁﬂo%t%ﬁﬁlyrﬂ"nb' distilRfion residue was found to

enol e 26 20 Step (26-1):

core GBIl TSR Y 3 s ntone

. nebi s(cycl ohexyl am ne), 240 g (2.0 nol) of
d:cyclghgéylgﬂrba%ég g of 3-nethyl-1 -butanol were placed in
a 10 L volunetric four-nmouth f]ask

i1 SiRp {3 BRdUCHOR I A e by Ieng B iRPySgat) by

feed tube. 25 The flask was imersed in an oil bath
Therri@EBe@emMposition of Dimpthy!-Jatrangthplesiedicxelobexylcasbamaiy
the reaction was carried out while introducing

f’IV-lBVCg;]@m g@trivhethipbheabkand 6912§ of @ibutyl tinr difaupateaversl added to
filter that reached to the bottom of the reaction

the d‘éﬁFFaqtl%Jn reSRITIY Gistairl ihRtep E28:0) ®robtairia thowmgensous ablution.
 ected and subjected to NVMR anal ysis, and the

WherjlﬁﬁgWaQ ﬁ%@%%@%ﬁ%@é{t}g?%fﬁ‘egﬁ \Ag\égl@fr']%n was r:‘ggr;d to contain
aref§ S RAAD IR s et o

g of 3 UE%\A@%&%E%TSSFFO%E@%%W FOAP e %aivr%’@be‘*ﬁa? gs step

ntro Ier a vacuum an a VaC um . cont
(2-3) chErample diusng esalulon vhs asesul 6 ¥R Ra RS shliitonpy 'H

boi ling point conmponent was distilled off at a
and 'PCANMR analjsie, e sahatiarowebfaund to aertain 9 yweight glie
10 inside the flask. Wien the distillation resi due was

4.4'-rastrylered difgytiohexylisochamate). ogFtaphigld basedipsti | | ati on
resi due was found to contain 99.0% by wei ght of

4,4'- rﬁéﬁiy%ﬂ&i&(ﬁ*é!&hd@la:ﬁwfb)ﬂ@@ﬂ%e In addition, there were no

di cycl ohexyl carbamate. I n addition, when the

subsfs ek ldpRERRIY thasd Qé!ﬁer%ﬁo@ﬁé"iﬁ/s%&éjoptheﬂﬁﬁw film evaporator following

chromatography, 1t was found to contain urea at a
! 0
the f%m ng?lg rrealh?g? gjﬁryl %_%rﬁﬁq%?ﬁtgﬁtgd in the low boiling point

compoenent presumed to have originated from denaturation of 2,4,6-trimethylphenol.

Example 26
- Step (26-1): Production of Bis(3-methyibutyl)-4,4'-methylene-
dicyclohexylcarbamate
420.7 g (2.0 mol) of 4,4'-methylenebis(cyclohexylamine), 240 g (2.0 mol) of
urea and 3526 g of 3-methyl-1-butanol were placed in a 10 L volumetric four-mouth
flask equipped with a reflux condenser, a thermometer, a stirrer and a gas feed tube.
The flask was immersed in an oil bath (OBH-24, Masuda Corp., Japan) preheated to

155°C and the reaction was carried out while introducing nitrogen gas at the rate of
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15 di cycl ohexyl carbamate. = Step (26-2): Production of
4, 4' - et hyl ene-di (cycl ohexyl i socyanate) by Ther nmal
Deconposi ti on of

Bi s(3-net hyl butyl)-4, 4" -net hyl ene-di cycl ohexyl car bamat
e 1765 g of 2-tert-butyl phenol and 61.9 g of dibutyl

20L 3 Ay B0 1 e D S s sl
ot neRe el el RAL SRR R s e

at a stoichionetric ratio of 0.00067 to .
reactipnpwas tepminated @b e timezfvf@efbgi% hylensRis{gyclehexylamine) was no
recovered fromline 57 by carrying out the same method .
longeadietsioted. ( 2A 3hludibnBeatainiegamneniywas sisledifiasm thengpger portion
result of analyzing by 1H and 13C-NMR anal ysis, the
of thesreladtidloneyssl. found to contain 99% by wei ght of
4,4 -met hyl ene 25 di (cycl ohexyl i socyanate). The yield

- hpesthsRivds Gonmadtad ke Bgottirg evaporatontoashior wasweonriégted an oil
% In addition, there were no substances observed to

bath g@%ﬁ@@?‘g?ﬁ?’ é %-Irf'lﬁ@ratdr%gcdrﬂ‘@llgﬁ a0facudén pOMp dnd Bvacuum

owi ng the reaction. There were no
but ‘ : I e . _
con i SSTEBAH I Varhtid B Rl b b
comppregl e iR RS S orosSuPEL 6 B i lcn b o Hetiaton resiaue
Bi s(3-nethyl butyl) Est 2791 13. I f.
insidaire tastet WYhBU e st esssn Has Arely 268 b Y of
2,4-tol uenedi am ne (Al drich Corp. USA) were placed.in
chroma®grapty, thedistifation iesidis was 1e1nd tesgontaing9-Preky weight of
placed in the flask, and a Dinroth condenser and a
bis(3trhetegtbutyl)-44 yeethgleacaticyclobdxyloatiamateas kn additien, when the

replacing the inside of the systemwth nitrogen, the

distillbAoR realé wasasrialymsl byrgas shrbratographiyl it weshfouedtte dontain urea
80C followed by the addition of 13.3 g of sodium

at a MBIR PXtidI6f DB 1BRAE ?@B-rﬁ@thynziuwlwmnﬁétﬁwbnbhe

reaction. Sanples of the reacti'on 1i qui d were suitably
dicyc?%aéﬁf%ta?garﬂgfé_SUbl ected to 15 NMR anal ysis, and the

Ion"was termnated at the tine when

2, 4; gpelpu%?ﬁi)i: Wb&&cﬂon of 4,4'-methylene-di(cyclohexylisocyanate) by

Thermal Decomposition of Bis(B—methyIbutyl)-4,4'—methylene-dicyclohexylcarbarhate
1765 g of 2-fert-butylphenol and 61.9 g of dibutyl tin dilaurate were added to the

distillation residue obtained in step (26-1) to obtain a homogeneous solution.  When
this was analyzed by gas chromatography, the solution was found to contain urea at
a stoichiometric ratio of 0.00067 to 2-tert-butylphenol. 452 g of a solution were
recovered from line 57 by carrying out the same method as Step (2-3) of Example 2
using the solution. As a result of analyzing by 'H and '*C-NMR analysis, the
solution was found to contain 99% by weight of 4,4'-methylene-

di(cyclohexylisocyanate). The yield based on 4,4'-methylene-di(cyclohexylamine)

was 86.1%. In addition, there were no substances observed to be adhered to the
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was no | onger detected. The resulting solution was
.supplied to a columm which was packed with an acidic
sul fonic acid ion exchange resin (Anmberlyst-1 5
(spheres), Rohm and Haas Co.) adjusted by renoving
noi sture and warned to 80C with an external jacket,

insidébef%ttgimmm é%;%rbfm bilowiRg GHe Féctiopdi THeN® Weps indebliedes
een 2 a

f
20 neutralized. As a Fesult of analyzing the
il i iRGtedrom
detecif HtEoRility bGisk BHPBBNAH! Bittlimdd e nal chidifdke
tol uene:- 2, 4-di cgrbam.,c acid bis(3-nethylbutyl) ester.
dena@ﬁ@ﬂpqE@Eﬂ?dg%ﬁ@Pﬁ?m%hion of Low Boiling Poi nt
Conmponent 2268 g of a distillate were obtained when
the | ow boiling point conponent was 25 distilled off
in the sane nmanner as step (1-1) of Exanple 1 using
Exampie 290l uti on obtained in step (27-1) instead of the
solution obtained in step (1-1). As a result of 130
anal $Ep@7hY): Pasdudtioonst Todueaneh 4-dinerbgingcifcichBis(remethylbutyl)
found to be a solution containing 82.6% by weight of
Estei s(3-nmet hyl butyl) carbonate and 17.1 % by wei ght of
3-nmethyl-1 -butanol. In addition, as a result of
(g gt  Bls( 3 nRsthBubyipEsienarbamd D8t g (2.3 hwl) of
PSSO S B At pmutey 23 e

. romat ography, the distillation

2 - GGRBErIRE AR CopT UM PR Sk sfg o
I . I ti i sti ' i

sk sty Bk s B A SR EGRABr 489 g reoe-wy

valva:wpERAlea G (RdIaak. 1 ANPDORIFCDORD e Of N6 System with

t ol uene-2, 4-di carbam c acid bi s(3-nethyl butyl) ester,
nitro@erethe ZauBinouth flasicwas imatersed ineae of bt neated taBR°e fellowed
Thermal 10 Deconposition of Tol uene-2, 4-di carbam c
by thacadtitiirs 681 3t dnpf Sadiyim) mEttedde 8% gnethanol solution) to start the
2,4-di-tert-anyl phenol and 71.2 g of dibutyl tin

reacfibh aUS ainpleesfthaddaetior kil evette suithblytdotiectedsaritlisubjected to
obtained in step (27-2) to obtain a honbgeneous

NMRSﬁIHé‘I §RNand Y& Feddlioh wibtermmiaté8 &t e @@ when 2,4-toluenediamine
chr ofrat ogr aphy, the solution was found to contain

wes Bp GBS UL The SRS RDR ey BRI bt ves
packed with an acidic sulfonic acid ion exchange resin (Amberiyst-15 (spheres),
Rohm and Haas Co.) adjusted by removing moisture and warmed to 80°C with an
external jacket, to obtain a solution in which the sodium methoxide had been
neutralized. As a result of analyzing the solution by liquid chromatography, the
solution was found to contain 25.6% by weight of toluene-2,4-dicarbamic acid
bis(3-methylbutyl) ester.
- Step (27-2): Distillation of Low Boiling Point Component
2268 g of a distillate were obtained when the low boiling point component was

distilled off in the same manner as step (1-1) of Example 1 using the solution

obtained in step (27-1) instead of the solution obtained in step (1-1). As a result of
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368 g of a solution were recovered fromline 32 by
carrying out the sane nethod as step (1-3) of Exanple
1 with the exception of using the solution and using
a reaction tinme of 14 hours. Asa result of analyzing
the solution by'Hand 13C- NWR anal ysis, the solution

analy#®g By yas chronsabbiphyd distilete 9ids folind@o be a solution containing
tol'uene- 2, 4-di i socyanate. The yield based on

82.6"/% g@;%%?b?ﬂ%%%mygﬁ%néta arREl 4 %pBy weligrtefver e

it angef e ?dhered to the inside of
ameliESyfvel TBHIBRLL §rablh EEHhAO RPN residue
obtae i recr e SEAckPordy r HelAR sld g foume

28 131 Step (28-1): Production of, N
containPGei% by, weight ef hanead Acdicarbenic agid bigc-methytputy) ater-  In
met hod as step (27-1) of Exanple 27 was carried out
additior, whenehedistilation residus wag assyzes bwggs gbromatography, the
di butyl carbonate instead of bis(3-nethylbutyl)

distilleBioh easitiee aze foanhd o 232tain bis(®-mathylbafyl) carbonate at a molar ratio
2,4-toluenediam ne and 3.7 g of sodium5 nethoxi de

of 0.6 816 1BIdHN24-GiehamiB acidbigB-figihybaigl)usten

containing 32.1 % by weight of tol uene-2, 4-dicarbamc

ac ﬁgg%pf %ﬂﬁﬁrbd@%oWOf Toiéria-p AdifaocyBhatel by Fhéremalof

Low oi nt  Component 1273 g of "a distillate
wer e .obt aj i St i ] id
DecqFhgaiion Bhighel adl BlbhEAGD SRRVt Eatetd
ste 1- f a 1 ysi t.he Lt i
A58 § k4 S Blehehol 360912 Gt MR, Egete were accec
obtai ned in step (1-1). \Wen_anal yzed by qgas .
to the klistittation Fegitkye Boteines] ixstpp A2 62048 GBS Hiagengous solution.
sol ution containing 78.3% by wei %ht of di butyl .
Wheodhisomas enalyzied by pasighromiatparaphy, the sohtien wasfound to contain
addition, when the distillation residue obtained in
bis(3-methyliastyl) wasb@reaé vt adstbighiometrid ratihob@R089taphy, the
distillation residue was found to contain 98. 3% by
2 4_d@qéglgm\f|f)hé,501t ol uene- 2, 4-di carbam c acid di (n-butyl)
" ester. 1n addition, when the distillation
368 g of a solution were recovered from line 32 by carrying out the same
method as step (1-3) of Example 1 with the exception of using the solution and using
a reaction time of 14 hours. As a resuit of analyzing the solution by 'Hand
3C-NMR analysis, the solution was found to contain 99% by weight of
toluene-2,4-diisocyanate. The yield based on 2,4-toluenediamine was 92.1%.  In
addition, there were no substances observed to be adhered to the inside of the thin
film evaporator following the reaction. There were no pentenes detected in the low

boiling point component presumed to have originated from denaturation of

2,4-di-tert-amylphenol.

Example 28
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resi due was anal yzed by gas chromat ography, the ,
distillation residue was found to contain dibutyl
carbonate at a nolar ratio of 0.007 to

tol uene-2, 4-dicarbamc acid di(n-butyl) ester. Step
(28-3): Production of Tol uene- 2,4-diisocyanate by

Thergap (289 ) DeeRiRA6H of T8Iuehe Tk Rtbamic AtidaDipatiutyl) Ester
Aci d ((n batyl) Ester 1148 g of 2,6-di net hyl phenol

I s A T e i st e
oY 175 S o e P A S

di but yl carbonat toichionetric rati .0014

carbongterapd gsing 434 Oﬁz-% %%q'defa? igming g g’nf)ﬁé%? 50%'“'“
recover ed fromllne 57 by carryi nIg out the sang

methenide (28%smethanof solgfion) toes@tﬁm 2 solutien ggntakaing (4. Yedpy weight
with the exception of using a 132 reaction tinme of 16

of toliene-2 4-dicatbareisddid difndndylyesteg t he sol uti on by 1H and
13CG-NMR analysis, the solution was found to contain
99% SrepweB)t Distillatibniehbod, Bbilitig Boiry &ummonerithe vyi el d
based on 2, 4-tol uenedi am ne was 90.0% In addition,

t12‘?"3%3?% %léﬁﬂates\%?é abaffedREER dasdilibRorb 6f méheweﬁbmrag Eoint
e insi

e of the thin fllmevaporator followng 5t

comp[t):ﬁgﬁf WQQ Eutfi'the's3 m%?MBF Fﬁglf/ -¢flof Exdhpléd PWSlng the

conponen presune e orlglnate

SOIU“@F&@%@E il';\”s @%’ﬂlpgwggféf;@% Eéh@%g%ﬂ t%m%g?@am PIRD) g YWhen
el S G

using 1137 (12. 6 nol car bonat e i nst
78 3%ity( Geigbt AG HbUL |C)3rQQn€é%ﬁad@1 b .mng@slt of d-quiang ?dd't'm
of 2,4-toluenediam ne and 8.1 of sodi um net hoxi de
wher(i!ﬁ%iatﬂtaﬁanwbsiduemhtainedWill'te ahennlyzedibydigsid i es,
Lt d. Japan), and carrying neutralization treatnent

' chromfatdgr@phy dife gistihatigrerasichiewas folmditocentain 32 B% by weight of

cont ai ni ng 35. 3% by wei ght of toluene-2, 4-dicarbamc
tolueﬁé@di—‘i':hé&bﬂhﬁ'lc g&bed o(gl -butPh) &etdr2 9 hddiBba! wheathe distiflation

Low Boi | i ng Poi nt nmponent
residue was analyzed by gas chromatography, the distillation residue was found to
contain dibutyl carbonate at a molar ratio of 0.007 to toluene-2,4-dicarbamic acid
di{n-butyl) ester.

- Step (28-3): Production of Toluene-2,4-diisocyanate by Thermal

Decomposition of Toluene-2,4-dicarbamic Acid Di{n-butyl) Ester

1148 g of 2 6-dimethyiphenol and 59.4 g of cobalt acetate were added to the
distillation residue obtained in step (28-2) to obtain a homogeneous solution. When
this was analyzed by gas chromatography, the solution was found to contain dibutyl
carbonate at a stoichiometric ratio of 0.0014 to 2,6-dimethylphenol.

297 g of a solution were recovered from line 57 by ca‘rrying out the same

method as step (2-3) of Example 2 using the solution with the exception of using a
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895 g of a distillate were obtained when distillation
— of the low boiling point conponent was carried out in
the sane manner as step (1-1) of Exanple 1 using the

solution obtained in step (29-1) instead of the
solution obtained in step (1-1). Wen 20 anal yzed by

reactiBAintd 6P B HRUFEP s atrBsuldbpanallBihg thesofutivRdy H Bad 8°C-NMR

sol ution containing 85.1% by wei ght of dinmethyl

analygiga?ﬁqgr%l tﬁti@ﬁ' @ayfﬁﬁrg(ﬂ Iy P@ﬁa%ég%f bmbg%‘ﬂ ?F tolliBne-2,4-diisocyanate.

when the dis ation resi e obtained in

T 8 B2t RSBS00yl

wei ght of tol uene-2, 4-di carbanj c id dinethyl estegp. .
substaRca%iabeeryRd takerRdEsed 18§14 vadecor e dh i IR A Apgt&toFfoliowing
anal yzed by gas chronatograph¥, the distillation
the reastipiue Thare Wem a0 compsvngsfetestadimihe ou beiHag @Ot o
mol ar ratio of 0.001 to tol uene-2,4-dicarbanic acid
compohert presunilBtodsaver origisated fias-denatwatido of 2dhdismethylphenol.
Tol uene- 2, 4-dii socyanate by Thernmal Deconposition of
Tol uene- 2, 4-di carbam ¢ Acid Di nethyl Ester 1413 g of
2,4,6-trimethyl phenol and 65.6 g of dibutyl tin
Exanﬁﬂéggrate were added to 5 the distillation residue
btained in step (29-2) to obtain a honbgeneous -

sol -Uéﬂe?rtzg-%\h pf""%‘#ﬁ& SToft a2 AdiibXrbaffic Acid Dimethyl Ester

chr omat ogr aphy ution was found to contain
i et hyl carbqnat t t Qi-Chi [ ' :
ot riotheg R b (al ) ol FedhRiE 35 es Gigeytwih the
were [ ecover f line 57 carrving. qut the sane
excepamalouss S0ah o B2 me eanie captel Bl d 8 ut T on
. wth the exception of using a_ 10 reactjon ’+i|m=.\ of 15
bis(3tioethy|buty) garesate, L@mgaaéﬁi-%zg (%10 ol ef 2drigianedigmingpnd 8.1
13C-NMR anal ysis, the solution was found to contain
g of ggiiemymettioyite (F8% onetbaposalutinm, Wake Rare Chemigalindustries, Ltd.,
based on 2, 4-tol uenedi am ne was 88.0% In addition,

Japahh &g g aeus glisdtoncesatoizne mtadrrt ionexchdhgeeesindo obtain a
the inside of the thin filmevaporator followi ng the

SO A5, M I T e et

ggo%%‘@%?ﬁﬁi&ﬂla%n%f‘ﬁoﬁr B&itiAG Pottempbnentexanpl e

895 g of a distillate were obtained when distillation of the low boiling point
component was carried out in the same manner as step (1-1) of Example 1 using the
solution obtained in step (29-1) instead of the solution obtained in step (1-1). When
analyzed by gas chromatography, the distillate was found to be a solution containing
85.1% by weight of dimethyl carbonate and 14.8% by weight of methanol.  In
addition, when the distillation residue obtained in the flask was analyzed by liquid
chromatography, the distillation residue was found to contain 97.9% by weight of
toluene-2 4-dicarbamic acid dimethyl ester.  in addition, when the distillation residue

was analyzed by gas chromatography, the distillation residue was found to contain

dimethyl carbonate at a molar ratio of 0.001 to toluene-2,4-dicarbamic acid dimethy}
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Step (30-1): Production of Tol uene-2,4-dicarbamc Acid

Bi s(3-nethyl butyl) Ester 20 232.1 g (1.9 nol) of

2, 4-tol uenedi am ne, 239.4 g (4.0 nol) of urea and

3349.7 g of 3-nmethyl-1 -butanol were placed in a 10 L

volunetric four-mouth flask equipped wth a reflux
estercondenser, a thernoneter, a stirrer and a gas feed

tube. The flask was imrersed in an oil bath preheated

t o -18tbp (208B)t PRodUREGH 0P rromsmec;_anrdusdcmﬁatwylmermm
i ntroducing nitrogen gas at the rate of 20 L / hr from

Decofh Rltionf df'fo%eﬁé‘?%a&ng?@;ﬁg?%ﬁde Dfrgé@tyi’%fé?m of the

acti on vesse i on I|qU|d wer e

i SRR, RS G Ao o

e IRUfA T AR SRSt A2 RLafiEr %%boq%%gpgtsomon
portion of the reaction vessel. The flask wa
Whefbtb‘t'ﬁ]‘é’@ﬁeﬂﬁaﬂﬂ%i hygas ¢ %@%ﬁ%\y the selution W§§ found to contain

connected an oil bath equi pped with a tenperature
dimetbyhearbbhate ata stoichiometrivoratind £.0RR2AI 2 Adpirimethyphenol.
the oil bath tenperature was set to 130C, and the | ow
132111 d oba polution werenesentreddsomilingid7 leylcafrfingtoud the same
pressure of 0.02 kPa to obtain a distillation residue
methbd 8k deep (23) bREkamPlen Usiiry thesddlliich WAtR the ekesistionpsf using a
anal yzed by |iquid chromatography, the distillation

reactifogstlrﬁé‘%f Eﬁjnd‘éﬁémdA& Q &80k QBQQ%%%H& g t%tb);DfH and "*C-NMR

| uene- I carbam c acid 3-net hyl but yl’) ester.

analyg aﬂ'ﬁjedéélhggng ik EH %o %n@ﬁ?b‘% &% M\%&ﬁt%?'tglg@{@@%-diisocyanate.

romatogra
nmol ar rati

ain ure £ 03
The P isedr, &@%M%ﬂl&@.%?@@ mertdifiog et were no
30-2): Production of Tol uene- 4 di | socyanat e
SUbStﬂﬂﬁgﬂgbseW@éid%@s@Qh%ﬁgé? e ol e il ataRe atr ilowing
Bi s(3-nethyl butyl) Ester 2613 of
the reacfion; - Teere weye pn@mpmswtectgdam the low beiling point
dilaurate were added 15 to the distillation residue
compobeat pesuinreds teelpaye8oridinatenl fodrmademaduriatioo gf Reb Gdrimethylphenol.
solution. Wen this was anal yzed by gas

chr omat ogr aphy, the solution was found to contain
urea at a stoichionetric ratio of 0.00050 to

Exan?plé?,@i -tert-anyl phenol .
- Step (30-1): Production of Toluene—2,4—dicarbamic Acid Bis(3-methylbutyl)

Ester

232.1 g (1.9 mol) of 2,4-toluenediamine, 239.4 g (4.0 mol) of urea and 3349.7 ¢
of 3-nﬂethyl-1 -bufanol were placed in a 10 L volumetric four-mouth flask equipped
with a reflux condenser, a thermometer, a stirrer and a gas feed tube. The flask was
immersed in an oil bath preheated to 155°C and the reaction was carried out while
introducing nitrogen gas at the rate of 20 L / hr from a ball filter that reached to the
bottom of the reaction vessel. Samples of the reaction liquid were suitably collected

and subjected to NMR analysis, and the reaction was terminated at the time when
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285 g of a solution were recovered fromline 32 by

carrying out the sane nethod as Step (1-3) of Exanple
1 using the solution with the exception of using a 20
reaction tinme of 14 hours. As a result of analyzing by
1H and 13C- NMR anal ysis, the solution was found to

2, 4-tdh9SH i AmBRIAVEY noababér détetieldueresdution costainind atrencriiaevas
yield based on 2,4-tol uenedi am ne was 86.1% In

istinG4 fohl B b dtob
dnstull%@ﬁgﬁe@g@ﬁﬁrﬁgﬁgf%é\é‘%ﬁéﬁ%%l,0 served to be

e of the thin film evaporator

| 10w on. - i
e CEphEEN 2 8 rriafl S EP A A RE A Eonnected an o
to 25 have originated fromdenaturation of
bath qupanme 8 IRPeIAIRSONIOlISE Sarim PIT and.g vasyugy
Production of . .
contralleq theoikbathdempesatiye wasat 49 1B0RE sand igyiow bailipg point
Bi s(3-net hyl butyl) Ester 2184 (10.8 nmol) of )
compionetBwastdistilledtoff at 2 prassuee of Q%E kP tqyobtairsa gistijlatipn residue
4,4' -met hyl enedianiline (Aldrich Corp., USA) were
insid@ e igsi. N Whenlthe distittetion residuriwastnaty Zeiddnkliquid
stirrer was placed in the flask, and a Dinroth

chrorﬁala@mﬂ%r 136 i stillatidh RSidywus foendves cortaine@h88 by wislight of
flask. After replacing the inside of the system with

1 ) . . .
ol B e e o e T g
aistnGigs Pgie D Py pEERTRGtogh b, It fointilg contain urea
i tahl I ted d j 1.0

at a laryafia o BbA R ahe lEenE . SlehB T bt orthybuy) ester

wh 4, 4' - et hyl eneani ) | . tected.

The' Btasii3-Ab FIBRICOPvLel anfsd 4 Sisotyanatecsy TR on

was packed with an acidic sulfonic acid ion exchange
Decanaposition afbeliurpe2,4-giqashamicedsid Bisiimethyptyl Rsten

adj usted by renoving noi sture and 15 warned to 80C

V2618 grof @d-di-text-angipheno! and 8Bt Agrof ditugyldin difauratewershadded

t he sodi um nethoxi de had been neutralized. As a

to thé efstiibtion rédialey abtnsdin step B tbwbtdiai kbmogeneous solution.
chr omat ogr aphy, the solution was found to contain

eyt a8 9oty ot conain
urea at a stoichiometr_ic ratio of 0.00050 to 2 4-di-fert-amyiphenol.

285gofa soluﬁon were recovered from line 32 by carrying out the same
method as Step (1-3) of Example 1 using the solution with the exception of using a
reaction time of 14 hours. As a result of analyzing by 'H and *C-NMR analysis, the
solution was found to contain 99% by weight of toluene-2,4-diisocyanate. The yield
based on 2,4-toluenediamine was 86.1%. [n addition, there were no substances
observed to be adhered to the inside of the thin film evaporator following the reaction.

There were no pentenes detected in the low boiling point component presumed to

have originated from denaturation of 2,4-di-fert-amylphenol.
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Step (31-2): Distillation of Low Boiling Point
- Conponent 20 1772 g of a distillate were obtai ned when
the | ow boiling point conponent was distilled off in
the sane manner as step (1-1) of Exanple 1 using the
solution obtained in step (31-1) instead of the
Exan-ﬁjpégqion obtained in step (1-1). As a result of
anal yzi ng by gas chromatography, the distillate was

FoUng o aler SR DARIAPN: 24 ARGk Ecabamic

car bonat e 'and 17. 7% by wei ght of 25

Acid éﬁZ? "‘E%thzg*byﬂ@ BRBTI 11 e on residus. obtained in the
5 R AT bl P o o

' (4, 4" - et hanedi yl - d| heny - bi scar pami_g
4,4 -r@gt@y@n@@tawlmﬁj&ﬁ}qu)crb EJ tdaced AR lty]gjumetnc
distillation residue mas anal zed by gas

four-mbutmBasky asstinger waseplacedin the flagk naadusu #niRd copdersarand a
contain bis(3-nethylbutyl) car bonat e at a nolar ratio
threeolap vail4é were attached to the flask. After replacing the inside of the system

N, N - (4, 4" -net hanedi yl - di phenyl ) -biscarbamic 5 acid
with r'ﬁ’itréé@n MBMBLIRHIGUD fIESK Mas imPidBed 3 ad)oil Hith teatédto 8O°C

di phenyl met hane Di i socyanate by Ther nal

: de (28% methanol solution) to
foilo»%:???ﬂiéh&ﬂﬂ 3 1 49 4 g of spdium methoxu e (28% me )

phenyl ) -bi scarbam c Aci d

start E\ S&%cﬂ?é?{%%ﬁiﬁ%%gﬁ@%?egéﬁ@g Ilguﬂfw?re dsubtaF >y| coll.ected and
subiegted i AR ARefist 264 s Peddt t?hh@?% %tffh%%%a'eﬁiﬁ'a%i ficlon

solution. \Wen this was,K analyz
4,4 r@ﬁﬂwﬂmwlm\yas DRASRGA e Bilotes THeREARBO soltignwas supplied
bi s(3-nmethyl butyl) carbonate at a stoichionetric ratio
to a alumnoelish vaspacked-wigh anaeidip selienic acibiongxshapge resin
solution were recovered fromline 57 by carrying out
(Ambierlyst4 6€ splteres), IRuhmanst igag 203)adjiisteEddypleaving moistues and
exception of using the solution and using a reaction

warndd® 80°CLuitAGH Extertfal fadkes Ubtobtdinansdivigom ih whizh the sodium
solution by 1H and 13C NWR anal ysis, the solution was

b |
methﬁﬂ%@tﬁ Qéﬂhéhﬂf 254, byadgirg &t of analxzmg the solution by liquid

enylnet ane diisocyanate e yield based on

chro#raf]'ogrgﬁﬁ D%thé 36RIBRIVA M fOURSo contain 29.7% by weight of
N,N'-(4,4'-methanediyl;diphenyl)- biscarbamic acid bis(3-methylbutyl) ester.
- Step (31-'2): Distillation of Low Boiling Point Component

1772 g of a distillate were obtained when the low boiling point component was
distilled off in the same manner as step (1-1) of Example 1 using the soiution
obtained in step (31-1) instead of the solution obtained in step (1-1). As a result of
analyzing by gas chromatography, the distillate was found to be a solution containing
82.3% by weight of bis(3-methylbutyl} carbonate and 17.7% by weight 6f
3-methyl-1-butanol. In addition, as a resuit of analyzing the distiliation residue

obtained in the flask by liquid chromatography, the distillation residue was found
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94.0% In addition, there were no substances observed

to be adhered to the inside 20 of the thin film

evaporator follow ng the reaction. There were no

pent enes detected in the |Iow boiling point conponent

presuned to have originated fromdenaturation of 2,
contath 9616% Q:ﬁ/twéigm @I*wal(4 4 Eﬁ@ﬁﬁh@dl@ﬂdt?ﬁenﬁ)bac(aﬁi’arﬁnc: acid

Production o (4, 4" - met hanedi yl - di phenyl)-bis

bis(3! %tﬁ e ;j E?P(d?:id?ﬁﬂry WhdrsthardidtiiatibR e Sials we Qﬁ’éiyzed by

ass Exanpl'e 31 was carried out W|th

oo RGP, LAy 30 8 ook ey

et Vot i i S,

8% met hanol sol ution, Wako 5 Pure Chem cal
acid h"ﬁ(ﬁﬁﬁthﬂguwnt% er. Japan) to obtain a solution
cont ai ni n% 34. 2% ght of
N, N Step, (& %Pmlpw ofdi @r@nvm)ylmeﬂmeolachy@@iatp by Thermal
di (n-butyl) ester. Step (32-2): Distillation of Low
DecobByidsitian 610N /N'-(GetpeathanedigBdiphenyl)-bistagarnicaieid wer e
obt ai ned when distillation of the |ow boiling point

Bis( 30,%1}@{1@@%( Wagercarried out in the same nanner as step
anple 1 using the 10 solution obtained in

?g@%é %5“;1 bld.tf@%&ﬁgilg%nbh&q@ 864 ¢ efldfbwmnetmawmétme added

en anal yzed by gas chromatography, the

to *h%%i%&'%%@* sl 56*%"%%&53@9 3 B0 pERIF A Peidigous solution.
R AT TNt T T —
bis(3TBG [yl Sarteie o8 SepaPHad: Binei) QR8I of 10
N, N - (4, 4" -nmet hanedi yl - di phenyl ) - bi scarbami c acid
2,4- dd-tqrfraﬂudmgn%st er. In addition, when the distillation
resi due was anal yzed by gas chromat ography, the

423 g lof atsadution weredtezonased ftomdinecs5T by caimingi duttthe same
carbonate at a nmolar ratio of 0.012 to

methddlis §tép42-3yRif Exaatiy 2-with tengkdeptioaausing thessolgtion and using
di (n-butyl) ester. Step (32-3): Production of

a redfttifn tifePHeTy hBBEN AN PrbSQcyrardigziRy tHésol@bn by 'H and

3C-NMR analysis, the solution was found to contain 99% by weight of

4,4'-diphenylmethane diisocyanate. The yield based on 4,4"-methylenedianiline was

94.0%. In addition, there were no substances observed to be adhered to the inside

of the thin film evaporator following the reaction. There were no pentenes detected

in the low boiling point component presumed to have originated from denaturation of

2,4-di-tert-amylphenol.

Example 32
- Step (32-1): Production of N,N'-{4,4'-methanediyl-diphenyl)-bis Carbamic

Acid Di(n-butyl) Ester
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20 Deconposition of

N, N - (4, 4' - met hanedi yl - di phenyl ) - bi scarbam c Acid

D (n-butyl) Ester 2310 g of 2, 6-di nethyl phenol and
59.8 g of dibutyl tin dilaurate were added to the
distillation residue obtained in step (32-2) to obtain
TheQiEpes sbsd 28 stéd (31-1) YhEramples3 hamsaretipd et jthghe
chr omat ogr aphy, the solution was found to contain

exceaio%%ds J@Eég@@t(goes SIS Ny PEEbohetd itbtgaddf 0. 0012

enol. 25 430°g of a solution were

bis(3- rn’?{tﬁ{s@bgg) ésér?:gh% @c?a?lhéxscﬁfg'g@gug\:& hﬁﬁ'@%ﬁalﬁnggmmlme
B

e SO S B S e o

The yield based on 4,4'-nethyl enedi aniline was 90.6%
weightmfaﬁ (4. 4methanadsyldiphend)- g'@ﬁ@'tb@%@@c&b@i@*@élaﬂl estee
adhered to the inside of the thin filmb5 evaporator

f ol -| Stepr(G2t2je Distiletiomof Lowdailing: Peint & aropgrentds
detected in the low boiling point conponent presuned

tﬂSB?/ of a'diglillags werd obtairkrNahen akdtitlatioh of the low boiling point
nmet hyl phenol . Exanple 33 10 -Step (33-1):

heftebs d out in the same manneras step (1-1) of Example 1 using the
compﬁ’ N - ?/‘a %rﬁ%t t:“éljnlcfz‘dl yl - di phenyl) - bi sc% ba?n c Acid p 9

soluti&ua%"}tt;p%}élagﬁ%g% (2 rfﬁg&saﬁféfrtﬂg sB tﬁh%btél%éd:w\ s&g) (1-1). When

wih t exception

o8y SR AR v Dl RTEER" b G omann
80 6uhuSict of S VRSEHIRTAS S0P bip S WRISTSGH d-GHiafbcah adeition,
I ndustries, Ltd., Japan), and carryi ng neutral Iuﬁtl on

when thedistilationiresidag qmﬂn@s!mmﬁ;%a%\yaﬁ anglyzgey lid
sol ution containing 34.2% by wei ght of
chromiatsgréghy therdistitlatiah residliewas foynd to sentale®B.d Yaby wveight of
di methyl ester. Step (33-2): Distillation of Low
N,N'-Bpdl-ineghataidiy|-dipheon pbiscatbaniid agicdi(a-buid) esteat dnvasidition,

obt ai ned when distillation of the |ow boiling point
when the distillation residue was analyzed by gas chromatography, the distillation
residue was found to contain dibutyl carbonate at a molar ratio of 0.012 to
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid di{n-butyl) ester.

- Step (32-3): Production of 4,4'-diphenylmethane Diisocyanate by Thermal

Decomposition of N,N'-(4,4'-methanediyl-diphenyl}-biscarbamic Acid Di{n-butyl) Ester

2310 g of 2,6-dimethylphenol and 59.8 g of dibutyl tin dilaurate were added to
the distillation residue obtained in step (32-2) to obtain a homogeneous solution.
When this was analyzed by gas chromatography, the solution was found to contain
dibutyl carbonate at a stoichiometric ratio of 0.0012 to 2,6-dimethylphenol.

430 g of a solution were recovered from line 57 by carrying out the same

method as step (2-3) of Example 2 using the solution with the exception of using a
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4 conponent was carried out in the same manner as step
(1-1) of Exanple 1 using the solution obtained in
step (33-1) instead of the solution obtained in step
(1-1). Wen analyzed by gas chronmat ography, the
distillate was found to be a solution containing

reactid®. tite by 19iouns. OAs direetihgf analybiogahe sahmomby5’% apd °C-NMR
wei ght of nethanol. In 25 addition, when the

analyglsﬂﬁé é&htl&ﬁ‘ vJa%SfdeQ t® BbAtaltf9o% by %lgL tas la Maﬁphenytmethane
anal yzed [iquid chromatography, e distillation

e L
rers B85 0 8 B 1 g 4138 W

evapgrga,?cb'l R @a\&fn?gpthiger%gtﬁfn r\gﬂ?qge&eprg r%ﬁ@gqqﬁct)&ﬁds gs'etn% ehcyiln the low
(4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ acj d

bomna.nmmtr@qmm@"rt presumsed o haue griginatedffom epnajuration of

4, 4" -di phenyl net hane Dii socyanate by Ther mal
Z,Bdmeethymmhol.on of

N, N - (4, 4" -net hanedi yl - di phenyl ) - bi scar bam cAci d

D nethyl Ester 2714 g of 2,4,6-trinethyl phenol and

63.4 g of dibutyl tin dilaurate were added to the
Exanfpi8t3al | ation residue obtained in step (33-2) to obtain

a honogeneous solution. Wen this was anal yzed by gas

chr.g F%‘ (8L FPBfod e o NIN 98 448 othanedly LaipREAY Rblkcaffmic Acid

di mé ‘bonate at a ‘st |ch|ometr|cra|o

4 6 trimethyl phenol. 448 g of a solution were
D'meﬁ%vé 4%'d from line 57 by carrying out the same

thod as t he. sol
WheSEmE r@?’i’@ﬂﬁsoﬂeéf(gusgx 176 Exarela i e o Wit ne
hours. As a result of analyzing the sol uytion b 1H and
exceptian mmar&ﬂ%m 6iel) sbHimetBy caRondEHRSE8d Wt ai n
99% by wei ght of 4,4'-diphenyl nethane 15 diisocyanate.
bis(3Thethyiteitd) bagmmnate, using 33@15@(23amlmf #i4renethylepegdipniine and
In addition, there were no substances observed to be

3.9 gaﬁﬂwmdntmzethbgider(ﬁ's&'emﬁhadm sbhitionf Wako RurpCheminal Industries,
followi ng the reaction. There were no conpounds

Ltd. gﬁbﬁﬁ)t @i dar h@wraltm;bh M aiPibnt with EPODAExchasge! resin to
have origi'nated from denaturation of 2, 4,6-tri
obtaﬂ% 5YLtioR EBH{amm&%éLZ% by weight of N,N'- (4,4'-methaned|yl—d|phenyl)-
biscarbamic acid dimethyl ester.
- Step (33-2): Distillation of L.ow Boiling Point Component
724 g of a distillate were obtained when distillation of the low boiling point
component was carried out in the same manner as step (1-1) of Example 1 using the
solution obtained in step (33-1) instead of the solution obtained in step (1-1). When
analyzed by gas chromatography, the distillate was found to be a solution containing
82.4% by weight of dimethy! carbonate and 17.5% by weight of methanol. In

addition, when the distillation residue obtained in the flask was analyzed by liquid

chromatography, the distillation residue was found to contain 99.1% by weight of
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Exanple 34 -Step (34-1): Production of

N, N - (4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ Acid

Bi s(3-nethyl butyl) Ester 376.3 g (1.9 nol) of

4,4' -met hyl enedi aniline, 250.8 g (4.2 nol) of urea and
3684 25 g of 3-nethyl-1-butanol were placed in a 10 L

N, N'-{phumetHarediy) diphanyl bistaslantie atiebdithethy tdater. r ¢4 hddition, when
condenser, a thernoneter, a stirrer and a gas feed

the d%ﬁfg éoaleebgiédo@?é%%W‘%étﬂchbgj ﬁﬁé@é%%étﬁg@bh&i ﬂh_eh:géthlation residue

action was carried out

was tilhitTo, coBt R Rifo ) SrbbRER s ey I8 FB RN 07, o
NN fameiangshy G Bacaan S e OB R

anal ysis, and_the reaction was termnated at the tj

Wneh§@p4(3@=3h8fwcéwad?faﬁﬁ'r¢lH@eﬂﬁg!e.traﬁ%ﬂg%?%?@@&%bgﬁhefma'

A sol ution containing ammonia was distilled fromthe
Deconmusitigroot NoWi-(414' nhethaeediyi-diphesy-biscarprmic Agid Dimethyl Ester

connected to a rotary evaporator to which was

@yirieg ot d, 46-thmkthyiptidnat gnd B3ed guaftdibutyt inpitaurate were added to

controller, a vacuum punp and a vacuum controller,

the didtifafbh rdsidlle bBERRSENUStep (83-29 & obfaid dHamegehddus dahion.
boi ling point 10 conponent was distilled off at a

WheR {58 g.égste%@és}f?%dgﬁy 55\% dn?orﬁgfogrg?w dhe SolutiBh vAS foBRHdY ontain

I Nsi en t | ati on resi due was

o AR o s SHiCocIAT AR Dhap'd 2 L bthérsho
4% & S spBR PSE taourde RO i B B 2l oA hd same

distillation residue was anal yzed, b S . .
methemasmeteBgRaBI EXAMRIRg 43nd i ackios SR aicention ofusing 2
molar ratio of 0.007 to the _ _ 1 13
reactigr\limeaf4t5 newsan A6 3/ resuitsf analyzing thessalaiantbyci@nd “C-NMR
bi s(3-nmet hyl butyl) ester. Step (34-2): Production of
analykig' theisphdioyl was foumel 1D dostain £83% by weigheofivh# -diphenylmethane
Deconposi ti on of

diisobydhate4, Fheyeélo daedt W 4lupinettyyienddianiind ardscBAE]  In addition,
Bl s(3-net hyl butyl) Ester 20 2304 g of

theréwhrdho lsBbb by g,gasn@d B'Hb Adhdted t8thdlindide/bf therthin film
di l'aurate were added

evaporator following the reaction. There were no compounds detected in the low

boiling point component presumed to have originated from denaturation of

2.4 6-trimethylphenol.

Example 34
-Step (34-1): Production of N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic Acid
Bis(3-methylbutyl) Ester
376.3 g (1.9 mol) of 4,4'-methylenedianiline, 250.8 g (4.2 mol) of urea and 3684
g of 3-methyl-1-butanol were placed in a 10 L velumetric four-mouth flask equipped

with a reflux condenser, a thermometer, a stirrer and a gas feed tube. The flask was
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to the distillation residue obtained in step (34-1) to
obtai n a honogeneous solution. Wen this was anal yzed
by gas chronat ography, the solution was found to
contain wurea at a stoichionetric ratio of 0.0012 to
2,4-di -tert-anyl phenol. 419 g of a solution were

immeresd rean dilfoatpreheatéd td Y5640 apdrige tedctivhevasoarrizd out while
nmet hod as Step (2-3) of Exanple 2 using the solution

mtrod’tﬁdir‘ig ARG AtQRe Phteltst FWL 2 hr Frofth ibal filteFthaAtredéhed to the
hours. As a result of analyzing by 1 H and 13C NWR

bottoﬁ'{‘af ¥R éacﬁc{g}?zeés@r SEH{%%‘ f@hﬁ |8%ré'§ﬂut38f)¢collected

I I SsoCyanat e.

ans S e T R ot v i

. the inside of the eva
4. 4-TesasianinR wea L perer dreclsde AsHEiE EBREERG ammonia was
detected in the | ow boiling point conponent 5 presuned
distilled fram tha pppenpediantaf dhe RIMICNVESSBh of
2,4-di-tert-butyl phenol. Exanple 35 Hexanet hyl ene
drnsﬁaglawas eonascipddd ecrataryrevapoeator towhighpuastornegted an oil
shown in FIG 4. 10 Step (35-1): Production Process
bath efuisplid-withx aneshpyatores eoratrdien & vécuuin pump and a vacuum
D (3-nmethyl butyl) Ester A stirring tank 601 (internal

contr‘éﬂé#”t\‘?e ofl Bath tet@serbf b thd Set88G.30°61 ah& thetdw bbiihy Ipbint

car bonate preheated to 80C was transferred to the

compf&jqdn‘t W%hdlgﬂﬁ 6] é&é g‘?@%sﬁ‘;ré I ® d@klrané )t(% QStaﬁr‘i‘taQ:lié’cfllaﬁ@ﬂ r@sidue

| osed sol ut1 on

hyl .ang di um
insicg BATERAY [BEait RS lugh 5 f%&% Hieie By
I n
chrorggt%ppgsy /tﬁg gigﬁquﬁfn %F%%ggaffguﬁi {Q g?n%ggés 49/%3/ we:ght of
| taneously transferred froma | ine GJF‘@( gerate

NN Zemstganediylinhean - rsrsapami Ade bistBunethyfhumdl ester nin

a line 63 closed, the reaction liquid was supplied to
addition, |vd19r'e1>k®rmmykatlpe§ealdge veas analysagbyigiasichievaingcarhy, it was

with an acidic sulfonic acid i on exchange resin

found forbeniayrs trekbat(s plotaragtio RONDD Atudthdaas Co. ) adj ust ed
by renovi ng noi sture and
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid bis(3-methyloutyl) ester.

- Step (34-2): Production of 4,4'-diphenylmethane Diisocyanate by Thermal
Decomposition of N,N'-(4,4'-methanediyl-dipheny!)-biscarbamic Acid
Bis{3-methylbutyl) Ester

2304 g of 2,4-di-tert-butylphenol and 58.8 g of dibuty! tin dilaurate were added
to the distillation residue obtained in step (34-1) to obtain a homogeneous solution.
When this was analyzed by gas chromatography, the sclution was found to contain
urea at a stoichiometric ratio of 0.0012 to 2,4-di-ferft-amylphenol.

419 g of a solution were recovered from line 57 by carrying out the same

method as Step (2-3) of Example 2 using the solution with the exception of using a

reaction time of 15 hours. As a result of analyzing by 'H and '>C-NMR analysis, the
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warmed to 80C with an external jacket to neutralize

-the sodi um net hoxi de followed by transfer of the

reaction liquid to a tank 602 through a |ine 81. Line

62 and line 81 were maintained at 80C to prevent

precipitation of solids fromthe reaction liquid. 25
soluti¥h&¥ad fdRinHa8 Gohedin B0 by wdightsdfer,4'afiphenyimethiidietyanate.

anal yzed by liquid chromatography, the reaction

The )}Il\‘élﬁrtﬂa%elﬁ% 4 Q‘J-ﬁ‘fékt)lﬁ)ﬂeﬁé’cﬁl%ﬁfﬁﬁe was'es giﬂ'/%"‘ﬂhgﬁditﬂfn, tAér were no

exanedi yl -bi's-carbam ¢ aci d di (3-net hyl butyl)

suos G g8 ppaghER 33 iR 8 R Gy R AReratr lowing

appar at 603 (heat-conduct. n urface area of .0 2
the rédsenco 1hete Werainp oistss deteribd a8 iy BhliBokaiftériigonent
- 150C and the pressure 5 inside the g@@iéghus s nmade
presunedto have erigingteddsam denatyemtion; of 2. $btertoHYIRIENS! 602
was transferred to thin filmdistillation apparatus
603 fromline 63 at the rate of 717 g / hr where a | ow
boi I i ng poi nt conponent contained in the solution was
Exanplet3sl | ed of f. The | ow boiling point conponent that
had been distilled off was extracted fromthe thin
TH&ErRatRYIdrealiiseBy ARRa wads isrotidided imadehttith 4Ppdratuss shown in
the other hand, a high boiling point conponent was
FIG gxtracted fromthe thin filmdistillation apparatus
"603 via a line 65 naintained at 150C, and transferred
t 0 Agy St el i . ' NG i &N : o
sarsSePHs 1 Bt FrokBh SR NI BlanseilizbidLalbanic Aci
- 6 stirring tank 604 at the rate of 618 g /
D‘(3'Hﬁthﬂﬁﬂtygi EEJ%?S/I tin dilaurate was transferred to
sti(rjn% tank 604 via a line 67 at the rate of 16.7 g
|A gtirring tank 6811 {idennah vplyms: 49dreves healedtriBty G ank 604
was transferred to a tank 605 via a line 68 with a
Bis(3-inethyssutyl) cadehnate ¢rehented to B0TG evascdtrrngemed yp dhe stirging tank
solution stored in the tank 605 was anal yzed by
601 fromu line BO atéte cata @ HBOtdhvehswitnai lme 6@islokednand @ mixed solution
contain 22.2% by wei ght of
of heNaltettiA¥as @ifhrMhePB&n@t%b&rbmam}Iﬁ\d@dd&imﬂh@mlohwey(lﬁ%
ester.” In addition, en anal yzed by gas
gt i i ain 20
meth%HBP%@Pr@tgﬁ)a(y }Pﬁblﬁlpg B80St &RyRe digvite 50 paRSY

I's( |')carbonate at a stoichionetric ratio

3-methyi%-B3tihol 8o parts Bt MetAB¥iie 18 Bafs) was simultaneously

transferred from a line 61 at the rate of 128 g/ hr.  After 5 hours, line 62 was opened
with a line 63 closed, the reaction liquid was supplied to an ion exchange resin
column 613 which was packed with an acidic sulfonic acid ion exchange resin
(Amberlyst-15 (spheres), Rohm and Haas Co.) adjusted by removing moisture and
warmed to 80°C with an external jacket to neutralize the sodium methoxide followed
by transfer of the reaction liquid to a tank 602 through a line 81. Line 62 and line 81
were maintained at 80°C to prevent precipitation of solids from the reaction liquid.
When the reaction liquid transferred to tank 602 was analyzed by liquid

chromatography, the reaction liquid was found to contain 25.4% by weight of
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Step (35-3): Production Process of Hexanethyl ene

Dii socyanate by Thermal Deconposition of

N, N - hexanedi yl - bi s-carbam ¢ Aci d Bi s(3-nethyl butyl)

Ester The solution stored in tank 605 was supplied to

athinfilmdistillation apparatus 25 606
N,N'-heeatedigrsscarbagmiciadid dd3anethydfutyl) 8ste@, Kobel co

Eco- Sol utions Co., Ltd., Japan) heated to 200C and

set. $epAB5LZY ebRABoIMNEG PRIt srhpehentiDitilatiorePiocess i ne

69 at the 143 rate of 818 g / hr. A gaseous conponent

S _ Y y ot )
JFBIRIh SMIaTIPbN Aol (Boquchel eing e raq of 02 '

was extracted from

oo 05, TR G Lo MR 00 i ot
o i RORRHS She b TS RSV 57 e

portion of the high boiling point conponent was .
rEheuselation storediim tank GRZwasitransfersed ipibin Blimisisgbation gpparatus
aline 71 through a line 70 provided in the bottom of
603 frore liNki6G8 &1 the: ratss of 71401/ dw vdsrarcdowsb @ty poing cgapenegst
conponent cont ai ni ng hexanet hyl ene dii socyanate and
containdd th thecsdlutiory vals aistiliedasst. e Ehealoeboilifig poird compengnt that had
provided in distillation colum 607 and introduced

been dit@led & dak!dxdlactst filOmapkyRm fidkQdisfikRishaippainratol 603 via aline

hexanet hyl ene dii socyanate was carried out in the

64. Drithe bﬂé{gﬁ‘énﬁhh i rg&mrg'n% grﬁr ﬁgiddénﬁ‘%a%t&xtﬁa'&?ed from the thin

reaction 0 solution were
. . : f [ 7 opf [
im B HboRr8 0 18 o el L8l R R e oo
- t ai 9% by. wei ght h hyl i ,
St ik B SEh AL et T 0 SRe T o 1985ty Bhgnol was
In addition, there were no subshances gé;&srvg}d to 8% .
transfeired ¥ta 3 ine B6 tprRlirinRg tapk G0datthefats ok 18, br.Ang dibuty! tin
~ following the reaction. There were no_pentenes
dilauttearastiansfamendol sbiminglank @P4ooa urm%ahm rate & l@egao / .

to have originated from denaturati on of
ZTHe diixact liguidpreparteeninlstird®y EokBdwvas raBstempedctola tank 605 via

Step (A-1): Production of

a lind\ed witreX Aine @gytiobbd -ary Staradifcthe taihK 80Ut When fh@tspiution stored
in the tank 605 was analyzed by liquid chromatography, the solution was found to
contain 22.2% by weight of N,N'-hexanediyl-bis-carbamic acid di(3-methylbutyl) ester.
In addition, when analyzed by gas chromatography, the solution was found to contain
bis(3-methylbutyl)carbonate at a stoichiometric ratio of 0.0024 to
2,4-di-tert-amylphenol.

- Step (35-3): Production Process of Hexamethylene Diisocyanate by Thermal
Decomposition of N,N'-hexanediyl-bis-carbamic Acid Bis(3-methylbutyl) Ester

The solution stored in tank 605 was supplied to a thin film distillation apparatus

606 (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 69 at the
143
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The sane nmethod as step (1-1) of Exanple 1 was carried
out with the exception of using 2012 g (11.6 nol) of
di butyl carbonate instead of 25 bis(3-nethyl butyl)
carbonate, and using 244.0 g (2.10 nol) of
hexanet hyl ene di am ne and 20.3 g of sodi um net hoxi de

rate df285% gehRany ga@@b&& tompoheniotdritainiry Rexamewylentdiisocyanate,

cont ai ni ng 28. 9% by weil ght of

isoan&le'\élcé}%i %gﬁ%ob ¥loil f??ﬁ—aﬁﬂflﬁ?%!?dl vAsd ExtfHdted ety bin8tEprovided in

Distillatio Low Boi i ng Poi nt

the ugggpggﬁl%ocafﬁﬁ% }]@nganr}gh%g Lblla a@?graﬁﬁé %0? 2}\3% E?(Sus cpmponent
was gaUER I £ St SRy ALY, wher tﬁ%*g A gﬁ'ﬁad 1

as chronmat ography, the di stl Ilate was found to be
sepa@atga eiter whichha Partiamef the, rm BRilingirgint CAMRRNRIRtyyas returned to
carbonate and 19.1 % by ight of n-butanol. In
thin flmddistilationapparathe 6P6stia ol |iit€i Bhthrewglaadinent Gipravitiachin the
the flask was anal yzed by |iquid chronmatography, the
bottodi ot thel tatri fiim distilation agEaraétusr@D8. o Trengaseousocoripormsnt
wei ght of N, N - hexanedi yl - bi s-carbam c acid

contaihing-Huxamethpehe diisbyatdté Bha R 4 -t terbamylifitencl was extracted

di stillation residue was anal yzed by gas

from &NIHRE a:wéty a@m{)aﬁiﬂoﬁtddmrﬁh'sm aﬁ@ﬁitr‘?o%cc‘é@%t&%&igt:ﬂéhon

contain d| buty carbonate at a nolar ratio of

colur@w |§1D %%?@rdn o ﬁeﬁ%&ﬁwﬁg\eacﬁlspﬁgéﬁéie %syéarngéto%"t in the

oduction o I SOC
d'su"%onT“emmBeb?lﬁgﬁé%ﬂ%kﬁﬁ&‘i{&eh%reﬁcewnrfaf J2 outs. g5 of a

2430 of benz Ibut ht hal ate (guarant eed reage
5°|Ut\%k‘ﬁe'gﬂfreé‘°@ﬁ feam ay i“'r‘@@t@”‘é@s a Utoﬁéﬁﬁ ”Qntgb’g'gsa!i]d
13 thIOf di butyl tin dilaurate were added to the

C-NME; analysis ofverspdutinnewas feundp ¢ontainggde Ayweigbt ebt ai n

a honogeneous solution. 208 g of a solution were
hexamatioylenedliisocyanatee Blde hield basgd ng hexamedieyleaediamine was
net hod as step (1-3) of Exanple 1 using the solution

90.6%. t hin t@aigitions tre averefncusubigarces’dbsepasd twbe tadereaf toltBe inside
hours. As a result of analyzing the solution by 1 H

of thétin ki VBopdiat ﬁﬁﬁbﬁﬂnd {He reaktidn ONTNER V&€ ¥b bentenes detected
contaln 99% by wei ght "of hexanet hyl ene dii socyanate.

in the;'; E:S«I' pfu@hs ARG BbrALr PRELINE S B h A& BHER ¥&P Bt dehatlifhtion of

2 4-di-terf-amylphenol.

Comparative Example 1
+ Step (A-1): Production of N,N'-hexanediyl-bis-carbamic Acid Di(n-butyl)
Ester
The same method as step (1-1) of Example 1 was carried out with the
exception of using 2012 g (11.6 mol) of dibuty! carbonate instead of
bis(3-methylbutyl) carbonate,' and using 244.0 g (2.10 mol) of hexamethylene

diamine and 20.3 g of sodium methoxide (28% methanol solution) to obtain a solution
144
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a bl ack substance observed to be adhered to the inside

of the thin filmevaporator follow ng the reaction.

25 Conparative Exanple 2 145 Step (B-1): Production of

N, N -hexanediyl-bis-carbamc Acid D (n-butyl) Ester

The sane nmethod as step (1-1) of Exanple 1 was carried
containing \#@a& 8%t thheweight ep N, NrhexXanediiyldig-asthagni¢ Btididifmbutyd) ester.

di butyl carbonate instead of 5 bis(3-nmethylbutyl)

carhspt (A-2pMistilition f2.08 BollibgFoinoCompbnent

hexarret hyl ene diam ne and 18.3 g of sodi um net hoxi de

f E%ﬂﬁnawwé eaea.ﬁéu sfbarrp.n@ SiflltNé s8fe method as step

cont ni ng 26 by wel g

(1-2)%?635@%35%@ it ?c&i@ﬁ%uﬁ%ﬁéﬁ'ﬂ%@ ( -ﬂgﬁg e%adeo?ttﬁé solution
.Coppongent, 1606 of a stillate vvere obt ai.n by ..

obta'eaﬁ’p Gk 01 Winga pBalvedh Y G e B ta@faehy%%e&?fst"'ate was

using the sol ution obtaln

founq' t%?%gosqitﬁthmeo@amg B UVeE‘Véﬁ’?ieBt? %ﬂébe% m§te #@ﬁ%% by
anal yzed by gas chromat ography, the distillate was

welglntonfrmbutan% alnsagddition, whashihsi stmlgatl@z residug ahdaiged inthe flask
di butyl carbonate and 17.1 % by wei ght of n-butanol.

was dinayzied by lligaid cmomasographgtheidistilation résdid asis faend to contain
washed with 6.3 L of n-hexane 15 followed by '

95.3%i byt weight of W, Nahattiriediyi Ois-darbéheie dcid &i(mbutys) ester.d Inasidition,
anal yzed by Iqu|d chr omat ogr aphy, the white solid

wheﬁ"ﬁ‘t% d |§Hlfﬁ|oh3'e§ﬂ%%éb gﬁaIgz/é@by‘b%s%l'\troﬁfatoqraphy, the dlstuilatlon

hexanedi yl - bi s-carbam c acid di (but ester.

remdﬂ% %éé %n&{iﬁ dMUtivgcaﬁ%h&e uaﬁﬂﬁ'réﬁfﬂ 5300%36

o r aph no 1 esi
NN %%%ﬁé‘é‘pfe'ade‘ Pt DRty 81 ?soii’anii o by
Aci SR (A Bich R eker %aa“mé’t@?%%ﬁ%%q‘a%y A Bl thaRes
Deco(m;c?srlt?cr)]rg gfe Igl l{ler?egx%%gdly%l:sgrub;%&gg Di{n-butyl) Ester

2430 g of benzylbutyl phthalate (guaranteed reagent, Wako Pure Chemical
Industries, Ltd., Japan) and 63.1 g of dibutyl tin dilaurate were added to the
distillation residue obtained in step (A-2) to obtain a homogeneous solution.

208 g of a solution were recovered from line 32 by carrying out the same
method as step (1-3) of Example 1 using the solution with the exception of using a
reaction time of 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 59.0%. In addition,

a black substance observed to be adhered to the inside of the thin film evaporator

following the reaction.

Comparative Example 2
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-~ Industries, Ltd., Japan) and 63.1 g of dibutyl tin
di laurate were added to the distillation residue
obtained in step (B-2) to obtain a honbgeneous
solution. 25 173 g of a solution were recovered from
line 32 by carrying out the sanme nethod as step (1-3)
of EStp(B-1). Rredogtidrhef BoN'Hhéxamediy-bis-barbamie pcicbBi(nfbutyl)
using a 146 reaction time of 13 hours. As a result of
Estepnal yzi ng the solution by 1H and 13C-NVR anal ysi s,
the solution was found to contain 99% by wei ght of

hexagrra‘.Jr%yyr?"gﬂlg’ddéJé a?néﬁgxagzé f?ﬁa}fwemﬁgg&? ti on?%?%lt%%k
excoBloR o P RecCRR Eh Puoll o S eltirE dfrad B ' 1
bis (SRR D) BT centh BBRIA2 Sgitd 9 TR (pmataylgpe diamine
10 The sane nethod as step (1-1) of Exanple 1 was
and 82319 etisedivmynethaxide (28% epgthanolosolutiondo phtain @ galution
nol ) of dibutyl carbonate, 217.3 g (1.87 nol) of
contaisingr2f. Y ey wedgrdraf N Nxheaxarsediylgpisicageamigracie diouly) ester.

(28% net hanol sol ution, Wako Pure Chemi cal

| ndu$tep (3-2):LDidtillatibrpaiil)ow &odlivigel tinbh Ceaipaneot
containing 26. 7% by weight of

N dbe §ofandistildte Neve ObtAAaH Byasingir outthetlseme prtiSsd as step
15 Step (G 2): Distillation of Low Boiling Point

(2T SRR S 8 MOERCE Bl sl

obtapth g P ot R 050088 SRty 18 9804 ves

foun 35 b8 % APBt aoniAing 3240y et GPuty Bate 8Ra%7.19% by
carbonate and 17.1 % by 20 weight of n-butanol. The

weight et nPuaNAn resi due obtained in the flask was washed
wth 5.9 L of n-hexane followed by filtering out a

whihe gistiatien regidue obiainachint tbedisisk waswashed witb®. By of n-hexane

liquid chromatography, the white solid was found to
followed byifitefifig &4t laywihike gblid. ofVWhen this white solid was analyzed by liquid
chror_natography, the white solid was found to contain 99.8% by weight of
N,N'-hexanediyl-bis-carbamic.acid di(butyl) ester. In addition, when the white solid
was analyzed by gas chromatography, there was no residual dibuty! carbonate
detected in the white solid.

+ Step (B-3): Production of Hexamethylene Diisocyanate by Thermal
Decom.position of N,N'-hexanediyl-bis-carbamic Acid Di{n-butyl) Ester
2430 g of benzylbutyl phthalate (guaranteed reagent, Wako Pure Chemical

Industries, Ltd., Japan) and 63.1 g of dibutyl tih dilaurate were added to the
distillation residue obtained in step (B-2) to obtain a homogeneous solution.

173 g of a solution were recovered from line 32 by carrying out the same

method as step (1-3) of Example 1 using the solution with the exception of using a
146



N, N - hexanedi yl - bi s-carbam ¢ acid di (butyl) ester. In

addi tion, when the white solid 25 was analyzed by gas

chr omat ogr aphy, there was no residual dibutyl

carbonate detected in the white solid. 147 Step

(G 3): Production of Hexanethylene D isocyanate by
reacfldretime! of 13elounsos ibisi result of analyzing the solution by 'H and '*C-NMR

N, N - hexanedi yl - bi s-carbam cAcid D (n-butyl) Ester :
anal %Qh@ selutiepneas fdind torduritahasss E)?gﬁ’éigﬁ!f @ﬁﬁ’e%a?ﬁéiﬁglgnf

0 Pure Chem cal |Industries, Japan) and
ciscly ] DA ydBadblH BB PRI B8 845, I soiton

= bisp SOFRRRRE M S gyl 8P iRide o e Bish i evaporator

net hod as step (1-3) of Exanple 1 using the solution
5 fOIIOWnQHR?ﬁ%a@%pti on of storing the solution for 150

hours in feed tank 201 heated to 80C and using a

reaction tinme of 13 hours. Asa result of analyzing

the solution by 'Hand 13C-NWR anal ysis, the 10
Comperaiivedrxamplefdbund to contain 99% by wei ght of

hexamet hyl ene dii socyanate. The vyield based on

hex a @t {TC-drePdicaction ofdlsNSHex@hediyi-tdsidatbammc Axid Diokbuty!)

subst ance observed to be adhered to the inside of the
Estet hin fil mevaporator follow ng the reaction.

I ndustrial Applicability 15 Since the isocyanate

10 grlﬁé’ USheORtHARESS §tega°(§ gf )g:i};frlgcatrﬁp Eewas g%ﬁ%d bﬂf’v‘%ﬁﬁo EI;Pé‘

OWS | socyanate t ficrently produced wt

j r j r
oxoel b B R LTS ) 2T SRS R et e ner s aldfg? moi of
i nvention.is. highl j ndustrial |y usef ul d has hi .
hexaifdeppaiedin an 189 SokRrELR LG (a8 mefaptl $luton,
far produci ne an i soc anateagé subj ect i nglq a carbamc . .
Wakg Fuie {diaspica ladasm@éoir%s-!an to ehtain arolufiopeardaning26.7% by
_ deconposition reaction is carried out in the presence
weight obN,N'-hexanediyl-bis-carbamic acid di{n-butyl) ester.
15 - Step (C-2): Distillation of Low Boiling Point Component
1600 g of a distillate were obtained by carrying out the same method as step
(1-2) of Example 1 using the solution obtained in step (C-1) instead of the solution
obtained in step (1-1). When analyzed by gas chromatography, the distillate was
found to be a solution containing 82.8% by weight of dibutyl carbonate and 17.1% by
20  weight of n-butanol.
The distillation residue obtained in the flask was washed with 5.9 L of n-hexane
followed by filtering out a white solid. When this white solid was analyzed by liquid
chromatography, the white sclid was found to contain 99.8% by weight of

N,N'-hexanediyl-bis-carbamic acid di(butyl) ester. In addition, when the white solid

25 was analyzed by gas chromatography, there was no residual dibutyl carbonate

detected in the white solid.
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15

conmpound havi ng an active proton. 2. The process
according to Caim1l, wherein the conpound having the
active proton is a conpound having a hydroxyl group.
10 3. The process according to Caim2, wherein the
conpound having the hydroxyl group is an aromatic
hydr Sigp (1Bpobrodiuction of Elepanedsdene oisdoyanate b Themma)
wherein the aromati ¢ hydroxy 15 conpound is an
Decdipdgitionr oh Mo opx it ibislchdianile Azic DRBLAUtYG EisterS. The
process according to Claim4, wherein the aromatic

LIS o1 BRTPALOE] BRI (BUSePON (oBRl. MBS PR sl

o, et 8B PR R TP VRS 6

. .substit.uent, t.he rin ' nocyclic or .
distiFBR reydip obtaied iy Hhedse) GrotRiy herioeeaus saution.
group aqther than a hydrogen_atom the group being an
al 3D e & EcsQUiRIpWRER rerpveredirom g B2 By £a67iNG gyt the same
al i phatic al koxy 149 group having 1 to 20 carbon ]
methgd@assstepr(1a3)yaf %mmie Hawsing tee selupon adttuihe exception gf storing the
aryl oxy group having 6 to 20 carbon atons, an aral kyl
solutgofiop 1Ba\howys h feedd@nk 200 dreated toB80UC and umirsd Byeaction time of
group having 7 to 20 carbon atons, the aliphatic

13 helisy | Astdpesull ofdraflyAingthesolutiom By AHyAnd POENMA bxlysis, the
and the aral kyl groups containing an atom5 sel ected

solutEJdrP\ng Mo %?Sﬂ‘gﬂcblyﬂhéibﬂg Sf‘hé‘ié}ﬁ‘éthyge.’%Tﬁgsogyﬁnate. The

ond wwth Ato forma ing-structure). ocess
. . S B b . . Do
et Rt GRS 18 S Ao i substance

obsefrgér&ycal Be ga%%ére(a—lo tﬁ% irﬁ%de of the thin film evaporator following the reaction.

Industrial Applicability

Since the isocyanate production process according to the present invention
allows isccyanate to be efficiently produced without using extremely toxic phosgene,
the process for producing the isocyantes according to the present invention is highly

industrially useful and has high commercial value.
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A 10 (2) (whereinring A and Rl are the sane as
defi ned above, R2 represents an aliphatic 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 aryl oxy group having 6 to 20
carbon atons, an aral kyl GLé&lMShaving 7 to 15 20
carbon atons or an aral kyl oxy group having 7 to 20

We cidions, the above groups containing an atom sel ected
from carbon, oxygen and nitrogen atons, or a hydrogen

aft, oM Mprated¥ F6oduBingth isé%!_ﬂar‘f@e BYsUbeding & Barbanfic acid ester

forma ring structure). 7. e process according to

toa@u‘%&i@@%‘f.aﬁ% kiBni N formula (2) above, a total 20

carbon ‘atons constituting RL and R2 is from
0 .20, 8. The process accordin 0.any _one of C ains
el g e ST FesTRA &7 ol ShtiRtne Brasparcs . =
conmpound is a structure containing at |east one
compaundaxing ag&ackixe BECtPRom t he group consisting of a
‘benzene ring, a naphthalene ring and an 150
ant hracene ring. 9. The process according to Caiml,
wherein the carbanmic acid ester is an aliphatic
car bahe procass aspeding 5o OlainThewpemire e ecmpodind faving the
Caim9, wherein the aliphatic carbamc acid ester is
activapretohpbatdompsindisanagiachyalrodylesd@s.. 11. The process
according to Caim9, wherein the aliphatic carbamc
acid 10 ester is a conmpound represented by the
followwng formula (3): O HII RBNCOR4 n

3. The process according to Claim 2, wherein the compound having the

hydroxyl group is an aromatic hydroxy compound.

4. The process according to Claim 3, wherein the aromatic hydroxy

compound is an aromatic hydroxy compound having a substituent.

5. The process according to Claim 4, wherein the aromatic hydroxy compound

having the substituent is a compound represented by the following formula (1):

OH
R1

(N

(wherein ring A represents an aromatic hydrocarbon which has 6 to 20 carbon atoms,
and which may has a substituent, the ring A being monocyclic or multicyclic,
R! represents or a hydroxyl group or a group other than a hydrogen atom, the

group being an aliphatic group having 1 to 20 carbon atoms, an aliphatic alkoxy
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(3) (wherein R3 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 aliphatic and the aronmatic groups
contai ning an atom sel ected from 15 carbon and oxygen

grouhalihg PG BSrnoMBmshaki Ml groVd! HEVER 69%/2b dafodh aﬁﬁns an

repreSents an aliphatic group which has 1 to 20 carbon

oo e SRS € SRV BRIl M9 D20

ocess.accorgdi ng.to C ai 11 V\,h rein
atom§ by 5 TP ISIRV ARG AU 1L 2R 3reorh el b anprat S5 the
sented by the fornulaé)_I vvhereln R3 re resents a
a"phavfga'goxxééh@@(ﬂdther%'oﬂ%@qﬂ e@r@mgwpﬁg:oafalawgaawom
roup having 1 to 20 carbon atons and a cycl oal kyl
selecgedafrprrh%arbﬁg exygervand nitto@enzatoms, ang R'1say thadpyititAde form a
according to Claim1, wherein the deconposition
ring steetdrepn. s carri ed out in the presence of the
conpound having the active proton and a carbonic acid
derivative. 5 14. The process according to Caim13,
wherein the carbonic acid derivative is a conpound

f@prﬁ%ﬁﬁ&@sém&%ﬁgﬂd Qi fvﬁﬁéiéirﬁﬁh(e@rbn‘%ﬂcﬁdr%gﬂ &mpound

(wher el n each of and Y 1 ndepen y repres
0 carbon atons,

s a SgRip ofecitia 23'%*‘%’5%"'*'”@%@4%’&% atons, an

ar al kHoxy 10 group having 7 to 20 carbon atons or an
& noigrorep having 0 to 20 carbon atons). 15. The
proTessiaccording to Caim 14, wherein the carbonic
acid Aler)ivative is carbonic acid ester or urea
cormoupd. 15 16. The process according to Caim1l
wherein the carbonic acid derivative is a carbon

(whefth Ang % &hd RERIFE #9858fes d8MdPhbsve ng formula (5):

R? represents an aliphatic group having 1 to 20 carbon atoms, an aliphatic
aikoxy 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 groLlp having 7 to 20 étoms, the above groups
containing an atom selected from carboh, oxygen and nitrogen atoms, or a hydrogen

atom or a hydroxy! group, and R? may bond with A to form a ring structure).

7. The process according to Claim 6, wherein in formula (2} above, a total

number of carbon atoms constituting R' and R? is from 2 to 20.

8. The process according to any one of Claims 5 to 7, wherein the ring A of
the aromatic hydroxy compound is a structure containing at least one structure
selected from the group consisting of a benzene ring, a naphthalene ring and an
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0 R5 QAO'lI R6 (5) (wherein each of R5 and R6
i ndependently represents an aliphatic group having 1
to 20 carbon atons, an aryl group having 6 to 20
carbon atons or an aral kyl group 20 having 7 to 20
carbon atons, the aliphatic, the aryl and the aral kyl
anth@ceHegingont ai ning an atom sel ected from carbon and
oxygen atons). 17. The process according to C ai m 15,
wherein the urea conpound is urea. 152 18. The
process according to Claim1l, wherein the

c Lt [ don s.. a, thermal, decopposi ti.qn .
aclTRoRroces arEaing B Clain L itral 1 CatRfG St bster is an
. 1erein the carbamc acid ester is 5 supplied to a
a"th@@%lE?ﬁb&mleég #SBRH whi ch the deconposition reaction is
carried out in a formof a mxture wth the conpound
having the active proton. 20. The process according to
Claim?2, wherein the carbamc acid ester is supplied
t10.a Tremptdcess aessrding to Ghaimd, twieerdecivepaiphatio carbamic acid
reaction is carried out in a 10 formof a mxture
estenié ta dliphatiapolyarbamicchaleestent i ve. 21. The process
according to Caim 20, wherein the carbam c acid ester
IS supplied to a reaction vessel in which the

deconposition reaction is carried out in a formof a
ot . i o ac] . Ly : '
A pae Bholdst BEcimE €1 o] wifsbihbifiondfic bifbamyc acid
ow

or di one .of i 19 .to 21, .wherein a |
ester IS A PRt g URaRy FeThliing PReiasbmpos i on
reaction is extracted fromthe reaction vessel in a
form oh a gasgous conponent, and all or a portion of a
3@ i_grl 0 gontai ning the carbam c acid ester and /
e’c &upd havi ng the active proton is extracted
froma bottomBf the reaction vessel. 153 (3)

(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 aliphatic and the aromatic groups containing an atom selected from
carbon and oxygen atoms, and the groups having a valence equal to n,

R* represents an aliphatic group which has 1 to 20 carbon atoms, and which
has an atom selected from carbon and oxygen atoms, and

n represents an integer of 1 to 10).

12. The process according to Claim 11, wherein the aliphatic carbamic acid
ester is a compound represented by the formula (3) wherein R® represents a group
selected from the group consisting of an alky! group having 1 to 20 carbon atoms and

a cycloalkyl group having 5 to 20 carbon atoms.
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13. The process according to Claim 1, wherein the decomposition reaction
is carried out in the presence of the compound having the active proton and a

carbonic acid derivative.

14. The process according to Claim 13, wherein the carbonic acid derivative is

a compound represented by the following formula (4):

O
XJJ\Y - : | (8)
(wherein each of X and Y independently represents an aliphatic alkoxy group having
1 to 20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyloxy

group having 7 to 20 carbon atoms or an amino group having 0 to 20 carbon atoms).

15. The process according to Claim 14, wherein the carbonic acid derivative is

carbonic acid ester or urea compound.

16. The process according to Claim 15, wherein the carbonic acid derivative is

a carbonic acid ester represented by the following formula (5).

)

R5\ )J\ /RG

0~ O ' (5)

~ (wherein each of R® and R® independently represents an aliphatic group having 1 to

20 carbon atoms, an aryl group having 6 to 20 carbon atoms or an aralkyl group
having 7 to 20 carbon atoms, the aliphatic, the aryl and the aralkyl groups containing

an atom selected from carbon and oxygen atoms).

17. The process according to Claim 15, wherein the urea compeund is urea.
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18. The process according to Claim 1, wherein the decomposition reaction is

a thermal decomposition reaction.

19. The process according to Claim 1, wherein the carbamic acid ester is
supplied to a reaction vessel in which the decomposition reaction is carried out in a

form of a mixture with the compound having the active proton.

20. The process according to Claim 2, wherein the carbamic acid ester is
supplied to a reaction vessel in which the decompositi_on reaction is carried out in a

form of a mixture with the carbonic acid derivative.

21. The process according to Claim 20, wherein the carbamic acid ester is
supplied to a reaction vessel in which the decomposition reaction is carried out in a
form of a mixture with the carbonic acid derivative and the compound having the

active proton.

22, The process according to any one of Claims 19 to 21, wherein a low
boiling point component formed by the decomposition reaction is extracted from the
reaction vessel in a form of a gaseous component, and all or a portion of a solution
containing the carbamic acid ester and / or the compound having the active broton is

extracted from a bottom of the reaction vessel.
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