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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 ndust ri al PROOESS PORPROBISCING IBEMEYANATES i ncl udes
reacting am ne conmpounds with phosgene (phosgene 10
nmet hod), and nearly the entire anobunt of isocyanates
produced t hroughout the world are produced according

Technééﬂpﬁ@dphosgene nmet hod. However, the phosgene net hod
as nunerous problens. Firstly, this nethod requires

f. a r f
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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
Backgreupddiye hydrogen chloride is produced in |arge

anounts as a byproduct of the phosgene nethod, in

ddyanatestarerwigelyruseyl as pradustion ragrmaterials of pregluctse such as

hydrogen chloride, in many cases hydrol ytic chlorine

polyuisthana teams dpal ftsi and Adhésivey.anbive sain aedustial prbdadtioragrocess
have a detrinental effect on the weather resistance :

of iso8y¥hdteatind§8e$fctreifgdmiPel o edUtRIzew i 9ﬁb§$§né (bHd¥gene

case of using isocyanates produced using the phosgene

methé@})%ﬂ&ne@ﬂlytth@ PR érr%fugg BL?SOQ?&K&EQ Kﬁt'r‘getiwz%d)fr%@@%lft%e world

uci ng rsocyanates h een’ soug does” not

are pEfeB 3R Eng 8 Hii iR shsCiredy et B Biftcéhe hetnod
been proposed involves thermal deconposition of
has ”H%ﬁﬁ? E”%g?wsest ers. |socyanates and hydroxy 1

compounds have | ong been known to be obtainped b
ﬂfgﬁwghlsd@@m%@qquprgﬁ thhe use of a large amount of phosgene as raw

material. Phosgene is extremely toxic and requires special handling precautions to
prevent e.xposure 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 method, in addition to requiring a process
fdr detoxifying the hydrogen chioride, in many cases hydrolytic chlorine is contained
in the isocyanates produced, which may have a detrimental effect on the weather
resistance and heat resistance of polyurethane products in the case of using
isocyanates produced using the phosgene method.

On the basis of this background, a process for producing isocyanates 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

Docunment 1). The basic reaction is illustrated by the

following formula: RINHCOOR )a R(NCOa + a ROH (1) 5

(wherein R represents an organi c residue having a

val ence of a, R represents a nonoval ent organic
compawrsisthieye lang Fearciniese d be abtained dyrthefmadl decompasjtiorCof

t he other hand, thermal deconposition of carbam c acid

carba®fd 8Ei8 dstersY4e6£RY ERbMpled NdrePatent! D anansst 'gccrrmreewwc
of various irreversible side reactions such

reactibIfd RSB0 RHARAGHhgAS undesi rabl e for

am C acl sters condensati on of i socyanat es

&'ﬁ[ gy the Lheggaby decomaggi tion. Exanples of
ese si de Pea

reactlons |nclude reaction in which

bonds are forned as res nted by the f
(wherigy REPRISEERS &N PEdRIS BROIGP RAVER 2 X7BB67 ohpaRetdifgsents 2

formed as represented by the follow ng fornula (3)

“monovalgnhorgaie residue ans 2 Fepresertpaniniees ol eorffBPFPe)d as

represented by the following fornmula (4) (see, 15
SorthBaiteat haod, LthermalldesodnpasitiPaobearbboic aeistesters isl 0
000 11 RNGOR +R-0C -RR -G -R+

susceB‘hb@‘ltb -tBeRim(R3nedi\sést@encaEvariBuB-MeaThitie sidE@RatByns such
OR X NN-R3RNCOO-NO R (4) In addition to

as thérf‘h%‘i’ %eﬁbﬂﬁafc%l?éé&@ﬁs|L@@@bfﬁ§blb%ﬁc§|wnﬂ§%@id Sstredd
and selectivity 20 of the target isocyanate, in the

conde‘?{s%ﬂ tdf‘?éb EnB&Iksyfbﬁ'gng %S%hér‘?ﬂé’l%&d‘ﬁﬁi itiort. heE%?amp]es of

reac I'ons erm operation | cult as a
ul t for ¢l pi of
these i radionedfiudé ABeCio TR IhER whab Bl e ts
represented 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).

RH-to-—r + rR—o-tMf=r— rH-E&HR=r + ro-tor (2)
R—N=C=0 + O=C=N—R ——» R—N=C=N—R + CO; (3)
0
3 R—N=C=0 —™
o
R (4)

In addition to these side reactions leading to a decrease in yield and selectivity
of the target isocyanate, in the production of polyisocyanates in particular, these
reactions may make long-term operation difficult as a 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
Atcoraigioned duscripion bhBatont doqunedritcl, N atiphatididaretrane and
and / or alicyclic primary diamne and / or aliphatic

{ or alRyEPAVrdtAbYE ENRT A Hiphalé plyuFethbhe o M aicPalysoTii@thane
In 5 the presence of an 0-al Kyl carbamate and al coh

o

are g el SRRl AN A s Kl e

. _.al cogz‘ll%oﬁ. |1| . 0.8 to I10. 0: 0. é§ to“go .anrd renoaiiar}%me in
diamifg, an ARt RumaRsPlyeRLe APd /A &licydic pimary Poly

di urethane and / or pol yurethane can be converted to

the preseneay et ar Shalkyicgrbamaterndamoboband in Bie piegaNGe or absence of
functional polyi socyanate as necessary. The detail ed

a catalyst e 460ito30060 chtta ratie df @minkdNiiheraup : chrbamabsi alcohol of 1 :
are not described in this patent publication.

0.8 toAccor 0i2ftd 80 tdrel desavingtheanvhomatfemedas meeatssary. aithe
aromatic diisocyanate and / or polyisocyanate are

resultihEQﬂUFeQHaﬁy aBlgi/ @ polyipeBankainfsd tomidrted WwthetepispbAding
the first step, an aromatic primary amne and / or an

i ‘i c . , a )
diisocgH R AL PRLITRY PRI BRLAES TRt e R REettary. SThe detailed
rosciSBRHTn M hHup PSS U, AR RRFfo s A faren

bl'cpﬁl ﬁuret hane fol |l owed by renoval of the ammoni a fornmed
PUPNCRdOHecessary. In the second step, an aromatic
i socyanate and / or arqmatic polyi socyanate ar
BEcaidiaaIto I SaRsrRtion Ge EpUdD PPERORY 2. drbatratic diisocyanate
di uret hane and / or aryl polyurethane. 20 O her '
and / pubplytsecyanstecagtpdueed by igeindisongh e felowinghya stgps.  In
substitution of urea and / or diam ne by a
the firsbstepnaph -aromeéc printarg @mioe rehdsiarraraardhstib ptimant pdlyamine are
carbamate and / or dial kyl carbamate, or

reacteDRithtbOtalkytedbaniste in dhe prdxsnceuresbsenea of a catalyst and in the
nono- substi tuted pol yurea or di-substituted pol yurea

rese 80 B8k PO BN o RTINS o ap o
polyurethane followed by removal of the ammonia formed as necessary. In the
second step, an aromatic isocyanate and / or aromatic polyisocyanate are obtained
by thermal decomposition of the aryl diurethane and / or aryl 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 O aryl urethanes by reacting
(cyclic) aliphatic polyam nes with urea and aromatic
hydr oxy conmpounds. 3 There are several known nethods
for form ng correspondi ng i socyanates and al cohols by
Therdde sieepimesiwi eetdds(fey ¢brintihg abireBpbhdingdsstyanates and
particularly aromati c, nonourethanes and di urethanes,
alconql P fieral BE Aot bEEYEHS) ABNaE, MEPRENBORSG Aomatc,
ph un i) - :
monofi#re %A oERERREES: 1T MAHGETBE R n the vapor phase at
. mxture gives, rise . to the side reactipns described .
a highyggirera @,r@W%ﬂ%@?ﬂ%@@%ﬂ%}é pRase HpreeDRaGively
sedi ment, polyneric substances and obstructions in the
low temnasaiusn cpadidiens. aluthesedvethpdgppawayers thereadien mixture gives
formati on of substances that adhere to the sidewalls
rise toothet dide resationsrdesesbet! aboley tieyebecalising,for axpmpte, the
econom c efficiency in the case of 10 producing

formatise ey 88aintsnt opelyrericosub speideacaraf obstractionsus the teadtiss vessel
of a chem cal nethod, such as the use of a speci al

and ré&chaly abp4dss, drahe RbrneomEniub3taitesRAbeadhdRAU TRAidewalls

10) or a catalyst conbined with an inert solvent (see

=) - : i i mr
of thelfBoEln PRl b s U BB R el erpa M b of

For .exanpl Pat ent_do descri bes a process
produFB}g '6?9&]0-@?%30\’%%?;% ﬁé{%ﬂéﬂ éﬁ%lemcyanat e including

ermal decoyrposi tion of hexanet hyl.ene diethyl.

TRGE nERSa O b AR, SRS ITe tes G AcPHtiahcatalyst (seo

solvent and in_the resence of a catal yst m xture .
Patent gegument GranskPatant w&%‘té&)@éﬁﬁ%a‘é{ﬁéc‘%m@ﬁ@ﬁwm AR Inert

di chl ori de. However, since there are no detailed
solvenleiseei RateohBootimpnb dii; hiesrbasn discipsed & inopraye thagield in the

starting conponents or purification and arbitrary

thermaedegemnpositiohtd urstblament and catal yst mi xture, the
econonic efficiency of this process could not be

CeF i, enlSoduren 7 etmiins e
hexa?me’rﬁgﬁi@ggnﬁ&ﬁewwﬁ@t@rﬁﬂ BeRomBBsAbAIdBlexamethylene
diethyl urethane in the presence of dibenzyl toluene used as a solvent and in the
presence of a catalyst mixture composed of methyl toluene sulfonate and diphenyl tin
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 coui.d 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

phases'%éag{én%ergﬁﬁé iQExcd Sy of 3O B thedrBSEncs ePaBsendy e gas

, zinc, alumnum titani um chrom um cobalt or
permelf bl SR URAIFBEN) 5 xdiplp 4] ggpetbrass, st
. t..14, thi t hod_|i ' '
zinc, QadBRBIBNu o BTuR fabde’ Al e o By adcklianyiene

donor. However, this nethod is unable to achieve a

diisocyaratg. of hexamet hyl ene diisocyanate of 90% or nore.
This is because the deconposition products are . .
meadditibh yacoecdinpita de deseiptianef PatephBopdment i1 @nthég method is
uret hane bonds. Thus, the hexanethylene is required 10
carricl @upén Bddbreisened by afydrégedhaldedasd ¥ b Aydmgenitalicle donor.
frequently increases yield |l oss. Mireover, according

Howel&r tHi8 rieipeHii®Lihanlcdtb RMievs a Pistd sehbxdbettiylene dilsocyanate of
nonocar bonate is disclosed to be able to be deconposed

90% e,!d}"nthré. am{ié‘?é Be¥h { LNk ddnpddiforrBrsiess afe gartially fstombined

I e presence or absence of a catalyst and | or
stabi.] | a j I i ‘
resulfigdRipe S8y Por AR B AR  (Plis, SRAERAERANG Is required
deconposi ti of odugts..(nmonoi sqcyanat.e . |

to be ZAGTBABY LTS BFBHPTng DI B R dpE R s
distillation and separately capture separative
bsraensaereerding %W%QPWPY'P% I?Evi%]‘qtﬁ%“r%%@t 'br med
during thermal deconposition including partiall ) :

monocarmnatg is tisciosedtto be ahle tabe mmeﬁnﬁltgmﬁpglew and in
described in a generic form Thus, although byproducts

the absandesofrasoivedt dmadin tHeepi28ebos boabseénahefl a gatalysimnd / or

vessel, problens remain with respect to the case of

stabiiéh ek angfnpdrativélg 16w dempklastusd ahtiadveataeonslyessier reduced
previ ously descri bed, and problenms with respect to

pres§uﬁé‘.g' YR %%8&@%%&% profBLe (HERidRYankie atdlaldopBl) are removed
t desc

ere 1's no ription regarding industrial

rom EEH RS o SR e oo oy separive
condensation. A method for removing byproducts formed during thermai
decomposition including partially removing the reaction mixture outside 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 vessel 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,
thermal 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@%n@ﬁt 459 *téBEO‘C iahdtd1e01 @ X0dfar harstt Po®e prebendaler absence of
organi c acid chloride, alkylatlon agent or organic

c nﬂi«'Qéié!'dh! id
a catelsh TR S Siaft R B SULRRY e’?%’é‘sf"ﬁsﬁ'v%‘% e o onde
eaction sol ution xa c
alkyiali B le" Fibble T ph BlipE5  BR et B el Goh PSR Deusl
added S|nultaneou shor f th
remoyeg frorgth B XaREIn VasseL inge Rt T, @%@Baégﬁtﬁﬁ%ﬁn Ffagele.
of polyisocyanates as a result of u5|n8 a refIUX|n%
and agermespending] areountsef fressyeplvemrderayaier selvent gapgs added
including that for recovery of the solvent. Mreover,
simultahecaslyi sAahostcomny af this oledihod &, ferdexansple, eaduction in the
conditions, resulting in the 10 potential for

spacecib3eig s Ip@wls&cybh@tékemapeswlt bbusipg ehefiugingl solvent, while also
addi tion, the amount of residue is |arge based on the

reqwrﬁrfe% Eﬁ%l@@aﬂé@ﬁé!@‘i}ah%ludi@ﬁ\dt eGVickBvégnthe@sotlembt Moreover,

arding economC efficiency and the reliability of

oo e R Pt el
potenﬁgpt%:ﬁ ggg |p@ gn 8& gﬁﬁ@%@%‘%ﬂﬁé& tdR p%dl?ctg ar nPlai@cIn‘?oé Y468 amount

ethox car bo 0) - 1- (et hoxycar,bo ni nomet h
of resgiy 5 IpreIoR A O T TRERiEReb o SR TR B oGPy HRTPyfdpT doubt
surface of a tubul ar reaction vessel in a I|qU| form

regardmgte@nom@@é‘rce%n@f and fheyreligbitity aljndustial BT . This

nmet hod has the shortcom ngs of low vyield during

droodrding om th desgrmtiom)oféra?tphhi)b@umeng béyamatbed a‘rnaewwed for

selectivity. In addition, there is no description of
contifudi@thenualdecmrtposition o apanyamgte swadves theotydie diurethane,

reconmbi ned or partially deconposed carbamates, while

5- (etﬁda@barﬁoﬁuyférﬁmom (B iyea rbcmw@nnfonﬁmayanr@atmmmmﬁyclohexane
sol'vent contained in the byproducts and cat al yst.

suppf%cd:glbﬂ?ntﬂetl %D Lﬁfgce%céjmzar]rgac@or?béﬁélﬂié@iﬂuﬁf@ﬁﬂﬁﬁ the

| ose produci ng (cyclic) aliphatic

prsdcp BB FVR BT A LD 7S YRABH YR B ES i of o
yield %Lﬁ%g %?gdug{mnsoﬁo cychcﬁ 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 distillation of the m xture of

ByproHu&Ts pid b t&gt&ﬂaﬁecj and rémolBd bg%?ﬁratfbrv distikation of the

ue I's formed 1n the form of Dbottom products,
ol Ry THESALA Y A emog e
the forﬁr(g) :og gro]gophgq\/\%\égé%twﬁlgcﬁ?l &@ﬁ%‘% velpﬁgw %t[ﬁﬁé@@g%tﬂﬁoﬂents

_ of the diurethane nust be eva or ted I.n_the esenc‘g‘
includistg dintethase, argfemayes fipmtee f ha/sqlupe- e\tfx%?‘éﬁf 15

at a tenperature level within the ranfge of the

proces basios shorcomingpleusing edatge ameunkeieenayB.coVBis,is because all
i socyanate groups fornmed in useful products react

of theWitifethge ghuet be eivapoeatgd dufiss pfeseque of catal st uand thgs divrethane
the formati on of 10 conparatively high nol ecul ar

must M@'eggbof%)f@tﬂ afugbmphaure RWRI withil the rangedditité decomposition
according to the description of Patent Docunent 19, a

tempé[;FS thg:lﬁ Hc‘ethgh g/gcﬁgﬁgé’tré i/s‘s?:)t%géhé‘t'el JrolipERYSH h‘ﬁJeeﬁfbtepﬁ‘éducts

sou m during thernal
react »@tﬁﬂ%%%'sttr%&a?f et S U
compBiRsHEURIE TRIFFH r?agp“&@ﬂ&;a@%%%?i- HRLIe em 1n
s, LSS e aoi: 5o k] £ s
systemresults in the formation of poly

disclasexfou padiall g nempkingacieeeas @ygroctimeutébtﬁptbt@rﬁﬁtqra during
the reacti on vessel makes conti nuous oper ati on over a

thermizd digcoepiosiionfoftpgaeurdttariec ulA shorfereing dbdbisimeathod:is tisat
Pat ent No. 4497963; 20 Patent Docunent 2: US Patent

isocybﬁateé‘ﬁ@!@l@ébrea% a0é tdpelyipsthade engirgatie beirgocontained in
4388 Pat ent Docunent 4: US Patent No. 4430505;

bypr@fgﬁﬂ%m F@rﬂb\ﬁg? gHt%lcﬁl\’%H%‘Ar% m, 44l$%lltﬂton Rabfimg 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 centinuous operation over a long period of time difficult.

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. 4596678;

Patent Document 8: European Patent Application Laid-open No. 0320235;
7



25 Patent Document 7: US Patent No. 4596679; Patent
Docunment 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

AentHoRahent al\0s M8RARG: o8oFatant Docunent 13: US

at ent Pat ent docunent 14: US Patent No.

613466; P t ; at ent No. 4386033,
PRehDYsymtatD: Y PHETENL 7 3ggf‘lﬁ4388246; Pat ent
Docunent 17: tent ; 10 Patent Docunent
E%?eﬂl‘—:@r%b'&ﬁ?tgit E%’t Sﬁﬁ?ﬂ:‘\?@a@gﬁzﬁg. 0355443; Pat ent
Docunent 19: Japanese Patent No. 3382289; Non- Patent
PeientslecumentadzcHieP atent BoutéBRéet.cheni schen
Cesel I schaft, WVol. 3, p. 653, 1870; and Non- Pat ent
Patant®dcutentdid: 18 PateniiNg.i42488eni cal Society, Vol .
81, p. 15 2138, 1959. Disclosure of Invention

Paehit @seuimentd 450iSvedidpy Nche6liB4e6t i on As has been
descri bed above, various processes have been studied

P%téﬂt%&ﬁner&%:wrb%@it%o.vwsam; usi ng highly toxic
p

osgene. However, since these processes have

E}E{a?éﬂtj?%@ﬁé@n@? (}IS:? HOH8G | ABefaehi gh boi 1ing poi nt

pf O iculties 1n continuous operation
ver | ong_per. ' d : he adherence of
? ﬁg@gﬁ?‘ﬁ‘rﬁe@oﬁ'ﬁgﬁg&tfi&ﬂ{ﬁ%‘yﬁéﬁgs to the reaction
vessel . hardly a of th rocesses Y )
Eatendpgimentit Hurrer) PaetlAabRate N 8 i esent
invention is to provide a process_for_ |ong-term
Setentdocument 19: Japanese Patent No. 3382289,
Non-Patent Document 1: Berchte der Deutechen Chemischen Geselischatft,

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 Solved 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, stable

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

prior aARAETIErYdURAEH ob IsollaiiEte s Withdut usigoptsosgenehe present
i nventl on unexpectedly found that a carbanm c acid

ester or isocyanate is |ess susceptible to the
occurrence of side reactions |like those descri bed

A T
o B 39 5o 5 SRS BRI O3S

of high boiling point byproducts forned as . a result of
abovermentipded pechiemsnthe invenieny ohttte Pesas! yeatier HRRGLqedlY
or obstruction of the reaction vessel. As a result of
found tiaaitca chibEgnie doithestee os isodyesatehie lesmsusaeptibleterthe oscyrrence
the present invention determ ned that high boiling
of sid®Péanitiopehikbansss destritat Ayotdiesthegirdsemaact @ spscifiagempound
hi gh solubility in the specific conmpound having an
havin?%ﬁ'éﬁ%v@&?&%. INISHRRYr, SRR BRG folind tthets i iehadsanafdsaving
0 be easily renoved outside the system In addition,
i 'Havs S ecipitation
used @6%%@%%@% cﬁﬂ\‘ffo%gnﬁarﬁavgrﬁﬁﬁ abﬁv%"?k@cBn, PRe & nsRBCAMY Brecip

avin rve proton are subjected to a
._[eaction. sunmed f t s

of hioh &dirgra Ry P Iep s N it 5 fEt e SRl ERitions tggeby not
in the case of carryin t ther.mal deconmpasitli f

causing GHNBEARCe 8aTPHRSHEHO A i rrtseeecer Bespieih &
carbonic acid derivative, in 20 addition to this

condudisgrryteasiva studies thereen tjeiawantorsel herreseptjpventipn
yield of isocyanate is inproved. Although the _

determircdthtiias inidhy boifing ioird seipatences joraned by thess sidedeadignsihave
clear, the inventors of the present invention presunme

high ¢d1aibilisi inaike tsbecificrppmpuiinddvaving anrastizetrirolonptharepy enabling
reduces the likelihood of thermal denaturation as

thesd Sibstandds folke e8gRXieniciRecotbide thpasysfdn. Chy dddition aalirdugh
derivative, the formation of high boiling point 25

theref‘)é(xel %Qagﬁwh%m?&%elgf ﬁgb}ﬁﬁb%h%d&%s%mg 8AGICLI®8 proton are

ween the conmpoun ving the active proton

subjeggqbcld%gé fg?étfgaﬁtcf;ﬁ%gﬁ"edqsr@ HAEsOR AWErRE deRaRAHTIG, 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 result 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 therma! denaturation and the carbamic acid ester and/or
9




10

15

20

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
isocydhgﬁaf°||°“‘n9: [1] a process for producing an

I Ssocyanate by subjecting a carbamic acid ester to a

FRERRY B 7 g BB TvaiBhRodd herlicenAghiio fen problems of
havi ' ton; .10 . i na:
tne orcg s W o B S 8l Bfadd 67, AERating o
proton is a conmpound having a hydroxyl group; [3] the
complption @5 $hexpeaseat Myengontem [2], wherein the conpound

having the hydroxyl group is an aromatic hydroxy
Nammdy ide prddert frventiooayovidesdha felpwiadi t em [ 3],
wherein the aromati ¢ hydroxy conpound is an 15

1] oApredBbs forprdtaaingernisoayahdiabyraybjedctingsa carremic gcis| ester to a
the process according to item[4], wherein the

d Q4MRbH FeditidOxy conmpound having the substituent is a
ecor@%npound represented by the followng formula (1): OH

%grén(tﬁ% de@%ﬁit&gz r’e%%ti&h (P4 ReaBA imtheAphr@¥ahts of a

rocarbon to 20 carbon atons, 20 and
whi ch may h jtuent, the ring A being
compﬁﬂﬂ@&%pﬁﬁ@%ﬁﬁ?#@éﬁq ic, RL represents or a hydroxyl
roup or a grqup ,other than a.hyd :
2) pgupose awoanBbusa: I Bretania FAgPethg Ry g aetive
atonms, an aljphatic al koxy gro_up having 1 to 20
protop as BawmrmE harina anyesd 8 fdRi ng 6 to 20 carbon
atons, an . .
[3] the process according to item [2], wherein the compound having the hydroxyi
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 following formula (1):
OH
R!

(1)

(wherein ring A represents an arcmatic 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 hydroxy! group or a group other than a hydrogen atom, the
group being an aliphatic group having 1 to 20 carbon atoms, an aliphatic alkoxy

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

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

aral kyl group having 7 to 20 carbon atons or an

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

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

aryiox@rﬁ%@ ﬂggﬁg‘%\;\ﬁ‘icf%@ Q@Fborféﬂb&%ﬂ RNl GRA ARG, todTlcarbon

Ato forma 5 ring structure); [6]

o TR BRI AART S A e . o
or,mu

aliphaj s e Sy A e AR Bnd T, aralkratbs eohiaiing g som

10 R2 represents an aliphatic group haying 1 to 2
selectediftan catnms Oxygenl@nghitrpgen at%%yff& 8 qg-va*a?rh@wit%t%m form a
20 carbon atons, an aryl group having 6 to 20 carbon
ring stucmse), an aryl oxy group having 6 to 20 carbon atons,
an aral kyl group having 7 to 20 carbon atons or an _
[6] A& prdodseaccOrding thtem(B], Avherc trat armatichisydibsy eompound is a
groups containing an atom sel ected from car bon,

It PR FBERIFY fobmufa (BJdr ogen 15 atomor a
Compﬁéﬁgg%rléggrp?gtp,)pand R2 @y bond g\?th Ato forma ring
stru@fire); [7] the process according to item[#6],

RAer el n iR' formul a (2) above, a total number of
caybon tons constituting RL and R2 is from2 to 20;
[8] the)process according to any one of items [5] to
perein the ring A of the aromatic hydroxy (2)
conpound is a structure containing at |east one
(wher@iif He§ Wand R ees etk s@fefadefired gbowgp consi sting of a
benzene ring, a naphthal ene ring and an ant hracene

R28prdstntd BR APRSES rawgcradhgd @0 tamohldtomshanailiphatic
the carbam c acid ester is an aliphatic carbamc acid

alkox§ Yr6lip 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 7to
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 hydroxy! 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
rng,

[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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[10] the process according to item[9], wherein the

al i phatic carbamc acid ester is 11 an aliphatic

pol ycarbami c acid ester; [111 the process according to
item[9], wherein the aliphatic carbamc acid ester is
a conmpound represented by the following formula (3):

an alighatidl Jdlyd3Bpainfe ciBbsferf 3) 5 (wherein R3 represents a

group selected fromthe group consisting of an

[11] @%ﬁg%gg acSbraHY foAYeH 29][1 (\;\H’%{)@i@l tR8'NBAafit BafbaANE 2R ester is a

trc group faving carbon atons, the

T ardetT X on” atol
comp it uncy Tah oV e b o BNk o and the or oups

havj ng a valence equal to n, R4 represents an

al ifphggic grqup which has 1 to 20 carbon atons, and
whibsh It 10 has| an atom sel ected from carbon and oxygen
Rt6Ns,CaRT R frepresents an integer of 1 to 10); [12]
the, process Adicording to item[111, wherein the (3)
ali phatic carbam c acid ester is a conmpound

(wheréﬁ@%ﬁ?egﬂg%gg?tgé é%ﬁgﬁ?{l%‘aa flom t%ﬁf@ﬁc&iétwﬁ%ﬂéﬁq@tic

group cons I ng of —an al ky

orounils 1 ebbaob B9 Rt BITRICHA TR B2t drvor
o S STl B e BB e o

conmpound having the active proton and a carboni c acid
carbogandvexiges: atpms, anHhp gseershawps adalgne epvaiPm 3]

wherein the carbonic acid derivative is a 20 conpound .

R&pepssentda pliphatid gitdupwhighfrasnlita2@ gproap atems, @nd 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 te 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
Xy 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 aralkyloxy

12
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(wherein each of X and Y independently represents an
al i phatic al koxy group having 1 to 20 carbon atons,
an aryloxy group having 6 to 20 carbon atons, an
aral kyl oxy 12 group having 7 to 20 carbon atons or an
am no group having O to 20 carbon atons); [15] the
group PEGBESAtALE ehfbdiatomd dream bintho gré@s RaTiIngTetocZl barion atoms);
acid derivative is carbonic acid ester or urea

[15] %%g?r‘gﬁagé ﬁ[:&@ﬂdl o R fog]? \gz‘\r%?éihqhé @afsorit abid ddtivative is

I'n the carbonic a Ivative 1s a 5 carbonic
aci d. est.er repres the following fornmula (5): O
carborﬁ%aguf%stg &Qpﬁ%ﬁabﬁﬁl’él n each of RSgand R6 (%)
i nd dent | . : | i) ti havi 1 .
161 R R TRl BB S Belitute s o

carbon atonms or an aral kyl group having 7 to 20
carbonja@sishestes represaeted hypihgtfrowingdoanyla Gid ar al ky!
groups containing an 10 atom sel ected from carbon and
oxygdn atons); [17] the process according to item
1{;51\5])Jj\mh§r\=éi n the urea conpound is urea; [18] the
praces¥according to item[1], wherein the (5)
deconposition reaction is a thermal deconposition

(wheréipa&Ednoar RT 494 RENRdSE&tRRINy 36pRIsenRDah aliphatio %rl)hp having 1 to
wnerein the carbamc acid ester is supplied 5to a

20 ca@%ﬂcété@%oéﬁsaﬁﬁi %Hopg"f@vﬁ#b 616 Z@GC%QHBR%EdthPE bRafrhikgNglobip

arri rmof-a mxture wt e conpound
._havi t he active pro o LR
revind 34508 HBASE Rauk Bl 40P 200 838 6508 € an
supplied to reacti on vessel.in which the
atom 3RIEBIgSLEPT PR ZBEI BHIPE HAMSied out i n a form of a
m xture wth the carbonic acid derivative, 20 [21] the
[17] thepesessasseaing te dem [/l winreinihie wied GePQUIbisH e
acid ester is supplied to a reaction vessel in which
[18] tiwe poeasspusordiog te gaot [1hrwhereyathe dec@nposiion reamtipngs a
a mxture with the carbonic acid derivative and the
thermabdposmgosiivhmgadtiogy, act i ve pr ot on;
[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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[22] the process according to any one of itens [19] to
[21], wherein a low boiling point conponent forned by
t he deconposition reaction is extracted fromthe
reaction 25 vessel in a formof a gaseous conponent,
and all or a portion of a solution containing 13 the
the cafSdrARMBGd @6ttt il /adr tA8 Comppuridieaviagniiee ackivearioten ishextracted
active proton is extracte froma bottom of the
from &F&H‘n%‘?tl’(@?@é‘ﬂtm Afhsanf ageous Effects of the Invention
According t He present invention, isocyanates can
be produced effl ciently wthout using phosgene. Brief
Description of Drawings FIG 1 shows a concept ual
drawing illustratin he conti nuous production 10
Afaapesus eﬁtsocimg?&@"ed'gmom c acid ester used in an
enbodi nent of the present _invention; Fl G sh
Aeednate th@rm'ﬂﬁﬁ@t inventian 9GYgnates @%Pwoduced Stticiently
deconposition reaction apparatus used in an
withowtrdsiray phosgede.t he present invention; FIG 3 shows a
conceptual drawing illustrating the thernal
deconposition 15 reaction apparatus used in an
enbodi ment of the present invention; and, FIG 4 shows

Brief @eg&ﬂﬁ@ﬁt%m@\ﬁ Ayé ng illustrating the i socyanat e

proddction apparatus used in an enbodi nent of the

f@s? Bhod Q\éeé%?'ty%%fn%thgﬁ ]7 d:iﬁfeeécﬁfﬂiﬁﬁous production

umarlcas distillation

apperdfis O Pran a1 SERGA AT 47 BRBgpinicti of 8 present

decar boni zati on tank, 111, 112, 117 : reboiler, 121,

mvenq% 126, 127 : condenser, 1, 9 : supply line, 2 4
6, 7, 8, 10, 11, 12, 13 14 transfer Im(ge

Féfao% showsiaeonceptual,drawtid BHstrating thesthermaly crqrmosw

(Fig. 2) 201 : feed tank, 202 : thin fil mevaporator,
reactipf3apragatus usiestin laneembadioesntraf the geserg nvention;

FIG. 3 shows a conceptual drawing illustrating the thermal decompo:;ition
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 .
fransfer 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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14 condenser, 206, 208 reboiler, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32, 33 transfer line (Fig.3)

401 : feed tank, 402 thin filmevaporator, 403, 404,

405 : distillation columm, 406, 5 408, 410: reboiler,

407, 409, 411 : condenser, 41, 42, 4 4 7
condenger, A6, 298 srebailer, 28 22423524, 23, 2 72?:588 g?r 3ﬁs?’i 32,33

line (Fig. 4) 601, 604: stirring tank, 602, 605:
transferling 603 : thin filmevaporator, 613 : ion exhange

resin colum, 607, 610: distillation colum, 608, 611
(Fig.3) condenser, 609, 612 : reboiler, 10 61, 62, 63, 64,

65, 66 67, 68, 69, 70, 71, 72, 73 74, 75, 76, 77,

1 & k, 2 8%.ntfn|ﬂre\faﬁiorlatdae4@esawb¢t§5fwstmﬁnwlmmn 406,

e Invention The follow ng provides a detailed

408, 4%0‘ Pé?a%‘illa?rlto‘?’f 4b594??550ﬁ8€ﬁsér0511CQQWSW045 461517t e 49, 50,

sent  rnvention' (hereirnafter referred to as
sent . Furt hernore, the present
51 S%Dn% E’g 35?@% %?'?seﬁ rbethe fol | owing present
enbodi nent, but rather can be nodified in various

(Fig- 4days within the scope of the gist thereof. The process
for producing an isocyanate according to the present

601, @&iboatiniegttank.opfiz,i6s” @nk 5@83%%&‘"}0%@%&?%’ - ion exhange
i socyanate by supplying a carbamc acid ester 20 to a

resin delaenp &7t 640 :rdistdiation coluren 608 tHH dewrsianssr, ta0sh 612 reboiler,
reaction is carried out in the presence of a conpound

61, 6hag8Ne4aB5266] BF, BBOBAN 70MIMeqRel73, t7e 7ir e 7, 78, 79, 80, 81 :
i nvention conprises carrying out the deconposition

transfef@gdi on in the presence of a conpound having an
active proton and a carbonic acid derivative. To begin
with, the explanation is given of those conpounds used

in the process 25 for producing the isocyanates
cordl to t

sost QFR A B2 R OB BT 1o 2t o' 1 on e

The foﬁowmg provides a detailed explanation of the best mode for carrying out
the present invention (hereinafter referred to as “the present embodiment”).
Furthermore, the present invention is not limited to the following present embodiment,
but rather can be modified 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 decomposition 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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present enbodi nent refers to a hydrogen atom as

expl ai ned bel ow. In general, although there are many

cases in which hydrogen atons bound to carbon atomns

in nol ecul es of organic conpounds are inert and | ack

reactivity, there are many cases in which hydrogen
presemtamBodimend réfers iy gdrydeogarsatosu s explaited belovws

nitrogen atonms and the like are strongly reactive and

Rogdrerall eRRbuYh tHereark onsny yasss inofhick dgemgen Sooks ound to

hydrogen atomis referred to as an active proton in

carboh I%ﬁ‘t)rﬂé &9 Ritiec RS BELIRMIc cEMPORNES afd iriiCandiidkweactivity, there
pro

ons 1 nclude hydrogen atons contained in an atomc

are i8¢ e A0 s b AP oy s e gy aloms o
car bon at

ook abme 2 AT s S D A B A sty vrigys ees

group, -NO2 group or -COR group (wherei ﬂ’éRretBres%Qts ¢
of reagantsl | Hvshi & hydeeenA@tory SifatareGicRHFN ASHYR IFIRPN the bresen
greater reactivity than hydrogen atons bound to an ) _
embodienemtal Exantpdes af sush aptives pEtonsineiusteRy PERR aleras gegtrined in
included as an active proton in the present
an atGmlRAgHoup such Nat #n tOHtgroop, «Sitgoow -hidsi grgupies -6& @k group.  In
proton I n the present enbodinent. 15 differs fromthe
additibAShYdregeN fdms Boahtiad d earbbntdiempoivetichuis bosed a stang
exanpl e; US Patent No. 4081472). For exanpl e,
electrﬁﬁgﬁ{rgbﬁ}% gfb L?cf}‘noéé anEgwR!dreab TN grblh gl godup or -COR
I'ner S ent refers to a conpound that does not
fpact wi . . _ LhieBte
arourt etk eb 334G SbRa TRl & HbRRNC GBGpTRGREhsea
literature with regard to, thi 0
areatsAchuly BrbPSeR e boyph o @l b, GyEblG o, and sueh
that urethane 20 is forned by a reacti,on between .
yCragEDrAIPTS HPESR kSRS AR AN RENFD 1 IR phee B Srpftiment
conpound having tghe active proton reacts wth the .
iNate fhatthecomppurichhaving Ahe ctiveprajer intha presephpmbrgiment
having the active proton was avoided in the prior art
differd fiom the inertrsahkerdfrefaresd ionig thiephior BE (seecipasxemple.dhd Patent
an inert solvent was wused instead that does not react
No. 4ug1B7phe F&asemnsieeaccdiaimyvier thisasatentipulyioatioasalthaughesn inert
conducted by the inventors of the present invention,

solvenk réfdss {oPa BEmipdahd!that dbsd AyBRacEwitAasodyanate formed by thermal
advant ageously recovered even in the presence of the

decoilrﬁ)osition of carbamic acid ester, as is described in the literature with regard to

this (Journal of the American Chemical Society, Vol. 64, p. 22289, 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
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compound having the active proton. Mreover, in the

case of carrying out thermal deconposition of

carbanmic acid ester in the presence of the conpound

having the active proton, it was found that the

effect of inproving the yield of isocyanate is
compdlgnbnatingties attive prgtan. skioredvdr, inthecase of eryingodithermal

the reaction in the absence of 5 the conmpound havi ng

decomtd¥iRst bVEarBhRt© Beid B e CPNBE Prdsdiitd ofthkdnasduntehaving the
roton used in the present enbodinent is a conpound

active H{dﬁg it%@a?w‘ogrin‘ﬂethag Ocﬂ‘fé’c‘i o@ﬁﬁbﬁbﬁ«ﬁw%ﬁ@ﬁeld& isocyanate is

arti cul ar t hou the conpo avi'ng an -

r.o .-SH grou - [ - r LS
demorfifaiBi s Fprie B o B O XA ehind Yo R0 Y g eosence of
this group is excessively high or low, 10 there is a
thecQﬁﬁQHﬁ??%MB%&@%QF@FEEEWE§undS havi ng the active proton
to strongly associate, which is presuned to nake jt .
e fcompauncchaxng the aelive pretorebsed irstherpregent epkpdimRRt Is @
having the active proton to be described hereinafter.
compdundhdiiing arpactsicupiiotsn asnigfioed @bbyet hin paiiedtesraltheugh the
the present invention, since there are cases in which

compbiied Bl RgtarpfOHMgb0N] 18H gsngy aNekgryuplod -COCGHaroyp tshesed
conpound havi ng the 15 hydroxyl group is used nore

prefer@bff f1 ) YaseMple! £idily aF BARERL oMl GEUpaeEReEssively Higedr low,
even nore preferably. Al though there are no particul ar

there 5,8 BhO A8y A7 BRPEES ripiicne, LUBHON tondly
assoqiy M TR e iRl . SRRt aReRIRER: Sne
compRYED v EGHBARIVR ARG 13 DT PEDAIoRPTar | e B9

ortho position relative to a hydroxyl group a .
studiesepands iotec By hy iNveniarsIaf Sk REESESH IHERTIPRoSNcERhgse arg cases in
which(t}wg)effelcz of improving isocyanate yield is small, the compound having the
hydroxyl group is used more preferably, while an aromatic hydroxy compound is used
even more preferably.

Although there are no particular limitations on the aromatic hydroxy compound
used in the present embodiment provided itis a compoﬁnd 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 foliowing formula {10):

OH
R'i

(10)
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(wherein ring A represents an aromati c hydrocarbon
which has 6 to 20 carbon atons, and which may has a
substituent, the ring A being nonocyclic or
mul ticyclic, RL represents or a hydroxyl group or a
group other than a hydrogen atom the group being an
(wher@hirplpA represents draaiamatic hydr2oadwnbehicht > taa?0 carbon atoms,
al i phatic al koxy 5 group having 1 to 20 carbon atons,
and whithahil e subanierg, the an@ B b aronaicooni ormultieyglioxy
group having 6 to 20 carbon atons, an aral kyl group
ayd Nyrofb it GloudbtAEAIHEN HKYdiBGBHRom, the
Ea&é}}gsén%go%%hg&a}%ggnrbrgt Errs, ?F;}(Lﬁal I phatic a krs)lb, t he
| i phati Lkoxy. the. I I a : ;
aroup e, 80 GpBalie Sl Ay R L BoN s fiffatic akoxy
carbon, oxygen and, nitrogen, atons, and d
group fAMINGN £ 20carean aigns Hh e .ga%terar‘ay'ﬂgég’ﬁ e tgms, an
in fornmula (10) above include aliphatic alkyl oy
aryloxy Dramp FBVINGSS h3eYoRN A SR EHENPYIIR TG 1, garbon
group is a number selected fromintegers of 1 to 20,
atomssorcan asalyloey ydughavipg 720 29 pgibograiams, thealphaticqliedpthe
(including isoners), a butyl group (including
aliphaiti&@m?) theaand thglargogy pnditne lanalkplggrosiparepstainiag lkexatbm
group 15 (including isoners), a heptyl group
selecteldTrdrH TaSon SHYRER)andritragEd lateme Uand Richagbogd with A to form a
I soners), a nonyl group (irncluding isoners), a decyl

ﬂngsﬂDBHPefinC|Uding i somers), a dodecyl group (including
I'soners), an octadecyl group (including isoners) or

he like: . ~ali ' i ' .
SrepiBeR’ K SnEIEBIE NS hRLRE, Apalit Slky gRupisiRGinich the
sel ected fromintegers of 1 to 20, such as

numbgf b erbn SRR dinaibe AopPspa s fr ARG yeoers of
i soners), a butyl oxy group éincluding i somer,s .
1 to 28e RUGN G%ya BETU ArPWo I ALPIRY! SERe AHTOPY W@%WEZE!HO@?Q)[?Bmers), a
(including isomers), a heptyl oxy g{gup.(including
buty! geauretisgiuding isemgroxg pentid @reum ENalici iseBIREs)s B hexy! group
nonyl oxy group (including isoners), a decyloxy group
(inclutimrisodiens), issleptylsgroup (indbaiiny isexyerg), anpogtyhalougi(ingluding
i soners), an octadecyl oxy group (including isoners) or
isomer8), taAohyIkfoup(ric @i Rdmais )M décyll yeoup (heludiol isambos), a
atons constituting the group is 6 to 20, such as a
ingi ¥ RivesithdeE Wolp (iBtludirttisomers) or the like;
doce P Ghere feRing sEmcrs) A gholp (ALNMIrgzomers)
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 atoms constituting the group is 6

to 20, such as a phenyl group, a methylphenyl group (including isomers), an
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et hyl phenyl group (including isoners), a propyl phenyl
group (including isoners), a butyl phenyl group
(including isoners), a pentyl phenyl group (including
i somers), a hexyl phenyl group (including isoners), a
hept yl phenyl group (including isoners), an
ethylpbenyl grioepy(inaudiog isamerishdi prppyioranys group (elydippésgmers), a
group (including isoners), a 5 decyl phenyl group
butylphiehg| grdiupginchadig ssomershi P pentylptesryli grdupniinaidding isomers), a
i soners), a dinethyl phenyl group (including isoners),

hexyl@&ﬁb@uﬁ’hﬁ&ﬁbnr@ﬁ@@ﬁeﬁé)n§|Héﬂitﬂ9hér$5ﬂ@6§ﬁ (incRding isomers), a

ropyl phenyl group (i ncluding isoners

octyipg;eggn¥ gﬁ Lllcﬁﬁgoup c%r%i{ éf‘ﬂgﬂﬂghéﬂymﬁ% (m@ludmg isomers), a
decyihion B Eﬁgﬂv A Q?C'@'ﬂg&%wsﬁi)r

|nclud i somers), a 10 trinethyl
dlmetgylﬁepuml. gf@upé g lsmerﬁbtaqgiﬁmmnvé .95@150 ? ¥ﬂ68w&i 'gamefs)
i soners), a trlpropylphenyl group (i ncluding
a dipropyipbesy| graupr (instuding iromer sy radiputy! plerd iofeHp Qaﬁéﬁ@; isomers),
or the like; aryloxy groups in which the nunber of
a dipadylppengt arospdrchiding tsamgeshea dineayiphesybgroophcluding isomers),
as a phenoxy group, a nethyl phenoxy group (i ncl uding

a dlhé;ﬁ?]@iﬁéﬁ I,gr@(]pqtrﬁ}ddm@mer@? aerphae) wong (insloakisisomers), a
propyl phenoxy group 15 (including isoners), a

trime@gmﬂyeﬁgﬁg@% %Mn%'s%é@h%tﬁéﬁ%héhy] g’i‘oup (including isomers),

noxy group (incldding isonmers)

a trip{}b@ﬁr@f@%ﬁpg@éﬁg&g@% %I nlc il&ﬂng rfﬁg.gﬁéﬁésnylaggoup (including isomers)
o BRI S s
groupy qrs?{%f)qéq!) nnij(jlq rp{g%%gg)ﬂ B}M Iﬂ,lﬁzl MU%/? nox B%p?lncludung

(i ncluding 20 isoners), a diethyl phenoxy group
=somqrshoamairwg:he§@w GEUP HnalLpinsisPRIsENo RPIEPWRRENoXyY group
(including isoners), a dibutyl phenoxy group (including
(includgnisosiersia mbmglphghphsegmqp (includipg(iseroea)i agpentylphenoxy
i soners), a di hexyyphenoxy group (including isoners),

groum(incdubliewt ixdimees)0xhegyipientikp groub (igciudinEseiners), a
di phenyl phenoxy group (including isonmers), a

heptﬂ;ﬁhéﬁb@@r@bs R B mMers} | aHibdtgiphe ARy gi’oup?l(lncluding isomers),

ethylphenoxy group 25 (|nclud|ng i soners)

a norM;S éﬁ tiﬁlugfrirg%%o 4}91 %éli 4 Ip ﬁ@grou? (mcludlng isomers),
a phérh}ﬁ??‘\enao ? é%hp %‘h%fﬂ%?nd i%omgrgf' t&f‘hé?HﬁBﬁéngiy @r%rukﬁctﬂ-lcldt%ng

isomers), a diethylphenoxy group (including isomers), a dipropy!phenoxy group
(including isomers), a dibutylphenoxy group (including isomers), a dipentylphenoxy
group (including isomers), a dihexyiphenoxy 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; aratkyl groups in which the number of carbon
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atons constituting the group is 7 to 20, such as a
phenyl net hyl group, a phenylethyl group (including
i soners), a phenyl propyl group (including isonmers), a
phenyl butyl group (including isoners), a phenyl pentyl
group (including isoners), a phenyl hexyl roup
atoms( corastitutingothiesgroep $3 7 ta Athsogh ke glher@dmetl’lbg igneddi plaenylethyl
i soners), a phenyloctyl 5 group (including isonmers), a
groupRRNYiRG Mm%%@phéﬁjﬁﬁ?&bw grourotimeladingrisérnerd)] & gheaplitbuty!
aral kyl oxy groups in i ch the nunmber of carbon atons

arour LA Sl ooyt . ighonem) « preyrony

orour GRBAEY e BICE RE IR R P e g prenyocy
oo LR B 5 R Blrefor e e and

henyl hept yl ox rou including isoners), a .
aralkyg@ghgn%@qux mgh g]ebmgm enef g@r,bp% qtgms;echgs’httgmg the group is 7 to
phenyl nonyl oxy group (including isoners) or the |ike.
20, subteapbahenlyimethgxAgroup,a pheaylethoxy aseve (inatdingisamers), a
benzene ring, a naphthal ene ring, an anthracene ring,
pheng@pipsiagyt droap€ineluding iscneraphd phemsyibutyloxy, graup Hinghstieg
ring, a pyrene ring, a triphenylene ring, a pental ene

isomdrs NG pReApeRPRXYig8up AnBRRIMY RBMaTs)) @ phedyliaaxyloxy group
i ndacene ring, a bl phenyl ene Ting, an acenaphthyl ene

el g B SN0 B 1o aRTGaREY bFrersinson
- T e e LR

dition, these rjngs have a substituent other
RIS of g gurientEr ABOe hiifes et zapp din: 2 naphthalene
~include aliphatic alkyl grougs_in whi qqthe 20 nunper .
ring, BN EHMBEANAT e 2RHIRENIBEARE FRE. BTBRBNIAcERe i chrycene fing,
selected fromintegers of 1 to 20, such as _a nethyl .
a pyrgneipg, anriphéryieng aog, aPenta'ens ringr a@ulangdingisnigeptalene ring,
isoners), a butyl group (including isomers), a pentyl )
an indacene (ingca biinegyles@ming )an acerapyithyjene png( an@ceantgylene ring,
i soners), a heptyl group (including isonmers), an octyl

an adphiePahinrglendirliy of hemikes) . Prefeeahle exanyes invhidediimgs selected
i soners), a decyl group (including isoners), a 25

from 4 @Fddé) SEriRirld Gch BEhRENd HAGEA MbphHaléled ASGaNY =Y ahtracene
I nTl uding Isomers) or the ITke; " aliphatic al koxy

ring. 918 lé?ﬁ'{ti'oﬁ Ws%ﬁiﬁ%em%g'm %%uﬁﬁft@@ﬁ‘t &h8Fthan the

constrtuting the group I's
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 methyl group, an ethyl group, an propyl group (including isomers),
a butyl group (including isomers), a penty! group (including isomers), a hexyl group
(including isomers), a heptyl group (including isomers), an octyl group (including
isomers), a nonyl group (including isomers), a decyl group (including isomers), a

dodecyl group (including isomers), an ectadecyl group (including isomers) or the like,

aliphatic alkoxy groups in which the number of carbon atoms constituting the group is
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a nunber selected fromintegers of 1 to 20, such as a

met hoxy group, an ethoxy group, a propoxy group

(i ncluding isoners), a butyloxy group (including

i soners), a pentyloxy group (including isoners), a

hexyl oxy group (including isoners), a heptyloxy group
a nunfbercleletitad fiosoimdegers afm w2, suoh aﬁ@mﬁthomgmnq@n ethoxy

i soners), a 5 nonyloxy group (including isonmers), a

groupﬁ%%@?s y ghﬁ.gp(uﬁ¢[[l§in@ds@masﬂowmy)loxyagrcﬂmd(érwu@mg isomers), a

group (incl ng i somers an oct adecyl oxy group

penty&x@&gkﬁ%}ggﬂ\d fs?ﬂné’r‘sz éh@x;hbkye r P(ﬁncﬁhle@SsdrﬁeﬁM}'@h

rbon at'ons constltu the group is 6

st oAl 4, 4 e TR s =
o3 OB s B,

pent yl phen group (including isoners), a hexylr||o [ n}/nl
dodegyl@&pg(qm;b{ ra@u@gwgngmr@; an SCtRgRCY oK &g HP §inslisling 1somers) or
(i ncluding isoners), an octyl phenyl group (including
the likes argrarpripa imehydhpitnerumigeiafcarbes iatemna gonstiwing the group is 6
decyl phenyl group (including isoners), a biphenyl
to 209&G¢hpad ansHeril gobuips enmethylpleenyd greit{ihg beimgl isgmecs), an
(i ncluding isonmers), a diethyl phenyl ‘group (i ncluding

ethyl;bﬁéﬁ??"gﬁup @ﬁciadmgqié,@ﬁﬁé'rw%rb’rbpglbﬁélﬁyl(grﬂlbl@(ﬂicnﬁi:ng isomers), a

oners), a dlbutylpheny group (including isoners),

butyl&‘n%ﬁg&?ﬁ&%ﬂ ﬁHﬁU EBFH%ré 35 MP %TS{:E)(mcﬁjdmg isomers), a

p (1 nc
hexylgi:n 8' qroﬁe‘?%%cgﬁﬁ éﬁ%ﬁéér%; | é'ﬂbﬂgrr ?Egﬁ:)qge@wf#@ﬂﬂg?w%ers), an
octylégwlégdclyug ([QCI{JBE f S%Bmaeﬁ%);h}% hré/ ;ﬁﬂ%y{ g Iﬂ%llgg 395), a

oners), a_ tributyl phen |nclud| |soner§)
decymeavl grieeip) (inedding W%Wr%,r%gwiﬂem smuemfi IR ARERerSY. @
carbon atons constituting the group is 6 to 20, such
dimethy|pheshyé gooup rdugingasamens)i prﬂbﬁtbxw@nwh@roypr{mwlﬂ@ isomers),
i soners), an ethyl phenoxy group (including isonmers), a

a dippopiptheriv gooyp (induding isoniens), aglibstypdeny| group (mcludmg isomers),

but yl phenoxy group (including isoners), a

a dlpﬁﬁmyﬁmgﬁm&p (iaciodng isorlersh, agiinegipinenyl group (including isomers),
exyyphenoxy group (|nclud|ng i soners), a 25

h
adlhgg ?ﬁ&gﬁg ﬁélHBl |§6Hé¢|$)n§téﬁfH%ﬁQrou@ﬁ(lncludlng isomers), a

Xy g oup (rncluding isoners)

trimeﬁ%éﬂw&ﬁkﬁ %%%% ﬁh@ﬂ&r‘%&h‘i&%ﬁ gi t'néﬁ‘iﬁfﬁényl @r&ﬁﬂiﬁcﬂnﬁlﬂ@ié’omem)

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 Bto 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),
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a phenyl phenoxy group (including isoners), a
di met hyl phenoxy group (including isoners), a
di et hyl phenoxy group (including isoners), a
di propyl phenoxy group (i ncl uding isoners) a
di but yl phenoxy group (including isoners),
a phedyipeanykg,pgmlm(@nclgdmgps@marﬂ)ua|d11'gethydph§rr@)<y group (including
di hexyl phenoxy group (including isonmers), a5

isomets ) endigtrystenoxy group (intnelinglisomears) eedipjopyéphenoxy group
di phenyl phenoxy group (including isoners), a

(mctu&;?‘.betcﬂ‘?l& hsm ‘éHBxy( bft?dﬂiﬁhémdir@qg@rhé}s) §d|pentylphenoxy

enoxy (ncluding isoners),

groupt rﬁcﬁu{t’% ﬂ’ﬁ %n%}’a %&%eﬁ%}tggﬂ% Iﬁeiﬁﬁngtsgﬁ'netrﬂé
dihepk@@?@éé‘&?éﬁﬁmﬁcﬁgdp R sogrg sy 3 dPhelPaghoSy fftieMbiuding

phenyl met hyl group, a phenylethyl 10 gr (i ncludin
Isomqrgb@eﬁﬂﬁ)ethmipbﬁ@ﬁw BB/ (ingpeing ’?‘P'H@fﬁ]d? E@;&hwﬁsﬂgw ggoup
phenyl butyl group (including isoners) pheny IBent
(includinguiporfiens), adriptppydaenoxy gr@Ulph@ﬁNdldmlﬁpmegiib@ﬁﬂ utylphenoxy
(i ncluding isonmers), a phenyl heptyl group (including
group @aatedisy,isémphgroyrithetike; amgilot grqupscihwehioly the ooeds)y of aarbon
phenyl nonyl group (including isomers) or the |ike;

atom@Eahsttlifvy tres ?wuvp is'7 W@ hsUdheasd phehylpiethpr gronpas pienylethyl

constituting the group is 7 to 15 20, such as a

groupOQﬁ&MHﬁ? @gﬁ%r rg;#hprng Fg)?{?ﬁﬁf;irsw ﬁ%idﬁ Eofﬂé?fﬁj eohbihy lbutyl

oners phen group (in udlng

groug ﬁ@ﬂﬁﬂ%}gpgﬁrp&%%ﬂy pglr'ég\ﬂg%ﬂyh g{ngﬂ? H(wbﬂ@krﬁisaﬁmeré)s APEHehyihexyl
groupgﬂ@ﬂégﬁ%x%l o grao yf l}ﬁlpﬂ@ (in %%Sgsbn%rs) a phenyloctyl
ph | octyl d
grouppﬂ%&éﬁ%é%p%%s RGBS a3 e er iy ke
20 and hydr ox %rous In addition, the aromatic
aralkylpyy Qk@unﬁolmpﬁ%lﬁb bamUmben £ Gapest aloats Gonwkuling the groug is 7 to
an aromati c hydroxy conmpound having a substituent at

20, socte as et plemdsiethaxy grolip: & phenyiethoxyyghoory(incliding ispmers), a
aromati ¢ hydroxy conpound havi ng substituents at two

e D T s
isomérs})a pRénfPentyloxy group (including isomers), a phenylhexyloxy group
(including isomers), a phenyiheptyloxy group (including isomers), a phenyloctyloxy
group (including isomers), a phenylnonyloxy group (including isomers) or the like;
and hydroxyt 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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R2 R1 (11) (whereinring A and RI 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 caipon 5 atons, an aryl oxy group having 6 to 20
ﬁarbon atons, an aral kyl group having 7 to 20 carbon
5 an aralkyloxy group having 7 to 20 atons, the
aoovg ghoups contai ning an atom sel ect ed fronlcarbon
oxygen and nitrogen atons, or a hydrogen atomor, a
hydroxyl group and R2 may bond with Ato forma w1ﬁg

struct uyr es of above nment i oned
(whereigy g 53(%?‘1 ”Fl?d%afae ﬁ\?oqeéﬁ‘&ﬂ 10 a hydr oxyI
Loup; allphatlc al kyl groups |n mhlch t he nunber
reRnesentmnan aihatic grevpipving 14p &rarkon ammoe@n allphatlc
selected fromintegers of 1 to 20, such as a nethy
alkoxygrayp, havingtlhipl 2Qcailbon atomsoppiargrwrepP(avina@ingo “Garbon
isoners), a butyl group (including isoners), a pentyl
atomsy aougry (dxyadrodp r@virgpdres 2 casbdre ztdmsgraruprakyl growd hgving 7 to
i soners), a heptyl group (including isoners), an

20 caSdry htodtPbPah iaRglkpekp rosPRBVISY. 7 B POAKWMEtAERbLYe groups
(|nclud|ng i soners), a decyl group (i ncluding

contalrﬁr?d;gecy Sﬁu’%ﬁ%@?ﬂonﬁ% H)(bn( !C&gﬁe e m!réﬁé’i‘? éfo)ms H} a hydrogen

|nCU|ng|s or t

atom 8 G GR oot fh iy, %}b‘*%ﬁ? i fopf&'hED é@%@ﬁépon
5%@@&% b5 e, RBb R BRS FOTRORIA) G LR PEgrodn atom:

| oxy group . (including is ners entyl oxy group

a hydz@*yz BFRURidlliRGatic st gyours A @P%‘E’ﬁf P?/ﬁ%fbﬁ’a‘u %‘%@ms
i soners), a heptyl oxy group (|nclud|ng I SONErs)

constitetingg theygrpups A Mursberiselgciesdremdntecers ohy 1o ), gw@m gs a methyl
(including isoners), a decyloxy group (including

group, mrﬂhyl)gro&pdadaeopﬂvlcgrgug(ioolpldir(g somatsh@ butghgnosip, (innfuding
oct adecyl oxy group (including isoners) or the |ike;

isomedkY,|la GEMYPSroup (MLiGding isormeirg)ea hekylogrobpriinatunlig isomers), a
constituting the group is 6 to 20, such as a 23

heptyPBﬁmﬂ (iI8E1Q4iRg |§0tﬁ§¥§)}’bﬁ*&)@ﬂb¥ br&JpS’Hﬁcl(JUﬁfd i48im@es), a nonyl group

i Soners), an ethyl phenyl group
(including isomers), a decyl group (including isomers), a dodecyl 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 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 atoms constituting the group is 6 to 20, such as a
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(i ncluding isoners), a propyl phenyl group (including
i soners), a butyl phenyl group (including isoners), a
pentyl phenyl group (including isoners), a hexyl phenyl
group (including isonmers), a heptyl phenyl group
(including isoners), an ocyl phenyl group 5 (i ncl
phenyl grws; @ metylrbhenypaemp (infledipg ($emetRi g ofhyt
decyl phenyl group (including isonmers), a bi henI
(including igpriénst aigiopylpemybgmup Gnaudiegligomaes)ya bgimmﬁnyl group
(including isonmers), a diethylphenyl group (including
(mcludﬁ@ MByradrs),2a ﬁéﬁtfyﬂﬂiérﬂh%mdp @rshuging (sorabry)) agekglpheng))group
di but yl phenyl “group (i ncluding isoners), a

(mclucgu:wﬁexy %@2%?‘\5@%@5& Iéfcﬁﬁ:’ Hﬁélﬂ@:nbﬁ@&ﬁéﬁe)) aﬁocty!phenyl group

cl udlng I sOnmers)

RS BB A 50 S o

g B gmmfg@fs@ww.bfgg;%ﬁé@rs&rraa%y%nw
by oo SO B orS SHEEO e

nunber of carbon atons constituting the grou S
(includag iseroarsdsa aiphypbeyylgroup (ingluditgisopress @d@eatyﬁphenyl group
(including 15 isoners), an ethyl phenoxy group

(includingdsowers), asiitmeyiphery! grauypy(iptdlediogysgmers), a@mﬁﬂtylghagyl
i soners), a butyl phenoxy group (including isoners),

groupF(ﬁﬂiW&hﬁQ%&ﬁérs)%fér héhflcdrudpwlcllﬁikﬁ@rsm)nera) atnmethylphenyl
hexyl phenoxy group (including isoners), a

grouprtﬁ'ml%!cljt SN ¥r ré’%tﬁwgﬁbﬂﬂ'd}ﬁubﬁﬁﬁﬁkﬁﬁg is¥ers), a

octy noxy grou I ng i soners

triproé}ﬁ@ﬁ%@laﬂ&%’ gﬁ{ﬁlgﬁhg{)lsgﬂe)‘l‘g)' %%rnbﬁ%@'fé‘?yiﬁ Lgv)e((/?ﬁ(%h?@rﬁngmers)
or the(lflﬁ%@ﬁﬂp g'rqst.gogﬁéﬁrzgjtcﬁ ﬁ%ﬁﬁmpér %Egﬁ% %t R‘fépconstituting the
rouR{ S AL RSB PEP oD BB %Eﬁwﬁhﬁrgﬁwgepww

i soners), a dipentyl phenoxy group (including
|somersbraﬂgthylpehle@pmegwtﬁh@n@mghr@=§gwe($)n élRiGP)ﬂ'&hP@.@FVe%‘-bUP

a di heptyl phenoxy group (including isoners),
{(includinghisoprlepsie madbutylphenpxy gratlpudineigding isemeaes)sa, peatylphenoxy

trimet hyl phenoxy group (including isoners), a

group {ih€lLinigrnbemers), §Hexplphenogy @doum(msludnm}:omrs) a
t1 propyl phenoxy group (including isoners), a

heptgﬂﬁhéﬂﬁxw d?B@BQﬁ%Iud?ﬁ’g Bombs| iditdatdiphenbsP GrID (indluding isomers),
aral kyl' groups in which the number of carbon
a nonylphenoxy group (including isomers), a decylphenoxy 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 tripropytphenoxy group (including isomers), a tributylphenoxy
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atons constituting the group is 7 to 20, such as a

phenyl net hyl group, a phenylethyl group (including

i soners), a phenyl propyl group (including isonmers), a

phenyl butyl group (including isoners), a phenyl pentyl

group (including isoners), a phenyl hexyl 5 group
group((inutldidg gpmersirer e lilee, pzlnalkyl dreppy in whesipthe maohoelt efgcarbon

i soners), a phenyloctyl group (including isoners), a

atomPEGBthRRYIhedgroup i$ 7rel20disneh asanphenyiwettilgroukes paadylethyl

aral kyl oxy groups in which the nunber of carbon atons

groupc(ﬁ‘ébzﬁr{llhgﬁ% ertszea EF\QnglbcﬁaeyT )9f phgﬁcluélk'\@hs&’ﬁe?s @ phenyibuty!

Xy group (i ncl udi ng

o BRTEREY gL ORI S G 08 2 s
arour SRR SRy %r»@?@gﬂ“a@éma@bas@q |8 ReR oty

phenyl hept yl oxy group (i ncluding, isoners)
groummwla@ﬂwraﬁ % @PBQBY'OPHE'I gr@uﬁgln%%e sspm%rS) or the like; and
phenyl nonyl oxy group (including isoners) or the |ike.
aralkyloxyt broupade vitieh theomamber hf dabrn atemsooamstindieg the gredp is 7 to
process for producing isocyanates according to the
20, siteasatpremybtetiory greupma phengéinox oo fincladprauisdmets), a
havi ng substituents at two ortho positions relative to

phen@pFaseRYY roGEQHﬁiucﬁrﬁ%i@nﬁérsb‘,yajﬁﬁéN IBOtyRSYEBUp (mcludmg

represented by the ove-nentioned formula (11)

HéH%%é ﬁ
Isom%’% @%H@Ipé&g@xg'&ggﬁﬁ |QEEJS pr E} er)g%m % re oup
rtic
o REHF, e By gf’&ﬁwﬂﬁ%'ﬁ%%c%%%ﬁﬁ eheRYoction
nst i Iutln | es o
aroues BHENG TgaPERly S Db vy po e (68 Lﬁqnﬁ'e Fers)] oPtfElike.
represented by the follow ng fornmula ( % R% R1
ey thhgy Cgs¢ 9 arqnidis By drorL CRMPORP OIS N Biacass Tor Producing
previously defined, and 25 R7, RB and RO respectively
isocyanaltasraispedidg o te peasests smbagiment sgwhawnealic Bydrgsy compound
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 particular limitations on the combinations of R' and R? provided the total
number of carbon atoms constituting R' and R? is 2 to 20.

Examples of such aromatic hydroxy compounds include compounds

represented by the following formula {12):

OH
R2 R

R7 RQ
RS (12)

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

25



al i phatic al kyl group having 1 to 20 carbon atons, an
al i phatic 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 group
having 7 to 20 carbon atons or an 5 aral kyl oxy group

RAVRhand R°qesfectvidhpanaimiebentbatiprépeasiica hydgdgentatem, or an
al i phatic al koxy, the aryl, the aryloxy, the aral kyl

aliphagedan@ﬁ gh!g%d RXVing1O¥P30 BaMMoN bR, aR a'#ibﬁﬁiié au@scyegdoup having 1

romwc oxygen and ni trogen atons)
C r
to 20 B b aﬁ@‘?ﬂ'ééﬂoﬁﬁt.on@g% F!&%WJ‘?@ f“?%“;*pﬁ%t.vﬁl foup
de tly represent a qrou
naving Relordf SURPAG PSRN B¢ éBgrgﬂagf@,'P%*@%Qe'%é&?@%ﬁiﬂ%ﬁfa”
hydr ogen atorrB or arormtlch ox, onpo s, in
5 aralkyi@y ooUREE & 1320 G RER amm 24l @%558 Fﬁﬂ? éQErﬂ"mﬂa‘CC alkoxy,
I i near or branched almg@ up haV| ng 1 to 8 carbon
the aryt, dne asyldxyRthe arrikym @g@mxmrpuaﬁ GontriRipeATeAiony selected
represent a hydrogen atomor a |linear or branched
from @rbph, gny@em aay nivwgentatomsgar bon at ons, are used

preferably -z 15 (13) (wherein Z marely represents

i PAARLIZRT arrRstRNIGEBxp CoMpounds felveidrer’ BndmR indhe
structures represented by the follow ng fornmulas (14)

abov%ﬁ@ge%&émﬁuia (@2% FQ&%eQ:Mély dnd mdeg}en&érmy(rb%}e%ht agroup

repres 1 hear or anchéd al kyl

R e e L
atoms(,lcﬂ'(ﬁr%]aﬁlg ol 9&@(%'115%{“8 i”i%ﬁ?@ﬁ& lnzth%Lgﬁ’clv%hr%@ﬂhoned 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:

-0
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

R10 (14)

__C....-_._
r|=<’° (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-ethyiphenol,
2-propylphenol (including isomers), 2-butylphenol (including isomers}, 2-pentylphenol

(including isomers), 2-hexylphenol (including isomers), 2-heptylphenol (including
26
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(i ncluding isoners), 2-hexyl phenol (including
i soners), 2-heptyl phenol (including 26 isoners),
2- phenyl phenol (i ncluding isoners),
2, 6-di net hyl phenol , 2, 4-di et hyl phenol ,
2, 6-di et hyl phenol , 2, 4- di propyl phenol (|nclud|n
|somers§} omhylpheﬁomlmluumlgph@nefs) 2 ieadimedhyigh es@narzbghethylphenol
2, 4-di butyl phenol (including isoners),

2.6- dléhgrp%'eﬁéﬂwﬂl-ﬂﬂﬁa[@izl héhoiinlidieg iissmerss) 2,6-dipropylphenol
hexyl pheno Flncludlng i soners),

(mclu% ﬁeﬁn%@%y% tahh:ﬁp@ﬂﬁ/ ﬁe@w‘oﬂgﬁ&%ﬁ% lbtgt‘hgfeg; )2; ]4pﬂl gﬁgtylphenol
(’“C'U‘i"i‘a gﬁcﬁ“gl?f%g % § o(ﬁggéﬁ)h%nﬁ qu %96 p FE héno qlheptylphenol
WIS I ST IS

2- et hyl - 6- pentyl phenol (i ncluding isone
|some25)p2rj‘p9thy65kmtyllp ﬁ@ﬁb(llncg’hl%gu%ﬁfﬁafﬁ)s%m@)ﬂ's pentylphenol

2- et hyl - 4- net hyl phenol (i ncluding 10 isoners),
(includingtisorhers) p2-@tlyy shpragylghienol (idckgingsisamess), 2-sthyl-6-butylphenol

2-et hyl - 4- butyl phenol (including isoners),
(1nclu@n@hﬁ)ﬁhe#&)szdthjrlﬁﬂlﬁénlylp(haml (idtindirgsisamess),

2- et hyl - 4- hexyl phenol (i ncl udi ng

2-pro¢>zﬁ%a®)phe%ro¢t|hwhd gn@.@tmér@hQnahypamﬁéthsdupngnos(qmmhg

hy 4-octyl phen (i ncl udlng i soners)

isom s)e é’ yﬁa §BVbRESEAQ ndiidi s Sﬂﬁﬁfyﬁ?-)tl»butylphenol (including
ngy ﬁ I ancﬁ I ng |g

eno omers

|sorne£s)8 ge/ﬁlyl p&rﬁ@ﬁbﬁﬁ?ﬁlgﬁi Lgdﬁgéli Iﬁiu'rm]%]'g Is% %e é)ﬁ)-he%henol (including
1somezsgr20§§£|:yl—% r%i;fg%’l n(lﬂc L(C? ﬁé :ijc%lﬂp%a szgﬁyﬁ—sd.)—gctyiphenol (including
Isomezsg[?gg yl-g Qg%%p%bn&bg&{ﬂu'glaﬁ\%@sh é%i’@"‘iumﬂph‘em'
2-propyl -4-octyl phenol  (including isoners),
(incluging ispiriers); awybﬁ@n@hywﬂwuawgdlngdﬁwg;S)
2- propyl - 4- cunyl phenol (i ncluding isomers),
2- proﬁylmwylﬁherml lirichigimp | sopiars), iprapyRd- buty)lpbesgﬂ (including isomers),

butyl - 4- et hyl phenol (i ncluding isoners),

2- pro%yl tylp RSy stk )| J-peopyl-gevaxyihenol (including
utyl -'4- pentylpheno (i ncluding isoners),

songs P ot A TRABAL) (1At aprady octyohend
e B o PRSP fcspaSaner.
2o A . AP SR v

|somgrss,2£rtp}y/1|hd-il Stfk%h%gﬁﬂﬁépl&' F\%{gggﬁlgﬂﬁ E%m?yl t] propylphenol (including

isomers), 2-butyl-4-pentylphenol (including isomers), 2-butyl-4-hexylphenol (including
isomers), 2-butyi-4-heptylphenol (including isomers), 2-butyl-4-octylphenol (including
isomers), 2-butyl-4-phenylphenol (including isomers), 2-butyl-4-cumyiphenol
(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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I somers), 2-pentyl-4-butyl phenol (including isoners),
2- pentyl - 4- hexyl phenol 27 (including isoners),
2-pentyl - 4- heptyl phenol (including isoners),
2-pentyl -4-octyl phenol (including isoners),
2- pentyl - 4- phenyl phenol (inclqding_ | somers),
(including ésamerss - 2pentyhdenepty phecbUdndligdingdaemess),
2- hexyl - 4- net hyl phenol (i ncl udi ng isoners),
2-pen§,|14ew};rpﬁeﬂbh(§‘(ﬂ1¢m@ingl isdrhecs) Uztpeatyl sbphesyiphdnol (including
- hexyl - 4- propyl phenol (including isoners),
isomefs)] gﬁy%mﬁ-.@.@ummi (ihtlridflisBendr P PeRé-4-methylphenol
2-'hexyl - 4- pent yl ' phenol" (i ncludi ng i'somers),
: . - 4-h |yt G il k )
(inchudd 35t ey PR e o \RHESS

2-hex§l}%—§§$iléﬁ€rﬁﬁﬂrrjﬁsﬁgcﬁﬁ§ liﬂrﬁ%ﬁ%ﬁﬁ-ﬁé??@%—%&@éﬁénol (including isomers),

2-heptyl - 4-met hyl phenol (i ncl udi ng j sone , . .
2-hexg-frefpri P BB IAIUNG o STEl ARG - Dop yiieng) (indluing
2- heptyl - 4-propyl phenol (including isoners),
isomegsh @eb%ﬂﬁl—muﬂh@nehbmdli@md$QmBH‘3, 24wml-4yphenylphenol
2- heptyl - 4- pentyl phenol (including isoners),
(includinkyeipbiyiers); Benepybrdenohy| pherd!(dichgling cstenars),
2- heptyl - 4-octyl phenol (including isoners),
2-hep2y|h$-memhyléh§h@1r(mdawmn? isdrhereh) Lztheptyil-sieattiylphenol (including
2- heptyl - 4-cunyl pheno (including isoners),
isom%sg ’ng%{yﬁef—ﬁfgbg?ﬁﬁ%!’ (ir%l@diﬁ? EShdls) 42 2lebylabsangiphehbl

opyl phenol (i ncludi'ng isoners),

. . 6-di -4 byt yl i i ' rs),
(incnugieg; bRy P R e RE g o BBRET )
,6-di_nmethyl, -4-hexyl. phenol , (i ngl ydi [ - S N
2-hegSyich A apheT OB SFERGT . 71Nl e LB Ag feluding
2, 6-di net hyl -4-c | phenol (incl udi i soner
isomars}, BhEplyEArIGINARIANO! P@'ﬂ&'ff& 'ﬁ9me£§}g1@rwr{§'ﬁ‘i%%8my'me”°‘
~2,6-diethyl -4-propyl phenol (including 20 isonerﬁ),
(incluglirgy gomens), 244 Bdriiethdpbeneli R E-dimethyi-4starriyendl,
2, 6-di et hyl - 4- pentyl phenol (i ncl udi ng isonErsz
2 6-ditnéthyi-dpTepylohBpal/inthediog igamers)d2. Bedimetmgrds putylphenol
2, 6-di et hyl - 4- phenyl phenol , 2, 6-di et hyl - 4- cunyl phenol ,
(includiry Bondrs progdinbiydd-pdritpiphedon@ndlsdingisjmers),
2, 6-di propyl - 4- et hyl phenol (including isoners),

2, 6-dimEtr AL pHETBE tiRkLBRR I8bmier §I¢ RuBldige thy PAmrehyiphenol
2, 6-di propyl - 4-butyl phenol (including 25 isoners),

(incl u% %a@ﬁé&%g,éﬁrﬁgwlgmmhbﬂsﬂ I 0GinG SETRER),
2.4,6-riethylphenol, 2 6-diethyl-4-methylphenol, 2,6-diethyl-4-propylphenol (including
isomers), 2,6-diethyl-4-butylphenol (including isomers), 2,6-diethyi-4-pentylphenol
(inciuding isomers), 2,6-disthyl-4-hexylphenol (including isomers),
2,6-diethyl-4-phenylphenol, 2,6-diethyl-4-cumyiphenol, 2,4,6 -tripropylphenol
(including isomers), 2,6-dipropyl-4-ethylphenql (including isomers),

2 6-dipropyl-4-methylphenol (including isomers), 2,6-dipropyl-4-butylphenol (including
isomers), 2,6-dipropyl-4-pentylphenol (including isomers), 2,6-dipropyl-4-hexyiphenol

(including isomers), 2 6-dipropyl-4-phenylphenol (including isomers),
28
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(i ncluding isoners), 2,6-dipropyl-4-phenyl pheno
(including isonmers), 28 2,6-dipropyl -4-cunyl pheno
(including isoners), 2,4-dinethyl-6-ethyl phenol,
2- et hyl - 4, 6- di et hyl phenol ,
2- et hyl - 4- pr opyl - 6- ethylphenol (|nclud|n% I somers)
2,6-digropgt-Ayoumidphrnadl {Gickiding iseerass), @ Aeimathy r%ibW@h@ﬁlOl
2-met hyl - 4- pentyl - 6- et hyl phenol (i ncl udi ng isoners),
2-metRBy|ok hyibthdidhexpl, 26mettyli4prpyl-G{athglbhdnoldindiadimg si;s)qmérs),
2- nmet hyl - 4- phenyl - 6- et hyl phenol (i ncluding isoners),

. SteiyRg-p lphenol
B o

(includdSaqhiersh SRy RRHeREnpRE B SOIRIE. )
T A
('”duqiigeﬁ%‘?n'g;‘h l%irﬁ??’?% iyl EFRJQ,(‘? henﬂﬂﬁé‘:d&%'%gmn??)mcl udi ng

i sonmers), 2-methyl-4-cunyl -6-propyl henol (i ncl udi
2- methsloﬁﬁr@promiw%ﬂﬁ@dﬁm 'l§9f"3¢|f§))h arfoethy, ﬁr@hubﬁﬁgopylpheno!
i somers), 2-nethyl-4,6-di butyl phenol (i ncluding
(includisgrisomsrs), 2-methiiki-blityropsdpyiheno) (iphledilg isbmersidi ng
i soners), 2-nethyl-4-ethyl-6-butyl phenol 15 (i ncl udi ng

2-methploapieniyl-S2pioblypHendt iroitdingGsbmeyd)phenol (i ncl udi ng
i somers), 2-nethyl-4-hexyl -6-butyl phenol (i ncluding

2-meth§9ﬂ3fe§§/l»-6§76@}lﬁbfénél (nﬁﬁm{h Rdydrghenol (i ncl uding
I Soners yl -4 cunyl- -butylphenol (i ncluding

2-met'9§ Hﬁ@by!ﬁérépﬂ%ﬂ?ﬁ@% eno §| ngpé}g 'ng i somers),

i R e

(mclusﬂ@arfaéégersmzﬁﬂnﬁds ol BERr B BomahE i ng

2 methy ol apy-6-DungangG ntngﬂﬁ%'hy& SopBDy LoRelon-4 ¢yt duigPnenol
i soners), 2,4-dinethyl-6-hexyl phenol, o

(inclugingdsniylersto, B=meﬂwkﬁ+mﬁo$-putylphenol (inc:ludmg isomers),

2- met hyl - 4- pr opyl - 6- hexyl phenol (i ncluding isoners).
2-meid§|-2-hedyhgibutylphieybl (Erdhedipg pduners), (zmtbﬁlkm@hesplrmxtsmhenol

2- met hyl - 4- pent yl - 6- hexyl pheno
(including isomers), 2-methyl-4-cumyl-6-butylphenol (including isomers),
2,4-dimethyl-6-pentyiphenol, 2-methyl-4,6-dipentylphenol (including isomers),
2-methyi-4-propyi-6-pentylphenol (including isomers),
2-methyl-4-butyl-6-pentylpheno! (including isomers), 2-methyl-4-ethyl-6-pentyiphenol
(including isomers), 2-methyl-4-hexyl-6-pentylphenol (including isomers),
2-methyl-4-phenyl-6-pentylphenol (including isomers),
2-methy!-4-cumyl-6-pentylphenol {including isomers), 2,4-dimethyl-6-hexylphenol,
2-methyl-4,6-dihexylphenol, 2-methyl-4-propyl-8-hexylphenal (including isomers),
2-methyl-4-butyl-6-hexylphenol (including isomers), 2-methyl-4-pentyl-6-hexylphenol

(including isomers), 2-methyi-4-ethyl-6-hexylpheno! (including isomers),
29



(i ncluding isoners), 2-nethyl-4-ethyl-6-hexyl pheno
(including isoners), 29
2- met hyl - 4- phenyl - 6- hexyl phenol (i ncl uding isomners),
2- met hyl - 4- cunyl - 6- hexyl phenol (i ncluding isoners),
2- et hyl - 4- met hyl - 6- propyl phenol (i ncluding isoners),
2-methyldd-giheniyb-rexpipbpnbblirciotingiisemed)ng i somer s)
2- et hyl -4, 6- propyl phenol (including isoners),
2-metRyled yimyd-6oéylipteery gipiuehenonters), Bedthgi-agnétbe®sdpylphenol
2-et hyl - 4- pentyl - 6- propylphenol (i ncluding isoners),

¢ h | mers),
U”d“&“g’ﬁﬁh3&§h23¥§?- -propy gﬁgﬁgi&h?ﬁﬂﬁ dggngﬁﬁsoners)

2 oo R AP G DR e
T i

t hyl - 6- butyl phenol (including iso
2- 9th!ﬂ'4ehﬁw' E‘ztpmmfmﬂrmhéneiudmgq@pmrﬁ)g 2-@@&%%)13/'-6 -propyiphenol
2- et hyl - 4- propyl - 6- but yl phenol (i ncluding isoners),
(includingtingmens)prathyl-bosty-Ppieeyphepphidncldding is@oaREs)s)
2- et hyl - 4- hexyl - 6- butyl phenol (i ncluding isoners),
2-ethyl-ephghy|B-pegdybhénd dinglyadiremnsloniars)g I2ueltihg§4+mn§ﬂ{€epcopylphenol
2-et hyl -4-octyl - 6-butyl phenol (including isoners),

(mcluarr@tibﬁh':eﬁs)PQ%mM' Aﬁ-nﬁéthﬁll-@b@lmbhdr'qbl gnnamcmg RBMEe)ers) ,

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

10 24-d§trj‘?ti?é tﬁrﬁ?\‘ﬁe@ Ln@lue tl!ébf?\@? 00b. e{thﬂci dediﬂphéﬁaﬁ(ﬁﬁc)ludmg

ntyl pfieno (Il ncl udi ng 1 soners)

isomeS3 E‘$¥1hvf‘480r§§{" Rl R %?%*%‘* ) rer sy
J h I
-ethﬁ%pﬁiﬁlvl—%—ﬁ@xfn%e@ob@ﬂﬂ F%é%fgr%e e R REREPa gl
4

(incluging 'ﬁymeﬁ%ig t F\ylaélﬁ@ﬁepenﬁﬁ/ﬁshéwﬁqrhenef hé‘«%lua%b&%?'eféﬁé?” %

2- et hyl - 4- phenyl - 6- pent yl phenol (i ncluding isone
2—ethxz|4@1oﬁ§4i£4bt¢tumﬁen@1 pesludingHsamers)i A @ﬂuﬂrdnggfegwr%bg ylphenol

2- et hyl - 4- net hyl - 6- hexyl phenol (i ncl uding isoners),

15 (inclugirg Bomelng) 2eethgbgHauimed-blyhptiendl tigcludiogeseiners),
2-et hyl -4, 6- hexyl phenol (including isoners),

-eth?l%ﬁbthyme{pl’eﬂmbh@ﬁdlqmwi@@iﬂonﬁera‘g |2,)4lidiegthi2b6 ipentgpisgnol
2- et hyl - 4- pentyl - 6- hexyl phenol (i ncluding isoners),
(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-ethyl-4-hexyi-6-pentylpheno! (including isomers),

20  2-ethyl-4-heptyl-6-pentylphenol {including isomers), 2-ethyl-4-octyl-6-pentylphenol
(including isomers), 2-ethyl-4-phenyl-8-pentylphenol (including isomers),
2-ethyl-4-cumyl-6-pentylphenol (including isomers), 2-ethyl-4-methyl-6-hexytphenol
(including isomers), 2,4-diethyl-6-hexylphenol (including isomers),
2-ethyl-4,6-hexylphenol {including isomers), 2-ethyi-4-propyl-6-hexylphenol (including

25 isomers), 2-ethyl-4-pentyl-6-hexylphenol (including isomers),

2-ethyl4-butyl-6-hexylphenol (including isomers), 2-ethyl-4-heptyl-6-hexylphenol
30
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2- et hyl - 4- butyl - 6- hexyl phenol (including isoners),

2-et hyl - 4- hept yl - 6- hexyl'phenol 30 (i ncl udi ng

i soners), 2-ethyl-4-octyl-6-hexyl phenol (including

i somers), 2-ethyl-4-phenyl - 6- hexyl phenol (i ncl uding

i somers), 2-ethyl-4-cunyl -6-hexyl phenol (including
(includisgreomgrs) 22 w@tioyyd-odtyiBtHexdylghdmol (hplodimg is¢mecd)udi ng

i soners), 2, 4-dipropyl - 6-butyl phenol (including

2-ethy| SPPREH)-6- Reﬂlﬁﬁdﬁol‘hrﬁﬂnﬁ&ﬁg‘té&nﬁ&?@?@—eﬁ ynalaighgs-hexylphenol
I soners 2-proypl - 4- et hyl =6- but yl phenol (i ncl udi ng

in
(mclu&ﬁgqﬁér@g&rs ),.3: F;J%@@ ﬁﬁgﬁ%gf;@)ﬁéﬁd{ ﬁuﬂE@@ﬂ%% n@ﬁggfngg
hept engl n .
2 4—d'Pioaﬁ#%utv%fz%aﬁﬁ%wuq'ng@%%ees)b%zdﬁﬁﬂ-%%@é o R fhciucing
rs pr op enyl - 6- but yl phenol (i ncl udi ng
|somqr§)®£p Q;/pl'é eé'ﬂﬂiﬁ//b WJF\%‘&Hﬁ{I'QQW ISRERES): (i ncl udi ng
I somers 10 2, 4-di cunyl phenol and the |ike. The
2-propylvepes L-Gcbutvlnbepab@miudmgvmem 2mesipd d-bexyl-G-butylphenol
that carbamc acid esters are |ess susceptible to the
(includingusormrcs, Bfpropp-abepb d-Gemutyiphedok(indudiegdasormess), i n
the presence of the hydroxy conpounds as descri bed
2- propﬁml-ecty%tﬂmyl@hehbleaqmﬂmhgﬁs@‘ﬁéh;)} WpirepyIifrphbigaksutylphenol
conpound inhibits these side reactions is unclear, 15

( lnclualﬁ*@ |bé‘r\ﬁ@l‘g)OESperylt%uﬁfy@%%ﬁtKIpﬂ\éﬁBF (iSAUBHESSHRErs) ! hat,
for exanpl'e n a reaction t forms a urea bond as

above-nentioned formula (2), as a
24_d'ESHﬁt 0 ?gnaﬁpépﬁgne bond (-NHCOO- ) of carbamc acid

ters nd t dr.ox ounds
SR tis. o e RiPERH 'Hser'ét‘é’%g“%we@%@"ﬁ%ﬁ%“ﬁa%%ﬁ?%m acid
s difficult for t h
ester%?f?e“@ss-suspgp@%? IR AT LB 1 rﬂ%@ 3 regtions
O in the formation of urea bonds to occur
in theﬁHP{S?f@Qﬁ ak thei hydragy eaBwonds s dasehier @boh@dr &J&pough the
conmpounds havi ng a substituent at an ortho position
mechapism by avhich theehigrdug opimpagnaliphibiits thelslk siderreaotionseis unclear,
ef fects descri bed above, the inventors of the present
the inveriant bbtheppresentinveation peeduonédh éhatf for @xaniplé hia a reaction that
substituent bound at an ortho position relative to

formstd @rdty B6 9 ¥k reprtRnidEb 87 bbows-aidiftionee foRBuldr(@h,hang result of
bonds, the effect is 25 denonstrated by which

a urefh%ﬁ%tﬂd?ﬁﬁ( NHCDELEN CltB ahRE deidYstoisSid Y Ty B6hrfbounds

esters
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 hydroxy!
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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are strongly inhibited. 31 In addition, as a result of
conducti ng extensive studies, the inventors of the
present invention unexpectedly found that the aromatic
hydr oxy compounds having a substituent as descri bed
above has favorable solubility with respect to

|eedEhtioe, Ch eesidisdfasohductnd eriehsivi studigsi, e investdrs obthe
descri bed later, and high boiling point 5 substances

preseuit?h(?@ﬁ*t!)&?‘y USSR AERG FOG thah e bométic hb@rdi?%@ﬂ’mbiitrh?sgmving a

carbamc ‘acid esters to be described |ater, i
substfifint 38 HESEABYG ool eI IZRIF GRILBMy Win 3858kl 1§ cprogic acid
boi |i n oi Nt suhstance i for duri . .
estersq SeRiT: PEFdieT iRt Las Hafp Seseri S Eeh anddfigh ojing point
aromati ¢ hydroxy conpounds used ipn the present .
SUbSt%’rﬁﬁ?cfpﬁ’éﬁﬂ%d’i sdorerctionss Nagrelpdntha gesemmosiign of carbamic
substance, the effect is denonstrated of not all ow ng _
acid esterh ts besiemccbed jaten dhisrot necessayieaddaanather salventitgpbtain a
vessel . The hydroxy conpound is preferable an aromatic
homobgtsouy liqadpoasd, bay engn in thet camtaa dhighobbiling poditrsubstance is
hi gher than the standard boiling point of a hydroxy

forme8 UIPRIYEEcPNEKERPBHtABahfc ABidédtBhalsirceathk@rgmatietydroxy
aryl oxy group or aral kyl oxy group that 15 conposes the

compi%zﬁ(% ugé@ﬂfts’r%%%grégf %}gﬁ:em?éﬁt%@@él@é til8 531 BSHnG PofMv.

e term Ing point” used in the present

[ pvent.j f el L i t
subs e Tt b LElud g b AR B sbstances o aanere oo

pcirti culcgr limtations on the carbam c acid ester used
obstricl the, LEaGONNERSE5s for produci ng i socyanat es accor di ng

to the present enmbodi nent, and aliphatic carbamc )

Abpdyslsprt sorapeund syPiaTerabley BN aromatR YLK conpng having a

carbam c acid esters include conpounds represented by
standarkbeiting p@int dighertbeg the ejandzed bailing FaEnihef@ by deexy compound
corresponding to an aliphatic 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 foliowing formuia (16):

H 0
R3+4N—C—-0—R*
" (16)
(wherein R? represents a group selected from the group consisting of an aliphatic
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(16) (wherein R3 represents a group selected fromthe
group consisting of an aliphatic 32 group having 1 to
20 carbon atonms and an aromatic group having 6 to 20
carbon atons, the aliphatic and aromatic groups
contai ning an atom sel ected from carbon_ and ox gsn
group &eeing 1 ima0tdacbayy ainmes Bad an@EramalicaTeEPhaving ¢ 63/ 0 cazbon
represents an aliphatic group which has 1 to 20 carbon
atomsatEliprtie add afomdticgrouss mentainiagan sleimeselesterd fopm carbon
carbon and oxygen atons, and n represents an integer

and oﬁfﬂ{egﬂeéi%n@)and tRefP6URS Ralihg)a *lemes equiktopief erably a

r selected fromintegers of 2 or nore, and nore
1 i BMms! Bnd which
R Fese3ohts Gt dlcArobe iz Ao 20 Paboligioms, Bnd whie
linear, _hydrocarbon gro C | ene,
contaigh L AP RE Seia Rr g Ene 2 R A Ena
pent anet hyl ene, hexfaget h%" ene, octanethyl ene or the
pirrpresgRt e itegecel hig ¢P)-c hydrocarbon groups such

as cycl opent ane, cycl ohexane, cycloheqtane, .
byforowda &1, aboyes Ndy srefrtal)y pdIumber sie¢tgd fiqm integers of 2 or
al kyl -substituted cycl ohexanes such as ] ) .
more reidhyicry prefeeaitipme, aliphatic pphicapeamigrsid ester in which nis 2.
nmet hyl cycl ohexane (including isoners), 15

eBIr ¥ be RéXafermla ¢1 8)dhdgdesiomar bydrocarbon groups such as
propyl cycl ohexane (including isoners),

methylghy! (ﬁ)ifétﬁ%%ﬁé,nﬁn(étﬂ\‘}lbﬁé! RraingstApledl, pentamethylene,
pentyl cycl ohexane (i1ncluding isoners),

hexa@?a IL&&LOS“E@?W% eér{den@; fg\%gﬁ%x LB SIBE Rt adyiefic hiyifscarbon groups

yl= anes such as

s K SR L P B re,
bis(cxaioBRARaRRe Dtke. S6YES TR Rangy Subh &8

1,5,5-trinethylcycl ohexane, 1,5 5-triethylcyclphexane
methylcgclgpenianee s%yiqy@lqn%&m memiqy&fq#gex#e%&#@?ng isomers),

1,5,5-tributylcycl ohexane (including isomers) or the
ethyltydehexemeoindiyding igsmers) p@pyiaveiohexags dRCKSINGISERIFES).

et hyl benzene, propyl benzene; dial kyl -substituted
butyldg)ﬁn@mmeswwmaiagxwmeﬁs), pértyltytloimexene (including isomers),

i propyl benzene; or the like and aronmatic hydrocarbons
hexyRy&ldhagadé piReRiRY isanfrs) or the like; dialkyl-substituted cyclohexanes
such as dimethylcyclohexane (including isomers), diethyicyclohexane (including
isomers), dibutylcyclohexane (including isomers) or the like; trialkyl-substituted
cyclohexanes such as 1,5,5-trimethylcyclohexane, 1,5,5-triethylcyciohexane,
1,5,5-tripropylcyciohexane (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, diphenylimethane,

toluene, cyclohexane, xylene, methylcyclohexane, isophorone and
33
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25 benzene or the like. In particul ar, hexanethyl ene,

phenyl ene, di phenyl net hane, toluene, cycl ohexane,

xyl ene, nethyl cycl ohexane, isophorone and 33

cycl ohexyl net hane are used preferably. Exanples of R4

in formula (16) include al kyl groups such as a nethyl
cycloh@kPHidthaie afd hydd prefemablg propyl group (including ,

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

E%[é?\lfn@eg'd? ‘Fi“qﬂ'f&gnl{llég‘?ﬁf heludd ﬂﬁ?ﬁlydrpgbfﬁ g0ck iaee] weting group, an

soners), a

epty roup 5 (including isonmers), an
tyl ' .udi i | .
st i o P oF e g ST Bl GPun somers).

i soners), an undecyl dgrou i ncl.udi i )
pentyl cBaup YLy Spmact i irgon sir (gL RerSaRELD 5 Bty oroup
éincludin i soners), a_ tetradecyl roug (i ncludin "
(inclu Ie@imregr,s%aarp@ﬁwbgw| (Irgql@%gﬁ%ﬁ?ﬁ?gii%@ MY SIROHR) ‘,“CE-' ng
hexadecyl group (including isoners), a heptadecyl,
isomens)paleCyhgrougi (meludiogisanersarapundeed growp dugludyg isomers), a
(including isoners), a nonadecyl group (including
dodedyﬁgmfps()nci@dingiismﬁalfs),ga trigecy( gruipudhclgdingdsemels)oa tetredecy!
i ke; cycl oal kyl groups such as a cycl opentyl group, a
groupé%ﬂ&ﬂﬁ@%on@ér@){lﬁh pan@getpnfalp (ingludling iseneyrs), olexddecyl group
roup, a cyclononyl group, a cyclodecyl group or the
; ke | ; sctfierd) Nt Betaderyihyrou
(mclu%nbgE%Qrﬂgg)hépﬁg@@cwgﬁcﬂfg%u&% s cHierd) 8 yiyroup

! | oxyet h roup (including isomers), a
e BBRYBY ngPBEB B YERAAT sob ST Sheitosy roue
incfBonapReAF SR o Bl 0%k BRTES ¥ gycopenty group. 2

met hoxyheptyl group (including isoners), a
cyclorn@tyrh@mt@wqb@mﬂiykgrﬁgpuaiCM@lO%%irSF%P,- LCHRMR AEMR: @
group (including isonmers), a nethoxydecyl gro%g
cyclodeayd lguatimgr theoliter, and, alkoxualkphgrenas SyEh gssupethoxymethyl group,
(i ncluding isoners), a methoxydodecyl group (including
a metAQokpathpr grbupdintriding ydamersyd mgtiooxypfepyd|gsgup gincluding
i soners), a methoxytetradecyl group (including
isomerE P BRRihoxybUBH ipsyp fntdewyisoareosip a(mettoxgpeatyl group
I somers), a methoxyhexadecyl group (including
(includi Y Bbers P aTRE{HOXYRERH AFEGY (inglelily isoftdryflien@ethoxyheptyl
I'sohers), ‘a met hoxyoctiadecyl group (including

groué @ﬁﬁgﬁ&;g ;s@ﬁ%)ﬂ%@ﬁt@?ﬁ%&gl %l%'i.lﬁL(PnclLG&iﬂﬁ 'iét%é‘&{), a methoxynony!

: ) _ up, an et hoxyet hyl group
groué I(irqglhgmgnlgor'n%?s , I£asr?1¢',thoxydecyi 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
methoxyhexadecy! group (including isomers), a methoxyheptadecyl group (including
isomers), a methoxyoctadecy! group (including isomers}, a methoxynonadecyl group
(including isomers), an ethoxymethyl group, an ethoxyethyl group (including isomers),
ethoxypropy! group (including isomers), an ethoxybuty! group (including isomers), an

ethoxypenty| group (including isomers), an ethoxyhexyl group (including isomers), an
34
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25 et hoxypropyl group (including isoners), an

et hoxybutyl group (including isoners), an

et hoxypentyl group (including isonmers), an ethoxyhexyl

group (including isoners), an 34 ethoxyheptyl group

(i ncluding isoners), an ethoxyoctyl group (includjng
ethoxyepty osdLp gincluelrigpispmeny), agretbpxydatyigraum Grckishing @pmerS) an

an et hoxydecyl group (including isomers), an

ethoxyHdRg K YroUEEYAIUGIRG Usorhirs| anlietrpxysieoprgrpup dimcluding isomers), an
et hoxydodecyl group (|nclud|ng i soners), an

ethoxﬁ{rﬁ?}% % M‘{Cll?jlﬁg ﬁ’sdh?z%') UK, Behdx§8PBES) grélip (mc!udmg isomers),

ecy oup (including 5 isoners),

oo GRARTB ARy g 28 Y g (rcucn
lsomeg)ﬂgﬁyﬁ% t adg@cﬁe@%gi&@ QQcﬁH@I%hS %gf éz? ?et%o%&hexadecyl group

propyl oxynet hyl group (includin |s ners a

(Incluqhngmmaagséx met@wbgp@dﬁ?@vb@rwﬁgﬂ 58"219‘”5) an
propyl oxypropyl group (i ncluding |soners)

ethoxyoaiagéop pbowy (ingiuding isbmersk aropylexemsshy group (including
propyl oxypentyl 10 group (including isonmers), a

isomel$ Y Rydropsylosysthybgmup (dmamdilugnsrgnesg)mapsc)pyl@xypropyl group
propyl oxyheptyl group (including isoners), a

(mclu@ih@ﬁé’érﬁét/é)cé)ﬂroﬂfl@WbL(tylr@Jouél(ﬁ@mcﬁ@gﬂycm)ers) aa propyloxypentyl

pr opyl oxynonyl group (including isonmers), a
groughli rf)bg% 'HQX%%'L%@EH%#%{W%‘ @ﬁg'(}ﬁiﬁéﬁ%ﬁ%;scﬁgers) a
propygq&gﬁépfgy)%?ﬁfpd@ Elpg(n?ggggm rﬁglraut}%bﬁgiokié’ﬁz!r@')oupa(lncludmg isomers),
s B SRS ST 8 B

pr opyl oxyhexadecyl group ncl udi n |soners
18%35%@9@@9/@##5@@%#|9r@%&'ﬁgk-!dﬂa [FQITRIS) SdeP SOXVQOO‘GCV' group
but yl oxymet hyl group (including isoners
(includingyisomees @l prgpylopyiridesyLanong (il‘@d}i@rﬁ@)soﬁaefs) a
but yl oxypropyl group (including isoners),
propytosyétpaqdnyt growp (ndudingdsaiens), amnevb)(yp@tadecyl group
but yl oxypentyl group (including 20 isoners), a
(mclu@iﬁg’ﬂs@méw?()d probleyhexadewyi aeopsinetoding isomers), a

butyl oxyheptyl group (including isoners), a

SPRCIGbRPR is6inees) 8 BiRyISXyméthy! group (including
prop but)*i ynogyprgrﬁ’;ﬁp (Pﬁcll udi ng) |mrs% o

|som€%§y+ BOWio; eC rg%’uﬁ’p lhE@d\ch %gn'le?é’)”%rti)t}/lo)ﬁypg:pyl group (including

group I'ng Tsone

ssom%@&,y@ g@;ﬁi g;é%x} |ggé$|§ ?th'aﬁﬁ’ %8 f%{';@n.étﬁﬁngxyﬁentyl group (including

but yl oxyt et r adec rou i nc
|somers) a bu¥yioxyhexy1 g;/rou% é?uc.!ilng |somers? a butyloxyheptyl group

(including isomers), a butyloxyocty! group (including isomers}, a butyloxynonyl group
(including isomers), a butyloxydecyl group (including isomers), a butyloxyundecyl
group (including isomers), a butyloxydodecyl group (including isomers), a
butyloxytridecy! 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
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25 isoners), a butyl oxypentadecyl group (including
i soners), a butyl oxyhexadecyl group (i ncluding
i soners), a pentyl oxynmethyl group (including isoners),
a pentyl oxyethyl 35 group (including |soners), a
pent yl oxypropyl group (including isoners),

group pieciudiraxisbuiars), gr pemtyloxpptopg! gwupsiinmuding |@mers) a
pentyl oxypentyl group (including isoners), a

penty|BRB M}/P@%ﬂlﬁmﬁd&l iy isdrhé&vel ud pastyiegmens) greup (including isomers),
_ penty oxyheptyl gr oup (|nclud|ng i soners), a

a pent&%ﬁ}e?}ﬁ ﬁ? é(m%fdb‘t’t?g gﬁ ?‘Férg 'é“@eht?%&?lﬁéétyl Qroup (including

group 'udi ng’ i soner §)
isomeg ﬂt@yﬁe&)ﬁa é){)gdrgaﬁ él‘\ﬁnﬂ rﬁ‘s@ﬁwéﬁg)o %g%én"]etyla?yn%nyl group
(mclucgggtl e ?g gégwg@c@% g%r%ﬁe Lﬂﬁrﬁ %@S a Bentyloxyundecyl

pent onytetradecyl group |nclud|n |sonershl %
groupp(éwdqdl@gwmmréaie%yﬁnmwgozie%|gﬁaviﬁ NERiGHG @? &s), a
hexyl oxymet hyl group (including isoners),
pentyloexiyidecylegriovp (grobuging istehers), ragpewmse;tradecyl group (including
hexyl oxypropyl 10 group (including isoners), a
isome€X ¥ pentiukypergadepyl (droap dcingingisoress), a&exyloxymethyl group
hexyl oxypentyl group (including isoners), a
(mcluB%XE@r’ﬁéF@W'h&@t&WQe NGHLRY (ﬂ@:lu&ﬂﬁ&ﬁ@hers)aa hexyloxypropyl
hexyl oxyhéptyl group glnc | udi ng i soners),

s AT BYB S S somer
hexylg%r@ﬁﬁﬁ@éévﬁ %()s E'%rqgfudl if&?ﬁ& l'groﬁg (including isomers),

a hexH q?@{;ncga&gsﬂéérﬁﬁa rﬁ%é)}%&?r@gggr&g (ﬁ'idudlng isomers),
a hexﬂ%bgéﬁgﬁt@mgﬁ%ﬁmﬁ}@%&%ﬁgé' (ngCl %%} o) SOFE raéPp (mcludmg isomers),

hept yl oxyethyl  group (incl udi I Somers)
a hexiypyyhdegyd gopyip (lgcb@mq ispaiens), ﬂgwewmﬂgﬁecﬂ group {including
hept yl oxybutyl group (including isonmers), a

isomdrepty hexypipeyttisiecyd rgropp (inolciding |agmes$))nerry§xyloxa[tetradecyl group
hept yl oxyhexyl group (including isoners), a

(includRTY sbmerSie B HdptgloRimethyi gt (Tocidirigsisomess), acheptyloxyethyl
hept yl oxyoctyl group (including isoners), a

grou;ﬂ HEMH Q%ks)gé%t){lﬁkﬁb‘rbbgl' Q}@ubg(mmicﬁr)xg ls;'bmers) a

ptyl oxXydecyl ‘group (i ncl udlng i soners

heptyﬂ@g@qt@@@ﬂgg udl élrb)y‘ gﬂaxgggﬁﬁﬁ ??oué?(mcludmg isomers),
B S
|som@rsﬁcqa HePhy. goy-;yggﬁg GEJUP (mcluccim{; iso%n%rs%% he%ty?logynonyl group
(including isomers), a heptyloxydecyl group (including isomers), a heptyloxyundecyl
group (including isomers), a heptyloxydodecyl group (including isomers), a
heptyloxytridecyl group (including isomers), an octyloxymethyl group, an
actyloxyethyl 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
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25 an octyl oxybutyl group (including isoners), an
octyl oxypentyl group (including isoners), an
octyl oxyhexyl group (including isoners), an
octyl oxyheptyl group 36 (including isoners), an
octyl oxyoctyl group (including isoners), an
(includiﬁg% Womerap s octgloryectyl goupdintdudisg fomsgrs),aan octyloxynonyl
octyl oxydecyl group (including isoners), an

group @F%oﬁ%%@ﬂﬁq a@wréﬁﬂoﬁyd‘@éwgrd@ {i86108IhY)isomBrs), an

group (1ncluding isoners), a

octylogg%eg%gﬁx@r 1ncﬁ’%@H8 éd(rﬂ&ls‘)‘ déJﬁ‘ Scﬂyﬁﬁigﬁbaéeyl@roup (including
isomerna Ry By peh g tte (AR Rem Sl %nyl&vethyl group

nonyl oxypentyl group |nclud|n oner
(inclugiDays BT nogvl@emprepﬁl:sur@&mg’ '@H@ﬂ%ﬂ%é@? a nonyloxybutyl
nonyl oxyheptyl group (including isoners)
groupr{mmledmgmmmrsgrampn:(iom&my'rﬁoﬂgém@l‘-@'ng gsomers) a
nonyl oxynonyl group (including isoners), a
nony|mexgkydepyinguding isomerlsida ngnylsnyimepiyl graup (including isomers),
nonyl oxyundecyl group (including 10 isoners), a
a non?%%¥b@c§ryﬂﬁidibydln@u@lﬁﬁ i$édrietsyda menixyrRoSY!, graup (inciuding isomers),
decyl oxyethyl group™ (including 1soners), a

a nongfﬁ%{jgéé Ej:ﬂ?@%( ingiLAY fsbRfersid 'a%rinWhﬂbcyI@roup (including

grou (|nclud|ng i'soners),

|somegg}§¥ﬂ @é%@ﬁétg%@%{a(d d&'rq% g%ln‘é%ﬁ% 8%cyg§xyethyl group
(inclug(g@{; 5?%6%? %{Ae&%[sﬁuBﬁ% ﬁtcﬁfp%@r%lé@?}g%?%ers aa decyloxybutyl

decyl oxynonyl group (jncl udi I SOer s
QFOURJI@NP‘éWdé@VPfSSr 8 C(/EOH&P%NE@VQUEO(M%%W‘Q éﬁPme’S) a
undecyl oxynet hyl group, an undecyloxyethy ?
decylokytexytigrapn Gochedis isemeride dpcyioypnepy g?r“&dﬂ‘c uding isomers),
(including isomers), an undecyl oxybutyl group
a dedyloxybutyi gopustnauding isomera)ea yecyipppneny! dieer pincluding isomers),
(including isoners), an undecyl oxyhexyl group

a dec(end%‘yhédylr@*oupqmwng momarsy erylndedyiptynethylarpup, an

i ncludi ng isonmers), an undecyl oxyoctyl group

unde%y(lgg)(éigw@'oag (irftﬂfﬂilﬁﬁ)sorﬁé}sy neleadseItprbpgrgpomp (including

ing isoners), dodecyl oxymethyl” group

isom%ﬂisﬂC+~§rﬁgc»w§w@gwép3%%@@5&.* T

. udi ng, i_ soner s
(IﬂCILﬁI%'S@&ﬂ?{ RE i cgylo@hgggl P)fr?g}edfné%ﬁsrogﬂr\’%a an
(including isonge a. dodec on

UndePV‘ﬁéV'&%@‘Mggqudej 08 1P aTa T Y EPHOR B group (including

(including isoners), a dodecyloxyoct¥ gcfcf
isomers), an undecyloxynonyi group (including isomers), a dodecyloxymethyl group
(including isomers), a dodecyloxyethyl group (including isomers), a dodecyloxypropyl
group (including isomers), a dodecyloxybuty! group (including isomers), a
dodecyloxypentyl group (including isomers), a dodecyloxyhexyl group (including
isomers), a dodecyloxyhepty! group (including isomers), a dodecyloxyoctyl group

(including isomers), a tridecyloxymethyl group {including isomers), a tridecyloxyethyl

group (including isomers), a tridecyloxypropyl group (including isomers), a
37
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25 (including isonmers), a tridecyl oxynmethyl group
(including isonmers), a tridecyl oxyethyl group
(including isoners), a tridecyl oxypropyl group
(including isoners), a 37 tridecyl oxybutyl group
(including isoners), a tridecyloxypentyl group _
tridecyldyBLHAIGRELP (iBEITBING)isomets)| dargeopghmeyttyl group (including
(1ncluding isoners), a tridecyl oxyheptyl group
i ' | Qb IGtdup AnkRIdiRfBewcpxy Brfidgtylgxyhepty! group
1some%p,%krﬁcﬂgﬂ>@% rgign,]pgnt et rrgjgllecyl o%et hyl 3éroup
. i ncl udi ng J r i bm@FHuR
(includhag EeliRE 4 BHEBERLomeEh] B A e
(i ncl udi I soner a tetrad ;
tetracgeyieniain rpaoBrerincgspier Sh B BRI PropliifBup (noluding
(including isoners), a pentadecyl ox t [Q
isomefsdna AelEegRAGEON SRR e LANGEPRETTs aﬂé{@%@i&w%mw grodp
pent adecyl oxypropyl group (inclqding,ispners%, a
(includheg isuteens),ax beitadgcylpxyhexyl @raep (aFkGINsEREIES); 2a
pent adecyl oxypentyl group (including isoners), a 10
pentadisaasiacuétayygriipy b pemtagedyloxyetiti ggows Gnekiging igomers), a
hexadecyl oxyet hyl group (including isomers), a
ﬂ@%’?ﬁ&?ﬁf HOB YincRidMpisoiark ) ¢i pentadeoposyhuty group
penta exad cng§¥£ut§wncgfgﬁg!(incIEdi?EFisoners), a
- § 0 ‘ Gihgig@hbys), group
(inciu e Ry B B o or oL
i ncludi ng s r : fbup (includi
nexaciexipafaieney iR Tt B EE Y heXRIER) [Bkye@fyPuiour (indluding

, ! , \ group
Bl REN T BN
grounp(:?f;]ciltgéi}ﬂg;g#gn%eésg,e ahepiasis 35@3/%?&@{9{?)5;'385 b%ﬁtafdrgﬁmg?ﬂ§,ﬁhyl group

group, a propyl group (including isoners), a butyl
(includinguipomerrsic emm@demp@pyiéarié%m{lyp'u&i'ﬁﬂﬁom%ﬁ%ﬁr %&‘i ng

i soners), a hexyl group (including isoners), a heptyl .
octadetgioRry et} tbu (inslodimgsippmens o enyactaplesyippieul gapyry(including

i soners) or the 20 like, and cycl oal kyl groups in

isometah 6P tHid ke UnRabng thess, atky| gyroups ivowbichttoe inunheef carbon
group i s a nunber selected froman integer of 5 to 20,

atoms %lzlsﬁlﬁtiﬁ GHE LRRANYA ndfDeP sefectsd frbanan tegemofpl ta20, such as
cyclo eptgl

_ group, a cyclooctyl group, a dicyclopentyl
a meffh R iRt Bl BT bR g o o TP
(incl%iq%ﬁr%ﬂga %%@t%é@lpt(ﬂ'?ciﬁ]&ﬂa%orﬂérs‘i,aé ReRyIJrB0P (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 cycioheptyl group, a cyciooctyl 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 alkyl

group is a number selected from an integer of 4 to 6 being even more preferable.

Examples of such alkyl polycarbamates include alky! carbamates such as
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25 group is a nunber selected froman integer of 4 to

6 being even nore preferable. Exanples of such al kyl

pol ycar bamat es i ncl ude al kyl carbamates such as 38

N, N - hexanedi yl - bi s-carbam c acid di met hyl ester,

N, N - hexanedi yl - bi s-carbam c acid diethyl ester,
N,N'-hbixahedigkbisegiryamis scidalimettiyt eatsirdN N’ Hhexahediyl-bis- ~carbamic acid

(including isoners), N, N -hexanediyl-bis-carbam c

dlethypéétgr N REREVANSSEBis(ddiBhmit addidisutyrester (acluding isomers),
- hexanedi yl - bi 5-carbam ¢ aci d di hexyl ester

N,N'- h%&gﬁégig B% #&B%‘iéé%ll i éht e&%ﬁﬁﬁ@@dﬁglbb@efi@r bami ¢

ester ng i somers)
, 4 4' - et h

NN-figgRRgI- a-Sfarnam%sﬁ 0‘399@%% SR hasgIaaEs
N, N'- r@xréggg%/rli h@-{p@'@ﬁg}lg ctdn§ octy%gtepr(ﬁ%é%dm%airsg%%%)

di but yl - - met hyl ene di cycl ohexg F\r bama ﬁ
dlmetloylfrbnumteﬂylea@dmygbohexyl carbamate, diethyl-4,4’-methylene-dicyciohexyl

di pentyl -4, 4" - net hyl ene- di cycl ohexyl carbamate
carbafriate) mﬂrwl-ﬂs@{mtﬁytenﬁedlcyclohexyl carbamate (including isomers),

di hexyl -4, 4' - net hyl ene-di cycl ohexyl carbamate
chbutwwwlrﬁéﬂhwnesol@mhexyl danephgte dndudimgtisyners),

ene-di cycl ohexyl carbamate (including isoners),

dlpeng)l-QLCJ lfhet‘ﬂwgidene'@wdﬂbﬁéﬁyl%a?ﬁ@h@f&@m!udmgh@mmbﬁs)

ncl uding | soners

dlhexg% y%b(ﬂmg l&‘?ﬂ%é(ll t)ﬂpfé%tamété (hchuding ISofirb)/ | cycl ohe

ester
dihepﬂ‘%‘i?@é i‘e”ﬁe?ﬁ%vé@h@gwf%gw@fé(iﬁdéaw EBkBydcycl ohex
; hyl |
oo BB AR S el SRR L)

3- (but yl oxycar bonyl ani no- . .
3-(mathpxpseiporyamreRiat ﬂérﬁb‘%.ﬁrtwéé'?‘!dqffi?*wyég?f&am'c acid methyl
(i ncluding isoners),
ester33<(etmky¢arh¢naiatmnmrmthna -HeEniyimetaylsydopexearAeiFaqd ethyl
hexyl carbam c acid pentyl ester (including isomers
ester33{ pexpyl ooz adrdnyranhiact methytk Bipl 3-trBnethglcyolohexyl carbamic acid
trimethyl cycl ohexyl carbam c acid hexyl ester
prop;(l 'é%?ér%ﬂidﬂﬂ:l:hé %B‘-?ﬁér)s[) ~(butyloxycarbonylamino-methyl)-3,5,5-
eptyl oxycar bonylam no-nethyl ) -3, 5, 5-tri nmet hyI cycl 0

tnmeg'ﬁjgéy I”‘Hér‘ha?r% ehenbiyl est%‘ﬁ (lﬁ&iuﬁid@}?ﬂsbﬁieﬂg) i somers),

ycar bonyl am no-net hyl') -3, 5,5-tri met hyl cycl oh
o oGPPI SR s o

esterﬁqﬁtﬁ@jab @omg%ﬁef gdéf(:y éfy@rgcn%ﬁér% r%-%tehé(;h)-?,%,ﬁf
trimethylcyclohexy! carbamic acid hexyl ester (including isomers),
3-(heptyloxycarbonylamino-methyl)-3,5,5-trimethylcyclohexyl carbamic acid heptyl
ester (including isomers), 3-(00ty|oxycarbony!amino-methyl)-3,5,5—trimethylcyclohexyl
carbamic acid octyl ester (including isomers), toluene-dicarbamic acid dimethyl ester
(including isomers), toluene-dicarbamic acid diethyl ester (including isomers),
toluene-dicarbamic acid dipropyl ester (including isomers), toluene-dicarbamic acid

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



25 tol uene-di carbam c acid dipropyl ester (including

i soners), toluene-dicarbamc acid dibutyl ester

(including isoners), toluene-dicarbam c acid dipentyl

ester (including 39 isomers), toluene-dicarbamc acid

di hexyl ester (including isonmers), toluene-dicarbamc
isomedy! dlulirediutbapaicaicid tireixyrister (indoming)isomers),

t ol uene-di carbam ¢ acid dioctyl ester (including

toauenle&ﬁ@g)mc NN qibé @'1 =5Rt hRBRAIANY s8N Youehé hetrbamicacid
acl I met ﬁyl es? r, _ _ _ _
dioctyl%ggr?%@ﬁdﬁéQ\@ﬁ%&%g?ﬂ, K 19 LRER¥NNRURA-ESHAYD -8t dHbamic acid

dimetrg/il’l g,s@g\\lﬁ:é'g(gg'Prggt?\%lngdi—yﬂwp%%%l)%i%a%glr[np@g?:iﬁ cﬁ&h‘;ﬂl ester,
N, N - (4, 4" -nethanedj yl -di phe_ncylg_- bi scar bar{i c acid
5  N,N-(didbmathaeedigl-diphenyl)-biscarbamic a id dipropyl ester,
N, N - (4, 4' - met hanedi yl - di phenyl ) - bi scarbam ¢ aci d
N,N'-(djgemsthanediyediphenyl)-biscarbamic acid dibutyl ester,
N, N - (4, 4" - met hanedi yl - di phenyl ) - bi scarbam ¢ acid
N, N'-(didgvethassdigl-diphenyl)-biscarbamic acid dipentyl ester,
N, N - (4, 4'-net hanedi yl - di phenyl ) - bi scarbani ¢ aci d
N, N'-(di £ 9Rebneal RRiphtRyl)-biscarbamic acid dihexyl ester,
N, N - (4, 4" -met hanedi yl - di phenyl ) - bi scarbam ¢ acid
e _dRihehhB-HisditbaiOBSididpessty| dtisy!
NN-EP T ABEST ek etopi Bty

In formula ( above o
10 N,N'-@fé’%ﬁé?%%lép@hs@rﬁg\gl)ﬁ%la%r{:%%%%@@r 58 L QUP of BESHIAL. 1 N9
i.ng.5 203
Sy i, JhSH B SRR ShT PECRADLAL A8 et =
of the followng fornulas (17

to (19) ,are used. .15
grouppselected) feam yhe ceawn gensisting of %IEY' Qéup-g 6eYng fﬁ? €0 cgroon atoms
Ra N H(17) %00 R44 ~C~ ,C~0iR NC-N 0 H (1a81?<y|0

and cycloalkyl groups having 5 to 20 carbon atoms are used prefera 1y,
carbamates represented by any one of the following formulas (17) to (19) are used

15 particularly preferably:

0
H lci: R4
o \/\/\/\
R4/ \c/ H./ \o/
g (17)
0 0
A I H ”
H H (18)
0
il 4
N/C\O/R
H o
)ﬁi & R*
——
N o7 (19)

(wherein R* is the same as defined above).
20 Examples of alky! polycarbamates represented by formula (17) include

N,N'-hexanediyl-bis-carbamic acid dimethy| ester, N, N'-hexanediyl-bis-carbamic acid
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I Ra HOII a H-cll 0-~R (19) (wherein R4 is the
sane as defined above). 20 Exanpl es of al kyl

pol ycar bamat es represented by forrmula (17) include
N, N - hexanedi yl - bi s-carbam c acid di met hyl ester,
N, N - hexanedi yl - bi s-carbam ¢ acid 40 diethyl ester, )
. - nedi OIS Sk DA Ca@didibudybedtyt (ilesitiding isomers),
diethyl'(\%%rg\', %Naﬂggéﬁ(ém?lst?,

I’ ng 1 sone N, N' - hexanedi yl - bi s- car bam c
et SO B ol TG et GREER pomers)
N, N-hexpaedbblyrarBatis Serrunel g ol asarapd SethesERRROT
N,N'—H%;gghgf—p%g:r:oggigggildy c(lzigcr:t?{?ggtte?%ingﬁ%fn%sies%\eegs)by In addition,

di met hyl -4, 4' - net hyl ene- di cycl ohexyl car bamat E"
exampueetdwkyqtpétycamama@nerearmﬂ%bxwm@ar(%é}ﬂap de
di propyl -4, 4' - met hyl ene-di cycl ohexyl carbamate _
dimeth¥104 BURNRE/ | baguaRt@lohexy| carbamate, diethyl-4,4'-methylene-dicyciohexyl
di butyl -4,4" - met hyl ene-di cycl ohexyl carbamat ed_ _ )
18! 4t i ene-dicyclohexyl carbamate (including iIsomers),
carba&%é’n#@f%'ﬁ?@?@f ene- dlycycl o¥1exy| car bamat e

dibut)g-:{%l—gyg{_%ﬂége@ﬁﬁweeﬁ@%ﬁrbamate {including isomers),

cycl ohexyl carbanate
. i ncl udi . _ “
dipertyl b e e ARV P gy RrRgmpLs (ncluding isomers).
i | udi i . .
dinexil-ScA-methylgnerBErgpRae) GRERAT AR LaP israers
~ (including isom_ersz. Mor eover, (jxa .es. of eﬁ%ryad
dihepbyit4,dametiniene-dicysiahsxyt earbainats g 9 BPMHR] tide
al kyl  pol ycarbamat es such as ) L
dioctii-4, Aetriathyleae uinyglchexybeabematy {nckiding iSOMaTRY | HVeITHE"
xyl 15 carbanmic acid nethyl ester, ,
exan?pIé@bhkary/DﬁdjllyomHaaMtasre;m‘telsyhaedabssf@mma (19) include alkyl
y

trimet hyl cycl ohexyl carbam c acid ethyl ester,

polycGirbAmaRd SuFas t'E’so(lﬂﬁlétﬁIf’ﬂqi,’ﬂrs‘«-en'Beifvj?l}v!uhj)it=|o-m¢thyl)-3,5,5—trimethylc:yc:lohexy!
, b, b-trinmethyl cycl ohexyl carbam c acid propyl ester

carbamfte b GthyP 85RYF, $3-(ethoxycarbonylamino-methyl)-3,5,5-
trimethylcyclohexyl carbamic acid ethyl ester, 3-(propyloxycarbonylamino-methyl)-
3.5 5-trimethylcyclohexyl carbamic acid propyl ester {including isomers),
3-(butyloxycarbonylamino—methyt)-3,5,5—trimethylcyciohexyl carbamic acid butyl ester
(including isomers), 3-(pentyloxycarbony|amino—methyi)—S,S,5-trimethy!cyclohexyl
carbamic acid pentyl ester (including isomers), 3-(hexyloxycarbonylamino-methyl)-
3.5,5-trimethylcyclohexyl carbamic acid hexyl ester (including isomers),
3-(heptyloxycarbonylamino-methyl }-3,5,5-trimethylcyclohexyl carbamic acid heptyl
ester (including isomers), 3-(octyloxycarbonylamino-methyl)-3,5,5—
trimethylcyclohexyl 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



3- (but yl oxycar bonyl am no- net hyl )-3, 5, 5-tri nmet hyl cycl oh
exyl carbam c acid butyl ester (including isoners),
3- (pentyl oxycar bonyl am no-net hyl )-3,5,5-tri net hyl cyclo
hexyl 20 carbam c acid pentyl ester (including .
i soners), 3-(hexyl oxycarbonyl am no- net hyl ) -
carbor?m%n%xfd@ BRY N abi6 anbeatd alcehbisriraramatictydydxyesarapounds, or
(i ncludi ng 1soners),

by reaEt @Eﬁ%ln é(&@re@?é% vﬂfﬂ B{Q‘aﬂ’ﬁh@bbhﬁb@d@ br byresdutingyarhine

carbam c acl eptyl ester (including isoners),

COH’\pWOCt %%&E %E%llué} oﬂ@l‘swle?ro%aﬁc 'ydroxy compounds

carbam c aci d octy

| ud
e XD mELed éé?rbarrﬂde%ﬁ*@f%*@%‘*";‘% R
I b
reactiambAREEIERBATI 3414 Folers 208 BRI IEL® BgUEH CHHPIo™

al i phatic al cohols or aromatic hydrox conpounds, or
Osrboic btidgestensrepresentediby dhe fallowing Tarmulai(4Y) can be used for
conpounds, or by reacting am ne conpounds with urea

the cadbshigldcithastee al cohol s or aromatic hydroxy conpounds.
For exanple, exanples of methods for producing
carb mc aC|d esters by the 5 reaction between

P .B"acid esters and amine conpounds is indi cg@ogd
ow.. Carbonic acid esters represented by the

(wheréih‘ RUWepeedeprsralineaR0) bramched alipbetic group havisarlgerdtcarbon
acid ester. 10 R1:010" Rh 1 (20) (wherein R

atomdiepresents a linear or branched aliphatic group having
i to 20 carbon 10 atorrs) Exanpl es of R1' include

E&(EPH 18 GHRS ?Hl‘&ﬁe gi@uﬁ%/ Ludh 85R mathyegRlp, @inasthy! group, a

rop group I soners), a butyl group

propyf 9@9‘@?@*3@%@35@@?5%%59?”’#“#%%F‘ﬁé‘“’*.dg i BEe 8 ponty) grouP
(inc!ugm,,lgp&fe C)l uqn | 9t I Son@'ncﬁt])ac;qg %oorﬁ%%)sg H%pgsl %}P%fdlgﬁélﬂﬂmg
|some?rg)?(fqlm%qgt§[ur) e Udclhrq 1:%:}3518%9 |eg hap@lﬁ{ggsg%{cﬁrﬁ%@omers) a
decy!ltgsa’rgtr}:&;)@wd?rg; :sbg'?é:rg; agnr Sgdpec(yll algclu%d(mguh%%r}goméfs) a dodecyl
group (including isomers), a tridecy! group (including isomers), a tetradecyl group
(including isomers), a pentadecy! 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; cycloalkyl groups such as a cyclopenty! group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a cyclononyl group, a
cyclodecy! group or the like; and, alkoxyalkyl groups such as a methoxymethyl group,
a methyoxyethyl group (including iscmers), a methoxypropy! group (including

isomers), a methoxybutyl group (including isomers), a methoxypentyl group

(including isomers), a methoxyhexy! group (including isomers), a methoxyheptyl
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(including isoners), a pentadecyl group (including
i somers), a hexadecyl group (including isomers), a
hept adecyl group (including isoners), an octadecyl
group (including isoners), a nonadecyl group
(i ncluding isomers), an eicosyl group 20 (including
group (iRENRIY isBmer&)e al héioxgaetybgidupl (iriudipg isansérsysa methoxynonyl
cycl opentyl group, a cyclohexyl group, a cycl oheptyl
indi { Beyl3yréYs (iRBRINAg BOAIEDS), @
group gb@'ﬁ@&@fﬁ%r@ﬁ% rﬁ{atr%ZHl ?ﬁ?r aﬁg, al kogxyal kyl) gr oups
such, as a net ] up, i1 94
methoxy gty ﬂ@mi'ps@’??é\%gf‘fgn#”&%mogy"&‘?@ﬁgfa %%/éc?ggaicimrﬁcﬁl udi ngg
) i sonmers), a nmethoxybutyl ou i N dj ' RUTES
!Someﬂiétﬂé&%@ﬁl/t{/‘ggﬁgcﬂiéuféé%ﬂ &Ewﬁ&fﬂséér@?g}‘f’&a eyl Group
met hoxyhexyl group (includin? isanﬁré%,.a
(includieg ket § metaoxypestaraGyh STAHR WcHdbidsayers). a
met hoxyoctyl group (including isoners), a nethoxgnonxl .
methogyhexadeayt brmlim@ndledimgrisomers e htpuiesatagesy| group (including
(including isonmers), a nethoxyundecyl group
isomefd)nel meinpsybsateey lgroap tethainglsdewys), grmethaxynenadeay group
i soners), a nethoxytridecyl group (including isomers),

(inciuﬁg?ﬁ&&ﬁéyst)ehﬁ %‘ﬁ%&ﬁr‘mé&h?ﬂ’?o@p( R Gthickyrghylsoep {ncluaing isomers),

oxypent adecyl "group (i ncluding isonmers), a
1 ehe) Wi ' including i )

an ety RN G A5 ISl Bai), ok R cibup Binclucing fsomers)

met ho ct ade I Lngl udi j ; ing i
an o HRBERSH R IR0 1S, A RGOSR et somers),
an et RePS] oo e BisPe s SN R B L somers),

an et hoxyeutyl gro i ncl udi ng..i soner 10 an, . . -
an cthayORPNEAOHD () 'gSiiﬁ(FllW@l"&ilin%" %MBE?@%HUB@H&WWNE%

group (including isomers), an ethoxyheptyl grou .
an etl@daxymjngiﬂaicmlggnogpr‘(mcb)qin@ﬁ%ﬁﬂé%ﬁtﬁwoxéﬁ%‘éﬁgyd igg%ﬂlmg'i‘%ld'“g

i soners), an ethoxynonyl group (including isomers),
isomash@mem?nwecglrgmpp((inmdjug ispriars s thoxgietradecyl group

et hoxyundecyl group (including isoners), an

(inclLBIHPRLARIST n @hexbdritacéeydigneup (indoeing) isomers), an
et hoxytridecyl group (including isonmers), an

ethco@!‘n%%éfé Irg?gﬁﬁyrclngWSéﬁeﬂéﬁ ehusthogyHepades) graup (including

oxypenttadec group (including isoners), an
som o RBSPGEH B (R g EprgAymett oroup
(inclugﬁgﬁ?ﬁ/og%;%gfiééopg[ogﬁgt@l LN iRGubRYTESRbrs)2a propyloxypropy
group (including isomers), a propyloxybutyl group (including isomers), a
propyloxypentyt group (including isomers), a propyloxyhexyl group (including
isomers), a propyloxyheptyl group (including isomers), a propyloxyoctyl group
(including isomers), a propyloxynonyl group (inciuding isomers), a propyloxydecyl
group (including isomers), a propyloxyundecyl group (including isomers), a
propyloxydodecyl group (including isomers}, a propyloxytridecy! group (including

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

group (including isomers), a propyloxyhexadecyl group (including isomers), a
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(i ncluding isoners), a propyl oxyethyl grou i ncludin
i somers), a propyl oxypropyl group (ingludPné )
i soners), a propyl oxybutyl group (including isonmers),
a 20 propyl oxypentyl group (including isoners), a
propyl oxyhexyl group (including isoners), a

propylc%{yﬁ%é*a?}%@ﬁ%b éﬁ'fc%’cﬁné idtpherdh B biLsAmEN®thylagroup (including

roup including isonmers), a

isomerg{, %%L:thg@ggﬂ'&:l g%&ﬁ%ﬁr&&{l@ﬁbﬁ%ﬁﬂ@ré)?’g ‘E%'E)%))(ypﬁ*gpyl group (including

ng ‘i SOmers)’,
_ propyl oxyund I i ' ' . .
;somergt‘?gﬁg@?{ga%iér?&{ gﬁﬁu%dnﬁgisﬁrg:eﬂsg, %}g@?gee@yl group (including
] xytridecyl group (including 25 isongr
someim) b LUAGRYBERACIOYD (BEbING Fseisia By BRIREIY gfoup
propyl oxypent adecyl groupg(i ncl udﬁg i somegi’ ga
(includig Rpheery exiautgtoxly oglybgreuE (mqhu@inagsqrggm.r%ﬁuzvéowonyl group
propyl oxyhept adecyl group (including isonersj, a
(inclughy ﬁ%g?;d;?&tg%xggeg¥lg?ﬂg;ﬂihnly_dirhgsismg;eg;;}, agbutyloxyundecy!
. ng isoners), a
o AR P yantathsop fos somer). <
butylognflglrgﬁyqﬁggé?(i:ngﬁ%oﬂ%@ kﬁ(}ﬁ%j& ?dnlggtlylsdgggt’gd’“e)zgl group (including
isomegﬁ: %:t\gﬁg)ggﬁ) { nta&%%ﬁ%{%étiﬁglpﬁgiqqigghn%%ftélsc)gjtyléxyhexadecyl group
) ut yl oxyn I ' ' i . _
('“C'“%S?;'qu’féﬁg‘% Ipeéivm%éth?f%%hgﬂr%@ﬁ@? i§amgR). 2 pentyloxyethy
. xyundecy group (i ncl udi I,. .
o e
oup (including i , . o
kst bt el e o o
yl grou i nc i '
a penpbxrxyhg @yd!u@ngtilgrﬂlérs()j a%ﬁh&?@?\m%g(igdudmg
pentyl oxynet hyl group (including isoners), a ’
isomé}gﬂté/ |{>Q|¥t¥@x§?¥btyl gupidlngingdsarpeisy oapesjyloxynonyl group
pefityl oxypr opyl group (including isoners), a

(incluggﬁ %Fg%%)g%’éﬁrqg@gg%éc%ﬂ ghotah [8ciuarigaiseiners), a pentyloxyundecyl

NEATeAibel (including isomers), a
A gr i i . .

grou;géﬂflérwﬁg?érﬁ), 8?%31#]%?%%%8*%%%2?3 :%omers), a

/| OXyo . | ' ' . .
pentyg@ﬁtt%?%%ggg i (@&E@E*ngg'ggﬁeﬁ%)i, %%érl{gﬁggmrrag)écy! group (including
_ pent yl oxydec i ncl udi i
sombi 3 PermORS AU (RAIGANHIT TR & flexyloxymetiy! group
) pentyl oxydodecyl group (including.isoners a
(inclyzbing !dm%b.omngylgxwgyi(grﬁépdmCh&"i\%!ﬁ?é‘? }, &hexyloxypropyl

pent yl oxyt etradecyl group (includin

group (including isomers), a hexyloxybuty! group (including isomers), a

hexyloxypentyl group (including isomers), a hexyloxyhexyl group (including isomers),
a hexyloxyheptyl group (including isomers), a hexyloxyoctyl group (including isomers),
a hexyloxynonyl group (including isomers), a hexyloxydecyl group (including isomers),
a hexyloxyundecyl group (inciuding isomers), a hexyloxydodecyl group (including
isomers), a hexyloxytridecyl group (including isomers), a hexyloxytetradecyl group

(inciuding isomers), a heptyloxymethy! group (including isomers), a heptyloxyethyl
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I somers), a pentyl oxypentadecyl group (including
i soners), a hexyloxynmethyl group (including isoners),
a hexyl oxyethyl group (including isoners), a
hexyl oxypropyl 20 group (including isoners), a
hexyl oxybutyl group (including isoners), a

group kﬁﬁ&ﬁldﬂﬁ@’ ROATEYS), & IRetityloixpsops| oUps(inaiuding ispmers), a
hexyl oxyhexyl group (including isoners), a

heptylE%tg%OCp )SPHCILQZ[E U%Pscfrhék% L@h@ﬁtylcﬁ@fﬁ@h@) gr@up (including isomers),

group (1 ncluding i'somers),

a hept&&%b%ﬁﬁ%@% (iglgzg}l#gngil %grié?gl %#@glﬁylz%etyﬁ%roup (including
isomep,sg)(%lt%%ﬂgg&%;}l ir)ga |nz:||+q€r%qju%bn r%)é%ﬁ%ﬁnb ?no%yl group

hexyl oxytridecyl group (incl | sone

(inclugipg ysBRESHL 2 BQEWXV&GGMWFOPPRWE&% 1§ 5 he%tY"’xY“”decy‘
hept yl oxynet hyl group (including isaoners),

grouphimiudiog ysenhsrs), atheplybanydeiacy! @ievir) (m@kyﬁlm%f)son@fs
hept yl oxypropyl group (including isoners),

heptylhsptrideeydroup! (irgiudipg (Somensili argou:tsrtmen‘@)hylegroup (including
hept yl oxypentyl group (including isoners), a

lsoméﬁ§Ptah| &XMB%h\szgﬁr@UxB ({roneding istanerspraeT sgtyloxypropyl group
eptyloxyhepty group (including 1soners), a

(mc!uﬁ%% |¥+ CEM lac i&; JtylrbcrbHS '(lﬂGIddﬁ'iﬁTEbﬁ‘)ers)ﬂ an octyloxypentyl

oXy bnyl 5 (|nc udi ng i'soners)

grouqq@gqlgiglggﬁﬁe{ﬁ% 0591 5[9&8 (ﬁé»p e%i i gﬂ‘guﬁgﬁ’@%ﬂ% %&‘)mers) an
oSSR WO s o

octyl oxynmet hyl group (includin
an ochAeXNSHYESIHP PSUPNGISRINEER)n "?Pglyﬁ%?f 2’59{0”9 (including
octyl oxypropyl group (i ncluding |soner %
isomere), ydroastioxylndeeyl @roum Endlgding |§g@,%$)spn o(g:,t]y oxydodecy! group
octyl oxypentyl 10 group (including isonmers), an
(incluairigyisorens) al namydoyniéthy| griupd incbedieg sgomqrq'.) a nonyloxyethyl
octyl oxyheptyl group (including isomers), an
grouP@hviLEngisbmers); auorilaxypusipyl grosm(mclsiling isamers), a

octyloxynonyl group (including isoners), an

nony ?%y%@ﬁﬁ{% mcgu@ihg i$ometd) dé Pdnyloxgpenty) §rdm> (including isomers),

cyl grdup (including isomers

a norﬁﬁ&%{h{%@%@y&m@u&w sérh g@haﬁylbﬁgﬁ@ﬁtﬂgro@p (including

group |nc ing 1so

BRI BT BB e R

et e 4 ST STt By o) oo
nonyl oxyhexyl group (|nclud|n i soner
group inglushfythispmears iy eodecy Ppeneth yﬁ oup (:nc|ud1ng isomers), a

decyloxyethyl group (including isomers), a decyloxypropyl group (including isomers),
a decyloxybuty! group (including isomers), a decyloxypentyl group (including isomers),
a decyloxyhexyl 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 soners), a nonyl oxyoctyl group (including isonmers), a
nonyl oxynonyl group (including isoners), a
nonyl oxydecyl group (including isonmers), a
nonyl oxyundecyl 20 group (including isoners), a
decyl oxynet hyl group (including isoners), a

isome Z,Cé{:h RRUEENBkyELItpIUFro(ib MiclutiimgisicsueTs), sn urdecyloxypentyl group
decyl oxypropyl group (including isomers), a

(incluaﬂri@ﬁo?ﬁ%/@gtn%ﬂﬂﬁ%%%@(i&b@oﬁﬁ (IrfeuEBRG Jsongers), an

oxXyp Including isoners), a
BRSNS PSS L LAREEABIoct soup (i
sometiebn SrvRemror S AR BBEFLE hdenpomethy aroue
a dod&?ﬁé&%ﬂ%bg {n%%%?s%‘sﬂ%ﬂé%%pﬁﬁyl &r%%(including |

(including isonmers), an undecyl oxypropyl group
isomets)nal detisnglodgbityb geoup) (includingde@ypisly d GOGECYPEYRENY! group
(including isoners), an undecyl oxypentyl group
(includihBasaring, b Houetibxylexyligdagy (insutingisomesiipa dodecyloxyheptyl
(including isoners), an undecyl oxyheptyl group

groupg(iiw%iﬂ%; NSbrh&QEA Shdedflokysiaghgrouy ¢iviciiding momers), a

ng 1soners), an undecyl oxynonyl group

tridecgléggtn%%aﬂ%éé% F‘iﬁE@Hin&aifgﬁ%%y !a%iM_EEﬂBWetﬂplogamupQirﬁ:luding

grou I'ncl udi ng i sonmers),

. dodecy! oxypropyl C ] udi: IS0

somegh ey KaRyBrTperaf SR TR el g B dBoydhybutyl aroup

, dodecyl oxypentyl grou i ncl udi i ;

(incug BB SRR eMHeaN B AP R E EEirg) & tridecylonyhexy!
dodecyl oxyheptyl group (inclyding isoners)., a

group(inid o gingxdseess ), Qrtﬂﬁ‘ﬁ)c)ﬂ?’é'b@]%ﬁ&ﬁogg §RE na ijomers), a
tridecyl oxymethyl group (includin? isoners;, a includi

tetradadyttegyieiRylarbyb (inchuding Iseaerg). ryfetadesyipsy eyt group (including
tridecyl oxypropyl group (including isoners), a butvl

isomérfsg,dé?cetfavadmdwbrw;;mur((nncludm:!gngom@fﬁieaéﬂfa@ecyiOXY utyl group
tridecyl oxypentyl group (including isonmers), a

(including Remersy hettladeyionppéntycgrotiprindisding isdrmers), a
tridecyl oxyheptyl group (including isoners), a

cral IR OYIIR1hg rety| emacessonyping goup (e
o S BEOBA B (B ke Epeaganyonprops
T e R
oS IR BB L L 0 L o v
hexargi(eezg;l%isg%ly?ggo%rpoﬁgéiuding isomers), a hexadecyloxypropy! group (including
isomers), a hexadecyloxybuty! group (including isomers), a heptadecyloxymethyl
group (including isomers), a heptadecyloxyethyl group (including isomers), a
heptadecyloxypropy! group (including isomers), an octadecyloxymethyl group

(including isomers), an octadecyloxyethyl 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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group (including isoners), a pentadecyl oxybutyl group
(including isonmers), a pentadecyl oxypentyl group
(including isoners), a hexadecyl oxynet hyl group, a 20
hexadecyl oxyet hyl group (including isoners), a
hexadecyl oxypropyl group (including isoners), a
methylSpoage |yl by, @Ipapyl Group (nkludingssomers), agutyl group
hept adecyl oxynet hyl group (including isoners), a
i e e EhtyY cﬂng;uﬁdm lissthes), & heryiroua (including
Uncnmﬂggiadecéhgiépr pgﬁ roup (i%cludin% i soners), an
: oct a - L\n ' b ERMincpiBomers) or the
isomef3]; SRERH ST HiHLgRiieBmer ) B o TRERbingRomers)
, li ke. 25 Among these, alk r. i | |
ihe. EROGIRIGEAT SUOEeEBRG: oty Sinduog dindhE CatcBhal Hishy
selected froman integer of 1 to 2 re use . .
carbopater ginsepy casheratgding idling RS F’-g‘ﬁ%@%ﬁc%[ﬁog?ﬁyﬁmc'”d'”g
group, a propyl group (including isonmers), a, butyl .
isomegs o dipenty! merbahiatg (i@&@@ﬁpﬂ'@rﬁg Figexyd f:am?r@t%@nébﬂpw@
i soners), a hexyl group (including isonmers), a heptyl
isomess )0 dihe(ptyl Davidbmaei( moieisg jsoanerskidipctyt carpopaiedingudiny
isomers) or the |ike. Exanples of such carbonic acid
isomefS) & thelliRe! Udenshgridagl drskeasionates et whichshe number of
carbonate, dipropyl carbonate (including isoners),
carboﬂ'é?@ﬁﬁé'co?ﬁ[iﬁﬂi?@ttﬁe g lgrslip s a heRiBey Sklectédirotyintegers of 4 0 6
carbonate (1 nclfuding’ Somers), dihexyl carbonate
§i%cl%ma i soners), diheptyl carbonate (including
are UsebREYEY2™i octyl carbonate (including isomers) or
t like. Anong these di | behalche
ndReeae R paTE bR B by R RhE iy e e
s a nunber selected fromjntegers of 4 to 6 10 are

preferahiy Uped far BB I3MINGLOMPRWE: conpounds represent ed by

the, following fornula (21) are preferably used for
tRe-NHg Jne conpound: R+H2) n (21) (wherein R3
represemts a group selected fromthe group consi st(??w)g

(ot s § aghie BB B4 Wb BB ERIAT B Bt

havieo oug corh ?’j gtiorrhgs aagd g%oa%?n%lﬁg%rggp %ES{HQC {onS carbon
groumhaviogylgen2Qcarks
atoms, the above group containing an atom selected from carbon and oxygen étoms,
and having a valence equal to n, and

n represents an integer of 1 to 10).

in formula (21) above, a polyamine compound is used in which n is preferabiy 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-rimethylcyclohexyl

amine (including isomers) or the like; and aromatic diamines such as phenylene

diamine (including isomers), toluene diamine (including isomers),
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and having a val ence equal to n, and n represents an
integer of 1 to 10). In fornmula (21) above, a

pol yam ne conpound is used in which nis preferably 1
20 to 3 and nore preferably n is 2. Exanples of such
pol yam ne conpounds include aliphatic di am nes such as

4 4'-m§tﬁ§%¥%ﬁ%ﬁllﬁ{@ordﬂr@mk@e Among these, aliphatic diamines such as
nmet hyl enebi s(cycl ohexyl am ne) (i ncluding

hexarr@f@]@rﬁ% #{9 éqg?rg@lﬁflleﬁgt@fl%l C)Iltgﬁlné'k‘glér‘ﬁﬁhﬁg (ihgloarigsisomers),

exyl ~am ne

i ncl udi ng 1,0 r | t vl
cyclohgsﬁ%rﬁe Q@rglﬁgn(gﬂcgecgﬁ& é%mdénjgﬁ] 3 K‘ﬁv%@ﬁﬁaﬁﬁgﬁ? Stgl‘?n\g‘r‘éhs }dl&tSexy
t ol uene di am ne (including isSpners
amine4inpludipg pﬁﬂf@?{ébpémq hlﬁeear gustquprqf?fgblyAﬁg %mtehhglene diamine,
al i phatic diam nes such as hexarret‘?l{/Lg rr%h B4 clohexyl
4 4'-methemr$19¢mmxytawaebﬁ@qﬁ@wme 1 fH‘ae ylcycionexy
i soners), cycl ohexane diam ne (including isoners),
amineJeing neadnmyre-[Fefer&blyr i met hyl cycl ohexyl ami ne
(including isonmers) or the like are used preferabl
Rexetw byhditiensliany axzording té 'theretdgted sebipounds, and although
(cycl ohexyl am ne) and

the ca?b&gb RRIELLKE iSpraférablyl ifRixeek€ Yabet oxthe amninogroeps gf the

nore preferably. "Reaction conditions vary

amine é&rﬁégwﬁ@ td 8 LdIErdi6 % Reh ki m@%@gﬁd cBRHIELtRE vadictidrguickly at

nic aC| ester is preferably in excess based on

o st B MBS e s RO kst gobe

n qui ckly at

compan g, STSRRE b KO ﬁ@e%“@wp%gﬁgﬁmﬁw%ﬁfz o100

In a ran

of 1.1 to 1000 tines, the range.is erably from?2
timestandimore prafesbintono? & tgr3dt @P%BH@/ CPS%JE?@“@ n th Staergidhe

in consideration of the size of the reaction vesse jE
reactiBheverssalct i TdTe teaetion serperatdregsraanaraly wWithipithe raroe ghijem
of from normal tenperature (20C) to 300C, and

normall teRfpeghtuné ¢heC )iterBDEr 6t andsalthoagh mnghea'ftem@r@turas are
order to accelerate the reaction rate, since

prefetHHIE§ bRt @0 @86t ABInERYactirate, ssihge ondesirakie heafiions may
tenperatures, the reaction tenperature is preferably

conv%}‘g%hr%&cﬁ%gpfﬂ%ﬁ%aggggtgg Jlseﬁctl&@fémﬁerlénﬂms peeferatgdy within
the range of from 50 to 150°C. A known 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 108 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
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may be installed in the reaction vessel to maintain a
constant reaction tenperature. |In addition, although
varying according to the types of conpounds used and
reaction 20 tenperature, the reaction pressure may be
decreased pressure, normal pressure or applied

sampliRGRRE YeScticHthUife IremelpreBentergbodineritya catalygdaohe used as
a“pressure within the range of from20 to | x 106 Pa.

necesgﬁg?@%%ﬁ |25 L4l REs thaflthRbbUseddAciLEs drganitimetal

residence tinme’in the case of a continuous
met hod)  .and 1.8 fiaHIE or the like,
comp%rgpseqrgb\rvrgz?rgﬁqn%%ﬁé%b%@%%m gn’g%%d‘rr%drb g%g’r efer abl y
from0.1 to 5 hours. 25 I.n addition, the Le ' :
and begis ok <o AR CO IR B3 A ARG s B akefiR bei sfidls in the
of al kyl carbamate has been forned by, for. ,ex I .
form dfimﬂlmé&ﬁ, @iylatgsapriyralesdinciuding hﬁ?&ﬁ?rﬁg of the @‘er%%'te'!tﬁwm’
l[iquid. In the present enbodi nent, a catalyst can be .
sodiums potaasiurmexataisiar o1, barmemex Atthbegh dhe yse of pseaciorpeclyght is not
be used include organic netal conpounds and inorganic
neces¥BHR re60NBEIMET plesentembealiment peitabte selwentis preferrbly used
li ke, ‘and basic catalysts such as alkyl ates of
as a ré%.&?éd ﬁ&vaﬁmtr?n@ uAldsR! dffaciprEing the redctionprobedaref examples
of nethylates, ethylates, butyrates (including
' ' d Nh&lYingS86tnE), RepaPSi (dluding
OfWh@gﬁﬁlaB%gg?{%ﬁaeE?%dgh% ﬁ%ﬁ%dg%h?ﬁe lll}ge of a)real?:ti on(

, sol vent | ot. nec r ' ¥ p includi
isomeifh Setanenind g eanre oy Ty SohEfeP HEEAR (noluding
a reaction solvent fqr the purpos f iJitating.the

isomere bt g seeane v einsapral SRt SRey ffiuel AbRE oo
such as hexane (including isaonmers),, heptane (includin
hydrotarbensneuc) as betzene, tpivenadrylgne é%‘ﬁr&déf@é ISR Rk it bedzene,

(including isoners), decane (including .isonprs% or
diisoprbpyl berzenar(oiudiog isamesirdibuty! haazena{incluging: FeNest)

aromati c hydrocarbons such as benzene, toluene, ]
naphthdigriect ihediked ahghiotosecsas methgholpethameé propanoal (including

di i sopropyl benzene (including isoners), dibutyl
isom&RN 28Rl (Mdiudlhg Ssdrierss! sentanoiirivlidihg neorers) Heexariod

al cohol s such as net hanol, ethanol, propanol
oG ' %ﬁyg i/ fsRtdrs), igttansli(ipgiudiensomers),
('”C‘L@éﬁg’%&?}%dﬁ I'n i(rlt‘%)suor'rr:is}‘:ers), he§<anol ((i ncl udi ng

i i | or(thE Rl &Qﬁﬁ JundEé@itiiuted with a
nonapﬁﬁ@f{]é%iﬂaq%g@%e%?ﬁrfthgﬁléﬁ.gén@%ﬁtl ncl u@il'r% | Somers) or
halogge‘hneorI hilt(r%’ gr%LS %?Jtch Casc&qgl%%%%%eﬁg,b&ﬁhIb%t?l%z\@nghrﬂ:luding isomers),
bromobenzene, dibromobenzene (including isomers), chioronaphthalene,
bromonaphthalene, nitrobenzene, nitronaphthalene or the like; polycyclic
hydrocarbon compounds such as diphenyl, substituted diphenyl, dipheny! methane,
terpheny!, anthracene, dibenzyl! toluene (including isomers) or the like; aromatic
hydroxy compounds such as phenol, methyl phenol (including isomers), ethyl phenol
(including isomers), butyl phenol (including isomers}, pentyl phenol (including
isomers), dimethy! phenol (including isomers), diethy! phenol (including isomers),

dibutyl phenol (including isomers), dipentyl phenol (including isomers) or the like;
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hal ogen or nitro group such as chl orobenzene,

di chl or obenzene (including isoners), bronobenzene,

di br onobenzene (i ncluding isoners), chloronaphthal ene,
20 brononapht hal ene, nitrobenzene, nitronaphthal ene or
the like; polycyclic hydrocarbon conpounds such as

aliphatfdéﬂrﬁ?{)hﬁ%éfbom htad eebichalery bycldpaheny! cpsibbetane,

enyl, anthracene, dibenzyl toluene (i ncluding
el T8 AT RTS8 R gt
oo B50Ebe 15 KL B I B BRSO s v
like; egtiegg% a§ %?%M%ﬁél'a%’%ﬁ@%’ﬁ%ﬁ %Bﬁﬁ%"ﬁ gi"?ﬁiﬁyﬁ’lﬁ‘ﬁ‘ﬁ%g@?Benzy'b”ty‘

i soners), dipentyl phenol (including isoners) or th .
phthalbteker, thedikeakthgratand thingterarasehassdipheny 969%'% Qm‘?&ME@”‘de or
cycl opent ane, cycl ooctane, ethylcycl ohexane or the
the likbi 48d selfbxidss$ sachaas aimkthyssidioxide, diptiestyisuwifeside or the like.
cycl opentanol, cyclooctanol or the |like; ketones such
These?SolUBHE Hantdbed BicRe or aeebppitraanseof these dalverts can be
esters such as dibutyl phthal ate, dihexyl phthal ate,

used ?é %%M& rﬁht h‘i"%ﬂgﬁo bgRzyArBEhiE achd BEidh @lsatien excédebased on
? Re el Re °h

rs-an | oet hers such as di phenyl ether,

. di phenyl LI Jike: f o
sminc BRUBR 58 TG ek Sy pitab iouq dop o
These sol vents can be used al one, or two or nore types

reactigf. t hese sol vents can be used as a nixture. In

EICIIRLENC LRI SR o] M A

preferably used as a solvent in the 10 reacti on. Ther? "
carryiageuhtheeadtionl and knengeastien yassale crada yspg-  Conventionally
apparatus used when carrying out the reaction, and.
the kidwninedatiact Vamselsesaebs soitablyeoniiaed, ies@hayhigh include a
the known reaction vessels can be suitably conbi ned,
stirrin@*anR! £ préfsuniid Btirdre] 12ie, a vastiumr stingng darkk, sacolumn reactor, a
pressuri zed stirring tank, a vacuumstirring tank, a

distilléﬁl%r%@luﬁﬁﬁ%t Oicked dAtufinS ithindilinosy spsdrsiton or ahg likk e dThere are no
colum, a thin filmevaporator or the |like. There are

paﬂicggagé{?@{étioﬁlélﬂ Tl'l’ei lgi:r—]agéﬂail AR fhePfbdchiBnfRE8EI ahd &f kiidwn material can

Oon vesse a known material can be used.

be yg%xdgmx?@igﬁéﬁ o frfartia%l% thBarf B8 URBdYiAHdS YA 8thiaSS steel,
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'2-0H (22)

(wherein R'2 represents an alky! group having 1 to 20 carbon atoms or a cycloalky!
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carbon steel, Hastelloy, materials conprising a base
material lined wiwth glass, and those provided wth a
Teflon (regi stered trademark) coating. 20 An exanple
of a process for producing carbam c acid ester is

i ndicated below in the case of producing carbamc

SiEboRYrb&Rsid urea, a hydroxy conpound and
grong%bg‘%ene compound. R?}gal cohol represented by the

%%%@@ﬁ'ﬁ %ﬂ;ﬁéﬁ&f@gﬁyﬁé‘gg@% 493) &rbcps Bueh gs;ae\nmefhyn
groupc%?égaﬁr oL a‘?‘ﬁ'@op%bgrwh&%ﬁ@h@%@ﬁar&fg%mg% (including

nples of R12 in formula (22 ve in . al.k
Isomeg&)oawr\éﬂ@m% (@CW@M@!SOWéhﬁ? h f@‘% ﬁ'ﬁ‘,% i§dhers), a
propyl group (including isoners), but p
heptyl(grocb (iichging m@),,amo@ahgmupg(iw ¢ r‘r%qrgﬁrsﬁga nonyl group
i soners), a hexyl group (including isoners),
(includipgtisdmersup decplegrodprind sbing imers), arcupdeg @t@pp (including
(including isonmers), a nonyl group (including

lsomérﬁoﬁed&iecyﬂgdﬁ.?v indL@HE i§dmets)da idécydgen) (including isomers), a
undecyl group ncluding isoners), a dodecyl group

tetrad(ebgl r%ﬁéglgjr(ﬂwdl 'is?)mer% 4 bgﬁféﬂbcﬁlfg?wgp((in%ﬁldm @mers), a

radecy group (including isoners), a

hexa Lﬁgflﬁ:y@mﬁécﬁlﬁlg 1&6[“81’ %iri‘\%g't R Tg?oupﬁ(lnﬂﬁdlﬁgﬁ‘%ers) an

_ I Soners ecyl  group
octadéé;a@samgm@mmrsgraéagr‘%% P e

ei cosyl group (includin onErs the |ike;
eicosgh@mophl (iaudipg lﬁgngr@(} |r %ﬂpbﬁgﬂ@ group& %L{FQ as,a cyclopentyl
cycl ohexyl group, a cycloheptyl group, e/cl 00cC Yyﬁk |
groupg Rotysiohexyy arab iysycieienty araleya P&i@'@@ﬂy grURp BrYAHEY
i ke; and, al koxyal kyl groups such as a methoxynet hyl
grousgEoeyiodeayt ghyuxyethsyikeg aodpalkonyalisdi grgups sHER €5 @ a
met hoxypropyl 15 group (including isoners), a

meth8®RfriekyPgtotp, & @ehyoxpelnytigraud Gechedisy, is@mers), a methoxypropyl
nmet hoxypentyl group (including isonmers), a

grouﬁ‘ngﬁﬁlox;fﬁgelgilﬁ?e@g)??ﬁgét(q%% gmgad\.ﬁgm?agmg |zomers) a

meth BRI SERY LGt (HAMNG istthérd) "9 metREBekyi group (including isomers),
a methoxyheptyl group (including isomers), a methoxyoctyl group (including isomers),
a methoxynony! group (including isomersj, 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 methoxyoctadecyi Qroup (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 ethoxypentyl group (including isomers), an ethoxyhexyl group (including isomers),
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a met hoxynonyl group (including isonmers), a

nmet hoxydecyl group (including isoners), a

nmet hoxyundecyl group (including isonmers), a

nmet hoxydodecyl group (including 20 isoners), a

met hoxytridecyl group (including isoners), a o )

ﬁléob& t&bUBIREIIdING RidPners), et ettiorgodtglogreup)(inciuding isomers),

an‘ﬁhggih xzﬁgﬁtggecyl ggoup (i%cluding i soners), a

net - \C LHARE RRYEG®Lp (Bhcluding isomers),
an ethﬁéyrﬂcg@%Z%?Fggé%lypmgﬂgﬁw%ﬁhchudi ngy i gg‘?rer g) , a

o 5y S8R50 e A0 B S Peel o (i

i ng 1'soner ) ! _
someramon o St oS uas bkt Ve RGP roup

i soners), an ethoxybutyl group (including isopers),
(including ésdroassdean pthaxypaptadesy gr@uﬁd'n%%ﬁ%@ é%%,m%[ﬁ ,an
et hoxyhexyl group (including isonersé, 51 an ) i
ethox@iéaxigeepgnoupdirmlyxdiog fedrelishgan ethexybgptagacutdieup §EEHding
group (I ncluding isoners), an ethoxynonyl group
isomelré N ahusthegy dctadass hroun(ietihdingdsayiersyr awpopyiesrroeinyhgroup
i soners), "~ an et hoxyundecyl group (including isomers),

(inc!ugiﬁﬁ%&‘ﬁé%’%ggsfﬁggpSRWHyI(QrBQb_L(ﬁicnﬂiing SMmars),,a propyloxypropy!

oxytr oup (including isoners), an

group:(ﬁﬂﬁgiibgh%%ﬂggﬂ a grrr%go%t%lé)?\ Hadb taclRMBistinerd)) a

( _|ng_|somars), an .
propyg%%ryzﬁ%ﬁéﬁbplﬂé%ﬁ&h@ﬁ%ﬁ %ﬁ%gblﬁ?ﬁé@? g{@ba(ri]ncludlng

et hoxyoct adecyl group (inclLudi.ng is r
isomessbysy POEYIRERTPYY BEHP &@‘9H9‘|n@d?‘ﬂf8efssgﬁ&?é‘i“,"e’éy"‘:ty' group
propyl oxyet hyl group (including isoners),
(InclUpiTEpisb Oy B); GHBIOPY GRBORNY IGRHR RIS 56 iey ). 2 Propyloxydecy
propyl oxybutyl group (including isoners), a 10
grouptinpiubimgyipemieys), grppapylokyiendeiivhgrausotiagygingdsomers), a
propyl oxyhexyl group (including isoners), a . )
propReddeeyhgRiup (irpleding (soménsd| @ grémoomtegecys group (including
propyl oxyoctyl group (including isonmers), a

isom@Fsg,pﬂ LRIGRMEtr 8868 gtdus linelubing isomers)) a propyloxypentadecy|
propyl oxydecyl group (including isonmers), a

grou% ?lﬁ\%@ﬂaﬂé‘@%@ﬂﬁé@%j agérgﬁéglo%(%ﬁéké@édw gfcﬁﬂi"ﬁnﬁélﬁding isomers), a

ncl udi ng i soners),

o SR P A o

comBr SRS RISRES K B nd LREHE, WLy roup g
isomggg)sékﬁ%ggﬁéuatggg%hg%{n%iéé ?si(iplérl#gris?,ga Ba&%xry%éhtﬂgroup (including
isomers), a butyloxyhexyl group (including isomers), a butyloxyheptyl group
(including isomers), a butyloxyoctyl group (including isomers), a butyloxynonyl group
(including isomers), a butyloxydecyl group (including isomers), a butyloxyundecyl
group (including isomers), a butyloxydodecyl group (including isomers), a
butyloxytridecy! group (including isomers), a butyloxytetradecyl group (including
isomers), a butyloxypentadecy! group (including isomers), a butyloxyhexadecy!| group

(including isomers), a pentyloxymethyl group {including isomers), a pentyloxyethyl
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i soners), a butyloxyethyl group (including isonmers), a
but yl oxypropyl group (including isoners), a
but yl oxybutyl group (including isonmers), a
but yl oxypentyl group (including 20 isoners), a
but yl oxyhexyl group (including isoners), a
group bintiding Bepterk), gr pemtylokpripyt oroup @urhedisg isemers), a
but yl oxyoctyl group (including isonmers), a

pentle%)%b/uth’r%Qﬁ){incwleQ lsdrhék@) uglbeatyiegmens) greup (including isomers),
but yl oxydecyl group (i ncl udlng i soners), a

apen%%&b@%! gg%&lncllﬂﬁr&g%a nc? ?d Lo%r?rg(r%t gro@p (including
e 1 ;né%foacxégaugr@gwwh% Bty oo

but yl ox nt adec i nclu I Sonmer.s)
(inclugh gy TR Rs BEC oK oPHRdl M’S@ f%ﬂ%ﬁi)a péntyloxyundecy|
pent yl oxymet hyl group (including isoners)
groupginelyding jsennsss), aseegwmdeﬁﬁ@wm%@ (m%ﬁm%ssomgrs} a
pent yl oxypropyl group (including isoners),
pentyloaptridecylygroup (irghuding (Somensj; mgemtylm@fteﬁyade&yl group (including
pentyl oxypentyl group (including isoners), a

isomePENBYPntyIbRYPEntadety grows (indiuaing isomers) a feexyloxymethyi group,
pent yl oxyheptyl group (including isoners), a

a hexﬂ%ﬂ%é‘t'h%@fr%@bY(knc%leQ |§drﬁ§ﬁsl)|déa RExyIBRIFTOBY ?r@up (including

pentyl oxynonyl group 5 (including isoners

isomegﬁtta%é}@&ﬁ@h c}g} l@;?@léﬁ’ 85&]@1@%&58@1&5‘?‘3'&2{) Io pentyl group
e e G hontoanenty
aroue B eSS VB wauaﬂfw%#'éiﬁ{q?éﬁs
hexyl t hyl , h I th
Grour (N BOBEPTSE R O AR GH SHOH DBSLIISBer HePudi ng
10 isoners), a hexyl oxybutyl group (including
hexylbsymatesy| gm@e(mlwszgmmersgr@@Qxyipxmc{ﬁﬁyhgrqmwmg

a hexyl oxyhexyl group (including isoners),

isomdrs)\d haxiepttsitdecydgooyp (inaladurd |Bgmew)nerh§)>gy!ca<ytetradecyl group
hexyl oxyoctyl group (including isoners), a

(inclUBRE/isBIEION ¥ hedyiBMPmELHYS lgrsliih dntisdimgy ispmess), a heptyloxyethyl
hexyl oxydecyl group (including isomers), a

groupﬂ ﬁ%}:&@gggﬁ% ), AHEPRIGKSTOBY Q@)u?éﬁfaﬂtﬁhg |s'vbmers) a

xyl o decyl” group (1'ncl uding I SOMer s)

rero B 44 T e 5 4 3P g somers)
a nedfSBAE B oGt $REHIHABA28REIy Gou (mntuang
|somerss)te¥ lhgé y?rx?(%)é{yl %Fé)l.lljpp(ugélﬂ&ln%l r%erss) g‘?‘nep}yloxynonyl group
(including isomers), a heptyloxydecy! group (including isomers), a heptyloxyundecyl
group (including isomers), a heptyloxydodecyl group (including isomers), a
heptyloxytridecyl group (inciuding isomers), an octyloxymethyl group (including
isomers), an octyloxyethyl group (including isomers), an octyloxypropyl group

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

group (including isomers), an octyloxyhexyl group (including isomers), an
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hept yl oxybutyl group (including isonmers), a
hept yl oxypentyl group (including isoners), a
hept yl oxyhexyl group (including isoners), a
hept yl oxyheptyl group (including 20 isonmers), a
hept yl oxyoctyl group (including isoners), a

octylok‘ﬁigpt [QrB0p il gling [sontersy; lamdbetgloxpoctyt g’pupdlncludmg isomers),
hept yl oxydecyl group (including isonmers), a

an octR%Q?M{)ﬁ’gligl‘BgS‘%i)‘ublucﬂ@lélérr{érﬁf landbaiglokgewayl sfoum(including

ecyl group (including isoners), a

|someBS§t %ﬁ ol ynéyf grro%ti Rirk i%ﬁ%‘ NSerss, %Wb@ti(lox?ﬁodecyl group

i SOfer s)
(incluﬁgé%%éﬁﬁ % {jl?)%ﬁ@%‘gﬁ ﬂ ﬂa&l§8ﬁ1§@9@ a nonyloxyethyl
gmupdmmé;ég%s SpboteRineha Uiy .

octyl oxyhexyl group (including isoners ?
nonylaotbiitybgrbep iyl ugingiisomers), wnwl¢>§m%m)9f0lam including isomers),
octyl oxyoctyl group (including isoners),
a nongleiyhesyl ooy (ipclading isnoiens), agmra/dnmd@ptyl gﬁoup {(including
octyl oxydecyl group (including isonmers), an
isome?§), ¥ | gBb @ finCluairigidomgrs)s arrEJr&l)QXyalnnyl group
octyl oxydodecyl group (including isoners), a

(incluﬁ@?%@ﬁ%@t aﬂor@rfcﬁégﬂe&ylr@'buﬁ éﬁ‘ﬂldoﬁr@%ﬁ)arsp a nonyloxyundecyl

oxyet’hyl up (includi ng isomers)

oroce AR )5 e Dol B g Bomers),
decylﬁ%k@@ﬁ@ﬁ&?’nc&% Qg R H‘H (&) Y dhg&{@%é??grguﬁ (including isomers},

a deq@%}ag gg?épy(t@q%éa%!%( gthrg)?e di gn%cgmg%ﬁ? groebp (including isomers),

nonyl oxynonyl grou (lncludln i soners
a deaybmiyhexyldroyp (Gebaing [seeneral r?gg¢ ﬂ%ﬁgmup including
nonyl oxyundecyl 10 group (including isoners

)
isometalyd degytexynydtylgroup ((ncludtmgj|aqag13r§b|eedg9ylownonyl group (including
decyl oxyet hyl group (including isoners), a

nsoméﬁ%? Va ﬂéﬁgbmécyg group (ihelating isomies)ian sindecgloxymethyl group
decyl oxybutyl group (including isoners), a

(inct%ls@)ﬁ’é}gf‘téﬂ ur%&%b%;ﬁeﬂﬂl gﬁ@m (lhél@dﬁ’@l)someas) an

oxyheXyl group (i'ncl’uding I sonmers), a

undeggl Poxy g?gk%dp o i ?é %HF&A Ngn hﬁ@@B}Vlé)&ybLﬁyl group (including

g i sonmers)

|soma%s§ %ﬁ%g Qﬁpx&eﬁﬂﬁl éfoﬂ@l(h{&! g%@eérgﬁrf‘ﬂmdé’cyloxyhexyl group
ke e Wt

undecyl oxypro r ou i ncludi ng i sone
Undmmchakémm%ncég@ggeﬁcgrﬁgfs\]dala gl%decyloxyngnyl 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
dodecyloxyhexy! group (including isomers), a dodecyloxyheptyl group (including
isbmers), a dodecyloxyoctyl group (including isomers), a tridecyloxymethyl group

(including isomers), a tridecyloxyethyl group (including isomers), a tridecyloxypropyl
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i soners), an undecyl oxypentyl group (i ncluding

i soners), an undecyl oxyhexyl group (including

i soners), an undecyl oxyheptyl group (i ncluding

i somers), an 20 undecyl oxyoctyl group (including

i soners), an undecyl oxynonyl group (including
group (isohueirg isometsyj eclyidexyiorytutyl groopdincluting ésamaers), a

i soners), a dodecyl oxyethyl group (including

trndecyﬁl@@ﬁéfrﬁgl grou aderyirmxisprrapy), agridepylbkytedxytigraup (including
I somers a dodecyl oxybutyl group (i ncluding

|somelL Oﬁﬁé%cylc%(ﬁ\%gygyg?'r?ﬁdx BﬁEIthnggurs@H\@ré)l Eqwﬁdéﬁy!oxymethyl group

oners yhexyl “group (i ncl udi ng

o5 2 A oy A Ly o)
o AT CEUTE Pk S s BB BEBLR o (i

tridecyl oxypropyl 54 group (jncluding isope
isomefs); ade a@%%sg@m%yer@w&ﬁ@g@ i('ﬁgluﬁim%'@oﬁ?égﬁe trage&V'OXVheXY' group
tridecyl oxypentyl group (including isoners)
(including dewyersiyapeptadecylaxyetey @ipwg a pgataéiﬁffy!oxzsethyl group
tridecyl oxyheptyl group (including isoners), a
(includiagissend) ox yertaddcympxgpmopyl yrapu@ncigdinggsemels), a
tetradecyl oxyet hyl group (including isoners), a5

entali€tyle %ﬁtﬁ.\( I3 IRELdIn® Hdntare | pemtadesyloryantylagroup
P tet* ec *g¥yb33yl gr&%p (|ncrud|ng i soners), a

(incluc'.‘hﬁlb 5)’%)05 &84 Eyleqﬂ‘H h%/l Qﬁidﬂjlrﬁlﬂudlﬁ@%tﬁérs)aa

radecy oxy exy group (i ncl udlng i somers),

hexaa?s%& q@ggﬁﬁ)la Héﬂydﬁgq%mte ()g ’P’fe@c)%@%%ggy &BPXI’ %rG)UBl{I?lc!udmg
d t

cond S BTELE) i BB B S By

group((TRHIBR P TSGR P Pie HISRHRERY PRy N odiamers), a
(including isoners), a hexadec | oxypropyl grou

heptadeayipxyprogy! g@we(mudtag W&@F@XW%Q?@G@?W%Y@GE‘W' group, an
(including isoners), a heptadecyl oxynethyl group

octadécylokyrthphgiosipriinci)ding isamersii oc thalket hinogadbese, alkyl groups
(including isoners), a heptadecyl oxypropyl group

in whichrtbk tlinftser FQZRBON atdins eohsiitatipg they grdup/is aynomper aelected
15 oct adecyl oxyet hyl group (including isomers) or the

from éh kRegdBNY td DESSuctPhs ¥ metyy ?fa‘oupi , Brvdthgihgrobp, awrdsyl group

carbon atons constituting the group I1s a number

(mcluﬁﬂgﬁ%ﬁ%rs)&"aﬁﬁ[}t?@rbﬂ&?ﬁﬁiu&?@ Jﬁﬁgerr%gpa BERhy §foud (FdIbdihg
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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(including isoners), a butyl group (including

i soners), a pentyl group (including isoners), a hexyl
group (including isoners), a heptyl group (including

i sonmers), an 20 octyl group (including isoners) or the
like are preferable. A previously-described am ne

compoiﬁ&%%@ E8MpIs dliRdidten urbs campoends @M tomusd easily if the

varyling according to the reacted conpounds,
t he .reaction conditian UGhs § th8 &nibUHt @ amino
amou@ﬁdgﬁﬁéfgr%y&%‘g#%&%ikrale%ﬁ}g%r ang{e‘\ll?%]tS from1 to 500
25 times the am no groups. pf the_ apgin R |
aroupa ghinesasinecoRr g B Shiseld L of T 6 AR dossel.
preferable to use an excess of the hydrqgx 55
the ancount@ifde hydrme csmRPWIdssigrEetargpi¥av 'ﬁ}"é gn% B?P&?u%fcrgorgr"eto 100
fornmed easily if the anmount of the hydroxy c ounds t of
times afdime® peferabhewtthimsbetrangaebiiam o R4S gr HifpENHM ©
t he am ne conmpound, in consideration of the size of .
urea i RAHIG 8% Fyeversesh 0.5 tha tanesitite aminchgraupgrate polyamine
conmpounds is preferably wthin the range of from }ﬁtobl t
ﬂ%g@é?sé@é@a@t@i&ﬁroﬂﬁétm\mmmi nAltiaugteit gepreferable 10
Comp%l?'g%égﬂteo tinmes. The amobunt of wurea is within the

use abgﬁ%%ﬁg %\g{cftmpo(? wed Qin\%ﬁted'd@ek BEbatuRd gregwnpdurideeform

compounds n pressed as a
aStaichiometric. ralig. | Eink 8% 3 tithed urea
eas‘%é&eaﬁ”@k'@ ggeg#’b{?ﬁg “85’“ E%g&glsh%lgb%c?%}‘;ﬁx substi t ut ed
urea conpounds form easily if th ! oL al $ t
compphAAs M3y tareasily; fTES ayea iy fHlidle urelgali‘ga)&g§ amoun
conmpounds may form easily or unreacted.,ur j
of urasisnide0, ahe et o rmpSed s Riet Py Wil e e b 0.8 10
of urea used is preferably within the rangE SI frg[m?1
2 tim8s.8 The r@adtioretempeneture i prafaratdyfroral 80 &0 £80°C.  lithe
preferably from 150 to 280C. If the tenperature is
tempbRaEFe sNalel B 150RC rthaceadtiorsslows ardagsewotascubatal due to
at all due to strong bondi ng between the hydroxy

strongmg@ peffbdrie ARy dioxy eompaund and:thecami® dyppondiurea or

or the anmount of conplex substituted urea

L
incretaggs,ut'iﬂ%?eéjyer%%m%sﬁm?s uh BEsitIHE OXPnGRERMNEIChar et @Gemperature
higher than 280°C, the urea decomposes, the hydroxy compound undergoes
dehYdfogenation, 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 equitibrium reaction that shifts toward the reactants
side, it is preferably to carry 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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dehydr ogenati on, or the product in the form of
carbam c acid ester is easily 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
succes¥ifdIPFGPieH M thBiratiieh Irbthedorh dfaogab distill266C. Biiacan be
e feaction is an equilibriumreaction that shifts

th
carriet% gp@{vﬂné BSilihg%Céé\\%ﬁ ortyfoxy Eoﬂngoﬂhéftﬁilﬂiﬁéasé theCamhmonia

e reaction e renovi ng by byproduct anmoni a

. t Si th { i .
distilef BTG P THECONGAnGre TR LaeR DB pEELpHigEh ekt ga¥include
separdinn wasirye RS uply BrbF o eaaT O s TERRIAH tftom oy

distillation refers to separating anmpnia, 5§ .
5 combisingewith andngrt oesrin@ Jasaons stalget i%a@nﬂﬁef HES‘F%P Ineskgases
gas by distillation. This can be carried out while
includewiitrogen, dnesialny angomyrcarpan cioxide gpeungthans, siia@sand RECPane,
ammonia distillation efficiency. In addition,

and tHsaadrese 0ked atttidodasiaimigtias thercf, arabainmethadéhat allows the
separati ng anmoni a successively fornmed in the reaction

inert d40@ B RitrotiRehd HoINs resmtivn Sy stefhs préfgranléh BEramphs of

as in a gaseous state. Exanples of such inert gases-

adsorhéﬁ%%s%ﬂb%rpgﬁébrﬁg\% Eagéra%ﬁ%tg%ariﬁémdéitlﬁ’éfééjma@ 88n be used

ane, ane a propane, and these can be used
10 underdBdgeralirs nlhdlighs of hlsfthe, aich FotRGd ol such as siica
[ [ f bl e. |
alumi [ oPiay Sy PR CLP RO b SLHAREEREH: Pt Ko ribp AR RS RERng

that can be used 10 under the tenperature copdit.ions
ammeniawiutzde the syslast Mex Bescarsei e aRne osa Airaltyhtyres of

al um na, various types of zeolite or diatonmaceous
metheds triay béectrmobmedor renovi ng anmoni a out si de t he

system may be carried out alone or a plurality of
taygaalyef campehags imye beactimmdion gtk purprseafytor examplia
used in the reaction for the purpose of, for exanple,

incredsink 164 Pasdtion refe rEasrhplRe dfalueh datalysisdhaindresuseld preferably
catal ysts that are used preferably include basic

1nclu§$h§%i§3£a%a|§é’ts%@ﬁ @ﬁggﬂﬁgg ef@.ylwé@ltaﬁa bandalys Hoxiding

I'ng” "1 somer I ké of lithium sodium

isomgr%s 35 fla' e SARRILAT YailAr bufEssiih Sci@lbdlor barium; rare earth

elements, antimony and bismuth alone or oxides, sulfides or salts of these elements;
boron alone or boron compounds; metals of the copper fami.!y, 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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el enents, antinony and bi snmuth al one or oxi des,
sulfides or salts of these el enents; boron alone or
boron compounds; netals of the copper famly, zinc
famly, alum num 20 famly, carbon famly or titanium
famly of the periodic table and sul fides of these :
Atthalghoarpingratsording te e campositignmftihe seaction sisigranteaction
of the carbon famly excluding carbon, titanium )
tempefat0id, \amvanadicmozA méthod mbaction @ppardtasiang the likaegthe reaction
periodic table. In the case of using the catalyst,
pressutbi§ SHEBr AN WithiH $heY@nBBIdfifkish @01 td 1D MR a,cared incdriséderation
anmount used thereof, catalysts can be used within the
i itHi&%e =2 ik M to 5 MPa.
of eas%?nd?%%r@rnaigustf'é?a%tﬁgﬁg%}ﬁfgqg%immd [ nm‘t%er rrsﬂg? Cﬂﬁe
stoichionetric ratio, Al £ ' di ;
AlthoughevuipgicrT RE p i g0 eRelidl 1 dp ot St A
tenperature, amoni a renoval nethod, reaction
tempesplyse ANIORHRIRRVEiME! Ofﬂh@%ﬂ@@ﬁﬂ?ﬁfa‘aﬁe?ﬁ%@“iP£essure and
preferably within the range of from0.01 to 10 Mra,
the likenthe neaction titner istganeralbf frems@ 03 o L RANS: out
industrially, preferably within the range of fromO.1
Ioth§s MdRetioB, Althduglhgih nobakwayg rensssaiyng Usse & Freaction solvent,
conposition of the reaction system reaction
suitablee BPIQEAL WEa§ . beausahior the povedsenef faciiiiatingabeireaction procedure,
apparatus, reaction pressure and the like, the

and ekﬁlﬁgiés%‘f theRIVeht$ Eﬂﬁéﬁﬁdly ub&@@sQefdtidrosdi0entsdntiade latkanes
this reaction, although it not always necessary to use

such %Egﬁﬁf*g&h&? mggg(’:‘?’l“?'t%i{ tﬁé@ﬁ@ﬁéﬁ&ﬂp i8BivieRs, HESENE Qincluding

e 0 i ng eacti on procedure,
. 10, and. ex les of the.s : S ; i
isomera 2EFIF GaTyaRed o M aloie nBLBlE Bairbref Bede (noluding
. i ncluding,i soners hexane, (i pcl. udi [
somesh eaBat RGOS SBrana) suB St froriR (i iocarbons sueh
isoners?, nonane (i ncl udi ng isonerBQ, decane .. b
as beprzaee.dalusge. xelererincluding imamersiyaiPyhenzsne. digppropy! benzene
al kyl -substi t ut ed aronatjcln%drpcarbons such as .
(inclubimgzieamers)o Hibeity benzesadincdusing iamenss diapnihalege gy the like;
benzene, diisopropyl benzene 15 (including isoners),
nitrilecdidmibotindsesutnas Goeatonitdien penzomitrile Jor thefike, eitehds srch as
the like; nitrile conpounds such as acetonitrile,

meth®e61Z 8tidnol, | Ropandlimdudisg istnelsp| sutanciiratuding isaners), -
et hanol , propanol (including isoners), butanol

pentdridl Ghitiay is8RIZRE)S 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), chioronaphthalene, bromonaphthalene,
nitrobenzene, nitronaphthalene or the like; polycyclic hydrocarbon compounds such
as dipheny!, substituted diphenyl, diphenyl methane, terphenyl, anthracene, dibenzy!

toluene (including isomers) or the like; aromatic hydroxy compounds such as phenol,

methyl phenol (including isomers}, ethyl phenol (including isomers), butyl phenol
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pent anol (i ncluding isoners), hexanol (including

i soners), heptanol (including isoners), octano

(i ncluding isoners), nonanol (including isomers) or
the |like; 20 aromatic conpounds substituted with a
hal ogen or nitro group such as chl orobenzene,

(includg'iggll%ﬁ{e??)e;béﬁgﬁ thﬂéi @sbifGing $S9TRES), diffeanpihshereh éincluding

ronoben I ncl udi ng i Sonmers), chloronapht hal ene,

oo AR PSSt g
L T

i sonmers) or the |ike; aromati dr ox nds
cyclohsxapRenBIgPenThyY SSRGS, GURIPY R I AnEC TS ko el
phenol (including isoners), butyl phenol 58 (|ncIu %
alcohadls sueh s cyplonexanglhey@ppentaspl ey HgOrEReLPE ihe ﬁ%ﬂe such
phenol (including isoners), diethyl phenol (|nclud|n
as metri0 By ketatieh utgtopbieeonk of itine likeeti esjeisseiby @y dibutyl phthalate,
di pentyl phenol (including isoners) or the |ike;

dlhexﬁlphmtﬂét'ec dibesy prandIans beuelibas/| pestdlateerahe like; ethers and
ycl opent ane,” cycl ooct ane, ~ et hyl cycl ohexane or the

thloetljmérlé.esucﬂl %scﬁé‘frla]h%ﬁ)fﬁ FONA ZiSupl 32-aNkéthbrystnahe, diphenyl ether,

anol , “cycloo¢tanol or the |ike; ketones such

dtpheré@tsgﬁf@y%[ tﬁtegg dl?%@ﬂgeco cﬁfrflﬁfw giﬂyﬁ%pm&hﬁfl ethyl ketone

at e,

o i A b BB g5 i

1, 4- di oxane t hane i,phen t he
Sulfoxlagnaen a5 e SHIORRE, AIPReny RETOHEBAE A%%Uﬁ%s @(?&%0"%
acetone, nethyl ethyl ketone 10 or the |ike;
additicnalppamiyes of reantiontsajyenis inckude h@kownat?éh%f&é@%'co*ﬁyqfﬂ‘éarbon
l'i ke; and sul foxi des such as di nethyl sul f oxi de,
compdiunde sytis ab fohiordbenzerten alichiarobenzerevtachlorelrnaansnal
exanpl es of reaction solvents include hal ogenat ed

fluoro%ﬁﬂ@rﬁé CcHIv@tSIaen® adhloepaphthedens rbmasaphthalene op theeljke, and
di chl or'obenzene, trlchlorobenzene fl uor obenzene,

ha|og%ﬁ5f2{&ﬁlgiﬂé%%yd?6&a?beﬁ aphidireR®r Halegarash alieyaicthyarocarbon

and 15 halogenated al i phatic hydrocarbon

comp@%ﬁgg gﬂgﬁ ad'c t{@oﬂgﬁ f&haﬂdcg&%bﬁ?ﬁw C{Fleﬁiéfﬁﬂfbroethane

ounds “Such”as c exa orocycl ohexane,
methwr@'{'%%bfﬁrﬁ{% ggrtgc?nt Paﬁr@%ﬁlg{@t&ythgqlﬁephl oride, carbon

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
distiltation 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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There are no particular limtations on the reaction

appar atus used when carrying out the reaction, and

known reaction vessels can be used. Conventionally 20

the known reaction vessels can be suitably conbi ned,

exanpl es of which include a stirring tank, a

Reagsamiczaid etior produderhin, a mettodiexerspliied agovemay ke

colum reactor, a distillation columm, a packed B
subjetH 4B, detohipdbitidd reaRYiBRsas o by beesubjécted Therdecmngposition

no particular limtations on the material of the

reacti@i %ﬁ% \l HQVIM§ %r%rgl{ﬁed R c@a{ﬁiﬂ%c‘i@é@t@na' Eféahpldicofufiethods for

es o erials can be used include gl ass,
. Stajnless steel., 2 r | I i
purygpR e T ST e [ iElon [oERY ol e wliFrieocs
t hose provided wth Teflon (reqgistered.fr r
such e At 55 delins Ao Beligosstigniuh SEEF R Hitroy
exenplified above nay be subjected to a, dec 0Si t,i 0
compeads, iuaa gompeungs ansl, cabosigidd esters gva@‘ﬂﬁ'@g%o@ﬁh‘%ﬁ%
reaction after having purified the carbamc acid o
involves} washiBigamith asobfeneantbgerifieationpur erygialiizating. c it sddifien in
acid ester fromthe reaction liquid include known

the cdBl Rgsng tissicatadst retheostedbictionibB tarblaimig acid estenvthe catalyst
boi I i ng point conponents such as hydroxy conpounds,

can alc¥Fe GO8PRYNAE calfly T ROhkfmardstorpp ssitiolyeaction depending on
distillation, nmethods involving washing with a

the céa%di\bt? i[ﬁt'o% c&{éﬁ;s‘?ﬁ]ﬂ G4/ A HerRal %%é@gb%iﬁéﬁtré@&tiqd fhay be added

. e case of using t catal yst in the
e SHA R a0 o O AT Rl 831k 8 ibitoontiRiion

deconposi tion reactjon dependin n_Jl0 )
rectifie. dagaMYED. 15 ceislSf Ko PhE P dHetehpEErERHflc oBld ester may
reaction nay be added while still present, or the .
also learemg et mt tHE(CASE QTN  DARS GatalRaSTHEHBRERAN FRies N
reaction. In addition, the catalyst used in the "
whiclpasdactidroattisutebiedarthe caalystaxacers dugng Hesthesmal decomposition
renoved. In the case of using a basic catal yst, since _
reactidrefesulting inasdscrease whiiehd, dhe thertial degomposiitoagieacten Is car ried
the catal yst occurs during the thermal deconposition

out aft8r AT e eatdlydtg siith dagesr eakaown miethod, carhiee used to
thermal deconposition reaction is carried out after

T T i v
the SRS PLatiii Nitd MRS B8Hic 4P b 8R iRGiyahR! 4GHM9a homogeneous or
heterogeneous phase. An acid used for this purpose is preferably a mono- or
dicarboxylic acid, ion exchange resin type of alkyl- or arylsulfonic 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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the catalyst by treating wwth an organic acid or an

inorganic acid in a honbgeneous or heterogeneous

phase. An acid used for this purpose is preferably a

nono- or 20 dicarboxylic acid, ion exchange resin type

of al kyl- or arylsulfonic acid, or phosphoric %;id.

i Hetbapesitiohssdp aRsr haviogreieded oaw
ester ﬁsi.xﬁfé‘%%tﬁhgﬁ a%rgtalgf norPraI terrp%rature to 200C, since

ther I e s in which the forned carbamc acid is
matanél}1 \ilsgelcfl:he%&%%g.

or denatured, it is preferable to continue
to carry out the reaction while nmaintaining the
tenperature at which the forned carbanic acid ester

does not 25 preci Ioitate fromthe reaction liquid of
tharkanihARADaRYHIVESt er production step after having

carried out the carbam c acid esterdggrodu tion st en; q
ANearhonih ecisaderivativede the persess eabadimenhielersdg & gormpoun
(thermal ) deconposition step after having removed raw

havingratazirbomyd greep. | in imeqeesentatabbdiment AbiedcaneenigAcd gerreative
A carbonic acid derivative in the present enbodi nent

repredcHted bylthe JolRNTRG YoEhUIBIZBYG wsetkpdrtioylarlypoeferably: t he
presenty enbodi nent, the carbonic acid derivative

repyesented by the following formula (23) is used
pa/gtri cularly preferably: 0 XtY (23) (wherein each of
¥-and Y independently represents an aliphatic al k(2g)
group having 10 1 to 20 carbon atons, an aryl oxy group

having 6.t{0 20 ,carbon at ; ; i

whergfiyegh 51 Karshy dXisiomey Jaeuos i Hiintie Ak QHloroup fiaving
to 20 carbon atons). Exanpl es af ounds

1 to 20cgBRBAPTS L PORNY QLB 438 Do AL AIAR AP aralkyioxy
acid esters, carbamc acid esters and urea coqgﬁun S, t

groupthaving dnioc2theadbossatems airalt 3Mine greushiating Ot 4khsaiRen atoms).
one or two of the two 15 hydrogen atons of the .
Eaabapies of cothpoonGElrepiesestaskipy farmda (2 3rakayednkiyde carbonic
group or aryl group, and in the present enbodi ment, a

acid SSBPD watharAiky A9 vistets kydtureafoniimmindg. fornula (24) is

used preferably:

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 .rep_resented by the following

formula (24) is used preferably:
Q .

Rs“o)J\o/ R (24)
{(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 ary! and aratkyl 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

methy! group, an ethy! group, a propyl group (including isomers), a butyl group
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0 R OAO01~ R6 (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 _
(includih@ iHdPnaren p mthQMp (ricuming isrens) fa bexyaroop (iackiding

oxygen at omns). anples of R5 and R6 in formula (24)
i 0 LA ! irgli ush oyl yrod lingludigispmess), a
:some@sﬁhéfﬁegﬁg gg&?p Bh&VbIrg iSERRrHUS IW Yrolfe| (o 3 ehs)

, a propyl group_(lnc udi ng i soners),
vory! B o bl SRS RBTRER g A, o ! arou
(inciuclgrﬁg ﬁﬂrﬁ%rﬁg% Bsaé&lﬂ gg{@:{ @51 &I'ugf:nlgnu%hﬁ]%rg)f %ﬁg&%&yﬁ g?tguc!? ﬁgbﬂ'uding

_ i soners), a decyl group (including isomer an,. .

isomegsdadgiradeah groen HeﬂaaiﬂsgSP@&@r a?ae@ai%aibmupg%%dmg
(including isomers), a tridecyl group (including 5

isomers)p adexpdeayltgroua dieciiding sopqreh@ beptagesy @ﬁeyg%nclgdmg
pentadecyl group (including isoners), a hexadecyl

isomegs)oup ddtaddayilgraup Goctediay, isembey)t adecptegyl@ipup (including
(including 1isomers), an octadecyl group (including

isomerSP BRIl ditosi? gRARdesMbing isomets)rorl theilikg, cycleatiylgroupsisuch as a
el‘cosyl group (including isoners) or the like;

cyclo@%rﬁt Iggﬂ]g%: agzﬁ/el%ﬂéxﬂb%u??a ByclBWEbOP G, adty@itibctyd group, a

oup, a tycl oheptyl group, a cycl ooctyl
ro a 10 Y- r
cyclofyd B Zridy R arour SR 1, PHATERGY roibd ehclas 2
ety Co T SR BB BB R TG B4R Shetocypropy
met hoxybutyl group (including isaonmers), a
roumEelaaeeMTETe) PRI Srgup JBurdpe femers), 2
met hoxyhexyl group (including isonmers), a o
methomyipleniyi gspuy (inglusing isomersiiargethsxbpdyl graup (including isomers),
met hoxyoctyl group (including isonmers), 15 a o
a metmeikpioaytybosdupdlirainding iedroelishga imsshexyctyl aradp fiogiding isomers),
group (including isoners), a methoxyundecyl group

a mefhokghollBolis grelLsing BomeirsR aydettenytegylgrpug (includiighigomers),
i soners), a nethoxytridecyl group (including isoners),

s mef LB SN SRt psonlan el sy doasy ot
isomers), a methoxytridecyl group (inciuding isomers), a methoxytetradecyl group
(including isomers), a methoxypentadecyl group (including isomers), a
methoxyhexadecy! group (inciuding isomers), a methoxyheptadecyl group (including
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 ethoxybuty! group (including isomers),
an ethoxypentyl group (including isomers), an ethoxyhexyl group (including isomers),
an ethoxyheptyl group (including isomers), an ethoxyoctyl group (including isomers),

an ethoxynonyl group (including isomers), an ethoxydecy! group (including isomers),

an ethoxyundecy! group (including isomers), an ethoxydodecyl group (including
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nmet hoxyhexadecyl group (including isonmers), a
nmet hoxyhept adecyl group (including 20 isoners), a
nmet hoxyoct adecyl group (including isonmers), a
nmet hoxynonadecyl group (including isoners), an
ethoxynethyl group, an ethoxyethyl group (including
f reh, e thiorgtetrdeeyisgroup
|someljsi{°§f%oxy trﬁ.‘l‘%c?l R, ing {SdmRere), ot yis)

tyI ou I ncl udi ng i somers), an

i M AR 8 e

dgroup
i ncl udi ng |s er s an _et hoxyo

ethonshesagpey Ores RCLENBGRBID. 5 cupory etk Bfthifdycing
an et hoxydec rou i ncl udi I SO

:somea)hmyemcé@@y ad@rg?mwgeér{mma#iﬂ@ 1 n?s% %“%H?Oxymemy' group
et hoxydodecyl group (including 62 isoners),

(includihd tsonherisil e propytayetiiy gwm(lngludmpgprs)aﬁ propy!oxypropyl
et hoxytetradecyl group (including isoners), an

group $ineRISIRE I”sbﬂf&é%/'a roplyoxiybatyl gebupg(inciodiegsgomers), a
ethoxyhexadecy group (including isoners), an

propy onygfs@'o%ge@ﬂucﬂﬁﬁ igbrhérrg) élérétgjloxWQBt?Irgrbupé(mcludmg

group (i ncludi ng i soners),

isome sf)ogﬁrgé%lg?%ﬁ%tgg% (ﬁ’lC‘L?d?lé# v s) S<ai3fﬂ‘i‘:fp”}/)Oxy@c:tyl group

I nc ng I SOYTEI‘S

(inclu ‘%F‘ gggfl} 0X r0|O O@fl%’%‘ Vﬁ {]ﬁ](? ﬁﬁag@\aﬁeﬁ@s& & propyloxydecy!
groupﬁi%uséﬁé&@%)ﬁbwy ARt} B3 Bl Bno fromers), =

propyl oxyheptyl group (including isonmers), ) .
propylmypotesy @coyp (igebgis SPMArahidng OPgmté{f@;eCV‘ggmUp including
propyl oxynonyl group (including isoners),
isomays ) @y hrapy egidtrat@cyt gnopp((inaudiag m;om%r@%ea g;opygnxypentadecyl
propyl oxyundecyl group (including isoners),
groupigiidiogiserens) a gropyloxyextadecylgriosp rmcb;dln@lsomers) a
propyloxytrldecyl group (including isoners), a

>§t‘?ﬁé RARCHMCIGAIAY Rsdrhes) ua Ibl]lgﬂmsmrmmb groap {including
mbpﬁﬁ pyloxypen?adecyl grgup (including isoners), a

i ' K | including
|somc%rr% 5 o@yﬁgtﬂ% cy P(iRYBd (g‘l%bMéré}gabiWB Vprop@ group(

roup ncl uding i soners),

isom%g yﬁ'%ﬁ&fﬁ;{%b&%@l&? 'ﬁ%lgfilrg;\dl'sﬂﬁle}%hgf&{lﬁbﬁ}perﬂyl group (including
di
sonti o B PR Y hs&%e;gﬁe%@ apyhenty groue
butyloxypentyl group (inclu i sone
(inclusting isexyarex ya blgty[gmo@yhg[q}m Wg@eg&@?e ,a butyloxynonyl group
but yl oxyheptyl group |nclud|nF |soner§g decyl
(including ismoyers),\d bty decyiarasp diGelusting rg). a butyloxyundecy
but yl oxynonyl group
group (including isomers), a butyloxydodecyl group (including isomers), a
butyloxytridecyl group (including isomers), a butyloxytetradecy! group (including
isomers), a butyloxypentadecy! group (including isomers), a butyloxyhexadecy! group
(including isomers), a pentyloxymethyl group (including isomers), a pentyloxyethyl
group (including isomers), a pentyloxypropyl group (including isomers), a

pentyloxybutyl group (including isomers), a pentyloxypentyl group (including isomers),

a pentyloxyhexy! group (including isomers), a pentyloxyheptyl group (including
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(including isoners), a butyloxydecyl group (including
i soners), a butyl oxyundecyl 20 group (including

i soners), a butyl oxydodecyl group (including isoners),
a butyl oxytridecyl group (including isomers), a

but yl oxytetradecyl group (including isoners), a

i t %I RRAPSHIRAAGbUS (iPERIAdsbHIIrY ai ertpiogynomy| group
lSomeEﬂtyloxyhexadecﬁf g?gup (i%kluding i sonmers), a

(lnduﬁggﬁ%4@%%2%1@&“8@%%0@: %Pﬁgln‘&mmﬁ@ lﬁéﬁﬁérs)? pentyloxyundecyl

_ I ng !soners),
aroun{ERAR B o BRSPSl AP g Rofters. o

pentyl oxypentyl group. (including_ jsongrs . :
pentylgayirigesy @sam(lftf?%fpg(%%ﬁ’fé i%ag'i“éfg%gfeé&'),d%yﬁgr"”p (including

pent yl oxyhept yl group (including 63 i somerrzg, a hl
isomepsnaypentylosypéntgdecy) arewe (inaludia isemere) a hexyloxymethyl group

pentyl oxynonyl group (including isonmers), a
(inclugientivboxsysiea Hexgloxyethyi groupdfimejudingieensgrs)aa hexyloxypropyt

pent yl oxyundecyl group (including isoners), a
groupEHIXdiRyYsKHesy) a eayipxybutgl gdiupginchudiag Sjomers), a

pentyl oxytridecyl group (including isoners), a

i i hyiaheRy) r@@cluding isomers),

hexylgéﬂﬁtéyf'ltgﬁjgge t@gw@ Fomdts|, | IRéxAGRMeRy | Groupr ( g

ecyl™ group (including isoners), a

a hexE@%h%éﬁ@ELJ‘ﬁﬂ gﬁélﬁ&iﬂ{g.i%ﬁ%b&ﬁ%%x&ﬁﬂ?@é@ grotip (including isomers),

roup Cincludi‘hg I'soners), a

hexyl oxypropyl,. group. (inc ' ' ; g i

a heBRNBRYRIBY (B S isndiar iy PSS! grdtp (including isomers),
hexyl oxypentyl group,. (i ncl udi i somer s - :

a hexy LR ROGPUBT DR AT OISl & AP btely group (including
hexyl oxyheptyl group (i ncluding isonerﬁz, %) |

isomérey,yd brydoxytridged gsoup fciusingspawre) & hexyipxytetradecyl group
hexyl oxynonyl group (including isoners), a

(inclutiingy Isoxyate); d heptylopy ety @ibup (inshidingisomess), a heptyloxyethyl
hexyl oxyundecyl group (including isoners), a

group ExEluangieerrys), ereemylokppiapyi gwpup (Furtedisy isemers), a
hexyl oxytri decyl group (including isoners), a

heptsﬂé@ﬂ&%ﬂr@h?%ﬁ%in@'is?#ﬁers?,i & hepgiaypesatyingrayp (including isomers),

ptyl oxXynmet hyl group (including isoners), a
i ' oRfdreflig gt h&ptyl group (including
i e e Sl
isomﬁe :é:%ﬁﬁﬁ%ﬁtﬂ@%ﬁ% le?,félc rs%éﬁel?s é'nelﬁ'ésgty%xgnonyl group
hept yl h p (i ncludi [
(oo NSRS bRt el 58 Ehs ). 2 heptyiosyundecy
hept yl oxyoctyl group (including isoners),.a .
grouném%dmmmrsgr%hgptytweip ar @rpggﬁgp@j’m%lsomers), a
hept yl oxydecyl group (including isoners), a ) ,
hepthlepytyidexylgrdepyncluding isomers), an octyloxymethyl group (including
isomers), an octyloxyethyl group (including isomers), an octyloxypropyl group
(including isomers), an octyloxybuty! group (including isomers), an octyloxypentyl
group (including isomers), an octyloxyhexy! 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 isonmers), 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

(inc!ucfriéd‘o@oﬁfﬂrgﬂ d RETRERYMedH| grdmﬁ (ﬂwwh?ﬁs@hem, % noallodyethyl

I soners), an octyl'oxypentyl = group (including
arour R sofe AR Yooy (neekdy Baricroyer o)
ot S bYD RIS o RS PRED Al SGEEP orkl btuing somers)

oct yl oxydecyl group (includin | SONEer s an.__ .. .
a nonylexyfiey gm&(wc'g@aeéswﬁ@?uﬂ%HQV@%&B gropp (including
octyl oxydodecyl group 64 (including isoners%, a
isomers)ng Inoxy ey hofy! gm@ﬁmin@ngﬁ%ew&)o@r@Pgl)/i,Oxxn nyl group
nonyl oxyethyl group (including isonmers), a
(including ydarmemsh c@nbnglogygedyil gobuml (ingudgnieeserslaa nonyloxyundecyl
nonyl oxybutyl group (including isoners), a
group MPRAICIY RIMErs), H a8syIOkyraetdl goupsimeuding isamers), a
nonyl oxyhexyl group (including isonmers), a

decyl%@@%%?wblu@f Rokldh§), aidty | dxybPEHR goup fincluding isomers),

grodp (I ncl'uding’isoners), a

a decﬁ%%@ﬁ@%@é: (irg{llgdlljﬁg dédnr@t?tjusz,ldén ggfzglgg@ésr;‘i% garéup (including isomers),
o dec RS RS e B Ro P EL RO EhaBEH ot (cluing
comeset A o i A e Sy Sovgonyt aroup (inclucing
decyl oxybutyi group (including isonersé, a
isomerte); A dsGyi@mdecygareup (NohdingdisnNeSont §|c’ieq)@o>éymethyi group
decyl oxyhexyl group (including isoners), a
(includiegyibomehslp aipl urgiesyloxy ety giup(ingledinarisgmess), an
decyl oxyoctyl group (including isoners), a

unde%ﬂ@WmWﬂ@MhpgmumnﬁQ soimetshan isdesielybuly! group (including
ecyl oxydecyl group (including isonmers), an

isometaflefy LR Penti Ybup (ihaitiid iBamess)yanandezgloxyhexyl group
undecyl oxyet hyl group (including isoners), an

e T i T e e

oA YRR YRR et ) Aol SATET Rl gt ncucing

isomeTauca UPaRUERYTe UL IR erdnagSo DRy & RodgElonyethyl roup

(ind%ﬁ%@%ﬂga&g%ﬁ%&@%&ﬁ l(gli'lgléhg gigc{@&ni{ségﬁerg), a dodecyloxybutyl
dodecyl oxyet hyl group ) o

group (including isomers), a dodecyloxypentyl group (including isomers), a

dodecyloxyhexyl group (including isomers), a dodecyloxyheptyl group (including

isomers), a dodecyloxyoctyl group (including isomers), a tridecyloxymethyl group

(including isomers), a tridecyloxyethyl group (including isomers), a tridecyloxypropyl

group (including isomers), a tridecyloxybuty! 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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(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 isonmers), a dodecyl oxyheptyl grou
(includind'Rloustirep a tetenecgibxyethgbgrecy (momgngnscgner@ a
including isonmers), a tridecyloxynethyl group

( » .
tetrad%c%%%%&g Jr8QFBRELdirg sbirdesy laoeyratibgylogytmupl group (including

udi ng 71 soners), a tridecyl oxypropyl group

i hnghudi o if gF8) agewE@ecyloxyhexyl group
1somer§sl),n§|t %@%ﬂ@%ﬁg@ Pr%gghgrgieyggé?@xy%eﬁtyl groyupy

i RSRS A FERGBy B B oo

eptyl grou
including isoners), a tetradecyl oxyng p, 65
(incluginaésauessy @ peniaepyiogybERAGELN Sy TThdr o6t
(including isoners), a _tetradecyl oxypr | qgrau
pentadéndbudiuty drogpineiiding isemarah@/pengHReEy PR Sroup
(including isoners), a tetradecyl oxypentyl gr ug
(includingdsordery), & demadsdyloxymethyhgesid (djskg}lhrél;agnsgpg[;s,

(including isoners), a pentadecyl oxynet hyl group,

a N "
hexad®IAGeaW Browes fitlugingupole(s)nalhexadgeyissypresyl graup (including
‘pent adecyl oxypropyl group (including isoners), a

i it d10Gngd ' adexyloxymethy!|
|some"|p’§ma§g§%qe%¥§/b§gbmyl graun(indlagingdsovgei s patepiadey

pentyl "group (including isoners), a

grwqﬂ@rﬁ%@i@éli%@éﬁ% 'hge%%&(ylfdn iétl'ﬁfj bRsLP GRETBERY isémers), a

ng i soners), a
hexadecyl oxypropyl gr N di '
revalSRe Oy B o ol e et arove
hept adecyl oxynmet hyl 10 gr.0 i ncl udj j oo
(incluat GABIYF b argIcRT DRl REP R PRIEFS for 1 fe: an
hept ad I I i ncl udi i
groumﬁiglageg;%%{ ggqyug},%ga(ﬁjpphté\)!ﬂ%pﬁa; % ab@ﬁ%@}p, %:ﬂi)yrenyl group,
oct adecyl oxyet hyl group (including i sorrer?_.) ?{%‘t Ee
phenhhttey! group or dhelips; antaryagred ag ARV IPNeAYhPIRP
group, an anthryl group, a pyrenyl group, phenanthryl

oS y
(includfify Bopfiersh earl etkglpheng! group (Emaduding $samees, a propylpheny! group
met hyl phenyl group 15 (including isoners), an

(incuraiﬂ?%'as%@é%b, SbayipHdriye brulipgndladimgrisgmets)pa peptyipleenyl group
group (including isoners), a butylphenyl group

(inclédéﬁ%%?&&i %ggﬁigheé%@ld?wb Yinefieinyg ispheare), a hetyiptienyl group

group (including isoners), a
R ABRR PSR Tl e sbe oy o
(inclgéigg I?somers), a decylpheny! group (including isomers), an undecylpheny! group
(including isomers), a dodecylphenyl group (including isomers), a tridecylphenyl
group (including isomers), a tetradecylpheny! group (including isomers), a
dimethylphenyl group (including isomers), a methylethylpheny! group (including
isomers), a methylpropyliphenyl group (including isomers), a methylbutylphenyl group
(including isomers), a methylpentylphenyl group (including isomers), a
methylhexylphe.nyl group (including isomers), a methylheptylphenyl group (including

isomers), a methyloctylphenyt 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
(incluﬁh?‘%bhﬁérﬁh@mbtmm@igﬁhm@ﬂ atburm(inclodiemgssomars), a

e hylethylphenyl group (including isoners), a
methy%HEﬁ#rl%ﬁ@ﬁyll @BEHchﬂIa‘Hﬁ@ls@n@bV@ fatiyi@osscy|phenyl group

et hy! but'yl phenYyl" group (including i'soners), a

(incluﬁ %"ﬁ%)%wépﬁ%ﬁw néi%glg:ﬂ?ﬁklrwogﬁ rsff'ﬁ:]ljcﬁr"?@ﬁ.{o‘iﬂiers§i 28iethylpheny

gl SOI’TETS

group r@ptm BeRLy] hﬁ?ﬂ\ﬁl ﬁﬂ%‘%ﬁgqsﬁrhﬁ%eﬁ%ﬁﬂgl% ghélﬁﬁﬁggsu)som%rs an
ethylbn"gﬁ;?iﬁrgfiE%L&?@H%Ld%bgaﬁmﬂﬁ bl GngeeRg IRy olp (heluding

met hyl undecyl phenyl group (i ncluding isoners
isomenst aémmbes\;/mgmmé |grrgmm0pclueimcnsgmeaﬁ§) ﬁ@&t’@yiﬁl)?m@he“y‘ group
met hyl tri decyl phenyl group (including isoners), a
(includihgtidothelsnam ettylauyipbenyl groupginciisieg ispmets).émy |
propyl phenyl group (including isonmers), an 5
ethyln%hmﬁh% gv@r@ngmﬁchmagl iscrheve)) Ush sthyidemylpreny! groug (indluding

pent yl phenyl " group (|nclud|ng i soners), an ethyl

|some?§g>é}1héél ?W‘Hﬁ @%h&ﬂl %Sub‘ hBRdi ﬂ%@fr@)rs) ah ethyldodecylpheny!

I nclu ng |soners) an et hyl
o A B o e Bbaponsr o
e R i

et hyl dodecyl phenyl 1 i ncl uding iso

isomedsh reompymwpf@nwwoygr{m%'ﬂ% *?%%@333 may'ﬁgpty'%“eny‘ group
propyl but yl phenyl group (incl udi. | SOMer s

(inclugingpigbmens )y epepyipCiytdigny( gmmﬂn%t;jdmﬂé%%%?) 43
propyl hexyl phenyl group (including isoners),

propyimarpypiept grabretytliudingisomersic ampnﬂdegﬁﬁﬁe@y\ grgup. {including
propyl octyl phenyl group (including isoners)

isomé?%?@’f)fﬁbwmmdhegwmmu@ (radiuding gsoreensra )i;bl.ﬁylphenyi group
propyl decyl phenyl group. (including 15 isoners), a

(incluﬁﬁﬁ ﬁﬁﬁ@ﬂéﬂ tﬁﬁ?@éhtﬂ;ﬁr@é@i groap (Jﬂtlnglngstems)) adbutylhexylphenyl

phenyl gioup * (including isoners),

grou;%ﬂ[‘n&bﬁﬁ'@%ﬁﬁ"%?@y b K HEp%)ﬂt;ﬁKédW gRsLg ﬁﬁ(ﬂﬁﬁlﬁ)g ls@mers) a

i'ncludi'ng i somers)

O e

lsomglyst) é%%?)%dgcy?meny? E;(r)cl:{?p &na dlng lsgmers) a dipentylpheny! group

(including isomers), a pentylhexyiphenyl group (including isomers), a
pentyiheptylpheny! group (including isomers), a pentyloctylphenyl group (including
isomers), a pentylnonylphenyl group (including isomers), a dihexylphenyl group
(including isomers), a hexylheptylpheny! group (including isomers), a
hexyloctylphenyl group (including isomers), a diheptylphenyi group {including
isomers), a trimethylpheny! group (including isomers), a dimethylethylphenyl group

(including isomers), a dimethylpropylphenyl group (including isomers), a
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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 pentyl heptyl phenyl group (including
i soners), a pentyloctylphenyl group (including

dlmetﬂﬁﬁuﬁgfpﬂ:ny%@% ﬁm{ﬂb{%woa% Gi(r'lﬁtg\ Iggmig;bl':ifﬁgr!rgrrglip
el R G PO A

hept yl phenyl group (i ncl udin
dimetih oy IRy BONEHP PSS fraig AcesiBVBFHgnéhy! oroup
di met hyl et hyl phenyl group i ncl udi ng . isomer a
(|ncludinmdmem$ﬂo@¢lmﬁ@mm0r@mh@@W§ gmnﬁw%d'n%m‘%%ﬂ % 67
di met hyl but yl phenyl group (including isoners)
dimetiolidetyiphaeyltyoph dngludargpispmetsnel djmaﬂylu@@wﬂ@nenyé group
di met hyl hexyl phenyl group (including isoners), a

(mciu@# hgBssmbRa P4 Wirabedodacolpmetl nglougi (TgludiogisEhers) a

di net hyl octyl phenyl group (i ncluding isoners), a

tneth;&_{?ﬁn%iwhé:rﬂgﬁba%%' isSnRrs) 6'd?éﬂhk}ﬁhélﬁylw@ﬁ?rgrbupa(lrﬁ:ludmg

yl phenyl group (incl uding isoners),
o TS B Mt Bonsisgon v
S A S

i et hyl propyl phenyl u a : -
diethyihaognenn e AT LUgRasomErRe At By e doup (including
di et hyl pentyl phenyl grou i ncluding jsoners), a 10 di
isomesshya él@%l&tgl%anélrwgpp@%m@g h@mg{gh@ g;th))énonyléhenyl group
di et hyl hept yl phenyl group (i ncluding |soners%
(includirgt isphnecs )y apdiethyidegytpineny| grolupdinudisg isanagrs) a2 trlpropylphenyi
di et hyl nonyl phenyl group (including isonmers), a
groupd(uﬁ@lhMir@GQWI@I‘@na|dnmypnéth9kﬁhedyhgroupc(mlmijmg ssomers), a
tripropyl phenyl group (including isoners), a

diproﬂ*l@ﬂ@%é@i BrduheRyLdiagasemetd)C buhibropyibtityiBineny! group (including

et'hyl phenyl group |ncfud|ng |sonErs) a

u-som%J Bré) 8 rgémﬁé&gﬁ:g#qygg iR p d?&c‘ilHQ iSsméfs)] & Qli‘ﬂ?bpivlheﬁylphenyl

|nclud|ng I somer

groqu lg%ﬁq‘hgéﬁgﬁ?&?@w%&%ﬁglb %M?ﬁrﬁgp (IHBAR rsoﬁ1ers) a
dipropy Oﬁg{féh iy % Hng oug?,g rﬁg%%@%ﬁ){ﬁ\%ﬁ gr)dupa(mcludmg
lsomgllsgﬂé ;a';ﬁh;,ye{jﬁﬂgﬁékg ?&58‘58 (mc[bcilrlféj {src]n erg)o rer'zl‘edlgz.ityléa}hylphenyl group

(including isomers), a dibutylpropylphenyt group (including isomers), a

dibutylpentylphenyi group (including isomers), a dibutylhexylphenyl group (including
isomers) or the like.

Among these, alkyl groups such as a methyl group, an ethyl group, a propy!
group (including isomers), a butyl group (including isomers), a pentyl group (including
isomers), a hexyl group (including isomers), a heptyl group (including iscmers), an
octyl group (including isomers), a nonyl group (including isomers), a decy! group

(including isomers), an undecyl group (including isomers), a dodecyl group (including
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(including isoners), a dibutyl propyl phenyl group
(including isonmers), a 20 dibutyl 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

|some&r)093(hde | QFbL (lH@Ihdﬁigﬂgom&%‘jeéiétra@e@mtgydaum(lndpdlng isomers),
(1 hcl udi ng~i soners), a pentyl group (including

a penfﬁlﬁl%g‘gl Q%He? r@ﬁ@f%g gsrg‘r?rﬁeé}g 'apﬁé)k%dS CP&QJHE(" ifdludifghedith¥ls), a

group

oo ey SR o somer).
SO S N oo

i soners), a tetradecyl group (including isoners
grouppenichdzscy tygopemty( gresipy & aY§ ahsayesroLp, a AYElohee IQFOUP'
group (including isoners), a heptadecyl group
cycloddtyicdradpng ciyslomengl) groap, acyelodegyl aroupier the ikeicanshalkoxyalkyl
i soners), a nonadecyl group (including isoners), an
group%'s@.%ﬁYAs & hitRoky hélhyd gralp, sanettsbxyethyl gaiupy(indudingugmmers),
such as a cyclopentyl group, a cycl ohexyl group, a

a metﬁ)ﬁ?{r}?ﬂ%‘ﬁg y éﬁ) 0 |ﬁ8r|§c¥rﬁé|°é?cé}‘ﬂxet%%tylag@af>kn‘fwmihg isomers),

oup or the like; and al koxyal kyl
ame bgﬁ@éwﬁ@%msm@éaﬁﬁ?fzyé o (BIAIRLANG somers)
a meq%ggﬁg@éiypgmg%?{g}eca@pganrﬁ%rs X%ﬁﬁett%{)?ﬁcm Q;hrgb;g '(ll;#g}r isomers),

th h I
ameﬂ?@g;@&%&%g (u@%{g{%ﬁﬁpq 13};?3]%53 @d%Pk‘tsﬂ%gE ?/I g.:{oup mciudmg isomers),

met hoxyoctyl group (includin |soners) t hox
a metnooypndecyd |gmmgnctydml§pme55%n@trn@ %‘ﬁ B/P”‘%d'”g

(including isoners), a nEthoxyundecyI gro
isomérisicd tsitingxyitsoesy grour (inelubmgyidomecs). agn@ur}@xm%@d@&v!rwow
i soners), a nethoxytridecyl group (including isomers),
(mch.@hrh‘%ts'@ﬂi@t&}?tdm@ﬁmﬂypghmd@cﬂgmbt(mohgdmgmar)s) a

oxypent adecyl group (including isoners), a 15

| Gsd?ﬁéﬂs | 4 ehelths adecyl group (including
methﬂfi%eg 3 (irtl@diRg gl OxpTeptadecyl g

I group (including isonmers), a

|somgn§s;) 2% %eﬁo n)gg:gc%a{i cgﬂ g%é {lﬁ&hiﬂﬂgﬂloh@%’ﬁe bﬁﬁeth%xynonadecyl group

I nc I Ng ISOI’TETS

(non i e “ﬂq{wﬁ}“@w%mﬁﬁ%ef%@%th GB35 03 somer
an et%gx%%%wgruotu)g (w%lg&ﬁg écr»]n%eru (;I nr(r1 el( nButS))i group (including isomers),
an ethoxypentyl group (including isomers), an ethoxyhexyl group (including isomers),
an ethoxyheptyl group {including isomers), an ethoxyoctyl group (including isomers),
an éthoxynonyl group (including isomers), an ethoxydecyl group (including isomers),
an ethoxyundecy! 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 isomers), an ethoxydecyl group (including

n I
(*nclud'ﬁﬁf%%h@x% EFW% SRS, PBird I3EiisR 8 Arepyteksiropy
trlde ro

grOUPZ'lrﬁ MBS, a/ga &gé)xyg)hﬁfipﬂ%d @’qu so rs@egsrl’ a

et hoxypent adecyl grou Iud| an. 25 .
propyloxyRSMMLSRuByIC! @9;!:%’%%@ @" O&RQ'”C?”"'“Q

et hoxyhept adecyl group (lncludlng lsoners}
isomees)haxpropylaxsptyl@roup (N0 iSR§ershPLORY %VOCWI group

propyl oxynet hyl group 69 (including isoners),
(inclugingisorossedt & yropyloamaniyhgraupi (inclidiogeseyersy, a propyloxydecyI

propyl oxypropyl group (including isoners), a
grou RFW&IQQYMQ’HSP% thﬂpyﬂmxy@ndébjﬂlggrbapmmﬂ)dmgusomers) a

propyl oxypentyl group (including isoners), a

propyg)igpy{d%éxy E;gédﬂ: (BERIIM] I'SBHIér'Q ré%rob?l@:ﬁ?tfrﬁi)ecylagroup (including

ptyl group (incl udlng | soners),

. Lopyl r
sondf AR BB B RO Renae Sy
I d
oroued SISt JoPaB T HAARER g BET Bl somers). o
I I I
propylb}&ygy 0X dod&a@:@(}y}yJ § grou l&ﬁﬁé'c;‘c?mg%éq%Bu?y?@g%%tgyﬁgrgup (including
propyl oxytetradecyl group (including isaoner l)
isomershsybatyloxyathyd gegup (i Pmlgqnpg(lswema. Adputders QPY‘ group (including
propyl oxyhexadecyl group (including isoners), 10
isomers Ry botyidxepubd goyp Gnaugingi isemeti)ng htéximgymntyla;roup (including
but yl oxymet hyl group (including isonmers), a
isomdte), ¥ ButyRIXyexg@rgronp (inahldivl somee)rer s)tylaxyhepty! group
butyloxypropyl group (including isoners), a
(e QBB BI04 G HEILARTENENA o ubnnon o

(incluaﬁ%isoﬁgg g Bdé%yﬂﬁir?‘gb ﬁﬂc!'u%li?@”séher@) a butyloxyundecyl

udrng i soners)

rou%ﬁpépa@ﬁ%h er%) ﬁut&Ifggé cﬁ/ggI ﬁalldlng)asomers) a
butylwt 1'1% dec@yﬂ&%giﬁqg&ég%eﬁ% @g:? Ioggtg%apg?w group (including
isometay? BIMPHRENACRRIbA|R RSN TBBY épu?ﬂoxvhexadecvt group
butyl oxyt etradecyl group (including isoner ;
(incluuling ismayerehtaapentyloxymaiby! (@ravp dinchiging tsearess aapentyloxyethyl
but yl oxyhexadecyl group
group (including isomers), a pentyloxypropyl group (including isomers), a

pentyloxybutyl group (including isomers), a pentyloxypentyl group (including isomers),
a pentyloxyhexyl group (including isomers), a pentyloxyheptyl group {(including
isomers), a pentyloxyoctyl group (including isomers), a pentyloxyneny! group
(including isomers), a pentyloxydecyi group (including isomers), a pentyloxyundecyl
group {including isomers), a pentyloxydodecyl group (including isomers), a

pentyloxytridecyt group (including isomers), a pentyloxytetradecyt group (including
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(i ncluding isoners), a pentyl oxynethyl group
“(including isoners), a pentyl oxyethyl 20 group
(including isoners), a pentyl oxypropyl group
(including isoners), a pentyloxybutyl group
(i ncluding isoners), a pentyl oxypentyl group

tsomefé)nﬁbéﬁt Sxy ERIERI SOy grauP@nNIbiogYE6nasts) g8 PleRyloxymethyl group

(1"'ncl udlng |sonErs) a pentyl oxyheptyl group

mclucslhﬁ ‘?%cH'gén’% a Q% ;féthgc{lla%rgﬁ P JWgEﬁﬁgsﬁr@eﬁg Whexyloxypropyl

d|n I SO ent,y [ udin
aroup{(gfid s gweaaﬂeayﬁ%&w@aw r§é¥$'$‘6hﬁ‘d'r?4 %@ﬁzﬁa he
i sonmers) entylox dodecyl % o
hexyloa/arend proup lipaHEnedRmereleey] XQFZ&ME}G’@{ PRI 'Ha'ud'ng Isomers),
i soners), a pentyl oxytetradecyl group |nclud|n
a hexylowyhantyl, graupémp%cbag Femergh @/ heglexypatylrrul Klﬁ!@iudmg isomers),
i soners), a hexyloxynethyl group (including isomers),

a hexyﬂohﬁmﬁybgy@nmyhclgdmgasomaw)uehh&g(ylcn@decﬂ)groap (including |somers)
hexyl oxypropyl group (including isoners), a

a hex*;léxyurﬁl‘]@d?ugbdupgc’nﬁmmlh nedradig) ga ihespexgdodecy! group (including
exyl oxypentyl group ?lncludlng i soners), a

isometﬂﬁxlél ﬁ@%{ﬂﬁég rlldéHé/PngL{{j WIH@ihQ GsdrRers! §)ﬁex§|o§ytetradecyl group

hexyl oxyhe (' ncluding isoners)

G UL Y G A DR ot (nccin
S AR 4 FRAUBRATRE gono sno

hexyl oxydodec includin sone
(mcluq@gyp%méﬁ )i aé{eﬁtﬁ )ﬂ%p(txllg{epg(gqnﬁbdl%ﬁg ré) éa heptyloxyhexyl
hexyloxytetradecyl group (including isoners)
grouphgptiydiogysameass), @mabrwhfa@ﬁtlgwéﬂﬁ&m'@Iéeﬁﬂers
(including 10 isoners), a heptyl oxypropyl group
heptylaxyotiytigrmud Goctedisi isamaen)t giheppoxyrionyt gugup (including isomers),
(i ncluding isoners), a heptyl oxypentyl group

a heplylogfdebyhgroupotimtisdingdsdrapts)| @xgpeportyungiecyipgroup (including
(1 ncluding isoners), a heptyl oxyheptyl group

isomdrsN& H%t@&xﬂ@ﬂ@éﬁ)@o@o ﬁh@tﬂ:ﬂbﬂgﬂ%ﬁﬁ@i’ﬂ adiepiyoxytridecyl group

(i ncludi ng isoners eptyl oxynonyl  group (i ncluding

b8 %m@) thyl
(m'ug"'ﬁie'%?ﬁesx)yu &t '?‘*%?‘%‘*ﬁf? W (HBughBIstcn, L6 RBIGyety
h | A
oo RIS R Pl S FRIRRS .
octyl%&ﬁsi«pg@% wv*nclu %IEO%"EE%): %g:%lbgﬁtiggrogﬂ (including isomers),
octyloxyEropyI group (including isoners)
an ochdpyYReKYbOEGHP GRAudingiisRPats) ngd .%%%%bep’hdﬂfoup (including
octyl oxypentyl group (including isoners),
isomers), an octyloxyoctyl group (including isomers}, an octyloxynony! group
(including isomers),an octyloxydecyl group (including isomers), an octyloxyundecyl
group (including isomers), an octyloxydodecyt group (including isomers), a
nonyloxymethy! group (including isomers), a nonyloxyethy! group (including isomers),
a nonyloxypropyl 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

group eicM|dwy %ﬁﬁ%} a BEMEEX\riong HEBLRYincHadiBg S3omers), a

oct yl oxydodecyl group (including Isoners), a

nonyl%}cg@@hmﬁclﬁlﬁ Bo o ncﬁh?haﬁylgm%%}b grdup (including
nsomeﬁﬁné %&f@/ﬁ{et@ﬁzﬂ% |H8‘f1lsiUd' §85]oe?‘$)"%rc§3c§( o%cyethyl group

nonyl oxypenty i ncludin mer s

(inclugipay$PRGFaxg |de§ylgﬁ¥;§)ro§>yhgroy3, (H%IL@ Mérsg a decyloxybutyl
nonyl oxyheptyl group (including isomners)

grouprioiuding dsaryérs), A dgedoyRanid araup ginclising @pmeaS) a
nonyl oxynonyl group (including isoners),

decylaxymekpkgrdepyinchuding iscnmarsyici dgeylexytemdyl, graup (including isomers),
nonyl oxyundecyl group (including isoners), a

a decﬂ@ﬁyd)&iwgf%hb)(lnowcﬁﬁ@ls(dnﬁ&bylch decylsrymeiny) graup (inctuding isomers),
decyl oxyet hyl group (including isonmers), a

a decgl izc{jé’%yf g;?&@?/ |g&[18h'ﬁ s&br‘?}%“éﬁ%ﬂ%dd@@ﬂ%&?%etrﬂfl group (including

group (incl’uding isoners)

:somegg)g%noxycﬁeec&‘%y ar?gﬂ:zljﬁ @ﬁél Qtn In‘%@%erg?)n ugaecyloxypropw group
Al

decyl oxynonyl group. (including isopers),, a . :
unde%e%mﬂ\? af%lup glnslyglrzg 'ﬁ@ﬂ%?h% @ﬁ%@yﬁ%' group (including
undecyl oxy group (including isaoners)
isomeraH @wmxsadw%eg% apyn tetlueinggSeRensr 3N un&ﬁcyloxyoctyl group
undecyl oxypropyl group 10 (including isoners), an
(includimdeisgnexyb anyundgcplopyiomd lgrdip gnckioling @pmeéﬁ) a
undecyl oxypentyl group (including isonmers), an

dodetVldWéWYEmtw igHodipg ($orakry)j agiodesyloryethyl gmoup (including
undecyl oxy epty group (including isoners), an

lsomé@?eé?b!b Yorop¥ Yibup (thﬂﬁldiﬁb @@m&@ﬁ@&ddec@mxybutyl group
ecyloxynonyl group (including isomners),

(mclugiﬂ’% IT@)E F%h{i}? TOQJSB?H#?PI'% gﬂclh%ﬂlﬂ‘g%&né?rssé} a dodecyloxyhexy!
s BOGERH BB a%@éevmﬁ%wag PSS o
dodegﬁg% menw}d@* E‘ Erf cy@omsrg';yl géoup (including

) dodec oxyhept group |nclud|ng i SO g

isomersdez ?/hy@ geyp (neleding 'ﬁ@“?%ﬁin@ﬁ@‘; ,CVAPXYPFOPY‘ group
trldecyloxynethyl group (i ncluding

(including isomers), a tridecyloxybuty! group (including isomers), a tridecyloxypentyl

group (including isomers), a tridecyloxyhexy! 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 pentadecyloxymethyl group (including isomers), a pentadecyloxyethyl
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i soners), a tridecyl oxyethyl group (including
i soners), a tridecyl oxypropyl group 20 (including
i soners), a tridecyl oxybutyl group (including
i sonmers), a tridecyl oxypentyl group (including
i somers), a tridecyl oxyhexyl group (including
group (FRIRISY isotnerk], igsnaas rremprbfgrgmpp((mmw@ @mers), a

i'sonersy, a tetradecyl oxymethyl group (including

penta&ié@)?@iy?%.ﬂyl?r@@é |?1g gg%grég%t a‘%%%ﬁ%éé a@)@hgﬂ rgroup

oo ST e b zrg@rtsxr%gr@y%rgerxésge e
i.somnmers) etra rou i ncl udi

(mclucr'@amg?rs)aabeﬁe@ Suxdraidiond Gretind SoMrhe

I soners), a pentadecyl oxyethyl 72 group (including
hexadesyipaysiity! arqushiineledipniserpetpya h@ptﬁﬂecrr rr\%hsﬂ@roup a
i somers), a pentadecyl oxybutyl group (including
heptadewrexmthylagrpept(mmd}rhg)isppmy la geptadecyloxygrogylrgroup
i soners), a hexadecyl oxynet hyl group, a
(mcrudrrﬁgag@ﬁwrs;xanebbrdde@ymtpmeﬁmyrcdrudp tipciuginmeissiners), an
hexadecyl oxypropyl group (including isonmers), a b

iRy Qomdis} BetHIiHeS arRlisad praferably.  Alkyl
°°wdE§%?g§§§¥ﬁ%§9 q?ﬁi @?oup a3 heptadecyloxyethyl g#eup y

group% i fhe rﬂrgof &@ﬁﬁrﬁ)hyd%éﬁﬂéﬂgf >}+ ?ﬁy@ﬁ‘&ﬁ%e SURHRT of carbon

ncluding is an oc oxymet group
som RN o aorruw%ré%@%rff@rz@%rrrs%f;rg%pysuch
et 31 o Ao up T G oS5 ro

constituting the group is a_nunber selected fro
(inclugimgdgemert apqr\byl&rogra&lncwlrw ISQEISH). ada%bgr%rp @@tﬂyr"ﬂg
group, a propyl group (including isoners), a butyl
isomegs)epheptyhglougi (gl udiogisamers), areactyl geupLingudion uwrngrS) or the
i soners), a hexyl group (including isonmers), a heptyl
like, e used(rhoed prdifargblys oExas)pleanf satly Hiajk)dnprt(dnatesrmd@e
isoners) or the |like, are used nore preferably.
drmetﬁ?&P&?b@ﬁa@éc dretei ¢hrBbiate, @ @ir@r@ilaiaeﬁoma'té isomers), dibutyl
di met hyl carbonate drethy car bonat e, di propy

carbo‘(‘f'ért ﬁﬂgﬁ.ﬁr rid 186Hi&ps nglrri IR yl%onzﬂb Hrtc}ﬂdrng%%roﬁ%"r@} ®ihexy!

I ng 1l SOI’TET carbonat e I ncl udi ng

crs TS Q5. FRERTSS Rl i AR5, i

carbqgc‘ga&%gﬁglﬁjgig'r(d |%8ml%?'%ﬂgr gq@é:ﬁs’ rgtgylt ga?‘beriwgtee's irgr)i wﬂi&‘y lhe number of

carbon atoms constituting the alkyl group is a number selected from integers of 4 t0 6
are used more preferably.

A urea compound in the present embodiment 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:

3. M g

N N

AM ére (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 nent
is a conpound having at |east one urea bond in a
nol ecul e thereof, and preferably is a conmpound havi ng

|# R1ErRE ROP 16 PéprceBnts #n 6RY)
(wher%n%a%ﬂcﬁR ng NRO QPQ? Rl‘i’rﬁ! ﬁﬂs/ pie it n?(égrgft}:p

havini I@#é ca(%%n ag%\ﬁls apd Moé@ﬁj dpRlihis| hﬁﬁ{b“‘e?%‘i‘tcﬁrb'ﬁh atoms

|ng I on atons or a hydrogen

constifyBOMR HReA! 2 2N I"Fﬁgéeé%fw&%@éfea% B8 %argf ARt B ibon
nunber of carbon tons. constituti ng R15 and R16 is an
atomsjgansitingR § ansl Bb‘)a inlegsn A9 923 R14, RIS and

R16 |nclude aIk ,groups, such as a nethyl group
Examblegraf ', R’ rR) BENAgR S uvpclpdacalkycuur@m%wm@ﬁ;araethyl group,
butyl group (including isonmers), a pentyl group

an ethiyl geduid lar\:gopylogreup)(mmdmg)éorgensmm putyt pratipngncluding isomers),
i soners), heptyl group (including isoners), an

a pen?ﬁbbﬂurﬁ(ﬁrﬁ’élﬁdlhbﬂ%rﬁéfé)galrﬁ&VE%f;r%)Jp (Bnohauitig isgmeers), a heptyl group
ncluding isoners a de group (i ncluding

(mclu&gﬁgecyrﬁérsl)oup ?I ngr%udﬁ{]ﬁaﬂdl%:gg%rﬂ’\@fé)ga'n%‘hﬂf?@ﬁ:hp (#hchiding

( g 1so a tridécyl group
o AL b B b P mer).

hexadecy! up n somer . he y
dodegy] g (e 6‘9H§°r§1§6’?c?e?35‘dg‘§’r\ 95%%%@%%‘&?‘”& gﬁ'%%%a 5 tetradecy|

(i ncluding isoners a nonadecy| 51 di H% '
group; (HHedIsg Isaners) c%ﬁwt%ubgroepr{m@ ﬂ@ lﬁ%%fé & hgradspyl group

like. In particular, urea, in which R13, R14, R5 and
(incluging isomess)f sheptadgaybpraupiirciudipadsaners)y an ogtasiesyLeroup

is used preferably. In the present enbodi ment, sone
(includiewrisomess )ha viongdaoylegroup €ineiuatiog isoayerss ars@t@@éxdtgrbﬂllé

to a reaction presuned to occur due to thernal . 6
(inclugmgabymers)st tHemradi Rgparticular, urea, in which R R™ R"™and R
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 yield 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
74
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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 having an

20 active proton depending on the conpound having the

active proton. The inventors of the present invention
denatURRRedie thef ru8anéd1at spedifid berboakeacill desivalivew tioeiformation

thermal deconposition of carbamc acid ester in the

iaR| i ed

of nioRESHER TR slifaridls Blsadiy) drpaYictbotesn S ABSLIGRL

ik to occur, but als t -t [ ; ;
comppu [uindet SeiveoPiovel P e e B Sl onpoeyenate s
~_isocyanate 25 yield is inproved is unclear, the
inhibifedvent ors of the present invention presuned that

since the conmpound having the active proton is |ess

susceptible to thermal 74 denaturation due to the

presence of specific carbonic acid derivatives, the

kQarpamimAciaf E steg DeboimpiosdiopdReactsmbst ances caused by

a reaction between a heat-denatured conpound havi ng

ThedollbWmgRsrolRIzsaiiflegsiahatibre obthiedcarbamic acid éster decomposition

i socyanate is inhibited. 5 <Carbam c Acid Ester

reacti?@&ﬁ%@??ééé?ﬂeﬁ%iﬂn%ﬂ? The followi ng provides an

anation of the carbam c acid ester deconposition

eac 1 4 ] on

TEREo@impos ol redcBih T BRer e BimbokifeprauRrin

decopposition reaction in wic . ondi
decofBoRyRAIeRc M v H 5y e e PR, Ahycroxy

aromat i ¢ _hydroxy conpound ori gi natjng.fromfhe . :
COMRORPBA©NBY PLAEVRALG MEIEXY SPIEPU BN ST LA (g Gagbamic acid

ester. This thermal deconposition reaction is carried
esterpare faimesdrgnas earbamic apges@brrpound havi ng the active

proton, or in the presence of the conpound having the

THhisthérmel glecbmpoaitibrt ieactian ovarciediul inlthe peasenee chihe

descri bed above. Al though varying according to the _
compuuichendag tse dctiveprotemadri innhe presancens the eompaeimd:traving the

the amount of the conmpound having the active proton
activll PRStonSark #leSéatbbilic acid derivative, as described above.

Although varying according to the compounds used, the reaction conditions are
such that the amount of the compound having the active proton used is preferably
from 1 to 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
reactions as descri bed above, in consideration of the

decorrﬁﬂs fii rééﬁ%oﬁgﬁ‘ﬁb :Hég‘éeﬁf%%t'%ﬁﬁgoulhtﬁemwdeé&iﬁp@ﬂmtmbf the

'S Pnre f Iy fr 80 tines and even
L e e L
doscrBag) R oLl TR PSR GaC i B rHgans MR for s

stoichionetric ratio. Al though 25 sone specific
thermabdgoathortiondei erpur.heOadhe @@Eﬁrrhtﬁ% iy fhe §$&%%’t‘$‘8@ & lagpe

the occurrence of a reaction presuned to be caused by
amouhhef tiel catboaiclacid derivative, thererasetdasesin whish the carbonic’acid

deconposition reaction, in the case of carrying out
dertvétﬁéfrﬁabtsdﬁiw[ﬁ@§pé¢|ﬁmc©|fnpbbﬂd heirigptecacivedretne resuiting in the

the presence of the carbonic acid derivative as

formalbR \df ¥4Seor ARRT: P‘nepedThtH‘ ghé& ARt &f &% Batbnidvadit \derivative

has the effect making it difficult for this

[ t f
used t%@oﬂ%g&%ﬁ@gﬂg YogBI6D05 o' B P i Beefctebly from
rivative, there. ar [
0.000]dpip B b i an 8856 ghaﬁ?{?%?ﬁéaé@éﬁ%@"% Ko RaneRfi ne
havi ng the active proton, resultin or.mat, |
carbagn @HLPSEF S Rrad ckALo! DA S5t AR B R e method
acid derivative wused is nore preferably fromO. OO%
exemplified above nbs canorio @sichaervaliverraay breyusadsRs 1Sp Op 68PN acid
0.01 tines. In the case the carbonic acid derivative
derivativecoailydiensewlynaddesl ttitheadvaaing: acid@sten eA ghadifirgecompound
production of carbamc acid ester according to the

havingthBasttive xeoin susedptiblevte thédmealcerataiationastescribed above
erivative may be used as is, or carbonic acid

referéjﬁf 5\ £6ﬁ.|rﬁpé/udl’19a§‘ﬁWa‘x‘o@u@ﬂ@%yﬂﬂﬁyﬂﬁ:rﬁp@mmaﬁm@d with a
ester. speci fic compound having the active proton

branéﬁ?z‘é@%l’ @Jo Lo il fiRke gﬁ@ ahseid WhicRsa Qéélkéhiﬂﬁﬂo@béékﬁlon

conpound such” as an aromati c hydroxy

occuéo ﬂg% nrﬁ'éqlis lﬁbtfftétlé%i ed I%é ﬁk@ ogéapﬁhﬁﬁhaéé‘s\é% ittheWarbonic

eal kenyl ation
i SERGA SSEMRC: ABEAR ey
deailg;q{ylla\ggqtr: r\t/agﬁlpgn ?sr grseesrl.]}r'nr—:cIAtlot Qr?gumgtet rom tﬁaso?at{/gw&hm?he Ssystem
or metal ions eluted in trace amounts from the structural material of the reaction
vesse!, 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 alkyl 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 resulting in the
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deal kenyl ati on reaction is presuned to originate from
the catalyst within the system or netal ions el uted
in trace amounts fromthe structural material of the
reaction 20 vessel, and it is presuned that the
carboni c acid derlvatlve traps_these conponents.
formatipm g thaimah degaturakiery Pedusts. r cdigeireactensdesivercpdhese thermal
above is not observed in the case of, for exanple,
denatutsticarpoducts dangdcarkgnto apduesiesand { bt iﬂoeglamdaterara tgeoup
ot her than a branched al kyl group, since there are
presuaRse® ddtunhi IBhsudhecaseel 25 el siocy 8apesehos Bk theltarbagic acid
t hermal deconposition of carbamic acid ester in the

t
derwa@i‘&@%@%@e%d tB‘?eglﬁtﬁ‘{mbl%v%Yr% BYi tllcéﬂkﬁeld similar to the

decreases, it is pres that t a ydr oxy

case GRBH #*%ﬁf‘isf%éffuﬁ@fhﬁsﬁ@?# %ﬁﬁ@%’éﬁéd&? Ry growp.
nat urati,on products reactlon between these. .

the caffRAc HERRRSE PorswPat de hevaioe elPRch r@?*aemaﬁégﬁé?hhood
and / or isocyanate are then presumed to occur.

of theqrehrense of H@erm! dengtuygation h"é”}ﬁ MR lxdrpre C@@PQHH?@V‘?“ In
acid derivative is observed to result in an

the caseprfcrematic hydregoegrmpatieds sebstjtutsidwitiathe graupeotbet than the
of the aromatic hydroxy conpound substituted with the

branchedmtihye dralkyl group, the carbonic acid derivative is
presuned to have the effect of reducing the |ikelihood

Theld2eb&1i€ Weldeaety Rivetrit@id Mt 5t D8&d Irithedhs?f oftiihg a specific
aromati ¢ hydroxy conpound even in the case of

comp@uﬁa%mgwé&m ﬁ%}%g@' T@@B@H foUh8fn dégaétaf%t.ahoup

other than the branche group. 10 The carbonic

?ﬁb qegt.e,tﬁdnv%trﬁcﬁ’e?rao I ng Eﬂg‘wepaqu%lﬂqn e ?ﬁﬁorﬂf 1tdt‘JS n@OO"C

a Spéeci avi'ng’an active
c t her denat u The rea
and aﬁ’éﬂ%@? b{q?}eé??f&rvar ties 7% NipLst PR R APERIGER R PR arainn rate
0, 400C,. and al t hough hi gher tenperatures are

since ﬁfd@f waspes ﬁér‘%&‘&@@?&ﬁ&?v g’”%é e caueed BH Gaghamic agid ggter and /

side reactions as descri bed above may be caused hy
or thegroguet io theiferme of isocyanate atdigh tempeista@scthe ipackien

formof isocyanate at high tenperatures, the reaction
temperatgreriapoeferabdy pyitbirethesaiangei aftiraom t1B8 to BOPECEHNd mone pBEFerably

to 300C and nore preferably w thin the range of from
withinlthe range of GormA1 80 eV250e0] | AkrapeRceslifyy apparafilsd titheating
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 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

20% bg g\f‘ezgljg{ ﬁagéd BRAKS %i@ﬁtﬁ?%@am@é’ci& Retdreafbr erainple, organic

y carried ou a pressure within the range

of, from20 to 6y h [ ctoate. or
metal fetalyeli 28 e e Brah R SaBaPa afiHods octoate
the case of .a conti t ho [ S I :
amine Sbeh 85004 4700 I Ars Gt Ay B Pl R 1 ey iamine are
hours and nore 25 preferably fromO,1 to.30Q. hOU{S. A
suitabledfoabigs; thezorgpaicusetel catalyRss skel asdikisibin fiatirate. fagous
the catalyst is used at fromO0.01 to 30% by wei ght and
octoatprefstamimys detoatedbding particutalys prefarsbigt , THRSREOTHROMAES may
wei ght of carbam c acid ester. For exanple, organic
be usé®bRIneC 8k ald Bt tndiaipes oflinestydonpoundisi raay beejsedeas surixture.
octoate or stannous octoate, or am nes such as

AsSVUREBRIAHEHE ﬁ.:%e&ir?lﬁ@f:%nt bhibRidnyibat efidaekaneples of

triethylamne are suitable for use, the organic netal

S j [ [ i isD ,
soiver§E R Ehpe UEdd i dithet' Siffasthiibtie (Rekmesisemors)
f bl e. Th . ti
nexarfy (neddnayerdoG pRReRod b o e A igaing¥6mers),
m xture. A solvent can,alsq be used.. melj :
nonangrHiaelHAESHSORRES e ﬁﬁ?ﬂ‘%@“%’f’%w SaMeLsk %atf‘gj'lé%' g‘iﬁét‘ecd
i ncl ude al kanes such as pentane (including_jsoners
hydronasaams ancholusuaUGA BRI PPk SUGh oY Bérzene, toluene,
I soners), octane (including isonmers), 10 nonape, .
xylenéi(includitgisorsarak redhyl bezane, diisnproellRFrZepRENSIUding {somers),
| i ke; aromatic hydrocarbons and al kyl -substituted
dibutydibemaehe (Imeiidingisonress ) iaphttsalbee e thes likesIniteecompounds such
xyl ene (including isoners), ethyl benzene, diisopropyl

as ac Fdiﬁfi‘l@_t(érﬁ_@hlﬂﬁlieftﬁ th& BRBY alomatill durhpbuhdngeetituted with a
I ncl uding i soners), naphthalene or the like; nitrile

hatoq‘éﬁ@ﬁﬁiggmuﬁ Eucﬁ%s%é%bhféﬁeﬁ,diaﬂamntzéhé gineludifeisomers),

t'1 ¢ conmpounds substituted with a 15 hal ogen

brom@be e e BB ERnBY Rl Ang RERSES, oHlbhaphelefstiane

ronmobenzene, noobenzene

bromGP BRI SRR SR, DUBHBERG T PE e e Sebisecl
hydrécr:a(?bl)% légﬁp%%ln%lg)g%lci'\%s diphenyl, substituted diphenyl, diphenyl methane,
terphenyl, anthracene, dibenzyl toluene (including isomers) or the like; aliphatic
hydrocarbons such as cyclohexane, cyclopentane, cyclooctane, ethylcyclchexane 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
dibuty! phthalate, dihexyl phthalate, diocty! phthalate, benzylbutyl phthalate or the
like; ethers and thioethers such as tetrahydrofuran, 1,4-dioxane,

1 2-dimethoxyethane, diphenyl ether, diphenylsuifide or the like: ketone compounds

such as acetone, methyl ethyl ketone or the like; ester compounds such as ethy!
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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
acetatiej ethyl abheyateiar the dikbpsnd sulftxides sych sheimatiy/sulfoxide,

cycl opentanol, cyclooctanol or the |ike; ketones such
diphe@suiesidé oftHylikek etidpweveat einephite pnecariure b eetoie; complex

esters such as dibutyl phthal ate, dihexyl phthalate,

duringg%tﬁééérréiioﬁ?ha%é‘é\?erytiﬂ@ﬁé/ hzélrtdkkz RRigrlrRS, e thdrifal deb@position

s and thioethers such as’tetrahydrofuran,

e T T
B8 S SRRt 51 o Spmept '

the like; and sul foxides such as di et hyl sul f oxi de,

reactign by é’l’@'PE {ne exirasrending éSQQYQB?t%a%r W@’Pﬁ% gofipound are
procedures beconme conplex duri nP separation and

formeddearn ¢hg cefbamie dojdiestey asqrpyienaly darsribrd; g thermal
deconposition reaction of carbamc acid ester is _

decompesidonbéactivarisiandequilibrdrh meadtiarsi nigus, sobrdertto eficiently obtain
‘Al t hough the thernmal deconposition reaction of the

isocy &&86R this hedhdTRiticohfositigredeiction, ibls peferabldhie remove at least
correspondi ng i socyanate and t he hydroxy conpound are

one of ﬂ'ﬁé"ﬁfbdzdg%ﬁ {Ae thafrRaNcconth kRSt Aaclidn i eve R3HA ¥f the
descri bed, t I

S his therma deconposition reaction is an

isocy%@%ﬁg! dr{kﬁ:\{e S%gg@%@;%déﬁﬂ%urﬂ_f Iﬂén} Lh;értﬁ%ﬂ‘ﬁél d&cdhbb&itiERTéattion

econposi t1on

} [ it i f bl . :
sy ATHE m o B B SRBY Rt 57 A Epen
i B oS il R CHRR RS A AR

formof a gaseous conponent using a nethod such as
detergiirgd prerrfig to ki campAUNdseIsash c AT AX@MHIe ng geapRrison may be

conpound is renmoved can be arbitrarily determ ned
madeaafdbeditandard bdilingpoiptaufthelseeyanate apsd dhg hgdraxy compound,

conpari son may be 15 made of the standard boiling
and theicolpoindterving they lbRalr estandhrt heil mgdoairy magrimemioved as a
and the conmpound having the | ower standard boiling
gase@@g Bbm@%heh@ renmoved 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 thernal deconposition reaction is preferably
carried out by a continuous nethod. The conti nuous
method refers to a method in which the carbamc acid
20 ester is continuously supplied to a reaction vessel

where it is subjected to the thermal deconposition
reaction

to the 80 Hg&s?%ﬁuﬁh%r%sl]}wg‘mgm%l d n‘gﬁ%‘?%&ﬂ%a%ti@h idpairiadyout in the

R e rénove romthe reaction vessel

. . aseous, co t, i .

form oﬁagm/&urg Wit &[el Qﬁ{%egﬁgﬁ:%ﬁﬁﬁ?@ﬂg&n Ca'l;rgé;?nar@ag{g?glt:igg%é?f is more
an or conpound having thetiv t ' :

preferdblysupplied &2 thiniesction westal WGk thedagime éioe%PﬁI%Ye‘F"g‘a?g"“O”
therm! dec_onpositi_on reaction is carried qQut. on t

is carrizy Gatrin thadorh oba neixtune widy mﬁeca@bamiprﬁ%gemtwso?”$ e
carbam c acid ester is preferably is supplied 79 to

compdUHY hEARY L8 akass protsher Eheteeatehmanyiicages dmybint the carbamic
reactionis carried out inthe formof a mixture wth

acid ob{ iS40 4 frﬁﬁﬂn%! danparatines (fofexanplba2s c)acinigesera, the
L\;e;nére pre eralbl y supplied to the reaction vessel

r onl. . . o .
reactly %f{%‘i%% &aﬁﬁgﬁ?ﬁ%‘?%ﬁ%’ﬁ??‘%‘éb@?}“ﬁm ot
‘lvative a the 5 co ' i

o repflr esiefer dPeridn L LB T ELId e
acid ester | [

contir@w@fbn @prpggb;_tﬁqa E%I%eg@jgteﬁc?g {aﬁ@r tcig gﬁf%ag%igﬁ gf}ggéﬂﬁ this thermal
preferably liquids in_the case of conti , .

decompaplig ngaetinn AewellanTHUs dharhare BEEV (A eoda ach g, carbamic

. carb._amc aci d ester is preferably a |iquid when

acid extet israuppsiey ts timpraaationivessebinapiate akpeingdiald (@ g tepperature
reaction vessel in this thermal 10 deconposition

equal Bt HigRetanghe mdlting poirtef thacarbaang acikester forpxampele,
the carbamc acid ester is supplied to the reaction

1 50°(‘.’f§55&%wb0e@ ifShalcaredmizeidig ebrds heldaundermichttamperature
équal to or higher than the nelting point of the

cond{ﬁﬁ:@gqg{i %gzﬁnfdcgeﬁécﬁ 8f tifnkOthi§ XfiiPletd to 188 Ghcurremew of sidefreactions

ot o fo T Sl TS e S
S b e

o meiaids e i Pens i B o
L A R e
proton, or more preferably, a mixture with the carbonic acid derivative and the

compound having the active proton, there is less likelinood of the above-mentioned
side reactions occurring even in the case of being held under temperature conditions
as described above for a iong period of time.  Although the mechanism by which
these compounds having the active pfoton 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-nmentioned 20 side reactions occurring even in
the case of being held under tenperature conditions

it is difisull ésrcthiebetd atproach @ach dthery itpe dificulbior thereeactipotiesighing in
t he nmechani sm by which these conmpounds havi ng the

the foedtioreoPuisoridshtiolddecusi de reactions is unclear, the
i nventors of the present invention presuned that, for

A&, difc cé')ﬁ: theé‘ helinlg thé%dﬁ%e?r@tbﬂ%é@@lﬂﬁ t6 present

represent ed e above-nentioned formula (2), as a

embocgg‘?écﬂt gfo%dgs#lgﬁl Wﬁ%%%&%%‘ﬁ%@tgg%& Q&e?@%ﬁ%rﬁic acid

ester QUSFBERAREALH 1 Pezaz—.tfpa%esé@f~?s$r%un%%ﬂﬁ§ﬁérhdee&%ﬁ@%nm
approach each other, it is difficult Iﬁ-ﬁ rea

reactipR &3,P2ITIRG QUi in thixTorey o NBMOSENEPHS SAUHIAE Qind Eaarip qcid

addi tion, since conpounds having the active proton
ester age the nompoupedwying thenadiverrsatorh Averely sasWinam aisimpler

with respect to carbamc acid esters, carbamc acid 5
procedateer can be supplied to the reaction vessel where the

thermal deconposition reaction is carried out in the

froms edsetharmpaneoasidsstsit iseuppfied hetreardagtibe vassel where the
ester and the conpound having the active proton,

therm'épaé&!% BgﬁHhtréé‘tgldrﬂs%éhé@bﬁf in tEGBAH W & mixfureRgitie afe

e car amc acl ester 1s suppledtothe reaction

carbohfS58k g@glu%.ﬁvé Qﬁﬂ tﬂw? cbnﬁ) adiveh rﬁgﬁf%é’gnﬁ%

carri e ormo amx Fre wth
car n'cac'd rivat dt nd. hayi
amouSERPRE Gordoatind BRMBuby Aetve i SRR b3 attilat ¥ the
reactipaasEehindaq feIm B {rﬁ%&?e“pﬁﬁm e e 55f h8 catSonic acid
carbamic acid ester, the carbonic acid derjvative and

derivative ahihsucempeyne having the @Eolive sretopn or 8ioktignet therFasppound
the conpound 15 having the active proton used may be
havingdde dictiee phatonemsediroay besxisled o theveacton vessel swedvanece,
addi ng the remai nder to the reaction vessel in the
foliowleer 9y afidingitbe Mexiatrider to Athd heagdibnasesskhiovthe Hartme of shidmaixture.

be used for the reaction vessel and |ines

Although any known material may be used for the reaction vesset 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
carbanmi ¢ add 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

contairgihstti{@%uﬁgﬂ%a}’ miT:h&EiE ’idt MY zlﬁﬁﬁbbwsahoﬂ fedvaid iBnke form of

ype of reaction vessel, and a known tank

reactor or a col rLeac Cc ; 504 liquid.
gaseoys comparents kg A P RL LY Ines@Acttn Y855l in the R bPd lau
_ for renmoving a low Dboiling poinf mxture_ c I.Nieng-:
Variougtknosesmediedsare psed @6@95&5& réa&hﬁn t ﬁ%s?‘y%agﬁé%fggf Which
conmpound forned in the thermal deconposition rgactioq..
includé types heing caacticonvasseterontaininga stiging kg aJaulligiage stiring
conponent, and for renoving all or a portion of a
tank, ardietidlafiormobidmr8d maltistage digtilaticraealemne arpaitiubuigy igactor, a
ester and conpounds not removed in the form of
contin%ag%@_t@@?emmbﬁoﬁ cefrhhea patkentollnthe theafi ewaporator, a
vessel in the formof a liquid. Various known nethods

reactqqupg@lgg Wit a%HE?oﬂ ihGa& L4 porc¥gTHieliation asaties ofallingi fitim

types uSing reaction vessels containing a

ovape! P, B AR08 et By bl o, anc

Istillation colum,

wpes elhd boabichs HiRRCPL VB o ik 8 gfatr or e

m
evaporator, a reactor provided with a.support.ips| o
columpar seaeler are praferablm e %'POY'?WBOF%PF r E?Pdglﬁ’ifgﬁot‘”’m%wgo“‘”g
evaporator, a falling drop evaporator, a.tri cikl e flow i
point ceapooents framibebeactis) sysiemadcetruciwehaying g large gas-liqui
conbi nati ons thereof. Methods' usi r]g the thin film . .
contaeV aqer béing poeferdise T6r beingratde to sap lyrtragséergheriaw Ailing point
fromthe viewpoint of rapidly renoving | ow boiling

compRRkRts BAMBENE S ghsedud praseact i on system a structure
having a | arge gas-liquid contact area being

Wrﬁ{ &iRhbg vEEel 18 bRsterdtif pFovidad nithya linefarfseipplyieg tatbamic
boiling point conponents forned to the gaseous phase.

acid %%?r;aﬁ@%{ %o?'?e?ﬁ%%ﬁ'@a%‘%;ésgég g%i loheRf SdntdRthg vkt least bhaef the

ylng ca ester, a line for
isooygratsand {5 SRR SR RERy SRR BiRRTh. e Thogifon resction
and & B Jr g TS GRS A RonB k2ot BN ERlin dye form
in the form o _
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 vessei 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 liguid inert solvent from the

lower portion of the reaction vessel may be separately attached, or a line may be
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of gaseous conponents, unreacted carbanm c acid ester

and the conpound having an active proton, and. a line

for renoving gaseous conponents containing at | east

one of 20 the isocyanate and the hydroxy conpound is

preferably at a |ocation that allows gaseous
attachedrfporenicsilatimgtaileonr & potticorofite griked digbig cantainitg uanegcted

the line for renoving a mxed |liquid containing
carbaGMTREIdsienahd/be fravesmpound Babipgrthefactias eestsn to the reaction

conponents, unreacted carbam c acid ester and the

vesseﬁo'mféHﬂE]d; %P'g[i:}g? bhﬁeﬁﬁerﬁé ¥8UipRictt@hay Be R¥debas leichine in

prefera ed t e below 2577n addition, a line

consitﬁe?r%ﬁqgr{f%@qg%Qrg%megm%and /[ or liquid inert solvent

i onof the reaction vessel may be

arately attached, .or a lLine may bhe : for
TER et eabiS b Be sEpaudipromernss af fedhPed Bfov€ ban be
contai ning unreacted carbam c acid ester and/or.the .
preferabhpusariah aRTAEUEIRD Ry matenalff olywetnane fagey ipgints, adnesives
vessel . Warm ng, cooling or heating equi pnent may be
or thedikeed Sincetith pr¢qe@siamabdﬁmi§pqxeamtegﬁ berefticisfiy REpdusgd without
the like. 5 The isocyanate obtained in the production
using Eixteessy axicdphosgdres| thd presardinveEntiopriefirausidialiyusdenasly
a production raw material of pol yurethane foam
signifigahfit s, adhesives or the like. Since this process
enabl es i socyanate to be efficiently produced w thout
usi ng extrenely toxi c phosgene, the present invention
is industrially extrenely significant. 10 EXAMPLES

ugh the follow ng provides a detail ed explanation
EXAI\@%EEEe present invention based on exanples thereof,

)BiEER o PSAEL VG BB el! ol BEoirverton
base@ gg%saiﬁplég ?ﬁérgé%f Strzwe %’S%éa\ g %ngr_e’;“\e/ﬁt %%rtwt?g% is‘]r[?c%inlﬁ{éjd by these
examples.

<Analytical Methods>
1)  NMR Analysis

Apparatus: JNM-A400 FT-NMR system, JEOL Lid., 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 tetramethy! 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 quantitative analyses were

performed on the analysis sample solutions based on the resulting calibration curve.
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(1) Preparation of 1H and 73C- 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 gy @RiResto eRARNT Wako Pure Chem cal [Industries,
) Ltqd., Japan)gand mxing to uniformty to obtain

Lans AU i . (2)
%%#%&qzsﬂ-??% %@%@y@%@%@per formed on
ach standa and ntitagive i
Gl SR Rl Chig! oy %1 K56 Bolihis coppegted in
. the resulting calibration curve. 83 2) Liquid
Serieschr omat ogr aphy Apparatus: LC-1 QAT system Shi madzu
Corp., Japan Colum: Silica-60 colum, T SOh\(/éé)
Depalopinassolvent, Mixed bawie @f sgxpne/teteahysioiyran ’éﬁ? fgv)
solvent: Mxed liquid of hexane/tetrahydrofuran
$8ReROJlowvate: 2 1Bbfment flow rate: 2 nl/mn Col um
tenperature: 35C Detector: RI. (refractoneter) (1)

Eofiwhe i&RpermategEey Anal ysis Sanples 10 About 0.1 g
of sanple were wei ghed foll owed by the addition of

%%%Eto% FE,.C(Fefrdc%ﬁ@mf rofuran (dehydrated, \Wako Pure

em cal Industries, Ltd., Japan) and about 0.02 g of

O RSB DS P
St P bl R PR S B gt 0
.15 (2 i i i
craraRE S ke B Gl kM, LR85 458, s

were perforned on the anal ysis sanple sol utjons bzi\swj
0.02 gnf irterneabstandand inctie formtat shsphanpbA (guaranteed reagent, Yvako

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 Chromatography

Apparatus: GC-2010, Shimadzu Corp., Japan

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

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

Detector: FID

(1) Gas Chromatography Analysis Samples
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3) Gas Chronmat ogr aphy Apparatus: GC-2010, Shimadzu
Corp., Japan 20 Colum: DB-1 columm, Agilent
Technol ogi es Corp., USA, length: 30 m inner
di aneter: 0.250 mm filmthickness: 1.00 m Col um
tenperature: Held at 50C for 5 mnutes foll owed by

ABBLESD oﬁgampré wees weifhstOGlowad by tRBGEditel of attout 1 g of
200Cfo m nutes followed by increasing at the rate

ot P NS SR, g 002

of inteAgPYEntEe '{Wﬁ%q{gﬁgﬁf*ﬁ’%&g@%%% et We'?n”%eg?“%%
indush{biniig o Sapeiaic rbars LorasRE Bialott stuict's it B Bes

Chem cal Industries, Ltd., Japan) and m XI ng to
chrommipgtﬁnhy@ﬂalbswamme%o| utions used as gas 5
chr omat ogr aphy anal ysis sanples. (2) Quantitative
(2) Ananjitativesvsdlysies were performed on each standard and
guantitative anal yses were perforned on the analysis

Fan sessebndd parfermimbed eaohtshandard i qupntiddtivier analpses were
curve. 10 Reference Exanple 1 : Production of

perfoﬁ’hé&l SnRE RNy bémﬁﬂé beInabEs bSE&d ohlthd resumimglualibration curve.
of Dialkyl Ti'n Catalyst 625 g (2.7 mol) of di-n-butyl

tin oxide (Sankyo Organl c Chenmicals Co., Ltd. Japan)
and 2020 g (22.7 nmoi) of 3-nethyl-I-but anol (Kurar ay

Co. td, ., .J - I t
Refersdick EXAG | aolRTRE of BUERS el il Snnd T
t 144, Shi hat J to which
was ran@aaﬁamcsw SR BRI hesida Corp. -
m@a”’ equﬁ{g%%dél-\gcbtAHY%ff{/g@dPﬁ Bitkyra BRe9 s 388 o L
controller (VC10S, kano Seisakusho Co., Ltd.). The
Japap).largté 2020\g=( 2307 el of 3-nretbylel-pbanal dKutatay &am'etét elprap) 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 controlter (VC-10S, Okano
Seisakusho Co., Ltd.). The purge valve outiet of this evaporator was connected.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 fiask was immersed
in the oil bath and rotation of the evaporator was started. After heating for about 40
minutes in the presencé 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 flow ng at nor nal
pressure. After closing the purge 20 val ve of the
evaporator to reduce pressure inside the system the
purge valve was opened gradually to allow nitrogen to
flowinto the systemand return to normal pressure.
systen heagladvalli rédugeer, aindrexceas 3smbtyod-abaaholvadigtiied with the
flask was imersed in the oil bath and rotation of
presstdSinS\HanRAE %}/Qferﬁ‘% 731t8r3saha Af ARdr theafddianfry lorberhpddared,
mnutes 1n the presence of atnospheric pressure
V A e
the el SORReHdf of s BES. o PAUE Aloulitd IR IFUERPESHI% the viciniy
cont ai ni egan., After. maiptaining i hi s
of roof Grabetarite (B6tirk 17¢ sk besdaer oL wEbecfithaf, Iné furge vaive
pressure inside the 85 system was graduall redtﬁed,
was oprped gFadqaly-and W@ Prespuisiingldetas sysam wasd eiined e
pressure inside the systemat 74 to 35 kPa. After the
atmosphacicipsassigel ofl$é3 gpfpeaciar liqwidevareaiitaings in drehagiyt Based
of the oil bath. After allowng the flask to cool to
on thd hesuits @if 11°8p, 'ldfandddGrNkiRanalyses 1,25C3-tetrda-Bltgbk was
taken out of the oil bath, the purge valve 5 was

1,3-bigEEnRth@bagindh Yistashdbmapias sonfrmés taleatdBesy dbedined at a
was returned to atnospheric pressure. 1173 g of

: [ [ ; i e :
yield oI e SH U B (RS TR R PG dureRBS therPRepoated
- 33zt e =Nz -{04 et | Ut | )
12 s o otala IR Lo 0 o e 4 L3 SUER B e Einetyibutyiony)
ield of 99% based on di-n-butyl tin oxide. The sane
JE@B88ure was then repeated 10 12 tines to obtain a
total of 10335 g of .
1, 1,39ep(tet FroAusiny Pt Bist3melgbbt hG PRANARXY)
di st annoxane. Step')_él- 2): Production of o
Bils{Bamatwviutyl carborede wasRredused (rsa eenipyel production
carbonate was produced in a continuous production
apparahpaasshewadsn FHGwh. i 4,158 G-Tatra-n-butyl-1,3-bis(3-methylbutyloxy)
1,1,3,3-Tetra-n-butyl -1, 3-bi s(3-net hyl but yl oxy) 15
distarfficdiaagnasancedirogheaddnner déscribednsbovdewas sbpplistbabvibie rate of
was supplied at the rate of 4388 g / hr from

43883 AHARSHE tréhdiBr finé 4 18 é@élHH‘iﬂr—ﬁrEE&eh@%ﬁ 8s5e] 989¢acked with
packed with Metal Gauze CY Packing (Sul zer Chentech

Metal&(&%u%an @x} 5’5@?#@3@'@? @H&Ytheg fl_?tg O'?g)?l‘in?nrla%)aé‘ﬁ& BaviRG an inner

rve |engt and
diametel BF 1%} ThiSHARL R rl'ef'lbt%dof 5040 mm, and 3-methyl-1-butanol purified

dista

with a distillation column 101 was supplied at the rate of 14953 g/ hr from a transfer
fine 2. The liquid temperature inside reaction vessel 102 was controlied to 160°C by
a heater and a reboiler 112, and the pressure was adjusted to about 120 kPa-G with
a pressure control valve. The residence time in the reaction vessel was about 17
minutes. 3-Methyl-1 -butaﬁo! 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-butano! 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
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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

distiuaﬁ\éé;@ﬁﬁ@&ﬁt%n‘?mﬁ "c%a oG stilBiRn @tuARNER |, b fidction ddigaining a

n vessel stabout 1/ mnutes. 3-Methyl-1
, - but anol cqnt gi ni ng water r
high CRRGERTERE v ataT W aaDe P Y RsEEEef 1243 fethiortd from 2
line 6, and 3-nethyl-1 -butanol at the.rate o .
recoverg Inefd narifecormathi-t DU W ptes G Pafin Hedgaction
colum 101 packed with Metal Gauze_ CY. Packin an? A
vesselptaR viadransfenline 7 dgstedin theibeliem of dirtfatiea Folsn {81 An
carry out 86 distillative purification. In the top of .
alky! tiehi ikdrkitle tcataty stalomposiih centairing dbn-tebyitis@rmgthyIDutyigry) tin
concentration of water was condensed by condenser 121
and 138l 3gFauepag R Bste-nidapbetyoky) tistannarnd wad obtained from
3-net hyl - 1- but anol was punped to columm-type reaction
Viydel id1e 02, baa libdd té Benibdtlinawaporator
the bo\é‘%ﬁ?ﬁ?@ﬁhﬂ t)@r? %%Pﬁénﬁbﬁ%ﬁ An 5 ala:‘tlt? |ti n al koxi de
t gl yst LI pan cqnt@iahng; i Th
103 (§dfod FeprogPnt Geb i aPgh b= Iransferfige & The
, 1,3, 3-tetra-n-putyl 21, 3-Dj -
3-metyst el s st of Ml i SvaRR ey Hiy pfif¥otumed to
col um-type reactign vessel 102, S |Jed
columPryROTPREN G HpaL 1R VIA BFYMSBRPE Sotkch TRBHET [ome St transfer
Ltd., Japan) via a transfer line 5. The 3- hyl - 1
line 4- bliheratikyl wasalkesde patamrsawpmnpsatmmwamwm&:%{wé‘ttﬁﬁ bastem of
and returned to 10 colum-type reaction vessel 102 via .
thin filn evagerser 102 9ia atransies fine 7 ame sgppliad foramawiaclave He while
4. The al kyl tin al koxi de catal yst conposition was

adjusBHgRes f6wattd bedideblgymbid(3-rhbihylbutyloxeMmipandct,3.B@tra-n-
via a transfer line 7 and supplied to an autocl ave 104

Wi bR 3 35S TRk RifthAbx @& tBbout 5130 g / hr.  Carbon dioxide
b”ty'mﬁih- %?‘%Mgfﬂsu?’gongt r!1yl butyl oxy) tin and

was sclylpiagigd 35158 %ﬂ;d?:]aJé%Lg’ hg@%f%ﬂ I}?{egh? _Eﬁiﬁafﬂa@élbv bPEY/ hr, and the

nnoxane to abo Car bon di oxi de 15
prosq B S4B 5o DDA 411205 e it s
i o e 2B AIE Hhe Sl BiSived AR BB nours,
and axaactien hehwesahe et aBcErd e HIN FRAKP AR
comp%ztit?clny‘ﬁas carried out to obtain a reaction fiquid containing bis(3-methylbutyl)
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-methylibutyl)
87



10

16

20

25

conposition was carried out to obtain a reaction

i quid 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
carbohfte. i banothiepiadd, thesevapooatioreesidumwas irgukatad td i ne

11. Subsequently, the reaction liquid was transferred

columhqc\iaetr@é&icfﬂ {3 RY AP BEnéiEPNRL aC draptraodfet e d Widile
Ltd., Japan) 106 set to about 142C and about 0.5 kPa

adjust}@@tl% tﬂ) (\S/vﬁ r'?%t[e:éfoif, h N3 1 ARbRYRPRLSI X methyIbetyRskyy Slstalthoxane
B

containing bis(3-neth onat

suppligdriera ﬁ@ﬂ@ethrh%o emap aP?%J‘é@%ﬁ {Agél%? Pa‘f"éagtas‘d
colum-type reaction vessel 102 via transfer |ine 13

equipped witheaseleoileriiié andwicpedensgrilA7 vig & sRNGansRr fdbangra
1,1,3,3-tetra-n-butyl -1, 3-bi s(3-nmet hyl butyl oxy)

transfer §hardoatahe ratecofas8.g / HB&Sloyved by disTiHativer ramflt.*@mon to obtain 99
cont ai ni ng bi s(3-nethyl butyl) carbonate was 5 supplied

wi% Ht%@m@tﬁ}lbutwtda%brmé o AGécoasiydihed 5 bt tMetrate Gbd4g / hr.

packi'ng and equipped with a reboiler 117 and a

Wherﬁﬁﬂ%@ﬂ?ﬁfn él%xu‘db%a@alg&%iﬁﬁﬁﬁéltiéﬂ 6f ancarafertlinens ®asldnatyzed by

at the rate of g/ hr followed byhdigtlllatlve
1195“72?}%“8?2?‘2'%&% P%'%Ib'@é"%% ?{the{"t%séxt%lﬁte Vate ot 94 g
11 35t L b P USRS 2Pl e ey

11 1H ] .
di-n- %ﬁl?&ﬁ@-me?ﬁﬁ butyloxyg/Rn an %\ﬁé? Ic:?j’u‘ryllntg ot the £9 nge-tn%)entloned

1,1,3,3-tetra-n-buty bISS( nmet hy buté/ O&Q
contlm@;saap@r)aaﬁg f@m@bcpmtmg)ta@tgpnai yl tin alkoxmie atalyst composition was

di - n-butyl - bi s(3-net hyl butyl oxy) tin. After carrying
extracted froma arbexteactiont lirenthl at thentatawb a8 oplan whilen f or

about 240 hours, alkyl tin al koxide catal yst _
1,1 ,SQltmwhthyl-ma)ie(ﬁtmeﬂtyeﬂmwmm distanrtaxaoeipsodlidateag@rding to
at the rate of 18 g / hr, while 15

the abole ProcdRiwas EuBb'ﬁéd frémia R BhaTe? by tiheitate oXYIB g /hr.

di st annoxane produced according to the above process
was supplied froma feed line 17 at the rate of 18 ¢
/' hr. Reference Exanple 2 : Production of D butyl

Refe%[c%oeg%rﬁplesﬁ?Bré&dét%:of%iggﬂﬁtfa%oﬁéteu al kyl Tin
- Step (I-1): Production of Dialkyl 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
controller, 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 p'urge 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
m&de‘ﬁ’?é %gr e the %‘ﬂl?% @QIV@WN& bp®asdgestilianp &6 akbwitiogen to flow into

a vacuum punp and a vacuum

the syé@%éﬁé{r%@r Q'ﬁgﬁrﬁ%p re\éghﬁ’ Zﬂfé & bQih feperéfure was set to

I ne contalnlng nltrogen

at _nor mal re sur. f

about J4p5e. 18 PRKOHE HRMEsesb e oo o %“S{J%O?éntéﬁ*pgﬁté“%u%ap°"at°r
88 inside the system the

was startedalARErraEANBoSIHOrKH atﬂ'grfom Pl 0 w'ﬁat%ﬂtr@ﬁma‘
and return to normal pressure. The oil bath

presstirenpitn heipergesalseof the ewaparator Jeftopenethe miturgpiled and
imrersed in the oil bath and rotation of the

distillRIGARStRE 6w BoRihgspaint esmpéhertrbegemat iAftgr raintaining iadds state
heating for about 30 m nutes at normal 5 pressure with

PiegSUgaI Vel eOfval o s prsssUpe isidd trepsystemheas gradually
f0r8rH(ljuj'tsure borpl ed and distil Pati on of the |ow boiling

reducga' Qéd g&&&aé‘ﬁ %goﬁft E8mpBREBAE #aBididilled dftweh Sapeessure

ours val ve was cl osed, pressure

insideg tg‘\% sg%t%rfqe @Bﬁ{{ﬂ %\@%,pgh\gtg ?r{el |¥Jw 5&?H§ %@ dnt%BH'lp’o%%thé'longer

off 'with
pressur I ns the S
appew@ﬂ s ﬁ?%wﬁﬁ erbBHlp%ﬁbﬁto'lﬂ:bath ongg?%ﬂégcg"phe g\{ast iﬁghe form
flask was taken out of the 0| rea.é n
of a deagiicas aTeHOWEs absBaua Y Baenqul o 1S SEbEH g purge
was subsequently taken out of the oil bath, the purge
valvewsas epansd gpachsily gnatiiel pressie insidegpe systes Wﬁ’élrge" 8?@ to
systemwas returned to nornmal pressure. 952 of
normBegreissare. | 1940 ¢ ofiRemction dinuiedwene eitairiadiskne [ﬂé§éd Based on the
the results of 119Sn, 1H and 13C-NMWR anal yses, a

resul®r gdlgn i'A érm?”UJNMFQfanéﬁ/ses a product in the form of
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane

1,1 3"?%&%3&@%9 mgic& y9Histhoxemsasdaoabtined bt yield of 99%

n oxi rocedure was then repeated 12
vasel fFg-4upP RN, [Esaf AL Bas Iron cpemreane o ©
T P IER A R R
apparS?épu(sH_z): 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 (lI-1) was supplied at the rate of 4201 g/ hr from transfer line 4 into a
column-type reaction vessel packed with Mellapak 750Y packing (Sulzer Chemtech
Ltd., Switzerland) and having an inner diameter of 151 mm and effective length of
5040 mm, and 1-butanol purified with distillation column 101 was supplied to

column-type reaction vessel 102 at the rate of 24717 g / hr from feed line 2. The

liquid temperature inside the reaction vessel was controlled to 160°C by a heater and
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20 shown in FIG 1.

1,1,3,3-Tetra-n-butyl -1, 3-di (n-butyl oxy) di stannoxane
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 Ml |l apak 750Y packing
reboildrSHIZ &indGhe Bresdure Wb adjGgicdreratand P5erd H@will agpressure
i nner dianeter of 151 nm and effective |l ength of 5040

contrd] Jhn@nd T%e%%ﬁa‘éﬂl:e Ritid ] @8 rtlabliodlUes4d s abo@Ol0minutes.

was su led to m-type reaction vessel 102

1 But@%cﬂfﬂgﬁﬁlﬁiﬁgﬁé{gﬁé@fnr%té off 4*7’[5’5‘ rﬁ'?ﬂarh kR f&ﬂgg reaction

he'r ion vess
contr ol I ed to 160C ter and .
vessehMia tFansien |€B%@1r%n%3¥'~ﬁﬂnas$élae (e acgo%%' %ggpk%gﬁe&a\h%? o were
a pressure control valve. The res ' {nt
pumped e disiiatiern selummi0hpacked with Mataheg;eanug—% é‘lérﬁ&kn (I%%'Zef
containing water at the rate of 24715 / hr fromth
Chentegh bfd. t Bwitrerarid)and preyiisd wttmrequﬂga anid,f@rp;iengﬁ@‘lm to

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

carry b8t 8ishllaivenastificatiohst In trat toprofdistiliation @dlymee K84, aiifiastion
Met al Gauze CY packing (Sul zer Chentech Ltd.

contaitih é%gﬁee%c&ﬁﬂatmrpdﬁ Waerwddcorizpiseabylddndemder 121 and

condens carry out distillative purification.

recov:?%cﬁ ﬂgn{ t?Qné’fE %%’ | 53R 108hl‘éﬁﬁl w84 puinpdéiti tRihsfer line 2

arni ng concentration of water was condensed

Iocati%ﬁmcl%egﬁoQ% Eﬁ%tﬁ:g t‘i’%é&gjﬁ%l@ﬂféﬂ@l ﬁ I?(F)I(Qr:l]% ’&ﬁtE@st
t
compa?&%neqqr'ﬁglafneﬁ% 055%21"6'3@3%3“19%&9%%@ | Sﬁ' cont ai ni nQ”

-n-butyl tin di but oxi d
1138 By Bm‘f‘a%%‘uwvlorykd@f@m%nﬁw@@?bfaﬂ%ﬁﬂwgﬁemmm of
was obtained fromthe bottom of colum-type reacti
colurmedyee rek@ipnaedssiij iaad stwalﬁfiﬁOﬁhlnrﬁlf@@fﬁ@Pé@fef "%éRObe'CO
(Kobel co Eco-Sol utions Co., Ltd., Japan) via a
Eco-$6ishe Cd.j e SlapEhd vik- Straastsr lines. di End 1 hetang| wassdistiled off
thin film evaporator 103 and returned to colum-type

in thlﬁ ?ﬁﬁtév%ﬁoi’éiéﬁ ¢b3 P retirned eo delsen-tyiiBreactian vessell 10kvia
and transfer line 4. The al kyl tin al koxi de catal yst

cond%ﬂg@ro?ﬁ 'tpéhsg%sl{/ | ' gReRd tfe?r@?‘ért e fot Tﬁénaﬂ(yl tiRiakdidiercatalyst

evaporator a trans line 7 and supplied to

comp}(:s(ni \avlv\ég (531]‘98‘21% rbﬁu f'?@ lﬁc?t{t#rﬁ %ﬁl’ﬂﬁ flﬁh%&‘l&\b@]’fﬁt}?ﬁ 08 Rfa transfer line
7 ar\gi ISB;%EJI?X& 90 agtoclave 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 dibutyl 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 aanordcl! aevetaseswtvetresitR@Cranbioa diesiddeand thé carbragdioxide was

adjusted to about 4 hours, and a reaction between the

recovefsdomdirapiéfae lined1t hSuahésqueﬁtlyntrﬁé rexctide ligaidahis buriped to

conposition was carried out to obtain a reaction

thinﬂ'rilw %bgo&ﬂaﬁ 206 &R@b&b@?&' SG@EBH L. Lthflia%ahﬁéétttb%mc and

was tra erred to decar oni'zati'on' ta 105 vi a

about {. Qnﬁf {/la e9 7 %ﬂg sﬁﬁgﬁgﬁw‘hle %c] d&lr{gothkgmay?ate of the

I €si OXI e Ccar € was

I.ec ver fro fer line 11. Su

11,3850 quug] af G Gnpy feTiowah 6 AR by aL T Lo obtain a
106 (Kobel co Eco-Solutions Co., Ltd Japan) set to

fracthqg@tgm;ng sifuify! cerponate. iQn thepibes hand beevaperation residue

upplied while adjusting the flowrate of the 5

was qrcylaiee 1o eolummtyngt seactipd vassel- 1812 vindsansferi lkveahhard t@nsfer
to about 4201 g / hr to obtain a fraction containing

line 4dvibile gdjusand tmaflew réte oihe 13, Beetrdandutyt-hS-eijabatyddxydn
residue was circulated to colum-type reaction vessel

distarirtkarieaotabng 4o01!d Ner. 13 harfadtionnedraining dieufy Whrbdhate was
adjusting the flow rate of

suppti‘edltdgdi%ﬂ ﬁeﬁfornacdlux?'r\t W7 % e Wit R4l @xYre He bﬁglﬂﬁg ?glﬁlzer

to about 4201 e fraction contal ni ng

Chenﬁggﬁggﬁw tqqe%g A0 SHRBHLE el RIdEPY 4Ok RRA0T 127 via
Cond%fa??de thid S *a”db%%‘ékt%” @3%”5??3069 o ‘fjﬁﬁ?\g\%‘éﬁvnﬁst"'afwe

at the rate of 830 ? / hr foll owed by dlStIé| at i
purifi 'foanqrf focertabhY? WteHiRHYT oarbpinedifre wcoaawdmeaﬂ af Fftﬁﬁate of 814
recovery line 15 at the rate of 814 g / hr. \Wen the
g/ hra| Nymen ?/he alkylatin a&oaslalea:qtelvst@mmatm@ of tansieatisedd was
l'ine 13 was 15 anal yzed by 19Sn, 'H and 13C NMWR
analyzed|bys|'%Sn,i'H and "IOMMR tamatysis, af was found to contain
1,1,3,3-tetra-n-butyl -1, 3-di (n-butyl oxy) distannoxane

1,1 ,SWEtmh-mmtﬁBIUi@i—blﬁtyhixwUis&éﬁhox@herbl.h tHodxbdin l-hdutyl tin
carrying out the above-nentioned conti nuous operation

di-n-Bubxidab o wlite @arivIg Sut thé labbvé imemtidrid Q&tﬁﬁb@u‘sxﬁieratlon for

conmposition was extracted fromextraction |ine

abouﬁﬁgo g@gﬁ, ‘%H?y;%rqgab{(?ﬂﬁe fﬁ@lyaéf (:on'B::osﬂ onx\)»}/ s extracted from extraction

line 16 at the rate of 16 g / hr, while 1,1,3,3-tefra-n-butyl-1,3-di{n-butyloxy)
distannoxane produced in step (il-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
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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-nethyl butyl) Ester 2121 g (10.5 nol) of
hexanﬁtﬁﬁlén&&inémimw&r)lcm Gohen AISA Janere2dlaced i & 5. L voidimetoe
exanet hyl ene diam ne (A drich Corp., USA) were

| four—nﬁJLﬁY"F fdsk N §t|§eﬂ—wé§|p‘|’é£%td ihthe ik ARVBIDiFIreskcordienser and a

stirrer was placed in the flask, and a Dinroth

three- ﬁr%g AWte?é] duBchdd i Phie V’fﬁéeékv alg él%c@gttﬁéhﬁgdé of Eﬂhesystem

rep l"aci ng I NSl system wt

it t he f th fl
wits R BB b A §~%fbm%%r%eéoﬁin%%%?_Efﬁ(ct’@“%&%ésuda
cor.{ bl SafloEi ataled o 10 S BLERRLH o
Ltd., Japan) to start the reaction. npl es of the
(28% medbanairsdlitinn, Wake Buse Cth§m!98|d6ﬂl-!§félﬁédL@ndJ3ﬂ§B}) i slagt the
to NMR analysis, and the reaction was term nated at

reactibhe Sampled ehtHeeneactomibeideverd suiiaily oeliectes od gabjected to
detected. As a result of analyzing the resulting

NMR &84ly6is0 anB)thad Peldtit Was kereiiBategr agthy tintd@heol hexaaretinplene
found to contain 29.9% by wei ght of

diamifk Nashr%‘ ﬁﬂ?’@@r Wetdtited CaAB A Ve LRGF @n@|y(zﬁ@%bh’bbblﬂhg|sblutlon by

ester. ol ution vvas suppledtoacolunn whi ch

v P52 R 0o SRuTEL Bl R e e 2 sybgoee

N Nt i ﬁﬁoaui"s”a%f%%% Fvithd) § e”%ﬁgmﬁﬁﬁﬁﬂ%

RO A i sl
solution obtained in ste was placed in

resin (Ambrgyst-£5 (mlweS)e(ﬁiﬂn@p)éad\AﬁlQaﬁ @oﬂrﬁc&béstwa;bv»rsmwm&mmstwe
condenser, a distillate collector and a thernoneter,

and wamtherhie 6570 withain exterridl sarkehds atdpinea solutipe in whidhdgersodium
in a vacuum 20 The flask was imersed in an oil bath

methdddé edd seerbaetitrdl3@d. Distillation 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 distillate 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 result 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-butancl. In
addition, as a result of analyzing the distillation residue obtained in the flask by liquid

chromatography, the distillation residue was found to contain 93.89% 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

bi s( 3-.met.hyl but yl. Py -
N,N'-hglxs W{W&Slﬁ%’ B%#’%H% a%ﬁgggﬁfggeéﬁ?ﬂgﬁ% %Ss{%‘gy rl@’;%gla?bg?fmhen the
distilsfipRshaiys wah pelveaq BhGReGhEIREOT Ag Y T Bftlifidr Fesidue was
resi due was found to contain 93. 9% by wei E’E{O { &2
found ko RprtsiBisEHTATbSY kearbanAle 3l MOASEIOROML y1 )

ester. In addition, when the distillation residue was
N, N'-resahgdighibisy cgesanibramihbisd3-apthybubd) esteti| | ati on
resi due was found to contain bis(3-nethyl butyl)
car lgpaat £3RtPaduelien of Fekamethied Diisocyanate by Thermal
N, N - hexanedi yl - bi s- carbanm c acid bi s(3-nethyl butyl)
Decorﬁﬁ&&[ion i h%eﬁeﬁéﬁé’aiyl-ﬁé%%‘émm@ﬁ BilpsamietHiybienie Ester
Isocyanate by Thermal Deconposition of

g%% 'g:c%ﬁ?iagﬁﬁﬁagl‘ﬂp%? Zg?gl&gjngrg ﬁ eaﬁ gﬁat%g%ﬂ% buty! )J.apan) and
6.1 GPbLAPYIY TR Srarnicah B, TRER B3R e inlstries, Lud.

Chem cal Industrijes, Ltd., . Japan) were ad 0
sapaniwareiadacie Ihesisiietionysidua dhi bed It SiEH1oR bR 2

a 10 honogeneous sol ution. Wen this was, anal yzed b)y
homogesechs eattiogr a¥iyen thiewasanalyzsd ngas sHrMQIRRNa LR

bi s(3-met hyl butyl) carbonate at a stoichionetric ratio .
solutioh w4 0026 to xobtaln tis(8enethathuty headionate eha staighiometric ratio of

deconposition reaction was then carried out wwth a

0.00208@CH hofi-feR@fiphésolas shown in FIG 2 using this
solution. 15 Athin filmdistillation apparatus 202

gﬁk@@%‘épg&f&ﬁﬁ@éi%h PB8Sctieh wab tifen cd@ipanut ittvangaction
ea

t-conductihg surface area of 0.2 n2 was heated to

appaéﬁgﬁaﬁ%@gm}mﬂ FIBY S igsbifiophe thin film

_ I'on"‘appara was set to about 1.3 kPa. The
iﬁ&ﬁéh%ﬁ%&ﬁ?@é@ %P'gﬁ&attlgggﬂgggsbg%gﬁdégﬁﬂgiﬁbﬁ\ﬁ.‘ﬁ?fﬁ., Japan)
havirfglr é Qgggéé@@&%%\'gfs”ﬁ ?%r%‘fﬂuqﬁ’ioq\% ?Taza\g%%,g%ﬁéek ‘%&%%d%& Ruhe
presaeu);}a :ﬁr?sciéee ?hé [hoirrin ﬁ?m ldiisr}i?la’czign %rp%\a/liraqgg V\i/ans éerﬁo% totuP n 3OI£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 a ine24. A
gaseous component consisting of hexamethylene diisocyanate, 3-methyi-1-butanol
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-butancl 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 hexanethyl ene diisocyanate,
3-nmet hyl - 1- butanol and 2, 4-di-tert-anyl phenol was
extracted fromline 22 provided in the upper portion

26 preftfoied ! e HonBhlodisliliAidrPEolaRRAIEE. U 888eodibompaRstS
component was | ntroduced Into a 25 distillation colum
203,. the 3:nethyl.-1 - S SERE

contaig BTNy RES GisBRy A B 23 RERZ Y BlendRadoxtracted
returned to feed. tank 201 thr h Line 24 vj.a a_lj .

from aiiere! preuiEad AsiIAEbEOLEH 215 Andinediisebfice digffiation
203. A gaseous conPonenj cont ai ni ng hexanet hyl ene.. .

columgi 2G¢b c yEhmabexamethylenejdiisasyanai@ v ah sapear ’rb%ﬂsr g‘é%"&‘f'on
froma line 27 provided in distillation columm 203 and

columinr20 dukfest damtyingaodt $te rielaation for thhownis, 384 9 gfir solution were
hexamet hyl ene dii socyanate was separated in this _

recovBice frbmad e 35, sed aeTa R34t oAanatyziray by | HanolPCEIRMR analysis,
reaction for 13 hours, 330 g of a solution were

the scggﬁdlﬁjl%e%qrﬁd){a Bontalfod%, byREight oRhersvbinynatidayangte.

and 13C-NWMR anal ysis, the solution was found to
& i 9 ' ' ﬁiifw | ne ¢ hagkpANRePe were no
The y‘ﬁigbgfg?g’%tﬁaés%ﬁ%h&%bﬁg&%& y gﬁ% i'% ngrll was 93. 5% IWn
addition, there were C r i
substgiies bfSinser e Bp e ReSd to HETERESAnE ISR Labghor following
followi ng 10 the reaction.  There .were no nt ene
the regetient cANere WAE NOReRLETaS LPBEIeR N dRR IR LRIINORAUY, spmponent
to have originated from denaturation of
presumen t has erigingatashisas) denstdrasion of 2, &disterf-smyjphenol.
Production of N, N -hexanediyl-bis-carbamc Acid
Bi s(3- 15 nethyl butyl) Ester The sane nethod as step
(1-1) of Exanple 1 was carried out with the exception
Exanfle @si ng 2158 g (10.7 nol) of bis(3-methylbutyl)
carbonate, 225.4 g (1.94 nol) of hexanethyl ene

di ang@e @of): Brdd:tih GFadiNUexahbei-bis-datBamnieAbiarBik(3-
solution) to obtain a solution containing 27.9% by

e L R T

(FldamB Réthbh s S8pQ0-HBY BANAIBY W35 RarfIBANGH the
exception of using 2158 g (10.7 mol) of bis(3-methylbutyl} carbonate, 225.4 g (1.94
mol) of hexamethylene diamine and 3.7 g of sodiulm 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 | ow 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-met§2f1 GRESTE O 2841 ont\nﬁeﬁ'tﬁé bl stidhforyassidu otatrieddie the flask

ution contal ni ng . by wei ght of

vee B B BTt gag N
98-2%%?3?%5@@%@%%%5@91 Cob benlFScB S AR 1

contain 98, 2% by wei
additisnNwhiBtae, é'tﬁt'yﬁ’“@ﬂ ge%&a%afﬁﬁ@rm?&dd?séegs RREGHRIGGraANY the
ester. In addition, when the distillation residue was

distillaticr yesidLchwag deunt to contaiy bist3-methdbetydicarbenale; am molar ratio
resi due was found to contain bis(3-nethylbutyl)

of 0.0x2r eV ' $hexbnadiybbircarhhimic aoi tﬂs(@lrﬁetrwlbutyl) ester.
N, N - hexanedi yl - bi s-carbam ¢ aci d bi s(3-nethyl butyl)

est.estep (SLBP Pr3didtionRsfadeiein sty heHBksutythsitece Thermal

Dii socyanate by Thermal Deconposition of
DecoliRe R aIR N ey ek o o S SRy Edter
t
1?? gi’ PE@P&'%&@?@@%’Q g}e%@ gfa uB&?Et@QU{ate etrglar%ided to
S oI t th sol .ut
the dmﬂmrg S5 98 AR tsevﬁ%o ob?@n PSR sotian
cont ai n bi s( 3- rret hyI but car bonat e
Whe fhis SRILRE S anabred & o @nlaéogfép Y-olhﬁeﬁilfon was found to
phenol . A thermal deconp03|t| on reaction was
contajaibis(3emetinylbitylh cathonaéa st a stoichismabiia Fatia ef %Qogﬁévm
in FIG 3 using this solution. Athin film
2 6-dilnethyipledriocdbn appar at us 402 (Kobel co Eco- Sol uti ons Co.,

Ltd., Japan) having a heat-conducting surface area of

Oa thethh R chbeposHionCred2fiéh waisdhthearsdestwith ithes rekection
the thin filmdistillation apparatus was set to about

BisiBshoWiein B Y i Rg RRISRAIRBA. N t he manner
appaéaesgﬁt’bedo ab:?ve wasup gced in a feed tank 401 and 20

PARII Oy RIS PR I £05 SRMRIE O3, Y. dapan
havi%%%?-g:tfm\éya%ﬁgx LIGsied dd 9.3 ih vasﬁéa’%@}’d 958- C‘,%ﬂcl”fﬁe
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 distiilation 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 aline 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
g5
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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 -butanol and 2, 6-di net hyl phenol was
extracted froma line 42 provided in the upper portion

high b3 Imggbélnlzéoﬁgbﬂéﬂ' waé HtafinceRBanank 304 @roudhilisie 44 via a line

us conponent was i ntroduced i nt oa distillati oncI
46 progﬁ%uﬂr] %‘ﬁ?%?t qf}ﬁgiﬁ dgg l%g/ '?1&%! nﬁ ng po Sgg‘ﬁﬁgﬁﬁ‘ﬁ’? ”ﬁgg
con g 205 A B8R M o o o

A gaseous conponent contalnlng hexanet hyl ene

ine 40 @0d94 maSTRMPTPSPLTILhINNEOR IR aE AiRtlaien pmn
a line 47 provided in distillation colum 403 and

404. i The GBrdadeihytnhemotivasisepatated i $1iasistiation colprn 404, and the
2, 6-di et hyl phenol was separated in this distillation

2 6—d|ﬁ€éthﬂbhéﬁél, was teddvered fronda inlB2. phegaseausscanspaventaxpntaining
froma line 52. A gaseous conponent contai ni ng

@Phg"@ﬁef‘ SIS afbicSRaY BRahetedaForfd lits 54 provided in Histikation
hexarg rovi glcled | r? distillation colum 404 and i ntroduced

cqurﬁd'M@cl %nﬁ'lﬁ{rbﬁb@éd ito ‘é%é{ tléﬂigiumﬁ 4psxampied:@ifethylene

SoCyanat & was separate Istillative separ ati on

di_st II
dusoqsﬁaﬁmg esya's%@;pgfa %53) yﬁ?g@wg(}?%gﬁagéﬁ'eacﬂ |té§ or %gn gﬁjﬂr‘?ms
and raGoVEIPBSITD AMoaal yATRLSB B EReRMP a3yl 304 g of a
t he solution was found to cont ain 990/ ht 19{ d
solutineeerstegPERreddToRdiegaaced aha rgfdl § % ﬂﬁw an

hexanet hyl ene di am ne was 93.4% |In addition, there
13C-NiMReanaly s s avtdoroves faunl toocoaind@®edy weighhet

inside 15 of the thin filmevaporator follow ng the
hexafretieylene didberamater eThe yistdrbased on fiseewteylens dargineoyas

boi I 1 ng poi nt conponent presunmed to have origi nated

93. 4"%r Ollpy ad8idhUire Qerefnosdbsthmisswhstresdto béagimpted © @ inside
Step (3-1): Production of N,

of thé“thlh%ﬁ'%/ggﬁl'atei ﬁﬂi%@f stPreé%hQn.Di TRekAvEe no Eairpounts
same nethod as st ep of Exanple 1 was carried out
detedtsh r?n Itlbee low boiling point c:omponent presumed to have originated from

denaturation of 2,6-dimethylphenol.

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

R e b T
SELLLTS Bl Sty Bl T i o

conponent was carried out in the sa er.as _ste .
compnetywas casmehod i the SAGEMANNSERS 1o ob al Laampls | using the
step (3-1) instead of the solution obtained in st e%)
solutiér oblaindth emstepaBal yinsteadyof dae seutionaiaingdny stapd-1).  When
distillate was found to be a solution containing. o
analyZ8d 8% das avrbattographi ithedistilatedomatfeund b e 2096!bien containing
wei ght of n- but anolp. In addition, when the
oflbytidibAt § ' ahaed 9% Byhweighasknwaganol. In addition,
8.0 g?i%%‘é@f %@PP%F%MSE%HHI ogr aphyyfwt r?le distillation
hES] i ' a8 ¥nwRiz8Bbydlquid
whenfiR/ S8 o SRUE ckRinad it AP bneetiy e,
I n additiogn .the distil [ | 0 i
chronigiaBianty. By JRUTRIRT Bt BRI URRLT SoaEH PR weignt of
,residue was found to. contain.dibuty . e
N.N-Fexanod b carbaisoais SR SV Exikte i, FERE figdipd cstilation
acid di(n-butyl) ester. Step (3-3): .Production of
resid weamanglyzedbnaas styemataarpy e siatiiatier fraidds Weg ound to
of N, N - hexanedi yl - bi s-carbam c_Acid Di (n-buty]| if Est eg .
contal’ ditY carbbn@edster molareety 0H R tq MINrhaxanedipbis-carbamic
USA) and 63.6 g of dibutyl tin dilaurate were added
acid HPnbgyifester! | ation residue obtained in step (3-2) to
obtain a honbgeneous sol ution. Wen this was anal yzed

by 08ges H-gNERELBMY of Hegamethyéhe Dilsasy drate by {Tinermal
contain dibutyl carbonate at a stoichionetric ratio of

DecdnP@ition 8t #N%%%ﬁrﬁopsﬁlmykamﬁﬂc-ma{bi@a-@ﬁtya Espbrut i on

WET e recover ed ne 57 by carrying 20 out the

B gg"ﬁﬁ?%éag'"fééﬁﬂf’f‘g%@uﬁﬁ é g?iflﬁAl)'%hesesf.G@ of dibutyl tin

_ anal yzi e'solution by 1H
oo SRRkt Sl iglBR e o g
homgggngci)fsl golaggr?.d \?\Phet;]et)ﬁ%n\ﬁtag %éln%i}ezed 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 "*C-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 obserrved to be adhered
to the inside of the thin film evaporatbr following the reaction. There were no

compounds detected in the low boiling point component presumed to have originated

from denaturation of 2,4 6-trimethyiphenol.
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di am ne 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
conponent presuned to have originated from
denaturation of 2,4,6-trinethyl phenol. 97 Exanple 4
Step (4-1): Production of

Examble’y - hexanedi yl - bi s-carbanmi cAcid Bi s(3-net hyl butyl)
ster 5 The sanme nethod as step (1-1) of Exanple 1 was

carr, e (11.0
st%? CL)E (WOB'UJ{:L&?E REGE Hé*é?-[)éoﬁg aé@bgg)f%ﬁéh%
. net hyl ene d| am ne and 40.5 g of sodi um
B‘S(S'ﬁﬁt?ﬁ)ﬁlgpf}&eéggm net hanol sol ution), and not carrying
out neutralization treatnent with an ion e chan
Fheisamemedtrdan sier6i-Ii PhExa®Rie] maﬁgcazge @ﬁ@ébsm
of N, N -hexanedi yl -bis-carbamc acid 10
exceplhoa(@m"tgwm?%hgy(ﬂ) Ognpbrof bisiBeapethylieityl) cadonete 3443 gr(2.10
Low Boi |l i ng Poi nt Conponent 1765 g of a distillate
mol) ofeTexantdtaylead didraimet dred d@feg wé sbdidnasietiepdg (2&8% rogéthanol

Exanple 1 was carried out using the solution obtained

solutlérﬁ‘) ahehdt %aﬁ%urigf@lﬁt&%‘btl@lzéh@n traatrhémtanito Bhabm eschange resin to
step (1-1 Wen anal yzed by gas chromat ography, the

: obtaln}g g' }ﬁ{g)hl ey gﬂmé A S?}é%l%’(ﬁ Gt Iﬁﬂy—%bk@r’é%c?ﬁglgﬁgtcgrgﬂmc acid

b'S(S‘ﬁetﬁY@ﬁgl)"%tg..t of 3-methyl-1-butanol. In addition,

illation resi due obtai ned in the flask

di St !%“?‘édD?%@ﬁﬁé’rﬁ' LGV PERERambolent 0s by

of N - hexanedj yl - bi s- car bam c

766 sick diatisate vyrecaziained whade rehe rm&wdt Frsigg (1-2) of

distillation residue was anal yzed by
Example dneaooaraisthoutusinalinet saluten @hta"@%d tﬂ\ﬁéewéﬁ 1)figad chthe

contain bis(3-nethylbutyl) carbonate at a nolar ratio
solutioh obidiéd irv stely, (¥-1)herdhed iankahtzes-yag s airomnatpgraphy, the

bi s(3-nmethyl butyl) ester. Step (4-3): Production of
distill&lexweas fdurdiecbdohi sondcNesritaiping M@ 2oaby 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
distillation 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

Decohposition of N,N'-hexanediyl-bis-carbamic Acid Bis(3-methylbutyl) Ester

2544 g of 2 4-di-tert-amylphenol and 66.0 g of dibuty! tin dilaurate were added

to the distillation residue obtained in step (4-2) to obtain a homogeneous solution.
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Deconposi tion of N, N -hexanediyl - bi s-carbam c Acid
Bi s(3-net hyl 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

when3isdiat Bnpixpry PV hs HPriRouBRRI e oAz found to contai
ois(3-Betty oD Sagborte At e srang progge [ ¢ ratt o

solution were recovered fromline 32 by carrying out
2,4-dittag-atayiehen@et hod as step (1-3) of Exanple 1 with the
exception of using the solution and using  a reaction
B g affa 45lutionmere Ascavered dilam dne S41yearRgng et the same
solution by 1H and 13C NWR analysis, the solution was
methdcPa8 etepo( IcBNbBEXaraphe byvithethgrexceptiomok usiagHhe selution and using
dii socyanate. The yield based on hexamethyl ene di am ne
a readifh tiR8 P %7 Holraddinki PresUlthirmanedie the solbiisrabg el and
observed to be adhered to the inside 10 of the thin
136Nl ’ iBhed RRINGNS dopashion; by Resighver e no
C NMI%%‘Q%}'}%%O t@%i@é%{t@hﬁ!?ﬂ:@ | ow boili ng0 pgi ntgconponent
resuned .t o have, ori-giNg Lo8 dfmine was
nexaBefSi QiR Fishentls TERTBIS o [ERAGELTHLRE gmin
Production of N, N -hexanedjyl -his-car ' ' T
B8.5%; Mo DETS MEELDSLOPRER PSRN e Ahded tp thy insice
of Exanple 1 was carried out with fhe exception of ds
of thaubimGiine 8saperatarfoowing therregriers. nERee) Weffyig compoun
carbonate, 225.4 g (1.94 nol) of hexanet hyl ene

deteatedin the landodiing pgins cosydingnt RERSYHREUE 2w eReNalghirom

20 solution) to obtain a solution containing 25.7% by
denatehtitt obP 4-8-fdrt-aeyhometioy | - bi s- car banmi ¢ aci d

bi s(3-nmethyl butyl) ester. Step (5-2): Distillation of

Low Boi | i ng Poi nt Component 1775 g of a distillate

wer e obtai ned when the same nethod as step (1-2) of

Exanﬁﬁ@gﬁ?ég (15\/\/?)3 Fﬁ;{ iegg g?ttﬁzi ng the sol ution obtained
- Step (5-1): 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 2355 g (11.6 mol) of bis(3-methylbutyl) carbonate, 225.4 g (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'-hexanediyl-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-nethyl-1-butanol. The distillation residue

carboﬂé’%aéﬁbeﬁ*s'gﬂ(deg%vdég (g%fetwshadtamh 5.6 L of

exane Wako Pure Chemnmi cal |ndustries,

J\Ij\ﬁg@sttﬁ.’@gowﬁegguég) %n%% g{ g{ﬁ;ﬁééﬁégagufﬁsﬁedmtﬁ 5.65L9bfﬁ _hexane

o BTV oAl W e 5 0o
3- I i .

white solidd Wnsreiig yhise sy gtes a@ﬂ?@%&)bﬁﬂ%\'&ﬁ%}‘m?ﬁﬂ% 8ihy ne white

no residual bIS(3 met hyl butyl) detected in the white
solid wab ifolund & epntahr 39 8% by aeightodf NN’ ﬂ@xaﬁ@wbb@r@rb&lmlc acid
Di i socyanate by Thermal Deconposition of

bis(3-Mhdthy Ib@gﬂﬁ@ﬁeyl - 1hi sdditorp avhien thei wihiB sold wastanayred by gas
Ester 10 2018 g of 2,4-di-tert-anyl phenol and 54.4 ¢

chron?étfng déﬁf‘h/yihérér\‘fvé’é haveatieaVss@-adtadoutyl) detectatiiin the white solid.

tained in step (5-2) to obtain a honpgeneous

| h
SO U%tle?)r 5.3) ﬁ'n?&hr@ qﬁe:%m&éfﬁeﬁﬁl%e( BiisdcyahatexeyTherral

I exception of storing the
onch ST ey e S o e
[ 32. As
?2;93% éjtgi’ 32 gi;to a@&ﬁ:{;}g@ohgr@g %@Fﬁ? gﬁif{‘j@tgﬂ ﬁxe@lsr%\@uxpgre added

was found to contain 99% by wejg h of hexanet h}/lten
to thelivhite splid sbaingelén ﬂ&ﬂ@%)a@e%f?téwa B RPHR FEIION-

diam ne was 86.2% I n addition, there were

no
STHes sameesetholdsas step (1e3)f Exarepled! wasiaqeries sHpwitgthe
the thin filmevaporator follow ng the reaction.

exceptieh 8f sBtganBTIUttn fdet0ters m fdee taok26dinaated R BAIC
conmponent presunmed to 20 have originated from

fouo\ﬁ@@%y%aétﬁr@fdm Zhdurdito resdvearppepy e alsolutBxdngnding 32. As a
(6-1):" Production of

i B “haénd:ﬁ@ NJMR Eralisiy/ Ithe sBition vegs found
resuﬁﬁwangﬁ%ﬁ{@%o%olgé st gp (1-1) of Exan'plwg 1 was carried

to con?alnvéﬂgt“}] by elght of hexamethylene diisocyanate. 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-amylphenol.

Example 6

+ Step (6-1): Production of N N'-hexanediyi-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 dibutyl 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

bis(3- ng%tgglb@ig?%%anh i hGBiug (3G (2 19i heh i hiskamettiysene

atl on of Low Boi | i ng Poi nt

dlamlnp@cgg g@f %cg' Sggmgréo&@%f% étﬂ&%f%lgﬁéﬂ'tB%téVﬂ%“so!uhon

carried out using the sol uti obtalned

containingt3at’dy weiaht &6 NNi- B@\x%ﬁcﬁﬂr@ﬁ'cﬂp@’gpacﬁ&gﬁ lﬁ.&liéster
anal yzed by gas chromat ography, the di stllt\gte was
f ouBtept (6-Bp Distltsitioni afh-ovoReAINGi RRINZOTRORG e ght  of
di butyl carbonate and 25.0% by wei ght of n-butanol
14536 & & stilar evere lobtained iwHeat thersares Maleos s Ater (1 20 of
in the flask was anal yzed by |iquid chromatography,

Exam%l@el Wa%tdajnll@d bgf‘uéﬁgltﬁel solaionfabiaitiedtio stemital hmtaa@/@f the
ht of N, N -hexanediyl-bis-carbamc acid

solutloﬁq &&gﬂ%&c}’ i stSﬁg?Hze d%héﬂgnélyﬁéd pyhes dHremaitedrabhptthen

ue was an gas chromat ography, the

d:sttllag%St o4 'dg{)] bgae%s& |o$'%t%n aﬂH?nSgtéP%‘gotW Feyricpdindtyl carbonate

10 O

N, N - hexanedl d

and 2819% by apoip6. & bRkt PorReg m@%%@%?%ﬁ%é‘ orfRsie obteine
Di i socyanat e Thermal  Deco ition,o .

in the Nlamk Wﬁﬁ(é’h@‘dl%}{ bbﬁ|"§Ut€jaﬁ‘|'ﬂfﬁmag°&%p§‘yﬁh(end‘ﬁuWEP? "geiyp was found
2496 g of 2,4-di-tert-anyl phenol and 66,

to coritaim @B Hewbpieighiras Mwé\exam%dlvlh@sa%@?m!ca@g Gﬁj Q’b%‘rk')‘éiﬁ ster. In
obtained in step (6-2) to obtain a honbgeneous

additiR) whianhe didllatior fesidim waisi arnalyradby gagmf@aamg{ﬁﬁhy, the
line 32 by carrying out the same 20 method as Ste

d.stlllétkéae@&uémgﬁb@ndtmntatmelbamepmmtefat aghalgr a0 of 0.020 to
sol ution and usi ng a reaction time of 17 hours. As a

N N'%Sé%:ﬂéd@fb@féélr ROAARI(RBULY estdry 1H and  13C- NMWR

t he s ution was found to contain 99% by

wei gay n@%@ﬁggagmﬂ &Gefirh8mgIsHEDsod)aRald by Theanal

onh I'am ne was 2.0% In addition,

Decormastiongt yi¢ fSub%%ﬁgﬁ@&&%wem@Pnﬁ-@ggsra%@ert o the

m evaporato Wi ng the
rZGilaQ%t slg %? 2, 4‘I:gle z[ee -%E/thenof and %%néj g 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 fine 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
13G-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 ins@de
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 -bis-carbamc Acid

D (n-butyl) 5 Ester The same nethod as step (1-1) of

M t with the exception of using
denat%é}gm %zl!\/%%ﬁa%nw‘? it utyl carbonate instead of
bi s(3- et hyl butyl) carbonate, and using 255.5 g (2.20
nol ) of hexanet hyl ene diam ne and 42.4 g of sodium

met hoxi de (28% et hanol solution) to obtain a solution
Exampte €ont ai ni ng 34. 1% by wei ght of

N, N - hexanedi yl - bi s-carbam c acid di(n-butyl)

St epStep-(2y1): Br@duqtipatqfé*thheE@W%h biﬁr?@rlpfémmAC'd D'(Wbutyi)

Conponent 1524 g of a distillate were obtai ned when
Estert he sanme nethod as step (1-2) of Exanple 1 was

carried out using the solution obtained in step (7-1)

et Sffe GhethbE assaibpii-an o Exaipid 1iwas tapiedlodt)witiien
anal yzed by gas chromatography, the 15 distillate was

63P{ 4t RibI Bify B b%a@/ﬁ)r@t/eé&ﬁb@ht of
exce;% I buty Qngﬁggn}fd and )ggruli/o@y V\rIGI ght of 1-butanol.

|
e i
o8] St 41 BRSSP FRLEG o B st
con ARy SRl e RS A M s34 P Boter

distillation residue was found to contain di butyl

carboies @-2Ax Distifistian of &onoBeiing Ryint ¢gmponent

N, N - hexanedi yl - bi s-carbam c acid di (n-butyl) ester.

59 ¢ of a)distiateivere obtaifiedakemshisaebiied ey sten ¢1-2) of
by Thermal Deconposition of
Examypl& - hax aaaibd bubising tdaniutioAcbthibed m biepy(7)1)Hastead of the
2331 g of 2,4-di-tert-butyl phenol and 68.7 g of
solut%‘n%ﬁt&ineﬁ' iA s@éﬂa LA Rt epRAEarRdgiRsl by gak @hidiRatography, the

distillation residue obtained in step (7- 2) to obtain

dastlllgté‘ﬂrgg?@gﬁ?ﬁpnéq éﬂlb@cih ggﬁ%ﬁp? ?ﬁg@’éﬁ%{e‘ :gﬂggf’n‘gibﬁtyl carbonate
and 25.1% by weight of 1-butanol. In addition, when the distillation residue obtained
in the flask was analyzed by liquid chromatography, the distiflation 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 dibuty! carbonate at a molar ratio of 0.032 to
N,N'-hexanediyl-bis-carbamic acid di(n-butyl) ester.
- Step (7-3): Production of Hexamethylene Diisocyanate by Thermai

Decomposition of N,N'-hexanediyl-bis-carbamic Acid Di(n-butyt) Ester

2331 g of 2,4-di-tert-butylphenol and 68.7 g of dibutyl tin dilaurate were added

to the distillation residue sbtained in step (7-2) to obtain a homogeneous solution.

3386 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. As a result of analyzing the
solution by 1H and 13C- NWR anal ysis, the solution was
found to contain 99% by wei ght of hexanet hyl ene

methatl &8s Ste (BB of ERemple! dvittaithede:@eption afreting ibeeotlitiom aved using
was 5 90.9% There were no substances observed to be

a reaélﬂﬁ\eﬁrﬁg dragtifirsnshda @Wsulths ahﬂlﬁmd heRBANURRPBRTArand

lowi ng the reaction. In addition, there were no

°C- Nﬁmsx%&r FieLElie] Jdb il QR G, BollgRagPonent

ave ori gl nat rom ena

hexafﬂ?@lzfﬁm SR R B %%(ﬁ%s Biveva

Ester The sane nethod as step

90. 9°/Ex aF'B‘Pr@ WerRaR0 sHbriaraes GPSATVER to e a@&rsﬁtt@ éthe W'%Pﬂ@e thin
1241 g (13.8 nol) of dinethyl carbonate (Al drich

film ewwatorwswc)wmgrtbeéaactmn bi Is (Biditixr yineretwene racompateds
and using 290.5 g (2.50 nol) of 15 hexanet hyl ene

detectichim the lewddclihglpginbtompdnen presbmedde {206 hateddrom
solution) to obtain a solution containing 37.2% by

denateatiii of0d NI MeriRxAPAEhYI - DI s-carbam ¢ acid di met hyl
ester. Step (8-2)° Distillation of Low Boi |'i ng Poi nt

Conmponent 949 g of a distillate were obtained when the
same nethod as step (1-2) of 20 Exanple 1 was carried

Exarrtéhé Ry the solution obtained in step (8-1) instead of
sol ution obtained in step (1-1). Wen anal yzed by

ggfu tegﬁg&@o? cﬂ.'cﬁn&n@%ﬁ%ﬁg&é@@ﬁbl&caﬁ)%ﬁ%{n% Iﬁlmeqhyl Ester

carbonate and 16.6% Db z %Pt of nmethanol, In
dig $3r88 methed askderi( §t1)1of fxpewle dsvat samda@wéwh th%
the flask was anal yzed by |iquid chronat ogjﬂaphy
excemon o iing 5341 &t s MRARF Gy b enate (i BorEat Y$A)
wei ght of N, N -hexanedi yl - bi s-carbam c aci d di net hyl
insteaﬂ;Débi.s(fi—meiﬂylbtltyd))marhbaatet haddisstg 2OA6i o (2.b@shalyef 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'-hexanediyl-bis-carbamic acid
dimethy! 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 methano!l. In addition, when the distillation residue obtained
in the flask was analyzed by liquid 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-trinethyl phenol and 78.5 g of dibutyl tin

carbor%éelf. g\f%}r%ﬁio qﬁéﬁgéw%gjg@,g&é leesﬁjdlﬁi' 'l ation residue

aln a honogeneous

sol ution ch d met t

2 Sl (B 3k PSR B HPATRDY e DESRRIE By TRERRaP

phenol . 384 of a solutlon wer overe n1|ine
Decongrositjore af NyN' grge@medtm&i%aﬁ@anﬂ%?‘ﬁaﬁﬁ EE -3) of

Exanple 2 with the exception of using the sol uti on ded

188g of 204 8-trimatity|phendlandof 8.58 @fod;bgtyln@daaw@é%wr%@d edto

anal yzing the solution by 1H and 13C-NWR anal ysi s, the

the digliktbh eesinas obingd irostepn(Bal)toddaibya heinggenepus solution in
hexanet hyl ene dii socyanate. The yield based on

' fAs atfed &l hilar Thtto f 00 todhe
Wh'ChEﬁ%?@éﬁg‘seﬂﬁg@?ved to be adhered to the inside of the

vaporator followi ng the reaction. In

2'4'6'£(Wi’i%\pyc9r¢e%ﬁerg were no conpougds 15 detected in the

I bai | .point c

3345 T SALHO TR EREO R ap g Bpe 87 by Earriig out the same

t th |ph .S - 1) ; i

oo 2P KRV Expos U st nc e

D mret hyl Ester 20 The sarre rret od a 1;
a reaﬁmnlpmé of 1Reourar r AscR tafuitaf Enaprng @3&%@{3‘ éﬂ] ljaé,]qwg

1355 g (15.0 nol) of dinmethyl carbonate inst, ead of
BC-NMR Balyeis) fhe soiutipnowmbiomaddo candain A9 P yaeightpf 2. 50

nol ) of hexanet hyl ene diamne and 24.1 g of sodium

hexamBiHyRASIgiidotyUnars hafred yiel baserhyn hexamedhyiene SEMNPYAS
contai ni ng 34. 7% by wei ght of

91 40)N “&h?@@@@hdlsuasfan@@é kvabeveriiotberlhdied eyl todise énside Bf the thin
s : Distillation of Low Boiling Point

i () d
film 9%@8%8%"3@%; dﬁggfegtﬁtétgh Stlidlé@cgﬁoﬂvitggr@ggf% Pg fmmpgign s
deteq‘i%éiu'% d IuSI l{;:ﬁgrtn& ol cohifheRP bredififted fb R&RPofi§mbled from

denaturation of 2,4 6-trimethylphenol.

Example 9

- Step (8-1). 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 1355 g (15.0 mol) of dimethy! 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
containing 34.7% by weight of N,N'-hexanediy!-bis-carbamic acid dimethy! ester.

- Step (9-2): Distillation of Low Boiling Point Component

1062 g of a distiliate 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

Examgrée1 Wa%sdfarWéé LRI treesbibiiort bBtirbdir Q8P 9an amitgad ththe

Istillation residue was found to contain 95. 7% by

soaidSp8ingd 1\ HEre ot Hhd St cneri b e,
s GRS BT A o e S conns

(9-3): Production of Hexanethylene Dii sg,cmmat e bY .
and 1#@@@ weight pe@eHEW! 1 i bhaddition, when the distillation res due obtained

N, N - hexanedi yl - bi s-carbam ¢ Acid D neth Ester

in theglask \gas snalyped py lighisheromateagiaphychepdis |l§$lﬁtﬁ F&ﬁ@u%fv%s found
g of dibutyl tin dilaurate were added to the

to corstbist 95.7e¢ by weighsti af U Nobeaanediyl-bisstaeparhis 2)idtdimetityheater.  In
a honogeneous solution in which the dinethyl

additi6ar WABALEe \WRsillatsle feiua waBl AialyAdd oy gbs cArdfidtogpaptive dimethy!
2-tert-butyl phenol. 396 g of a solution were recovered

carbofg (aé;'}%t%ég@cﬁx&% Pr?éﬂi!éhlneﬂld?ﬂtesidﬂfé same method as

anpl e Wth the exception of using
the St
%t%béfé ey ”%%m@t‘*%l%‘ﬁ DfedcBngl bl ThG
cont f he arret nat e.
Decors it oM D sep Rl is-ral B Aot bV EEE. 5
In addition, there were no ubst Q
1aR0r @8t LYBRIY RGPS (GHOTORCPR nOBA) FB b5 EL U tin
following 20 the reaction. There were no butenes
dilaurgte were @ddeditn dhe distidalion repidis AbtainpfBhERP (91%)&% @ktain a
to have originated from denaturation of
homdeneous solytiqohienehich Exadphethybecarbpopte was Bdded at a molar ratio of

Production of N, N -hexanediyl -bis-carbamc Acid

0.00DtoieyerESUGNphéliol ThB96 graf aredibitidn arere repoveted fromf line 57 by
Exanple 1 was carried out with the exception of using

ﬂrﬂgG&J ]s@n?eﬁ‘@tl)n @hs Gtep(8) of ExBATER 2 Wills tRaexcdptibB%of usin
cany bi"s( 3- rret hyl but yl ) 0 cgr bgﬁgte) and using 3}13 70 (2p 70 ¢

e ! AR BIEIOA 0L A SO 01 VR i

soluttqn was found to contain 99% by weight of hexamethylene diisocyanate. The
yield based on hexamethylene 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 boiling 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 Dimethyl Ester
The same method as step (1-1) of Example 1 was carried out with the

exception of using 1463 g (16.2 mo!) of dimethy! carbonate instead of
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contai ni ng 34. 7% by wei ght of N,
N - hexanedi yl - bi s-carbam ¢ acid dinmethyl ester. Step
(10-2): Distillation of Low Boiling Point Conponent 5
1146 g of a distillate were obtai ned when the sane
nmet hod as step (1-1) of Exanple 1 was carried using
bis(3-fBehysltyh icarbdHte] aetlusing 81807 §1(0:70 molisdfdmaniethylene
solution obtained in step (1-1). Wen anal yzed by gas
ami i iy i in a solution
diamlﬁ%ﬁﬁggﬁéﬁ%dlﬁﬁw%@#g% éﬁ@% - %’Bfarfd?'éﬁﬁmbﬁkiﬁoﬁam a

ont al ni ng o Dy wei ght of di nmet
cona iy AR R i potr
t e Sip 625 F5teh v Bbnalant ESMBBRERF 5. bos

by wei ght of N, N -hexanediyl-bis-carbamc acid
4ogio) i diskilste were chirined whenersame Matass s steR k-1 of
resi due was anal yzed by gas chromat ography, di et hyl
Exampler bemstaarriad usity thetsobutem olbtairtes ioisiep |(1(£ﬂi) thstead of the
residue. Step (10-3): Production of Hexanethyl ene
solutiéh bBRYENRL stepy(1Ther Wehen 4ballesd hyasist chvomatography, the
N, N - hexanedi yl - bi s- carbam cAcid D nethyl Ester 1865 g
distillééié lw%§ Rluhdetnd RRBNAbndMtaiSing 86.0% B hieight of idimethyl carbonate

aurate were added to the istillation residue

and 1%‘0 }g'tblnysﬁel'ggggf gﬁuﬁ#ﬁb} llgf 244ifbh AvRed 0 BRURMRMEsidue obtained

ution were recovered from
) lJdne 57 by carryin 0 ; i .
in the(ﬂas gnﬁalizﬁg }SM é;%yﬁ]ié%réﬁﬁté@%ﬁh%@%rcggtﬂﬁtlgh?@&dﬁg wis found
anal yzi ng the sol ytion by 1H .20 and 13C. NVR apnal ysi
to cofiR SoPUL PYHaIS Gl QbR BYeESHV P R GEURF AT GneEp! Bster.  In
~hexamnet hyl ene di i socyanate. The yield based on .
additinexaheniihe didiiaiomTeridumyasamaed by gaarhiosmatoarRhy. dimethyl
were no substances observed to be adhered to the
carbonate das ruft detectedimthe distikatipporesiase. f ol | owi ng t he
reaction. There were butenes detected in the | ow
boi-l $teg (10+3)t Peadymtioardf Hexesnetbylene Diisosyanaigi bal bermal
fromdenaturation of 25 2-tent butyl phenol. 106
DecompiEit|dh 3N ' 2exahédil)-bisRearBuaiic ABidoDimethy! Ester

N, N - hexanedi yl - bi s- car bam cAcid Bi s(3-nethyl butyl)

B868'g of 2-fert-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 fo 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-butylphenoi.
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304.5 g (2.62 nol) of hexanethyl ene diamne, 313.2 g
(5.22 nol) of urea (WAko 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

k equi pped with a reflux condenser, a thernoneter,
Exam@égltsli rrer and a gas feed tube. The flask was i nmersed

B

) i ntroduc nitrogen gas at 10 the rate of 20 L / hr

BIS(3'F\96‘PHIEUWM€S"?'|’ lter that reached to the bottom of the
reaction vessel. Sanples of the reactjon liQui r
04 5e 52 oralbet berxamBthy RReEEe o Wi e 4 B0, &g (wako
the reaction was term nated at the tine when

Pure Glearitet Irydiesties]iLadi, dapamisand 461 b g 3-mnetiadtlcutapo! (reagent
sol ution containing anmoni a was distilled fromthe _

gradeUpRfko Paid CRemic Indistiesditd odapaskebre piscadé Bl sk volumetric
was connected to a rotary evaporator (R-144, Shibata

- lelsH -oquipkRARh b ek ebnuesseroaniseteseter,oa btiat and a gas
four n?%épl-fm, el%‘éuda Corp., Japan) equipped with a

feed tf.nﬁ%??ﬁ'ﬁég%%%%@ﬂgla%red iR HPGHEE (5% Mdsudd ©esp., Japan)

vacuum controller (V&1 OS, Okano

heateaggsﬁuéhﬁ?&ﬁ{g%ﬁ%% Pva%h%orﬁ{ah R hile IRFRRIG Y hRrotRP gas at

I'ng pol nt conponent wWas

distilled off 20 essur f, 0.0 ]
the rate 91 PPIlek oo eshab e ibRbE aete dag bofip dpg Pedtfbrfvessel
distillation residue was analyzed by |iquid -
Sampies oftieogastioy liquideveressyitabiy Pl Gied PRdSUbRSEed i, NMIR gnalysis,
contain 99.0% by wei ght of L
and the Neadtixamasl isrinibatedatitha fime whes haxagtbvena@iaming was no
ester. In addition, when the distillation residue was _
longeniztected. b scysreturdaintrayampiyniavaswistifesliiemtibe upper portion
contain urea at a nolar ratio of 0.005 to the 25
of thé\¥dctingxa@redl vyl - bi s-carbam ¢ acid bi s(3-nethyl butyl)
ester. - Step (11-2): Production of Hexanethyl ene

ﬁﬁﬁ%&@@é& %Dhr?%@%rt% rotd ‘eVRReap $R1 142N Shiibata Co., Ltd.,

exanediy I s-carbam’c Acid Bis(3-nethylbutyl)

sers b G ctinfadoddEintitat ikl e
equi;?lpiée?qLJ {oﬁ/}é agt!gn(rg?de%glg lﬁg %toreﬁro ér?aa\}]ala%ﬁglﬂ Bu%BelGQSSA,' Uhvald I88., Japan)
and a vacuum controller (VC-10S, 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 rgsidue inside the flask. When the
distillation 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
this 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-tent-anyl phenol. 273 g of a
solution were recovered fromline 32 by carrying out

oecob BN TN HEeEdl A RO TR P
1 : '
50 ke B e s B 18, Y4

contain 99% by 10 wei ght of hexanet hyl ene . , :
and 54i7 g of giwyldin ditesirgteayerepadday %tfﬁé%ﬂg‘f'ﬂwsﬁ'guai%’HEd N
was 92.0% In addition, there were no substances
step (4hsig ity ebtdin atwmdgenesls solutien. | Vidieadhis wananalyzadiy §as
evaporator follow ng the reaction. There were no

chronfitbgReshy, Bl ssltifsh wastfbend tovcbtain agezapati anstocanipoatsin ratio of
presuned to have originated from denaturation of

o.oo@}tgsgh:cﬁ-?é&:afﬁv'{fmm.n0273 {Ex aomtien Wre Sbepvdréd fim line 32 by

ctron o , N' - hexanedi yl - bi s-carbam ¢ Acid

carwigbsc&gglﬁgﬁgﬁ%bﬁﬂgm&d %S?édp gﬁg) 5@%@@@%@1&%@&%&&&

was carrie ut"wth e 20 exception of
. usin 26 .5 nol) . of bisk3 b
storingahseliien 85358 TP B 52 G 2D TRAA BRI G, s a resut of
di am ne and . of sodi ym net hoxi de (289 o
analygisia Y SHEndo erM nal ST AL 4 R a8 BHLgy Pee% by
wei ght of N, N -hexanedi yl - bi s-car bam a%ii d diami
weighti of (BxametpylBoe diijoeyanate. -TB?M?“(’ESQ;P" e@mgthylepR diamine
of Low Boiling Point Conponent 25 1781 g of a
was 91.6%.| | latazidiiore thércaversinaisshsianses pbseived tafbe adhargg to the
boi ling point conponent was carried out in the sane

insidEBRERS thas fish epapdrator fofllowiranpleaeictin.nglhére war@gno butenes
solution obtained in step (12-1) instead of the

deteétﬁh W HRNIAPBEiiAG Soift cahfibrieht Presuthed to hawe wrigthabsd fram
chromat ography, "the distillate was found to be a

denagl g?éh%?ﬁﬁp%ﬁé{{}??@épahﬁﬂgﬁ? gya\r/:gi g?t 2<?/cf> by wei ght of

Exampie 12
- Step (12-1); 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 2326 g (11.5 mol) of bis(3-methylbutyl) carbonate, 267.3g(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-methylbutyl) 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
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3-nmethyl -1-butanol. In addition, when the distillation
resi due 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 yl - bi s-carbam ¢ aci d bi s(3-nethyl butyl)
ester. | el o . P .
souinen LA T el 5151 5 Ui bty Esbg-eswinen
analyziegf I{},\%E% \gl@\%tt%gt%ﬁg@éﬁy, ?I%tp%'tiﬁ%tg vgég@gjer{dg%l B85 ¥olution containing
N, N' - hexanedi yl - bi s-car bam ¢ aci d bi_s(3-nethyl lfﬁlfltﬁl )
78 2%by wieight®! bi(Spmetiy i) patrale 8RAaH 21 LiHEEIN he

Di i socyanate by Thermal Deconposition_ of ) )
3-methyyIN -bbiarahe dinyadditisn, oanéra e distill aticBi regBluseaipingdipithe flask
Ester 1801 g of 2-ethoxyphenol (Aldrich Corp., USA)

was aRBFzE&d by [udd clidawdtpbraphy, the distitatonveslusddasl fewnd teecontain
distillation residue obtained in step (12-2) to obtain

p 1 Hi9Rbi L B t ter. |
92.4 /ggg Www h%QéHédl?ﬂme&h?BaH& gcidass(@nakiradslty ester.  In

mat ogr aphy, the 15 solution was found to

additiéﬁ,%@%ﬁ (t)ljr?rée@ igﬁﬂ%r[]%@s%é’ \ln%s %@%%gt@ §ds éhromatog raphgsthe

rirc ratio et hoxyphenol . 0
el et Pl oS ARSI et t 2 poter rtio
N

contain 99% by wei ght of hexanet hyl ene diiso at e.
The StepI(d26sBtdsictinB et MeAMlREend Lilsary ARalRdd bosia!

In addition, there were no substances observed tg be
Deconqhiositieth ofthd, N -hexansdigkbistcarhemihApidf Bis(@-eeiipdpatybrEster
followi ng the reaction. There were no. conpounds -

depeq) e isthdxyphkanl adticin§opmi SA@MEbR2Btg pf dibutwdn
to have originated from denaturation of

diiaur%}@%%lé@lﬁé&% the? 8 hlfaren fsidue Sbienddlidrstap (FP2-3) te bbtamn a
of N, N -hexanedi yl -bis-carbamc Acid 109

homoﬂeﬁ&égg‘éﬁg}ﬂowt YAhelrttis éva@@nﬂﬁ%d lt.‘IETgEQ %h?&néidg@a;gt%y, e

I” Wwas carried out exception

solutigiirvg%ﬂﬁgub% tgé_réaqla%?:‘z(g%héth%?@@?:gr]ﬂeﬂj{aatfn%ltaﬁgklllts‘éé]ile:hiometric ratio of
0.0018 & 6 a0dnaanl Bl g SPY SR N8 ARol&REA MBHNAS7 by
carrying out the same method aé 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 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 boiling point component presumed to have originated

from denaturation of 2-ethoxyphenol.

Example 13

- Step (13-1): Production of N,N'-hexanediyl-bis-carbamic Acid
109
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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 manner as
Bis(3-methylgutyiREStr Exanpl e 1 using the 10 solution

obtained in step (13- 1% i nstead of the sol tipn'th the
ot smednethost @psieh (1)1) oifsreraplal L waa gy 1gheut W
chromat ography, the distillate was found to be a 56 g (2.20
excep@&ll Ut LSIRQCIEEAT i (950 Md!)5ebty(3nwaetintbigyl) carbonate, 255. g (2
I's(3- matghyl butyIS carbonate and 27. 3% by &A‘iegah} ofth ol
G driti 421di g bbsodiumemethoxidi £28% Iagthan
mol) offe’g%ﬁ‘élth g?@#ﬁgdgﬁhﬁ the fl agsk was anal yzed by liquid

soluti} S REIE S S9utgh BTy 4Gy Ty WeRp was Tound Lo
N, N - hexanedi yl - bi s-car. 11 EtAAb P Sdtdr, met hyl but yl)
N,N'-hexgapdiy| lSﬁ%%ﬁa{'?'SﬁF' ‘gﬁéqh%eﬁﬁl st Iﬁ

tion residue was
anal yzed by gas chronmat ograph (St tion
Focidian (1801 Bnilaten bk e PR SArone )
carbonate at a nolar ratio of 0.023.t0 " .

NADH chefadistillgle weee eblamad whap idéﬁq@f"g?% of s RRing Point
ester. Step (13-3): Production of Hex hylLene .
compBhEA0EEB vt tedpuTTINdhewame NADEES AFIER A EXBhple 1 using the

N, N - hexanedi yl - bi s- carbam cAci d Bi s(3-net hyl bué%l% 1) When
solutigﬁgﬂéasiﬁgggn Gtef (13-4 iisteaal ¢idhaisobution eriainAd)ingsh 61-1)

of dibutyl tin dilaurate were added to the
anaiy%ieatﬂ A L mAashiphyoHedisahtewa fepndts-t a solulipnSoRtaining
a’ h g

eneous solution. 332 g of a solution were

72 SHSHNGIRT cf P oy RRey cabiohsierana a7 3 b eaeiphesT

anple 1 using the solution
vvithE

he excepti on. | isfi | @3iduegbtainetiin the flask
3-meffoxr s buleooh | Badqiig =‘%‘ﬁéarf§‘zef‘%‘§{"‘8§“am@§hd 13C NMVR

analysis, the 110 sol ution,wasg. _f ; 5 Fo ko tai
was Bpousedimy It eRsmRRtgrany. 1 AslifARs higRAvas foiito contain
based on hexanet hyl ene dj am ne was_89.,99 [
93 3by regnidT N SeanaRy L SO BRIt S S S IRL Rt Bter. tn
the inside of the thin film evaporator fol

additiesovhen thd Histidatian @W%Wﬁﬁ@ﬂ%@e@é@kﬁ?%ﬁkﬁ%%ﬁ@r%dg&' the
<:|isti:lj¢':\)t!|o|nI Pe%}dpu(z :rtas found to contain bis{3-methylbutyl) carbonate at a molar ratio
of O..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-carbamic Acid Bis(3-methylbutyl) Ester

3593 g of 2 A-bis(at,a-dimethylbenzyl) phenol and 68.7 g of dibutyl tin ditaurate
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((x,a-dinethyl benzyl) phenol.
Exanple 14 Step (14-1): Production of

N, N - hexanedi yl - bi s-carbam cAcid 10

Bi s(3-net hyl butyl) Ester The sane nethod as step (1-1)

solutict waxdowhe td coRirraev l@,dwél\tg\t\@f hexamethgssediscbyaphte. The
using 2124 g (10.5 nol) of bis(3-nethylbutyl)

yield t%%ebﬂﬂ‘?‘h@x J%éf]nﬁeﬁé él%n‘me Wi 89 88, hexasmiitivr, §Rse were no

i am ne and 40.°5 g of sodi um nethoxi de 28% met hanol

substac‘r%éﬁht%l%é?r é@tcﬁﬁh@dﬁgﬁ%@@ d%’lﬂglpéodggrﬁ gﬁrﬁﬂgirﬁ%\%ﬁ‘bpﬁorfoliowing
the feaFt'CEbemEa?ry@.\%t ROMEaHER RtIed 1 flepubuiing PPirdy e
wer e obtai ned when the sane nethod as ste (1 2) of

COMPERGHHIrESUMBEI O 1ave; Aiginaled i denRrIrglPLf on obt ai ned

in step (14-1) instead of the solution obtained in
2 4-bisfoep-dihel)yibazyt) pmziolzed by gas chromat ogr aphy, the
20 distillate was found to be a solution containing
77.6% by wei ght of bis(3-nethylbutyl) carbonate and
22. 4% by wei ght of 3-methyl-1-butanol. The
ExamﬁleSM' | ati on residue obtained in the flask was washed
6.3 L of n-hexane and a white solid was filtered

out. St&tbgm t12' Brotiiclién BPN.- R IFELaarhicfid

chr omat ogr aph evvhlté sol'l ound to contain

Bis S_ﬁ?tﬁyﬁb_)ggy 2%2% t of 25 N, N - hexanedi yl - bi s- carbam c

hyl butyl ) ester. In addition, when the
ite SO|I sana as chrorrato.r phy, .t here
& 5% Mg ps Fiap b ?gp Fié?w BloC %ﬁlﬁ@&ﬁéé@ﬂ the
detectedlnthe whi te sol : Produ
excepbPNEhMEIRG RYP4616i3 g@wm 8- rna?thmwwmcarbonate 44 8 2.10

Deconposition of N, N -hexanediyl -bis-carbamc Acid
mol) cmr‘@@nmwlynelmqm)neamcéﬂo 919 ef sgdinim mashexige pPe%onethanol

(Aldrich Corp., USA) and 65.4 g of dibutyl tin5
solutich) tawkdaie awoletiaddedtdining!29. 9 bhyewsdtitdfobt ai ned in

step (14-2), and bis(3-nethyl butyl)

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
distiliate was found to be a solution containing 77.6% by weight of bis(3-methyibuty!)
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-methylbutyl) ester. In addition, when the

white solid was analyzed by gas chromatography, there was no residual
111
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carbonate was further added at a nolar ratio of 0.030
to the 2-phenyl phenol to obtain a honobgeneous
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

e SRR R 0
A

addition, there were no conpounds detected [ 5

Decomppsiting o . M-hexanrsivris seaaamic \¢id Bd%(é‘ef“%my@?% g&ter
fromdenaturation of 2-phenyl phenol. 15 Exanple 15
76D g dfR-phenBpbenat(Adiriabf Corp., USA) and 65.4 g of dlbutyl tin
N, N - hexanedi yl - bi s-carbam cAcid Bis(3-nethyl buty

1)
dilaurE @erel Beédsa tethHepihitel selid sbtaingd inl3tepf(1b2anphe brs(&methylbutyl)
carried out with the 20 exception of using 2427 g

carbof'%t?e @a@'ﬂj&hé}f adtef Sr ARidI RifloYdN0. 030 betiad 2.phdRiphegol to obtain

of hexanet hyl ene diam ne and 38.6 g of

e (28% net hanol solution) to obtain a
ahon’?ogq% 6‘1%9%30[)‘% al'ni ng 25.5% by wei ght of

| - bi s-car bam
H A PEfof melsyecR B Fafiipg F 51 SRl derme
Corrponen of a djstillate r ai
methed AR BieRy {Utodi of Becmipiee ! it ?ﬁ‘@iaw? i'%ﬁ‘lﬁ Q@Q%ﬁ%?”d using
1 using the sol ution obtai ned in step ( 21 0
a reagtion Heesefl 18 hews. 1 Theoyield brsed an Q@éﬁmﬂhﬂ? & W?éfh'“e was 82.4%.
anal yzed by gas chronat ography, the distillate was
Therd aene nbeubstances|apseorec ttrbaiadhered7p. teedmsidaer fir thim film
bi s(3-nmet hyl butyl) carbonate and 22.4% by wei ght of

evapdrai®it faflbwihg thietraaction. Thie atidition, [taeieowereese dompobingds wetiected in
in the flask was washed with 6.3 L of n-hexane 5 and

the v BBIlikE p%ﬁﬂt'dﬂ)nw&wécrit |ptr6§1ﬂﬁe@ #d haVb enigirttesiictredsotudation of

was anal yzed by |iquid
2-phenytphenol.

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 mot) of bis(3-methylbutyl) carbonate, 232.4 g (2.0
mol) of hexamethylene 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-methyibutyl) 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

obtalﬁéﬂ' ih&tPl1-9). W/hedt fialfiet ﬁ%gag’bﬂﬂ#ﬁéﬂo@%[ﬁy, the distillate was

Hexanet hyl ene Di i socyanate by Thermal “Deconposition

found%& D'F eNsoIU ﬁ%ﬁﬂf%ﬁtn@éﬁ?‘%l@?gb§rﬁ\?f glsr.()%e et%lﬁu n)g carbgnate
and 2320% é’?fs%ff'ﬂﬁ St ety ﬁ"ulé?rg%aﬁ T55) to obtain a
Tepatsiianon resktue 'ﬁvgtame@y\ thet sk iob EshRE WG 3yl of n-hexane

met hod as ste of Exanpl e 1 wth the exception
and agyhitessolig waeflge!raqi outn b dimyhita soidaasornalyzed by liggid
hours. As a result of analyzing by'H and 13C NWVR
chromatagnaphy, thetwieites sblid was faarsd tooorctatro98.60% by wagish dfy
wei ght of hexanet hyl ene diisocyanate. The yield based

N, N'-lsxaredpipidiyapaenidizard big 3wt )'ﬂbﬁ%éi) ddter e Imexeition, when the
subst ances observed to be adhered to the inside of

white tsBﬁd WEsna ﬁdl%i@oew‘e% %%mé@dr@%&}e‘ GhdrdeBvaEABlrbSiALaR0 | N

tion, ere were conpounds tected in the | ow

%pd)%l I have origi nat ed
bis(3- P%tmlgg@t ura r(fon 0 Sglfeg 'Qr%@ phenostlo(ﬁ Exanple 16 Step

(16- £ of he edi I '

ot ot ( FE i i Riugh ot Hiocanie A e sty aﬁ%sbo?”g@erma‘

was carrjed.o
Decc’%weéé@ncﬂi nﬁerﬁ@eq'yhlelsgca(ﬁamoﬁ ﬁeﬁvﬁ%& m%flwtvl) Ester.
carbonate instead of bis(3-nethyl but yl) carbonate

4782 @soirypbeBylBhgnebarbBam § obHibkA Al alnavera adeiarkio the

and 21.2 g of sodi um nethoxi de (28% nmet hanol sol ution)
whitetsolid lobédined irs stept (116A2) toaritainrd hgmdgenedby sokitight  of

N, N - hexanedi yl - bi s-carbam c acid di (n-butyl) ester. 5

368y 618 sdLtioPividrel reablereddforh dine BB by ogrriieigrdut the same

Conmponent 1473 g of a distillate were obtained by
methSd b5 Steld( 108} of BRamplEe1 WAt ®R S&eplieR 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 yvield 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-phenylphenol.

Exampie 16
- Step (16-1): 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
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). Wien anal yzed by gas chromat ography, the
distillate was found to be a solution containing

78. 4% by wei ght of dibutyl carbonate and 21.6% by 10

excep}]@h %tﬁhlsf?{gl {‘g)ﬂygg‘i‘f’b mb!@t gﬁﬁﬂ-.gyll‘b‘r%r?c}q‘iﬁg instBad of

st onr due o i ne ['ask was

bis(3-F ?ﬂ%é Snérblyiite o6 LERBLA 88320 B hfierfhine

diaming,ag 2’4‘%?2""3?&'s%'w@%%%ana%gtéﬁ?ch%?ér%o&%ﬁé%‘rwm%&%ﬁﬁ a solution
anal yzed by gas chromatography, the distillatio

containing éh é"/wbs weighiaoft N, N:ﬁn%anﬂdld‘ b@t%&rb%@i%aﬁﬂt@ buféﬂ) ester.
nmolar ratio of 0.006 to 15
N, N'Stée x sl Distititioncaf loawiBoilng Boidt Conpangnt est er.
Step (16-3): Production of Hexanet hyl ene Diisocyanate

b&?gﬁﬁf@ﬂlstlﬂﬁémﬂtaﬁ@dﬁx Sarrying out the same method as step
N - hexanedi yl - bi s-carbam ¢ Acid D (n-butyl) Ester 2397

(1-2) & %f(arﬂﬁ@/i EQ%Qhe(s@hﬂfdrF&thﬁfe@ in siS 1@0¥ited Gf #e solution

utyl tin difl aurate wereadedtothe distillation

obtalr‘Le :'ndstﬂgp Ptﬁ“ n?\ﬂlén ar?él ? rg[;%)s clh?orﬂgf er@a%@e dlstsélate was

rmgene us “so was an

hr.omat o t.he t i on [ o
foundf}mhﬁ bl @lgpﬁa%mn@a ié’é? Pweﬁiﬂf%imﬁg FgBERE hpy31 6% by
phenol . 282 of a solution were recaqvered

wengnt p&ﬁrbqtﬁ@olaz '%y’*‘déﬁlpf’yl’\’ﬁ‘&”dn? Wi‘ag%ée&%% RetRIRed 1 i flask
(1-3) of Exanple 1 with the exception of using

was apelyasddry kadd gbramatogsaphy, @a@ﬂls@ﬁawqm@%ﬁuewaﬁéw@d tongontain
a result of analyzing the solution by 1H and 73C- NVR

95 8% bglwsight oft MN'swxanidiyl-bEscdrbantc toidadifri-hityl)o9teny In addition,
wei ght of 114 hexanet hyl ene dii socyanate. The yield

whenhBs eliktillatibe xesiatd wWasnenalyzad be geeshroffatbifrapiy, the distillation
addition, there were no substances observed to be

read@éj%‘sqguﬁ@ td BSntaftPéBeity! ‘é%rﬁ&l%té Bt B rhblaRtS68P0 B0DBIto
I ow ng the reaction. There were no nonenes detected

e Al B a8 o, ST v

Exar%} S (]ré -3): Production of Hexamethylene Diisocyanate by Thermal
Decomposition of N,N.'-hexanediy!-bis-carbamic Acid Di(n-butyl) Ester

2397 g of nonylphenol (Aldrich Corp., USA) and 68.7 g of dibuty! 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 dibutyl carbonate at a stoichiometric ratio of 0.0012 to
nonylphenol.

282 g of a solution were recovered from line 32 by catrying 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

3C-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 cAcid D (n-butyl) Ester 10
The sane nmethod as step (1-1) of Exanple 1 was carried
out with the exception of using 1964 g (11.3 nol) of
di butyl carbonate instead of bis(3-nethylbutyl)

hexa@iﬁ@%@?}@ﬁg%&%%é' N$n&Sield bggég oﬁ%é@rﬁetﬁﬁlene diamine was

i‘am neé“and sodl um net hoxi de
76. 1%003 ?tppg'nn régé/%t 'r@j\cg?;%ﬁarggésabgs&véﬁltb"o'e%hered to the inside

N, N - hexanedl yl - bi s-carbam c acid E‘\W( n- but ) ester detected
of the 1imn flmegyaperatoy foligwing thestaastions [ BRI BYRIT 8 eOFRE®
Conmponent 1506 g of a distillate were obtained
in the éaw byiling moint carepenent preswnedde heveriginatey figm ééa%!r%“o“ of
1 using the solution obtained in step (17-1) instead
nonylgieridle 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
Exam@ﬁg%?ion, when the distillation residue obtained in
| ask was anal yzed by liquid chromat ography, the
di std n o
wer otiep 31 RN R 4Py NEHERa e AT Fefariie ACHE BY(r-buty)
d|(n butyl) ester. In addltlon when the distillation
Esterr esi due mas anal yzed by gas chronatography, there was
no dibutyl carbonate detected in_the dISII
Tosisares mhodassten 113y of FREMRE MoRoFATisant i s
Di i socyanate by Thermal Deconposition of
exceptioN ethesiagd86¢g Hils3 m)b@frﬁu@u&gc@rbgn@tﬁ Ingtsad ofest er
115 2509 g of nonyl phenol and 72.0 g of dibutyl tin
bis(3-ghdtAyinaty) verbenatiemhdt usind 267 & (2 B0anbh f hexamethylene
obtalned in step (17-2) to obtain a honbgeneous _
d;amuﬁ@'éﬁd 02 FBfts@diah Metwxidé (@B%anethaacbsautich) toarbtainresolution
by carrylng out the sane nethod as step (1-3) of

€ Sl digh-wutandst
contaﬁ%ﬂﬁﬁ@ﬁ%‘%a AL Cgﬁ?%f ) ﬁé)ké?{édg}l -Bisicaebdmie f(hdutgndster.

on time of hours. As a result of

anal ¥lng 7LA° ighitibR o Bowbifigd Ftit CbRpanahy si s, the

sol u 0 contalrn % by wei ght of

R%ﬁpﬁé@%ﬁ I Q%‘r)%égﬁged b)T(IE%nXAned gutbtﬂﬁes%nﬂ)é‘method as step

(1-2) of Example 1 using the solution obtained in step (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 dibuty! 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
dibuty! 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
116
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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

nonyl phenol . = Exanpl S = 1) | NSRS o the

¥ ok pamdansrobmg 22 of Bt e FRWeTe gl o

The sane nethod as step_(1-1) of. EX le 1 rj.ed
distillation residhetcisaings ae ptardd 7of) ‘95993@'”1873%9??88@3 ﬁé@i‘*“&

di butyl carbonate instead of bi 523- met hélf.but YM

264 hasfat solutioniwese reca@Ted frgny ine 42y garpying out the same

hexanet hyl ene diam ne and 19.7 g of sodi um net hoxi de

methdd28Ya 8t (1aBpbf Bampleonyvithdhelexaeptien sbusingdie sglution and using
containing 27.1 % by wei ght of

a rea%"ow mﬂ%@%dﬁ'ddrs.bi AsGAcRaNicE anaiyaind {he-dniutdn bedttand
tep (18-2):

D stillation of Low Boiling Point
13 s i ot th 2RtaHe 989R By vaight dfy
C“Nm?ﬁg‘%ﬁgé?@tﬂ?{]I“Zats;jfgﬁhgft the | ow boi ?i ngg poi nt

copponent..in the sa ainlvi&he BsnTAE vas
hexarmeﬁl@fq{be thRecyBlaE: O%e@?%% |§ﬁ§teééﬂﬂ?1§/- 1) i nst ead

of the solution obtained,ipn step (1- insid
68.3%nalyaddines, hate MRTORRHFETRTS Qire trLlcl bF Bphsed o the inside

found to be a solution containing..82. 8% by weiaht :
of thedihinufilyn evapareterfollewinathe ryeasorei H?ﬁ"eaa’efﬁy%‘tﬁea{%d.eq%%‘ed n

addition, 116 when the distillation residue oftai neo{. f
the lownbbiliag fdoirtlconamoreemi pyesiines to hgue @rigiatedHeayFapairation o

the distillation residue was found to contain 98.1 %
nonywe\‘\@i,ght of N, N -hexanediyl -bis-carbani c acid _

di (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 dibutyl

ate at a nolar ratio of 0.006 to
Exa”ﬁ@krb@exanedi yl -bi s-carbam c acid di(n-butyl) ester.

S;e.l?ﬁgqf{'ﬁ.ﬁ B?Jgﬁgg@rfef QfN e aRU bReaiansie AXRNBI(8-butyl)

on' of

N, N - hexanedi yl - bi s-carbam c Acid D (n-butyl) Ester
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 27.1% by weight of N,N'-hexanediyl-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 bailing
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 dibutyl carbonate and 17.2% by weight of n-butanol.  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

as, chromat ogr aphy  _t. ' lid®d

Whe“é%%%ﬁﬁ%ﬁﬁpﬂﬁ?yygégﬁg%ﬁgfE%g%ﬂégz%%gic |g%§?$Pgiratio

of 0.00075 to phenol. .259 f a,sol utj I :
chromataasaRe e cistiianemessidin pastpri ig et R 1ok py weidht of

met hod as step (2-3) of Exanple 2 using the 1 T
N.N-rpabnedighbisiesrgamasatd di@ﬁ-a'ﬁtén(ﬁ;ﬁﬁtwg T &dgen: Wg‘ﬁ“we ggtillation

and 13C-NMR anal ysis, the solution was found to

residueonaaana9ea by ges girometogrephiethmydistiletianiregidya wasdound to
The vyield based on hexanet hyl ene di am ne was 79. 5%

contain™iBAg! £a®Bnatdst £ nvRaeratio of<108S & bely'-lodxamedid-biscadamic
adheréd to the inside of the thin film evaporator

1 FAl ' the reaction. There were no conmpounds
acid Jé@ttge@wg%glterq the I ow boiling point 20 conponent

pre ) L gi i fTh i

phentis Uy bR of BRIt LA AL by Therma

3- ((3-net but vl ) oxycar bon ] RO-
DecompytdoR ML NLL SKERTT e BEN ACHE T UDILERST huty1 )

g ztﬁg:méfts @%&8@8 (t%igy_lljg{egc gqoildée?(?qf@,gﬁénr%é _aﬂgchl}/rle%é(rjn?cat industries,

3-am nonet hyl -3, 5, 5-tri net hyl cycl ohexyl am ne drich .
L1d., Bapem) AnCBY, el bk o GIAUEELS WETeSaELgP dRBEIS LAt fosidue

four-nmouth flask, a stirrer was placed in the flask,
obtaimedlirestBortt 812) to obtale rseomagenecushsetiony \Wiendhigewas analyzed

attached to the flask. After replacing the inside of

by gds¥hreetairaphy theisol@@enwas feurfdto conaintdibliyskankgsate at a
Imrersed 1n an oil bath heated to 100C fol |l owed by

stoicﬁiﬁﬁhe%(?@'rétiooﬁﬂ ®bodBs & enhehols 058y P4 BoKitide waEseBovered from
net

anol solution) to start the reaction. Sanples of

e &y PG e P gz it sedtomisa e
s A ey oA S R oo
solulsryas e Carpriand et Wik bidnpiyih fiicEpaee. e
yield:i:;ssi@gtqﬁgb@gnlwgt?\ty{e%% éigﬁwti]r?é Svsé)s’ 79jo;%m amda i %Sn, E‘?érg 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 pheriol.

Example 19
« Step (19-1); Production of 3-((3-methylbutyoxycarbonylamino-methyl)-
3 5 5-trimethylcyciohexylcarbamic Acid (3-methylbutyl) Ester
2080 g (10.3 mol) of bis(3-methylbutyl) carbonate and 318.5 g (1.87 mo!) of

3-aminomethyl-3,5,5-trimethylcyclohexylamine (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 |iquid chromatography, the
solution was found to contain 30.7% by weight of

3- ((3- et hyl but yl ) 0x 1.0Q- - 2Dl
5 Lvolryates SrombRy e irtom ST Ao CooRaITIbiess pray DifrefE
Step (19-2): Distillation of Lo il ng PQi :
condesemane Athressg2ay V@Weawﬁﬁ%%‘it?‘F'%ﬁd\é{o\iE?é'aégt aﬁhgé replaging the
the low boiling point conponent was distilled off i n'lb th
inside tdfi¢ths aystemawite nitsegan, dpe faursnogth Bekwae IMMEEFeR 1t Al O Pa
solution obtained in step (19-1) instead of the .
heated @ YDDAD fallvvaidey thenadditipn F-18)0 gAd sadiuss methexide (28 Yo
anal yzi ng by gas chromat ography, the distillate was

methafngvggiuzien% Rafaht readicroNtSampks ol thé fedobyliquid yiere suitably
- (0] I S

3-met hyl butyl) carbonate and 19. 6% by wei ght of
; ke | 5ha s diohagad terpfinated at the time
collecgend;?ﬁ&%%%{;%ﬁ %ﬂgélﬁ %Q?I?Qi‘%, Bh8'the Asaclio

yzing the on residue obtained in the
wnen P ANebh 455 SRR EPBRRY e G bfpeetetected. The
st R T S LTSSy g on

I ddi tion, wh he distillati id .
acid ian expHRRDIESACATERR a5 (FRISNSS): A B POR ISR £y adiusted by

resi due was found to contain bis(3-nethyl buty{l) 118 .
removiag oiatuee aindavamhed to 651G vath @ esterna) jacket , to obtain a solution
3- ((3-nmet hyl but yl ) oxycar bonyl am no- )
in whitkt thil QodRurh reethokicet ed byeh okekglizes: bas 8 regyitof analyzing the
(3-nethyl butyl) ester. Step (19-3): Production of

i L enRirh SBeEsIRt thd¥olltien s foDad dapostain 88. 786 by weight
Somtlgﬁ%%t hyl but y?) oxycar bonyl am no-nethyl) 5

of 3-@&%’?@1@@5@}&&%%9%»6bQﬁé@@m& 5ACiridndtByleptiopkkyitaidamic

,47di -tent-anmyl phenol anhd 58.6 g of

. i butyvl, ti i urate were added to the distillation
acid ég}egp(u’éblétgﬁae%ﬁée@ in step (19-2) to obtain a

chroSErosphpicRon o (BRRONRE AT GoRpast: Y 0o

2‘}5%@%@? ilgt?lluattg lw)erg %%?é?ﬂé‘é %vhaétn t%eskt)v(\)fib%ri“nogn&ﬂ Soﬁﬁbhgnt 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 aresuit of
analyzing by gas chromatography, the distillate was found to be a solution containing
80.3% by weight of bis(3-methylbutyl) 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—methyIbutyl)oxycarbonylamino-methyl)-B,S,5-trimethylcyc!ohexylcarbamic 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 time of 13
hours. As a result of analyzing the solution by 1H and

carvors3S A BB A B oL R nahroaAeD |
ety ey SaEb v A CEL G e 2 ne

tances
observed to be adhered to the inside of. the E%I nfilm

evaPtepatier3Y. Grdustian ehisopearnedaisoryanataRy Lhgigal
pentenes detected in the | ow boiling point conponent

Decordp@sitioredf Ba(S-avahylbutyiljoayearbbnglaminemeetiyat i on of
2,4-di -tert-anyl phenol. 20 Exanple 20 Step (20-1):

3,5, 5-EhRstHE L StohekyI3afdamib wcid |3 retaylbatyy)l Esteno- et hyl ) -
3,5, 5-trinmethyl cycl ohexyl carbam cAcid (n-butyl) Ester

B -A9E. &bl 6h3-58.6 ¢f ofiiBuly| n HRawase were added
%{;ﬁ é?ﬁoﬂ?‘ \?\??f?@f‘]@ﬁ 25 excepti gfn of Blgﬂgi ng 1521 g (8.7

| f _di I i . :
T T e e

nol) of 3-am naonet hyl-3.5 ; ;
WhenFishwehneD et gr IR byt sglutionwas found to contain
et hoxi de (28% net hanol . solutjon) to. .0 (D, a
bis(3-Tthe by ceAbanAe SOHaClE B A5A 002 &
3- ((n-butyl)oxycarbonyl am no-
2, 4-dinfettryylpBeBob- t ri met hyl cycl ohexyl carbam ¢ aci d
(n-butyl) ester. Step (20-2): Distillation of Low
BUBlg 60a BolutibnGoeneareenvergdiitern ligecdi2 by 6REYINGI At dhaspme
obt ai ned when the | ow boiling point conponent was )
methéd §"sis|té[§g1—3§ bf Exafipte $anth enaaeptisnsif egsinglthe)safidtion and using
Exanpl e using the solution obtained in step (120- 1)
a reabfioh ﬁ]"ﬁ@ (?ff1 3 HSII.IlS.So' Wd Feit & arefyzing shepolufion by 'Rsarad
result o anal yzi ng by gas chromat ography, the

13 WSt | Proo@rithinCIn % BY Reidhnef isophorone
C'%?@%%‘%ﬁ%#'@%@ﬁfy _ca_r%onat e angjvm. % by
diisor\:/\faln%tt]tte. fhd yPeLI'é 302k ohs-8Ahdrh8lhyi-3,5,5-trimethylcyclohexylamine
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-amylphenol.

Example 20
- Step (20-1): Production of 3-((n-butyloxycarbonylamino-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 dibutyi carbonate instead of bis(3-methylbuty!)

carbonate, and using 330.4 g (1.94 mot) of 3-aminomethyl-3,5,5-
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10 as a result of analyzing the distillation residue
obtained in the flask by |iquid chronatography, the

distillation residue was found contain 97.8% by wei ght
of

3- ((n-butyl)oxycarbonyl am no-net hyl)-3,5,5-trinmethylcy
trimet%@méwrhm snch¢i & g bNsduliy thetratxide (28% anethahohgolution) to
en the distillation residue was anal yzed by gas
- Mg 37oad 15 kbl PB-((/EDL bopylachiho-
obtam%;%@gﬁéﬁgp@%pgcaf on@tgbgﬂa 15((rml gﬁ"ﬁr"g?iﬁo of 0. 007
-((n-but yl car an | Jestde 5, 5-
memyb%ﬁé’%ﬁ%ﬂ%’ﬁ@%f@&? &%l?@g@ﬁl) gﬁ?%mk{)u%s)}%s ester.
St 20-3): P ti f I : W te b
Thoi (2R IASBEtATR st Boring Pt EofgdrRRanat e by
3-((n-butyl)oxycarbonyl am no-net hyl )-3, 5 5- .
1 r42rptofa Ggiilladh avere btaaad wheh fa\e(‘ﬂ%'kﬂﬁ'@vg et gpmpgnent was
1156 g of 2, 6-di net hyl phenol and 59.8 g of dibutyl tin
distilleti bR tieesavae enatuardast stept(fhel )dif fixamplei lonsing dney galution
obtained in step (20-2) to obtain a honbgeneous
obtaireRl intdtep (20 M aistédd of trssalotibry obthited frestep (1-1).  As aresuit of
chr omat ogr aphy, the solution was found to contain

analy?ia Lzﬁyyéascéﬁmbﬁréﬁhyﬁtr@ AikaRite Wiy fountdabibe @5olii6A béntaining

, 6-di met hyl phenol’. 387 g of a solution were

75.0%@&%%5@@0@ (ﬁlgng E@‘%oﬁé}é’é&& Al 31 WHfghit B 1SAMENAS In addition,

anple 2°'wmth the exception

of usin he sol ut.i , S| ' j iQfigl3
as a Ryt of HehZhe B R Bl SL RS binbaRF i Tat BF 1y
and 120 13C-NWMR anal ysis, the.solution. £ .
chrorgaingEARMDEYs BTG oS a LR aTuneoRi € v el
yield based on ) i acid
3-((n-Bubtioxyretepylanipognetivhel Ryi-tifesthrleysiohsryicaripmic ac
89.8% In addition, there were no substances obsgrved
(n-butyd) eéstend hieramttiitian, theen thesdigidllajiontnesidusy was Analyzed by gas
evaporator follow ng the reaction. There were no

chrorf StERRAISs t9e dititatierdresidudwasdouhd te cogtapoiiputy! carbonate at a
conmponent presumed to have originated from

molafggé}fi‘atl?f @bbPho @f-((&b@ré;?)dﬁ@bﬁﬁﬂor@lﬁﬂiﬂbrmamﬂpii,é,ﬂl Step

Producti on
BT ) 8 5 22,

- Step (20-3): Production of Isophorone Diisocyanate by Thermal
Decomposition of 3-{(n-butyljoxycarbonylamino-methyl)-3,5,5-
trimethylcyclohexylcarbamic Acid (n-butyl) Ester

1156 g of 2,6-dimethylphenol and 59.8 g of dibutyl tin dilaurate were added to
ihe 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- trinmethylcycl ohexyl am ne and
BC-NRasaIpéis PR sotutiti Wax felend £88omtairhoa bysekight ohisopborone

Wako Pure Chem cal Industries, Ltd., Japan), and not

diisocgﬁ%éi N§H2Wield BaksEa! drZAkhfiRomEtRAIIE BltriHftigcgiohatylamine

nge resin to obtain a solution containing 39.9%
o, VB aht ..
was 83 Eohor kRt Bars i RO SHRRRIoTSS e s RSPl B
_ . hexyl carbam c aci thyl ester.. Ste - 2)
insidery e fina D PvaPoLar BIPMe TRuRRCtedm DRe WAl 99 goppounds

of a distillate were obtained when tRe | ow boilin
detectsgiinthe kow beiing RAR camrengNtfesime S e SlignaiEd fom

as step (1-1) of Exanple 1 using the solution
denatotatisnref @, GdimethyyigiEnol) i nstead 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

Examg@_@p_nate and 14.8% by wei ght of nethanol. In 25
ddition, as a result of analyzing the distillation
resi 14gi ok ¢ 3f (nstky Xyt dbehglamino-methyl)-3,5,5-
chro%?ég?gghgqu%gogi st i(l I atyonyresi dge was found

. ontai n 98. 2% by. wei f

t”me@ympﬁﬁ(ﬁﬁﬁéﬂ%Sg%gmeﬁ@!lrr%%%@I )-3,5,5-trimethyl cyclo
hexyl car bamnj c ,aci ster. addj ti-aon, }M}ﬁ
e ssas FrBp o el (1) 8 Xam'%/ﬁgd"%%/&égﬁﬂ ot With the
chromat ography, there was no dinethyl carbonat

excepligneehusing Q7616181 8 Mal) G diBetYGABEnate dp Ba???- 3):

Production of |sophorone Dii socganate bg Thermal 5

bis(3-beetbyibotyl} carpoorte, using 306.5 g {1.80 mol) of -aminomethyl-3,5,5-
3- (et hyl oxycar bonyl am no- net hyl ) - 3, 5, 5- )

trimethyiayeionsxgiaphinb esayl @ 8rpais adivn etttspdde (28% enethanol gplution,
oz 2,4,6-trimethyl phenol and 56.6 g of dibutyl tin

WakdPLAY Chbmivaradasifes, td., Jabaniliarid hotatdrniing est oewtralization
obtained in step (21-2) to obtain a honbgeneous

rea A o s I L O e aa catep (23) of "
weigIgt?cﬁ%trﬁe%y%%a];%ﬁé?ﬁﬁ%thgmﬁ’f-s,‘ﬁ%—ﬂﬂnéﬁﬁlc%z%|dﬁe&9!&a?d!§inic acid
methyl 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 distiliate 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 fiask by liquid

chromatography, the distillation residue was found contain 98.2% by weight of
121
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a reaction tinme of 16 hours. As a result of analyzing
the solution by 1H and 13C NWMR anal ysis, the solution
was found to contain 99% by wei ght of isophorone

di i socyanate. The yield based on

3- am nonet hyl - 3, -trimet hyl cycl ohexyl am ne was

5,5
o-mofYealb b Bt 8 LR IR AP sty

m
oser YRS, OB e A S PRI 8680 e
crroragamed o Nave or 0L Sl ed 100 SSDALAL AU S haton rosidue

Producti on of

3- ¢ Slepré2 T3l RrogLrtory of lsephgrens Riseryansaty by 3hermal

5,5-trinmethyl cycl ohexyl carbam cAci d (3-nethyl butyl)
Decompbsitiod &F 34(ngethiloxycanopymino-methyl)-3,5,5-

3-am nonet hyl -3, 5, 5-tri net hyl cycl ohexyl am ne, 212.4 ¢
trimet&il;:gclgﬁb)cyleér_b%hﬁéA@Ww%ﬂ%q Estef 3-met hyl -1 - but anol

aced in a 10 L volunetric four-muth fl ask

g?:t‘!ra I@;gcr?tdza%" -Hin?ethﬁ@gépoFQﬁH’ 8B4 of AibUARtIATRISAte \iere added to

a gas eed tube.  The flask was i mrersed
i 1. pat r eheat '
the cigtlidtines b A ghiPERATE st 57 R o230 P md b olion.
f 20 L / f 122 ball filt /
Bhe Beta salLiPnr e esBlasA TR lbP 57 S GRS fie same
reaction liquid were suitably col.lected, and subj.ect edd .
method amveR By f Example 2math XCERUGR LT Us faCeicf} @na using
the tinme when

a reaBtiamtimenstI6/ho@ss, Bista resstthgianalyzneiia seken ks Hand
| onger detected. A solution containing anmonia was
3C-NMRtdrdlgsis, fthe sotitienupas foyrar toi contai 8% tiyeveight of isaphorone
vessel . The flask was connected to a rotary evaporator

diisobyanshé ChTMagif@passH 6f Ramdmetral-B, Hiuiimett/|oyddhexylamine
t'enperature controller, a vacuum punp and a vacuum

was é‘d’.g% ol Iheédditi)(ﬂﬁ 1Rble Watdind SUBSEALES Bb¥ES/esiab Hetadi@ied to the
an he 1 ow bol'l'ing point conponent was distilled off

o BT BN T e aconsmnc

ceto e LRI ki o R PGBl o

wei ght of .
denaturafion of 2,4,6-trimethylphenol.

Example 22
» {Step 22-1): Production of 3-((3-methylbutyl)oxycarbonylamino-methyl)-
3 5, 5-trimethylcyclohexylcarbamic Acid (3-methylbutyl) Ester
301.4 g (1.77 mol) of 3-aminomethyl-3,5,5-trimethylcyclohexylamine, 2124 ¢
(3.4 mol) of urea and 3120 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 preheated to 155°C and the

reaction was carried out while introducing nitrogen gas at the rate of 20 L/ hr from a
122
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3- ((3-net hyl butyl)
oxycar bonyl am no- net hyl ) - 3, 5, 54ri met hyl cycl ohexyl car ba

mc 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
nol.ar ratjo,of, Q. i mples of the reaction
bali filigr (Q@rﬁ@%‘?ﬁ g:hm é)%?&}%g’r‘%bﬁ{/ artrlimrqc;I-er?tSe(tﬂhyIs'gEE 3?5, 5-trine
~ thyl cycl ohexyl carbami c ,aci.d = et h V. t :
quic wetp Syisaine polleste deel serton do R AE T ok BRiPcign was
Thermal Deconposition of

termirted at thet tipe e JeiBamesmt hricsimatbyigy§iohexylamine was no
3,5,5-trinethyl cycl ohexyl carbanm c Acid | 3-nethélbuéglp i

longeEaétettead ¥88Sutontoptaining-amumpniaivendistidad fiom feyugper portion
di butyl tin dilaurate were added to the distillation

of therB8EBEvedahi ned in step (22-1) to obtain a
honogeneous sol ution. Wien this was anal yzed by gas

?Eé‘?ﬁ@k% ecté®t5alrbidrp @vé%@raiérttﬁdwﬁich iy ermeatehan oil
a

a stolichionetric ratio of 0.0010 to

bath ‘?2%%@@% g@h?@r I turé%n%’o%r & PRI ?Glinﬁagérﬁi a vacuum

ne y carrying ou sanme net hod
as Step.(,2-3). of anpl e 2 ] LA ;
contrelgse i baih i erRICES wes st SRR AREENLH, bl foirt
solution was found to contai %0 ' g :
comppeephwas sistiied gt RISS SUi% 8P91%§| M&)E}’PZV\@;@&L% g’tés"c'a'ﬁ“%r-' [esidue
i nonet hyl -3, 5, 5-trinethyl cycl ohexyl a m ne was 88. 4%
inside theafiimiiic i Mvhen tive distillatien Fﬁﬁ'@%%ﬁ@é@ﬂm %ﬂgt 0 be
adhered to the inside of the thin film eva Qrator . .
chrorhalogeaping thedistitbaten msiduehene o neoHaneae By avaight of
in the low boiling point conponent presuned to have

3-((39heBy MRk AT ok esylaminamathyp8, S 5arimethy oyaigheiyersbamic acid
Exanple 23 Step (23-1): Production of

-mé&l bu itlord @isgttatibni residule was snalyzed by gas
(3 mabg%ﬁé%%kﬁ%é%mﬁ%%ﬁﬂw of bai] s(n 3r- rremtulfyl but 3I )

o AR A R el o ot pg0s e
R LB RRE g AT et dtcararic i
(S-mghr;rlt;ﬁtpl) ester.
- Step (22-2): Production of Isophorone Diisccyanate by Thermal

Decomposition of 3-((3—methy|bufyl)oxycarbonyiamino-methyl)—
3,5, 5-trimethylcyclohexylcarbamic Acid (3-methyibutyl} 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-tert-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 13¢C_NMR analysis, the

solution was found to contain 99% by weight of isophorone diisocyanate. The yield
123



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

basedQJ be?mhg?rrettmrs Blmﬁinﬁﬂemﬁb?cmembwn@wab@ae% and addition,

J ecte NVR anal ysis, and the reaction was
there WSF ﬁg&ﬁJﬁg aZ1 % Ecelgl O!ﬁ@ié‘?grraﬁrﬁe to \}22 lr;]%dtla 8;1 theer thin film
ever oI LR, L AP e PR s o

oni ¢ acl
ion 20 exchan e resin (Anberl st-15 re Roh

boiiinmnainmampg@ey? prgsustechiohaye @'Pﬁé T&%'%sqe%ﬂai&%'é?”c’
warnmed to 65C with an external jacket, to obtain a

2-tert-bohydphemoli n whi ch the sodi um net hoxi de had been
neutralized. As a result of analyzing the solution by

l'iquid chromat ography, the solution was found to
contain 30.6% by weight of b is(3-nethyl

Exam }gyﬂo,) -4, 4' -met hyl ene- di cycl ohexyl carbamate. 25 Step
23-2): Distillation of Low Boiling Point Conponent

16585@8?&33 1P RIdu|ckiBh &f (8- ABIAIAG) W methigldren

poi nt conponent was dIS illed off in the
. t 1-1) of Ex le 1 th
dicyoBBRR PBRETHES ned i n siep (23, 1) instead of the
I
2athe LS BT AEb el e Bobapepro Rl A H L g moh o
to b | ut t % b ht
4,4 nmtg?@nﬁgtaﬁ%%@rﬁé’nﬁa#e&”e@Zﬁ@féh’a&mglﬁéafwr%el“%ﬁ? “81"30 L
3-nmet hyl - 1-butanol. In addition, a result, of
volumetet Jaumgotitiellasis d stirear was iakagedu@ thefas, r?élﬂl 3 Rimppth

flask by liquid chromatography, the distillation
condéesardirel adtsrebouayl valverweneratighehtbyhediagkt Bfter replacing the

bi s(3- et hyl butyl ) -4, 4" - met hyl ene-di cycl ohexyl car bamat

insid€of tHéWS)%ﬂé’mtwmm nltmfg@m thefadlirsholthatdastrwasshmessesis an oil bath
anal yzed by gas chromat ography, the distillation

heatéoeiﬂb%@d‘ﬁﬁloc\féﬁl {He sQich Bf Bigsd of BBHI MigthydRide to start the

onate at a ar ratlo 10 of "0.012 to

react@ S §éﬁb%ﬁg§é’l {8 REHEbI DR ArPsEREd to
NMR@}% %/ql enaa@c %)r%tﬁa%g& L0 fheWhed her mal
4.4'- fgiatshylenneebtlsh(clygg}-ngxylamme) aneg pl llgrrm]gferdclie‘ig e%he)ﬁ'%lecr%wlﬁﬂatsolunon
was supplied to a column 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 85°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 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

! %%H@H{aﬂn)ar @als -6) 8f ERasibie ¢ hisimethei solutidn o
distilled Oﬁ)ﬁ&ggz to 2,4-di -tewg[rry? phenolp 404 g of a

obtalnéﬁ é#%%??e(?ﬁ@ %mé?e%?iv&rtﬁg E:B.[?lghl dtﬂﬁln%a tﬁlété@(ﬁyy NoAs aubsult of

Sste Exanpl e 2 using the
analy%gi%s@?@%ﬁ@%%% tﬁﬁ giseﬁl] e%/ Fhg goﬁrlﬂc? ot %té&aﬂ‘n&%f cditaining

I'0n Was oun

ntain 20 99% by we

82 2%ioweightio] iae- TR RO heahonate. sar 47 5% DiwelghL P
based on 4, 4'-nethyl enebi s(cycl ohexyl am

3-metidg- Rtanol adu addition tases e t@fwyauaéh%a@ﬂ%‘sw
to be adhered to the inside of the thin film

obtainevanahafiask byliiqaid ciyontategrapay! iherdistiltation regidee s found
pent enes detected in the | ow boiling point conponent

contatﬂrﬁg%ﬂg Rigaet bps(Bohamlytslitfl)-an’ daethylens:-dioyclohexylcarbamate.
|-tert anyl phenol . 25 Exanple 24 125 Step

In adcﬁt?o“'ln ]v?g]her\:’ @Hi@hﬂﬁfbrﬁfes%u%(\ﬂa@ dhilyzed .oy gaetiphenegraphly, the

exy carbamate The sane nethod as step (23-1) of
d'snuaﬁémﬁ% 1810585 St oyttt oo
(3- 0.7
of 0.0 bRy PR RV G- %r%aﬁ@ﬁgkgﬁa@%@g}eﬁ%*§§db%9m*a‘n*§> and
Contggﬁfiég’sﬁgbﬁéﬁ@%wﬁ’ﬁ tf rhgtl'& qtrgel Hn(cyc!o exy |§c%{ranate by
butyl)-4, 4 t hyl d h I
Therrt(lgméqgmbpsmonlcgt%@é rggfrw&,\,:t}% e? ﬁ@g{b&iéﬁaer %Gﬂgeﬁwiqrg)amate
1683 g of a distillate were obtained when distillation
af306heol Dw-dickerf-argylpbiznol anhbrShe of dikty| digr dilasiptgyereradded

the sane manner as step (1-1) of Exanple 1 using the
to thes@iktllatRim eRidigestairedshester P23-2) to nbtaimd feimaeganeous 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-fert-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'-methylenebis(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 a 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 S@éﬁ(%4—ﬁ RIPrRAUERSH BEBis(E-DUbRMAG - hethglehsl N 97. 6% by

wei ght o
: ' 4, 4' - net hyl ene-di cycl ohexyl carbamate. In
dmyd%%ﬂ?%h% T%n the distillation residue was anal yzed

1 f%ﬁ %%iqo%%@ﬂffi a rﬁ%’“@i@ﬁ%ﬂ%%@hﬁfl% %{%@gfﬁ@%gk‘a% WA e
. 007 i (n-bu -4, 4 - ne .
excepgipemt@'r@é?@%%éd&?&t Réo?) éidétaﬁ%%?saf%r ip§teari ¥n of

4,4' - et hyl ene-di (cycl ohexyl i socyanat e; by Ther mal
bis(3-Detiylpolyi)tdashonate, and using 420.7 g (2.0 mof) o
Di (n-butyl)-4,4" -met hyl ene-di cycl ohexyl carbamate 1215
4,4'-nptiofleBebisioyichoraixy mminéPand d 1 & g dif sadipim methaidade gbtain a
were added to the distillation residue obtained in

solutié‘»ﬁ_%@n(a?rﬁn@)szt.@/oq%l@érghaohormgeneous solution. Wen 25
this was anal yzed by gas chromat ography, the solution

) - QU i | pRonate at a
bis(n }sy;aglil)r:h%o%e%twigﬁg{ﬁ%uﬁég?dgﬁﬁmt 0 2,6-xylenol. 470 g

of -%téﬁgﬂgiuzﬁﬂppggmﬁio&BPL{aﬁgagmﬁéﬁofrﬁQfBrh' Serit? by

carryi sanme ne as step (2-3) of Exanple
[ the sol ution., As I : ' :
Igpdia BFe PRGOS oL Ry e B ) Bk Ealing gont
compaNEE wra FeRyR] SBLpARRRENS TRENGT ap HERbEY) GhExample 1 using the
4,4' -met hyl enebi s(cycl ohexyl am ne) 5 was 89.6% IP
solutiaadibtaioad In Btars(2fet binsteas Adba sobdiondpined ipstgp(1-1). When

adhered to the inside of the thin film evaporator o
analykzet IbyvaamychroaategraphyntheTistilateuwras faunddapeumaalution containing
detected in the | ow boiling point conponent presuned B
82.7% Gyhazigho bf dibuafl edriforaie atenr. Bvaby weight ot i6butphelnolln addition,
10 Exanple 25 Step (25-1): Production of

whenth&ediSlatibn4esidbbbBotained wh ey flasiewnk caahaieal tsy ligiie

same nethod as step (23-1) of Exanple 23 was carried
chrorglélfr?gt‘(’%{n/tfy ‘(1:1‘;.‘?3 ggﬁgtsgcﬂf Fégﬂ%l%wg%'f%n&@eoﬁtafril@?f%%b)wéléht of
di(n-butyl)-4,4'-methylene-dicyclohexylcarbamate. In addition, when the distillation
residué was analyzed by gas chromatography, the distiliation residue was found to
contain dibuty! carbonate at a molar ratio of 0.007 to di(n-butyl)-4,4'-methylene-
dicyclohexyicarbamate.

- Step (24-3): Production of 4,4'-methylene-di(cyclohexylisocyanate) by Thermal
Decomposition of Di(n-butyl)-4,4'-methylene-dicyciohexylcarbamate

1215 g of 2,6-xylenol and 62.9 g of dibutyl tin dilaurate were added to the
distillation residue obtéined in step (24-2) 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-xylencl. 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
| ind 54 by EirRihG Bat tHecyahe pybe aishaspl(2-3) obEaeample 2
recove?étgﬁ'gw*lrg g?iblyl at | ollr]gof Low Boi |l i ng Poi nt ngorrponent
4134 g of & disti | dhat'®¢ INviRosnalysis,
using %‘P %%@‘Q%w%%?ﬁfg%ﬂ{ gﬁ?%%ﬁé@ggﬁ%gﬁg%{‘ ‘;H Sarried out Y
in the same manner .as. .§ 1- = . using
the solufjien véas W“@ﬁo@&f‘iﬂ'ﬂgg }F ﬁes‘&%gﬁe %ﬁii&?@'@% of the
solution obtained in step (1-1) We anal.yzed .
di(cyclohexylisosyengey, e Yield PAPPA R HASTF %Féf‘-‘?zi’dg(éédg%xngﬁ"”e)
sol ution containing 87.6% by wei ght of djnet hzl
was 88 8vbhonint additioh, 1heswbre neisghstascefebsan@a tojp adhered to the
addi tion, when the distillation residue obtained in
insideldiend tras Kiesapoaityzftiowng treuiedicR6n.c hT oenst wereaph gompounds
the distillation residue was found to contain 98. 6% by

lighite Hw boiling point component presumed to have originated from
detec%iﬁr{gt hyF:g 4, 4" - %ept hyl eneF-)di cycFI’ ohexyl carbamate. In

addi ti he distillation 127 residue was
denatﬁ'%i'lobzog%'%%%g‘gﬁ'chr omat ogr aphy, the distillation
residue was found to contain dinmethyl carbonate at a

nolar ratio of 0.002 to dinethyl-4,4"-nmethylene d i

c?/cl o hexy | ca rba mate. Step (25-3): Production of
Examples25 et hyi ene- di (cycl ohexyl i socyanate) by 5 Thernal
Deconposi ti on_ of

Di_net hyl , ,

4 Blepkiy) dPEceigh oo iRt bA AR bY ng,digygiphexylcarbamate

2,4,6-trimethyl phenol and 69.0 g of dibutyl tin,

Themanat evathoe aadder (23-1) ohExamsle BB atasearfigdiqulavith the

obtained in step (25-2) to obtain a honpbgeneous
exceftiInusfising 190ewy (1514 mulsofdialefag cadyongie instead of

chr omat ogr aphy, the solution was found to contain
is(39 alee LRIng462.8i ¢ (. pmesly bE ratio of
bls(sgﬁ%gg%k%lg%@g%-fri rreg??}?/% phgégnol. 4237 10 g of a

' 3B SRR blg umethioxidengnauarrying out
44 rﬁ%@%&g%@lsﬂcﬁ%@ S s{r%g %(E!%*g)g gfscgjxgn'py?e 2 tdsiﬁrg] tu hgylng -

e B Bsq S oo SRl 50 g soptoeohtining
55 SR GRS S v B e
- 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-dicyclohexylcarbamate.  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

ipyadRcHrbATAL h ,rta.bimst'lm&ion residue was found to
ressdub%@%&iﬁ??r&rg?ﬁgaép enc;I e 26 2(I) Step (26-1):

o JHU 5 B L Pt S gaetmoter

. 4 4' - h nebi s(cycl ohexyl am ne), 240 g (2.0 nol) of
d'cydﬂh@ﬁ/l%ﬂb é?g g of 3-nethyl-I-butanol were placed in a

L volumetric four- uth ask e

"ot 15686 Easrivaduction ReA e by iens JvEREP ety Bgate) by

feed tube. 25 The flask was immersed in an oil bath
ThernfadEdecmpasitonl af Bimethy-dabanmgthplesrdicxdohexylaarbamate

the reaction was carried out while introducing

NUBT QUETD, ddstrintethipheabkand 69128 ofdiduty! tin difausateawerd added to

filter that reached to the bottomof the reaction
the dlh‘ﬁﬁa‘i@ln reSRITR! dtftainet ih Reep €5°P) @obtaltua thowmgeneals aiolytion.

| ected and subjected to NVR anal ysis, and the

Wherl ﬁ\f[':,‘:\trv ?‘W eHecSW’?é@E |%rfi‘éto Pé‘pﬁ;ﬁ e ¥hiation was found to contain

enebi’s{cyc ohexy am ne) was no | onger

dmetﬁy&%bﬁﬁaﬁ%sé’%i&*ﬁ?@%&‘%@“? P00 e%ac't?a%ﬁ”‘?%éfﬂﬁéf“f'ﬁ%' 487
was connecte evapor.a
gofa umws&% Grrere ﬂ%@@%%iﬁ%@fa Goih e sndahéfigres ster
a vacuum punp an um , cont oII
(2-3) GhEXBTPIS BB NG AT OIS vAS SSEEUL O 2080 RS anpy 'H
boi ling point conmponent was distilled off at a
d "I dedRranalysie. e saratiarowepfeund to aptein Pat nweiht ghe
10 inside the flask. When the distillation residue was
4 4'-racthlylened difgytlobexyisochamate). ogFlapkigld basediosti | | ati on
resi due was found to contain 99.0% by wei ght of

4,4'- rﬁéﬁ&%ﬁé@iéw*@@hé&y)lalﬁlrfé)vm 84 4ehe-In addition, there were no
di cycl ohexyl carbamate. I n addition, when t he

subs@ﬁ%é 'ob@éh%@i these Qé!ﬁeﬁé’@%@ﬁé'uﬂ@é’ obihedin film evaporator following
C omatograp y, it was found to contain urea at a

the f%?éf% o e?t]a- %rg lrsgoj)rﬁﬁoﬁﬁbﬁ]d?tgﬁged in the low boiling point

component presumed to have originated from denaturation of 2.4 6-trimethyiphenol.

Example 26
- Step (26-1): Production of Bis(3-methylbuty!)-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 a-nd 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" - met hyl ene-di (cycl ohexyl i socyanate) by Thernal
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/ ht)ftoﬂ'l égléﬂ?ﬂtt@r Vet Seadsiard B ettttion of iHd A¥dctibnvesselue Samples

ailned in step (26-1) to obtain a honngeneous
2ol | dth
of the E?ﬁ n:léy(i\g%?e sﬁ&aﬁl %crj]aém?gs t Mttg %@gﬁtaar}arllysd? and the
reacthj w@gttg%ﬁpép%ﬂgﬁﬁ]g t?rgfégv , s &ﬂ%ﬁ%ﬁlg&gclohexylamme) was no

recovered fromline 57 by carr out hg ”ﬁ1 net hod i
longersgetseigsl. (ﬁgylugpn E;aaﬁw@g@mrgg gﬁ@l% gd frogy, thejdpper portion
result of analyzing by 1H and 130— NVR anal ysi s, the
of the seactidrovessss found to contain 99% by wei ght of

4,4 -met hyl ene 25 di (cycl ohexyl i socyanate). The yield

PRs Adskwab donreztdyy teea eotdiry eyawmhm(ybarmmewas\mr@@teﬂ an oil
% In addition, there were no substances observed to

bath RRiFHIEWVRH 4 fén’é;ﬁlﬁatl.ﬂré%ohﬂénéte adfacube phinp drid avacuum
aporator foll'owi ng the reaction. There were no

contrétllé? e[ﬂgsbll t?aeﬁt et‘&tn ratlrd B8s s%Y"%cp@Sd)d(f‘ CarRPIHA |oRABEIRARS Pbint

hav originate rom denaturation of

tent b 1 i
compen%%vx?% Histled e s SR G o kot Bbrgita Hstilaton resiue
(3- et ster 27 I .

insicegire sk NYPB IR istlRsEliseints tas hefy 220 %V'?fiﬁ'? of

2, 4-tol uenedi am ne (Al d USA d.
chroraataatanii MsdieTiatan s b Was Roid s 3‘%‘%‘%‘-?69 $‘°e R of

placed in the flask, and a Dinroth condenser an
bis(3-netopionty)-¢ A etgeseadicyelpbaxylgatiaanateas i as&fitﬂ@n “when the

replacing the inside of the systemwith nitrogen, the

distill&tear reaididwhb asialyad bhynges sbobratograpivi ityeasfonegltte gontain urea
80C followed by the addition of 13.3 g of sodium

at a m&kPPaticler 6 @ﬁ%tﬁt‘eﬁ@ BROB-nasthylbiLen)-414-nesthylenehe
reaction. Sanples of the reaction liquid were suitably

dor FARLGELMAAN, 101 0oL 04 L0 Lo N e Los, and i
2 4 é% &%9‘25' Wb&‘l?cﬂon of 4.4'-methylene-di{cyclohexylisocyanate) by
Thermal Decomposition of Bis(3—methylbutyl)-4,4'-methyIene-dicyclohexylcarbamate

1765 g of 2-tert-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. VWhen
this was analyzed by gas chromatography, the solution was found to contain urea at
a stoichiometric ratio of 0.00067 to 2-fert-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 colum 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,

insideld? RO tah fild @@Fatét@nfduawtg tHe rdaetiondi Themewvbeia eutees
been 20 neutralized. As a result of analyzing the

detec ﬁlngILn? Tb\plﬁolliinlﬂtﬁcg%tfég% J SRS IMel I8 hadelorigirteddrdm

oun 0 conta wei ght of

t ol.uene-2. 4:- di car ic acid bis(3-nethylbutyl) ester.
denat%'ﬁn(oj'é?ﬂ'gfﬁ@m%ﬁ%ti on of Low Boiling Point
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
Examplee2éol ution obtained in step (27-1) instead of the
solution obtained in step (1-1). As a result of 130
analStep §87-Hy: Baxsiuctioo wéioyeapts;4-dicrrbamic AridBis(Gunethylbutyl)
found to be a solution containing 82.6% by weight of
Esterbi s(3-net hyl butyl) carbonate and 17.1 % by wei ght of
3-nmethyl-1 -butanol. In addition, as a result of
?'?9'1 Xp{1e ) 6f ik i3-hkmAputyBdafbenatebiral 281l gi(R.3 el) of
I as y liquid chromat ography, the distillation
' ODfceH Yedy ivgisgh ic four-mouth
2 4 Rt ABIBY oV s A ol o

ot s P B T 8 e 2 s

valve TS ADER OARAPSR. | ALFETeRIRg B1pTsse BHiE shstem with
t ol uene- 2, 4-di carbam c_aci d bi s(3-net hyl putyl r

nitroganefing Br3poulh Eskouo ORI foarob A hPeBea b E Tpjowed
Thermal 10 Deconposition of Tol uene-2, 4-di carbam c

by théadditBinsef3t H8 tchyfl sadiyi)metboxidex®de grashanol solution) to start the
2,4-di-tert-anyl phenol and 71.2 g of dibutyl tin

reactidr. alB@hplesayfeha delacdiont iquidevede stitatlytoobactedangigubjected to
obtained in step (27-2) to obtain a honbgeneous

NMRSAHaH4i8Nand Weeredchba wiRstehtlateg dt the me when 2,4-toluenediamine
chr omat ogr aphy, the solution was found to contain

ves By BTGB, Sy EpHIg SRy a St et i v
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 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-methytbutyl) 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 Exampie 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

I 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 analysis, the sol ution
analy¥Rg ByogeichirontRogphy I9® diytilue ghis folin@@o be a solution containing

toluéne- 2, 4-dii socyanate. The yield based on

82.6?%86%%@?&9&&(%%8@@& 2af86ndt8 ardddi 1408y wehgitefver e

X it tan;:_es obse to be adh_er ed to the i _nsi de of
smelply Siihal  JTHEPERLE SlekOl LR AT LTS el reicue
obtairgshin e ek prora Bt optart, M dieterggsid @ hps foupd

131 Step (28-1): Production of L
contairoP@die by weightcéh tahienese eicpbartt £§id Pigc-methyidlyd gater  In
met hod as step (27-1) of Exanple 27 was carried out
additiant whehdhe xistifatiomresfidus wag aredprag bogas goromatography, the
di butyl carbonate instead of bis(3-nethylbutyl) _
distill 8@ pxidiee aad foshd o 28@ain bis(B-mathylbolfyl) carbonate at a molar ratio
2,4-toluenediam ne and 3.7 g of sodium5 nethoxi de

of 0.0195%% BRI -G ehhhae hcldbieB-Aidthyb el ) Wsteam

containing 32.1 % by weight of toluene-2,4-dicarbanic

aci dedi bt r . iZocy Bhatol ! |of
o TP Q7O RoRer ToRet b dRaReoy e Thar

Dot S it Sisbl Bl TEAGE SR TRBIIT RS o
48 § DB AT ool 3082117 Gt BBt lete were ascd

obtained in step (1-1). Wen_an zed b

| .
to the isbltalicsyfasisie Optinas! Brsiep A2 &-2\46 oPlsimA Hasmegengous solution.

sol ution containing 78.3% by wei %ht of di butyl .
Wheo 4nibovas analyzed by gastopromatpgraphy, 1he sobdien washfound to contain

addition, when the distillation residue obtained in
bis(3trhetHylastl) wasbanzdt wr eadtdighiometrid ralichob®R08gtaphy, the

distillation residue was found to contain 98. 3% by
2,444\%,9@15“)@,5}1@;@1 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 *H and
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 Toluene-2,4-diisocyanate b%u
TheiSw@p (2224 ): Rredoptisn bf Toluehe Tod-aireebamit Acidddirahiityl) Ester
Aci d Di én- butyl) Ester 1148 g of 2, 6-di nethyl phenol

*Ad s%ﬁe”'rrfétr‘kgd 89REM (BCef af ExampR ZHded depriédieut with the

distillation residue obtained in step (28-2) to obtain

Q 30 of i ' j ¥ By lbuty!
excerfiRHFERERE 137 0PIt el of Aty calbpr AR Rt tisRimaR buty)
di putyl car ate at oj chi e ' Q0
carbofiglessdd g bg ShLsdnon s A PySaraigining B 3P sdihn
recovered fromline 57 by carrying out the .sa o .
methoraen (2 Bameihepol 3019ion XGAR 3 SORISN g ETANE Gl fchy weiaht
with the exception of using a 132 reaction tinme of 16
of toluene-2,4-disahanais@cid dfndwdy!yestes t he sol ution by 1H and
13CG-NMR analysis, the solution was found to contain
99% $tepveBgt Distillaibruehee® Bhiliig Bouy ditwarenerthe vyi el d
based on 2, 4-tol uenedi am ne was 90.0% In addition,

1heRe) ¥es aigifateSWhis antaRfedoRBen visilatohef theheneubiling point
the inside of the thin filmevaporator following 5 the

compbﬁéf\f W38 caffisd ButVRthe Rantd PR &is dede c1-a¥lof Bxahpld OWsing the
borling point conponent presunmed to have ori gi nat ed

ibh? 'S8 @3- indtelig ' 29).  When
sonulf G083 0B SR AR PigneBTUE(ED, | wine

Dinethyl Ester . 10 The, sauwe,. &t ho (27=11): o
analygk it SPFrRaietd AP B ST Vareoag A Bl 7o g of ontaining

using 1137 g (12.6 nol) of nethyl carbgna instead of . ..
78.3% ey deiobt Ay AU ICRraataie AR - s P WEeaN &Y g RISl df pliton.

of 2, 4-toluenediam ne and 8.1 gi%of sodi um net hoxi de
when(theudistilatian sesidop wibtainedakhe faskewen amptzed BYdiRtY | es,

Ltd., Japan), and carrying neutralization treatnent
chrométdgraphy, dine dictiiatinreresidiewas fobnditacantai 88.8% pyrweight of

contai ning 35.3% by wei ght of toluene-2,4-dicarbamc
toluen6iZ4 diicambimic asitiati(n-butst)emsté2 942 pddiiost hkatthe disdilation

Low Boi | i ng Poi nt Conponent
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-dimethylphenol 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 dibuty!
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 | ow 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 analyzed bﬁ

reacti GHEme SToNPhAwEaP A, a Féuiltthfirial g thesoltitom Byt bl ared EC-NMR
sol ution containing 85 1% by wei ght of di nethyl

analys‘f? C}R?%% Lﬁloﬁ'\ﬁaéhe A s |9r§9°ﬁ}fbyﬂﬁéu Apef tolléhe-2 4-diisocyanate.

when atl on resi due obtained in

T
oo O R L O Ry 5 B g i

anal yzed by gas chromat ograph the distillation .
the rerekniucThers Weerp comPEHRES REtaptarlim e'eﬁfr'{’feif‘]%@@ ot
nolar ratio of 0.001 to tol uene-2,4-dicarbamc acid
compdnerﬁtmgbumbﬁaoésiverorlgumtep f(c;mdgpatqpaty@ny@f g &digrethylphenol.
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-trinethyl phenol and 65.6 g of dibutyl tin

E"amgL ayrate were added to 5 the distillation residue
tained in step (29-2) to obtain a honmpgeneous -

sol lgtb 29-1 lﬁn"t‘ﬁﬁ’oﬁféfﬂeﬂﬂfﬁ:@dm@ﬁﬁc Acid Dimethy! Ester
chroma grah e solution vvasfoundto contain

st b0 ?r?h%? 1y PP pReBiE 2 yps FrRg it the
excorNer el i 150 g(é%% e@iaﬁ%m%%‘?bbé%ﬂ% w%ﬁ 248 ¢ Ton

with the exception of usin ﬁif ﬁ]u dOf 15 nd 8.1
bis(3Hmainslbund) eAEESEI, BINBANSA %10 AOIS6 Set BT am bR

13C-NWR anal ysis, the solution was found to co

g of spaiarbynelhioglide (8% onatbascbsaluiinn, sMaka e Chem'@aﬂn@fiat“es Ltd.,
based on 2, 4-tol uenedi am ne was 88.0% In addition,

Japaih))ene omgmgl peustliEEtandesatoiene withcarn ©nbexchengedesingo obtain a
the insi of the thin film evaporator following the

soluﬂbﬁ%ﬁdtélﬂmg'rf&’@ B BR RGN faoensds4ditarbasmic anidt dimetylester.

l'ing point 15 conponent presuned to have origi nated

ggo%@‘@g“ﬁﬁtﬁ@ﬂla%n%f 4 o BoiliABIFBhPDEmMpbnenExanpl 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 dimethy! 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-toluenedi am ne, 239.4 g (4.0 nol) of urea and
3349.7 g of 3-nmethyl-I-butanol were placed in a 10 L
volunetric four-mouth flask equipped wth a reflux
ester. condenser, a thernoneter, a stirrer and a gas feed
tube. The flask was imrersed in an oil bath preheated

to. Sﬁﬁﬁz@é )t dUeREH bﬂbl\ﬂ@ﬁeQM-ﬂiu@@by@ﬂat@\ble@ermal
i ntroducing nitrogen gas at the rate of 20 L / hr from

Decorﬁp@ﬁt ibn ok %ﬂenbh?% dl&f’r‘baﬁ'ﬁ? heid Dfneth PE&tb?m of the

I on vessel e reac lon liquid were

PRLA B0 £98 tlr@%lestﬁ?lgpﬁpcgl zﬁ#eﬁgéa%t fr biduNYRoaialysk Sverdtbided to

N T A

portion of the reaction vessel. The flask was
Whendbisn&as enatyges byogas Wr@oai@@tapbm the sMikien was found to contain
connected an oil bath equipped with a tenperature
dimetogirtarobhate, ata stamiiometnieratio df 8. 020NN 2 4dptitmethyphenol.
the oil bath tenperature was set to 130C, and the | ow

B Ig 6fta peiutibn wsrsreoevdreddoniint iS7! mdcarrfingtoud the same
pressure of 0.02 kPa to obtain a distillation residue

methdd‘éé deog o3 bﬁEKamW@B usitg Plesdoldiici With thé skekistionpsf using a
anal yzed by |1 quid chromatography, the distillation

reactu?ﬁstn'n‘fjé‘ Bf g@} g:?émdAg 9.re80k at Qﬂg@% glé’tﬁé SMRIRIN bYTH and "*C-NMR

I carbam c aci d nmet hyl butyl”) ester.

ddj t.i } [ BS4 _
analy 3. S LG 8 Bd Tt hon &) “%;%*‘*%Eaﬁ'ﬁ%@?“ diisocyanate.
C in ure a nolar rati f,, 0. {

The yidlH enas Prdr Bl s e b PE L% el ?’@ﬁ?&}ﬁﬁ%%\{vﬂe no
Step (30- 2) Productl on of Tol uene- 2, 4- di socyan gg
substm@@%ﬁbsemsdﬁﬁ@saidh%ﬁ RJ th%lﬂ?éd?eofzth@ AN aYaROT ALY dollowing

Bi s(3-net hyl butyl) Ester 2613 of
the rezcliodi - Toete weyd phmm;acamSE!setect@ddn toe I ppilingrpoint
dilaurate were added 15 to the distillation residue
compohtat pesuntedteepae3bridinatenl fobmnad enadutadioogs Zb,6strimethyiphenol.
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

Exam?plé3@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 g
of 3-methyl-1-butancl 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-NWR anal ysis, the solution was found to
2 4-toh.mnteai ami9eowdy nodomder detectetu e Aesalution costayag amenormagvas
yield based on 2,4-tol uenedianm ne was 86.1% In
distill@fiftbin 98, up e TR riveH of the eubsérmnessel. observed to be
adhered to the inside of the thin film evaporator

(o \1Y W) b OR. h i
ALk (y?alst,n &t?rg]r‘(ie@cft’%é 'tcggiriata]ry BUSpURE tBOwNeRteEonnected an oil

detgctﬁ he Iow I Ng pol nt co_rrponept pr esunmed
vatn S85p0 R AR SRR Bl gy

Producti.on of o . ,
contralleg; (e Ailbattpmpreaigs was sRbI9 1 POIG < thsoy bolingpoint

Bi s(3-nmet hyl butyl) Ester 2184 (10.8 nmol) of, = .
comppnewvaedifjilipdof 3t a BrassHER &f ake idartq,obiginga distilagen residue

4,4' -met hyl enedi aniline (Al drich Corp., USA) were
insidepirecfiaski n Vithen they distilietion tesidusiwagsnatyzedekligud

stirrer was placed in the flask, and a Dinroth

chronestodeasss trandistillatidir residumywas foendver eorstbine@h 68 by welight of
flask. After replacing the inside of the system wth

toluemé-DI RARAbARR: 4QY 'bis!(BU‘h@thfyltﬁﬁ%I) wateri NMypaddition,wisen trid
bath heated to 80C followed by the addition of 17.4 g

cistiiorf IR WEk ey dp SEARI 0GRt 1t fofinlilg contain urea
' I d j ANoR
at a niffaf (A ST pYaR S OGS R R ARl Rl Bippihyjuty) ester.
wh 4, 4" - hyl i -
e 50 e PR GARR S 8 ARIBRG ) ERR Tl
Decompasion Miraneye S 4 s REREASH B RGne R E )
adj usted by renoving noisture and 15 warnmed to 80C
\B&1B ainf 3)d-dirteat-ajnuipbenc! and 56t A0®f diigyldin dfpuratemweehadded
t he sodi um nethoxi de had been neutralized. As a
to the distillatiar resichie/ abtainechia step (80-d) td pbtainailibmogeneous solution.

chr omat ogr aphy, the solution was found to contain
Whenr thid Wdryan@lyadd beigashbmeéthgraphptthasellitph-wiagpfeam tb-contain

bi scarbam ¢ aci d bi s(3-nethyl butyl) ester.
urea at a stoichiometric ratio of 0.00050 to 2,4-di-tert-amylphenol.

285gofa 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 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%. 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-fert-amylphenol.

135



10

16

20

25

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
Examplel3tion obtained in step (1-1). As a result of

anal yzi ng by gas chromatography, the distillate was '

foungleh P38 ? ProdlibtidoBf ROt @, 4limethad2ddiphengl)dliscarbamic

bi s(3-nmet hyl butyl) carbonate and 17. 7% by wei ght of 25

Acid Bﬁscgméyp}y-lﬂ?tﬁgt%qstl I In addition, as a result of

| ati on resi due obtained in the

516 04 AL B g @Mﬂﬁ%k% mol) of
s e e RN b BRED e P B L e

distillation residue was anal yzed b :
four-nomibrilesisgn pig! weR@Iared i Natnask, 284 rdIB TRl CPRiRRFer #nd 2

contain bis(3-nethylbutyl) carbonate at a nolar ratio
three-afayOvdltd wieve attached to the flask.  After replacing the inside of the system

N, N - (4, 4" -net hanedi yl -di phenyl )-bi scarbamic 5 acid

with rﬁltirégﬁeﬁ"r MRé foliroubiib flesd was imBieeped dilad il bRtio tieatacbio 83°C
di phenyl met hane Dii socyanate by Ther nal

f ”OV@%%“m(de%h 8f 17.4 g of sodium methoxide (28% methanol solution) to
© , 4" - et hanedl%/l di phenyl) - bi sczglr bam cAci d

starttg j‘eé {[ﬁe P%’égﬂ#&réd%defﬁgn %a Ii%.ugf\n(l)efre s“‘tﬁ?'}ﬁ ccillleﬁted and
o R S B P B s e

4 4o IPReaGABHYAS DRSS HoBH Has |PBIRAINEO Sglign was supplied

bi s(3- et hyl butyl) carbonat e at stoi chionetric rat
(0 a colurtn B WesRackbe AR s SHRRIGRCISg Scppnge Tesin
solution were recovered fromline 57 by carrying out
(Ambihigsts dngspBres), Rethraengthégag Sod)adigstedyieanaying Meisthes and
exception of using the solution and using a reaction
warmigdne 80°Cluith anrexterti fackest tbtobddinansslutiomin which the sodium
solution by 1H and 13C- NWR anal ysis, the solution was

methb@idBthdPbsenhaitfalY bynygiresilt of analyzing the solution by liquid

4, 4" - di phenyl met hane dii socyanate. The yield based on
chroflatbgr By YhEe 86/ KiBAIW A R UM o 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 solution
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 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
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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

presunmed to have originated from denaturation of _
contair? 98-Gfh -tyeweightrpf NpWeldot' -méethanptiyl-giphesy!)disgarpamic seid

Production of N N -(4,4'-methanediyl -di phenyl)-bis
bis(s-rﬁéWﬂjmﬂz cbeird [ 4ddibion yWWherEheedistibticthe schrewas ehatyzed by

as step (31-1) of Exanple 31 was carried out with the

gas crﬁéﬁ%ﬁ’é%‘tggh?,fthé%i mggiéﬁ%gd&é@va% fanhd teoftdm bid(3-methylbuty!)

car bon nst ea bi s(3- et hyl butyl) carbonate and

ing 37 . I fip ’ ARBRNG :
carborip i ifBiaf o S TGP 44 5-FRRIRUBARhY P fiscarbamic
. % net hanol sol uti on, Wako 5 Pure Chem cal '

acid b&@tﬁ%&ﬁ)’@é‘?ﬁl?ﬁef Japan) to obtain a solution

contai ni ng_34. 2% by wei ght  of .

N, Nlepi(3 3lndiraghieian ot 4riRkpry e toear Riiseeyarstg by Thermal

di (n-butyl) ester. Step (32-2): Distillation of Low
DecorBoosition oPbi, Nt-(48 rpethanedidsiiphpryt)-hiserrdamic Acid wer e

obt ai ned when distillation of the |ow boiling point
Bis(3-Ativgbetyt) Meter carried out in the sanme manner as step

(1-1) of Exanple 1 using the 10 solution obtained in

SOED g(A 2 Adi-téVeantbrEnd! BRdBB. 8ig sfirdibltybiim eilaimate vepe added
(1- 1)g. When anal yzed by gas chromatography, the

listiiati i | tgitd brRoBERE lution.
o eSS B 5 17 Wit g soaton

h but Ltian, _ )
warentFPh She B3 Bl e i g ound to conain
. .~ analyzed b Lqui d, chromat ography jsiillation
bis(a-FdndiEhaerputils ats SoRT YR Teo s DRdiEl ' of 15
N, N -(4, 4" -met hanedi yl - di phenyl ) - bi scarbam ¢ aci d
2,4-digptrayPPeNCest er. In addition, when the distillation
resi due was anal yzed by gas chromatography,

) t he
dP8tg of aspltion warpdaeoveIedifaun dine /dan eairyingi i thg same
carbonate at a nolar ratio of 0.012 to

methdd &5 s{eh @-3pet Baaragie/? vdirpthergiceplive chuping thegsiwion and using
di (n-butyl) ester. Step (32-3): Production of ,

a readidh tifbfamhemshane dfestiiyfameal ity tHehsolokdn 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 ¢ 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

Thbemoye netiusd sslstép (81-1) YhEramples3 hasasaraitipd et bthghe

chr omat ogr aphy, the solution was found to contain
exce;ﬁhbhtttﬂdsufgaﬂ 890 at (@08 mdl)SsfaisltyPeEbohatd inkteadodf 0. 0012

6- di met hyl'phenol . 25 430 g of a solution were

oo RIS SO PN 201 0 ) S
(Aldrq‘%b&gﬁ ce %;7%’“%?)% gﬁélluﬁg hc#)ﬁge gf%td'l%ag‘uoﬁﬂglﬁgﬂ,%ako
Pure 5@@&1}@'&%3@%&*9& Cig. 4 5parp iR %?@3@%%@%%%‘? 29’" by

~ The yield based on 4,4'-nethyl enedi aniline was

weightf Ak 44, Snmetnanadylpaemi) HiSsamaTaB SihaerPuty | BoIgE

adhered to the inside of the thin filmb5 evaporator

f ol Stepr(§2tje Distilatiomnf LoWdailing Pointderoppoaeiiids

detected in the low boiling point conponent presuned
ta3bay ef @igdilats werd ootk ahen aistilatiof of the low boiling point
2, 6-di net hyl phenol . Exanple 33 10 -Step (33-1):

comth@PlH'%é Qar®éd out in the same manner as step (1-1) of Example 1 using the
(4, 4" - met hanedi yl - di phenyl ) - bi scar bam cAci d

so|ut1%2'69&t$}ﬁbgfﬁ*s€éso b rfﬁ\g%daeéﬂﬂes% trEdbthitbdlih s@ép 1-1). When

Wtht exception of
usi.ng 957 1 f .
analyzgd tgrl %?deﬁt@h@%ﬁ}py th% ?gﬁ% WA:uf%Ehgqgg% %EBEQ gﬁ‘%ontalnlng
0 ene | an | n i

80 SRRl o g@iﬁwﬁ%ﬁm @@p viiRishis gy d-ButghBE ot acditon,

I ndustries, Ltd., Japan) and carryl neutratjfll thl on
when thedisiationi resicke qt&ﬁlﬂéﬁd%ﬁ?ﬁgﬂa%ﬁlaﬁ lyZgh 2y

sol ution containing 34.2% by wei ght of
chromatdgraphyl thendigtilatah yesidie wesyfoynd i sealaimABd “abyveight of

di methyl ester. Step (33-2): Distillation of Low N
N,N'-Boitl-ineth&ee diyl-@phpoyipbiscafbaniié apid Hi(a-titg) bleat elnsddition,

obt ai ned when distillation of the |ow boiling point
when the distiliation 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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, conmponent 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

reacti@? tife dfyl Sneogist  dls alremllmﬂanzdymm@saludoﬂbyé%@yd 3C-NMR
wei ght of nethanol. In 25 addition, when the

analy$ls, Sthb'sloﬂ!tld?ﬂwé@%lﬂﬁtﬁtd)@irﬂalﬁ@% fbyt\bélght af4 avdiphenylmethane
anal yzed by liquid chromat ography, the distillation

dusockﬁrﬁ%t@ueﬁ@%éltﬂhqé’a‘r%eg%rfg - p @gyégl%iﬁn%ev\ﬁéeggt} 6%. 3&ddition,

i scarbam c acid

there }Nggﬁz thll.%g trf?:?glc&p;g d/{oglgg agﬁ@ 0 otgrg élg ik ok h‘?é {H fitm

WNHI LR RO AT e o

N, N - (4, 4" -net hanedi yl - di phenyl ) - bi scarbam ¢ acid
boilinglpaist spmpesest presunsa@ [P hag: gjiginplastiiern @anaseration of
4, 4" -di phenyl met hane Dii socyanate by Ther mal
2, 6-diPstioyipbendli 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

Examgiesggl | ation residue obtained in step (33-2) to obtain
honogeneous sol ution. Wien this was anal yzed by gas

chrgt{gﬁ )@gr@pg}l@ddé{%n%WN gl R ARt ey L ﬁ@ﬁm?b&caﬂ&amlcmd

onate at a st CthfT'etrICl‘aIOO

. 6-trinethyl phenol. 448 g of a solution were
D'meﬁ% {¥ed fromline 57 by carrying out the same

net hod as ste 2-3 = in t he so

Therrame mstbpasaioni Sy og Examete o v et piftne

hours. As a result of analyzing the solutlon by 1H and
exceptiD. pivrinG AEF (19,6 (1R SOUTateH SaaonelETosead&nt ai n

99% by wei ght of 4,4'-di phenyl net hane 15 dii socyanate.
bis(3Fhethyibeityl) barbedats using 39® 61 (2R ew!haf #idraeiayepedaniine and

In addition, there were no substances observed to be )
3.9 gadedrmn htethbﬂd'er(gsﬁernetharim sbhitionf Wako RurgpGhaminal industries,

followi ng the reaction. There were no conpounds

Ltd. Qasmt 86d icariyliRy héliralizatibh heaiabnt withEpooarixcharge nein to

have originated fromdenaturation of 2, 4, 6-tri
obtalﬂ%t L itidH E8ining 84.2% by weight of N,N'- -(4,4-methanediyl-diphenyl)-
biscarbamic acid dimethyl ester.

» Step (33-2): Distillation of Low Boiling Point Component

724 g of a distiilate 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 dimethyl 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' -et hyl enedi aniline, 250.8 g (4.2 nol) of urea and
3684 25 g of 3-nethyl-1 -butanol were FI aced in a 10
N,N'-(4 4-ohethenediyl-Giphenpipbiscaibamic acididppetyl asten alnraddiipn, when
condenser, a thernoneter, a stirrer and a gas feed
the distiREon TESIdliE avds avmalyzdd By igaemhsetiatoyraphyithe bistiiation residue
preheated to 155C and the reaction was carried out

was f@ﬁ#%céﬂé@g@@m BibERA8 Bt @aRoRE rafteof @0DB2ab 20 L /

roma iTter that reached to the bottom of

- FSEBbRED, MERB R R el eS¢
528 S U AR el e
Deoomppéitiowfthi.Hh(%ﬂ'-meéga@m&q%aﬁ%m@kéi%é%igwB\n@én‘?" E-ster

connected to a rotary evaporator to which was
23 hAereici4mtrishethyiphienokband FRetowf dibulyltisrsilausatgrwere added to
controller, a vacuum punp and a vacuum controller,
the ditfileationl rebiaiue dhtaipeddt step (B82% et obtainld GGmagemephe sobiion.
boi ling point 10 conponent was distilled off at a

WherPfHeS Wik %r@ﬂyz%d% gé’ﬁcha@n@bgfdpr@, thes$allition wais foasd do eontain
i nside the flask. Wien the distillation resi due was '

dimetﬂgﬁéécl[ésﬁa@’at 4 9 hioRbBirRi R W APHY20 112, 406-SirhbirgipHemol.
resi du 8.4%Db h f

I
e was found to contain 98.4% by weight o
D8 el LR tetbidloR o s 1 B Bl same
di stillat, sidu s.anal yzed. b — .
methed B5reheR bt ARy P opsd i et wifins sypegion ofusing 2
nmol ar ratio of 0.007 to th . .
reactqine 81 46 et hardar/esHt G enplyying besdianby tHgnd *C-NMR
bi s(3-net hyl butyl) ester. _Stee (34-2): Productjon of
analysis4 thelppltiag wast feking toicoatain 995 by MeigiMaf fhft -diphenylmethane
Deconposi ti on of N, -
diisodyan@te.4' Tiheyietohbased odidéempthyldneasianilineweasR9.%. in addition,
Bi s(3-net hyl butyl) Ester 20 2304 g of
theredwvdretho tabétahtéybipbenet tahe ddhdied tothalinsideyof therthin film

di | 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-dipheny!)-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 volumetric 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 -tent-anyl phenol. 419 g of a solution were _
immerserbiviearedi| batimpieheatesiztonibSa°4r apd the mactionvasegstigd out while

nmet hod as Step (2-3) of Exanple 2 using the solution
introdociy hitregsw geBtst dhe edteuwsi200L Ahr fromca bal fittenihab feddhed to the

hours. Asa result of analyzing by 'Hand 13C NWR

bottorﬂf@r'tbﬁéirﬁacﬂd?ﬁves%éil. SQhmble¥oMRAE rbattivh licuig WrgisnitaBiyocoliected
by wel ght of 4,4'-di phenyl mnet hane diisocyanate. The

L C ars = ‘
and sl RIS Rdydis, SR Mo BBk s B rHASICEiaHg ghie when
, adhered to.the inside of e thinfj . - .
4.4-mgy sherlmingswed Bedpaser dgrsde AITIGH PERERIAG ammonia was
. detected in the | ow boiling point conponent 5 presuned
distilled fieay theorprgrRarian of #if RatliP0VeSseh of
2,4-di-tert-butyl phenol. Exanple 35 Hexanet hyl ene .
ditiesftrskanas conaectpd dd @oetary revappeatet towhighpuascarneded an oil
shown in FIG 4. 10 - Step (35-1): Production Process
bath efjuipdd-Witkatadpgiatbieseadrdien a védmium pump and a vacuum
D (3-nmethyl butyl) Ester A stirring tank 601 (internal

contr8MeU iRy oil Balh) teviserBRie s $t86G.30°8] a6 tmeetdw bbilihy Ippint
car bonate preheated to 80C was transferred to the

comp ot W2 di@tﬂ‘éid &GPat £?9§%&1ré Ior®.OkP4 té BStdinbaisfliat8A résidue

r-wth a ne 62 closed, and a m xed solution 15 of
insi yl L2y 3 ML BYL whe igodi um
b BIRTEEY Was ha T Raich TSN whs bl op

hexanet hyl ene. di,am ne 5 arts / 3- l-d.-48 nol.

chromgiaarpe AR SR UAIE (v s ToUnd KT B RAl S0 2% b Wit o

,Sinmultaneously transferred froma line 61 at the rate
N.N-54 Ty tciph o) ipsapamic prig bistme il sslg, nin

‘aline 63 closed, the reaction |liquid was supplied to.
addition, whieretoerdistilatipadpaidpg was analysas bygasithianagarrely. it was

with an acidic sulfonic acid i on exchange resin
found forbentairs urebbat(a prodararatip dRéhiAtmtheaas Co.) adj usted

by renovi ng noi sture and
N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid bis(3-methylbutyl) ester.

- Step (34-2): Production of 4,4'-diphenylmethane Diisocyanate by Thermal
Decomposition of N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic Acid
Bis(3-methylbutyl) Ester

2304 g of 2,4-di-fert-butylphenol and 58.8 g of dibutyl 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 solution was found to contain
urea at a stoichiometric ratio of 0.0012 to 2,4-di-ferf-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
t he sodi um net hoxi de foll owed 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
solutiowas found teaceritain 99%Utyoweighh of éﬂrﬂwhaaytraﬁubaaezi"ﬁa@vanate
anal yzed by liquid chromatography, the reaction
The yikidibasedves 4f gunethlyleredidrdine ¥as 8 256 win ghdition, tri4e were no
N, N' - hexanedi yl -bi s-carbam c acid di (3-nethyl butyl)

subste?rﬁie%robseﬁ@cptc( 86 zadherddP tReiihsine dPeharthiCfimenapbrator following
D sti IIatlon Process Athin filmdistillation

the re l!enﬁ?Buféﬂ%g ‘%fett%a_rﬂ%d ?'r't'y'g pae\s %lﬁﬁg birf-céniPbnent

co co ol ut1 ons eat ed to

150 d the ure de
presufgoe Tt e s o ornetdsfich PR 4""@2%@36 TefEnes02
was transferred to th|n filmdistillation apparatus
603 fromline 63 at the rate of 717 g / hr where a | ow
boi Il i ng poi nt conponent contained in the solution was
Examples3%| | ed of f. The | ow boiling point conponent that
had been distilled off was extracted fromthe thin _
Hekemditlstlehé aiisocyamapawas yod0@direa seadtion agpagatus@s shown in
the other hand, a high boiling point conponent was
FIG. €xtracted fromthe thin filmdistillation apparatus
603 via a line 65 maintained at 150C, and transferred

to. aStePt(BS-H%“IQrdoQI&‘ioﬁ P4oBBdN6RM N theXandadCbisAtarbhmic Acid
sane t 4-di -tert-amyl phenol was transferred via

tirring tank 604 at the rate of 618 g /
Di(3- rﬂe{h'y QSEK%??FS tin dilaurate was transferred to

Lrr.in 04 vi LN ok 16.7
S g Bl Reterielfumst 30 offs ﬁé‘a?{e??“e AL ok 604

was transferred to a tank, 60 e 6 th
Bis(31olby Bg| Gbenel ereneatesh a HOThTap R0Guest il siang tank

solution stored in the tank 605 was_anal yzed c% . ,
601 frangaifinechfl shieo@taph§Bd ardrawihgilior Gresopedimng 8 mixed solution

contain 22.2% by wei ght of
of hesariethytermndidmine b3-snathylbhibiutanat aadgogBimstetpside, (8%

ester. In addition, when anal yzed by gas
meth&hs|GoRiitagT) angth@ozﬂwmmahyime diamime 5@ pedatai n 20

bi s(3-met hyl butyl)carbonate at a stoichiometric ratio
3-mefHyl-Q-BlddAol 50 parts 4 sBbiuherietadnite AEpalts) 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 quuid

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

Di i 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'-hehenedigbbideaarbanic acidati@-ametyloaty) €5terp,  Kobel co

Eco- Sol utions Co., Ltd., Japan) heated to 200C and

set Stap ﬁB‘S-QntLefmbilimgd%@inr €onfponkatiDistillatiPE redass| | ne

69 at the 143 rate of 818 g / hr. A gaseous conponent

A¥NhaH AR distiiRevARIjarA RS0 (heas¥andicing surfimydrea of 0.2 m?,

al cohol and 2,4-di-tert-anyl phenol was extracted from

I . i d in i i

Kobelg? lE'rcr:]BgSiéE!Pnﬁﬁé) Hfqdy! ﬁlglp‘gﬁﬁxgﬁg g%rat%‘qfd h 9P ©&nk8e phédbure

Iation ap e gaseous conponent
. i ntraqd d int di still-atd I 607 wh
nside(fig BRIt YA BRP (Ras SLLEAREE o ter which o
ti f the high ili i nt nent .
P Rt R 9 B BBAT BB apparats

aline 71 through a line 70 provided in the A bottom of
603 fronelinen63 at therraiefifiiiaa { bhwhpima 2WHodHe ParRkCYRRRIY
conponent cont ai ni ng hexanet hyl ene dii socyanate and
contaibed-idithe soltismwahdistiiedel. eXhedowdwilirg pembcemnpenartt that had
provided in-distillation colum 607 and introduced

been titile@ offivids bktradted fid ¢ thim fi @istBeapan apperates 603 via a line
hexanet hyl ene dii socyanate was carried out in the

64. Bhdthe!diRéd G A High tﬁilﬂwgg(sgéihﬁb?ﬁébhﬁhﬂ@ag eixtriabed from the thin
g of a

reaction for 12 hours, sol ution were

film d%}ﬂ/ﬁ%ﬂﬁ@p&%@@ mivgéﬁ% @e 68Nz aiﬂeflea? Wshoof afd ?r'aﬁgiie?%d toa

sis, the solution was found t
... cqontai.n,99% [ h . | | SPGYAl
S e e R e
In addition, there were n ubst ances er t .
transiggiog e 2 e o 6 AGi G (G0 SPAG AR R 41 GupBr &6y IBut! tin
follow ng the reaction. There were no_pentene
dilaurgte wesdwnsierred éo pingdank R§4 e ﬁt“”@o@%@h&ﬁ fag? gElfde /.
to have originated fromdenaturation of :
The miixeddiquic pyegareddn stizingdsni £04twae irersiepied te a tonik$0S via
(A-1): Production of N, N -hexanediyl-bis-carbamc
a line/88 dithid indeo\dsed=shdrstored in the tank 605. When the solution 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-terf-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
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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
hexamet hyl ene di am ne and 20.3 g of sodi um net hoxi de

rate of 888 nféirhaAgjassolstdoommonent sonteining hespmsityieng gigsocyanate,
cont ai ni ng 28. 9% by wei ght of

isoami Alcohekamedj4yti-fersamgipb@mobwas iestrdoient foornyd negBerovided in
Step (A-2): Distillation of Low Boiling Point

the ufgRFRRRSH of1t51%7th91 fin distilgtiod Apdaanky GOR bt Bhargdsddyus component
carrying out the sane nmethod as step (1 2) of Exanple

was :rflhdbﬁ.\éégl Hbea %f&éMé\‘b@? cBIplh‘ﬁ} 867 \A}Hér%iﬁéi . l a'Idbﬂo?@%sOf

e solution n ste en anal yzed -

s e FONEES AR B c%fn%g{n%ur@e%‘%eﬁned .

bonate and 19.1 % b t. of ta [. In ..
thin flgadi SUNaHEn ARBH A5 15 A ae Y ddredhie S RrRudectin the
the flask was analyzed by liquid chrormt ogr aphy, the
bottorio the Fa i degipdat ARRSraB 00t o TEGGRREFUSTBITNSY!
wei ght of N, N - hexanedi yl - bi s-carbam c acid
contaitirig hbxaelhwanesdiisdayandtt and 2, 4-dofertamytphencl was extracted:
distillation residue was anal yzed by gas

from &NheTat mrovidiedyin distdatios colunat BOT andestrddecedmmid audistilation
contain dibutyl carbonate at a nolar ratio of 0.006 to

colun'm é"l 0. heSé?@r@tﬂbh -dhinexa AL Ae ¥fsScydinale Midksydarried bar in the

Production of” Hexamet hyl ene Diisocyanate

b
T T RSN IhR PyPa 4

Solut*éﬁﬁvgefgdféog{gﬁ?f Oetfi taly'ﬂffoﬁ%?%@ég airpya %ﬁéﬁﬁ‘ﬁf"@a‘g’m&%d
C-NYIR A, e sabianD o wevﬁr FrEn e Ry Sicht %fbt ain

a honogeneous sol ution. 208 of a solution wer
hexamgwiene disqeyangiene He chtla@m Ag h@ﬁ?ﬁ@ﬁylef&%'amme was
nmet hod as step (1-3) of Exanple | using the solution
90.6%i t In ad@ttleup@pre werehowstibstanceszibsesrd iwobe edherest toithe inside
hours. As a result of analyzing the solution by' H and
of theli filReaapdnatorsfollbwingstbeutaotivrwasT erernwereon@ pantenes detected
99% by wei ght of hexanet hyl ene diisocyanate. The

in thewggd tt.siouma@ gaintikohfponent preinted tRane orginabdt Mm denaturation of
a 1 T10on

2, 4-di-tert-amyliphenol.

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 dibutyl carbonate instead of
bis(3-methyibutyl) 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
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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
contaioirtg 2819% biyeveigivicafi iNinexanadivhbistombaniq agiddibytybrester.

di butyl carbonate instead of 5 bis(3-nmethylbutyl)

car [gepta-2)aDistilisiicoy o2Ro® Bpilidg Pointompénent
hexanet hyl ene diam ne and 18.3 g of sodi um net hoxi de

ﬁ%%g”@fté‘aféﬂltaté%éﬂe' éb”tz\aln(e@ L’s%b&é?'rﬂng ov@khE 8fe method as step

cont ai ni ng 26. 7% by wei g

(1-2) @I; 5 a%@@ﬁ‘%@@ﬂ@g'ﬁ%ﬁ& i e%Cmgs QR ﬁgg?ﬂﬁéd & R solution
obtaaqgé{rpmqent(g)]ﬁOGH@w%Lﬂ@ Ig'%? g};%ﬁ@%t%%?fiygﬁ t&%(stmate was
found B by e S B ol el S4sBnd B s to-1% by
anal yzed by gas chromat ogr aph the distillate was
wengm@cﬁnudbtutanble In @@irimnowr@@rthmc%ﬁtﬂl@tfga regisleg oheaigeg inpthe flask

di butyl carbonate and 17.1 % by wei ght of n-butanol.

was aRatyzEdby lifatichnomakigiaehy Whaidistitation résidie wals faeund to contain
washed with 6.3 L of n-hexane 15 followed by

95.3% |Hyt\.9é1|gﬂg0ﬂNtN eheplainiedliy-bld-Barbéheio dcid di(wbityd) estbi.d Inedition,
anal yzed by liquid chromatography, the white solid

when"gﬁé cﬁﬂeféﬁoh%ﬁaﬂé Ady SFaIGredpy 's&iHroﬁEto%raphy, the dlstnlatlon

xanedi yl -bi s-carbam ¢ acid di (butyl) ester.

resrd@% Qids! Bling4h %an%\‘? dmti\gaﬂ%ﬁ&e ¥ a?ﬂﬂ'réﬁ@ d QX)(B%

omat ograph _ no resi
N,N'- %{%egﬂegad&%t?%ﬁ%gqé’mgﬁﬁ HQI gﬁeé'og :jsog)(/)ani :pby

NN SThoxidnas  bokplarc s Bexerastiens Pisepraneje byThermal
Deco%é)%%lt%y? f@ gf{gihyelg?%%tedayl %qust Iggrlb%tn%cgﬁx%lljdabﬁmb%etgl) rE%?e%le nt.

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

dilaurate 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 same nethod as_stepdﬁl-S)
of -StemiBel)1Poedunsionrnf N.oi -texanediyt-pistaasbaniceheid &9 (ybutyl)
using a 146 reaction time of 13 hours. Asa result of

Esteranal yzing the solution by 'Hand 13C-NMR analysis, the
solution was found to contain 99% by wei ght of

hexadRhdYIREd odistep ¢y anat E-xaiﬂ}@e yivedgichaisedbumwith the
0

hexanet hyl ene di am ne was 54. In addition, a black

ety HEA09 4 e b icl of (e

_ ng Fhe reaction.
os(a AR B PR, BB g Pesti B hodLE P amBlyng gamine

The sane nmethod as step (1- of Exanple 1 s _carried
and 18.$ 9\@fraediure Methexide; @ /bmeﬁﬁ?mfd %3@"@?? Pt ReGuRgn

di butyl carbonate, 217.3 g (1,87 not) of L
contalining 76t Higlynweighb of NeNaneKarsdy ! bisranamic acitoingauid) ester.

(28% net hanol sol ution, Wako Pure Chemi cal

| natuStiepi (8s2): Distillatidapdhow Botibgd? ointCenipeneoh

containing 26. 7% by weight of

NS5 d ek ankstillgte Wese obtdiead by aafrdindi dut-thatsphe metherd as step
15 Step (G 2): Distillation of Low Boiling Point

(1-2) SPERERRIE 11&09%91@%@@&1 Sbtdihad fh YWebgBOPL insed dfthe solution

carrying out the sane nethod as step (1-2) of Exanple

o5 B 12| PO TR DB . £ 9046 vos

e SO al ne nal yzed by

undg B3R 856 By B Bt Bt R

. carbopate and 17.1 % by 20 weight of n-butanol. The
weiglhi Gih-PH@N%n resi due obtained in the flask was washed
with 5.9 L of n-hexane followed by filterin

i gisitiation remtise PhANamBodGsk AR asel PRBE fy of n-hexane
folloégg;a%ﬂeggé ;&?tb;n%&pgitd E)R/(\elh\éﬂitrt\ii var?llte; goly\c,lavsva; %lrj'ngldyzteg by liquid
chromatography, the white solid was found to contain 99.8% by weight of
N,N'-hexanediyt-bis-carbamic.acid di(butyl) ester. In addition, when the white solid
was analyzed by gas chromatography, there was no residual dibutyl carbonate
detected in the white solid.

- Step (B-3): Production of Hexamethylene Diisocyanate by Thermal
Decomrposition 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 tin dilaurate were added to the
distillation residue obtained in step {B-2) to obtain a homogeneous solution.

173 g of a soiution 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
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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 Hexamethyl ene Diisocyanate by ..
reactidi timeadf 1DooorspoAa & oesudt offanalyzieg thre aokitioniby- EhabémlcNMR
Acid D (n-butyl) Ester 2430 g of benzyl butyl phthal ate
analy<igUtheastlgtih wasdountd to/aktaiPd s Gyeweigat of hexarsettiyéane
Ltd., Japan) and 63.1 g of dibutyl tin dilaurate were
diisoc?gﬁﬁ@. t Thehgeld sHsEd don Bbkaetstdritugiatiiheiwaedbd a%st dn addition,
C-2) to obtain a honpbgeneous solution. 159 g of a
a bla&%dﬁs&%e"@dﬁﬁ@&?ﬂﬁé%h@%@d% ’Eh'éeln%fle*?ﬁ th&ihinifite eRdborator
the sane  nethod as step (1- of anple 1 using the
foll solttion @Ath the exception of storing the solution
ofowing §2RMs in feed tank 201 heated to 80C and usi ng
a reaction tinme of 13 hours. Asa result of analyzing
the solution by 'Hand 13C NWMR anal ysis, the 10
sol ution was found to contain 99% by wei ght of
CompasaiavaeEXgMPIE3di i socyanate. The vyield based on
hexamet hyl ene di am ne was 50.7% In addition, a black
subsStap¢6-1)oPseductibnt of M dexanediyt-bist¢asbarie Asiddpi(mpetyl)
thin filmevaporator follow ng the reaction.
Esterl ndustrial Applicability 15 Since the isocyanate
producti on process according to the present invention

FheWiind sRANAABESIEE (P2) of Exaiid hywad esvieburivitrotie

using extrenely toxic phosgene, the process for

exce&fo?i%ggﬁg ﬁggﬁ :gé(ﬂﬁgf‘ﬁfomofadm%ﬁ%ohggé, %8 708 §987 mol) of

I nvent ustr y usetul and™has hig
reva SRR e 4 848 ARy el ok b pIunon
e S o e STRC b L GBI S Pt S A ¢ by
weighotfofw, N'-hexanediyl-bis-carbamic acid di{n-butyl) ester.

- 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
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 solid was found to contain 99.8% by weight of
N,N'-hexanediy!-bis-carbamic acid di(butyl) ester. In addition, when the white solid

was analyzed by gas chromatography, there was no residual dibutyl carbonate

detected in the white solid.
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aromati ¢ hydroxy conpound having a substituent, and
the substituent represents a group other than a
hydrogen atom the group being an aliphatic group
having I to 20 carbon atons, an aliphatic al koxy
group having 1 to 20 carbon atons, an aryl grou
haviStep 6043): Rfbdantibnrof dtexamethylene \Disogy gnatedyn Hvermgl 6
to 20 carbon atoms, an 10 aral kyl group having 7 to 20

DecorfBb$108n af RTR'-BExaiediy|abisvheamigrauico Digvbag!) Edter 20
carbon atons, the aliphatic alkyl, the aliphatic

%%:E(?Qyof.t}e'?ﬁgwl' htttli‘ﬁ?l%r gg?‘%nté@&’ ré&Sental ke P UG OHefical

i ni ng m sel ec rom carbon, oxygen and

st RS ooty 1 B BRAL U e
o s MBS RO A A e

regresents an aromatic hydrocarbon which has 6 to 20
459 1909f 218@IHON WATE rRRP\AHREHEPIH 488 S2hsaTy!08 AUt the,game
ring A being nonocyclic or multicyclic, Rl represents
methat as stepdfieRy bf Bxarapleot uaingrtbesobstian with dive exesrticseirstoring the
atom the group being an aliphatic group having 1 to
solutid® ferar3PRo@isdA¥eedfarid 20hhbaiedabléDed andjusimg deadctign time of
to 20 carbon atons, an aryl group having 6 to 20

13 hotifd. PORs 81ra5EIt oRfBnalkingaNy selidish BiaW aado° CINRR amdipss, the
atons, an aral kyl group having 7 to 20 carbon atons

solutih wk fIBBﬂB ky 'c%ﬁys p@bkfﬁg%@ﬂpcﬁ Hé%a%%tﬁﬁéhefaii%%a]te. The

atrc a a atic al koxy, the aryl,
et BRFo O AR BE SR Nha'50LR, CHTRTER S0 Bk Eistanco
obsehe TEHSCOHe i OrdCEE o BB i oo oacton
hydr oxy conpound
industrial Applicability
Since the isocyanate production process according to the present invention
allows isocyanate to be efficiently produced without using extremely toxic phosgene,

the process for praducing the isocyantes according to the present invention is highly

industrially useful and has high commercial vaiue.
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is a conpound represented by the follow ng fornul a
(2): OH R R (2) 15 (wherein ring A and Rl are the
same as defined above, R2 represents an aliphatic
group having 1 to 20 carbon atons, an aliphatic

al koxy group having 1 to 20 car bon atons, an aryl
group having 6 to 20 car boGLAHEns, an aryI oXy group
having 6 to 20 carbon atons, an ar al kyl group having 7

We tlaim20 carbon atons or an ar al kyl oxy group having 7 to

20 atons, the above groups 20 contai ning an atom

sel. ect ef groeses-Rr PAEJuckiy 8ANscdydnatd bsaga nge@tlﬂgﬁ caﬁbamlc acid
hydrogen atom or a hydroxyl group, and

estepid B %g&,é&q Prddcignstructure). 4. The process

accor ng to aim3, wherein in formula (2) above,
o SR OB 4T Bt Fan
aroraﬁﬁﬁﬁvﬁi@w&mayn@ﬁ%*ﬁ%rﬁ%gﬁﬁh@# R il prgpents a

| east one s cture selected f om t he

groyp,atkyes th %a%waap%ha@ﬁé the gHour, ﬁ@gmmaﬁ@%&gfﬁapmmg 11020
an 5 anthracene ring. 6. The process according to

carhgnaatems, anralipdatic atikoxy greuphaviagi titedf earban aii@ms an aryl group
al i phatic carbamc acid ester. 10 7. The process

haviagd®tod2® gathmnChtaims, @n atglexyignowh dasingdhta 20 cachdraatoms, an
acid ester is an aliphatic polycarbamc acid ester.

aralRyl grbep Paoingsa teR20 eatidriatomdbramafalkylby group having 7 to 20
al iphatic carbamc acid ester is a conpound

carﬁﬁ%ﬁg‘fl@ afiphdtieealkf! tHavaIiphatie @exg, thé aryPthé bryl&y and the

aralkyl groups containing an atom selected from carbon, oxygen and nitrogen atoms.

2. The process according to Claim 1, wherein the aromatic hydroxy
compound having the substituent is a compound represented by the following

formula (1):

OH
R‘I

(1)
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15 (3) (wherein R3 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 atons, the aliphatic and the aromatic

groups containing an atom sel ected from carbon and
(wherejiy 5ng 4 repsesentsl aniasomatio fydrecarbgn avhich bag 6 teg@garben atoms,

n, 20 R4 represents an aliphatic group which has 1 to
and2¢hiclanmmnhag arsubstitnentitihe hinglfabeiag monocylit ec newtic¢yabia

carbon and oxygen atons, and n represents an integer

ofR represkts oPa hjaroxy gesgsors geoup otherthah aihydfogen atom, the

wherelin the aliphatic carbamc acid 151 ester is a

groiPHERYHh AfHRIRYEEH h@:flntgh‘li‘tdC 90 '&"Hftﬂ)r{ SonVd) incaliphEtic alkoxy

repreSents a group seleCted fromth e group consi sting

grm@f é\ﬂ Qk1y '2(9&%8#5?&%@9@& atrﬂéﬁgug id’ﬂﬁ c%?c%%p gtoms, an

gr oup havi ng

W@E\F% RBIIng 8 P S atdrBs e E@Wﬁﬁtﬁwpi*ﬁam& Ziaagarbon
atorﬁ%e@?ﬁﬁaﬁé Pioarati haube CIbad Gan 4aths, Jie aliphatigalky, the

process according to Caim 10, wherein the carbonic
ailpfa%tmlhexy e aod. the aryloxy andripe @ialkykgoups sostainpg@Reatom

followng formula (4): O XY (8) (V\hereln each of X
selegtet fromnzrbendwngen arebnitroganatamsagng Ritrhay hbRdmith A to form a

group having 1 to 20 carbon atons, an aryl oxy group
ringBévictigel to 20 carbon atons, an ar aI kyl oxy group

having 7 to 20 carbon atons or an am no group having O

to 20 carbon atonms). 15 12. The process according to

Claim11l, wherein the carbonic acid derivative is

car baiy @Eég%ﬁﬁ&ﬁ]ﬁ@toﬁl%ﬁn@ By th%%roﬁ@ﬁcﬁfx@&%@scompound

aCCOI‘dI erel ﬁ e carponi c acl

is a ggﬁw’p\éﬁhhvrgp}essented by the following formula (2):

OH
R? R?

(2)

(wherein ring A and R’ are the same as defined above,

R? represents an aliphatic group having 1 to 20 carbon atoms, an aliphatic
alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to
20 carbon atoms or an aralkyloxy group having 7 to 20 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).

4. The process according to Claim 3, wherein in formula (2) above, a total
number of carbon atoms constituting R' and R? is from 2 to 20.
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20 a carbonic acid ester represented by the foll ow ng
formula (5): 0 ROA OL~R6 (5 (wherein each of RS

and R6 independently represents an aliphatic group

having | to 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 the aral kyl
groups containing 152 an atom sel ected from carbon and

0%y gdihesproceds atdordinetopameens of Ctaimdi 21tp 4 owbkemimthHering A of
wherein the urea conpound is urea. 5 15. The process

the areratit gdrofy Cofipduhd ivacsteicturehsbrisipimgostdeastashe structure
reaction is a thermal deconposition reaction. 16. The

seleRfeRFCREM tABRHUD RBnEidtifg dF Bbbnz8hRETRIgN alriprEREIBAETRg and an
acid ester 7s supplied to a reaction vessel in which

antir3ge Agposi tion reaction is carried out in a 10
I‘Por mr"j‘%ﬁ m xture with the aronmatic hydroxy conpound

having the substituent. 17. The process according to
Caim1, wherein the carbamc acid ester is supplied

tq a_reaction vessel i i.ch the deconposition . .
 Baciarproseaneraaing o SRR 1, lieretring G Bamuacid @ster is an
. the carbonic acid derivative. 15 18. The process
aliphaticsarbaanie geidiestal 17, wherein the carbamc acid ester
is supplied to a reaction vessel in which the
deconposition reaction is carried out in a formof a
m xture with the carbonic acid derivative and the

ar7o mAthecprogds® agcordimpiouDidirn®y iwtereinethe dliphatic eatbaniia acid
19. The process according to any one of Clains 16 to

estet & an@pRAtic polyBirbabsit lacitDeftef. Nt conponent formed by
t he deconposition reaction is extracted fromthe

reaction vessel in a formof a gaseous conponent, and
all or a portion of a solution containing the

gg;ggﬂggprﬁ%g% géé&'ﬁm%{% éla% 6t, %e%ﬁ)ﬂ%ia(fipngﬁé @&rbamic acid

ester is a compound represented by the following formula (3):

'y
R*+N—C—-0—R*

" (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).

9. The process according to Claim 8, wherein the aliphatic carbamic acid
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25 the substituent is extracted froma bottom of the
reacti on vessel. 153

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.

10. The process according to Claim 1, wherein the decomposition
reaction is carried out in the presence of the aromatic hydroxy compound having the

substituent and a carbonic acid derivative.

11. The process according to Claim 10, wherein the carbonic acid derivative is
a compound represented by the following formula (4):
O
XJLY (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).

12. The process according to Claim 11, wherein the carbonic acid derivative is

carbonic acid ester or urea compound.

13. The process according to Claim 12, wherein the carbonic acid derivative is

a carbonic acid ester represented by the following formula (5):
O
RS‘O’U\O/Rs (5)
(wherein each of R® and R® independently represents an aliphatic grdup 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
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an atom selected from carbon and oxygen atoms).
14. The process according to Claim 12, wherein the urea compound is urea.

15. The process according to Claim 1, wherein the decomposition reaction is

a thermal decomposition reaction.

16. 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 aromatic hydroxy compound having the substituent.

17. 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 carbonic acid derivative.

18. The process according to Claim 17, 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 aromatic hydroxy

compound having the substituent.

19. The process according to any one of Claims 16 to 18, wherein a low
boiling peoint 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 aromatic hydroxy compound having

the substituent is extracted from a bottom of the reaction vessel.
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