; e3ej h"6Tfi ~~~~r~n METHOD FOR PRODUCI NG CARBAMATES AND METHOD FOR PRODUCI NG
| SOCYANATES BACKGROUND OF THE I NVENTION 5 Field of the Invention The
present invention relates to a nethod for producing car 3ﬂmwmmmmwm nmet hod
for producing isocyanates by using the carbamates produ t hod
for producing carbamates. Description of the Prior Art 10 Alsgyks«car bamat es
are organi ¢ conpounds useful as raw materials of nedicines, agricultural
chemcals and the like raw naterials of a variety of fine chemcals

reagent s f MEZHHDPsFORPROBIKING GABBAMASIES ANDMERHED HIQRused for
vari ous purposes. A variety of nmethods for producing al kyl carbamates are
known, 15 including (1) aPRODUCINGISOCYANATESyanate with al cohol, (2) a
nmet hod of reacting chloroformate ester with amine in the presence of base,
(3) a nethod of reacting phosgene with al cohol and am ne, (4) a nethod of
reacting urea with alcohol, (5) a nethod of reacting dinmethyl carbonate

with formam de, and (@AEKTER ? OFERHE EHVCEN‘I‘EQ)N carbonate with 20
e

am ne. In recent years, many studi es have been nm or the uses of the

al kyl.- ca .materials for produci ng i socyanates w t hout using
any p osg‘zeﬁlg?&fﬁgxgﬁjﬁg’t\%e%lis an organi ¢ conpound containing an i socyanate
group 25 and,},s in wide use.as ra terial.s of pol yurethanes. |socyanates
R ThepisagRbnTIt Feiafes fp methad h)g REAdveINg eathomeaigane
(Phosgenati on). However, dohosg_ene is highly toxic, corrosive and

i nconvenpBfta metheddes prpducing E%’émn%*@é%é’) ugBg the garbamates praducede
phosgenation, a variety of nmethods fox producing isocyanates economcally
have beehy phemrided far pradiiciag carbmmafiesh after carbamates are prepared from
am ne by using dial kyl carbonate, the carbamates obtained are thermally
deconposPesexiptioar efibhepPriduderti socyanates (e.g. Japanese Lai d-open
(Unexam ned) Patent Publications No. 7(1995)-165696, No. 6(1994)-172292,
and Mp. 9( 19A1kyRénthaR)ated Giréhmrgarichadapdwidp neekud iazgraw enatdeidls odr bamat es
cited above have the foll ow ng di sadvant ages, however. The nethod (1) has

t he di saghedidiags ddradulfiiral chéindddl®endIhe YkearewHEaterdds ARG} AbtgHIT aW
mat eri al and accordingly careful handling is required. The nethod (2) has

the di saffyantReQidN&t réa 8 ®r AandWHEToOhlWRbeS gAHAINdWstRa] TR than 15
equi nol ar nust be used. The nmethod (3) has the di sadvantages that phosgene

i s highly, fio¥hs R8I HRVaPREAPHsddnat a base nust be used in the reaction.
(

The nmethods (4) and (5) have 'the di sadvantage that the reaction nust be

d t highat t ' : t et hyl
carbonat o ' SASAEeEe o Getbpt I BRBARLES Al ARHRAANEY, MY Kl

J : Nt | j ' : ~-133 J Lai d-
(Cnebbim oy B (e BBt ol isaiyaintd M8 3cohoL AL RRTp AR oo™
4,395,565, f .In this .nethod, dingthyl b ' | 1 dt
oo o Sioce S RTBl Rt b SR B S B e SRS B S e
R P el Pt
reaction is generally slaqw andﬁgl so a N-nmethyl conpound as a by-product is

easi |y presstided upsa twigh radgeholond) pumethpd of seaethne rimeshyl earhonate ne

di sadvantage that it is hard to provide inprovenent in sgace time yield
(STY) of watdy farmessde, and (6) a method of reacting dialkyl carbonate with

20 amine.

In recent years, many studies have been made for the uses of the
alkyl carbamates as raw materials for producing isocyanates without using
any phosgene.

Isocyanates is an organic compound containing an isocyanate group

25 and is in wide use as raw materials of polyurethanes. Isocyanates is

: I
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5 On the other hand, for exanple, Japanese Lai d-open (Unexam ned) Patent
Publ i cati on No. Sho 64(1989)-85956 describes, as a nethod which suppresses
the N-nethylation reaction, the nethod by addi ng am ne and al cohol ate

catal yst of alkali nmetal or alkali earth nmetal continuously or
intermttently. 10 However, since this nethod requires a | arge anmount of

al cohol ate catal yst for producing carbamates at high yields, production
costs increase unavoidably. In addition, since the catalyst is neutralized,
a large anmmtiucéd saflustrsaliy dgucertting anusel wailt [phoagemnSPHesgdagiandr den i s
put on the recovery and purification of carbamates. 15 Further, an

al ternati veHowthed phokfenda B hightt esxitlawreeeve phdfiasaterdiont axaaptiEingby
Japanese Lai d-open (Unexam ned) Patent Publication No. Hei 6(1994)-128215

whi ch t eachgsrdcbat PBIROds @h .ﬂf&%@ﬂ'ﬁe %0dhe ?nggeﬁﬁﬁm%sﬂfeffm Alekiddgar y!

carbonate and aronmatic amne. In this nmethod, a nitrogen-containing

net er 00yc) | G GRTRRUDE 1BH13RH B EAND! Ut 180N HRBUEIY, JdbRYBHO] has

t he di sadvan arge anount o e cata s réquire

i nprovepent_in,yield cannot be attained. ILn.the net.hods for .produging

i socyan teswbllngviag{ﬁl ﬁagaéarff’? fedre aPTehared FEom: 3?113%%% e‘ﬁéﬁ%dg’ﬁ&m am ne
by using dial kyl carponate, the carbanates obtaiped are thermally
deconposed.CaBiRAter the cafharpptasptamed aye é&%wﬂi‘{ %ieﬁortnﬁes é?rﬁL%%Ebé(f
Japanese Lai d-open_ (Unexam nzg) Patent 3 Publ i catj on No. Sho

64( 1989) - s3g8duceihisecrannice (agal JapanesendaaidwpengdUnaxamingdt aPetendt es,
carbamat es are changed further and are changed i nto an uni ntended hi gh

boi | i ng matRublidatiobse No.t hV€996ha6heds,r aNxat BOH9I-168882j s anthvdVdabl e.
As a matter of fact, prior to the 5 thermal deconposition process of

car bamat es,9(1997)s2488333sary that the residual base catalyst in carbamates
is neutralized by addi ng a phosphoric acid and the phosphoric acid

excessilgel y addPlle nfethbddforgiredubiigvdehiligl cQUMARYs GtedHEBIVONEINVEIEN It is
an object of the present invention to provide a nethod for 10 producing

car bamat es fhiigh i aAaBFaftddeaMRbRevéR PERPLHAAUEEA1) had SHTRIBAVRARDE at | ow
costs with high selectivity and high yield, and to provide a nethod for

pr oduci ng itﬁgeygﬂahﬁﬁam Ui Rpabh a8 &é@&yg@amﬁﬁ}&i ng ira@u%ateqhdc}y ah@ be

produced by using the carbanmales obtai ned by the carbamates producing

et hod. 15 Fg fhesent LAY CALAML T V1:A65; et IR0 COLGRROWINA the

car bamat es, ere nonaronati c amne s d € group consisting of
al i phatic ] L Lic 1ne nd..af al kyl ine i | | owed t q,react

i th ol kot DgfatebEifien 5 390 % S00uB08 B TP EIRh R gBRe SPeRor i o
(1): COOR2..., (1) 20, (where represen n kyl,. gr,oup, and

repr esRégt s eqyigolar é‘i‘%ﬁ%pb‘% h‘ﬁedmﬁl}}?a\?getgogu@tﬁ?%ghf} Gﬁsggﬁﬁlgtqgﬁstﬁétnet hod
for produci car banpt f the present inyention, it is preferable that
the al kyl d’rrigﬁsg‘é%‘?b% ’é’i"g 1620 OBFRSIA aEéFB@ﬁéﬂ@‘.se@é‘ﬁ? BPtuSFQ 1B t8fer abl e
t hat crude naterial_ contajni n? at Igﬁst 1 wei ght % of al kﬂll 25 aryl.
carbonate deagliord Bhe methaded) and D) have dhedisadventaga ket theresstisne 4

must be done at high temperature or high pressure.
In the method (6), dimethyl carbonate is used as dialkyl carbonates
20 (which is well known from Japanese Patent Publication No. Sho 51
(1976)-33095, Japanese Laid-open (Unexamined) Patent Publication No.
57(1982)-82361, and US Patent No. 4,395,565, for example). In this
method, dimethyl carbonate is allowed to react with amine in the presence
of a Lewis-acid, a lead, titanium or zirconium catalyst, or an alcoholate of

25 alkali metal or alkali earth metal. The examples of this method show,



wi th phenol or derivative thereof is used as the al kyl aryl carbonate. It
is preferable that the nonaromatic amne is at |east one conpound sel ected
fromthe group consisting of 1,6-hexanethyl enedi am ne, isophorone diam ne,
1, 3-bis(am nonethyl)cycl ohexane, 5 1, 4-bis(am nonethyl)cycl ohexane,

4, 4' - met hyl enebi s(cycl ohexaneam ne), 2, 5-bis(am nonethyl)bicyclo [ 2,2,1 ]
hept ane, 2, 6-bis(am nonethyl)bicyclo [2, 2,1 ] heptane, 1,

3- bi s(am nonet hyl {1 benzene and 1, 4-bis(am nonethyl) benzene. The

nonar onat hewanéméhatithberaderiof oreactidn aig dgederalnisiove amienksof a Non¢ilyl her, t he
present invention provides a nethod for producing isocyanates which

conpr i sescdmposiidps ef byipocdwdtng cailpgratiasedyy tkactactfomorBuenatthis, an ne
selected fromthe group consisting of aliphatic am ne, alicyclic amne, and

aral kyl affid@ethéd () Hadl thRr dika §od MRRA LR L X 3828 do ol idR ihflrbovinRdt gener al
formula (1), and the step of producing isocyanates by 15 thermally

decorrposiﬂlg%r;e{'b% t?x@% t(S‘i‘&gQ}f%hPﬁﬂha OCOOR2 ... (1) (where R represents
up an

an al kyl gr represents an aryl group that nmay have a substituent
group). The thod for odyci.ng carbamat es of t:he,prese inventi.on 20
onabl &5 al kyl Ot plberchEndy S e Ranake Jakanehs JroddPen URePird! fi g
yield sinply by substantially bl i romatj ¢ am ne and al kyl aryl

car bonat reT.B aé’é’sti Ruklication Noy Opﬁg@gacq%gégg‘gg dCoPet Htd Br’@@&‘ﬂdalvvﬁ\)%}hti on
requires no conplicated after-treatnment process, the carbamates can be
produced $HPRIEHSasothes Namethylakiosr readtione yhe jmethedi by ddingiamigecandi ng 25
met hod enabl es crude material containing alkylaryl carbonate to be used as
5 al kyl @cgholade Isatalyet of\ladkalitmetateoh adk4lo reapiho duetiah gontimapusiyt es of t he
present invention enabl es polyisocyanates industrially used as raw materi al
of pol yureiteemetémtlpe produced in a sinple nmanner and with efficiency. 5
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the followi ng, a

met had) f or pr Bdueiveg siaicbathis eaethabirbquiirée'a largal smouat esfr gldohslatear bani ¢
acid ester') of the present invention will be detailed. According to a

et hod f ogatRIyad Usk fiﬁodiﬂﬁxb@ﬁﬁﬂﬂzﬁn@festﬁlﬁh%heﬁ@%, bRYRItiANeos1O MAdrelBd | C am ne
selected fromthe group consisting of 10 aliphatic amne, alicyclic am ne,
and ar al kyha #5TH5ElLy. S 1848 | AnbE8RE c¥alifht is neutralized, a large amount
of salt is produced and resultantly a considerable burden is put on the
recovery and purification of carbamates.
15 Further, an alternative method using carbonates has been proposed,
for example, by Japanese Laid-open (Unexamined) Patent Publication No.
Hei 6(1994)-128215 which teaches the method of producing an alkyl
carbamate from alkyl aryl carbonate and aromatic amine. In this method,
a nitrogen-containing heterocyclic compound is used as the catalyst.
20 However, this method has the disadvantage that a large amount of the
catalyst is required and improvement in yield cannot be attained.
In the methods for producing isocyanates previously mentioned, after
carbamates are prepared from amine by using dialkyl carbonate, the

carbamates obtained are thermally decomposed. However, as described,

25 for example, in the examples of Japanese Laid-open (Unexamined) Patent



al kyl aryl carbonate as is expressed by the follow ng general formula (I):
R1I0OCOOR2 ... (1) (where R represents an al kyl group and RZ represents an
aryl group that nay have a substituent group). 15 The nonaronatic am ne
used in the present invention is an am no-group-containing organi c conpound
having at |east one primary or secondary am no group and having no am no
group directly bonded to an aromatic ring and selected fromthe group of

al i phatic amne, alicyclic am ne, .and aral kyl ami ne. The

am no- gr oulbublmﬁta}mlNg &rhyarf 1%&%, 20hemya cbaseaicatalyst hie hehtedul ar
structure a stable bond or functional group, such as an ether, a thioether,
an ester, tagsthdroRvith anariaancatebpmdrbgmatigs sred Chah@éd)gﬁﬂ'thél()mndod agghati c
am nes that nay be used include, for exanple, aliphatic primry nornmal or

branched rapeRRdNasio ﬁﬂcnnmembayh?gn MRili xﬁhfb‘ﬂaﬁm MBue NtdPtRRY | 48 ne,
i so- propyl am ne, butyl am ne, pentyl am ne, hexyl am ne, n-octyl am ne,

2- et hyl hexyl ik e P GHba e, ufidRaxhRm e a%gtﬁ&tadg%aﬁw% gld phati c

secondary m)noam nes carbon nu in t e range 0 Such

di met h th hyl et h - n- oct

N- net h B‘@ﬂt@ CQ\FIHIH@I“%“ a‘f’iog‘%ﬁ Xt B’ lgu nﬁ%esf (rlf’:hg% trhoet hane,
1, 3-di am nop , 1, 4-di am nohut ane, . 5 d| e

1, 6- hexawerteﬁwolaigasawﬁ%lys&wca %R?ﬁé%PﬁH@”aﬁfe@%g' ARE 1R8 GcphpRpboric

1, 9-diam nononane 1, 10- di am nodecane, 1, 12-di am nododecane, _

2,2, 4-tri recahpndehernhaspherie agidencgesively afded.is elimsnniedh by arashing.ene
di am ne, tetranethylene diamne, 10 1, 12-di am nododecane, and

1, 2- bi s(ani noet hyl t hi 0) etSHMMPQRY@EtTHEtIrWENﬂQNSUCh as
1
1

a
2-
, 2, 3-triam nopropane, triam nohexane, triam nononane, triam nododecane,
, 8- di am no- 4- Brisnaxetohydcocdfablee 1e6emti a'um‘icmthnpltoipromtdej &2 -maetihodefdry| est er,
1, 3,6-triam nohexane, 1,6, 11-triam noundecane, triam nocycl ohexane, and
3- am nometgyduting crbaehasankat angblasicachaihatksitdshe prtucad iargsimple, (3
-al ani ne, al anine, sarcosine, ornithine, Y -am nobutyric acid, a

- am noi sobWhuhbf aBdbW, codty #itlehighabdélativiep avdl higl, yibRY Gindeto pﬁﬁh@élﬁl ne,
t hreoni ne, serine, nethionine, aspartic acid, glutamc acid, glutam ne,

ricin, c e e, d ti Th n no
aci ds nanggmaanq n%?)d}aclgglll ggh\?%oggelsgleydazﬁ%hgl rﬁhfﬁﬂngita?@%gl lg?%%%‘gf %S 28§1%rggt ected

b t
thereo . - TRSRIALE & YEPoRABN b CudRL’ B8 chAAHbrcsbRBRRLITLY B2
exanpl e, Pgm%rt%ug O%EI?%HIL?@EO(POl yoxyal kyl ene conpounds) such as

pol yoxypr opyl €ne am no- gr oup- cont ai ni ng pol ysi | oxane
;F?E;’;l{%?i 25 'ﬂle %X‘&L.encc %@‘eﬂﬁ%nt;?r%%dm Y qget%%ﬁdfor ri)crlo'c‘ftqghgf g;{rbg)r%aaqgl €,
wherein nonaromatic amine selected from the group consisting of aliphatic
amine, alicyclic amine, and aralkyl amine is allowed to react with alkyl
aryl carbonate as is expressed by the following general formula (1):
RIOCOORz2 ... (1)
20 (where R! represents an alkyl group and R? represents an aryl group that
may have a substituent group).
In the method for producing carbamates of the present invention, it is
preferable that the alkyl aryl carbonate is methylphenyl carbonate. Also,

it is preferable that crude material containing at least 1 weight% of alkyl

25  aryl carbonate obtained by an ester exchange reaction of dialkyl carbonate



7 pri mary nonoam nes, such as cycl opropyl am ne, cycl obutyl am ne,

cycl opentyl am ne, cycl ohexyl am ne, and hydrogenated tol uidine, alicyclic
secondary nonoam nes, such as N nethyl cycl opentyl am ne, alicyclic diamnes,
such as dranlnocyclobutane, i sophorone diam ne 5 (3-am nonet hyl -3, 5,
5-trinmet hyl cycl ohexyl am ne), 1, 2-di am nocycl ohexane, 1,

3-di am nocycl ohexane, 1, 4-di am nocycl ohexane,

1, 3- bi s(am nagnet hyl) cycl ohexane, 1, 4-bi s(am noneth ycl ohexane,

4, 4 - met hywétephendlyor dswssediveaihieneaf 1s pisg @.sétlarﬁlkrzsﬁersﬁfnﬂmwér 022 1]
heptane 2, 6-bi s(am nonmet hyl )bicyclo [ 2,2,1 ] heptane, hydrogenated 10
2,4-to|uene diémdsmweﬁﬂabhhyhabgbmabndmﬁnﬁﬁcamumndsdudﬁaﬂbon@ndm@nund aci ds,
such as proline and hydroxyl proline. These am no acids may be am no acids

whose si desdlb@ed f o6t i @hal @obayp écngtdiEectofd D6-Heunbahiaaedismifet ure
contai ning optical isoner, or derivatives then eof, such as ester or salt

t her eof . 1féo§‘m3fndg§g am ne tdﬁ%&nlﬁ@f/abe used1|3 |s%ﬁ1ndrﬁ’éth§fm%bﬁex£{@| Kyl

primary nono such as benzyl ami ne, aral secondary nhonoam nes, such

2 N5y DR A M A AL kAT ey i ghobd ATy

benzene and 1 anln zené, an mno a suc

phenyl al anj ne, . Qsin enyl e The

aci ds may %ge%‘,#%ﬂ“%?&‘%@ %@fgi)@?eb&ﬁaﬂ?ﬁ?&ﬁc&g %ﬁ’ AF 38}1881616%€y1 ‘g& ed or
may be racem i xture cqntaining optj.c i soner r r.ivatives r eof ,
such as est g}r gdrrT E%H’ttantehgri'g’fsre JE}WZL Benghe Bﬂ’at]r g?barﬁ(aarreeom&. ggﬁnes
supplying as precursors of poly(di)isocyanates that are used industrially,
such as 25ben@ngexahbe Hyonaremftiorianeine sHyhdeopaigoaafide ang derivative

1, 3- bi s(am nonet hyl ) cycl ohexane, 1, 4-bi s(am nonet hyl)cycl ohexane, 4, 4

- met hyl enethieggcf;cl ohexanean ne), 2] 5- bi s(am nonet hyl )bicyclo [2, 2, | ]
hept ane, 2, 6-bi s(am nonet hyl )bicyclo [2,2,1] heptane, 1, 3-bis(am nonethyl)
benzend® and |, Fubtlsraniheopetdent) ilvendene pravelepr ef etathby freregroducihgse
nonaromati ¢ am nes may be used singly or in conbination of two or nore. The
al kyl aryl zacponaes wisied comprivespphesssp of predteing dagbaxiates bedehptihpe
follow ng general formula (1): RIOCOOR2 ... (1) 10 (where R represents an

al kyl gr ougoRdbnitti¢ QRAiAs aRlseted fih [ther @eBpt dbilsidtyg bRWEpAatidhshiddlient
group). In the formula (1) given above, the al kyl groups represented by Rl

i ncl ude) f ok RXRMhfne, raqrdnatamgt Qﬁaﬁ@%@h%akw A ARAERABS RS Of

carbon nunber” 1 n the range of suc as nethyl, ethyl, n-propyl,” 15

higf L?py'b (; Dltcing 0Pl fmyd DRl 1 et&%%ﬁi*ff‘é‘y‘%l %é‘étag?ﬁt%’ay
5-10
cictgﬁ%y?{h&?ﬁ%‘&%’% ’?é““f*‘é‘g%% “'f‘%re%@?t&?%ﬁ?ven above, aryl groups

that may have a 20 substltuentR%Qggp hﬁpresent by Rz include, for
exanpl e, aryl groups of carbon 9 I n the r nge of 6-18, such as phenyl,

tolyl, xylyl, biphenyl apht h ant hr hen nt hryl .. The substi tuent
oroups | nclilere BOF %ssgﬁrbts b gl P g Byeolevtogen nl grote dar

chl orine, fluarine, om ne, and . odine), a cyano group, an am no gr oup, a
car boxyl gRG¥H a%ha§P£8QVWn?§¢@F Bup (e.g. al koxyl group of the carbon
nunber in the range of 1-4, such as 9 met hoxy, ethoxy, propoxy, and

but oxy), an axylbexynephedpiqre ryoducipaesashprgrissppf e atepénthiigvemidon (e.g.
al kylthi o group of the carbon nunber in the range of 1-4, such as

met hyl2ti oenalleylalkylocarbaomtes ho be odubed yithibogh sa}adtiaityaauyd thiboglyr oup
(e.g. a phenylthio group). The nunmber of substituent 5 groups per identical
groups or leld esigply ByosisstaBiialle bleadimn@ohardmutic Dminy ahdr alldy¥arfyil om one
to three. To be nore specific, methyl phenyl carbonate is preferably used as

the al kyl agpihonatdomBéSdes NEndd Kiyd %&'Udu(ﬁﬁ%Qﬁ@ﬁ{cﬂsoptﬁégr@s@QYQnQ@ﬂtlgﬁ

pr oduced easrly by using 10 any known nethods, including, for exanple, a

et hod 1 or A ANE kAL AKNLAL laﬁ%g%%\ggx%?{}g?%ﬁ&se% 81 AXERANgE crgr,gst' on of

di al kyl car eno ereo escn

Japanese Pate 51907 od for Iar carbonate
fromaryl BH CSBIO?hi?Vg N r{A/dIngt}Il e(f BEnLE: d (*lcﬁt}dg ylff’y

57,3237 (1992 the present_invention action so ut|o produced
by the romfétxﬁ@ Lﬂ@&rﬁé%m%ﬁeal sw%nwgyalbé{]qrgﬁa%r natto B¢ yged gat eri al
contai ning al kylaryl carbonate may be used, as it is without any need to
use al kyl aryl carbonate purified by hi%h-level purification such as
recrystallization and fraction. 20 For “exanpl e, when al kyl aryl carbonate is
produced from di al kyl carbonate and phenol or derivatives thereof, crude
material containing not less than 1 weight% or preferably 10-100 wei ght %
of aIkyIaryI carbonate produced by the ester exchange reactron of dralkyl

o o, s o " o "



When considering that al kyl phenyl carbonate is produced by the reaction of
di al kyl carbonate and phenol, as nentioned above, it is feasible to produce
carbamates in the nmethod nentioned |later, for exanple, by adding amne in

t he presence of dial kyl carbonate and phenol or by m xing 5 dial kyl
carbonate, phenol and amine. In the nethod for producing carbamates of the
present invention, the nonaromatic am ne nentioned above is allowed to
react with the al kylaryl carbonate nentioned above. The nonaromatic am ne

i s al | oned atkylredlotarbprsateal kyl aryl carbonate, for exanple, in the manner
that nonaromatic 10 am ne and al kyl aryl carbonate are charged in a reaction
vessel in a predesethd nedhed dpoproducigp \iescybalaces ofides prédetht candhtionns and,
if needed, a reaction solvent is added thereto. An anount of al kylaryl

carbonate GRALRAGJIRoBERALE VA @RS dded B PhwRALridIdY SdlPurethiage of
nol es of ammo group of the nonaromatic 15 amne. Due to this, alkylaryl

car bonat e ﬁ gglp%ﬂﬁ@é/edbﬁ ¥§§§p%ﬁﬁéflhgfiﬁhh%tﬁ%w&gﬁ '_n this reaction. To be

nor e speci € anoun aryl carbonate charged is comonly in the
order of 1- ' f 1 j ably

1 03 16011 radn TATEER BRSORIBTIEN OF e ERRED MRANTERIS 10

of am no group_of noparonmatic amne._ 20 If the anmpunt of al kylaryl, .
carbonate char éBcF}ﬁes&’@ﬁWéng’h%ﬁn% , for prpdycingar %Pé‘lﬁ?se(éﬁglﬂﬂ‘aéf &ner gy
wi |l be consuned in the subsequent separ §ti on process or purification
process, tBiae peleyredi gy icatkrgitareite gstergr of hhesrepent preshtian ovill BA t he
other hand, if the anount of alkylaryl carbonate charged is |ess than that,
t hen t her edetdiledve Ancoxvdidgdot hanetbed| for Fodheingtdasbamatesodf theaprésemt
decreases as the reaction proceeds. 11 The reaction solvent is not

necessari | ynveegiter] honatdmatic eantinenselbetiedt Heom| endi grpupf coheistimgctafon
sol vent can provide inproved open ability. No particular limtation is

i nposetD onaliphatieadhimeN aleydRMmigs andngradyli dmirte isndidwedetd fedet wish
| ess-reactive to nonaronmatic am ne and al kyl aryl carbonate. 5 The reaction

sol vent s tﬁﬁiyl@?ﬁl bfrbenfte ANK difftesdcd braRIRwidk igehatdlForhabhos (e. g.

nmet hanol , et hano n- propanol , iso-propanol, n-butanol, and iso-butanol),
al i phatic hydrocarbons (e.g, heuggpoment ane, (ggtrol eum ether, ligroin,
cycl ododecane, and decalins), aromatic hydrocarbons (e.g. benzene, tol uene,

1L ene Y hTRE ey Y ETERRS oA BRSSP e e
may have a substituent group).

15 The nonaromatic amine used in the present invention 1is an
amino-group-containing organic compound having at least one primary or
secondary amino group and having no amino group directly bonded to an
aromatic ring and selected from the group of aliphatic amine, alicyclic
amine, and aralkyl amine. The amino-group-containing organic compound

20 may contain in the molecular structure a stable bond or functional group,
such as an ether, a thioether, an ester, a sulfonic and a carbonyl group, and
a halogen atom.

Aliphatic amines that may be used include, for example, aliphatic
primary normal or branched monoamines, such as methylamine,

25 ethylamine, n-propylamine, iso-propylamine, butylamine, pentylamine,



o-di chl orobenzene, di benzyltol uene, triphenyl nethane) phenyl napht hal ene,

bi phenyl, diethyl biphenyl, and triethyl biphenyl), ethers (e.g. diethyl

et her, diisopropyl ether, dibutyl ether, anisole, diphenyl ether,
tetrahydrofuran, ethylene glycol dinmethyl ether, 15 ethylene glycol diethyl
ether, ethylene glycol dibutyl ether, diethylene glycol dinethyl ether, and
di et hyl ene glycol diethyl ether), esters (e.g. ethyl acetate, butyl
acetate, anyl acetate, dioctyl phthal ate, didesyl phthalate, and di dodecyl
pht hal at e) hexylamihes nf@tglananet dnéthylhexylpnops, onédylahime, adbdeoplamineg, and
benzonitrile), aliphatic hal ogenated hydrocarbons (e.g. 20 nethyl ene
chloride, ghd@ctideianding; dliphhoicorttiadery thoBogingid0sOdirbpaneumdBe in

1, 4-di chl or obut ane), am des ?e.g. di et hyl f or mam de, and

di et hyl acgla figgo i bf 0 sapOULden (o8 Niik:RAFIARRE, aBfkRitiphRNZENe)

phenol or derivati ereof (e.g. phenol and cresol), carboic acid esters

(e.g. di hy| r di gt.hyl at diar 0 and
i byl carearar i iakinge koo AAHER" End R RN GRANR B e, 3
series, 200S,, 300, .,600, 700, 800, 9 000S me of .articles) available
from NicppoR s ' EHIRInes éth @Fd?ﬁzéﬁﬁ%%e(tg%@ L{’f' IREBEPAP o, 240,
330, KSK-O L 260, 280 (Nanme of arti.cles) available from Soken Chem cal &
Engi neer i nf4cHamipphutaney nel:ﬁycﬁaWPPPﬁl}tfPﬁone,1"13\1,?‘@@1"#%]9}43999@13“11119’

i m dazol i di none, dinethyl sul foxide, and water. Anpbng these reaction

sol vents, hlir¢iamincheptaaieol s, al 1,|8I"dalfiimnﬁ§ﬁdﬁne,ar bons,l, ¥dirminenonane,

hydr ocar bons, phenols, and carboic acid esters are preferably used in terns
of econoni tAD-dhfdinbéemmpneaidl 2demabiddotiycantheéb2 4rteanethythexdmetitydenmy be
used singly or in conbination of two or nore. 10 There is no particular

| i m tati ondiagnie, 2 41triméthyieeidnoathytdneedianiied te@anicdhgled diamihe,
sufficient for the carbamates as a reaction product to be dissol ved.

| ndustyg al § ¥2-diaghiao@sdcagk, r eaed i 0N Bhistanindssledtblthdnpy ef gighitic be

m ni m zed as nuch as possible in viewthat it is necessary to recover the

reacti on sgimaited 508k bRa, 2 8a¢idiRIhopPbptied RridRinbhex AR AN mliRoAGASHETEd foOr
the recovery can be xeduced as much as possible, as well as in view that

when a | ar g, AMMIE0Ind 24%4 HOMNAR) ¥2MinbhtAE oy DS RLRERREERIGAL | on on

the reaction decreases and the rate of reaction decreases.

specific, TDUE reqacth. sed A §4. l. | range
of 0. 01 1 4 SR Degfhyledfer “36 BB yERlats ST 6 1 Al Fedadl, 15705
parts by . ght per, part by i ght _of nonaromatic. amine. In this reaction,
Ponction +imBindesrioRney Lot hathoRaRn RS Paffin, drid Smindy | o
nonar tic.amne and al kyl ar. Xl _rPonate, nd of reaction solyent) though
a rea ona‘ilgﬁ’pe?"éﬁhrgsi #gm}p ’exg)anﬁ EINE FRENGNgETEISIBe 2 0D Ne
preferably 20-150C, or further preferably 30-100C . 25 The reaction may be
carried ouf PREMNYIGASKe %iHBUHREYHF Q¢ glycine, valine, norvaline,

leucine, isoleucine, threonine, serine, methionine, aspartic acid, glutamic
acid, glutamine, ricin, hydroxyricin, histidine, cysteine, and aspartic acid.
These amino acids may be amino acids whose side-chain functional group is
20 protected or may be racemic mixture containing optical isomer, or
derivatives thereof, such as ester or salt thereof.
The aliphatic amines include, for example, amino-group-containing
polyoxyalkylene compounds, such as polyoxypropylene diamine, and
amino-group-containing polysiloxane compounds.

25 Alicyclic amines that may be used include, for example, alicyclic



13 under an increased pressure or a reduced pressure, W thout any
particular limtation. This reaction proceeds w thout catal yst, but a
catal yst may be added, if desired. The catal ysts that nay be used, include,
for exanple, known 5 carbarnate preparation catal ysts and ester exchange
catal ysts, such as Lewis acid, alkali netal salt, alkali earth netal salt,
salts of the group Il and IV netals, a nitrogen-containing conpound,
transition nmetal salt, or a conplex thereof. This reaction can be carried
out by agipramiamg omonpainmgesyonsarchmatic @@lanopglaamaeal kcytlabytylesibenat e in
t he reaction vessel under the conditions nentioned above. To be nore

speci fic, dyelopexeyinhtinenepeobemilhming aadnaydiegesa@apesiuiding] kYikydlil
carbonate and mixed by stirring. This permts al kyl carbamate to be

bonate _ I _ : ) .
produced Vdebby, f,gh ﬁ%}a@&ﬁ?f{éé,y saff als W%Fmﬁg%%égﬁb‘%@lgtgﬁlgi?g@%l?%dlgm ne and

conditions. As a‘result of this, for exanple,
al kyl aryl garhonate arg al |l gwed eac i.1h each. other w thout catalyst,
this react‘fli%ﬁnﬁgsdvi d%écq} he a(r%esu iac}p{paot%y%lﬁg‘uﬁaenaecti oh° }g(frﬁ)fl Fon ¥t he” end

of the_reagtion contai cess nreact ed) al kyl l. carbonate, reaction
S0l venp, - AR ST lach b e b b ey radiel by hERERERLE Rl & (2)
gi ven below 20 (RIOCONH)NnR3 ... (2) (where R represents Rl of the formula
(1) gi ven hsempmocygloheganes resi due of nonar omeb-fdliaminreysloteRanrepr esent s
t he nunber of am no group of the nonaromatic amine), and the by-product of
aryl al coHed-bisiprusenwethyleyslohganseal f or nud-hig(@amigemethylByplohenand,4

R2-OH ... (3) (where R2 represents R2 of the fornula (1) given above).
These exces4 -tethplenebisicyaldhekangydmime)bBifabis(amamméthy))bidyeln{2,80d ar vyl

al cohol are recovered by distillation and separation and thereby the 5

car bamat esheptanelc 2|6 drig(astipametiegl)isieselby. [ Z/2 5 Ir degpithns Usprbgendtedui res no
after-treatnent processes, such as separation of catalyst. The carbamates

obt ai ngd MEY-tERichir 812@RinRU Hrid de&%&mm 'E6-tORitealljag@inieOhind amino
recrystal lization, distiliation, sublimation, colum chronatography or the

like, if neafledchOadPiolink i My@‘i‘b’fj}lﬁ%li@é.hoﬂh@s@agxln?ﬁo ke nfiBf pemates to
be produced with high'selectivity and at high yield sinply by substantially

bl endi ng fmﬁfooa@fdsc@%@%iwehﬁglkyhﬁéﬂanﬁagg&%giqrﬁmgfgyfrt hfay BgUi T €s

simpl e equi pnment and facility and requires cate er-treat nment

T e R L

Ow costs an invention

i ncl udes a et hod r prpduci ng i socyanates by thernmally deconposing the
car bamat e§sga§t%ﬁ %gab‘%}%?ﬁe met hod for

15 Aralkyl amine that may be used include, for example, aralkyl primary
monoamines, such as benzylamine, aralkyl secondary monoamines, such as
N-mehylbenzylamine, aralkyl diamines, such as 1,3-bis(aminomethyl)
benzene and 1,4-bis(aminomethyl) benzene, and amino acids, such as
phenylalanine, tyrosine, tryptophan, and phenylglycine. These amino

20 acids may be amino acids whose side-chain functional group is protected or
may be racemic mixture containing optical isomer, or derivatives thereof,
such as ester or salt thereof.

Among these nonaromatic amines, diamines supplying as precursors
of poly(di)isocyanates that are wused industrially, such as

25 1,6-hexamethylene diamine, isophorone diamine,



produci ng carbamat es descri bed above. According to the method for producing
i socyanates of the present 20 invention, the carbamates obtained by the

met hod for producing carbanates descri bed above is thernmally deconposed to
t her eby produce isocyanate expressed by the foll ow ng general formula (4)
corresponding to the nonaromati c am ne described above: R3-(NCOn ... (4)
25 (where R3 represents R3 of the fornula (2) given above, and n represents
n 15 of the formula (2) given above), and the by-product of al kyl al cohol
expr essed h§-Hislenfinbiethyleyictotrexkhae(5) 1 R 1,4-bid{aminomeshyDosedotex@ie,
represents RL of the formula (1) given above). 5 No particular limtation

i s i nposedt,@hnidikylchebisidyctideaanesininon 2, Kbixiomdennstiodticylo M hidds, such
as a liquid phase nmethod and a vapor phase nethod, can be used. Preferably,

the ther mle 866 MDOYib(a@nbmERDBRIIOUR 2 1] h@@dﬂegqiadbm@ﬁ%mbmd) or
rather, in the readction distillation in which the al kyl al cohol produced as

2 by prodyct, bhe b8 L0 IGHIRb SEROTROR LhO T 5, 8RAB0RL b T O Lhe system

The thermal “deéconposri'tion era I's"usua i ghest, or
preferably in the range of 80-350k or fuyrther, preferably in, the.range of
200- 300G, * At TEPREBPRERO MR ABBEFE TBAY D2riehdh EERE (08t CORBI I O per e |
the possibility that the rate of reaction suitable for practical use 15 may
not be obt@NEIMOM- the thermal deconposition tenperature higher than 350C
on the other hand, there is the possibility that undesired side reaction,
such as pol ynefhe atidarydfcarkengiansedsn theyprssent invansion istexpzesnedfhar abl e
that the pressure at the thernmal deconposition reaction is a pressure for
al | owi ng tthe falléyingagensral fgyrodadéd to be vaporized in the 20 thernal
deconposition tenperature specified above. The pressure is preferably in
the range of 0.133-90kPa in teRM®BCOORYUI pnenfl)and use and profits suitable
for practical use. Though purified carbamates is good enough for the

car bamat ewiees Rinvephsdne aibh ke coome aind RA refitefge aFl growy) tat
car bamat es obtained 25 by the recovery and separation of the aryl al cohol
after the g9¢ nate ahQubkituent group).

In the formula (1) given above, the alkyl groups represented by R!
include, for example, normal or branched saturated hydrocarbon groups of
carbon number in the range of 1-8, such as methyl, ethyl, n-propyl,

15 iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl,
octyl, iso-octyl, and 2-ethylhexyl, and alicyclic saturated hydrocarbon
groups of carbon number in the range of 5-10, such as cyclohexyl and
cyclododecyl.

In the formula (1) given above, aryl groups that may have a

20 substituent group represented by R2 include, for example, aryl groups of
carbon number in the range of 6-18, such as phenyl, tolyl, xylyl, biphenyl,
naphthyl, anthryl, and phenanthryl. The substituent groups include, for
example, a hydroxyl group, a halogen atom (e.g. chlorine, fluorine, bromine,

and iodine), a cyano group, an amino group, a carboxyl group, an alkoxyl

25  group (e.g. alkoxyl group of the carbon number in the range of 1-4, such as



reaction may continue to be thermally deconposed. Further, catalyst and

i nactive solvent may be added, if needed. The catal yst and inactive sol vent
may be added at the tine when the reaction for preparation of carbamates is
carried out, around the tinme when the 5 distillation and separation is
carried out after the end of the reaction, or around the tinme when the
carbamates is separated, though it depends on the kinds of the catalyst and
i nactive solvent. At |east one conpound of a netal, oxide, hal ogenide,

car boxyl at methérgs pithoey, propoayganidcbuteksp), |4 acyloppardnp selgat ptiehoxym t he
group 10 consisting of Sn, Sh, Fe, Co, Ni, Cu, C, Ti, Pb, M and M, used
for the regeipdrawhlityddeyaraup (apdalkidilos grogs ofiphd edrbohapanber 0N tled

uret hane, 1s used as the deconposition catalyst used for the thermal

deconposi t}Gpe K 1-4hegH 'K%trﬁétl?ﬁﬁhio,':&hyﬁhio,C}g’nop%)c}ﬁ@,daﬂ\&‘bafﬁtlﬁ'bﬁfﬂcﬁm y
used in this thermal deconposition, because they devel op the effect of
suppressing_t - i f - uc L1 c - of Sn
Chat mmy e JAZifi BrEEE etk Bhchufnty gRARELT b Ehilehrof TR 3¢
brom’dgga tin iodide, t{n fornate, .i aggtate, tin ogslate h%? oc%ﬁlate,
tin stéar BFLUPERHFTIfRRHE RIQDSTSHRISTEt BROYRE JREY DETOm S BRIVAI Bt yl ti n
dilaurate, and 20 1,1, 3, 3-Tetrabutyl-1, 3-dilauryl oxydi stannoxane.
Metal | ic chiedexpdiyiem ppe tgghresy and” Mh i ncl ude, for exanple, acetate,
benzoat e, naphthenate, and acetyl acetonate thereof. It is to be noted that
an amount of cAedeysoraisperifie methsilpbenyleapbernateds prefenablyeusegdnasetlof
0.0001-5 weight% or preferably in the range of 25 0.001-1 wei ght % per
reacti on sakytary] cadbonatet al or conpound thereof. 17 Al so, the inactive
solvent is inactive at |east to carbamates and isocyanates and it is

pref erabl e t haThé ht¢kylaagl carbonatesedited sb@lesearhbgpeodudedoaddilyny peing t han

i socyanates produced, for producing the thermal deconposition reaction with
ef fi cil@ncyany NendvdCinleYRodd)| HeMaGinigh ofor NEwarkgled dSREthd!fueleprodoicimxanpl e,
esters, such as dioctyl phthal ate, didecyl phthalate, and didodecyl

pht hal at e, 51a5thy$! ARGt ¥R VRIS cRAnSE rPNR I o WEISA R PO tH SR

regul arly as heating nedium such as di benzyltol uene, triphenyl nethane,

phenyl napﬁ}&ﬁ@do@!&? debivRBRRY lthe{jéé)?}a}éld:%%&{ﬂﬁéew ?3{; ggggg%ée'l %&%ﬁ%gﬁ) ;lo ¥og5AN

anount of 71 nactive solvent use parts by

el gt or o f 1R Br GroBRcRD" Ay it VR AR e At AR aIERBLRRLY O 1-50

parts by weigh per par . car he "t her

cocommos o8 RIS R TR B oRE PRt PSR 08B L00 BLCESS o

bat ch. or by &y, S e SR, PhC S8 8eti S ion produced by the
producing method mentioned above may be used, or the crude material
containing alkylaryl carbonate may be used, as it is without any need to
use alkylaryl carbonate purified by high-level purification such as
recrystallization and fraction.

20 For example, when alkylaryl carbonate is produced from dialkyl
carbonate and phenol or derivatives thereof, crude material containing not
less than 1 weight%, or preferably 10-100 weight%, of alkylaryl carbonate
produced by the ester exchange reaction of dialkyl carbonate and phenol or

derivatives thereof may be used as the alkylaryl carbonate of the producing

25 method of the present invention.
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15 carbamates are charged in the inactive solvent containing the catal yst
under reduced pressure. Thus, in this thermal deconposition reaction, the
carbanmat es obtained in the nmanner nentioned above is thermally deconposed
and thereby the isocyanates corresponding to the nonaromatic amnes is 20
produced, as nentioned above. Consequently, for exanple, polyisocyanates
industrially used as raw material of polyurethane can be produced in a
sinmple manner and with efficiency. Wile there has been described the

met hod for prodUkemgonardsaing dbabradkylphengt magbématepinduoilneed dycylmat es so
far, the production nethod of 25 the present invention may include sone
addi ti onal rdaetivn ¢ff delisgesarbenath il phasolaak exehteotedabows s) issieabibds a
dehydration process, an internedi ate process, or an after-treatnent

process, syfhragud RHFidh&RSs B the Oseffoda RtbrRiIGIREOYRAY, B5O0efempldWVPLES 5
Wiile in the follow ng, the present invention will be described in further

detail Wi thigberancei] onEXAIRIES of HRKP G360haldHERLHARC! O BPlidgg Led to

any Exanpl es. er alr was s Ituted wWth nrtrogen 1n 200nL
four-nﬁkeﬁ.%ais 0 féas¥l havi n(g a.reflux condenser) a thernoneter, a

ni trogeh i MY %é?g?,e,g Sf@p?ﬁ §"%f8fnel , and an agitator, 45.6g (0.30
nol ) of met hyl phepyl carhonate and 58. 8 of net hanol were charged in the
flask and t hen?rliﬁ%@“(tg’.‘)adgﬁﬂff?‘?wnﬁ,061-' %??ét‘}fh}g@r&réﬁ%@ﬁ Hyepgengthg ned
therein under stirring at roomtenperature. Thereafter, those was all owed
to react whemarpsnaiae pIHPAdReniongyl-abeye isnpliewehte seagtavithidecdkylaryl a part
of the reaction mxture was taken for sanpling and the sanple was titrated
pot ent i one¢arbonhtey mgntioried Abhewveoc e nenaxingatiqmeanimesid allowied tthateathe

1, 6- hexanet hyl enedi am ne conversion rate was 99.5%or nore. Also) fromthe
quanti t at i wéethaadltylard cdrbohete,efactdaxmmplex inrtheusiaynea tles R6nadorcatid ogr aphy
it was found that 1, 6-bis(nmethoxycarbonyl am no)hexane was produced at the

yield 1§ 99m%fte SHediudhylall earbéiae bfe chaggdd dn @Al xbadtonassidlansierred
into a 200m. flask having a capillary, a thernoneter, and a distilling

gesgl) ai ihFeﬁie%%kez\&@ﬁleﬂ%*ogértﬁmg{veh%iél@@dnﬂfe@%ﬁﬂaQoh@itﬁ?ﬂ‘spa?ﬂd,tipn@é&éd',| | away

a reaction solvent is added thereto.

An amount of alkylaryl carbonate charged may be equivalent molar to

or more than the number of moles of animo group of the nonaromatic

15 amine. Due to this, alkylaryl carbonate itself may be used as a reaction

solvent in this reaction. To be more specific, the amount of alkylaryl

carbonate charged is commonly in the order of 1-50 times, or preferably

1.01-30 times, or further preferably 1.02-15 times, as much as the number

of moles corresponding to the number of amino group of nonaromatic amine.

20 If the amount of alkylaryl carbonate charged is more than that, then a

considerable amount of energy will be consumed in the subsequent

separation process or purification process, then providing inadequateness

for industrial production. On the other hand, if the amount of alkylaryl

carbonate charged is less than that, then there will be provided the result

25  that the rate of reaction decreases as the reaction proceeds.
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25 portion of the reaction mxture. As a result of this, 23.2g of crude
crystal 19 of 1, 6-bi s(net hoxycar bonyl am no) hexane was left in the fl ask.
After the crude crystal was dissolved in a small anount of nethanol, 90g of
di ethyl ether was added in the mxture and fully m xed. Then, the
precipitated crystal was filtered. The weight of the crystal after dried
was 22.6g 5 (97. 7% of isolation yield). The isolated crystal was identified
by using a FT-IR, a M5 spectrum and a 1HNVR It was observed fromthe IR
spectrum t hat ZThpiidastipetsohveny B38% vesdssarilCreeded dox hhisgrepgBonchull, and a
N-H deformation vibration 1530 cm-l. Fromthe MS spectrum (M1-)=232 was
observed. {K: Dladimneof theredctidt MiRerat eas povwnidbdhpvovddiopbFAsHBct Mion
(cd's, TM5~ ppm 1.35 (t, 4H 1.50 (m 4H) 3.15 (m 4H) 15 3.70 (s, 6H)
4.65-4.85 {iptictiibhr EXNYREBn ZsAthSésedl bn WAS FdHtibht sH106h M ddh1dgt AOGERs I N a
200nmL four-necked glass flask having a reflux condenser, a thernoneter, a

ni trogen ip %’civ@‘%ﬁ;%g%é%s%[x%gcﬂ(r%&hﬁﬂ?fdm&ﬁh anfind 4 u?l?;k%aﬁ?%a%b%ﬁa%& (0.30

nol ) of crude net carbonate (a reaction s ynthesi zed by
t he ester chan reagtion of .dinethyl caybonat,e with_phenol .
il ot sTIF 1 B4CaRn RibeRg et B B rSRhTARRE. 1Y HaRERECopBRER 1 pheny)
carbonate, 26 parts by i ght of phenol, and 9 parts b i ght of djnethyl
car bonat e %ﬁolao o@;ﬁ;smﬁ%qqaﬁﬁ@% ﬁaggaaéal,blﬁomgp@vaﬁ, gﬁ?‘&ﬁ‘é‘f’ﬁgﬁ’&%hy and
28. 5g of net hanol @]\Sere_ charlgled 20 in the flask and then 11.6g (0.10 nol)
of 1, 6- hexgrtitiphebecaliphitie hidwcarkyde. o hexena, perfencspetrplengn atheroom
tenper ature. Thereafter, those were allowed to react with each other at
50C for foligraiouexeledniecenerand decalins) paramatic thydreeabonofe.gi kensemenas
taken for sanpling and the sanple was 5 titrated potentionetrically with 1IN
hydr ochl orictuand,d. Fflenegesukthywlbeniemet t heodropylbexnaset,hyl bngdbaniene,
conversion rate was 99.5% or nore. Also, fromthe quantitative anal ysis of
the redrtigrldhiexylbenzegseng t betrghs, chr ehkirobege, it ordishieubehichat 1,
6- bi s( met hoxycar bonyl am no) hexane was produced at the yield of 99.9% 10
EXAMPLE 3 methylnaphthalene, chloronaphthalene, dibenzyltoluene,

triphenylmethane, phenylnaphthalene, biphenyl, diethyl biphenyl, and

triethyl biphenyl), ethers (e.g. diethyl ether, diisopropyl ether, dibutyl ether,

anisole, diphenyl ether, tetrahydrofuran, ethylene glycol dimethyl ether,

15 ethylene glycol diethyl ether, ethylene glycol dibutyl ether, diethylene

glycol dimethyl ether, and diethylene glycol diethyl ether), esters (e.g. ethyl

acetate, butyl acetate, amyl acetate, dioctyl phthalate, didesyl phthalate,

and didodecyl phthalate), nitriles (e.g. acetonitrile, propionitrile,

adiponitrile, and benzonitrile), aliphatic halogenated hydrocarbons (e.g.

20 methylene chloride, chloroform, 1,2-dichloroethane, 1,2-dichloropropane,

and 1,4-dichlorobutane), amides (e.g. dimethylformamide, and

dimethylacetamide), mnitro compounds (e.g. nitromethane, and

nitrobenzene), phenol or derivatives thereof (e.g. phenol and cresol), carboic

acid esters (e.g. dimethyl carbonate, diethyl carbonate, dipropyl carbonate,

25 and dibutyl carbonate), heat medium oils for general use (e.g. Therm-S

12



After air was substituted with nitrogen in a 200nL four-necked glass flask
havi ng a refl ux condenser, a thernoneter, a nitrogen inlet adapter, a
droppi ng funnel, and an agitator, 45.6g (0.30 nol) of nethyl phenyl
carbonate and 63.3g of nethanol were charged in the flask and then 13.6g 15
(0.10 nol) of 1, 3-bis(am nonethyl)benzene was dropped therein under
stirring at roomtenperature. Thereafter, those were allowed to react with
each other at 60C for ten hours and, thereafter a part of the reaction

m xt ure waseriek 005 r3 a0, rV@OarB@Ot 19805 d0p08 Wesne i afr antedes) available
potentionetrically with 1N hydrochloric acid. The result was that the 20 1,
3- bi s(am nfoBi M*oi;@er&teele%@m&eﬁsmm Intdt ea i NEO SBYOAL, 130C. 148050,70{ r om t he
guantitative analysis of the reaction m xture using the gas chromatography,

it was foupghtBgh KSKRDE( ME0N0X8E aNRRY | ofaBH-RAEE! BhilABRZ $Rfin WBSkéH oduced
at the yield of 99.7% EXANPLE 4 25 After air was substituted with nitrogen

|0 2 200m oheicISE B Sl aRRe o, LEAISIHRYHACH A BN CRSERT L B

therm)rreter anltroge adapt ef’, and analtator

St I § o i -

1, 3-bi s(am no hyl ) cycl ohexane, was t.herein under S In

room t enper at u O“ﬂte?{g%?ret ereagtipgses gv}é( %I I%‘\}\&batt‘% %{32101% t?rf%%%tﬁgot her
at 60C for_ eight hours and, thereafter, a part of the reactjon mxture was
taken for Bydusca hpnen arematis disirecazkens, phenale ansd earhoenecid esfersavg th 1N
hydrochloric acid. The result was that the 1, 3-bis(am nonethyl) cyclohexane
conver si orpref¢mblp1s08. i@Ybeymarof econpanishk effidienay ahd apeaabilityt | Theamal ysi s
of the reaction m xture using the gas chromatography, it was found that

1, 3- bi s( nmetdaokipaaobemts neay be et dyingty of dhecabmatéam pf beuoedhat. t he yiel d
of 99.9% EXAMPLE 5 After air was substituted with nitrogen in a 200n.
four - necked gl @&srel bs floapkriiaandinmitaeiohUo aandaiseit) ofarddielomEslvent a
nitrogen inlet adapter, a dropping funnel, and an agitator , 82.2g (0.54

mol ) of mehdpd, pheouk &@&Q@@atmlmf&%@%%aﬂlaté@aé laagda ceind Jhddncd fo 09
(0.10 nol) of isophorone diam ne was dropped therein under stirring at room

tenmperatur d-{g'e,%'i@égtefndIfSM§ﬁyW@l'i@ a%!tétﬂ’{‘te%lf tx@aét@&?tso‘l‘&éﬂ% ge&d Mblify at 60C

fox six 20 hours and, thereafter, a part of the reaction m xture was taken

for sanpl ' aC| Cl#r lﬂg ﬁﬂﬂﬂhﬁe&"@§ rﬁﬁc{hhé'é ﬁg?]s?fi’lteeﬁt 1BWELH f"lé ﬁec‘%s%gr?\%er si on

hydr ochl or he result was at "t he 1 sophorone |am ne co

rate as 99 0oty ofith Gy O AN ! t&%m%tta ¥l Bk tntggy

ure usin as C romato

i sopharone di nmet mat e _was uce at t he of 99. 8%

EXAVPLE & SARFEmel for G Tefbery FRa S8 r\tﬂt‘ﬁe N e hoe oﬁt“feﬁtﬁs fecked
gl ass flask havj ﬁ alprefl x condens ermoneter,.a ni % n inlet
adapter, - aVoBBRRGY R bl Areen dEghs JeBSOm SRS oI YR pupirate

met hyl phenyl 5 car bonate and 30g &f t ol uene re chayged in (im:g fl ask and

t hen 40. 7gtqneentragiom onth %6?%24&5/ errpaesRiRd §he ¥ateok FRACEIOR dRfER3SeStirri ng
at roomtenperature. Thereafter, those were allowed to react with each
other at 60Cbecmoreuspaeiesthen amouns ol he aeacionsoivest used seasalbnimi xt ur e
was taken for sanpling and the sanple was titrated potentionetrically with
AN 10 hydr dehiangecofs®Ddl.to Tiepaxts byt weight,t draprefémably mdbe yhage o€ Ocbtwvey sion
rate was 99.0% or nore. Also, fromthe quantitative analysis of the
reactizg niQpurs kisweiglitiergast bhmasiphoof apiuwronidticamiheund t hat net hyl

N- oct adecyl car bamat e was produced at the yield of 99.5% EXAMPLE 7 15 After

air was substi{uttReL matdamw FERER tdmBertRUF vholk; AEF&ATnG! ASkihda8K having
a reflux condenser, a thernoneter, a nitrogen inlet adapter, a dropping

(el arFyg ARl o 47, Eatfndfl @*a?fteﬁ%%&%f?%'a“’?‘e%ﬁ@ §ap Brand 509
octyl am ner&ma?cﬁlggtéotagggt toush] ulleqi%{;loﬁt\{emé%%tur roo r & %t Uhes h%wo

Ther eaft er d?t T E3et "W eac &r SHUBOC Fof

hours and, thereaft a part .of ion m ture a
sanpl i ng aﬁ@ﬁ%@ﬁgﬁéﬂo@ \R,gspr@fe[rlag yeg()ag?f(;,t PH iRt eeémeﬁr\ﬁb l%";)I\MOQ{:
hydrochl oric acid. The result was that the octylam ne conversion rate was

99. 0% Y ndhe.reacton mapnba Karmedeut tiat ane aeangtd atmospherie duessws, 25
m xture using the gas chronmat ography, it was found that nethyl 23
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N-octyl carbamate was produced at the yield of 99.5% EXAMPLE 8 After air
was substituted with nitrogen in a 200nL four-necked gl ass flask having a
ref 7ux condenser, a thernoneter, a nits ogen inlet adapter, a 5 dropping
funnel, and an agitator , 80.2g (0.53 nol) of nethyl phenyl carbonate was
charged in the flask and then 18.0g (0.10 nol) of 1,

2-bi s(2-am noet hyl t hi o) et hane was dropped therein under stirring at room
tenperature. Thereafter, those were allowed to react with each other at 60~
for five hmder amapcrehsedpfessnre ar paraduced phressueacwitdoutianyupartiolawns t aken
for sanpling and the sanple was titrated potentionetrically with 1N

hydr ochl orligitat¢iosh. The result was that the 1, 2-bis(2-am noethylthio)ethane
conversion rate was 99.0% or nore. Also, fromthe quantitative anal ysis of

the reaction mMyisied cHshPobdsIRTheNt CARIPE! aﬁbﬁ,caitélyé@sn%)%@cadu@a}
1, 2- bi s(2- met hoxycar bonyl" 15 am noet hyl t hi'0) et hane was produced at the

yiel d of 9 %o FXANRLE: 30 ALLEEH H0NE P he AN NACHh pReRUS: SO R A 8 99

(0.10 nol) sarcosine were charged”in a our-nec gf ass ask

havi f d : h , ' inl d d
AR R s L S e R e L A S T S Tkl

be conpl etely. dissolyed in the solutjon to preparg a sol ytjon of cosi ne
sodi um sallreWiseaf »n%ﬁ‘&ﬁll{ petalssadly %lgahcﬁ%h)rn%fi ﬁ%ﬁhwﬁﬁ@ﬁﬁ e gxPBBihk e was
added to the solution and was allowed to react. wth it at 50C for eight
hours undendslY rpeteds.\a giregast gontanainggompounds dransation gnetalealts orvas
poured into a 25 separating funnel to separate an organic |ayer and

hydr ochl ordompdek dhewesf.24 added to the aqueous |ayer to adjust the pH of

t he agqueous layer to pH3. 5 The aqueous |ayer was extracted w th ethyl

acet ate and ethyls maetiahecanabe washed owit thy agitating Feramiting wuenbintaid ve

anal ysis of the ethyl acetate solution using the gas chromatography, it was
f ound 1phatamreihé aiRAkpENydrbsastO M Bke wosctivrodesell uadet tBe Yoalitias 90. 5%

EXAMPLE 1 O After 50mL of 2M NaCOH aqueous solution and 7.1g (0.10 nol) of
glycin 10 phén@Bned above. To be more specific, for example, nonaromatic amine
may be dropped in alkylaryl carbonate and mixed by stirring. This
permits alkyl carbamate to be produced with high selectivity and at high
yield under temperate conditions. As a result of this, for example, when
15 nonaromatic amine and alkylaryl carbonate are allowed to react with each
other without catalyst, this reaction provides the result that the reaction
solution after the end of the reaction contains excess (unreacted) alkylaryl
carbonate, reaction solvent, reaction product of carbamate expressed by the
general formula (2) given below:
20 (RIOCONHmR? ... (2)
(where R! represents R! of the formula (1) given above; R3 represents
residue of nonaromatic amine; and n represents the number of amino group
of the nonaromatic amine), and

the by-product of aryl alcohol expressed by the general formula (3) given

25  below:
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were charged in a 200nL four-necked gl ass flask having a refl ux condenser,
a thernoneter, a nitrogen inlet adapter, and an agitator and were stirred
at roomtenperature so that the glycin can be conpletely dissolved in the
solution to prepare a solution of glycin sodiumsalt. Sequentially, 45.6g
(0.30 nol) of nethyl phenyl carbonate was added to the solution and was
allowed to react with it at 50C for eight hours under stirring vigorously.
Thereafter, the reaction m xture was poured into a separating funnel to
separate an organic |ayer and hyREoEfloric aédd was added to the aqueous

| ayer to adjust the pH of the aqueous |ayer to pH3. The aqueous | ayer was

extracted WhéreeRhydprasaitaRe ciitledbiniuilaCBigiteh sesvelashed with water. From
the quantitative analysis of the ethyl acetate solution using the gas

chr omat ogr aphy rheke V@éeé&ﬂ%e%@?éd)“ﬁl’ﬁ?ﬁi{}?ﬂ&%&%ﬁ! rgh¥5AD ORBnRr Hslyced at
the yield of 91.4% EXAMPLE 11 After 50mL of 2M NaOH aqueous sol ution and

8.9g (0.10 I 25 . L-al ani e . e - gl ass
fl ask havi %gqaglrc é)};x?lugrecg%ggﬁfsee'af Py)ﬁ({lg Hggﬁéﬁe%edr ?eéaxﬁ?{%ﬁaaéﬁu{hﬁpgﬁkg@eapt er,
and an ,agitator and were stirred at, rpom.fe rature.so that the L-al anine
can be ‘onfiuaRes SHon feedlae, Spanto BRUBE L ia B UL BAPAIY TEarEES on of
L-al ani ne sodiymsalt. Sequentially, 45.6g (0.30 pol) of nethyl phenyl
carbonat e R8s agt&aéae%taleme PIRFASEEDN SHEA RS SaPABROR tf rcéé%ltVS{vi thih8 at s50C
for eight hours under stirring vi gorously. _Thereafter, the reaction mxture
was pour edcarhamates obépmedtinay beidwether @ wified hy svashivggaeiugralippbionand
hydrochl oric acid was added to the aqueous |ayer to adjust the pH of the
aqueous | ayerystallptd@ionl hbstajatons siblmrativas celtmmaachedmaitographlyydr Hoet at e
and ethyl acetate was washed with water. Fromthe quantitative anal ysis of

t he et hyl Hkejidteeded.uti on using the gas chromatography, it was found that
10 N-net hoxycar bonyl L-al ani ne was produced at the yield of 91.5/.

COMPARAIT| VE EXAik R His Arbdicifg imédsdsdiabldd allket cavbialin ek 16 3R Hroduge? 00
four-necked glass flask having a reflux condenser, a thernoneter, a
nitrogen ighd hiskRReRCtivaydAR@RItNEIHIRNAY , sifd 8ahdtahefallySHeBdidd- 60
nol ) of dinmet hy?éigar bonatg 15 and ggpgg of lngﬁ]gﬁol wer e chz}a’rged iné)t he

flask and %%&dﬂat@@ atfind Gl alicAbrt BarREYRA0ET rB’e'sﬁ%Es

. qiie%ﬁﬁir@@%iﬂwped
therein under stirring at roomtenperature. Thereafter, those was al |l owed

to react wth [ .Sl [ X [ part
of the re\zg%(i‘iblg%?eﬁ‘lnxa%dr]%%@g’ atzg(%agnqq{uéérssl é%ﬁ%ﬁﬁpﬁgﬂgﬁéﬁ%etrég%gg é\lkeaoscefti% rat ed
potentiomeisical by wifh 1 0 hydrochl oric acid. The result,was,that the
6 hexamer e et O EERe Pafn el peiea 5 o bEierent
guantitatiye angl sids %fl fhe reaction m xture using the gas chromatography)
it was-F oulfd £9ke 2pdgy f%?ﬁ%?ﬂ%(ycar bonyl ani no) hexane was produced at the

I 0, 0

AP A T TR s P e Ry

t hernoneter, and a fr actioning_colunmm wth a _condenser was used as the
react or vethsamally ¢ decqBipofiigerthsr coneampbign abkidegh bivhedbeomaeiheds foxy
receiver is cdonr_lect ed with 3 vagﬁegim&%i ne through a cold trap cooled with
col d et hanprodusingeanbamatesndesa podeur e of

1, 6- bi s( et hoxycar bonyl am no) hexane obtained in Exanple 1 was poured into
the flask, theAkctadingvdts thet mathad forl phaleingl ieryathtest bAske iaesewiduced in
pressure to 0.67kPa and the oil bath was increased in tenperature to 90~,
to di s20 | | irvemyion, Vohat chthapdtiesOrobdhircde hyeagid omethasd Ufer produchsy

unr eact ed net hyl phenyl carbonate and the by-product of 10 phenol. Then,

after the pi9sehdt8sidbstiBed @doVEAD theshalyV@sohffodbdad {rkhe g@aﬁaﬂ
pressure, 100g of Therm S 1000S (avail able from N ppon Steel em cal Co.,

LA and Dok 56 B SReBUEnIR) LHARE oHREIS0AR G50 (1L Dbl cThen

the reaction S substitu I'trogen and then reduced
'nopr essurghét 8or§ar%l§npgti(§i Q%iﬁehﬁegéribe%aél;]ov\é\as Increased in
R3—(NCOn ... ()

25  (where R3 represents R3 of the formula (2) given above, and n represents n
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tenperature to 250k so that the contents are allowed to be deconposed for
an hour. Fromthe quantitative analysis of the distillate collected in the
receiver using a gas chromatography after the end of the reaction, it was
found that 12.5g (74.1% of 1, 6-hexanethyl enedii socyanate and 4.6g 20
(23.0% of nonoi socyanate were produced. EXAMPLE 13 The

1, 6- bi s( et hoxycar bonyl am no) hexane obtained in Exanple 2 was subjected to
the thermal deconposition reaction in the same manner as in Exanple 12 to
obt ai n 12. 6ftherforanglad®) giventadoasbktamd enedi i socyanate 25 and 4.4g (22.0%
of nonoi socyanate. 27 EXAMPLE 14 The

1, 3- bi s( nethekygabiactydfatkmoaiebhyl dxgpyresseldenatie foblbaiing doimukx@ipl e 4 was
subj ected to the thermal deconposition reaction in the same nanner as in
Exanple 12 to obtain 14.2g (73. 9—-ofg5 ...

1, 3- bi s(i socyanat onet hyl ) cycl ohexane and 4.7g (20.9% of nonoi socyanate.

COVPARATI Ve, FORLFee LA A 05 SUBSL LA 11 Lrogen n @ So0nt

f our - necked aving a reflux coridenser, a thernoneter, a

ni trog i nl et \adapter., a droppi ng.funnel ., .and an itato 11.6q9.(0.10
mol ) 2o 10" 1 6 Nt panar Haf SRaiatn e dRdSsed B5° BF 4Bl Slacompastidy

car bonat e ﬁfre charged iin the fl ask. The fl ask S i ncreased &n t enper at ur e
to 70C, whim@vhdecanpositian snethods, such assa diandp auss,m&ﬁwé%@ 8gAPRE hanol
sol ution of sodi um nethyl ate was_ added for 30 m nutes, Further, thaose were

al | oned t ophasg tmekhod, cdashbet nead. at Preferabdy. she Hbgrmadddeqomurasitierens a 15
part of the reaction m xture was taken for sanpling and the sanpl e was
titrated poawmd onst rihcshé yligiid phvasey deetbotiorarc rather, Thethesighttioms t hat
t he 1, 6- hexanet hyl enedi am ne conversion rate was 99.5% Al so, fromthe
quant it ati dstdhleiorsiia whichhehe edky] abcahioktprpduessi mg & hley-gpasdwdtr ommahegr aphy,
it was found that 1, 6-bis(nmethoxycarbonyl am no)hexane was produced at 20

the yird d tier®®alslécotipositidn® skpardied(fidnhthewsyatdmonyl am no) hexane t hus
obtai ned was thermally deconposed in the foll owi ng manner. A 500nL fl ask

having a capil 'I&l"e}’thei\niamﬂe@@ﬂi?b@ft_iorﬁtérﬁp@ﬂaitﬁfﬂ 0uSQAINTBRAUT htahighBgienser
was used as the reactor vessel. Wth hot water of 60C flown through the

Foncense! . of rAyFARDHSAn SoguAes D L spukeE MLy pgd ol
£ L0 s oAby bony A gL o SRkOAE MR PRMGE il s ok, L
0,452, 20, RRAIRY (bOFSEE35SS b Shind bR gLl
15 may not be obtained. At the thermal decomposition temperature higher
than 350°C on the other hand, there is the possibility that undesired side
reaction, such as polymerization of isocyanates, may occur. Also, it is
preferable that the pressure at the thermal decomposition reaction is a
pressure for allowing the alkyl alcohol produced to be vaporized in the
20 thermal decomposition temperature specified above. The pressure is
preferably in the range of 0.133-90kPa in terms of equipment and use and
profits suitable for practical use.
Though purified carbamates is good enough for the carbamates used

in the thermal decomposition, the crude material of carbamates obtained

25 by the recovery and separation of the aryl alcohol after the end of the
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carbonate and the by-product of nethanol. Then, after the pressure in the
reaction systemwas returned to the normal pressure, 100g of Therm S 1000S
(avai l able from Ni ppon Steel Chem cal Co., Ltd.) and 0.15g of dibutyltin
dil aurate were charged in the 10 fl ask. Then, the reaction system was
substituted with nitrogen and then was reduced in pressure to 3.3kPa and
the oil bath was increased in tenperature to 250C. This condition was kept
for an hour. During the tinme, it was found that the

1, 6- hexanetrbgtteoretiays@ayinet ® hmtharoallyi dedommdednd sone solid conpound was
produced in the flask. 15 Wile the illustrative enbodi nents of the present
invention are ghexhe€ctatalyshandbavetidesslvent ntuy; bsudded siffriifedel] uSheat i ve
purpose only and it is not to be construed restrictively. Mdification and

variation %Et&lg& Qﬁﬁﬁaéuwgﬂ%he@néma a‘ﬂ‘dleH a{%et}fébh’lhfw&rhteﬁ tth@%%ca%hl led in
the art is to be covered by the foll'ow ng cl ai ns. VWHAT IS CLAI MED

1S 1. A m?& m?)g?éﬂratﬁlhogfjSéﬂ%rﬁﬂegaﬁa&aeﬁled\é\@ﬁ{ eéx%u%‘&”ﬂﬁeo@ﬁﬁé éyﬁ‘é‘ﬁ e

selected f consistrng of al I'cam ne, alrcycli¢ amne, and

5 aral k ovvedt react wt | k [ car atea.

oxpr essd ﬁ}sﬁl i P rarBRr d carbietd it tlﬁa&%ﬁ E oot Mher e R
represents an a group, and, RZ represents an aryl .t hat y have a
subst i tuemar@%%%e tiipe v hemh dheSRRRMRARS lﬁr%?d’@éi"i?gl éﬁﬁ%g SR PB! ng to
Claim1, wherein 15 20 the al kyl aryl carbonate is net hyI phenyl carbonate.
3. The met Iibe kinds o theusitalyst apgdnaetdse sdeonti ng to Claim 1, wherein crude
material containing at |east 1 weight% of al kylaxyl car bonate obt ai ned by
an ester exchaneleashoineonompodindl &fy/la vt mide whalogehulel casboxidatesat i ve
t hereof is used as the al kylaryl carbonate. 4. The nethod fox producing
car banat es phogphidtiengand Gtgainie lmevdidice compbendonaianed i froam the igroap | east
one conpound selected fromthe group consisting of

1, 6- hexanethydietiagi AndxeSh,i Bople, dhie CHi, @ My, Pb, Mo and Mn, used for the
1, 3- bi s(am nonet hyl ) cycl ohexane, 1, 4-bi s(am nonet hyl ) cycl ohexane,

4, 4" - met hy|r@£l§:'iﬂr§6?Yﬁc9£‘§%@n§ﬁ&1}ﬂ@)rox%2§rzo Sfoi‘ ﬂé@ﬁ?&t‘i&ﬁ JoPivrEehahd, 452, 1]

hept ane, 2, 6-bis(am nonethyl)bicyclo hept ane, 1, 3-bi s(am nonet hyl)
used as the decomposition catalyst used for the thermal decomposmon. Oof

these materials, Fe, Sn, Co, Sb and Mn are preferably used in this thermal
decomposition, because they develop the effect of suppressing the
15 production of the by-product.

Metallic catalysts of Sn that may be used include, for example, tin
oxide, tin chloride, tin bromide, tin iodide, tin formate, tin acetate, tin
oxalate, tin octylate, tin stearate, tin oleate, tin phosphate, dibutyltin
dichloride, dibutyltin dilaurate, and

20 1,1,8,3-Tetrabutyl-1,3-dilauryloxydistannoxane.

Metallic catalysts of Fe, Co, Sb and Mn include, for example, acetate,
benzoate, naphthenate, and acetylacetonate thereof.

It is to be noted that an amount of catalyst used to reaction is
preferably in the range of 0.0001-5 weight%, or preferably in the range of

25  0.001-1 weight% per reaction solvent, as a metal or compound thereof.

17



benzene and 1, 4-bi s(am nonet hyl) benzene. 5. The nethod for producing
carbamates according to Claim1, wherein the nonaromatic amne i s am no
acid and derivative thereof. 25 6. A nethod for producing isocyanates which
conprises the step of 30 produci ng carbamates by reacting nonaromatic

am ne selected fromthe group consisting of aliphatic amne, alicyclic

am ne, and aral kyl amne with al kyl aryl carbonate expressed by the

foll owi ng general fornula (1), and the step of producing isocyanates by
thermal | y decodgesi hige tinacue bankeerds i inbttavered: leRE0G00R2rhamates) apdhere Rl
represents an al kyl group and RZ represents an aryl group that may have a
substi t uenisogyatdes Bdd it is preferable that the inactive solvent is also higher in
CACATNC AT LA AU A a. Auc A A A A Aal ACA A Au. A@N. Aa. A Au. Aa. AL A N Au. AL A A A

a. AN. A. ABNLBFIH& ! point than _isocyanates produced, for producing the thermal
<BG} xsni d_Z] ca] caﬁ, cal] ca] ca] ca]ca] ca] ca] ca]cLa] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

. . : -al \\BL - Y, '
L) oa] ol caf e AT aLSALERLIR LA Ag T R e B8 R cBl
ajcalcal "Te

L e S instiden TS5 SPERIF o plpe A 68 dineld ehtbalatey difes ca) cal o

2] cal ca] cal eal saleal cehtaheahoalsalag! s s Saleal el Eahohs or alibhbih ) (1
1B24{vql gkaéca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caV]ca] caV] ca] ca] ca] ca]
ca] ca] ca] chyarqeesbeny vage apgulpely) eabheatinggpadiv: oluene,

CRCCC* DODDD! EnEEEDFFFGhG xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] tapbehylajahboa] cahenplpenhthileat c abirdlens],c afietylbaiie®ehG and

HHHI h1 JJJJKI KKK1L] MM NgNNOOXOOO) P[ PPP+Qr (G} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cafiedyibiphehgh] cah cahoaht af dahaate aplvaht ajsed]icainc the ahngé ad] ca] ca!
r QQR/ St SSTYTTT' UoUUVWQV] VWAWNNMEXPpXYYZZ[ [[ [\ } xsni d*Y] ] caU] ca] ca] ca] ca] ca] ¢
a} cal \cgc% \cﬂ)]coméllem@phm]max}v@@mabﬁpiéfaim& 0 8D pak by dleiglh (; o} Eatthal cal caj c
al]cal\” AN

_i ___ 6" W prefafiasiganDdophal escdettngs pedipdtl by g of endbaal4as calral cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! "~ ddd>e

eef af f f 89\ gaghivihabbhimhbditibhl }éalcabhﬂﬁﬂa}ww Airfled] ddiCh C@]kﬁ&%l? akaaisa] ca] ca]

ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] cal] ca] ca]ca]ca]ca]ca]ca]ca]ca]cal
2] ca] cal cal CAF e Harein APPERRALE. e Y B AR e ER1CR &) cal cal ¢
c] ca] ca] Ay B M SR S SE b bR oy Mt BR8] o) ca
oo o cogpenes] B CHRG A CFCHIAcH Ear O PRLFC YO R L oG B et <oovPoO
X[]}xsnid Z%é}}ga{}(ﬁg/}eégirgg% cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

a] ca] ca] calt 2 W4 ca] ca] cal! & qF@Bns+t 8N(u&g} xsni d_Z]]] ca] ca]ca]c
2] cal calcalcal paleal gl Al otheher abaioctlad eliahoalss calialgl ol ol e
+k D} xsni d_Z‘]Q ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca caé’é:a] cal calca]ca]calc
a] ca] ca] cap g@pn«a da] thd calrndr Mlentlawdvpbove a3 dhprinatyi decomnaseficanda) ca) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca! byl Thig| mpxsniaded] ddreespoaiond da) ¢hé capoajora)tta] zmjwey da] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca8N i K-&

10%@& 40 - ypildbeerd( ) - &4 10fERtiohed GLAKEE. () - COf@ELéNtlY, 1GMEE ¢ample,

10%@&' ()-6S*0O K-f #&10%@& ()-! 10%@& () - 10%& ()-&

109 () - #%Q%{@écﬁzhnmf’/ﬁ@u(slriaﬂé%@' 49 r2A@ hmhteddd] Y8 QG4 BHEBNE ) caddBe

109 ()-yl10%@& () -/ S10%&' ()-9' 10%& ()-G

e el s
0 s, S i A it -0

10Y=s10%&' () - E+BDEz[ <1: A 103=10%&' ()- |9 "10%&k -1lyAd 9" "10%
& ()-1plo 3@6(%@6(1}1@{11&391"@ ueyg| IBagynRatss e prodpeRethpgof gos
h& ()-FSf 10% h& ()-F9f 10% h& ()-F f 10% h& () - 9 10% h&' () -

25 the present invention may include some additional known processes, such
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10 103L#cdEMN Ff 10% hF f 10% h& ()-FS 10% h& ()-"10% hé& () - 10% h& () - ML0%

h& ()-F310% h& ()-cSAdEMN Ff 10% hFl +10% h&' () -
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process, or an after-treatment process, such as a purification process and a
recovery process.
EXAMPLES

While in the following, the present invention will be described in
further detail with reference to Examples, the present invention is not
limited to any Examples.

EXAMPLE 1

After air was substituted with nitrogen in a 200mL four-necked glass
flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a
dropping funnel, and an agitator, 45.6g (0.30 mol) of methylphenyl
carbonate and 58.8g of methanol were charged in the flask and then 11.6¢
(0.10 mol) of 1,6-hexamethylenediamine was dropped therein under
stirring at room temperature. Thereafter, those was allowed to react with
each other at 50C for three hours and, thereafter, a part of the reaction
mixture was taken for sampling and the sample was titrated
potentiometrically with 1N hydrochloric acid. The result was that the
1,6-hexamethylenediamine conversion rate was 99.5% or more. Also, from
the quantitative analysis of the reaction mixture using a gas
chromatography it was found that 1,6-bis(methoxycarbonylamino)hexane
was produced at the yield of 99.9%.

Sequentially, after the reaction mixture was transferred into a 200mL
flask having a capillary, a thermometer, and a distilling head, the flask
was heated under reduced pressure (0.67kPa) to distill away a volatile

portion of the reaction mixture. As a result of this, 23.2g of crude crystal
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U& ()-t!!1Iiil "j"bCFf 1090y 109 ()-  &LO%& ()-10%&' ()- 10 U 10 U 10
Uy3=s10% U& ()-F:"10% U& ()-j """ #b###dEbCFf 10% 109%& ()-y 109%& ()-f
1098 () - &109%& ()- ! 10%&' ()-ff10%& () - #=$$$$%-Y6ELCFf 10% F% 109%&' () -, #Y
109& ()- 'f 109 ()- 109%& ()- 109%& ()- ,"109%& ()->W&& F' ' dEbCFf 10%@BS
109 ()-6109& ()-3109& ()-1f 109& ()-,/"10%& ()- 'f 109& ()-3'''"""’ (] ((bCFf
109%" 10% U& ()-13 z 10% U& ()-Y 10% U& ()- 10 10
103=t 109& ()-, Y: "109%& ()-(()"))) (*dEbCFf 10%z 10% U& ()-1z 10% U& ()-1g
10% U&' () - bfy 1)®bbsifiethoxyca tioomylignine)pxanO % 4 1df} 10 *the+iadk., defiE€Fitha 0% +g
10% U& ()-Yy)z 10% U& ()-s' @ 10% U& ()- Y% 10% U& ()-Y 10% U& ()-3"10%
W& () -, , G etude eifsbdlRvad @18so8AderU& dmall &80 Usethaddl 0% of diethyl
ether was added in the mixture and fully mixed. Then, the precipitated
crystal was filtered. The weight of the crystal after dried was 22.6g
5 (97.7% of isolation yield).
The isolated crystal was identified by using a FT-IR, a MS spectrum,
and a 'H-NMR. It was observed from the IR spectrum that a N-H
stretching 3335 ecm'l, a C=0 stretching 1686 cm™, and a N-H deformation
vibration 1530 cml. From the MS spectrum (M+)=232 was observed.
10 The spectrum of tH-NMR are shown below.
1H-NMR spectrum (CDCls, TMS; ppm)
1.35 (¢, 4H)
1.50 (m, 4H)
3.15 (m, 4H)
15 3.70 (s, 6H)
4.65-4.85 (b, 2H)
EXAMPLE 2
After air was substituted with nitrogen in a 200mL four-necked glass
flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a
20 dropping funnel, and an agitator, 76.1g (0.30 mol) of crude methylphenyl
carbonate (a reaction solution synthesized by the ester exchange reaction of
dimethyl carbonate with phenol and simple-distilled and having a mixture
of 60 parts by weight of methylphenyl carbonate, 26 parts by weight of

phenol, and 9 parts by weight of dimethyl carbonate of a composition ratio

25 measured by the gas chromatograph) and 28.5g of methanol were charged
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10% & ()-109% & ()-10% & ()-ff 10% & ()-9f 10%4 & ()- S 10% & ()-
were allowed to react with each other at 50°C for four hours and, thereafter,
a part of the reaction mixture was taken for sampling and the sample was
5 titrated potentiometrically with 1N hydrochloric acid. The result was that
the 1,6-hexamethylenediamine conversion rate was 99.5% or more. Also,
from the quantitative analysis of the reaction mixture using the gas
chromatography, it was found that 1,6-bis(methoxycarbonylamino)hexane
was produced at the yield of 99.9%.
10 EXAMPLE 3
After air was substituted with nitrogen in a 200mL four-necked glass
flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a
dropping funnel, and an agitator, 45.6g (0.30 mol) of methylphenyl
carbonate and 63.3g of methanol were charged in the flask and then 13.6g
15 (0.10 mol) of 1,3-bis(aminomethyl)benzene was dropped therein under
stirring at room temperature. Thereafter, those were allowed to react
with each other at 60°C for ten hours and, thereafter, a part of the reaction
mixture was taken for sampling and the sample was titrated
potentiometrically with 1N hydrochloric acid. The result was that the
20 1,3-bis(aminomethyl)benzene conversion rate was 99.0% or more. Also,
from the quantitative analysis of the reaction mixture using the gas
chromatography, it was found that 1,3-bis(methoxycarbonyl
aminomethyl)benzene was produced at the yield of 99.7%.

EXAMPLE 4

25 After air was substituted with nitrogen in a 200mL four-necked glass
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reaction mixture was taken for sampling and the sample was titrated

potentiometrically with 1N hydrochloric acid. The result was that the

1,3-bis(aminomethyl) cyclohexane conversion rate was 99.0% or more.

10 Also, from the quantitative analysis of the reaction mixture using the gas

chromatography, it was found that 1,3-bis(methoxycarbonyl
aminomethyl)cyclohexane was produced at the yield of 99.9%.

EXAMPLE 5

After air was substituted with nitrogen in a 200mL four-necked glass

15 flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a

dropping funnel, and an agitator , 82.2g (0.54 mol) of methylphenyl

carbonate was charged in the flask and then 17.0g (0.10 mol) of isophorone

diamine was dropped therein under stirring at room temperature.

Thereafter, those were allowed to react with each other at 60°C for six

20 hours and, thereafter, a part of the reaction mixture was taken for

sampling and the sample was titrated potentiometrically with 1N

hydrochloric acid. The result was that the isophorone diamine conversion

rate was 99.0% or more. Also, from the quantitative analysis of the

reaction mixture using the gas chromatography, it was found that

25 isophorone dimethyl carbamate was produced at the yield of 99.8%.
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10% & () - 63058 5nG) 1and8 §nd) anf alR%&, (45.6¢ (0.30 mol) of methylphenyl

5 carbonate and 30g of toluene were charged in the flask and then 40.7g (0.15

mol) of octadecylamine was dropped therein under stirring at room

temperature. Thereafter, those were allowed to react with each other at

60°C for two hours and, thereafter, a part of the reaction mixture was taken

for sampling and the sample was ti'trated potentiometrically with 1N

10  hydrochloric acid. The result was that the octadecylamine conversion rate

was 99.0% or more. Also, from the quantitative analysis of the reaction

mixture using the gas chromatography, it was found that methyl
N-octadecylcarbamate was produced at the yield of 99.5%.

EXAMPLE 7

15 After air was substituted with nitrogen in a 200mL four-necked glass

flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a

dropping funnel, and an agitator, 45.6g (0.30 mol) of methylphenyl

carbonate and 30g of toluene were charged in the flask and then 19.4g (0.15

mol) of octylamine was dropped therein under stirring at room temperature.

20 Thereafter, those were allowed to react with each other at 60°C for two

hours and, thereafter, a part of the reaction mixture was taken for

sampling and the sample was titrated potentiometrically with 1IN

hydrochloric acid. The result was that the octylamine conversion rate was

99.0% or more. Also, from the quantitative analysis of the reaction

25 mixture using the gas chromatography, it was found that methyl
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5 dropping funnel, and an agitator , 80.2g (0.53 mol) of methylphenyl
carbonate was charged in the flask and then 18.0g (0.10 mol) of
1,2-bis(2-aminoethylthio)ethane was dropped therein under stirring at
room temperature. Thereafter, those were allowed to react with each
other at 60C for five hours and, thereafter, a part of the reaction mixture

10 was taken for sampling and the sample was titrated potentiometrically
with 1IN  hydrochloric acid. The result was that the
1,2-bis(2-aminoethylthio)ethane conversion rate was 99.0% or more. Also,

from the quantitative analysis of the reaction mixture using the gas
chromatography, it was found that 1,2-bis(2-methoxycarbonyl

15 aminoethylthio)ethane was produced at the yield of 99.0%.
EXAMPLE 9

After 50ml of 2M-NaOH aqueous solution and 8.9g (0.10 mol) of

sarcosine were charged in a 200mL four-necked glass flask having a reflux
condenser, a thermometer, a nitrogen inlet adapter, and an agitator and

20  were stirred at room temperature so that the sarcosine can be completely
dissolved in the solution to prepare a solution of sarcosine sodium salt.
Sequentially, 45.6g (0.30 mol) of methylphenyl carbonate was added to the
solution and was allowed to react with it at 50°C for eight hours under

stirring vigorously. Thereafter, the reaction mixture was poured into a

25  separating funnel to separate an organic layer and hydrochloric acid was
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5 N-methoxycarbonyl sarcosine was produced at the yield of 90.5%.
EXAMPLE 10

After 50ml of 2M-NaOH aqueous solution and 7.1g (0.10 mol) of glycin
were charged in a 200mL four-necked glass flask having a reflux condenser,
a thermometer, a nitrogen inlet adapter, and an agitator and were stirred
10 at room temperature so that the glycin can be completely dissolved in the
solution to prepare a solution of glycin sodium salt. Sequentially, 45.6g
(0.30 mol) of methylphenyl carbonate was added to the solution and was
allowed to react with it at 50C for eight hours under stirring vigorously.
Thereafter, the reaction mixture was poured into a separating funnel to
15 separate an organic layer and hydrochloric acid was added to the aqueous
layer to adjust the pH of the aqueous layer to pH3. The aqueous layer was
extracted with ethyl acetate and ethyl acetate was washed with water.
From the quantitative analysis of the ethyl acetate solution using the gas
chromatography, it was found that N-methoxycarbonyl glycin was

20 produced at the yield of 91.4%.

EXAMPLE 11

After 50ml of 2M-NaOH aqueous solution and 8.9g (0.10 mol) of
L-alanine were charged in a 200mL four-necked glass flask having a reflux
condenser, a thermometer, a nitrogen inlet adapter, and an agitator and

25  were stirred at room temperature so that the L-alanine can be completely
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dissolved in the solution to prepare a solution of L-alanine sodium salt.
Sequentially, 45.6g (0.30 mol) of methylphenyl carbonate was added to the
solution and was allowed to react with it at 50°C for eight hours under
stirring vigorously. Thereafter, the reaction mixture was poured into a

5 separating funnel to separate an organic layer and hydrochloric acid was
added to the aqueous layer to adjust the pH of the aqueous layer to pH3.
The aqueous layer was extracted with ethyl acetate and ethyl acetate was
washed with water. From the quantitative analysis of the ethyl acetate
solution using the gas chromatography, it was found that

10  N-methoxycarbonyl L-alanine was produced at the yield of 91.5%.

COMPARATIVE EXAMPLE 1

After air was substituted with nitrogen in a 200mL four-necked glass
flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a
dropping funnel, and an agitator, 54.0g (0.60 mol) of dimethyl carbonate
15 and 58.8g of methanol were charged in the flask and then 11.6g (0.10 mol)
of 1,6-hexamethylenediamine was dropped therein under stirring at room
temperature. Thereafter, those was allowed to react with each other at
70°C for sixteen hours and, thereafter, a part of the reaction mixture was
taken for sampling and the sample was titrated potentiometrically with 1N
20  hydrochloric acid. The result was that the 1,6-hexamethylenediamine
conversion rate was 71.9%. Also, from the quantitative analysis of the
reaction mixture using the gas chromatography, it was found that
1,6-bis(methoxycarbonylamino)hexane was produced at the yield of 41.6%.

It was also found that 5.6% of N-methyl compound was produced.
25 EXAMPLE 12
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500mL flask having a capillary, a thermometer and a fractioning
column with a condenser was used as the reactor vessel. With hot water
of 60°C flown through the condenser, a receiver is connected with a vacuum
line through a cold trap cooled with cold ethanol. After the reaction
5 mixture of 1,6-bis(methoxycarbonylamino)hexane obtained in Example 1
was poured into the flask, the flask was set in an oil bath. Then, the flask
was reduced in pressure to 0.67kPa and the oil bath was increased in
temperature to 90C, to distill away a volatile portion of the reaction
mixture, such as unreacted methylphenyl carbonate and the by-product of
10  phenol.
Then, after the pressure in the reaction system was returned to the
normal pressure, 100g of Therm S 1000S (available from Nippon Steel
Chemical Co., Ltd.) and 0.15g of dibutyltin dilaurate were charged in the
flask. Then, the reaction system was substituted with nitrogen and then
15 was reduced in pressure to 3.3kPa and the oil bath was increased in
temperature to 250°C, so that the contents are allowed to be decomposed
for an hour. From the quantitative analysis of the distillate collected in
the receiver using a gas chromatography after the end of the reaction, it
was found that 12.5g (74.1%) of 1,6-hexamethylenediisocyanate and 4.6g
20 (23.0%) of monoisocyanate were produced.
EXAMPLE 13
The 1,6-bis(methoxycarbonylamino)hexane obtained in Example 2
was subjected to the thermal decomposition reaction in the same manner

as in Example 12 to obtain 12.6g (74.9%) of 1,6-hexamethylenediisocyanate

25 and 4.4g (22.0%) of monoisocyanate.
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EXAMPLE 14
The 1,3-bis(methoxycarbonylaminomethyl)cyclohexane obtained in
Example 4 was subjected to the thermal decomposition reaction in the
same manner as in Example 12 to obtain 14.2g (73.1%) of
5 1,3-bis(isocyanatomethyl)cyclohexane and 4.7g (20.9%) of monoisocyanate.
COMPARATIVE EXAMPLE 2
After air was substituted with nitrogen in a 300mL four-necked glass
flask having a reflux condenser, a thermometer, a nitrogen inlet adapter, a
dropping funnel, and an agitator, 11.6g (0.10 mol) of
10  1,6-hexamethylenediamine and 72.0g (0.80 mol) of dimethyl carbonate
were charged in the flask. The flask was increased in temperature to 70C,
while the contents are stirred. Sequentially, 1.5g of 28% methanol
solution of sodium methylate was added for 30 minutes. Further, those
were allowed to react with each other at 70C for an hour and, thereafter, a
15 part of the reaction mixture was taken for sampling and the sample was
titrated potentiometrically with 1N hydrochloric acid. The result was that
the 1,6-hexamethylenediamine conversion rate was 99.5%. Also, from the
quantitative analysis of the reaction mixture using the gas chromatography,
it was found that 1,6-bis(methoxycarbonylamino)hexane was produced at
20 the yield of 99.5%.
Then, the 1,6-bis(methoxycarbonylamino)hexane thus obtained was
thermally decomposed in the following manner. A 500mL flask having a
capillary, a thermometer, a fractioning column with a condenser was used

as the reactor vessel. With hot water of 60°C flown through the condenser,

25  a receiver i1s connected with a vacuum line through a cold trap cooled with
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20

cold ethanol. After the reaction mixture of
1,6-bis(methoxycarbonylamino)hexane obtained was poured into the flask,
the flask was set in an o1l bath. Then, the flask was reduced in pressure
to 0.67kPa and the oil bath was increased in temperature to 90°C, to distill
away a volatile portion of the reaction mixture, such as unreacted methyl
carbonate and the by-product of methanol.

Then, after the pressure in the reaction system was returned to the
normal pressure, 100g of Therm S 1000S (available from Nippon Steel
Chemical Co., Ltd.) and 0.15g of dibutyltin dilaurate were charged in the
flask. Then, the reaction system was substituted with nitrogen and then
was reduced in pressure to 3.3kPa and the oil bath was increased in
temperature to 250°C. This condition was kept for an hour. During the
time, it was found that the 1,6-hexamethylenediisocyanate was not
distilled and some solid compound was produced in the flask.

While the illustrative embodiments of the present invention are
provided in the above description, such is for illustrative purpose only and
it is not to be construed restrictively. Modification and variation of the
present invention that will be obvious to those skilled in the art is to be

covered by the following claims.

29

10 11t #10% U U& ()-y"10% U& ()-! Sy" 1098JU& () -

10/
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109B& ()-1) 109B& ()-0}dEYNC WHAT IS CLAIMED IS:

1. A method for producing carbamates, wherein nonaromatic amine
selected from the group consisting of aliphatic amine, alicyclic amine, and
5 aralkyl amine is allowed to react with alkylaryl carbonate as is expressed
by the following general formula (1):
RIOCOORz ... (1)
(where R! represents an alkyl group and R? represents an aryl group that
may have a substituent group).
10 2. The method for producing carbamates according to Claim 1, wherein
the alkylaryl carbonate is methylphenyl carbonate.
3. The method for producing carbamates according to Claim 1, wherein
crude material containing at least 1 weight% of alkylaryl carbonate
obtained by an ester exchange reaction of dialkyl carbonate with phenol or
15 derivative thereof 1s used as the alkylaryl carbonate.
4. The method for producing carbamates according to Claim 1, wherein
the nonaromatic amine is at least one compound selected from the group
consisting of  1,6-hexamethylenediamine, isophorone diamine,
1,3-bis(aminomethyl)cyclohexane, 1,4-bis(aminomethyl)cyclohexane,
20  4,4'-methylenebis(cyclohexaneamine), 2,5-bis(aminomethylbicyclo [2,2,1]
heptane, 2,6-bis(aminomethyDbicyclo [2,2,1] heptane, 1,3-bis(aminomethyl)
benzene and 1,4-bis(aminomethyl) benzene.
5. The method for producing carbamates according to Claim 1, wherein
the nonaromatic amine is amino acid and derivative thereof.

25 6. A method for producing isocyanates which comprises the step of
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RIOCOOR2 ... (1)
(where R! represents an alkyl group and R2 represents an aryl group that

may have a substituent group).
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