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; e3e: K667t A<HBhJ6JT: K54f 1 TI TLE OF THE | NVENTI ON

Met hod for producing a carbonic ester BACKGROUND OF
THE INVENTION 5 Field of the invention The present
invention relates to a nethod for pro ducing a
carbonic ester froman organone&al conpound and car bon
di oxi de. More particularly, the present invention is
concerned with a method for producing a car 10 bonic

ester, conprising theTf&ﬁESOffTHéli¥9§ﬁ&§6ﬁ1ng a

reaction between a f xture
and car fon di giddRya YRG! hiddird I el AN A e
conpound m xture conpris m xture of a reactive
organonetal conmpound having in its nolecul e at |east
two 15 netal - oxygen-carbon |inkages and an

unr egener abl e unr e PAEHAERHURIRAURLII/ENBraler | ved
fromthe reactive organometal— conmpound. TO thereby

obt aigy & d @ACHHA ifvendi®cont ai ning a carboni c ester

formed by The reaction, the unregenerable unreactive
conpound) Taed p&*ers%%@tn@.ﬁw%@xtd@ne a8y A & method for pro-
or ganoret al conpound derived fromthe reactive

or garsBin « YEMdIdc (EdteteFont idrg ddymnaactdli arompound

m xture into a first portion containing the carbonic

est eramhdden iriegdd.abMerenpaatticué acdgpoihe, pregeant in-
second portion containing the regenerable neta 25

nmor phiem tdroga nicnetcalcegurpb widh andgitdjod daot ipnpddeinger car-
2 and portion of the reaction mxture with an al coho

to fdrmix sedemd eopmursEnd tdenpsdiens mict Urle) @rrforming a
wat er and renoving the water fromthe second

or garmsasttdlorne dedelenh @ &igrsd, oftgsmsine tde amRAitRd mixture
organonet al conpound 5 m xture conprlses a m xture of

a r eand vamhogadmide c FRRIRI HRe TGSt iexIFRertdk com-
at | east tmo metal -oxygen-carbon |inkages and an

unr e RNEYR FHE i SAMRFE SE5M50 FHE W % 1P ?o‘éﬁ"’i‘%‘é’d"e or-
fromthe reactive organqgnetal conmpound.

ot ORGP (SEBEHY RASHI R & R T 0 (2 Jc%%st two
EZVP&% u e‘%%-%aﬁ% J]frgi%sraeaﬁn\é{tﬂeang&er}raegene@gb € unre-
- oxygen-.carbon |ink nd cayhbon dio )
advargﬁ nfgle ofcqn}ﬁ 3 Tﬁéqﬁ}%&{ a5 ﬁd;aetrl(yaer f&togn otxh%er%actlve or
,nﬁlez(girnojfﬂ%éa urot %{'hg‘% ﬁé%aec[ofs 1‘_85[5.41 |® reaction mix-

nsive me e present

| nventd,Qn don A r@%%ml@@ytiﬁ £38led By the reaction,

or ganonet conpou after use in this net an be

regengy, eatlﬁ&eag[é%&e&mfé qﬁufé&cﬂi%ecdrﬁbsmd meidwds Pbener-

al so 1 n that unregener abl e unreactive 20

or gangie! e teBIPHE f¥d@tbnidt dh &Ml dath G PPed eFrom the

nmoved fromthe reaction system thereby realizing an

ef fi Gl iand it dnd 00 Wdnigurf, & TRrduCaLBi@rthe reac-
Moreover, there 1s no need for the use of a | ar ge

amountic ndgeigiriaiid G agerdt pdhetahy dqueveniing tite car-
25 currence of wastes derived fromthe dehydrating
agentbonic ester and the unregenerable unreactive compound,

and a second portion containing the regenerable meta-

morphic organometal compound, and (3) reacting the sec-
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3 Therefore, the nmethod of the present invention is
comercially very useful and has high commercia
value. Prior Art 5 A carbonic ester is a useful
conmpound. For exanple, a carbonic ester is used as
addi tives for various purposes, ,such as a gasoline
additive for inproving the octane nunber of a
gasoline, and a diesel fuel additive for reducing the

a”Du%EdP%AQQE%EgbgféggﬁQQEE%H§H§HHQQ%I%Dmﬁ&%ﬁ%ﬂ“ﬂidﬁhol to

t he burniFng o fuel. A carbonic ester is also

used (25N YeloBdl (AR SAPANG ibitUE AT water

sol vent and t IkeTIn the field of the synthesis of

Or gani G GUMRRMALS t UG R Rt aonAlcdndlRid@itmetal com-

pharmaceuti cal s "and agrichem cals. A car 15 bonic

est el dih RSk 48R0 3ttt 8l agid dedond Wrgarddnididimcompound
battery, a raw material for producing a |ubricant oi

and & iAW Rt i el Pmbckiaing of deddliziore wWhrrgdnometal
can be used for preventing boiler pipes fromrusting.

As a apritd ansdingetiod formarasiiiod rat demstbove @ral
ester) there can be nmentioned a nethod in which

phosgens gisetaxbeh Caiciyeds sout can imnresptaxkivlie impeactive
al cohol ) thereby producing a carbonic ester. Since

phos getpoisell winidihiis nisdioded sfeon rigme| sedel e oxgrpometal
hi ghly corrosive, this nmethod is di sadvantageous in 25

t hat ddwegpdurahsportati on and storage of phosgene need

4 detailed care and, also, there is a |large cost for _
the mai nt @rarhe ofetirat et i Be afsphtinfRptpn, a carbonic
assuring safety. Further, this nmethod poses a probl em

in theRter ¢an mearedyced e shpbsk Heﬁ%ﬁmlg‘?i prganometal
acid pro s duced as a waste b -groduct. Amotheé 1
conveIRNARE RS b} Jp?%dﬂ%]r gule ot bhrRRt bYRmeE

an oxi dative carbonyl ation neth&d i mhiéh carbon . . .avan-
nonoxi Y&y IRBLHL P cht HoRIPS sBUP BT ROP A6 TRG"W t h''En

al cohol and_oxygen in the, presepce_of a 10 I )
sucklﬁﬁﬁ?xﬁﬁmﬁg%ﬁﬂTﬁ{hﬁg +§eE§B€ 5?%%%%i%b°%f%§r%%%i%elthér
ester. In this nmethod, carbon _no [ . Whi [

ext r RFYCHRY nROT ) CPEERREYSH agrgﬁﬁgggp§§§§§%gfive' Further,
therefore hi thod | | sad S: LN

t her &% %P%%ﬁ%eggog?gf%?egﬁéén%ﬁﬁ%gggﬁﬁel%faa@aﬁtageous not

prOdqgﬁion%%Stggyiﬁggnar QQOEQEaﬁsﬁHﬁbBQnéa§§E¥r liBe in this

addi tTon i et poSes a problemin that a side

reactj ony, 0§CULS  LEUFbg8se PX Al hAA PbcfaLBANEBRNG%LEE in the
to form carbon di oxi dé. For these reasons, it has been :

desi rgd £ 9g deygt 091 8o SahegnahdtRer @nekjefibeablaeuhedactive
for producing a 20 carbonic ester. In these

convelt g 2hahe P8I hedtpblinthiesmBlOSgeiReOmetAblOBan be re-
nmonoxi de is used as a raw material, a hal ogen) such as

chl orqdeedal ré@NtALNedatBibhe skavenmt eheabkbyt sebfliging an
in the catal yst used. Therefore, in the case
efficient and stable production of a carbonic ester.
Moreover, there is no need for the use of a large
amount of a dehydrating agent, thereby preventing oc-

currence of wastes derived from the dehydrating agent.
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25 of these nethods) a carbonic ester obtained
contains a 5 5 10 trace anount of a hal ogen which
cannot be conpletely renoved by a sinple purification
step. Wen such carbonic ester is used as a gasoline
additive, a light oil additive qfr a material for
produci ng el ectroni c equi pnment, ‘there is a danger that
t he hal ogen contained in the carbonic ester causes

corrosi on of equi.pnent. For uci a; -
hal og&tPasf Hife ¢ eodrfﬁtr}méjgtoef:eftoe n yé% ?%Eg‘g%%gﬁ%t%s con

it is necessary to perffoL{JmEgn f}pe[soqgfgl?uég, %g%%gﬂ Ph1ue.

t he (st c sty Bt reason, as

desired to devel op a nethod for producing a carbonic
ester) which does not use any of a hal ogen-contai ni ng

raw nmateri and a hal ogen -containing catalyst. On
t he G@%ﬁﬁiagﬂé) a met hod has been put to prac 15 20 25

tical use,, ié&%ﬁ%;ﬁ% i oxi e és1r &SGnai t For exam-

et hyl ene oxi to obtain a cyclic carbonic

ester,, ang,t L negh £ ¢l & Cu &84 PRB1 a@st vebSfor various
reacﬁ%H§Mﬂ?Hgﬁg%ﬁgﬁgl, t her eby produci ng di net hyl

Carbq&ééﬁbsébissﬁﬁﬁhég 4 SgAsyaNi 8080astivet ok empboning the
di oxide as a raw material is harm ess, and a corrosive

Subst 30EEn e SMEHLES b d5 0§htO1ike AChAd aSdsabelafitedl hjditive
nei t her used nor generated. However) this nethod poses

the febt Ombage Ph @bt REBam&hfiy| efepatytollessibyapr edbendt gas
in this method; therefore, fromthe vi ewpoint of cost .
reducgéneyatédi synenessarying 6fnd dagsefofepfectd verybonic
6 5 utilize the by-produced ethylene glycol. Further)

it isediéfiful 4160 peedoas suf alkyiaspont agesfh.op carbonyla-
ethylene (which is a raw material for producing

et hyl ehenoagery , aadselnghtnandxthe. 1iker épotbp f4eld of the
obvi ating the need for the transportation, it is
necessgnyhebas afppagenior cprBaUBARg &UEh BEnPOlySEgPonate.
by this nmethod be built at a |ocation which.is

adj acerethana. ppharmageupicasi AjdePAyRERETIFgls . A car-

et hyl ene oxide. There_is alsq known a nethod_in which ... _
car bohoBiexesbersipdalEgeltsgd QscﬁPbEﬁth§8§?g@ Egr a lith

subjected to an equilibriumreaction w.th an 0 .
in {héuBrgggﬁegyogaaregtgp§§Flggn6PFépﬁa%gﬁlﬂa(élfubrlcant

or ganonet al _.conpound havi.n net al_--0x¥% -C . ;
li nkagél eR&r &b aVoPﬁFﬁ§1§gcg?ﬁoRF@G€§¥%§P§hSﬁ§g¥Eﬁ%Zer which
This equilibriumreaction is.rep . ing.
fol l oﬁgﬂggﬁopﬁﬁﬁaf(’ﬂ PrgF’&gn&rrrlgt %ﬁigg%%ﬁ%%ﬁg& Tpsting
2ROH RO, CR_+ H%Q)’e{'l%}l_oglglr ﬁlg'i:ﬁ%ﬁmf%rarﬂ)féréﬁﬁ.‘ti@fgatae%arbonic
or saturat8d Ry§P6d&rton group)

ester, there can be mentioned a method in which phos-

gene used as a carbonyl source is reacted with an alco-
hol, thereby producing a carbonic ester. Since phos-
gene used in this method is extremely harmful and
highly corrosive, this method is disadvantageous in

that the transportation and storage of phosgene need
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This method is advantageous in that carbon di oxi de and
25 an al cohol as raw materials are harm ess. However)
this method enploys an equilibriumreaction in which a
carbonic ester and water are sinultaneously forned as
products. Also in the case of the above-nentioned

oxi dati ve carbonyl ati on net hod d%ing car bon nonoxi de,
wa s ter is forned. However, the oxidative

car boryLati an dTeLhod floes Bt SIBLOY. A%, Sudd BN o the
R PO L T nt fang 257 aseuring
e ol Sy, "BoEha0 VR0 Sl DBlen 1n chat
Cor b & ey, o B e o SPEESSRREYLL AL oo

the reaction s e Rur t tdere is also a problem
cetdhé:‘l vaaa%lé'}ra?f ot rr%% ;g;?cSAuéP.

int econposes a 15 20 catal yst,

so that nqf, QRly. 'c%ﬂ\;@n{nfe&%i Ak U eFSH, p YUl S® a car-

t he nunber "of "'turnovers o e catalyst (i.e., the

nung%ogﬁfc A ES Af L805REEA 190 REhbRYSLEiIbE B8tNod in
or .

or solving this problem various nethods for

r emVing- Wt Sfn dihShokSaé REOMUSE ) a byatBbRgl asource is re-
dehydrati ng agent have been proposed. For exanple,

t her g hasa hedh MOPOsEsh 81 NBADOSKky feR5ihind presence of a

al cohol and carbon di oxide are reacted with each other

i n t heytBaANCeswih sageteppat kexideids, atharebysproducing a
thereby form ng a carbonic ester and water, wherein a

| ar gecarButic afs iy clImhentyl < andidtid jvi clerborg i@@gyide (which
(which is an expensive organi c dehydrating agent) or

t he likessttsramely asasmftehydiat ungdageder(béshcpresspre:
Czech. Chem Commun. Vol. 60, 687-692 (1995)). This

net hothédweest arer obhis nathhdt ishdigdedyarinppguggéht thpt there
5 ter use cannot be regenerated, resulting _in the
occuriemncelafga tastefanothe vrintaa3peedefi PEQIPFEAPD

t he dehydrati ng agent. Another method for ro& cihg_a .

car boerieipmernt andsfarcasbBxyPBEcSaErdYor t hde? %? 1@ngpthis
organi c dehydrating 10 agent (see Unexanined J%%?nese ars
Pat erfte il i BREEBN2LBFAPBER BRetPRfcdt PoASNGS2R&IOR CCcurs.
11-35521). (In this, patent docunent, there_ar .
descrFpER ofs ?ﬁaeﬁﬁ@9n"3f05P5g99|P8h3€%§eoFPh%8§ of3rbon di
reacted, wth carban di oxide" and,; an_ac ] t

with 25H8on didi deese HowRvErS kel §%§%| pasired € ae
recent studies_ in_the.art, it rall r ;

t hat Yﬁiogc?uﬁ?k?EaSPPoWOFgqufﬁgggg%foeﬁéﬁgl%ikg%QOdUClng 2
al cohol ngicaégggrdioxide are reacted with each other

to obtaFR°5*€aFBoRT¢ ester and water. The water is

reacted wiih g, carbaxuliotaohd10nERABSEe N WinikinS phdsgene or

met hod has pro%%ens I'n t&at a carboxylic acid or

t hoest.ery (uhi 6h kS a@n 18XRERY W8 GOMROHURRdrS d15ed amlbgen,
dehydrating agent, and nethyl acetate is by-produced

(see cKaga § B3 e dlonE@UinRe ) "theVdaw 4laterial it-
No. 2)s¢5§§?5§H(§§9g) % thds, this method i as defective

as self or in the catalyst used. Therefore, in the case

of these methods, a carbonic ester obtained contains a



10

15

20

25

25 the above-nenti oned nethods. 9 Further, another

nmet hod uses a | arge anount of an acetal as an organic

dehydrating agent (see German Patent No. 4310109).

There is also a patent docunment in which it is

descri bed that an acetal and carbon dioxide 5 are

reacted with each other by usin&, as a catalyst, a

met al al koxi de or dibutyltin oxide (see Unexam ned

Japanese Pat ent Appllc tlon Lai en, _Spegi f

No. @Pesf‘@?g’)n O n ?‘&%%he réla’c |ﬂoénaédn%1letely

descri bed |n the | at uIt t woies -

in t fFemeved By & %@Pg‘é’n m& é“sod]rrgsf(}:et;ﬁ %ﬁ% kP cax
reaction route | as 4 4dQ é”i&ght o0il

actu &gl;@
car bg’r‘?nch ofstETar® MG &F | 35 ne’oﬁ}ie(?lto obtain
car boagr?ci 11:'6‘333,{ er and Wat:tee'i:rzl.r:tl [kﬁof’@ﬁdd&ﬁ&‘eé‘lé@@ﬁﬁﬁc equlp-

with Aswever pat ent docunents do

B?f)dfﬂ'%a}ﬁ‘h Thetrd g-LeSt ng,hé’ietﬁpaq: fQfe &fdiSd&0tddntained in

g an-acetal form ng a waste. Further)

the C%Sﬁtﬁj;rfj)c(l 35252%11 ndliese At SoCcedgsipeet @ For

problen1|n an acetal 1s used as a

dehYQ{(eac{dc!}& X cfl.{drﬁﬁ AU S1 Qe DY 0T OE4ICESIDONLE ester

as a etone an yde, are 20 forned as wastes.

The ecghhs%/ ?r et doddte, Net hodshadd skaepptoypanform a

organi c ating agent are to inprove the nunber of

t Ur NS S fh e Al st sonievieie Giripsghni ester. For this
dehydrating agent is consuned in a stoichionetric
anbunteddbrkb BE ¢l aeen Wiéditde fordetvedopos method for
carbonic ester (and 10 water as a by-product), so

t hat prd@igin@nuiridnbe esgan| cwidbblyddaes ngotigeae pBY of a
consuned) thus formng a | arge anount of a

degensi pddeam- emtaiting time natanizldengdaabfahggagent .
Therefore, it is necessary to per 5 forman additiona

st ep ofonegbmbngtcagaystrge anount of a degenerated

organi c dehydrating agent. Further, in spite of the

use of an QngﬂhﬁcOU@ﬁydh@mﬂngaa@%ﬁﬁoﬂnhﬁsIB?ﬁ@ BHBuﬁP prac-
the possibility still remains that deactivation, of a th eth-
cat al yszabceses. lWh@h%@%sﬁﬁrPQHaglPﬁFdiolﬁoﬁgaclﬁdtﬁé ©
conventional nethod for grodu0|ng a_car bonlﬁéeste ic es-
usingY%%@eeﬁ%¥@9b?Fuﬁ??e tkeohCoPPERE N aBoVES ﬁtpgﬁg

formula (3)) _carbon_dio ercriti

|
stat ete¥n @%ﬂeFEP °Pﬁa§BEQrEYF%FEaFa5§5885 8Ig%?dés feacted
tal yst hi bi t bi | d
par 1 V1B BEERPRRLF y CPOTEBHOPEO PR Her Yy Srgbbate.
th bl th e a
er e'ﬂ is Eggggsteﬁ%legglflgaa Fg%gg ‘?Lpl ‘E%Q%”%‘a'ﬂ%o%om%&% as

(whi c meriza is used as
cat al in, su crit bo i QX
organ%?wn 8Bﬁp§§%d£ash§§@éggﬁ Qn? 4 F%grﬁgggebgﬁﬁéi?“ce

20 ti ¥§Eﬁda9uﬁgh lﬁﬁxigg\l\ky%'ihzaE"soﬁub-EQ%h%ﬂaal&yahfeﬁther

been proposed enpl oys a solid

dehyd&%%gggﬂa_g 6Bhel888aAPPALREVERT at HE5Sm¥Bhoalpdses the

L1-L3 However) ‘this method has a problemin

t hat nglégg&g Q%BE%%I NOEfPNEnEagNPtobeid5by-produced in
regenerat e hus form ng a |large anount of a waste.

this method; therefore, from the viewpoint of cost re-

duction, it is necessary to find ways to effectively
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11 There is also known a nethod in which an al cohol 5

10 15 20 25 (nethanol) and carbon di oxi de are reacted

with each other in the presence of a netal oxide
(dibutyltin oxide) to thereby obtain a reaction

m xture, and the obtained reaction m xture is cool ed

and introduced into a packed colum containing a solid
dehydrating agent, thereby gradually displacing the
equi | i hri.um towarg, qelely) ' f e¢tdrtther, it
dehydttdtidF ¥ o t%rflbadf;\ car geoﬁﬁ:%%étl@riﬁg

Unexam - ess, tCafy a8 of ethylene
Speci |c%g%|fc])lﬁ%qﬁg %%0%1%37%19 J‘!é:l'ﬁllt'iéé‘)ﬂrrjse hod i s based Y

on a ' ' i VESE | 19RSdud Nt el Ohe oxide)
usindkgﬁggLﬁ%fé%?ﬁﬁpggﬁﬁkffpconbined mﬁfﬁ@the known
phenqeq d gﬁ(:\_@é er Tpdseal | ifigr @fbvdating the need
convent | ona éhy rating agent (such as nol ecul ar

Si evg%r el it 5 Spd BHPET G Ur £t depengessyarp that a plant
dehydrating agent (such as nol ecul ar sieves) exhibits

| onere patsro st padi ddtvoric e gtet evpetat sresthhdnbeat built
| ow tenperatures. Therefore, for renpving a trace

anbungt of Vet £F i DRl @ucs ) ad jaceat r eacai phankxfareproduc-
whi ch contains a |argely excess anmount of a | ow

ol ecilh @re tiey Ddtie adedhethybenle asxadeol vent, it is

necessary to cool the reaction mxture in which an )
equi | i bri urhése atdi #Ved kmoen &igathedpéravhiehafigrbon diox-
pressure conditions, before introducing the reaction :
M xt uL@e | ¢ e©d aa pag kearcohybnsevhesi ABnguRisetepd to an equi-
dehydrating agent. In addition, for 12 5 10 15 20 25

i ncr ebsbniun heeaohiensvahhofnaglgpbehofinadhg prgsence of a
material, it is necessary that the reaction m xtute_ .

whi chcabglpetncenbrigingdaneRYIRROBE TN Fﬁé‘PB&&‘ﬁ‘eé‘a"mg a
colum be returned to high _ tenperature and pressure :
condi m¢ ba% - VAR aFeTReRed1BKG9for thegePdas B oAy Sarvonie

this nmethod has problens jn that.ii_ LS nece I re-
cohsuﬁﬁtﬁﬁ éRFrﬂgﬁFy'ld?@%saﬁ%ﬁﬁ%iéthﬂeF898?%?x 18 repre

cool i ng and heati ng, d a |l arge _amou of a solid
dehydf&RERE Byehbe §°ﬁ28&fé&9 ‘F%FE‘“% Hté’d i's very

wi dely used for producing an aliphatic ester having a
relatively large equilibriumconstant. However, in the
production of a carbonic ester from carbon dioxi de and
an al cohol, wherein the equilibriumof the reaction is

| argely biased toward the original system this nethod
cannot be suitably usedgbeceetsd t hi s net hod poses a
serious problemthat icompgumdcessary to repeat the
above-nEBtlQn?goﬁpera++eﬁ—whreh;nqu§“ggyggy+I@%ge (3)
consunptlén of energy ftor cooling and heating.

Furt her) (ROL r egenearating, 8. 4eaansy atedadehmdi@hiyBgocarbon group)
agent whi'Ch S adsorbed water to saturation, it is
general ly necessary to cal ci ne the degenerated
dehydrating agent at several hundreds C, thus

rendering this nmethod commercially di sadvant ageous.
Furthernmore, in this nmethod, only one (water) of the
two products of an equilibriumreaction is renoved

and, tarehRtdod ey eadwmt gyabienin nthékt garbgy giggide and
15 when the equilibriumreaction progresses to

i ncr ease diwirAr honirawe stere comtentrathanmbéss he However,
reacti on system the reaction becones unlikely to
progress any nore, that is, this nethod is still under
the restriction of an equilibriumreaction. In

addition) dibutyltin oxide) which is used as a

catalyst in this nmethod, exhibits an extrenely poor
solubility in methanol and, hence, al npbst all of

di butyltin oxide as a catalyst remains in solid form

in the reaction m xture. Therefore, when the reaction

m xture is cooled to roomtenperature in a cooling

step, the reaction mxture turns into a white slurry)

M o s I T L N T ¥ o
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In general, a dehydration nethod in which water is 20
25 renoved by distillation is well-known in the field
of organic synthesis reactions. However) in the field
of the production of a carbonic ester from carbon

di oxi de and an al cohol, although "Study Report of

Asahi G ass Association for Prorotion of Industria
Technol ogy (Asahi Garasu Kogyogij utsu Shorei kai Kenkyu

Hokoku)", Vol. 33, 31-45 (1978). states t . . .
"deh;ia’?ja'ft MERRA FRGSRA r?‘%‘%ﬂr%to%lbue‘? n%e%s?tuluﬁ%d"? which a
there have been no reports or the |i ' t

{hat CEARAE RYGT rrhortel Ak 4t WUty Formed as
been conpl et ed. _.There_h b a r.t i.,.ch TRy -
a di éf’fcfrao“b‘ﬁsoh @gﬁgr at} g?lleof%ggecgr%ggc%ec aes;v%r n{‘é?%tr% A o
reactj on _m xtur.e cont.ai ni t.als j Hhes L1 -
t he rée%tcl%e tTHP MY %t?ie&ll 2&0 Aﬁn@d"ﬁ%ﬁ% ng ca}rgjb%]?}' e
di oxide. and ﬁrx@é&?h%ow‘@&é‘},e%&% Qdi®a il RHYRSANRGS on

of aif%’f ar® al koxi de cat al yst; however, 1t is known in

the ﬁ%ﬁ]—fé}?téog@%@ JRd Ay alkaxdsler 06t sl Steast U6Rd, The

a di i on separation ‘causes a reverse reaction)

t hus ' it A0, di £ r {oR €8iRgNtarbon di-
é{g&%ﬁéﬁ%ﬁT o Oadli ddi L1 B ri@n r £EQYELO Rent&rbon di

ester ati1on separation (see "Journal of the

Chem @l 3084 €1 Vr&F Maparid N PPorh&agadyinéai sdl)y, biased to-
10, 1789-1794 (1975)). Especially, no nethod is known

by whj£hg ariarbenhengst 89shani ngrrre i fprdoi tieignepdiod using
can be separated 1n 15 high yield froma reaction

i Xt Ufiee CORG AL TbAgua Peiatieh kKivasde. pEoblee dnhthat, for
hand, a nmetal al koxide is so unstable that it is
suscepibdecing deachivationesitert bnthéghoyielde Lh LHReneces-
air. Therefore) in the above-nentioned 20 net hod) the

handl §agy ofhat mehal carkoxideentedsandr vatezaps. PFgAucts be
this reason, no conventional technique using a netal .

al koxteleovedafysn hhe beantdapl sysdemn tHer rerere s
production of a carbonic ester. A netal al koxi de

cat al gssci 8 muobkpwninvehebnpbanyatarnd LAEMEEC ARFGHRCSSS 2
is known for regenerating a deactivated netgL aIFox%de a

15 catatetystThepethat BEENOPLBpdSedls FEERGGOPoFARAETEC,
produci ng a carbonic ester by using a dib [tin .

di al KbREdalae sheapdmper) °Fn¥b}/ﬁP8ng&uPFné%h&atalYSt (i.e..
reaction) the catalyst 5 is _fornmed fromdih ' .

oxi detRRNRERDEE SEaGVELES REi LPUPBFTa%ASd A/ relle) 15 only
reaction system (see. Japangse Paten . 6

Thi s ﬁe?ﬁoé'ha@oé %?%B}ﬁ%wﬁ%l?H%%?b%F%?oﬂgﬁzgﬁ%u%?FP?ﬁS Fox
oxi de_which is_charged.into.th [ [ -

st abl EEMPREn; BRIt Tmghaas & pEdtpE) s ef'il)%mé‘l?f Phaeby

t he rggg&&gﬁéPénhg %agkbggghthgggbggﬁgx ide, whichis

unst a ore, i S net cannot sol ve the

above- nent i gegxgﬁgzggnkggrghﬁagnggggi@ otled@ aledlhod in

al koxi de ca?alys .~ Specifically, this method has a
def ec i Ant hat 210601t B8 aF €3THRN dliodildes dre Meakfted with
noved Pron1t e reaction systemfor isolating the car
each other in the presence of a metal alkoxide as a
catalyst, thereby forming a carbonic ester and water,

wherein a large amount of dicyclohexylcarbodiimide
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boni c ester obtained as a reaction product, the
unstabl e di butyltin dial koxide is deactivated and
cannot be regenerated by a conventional technique.
Therefore, in this nmethod, there is no other choice
but to discard 20 the dibutyltin dial koxi de cat al yst
(which is expensive) as a waste 8after the reaction. On
the other hand) it is known that when a netal al koxi de

(e.g.) a dialkyltin dial koxide) is heated about . 180
6 TiHDCh Ao S PR T T ATy e g agent)

(see0r F0e QAR AR Ao S0 Tt PRR shEpg Soriect:
545 CRST) - Oy Wit Ve hesTE T RTIGT (T Thie
oty T R 1A 1] Y o MO € 5Car TegRt o
¢ S R e St PaTT ST el gy | F7EhE ocour-
et LTS i et AT O dorrore e FHIER b the oo

fornqé% L ﬁg}%ﬁiggp.degraded compound (i.e., an

unr egener a eacti ve conpound) poses a problemin

that) Merﬁﬁgﬁﬁ'm@émi%i s@USHRy a8 BasBbAlySkster uses
nt o

the conte an active catalyst in the netal

al koxd Olfafﬁtr;gfﬂ@aé@ﬁd apEinbescsr sbeaneagthancr dekydrating
and the yie of a carbonic 15 ester are decreased,
rendegd e aﬁ St @bl e RaRONEET 08pahieSe CRADONLCAPPLEration Laid-
difficult. In such cases, for stabilizing the reaction

rat e Gpwh tdeyiel dadiohhRocanboniz-2s62L) .a (In this patent
conventional nmethod in which a small anount of a fresh

met al aedkpehtle tSepddadet desbeiptaoteonesfidngm "¢ z@rboxylic
enpl oyed. However, this method poses a problemin

t hat ,asb@nottiecastieti ba obaatédewhthecakbank iogddes and
performed while | eaving the deterioration product

f or nesicettial nyst heactadt wohhasarbopsdipxide readfyveier. as a
system the deterioration product, which has a | ow

cat al yesubt 0F reveny, ssvdamdl aResbpnagtiadde EndsRerally
in the reaction 17 system As apparent also,fron1%p%l
abovepresamedi thab EBAvARLNERaFCRECABR FRWNG Jif &5 *O+-0Ws.
netal al koxide is effectively reused as a cat.al SLEHI1 h
any ofARhaleehednePBnSRTREPhGISEAGE BrEdd&aTdes With =ac

carbonic ester, there is no 5. other chaoice but to
di SCa?Hh?ﬁetﬁePBIta&PkaF8§%8§15 \?/Eét{aé: gﬂ%erwa;{heert. The water

ion, th ] ' duct j. ' i
cot or 18] ERB0EREAGAS TSPy CEsEry L L as Y SRR mhis
t] I t hods .f i i 4 3
51 moPaERBRAPEE) RBTPAETSc ATDat 1 o FD Aad e and O
| coh he .net al_ al kaxj A\ [SoRdPe NS
ﬁagolgg?eggggcgrgﬁggtQEC%PV%%§Q%ﬁé%?%Q%§{rolys!gﬁ%rﬁged as @
the | hggydkg%ggrgg% e?:tv"a%ntdo Y R Afd ecd inelproduced

regenerate an tHe netal al'koxi de. Therefore,

the C?Q&S”F‘k%%%‘lm”%‘%‘?ﬂs (@ erPi QAUGI NG gindkdt £B bodic 41, No.2,
ester 'I's di sadvantageous in that it 1s necessary to

use a5gﬂgqe(3@%@ﬂh_OfT3959FQﬁ@me€Qﬁ%ﬁf§%|B& F@Fctdive as
a soll hydrating agent in conbination with a snal
amount.,af @Rl flendlitRddee hoalescri bed herei nabove)
the prior art techniques 20 for producing a carbonic
ester have many problens and) therefore, have not been
put to practical use. For solving these problens
acconmpanying the prior art, the present inventors have
proposed in WO03/055840 a novel nethod for producing a
carbonic ester. The es 25 sential feature of the novel
met hod resides in that the

an
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18 5 10 15 nethod uses a reaction route in which an

or ganonet al conpound havi ng a netal - oxygen- car bon

linkage is used in a |large anount as a precursor of a
carbonic ester but not as a catal yst, and the

organonetal conpound is subjected to an addition

reaction with carbon dioxide to porm an adduct,

foll owed by a thermal deconposition reaction of the

adduct, to thereby obtain a reaction mxture

cont ai ni ngFarthebonacotbeermethedpnesent ilargat amsunt of an
have found that a carbonic ester can be produced in

hi gh prekdlbpst he neghndc Hbbydohtihg abeménéseeoledman Pat-
probl enms of the prior art have been solved by the

met ho@ntHYaev4as 104080 .t Hikerethodabsd |4 pabest gdocument in
problemin that an unregenerabl e unreactive

or ganshifhl itoAgodadcrsbedr khatdani agethd eadcrhshoandioxide
accunul ates in the reaction system SUWARY OF THE..

| NVENFFeNFeactRRswasthuaerbnothRE preyeAngindéntoFgtalyst, a
have made_20_25 further extensive and intensive )

st udi Betpdr adkryifg PRedhbBYELERAL PEAEE HFBBI ERgxamjned
their _studies, the present inventors _have utilized the

t echnf/ GBERe8F PREFRTpPBRIHGETEAVhRIBNOBPECFBEE4TLFation No.

W03/ 4 a result, it has unexpectedly. been

{ ound2DRhT SLAGS hront T EAFRAE S iy ST b Gae By ribed
rodugj ng, a carbonic_ester) ¢ ri_sing the steps of;

ny ot Bpf FRERRF o8 Brrbs S0 thar ERneh tr piuftes"tn the art,
or gan I d mxture.a arpon_di oxi de .

wner ok tReoFRPERLEY BhEMinEn iR CtRE aE 1BRpcFenction route
ﬁonprié?fés ?fmibﬁé? Ol Jf@&ﬁ#l" €04 GANANEL 3 ; SPIPOULe re-
aving inits nolecul e at Teast two

et al ; QxygeRs £RT BRBK © Lhﬁk?ESSoﬁEQign UBEEQEH%EaBE%er and
unreactive conpound which is derive ?ron1t e reactive
organgaeéal CRDGHILr 1 IR e A Ny Aty 6RE 140 a1. ")

m xture containing a carbonic ester fornmed by the

reactieRgvéhe HﬂéééeﬁﬁféﬂtedHBﬁﬁéﬁE&V&oCQH’EOHEQchaBQ 8uggest
regener abl e nmet anor phi ¢ organonme 10 tat conpound

deri ve@dnétRast herr €81 EYEn 01 YapsrBhain§0ahPRBAHEa1(Without
separating the reaction mxture into a first portion

cont afeumind he wasbeni Fwasieyr Anthd e thv@ganescld€ed in
unreacti ve conpound, and a second portion containing

t he regeserpbtentedarunmehts bagananptablemniiSthatndwhen an
and (3) reacting the second portion of the reac tion

m xt lreetl hianua¢dohsl atdehpdrahisgcagenbr ghaoge atmbunts of
conmpound m xture and water and renoving the water from

t he setopkP@egbmonseclh aonpoketons xaudeanwhbdehydeheare
second organonetal conpound m xture conprises a 20

m xt FrBEd 25 st ¥R or ganonetal conpound having in

its nmolecul e at | east two netal - oxygen-carbon |inkages

and an unrByertiatls inleed 12l b ot urRthpde iwhich employ
derived fromthe reactive organonetal conpound. The

car bt CEERRIC cAShHErabkny y2gent a2 EY FP ohfPREVE| FRe number

por 25 tion of the reaction_m xture by a conventi onal
nethdﬁﬁ turnovers of a catalyst. However, an organic dehy-

drating agent is consumed in a stoichiometric amount in

accordance with the formation of a carbonic ester {and
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20 such as distillation. The second organonet al
conpound m xture obtained in step (3) can be recovered

and recycled to step (1), wherein the second

organonetal conpound m xture is used in the
above-nentioned reaction 5 for producing a carboni.c

ester. Based on these findings, ¥he present invention

has been conpl eted. Accordingly, a primary object of

the present invention is to provide a nethod in which

a red@tiere af gaITRZRARTnboFRl Hd 3 ntaTRe r%‘&‘&‘t‘?BnOf an
can be reused 10 without the need for a | arge anny .

of a WSRdaely SR BRITRE vﬂ'ﬁcCFP%%?'WFe‘?mE\IF °rm1“9 a
producti on of a carboni¢c ester in hi ield

per f RS A HUSESI daerﬁael?%’bae%%%'w@r%%

tlnes mhlle renDV|n unr e er abl nreact|ve

A oo
?E)I It;&éjrﬁr? et ai IWZCP?E?%O ér%%%%i[h¥ 1?3 I ?ﬁf ot
P A A AN oo
grgwrrﬁb %.Fte ot S GLL LA o T TRAY lFﬁﬁé@lﬁBeagent in

[ eact] v ga}[?cr[ﬁh?epﬁ?émﬁ&gglﬂﬂﬁ &r 21 P PuhBexy SKkt ge-

gr oup use in Exanple

2 is dhg ta sEhSCH@f§geW§k?Qé%son is as fol
unreactlve conpoun |ch Is distilled off in step (2)

in Beanpl e kn 3nkEEANhER tifoaddl Rl 1 OF oHp A dBMENIR N car-

In the present invention, there is provided a nethod

fOr QUS| digk & O hosi 6g CERET eq6OIPBESAGrEACLILAPSE the

of: (1) perform ng a reaction between a first or 10
ganorgicile GREMOLEWL A Kémeland3 gar banboh odidrjdehes in a su-
first organonmetal conpound m xture conprising a

m Xt Yseer @f i i £ Cs taee Or ganareieata onpo lubdaws hgi¢al carbon
its nmolecule at | east two netal -oxygen-carbon |inkages

and aiiosidgener et @&lyst cexbivetsoppoundohhbihity, and the
derived from 15 the reactive organonetal conpound and

whi chodiesly st i parnbtes| @rat 1ikady threehateaktosathses -

I i nkages,
Therefore, there is a problem in that, when an organo-

%f organic

tin compound (which is susceptive to polymerization) is
used as a catalyst in supercritical carbon dioxide, the
organotin compound as a catalyst is likely to be deac-
tivated due to its polymerization.

There has also been proposed a method which em-
ploys a solid dehydrating agent (see Applied Catalysis
Vol. 142, L1-L3 (1996)). However, this method has a
problem in that the solid dehydrating agent cannot be

regenerated, thus forming a large amount of a waste.
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to thereby obtain a reaction m xture containing a
carbonic ester forned by the reaction, the unregener

abl e unreacti ve conpound, and a regenerable

nmet anor phi ¢ 20 organonetal conpound derived fromthe
reacti ve or ganonetal conpound) (2) separating the
reaction mixture into a first pdrtion containing the
carbonic ester and the unregen erabl e unreactive

conpound, and a second portion con_25 taining.the 1cohol
r egener ablTeRe dfo it *¥Ih et m V??gcﬁbt?rfbl,a coho
and (3) reacting the second porléon of the re

(
i xt e AANP ) (T CaRIh AP 4% 1% Rl with each

organonet al , conpound m xture_and water and remmyi . _
the \RIENAT 514 (iR THESRGn P orydiforft 8¢ en’p@%%dswltm ox

Compri®hd THAATe BTEa dhotTVe By ANSEE Ly 2nd the ob-
o SRR O PR U Alal it i pgucea sneo
oac ARG anaet robbEutie 2 AP e 8 Ly agent.

mol eqyl & eaés}( ﬁ%?&uéfﬁf%{e'%féé ﬁ%bﬁtﬂelé PPESriER! toward a

easy under ing © resent Invention, the

essenéélfﬁﬁfété%@ér apgs Yar & PHScPERE cEReasaboeh , 180 obtain a

ments O e present 1 nvention are enunerated bel ow

1. A opiheds & oLs PLRAUSE B JuRe £a0DREA CI854REse CPAPEN ST APplica-
the steps of: (1) performng a reaction between a

firste o520 9PR00BER! sSO8DEUREL TbXt NG e 2001c240DBD9) . This
di oxi de) the first organonetal conmpound m xture

CONPrStNed ai 8§ ghsé@ 6h 8 teashiyeeoigawnirebabh conventional
conmpound having in its nolecule at |east two _
net al + getus asbonsihgkagashgadathngnaggaheiabfembined with
unreactive conpound which is derived from25 the
reactine ®hgRnOpRéabmenopothdtahtdewkatbrhadsppbppglity of a
23
conventional dehydrating agent (such as molecular
sieves) exhibits a temperature dependency. A dehydrat-
ing agent (such as molecular sieves) exhibits lower wa-
ter adsorbability at high temperatures than at low tem-
peratures. Therefore, for removing a trace amount of
water (by-product) from a reaction mixture which con-
tains a largely excess amount of a low molecular weight
alcohol used as a solvent, it is necessary to cool the
reaction mixture in which an equilibrium is achieved
under high temperature and pressure conditions, before

introducing the reaction mixture intoc a packed column

containing a solid dehydrating agent. In addition, for
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nol ecul e at | east three netal -carbon Iinkages, to

thereby obtain a reaction m xture containing a

carbonic ester forned by the reaction) the unregener

abl e unreactive conpound, and a regenerable

met anor phi ¢ 5 organonetal conpound derived fromthe
reactive or ganonetal conpound, ¥2) separating the

reaction mxture into a first portion containing the
carboni c ester and the unregen erable unreactive
conpaiRkeasing W P RFIIUh PP etePRPh@thd Taw mate-
regener abl e et anor phi ¢ or ganonet al conwgpund,,and gS& .

r eactT¥R)l t Hek Sex IRFPVTITOMRAT t Hee rESREF LN k¥ hpge which
with a first alcohol to forma second organoneg tal b
Compdt B (0B ¥ AR Ertvi R RRePTEEe] gglumn be

fromthe second organonetal conpound.m xture
1

secorff ot at %r%ngoaﬁ?§§FFatggnditions
e 8 S EOSLANe B PROTELE) COBMRC D00 Like

o, 30 A SIEDTA0LE U oG COMPOUT DL ERL Bconsune
I nkep e ooy EviGt Sndirbis eh8FE T porEiianane

' et e AT LR e Sl belarsting hEparirins

D121 thd 14 81 £0eaed? (Rhid oy Aot uesgy odsda for

step “The met ho according to item1 or
abov%prﬂéﬁ%fﬁ@ ileaf £aRhtYE Q598ROARY2hgCcaNpPelAdiveed large
Y

in ste com5 prises at |east one compound

sel ecdgghi {19 tHecGhOEBnt. However, in the production of a
carbonic ester from carbon dioxide and an alcohol,
wherein the equilibrium of the reaction is largely bi-
ased toward the original system, this method cannot be
suitably used because this method poses a serious prob-
lem that it is necessary to repeat the above-mentioned
operation which needs a very large consumption of en-
ergy for cooling and heating. Further, for regenerat-
ing a degenerated dehydrating agent which has adsorbed
water to saturation, it is generally necessary to cal-
cine the degenerated dehydrating agent at several hun-
dreds °C, thus rendering this method commercially dis-
advantageous. Furthermore, in this method, only one

(water) of the two products of an eguilibrium reaction

is removed and, therefore, there is a problem in that,
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consi sting of: an organonetal conpound represented by

the formula (1): (~-R4)a RRa M-~~R3)c ( 1 ) R2 b 10
wherein: ML represents a nmetal atom selected fromthe
group consisting of elenents belonging to Goups 4 and

14 of the Periodic Table, exclusive of silicon; 15

each of R and RZ independently ¥®presents a straight
chain or branched Cl1-Cl12 al kyl group) a Cg-Cl2

cycl oal kyl group, a straight chain or branched C2-C
aIkemmeqﬂthﬂ)equxilkap%rﬁ?%9¥lﬁﬁd®5°%6ﬁ5??§eﬁoo?ncrease
unsubstituted or substituted 20 C6-C gb and g ﬁ tem
sel ecihel ¢achenie @FbeP %?1%?%1:%51%’? QFr ghtegfihtn™ system.
or branched Cl1-Cl4 25 al kyl and C5-Cl4 cycl oal kyl .

or aﬂﬂvhsﬁﬁﬁﬁ¢%®ﬁeﬁe%?m%%bgg?fﬁ?%ﬂ ER- Eﬁ@gg?§F ﬁ?%u ore.

each of R3 and R4 i ndependently, repre ent a str
chai iRt pkancHebs cieErod a?ﬁy?¥biguﬁn Eﬁ fﬁﬁgkgg%lon of

cycl oal kyl group, a straight ch nch
al kerft %Q%bblbﬁ}uﬂ Egaeigogral 9| é %gﬁgg0n§gP§§H§%gn oxide,

bst j t ut ed bst i tuted, 06:C K .
o1 coteke i EReSGRaup HBREFELEnb  ob PEr ALGRE (e haTh oLte an

e e R e

gnganQS gf% gfddéggFgékgnaniHEeggraoEaE%Q?bQ t@mdkins in
solid form in the reaction mixture. Therefore, when
the reaction mixture is cooled to room temperature in a
cooling step, the reaction mixture turns into a white
slurry, thus causing a problem in that, in a subsegquent
dehydration step performed using a packed column con-
taining a dehydrating agent, the slurry causes clogging
of the packed column.

In general, a dehydration method in which water is
removed by distillation is well-known in the field of
organic synthesis reactions. However, in the field of
the production of a carbonic ester from carbon dioxide
and an alcohol, although "Study Report of Asahi Glass
Association for Promotion of Industrial Technology
(Asahi Garasu Kogyogijutsu Shoreikai Kenkyu Hokoku)”
Vol. 33, 31-45 (1978) states that “dehydration by dis-
tillation is now being studied”, there have been no re-

ports or the like which state that a dehydration method
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an organonetal conpound represented by the formula 15
(2): Rse M-p-M3-Rig ( 2 ) R6f ~~Rip)i wherein: each
of MZ and MB i ndependently represents a 20 netal atom
selected fromthe group consisting of elenents

bel onging to G oups 4 and 14 of .the Pe 26 riodic
Tabl e, exclusive of silicon; eadk of R5, R6, R~ and R8
i ndependently represents a stralght chain or branched

Cl1-C12 al kyl group, .a C5-Cl12 cycl oal oup, a

st r al§RRIS LR FﬁléFlBPaH@ﬁeg eé EPIP, é%ﬁégﬁ group) a

C~-C20 aral k oup conprised nsub (A AT AT f et s _
substitutgaeéﬁ gPﬁ EP nd “BCRk Iwgéléb rom dlStllla

g[ﬁ;ﬁl§%3%é§a%%% g&t?taﬁk g&ﬁﬁ% an uns&%qﬁﬁnﬁtlthéifhon
i&d%&%ﬁg LUt gldfou- S aﬁg%d'hkt%%hal nr or r.anc?%%%-reac_
strallt (o Eﬁéﬁt ranc(%l &%%‘if@’{ eny %Opr? droxide and
Scabsct%i%t al?tr h(]eg. tl’gr agﬁfmelrfk%ﬁ'p e Wisdhstidd UWd€0a Qfietal

ary selected fromthe

gr Ou%ﬁc%'"&&fé H?& ‘?Lf C O,alq‘ch*Hvé::lhallnt of s berdsehetn GIhél &rt that,

al kyl™"and and each of e, f) g and h
s a%ﬂé}t fél%:&.d@ drAyst Hid vsdi) aZdigtilbation
, eac and j is an |nteger of from1l to

3’ a gbdarhticn %a@i& G rdverse Teac¥iod hetlies hoeindering it
according to item 3 above, wherein each 25 of R3 and R

in fyimdaedild) @ddSownd Ricdrbdmienester 2y (@)stillation
i ndependently represents an n-butyl group, an iso

but ylsefititich S{ded ghiowhmn of thanCheuiGsl GIocheky| of Ja-

group, or a straight chain or branched C4-Cl2 al kenyl

gr oupparb (Nippon Kagaku Kaishi)”, No. 10, 1789-1794 (1975)).
Especially, no method is known by which a carbonic es-
ter having a high boiling point can be separated in
high yield from a reaction mixture containing a metal
alkoxide. |

On the other hand, a metal alkoxide is so unstable

that it is susceptive to deactivation due to the mois-
ture in the air. Therefore, in the above-mentioned
method, the handling of a metal alkoxide needs strict
care. For this reason, no conventional technique using
a metal alkoxide catalyst has been employed in the com-
mercial production of a carbonic ester. A metal alkox-

ide catalyst is an expensive compound, and no technique

is known for regenerating a deactivated metal alkoxide
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5. The nethod according to item 3 above, wherein each
of ML in fornmula (1) and MZ and MB in fornmula (2)
represents a tin atom 10 6. The nethod according to
item 3 above, wherein the reactive organonetal
conmpound used in step (1) is pro duced from an
organotin oxide and an al cohol. ¥ The met hod
according to item1 or 2 above, wherein) 15 in step
(1), the reactive organonetal conpound is used in at

| eastCad® W3r-m sel ected fromthe group consisting of a

ronarer 1S ghor T po0 SUACTILS O & AL R L8R g
BTN TN AR
o e Sl TG BPURL I Bh LS Lecanyt
sccord 10104 L Pl BPONE MOEl o0t Mo o

10, TSP 26505 49018, LS D" o PR PruknSiBhiione

presence nq¥ ﬁo.se%gflg??é??hofh%@irﬁgtﬁéd_tltﬁssénﬁraﬁl@fn in that,

differen rom -t al cohol used in step (3). 11.

The'H%gﬁégéﬁx:Iﬂﬂf??%fh!&fﬂﬁé WhiénabQVenayhenetiNtol@he re-

In step the separation of the reaction mxture
action system is stable, the dibutyltin oxide is con-
verted, during the reaction, into a dibutyltin dialkox-
ide, which is unstable. Therefore, this method cannot
solve the above-mentioned problem of the instability of
a metal alkoxide catalyst. Specifically, this method
has a defect in that, once the reaction mixture is re-
moved from the reaction system for isolating the car-
bonic ester obtained as a reaction product, the unsta-
ble dibutyltin dialkoxide is deactivated and cannot be
regenerated by a conventional technique. Therefore, in
this method, there is no other choice but to discard
the dibutylitin dialkoxide catalyst (which is expensive)
as a waste after the reaction.

On the other hand, it is known that when a metal

alkoxide (e.g., a dialkyltin dialkoxide) is heated to

about 180 °C, the metal alkoxide suffers thermal dete-

rioration form a trialkyltin alkoxide and the like (see
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into the first portion and the second portion is per
formed by at | east one separation nethod selected from
the group consisting of distillation, extraction and
filtration. 15 12. The method according to item1 or 2
above, wherein, in step (2), the separation of the
reaction mixture into the first 4$ortion and the second
portion is performed in the presence of an al coho
which is the sane 20 as or different_ fromthe firs .
al condongsmikasadrgasely Weurpad f Hf S0GH gg]? oo hemt
item1 or 2 above, wherein the first alcohal [

. o 49
step q&) Induatyast He a2 colfol selRs eesdolfsr%arsnet?%efs

L Al GRS S n 197 16 AeReFrernCibet the,diikyltan alkox-
o aPdmyIoMebie TR Pt S8 e A e ey 1ov
o o i o bt B Rdie BEORE (15 o rome:

o ouEReher sty o dsthadan P O oSE SELPeAT T

al kyl%ﬁfg%ccg%gié?fﬁ&@ﬂﬁﬁ%ﬂ% g0 5B1b0d) aggordygerate a

to it erern I'Tst al cohol has a

boi | 100, Po} 1 s WY £k e fi Nk I RaNekbE1 AL | BGLROEDY £xom
er, % u

of wa S Teasured under at nospheric pressure. 15.

The @ﬁgggﬂg{‘fggﬁkm L Pxbk e 14 mbomenr Wighiei fothet ildn of

first a at | east one al cohol selected from

the gLouR §955h8taN8oRbodndUt 206l, an unregenerable unreac-
2-net%y#@l-p§opanol) g% al kyl al cohol having a

st rai ghte ChahPothabr ppsbsdaCh£aBlaimkyh ghetp, whan 2 metal

al kenyl al cohol having a straight chain or branched

C4- C121mrbkeny! igr pssea aychoahkwly2®,aktbehobngaptngfaan ac-
C5-Cl12 cycl oal kyl group, and an aral kyl al coho

havi ngieeCca€alfyatalikythgr mapatoapkipssdeofis decreased and,
unsubstituted or substituted C6-Cly aryl and al kyl )

sel echeflckr onhtheegrbupncuasesandgtbe yieddgRE éhgagponic

or branched Cl1-Cl4 al kyl and C5-Cl14 cycl oal kyl. 25 .
30 ester are decreased, rendering a stable production of a

carbonic ester difficult.  In such cases, for stabiliz-
ing the reaction rate and the yield of the carbonic es-
ter, a conventional method in which a small amount of a
fresh metal alkoxide is added to the reaction system is
employed. However, this method poses a problem in that,
when the addition of a fresh metal alkoxide is per-
formed while leaving the deterioration product formed
during the reaction as it is in the reaction system,
the deterioration product, which has a low catalyst ac-

tivity, accumulates in a large amount in the reaction
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5 10 16. The nmethod according to item 1 or 2 above,
wherein the renoval of the water in step (3) is
performed by nmenbrane separation. 17. The net hod
according to item 16 above, wherein the nenbrane
separation is pervaporation. 18. The nethod according
toitem1 or 2 above, wherein thel renoval of the water
in step (3) is performed by distillation. Hereinbel ow,
the present invention is described in detail.

descrivsdembods, apRaTedty 3o AR o FP ¢ %’ez"c? is no
clusive of the method proposed by the prese . . ffec-
nvernrET QN MRRRSHER (e \B O bebaabForife is e
duci boni t I ] i Libri .

FCacti AR VB BN G by CHETETT brhgF Br fI Rpafpnventional
or ganonet al d. COZ + 2RCH ~ CO + 3
(R 1 et Lo RRRUIGH &b %7r§%‘§%a?%g§ﬁydlr€%g5%b}éﬁ e

ro That is, as the conventi | L 4Si
ot LRSS TR P ob oSOty eTe PP ecBRE bR atas) F @
th b 1 ti d Wo03/0 0 " b ion
mont (IR RO OATEh R dERYAr SEPaaE kgt ipgProductio

ed for a reactjon mxt L 0j b LDri
?:act? rFé?%fkﬁﬁ%?e%ﬁ X%ﬁégﬁggggﬁkgbPgF%E?aegg?hy'rIum
above), whgrein the 5, equiddRriynLi eAethe8sSE¥8EeProducing a

/ us,
contalns a pr oduc syst em conprising a car boni c ester

and vl ef. - 20d, 2 JELHO, ks n Yhi Che8ali €AGkbaA 681, X dik®on diox-
contai ning the above-Trentioned equilibriumreaction

syst e[l Sz 80450, PREnSUD] §rERIthe Aedahydnabikdde (which is

treatnent 1 n which the reaction mxture
expensive) has lost its catalyst activity due to hy-
drolysis or the like, there is no way to easily and ef-
fectively regenerate and reuse the metal alkoxide.
Therefore, the conventional methods for producing a
carbonic ester is disadvantageous in that it is neces-
sary to use a large amount of an organic dehydrating
agent or a solid dehydrating agent in combination with
a small amount of a metal alkoxide.

As described hereinabove, the prior art techniques
for producing a carbonic ester have many problems and,
therefore, have not been put to practical use.

For solving these problems accompanying the prior
art, the present inventors have proposed in WO03/055840
a novel method for producing a carbonic ester. The es-

gsential feature of the novel method resides in that the
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10 is introduced into a packed columm containing a

solid dehydrating agent) and circul ated through the

packed col unmm, so as to gradually dehydrate the
equilibriumreaction systemto thereby suppress a
deconposition reaction of the catal yst and accunul ate

a carbonic ester 15 being fornedigdn a trace anmount. On

the other hand, the technical concept of the nethod of

the present invention is conpletely different fromthe

t echnhetlhod oncept a ofeadrei conwent ¢ obal wivkehods . organometal
reaction perforned in the nmethod of the pre20 sent

i nventomponsd basviag | § mababapryasnt perbenciiphage is used
perfornmed in the nmethod proposed by the present inven

tors im 2hbangevemewntianed DDOSADSGB4OL BefBFRonic ester
expl aining the nethod of the present invention, the )
essenkwt olot hes net GebadYst head@obke neRgappRgtal compound is
W03/ 055840 25 is briefly explained bel ow 32 The . |

met hogubjegped/ be58a0addlthar aEeart el Whtht AaFPgn dioxide
reaction route is_used in which_an or anoneial ‘s
ConpolRdERER| Wy A0FETh) - BXJeHeeaPBon PhAKEGE PeoquRgsition
in a large anmount as a grecursor of ahgarggnLc 5 ester. o
but nbeagEian cat aFhet 244Hat e hEC oFRERBRE: QP 85 Bolifid

IS subjected to an.addition_reaction wth r bo .
di oxi BEXERES of AR EALBHBECR) CREPPBIRASBYeE  ( i pppresent in
deconposjtion reaction.of.the_a e e

obt ai e%*?ﬁ%c??gﬁ %?%Pﬂréhggn ag%?ﬁ%néécg%gggi?XESPgrpro
(StepggéQAZi%O igﬁt¥§gf8 g )thg Egkhgﬁ@d ﬁwé@nof the above-
operalion in [ € carboniC ester iIs separate

from [ ' rget bt,ak a5 t-eSi | pek@Uisdived b
(st opreSy} SAEh BRBLERY: Be Snerbe BriabEThiue, ke Y

react{npn Qi+, r asbwlbiddr | 1 QWA Mid ROcb&08R1110poses a

thereby obtain a reac 15 tion mixture comprising an

or gangpehakmCOAPLHAE BﬁVhﬁﬂe%eﬁ@kab1@XMEQBa@Q&b@norganometal
| i nkage and water) followed by renpoval of the water

from gbRpbRAAQL E8NFBHEUr BuRYndi $hel Fahteioar ahlde alcicmulates
to theregy obtai n the organonetal conpound) whereupon

t he obhatnedrenganenekglstemm 20 pound i s recovered

(step (3)), followed by recycling the organonet al

conpound to step (1) for producing a carbonic ester.

The reactions in step (1) and step (3) of the nethod

of WD03/ 055840 are r epiidsaRy cQF HTHE hENGRITBIPI

menti oned fornmulae (4) and (5), respectively. 33 5

or ganonet alncthpeusdtea®denc02hadiyesent dpygndpEsahave made

compound t hermal deconposition t ) )
further extensive and intensive studies for solving the

above-mentioned problems. In thelr studies, the pre-
sent inventors have utilized the techniques of their
previous invention disclosed in WO03/055840. As a re-
sult, it has unexpectedly been found that the problems
can be solved by a method for producing a carbonic es-

ter, comprising the steps of: (1) performing a reaction
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(4) 10 carbonic ester + other thermal deconposition

products residual |iquid + al cohol -% organonet al

obtained in step (2) ~ conpound + water Thus, the

met hod of W03/055840 is a nmethod in 15 20 25 which an

or ganonet al conpound havi ng a netal - oxygen -carbon

linkage is used mainly as a precift sor of a carbonic

ester, and the organonetal conpound is subjected to an
addition reaction with carbon dioxide to_form an

adduche twesn onelil 18t X FRBoME t Ak COMPRRVRE RIFEYLL BRE carbon
of the adduct, to thereby obtain a reactjon mxture .

cont albiewide. iRl B3¢ cf iTShePRIpRANEhRL cEPEBAIRD Mixture
ester is separated fromthe reaction mxture to o?tai% ound
a resTURFLses A IEERER AF ng SeRRET I CHERBRBGEAL 6RMP
product of the adduct_forped by the agditiog EgaCti%%-carbon
of tHEviR@Nhelts BOHPOEhE ALVIRgShH twWe metal-oxyy

met al - oxygen-carbon |inkage w th. carbon_dioxid :

f ol | HERREGERARD e FORS ﬁnﬁﬁ?ghetﬂér?%§.638|%%988986 which

' ted wit | cohol (5 34
gerts SHErHe S, BARBNERSl TEORBAURA RGP BS5e T compound,  to

tal - -carbon linkage. The. . ,
or garbHETERY OmpBaha o paEson Bk EHERr EBhE gty g garponic
t f i 1 , d | _
71Dk B ORUENDD, ByCERRORRRCEIbf cARTuERsBHELAL waveec

ester ﬁ?%gggﬁ%%ﬁgﬁfagyﬁng.rggeﬁgggbgg)ngahB%pmgkh@&ganome_

of V@B | east a part of the organoneta

conpopgd Day,09n8 ﬁ@fﬁbeaOfxeﬁntﬁarQeackaﬂ%a@&gahometal com-

converted 1nto a thermal de 10 conposition product

there;?éuﬂ&d’ (BeNEBpatheingatheORelXt Uhe mabitaireed nito a first

step (1) of the method of "W03/ 055840 nmay or nmay not

cont ahhreibfstdHBhiRah @het Barbbgagoretelr @wddied unregen-

havi ng a netal - oxygen-carbon |inkage used in step (1).

Al s0, eghbee GAFRhEtLOE ebmpbundiepan?) aofsedomdrgtdiddicaf con-

W03/ 055840, at |least a part of the organonetal

conposadnhayi PRearsgeakravige meteaawhphilc thaggmdmetal com-

converted into a thermal deconposition product or

hydr opgahd ., pandu¢B )t reretdfinandhehsrcond wentdsnpff the reac-

liquid obtained in step (2) of the method 20 of

W03/ 656840imkyrer widih a0t adeeh@iln t@ fegiry dalsqnaanrd grganome-

t he organonetal conmpound havi ng a netal - oxygen_ -carbon

| i nkagalusenppnngt mpxtyre Andnptedn sy &ifdRifing the water

conpound havi ng a netal - oxygen-carbon |inkage is .

r egenBEahedher E8¢ANKEe STLEFOMSIRGr & WHANEL i"g]r?dafr%t dfpereln

25 (3) of the nethod of W03/ 055840. 35 1nthe .

convefiPBoREFORE REIEPSEETE Y IORAMNG BHUH TR TR BF° @

the fornmula (3) above, .the entire reaction is. hel X .

under M&FGHFROPEUM TBP SIS £792N9PS rﬁﬁ@ﬁﬁf?ﬁeééﬁfng 0

preVIE%g Eg gghh%nhtt %$g¥“g$§”ﬂergffg§§ééHLégrbon linkages
and an unregenerable unreactive compound which is de-
rived from the reactive organometal compound. The car-
bonic ester can be easily isolated from the first por-

tion of the reaction mixture by a conventional method,
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5 the fornmula (3) above can be effectively divided

i nto consecutive reactions which can be easily

controlled, thereby rendering it possible to

efficiently produce a carbonic ester while separating

the carbonic ester and water fromthe reaction system
Specifically, in step 10 (1) of zte nethod of

W03/ 055840, a reaction can be perforned in the

absence of water. In step (2) of the nethod of -
W03/ 9588485 &iseiklaeioractThen ssfcomd aannianedstlercompound
and other thermal deconposition products can be

prevemixiupy skpained ngn astep bbhi ccantes Fegpyehedrapd recy-
15 tion mxture. In step (3) of the nmethod of

W03/ ©b58400 sf¢Rr(lhe veeabn astheonsefor® oFganonetal com-
conpound having a netal - oxygen-car bon Iinkagg, t he
or gar@eier | mEsEHOR NS capeBeln ekl crkevoymerhbonpg reaction
water. Further, in each step of the nethod of ,
W03/ D5 PPedRFEn G po r 62T RPN DD BheFt i ffSahiPhethess (§ind-

optim zed by appropriately enpl oyi ng conventi ona
t echnifies %?ecﬂ%%$%%F §9ﬁ?%5§?§,h§%che%% E%%P?ﬁg?d'

Separ at orhesediafhnch REGWSY (FEIE o BretREcoent n-
Phe. cRehtes ot S i Rt FAg cRoPe LGt i AT 6 Prbfabeige or-
th b - ' d h

e SBBVGAEDL QOSGLUES U 2ROPRS PlolbEed! B3EThg rouses
poseswf%§%§9'@H&'Heé&a£o§”aufégggng£8§hg ngﬁaﬁéhyﬁrating
or ganonetal conpound (1.e., a egraded conpound

forneg%éﬁttQﬁdrﬁﬁc&ﬁPEhg&@ﬂMékbiafc?HSHﬁéEﬁéniBftaecarbonic

react1on system™ However, this problemcan be easily

sol veds by t e HBLHOP; i at BenPhESEBEEbAMEAL EBAtinuously and
General ly) an organonetal conpound is susceptive to

t her npbp&et 619" ah{ ORumibber 6F Ot eme¥hpRid8 #Emoving an unre-
organonet al conpound whi ch has been used is recycl ed,

the rgaséi@P16YshLaaELval B8gandnxtdl ecompainacErvm the re-
ganomet al conpound and an organonetal conpound havi ng

an exadeeishysyewemctivity (i.e., unregenerable

unreacti ve organonetal conpound, which is a degraded

com 15 pouritd , fwhegeingt aedratherobbtibetsnr Egaherebl end ad-
unreac tive organonetal conpound to the active

or ganoaet afjes onpotined predent| gniendhes wilyebe apparent from
Therefore) for a stable production of a carbonic .

est erfhetfpilowtrgsdeaibedofeFaudnsionf taken fipesppnection
active organonetal com 20 pound or a raw materi al )

t her edttuEhagachempanrinendraNipge fpd| §hef appended claims.
producti on of a carbonic ester from carbon dioxi de and

an alcohol, it is difficult to separate a degraded

conmpound (derived_fromthe or
formed during t hBRIEECPESARIRTION OF IK ; 5
docunents concerniing such met hod descri be the 37
recycl e of IRhEP®r 45A%HBESF conpound, there has been no

conventional technique for_re i ng_the degraded . _
conpound (ﬁ%?fvidl?rgﬁ?thesﬁfggﬁoﬁg?ﬁF egng GndfaFFame °F
the reactio ystem he .ot her ,han in fiel

of 5 SRECBPEAReEPOROBRa e Bn b 2o ey PRy Brdup usea
presence gf a&E?nvgn Lona& catalyst, a method has been
practi€e@"FR W7 ch®a~part-6f "t hé€"Cat al yst havi ng been

used for the reaction for producing a carbonic ester

is taken out fromthe reaction systemand a fresh
catalyst is fed in

art

-l A
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10 an anount which corresponds to the amount of the

cata lyst having lost its catalyst activity. However,

this method poses a problemin that, for taking out

the deactivated catalyst, it is necessary to take out

a part of the active catalyst in an anmount which is

several 15 tines or dozens of tid#es the anobunt of the
deactivated catal yst. Therefore, when a reaction is
performed by using this nethod in the presence of an
expensi ve Foat-alysits thee “proddBiR shatsstohddpreinirggnerable
high. Thus, it is virtually inpossible to practice

t hi s ungterst iore cAPVBHEIEid) krakst ®hgI 3o shep (2)
this conventional nethod, when a catalyst is recycl ed,

it isinFxampke 1o selectively renove the degraded

conpound fromthe reaction system As a result of

their extensive and intensive studies, the present
inventors have found that the 25 de nd.has
physi cal propeRBTALLER JURSCRIPTLO
and t he physi cal

tate, e q.. the solid
liquid fordf) i HS;IFFS?ﬁe‘?:%F“%f%'p"e’r‘Ee’? :g ‘Iz%ﬁ%ﬁ{ msg£05§ged a
hydrol yzabj | ity) which. di ff t f th _
et R SRRhAARR TH reTroRTLc 07§k | (aRpR gE che

ganonet al coppound and a regenerabl e netanorphic or
ganortt s c%%ound). Based on this finding, the

present inventors.have co : SENta first -
invention,(éihgﬁfﬁ% d%?ic%gég%%g%$ﬁg?ﬁ%§ ?n 3hiéﬁsanor

or 9an@g@éﬁt%\ﬁfﬁ&%%ﬁé%ﬁtﬁfgeéﬁ&dEXrHéﬁddeﬁkgae , the

sel ective raw ng at least a part o

degr aglpd. £OSPOINGLLEL T VEImbo@AU MExE 26T b¥RAprising a mixture
or ganonet al conpound. The et hod of the present

i nvent$ of +8a8t (P hedghRbmetaUUEbRPoanEaRAONNG &AL €ts mole-
conprising the step o?: (1) performng a reaction

bet wegm & &+ 8ta ot 1bwganerel abxggenouadbbhx Liinkaged and an
carbon di oxide, the first organonetal conmpound m xture
conprigidge Rebii &l enpéadtieactbmpoanganwbiehalis derived from
conmpound having in its nolecule at |east two

met al toxygesctavboaryankageal andmpoundr egdnwhdghehas in its
unreactive conpound which is derived from20 the

r eactmybecuanatelabstorpoaadmandlnirshohad inkages .

nol ecul e at | east three netal -carbon |inkages, to o

t her eby obtai therebmcobbalni ft Heactéanamariyrg containing a
carbonic ester forned by the reaction, the

unr egeacbobie eateactpyaedoRifolifg) TEAE A OPegdhsr AHEEIenET -
met amor phi ¢ 25 organonetal conpound derived fromthe .
r eact Abde ounreggtixfoRENRPUBGNATAd 2 TEPeNEFAPdS fi tamorphic
the reaction mxture intgo a first porti cont ai.ni_ng

the cargBRpBetdleFoHRAUPHe IGRINGENETLB g%ﬁnrre%& Ve °fT
conmpound, and_a second portion con s tam ng the

r egenSpBBIetAet SRBPSHPE or ganonmet al conpound) and

(2) separating the reaction mixture into a first

Iy
S LG T XS ne

portion containing the carbonic ester and the unregen-
erable unreactive compound, and a second portion con-

taining the regenerable metamorphic organometal com-
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(3) reacting the second portion of the reaction

m xture wwth a first alcohol to forma second

or ganomnet al conpound m xture and water and renovi ng

the water 10 fromthe second organonetal conpound

m xture) the second organonetal conpound m xture
conprising a mxture of a reactigg organoneta

compound having in its nolecule at |east two

nmet al - oxygen-carbon |inkages and an unregenerabl e

unr eapbiané, canfgound which is 15 derived fromthe

reacti ve organonetal conpound and which has in its

nol ecul e al 3] emsticthngethet akcoadbporktinkacé&sechebekawtion
an explanation is given with respect to the conpounds

used haxthusenwihbdaofirkd plesbrf itovéptimon. s2@ohd organome-
step (1) of the nethod of the present invention, a

reactteé epgravnet Biixtompoand Watemgaadnzeabvixggdhe water
-carbon linkage is used. The reactive organonetal
conpotf@muske BPrRcspdporgpnemethd mrempoyndf mikdugess dire
invention has in its nolecule at [east two

met al $8X9BEncrganemehssd FrARAYES. mMAxtuFeegamprdséng a

such organonet al 40 conpound, there can be nentioned

a reafeﬂg‘e‘érer @§n6n€€§FtéUﬁp86H§nﬁ§9tﬁé gempeyad paging in
alkox%h%roug Ereferred that the reactive )

or ganoh®t 8P ESHﬁSuﬁH §€ﬂt'ﬁwgt@EtE}TOEXHﬁPi§é§bQP linkages
| east_ope co ound_sel ﬁgted fromb5

consi End of ISHeBng ﬁePBFeBBFrﬂJBBnHoaeﬁflggeﬁ'f‘é&hby}s
th f ML -~
or & ngl(r%%?ré'sen srsaﬁ&%gﬁ T U g
|
?ZOEP"’*‘?J‘%’Q&L@%%Q%HOE LfIERL81 BoL 009600 2nfhliiRE 128 rbon

each p{nﬁ% apd RZ |ndependently represents a straight
chai n or ?anched Cl-Cl12 al kyl group) a CS-C12

cycl oal kylpgF 04lRs uﬁaéfbﬂﬁﬁﬂﬁﬂaingEhQrﬁPQESHtCE géﬁtlon
al kenyl group, a %: aral kyl 20 group conprlseg
UnSUb@Eét@éQ@n@iaﬁubéhtﬁHEQdand various preferred embodi-

ments of the present invention are enumerated below.

1. A method for producing a carbonic ester, compris-
ing the steps of:

(1) performing a reaction between a first or-
ganometal compound mixture and carbon dioxide, the
first organometal compound mixture comprising a mixture
of a reactive organometal compound having in its mole-
cule at least two metal-oxygen-carbon linkages and an
unregenerable unreactive compound which is derived from

the reactive organometal compound and which has in its



10

15

20

25

41 C6-C19 aryl and al kyl selected fromthe group

consi sting of straight chain or branched Cl-Cl14 al kyl

and C5-Cl4 cycloal kyl) or an unsubstituted or

substituted C6-C20 aryl group; 5 each of R3 and R

i ndependently represents a straight chain or branched
Cl-C12 al kyl group, a Cg-Cl2 cycddal kyl group, a

straight chain or branched C2-Cl2 al kenyl group, or a
C~-C2p aral kyl group conprised of unsubstituted or
substmolkls ek CeaEly thunde el 2l GATRYR eb%lé‘aa%%m

the group consisting of straight chain or branche

Cl-Cl4 al Kyd thverelsr @mt%ml%awwtl%dme’é?hr%fc%nﬁﬁnmg a
b is an integer of fromO to = 0to 2, ea

2’ @%nb@us emtamt@g@ve%fbn 1?-? om@c%oa the ‘émie%ener‘
+ Cc + = 4; and an or anonetal co un

ot imsrarmnandave SRR sEh R R ETE bEfamoronic
R6f ~~R10) ~ 20 wherei n: each of

i ndepergRIENSt2 L FERAIRI adera‘éeﬂefﬁf’m lb-%?h E8PgEFEG °F-

fromthe grou conS|st|ng of elenments belonging to
G oup3aROBRER 4CQWP?%% Pe riodic Table, exclusive of

silicon; each of RS and ;

repres Ben@% eﬁ%ﬁ?%ﬁEﬂRg {éﬁ Rgl ﬁggggfg % 2 Ry et

D o et £ caon EdEa Rt 9f298 897hnN2hE Bhregen-

br anch@t Ci%n5¥ é*%u%, o FC%B n regen
erable unreactive compound, and a second portion con-
taining the regenerable metamorphic organometal com-
pound, and

(3) reacting the second portion of the reaction

mixture with a first alcohol to form a second organome-
tal compound mixture and water and removing the water
from the second organometal compound mixture. the
second organometal compoﬁnd mixture comprising a
mixture of a reactive organometal compound having in
its molecule at least two metal-oxygen-carbon linkages
and an unregenerable unreactive compound which is
derived from the reactive organometal compound and
which has in its molecule at least three metal-carbon
linkages.
2. The method according to item 1 above; which fur-
ther comprises, after step (3), a step (4) in which the

second organometal compound mixture obtained in step



aral kyl group conprised of unsubstituted or

substituted C6-C g aryl and al kyl selected fromthe 10

group consisting of straight chain or branched Cl-Cl4

al kyl and C5-Cl4 cycl oal kyl, or an unsub stituted or
substituted C6-C20 aryl group; each of R9 and R1

i ndependently represents a straight chain or branched

Cl-Cl12 al kyl group, a 15 C5-Cl2 cycl oal kyl group,

a.straight chain or branched C2-Cl2 al kenyl group, or

a C--(2) asarekylvepedupndorpeystddotoussapsi{iljut ed or

substi tuted C6-Cl g aryl and al kyl selected fromthe

group consisting of straight chain or branched 20

Cl-Cl14 al kyl and C5-Cl14 cycl oal kyl; and each of e, f)

g and h i sThn metkeedracfotdbdngOtooikemal +of 2 8bowel2, wherein
g+h=0to 2, each of i and j is an integer of from

1 to the area¢tivé erganamgtgl+chmpojiné g8se@5in g8ePhél) com-
Periodic Table nmentioned herein is as pre scribed in

t he IRIFAERS |3t eleastopae cpmpauof palecimd Apphi tHe group
Chem stry) nonenclature system (1989). In the nethod

of tHeHFEsehRI|dFention, the above 5 mentioned

organonetal conpound is_used in at | east one form

sel ect ed f3OREIRYGFOLP cCEPBPIYNAGTrBPTaSADRBAEPY cthe formula
form_ an oligoneric fornm a polyneric formand an asso
ciated ¥orm Each of ML in the or ganomnet al conpound
represented 10 by formula (1) above and Mz and MB in

t he organonet a

(OR%)
Rla—Ml-—(OR3)c {1)
2
R%

wherein:

M! represents a metal atom selected from the
group consisting of elements belonging to Groups
4 ahd 14 of the Periodic Table, exclusive of
silicon;

each of R' and R® independently represents a
straight chain or branched.cl—clz alkyl group, a
C5-C32 cycloalkyl group, a straight chain or
branched C;-Cy; alkenyl group, a C7-Cyg aralkyl
group comprised of unsubstituted or substituted
Cg-Ci1g9 aryl and alkyl selected from the group

consisting of straight chain or branched C;-Cqg4
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compound represented by fornula (2) above

i ndependently represents a netal atom sel ected from
the group con sisting of elenents bel onging to G oups
4 and 14 of the Periodic Table, exclusive of silicon.
It is preferred 15 that each of ML, MZ and M3 is a
metal atom selected fromthe grd® consisting of a
titaniumatom a tin atomand a zirconiumatom From
t he viewpoint of the solubility in and reactivitdb%it{hted
an al coholalk#l jandnsise Qraef TR NG SV ° Wt
and M3 is atin atom 20 Exanples of RL and RZ in the
or ganomet AT IHFFEIF T s P (MR A (1) above
and R5, R6, R and Re,in the, organonet al

represent ed BgchopfiuRa 329 %bo\}yiqmmt%‘if%@%%ﬁs a
LS St SHABE A S5 RO ] 2Ry P o o
L5 TS el

S omet o) IEAde TPy SO L Ao di30 Tk o 1P @R Jarar -
(B 7 R0 oy PEO L SO AL BBt

nonyl grou&é@@;ﬂci%”ﬁr $heseef A1 g deeybcBE@UBrbANEhe
or),

i somers there 5 ant Un ecyl group (and isoners

t her eof e O Obr b2an
Sbut onyl ) (et Sy S EHPy (OF (s LEAIBRE LRELEOLE: DRanched
£

group) 10 & ¢y +0£ﬁﬂ}l/|a19&0@§fcf cygtobexylyigranp, a
cycl opent adf enyl group and a cyc?ohexenyl group;

C~- C20 aral kyl, g Q¥Ps a3dClh as arPanAdgedf @I B 0 to 2,
phenyl et hyl group; and C6-C20 aryl groups, such as a
phenyl grogp) 8 i0hyio0f ougaghdos Bagh@hyl igr anpinEaghkr of
of these hydrocarbon 15 groups nmay have an et her

i nkage. Mpremvertoefchapi ahese hydrecdr bona;grodps

may be a hal ogenat ed hydrocarbon group (i.e.,

hydr ocar boan g6 Bgan #hé €41 hasmpbuhdaseporsehyddogen theoformula
t hereof replaced by a hal ogen aton), such as a
nonaf [ gpe obutyl group or a heptafl uorobutyl 20 group

(and isomers thereof). However) Rl, RZ, R5, R6, R~ and

R8 are not limted to these exanples. O the
above-nmenti oned groups, |ower alkyl groups are

preferred) and straight @gﬁa orF@ranched Cl-C4 al kyl
groups are nore preferrg ) dr ogaPbon groups havi ng

25 nore carbon ato t ham, ment i ongd abpve can alsg%ge

used 45 as Rl, R RsMReTOR—Mha ke however, n

such groups having a | arger nunber of carbon atons are
used, there is a danger Rﬁpt the(@RH?)gity of the
organonet al conpound and/or the produttivity of a

carbonic ester be 5 comes | ow. Exanples of R3 and RQ

in the organonetal conpound represented by formula (1)
above and R9 and Rl in the organonetal conpound

repr esent e§PBYeABrnul a (2) above include Cl-C12 al kyl
groups (which are aliphat.i ydr.acarh

Cg- C12 cycl anr,m cgédﬁzgfndcl‘p in epen%%rggl%“@p:aépents a

metal atom selected from the group consisting of

elements belonging to Groups 4 and 14 of the Pe-
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10 (which are alicyclic hydrocarbon groups), such as a
met hyl group, an ethyl group) a propyl group (and iso
nmers thereof), a butyl group (and isonmers thereof)) a
2-butenyl group, a pentyl group (and isonmers thereof),
a hexyl group (and isonmers thereof), an octyl group 15
(and i soners thereof), a nonyl gtfup (and isoners
thereof), a decyl group (and isoners thereof), an unde
cyl group (and isoners thereof), a dodecyl group (and
i soners thém@ﬁq,TﬂblﬂmﬂQﬁﬁ%ﬂﬁﬂV%rQﬁuﬁl%géwgﬂobutyl
group) a cycl opentyl group, cycl opent adi enyl qgr.oup

a 20 cycloheQ?PhgﬁﬁuB?eangd$BH€¥Eﬁ§I1§P8E§P% ntly r%pre—

nmet hoxyet hyl group). an. et hoxynet hyl .ar I

et hoxyet h)ﬁvertf'rg%@p;gta‘?ﬂjl ik Bl a%ﬂy&%#%%g?cﬁu%chz a%lkyl
a benzyl group and enyl et.h

Re, R0 and iR & S ihimGad o B Y s o

t he above-nentioned 25 droups._pref r -C
organonetéﬁﬁgﬂhﬁﬁﬁn a?éb%%i%% @1%6§%%§ﬂy%f§¥%%P' a C7-C20
correspondi ng .al cohols (i.e... -
RIOH) has %rqgaldﬁjr LR n‘forﬁ?rgﬁgégﬁﬂfar% I?Eg?gggkhv\gfggror sub
(wherein tJ%iéH%édrE%fE&%”afflnﬁﬂéuéﬁﬂyyngéleéted from the
nospheri c pressure).” Further, fromthe viewpoint of 5
recycling the orga c ; e ahedri BraheRed
(3), it | SThDSR %#égégﬁg%gtﬁgF?H?%l?ﬁg gﬁganongtaf con?
pound repr@gﬁ@%fdapyyioaﬂal@5G¢14aaﬁbmbaﬁnymular(aﬁ unsub-
above, the alk or al kenyl noiety of each of the

al koxy gr ogipi tetéa bt Ysubssobutyhl, cg-shpabghl ghaip;or

10 branched C5-Cl12 al kyl or a straight chain or

branched C4- Gl2.aldeel anExaiPl esagpengastiyerepresents a
or ganonet al conpounds repre sented by fornmula (1)

above i ncl gieleafbkoxyhainconpbradshed Kox¢tit &ahKydh group. a
conpounds and al kyl al koxytin conpounds. 15 Specific
exanpl es ofss0¢h oyginehbyal grompoundstiradghyechain or
tetranmet hoxytin, tetraethoxytin) tetrapropyl oxytin
(and isonebsahhheéoﬂh}Cuetaéb@ﬂyﬂoﬂyppﬁ-(aﬁdaié@ﬁgﬂﬁ aral-
thereof)) tetrapentyloxytin (and isomers thereof)) .

t et r ahexy| Ryt broGandomporises ofeudstipstituted or substi-
tetraheptyl oxytin 20 (and i soners _thereof), £h

t et raoct yl bR§eANCEakdoi 8&Her §0ch&ldyr) selected from the
tetranonyl oxytin (and isomers thereof), .

di met hoxydoEbhDx gORs istdngaed: FEERlahi@in or branched

tetraethoxytitani um tetrapropyl oxytit.ani .
tetrai sopr @Vpéﬁy?' X i&ﬁ% c5J@14 cycloafﬂyl, and
tetrakl8(2-etgggﬁlageéylgfy%tgggnhugl an integer of from 0

to 2, e + £=01to 2, g+ h=20 to 2, each of i

and j is an integer of from 1 to 3, e + £f + 1=

3, and g + h + j = 3.

4, The method according to item 3 above, wherein each

of R? and R* in formula (1) and R® and R' in formula
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25 tetrabenzyl oxytin, dinmethoxydiethoxytin,
di et hoxydi pro 47 pyloxytin (and isoners thereof),
di met hoxydi hexyl oxytin (and isomers thereof),
di met hyl di met hoxytin, dinmethyldiethoxytin,
di met hyl di propyl oxytin (and isomers thereof),
di net hyl di butyl oxytin (and i sonmeezs thereof), 5
di met hyl di pentyl oxytin (and isoners thereof), d
nmet hyl di hexyl oxytin (and isomers thereof), dinmethyld
hept yl pxyihdepandehsbpersptbserbt) an n-butyl group, an iso-
di net hyl di octyl oxytin (and isoners thereof),
di net hyt¥lngnyhpxyai attaheht soheis erepegpyhed C5-C1z alkyl
di met hyl di decyl oxytin (and iso 10 ners thereof),
di but gkoin. dpRreehdkradyhti gheynt PE Braerhedi §¢yC12 alkenyl
di butyltin di propoxide (and i soners thereof),
di but gkbun.di but oxi de (and i sonmers thereof),
di butyltin di pentyl oxide (and isomers thereof),
di butyltin di hexyl oxi de (and isoners thereof),
di butyl tin di heptyl oxi de 15 (and isonmers thereof) ,
di but §}t i nTheceeyhedi aecpafingsbreiseMhdr 8BPye, wherein each
di butyl tin dinonyl oxi de (and ispnmers thereof),
di but 9Et Mn B0 gEeimake dél | addi oAt S “fhérnecﬁ%’{m“la (2)
di butyltin di benzyl oxi de, dibutyltin di phenyl ethoxi de,
di pheR§PEEACREFeBNEXPdBE /i phenyl tin di et hoxi de, di 20
phenyl tin di propoxi de (and isoners thereof), d
phenyl tin di butoxi de (and isoners thereof),
di phepyl tip, di pe lLoxi de_(and Lsoner h , ;
di phofiyl ti AP ﬁ%%%‘é‘x?ﬁ?i‘éﬁagi E3narem, %e%égf%;e) wherein the
di phenylLtin_di he | oxi [ .S qt her i -
di phe]ﬁ)glfif:itﬁvgi 85%%‘8%5%32&%@83%??%%&qt ek 1) 1s pro
di phenyl.ti-ncdi ponyl axi d. s [ .3 ddiyieof ) ,
di phe%‘fs[e?n fgpﬁ-e§§| B¥oRforioxitl Anldd AP T, OO
di phenyl tin di benzyl oxi de, di phenyltin
di phenyl et hoxi de, bis(trifluorobutyl)tin di nethoxide,
bi s(t ki | sREORENbE! R cdireliRgXitdeitem 1 or 2 above, wherein,
bis(trifluorobutyl)tin dipropoxide (and isoners
t her eqh) s#@g R1S(! rhie! BemeRUi birigandnidtaiXidtmband is used
i soners thereof). Exanples of reactive organoneta
conpoyndatr apaetl@nkd FAm Belenited Brdmrmd ax{d)p consisting
above include al koxydi st annoxanes

of a monomeric form, an oligomeric form, a polymeric

form and an associated form.

8. The method according to item 1 or 2 above, wherein,
in step (1), the reactive organometal compound is used
in an amount which is 1/50 to 1 time the stoichiometric

amount relative to the amount of the carbon dioxide.

9. The method according to item 1 or 2 above, wherein
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and ar al kyl oxydi st annoxanes Speci fic exanpl es of such

or ganonet al conpounds i ncl ude

1,1, 3,3-tetranet hyl - 1, 3-di met hoxydi st annoxane,

1,1, 3,3-tetranet hyl -1, 3-di et hoxydi st annoxane,

1,1, 3,3-tetranet hyl - 1, 3-di propyl oxydi st annoxane (and

i soners thereof), 28

1,1,3,3-tetranet hyl -1, 3-di but yl oxydi st annoxane (and

i sonmers thereof),

1, 1, 3 He tetacmneirhyin I513mi pentis memf ereetoxtngl (aRdeT

i soners thereof),

1, 1, hiHeatr anet hyl - 1, 3- di hexyl oxydi st annoxane (and

i sonmers thereof),

1,1, 3,3-tetranet hyl -1, 3-di hept yl oxydi st annoxane (and

i soners thereof)) .
1,1, 3,@B- t @veamstiydd 13@3%F%%Q§]/I169<y%ﬁ%‘?ahn?&a%ea'(’3ﬁa wherein
i sonmers thereof),

1, 1:&hﬁt@ﬂ&@#&ﬁmyinlsgeﬁlhbhy*%x@ﬁ?g?ﬁﬂﬁgxéﬂetbgnaresence
i soners thereof

1,1, PB- Qeqeca?&%r@lcqh%ldvla%‘ekﬂbiyEﬁ‘%tﬁﬁﬂ8x8ﬁe°faﬁ&fferent

i soners thereof

1,1, SEJBQTBe‘EfF%n%%WS’/? 3180hphenssf ok dF5EBN A3 ane)

1,1,3 3-tetranet hyl -1, 3-di phenyl et hoxydi st annoxane,
1,1,3,3-tetrabutyl -1, 3-di net hoxydi st annoxane)

1,1, 3, 3-tetrabu 1, 3-di xydi Hngxggeg bove. wherein,
1,1, 3% -t%ﬁ?dB%{%?d aﬁcarg §y¥gx§ ?stannoxang Cand 10

| soner s ere th eaction mixture
1,1, 31 Q?Pag£%y|FEe SGPBU ?§ﬁoxy8fstaﬁngkane (and iso

mer S nd the second portion is per-
1,1,3 % % ?%abu%rft pgrgﬁggn?yloxydlstannoxane (and

| SO f&% 1 t one separation method selected from
1,1,3 £§r%9§ gutyl %as dlhexylgxydlstannoxane (and iso

mer s g Bﬁg con51stlng of distillation, extraction and
1,1,3 trabutyl -1, 3-di heptyl oxydi st annoxane (and

I Somfiltbsweﬁ) _ _
1,1,3,3-tetrabutyl -1, 3-di octyl oxydi st annoxane (and

i s020 mers thereof),

1,1, 3,3-tetrabutyl -1, 3-di nonyl oxydi st annoxane (and iso

mers ftherent) method according to item 1 or 2 above, wherein,
1,1,3,3-tetrabutyl -1, 3-di decyl oxydi st annoxane (and

i sonens shepeqR), 2he separation of the reaction mixture
1,1,3,3-tetrabutyl -1, 3-di benzyl oxydi st annoxane) 50,

into the first portlon and the second portion 1s per-
formed in the presence of an alcohol which is the same

as or different from the first alcoheol used in step (3).

13. The method according to item 1 or 2 above, wherein
the first alcohol used in step (3} is at least one al-

cohol selected from the group consisting of an alkyl

alcohol having a straight chain or branched C3-Cj12 al-
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3-tetrabutyl -1, 3-di phenyl et hoxydi st annoxane,

, 3-tetraphenyl - 1, 3-di net hoxydi st annoxane) 1, 1;

t raphenyl - 1, 3- di et hoxydi st annoxane,

, 3-tetraphenyl - 1, 3-di propyl oxydi st annoxane (and 5
rs

, 3-

S

3-

e

00""0.)00

wn -

t hereof),
tetraphenyl -1, 3-di but yl @8 di st annoxane (and

mn -

t her eof),
’3’
mefsl t greewni )j gqycloalkyl alcohol having a C5-C12

3, 3-tetraphenyl - 1, 3-di hexyl oxydi st annoxane (and
s nemxcl¢n¢kxﬁ)group an alkenyl alcohol having a straight

, 3, 3-tetraphenyl -1, 3-di hept y] ox dlstannoxane and
rTe‘F]%a’f‘he‘?’ég'?ljaXChed Ca- Clzp d1Redy1 >s£0up, Sa(ah aralkyl

33w””“”'1%%%%Qwﬁ%%$@%ﬁﬁ%%Em-

1

1,

3-

1

0

1,

0

1 tetraphenyl - 1, 3- di pent onydlstannoxane (and
0
1,
0
1
0
1,
some? SCeRR} RAYIng a
1
0
1,
0
1
1
1,
|
1
|
1,
|
1
|
1,
|
1,
|

wn -

wn -

(7200

h§$gb%ﬁ£{€€§§) r subsgig PgéoégdésgaQPQIaQSd(Qﬂﬁyl se-
nglgcégéggggﬁyggg grogﬁdggxggé¥g£§tano§%2§g£%nghain or
: tr b oxyd

2L T R e e L O
3,3-tetrakis(trifluorobutyl)-1,3

ne hoxydlstannoxane

t
%g ahﬁééﬁ %886g§f£¥|%0116e3513 above, wherein the

xydlé?annoxane

- wn -

o o o~

g%r%@tgg ﬁéirhggugrggﬁ%ihb ﬁo%nt which is higher than

p oxy annoxane I Soners thereof))

3

r

’3t§F %fkhg(%5iﬁkugfoaai¥k) Ads3measured under atmos-
ut oX

b I St oxane (and isoners thereof), 5

3 ﬁegggrﬁgégggggtafluorobutyl) 1,3

nE?hoxydlstannoxane)

3,3-tetraki s(pentafluorobutyl)-1,3

et hoxydi st annoxane,

1,1, 3:8-t errakinetpeat attueashygt yb) ited 1@ above, wherein the
-di propyl oxydi stannoxane (and isoners thereof),

1,1, 3e3rket aakbropensakltuaeabtt phe- ldohol selected from the
-dlbutyloxydlstannoxane (and i sonmers thereof),

1, 1, 3gBetipt cakbsgpengablfudrbodayb)l- 1 23methyl- 1- PrOPaDOl an
- di pentyl oxydi st annoxane (and isomers thereof)

1, 1, 3a3kydt paRPBOPehBdiRgoPOBHERIERE, ghain o braHChed C5-
-dlhexylox di stannoxane (and isoners there v) %r ht
3-t et Faki 3LK¥pt SEPUBr 0Bt Wenys alcohol ha lng a straig

- di met hoxydi st annoxane)
1,1, 3cBaiBy P§kP§PH€5‘P§f CéoCapuyiprYls 95gup. a cycloalkyl
-dlethoxydlstannoxa

1, 1, SaécPQPFakﬁgeﬂgpFaFﬁu8ﬂ@bﬁ¥ﬁlfaf3§l group. and an aral-
- di de .

L PRREY, SN KRB CRARERR aof 3b5ep: REqLyr bE8Lb: comprisea of
-d b ce-
Zbovel ﬁéﬁ?%%ﬁ%&%n oS S A SR I Sy, A B

lected from the group consisting of straight chain or

' F‘éfaéﬁdl PR RPRPRPTR TR TR TR TR TR TR TR ORR

Q-

branched C1-C14 alkyl and Cs-Cj4 cycloalkyl.




52 may be used individually or in conbination.

Further, orgnonetal conpounds other than nentioned

above or inorganic netal conpounds may be used in

conbi nation with the above-nentioned reactive

organonet al conpounds. As 5 a reactive organonet al

conmpound, those reactive or ganoggtal conpounds which

are comercially avail able nay be used. Alternatively,
reacti ve organonetal conpounds represented by fornul a

(1) abeve TRy mhethbdambedrhyng eonyeam onak zetbete, wherein
(e.g., a nethod described in 10 Dutch Patent No.

- 66124PR¢ remvhiathodi bheylhitearoindetegn (8l)cdkolperdmepd by

10

15

20

25

4 or nore carbon atons and a solvent ex hibiting an
azeotmepyranthsepdeatape.ni xed together to effect a
reaction, and the resultant is subjected to
distillation, thereby obtaining a fraction containing
a 15 reactive organonetal conpound represented by
f or mula- (1Thaboethodhacabodiéngehdi dhen Dbt ehoPat ewherein the
No. 6612421 describes that this nmethod cannot be
enpl oyedbrapeoenpRphgonnisr garyvarPaRtdéeMpound havi ng
a Cl-C3 al koxy group and that an organonetal conpound
having a 20 G -C3 al koxy group can be obtained from
dibutYItln di chloride and_sodi um al coholate. On the
ot her thandTheymerprey pRgORdBENGE 4E8Br LpeF Pnabove, wherein
Japanese Pat ent l'ication No. 2001- 3963 or
Japan % PareRe! QBEI Bt FBheRo 1n2668P386344 5 PRETOTTSE bY
be ob organonetal 25 conpound represented by
f or mutAS Fi?lég 1P3y froma metal 53 5 10 15 20 25
oxi de and an al cohol. By this nethod, there can be ob
t ai ned an or ganonet al conmpound having a Cl1-C3 al koxy
group, Cﬁ EéigngéQox¥hgr89356Fg 1gégﬂghgn 34 descrlbed in
or ganonet al conpound  hav oXy group can
Obtal&ﬁg affomdibutyltin OX|de nethanol and hexane
nown that, in such a case) nethanol and hexane
forma m nigug bkt bad 8BE0L! Ofe Eleﬂ%ﬁrmhaa RE?3RRs (ex-

i nventors have unexpectedly found that)

net hogiuibeer 8EOYAL AbtWBhEpro8Bshe B@rr ft%ﬁ%eese\a@ inventors
t hough t he net hanol / hexane m xture haS a boiling point

| oweris heRet ABbvet muAt ebneBawed39055B149 )f iFdd PFodEng a
present inventors have devel oped a nethod for

pr oducafigoRcOE§8BeMBINAl ogeMpAUBGuileFranmareaidlion repre-
having a boiling point |lower than that of water. An

or ganmeetad benphanfictbhbatingd fbroaomldi Kat)yl tin oxi de

and an al cohol having a boiling point |ower than that

of water tends to be conprised mainly of an

organonet al conpound represented by formula (2).

However) when it is des93eretdlobtain a | arge anount

of an organonetal confBWRF*%epresented by formula (1),

it can ¢, achirered by*sUbjectipg Rog caere-+nenio oned 3)

or ganonet al conpound conprised mainly of an

or ganonet Rl r&rgpeuitd AR PIRSARIedelYof WdBirated) hy@rocarbon group)
distillation, thereby obtaining a fraction conprising

an organonetal conpound represented by fornula (1).

Alternatlvely, an organonet al conpound
That is, as the conventional methods (exclusive of the

method proposed by the present inventors in the above-
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54 represented by formula (1) can be obtained by

performng a reaction of dialkyltin dichloride and an

al coholate. In the present invention, in connection

with the 5 above-nentioned reactive organonetal

conmpound, the term "regenerabl e netanorphic

or ganonet al conpound derived frdmthe reactive

organomnet al conpound” and the term "unregenerabl e
unreactive (organonetal) conpound derived fromthe

r eac triexet ioyrgesth OHRQ 3 0 Tohpbundthere egrdbe Menyigned a method
respect to these ternms, explanations are given be |ow,

The rignothich or gletordratindmanmed Scdsed Tore Pregaption
invention is an organonetal conpound having in its

nol edubetuire | certatwondrethg -oxbEHEhBoFeaf kel eSY S Tom

the present invention, the term"regenerable neta 15

nor phizeRFegewed Y corpoiormak? i (BH 2PeYVet hewhesein vEne
organonet al conpound" is used to indjicate co ognds

whi ¢ Bl ERFHIT SERB T O yS T EeThCAREBIPD S tPHRduUct system
products formed by the thermal deco os%tion of the thod i
abové“yﬁﬁﬁiﬁﬁm%daaﬂﬂﬁ%?n%?1i95ﬁﬂu%?§pY% TRy Byt hemetnoc in

e 20, oL e, LS O SAPTRL Bl SO s omes
duct s, f d sj |t I ith,t i

REl-DR CS TS LU B AN R ST

det ai | t f ' .

det ol | SHoRpaEL S Bl PORIALLE TRLOTDABMIG mixure

HEtaqﬂgp .frg uce 5‘9g€§§?é§ék§§n@898 oh Bﬂgéfnfﬁﬁ Qesolid

al so nenti oned a y:élr product of the reactive

or gagcﬁé%@:affﬂgoéﬂ&gn@'ﬂdaﬁd hygrolyst 8aPeREY65n0the NBackea

carb oxl de adduct of the reactive organonet al

conpotttumr, Bot e L hgFabeafl vt BEnYy &FAY e UBREOBARE 8Db 1 um
unreac tive (organonetal) conpound derived fromthe

reactiygceL{8RNGYBLEN £6MPRMAEhY (SipstaBLkya" degompedition re-
conmpound”) is used to indicate conpounds which are

unr egeReL &R 6fF Ot g8nesthdY s € oapQuadsunhitatedabygaabonic ester
t hermal degradation 10 of the reactive organonet al
conpavaingntéometihencar boacdi amddetadduct t her eof)

having an extrenely low activ ity. A degraded conpound
(i.e.) unregetieeabtkeunhand, tthe teohnind) centephedf the
mainly in step (3). However, a degraded conpound is
sonetmetsodoofiethenpaeserp ivventipnodecragpliptely different
reacti ve organonetal conpound. As a rep resentative
exanpfeonf thaetdehnidall conpenhdeft hepecenHepsional methods.
nmenti oned a conpound having) per metal atomin a

nol ecul e tHeeeseachionensrionred #Bt khechpbhAd of the pre-
l'i nkages. As an exanpl e of such a conpound, there can_ .

be nefePd iPWABE1GNCHAPBARYCREPY cEBRt 84MBy afhéhe reaction

followi ng fornula (6): .
pergormed in &hé method proposed by the present inven-

tors in the above-mentioned WO03/055840. Before ex-
plaining the method of the present invention, the es-
sence of the method of the above-mentioned WO03/055840

is briefly explained below.
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25 56 R11 k 12IRRMOR 4n (6) R13 m5 wherein: M
represents a netal atomselected from 10 the group
consi sting of elements belonging to Goups 4 and 14 of
the Periodic Table, exclusive of silicon; each of R11,
Rz and R13 i ndependently represents a straight chain
or branched Cl 15 C12 al kyl gro®® a Cg-Cl2 cycl oal kyl
group, a straight chain or branched C2-Cl2 al kenyl

group, a C~-C2p aral kyl group conprised of . )
unlsubst |d ¢ (ieg T Rh &t R A5 IF RaRRP B RyAed 10

sel ecte fromthe group consisting of 20 straight

chain or AR e ECE! FRUHE ) s et BRI 410

or an unsubstituted or_substituted C6-C20._ aryl .

RL4 1EpIRSHRLs SPTRATG AT P de B ek ic g goR Linkage

al kyl group) a C5-Cl1l2 25 cycl.oal kyl gar Stk al ;
chai torase& A3 ARdf Gt aﬁé%ﬁ’%‘?@ﬂ% oéfaéggérbonlc

o R AL FUAEE 48R Pstoptian con-
grou%x%%ﬂflfglg fgcéééa{ghéncgéaftion reaction with carbon

dioxide to form an adduct, followed by a thermal decom-
position reaction of the adduct, to thereby obtain a
reaction mixture containing a carbonic ester (step (1)),

that step (1) is followed by an operation in which
the carbonic ester is separated from the reaction mix-
ture to obtain a residual liqguid (step (2)), and

that step (2) is followed by a reaction of the re-
sidual liguid with an alcohol to thereby obtain a reac-
tion mixture comprising an organometal compound having
a metal-oxygen-carbon linkage and water, followed by
removal of the water from the reaction mixture by dis-
tillation or the like, to thereby obtain the organome-
tal compound, whereupon the obtained organometal com-
pound is recovered (step (3)),

followed by recycling the organometal compound to
step (1) for producing a carbonic ester.

The reactions in step (1) and step (3) of the
method of WO03/055840 are represented by the below-

mentioned formulae (4) and (5), respectively.
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5 or branched C1-Cl14 al kyl and C5-Cl4 cycl oal kyl; and
each of k, 1 and mis an integer of fromO to 4, k + 1
+ m=3or 4, nis an integer of O or 1 ( and k + 1 +
m+ n =4 . 10 Specific exanpl es of degraded conpounds
of forrmula (6) above include tetraal kyltin and
trialkyltin al koxide. Further exahples of degraded
conpounds (unreactive conmpounds) include netal oxides)
such as Sn02, 15 Ti Oz and ZrOz. The degraded conpound
(such as the above-nenti oned conmpound havi ng) per

metal atomin a nolecule thereof, at |east threeynasrmal

met al - carbon |inkages) has physical and chem cal gecomposition

pr ops¥gah&setdnf ferent fromt hosg ofOpheddycefed 20 __.
or gahapetsd conpouite (i «e——the r engariopetay ganon®ta
conpound or the regenerabl e netangeprv@dor ganonet al
compound) . Specifically, .the .degraded conmpound is

di ffﬁ?%‘f)tm?rfaz"%th:e Z%é?sfyl}ﬁeg?aglanonet al conpound mainly

in that" the degraded conpound has a boiling point

| ower 25 than that of the useful organonetal conpound
and is 58 | ess susceptible to hydrolysis than the
useful or ganonetal conpound. Herei nbel ow,

expl anations are given with respect 5 to the al cohols
used L0y hed of th ent_in,verbhtdhethn the

et hééfﬁﬁ%hﬁ&%e@t) "] na\e/lecﬁt;cl%ts)n)‘—a—f‘i‘r slompdw@hol 15 oror
used in step (3). In addition) a second al cohol may

be optionally used in step (1). Further, an 10 al coho
may be optionally used in step (2) (hereinafter, this

al cohol is frequently referred to as a "third a

cohol ™). The first, second and third al cohols may be

the same or different from one another. Exanples of

Thus, the method of W0O03/055840 is a method in
which an organometal compound having a metal-oxygen
-carbon linkage is used mainly as a precursor of a car-
bonic ester, and the organometal compound is subjected
to an addition reaction with carbon dioxide to form an
adduct, followed by a thermal decomposition reaction of
the adduct, to thereby obtain a reaction mixture con-
taining a carbonic ester, whereupon the carbonic ester
is separated from the reaction mixture to obtain a re-
sidual liquid (containing a thermal decomposition prod-
uct of the adduct formed by the addition reaction of
the organometal compound having a metal-oxygen-carbon
linkage with carbon dioxide), followed by an operation

in which the residual liquid is reacted with an alcohol

(4)

(5)
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15 al cohol s include al kyl al cohols having a straight

chain or branched Cl-Cl12 al kyl group, cycl oal kyl

al cohol s having a C5-Cl12 cycl oal kyl group, al kenyl

al cohol s having a straight chain or branched C2-Cl2

al kenyl group) and aral kyl al cohols having a C--C20

aral kyl group com 20 prised of umgubstituted or

substituted C6-Cl g aryl and al kyl selected fromthe

group consisting of straight chain or branched Cl-Cl4

al kyl tanth&betitdreyehenbkyl anSpegahonetadnpbepoofiid having a
t hese al cohols include Cl1-Cl12 aliphatic al cohols and

C5- Clienhleygrygenateobohsliskape25 Hee metdenmetated organome-
et hanol , propanol) 2-propanol, 1-butanol, 59

2- but hadl cémpdungoier secbeerefl) gnd- meckipled- prophrostep of
2-nmet hyl - 2- propanol , cycl obut anol, 1-pentanol, 2

- pentpRoflu¢and asoacbenifeeetey, sngehhanercls- Rt hpese

-1- butanol) 2-nmethyl - 1-butanol, 2-nethyl -2-but anol )
(and Stepsnbssrepeptef) solagetRypPbappt an6RTPAAR4C ester in a
i soners thereof), cycl opentanol,

2- et @gFizedyepeBitanol (and isoners thereof),

3-met hyl - f-cycl obut anol _(and i soners thereof

1- met hyl - 1IeyeteBuf AhoPf (Eh8 W%Bh@FSOFhEPQB(}§584O' at least
cycl obut yl met hanol (and i soners there

of)% 1-hexano|Lt a

10 - hexBRABE PEnENEsBREPROTALALFPMPSVREXGATIEaRd™et2

i th f), 4-gethyl-1-pent | d._i
A L T R o

2-methyl -1 _-pent angl d,i t i
2. ot nyPrRoBhEan) oaothE HBEBEcRPARoFSpkRy FhgnERaCtion
theregt), 3 |-3.15 - | i

tnor R EuBGCPBREX ARG 1n1 PERBT RN D20TRRRERRRE o7 g

| SOmegs, ZSE%Q??jm%y"HEtﬁék'%b%yﬁbﬂEﬁﬁhaﬁokeﬁaﬁ@al part of

i sonmers ereo -CcycC utyl et hanol (and isoners

thereeﬁé’?%§Fﬁ¥ﬁkg%§tﬁbﬁbeﬁﬁﬁlhﬁ%ﬂﬂgi%Pﬁ%&%ltgﬂyﬁéaﬂcarbon

(1 20 -ne cyc utyl ) net hanol (and isoners

theregf hxafé wdBENYhCKEEBDYLYl) NEiBaNOhrtaRdcbmpBESON of

t hereof ), heptanol (and isomers thereof),

cycl ogexyl peyharoknheamnd thsamers wohar/eskBao, at least a part
(et hyl cycl ohexyl ) net hanol (and isonmers thereof),

cycl obexyhet bagahofmatdli sofoandh@aeih), a2metal-oxygen

(et hyl cycl obutyl ) met hanol (and isonmers thereof)) (ne

60 t hykbaybbaprapybpet hanebniamnd eids dmeos at Hdvreewfa)l, decomposi-
(et hyl cycl opropyl ) net hanol (and isomers thereof),

oct anthofapdodsoneps hiydredfy)sisneradolct( di¢riesdn@msl, hence,
t hereof ), decanol (and isoners thereof), undecano

(and tbeneesiBueheidgh)id dbdedaed ifamdepsddr $£f the method
thereof), propenyl alcohol, butenyl alcohol (and

i someps WROBLOLPB4pemaany Fagomelt Camdgidopemesidual part

t hereof), cycl opentenol (and isoners thereof),

cycl opénthei emgangmediadl CoR@RIRE hexddg Sometal-oxygen

t hereof) and cycl ohexenol (and isoners
-carbon linkage used in step (1). Anyway, an organome-

tal compound having a metal-oxygen-carbon linkage is
regenerated (resynthesized) before completion of step

{3) of the method of WO03/055840.
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10 thereof); and aral kyl al cohols, such as benzyl

al cohol and phenyl et hyl al cohol. Further, as the

first, second and third al cohol s) pol yhydric al cohols

may be used. Exanpl es of pol yhydric al cohols include

pol yhydric Cl-Cl12 aliphatic alco 15 hols and

pol yhydric C5-Cl12 alicyclic al cohsls, such as ethyl ene

gl ycol) 1, 3-propanediol, 1, 2-propanediol,

cycl ohexanedi ol and cycl opent anedi ol ; and aral kyl

al cohol s) Imcthascheveshidnakt hehbbdsAnehggt hbe equilibrium
above-nenti oned al cohols) preferred are 20 d-Cg

pri margactisecofidbhg fionohydr (8)abboMel stheuehtaze reaction
met hanol, ethanol, propanol, 2-propanol, 1-butanol, 2
-butah@lh@éﬁdunéﬁneegu%hébﬁéﬂw ZBYE§¢®¢rqsbrob%nbh§ mpethod
- et hyl - 2- propanol , cyclobutanol, 1-pentanol, 2
-pent@ﬁoth?aEEeVS@ﬁﬁrEnFﬁéﬁé@ﬂ))tBEp@ﬁPéﬁéPrlgmnﬁﬁﬁ?Flon of
25 -1-butanol) 2-nethyl-1-butanol, 2-nethyl-2-butano

(and the1fesmudas(Ehepbevy, cgnnkehpffechivary dixided into
i somers thereof), cyclopentano

2- et FYRSECBYEVBLTEEARLEOPANHRAEENERAR Pﬁeﬁé&F}Y controlled,
3-net hyl - 1- cycl obut anol  (and isoners th

1- rretw%r&bxyﬁ%%aam l%aﬁﬂsﬁé&lr@r $o ﬁgFéSflfnt%Y produce a
cycl ob | met hano rs ano
“hexanBrieRLy ?§Bﬁ£r§ﬂfﬁ8r§8P?ra lﬁgx§%8|°e§ﬁ8“ﬁ§oﬁ§F§r and

t her eof

et h‘e}#i SERPanEPe ERAC EQ%P&%Q‘%&%?%@# ?ﬁfl il step
BB pEShe! @anopa(agghgggkngagpéy FpRdeadd cal ve

Pén

3- met ¥£f§r gﬁniﬁnghﬁygggehég”BESwEQEEEOfin step (2) of the

cyclo exanol cycl opentanol (and 1soners

thereﬂé%ﬂo& ofﬁﬁaﬁb/éSQﬁQbODQnE@QQEsEaQ@ab%QE%r%f a carbonic
thereof), 2 -cyclobutyiethanol (and isomers thereof),

1 15 sgyelohHaYbehBanehetARd BeeBRDSsiRebRObrodukts can be
- met hyl cycl obut yl ) met hanol (and isonmers thereof), (2

- met hyteyehebat y) BBpA2AGL ngaRd cagiRliE elkeegoflom the reac-
hept anol (and isonmers thereof), cycl ohexyl nethano

(and tsefemsxtiieeecof In EHBbhYBGYelEOREEY Mettiddard WOrE) 055840,
iso 20 ners thereof)) cycl ohexyl ethanol (and isoners

t her eaf}er( ehbykeyeheakutybhnetthanobrgandmetateceompound hav-

t hereof), (nethylcyclopropyl)ethanol (and isoners

t her ebhy, a(mehylepgiygpneppirpoet Adndlageandhies omgasiometal com-
thereof), octanol (and isoners thereof) and hexenol;

and (po@gdpecanaby vecRSegsedoyargmavdnigy waglegohoFyrther, in
such as benzyl al cohol . 62 Anong t he above-nenti oned

al coheash abep pfetbﬁr@@tapé e WRI0RY/0 5518d0holtde peration
cycl oal kyl al cohol's, the al kenyl al cohols and the
aralk?PnéFEéﬁéﬁscaﬂhbéheﬁ&VéYaOEGPMHﬁGGp@WhPPm%ﬂﬂﬁlatelY em-
than that of water gmhereln the 5 b0|I|ng point is
neasUuPeBYiREePORVRBSPRBALC tECcEEdGues of Themical synthesis,

such as cooling, heating, stirring, pressurizing,
decompression and separation.
As mentioned above, the method of the present in-

vention has been completed as a result of the extensive
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Exanpl es of such al cohol s include 1-butanol, 2-nethyl
-1-propanol, an al kyl alcohol having a straight chain

or branched CS-Cl12 al kyl group) an al kenyl al coho

havi ng a straight chain or branched Cg-Cl2 al kenyl

group, 10 a cycl oal kyl al cohol having a CS-Cl12

cycl oal kyl group and an aral kyl 2 cohol having a

C~-C2p aral kyl group conprised of unsubstituted or
substituted C6-C19 aryl and al kyl selected fromthe ]

gr oupreh rigi ten sy eofs Widis yHox Hapr oring divhaaboie gpgntioned
al kyl and CS-Cl4 15 cycl oal kyl. Anong t hese alpohols;

nost mrtdfest b rorsedltay | the @R enhalt vRp BB r B gHP03/055840.
chain or branched CSCg al kyl group. Hereinbel ow,

expl df ingihad ©fyiRRds /AP 140 RITRY & RTANEPsHR Ppat an
the reactive organonetal conpound and 20 the degraded
conpoReIRNeRARL & MGG VTR FarRite bRl FYRpoRtatl-e-. 2

conmpounds whi ch are) respectively, represented b
f or mAe#r3A[a FRNRNd hriTRd deil R AP ST efally ac-

unr egener abl e unreacti ve conpound) can he anal yz by)

for &upates pkh dhe Rpagt |%é$t%gn2&ﬂ‘"@"ﬁé§oreﬁ%% prob-

(l1'i ssn-NMR) spectroscop see) 3 for, ex e, U S

bat orhSGEATs 5 00N SBRERI3Y | T T UIGE i the” Bresent

spectru a chem cal shift value ascrihed t - _

st r ucttFE 5¥°% he C6P§ARomer al® e SHFSTINE S ggr é’gogﬁ{bgldl%yls sus

formula (1) largel v vari ' f qﬁgﬂﬂ% ,

on the R r:'g%l% otn%?tgrfé/%%{p o‘ﬁ%%g%%%%l?g%f t%lrﬁhée sanp eg' u‘"?‘ee an

for 1% ddSide IR A YRd Syich Ol d Moo & 8560818 recyclea,
=010 an &l co ? h

absenc I'n the sanple used for the

IISsntﬂa#V?@g@é Si Ssydteh et €aind & SmPkeheErof shakctive or-

the an sis of the organonmetal conpound is perfornmed
by a qEidpdid dbnpdlicd LhE€ £ 0bPFaibifé €Al SBEPSLLE having

resonance (1H NMR) spectroscopy and the carbon-13

nucl eaf dRER&hd by I eswnadeevi 483G NWR) , speeégoneoap1ar nreac-
used in conmbination with the Ilssn-NVR spectroscopy.

Tabl et flvdedoyasdansal | sompdbit dabrich exaapliegralied com-
chem cal shift values as 15 cribed to the structure of

a reasdunvd) pryereinl thonpathd o£ptiesenteegéyefabhul anreac-
(1), which is produced from 2-ethyl -1-hexanol and

di buttyltée nooganiene fabl eoRpehdwcshbing &ttive NVRgdnpmetal

of exanples of chemi cal shift values ascribed to the

st r uctempowid agreduattyl cecpoandlaoge¢i . fherefore, for a
unr egener abl e unreactive organonetal conpound)

r epr eskaib kel pyoduehivn ¢6)2 ¢ArPPRiC| §SRERWRLENAPt NEFESsary
t he degraded compound, the chem cal shift val ue
ascripeccentimeoustyicferd af frashdegrhi®¥y ebRpBOMgtal com-
does not depend very nmuch on the degraded conpound )

cont PRUDE OF hEa¥Apteriddqtherephedprring. reactlon.
analysis{ but .64 mainly on_the t pe; of aIE | . roups . .
and atkoXge gt b&pd coht EhReBTPRUERECDefF aBeB2E ﬁﬁ& n§ster trom

Th har [ [ . . X
€ Ccaarggltlecriig;:ige and an alcohol, it is difficult to sepa-

rate a degraded compound (derived from the organometal
compound) formed during the reaction. Although some

prior art documents concerning such method describe the
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feature of the lissn-NVR chart of the degraded

conpound resides in that signals ascribed to the

structure of 5 the degraded conpound appear in the

range of fromb 90 to 110 ppm Table 1 10 Contents of

an organonetal conmpound of fornula (1) having a

2- et hyl hexyl oxy group in sanple %olutions, and

1'sSn- NVR chemi cal shift val ues obtained with respect

to the sanple solutions 15 iissn-NVR dataO ganonet al
conpawari clontaht ti{eworg@hometal shmpoundl uthé¢ge has been no
ppm 48. 0- 64. 220. 5-19. 111. 2-6.63.42. 7 Note: The

chenmaivesti fanad| teshiijuerkoy erempveng oth@afdegfaded com-
tetramethyltin (SnMed4). The organonetal conpound

cont gaMund (derikg Ghirgerteatepeaione byl oroppeund) from the
organonet al conpound in deuterated chl oroform (CDC13).

65 TAHacHiqn sSEMR clnitéd odfie hantdesitodits fégeld of

W th respect_to the sanple solutions containing a 5

degr ddt REAPRNPT PF e FREICHIC f 8 REF alPefhewAreRenpce of a
a tributyl netal conpound iissn-NVR data Al koxy grou .
(OR) GRIN L) teatalest g HoRgHRPRORFS gP%%‘bl@@%?ﬁbE?d in

groupl02n- hexyl oxy ro%gloo %Pte: The, chem cal sh'f%

Val uGEE) BRATRIST| VRS 15 T Y RENOY L 8L DAL HgFE FoT the

(Vi 24 ot BEAs 2 ERCRoELEPeRlet e EpREN out

give%g%% the reaction system and a fresh catalyst is fed in
an amount which corresponds to the amount of the cata-
lyst having lost its catalyst activity. Howewver, this
method poses a problem in that, for taking out the de-
activated catalyst, it is necessary to take out a part
of the active catalyst in an amount which is several
times or dozens of times the amount ¢of the deactivated
catalyst. Therefore, when a reaction is performed by
using this method in the presence of an expensive cata-
lyst, the production cost becomes very high. Thus, it
is virtually impossible to practice this method on a
commercial scale. Accerdingly, in this conventional
method, when a catalyst is recycled, it is important to
selectively remove the degraded compound from the reac-
tion system. As a result of their extensive and inten-

sive studies, the present inventors have found that the

degraded compound has physical properties (such as the
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low. In step (1) of the nmethod of the present

invention, 5 10 15 20 a reaction is perforned between

a first organonetal conmpound m xture and carbon

di oxi de, wherein the first organonetal conpound

m xture conprises a mxture of a reactive organonet al
conpound having in its nolecul esgt | east two

net al - oxygen-car bon | i nkages and an unregenerabl e
unreacti ve conpound which is derived fromthe reactive

or gaengtialg eemnaurthdérttheMphotsikad igtattes, mpleculBratsolid
| east three netal -carbon |inkages, to thereby obtain a

r eactficgmm mixx ttiwee 1dgntial rfogp Ja anal ledveind eslt ey dperteice dy( such
the reaction) the unregenerabl e unreactive conpound)

and & dgsiredyizad ifsttanomitiich emgaddifidieaterdorffoundthose of
derived fromthe reactive organonetal conpound. Step

(1) dhe hsefatlhodasnanet s enmpoundser(tl on i ivoreagtive or-
reaction route in which a carbon di oxi de adduct of a

r eac tdapemstgdn G unch iAFcl ifd TeBeneFamle me Re@Rie or-
at |least two netal -oxygen-carbon |inkages is forned,

and tgFeonedadt Wm?éﬂ"q%s t Recpdl P} &§BdSnpdsednge the pre-
obtain a carbonic ester. That is, in the reaction .
rout et STFSTEPTS BABo PG R it aRFTTH: bohtRigt1on -

to a reactive aqrganongtal conpound to fo,rrﬂan adduct

Cc
and %10 151 ted HE amMSFIRL dih 08D 31 i gaRpmetat
fromthe 7 5 1Q 15 20 25 conventj onal., nmet hods, . st .
(1) " ST g B RARE S e, s et tiE P with-
char agterized i n hat 2, Qraanonetal commound, faviderivea
in its Woreed®e a1 edstPtwo Fethl -goxygen-car on

i nk 145, T t j t S| t Qi chi tric anount

o;‘ cg%%gnnlt?ﬁeoxi %gq%%& t%egaaconveén l?&%ﬁrrﬁ%’od;) cargon

di oxi de ungler »a ol ¥ A3 e dstrft® Akt tidd A a methoa

al cohol in the presence o small anmount of a net al

cat aleyst AR X HTR B n Y B GAN N ndBikO s tep of :
there can be nentloned a nethod in which carbon

di oxi de i § 1eRelreb ity ML dr BdtQidtresenear s or-

di butyltin di met hoxi de (see Pol yhedron, Vol. 19, pages

573- Y& dm23RQ) Joongburdte neioiMary |Gl cdwddw i TesTde Pethe
inthis literature) carbon dioxide under a pressure of

aboutf 133 HVRa gah dnted 16 b omplduri® inliattnireatcdnle G img tdemixture
presence of several mllinoles of dibutyltin

di netdford deacHieree asiaranmird]l afongardoh hwingleinsits mole-
in the reaction is not described in the abovenenti oned

lit ercatler @t Hesstertwa tmetsalconsigey-abtan | lioviergés and an
the partial pressure of nethanol is subtracted, the

ano u mn 1Efg egveriadoil ed i wi efec tuiserd Gampdving edeigloni shdeirtved from
be as large as at |east 100 tinmes the stoichionetric
amourithier glegdbiare ongrnaimt st drapthonki@r has in its
conpound havi ng a netal - oxygen- carbon |inkage. By

achi 8Alf5ulite adb draste i kifedati i gy reinkages,

conditions, the equilibriumis forcibly di SLP| aced L
toward a To thereby obtain a reaction ‘mixture containing a

carbonic ester formed by the reaction, the unregener-
able unreactive compound, and a regenerable metamorphic

organometal compound derived from the reactive or-
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68 carbonic ester, so that a carbonic ester can be

produced in a yield which is higher than expected from

t he amount of the catal yst. However, by the reaction

of carbon dioxide with nethanol, free water is also

pro s duced, thus posing a serious problemin that the

cata lyst is hydrolyzed by the fgrge water. For solving

this problem it is necessary to develop a nmethod for
dehydrating the reaction system In the
abovegaRohkeaedcbinpenatiure, it is described that,

under the above 10 -nentioned reaction condltlons

di butyl ti n(@xi g§epasapingduerd asaathydr plisiuzepiatuch first
of dibutyltin dinethoxide and remains in the reaction

syst eporDibnt ¥bhtainxhgdethannarbbaidi esekyedndn the unregen-
sol vent at roomtenperature; however, in the nethod of

t he peeapbé unveattong dbmpwandyhandt heseeaadd portion con-
m xture after conpletion of step (1) is cooled to room
tenpetaluieg the regetevabhexnatamgepdial bygaeometrsali wom-
the formof a liquid. In this respect) the reaction

used pounféle am@éhod of the present invention differs
fromthe reaction used in the above 20 -nenti oned
convent i onéd ) neehotiing whécheaondr gersionnpfotheariggstion
di oxide is used. In the case of the conventiona

met hoBixtheereathi anfiystemlnabod Kpghozlr Bosegiond @& ganome-
concentration and) hence, the reaction is necessarily
perfoFﬂ%dCQﬂH@Pnﬁl@hX29r9r6§§uWét66n§P@|6ﬁ§°V1n9 the water
Therefore) when the_reaction mx 69 ture containin

t he prﬂﬂcEHecﬁ?ﬁ%ﬂ?c°€§?89m9§a9aEQWPBHPdfP&EFFH@ the
react or é S necessary to F Iarge anmount _of

car boR®GPBR| AEIRPORPEAL FRTRPY b@#&F& aﬁPH@r&ﬁﬁnﬁhé
reacti on m xtuge. Such nece33|t§ B % $ B rob d?%F
only Th*tHEe & |3r§%a8ﬁﬁvﬁt°5?a a66Ad 8?P88W avi%g 1n

wasted, but.a

I d .
the. phroib18rils' Brolthar bupim Su'r,”;og:?gg L0859 1 ncages
car bog, g gzglgsrgsgggsgbmscsgi«gsxtg% c%ﬁ.?,%%n A hALEE 5o

anmount  of ener IS consune he repressurization

10 Of%éPEK&&rPfﬁmdtﬂé'ﬁéa HGEhSEgathEQ%lC%%%@thﬁpgnd

met ho e followm ng pro emis also likely to occur

It i sykpeMmmhlal) ﬂ@gnm5m@cﬁﬁéchhoﬂe§¥%t%Ek@@ﬁmét@lg%arbon
carbon di oxi de concentration, the density of the

carbonlﬁkageﬂélﬂsélb@yeanleﬁﬁgaﬁaﬁioﬁo1§hgavbhequth@spect
di oxi de 15 di ssolves not only a solvent and a catal yst

but atsothéecpnpdusad GaERAORNKC tAS! RethblAebEb HeOpHeR@nt in-
a reaction m xture conprised of a honbgeneous m xture

of carbobichoxi de, the solvent, the catal yst and the
produced carbonic ester. \Wen the reaction mxture
(honobgenebmisspn x) ubE) the methed bd dhieaipresdntguirdrention,
reaction mxture, the liquid reaction m xture contains

car boa deaxtireei nrghsohetailotompqund tavbow @ aetdl-oxygen
Thus) it is extrenely difficult to separate the

pr oducedreen bbhinkaget 85 fised.t HEhe enedcbhvel grgapometal com-

pound used in step (1) of the method of the present in-
vention has in its meolecule at least two metal-oxygen

-carbon linkages. As an example of such organometal
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70 it is preferred that carbon dioxide is used in an
anmount which is 1 to 50 tinmes, nore advantageously 1

to 20 tines, as large as the stoichionetric anmount
relative to the amount of the reactive organoneta

compound 5 having in its nolecul gyat |east two

net al - oxygen-car bon | i nkages. Wen t he anount of

carbon dioxide is large) the reaction becones a high

pr essesfps€RE! | BRers OchRabe Rén PIbNe§08Srbhc PEFEBrganometal
necessary to use a reactor having high pressure

resi s¢GgGUn@UhaM $§ at| PELEt AIPYNLIRE=PT gB3HPON It is pre-
di oxi de 1s wasted during purging of unreacted carbon

di oxi tlereéd ethaprphet roaceivst @bgddome thEr €bMpSundit uk&d in
still nore preferred that carbon dioxide is used in an
amounsteyi €h) | SorptDsdd 4t NBsast bvé g€omBothe selected from
stoichionetric anmount relative to the amount of the re

15 acthe egoog@noses bsttogpesind. I n ot her words, in

step (1)) it is preferred that the reactive

or ganomnet a&n canggpoemEtal cregebund arcpmeseritediich tlse formula
1/50 to 1 tinme, nore advantageously 1/20 to 1 time, as

| ar ge( Bk: t he stoichionmetric amount relative to the

anount of carbon 20 dioxide. In the present invention,

a carbon di oxi de adduct of the reactive organonet al
conmpound having in its nolecule at |east two

nmet al - oxygen-car bon | i nkages can be easily obtai ned by
contacting the reactive organonetal conpound wth

carbon di oxi de. \Wen the reaqcﬁﬁﬂaion tenperature is
roomtenperature (20 C)) the dar 71 bon di oxi de

adduct is exothernicall 1pL9_§©ogg_l@a/R on tacting tie
reacti ve organonetal cormnpéun mﬁt# ream of carbon

di oxi de havi ng at nospheric prégsure. In this case) the
carbon di oxi de adduct can be Bbpained in a 5 yield of

al nost 100% I n accordance wth the eleva tion of the
reacti on tenperature, the anount of the carbon dioxide
adduct produced becones | owered; however) even when

the reaction tenperature is high, the lowering of the
amount of the carbon di oxi de adduct can be 10

suppr essewHyreciond acti ng the reactive organonetal com
pound wi th carbon di oxi de having a high pressure. In

step (1), whEh tépresentéve méganoarsml s€DePoEAdErsm the
contacted wth carbon dioxide having a high pressure)

it 1s diffdmuin conglgtteing g tdiemmmmountbalforiding atd dkiroups
15 di oxi de adduct produced; however, it is preferred

that the rled@ntd ot off tiHee rReasitddiec dtajalmomesed LoD uril

wi th carbon dioxide is performed under a desired

pressure, Sdep€i®iiing on the rate at which the carbonic
ester is produced and,on the, anount of the carbonic

ester pro 2028GRe8f Fhear@aRi iiggnendantely sreprasenty a
from at nos_pheri.c pressure to 20 It is preferred
that ¢ he. SEARGH ALY AFb g Rt C ot o h SA e
(1) is 10Q, ~ or |ess, re advant ageously, 50 ~ .or.

| ebs. “basSis S 2 KO AT bR TR S G iR =

the anDun%fghched C2-Cj1p alkenyl group, a Cy-Chyp aralkyl

group comprised of unsubstituted or substituted



25 the reactive organonetal conpound. The reason for
this 72 is as follows. The reactive organonetal
compound used in the nethod of the present invention
is nore susceptible to hydrolysis than the carbonic
ester produced. Therefore, when the carbonic ester is
obtained in an 5 anount which is4100 ~ or |ess,
preferably 50 ~ or |ess, based on the stoichionetric
amount relative to the anmount of the reactive
or ganonet &g coppornyl awrdecalkhl chelsctéfefyomothe group
hydrol yze the produced carbonic ester does
advant agectetgigbingcetirstraigiet reheinoprnbxanohedre1-Ciq
On the other hand, in the case of the conventiona
met hods, thEEYEakd ob5 761 peeYotoRbKED, t AHL aRhBNgHBERLtuted
of the carbonic ester produced is npre than 100 ~)
based on t9e SEbFEhteked rfe-GrouRtYtedHPTRE to the
anmount of the reactivg organgnetal conpound. As a 15

5 result, in tkeeckasoE gheé Boniedebendénhdyhoepreshpts a
generation of free water which is likely to hidrol ze

the productFEbybbnratief Bﬁé%gh%ds%1¥8hg BtbBlefFoup. a
For preventing the oduced carboni c ester om bein
yr ol yrodss 117 CYELERUEFD $E50R0 & SErouwht ! Fhesber
20 to th t { f th t]
'n the preUEReed Y Tergdt BEPREL SgERVE” WRBr 81 (Ra0 aral-
dehydrati t | ect f th .
consi 1 ngBE “SPUR, STRRT R Agth SORPERE] ERBReoT substi-
tibl ' han,t i

10 o Ganonet o St Y iy B BRRREIER P ren ram the
havi hi < ;
donyarati rr S o RLEG Bg ot Ve rmaldnt Eatlof bFpnenea
a_compl | cai et 5] epyks) NGRECS, - Ol BY&9oh M Iat ahie
dehydrating agent is expensive.  Therefore, the

conventional (ERHNQAES SNAKE BOL DN RIAJLLCHE YerR D to 2,
pl oyed as a nmethod for producing a carbonic ester on a

commer Ci ala scahe= BYyt&0R! réstn bf thEnde@CiL08n @HtBger of
of step (1) of the nethod of the present invention,
15 the main reashi @Ntd S42 segoapeshtios £eacti on angwhi ch
a carbon di oxi de adduct of the reactive organonetal
com 10 poudrtl dwyamemetal t Sompbecd! Peptebensédtv® the formula
net al - oxygen -carbon |linkages is thermally deconposed
to obtain a carbonic ester. The thermal deconposition
reaction is perforned at a tenperature in the range of
from20 to 300 C. In step (1) of the nethod of the
present in 15 vention, an al cohol exchange reaction or
an ester ex change reacgﬁgﬁ_n&y €@ perfornmed together
wi th the above-nentione e&onpogihion reaction.
Specifically) for eganplkg when step (;1) is performed
in the presence ofRasedbnd-@rcdfiotRag al cohol (2)
exchange reaction oc 20 purs bet¢een an oxygen-carbon
| i nkage of the second aIRQ:fohoI ng@gklé?g‘ oxygen- car bon
I i nkage of the reactive organonetal Conpound having in
its nmol ecule at | east two netal -oxygen-carbon
| i nkages) so that a carbonic ester corresponding to
the second .al cohol can be obtained. 25 Alternatively,

20 after the WHiTRt®bn of a carbonic ester,

each of M° and M’ independently represents a
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74 a second al cohol may be added to the reaction

systemto performan ester exchange reaction, thereby
obt ai ni ng anot her carboni c ester corresponding to the
second al cohol. 5 Wth respect to step (1), nore

detai |l ed expl anations are given bel ow. The studies by

the present inventors have showngshat, in step (1)) a
carbonic ester is obtained by the reaction between the
reacti ve organonetal conpound and 10 carbon di oxi de.

Ther ef or e)mé bel useomf s@lseceondE bbitokive ghodpepPordisting of
optional. However, fromthe viewpoi nt of producing a

car boni ¢ eslenents hbghoygEhgl, to tGroups ed ean@dly cofiseha Pe-
second al cohol in step (1). The reason for this is as
fol l ows. TheodiherTableeceanpbssivenct edblhctnon in step

(1) has a reverse reaction. Wen a sec and al cohol is
added to theeae@cbﬁbﬂSSnyenR7iandsRﬁxrndﬁﬂdnﬂdﬂtmy repre-
anot her equilibriumreaction additionally occurs

bet ween t HEEREE hdS BF2bfet ahrgiin ehephanciied ohpoSizi dhkyl
product other than the carbonic ester) thereby 20

i mprovi ng 9B & FHC1hETRPoHTEL SR - TheSErAght
tion of a second al cohol for inproving the yield of

the carborf2ER1F Prarchedi G111 EReRYL FhRewPt ne C7-C2o
reactive organonetal conpound is_conprised nainly_ of

an or ganorft & EbroeimR FUPRELER RF Y Fieh bl Buteg . opnsub-
the 25 ot her, t he reactive organo

hand t al
conpound isstltlgne%o%\g—?@%%aa% 52 %% o?%g%%ﬁ%‘?a rom the
d ted, by, f | 1 th ilibri
of Tt heTD FRUHHLIRT oTF reset 19ht | Shath oF hEpicnea
bi dt th t t '
5568 L0 o1 LUl BleTL KL EDER, B el
0 some casesvaddie ot chh ol ile.£DLE £ ETLAPO!

be further inproved by the addition secon

al cohol . We e_.s$econ | gohal ' I
amount of wa?gkg P%e%ying %f ?ﬁgﬁggéggﬂﬁgﬁggﬁéggéigntS a
| overed. Therefgie, chdin SoPrefiseds 10, 1ha dhey A@sdtp, a

of water contained in the second al co %ol I's not nore

than 0.1 tG4vEs,, BfELesMNL ageaws) Ya ot radgiet tdgaig.
tinmes, as large as the stoichionetric anount relative

to the amuudnated he, +@pLta Mee0F D aguodnEd Al o€ CAPDIHTL aral-
When the reaction in step (1) is per 15 forned using

an or ganongtial graig atbiib i B4 & Seh etk utys £ DF ié @ 4 ) sulfsti-
car bon di oxi de adduct of the organonetal conpound

repr esent édhtind fQg +1id @ 41yl i and hekknl | e Hecoad obealn t the
produce a carbonic ester. It is well known that a

car boni ¢ eptoerp icompssiuteyl df o zagherclodin her 20ranched

or ganonet al conpound represented by fornmula (1) ésee
C1-Ci4 alkyl and Cg-Cj4 cycloalkyl; an

each of e, £, g and h is an integer of from 0
to 2, e + £ =0 to 2, g+ h=20 to 2, each of i
and j 1s an integer of from 1 to 3, e + £ + 1 =

3, and g + h + j = 3.
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ECO | NDUSTRY) Vol . 6, No. 6) pages 11-18 (2001)). In

the conventional nethod described in this literature,

a carbonic ester as well as dibutyltin oxide is

produced froma di ner of the organonetal conpound
represented by 25 fornula (1), wherein the anount of

t he carbonic ester 76 producedgyizs two nol ecul es per

nol ecul e of the diner of the organonetal conmpound. The
present inventors have nade extensive and intensive

studi es onThBertetfaticorableamenthone@ 88t-eH nf HEMaAN pre-
organonetal conpound. As a 5 result, it has

sur pr ssragky haesh&ouURAChATh tehieatd odR1bon idin0xfd®ure and
adduct of a diner of the organonetal conpound

r epr edppieddbghémi sikg ) ( hpmeacibheniel kysteaonnesed). a
carbonic ester is swiftly elimnated wherein the

anount of Thetbaribebhodeefethel presahedinseatdohQ the above-
nol ecul e per nol ecul e of the carbon di oxi de adduct, so

t hat mendigasdnerghnovapelndomppuesensedseyd fior mil deast one
(2) and/or a carbon di oxi de adduct thereof can be

obt ai fiegm salepredciseh 4Hdi groppotoasiattdogolofi & monomeric
necessary. Step (2) may be performed i mmedi ately after

t her e£QFB. 18N 0Bl apAeeraccipboni & polymezid formeasd an asso-
one conpound se |lected fromthe group consisting of an

or ganthetaf €8FPpound represented by formula (2) and a
carbon di oxi de addugt thereof. Alternatively, step (2)

may be per¥afheef Mt ekn atharpevrrorertal fempoppfcFepresented
produced_from 20 tPe obt ai ned osganonei al conpound

r epr eRENEREMBY21 bt ) nfRAVE2RnEnl/ o?RE R GHt s PRIERRREtal
or of cF PRRO VR TeREC TRt e bYoPBERONE: AP ) c BhpUEndTgesgnaent iy
trom The GreliEeos AERal e hR b TBRsaRoREER: tRanpaNgs oon-
(3 Fro VB 2Lk Fements BeRBHbEla Lo PrOURR"A! Shald of the

reaCtﬁéfi@§ﬂ@n@§§i@! &ngﬂgﬂgeugggiig%égﬁp (%%)iglfp?gerred

or ganonet al~ conpound represente rmul’ a

stillerDf e RERT S TRY, Rl DR aCH Y@ +QnIANUIELA ected
I ™% nore 5%

conmpound used in step (1) contains 5 nol % or

an orgediemenal g£oRposeds L spiRgented PYthRiOM! atbh) . a tin
wherei n the anount of the organonetal conpound is

expr estsafl amd terfProbnite atodt Mo e &idh®Mnt of the
contained in the organonetal conpound. A solvent for
t he rsebibi/E of gomoaed ate 800U wbtR0aR5alcohol, it is
more preferred that each of Ml, M® and M° is @& tin atom.
Examples of R' and R? in the organometal compound

6, R’ and R8

represented by formula (1) above and R°, R
in the organometal compound represented by formula (2)
above include C;-Cj3; alkyl groups {which are aliphatic
hydrocarbon groups) and Cg-Cj, cycloalkyl groups (which

are alicyclic hydrocarbon groups), such as a methyl
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may be used in step (1). The reactive organonet al
conpound used in the present invention is generally in
the formof a liquid. However, in sonme cases, the
reactive organonmetal conpound is in the formof a
solid. Further, there is a case where the reactive
organonetal conpound turns into ggsolid formwhen the
reacti ve organonetal conmpound beconmes a carbon di oxi de
adduct thereof in step (1). Even when the reactive

or gan@reidl, GANMRANA igrdup ! he 1R 10fgrd P! idh B butyl group

carboni c ester can be produced in step (1). However,

the fl{uindi tiysonfeshaHearaifi e &W@I&Ju;ﬁqmrﬂsd@rs
soneti nmes i nportant when the carbonic ester is

cont i thexslof )pr edpeerty IFuddwgy )( 4@ iistedd Nhéd A AL & hexyl
of the reaction between the reactive organonetal
conpogmdugnd acal Heomerss thiewdods),, id hHeptyQATRiHd®S (and iso-
preferred that the reactive organonetal conpound is in

t he f memsofthereicfi)i,d.an mchydh grasys,( siced scilermytHreocf), a
perfornmed using a solvent for the reactive organonet al
conpoedy IAgreuso|(eadt 1isenehesy dheaedfd .usedeaylalgmhyg (and
havi ng the sanme organic group as in the carbonic ester

pr odudEgmenst dhwaeiofdl.y anamndenytl gaiowent( agsn isae e

used. Exanples of inert solvents include hydrocarbons

and eFH@F@Ofgpeé‘l fodesyadmsiresrof( anfe ds onerge fiereof), a 2-
|ncluﬂe CS-Czo saturated hydro 10 carbons, such as

pent aR¥! eﬂ@%aﬁgou@ycPoﬁ&ﬁ%ﬂPUQQaﬁﬂaﬂEOU@bt@héww@wbutyl group,
decane; arqQmati ¢ hydrocarbons gcslch may have a
cl-c12 ?XF&PRFE‘&Y&I WP“@roG‘p cYSdrbe repp. a cyclopenta-

I | I
and gtarl%% G240 aBU0D R3ATRESREYL QSRE; ol ol apaticy
15 | h b t th di h
0 @?gﬁﬁ‘éy %rﬁh&se%ér&h%&ﬁglrpc%g%z | ﬁ&ﬁ\}flet%%l group;
et her§nang 98 Q%yiug%'u léen%utcﬁea ﬁg#%ﬁ %&'cs 0, tolyl

20 cycloal roup , suc |sopropy

- met hyloapi gghe éﬁh}é%o% ur aﬁagﬂdog %QQS hydrocarbon

(conprisihg a p roup, and a grou

sel eC{;Eguf)goﬁhﬁ Q&v@lénalelﬂﬁlerg ‘EL%RF%QO' aMﬁg? g%er angc]& of

ani so et hyl “phenyl “et her, benzyl “meth

The tenpee ah#ﬁ@o@ﬂ?b@ﬂegrggbst hay S@C b ﬁﬁlB%EB%rt@%d nydrocar-
step (1) is generally in the range of from room

t enpebdh UgLo(B0 (€) el 0 BYArGca¥Ben phobp WREERIBAs afd1east
5 10 15 to conplete the reaction in a short period of
tine,ohé hgdpogéar aedmt hpeebar mebmcéaaﬁg anhalo@@nt @tom),
200 C for 10 mnutes to 500 hours. Wen the reaction

in stepclilasi a penhfiuedobutglhpgbupespenahyptaf@udrobutyl
at 200 C or nore)) the 11'5n-NVR chart obtained with
respegtotp f{Aardriaomeon nheiave)af tswestep, (1), rR?, R®, R®
somet i jres exm bits a peak ascribed to a certain
substRincmardurat el 0® tpdmmintest eio teisanstangles. | ©Ff the
used as a reference in the lissn-NWR anal ysis.
Howe\@povereent henedt AodupE . t hewpresdkyli gvenpsoariespre-
repea edI perforned it is preferred that the

reactt A sFRY %EfaFEhEeFFéFﬁeﬂruHHéﬁcbéﬂdFurEnsalle
mhereln the formati on of the above-nentioned substance
exhi BTRPIRS a2 pRaROBE oDRAT 00 Ppm Etdr rasippraseely Baving
the reaction in step (1) is perfornmed using an

addi % fRTRePpREIVF nfheRemeBEaRe@nabpveneanbaygo be used
-menti oned substance exhibiting a peak around 100 ppm

Wth respect to the anount of carbon di oxi de, when 20

25 the reaction in step (1) is performed at room

tenperature (20 C)) it suffices if carbon dioxide is

used in an anmount which is the stoichionetric anount
relative to the anount of the reactive organonetal

compound used in step (1). However, when the reaction

in step (1) is perforned at a tenperature which is

hi gher than roomtenperature (20 C) under conditions

*
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80 to the anobunt of the reactive organonetal conpound

used in step (1), the rate of the addition bonding of
carbon dioxide to the reactive organonetal conpound

soneti nes becones very low, so that the rate of the
formation of 5 the carbonic ester is markedly | owered.

The pressure enployed for the reastion perforned in

step (1) is generally from atnospheric pressure to 200

MPa) preferahly from at nbpspheric pressure to 100 MPa)
wheream)R%i RfesRPedRGIrﬁfr&nﬁnRﬁmwhumﬁWar,peﬂﬁnwr&ubh groups
whil e introducing 10 additional carbon dioxide into

t he riacinmne slareger crunbehdefivcagbanpatomsf acer bead, there
di oxi de fromthe reaction system The introduction of

addi t4®nal dapgeontiiaoxile fhebdihg pEatheonrggnenatadycom-
be perforned either intermttently or continuously. 15

I n t eowed erid 09 t Hee ppe_@aet 1V EYit PHn2 EAELPBAE EFSAT be-
systemin step (1) may contain substgnces other than

ment | @FeRES abewe. EXempliass aff Bt pad fubipakbes oxgpapmetal
are useful in step (1) include those which function_gs

a dehSRFRAVRY ERRFRSeRHtehebY che¥Prohas{ii efbPorBy 2pd R and
usingﬁ? dehydrating agent .in step (1), the reaction

syst & cdft BEEnRFFRRCHET Ao FOTRIRHNTs © eRE &5 SIiRF B ifRyrmula
agent n ventj onal . or gani y 1.ng .
e st SPE B L8 0t PR TRETYAFBLpRO TR HBY aus
acet , S t hot ki e

oot avieEHE ARESLELS oRHEDs TUpRE (8LC B GettagLigy omoups
l'ike .als : nj dr at.l.ng
agent Rt ELring £t Fe LEF P de00a PhOR hERERY " BhkhDas o

as r es as r ;
age2?+ é% %ﬁ%§¥1 %gﬁg%fgt#ﬁgg%ge%?pggsﬁgeg%b?? 5gnd 180
pref gpdLd {htedPe, SOl bl PENYrSufl fhhAY1L86RBES! $hereoct), a
renoved fromthe reaction syStem before step (3) is

per f of Nigeedyn sgfl%hls 1) a opehPe1 ngibeg PhnlhesBmBE8Nthereof),
i nvention, an al cohol (second alcohol) is optionally

used.a &Y h@roSWCohdt 1 OdméFPr EMERGot NE BHT bEYyQf group
the carbonic 10 ester, as the second alcohol, it is

pref efdiedl iSomees arth@t€ohp| HanonRglagrotganafdaghisopers
which is the sane as the organic group of the oxy

gr ouptKeredf } , ai & &Pk ygoodpip( andansanatkytneyegfQuphan unde-
of the reactive organonetal conpound. Wen such an

al cohzyrl i graged( &1sd t heosexrs 1thendof) cohoflpdecylsgroup (and
preferred that the anount of the second al cohol is 1

to 10sQ0ers | theredit) stai cheébeprebylagoonp. r al arcdebugyl
the amount of the reactive organonetal conpound. On

t he CITREP hahdJyepeRiy bl $oPeP . havFrgleneptgaspayl group, a
group different fromthat of the oxy 20 group of the

r eact FX/ Rl GrERb et AP c APOYRHORSXEBEY E5CHRe dePBRpoxyethyl

al cohol or when, as the reactive organonetal conpound,
onl y HP¥R gt EBeHavhdIBPuP ot a1 (2FnPEYESRYL g9roup;

h h d al cohol _i f bl
1 o0 R 3t pS b P a0 7550 Bo0t 1 orair foup ana a
| arge .as the stoichiometrjc anount_yelgtive to_the

h
82 arftfRY W thwk 9eR i vEBiGHTonet al Rconfouddd Hhefre not

an limited to these examples. Of the above-mentioned

groups, preferred are organometal compounds in which
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al cohol having an organic group different fromthat of

the oxy group of the reactive organonetal conpound is

used as the second al cohol, an asymetric carbonic es5 .

ter is produced in step (1). As nentioned bel ow, when

a second al cohol is used in step (1), especially in

t he case where the organonetal c#épound represented by
formna (2) is used alone, the yield of the carbonic

ester is greatly inproved. The above-nentioned , .

pr ef eradd oy e wrrodspord bee onticeliebhiof 1ie. t R GhsdR OH,
where the or ggponetal conpound represented by formula

(2) iBOis@adaFonetl) i badeaebaihdbaf POAREhRighpEwsBAaRt that of
In the case where the bel ownmentioned step (4) is

f ol | Py e in ) they kebbhg apebhbl 1reedeundcander at-
15 the reaction systemso that the anount of the
secoMPSRRSIHS BRI SUTR L hi F PHESFboERFe it fdgwpoint of
preferred range. Alternatively, in such case where_ .

St op (EAYG LT RAeRF S LIETAY 15OMRRUSH ERGFPPREG LB 1n Step
r enov fromthe reaction syste 0 As nti oned

rbove D o (05 DIPATEE TR RothaE - (1o Pheserganometal com-
invention, b erform a.reactio et n a.firs

or g FSHE TSR B (P RShde [ ere i e orathe (2)
reactj,ve, or 0 al ; compoun d.an unrege b

iy oSl SRR R R Gl SETRRLENE the
reactj t C d) ; 808 bo L.0X] ;

83 5atlh\‘€or)§;i% o[g a?énerg ar I]ai:tjl’on m@%br% %%Jg%ié nfnﬁh%ln o
car bajemd@rdercd af (B da Dyyi her r£a6+80ght NGhain or branched
unr egener abl e unreacti ve conpound (i.e., the degraded
conpmypd%ggmmybﬁfgenerabIe met anor phi ¢ or ganonet al

conpound derived fromthe reactive organoneta

conpound. Edipids isr Rt IRE Dygdhenaral Ysdp&indderepre-
reac to 15 20 25 tion mxture that a desired carbonic

est ersdedasgn ohtmb1ed(1 pt &Potd) ih816a8i sheexytoh compounds,
exanpl e, when the carbonic ester is obtained in an

anou il ke yeti 4 s Do esmpatieds basd® da Dby 1 dEkoxytin compounds.
stoichionetric anmount relative to the anmount of the

r eactSpesidrigarsomei@l e onposunch) st gndérgtabycdepounds include
finished. The reaction m xture may be taken out from

t he rtedotagrgtheithiein af tetradehgresinr etéhrapeoprhexvtin (and
is reduced to atnospheric pressure, or w thout

| onedisqyetie Prawsek b, | e thebutnbexytinheandt bpomearys

step (2) and step (3) are perforned in separate

r eact eafe raktaRentyiexyeipn{ane toemersotReyect). tet-
circul ated by, for exanple, a nmethod in which the .

r eac AP AN ELaf (20 d stepmeBy the¥eetio tpbraeptpioxytin

for step (1); the reaction mxture contained in the
r eact'G% dﬁ%&%ﬁ (Hyereof by tRTTARCTRLR¥GHIR of g epsomers

2); .and t reacti on mxture coptained in the reactor ..
(o) el § C T Bt B o dnt (565855 an-
circulation of the reaction mxture is,preferre ro
Che e e Pt e | POrER At FeY B PRSH i, R ARk -
purg%&ﬁ@f%%ﬁfﬁ%, tetrapropyloxytitanium, tetraisopropy-

loxytitanium, tetrakis(2-ethyl-l-hexyloxy)titanium,

tetrabenzyloxytin, dimethoxydiethoxytin, diethoxydipro-
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84 reactor (for step (1)) which has carbon dioxide

filled therein. The reaction m xture obtained at

conpl eti on of each step may be cool ed or heated. \Wen

the reaction m xture is cooled, the reaction m xture

may be 5 forcibly cooled or allowed to coo

spont aneously. As described bel oW if desired) step

(1) for synthesizing a carbonic ester and step (2) for
separating the synthesized carbonic ester can be. X
si mul REHEEIEYY (aRd ok RIBET St ERP YT by ?H&em?%@l’a?xﬂ"x?tl“
the present invention is_ 10 a st

reactﬁ%ﬁprﬁﬁﬁmﬁ¥§(ﬁﬁ%ﬁ?ﬁﬁ)ir#%ﬁ%ﬁ%&%§a¥€Lﬁgﬁ%F§?eddi"
into a first portion containin e_carboni c.ester .an
the. et SOHEBIRE (1 S ane PP EEERaR ke £ ShaTBomers
e TR Ehi SoEt SrETRT LB Gaoe: ot Gkt GBCpBuRAEzeot)
el s o S T b e S e

Ve PO TIREY BRETTYE b hahone T Al o
cor o et ST TR LT RoR P T RE-ERE) £ RABBE Ry 0s-

oAU ISEen ] | InberoiRe-possLiles 0. Bifio2hyYaRboty-

t he nd from accunulating in

t] temaT bl n -
reac i&§&§¥? ﬁ%%%oggéﬂefé ﬂ@fe@ff, &ﬂﬁe@ﬁﬁiag onyloxytin

conventiona ave been solved by the nethod o

the presensbhivedtiRlre48) degthdPRf1 abauey1bRythg (and iso-
production of a car 25 bonic ester from carbon dioxide

and aﬂeﬁ&CQMQfe@ﬁfa ai88t ¢ryeniineshoReiBodabheglthae di-

a (3), water as well as a carbonic
est ere ot Di&Edd i By 1 ben Waipropsxiaat geah@divbinbranthereof),
adsorbent or a dehydrating agent to renove the water
from dheutepein odisysdeige S{ aher tbymersptheragfihedibutyltin
equi libriumof the reaction to ward the product
syst edd pdineprekidal { gndt heomensnthefeaf¢ar Bobintyésinr dihexy-
produced can al so be increased by continuously
r enovlogidde{ anddicenierar bbereo€dt edibnomlithe Adhepityaoxide
systemso as to displace the equilibriumof 10 the
react { @md t byemers htheredfictt dybutltipwdiectyilaxige (and
conventional method, when the_produced carbonic ester
i's reh%@@@r$rbh¢¥ﬁ@fiea@%PBhYégéPeﬁ%nRﬁYéPxﬁFSd&é@& pyomers
the reaction accunul ates in_the reaction system

AS |
wel | KROUPOR h. { REDREVILER GAPEFYABRUAR APBE fFoPREs, §hereof),
ti { th talyst is.h | by th .
tor dhbYOLLELRT aibararyerider | SHPYEVIREARGaBhry g onide,

encedEheetLEEnY abRehPRLiRa: St PRelvinses qusnnonad. ai-

dehydr at i _per f d using. . i,

@Jﬁ%{»ﬁfsﬁéi@aﬁﬁéﬁ%ﬁ? R e P

aasor n. £o1 u r el n a . .
o@ﬁ%§¥lglh EPbuEHLRBEhéaEB %?g@??s Qhﬁggg%)rog#phenyltln

met h regeneratrng cat which has

its cgf é%§§1§%£§%LRXnBViEBﬁeP¥dEHE¥§b ythaneknyi®in di-

this regson conventi onal nethods, it has been

i”posﬁéQ§fo£9d§fgéﬁa{%gbﬁ@&gytﬁéEéﬁﬁﬁg A HRn99468d dihepty-

carbonic ester from
loxide (and isomers thereof), diphenyltin dioctyloxide

(and isomers thereof), diphenyltin dinonyloxide (and
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86 reaction mxture. In step (2) of the nethod of the
present invention, a conventional nethod for

separating the carbonic ester fromthe reaction

m xture can be used, so long as the 5 effect of the

met hod of the present invention is not inpaired. For
exanpl e, the separation of the cé8bonic ester fromthe
reaction mxture can be performed by any of

filtration, solvent extraction, distillation_ and .
menbrisenErs t theremt) eadtpbenyhtth dideeyiokheen(pRd isomers
the 10 art. As a preferred exanple_of an extraction, .
sol veflteragiel ¢ @hphery hbhh dhkenaysexien: AaRPRRRYAHGLIn di-
reactivity to the_carbonic ester. ExanEIes of such .

sol verheny ketherel ¢s drbbaf behsluereRub¥lhEianginpihoxide.,
cycl ohexane; aromatic hydrocarbons, such as benzene,
toIué%%sbﬁﬁlﬁ%u%ﬁ?BVBﬁ%xE%ﬂe?lﬁFBOE%ﬂ%rs) such as

di et hy] ether_ and aniso&e, The distillation_can be

per f dPheHEBYE LAY RRRGEL! FORaPfIREPRBEL R0 2B a B PR Fhe

disti]lati be. f d b f distillati

under tBETRRPheard Bt SLERTEISazabeFTT) Brpofthibex:Be’ Tna

reduced press re, . a gis 20 tiIIation under

super LYAETRer FEEBPE s ur e, and a thin film

distillati h ich.i [ .

The t emperSRamEres, OF E0APEVE, LFuantharay BohdBuffik. repre-
th bogi i i noxane

U1 | oSehYRE By FOMmARL 00 CaBELE! 1h810APRINISEAI sednnoxanes

200 Cﬁnahérgi§§i$%9&iQEaHﬁ%xQﬁeE?rf§5é@ﬁ%f& exSfpi88rof such

in the presence of”a solvent or by extractive

di stiblghnéfet&D E8fpothas haBduads nmentioned above
when the distillation is perfornmed under heating) the

Separﬁtip@,9ftéh§aﬁatﬂgmL@,ssaemebModya&bkhahb&anbs 5
sonet i mes acconpani ed by the foll ow ng di sadvant age.

When 1 he, 8lj sttbtaamedniys-peBtaigeHoigdesthaabixage.a re
verse reaction of a carbonic ester and ot her thernal
deconppsi 3| ®atptodmetByilAlt BedegubpyRokydisdéannosanes (and
someti nmes caused to occur, thereby lowering the yield

10 ofisdweersar bbarec€3ter. However, in such a case,

when the first portion containing a carbonic ester

havi ny., &, hi htbbramaghpsr it 3-dibupylevydistemnorane (and
reaction mxture by distillation, the carbonic ester

can besohernsntbheraofdgh yiel d by separating the

carbonic ester 15 fromthe reaction mxture at a rate

whi chli &, B §heetramathld - LaBeddpenky logydiss apgoxainsn (and
For this purpose, it is preferred to performthe

di sti F PR LRAEROEdRdi ti ons wherein the distillation
tenperature_and the degre f pressyre redyction are
approbr%a?e?ytﬁHFB§FEBglzg'Sﬁdéggﬁygffyqlﬁ%8@§P?@@f 4and
third, al cohol be used. When a third al cohol is
added™F2M¢hHe FggﬁFP%ﬁ'systen1 an ester exchange

t] bet t , i . i i
Crap bob Sna ERe RRER RV Ao PR R ar Ry i s Al Mana
carbongc este?hmhgc% has a dif 25 ferent nunber of
car bon” arghE Fremt Af of the carbonic

1,1,3,3-tetramethyl-1,3-dioctyloxydistannoxane (and

isomers thereof),



88 5 10 15 20 ester obtained in step (1) The anmount of
the third al cohol used in step (2) is 1 to 1,000 tines
the stoichionetric anmount relative to the anount of
t he reactive organonetal conpound used in step (1).
The tenperature enployed for the ester exchange
reaction is preferably in the ra#ge of fromroom
tenperature (about 20 C) to 200 C. Taking into
consi deration the desired rate of the ester exchange
react i oh, and-tetravethybnte3 oflimonetonpdtstapnoxane (and
reaction of the carbonic ester at a high tenperature,
t he t éspuens utkerepfbyed for the ester exchange
reaction is nore preferably in the range of from50 to
150 Cl.ln3tBetetramnethvhahge-dtdecybpxyaisbapeakppaaland
catal yst may be used. The ester exchange reaction and
t he separerfobhefre®fie. carbonic ester fromthe reaction
m xture nmay be performed either in a_batchw se manner

5 or sifhultandoteFyamahyl nkt fodiberzxipRyai FhgnpAEane.
first portion containing the carboni¢c ester fromthe
react?o%'%i%rE?Er%W?EPth%'%S@%Ph%Rﬁﬁﬁﬁﬂng@éEFFBH?xane'

f th b - ti d t hod h
Ti1 ¢ rhet on: SSEFCERBUEKET bR T ONTCHRQRY R SERORORARS .

EFZBL ?fr%Lé%£$£%$€€5§fghF§L§f§§3ﬂ€¥¢%%€e§$é%%ﬁs?ésE2?
produben: STA° FHErEaeeraf Ty AeahpEoBE  fiifls Bpogpne (ena
10 asynn§§£ﬁ%r§a£$g%%§ﬁgster by using a con 89 5 10 15

20 25 veniTOna 8, a symmetric carbonic ester is

firSt1PiP?USQQet€QQu¥gg-P[9QHESth¥8§§&EEEaﬁﬁBQQHEP(and iso-

ester is"then su ] ect to an ester exchange reaction

to prpgducergprasyymetric carbonic ester. On the other
hand) I n the nethod of the present invention, an

asynmet{i §, §arbephsufsiel , §28ipen by i8syhYsPaAdugade (ana
Therefore, the nethod of the present invention is

advani agweds frepeshe, vi ewpoint of reducing the energy
cost and reducing the facility construction cost. In
15 the ne{hod, 8ftébeapuegenl , BRienekphloxgdiasynnekane (and iso-
carbonic ester can be produced as foll ows.
Expl anats otseaeef g, ven bel ow, taking as an exanple the
case where the reactive organonetal conpound has at
| east 1phe3t §peebtabbikpxylgBedphepliphokiwdistavnioxene (and
or ganonet al conpound used in step (1) has two
di f f eteomergpbhenéodl koxy groups) an asynmetric
carboni c ester can be produced w thout use of alcohals
(as alskednd-hetoabhtAhdladtAiratilesHéistrAnoraps (epd iso-
and (2). On the other hand, when the organonetal
20 compov#Es uskerefafdtep (1) has only one type of al koxy
group, an_asymmetric carbonic ester can_be produced b% )
per f of nt ng- 3T ERETAPULKLr he3pPeBeRELOBF AZATAPRGKERE (and iso-
(second al cohol ) having an organic group which is
di f f PRRE FRBREPHRE-al koxy group of the reactive

or cachct: B 3aRCBPEBHEY L ¢ nEr A PEBNORT SR a s PR OKAGy (4R Lso-
90 mers thereof),

25 1,1,3,3-tetrabutyl-1,3~dibenzyloxydistannoxane,
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ganic group which is different fromthe al koxy group

of the reactive organonetal conpound. Further, in each
of the case where the reactive organonetal conpound
used in step (1) has only one type of al koxy group and
the 5 case where the reactive organonetal conmpound

used in step (1) has two different types of al koxy
groups) an asynmetric carbonic ester can al so be
produced by perform ng step (1) in the presence of two
di f f ek eht 3 aBebhbrabitsetohd3 afliphehyg)tbexpdipsrhoorang .
step (2) in 10 the presence of two different al cohols
(t hi rH. bl 2obotefraphenylind. di Aiwethoxzafiiéshahsoxpae.
used, the stoichionetric ratio of the two al cohols

vari ek, Hepeddteraphenelt ypdsdbethpsydhstansonars;
however, the stoichionetric ratio is generally in the
ranget of . 3rdntetBaphenyd-1]13-dhpreprHlesyAistaprexane (and
amounts of the two alcohols is ex pressed in terns of

t he stePBeFHnEReFeCfhpunt relative to the anpunt of

the reactive organonetal conpound. Wien_ it is intended
to prbdhcd- AntaSyRRRERYL- Lad pBAPETELPRY AL ALARTQHBRAt (and
which is |larger than that of a sym 20 netric carbonic
est er)S9TETS HPeFePFLd that the stoichionetric ratio

Speci 1 bat1 3 CORBoBRERERT bkt At BoP &Y h3<aR: BRESPRgEne (and

al cohpls is pﬁeferapgy in the range of from3:7 to

7:3, %&ﬁ%ﬁﬁ?e %?Eﬁ?y fn the range of from25 4:6 to

6:4. When,the ' f,an. i

poni o 6t 2 TECEERHELARL- P2 281 X TEBLIhE st Bhnoxdhe (ana
whi ch; &8 ygeghépengess amounts (for exanple, amounts
each of ichis at least 10 tinmes the stoichionetric

amouni e aj lf@tfg?ﬁgﬁyﬂwyﬂt agﬁeghﬁaﬁgaawsn%%%m and
5 tal conpound), it beComes possible to obtain an asym

met r i Ls e PPNt Ke BELEY , having two different types of
al koxy groups corresponding to the two al cohol s,

i rresperts ve-pétiAphéNpe- 0f 3t AeoakifouyyargdRnabxbhe (and
reacti ve organonetal conpound used in step (1). The

sepa ilébriéis othefebh,first portion containing the
asymmetric carbonic ester fromthe reaction m xture

can bk, be3 | dfbetirayphanylel , 8hédinehhbdsyfsethnasxane (and
filtration) solvent extraction, distillation and
menbrisswnérs$ t therenX ) descri bed above in connection

with step (2). In many 15 cases, not only an

asynmet¥ i 2. Targbnaphesyer 1 bt dafleovioxydnetanpoxane (and
carbonic ester is produced. In such cases, the

f ol | Wk opetReredfhmy be perforned. The asymet ric
and gynnetric carboni c esters are separated fromthe
first pbr?i%hﬁeﬁﬁ%P%§9ﬁﬁe%r?cdéBPBGHEEXE§P5F3P§°ZGne'
separated fromthe synmetric carbonic ester. The sy

metr ik Le? bOnFELERPRFAYL- bi 8 ndi PREBEICEBORNALSEEBRERANe

ortion containjng the regenerapl e t anpr phi c
gonpdhnh:3f%TF%ﬁEgkb§?B€F BPﬂFﬂBugygE'?S? por ret ur ned

to Stfﬁﬁéé%hgiyé%;tannoxane.

1,1,3,3-tetrakis(trifluorobutyl)-1,3

-diethoxydistannoxane,
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25 As nentioned above, in step (2) of the nmethod of

92 the present invention) a mxture containing a
degraded conpound derived fromthe reactive

or ganonet al conmpound and the carbonic ester is
separated fromthe reaction mxture as the first
portion. Wth respect to the re Slnoval of the
degraded conpound, all of the degraded conpound may be

rennvid or a gart of the degraded cQnmpaund may be
renoved? - $hd - SAEEAELSK tERE LiegrRyda dortpSund renoved
may va

Ly de E on the size of the reactor and/ or

the naﬂ%BFOEV Pﬁﬁﬁ&§§F§n€Faae)(FH@- ST 51 Ghereafal-es
ft t t al

componnt: 31 £~ PSR FEd E2RRE OB Y1y hadh gt “of the
d ded d .
Chat 5o RipyRREREAEEanRBRERG, (Phd.d SERiRg sl H oot

d 5 h t t hod
ber f ot SeepeRIR Bt Rs e R e Dy ecent
|nventagﬂe HB&?dggE%hhSQa planatlons are given bel ow

The separa 'on~o e reac |on m xture obtained in

step {1 bnsocbliealkit3heRfLiaB;aidng geqond portion

can be’ perforne ment i oned

conven&iggﬁbxgagggg§n0§§ngreferred exanpl es of such
met hods, there can be nen tinned a nethod in which

wat erii g, adgdedeteakhe (perathiraoForls &QgLQ,foeCF a
phase separatlon and a nethod us ing distillation.

Each ofiiphepgloriyhedsannexaxkl qaned idomeelsO\Whered2)l)
A separation nethod in which water is added to the
reactipn, Bi 3t teeraldke¢peatalvairobuditailnizng sol vent
Is added to the reaction mxture obtained in step (1)
to forddlubyhbkidiskannygkaaed (aakl dsomerishehelrieb€ ),
slurry are re noved by filtration. By the filtration)
t he skcbnd. petetoakiefpentiafijublrebudyadnenalll e

met anor phi ¢ or ganonetal conmpound can be obtained as a
filtradipenteirndighdnnhzaher {endoitsiomersothareiong .

t he carbonic
1,1,3,3~tetrakis(pentafluorobutyl)-1,3

-dihexyloxydistannoxane (and isomers thereof),
1,1,3,3-tetrakis(heptafluorobutyl)-1,3
-dimethoxydistannoxane,
1,1,3.3-tetrakis(heptafluorobutyl)-1,3
-diethoxydistannoxane,
1,1,3,3~-tetrakis(heptafluorobutyl)-1,3
-dipropyloxydistannoxane (and isomers thereof),
1,1,3,3-tetrakis{heptafluorobutyl)}-1,3

-dibutyloxydistannoxane (and isomers thereof).

The above-mentioned reactive organometal compounds
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10 ester and the degraded conpound can be obtained as

a filtrate. Wth respect to the water used in this

net hod, there is no particular limtation; however, it

is preferred to use a distilled water or a dei oni zed

water. 15 The anount of water used in step (2) is

generally 1 to 100 tinmes the stosehionetric anount

relative to the amount of the reactive organonetal

conmpound used in step (1). The anount of water needed

for smparbei ngetihénddvdddapdyt bonificoprtbiiniaggonhe Further,
regener abl e netanor 20 phic organonetal conpound) from

t he reaghbmatailxtompobpdphatbesephant mentiiongd apewe] or in-
times as large as the stoichionetric anmount relative ]
to t hergapiiat metal heompavnigemayghrodsed igopePddgation with
used in step (1). In step (2), the tenperature at

whi chtivat above -@Ensddagdt seaREiveasrogRometadr gompounds. As
obtained in step (1) is 94 in the range of from.a '

t enpeparepetivegorgapgmefadt CRAPEH P Ehe & negctdive or-
frozen in the reaction _mxture to 100 C, pr.ef rabky_

f r om gapemebslCCoORPPENEEcMBAER $Tfr GRMTGICI 33 YCaAVE AP Le
the viewpoint of satisfactorily 5 su ressing t he

occur M@HcBeorSeRe h%ﬁ?%??%?%v%¥Ythﬁegnggﬁi8 gapgpetpd com-

is nore preferred to adjust the tem rature of ter .

to 10PPBRGE EeDRRSAPREMPY £ORTNAS ((1dy 829"("?) ,’“am‘bm?’& obtained
may be ed alone.or iLn c i.nati on wi_th , .
ot%erbyﬁgncﬁﬁygpilﬂgag Eﬁ&gght?SLﬁérW%bﬂﬁkﬁﬁ%; g%?ﬁqed n

. f | 1 .

w th DrEckafpbirt°Bof PR utiiny I drdt il oxide, an
used hﬁl.cgpﬁlf Rfa@lgf 3 $% Woan gta%ro Ofa o2 @hA1vent ex-
whi ch™i's € sanme ds the second al cohol used in step

(1), hﬁgéggﬁgr%hi%Qe% & $AlcreHatRy tHie Hisidd thyether to

| ation S easy. en~a third alcohol is used in

step (2keb® RELLACMiJM SN +EECHREA vRACIPBuL Jedted to
preferreg that water is used in the formof a solution

t her egh iR 138 +3l000N@heMiityh bt dika nsae Aadiiomlaaitlining a
present in the reaction mxture after the ester ex 20
changeeheasie0Brghf ofdetia l( Lompoh@id \tipate sen twelilady tRprmula
the reaction mxture, it is possible that the degraded
conpoynd abs@egr athal hpovadrmegessnbydbaltysi Patehts No.
causing the solidification of the degraded conpound.

Ther eb@neas2iit d2sdrs hersefidvate ditilsaime Bfadkercarreo ades témmloyed
of water to the 95 reaction mxture, the resultant

whi t e £alrupbby aiis isughjaec teagarenfetialy sdmpruwd uackly aisCi-Ca
possi bl e upon conpletion of the solidification of the
seconelioxlyi @rocenEmichitigtt e exgEaRsial ranpiphikaving a
organonmetal com 5 pound. The period of tinme fromthe . .
addi t ConCofalieR®y gXoePecan|pe 2Pbainad E5onepihBFFytin di-
on the types of the reactive organonetal conpound and

al cohehlgxdde \AWheh sodd we e ter sO8p ty) gther hand, by
performed at roomtenperature, the perjod of ti IS ADDL A

i n t heMPARFe NSk & MEhbes e SIARREs I BPHIGRE datent Appli-

ﬁ;?;g&%ﬁ; rhl?ﬂn.lséqutqo]a-thogoqrg 3nTUtoerS'Jazgaﬁb‘esseepﬁé@éﬂgnApplication

No. 2001-396545, there can be obtained an organometal

compound represented by formula (1) or (2) from a metal
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The reaction m xture obtained in step (1) is subjected

to distillation to thereby separate the reaction

m xture into the first portion containing the carbonic

15 ester and the degraded conmpound and the second

portion containing the regenerabl e netanorphic

organonetal com pound. Each of t&® carbonic ester and

t he degraded conpound has a boiling point |ower than

that of the regenerabl e netanorphic organonetal

conpostatide Tded edior £lc@iBol he Rif sthiid amedmdantlbere can be ob-
perfornmed by any conventional nethod. For exanple) the

di st i thatéednarc aordpenpeetat nedmpgundyhavingdistit Catdldiexy
under superat nospheric pressure, a distillation under

r educgdoyw essuckz)as aisethbyyi onounderFoe@xample. t & noT-
filmdistillation and a 25 pervaporation using a
nenbrgaeonetzh comphied havied| a mOEhREBHWATPHPt F8NaPE, ob-
The tenperature enployed for the distillation is not

part i tairmed yEromi dvbutpltdngoridenemgehraadd a0onpsEage- It
has a vapor pressure at the tenperature; however, 5

the tifpenewnrehak. pkef EREDI § FREM - POthansdoaed pexppe form
the viewpoint of minimzing the loss of the carbonic .
est era cbHRHPABIPPHLIRG PEGELFBReN HWEVehusblepprefgnt 1n-
above-nenti oned reverse reactiog, It iﬁ nor%gp% ferre hod
that YRRUPEFDRREE UPREERBFEGELYT 5PUBRs PR at PEN 5P 5 MY -
10 -20 to 200 C  For adjusting,the t erat ur

o oyatl TOROERL PF| HREEH. CPRGPH BEFEPATeRy sgympghousn the

f d_ei_th der x
ol | nglaﬁlgtléﬁ} lag%glégrrzls.x 131?? ggp?ﬁggé}]‘g‘??’{ %%%.lﬁrte 1%wer than

under™f her, ation my
be pepf LLher i ont i S NEL OfpkNpf t in-
batchgfgénﬁgn§%%?515 %?%e%%rg#?%nfggatﬁ%'carboﬁi%Sen o

estery L gLLNg. DL SLyBOBhEANa( GRRHANIRE PISHRLRRYIEh ox-

ester e unregener abl e unreacti ve cofpoun )

obt ai gglqmingtéie o&r}é)b AN FRemPahf AnERHodatiahindy a2Mbidfing
t he cOnventi ona tﬁods such as adsorption,

di stiLbahiondwbi! thahi @Ra20o@ndaFeFr ans sepandine@Al com-
Step (3) is a step of synthesizing (regenerating) a

react H¥€nQ" §80QNRLA! £FeoRPauBd tha\ting obkide an®lac wleohol

at | east two netal - oxygen-carbon |inkages. The

conponAdihg hAhBosesagdppanti doweht ahaed thatsteh Wedler Tends
25 generally in the formof a transparent or opaque

l'i qui o be9Zohptierdnpkanlyhefsanond gamoredraldgegnpmind rep-
contain dibutyltin oxide in the formof a solid (it

shoul debennhetietyt Batrmdillbut(\2l)t.i NnHoxederhawhgp it is desired
solubility in alnost all organic solvents at room

t enpetat gbtaff0aClazge, amenad, of jan jor amOMelah sfompound
solid under such conditions). The structure of the
conpougpreaentedsdyofierpoda di dhad th&any e pdhieved by sub-
identified. However, it has surprisingly been found

t hat ) ipgtpref shei povee Meaddan@d oF sdrepgtHl somppund com-
met hod of the present invention) there can be ob 10

t ai NeBT4SPEaPELPAYoPGaRGMOrS2 FARRAYY iFpRYesented by
nol ecul e at | east two netal -oxygen-carbqn |inkages

Such BYTERLAr §ARoNEt S SR oprEARE P By PO LI % frac-

1) or an organonetal conpound represented by fornul a
Ezg tion co%prising an r;[:.'Fz):ganometpal compouné/ represented by

formula (1). Alternatively, an organometal compound



10

15

20

25

15 Step (3) conprises reacting the second portion (of

the reaction m xture) obtained in step (2) wth a

first alcohol to forma second organonetal conpound

m xture and water and renoving the water fromthe

second organonetal conpound m xture, wherein the

second or 20 ganonetal conpoundsdi xture conprises a

m xture of a re active organonetal conpound having in

its nmol ecule at | east two netal -oxygen-carbon |inkages

and alepuesegerdebablfermmleadtli)veanoingo wid admesh g perform-
derived fromthe reactive organonetal conpound. If

desi ned, at hreanwtiond o5 ddfalidyd time skiwh Liomigle jagl gy alcoho-
further conprise, after 98 step (3), a step (4) in.

whi chattlee second organonetal conpound m xture obtai ned

in stép (3) is recovered and recycled to step (1). .

Exanpl es G frhespraisesitolioveaddonn dteFopmeatiast ¢ijde the
those which are exenplified above. If desired,lPrior

to usdoote-mentdones TaFtd it ALGATERediadoispound, the term
distillation of the al cohol may be perforned for ived
pur i f'yegsnemabdlec Fredi At Rid U SE IR e o AR IURT ierive

of the alcohol. Fromthis viewpoint, it is_preferred ferm
to ufEom e AesHoveAFIAP PG iSRRI F S0 T

or lower as neasured under atnospheric rae_'fs UL &, gﬁg@de_
the ViVWSIGREIHRD Yo PERACTIVE ST S el & o n

step (3),.it is nore preferred tQ use e

2| coRoive i PRE GRATEIE Gy ot ¢ iffeefd® are used.
1-bu ) 2 15 -nethyl - 1- ol I (o) IF1 -
havi h‘gﬁ?‘} \Feesé)re%ﬁgo cé}%%%p%olgﬁgs]’) E aﬁéggé\?fy#g biven be
al co OA hayh ng £ V& Qe TUR MR HctiFound WsdESihetine

to the”"%trucfuir€ 6t 'a reactive or ganonet al conpound

obt aiﬁeedsg}yt b{ﬁ{&l%-g?;_&?' yhygy i &@A&&n@@ai‘%otﬁﬁo@nai hating in

al coltol " h” st'ep there I's no particul ar

limtatd Qﬁgld;%li?é?pi@aSi hewQrereIBé 2y g6R LU0 NRjikages.

be conpris _ east one nmenber selected fromthe
gr OUPII?QEF% Sttt PnGERESLh Nkesk PEQBHCt rofjendrable meta-
ta

or ganorme compound represented by fornula (1) and

morphic organometal compound derxived from the reactive
organometal compound” is used to indicate compounds
which are comprised mainly of the decomposition prod-
ucts formed by the thermal decomposition of the above
-mentioned adduct (CO., adduct) formed by the reaction
of the reactive organometal compound with carbon diox-
ide, wherein the thermal decomposition products are
formed simultaneocusly with the formation of the car-
bonic ester. It is difficult to specify the detailed

structure of the regenerable metamorphic organometal

compound. However, as regenerable metamorphic or-
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25 a crosslinked product of an organonetal conpound

repre 99 rented by fornmula (2). The anpunt of the

first alcohol used in step (3) is preferably 1 to

10,000 tines, nore preferably 2 to 100 tinmes, the

stoi chionetric amount relative to the 5 anount of the
reacti ve organonetal conpound usgd in step (1). Wen a
sequence of steps (1) to (4) is repeated one or nore

tinmes, it is sonetines possible that an al cohol is

pr eseindne tHdle RGHIthdW, tildrohial ned alsstment{Pynedna hy-
such cases, an appropriate anmount of an 10 al cohol may

be adiedyisdd hraRaanbpaie aresot ivatotdenemetal obémpound
the al cohol in the second portion falls within the
abovexnerd g Ivanige foddret anburiie ofatthen fdickide adduct
al cohol. Alternatively, the al cohol present in the

second phire iraataly e e ooVt a l Sodippowmdroval  of wat er

in step (3) can be perforned by any conventiona

met hod. F@n ehenmithert heandentihed tofrmatenrégererpblg)unreac-
can be perforned by any of distillation, a nethod
u5|ngmyakﬂqnﬂanqmﬁtaiﬂtﬂnmmﬁumﬁxﬂQWivﬁ@ Eppipgthe reactive
dehydrating agent (such as nol ecul ar sieves), 20 and a

met horaasions tadnisemmowed ar (¥ ohifRlyh" gegraded compound”)
pervaporation). Among them distillation and a method

usi ngl%mmﬁdarr@ ééﬁr%t%rpqw%% et ol paFat Paﬁfga’ﬁ%rable
preferred. It is well known that pervaporation_c

used q%ﬁaquwﬁmpwn%t(eﬁomﬂg P & oFBPIMR Sﬁgr%atmn

present |nvent|on ‘gerva oratlo can be ref r.abl

used. ot qqf:\q'q,ilev ometal EMHBPORRY; 5050¥P?nﬁarb°n
h t t hat t th
e s R e §$"n€rerg81v“%%
di st II t d ! th t
| st a Ignldunﬁglrdegea | p%ung] % 0 Wﬁfr{?é}f% %nﬁnreac—

case o FaVIEng & 0|I|ﬁg poi

t hat r\(‘?:f t I

algo e pefﬁ%% Igf%rngy Téﬁ %%Ylg%h%?a ??EOMH$ ver.

a soI Vedg d‘@ﬁ%@%&olé 0P fre P& rf?ﬂnéa VAt gl sk8p for
ntlone

ove, the renova water in the

aI Co'lﬁloc‘r‘iﬂh.ng B A Ee1Ped, %a@&ﬂe@élacaﬁﬁabﬁﬂduyw a rep-
a solid dehydrating agent, distillation and nenbrane

sepanadditatiyeVetampherof tthe desragdat onpbaha,t BRere can
second organonetal conpound m xture in a | arge anount

in agdaidnPesnad Hf cémpSindtnasing ef peretlethat atbr in a

renmoval of water in the 15 al cohol is perforned by

di stidddune thhersos) it aléosit three metal-carbon linkages.
As an example of such a compound, there can be men-

tioned a compound represented by the following formula

(6}):



can be performed by any conventional nethod. For
exanple) the distillation can be perfornmed by any of a
distillation under atnospheric pressure, a
di stillation under reduced pressure, a distillation
under superat 20 nospheric pressure, a thin film
distillation and an ex tractive sihstillation, each of
which is well known in the art. The distillation can
be perforned at a tenperature of from-20 Cto the
boiling point of the first al cohol used in step (3).
It is preferred that 25 the diggillation tenperature
is from50 Cto the boil 101 g point of the first
al cohol used in step (3), Befofe or dyring the
distillation, any desi réa|RﬂbdM&ﬁe@R£{ﬁ be added to (6)
the second portion of the secohd portion of the
reaction m xture. The second f8i on of 5 reaction
m xture may contain, for exanple,Ma sol vent which
forms an azeotropic mxture with water fromthe
vi ewpoi nt of the ease in the renoval of water in step
(3); or a solvent which enhances the hydrophobic
property of the second portion of the reaction m xture
so 10 that the vapor-liquid equilibriumof the water
formed by the reaction in step (3) becones
advant ageot®eq&iher, the second portion of the
reaction m xture may contain a solvent whjch a?j sts
85581 HROT

the fluidity BfT$PeCSRbh® BFt2br2bemt fele

m xture. 15 The tenperature enployed for the reaction
per forned §4F §%?§°W?wr%e%%n%}%e%w telheéf?%len%f
the first al cqghol used;_ h er he 4 enpe i
general |y ﬁoogﬁ%ucﬁﬁ t en%necfa Iuroef ( alb%ul%e]g%o%)aé t%)%% C.
When the re el. 4.4 ep (3) is perfornmed by
20 distill a‘%?%%sﬁ%v}?éen%lejfla cSﬁr'e enpl oyed for the
distil lation_Ls,n artigpael yoldng as
wat er has a vgégP %!rfegsu'r erpatglt[l eRten@pr{e(fe%earfbe‘%rﬂj\}\%en it
is intendeGdfrLUMt £t dthaiAet el NoSt®Paddled Cp-
short period of tinme under atnospheric pressure, it 1s
pre 25 fer @ng tdmty 1 herslis] id Iaf %i@cﬂlﬁiafm;i‘nﬁ(bﬁﬁlttel
condi 102 10 15 tions wherein the tenperature of

t he vapor forgethightliciaid ait Wraschdi® @zedi 5 opikenyl
tenperature of water and the first al cohol. When water
and the fi reatowd cahdly -0y aErdlkyh aragectomgpiicsed of
m xture, it is preferred that the distillation is
perfornmed atnsdlestbiofuted) gpoisubofineated Co¥ens iaryk and
intended to conplete the reaction in step (3) in a
shorter peralddrbfsdlected hitram sthe | gtowm owrys beting of
performed, using an autoclave, at a tenperature higher
than the bditinaiplpoi ¢hali ehd¥anched| eotel 4 ot it egnd
whil e gradual ly renmoving. water in the vapor phase.
When the t &pdrit IFECEHESed 90ra® Hensehgtibpted or
performed in step (3).is extrenely high, it is

soneti mes PRI A Ca t2erdmrL e osi tion of the
reactive organepetal compound occurs. In such cases, a
liquid contai Ri nFeREFeHey desSkedbiet PheirdEed

pressure distillatjon or the |ike. Even when the first
al cohol doé%rqﬂﬁh?éw9ﬁ25ﬂ2 alkyl group, a 5fél2

cycloalkyl group, a straight chain or
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20 25 azeotropic mxture with water, water can be
renmoved by azeotropic distillation in which a sol vent
form ng an azeotropic mxture with water is used. This
method is preferred since water can be renoved at a

| ow t enperature. Exanples of solvents which form an
azeotropic mxture with water ingjude unsaturated and
saturated hydrocarbons) such as hexane) benzene,

tol uene, xyl ene, naphthal ene; ethers, such as anisole
and 1, 4- di éxareshed 103-Gind dldeogein ggmsalaphy drocar®bpriag
such as chloroform Fromthe viewpoint of facilitating
t he separ atar@l6fl waicip fdompriedzedtumpiics ti kb te@ or
after azeotropic distillation, it is preferred to use)
as a sol vesibsdniBited fgratednyl sandiratkyll selected
hydr ocarbon in which water has |ow solubility. Wen
such a sol vmm ithaigachup tcarss ieciass arfy $orakght hehain
solvent in an anobunt such that water can be

sati sf act ot ypranwhad Gy Gre i op ard €51 Fna i encleal-
is preferred to use a distillation colum 10 for the
azeotropi c kiilst idndat i on because the sol vent can be
recycled to the reaction systemafter separating the
sol vent from eaghag€okr opi @nfi Bt dFeapn ipffeger of from
distillation colum and, hence, the anmount of th

sol vent ca® H® reddeet & ¢ & relht9% et y %n"’a?la%n%nt‘?cger
By perform t he reactlon in step (3)% t here can be
obt ai ned, f"o“rg nth %oriyanohet af Rofpdund mi xture
cont ai ni ng at Ieast one reacti ve organonetal conpound
sel ected fromthe group consisting of an organonet al

oo SRLEEEDL Sl 2L M s}, B, g cormns
AR G T e

no water 1s genera
mfeac-

a seqHﬁpceﬁ&

times, the armunt of 1 elcarqb nle? ester 0 ta| ned I n

step v, n u f

whi (:h&i]‘)se rczérrﬂtl)ved‘q& n?stﬂe‘gg?&§ IFI(Qﬁer e%%?gégo EECH 2BASRO,
pref effd stz Ad)e anount of water renoved |n step (3)

is as |large as possible. Cenerally, the anmount of

wat er renomes ddysiePd (Sdmpohsd O SdchOad thBEE&LBFe-mentioned
| arge as the anount of water pro duced by the reaction

in stemdcling Wher oh g, t her andtal etomainr apmodeeadei $hereof,
theoretically cal cul ated based on the assunption that

onl y éan 4ottt ed metpoutdrbepr sakagdshyhbher phiyaical and
(1) is produced by the reaction in 10 step (3). In

many assessal herepeobiesfdiaferenenbren thoseepf( 3hei seseful
less than 1 tines as |large as the above -nentioned

t heorstgaredtmeip@lnconpowad ef 1 pe oduthd bgachéveeargrpemetal

in step (3). As a result of the studies nmade by the

pr esemmpgyedt or sthe t ragengraple onatarharhighengapopgtal
organonetal conpound is produced fromdi butyltin ox

i de arnEePRd b ohdpesHid casldgueidie dlegragrd (qympeupd)is dif-
is repeated one or nore tinmes, the anmount of water

reno &1t skepm (Bhei usedas PRAANPRE takpGANPERNaginly in

generated during the reaction in which the reactive or
that the degraded compound has a beoiling peint lower

than that of the useful organometal compound and is
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20 ganonetal conpound is produced fromdibutyltin

oxi de and an al cohol. Wen, in step (2), water is

added to the reaction system for separating the first
portion containing the carbonic ester and the degraded
compound) it is sonetinmes possible that a white solid
containing 25 water is obtained d the anount of

wat er renoved in 105 step (3) 1s nore than 1 tinmes

t he above-nentioned theo retical amount of water
produgegs b.-yuw@pf(mfé'@@ APaSE BPs { ) thdMephé SEEEENCEr -

of steps (1) to (4) 1s repeated one or nore tines, it

is digdhsmdtatl ccospssh@te 5 a theoretical amount of

wat er produced by the reaction perforned in step (3)

because the structure of the regenerabl e netanorphic
organonet al conpound contained in the reaction m xture

obt ai ned iHesd Bibd1low hasxpinatetoieedird dpi¥éd ivekh | Pespect
this case, the change (with tine) 10 in the anmount of

wat ertovhtid a Bcdledly eflséd 1k ashi efle thW®Nnof tthé present in-
confirmed by the neasurenent that al nost no nore water

is remxviethnstep (3) may be finished. After conpletion

of step (3), if desired) an excess anount of the

al cohol neln behe emobtesl ¢F othd hErdsbent elwoemtiaf, a first
inproving the purity of the carbonic ester obtained in

st ep dlgohal tie wesd ishesem 6Bhuerdoe agidigdtigys (al)seaprnd al-
(4) is repeated one or nore tines, it is preferred to

r enD\VRORML @R ske pptienatly Hesed cohostemheh) t hdurler, an
al cohol as used in step (3)_ is used in 20 steg (1) in,
t he casehthereayn Rehtenailgteped (1 sbep4f2)s(hereinafter,
repeated one or nore tinmes, the repoval of the al ¢coho

af t ertit® p¥eghodiscirepuentinrmterredt fRerysap “~third al-
appropr.i at e anount of the al cohol may be added to the

r eactTYP y%ten1after step (3). 25 The renoval of an

ol | ons. WIEh T4 So RO R NS OHERRPLE HHAT pe the

bt ai ned i 3). is.in the f f [id), th

ol cole 9 BT Ertweh S 7re  FATHSGET s of such
filtrafd 19&&@&%& hefhand e, 8113§va§ 2 %gzjdai ht chain
or ganonet &l CORpoUnd M Xt ur € OPt Al fied | H St ep B

in the firdRed ¢ 0 4. al | ;%ﬁtn?ciaél@.@ogﬂbohols

can be performed by a disti er reduced

Pr esHewindra s ac t%‘f’@*lcb&]_.%l Chr@fip | NEIke SRS, aS86Rols hav-
as nitrogen) is intfoduced into the reactor so that

the ailng (h ORIt €@ ot NoBdn GO NE , WR{ §halkenyl group,
corresponds to the vapor pressure of the alcohol. In

t he cask anfallsyNOabdbhdes th@abng Wely Qg | aealkghsgrsup com-
not conpletely dried, a disadvantage is likely to
occurpwis®@iot turessecioiic e d) aow nedas t touwbed ndg A€ x§ uaeyl and
is hydrolyzed and decom 15 posed into a netal oxide

and aliatl el gctsad tfdm t tite agiboinp ©dnéhet Lagbehi straight
ester obtained by the reaction in step (1) in the case

wher ehaigepreiranthed epp-¢i) abkfd)and ¢epepyedyohealkyl.

or nore tines, becones extrenely |lowered. Steps (1) to

(3) may bEReGEGgreekanpIrys ¢ these alcohols include C1-C19o

aliphatic alcohols and Cg-C3;5 alicyclic alcohols, such

as methanol, ethanol, propanocl, 2Z-propanol, l-butanol,
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20 termttently or in a batchw se manner. As descri bed
above, if desired, steps (1) and (2) can be

simul taneously perforned. Also, if desired, steps (2)

and (3) can be sinmultaneously perforned. Further,

steps (1) to (3) can also be sinmultaneously 25

perfornmed. Further) when the netgpd of the present in

107 vention is repeated one or nore tines) if desired,
step (3) and step (1) of the subsequent cycle can be

si nulz-anacinlly (pard drsmckr aVtHereaspect2 tnethEel chspsopanol,
where these steps are sinultaneously perforned,

expl @natethysl -2 -arropgingen, bgtoeby thire kase- néretanst epd

(1) and (2) are sinultaneously perforned) Wth respect

to t heeraaotdlon guex ficromers ntfseegoef 1) ,3-1enterel ar d-methyl
two cases: one (first case) is the case where a liquid
phase- lafh zncdpor2 -piestsey Joar lo- prievent . Rnmeighyhe2 -butanol (and
performance of the reaction in step (1), and the other

( secdrapmense)theradf) cabangitere thWoanell okard 4-§°'F“ﬁr§
supercritical state under high tenperature and hig

pr es duveresgnidi tGsHeRaREanRl r ehTte gny hi ]xt %N%l%vh%nal (and
honmogeneous m xture. Steps (1) and ( i

si mulksamess | Sharag ol ned Motk }15%F %%‘é%an% {@pd isomers

first case) the reactlon te erature an

pr oo SHF Ry BT be TR TYEESer Pal KBRISPolBemeot).

fggt ?%B%’g—dﬁ n‘%\‘{%ﬁ%{%%&fﬁﬁgaﬁr%ﬁ%%%gﬁh?geﬂggoquheggnol . 2
or | GREATRE 1 G SR prAskEre) < TRkRbY [Rdg Leomers

e S e g

di oxi hence on|c ester 1Is

o, e M, sl TSR, e
a part aﬁ)% ng&%ﬁ PEPIQ& Pg&ﬁg}stbﬁ8£é6:§? hpﬁ’fé’tﬁﬁl 1-butanol, 3

(cont e carbonic ester and e unregenerabl e

unr eaqﬁé E@ﬁ&éﬁlﬁ n&AN( BEaSepsnatedthepavEhe Bemethyl-3

action re.” (The case where steps (2) and (3) are

Si "UUﬁé}?@é&% P&8hd Of S8R r St eRerédt ) andyEBpneaanbe, 1

si mul taneously perforned 10 when the reactive

Or ganGRet eyl CoMPPespéstahbai nedaf foomapsakheiebt), 2
having a boiling point higher than that of water, and

a Cl-Gieathky! 1 abgobopensansed(andsiepméip ohetapf)The
separation of the carbonic ester, the degraded

conpousyic helsu el ethénoin {Aedr aoheva therep€)cad 15 be
performed by a nethod in which the reaction m xture

obt ai hegclobstepetidned phndedsomdes shereed.of lan

inert gas, such as carbon dioxide gas) thereby
rennv+m@¢hmkczel@butrlé@eéhanphe(Gééréé@@e€§n§8@ﬁG°§ﬁd (2
water fromthe reaction m xture, in such a form as

ent r aimethplcyglebatyhdmethasolThen§e paPRETSN 5Prﬁﬁé) hep-
carbonic ester, the degraded conpound_and water fro

t he r%@%@lohaﬂﬂx%ﬁ@@eéﬁntBPESOEé p@VPéPH@&YBVeéhan°l (and
conventi onal netho as nenbrane separation.

such JaS‘PFE?ﬁ%dth?ﬁéoﬁév béﬁFEhé’éFé(F}OPﬁ%‘Y&Sﬁ'Fé&é‘&‘o ana iso-

conmpound and water can be

mers thereof), cyclohexylethanol (and isomers thereof),

(ethylcyclobutyl)methanol (and isomers thereof), (me-
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25 continuously separated fromthe reaction m xture.

109 (The case where steps (1) to (3) are

simul taneously perforned) Wth respect to the reaction
performed in step (1), 5 there are two cases: one

(first case) is the case where a liquid phase and a

vapor phase are present during ®Be perfornmance of the
reaction in step (1), and the other (second case) is

the case where carbon dioxide is in a supercritigal hvl
st at ehyhdgrlbpghpydnpshanoie (and REGRSTS HPETSQLd . (ethyl-
conditions and the reaction mxture fornms a 1
horpggndopsopiyi meshagedpd apgd) isemesy thsrpet). octano
simul taneously perforned in the case where a liq%ﬁjreof}
phas¢aadd isoweger thiexeetdre noredert (@3d Agomrss 0° ‘
performance of the reaction in step , thﬁ Rea ifg%mers
or gadewanall demsodsemess $hgdesiied aRe a1 &0

havi ng a boi ling point _higher than th of ter é?%ﬁ -
a Clt@srgofyl. 4 nody (&g &m%%&%}ﬁ ok elEStorY - 2
is used. In this case, the reaction te { n 1
r eacciob®lpr éé’stlﬂnéﬂva"rlfoa'@ser{cﬁ’ﬁ% l@r?“{eﬁrersp&;/hgeg%zﬁef )g,ndpenteny
al koxy group contained in the 20 re RY Mda iso-
conp &P (and thFREnegts atrt‘\"ea’fecooﬁ'r)o'l %\féwéelno%aeg{ al co o{ is 5

used. However, the reaction te t | engdadhdn a
150 @eFS |HEer % F@'?%°£c?qto%&%e§[ sﬁ]gccih;b%e% al ly 5( .

MPa qr | ess. \ater h ' tomers

degr d&@&‘ec%%p%ﬁﬁe#ateaerﬁg%f%tg%ﬁ&ﬁi gy i ni%%r bon

di oxi,de and., hence, - didéh s thén eflcohol
the & rc?nold%) ‘es e‘? %lﬁadﬁ%% %{e%?g%jg%l' conpound i s 48l

di ssql Vv ' . Therefore, by perform ng

t he %@a‘%%%%higgg%{igoéﬁ vvh?l e wthdrawi ng a part of

the vapor phasgr ! hes Cardof Esest fécoid 4@ ceibd alcohols,
graded conpound can be separated fromthe reaction mx

ture ybiie GLHENE186hHTs t gy Obganssat alExconpamf Relyhy-
ther,” 1t"i's al so possible to enploy a nmethod in which

t he reacd i @DcoBoper f ncledei poayhydeiicbeg-Eracediphatic alco-
cont ai ni ng an organonetal conmpound m xture, wherein

the 1oDs gananpbayhedmpoufig-Gi zt 8kécyeliappdepBalgn guch as
carrier or in the formof a solid. In this nmethod, _.

car bast gy Dshdegapdoa, Cl, E3pabpeheliiale tnkrpaapadefird

the fixed -bed reactor to effect a reaction, thereb){{

obt ai @yayohezanbanbt estecycaopeyiatediednpslfdagAdcyl alco-
water in such a 15 formas entrai ned by carbon di oxi de

gas. Wsla, canchensf bengeppdimet§apRéd -or ganonet al

conpound m xture, a conventional carrier Cﬁn be u;egl__.red are
(The case Wmeng thepapgyeaRgnéftepef1plgrPbpPhg. Prete

subsequent 20 cycle are simultaneous rfanaed hen h as
t he netLhbd BFlWYpPgséﬁFo%&:ﬁ "SR d?:gge%tle'% Sne ‘o C

nore tines) Wien the nethod of the _present i.nvent,| 1. 2
i's repeshadodne edhaRGle PEOESPSef PIPPERS Lt g‘p tJ( ?; no.

O ope Tt Mnd Y oheid dhe-U Py | G -1 -propanol, 2

-methyl-2-propanol, cyclobutanol, l-pentanol, 2

~-pentanol (and isomers thereof), 3-pentanol, 3-methyl

-1-butanol, 2-methyl-1l-butanol, 2-methyl-2-butanol (and
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25 nmethod in which step (3] is perforned in an

at nosphere 111 of or in the presence of carbon

di oxi de gas. Specifically, step (3) and step (1) of

t he subsequent cycle can be sinmultaneously perforned

by a nmethod in which the second portion (of the

reaction mxture) obtained 5 in gtep (2) is reacted

with a first alcohol to regener ate (resynthesize) a
reacti ve organonetal conpound and generate water) and

the reganerateter&AES | V- ik SRy DIRL Bht 8RFPOVARA | Ssomers
reacted with carbon di oxide to thereby obtain a

car bother&st pf  cydbBs9é it ANEL Vot e PRPEF At €dcisbidPanol (and
renmoved. Step (3) and step (1) of the subsequent cycle

can besamerkd temecsst y, peffotigl- 1 icybobasansbe( &nd isomers
i quid phase and a vapor phase are present in the

r eactilpsreys) en -methyl sl cagelobtitaneac{and isomers thereof},
tenperature and reaction pressure vary dependi ng on

t he tyy=labuigyinistisdkaky(gudupscoatrsi bbdreof) hel-hexanol, 2
reacti ve organonetal com pound and the type of an

al cohdlexmseal Hovdvesomehe thareddh,t @npexanokie(asd isomers
generally 200 C or |ower and the reaction pressure is _
1 MPatheréwtk. 4iméthyplelcpertarddt (andpisgpenndthespof). 3
(1) of the subsequent cy 20 cle are perforned

si nul tregitdunst Y-penianet | hgndhbsewerst therepfanodehathyl-1
conmpound wi th carbon dioxide in the presence_of an

al cohdreHedR Yy 62Bdi 15o/ePdi Heeregher £nghhibolcPphenol. 3
nmeasur ed under atnospheric ressureg under conditions
mmereﬁWﬁﬁhﬁ4T%ﬁﬁﬁm%ﬁp?%nb%vﬁtﬁ?%m?g 2EheREot hnp3ppethyl-3

| ower than the poilinp oi nt _of the, al cohol 112.5
and tRereieh, nd' THoRtss elpnet FRetipexEEty. 1
MPa. It i.s e preferred that _ste 3)..and. ste 1)
o 1 hetiielol et forratinel DLeRar Rebrbr i rareBalr 2

by a net

into —trF]eetr}lgngc—ib -acvw%cléf{;ygﬂgﬁg%gg&éhdf'ﬁgﬁér%St#@i‘éggzgeg

on o reactron mxture
that t d,i |
cact o OLFERTF RS LA Ra A ERT PR DS Lo bor

di 0Xi A8y GRS, 51 SBRLL ONCHaRBOY Conbie EBEREOES! {he

present™in 1 vention nmay further conprise, after
step (RrhPSFE oty MmdbhaRoi heafgCcoREmaEgaRREBESE), (2

compound m xt'ure obtained in step (3) is recovered and
recyclfdi A1 §§€Pokddyl MmeLALRBTE (8haSi8Bmetl] therkdX), hep-
can be repeated one or nore tines. Prior to the

recyct&n®f (4ed0fganeret the£@apPUNdythokbrPlhdthahbe (and
or ganomret al conpound may be cool ed or heated. The step

(4) cosomerpetheraed) ei {hethgboychohesy))methanal (and iso-
bat chwi se manner. In step (3), when the reaction of

t he semondtipere@d) 25cycbohekylbthapatt (endnmizbmeeswithereof),
a first alcohol is perforned at a high tenperature or

for a ¢riy bogetopetybimethanak, (angr bbbmearar tbesepfi) . (me-
that the degraded conpound is forned in a |arge
amounthy I¢we béprepyllethapedf éanddishmershshecgeflon(ethyl-
in step (3) is performed under conditions wherein the

f or ned¥Y@koprophe) methanel tenpoimdmpsssibpresfed astanol

much as possible. The degraded conmpound gi.e.) the |
unreg@%csa:b*%m%ﬁ?eﬁ%?Fgg } and hexenol; pd C7-Cg primary or

secondary aralkyl alcochols, such as benzyl alcohol.
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113 conmpound) is forned by a di sproportionation

reaction which is caused to occur when the organonet al
compounds respectively represented by forrmulae (1) and

(2) are heated. In a carbon di oxi de atnosphere, such

di spro 5 portination reaction progresses slowy and,

hence, the unregenerabl e unreactgye conpound is forned
mainly in this step (3). Wth respect to the degraded
compound fornmed and accunul ated prior to the reaction

of step (AnorgdthbeaBsgeadedtconpauatchrbng,f abeedpreferred
during the 10 reaction in step (3), these degraded
conmpaarglstis@nabky L eaD¥eHo L EoMthBecyeachilRP1SEIEORLILE, the
step (3). The reason is that the degraded conpound

repr esBodéreygl byl éonolkaan8) tRboueahrgiaabachobag,pahith have a
| ower than that of the reactive organonetal conpound

obt aimeiil Ixygt beineanigheti thanf thahepof3yatéipe (whemeah the
of the degraded conpound fromthe reaction systemin

step ¥@)1iag beiptrisrmedsbyed undeenaitmoaphaetibogressure).
such as distillation or nmenbrane separation. For

exanm@amp hes doEt sttht adboobahsbénpiefier abbytpspfior Bedethyl
by any of a distillation under su 20 perat nospheric
pressureprepanel| | ant adhyindécohedubedipgessaitzaight chain

distillation under heating and a thin film
di st i B¥/CLGRLChehbraRtKELpaFaPPonaBaftlkgnyl alcohel hav-

R e
; _

1T oSy o TS R R oo
e31 S SETREROA R LR B aTEL e B R, g
corP a2yt LA, O BIGED BECPRbEAERNERSCo-cyy ery
o T

te”DQ&@E&Eéhth@M§¥ﬁrortB%aﬁéﬂgﬁréﬁubﬁ4'ﬁlﬁ&@fﬁhﬁbbg—cl4
fromabout™20 Cto 300 C. Wien the di'stillation is

perfqr andey  healdfy alede rﬁﬂibﬂ@f@,err%é‘f eprib€ffea are
I's a danger that the anmount of the degradation

conpailnél X oaneshdust Revihgcaeasesighiecrk@heori brhfiched Cs-
nore preferred that the tenperature enpl oyed for

di stidgd aililoyli gréepm 20 to 200 C. In the nethod of the
present invention, a solid 15 20 25 degraded conpound

(ot her thanetdbnbdDye; NERplanationsegesegabbf on the method
unreactive conpound) which has in its nolecul e at

| eastfdireeea et as - 6Ar bna kéakages bsganometadscbapoadd and
It is presuned that such solid degraded conpound is

deri vide: fdegradeld spompoutdodativadr eherebfnomr oduct

which is formed as a counterpart of the unregenerable

unr eact i villeanpoantihavenganometsl nobopohndat whiabt are, re-
three nmetal -carbon |inkages. As an exanpl e of such

sol | ¢nRgrEdely conppuadentadr byciarpulpeni{ionandal(2), and
nmetal oxide, such as titanium oxide or tin oxide.
Thesdhw|degrréeddesmponpduhtbecuprpaeraspbyer upbeagtive

compound) can be analyzed by, for example, the Sn-119

Nuclear Magnetic Rescnance (!'°Sn-NMR) spectroscopy (see,
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115 5 10 15 20 fromthe reaction systemby filtration.

In step (1), step (2) (in the case where water is not

used) and step (3), the reaction mxture is generally
present in the formof a honogeneous |iquid.

Therefore) when solid degraded conpounds are

precipitated in the reaction sygfmas a result of a
repetitious use of the organonetal conpound) the solid
degraded conpounds can be renoved by filtration. The
filtregd ekfmpide e f ardmth ANy ofa8 NeoEpnveiedd, in a
nmet hods. For exanple, the filtration can be perforned

by any*sf-NMH idgdciim, wWdsientiidiIS pheif £ VPSS li€er Bhed to
filtration under reduced pressure, a filtration under
superiares Rt ed IS StHee daitfhrfonGei i Y | domfpd koD . réffedsented
water intrudes into the reaction systemduring the
filtratiformilzer@) slargbngeratited ddpentiaiaq) for example,
organonetal conpound is hydrolyzed and solidified.

Ther efrorithe forgapromestetl ngpripweinis efarn tentganbnegial sample used
conpound from bei ng renoved together with the solid

degr sted thEPOETHNMR  drs fyrssferaretl drhathe erdsénceatdonab-

is performed with a considerable care so as to

suppressse nf guc wlaniuel dgin tife manwley dsedffehethe *'°Sn-NMR
or ganonet al conpound. Herei nbel ow, expl anations are

gi venglissespdberedorge Adadsi aFefesTelds thadd the @yalysis
met hod of the pre sent invention. 25 Wth respect to .
t he Qfpdhst anganamaiadoramRaEd is merfogned hgey methed in

each of steps (1) (2) and (%%, there is no particuylar
li mi (Eh ) then PTahPt AR a0l Inedslg ilﬁﬁ-wg%%%% gy NMR)
be used. Exanpl es of gggyentional reactj on vessel s

i ncl RRESFTAPEh GRS SRR UL R iTagRgtic reso-
tor urrehdast R T ShEobtesr ey HFpe ittt CORbination
i ndi i lflaltll'ye Qigén”—é\ﬁﬁirbsé]eactﬁroonSCo I.ngi%tﬁ)lleeqs%seq?%l %fgows

t he above-frenti oned reaction ves s, 'steéeps (

" . . . .
I Bogeiher A 2 SOLNAS SR OO SEOE e o
the W awpol i, Gy LiddGlanidey d¥ f(ﬁle dMiddSrg 01??11(::?1 com-

equi l T briumof the reaction in Irection©

Pr odiyhundy HepfPeddntieti ML IRIARAL Q USE whiBH tis SEAGRuced
distillation colum. It is nore preferred that each of

st epExrioh 2274 HA)- 1 -hSAHHD NURHS | 34 MBS DE IR biBd &I Fable 2
mul ti-stage distillation colum. Wth respect to the

mul t ivettodg@hbwsd itHFsa INMR @t 2GR % tHplddeg£ ¢lferilcal shift
particular limtation so long as it is a distillation

col urmawesC adtasi Hatb tF A & tiheonete caff &tde@saded compound
whi ch i s capable of continuous distillation. As such a

mul t i(dsteage whrstgdreatdtdre aoinegayt jary ooyareste ekl compound)
mul ti-stage distillation colum which is generally

used riepresended dan fremusled. ( Exanpheshef *S$oh NMR chart of
mul ti-stage distillation colums include plate type

col urkhe deigmpded rompauch dshe digmle@akghiftaywakbue as-

cribed to the structure of the degraded compound does
not depend very much on the degraded compound content

of the sample used for the ''*Sn-NMR analysis, but
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117 sieve tray) a valve tray or a counterflow tray;
and packed type colums packed with any of various

packi ngs, such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Interlox saddle, a D xon
packi ng, a 5 McMahon packing) a Heli pack, a Sul zer

packi ng and Mel | apak.

Further, agp xed type of plate

col um and packed col um, which conprises both a plate
portion and a portion packed wi th packings) can al so

b I .
e PIpLaaf s 18

s d£8a PPl YbELEOREARYD rou
ENTI ON Her'ei nbel ow) 1he present invent%gzg P

W dgheei f€d | Dedehd aBGLade8aEbmpbliRg! ef e netatdcteristic

the foll owi ng Exanpl es,

whi ch shoul d not be construed

as | ifadtuxee tde th&Cpen ofiMk henfFesept thavasgirafed compound

<Met hods for

anal yses> (1) Nucl ear Magnetic Resonance

(NVRreditie)si tn ofha@) 91 gRaDsehabr COERPOURdtAl structure of

Appar at us:
sol d #tne

sol utions for

JNM A400 FT- NMR system (rmanufactured and

Hefdrdddl , compaina Pappaant i@nteé sanpkeof from & 90
1H, 1'CG and 11ssn-NMR anal yses: About

0.1 tiwm 11Xp gfpm. reaction m xture was wei ghed) 15 and

then 0.05 g of tetranmethyltin and about
deut erat ed chl orof orm were added thereto,
taining a sanple solution for

0.85 g of
t her eby ob

an NWR anal ysis. (2) Gas

chromat ography (GC) anal ysis of a carbonic es 20 ter

Table 1

Contents of an organometal compound of for-
mula (1) having a 2-ethylhexyloxy group in
sample solutions, and ''*Sn-NMR chemical shift
values obtained with respect to the sample
solutions

11%gn-NMR data

Organometal compound

Chemical shift value

content (wt %) (0 ppm)
48.0 -64.2
20.5 -19.1
11.2 -6.6
3.4 2.7

Note: The chemical shift values (d) are relative to

that of tetramethyltin {(SnMe,}.

The organometal com-

pound content is the weight percentage (wt %) of the
organcometal compound in deuterated chloroform (CDCl,).




io

Appar atus: GC-2010 system (manufactured and sol d by
Shi madzu Corporation, Japan). (i) Preparation of a
sanpl e solution 0.06 g of a reaction m xture was

wei ghed) and then 25 about 2.5 nml of dehydrated

di met hyl f or mam de or dehy 119 drated acetonitrile
was added thereto. Further, to tdie resultant was added
about 0.06 g of diphenyl ether as an internal
standard) thereby obtaining a sanple solution for a GC
analysis. 5 (ii) Conditions for a GC anal ysis Col um:
DB-1 (manufactured and sold by J & WSci entific,

U S. A ) Liquid phase: 100 % dpgeetdyd pol ysi |l oxane

Col umm Ienggh 30 m 10 Colum dianeter: 0.25 mmFilm
t hi ckness: " “BrEdMRCoihemi cadnshifiturealugfe abdigdared ofith
was el evatredpeoamtal the tsamil@ sGlattimnsateomfaiiling a

C/ min. |njdé@trla%d A e éatJe'ia §d@fula (6),

tenperatu 0Q %ocrln[l:% Ay zation
detector) (11 ih) @grl??ﬁ ta:ul Ve ana ysSi's e quant itative
anal i

calijbration curve obtained,pith re 20 spect to
standard sanmples. (3) Cal cuISJ’uW ot2%he yield of a

carhonic ester (i e ) dialkyl carbonate)

Alko roup (OR) Chemical shift value
i (3 ppm)
Methoxy group 109
Ethoxy group 102
n-hexyloxy group 100

Note: The chemical shift values (8) are relative to
that of tetramethyltin (SnMe,).
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The yield of a dial kyl carbonate was expressed in 25

terns of the nol % of the dial kyl carbonate, based on

120 the nol ar anmobunt of the organonetal conpound used

in step (1), wherein the anmount of the organonet al

conmpound is expressed in ternms of the anmount of a

nmetal atom contained therein. S5e¢lgxanple 1 First, a
reacti ve organonetal conpound having a 2 ethyl hexyl oxy
group was synthesized fromdibutyltin ox ide and

2- et hyl - 1yhexamespastf ¢l @ach Brepmiof ahe Imatdrod of the
four-necked flask equi pped with a cooling tube, a

t her preseat (heenthienreadetedie® efpldretinng afe given be-
tenperature of the flask)) a vacuum punp and a vacuum

cont dekl.er (manufactured and sold by Ckano Works,

Ltd.) Japan) were charged 249 g (1.0 nol) of ]
di butyl t In 35epxi(dd (@fariifeacraturf af tee doBgS@RrErigyention,
US A), 650 g (5.0 nol) of 2-ethyl-1-hexanol

(manaf aceetddrans oeinfdynesl hetweeny & firsy organometal

" dehydrated grade). Further, a stirrer was placed in

t he” fdomplounthaipitagie vl igarbaredigkide oifheRaein Hhe first
atnosphere in the flask was 20 purged with nitrogen
gas. OFgamemetal iGRPRTUnt dicHiiteh  COPRT 155 17 fBkXTige of 2

started whil e heating. \Wen the internal tenpeéaturg le at
of t FeAqTASIe QRIARANELAL COMRRIH RAYIRI | 1P 1 hES 1PgLEou1e 2

dual | d d whil ith d i distill

\glia.se. S dion P IS SSERRR A9 s Res aiRegen-
f | d 2 '

perf 6 fﬁ%ﬁ lc(ﬁ% :r e HamEtng, PELGR 1§ 560HEPe i Eron the

int t ' f final :

| ouered i b rfpdfifa 07y hAEIN 1es

e@{lﬁgﬂ Y %@q eﬂ%ﬁ%lﬁ)—?\?ﬁ?béﬁafknkéaés, to

al no t
fIaSE&th en ou Fom and the inside

of the JdAK NS GPU &badtifth M kf@PENcOABaining a carbonic
ester formed by the reaction, the unregenerable unreac-
tive compound, and a regenerable metamorphic organome-
tal compound derived from the reactive organometal com-
pound. Step (1) of the method of the present invention
involves a reaction route in which a carbon dioxide ad-
duct of a reactive organometal compound having in its
molecule at least two metal-oxygen-carbon linkages is
formed, and the adduct formed is thermally decomposed
to obtain a carbonic ester. That is, in the reaction
route of step (1), carbon dioxide 1s addition-bonded to
a reactive organometal compound to form an adduct, and

the adduct is thermally decomposed. Differing from the
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was i ntroduced into the flask to elevate the pressure

in the flask to atnospheric pressure. By the

abovenenti oned operation) 410 g of a viscous liquid

was obl1l0 tained. The distillate withdrawn fromthe

flask was analyzed. As a result, it was found that the
distillate contained about 13 ge@f water. The

above-obt ai ned vi scous |iquid was anal yzed by 1H,

13C and lissn-NVR s. 15 As a result, it was found

t hat ddaerevitSendd hmiedtiodsgosttapng¢d) of the method of the
1,1, 3,3-tetrabutyl -1, 3-di (2et hyl hexyl oxy) di st annoxane)

di butptdsien tdiipZenttion Hexyhaxiedéprangd in that an organome-
tributyltin(2-ethyl hexyl oxide). 20 Step (1) 404 g of

t he ahkayveonploaindethaviingous litgundlesslenhatgd@asit dwe metal
500-m aut ocl ave (manufactured and sold by Toyo Koatsu

Co., -Hduygenlapampnnliicikages &scaegeied wiitde agsd

connected thereto through a SUS tube and 25 a val ve.

The atttedchdvmeatas cs ealcathit ofd copdoR: fooRicee Iaodhg con-
10 15 20 25 in the autoclave was purged w th nitrogen

gas. VEmdr,onale medhosisye mErbead digridedddsie fe iyt pressure
i ntroduce carbon di oxi de gas havi n%&% pressure of_4 11
MPa ife cadntesittdinan afieohol dddids ST Fenes (i @ sma

di oxi de gas into the autoclave was perforned

Lor 1%uch con-
M nutameugHi 1of S iMataly IHA WS tents 8P PHETRAFLOFATY!
and, then, stopped by closing the valve .of the :
xR G Ao M s iR 1572 e e d @ SRR an
tenperature of the autoclave was .el { :
whi | #tkGh r‘farﬂ?c’n]'rpe’rﬂméﬁ? edeti BT t\/\?adg\{‘giet??c?{rér}e %OJFC o the

hours whi |l e mai ntai.ning the i . nre
ut o iRARRS PAA RIS AHEBL A PEoet ROty Eron, vor.

ft bon. di.pxi . After f i
the 1181 @rdie 1B ool A(h; Hoieg Coripatiiogha method
and cal bC? lgégxirgerflgf&? f‘.@?’?%ﬁfé’ R Sissh tdesefd®Nlinder a

throug‘?ls e purge Tine to ower the pressure in the
aut o fm.%%\?{@o PR S1E Ered HES@hYi O tRe thagoD at
trangl%)lg%/%ﬁ'%]p??%ui as a reaction mxture. It was found

that 196 o ghdl e Yolek erfldden Benlor ANl 1S OB dibu-

~. Theé reaction mXxXture was anal yzed by 1H) 1'C and
119Sn: MR 5 - affeBhoRBad | ) THe WG ORMduEd dfhatartivn dioxide
reaction m xture contai ned

tributyddi i 2teé hyddexybaxidenoantescribédnini bixe dabove -
adduct thereof in a total anpbunt of about 0.1 nol %

ThesenéNPi 6REPOLLtSrateranr ayewareahl e turreaarsjsered that,
compounds. 123 Step (2) After step (1), a thin film

di stiébahi b Eppapattsab poedsSup® ¢E-methanphuiscPubtgacted,
and sold by Shibata Scientific Technology Ltd., Japan

havi nghanamotet naf tenpenadipside usedCihnghgpreactio
internal pressure of about 65 Pa was connected to the

aut ockhweldhbeugh harggqupd ekaheastrifg piMpsS(ERS| QaT;

manuf act ured and sold by Shinmadzu Cor porati onQBJﬁpag) %h e
and astpichipmetshcnasopets sehdll¥e £8] FBRs2™RBBG: 1267 ©

g of the reaction m xture obtained in_ste %1) wag linkade
char gganpmesaiheomBPANf] bavaRgt | WSFP&ﬁ°§§S Pafgseen ge-

through the liquid transferring, punp.at_.a rate_of .
g/mn V03§P§?VFP90FPetHQOVSFQPRFEOEEPtgFgPrgﬁFFﬁgr% condl
reaction m xture, followed by coolin t here
recovEFPHﬁ-aBB@te%ﬂlélBFlpﬂe¥§o%gFPFglﬁaEFSPE%ﬁeg toward a
liquid form It was found that about 50 % of the

di (2-et hyl hexyl) carbonate contained in the reaction

m xture charged into the thin filmdistillation

apparatus was distilled off as a volatile nmatter. The
volatile matter in a liquid formwas anal yzed by 1H)
13Cand lissn-NVMR s. As a result, it was confirmed that

the volatile matter in a liquid form contai ned about

0.02 nol of tributyltin(2-ethyl hexyl oxide). 25 Step

(3)




124 Into a 300-m four-necked flask equi pped with a
cooling tube, a thernoneter (for the neasurenent of
the internal tenperature of the flask), a vacuum punp
and a vacuum controller (manufactured and sold by
kano Works, 5 Ltd., Japan) were charged about 100 g
of the distillation residue obtaigned by the
above-nentioned distillation, 5 g (about 2 muol) of
di butyltin oxide (manufactured and sold by Al drich)
U. S. Barboan@d 25&eg,( $o7 thalt) aokba2berliy ebtieax oyl be pro-
(manufactured and sold by Aldrich) 10 U S A ; a
dehyduakad igr adglielAuwhheh, isx Stighesr than gixpested from the
the flask. The flask was imersed in an oil bath. The
at nDsplbane iof tthe thasiysds pHeoyewewt hyntheogeacgden of
Then, stirring of the contents of the flask was
st ar ettbwini de oheiatei wgth\Wiernthane li .nifgrasawapr is also pro-
tenperature of the flask reached 172 C, the pressure

5 in tldadddaskhues ppsdagalal yerdguwse PraRled it Hdtah TR L£ata-
distillate (i.e.) water and 2-ethyl -1-hexangl) frqQm, .
the flivadk iy msmed yeleda byutde (5hee Waie% r Q& S Sr‘%é’@ this
performed for about 7 hours. By reducin the_ﬁge SULE qehvy-
i n 2@nohden asik ishaefessarve 1 f}qifeelr%g&% G it ey
| onered to about 28 KPa. Wen the dis

i tb%la%g 2% ntioned
al nosratigro g FaRTHAMGY 58 t HE HPEs R POMTs Ma s K
was taken out fromthe oil bath nd t he insi o)
£ asH ear At 2 eridtanrth S ninddl | Hik anb g
into the flask to elevate the pressure. .l £ o]

10 125 aMesdpRReSE rgﬁ*aé%’fs‘tﬂ’}s.c"évﬁt‘ﬁle"% oVt ?%ﬁ‘féd@’%dé 1s
operatio a. viscoys i qui j . 34h i i -
abové’-rc?dﬁg’r%oa%/i%g'&%r %%%%@%%r%e%l%%ﬁ?n dimeth
13C and, 119Sn- i nd kg 1ti
t he \ﬂ’%’t%%saq%]q%%%sn% ﬁ:el{oiﬁ'e %%é%t%&tl \(/e\?f%{b%?yl wefitin
-1, 3-di(2-e ARl n ego PNt VAt odin( 2 -
et hyq%%%l%%ﬁf%%ﬁ%%%ﬁt%g-? Ryl hexyl oxide) . T
ot Iltq&e?,t Y, &6 CATPOUNOSh e thethbd Sb£ t ¥Re CPAROUNRLSiAVENtionN,
regener abl e net anor phi ¢ or ganonet al conpounds and the

15 10 | aSfe@Neh &OMPOSINEL 4 St foh URL REEHE abterusompletien of step
com pound. The viscous |iquid obtained in step (3)

above MRS; & e6OYEE@ It @NEb bR Cehperabuséepthé) reantlisnepixture
(1) was 15 perfornmed as follows. 79 g of the
abOV%élbéﬁéDBﬁl vémaeDns imotthe fasmchargedignid.a In this re-
100- aut ocl ave (manufactured and sold by Toyo Koat su
Co.) dpékt, JEpanreabi tdn hased tarbbe webtRpdeofathgoppesent
connected thereto through a SUS tube and 20 a val ve.
The alriwehsienwastfens efiromnthehseachbophusedi An fhe above
autocl ave was purged with nitrogen gas. Then, the

20 above-memtioned vahvenhhenapemefhed iat WBdGEe acdATGE, amount

di oxi de gas having a pressure of 4 MPa into the
of carbon dioxide is used.

In the case of the conventional method, the reac-
tion system has a high carbon dioxide concentration and,
hence, the reaction is necessarily performed under high

25 pressure conditions. Therefore, when the reaction mix-
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aut ocl ave. The introduction of carbon dioxide gas into

25 the autoclave was perfornmed for 10 m nutes while

stir 1,, 126 ring the contents of the autoclave,

and, then) stopped by closing the valve of the carbon

di oxi de gas bonb. Subsequently, the interna

tenperature of the autoclave waggel evated to 120 C

while stirring. Then, a reac 5 tion was perforned for

3 hours while maintaining the internal pressure of the

aut oghavecahtdihPagbyhaegpsdated bkacbopiessstervakvéaken

of the carbon di oxide gas bonb. After the reaction,

the basi deosf theeradteskavetwas neckedatry &bopurge €) large
and carbon di oxi de gas was gen 10 tly purged therefrom

t hr oagbuhkeofurgebbhnéibriieweromhehpr eesgteri befbere taking
autocl ave to atnospheric pressure, thereby obtaining a
tranepar ehe Ieguitdoasmaxtaaeti oBunh xhecessity vbgsésupyob-
that the yield of di(2 -ethyl hexyl) carbonate was 25 %

15 Allems sbépofly, ia that ai Lerdesemouati of sppheat dd.oxide
(E-420; manufactured and sold by Shibata Scientific

Technsl wggtedd. bulapdap Bavithgtanilifntidr A&l in&epdesd: fPe reuse
of 130 C and an internal pressure of about 65 Pa was
conngbeegurgetheanbpac AaoEidnn oGgRTESSIEHZa tiPRNfethe caxr-
20 ring punp (LC-| CAT; manufactured and_sol d by

Shi nkeru dEeriseabeeamegapaREsSsany &ndi-stemcat 6‘n lagge
performed as follows. About 25 of the reaction
n1xtGWQUBBtQﬁn@&eFﬁYsﬂépcPTF“W&g fﬁéf&@& TePS eSRETiFATLon
filmdistillation appargﬁus thro t he

L ranSFefFieng 28% iy 4 % ; AUEERES. off: khdoshngeptional
ff th 27 tt th
i xt BPED ?10 e doB ¥l Ree b&%&méﬁ %rlres%ﬁ@tel?‘%ﬁ 1900800 -

} gug&ﬁ H-gt g\égrbtattélg% %)te?nh é:lh%i ?.’ 3?| e |P)ernI tl'xa\é.asa high

car bat g.CotaR ol LAt JaRa6H o SHei SRR carvon

into §Csrati on éppara

d'St'|BQQG%f a@sl%y QIQBEE%aggkte%o E%%ﬁvgﬁg'éd%bon dioxide

mat t er iqui orm was anal'yzed by 1H, C and

|'5361§¥B§veésn%tr%%§§ta ble%%tp%ﬁH @m%$ﬂ&¥¥8ﬂlﬂﬁt also

volatile matter in a Nquid form contai ned about 0.005

10 Mgl eOfAahdidlay IdairiboAiet Ryltkexy hverdaly HotdiRlge a2 reaction
mixture comprised of a homogeneous mixture of carbon
dioxide, the solvent, the catalyst and the produced
carbonic ester. When the reaction mixture (homogeneous
mixture) is cooled to obtain a liquid reaction mixture,
the liquid reaction mixture contains carbon dioxide in
the form of liquid carbonic acid. Thus, it is ex-
tremely difficult to separate the produced carbonic es-

ter from the reaction mixture.

In step (1) of the method of the present invention,
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Synt hesi s of an organonetal conpound having a hexyl oxy

group fromdi butyltin oxi de and hexanol was 15

performed as follows. Into a 200-nm autocl ave

(manuf actured and sold by Toyo Koatsu Co., Ltd.,

Japan) were charged 24.9 g (100 nmol) of dibutyltin

oxi de (manufactured and sold by 4#4 drich, U S A ) and

51.1 g (500 nmol) of hexanol (manu 20 factured and

sold by Aldrich, U S A ; a dehydrated grade). The

aut oci aves V@ﬁeﬁ@ﬁf@ﬂi tike earpophesexiaet he avbackaven

was purged with nitrogen gas. Then) stirring of the

cont esthGut wheckrui ocl ave @stsmést efloranddvhatageously 1 to
internal tenperature of the autoclave was ele 25 vated

to 1600 Qinden)as heasgé rds nthaasteohiomedrior amohd® rela-
about 30 mnutes. Thereafter) the valve of the purge

| i ne ofvé heo atthe chmaven hast ofieaetdeaahilveaabegaangetal compound
hexanol was distilled off through the purge |ine over

4 hounasving | £n bibsv mglecsbeal &t akeast btWonmetedenxygen-carbon
into the 5 bottom of the autoclave. After that period,

t her el ivlsage sostWheg ditst idnicrnst o garleon Thieogidéels large,

i nside of the autoclave was cooled to about 30 C, and

t her eth@sreat bi oedoecones oyshighcpreasurgt geactipn, so that
1'G and 119Sn NMWR anal yses of the reaction m xture

was peet pmiyl. daos The hRFOBeangSessarpwEd PR&t 8t Feactor hav-
vi scous reaction m x ture contained about 40 nmol of

1, 1, 379 thighpRFssure TEFinkRYFOxyPHE- §%§Hn8x%ﬁ€93 amount
about 6 mmol of dibutyltin dihexyl oxide and about

mi  f t‘F%‘a‘P?/I ‘E‘+‘Pixh%¥y+%x‘r’%|%te%d‘§ LRI (RPTEAPE PF?e unreacted

above- nent|o$ 200- n_. aut ocl axe contain in

r eactFOMP R xEuPEL L€ oAL BPHi HY™R 65F83n8ﬁéﬁﬁi%bdQSGUngherefore
o I AR Pl B EROLARY B Bef, BERRI wseo
in an amount which is 1 to 10 times as large as the
stoichiometric amount relative to the amount of the re-

active organometal compound. In other words, in step
(1), it is preferred that the reactive organometal com-
pound is used in an amount which is 1/50 to 1 time,
more advantageously 1/20 to 1 time, as large as the
stoichiometric amount relative to the amount of carbon
dioxide. 1In the present invention, a carbon dioxide
adduct of the reactive organometal compound having in
its molecule at least two metal-oxygen-carbon linkages
can be easily obtained by contacting the reactive or-

ganometal compound with carbon dioxide. When the reac-

tion temperature is room temperature (20 °C), the car-
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20 U.S. A ; a dehydrated grade), and the autocl ave was

seal ed. Then) from a carbon di oxi de gas bonb whi ch was
connected to the autoclave through a SUS tube and a

val ve, carbon di oxi de gas having a pressure of 5 MPa

was i ntroduced into the autoclave. Stirring of the 25
contents of the autoclave was stzarted. 10 M nutes af

129 ter the start of the stirring, the valve of the

carbon di oxi de gas bonb was cl osed. Then, the interna

t enpesaat Wisoxaifdd heed dutto cll s vesxonietse ret il letl nrp dBBRdEC by con-
while stirring. In this instant, the internal pressure

of 5 tdretimnyg otlen v avisieh outgah@neRel  crppund rvekigh | Hrstream
was perfornmed for 6 hours while maintaining the .

i Nt era’l caprimss Ukiouide Heen® A tasEhe i RTSS SRy, In this
Thereafter) the inside of the autoclave was cool ed to,
aboutc®fe C threl ¢cambamtdionidpraddigle An the AREBEIST P 2
was returned 10 to atnospheric pressure by gentl

pur gi e tdheo® calenrs i H0@ de- gdd) ags@ndREcs BT ihe eheve-

a transparent reaction mxture. In the reaction

m xt UEkon el TeRBoHR et SRREFAE AT fiedthit APGVRE (Obf the

14 8. 15 Step (2) After step (1), 10 g of hexanol ..

cont aF#FPRP 1 io%%d%e§@¢uﬁéspﬁéﬂ%??daB%%ﬂm?ﬁ Iﬂgered' however,
reaction mxture obtained in ste

( and the _
resul $EPR WRS® uFRe WERASH PP P ré%%ﬁ? 38 hhgRe, the lower

Then) _t he autocl ave pened nd it.20.
L hat 488 of xTos ateut heoh EhE Somon i GFidE - 4aUeE cen ve

whi t | ) whi t . ]

fi:t?%ﬁ?ﬁ%é%§?%g§% ﬁ%n ?gngﬁéyF efrégggggézgﬁéﬁnometal com
fact ured. and by . tec T ,

e R R e b i

The»“Q%;BTﬁg)?0%%gﬁf?ﬁéer&QéE§9e20£§HE§m&kam_8@mﬂbuﬁ& is

hexan© trate was transferred into a

1"it?Fn@gggéﬁn%iﬁﬁaBSgthaBKoﬁﬂdeSHBbEﬁﬁeﬁ he@ghA pressure,

di stilTatron under heating in an oil bath at 160 C and

under ; g edUCgdspPEEISHr 8o B¥tbBRidbsthkl ahbant bexanel carbon
tributyltin hexyloxide and 5 di hexyl carbonate were
recovgigdias aadhsti praticedhenyivelrdrof idi hexpireferred that
carbonate was 13 % It was found that the distillate

cont akRedrahedtio’ bBEDkhef reachityl brgahemgitali dempOund with
the other hand, a viscous liquid remained in the flask

af t er caebphetiioriat tibepdirsbirinedlOntliesna 8espred) Prigssure.,
white solids obtained in step (2) and the residual .

vi scodepkhdind whi ther eamiened whiche theaskrippdc pster 1s
the distillation performed in step (2), were charged

i nto pr2dlcell antochatbe( pmoundc Pdr dfeaf@rderd oy StsFo PO~
Koatsu Co.) Ltd., Japan). Further, 51.1 g (500 mmol

of hedagel.( nBhefneaoteen anyessrEe bis APEREERI LY Sram, atmos-

a dehydrated grade) was charged i nto the autocl ave
and éheric p%essﬁée to 200 MPa. It is preferreg that the

amount of the carbonic ester obtained in step (1) is
100 % or less, more advantageously 50 % or less, based
on the stoichiometric amount relative to the amount of

the reactive organometal compound. The reason for this
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20 the autocl ave was seal ed. The atnosphere in the

auto clave was purged with nitrogen gas. Then,

stirring of the contents of the autoclave was started,

and the internal tenperature of the autoclave was

el evated to 160 C. Then) the stirring was conti nued

for about 30 25 m nutes. Thereaf4er, the purge |line of

t he autocl ave 131 was opened, and water and hexano

were distilled off through the purge line over 4 hours

whi | e; 1 oui £@1 PowdTR! IThRMHeHctifveliddgegRmegasl icdnpdired used
bott om of the autoclave. After that period, there was

al Nnosin Nehdlimetndd | dBt Ehanyreveet Iheentibtw issmdeeobuscep-
t he aut ocl ave was cool ed to about 30 C, and there was

obt ai s @ t€ Iedireolysixt tiven the, cASGenandedi®BnpiivRuced.
anal yses of the reaction m xture was perforned. The

NVR arieeyeEsrshomesh t tiae ¢caeboract éshen ksupktained in an
cont ai ned about 40 10 mmol of

1, 1, JaBetiet rwlnlicly| id , B0 ¢ hexylesy. dpsefanakivesOafogr less,
7 mol of dibutyltin dihexyl oxi de and about 4 nmol of

tri bubys¢d nomeklye oxtodechipmetricepmeBnt sedptivy hasthe
performed as follows. 15 Into the above-nenti oned

aut ocimvent nofihtledy seaptive angaperebriedoRaSUEHar yé&er
61.5 g (602 nnnl% of hexanol &nanufactured and sold

Al driehicly, 55 Alikelylehydrybealyradepe ?ﬁedaa?écr“%%?m C es-
was seal ed. Then, from a carbon di oxi de,gas. bonb wh

was cbeFedpes @QV%%5329°%§%80P8$e°FﬁF6u@ﬁ 5h§U§eFﬁﬁé°n mix-
and a val ve, carbon di ox .i de_gas V|n a pressure of _

5 MPatWES-i T c}a"tfcébtrferﬁ 3 a’cﬁ‘o as%t?f ﬁﬁ% genven

t he conten S

af t er 1 PR tg?FhB$ §tF?¥gﬁ§%ﬁtﬁéabt %grg ! ﬁguE%%t the
b di b

ot or AAPURERAE, ﬁﬁsr‘ég%?%‘ﬁ% égtt%k:oﬁiggung&els;\g@re than

eleva%gg %reé ?§:$$ %ﬁeSEEEEEﬂgomEQrﬁﬁ' mbﬁﬁEanaéﬁﬂ%e to

I nter aut ocl ave was about 7.

Then’tﬂerQQSPﬁQnoﬁaﬁhge QEQEQefQEggnBﬂg&ﬁlWth@ound As a

mal nt al ni ng Inter na pressure O the 5 autocl ave

at ab?é&uit? %Eatplhésséfb%rthbh%ohﬂéhéﬁoﬁﬁ;tm%thods, the
aut ocl ave was cool ed to about 30 C and the interna

pressyLfe2htibg 8t eekaVRatRT WAdhNEE NekalfDIRheRidrolyze
presstre by gently purging the carbon di oxi de gas

t hroughet BeoRUEER EhPBonadndelshere poaesohat setdadus Hioblem.

transpar ent reaction mxture. In the reaction m xture,

di hexybrcprboaatenyashebpiodadedn carponlid efstbt %rom being
hydrolyzed, it is necessary to add a dehydrating agent
to the reaction system or to perform the reaction in
the presence of a dehydrating agent, wherein the dehy-
drating agent is selected from the group consisting of
a dehydrating agent which is more susceptible to hy-

drolysis than the reactive organometal compound, and a

solid dehydrating agent having high water adsorptivity.
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After step (1), 10 g of hexanol containing 1 $ of

wat er was gently added to the reaction m xture

obtained 15 in step (1), and the resultant m xture was
stirred for about 1 minute. Then, the autoclave was

opened, and it was found that the mxture in the

autocl ave had turned into a white.slurry. The white

slurry was subjected to filtration using a nenbrane

filter (HO20A142C, manufac 20 tured and sold by
AdvanggenTye K& ahakn t&ﬁig‘a)tﬂl%p%%ntto ltsh% 3GRY ARk ous not

white solids and a fil ate white solids were

washegnzyt i AE$hWikt B &8m 1%EtQ%X§@%b-lghﬂegbbhrab%ﬂMﬁiso in
transferred into a 1-liter eggpl ant-shaped flask and

subj eehg€ tAedadhghirbrahigoaganden sheablendivg . 25Tﬁerefbre
bath at 160 C and under reduced pressure. The

resul tnat cbhasktwasaiuhieeabad havélabwlb@bhO@ru&@qeally em-
heati ng and under reduced pressure. By the

di stiplayeanashaxasehodt Fokupyrodneihgxy exréenaddester on a
di hexyl carbonate were recovered as a distillate. The

yi el dcommérdibexgkbatar bopat €oresads, %inl theasedotDon route

that the distillate contai ned about 2 nmol of

tributvfl stephé¢xyl of itite. mexaopl e£f3the bresentainvention, the
reacti ve organonetal conpound having a 3 -nethyl but oxy
groupmass sgathiéenzéd far decdmposilttiion aeacddéoandn which a
3-nmet hyl - 1-butanol as follows. Into a 1-liter

f our - perked fliexkdeqeddpet wift the ceskitiyet oygapametal com-

was connected wth a vacuumcon 15 troller and a

vacuuRPpRdphaiatgalipeafsSrarrcudgp akedeaghatyed el ad -gxygen
(0. 28 nnl% of _di butyltin oxide gnanufac tured and sold

by Al TFRE ?nulgngagegnas5@9e§me 1y ﬁgppm@psed to obtain a
3-nmet hyl - 1- but anol (manufactured_and sold b Aldrlch% .
U.S.Aﬁg?b?%+?h%FFe£-stT??th%£§abl%%%HNP%S% LOR | Rggction is

20 The ftask s imersed in an qil Bath havi n
t enpeP &t ?EmﬁﬁaiﬁoacFeﬁﬁarFﬁgrﬁré?s& & FATERe© %I fTpm 20 to

300 °C. In step (1) of the method of the present in-
vention, an alcchol exchange reaction or an ester ex-
change reaction may be performed together with the
above-mentioned decomposition reaction. Specifically,
for example, when step (1) is performed in the presence
of a second alcohol, an alcohol exchange reaction oc-
curs between an oxygen-carbon linkage of the second al-
cohol and an oxygen-carbon linkage of the reactive or-
ganometal compound having in its molecule at least two
metal-oxygen-carbon linkages, so that a carbonic ester
corresponding to the second alcohol can be obtained.

Alternatively, after the formation of a carbonic ester,
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was gradually reduced to about 90 kPa while stirring

the contents of the flask. Then, the pressure in the

flask was further reduced to 85 kPa while stirring the

25 contents of the flask and withdrawing a distillate

from 134 the flask, and a reaction was perforned

under 85 kPa for 12 hours while fyrther withdrawi ng a
distillate fromthe flask. Subsequently, unreacted
conmponents (such as an unreacted al cohol) in the flask

vere gisedohd | ABsbidf Hapmé heddéaskoorre BOacthuhesystem to
while gradu ally reducing the pressure in the flask to
aboutp@BfoHa. ad hes f A séxstasn @ kesaotiofif othehebypi bbtaining
bath, and the inside of the flask was cool ed. Then,

ni t r ogeetiges s@sbomic oslsced corvesbendingktbotbbkesatend al-
the pressure in 10 the flask to atnospheric pressure.

By t heoladbDve -nentioned operation, 127 g of a viscous
liquid was obtained. The distillate withdrawm fromthe

fl ask was Wit yzespbeds woresept{l)t maxef dghdilhdt expdana-
distillate 15 contai ned about 260 nmol of water. The

abovet bimai acel givenuseldQui d was anal yzed by 1H,

1'CG and 119Sn-NMR' s. As a result, it was found that

the vi scoughms{ulu@l@@nm.m ﬁ:%wttiﬂventors have shown
bi s( 3- nethylbutOX|de%

-tetrebatylin step (8 hetﬁyP%HP%R??dF§F8ﬁn6§aﬁ§t3ﬁae§0by the
tributyltin(3-nmethyl butoxide). Step %1 114 of the
abover%%%%db%m%ﬁsth%qﬁ?acmgecﬂ Bseamﬁﬁ 3 gompound and
200-m aut ocl ave &nanufactured El€#30|d b% 0y 9 1cohol
Koat sG2¥BO} fiexids apdenfi Vi ha %1%%?b%ﬂ j secqra alcoho

i de, b ted thereto through.a SU _
and G027 685 Tho L GRF 10RShas @%%?é%#gané‘ Frind Pewpoint
SQST’SQEZﬁl‘?obﬁéﬁ%o@ﬁ%&h%ﬁﬁ B, 2R, pob x0Tt 1 pre-

| N rofluge.Gat o5, 08N, dL2xEAR Qiéoﬁ {1 90 3¢RECIIY1C PheOreason

MPa |n? clave e Introduction of carbon

dlOXIQSrmgﬁ%EniglEgefgﬂiﬁggave'ﬂmé {H%Eﬁggﬁﬁkéém dfition re-

m nut es rring the contents of e aut OC ave,

aﬂd’.%éﬁﬂon %RnEEQ by1§l akng tRge¥akvecdltibe.cakhen a sec-

di oxi de gas R 0 Subsequently, the interna

tempesghusecBhioiNesaHEA6H2¥6 the reaction system, it is pos-
sible that another equilibrium reaction additionally
occurs between the second alcohol and a thermal decom-
position product other than the carbonic ester, thereby
improving the yield of the carbonic ester. The addi-
tion of a second alcohol for improving the yield of the
carbonic ester is especially effective when the reac-
tive organometal compound is comprised mainly of an or-

ganometal compound represented by formula (2). On the

other hand, when the reactive organometal compound is
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was el evated to 120 C while stirring. Then, a reac

tion was perforned for 4 hours while maintaining the

i nternal pressure of the autoclave at about 4 Mra.

During and after the reaction, sanples of the re 15

action mxture in the autoclave were taken out and ana
lyzed. As a result, it was founcist hat the reaction

m xture obtained 1 hour after the start of the

reaction contained di (3-nethyl butyl) carbonate in a

yi el dopbri@e¥ adriiRatof ke rcampinone trd X taopabidirepresented
hours 20 after the start of the reaction contained

di ( 3bymEblytinat ¥11)) caHeorafe liibmiun eifd Wie Athermgl decompo-
After the reaction) the inside of the autoclave was

al | osadibn eeelctiand imardmep djlokiide hWfessadstpragddthe prod-
therefrom 25 136 Step (2) After step (1), the

cont ewtts sgfs tele aaud 0 dence warte @ikl ot Faxkrripester
tenperature (about 20 C). Then, the autoclave was )
openes tonsddemmblthdridactsort®td xinreond fagepHm the yield
The reaction m xture was charged into a 300-ni

eggplodnttheh meathdr ias ke SkRE pPAth e (98 LephengliRERyed by the
vacuum punp and a vacuum control | er (manufactured agaﬂ_

sol d agditiiemo ofprksseqanl | aleghed - mdhe seqang glcohol
was placed in the flask. Then, the 10 f] ask

i Mmrecoddaimsa® GiaT It Rf M3 eher BierElotd 195 e car-
A distillation was perforned at 140 C while stirri

the BSRIEHES T Cife TTIRRGnd IHERERTS reddl i e wed

e Gyt 2o AL0E, IR TR R 18 i
R O ML AP et o
ol TS AT i 1 (SRR hyF Bt AR Sef e nepe SRt ghetri
25 4 dolpad e ookl peosanagiencee
Corért%lﬂ Lonilslafa Y AGHEN RHI)r Mtk forPeap-stal k(1Y ads per-

we

formed using an organometal compound represented by
formula (1), a carbon dioxide adduct of the organometal
compound represented by formula (1) is thermally decom-
posed to produce a carbonic ester. It is well known
that a carbonic ester is produced from a dimer of the
organometal compound represented by formula (1) (see
ECO INDUSTRY, Vol. 6, No. 6, pages 11-18 (2001)). In
the éonventional method described in this literature, a
carbonic ester as well as dibutyltin oxide is produced

from a dimer of the organometal compound represented by

formula (1), wherein the amount of the carbonic ester
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25 charged the distillation residue obtained in step

(2) 137 above and 502 g (5.7 nol) of

3-met hyl - 1- but anol (manu factured and sold by Al drich,

U S A). Further, a stirrer was placed in the fl ask.

The flask was imrersed in an oil bath having a 5
tenperature of 140 C, and the prmssure in the flask

was gradually reduced to about 90 kPa while stirring

the contents of the flask. Then, the pressure in the

f | askympsudad tihercwe dusasbu e 8 hecPanokrdwl st9f rigy direr of
contents of the flask and withdrawing a distillate

f r omlk tdeydrlanmd alarcbrpawatt | Bhenpresenttodmeenhfgs have
85 kPa for 20 hours while further withdrawi ng a .

di st ikddé estreaxmsite dndsintaimieafstrdiemrenctiey formation
conponents (such as an unreacted al cohol) in the flask
wer e aif 4 iddmtsbrofd dgioem tFrom | a5 ORARROMPL ] ngPEROUNA.  AsS 2
whil e gradually re 15 ducing the pressure in the flask

to ahoegulO) Fa)hahcswhyr bbtnghy lpen r£eeRd ofhaf xt then 2
The reaction m xture was anal yzed by 1H ) 13C _and tal
1195ncaipms . dvexbde caddect | of wasdFbtmdot hbpe peganometa
reaction m xture con tained dibutylti .

bi s( CoRREYRGESRT LRI BAY ay farmibs (1) is thermally decom-
-tetrabutyl -1, 3-di (3-net hyl but oxy) di. st annoxane, r .

t her ,P® re%c@?6%°%+§t%?€eﬁl%ﬁ %%ﬁ#§$ﬁea a %ﬂ?tganﬁgfreln

f tributyltin(3-methyl butoxide), : the on

CerperBe (ABORRE (36 HhY BATROUSS PBUbF o SH-PREES Ag °m°

internal t t f the fl 3

and_ ZBoACRRLE | PRa B JES™ BnBlcl  r oo PRD Frask indgdugt. =°
138 f 50, Pa. h N Kk

Ut FFRFLI R BrPaBaPRtat,qoRRairl FaRrapentas, b Eemeta (2)

cool ed, aThen, BhLE0gCR:833aWAsahRbEOUHESokN AN bR obtained.

2 e pressure In the flas

at mospheri¢.p ur i3nt BeSafPgiabhen, iklhot @leckssary.
viscogg F#%ﬁi§g§§é %g?§¥ﬁ§3. Thg above- obt ai ned

X&SgogﬁﬁgjgghdeQSb@nﬁhffggmgﬁ ifmpald€elgnéfter there are

n- s. "As a result, it was found
obtained a carbonic ester and at least one compound se-
lected from the group consisting of an organometal com-
pound represented by formula (2) and a carbon dioxide
adduct thereof. Alternatively, step (2) may be per-
formed after a carbonic ester is further produced from
the obtained organometal compound represented by for-
mula (2) and/or the obtained carbon dioxide adduct
thereof. As mentioned above, it is preferred that the
reactive organometal compound used in step (1) com-

prises at least one compound selected from the group

consisting of organometal compounds respectively repre-
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that the viscous liquid contained dibutyltin bis(3
-met hyl but oxide) and 1,1, 3,3-tetrabutyl-1,3-di (3 10

- met hyl but oxy) di stannoxane. It was al so found that
about 1 mmol of tributyltin(3-nethyl butoxide) was dis
tilled off. Step (1) 15 112 g of the above-obtai ned
viscous liquid was charged into #;200-m autoclave
(manuf actured and sold by Toyo Koatsu Co.) Ltd.,
Japan) whi ch had a carbon di oxi de gas bonb connected

ther el &, ¢ d§ PN rmtiad Upfl]aﬁﬁida&ﬁi' vert He nedit® ppferred

was seal ed) dnd the atnosphere 20 1 n the autoclave was

pur gegch ¢ tdr Nid4906n gast dbetnetheasbove- oEgahomedal com-
val ve was opened to introduce car bon di oxi de gas

havi g e PMeSSET £n O t&p MPa) | 0§ Oah hergahonkauk. cémpound rep-
i ntroduction of carbon dioxide gas into the autoclave

was pesdarired herfdomaiaut 85 Wit eiststiPb mong pheferred
contents of the autoclave, and, then, stopped 139 by

cl ositgat heny atygcbivé herganbmatdilozbipogad beetl. in step (1)
Subsequently, the internal tenperature of the

aut octeiveasias Bl mynt #dotomd?28 GEfwhnl ergenpmetgl Thwpound

a reaction was perfornmed for 4 hours while naintainin%

the Sréptesemtedrepsfioemolat bd)auwberaie aheapBguni of the
MPa. During and after the reaction, sanples of the

r eactongemome tak tomphonduisck¥PEeRerd LRkERTESt Ofndhe

anal yzed. As a result, it was found that the reaction

m xt Lot abfied mehalr aspmeropkaisesdy finofthepgrganometal
reaction 10 contai ned di (3-nethyl butyl) carbonate in a

yi el ccorPa8n@. and that the reaction m xture obtai ned

4 hours after the start of the reaction contaln d igB a

- met hyl but®| §oLEepbnEPE FheaTrGREEYVEr O5§2ROFS RN gPmpoUn
the reactjon, the inside t he_aut ocl ave

al | oviB@Y t Be cBeed éﬂdSEEPbZa)di o%’%e“@%%ﬁ\%% %r?égametal com
therefro Ste fter step (1 cqnt f :

he. RPOEH VESHetB sHenProRelY: AbbEar 105 faodererdilly in the
tenperature_(about 2Q O, T t c wa

opene%of% PEcBv FqPﬁg re%% ?gﬁrh1£$u$ gh%?%??énﬁhe geactive

reactig ?alqhmggégfrugg ngﬁgﬁg; A 2nd %Q,‘}rrmof a solid. Fur-

eggpl &n ape R equi p a cooling tube,

Vacuu%gy %Ege i ﬁu‘:’:@sgogvfnfégel Q:‘i’leZQ‘e@&'l%fea r‘«_‘{]aﬁﬁiametal

and so ano rks Japan) 140 Fur

a sti Eﬁﬁboﬁﬁﬁ Ehﬁﬁ@dlh'%ot he sfl1ask fo-El?rEQahetnhQ:l‘fd adaoiSre or-

imrersed I1n an ol l bath having a tenperature of 140 C.
ganometal compound becomes a carbon dioxide adduct
thereof in step (1). Even when the reactive organome-
tal compound is in the form of a solid, a carbonic es-
ter can be produced in step (1). However, the fluidity
of the reactive organometal compound is sometimes im-
portant when the carbonic ester is continuously pro-

duced. Further, for improving the rate of the reaction

between the reactive organometal compound and carbon
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A distillation was perfornmed at 140 C while stirs ring

the contents of the flask and gradually reducing the
pressure in the flask. During the distillation, 3

-nmet hyl -1-butanol was first distilled off fromthe

flask and, then) di (3-nethyl butyl) carbonate was

distilled off fromthe flask. Bygyghe distillation)

about 10 9 g of di(3-nethyl butyl) carbonate and about

1 mmol of tributyltin(3-nethyl butoxide) were obtained.

Step d8dx1dd 0 &t lidi sSfef Dhés NEE&ELEriéaskhagutppetdeactive
with a 15 cooling tube (which was connected with a

Vacuugt §0nbhet 4 Br camso@nd atsiuin pulip) famdl afDeahiGbadk In
trap were charged the distillation residue obtained in

st ep §2¢habayes, 56ep (D) Tmapl pe opeBfoenbg| ugibgt ansblvent
(manufactured and sold by Aldrich, US A) and 1 g (4

mol )fef PRe dirbatyité noogademeFalt bempoundt i rkera weglvent,

pl aced in the flask. The flask was imrersed in an oil -
bat h tlasiregcanteepesaduar alcdn@lChaumtgt hhepsansupgganic

in the flask was gradual |y reduced to about 90 kPa )

whi | egsoitpr aagifl5thhe ceshooits esft erh@nddasied. . Thddtegratively,
pressure in the 141 flask was further reduced to 85,

kPa whn| énertrsphygenhecennedapsbef uspd . f | Bxamples of inert
wthdrawing a distillate fromthe flask, and a L

r eact $0hveRts ptrebudedhydaeragBorpaapgr esbersur SSHRFiELC ex-
further withdrawng a distillate 5 fromthe flask

Ther eaPpies aﬁréﬁ@?édsebﬁﬁeﬁén%§°&§96hCaécan58%P53$F8dhydr°‘
al cohol) in the f]ask were disthlled of f féogmthe heptane
f1 askC®TBPP S0 AIANt 88 RAPFB"Gr aOGEPPE -+ E¥YG0CP G Re 7P g

R R T e T
eacthgh Rusblece!as LR D) defly oz 3 oo
L:g?gg%é§§§$g§?2§?ig ?aﬂ%BthkgiBenzene, toluene, xylene and
L 1 Sl eheabubLl - & ol (HIREIVLE UL PXy) dbehanaoxaden as

Furt hér, reacti o ure al so” cont ai ned about

2 nnohigg?thbQEKEEtnﬁ%bﬁ%@ﬁhﬁkhﬁEoéhﬁehihex 1 ether; C¢-Cao

Subsequentfy, the tenperature of the_oil.bat was
'Omﬁf69c§8aﬁﬁgi LReerat esiah bemMperdanyarefutae En@siioxane;

became” about 93 C, and a distillate was renoved from

the fLagkcundgrpReRyESstherof (&6mpaisIhg a phenyl group hav-
ing a Co-Cs substituent group. and a group selected from
the group consisting of a C;-Cj; alkyl group and a Cs-Ciy
cycloalkyl group), such as anisole, ethyl phenyl ether,
isopropyl phenyl ether, benzyl methyl ether and 4
-methyl anisole.

The temperature employed for the reaction per-

formed in step (1) is generally in the range of from

room temperature (20 °C) to 300 °C. When it is intended
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20 flask was taken out fromthe oil bath, and the

i nside of the flask was cool ed. Then, nitrogen gas was

intro duced into the flask to elevate the pressure in

the flask to atnospheric pressure. By this operation,

110 g of a viscous liquid was obtained. 25 The
above- obt ai ned vi scous |iquid wasg anal yzed by 142

1H) 13C and IIsSn-NVMR's. As a result, it was found

that the viscous liquid contained dibutyltin bis(3

- et Y onpiatsd e dedotich ti rabshytt Ip8rtlod30f time, it
- met hyl but oxy) di stannoxane. It was also found that 5
aboutj sl gEatefed riduiedtdig et twsbtioni de) s0asod2so °C
tilled off. 143 | NDUSTRI AL APPLI CABI LI TY By the

met habmofla heiprtesento | IEiewry . a Wearhothie wsaetiganin step
be produced in high yield froman organonetal 5

conpound ipvherrérmed satd deigle témpenstutreo(eegal at 200 °C
- oxygen- car bon Iinkages and carbon dioxide. It is ad

vant ageaesre hat thear H0%n ok cahbisopbpined vakhcregpect to
nor corrosiveness and is inexpensive. Further, the o
net hdthefredet prseiktiry caften $Eendihnt agBetimast exhibits
only in 10 that the organonetal conpound after use in

t hi s anReakl aerbeed ceneregetrbpdsrREVe@PEs PROVRE 100 ppm,
met hod, but also in that an unregenerabl e unreactive

orga &in ¢ BEHER E5nsed, efodedefPORPEReID the
react,,pn system thereby realizing. an effective and

st abﬁépsprrﬂ%*e&ﬁ%lﬁlas Howgris SRR T pip tied of the
there is no need for the use of, a #argergngggh o[‘i_ta:.LS re-
dehy PRTHYE dhRAED L1 9Rr ohy PP RVERPH AP SEEOFPERCe 5 25 P
wastes derived fromthe dehydratip g . Ih

the. MR ofi hthY c8at ETobeht | BhePatay idr BREFPyfiea under

Very’é@ﬁﬁf%igwg Qﬁgrgightﬁgn%ngHEESLanV@hHeabove-mentioned

substance exhibiting a peak around 100 ppm can be sup-
pressed, or the reaction in step (1) is performed using
an additive for suppressing the formation of the above
-mentioned substance exhibiting a peak around 100 ppm.
With respect to the amount of carbon dioxide, when
the reaction in step (1) is performed at room tempera-
ture (20 °C), it suffices if carbon dioxide is used in
an amount which is the stoichiometric amount relative
to the amount of the reactive organometal compound used
in step (1). However, when the reaction in step (1) is
performed at a temperature which is higher than room
temperature (20 °C) under conditions wherein the amount

of carbon dioxide is the stoichiometric amount relative
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144 CLAIMS 1. A nethod for producing a carbonic ester,
conpris ing the steps of: 5 (1) performng a reaction
between a first or ganonetal conpound m xture and

carbon di oxide, said first organonetal conpound

m xture conprising a mxture of a reactive organonetal
conpound having in its nolecul esgat | east two

net al - oxygen-car bon | i nkages and an 10 unregenerabl e
unreactive conpound which is derived from said

r eacttiovehey Gaioaine! alf abiepawadtdvé whigemdmesdln dampound used
nol ecul e at | east three netal -carbon |inkages, to

t her ey sijeipai (1 )3 rté@ctriade wifx thivee acigtittdion rigpreding of carbon
carbonic ester forned by the reaction, said unregener

15 aldimxintecant ithe cemuoung caghrpmedpnaiaipaind sometimes
nmet anor phi ¢ organonetal conpound derived from said

r eacttiacones gaemynsal, conpdatd the rasep afattihey faggption of

reaction mxture into a first portion containing said

car bdniec cagttemignesdsin ighmarkedjahdratieednr &€t PFéssure
conpound, and a second portion containing said

r ege s vedreficandtishize asttgato Rardi o odh A temd ¥ 3)is gen-
reacting said second portion of said reaction mxture

Wi t h eFFL % £ e GHao SR G RESSSWiR 1 ZhfbifF 25 prgferably
conmpound mxture and water and renpving sai drﬁ

145 (G50 GHRP SRS GRPHTARR 410 OAbORAY MBALREh 1f de-

oo S STy SPA D LA S S0 S

1S ML GA d38n (RS 100 9k CALRAN LA NePIEEm or
withdrawing a part of carbon dioxide from the reaction
system. The introduction of additional carbon dioxide
into the reaction system may be performed either inter-
mittently or continuously.

In the method of the present invention, the reac-
tion system in step (1) may contain substances other
than mentioned above. Examples of other substances
which are useful in step (1) include those which func-
tion as a dehydrating agent in the reaction system. By
using a dehydrating agent in step (1), the reaction
system can be maintained non-agueous. As a dehydrating
agent, any conventional organic dehydrating agent may
be used. Examples of dehydrating agents include acet-

als and orthoesters, such as orthotrimethyl acetate.

Further, dicyclohexylcarbodiimide and the like may also
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5 an unregenerabl e unreactive conpound which is

derived fromsaid reactive organonetal conpound and

which has in its nolecule at |east three netal -carbon

I i nkages. 2. The method according to claim1) which

further 10 conprises, after step (3), a step (4) in

whi ch said second organconetal cogpound m xture

obtained in step (3) is recovered and recycled to step

(1). 3. The nethod according to claim1 or 2, wherein

sai d H& usadt ageanr gagandtadebgdratidguagentn sképerbatively,
com prises at |east one conpound selected fromthe
groupsebidi dehndratingnagegbsonsteh gsnpoladular sieves, may
represented by the fornula (1): 20 ~~R4)d R a

M - ~-F8-s€d lag RAphydndtinpeagent . MWhegpraesemt d adehydrat -
netal atom sel ected fromthe group consisting of

el enein® agerhglfhgrsed o bupiss Jpuetennedf that Phei sgldd dehy-
Tabl e, exclusive of 5 silicon; each of R and RZ

i ndep&rrfelng yagepk eberremaved r 6ot thharpaetippagyréem be-
Cl-C12 al kyl grouP ~a CS-C12 cycl oal kyl group, a

st r aifgtEe c‘ﬁ%ﬁ—?l ()3 b*%rﬁ‘h%@"@‘a%lz al kenyl group, a

C~-C2p aral k conpri sed_of unsubstituted or

subst i t ut’™® QJ br?f el %?R??ds%feE?%dPFPSﬁPFhénventl°n-

f st ht h b hed Cl1-
Ol o fart Higeiod & %%5%%?%%@%} s FRthai st ¥ efssf- From
b t tuted C6-C20 5 each o .
S el P TRY SE S P Tt ¥ v oM cRagbonic

Gl Ci ol o 9000 60 Sl O VLo U 0UB-feg k0 use an

chaih of- branch ar enyI oup,

i P B A AL e o

the the organic group of the oxy group (e.g., an alkoxy
group or an aralkyloxy group) of the reactive organome-
tal compound. When such an alcohol is used as the sec-
ond alcohol, it is preferred that the amount of the
second alcohol is 1 to 100,000 times the stoichiometric
amount relative to the amount of the reactive organome-
tal compound. On the other hand, when an alcochol hav-
ing an organic group different from that of the oxy
group of the reactive organometal compound is used as
the second alcohol or when, as the reactive organometal
compound, only an organometal compound of formula (2)
is used, the amount of the second alcohol is preferably
2 to 1,000 times, more preferably 10 to 1,000 times, as.

large as the stoichiometric amount relative to the
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group consisting of straight chain or branched Cl-Cl4
al kyl and CS-Cl14 cycl oal kyl; and each of a and b is an
integer of fromO to 2, a+ b =0 to 2, each of ¢ and
dis an integer of 25 fromO to 4, and a + b + ¢ +d =
4; and 147 an organonetal conpound represented by
the formula (2): (OR9)~ R$h Rse MR-O-IVI3-R7g ( 2)
Rof (ORI ~)i 5 wherein: each of MZ and M3 i ndependently
represents a netal atom selected fromthe group

consi ghblift 0bf etREEREEcBELONEEGANbAe BROUBSmAcANE . 1410én an
the Pe riodic Table, exclusive of silicon; 10 each of

R5, RalcBhoanHa®BnyndepengentitygienpeabeptsentsEramgihat of
chain or branched Cl1-Cl12 al kyl group, a CS-Cl2

cycl oahkybxgr gdpupacst tAe0beachairea okghnoemeball €ampdidnd is
al kenyl group, a C7-C20 aral kyl group conprised of
unsubssetiuaedthe sebodd slcbhbd( AH- EdPmmeyliendaabkylic es-
sel ected fromthe group consisting of straight chain

or braeches Bhedidedl kyl shap C5H)ClAcyndromidndd welawm, when
unsub stituted or substituted C6-C2p aryl group; each

of ROaasdc@idi atlepentiens| ysedpinsehep 120 sspacghily in the
chain or branched Cl1-Cl12 al kyl group) a CS-Cl12

cycl oadig| whevepthe srganghetahacamppundizngpresented by for-

mula (2) is used alone, the yield of the carbonic ester
is greatly improved. The above-mentioned preferred
amount of the second alcohel in the case where the or-
ganometal compound represented by formula (2} is used
alone, is determined from this viewpoint.

In the case where the below-mentioned step (4) is
followed by step (1), a second alcohol may be added to
the reaction system so that the amount of the second
alcohol falls within the above-mentioned preferred
range. Alternatively, in such case where step (4) is
fellowed by step (1), an alcohol may be removed f£rom
the reaction system.

As mentioned above, in step (1) of the method of
the present invention, by performing a reaction between
a first organometal compound mixture comprising a mix-
ture of a reactive organometal compound and an unregen-
erable unreactive compound (which is derived from the

reactive organcmetal compound)} and carbon dioxide,
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branched C2-Cl12 al kenyl group, or a C--C20 aral Kkyl

group conprised of unsubstituted or substi tuted

C6-C g aryl and al kyl selected fromthe group

consi sting of straight chain or branched 5 Cl-Cl4

al kyl and CS-Cl4 cycl oal kyl; and each of e, f, g and h

is an integer of fromOto 2, 83 f =0to 2, g+ h
=0to 2, each of i and j is an integer of from1l to

3, a+f +i =3, andg+ h+j =3 . 10 4. The

met hathearsc drdiohaimend & mreFc i giikbacd ofnRBinhagRe car-
in formula (1) and RO and RL in formula (2)

i ndeendentdsteanfragmd dnrthe eadtippupthanupsegengrable
group) a straight chain or branched CS-Cl2 al kyl

gr oupinrER@rive stamnqind chiai - orthe frgeaded.- cappound) and a
al kenyl group. 5. The nethod according to claim3,

wher glqgenmstalyie viet angeRFg £TIgAMREAE GeRPRRNE nderived
formula (2) repre Bents a tin atom 20 6. The net hod
accorfdiany the JeaGh Bje iegarometdt ‘F‘@“E‘é‘t“i‘@e

organonetal conmpound used in ste ro duc
g m P |an@£y g the reac-

from an oMefotlith IokicREidnesh %Yc‘b‘?ﬁ) 1S 1%

met hod according to claim1 or wlh Lp % been ob-

step (O7 Wat'g eea@??weao‘?% e %’Frb%u?\ﬁ PE W8&q°ee" ©
t | f | ect ed f

conei SRR of* CPROTbher T cEPorToan IO S orfe the

gglcg?cgarl#g 1{:|gr ge}san% %{10? Sogiaégdn];oarum arﬁ?l§ntTQ§1gﬁt EgdS % or

erein,

reactnjlovle ort%gﬁ?o&mcar?l £t &D iém%ffgc'gngﬂnewgﬂétlve to

whi ch 9% 1/ ol chronetri c anount

rel at'ﬂﬁ@ Aol SEOLHE Péaé@ige CoF §2Rofb PXL d€ompound, step

(1) may be finished. The reaction mixture may be taken
out from the reactor, either after the pressure in the
reactor is reduced to atmospheric pressure, or without
lowering the pressure in the reactor. When step (1),
step (2) and step (3) are performed in separate reac-
tors, the reaction mixture may be continuously circu-
lated by, for example, a method in which the reaction
mixture after step (3) is fed to the reactor for step
(1); the reaction mixture contained in the reactor.for
step (1) is fed to the reactor for step (2): and the
reaction mixture contained in the reactor for step (2)
is fed to the reactor for step (3). The circulation of
the reaction mixture is preferred from the viewpoint of

reducing the amount of carbon dioxide purged from the
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10 9. The nmethod according to claim1 or 2, wherein

said reaction in step (1) is perforned at 20 C or

hi gher. 10. The nethod according to claim1l or 2,

wherein said 15 reaction in step (1) is perfornmed in

t he presence of a second al cohol which is the same as

or different fromsaid first al cgpol used in step (3j.

11. The method according to claim1 or 2) wherein) in

20 step (2), said separation of said reaction mxture

I Nt o SRSk r stoPEEd PN BNF Wi ch FeLHNEaPOGH | Aok Bde filled
perfornmed by at | east one separation nethod sel ected

fr om g OUP TEHRN FeSldHi®nOiniditilrid lodittihedXdt adnpdretion
and filtration. 25 150 12. The nethod according to

cl ai Ml edcR, stéeeay)bé NcSdBpd (&, heat €ld separeaat itdre ofeac-
said reaction mxture into said first portion and said
secontiqomiioture perdesbed, i thée heepeetenceintuae may be

al cohol which is the sane as or 5 different from said
firstfatcithiy cseted nostahlddgd i8.cdhk spohbaneously. As
according to cllaim1l or 2, wherein said first al coho

used desctidped Pelowatif edssived, astedol liefert syinthesizing
the group consisting of an al kyl al cohol 10 having a

st r aigheahenic ozs bemnah@ds GIp (12) af @y | sgpaupting the syn-
cycl oal kyl al cohol having a C5-Cl2 cycl oal kyl group

an altesized conoPonLE i REtEr sEaR| BAt SENALE2DROBFAHcREYLOrmed.
C2-Cl12 al kenyl group) and an aral kyl al cohol haV|ng

C~- C20 ar a%8R 8? c‘é‘hﬁbrff'%’é‘bo%fo nEdsPresert brveppion is
15 stituted C6- and al k sel ected fromt
grcnu?cﬁﬁ%ﬁs%?ﬁﬁh%ﬁhs¥?%lﬂﬁ?CEh%?nmb¥tBF%n9hEﬂlﬁﬁdC&ﬂ step
al kyl and, C5-Cl14 c cloalgg 4. The ngethod acgordLng th

to clgtmis, Sﬁﬁ%?% 79 SHREC 2B }?§F BPE hBP figgtarnin ¢

o AL AELER e AR bR ERd PR AR LT she

e AT iV BT g, i

the céé@alnlng the regenerable metamorphic organometal com-
pound. By such separation as to cause the degraded
compound derived from the reactive organometal compound
to be contained in the first portion containing the
carbonic ester (wherein the first portion is taken out
from the reaction system), it becomes possible to pre-
vent the degraded compound from accumulating in the re-
action system. Thus, all the problems of the conven-
tional methods have been solved by the method of the
present invention.

As described above, in the production of a car-

bonic ester from carbon dioxide and an alcohol by a
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group consisting of 1-butanol, 2-nethyl-1-propanol, an

al kyl al cohol having a straight chain or branched

CSC12 al kyl group, an al kenyl al cohol having a

straight chain or branched C4-Cl12 al kenyl group, a

cycl oal kyl 5 al cohol having a CS-Cl12 cycl oal kyl group,

and an aral kyl al cohol having ag&7-C20 aral kyl group
conprised of unsubstituted or substituted C6-Cl19 aryl

and al kyl selected fromthe group consisting of

strai ghivehtional hethcheds{ilg Xhe at&yetaod 68- €bgmula (3),
cycloal kyl. 10 16. The nethod according to claim1 or

2, Whedten saiwelbnayak ocdrsanilcwaseteri hssfepméd) msd the
perfornmed by nmenbrane separation. 15 17. The net hod
accorwaber t s ctantadbedwhitlei an sadsonbabtane a dehydrating
separation is pervaporation. 18. The nethod according -

to clagentl vo Pemeherthe swaterrEnowathef reactiivat eyskem,
step (3) is performed by dis20 tillation.

[ N-/ NJAe0ehy NINSpIaO1ng / e Neg NDL INOARINNC RO h vl KebeRdon to-
NOL/ NO/ Ni / NOO/ Ni d/ NO/ NO/ Ni L/ NO- O/ NOO/ NG / NO/ NO/ NO/ NLL/

NOL/ NOAIL / 1e / INE OARE L NPY $ eih Ng/ Mooy NoraNoi o LY e / amepnt  of
L/ NOL/ NOL/ N/ Ni / Ni / Nd/ NL/ NO/ Nd/ N/ NO/ N/ N+/ NL/ Ni / NgL/ Nj i /

Nd/ NLZ NeRF @R hDi ¢ RF ¢RORT Raraii a2 2hEP I\EPI\VLREFRPRFPNGY con-
/ NLJi / NL/ NO/ NO/ NLgi / NO/ NOG Nd/ NL/ NL- O/ NL/ NOL/ NOgi / NLL/

NI/ NUg e e7 N - 5¢Re V- RE/ Nog/ RFCARESS/ RBF ROPAEL- PRlEeFNﬁFOm the
N/N/N44/NL/N|/NO /{ NL-/ NL/ N NOg /N/NI/NL/l\DO/NIJ/NI{)NL/N

i/ N l\]r”%"t‘f? NP NFRP BRI RR OPRILFRLBH RBY2 PRGN equilibrium of

/ NO/ Ni,/ NOO/ NL/ Ni / NL/ NL/ i

gl wr Q\ﬁ%%‘] “fta %TE‘EDE%% cBf Jé%‘?%‘é] TEFEE e a) T T ¢ 10

a} g/a] a] c& Y,%Cgl %gAxllxe@l]lgg] C&?lllgg] Ehg] Sroduced carbonic es-

oo S A o8 e it

al] ca! 3 4

ooy MPSELL Qaeihaleel ol (AEAAHEAER, pten. no
] cal cad Q@elfﬁl £Rdwal £81 £r Caig a] f@] wat &3] sabﬁahiakeal Eﬁ the
Jcal #: & ), k?n?p?s?v???BBBBDDEFGHI I JKLNNN6QR=T@ U} xsn

id Z]ﬂ@@&@f&ﬁaéﬁa]aa cehealsehcpdeal sahgalea ﬁahce]vcahe wa-
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal UNs

XXl YooerYt o\ 1884 £ 505 _catabgeedet £ 99oEh] h| e ad sy zed

ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] ca] ced el g2 Clag Cogep] pade a];@alcalca]rca]ucah]ahbbmbbmtaand,

] ca] dedroed ca)csd sad cptchlena) £a) tlaqta] ta] aakobkegheakcdehy-

] ca] ca] ca] ca] ca] ca] ca] c”a] ca]ca]ca] cal g-rbrvrrrsLsWss

s*t t /Aty Dvivey +tpenfokmbliPus ingwax safisOxpiiahcapiaipno, the
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] calxdiaky zed cadtal vaf cadesdesa¢taygaing of the adsorption
xxyByEyvyyyyyyYzzzz{: {k{ {{{{{|[|]| & Z||]] zu01 e’ [V]ca]ca

] ca] @ euy) caffeuine] c djheye djam ey den|zdiethedfen re-

] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca' | ||-d"Z0h+
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distillation. On the other hand, as mentioned above,
when the distillation is performed under heating, the
separation of the carbonic ester by distillation is
sometimes accompanied by the following disadvantage.
When the distillation is performed under heating, a re-
verse reaction of a carbonic ester and other thermal
decomposition products in the equilibrium reaction is
sometimes caused to occur, thereby lowering the yield
of the carbonic ester. However, in such a case, when
the first portion containing a carbonic ester having a
high boiling point is separated from the reaction mix-
ture by distillation, the carbonic ester can be ob-
tained in high yield by separating the carbonic ester
from the reaction mixture at a rate which is higher
than the rate of the reverse reaction. For this pur-
pose, it 1s preferred to perform the distillation under
conditions wherein the distillation temperature and the
degree of pressure reduction are appropriately adjusted.
In step (2), if desired, a third alcohol may be
used. When a third alcohol is added to the reactilon
system, an ester exchange reaction occurs between the
carbonic ester obtained in step (1) and the third alco-

hol to thereby obtain a carbonic ester which has a dif-

ferent number of carbon atoms from that of the carboenic
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10R 498onbiV¥i0dRin step (2) is 1 to 1,000 times the
stoichiometric amount relative to the amount of the re-
active organometal compound used in step (1). The tem-
perature employed for the ester exchange reaction is
preferably in the range of from room temperature (about
20 °C) to 200 °C. Taking into consideration the desired
rate of the ester exchange reaction and the occurrence
of a decomposition reaction of the carbonic ester at a
high temperature, the temperature employed for the es-
ter exchange reaction is more preferably in the range
of from 50 to 150 °C. In the ester exchange reaction,
a conventional catalyst may be used. The ester ex-
change reaction and the separation of the carbonic es-
ter from the reaction mixture may be performed either
in a batchwise manner or simultaneously. As“a method
for separating the first portion containing the car-
bonic ester from the reaction mixture after the ester
exchange reaction, any of the above-mentioned separa-
tion methods {such as filtration, sclvent extraction,
distillation and membrane filtration) can be used.

By the method of the present invention, not only a

symmetric carbonic ester but also an asymmetric car-

bonic ester can be produced. In the case of the pro-

duction of an asymmetric carbonic ester by using a con-
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ventional method, a symmetric carbonic ester is first
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5P5&’ fgodiddedd 5 Sshizg)\ £hé Lpwdd9@ed (3yfinetric carbonic ester is
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1 10%6Rhdn) -Subjected € dh ester exchange reaction to produce
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an asymmetric carbonic ester. On the other hand, in
the method of the present invention, an asymmetric car-
bonic ester can be directly produced. Therefore, the
method of the present invention is advantageous from
the viewpoint of reducing the energy cost and reducing
the facility construction cost. In the method of the
present invention, an asymmetric carbonic ester can be
produced as follows. Explanations are given below,
taking as an example the case where the reactive
organometal compound has at least one type of alkoxy
group. When the reactive organometal compound used in
step (1) has two different types of alkoxy groups, an
asymmetric carbonic ester can be produced without use
of alcohols (as a second alcohol and a third alcohol)
in steps (1) and (2). On the other hand, when the or-
ganometal compound used in step (1) has only one type
of alkoxy group, an asymmetric carbonic ester can be
produced by performing step (1) in the presence of an
alcohol (second alcohol) having an organic group which
is different from the alkoxﬁ group of the reactive or-
ganometal compound, or by performing step (2) in the

presence of an alcohol (third alcchol) having an or-
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R&' () ga#ilOYRup ) wikEhll Lk i FEgrant18%0/ the &dQkoxy group of
the reactive organometal compound. Further, in each of
the case where the reactive organometal compound used
in step (1) has only one type of alkoxy group and the
case where the reactive organometal compound used in
step (1) has two different types of alkoxy groups, an
asymmetric carbonic ester can alsc be produced by per-
forming step (1) in the presence of two different alco-
hols (second alcohols), or by performing step {(2) in
the presence of two different alcohols (third alcohols).
When two different alcohols are used, the stoichiomet-
ric ratio of the two alcohols varies depending on the
types of the two alcohols; however, the stoichiometric
ratio is generally in the range of from 2:8 to 8:2,
wherein each of the amounts of the two alcohols is ex-
pressed in terms of the stoichiometric amount relative
to the amount of the reactive organocmetal compound.
When it is intended to produce an asymmetric carbonic
ester in an amount which is larger than that of a sym-
metric carbonic ester, it is preferred that the
stoichiometric ratio of the two alcohols is as close to
1:1 as possible. Specifically, the stoichiometric ra-
tio of the two alcchols is preferably in the range of

from 3:7 to 7:3, more preferably in the range of from

4:6 to 6:4, When the production of an asymmetric car-
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MV v' e20%®o€) which is at least 10 times the stoichiometric
amount relative to the amount of the reactive organome-
tal compound), it becomes possible to obtain an asym-
metric carbonic ester having two different types of
alkoxy groups corresponding to the two alcohols, irre-
spective of the type of the alkoxy group of the reac-
tive organometal compound used in step (1). The sepa-
ration of the first portion containing the asymmetric
carbonic ester from the reaction mixture can be per-
formed by any of the methods (such as filtration, sol-
vent extraction, distillation and membrane filtration)
described above in connection with step (2). In many
cases, not only an asymmetric carbonic ester but also a
symmetric carbonic ester is produced. In such cases,
the following operation may be performed. The asymmet-
ric and symmetric carbonic esters are separated from
the first portion. The asymmetric carbonic ester is
separated from the symmetric carbonic ester. The sym-
metric carbonic ester is either added to the second
portion containing the regenerable metamorphic compound,
followed by performing step (3), or returned to step
(1) or (2).

As mentioned above, in step (2) of the methcd of
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mixture as the first portion. With respect to the re-
moval of the degraded compound, all of the degraded
compound may be removed or a part of the degraded com-
pound may be removed. The amount of the degraded com-
pound removed may vary depending on the size of the re-
actor and/or the number of turnovers (i.e., the number
of cycles of regeneration and reuse) of the reactive
organometal compound. It is preferred that 10 % by
weight of the degraded compound is removed. It is more
preferred that 50 % by weight of the degraded compound
is removed.

With respect to the separation method performed ih
step (2) of the method of the present invention, more
detailed explanations are given below. The separation
of the reaction mixture cobtained in step (1) into the
first portion and the second portion can be performed
by any of the above-mentioned conventional methods. As
preferred examples of such methods, there can be men-
tioned a methed in which water is added to the reaction
mixture to effect a phase separation, and a method us-
ing distillation. Each of these methods are explained

below.
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Water or a water-containing solvent is added to
the reaction mixture obtained in step (1) to form a
white slurry, and solids in the white slurry are re-
moved by filtration. By the filtration, the second
portion containing the regenerable metamorphic or-
ganometal compound can be obtained as a filtration
residue and the first portion containing the carbonic
ester and the degraded compound can be obtained as a
filtrate. With respect to the water used in this
method, there is no particular limitation; however, it
is preferred to use a distilled water or a deionized
water.

The amount of water used in step (2) is generally
1 to 100 times the stoichiometric amount relative to
the amount of the reactive organometal compound used in
step (1). The amount of water needed for separating
the second portion (containing the regenerable metamor-
phic organometal compound) from the reaction mixture by
phase separation is at most 1 times as large as the
stoichiometric amount relative to the amount of the re-
active organometal compound used in step (1).

In step (2), the temperature at which water is

added to the reaction mixture obtained in step (1) is
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in the range of from a temperature (e.g., -20 °C) at
which the water is not frozen in the reaction mixture
to 100 °C, preferably from 0 to 100 °C, more preferably
from 10 to 80 °C. From the viewpoint of satisfactorily
suppressing the occurrence of the hydrolysis of the
carbonic ester, it is more preferred to adjust the tem-
perature of water to 10 to 50 °C. When water is used
in step (2), water may be used alone or in combination
with a solvent other than water. As a solvent other
than water, it is preferred to use a solvent which does
not react with the carbonic ester. In this case, when
water is used in the form of a sclution thereof in an
alcohcol which is the same as the second alcohol used in
step (1), the separation of the solvent by the distil-
lation becomes easy. When a third alcohol is used in
step (2) to perform an ester exchange reaction, it is
preferred that water is used in the form of a solution
thereof in an alcchol which is the same as the alcohol
present in the reaction mixture after the ester ex-
change reaction.

In step (2), when water is added to the reaction
mixture, it is possible that the degraded compound alsc
gradually undergoes hydrolysis, thus causing the so-
lidification of the degraded compound. Therefore, it

is preferred that, after the addition of water to the
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reaction mixture, the resultant white slurry is sub-
jected to filtration as quickly as possible upon com-
pletion of the solidification of the second portion
containing the regenerable metamorphic organometal com-
pound. The period of time from the addition of water
to the filtration varies depending on the types of the
reactive organometal compound and alcohol used. When
the separation in step (2) is performed at rocom tem-
perature, the period of time is in the range of from 30
seconds to 60 minutes, preferably from 1 to 10 minutes.
2) A separation method using distillation
The reaction mixture obtained in step (1) is sub-

jected to distillation to thereby separate the reaction
mixture into the first portion containing the carbonic
ester and the degraded compound and the second portion
containing the regenerable metamorphic crganometal com-
pound. FEach of the carbonic ester and the degraded
compound has a boiling point lower than that of the re-
generable metamorphic organometal compound. Therefore,
the distillation can be performed by any conventional
method. For example, the distillation can be performed
by any of a distillation under superatmospheric pres-
sure, a distillation under reduced pressure, a distil-

lation under heating, a thin film distillation and a

pervaporation using a membrane, each of which is well
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known in the art.

The temperature employed for the distillation is
not particularly limited so long as the degraded com-
pound has a vapor pressure at the temperature; however,
the temperature is preferably from -20 to 300 °C. From
the viewpoint of minimizing the loss of the carbonic
ester contained in the reaction mixture caused by the
above-mentioned reverse reaction, it is more preferred
that the temperature employed for distillation is from
-20 to 200 °C. For adjusting the temperature employed
for distillation, the distillation may be performed ei-
ther under superatmospheric pressure or under reduced
pressure. Further, the distillation may be performed
either in a continuous manner or in a batchwise manner.

The separation of the carbonic ester from the
first portion (containing the carbonic ester and the
unregenerable unreactive compound) obtained in step (2)
can be performed easily by any of the conventional
methods, such as adsorption, distillation, filtration
and membrane separation.

Step (3) is a step of synthesizing (regenerating)
a reactive organometal compound having in its molecule

at least two metal-oxygen-~-carbon linkages. The com-

pound in the second portion obtained in step (2) is

generally in the form of a transparent or opaque liguid.
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For example, the second portion does not contain dibu-
tyltin oxide in the form of a solid (it should be noted
that dibutyltin oxide has no solubility in almost all
organic solvents at room temperature (20 °C) and, hence,
5 is in the form of a solid under such conditions). The
structure of the compound in the second portion has not
vet been identified. However, it has surprisingly been
found that, by performing the reaction in step (3) of
the method of the present invention, there can be ob-
10 tained a reactive organometal compound having in its
molecule at least two metal-oxygen-carbon linkages,
such as an organometal compound represented by formula
(1) or an organometal compound represented by formula
(2).
i5 Step (3) comprises reacting the second portion (of
the reaction mixture) obtained in step (2) with a first
alcohol to form a second organometal compound mixture
and water and removing the water from the second or-
ganometal compound mixture, wherein the second or-

20 ganometal compound mixture comprises a mixture of a re-

active organometal compound having in its molecule at

least two metal-oxygen-carbon linkages and an unregen-
erable unreactive compound which is derived from the

reactive organcmetal compound. If desired, the method

25 of the present invention may further comprise, after
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step {(3), a step (4) in which the second organometal
compound mixture obtained in step (3) is recovered and
recycled to step (1).

Examples of first alcohols used in step (3) in-
clude those which are exemplified above. If desired,
prior to use of any of the above-mentioned alcohols,
distillation of the alcohol may be performed for puri-
fying the alcohol or adjusting the concentration of the
alcohol. From this viewpoint, it is preferred to use
an alcohol having a boiling point of 300 °C or lower as
measured under atmospheric pressure. From the view-
point of the ease in the removal of water in step (3),
it is more preferred to use at least one alcohol se-
lected from the group consisting of l-butanol, 2
-methyl-1-propancl, an alkyl alcohol having five or
more carbon atoms, and an aralkyl alcohol having five
or more carbon atoms.

With respect to the structure of a reactive or-
ganometal compound obtained by using a polyhydric alco-
hol as a first alcohol in step (3), there is no par-
ticular limitation. For example, the organometal com-
pound may be comprised of at least one member selected
from the group consisting of a crosslinked product of

an organometal cohpound represented by formula (1) and

a crosslinked product of an organometal compound repre-
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sented by formula (2).

The amount of the first alcohol used in step (3)
is preferably 1 to 10,000 times, more preferably 2 to
100 times, the stoichiometric amount relative to the
amount of the reactive organometal compound used in
step (1). When a sequence of steps (1) to (4) is re-
reated one or more times, it is sometimes possible that
an alcohol is present in the second portion obtained in
step (2). In such cases, an appropriate amount of an
alcohel may be added to the second portion so that the
amount of the alcohol in the second portion falls
within the above-mentioned range of the amount of the
first alcohel. Alternatively, the alcchel present in
the second portion may be removed.

The removal of water in step (3) can be performed
by any conventional method. For example, the removal
of water in step (3) can be performed by any of distil-
lation, a method using a dehydration column packed with
a solid dehydrating agent {such as molecular sieves),
and a method using membrane separation (such as per-
vaporation). Among them, distillation and a method us-
ing membrane separation (such as pervaporation) are
preferred. It is well known that pervaporation can be

used for the removal of water in an alcoheol. In the

present invention, pervaporation can be preferably used.
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In the case of an alcohol having a boiling point higher
than that of water, the removal of water in the alcohol
can also be easily performed by distillation under
heating. On the other hand, in the case of an alcohol
having a boiling point lower than that of water, the
removal of water in the alcohol can also be performed
by a distillation technigue in which a solvent forming
an azeotropic mixture with water is used. As mentioned
above, the removal of water in the alcohol can be per-
formed by any of a method using a solid dehydrating
agent, distillation and membrane separation. However,
when it is desired to obtain the second organcmetal
compound mixture in a large amount in a short period of
time, it is preferred that the removal of water in the
alcohol is performed by distillation. The distillation
can be performed by any conventional method. For exam-
ple, the distillation can be performed by any of a dis-
tillation under atmospheric pressure, a distillation
under reduced pressure, a distillation under superat-
mospheric pressure, a thin film distillation and an ex-
tractive distillation, each of which is well known in
the art. The distillation can be performed at a tem-
perature of from -20 °C to the boiling point of the

first alcohol used in step (3). It is preferred that

the distillation temperature is from 50 °C to the boil-
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ing point of the first alcohol used in step (3). Be-
fore or during the distillation, any desired substance
may be added to the second portion of the second por-
tion of the reaction mixture. The second portion of
reaction mixture may contain, for example, a solvent
which forms an azeotropic mixture with water from the
viewpoint of the ease in the removal of water in step
(3): or a solvent which enhances the hydrophobic prop-
erty of the second portion of the reaction mixture so
that the vapor-liquid egqguilibrium of the water formed
by the reaction in step (3) becomes advantageous. Fur-
ther, the second portion of the reaction mixture may
contain a solvent which adjusts the £luidity of the
' second portion ¢f the reaction mixture.

The temperature employed for the reaction per-
formed in step (3) varies depending on the type of the
first alcohol used; however, the temperature is gener-
ally from room temperature (about 20 °C) to 300 °C.
When the removal of water in step (3) is performed by
distillation, the temperature employed for the distil-
lation is not particularly limited so long as water has
a vapor pressure at the temperature. When it is in-
tended to complete the reaction in step (3) in a short
period of time under atmospheric pressure, it is pre-

ferred that the distillation is performed under condi-
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not form an azeotropic mixture, it is preferred that

the distillation is performed at the boiling point of

water. When it is intended to complete the reaction in
step (3) in a shorter period of time, the distillation
may be performed, using an autoclave, at a temperature

higher than the boiling point of the first alcohol or

water while gradually removing water in the vapor phase.

When the temperature employed for the reaction per-
formed in step (3) is extremely high, it is sometimes
possible that a thermal decomposition of the reactive
organometal compound occurs. In such cases, a liquid
containing water may be removed by reduced pressure
distillation or the like.

Even when the first alcohol does not form an
azeotropic mixture with water, water can be removed by
azeotropic distillation in which a solvent forming an
azeotropic mixture with water is used. This method is
preferred since water can be removed at a low tempera-
ture. Examples of solvents which form an azeotropic
mixture with water include unsaturated and saturated
hydrocarbons, such as hexane, benzene, toluene, xylene,

naphthalene; ethers, such as anisole and 1,4-dioxane;
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low solubility. When such a solvent is used, it is
necessary to use the solvent in an amount such that wa-
ter can be satisfactorily removed by azeotropic distil-
lation. It is preferred to use a distillation column
for the azeotropic distillation because the solvent can
be recycled to the reaction system after separating the
solvent from the azeotropic mixture in the distillation
column and, hence, the amount of the solvent can be re-
duced to a relatively small one.

By performing the reaction in step (3). there can
be obtained, for example, an organometal compound mix-
ture containing at least one reactive organometal com-
pound selected from the group consisting of an or-
ganometal compound represented by formula (1) and an
organometal compound represented by formula (2).

When the reaction in step (3) reaches a stage
where almost no water is generated, step (3) can be
finished. When a seguence of steps (1) to (4) is re-

peated one or more times, the amount of the carbonic

ester obtained in step (1) varies depending on the
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YlO/bfore, it is preferred that the amount of water removed
in step (3) is as large as possible.

Generally, the amount of water removed in step (3)
is 0.01 fo 1 times as large as the amount of water pro-
duced by the reaction in step (3), wherein the amount
of water produced is theoretically calculated based on
the assumption that only an organometal compound repre-
sented by formula (1) is produced by the reactilon in
step (3). In many cases, the amount of water removed
in step (3) is less than 1 times as large as the above
-mentioned theoretical amount of water produced by the
reaction in step (3). As a result of the studies made
by the present inventors, it has been found that, when
an organometal compound is produced from dibutyltin ox-
ide and an alcohol and a sequence of steps (1) to (4)
is repeated one or more times; the amount of water re-
moved in step (3) is less than the amount of water gen-
erated during the reaction in which the reactive or-
ganometal compound is produced from dibutyltin oxide
and an alcohol. When, in step (2), water is added to
the reaction system for separating the first portion
containing the carbonic ester and the degraded compound,
it is sometimes possible that a white solid containing

water is obtained and the amount of water removed in
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step (3) is more than 1 times the above-mentioned theo-
retical amount of water produced by the reaction in
step {(3). When a sequence of steps (1) to (4) is re-
peated one or more times, it.is difficult to calculate
a theoretical amount of water produced by the reaction
performed in step (3) because the structure of the re-
generable metamdrphic organometal compound contained in
the reaction mixture obtained in step (1) has not yet
been identified. In this case, the change (with time)
in the amount of water which is removed is measured.
When it is confirmed by the measurement that almost no
more water is femoved, step (3) may be finished.

After completion of step (3). if desired, an ex-
cess amount of the alcohol may be removed. From the
viewpoint of improving the purity of the carbonic ester
obtained in step (1) in the case where a sequence of
steps (1) to (4) is repeated one or more times, it is
preferred to remove an excess amount of the alcohol.
When the same alcochol as used in step (3) is used in
step (1) in the case where a sequence of steps (1) to
(4) is repeated one or more times, the removal of the
alcohol after step (3) may not be performed. Further,
an appropriate amount of the alcohol may be added to
the reaction system after step (3).

The removal of an excess amount of the alcohol can
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be performed as follows. When the second organometal
compound mixture obtained in step (3) is in the form of
a solid, the alcohol can be removed as a filtrate ob-
tained by filtration. On the other hand, when the sec-
ond organometal compound mixture obtained in step (3)
is in the form of a liquid, the removal of the alcohol
can be performed by a distillation under reduced pres-
sure, or by a method in which an inert gas, such as ni-
trogen, is introduced into the reactor so that the al-
cohol is removed in an amount which corresponds to the
vapor pressure of the alcohol. In the case of using an
inert gas, when the inert gas is not completely dried,
a disadvantage is likely to occur wherein the second
organometal compound mixture is hydrolyzed and decom-
posed into a metal oxide and an alcohol, so that the
amount of the carbonic ester obtained by the reaction
in step (1) in the case where a seguence of steps (1)
to (4) is repeated one or more times, becomes extremely
lowered. Steps (1) tc (3) may be performed either in-
termittently or in a batchwise manner.

As described above, if desired, steps (1) and (2)
can be simultaneously performed. Also, if desired,
steps (2) and (3) can be simultaneously performed.
Further, steps (1) to (3) can also be simultaneously

performed. Further, when the method of the present in-
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vention is repeated one or more times, if desired, step
(3) and step (1) of the subsequent cycle can be simul-
taneocusly performed. With respect to the cases where
these steps are simultaneously performed, explanations

are given below.

(The case where steps (1) and (2) are simultaneocusly
performed)

With respect to the reaction performed in step (1),
there are two cases: one {(first case) is the case where
a ligquid phase and a vapor phase are present during the
performance of the reaction in step (1), and the other
(second case) is the case where carbon dioxide is in a
supercritical state under high temperature and high
pressure conditions and the reaction mixture forms a
homogeneous mixture. Steps (1) and (2) can be simulta-
neously performed in the first case. In the first case,
the reaction temperature and reaction pressure vary
depending on the type of an alkoxy group contained in
the reactive organometal compound and the type of an
alcohol when an alcohol is used. However, the reaction
temperature is generally 200 °C or lower and the reac-
tion pressure is 8 MPa or less. The carbonic ester has
high solubility in carbon dioxide and, hence, a part of

the carbonic ester is dissolved in the vapor phase.
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Therefore, by performing the reaction in step (1) while
withdrawing a part of the vapor phase, the first por-
tion (containing the carbonic ester and the unregener-
able unreactive compound)} can be separated from the re-

action mixture.

(The case where steps (2) and (3) are simultaneocusly
performed)

Steps (2) and (3) can be simultaneously performed
when the reactive organometal compound is obtained from
an alcohol having a boiling point higher than that of
water, and a C;-C; alkyl alcohol is used in step (1) or
(2). The separation of the carbonic ester, the de-
graded compound and water from the reaction mixture can
be performed by a method in which the reaction mixture
obtained in step (1) is placed under a stream of an in-
ert gas, such as carbon dioxide gas, thereby removing
the carbonic ester, the degraded compound and water
from the reaction mixture, in such a form as entrained
by the inert gas. The separation of the carbonic ester,
the degraded compound and water from the reaction mix-
ture can also be performed by a conventional method,
such as membrane separation. By such a method, the
carbonic ester, the degraded compound and water can be

continuously separated from the reaction mixture.
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(The case where steps (1) to (3) are simultaneously
performed)

. With respect to the reaction performed in step (1),
there are two cases: one (first case) is the case where
a ligquid phase and a vapor phase are present during the
performance of the reaction in step (1), and the other
(second case) is the case where carbon dioxide is in a
supercritical state under high temperature and high
pressure conditions and the reaction mixture forms a
homogeneous mixture. Steps (1) to (3) can be simuita—
neously performed in the case where a liquid phase and
a vapor phase are present during the performance of the
reaction in step (1), the reactive organometal compound
is obtained from an alcohol having a boiling point
higher than that of water, and a C;-Cs alkyl alcohol
(preferably methanol or ethanol) is used. In this case,
the reaction temperature and reaction pressure vary de-
pending on the type of an alkoxy group contained in the
reactive organometal compound and the type of an alco-
hol when an alcohol is used. However, the reaction
temperature is generally 150 °C or less and the reac-
tion pressure is generally 5 MPa or less. Water, the
carbonic ester and the degraded compound have high

solubility in carbon dioxide and, hence, a part of each
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of the water, the carbonic ester and the degraded com-
pound is dissolved in the vapor phase. Therefore, by
performing the reaction in step (1)} while withdrawing a
part of the vapor phase, the carbonic ester and the de-
graded compound can be separated from the reaction mix-
ture while regenerating the organometal compound. Fur-
ther, it is also possible to employ a method in which
the reaction is performed in a fixed-bed reactor con-
taining an organometal compound mixture, wherein the
organometal compound mixture is supported on a carrier
or in the form of a solid. In this method, carbon di-
oxide and a C;-C; alcohol are introduced into the fixed
-bed reactor to effect a reaction, thereby obtaining a
carbonic ester, a degraded compound and water in such a
form as entrained by carbon dioxide gas. As a carrier
for supporting the organometal compound mixture, a con-

ventional carrier can be used.

(The case where step (3) and step (1) of the subsequent
cycle are simultaneously performed when the method of
the present invention is repeated one or more times)
When the method of the present invention is re-
peated one or more times, step (3) and step (1) of the
subsequent cycle can be simultaneously performed by a

method in which step (3) is performed in an atmosphere
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of or in the presence of carbon dioxide gas. Specifi-
cally, step (3) and step (1) of the subsequent cycle
can be simultaneously performed by a method in which
the second portion (of the reaction mixture) obtained
in step (2) is reacted with a first alcohol to regener-
ate (resynthesize) a reactive organometal compound and
generate water, and the regenerated reactive organome-
tal compound is réacted with carbon dioxide to thereby
obtain a carbonic ester, wherein the water generated is
removed., Step (3) and step (1) of the subsequent cycle
can be simultaneously performed in the case where a
ligquid phase and a vapor phase are present in the reac-
tion system. In this case, the reaction temperature
and reaction pressure vary depending on the type of an
alkoxy group contained in the reactive organometal com-
pound and the type of an alcchol used. However, the
reaction temperature is generally 200 °C or lower and
the reaction pressure is 1 MPa or less. It is pre-
ferred that step (3) and step (1} of the subsequent cy-
cle are performed simultaneously by reacting the reac-
tive organometal compound with carbon dioxide in the
presence of an alcohol having a boiling point higher
than 100 °C (as measured under atmospheric pressure)
under conditions wherein the reaction temperature is

the same or lower than the boiling point of the alcohol
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of the subsequent cycle are performed simultaneously by
a method in which carbon dioxide gas is introduced into
the second portion of the reaction mixture so that the
water generated is withdrawn from the reaction system 7
in such a form as entrained by carbon dioxide gas.

As mentioned above, the method of the present in-
vention may further comprise, after step (3), a step
(4) in which the second organometal compound mixture
obtained in step (3) is recovered and recycled to step
(l). A sequence of steps (1) to (4) can be repeated
one or more times. Prior to the recycle of the or-
ganometal compound to step (1), the organometal com-
pound may be cooled or heated. The step (4) can be
performed either continuously or in a batchwise manner.

In step (3). when the reaction of the second por-
tion of the reaction mixture with a first alcohol is
performed at a high temperature or for a prolonged pe-
riod of time, a problem arises in that the degraded
compound is formed in a large amount. Therefore, it is
preferred that the reaction in step {3) is performed
under conditions wherein the formation of the degraded
compound is suppressed as much as possible. The de-

graded compound (i.e., the unregenerable unreactive
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heated. In a carbon dioxide atmosphere, such dispro-
portination reaction progresses slowly and, hence, the
unregenerable unreactive compound is formed mainly in
this step (3). With respect to the degraded compound
formed and accumulated prior to the reaction of step
(3), and the degraded compound being formed during the
reaction in step (3), these degraded compounds can be
removed from the reaction system in step (3). The rea-
son is that the degraded compound represented by for-
mula (6) above has a boiling point lower than that of
the reactive organometal compcund cobtained by the reac-
ticon of step (3). The removal of the degraded compound
from thé reaction system in step (3) can be performed
by a conventional method, such as distillation or mem-
brane separation. ¥For example, the distillation can be
preferably performed by any of a distillation under su-
preratmospheric pressure, a distillation under reduced
pressure, a distillation under heating and a thin £ilm
distillation. The membrane separation can be preferably
performed by, for example, a pervaporation using a mem-
brane. From the viewpoint ¢f minimizing the number of

steps of the removal method employed, it is more pre-
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moved in step (3), the degraded compound is distilled
off under greatly reduced pressure. The temperature
employed for the distillation is not particularly lim-
ited so long as the degraded compound has a vapor pres-
sure at the temperature; however, the temperature is
preferably from about 20 °C to 300 °C. When the distil-
lation is performed under heating at a high temperature,
there is a danger that the amount of the degradation
compound formed further increases. Therefore, it is
more preferred that the temperature employed for dis-
tillation is from 20 to 200 °C.

In the method of the present invention, a solid
degraded compound (other than the above-mentioned unre-
generable unreactive compound) which has in its mole-
cule at least three metal-carbon linkages is sometimes
formed. It is presumed that such solid degraded com-
pound is derived from a disproportionation reaction
product which is formed as a counterpart of the unre-
generable unreactive compound having in its molecule at
least three metal-carbon linkages. As an example of
such solid degraded compound, there can be mentioned a
metal oxide, such as titanium oxide or tin oxide.

These solid degraded compounds can be easily removed
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from the reaction system by filtration. In step (1),
step (2) (in the case where water is not used) and step
(3), the reaction mixture is generally present in the
form of a homogeneous liquid. Therefore, when solid
degraded compounds are precipitated in the reaction
system as a result of a repetitious use of the or-
ganometal compound, the solid degraded compounds can be
removed by filtration. The filtration can be performed
by any of the conventional methods. For example, the
filtration can be performed by any of a filtration
under atmospheric pressure, a filtration under reduced
pressure, a filtration under superatmospheric pressure
and a centrifugation. When water intrudes into the re-
action system during the filtration, there is a danger
that the useful organometal compound is hydrolyzed and
solidified. Therefore, for preventing the useful or-
ganometal compound from being removed together with the
solid degraded compound, it is preferred that the fii--
tration is performed with a considerable care so as to
suppress the occurrence of the hydrolysis of the or-
ganometal compound.

Hereinbelow, explanations are given with respect
to the reaction vessels used in the method of the pre-
sent invention.

With respect to the type of the reaction vessel
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used in each of steps (1), (2) and (3), there is no
particular limitation, and any conventional reaction
vessel can be used. Examples of conventional reaction
vessels include a stirring vessel, a multi-stage stir-
ring vessel and a continuous multi-stage distillation
column. These reaction vessels can be used individu-
ally or in combination. Using at least one of the
above-mentioned reaction vessels, steps (1) to (3) may
be performed in a batchwise or continuous manner. Spe-
cifically, with respect to steps (1) and (3), from the
viewpoint of efficiently displacing the equilibrium of
the reaction in fhe direction of the product system, it
is preferred to use a multi-stage distillation column.
It is more preferred that each of steps (1) and (3) is
continuously performed using a multi-stage distillation
column.

With respect to the multi-stage distillation col-
umn, there is no particular limitation so long as it is.
a distillation column which has two or more theoretical
stages and which is capable of continuous distillation.
As such a multi-stage distillation column, any conven-
tional multi-stage distillation column which is gener-
ally used in the art can be used. Examples of such
multi-stage distillation columns include plate type

columns using a tray,‘such as a bubble-cap tray, a
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sieve tray, a valve tray or a counterflow tray; and
packed type columns packed with any of various packings,
such as a Raschig ring, a Lessing ring, a Pall ring, a
Berl saddle, an Interlox saddle, a Dixon packing, a
McMahon packing, a Heli pack, a Sulzer packihg and Mel-
lapak. Further, a mixed type of plate column and

packed column, which comprises both a plate portion and
@ portion packed with packings, can also be preferably

used.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be de-
scribed in more detail with reference to the following
Examples, which should not be construed as limiting the

scope of the preseht invention.

{Methods for analyses)
(1) Nﬁclear Magnetic Resonance (NMR) analysis of an
organcmetal compound

Apparatus: JNM-A400 FT-NMR system (manufactured
and sold by JEOL Ltd., Japan)

Preparation of sample solutions for *H-, '*C- and
1%sn-NMR analyses:

About 0.1 to 1 g of a reaction mixture was weighed,

and then 0.05 g of tetramethyltin and about 0.85 g of

deuterated chloroform were added theretoc, thereby ob-

taining a sample solution for an NMR analysis.

{(2) Gas chromatography (GC) analysis of a carbonic es-
ter

Apparatus: GC-2010 system (manufactured and sold
by Shimadzu Corporation, Japan}.
(i) Preparation of a sample solution

0.06 g of a reaction mixture was weighed, and then

about 2.5 ml of dehydrated dimethylformamide or dehy-
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drated acetonitrile was added thereto. Further, to the

resultant was added about 0.06 g of diphenyl ether as

an internal standard, thereby obtaining a sample solu-

tion for a GC analysis.

(ii) Conditions for a GC analysis

Column: DB-1 {manufactured and sold by J & W Sci-

entific, U.S.A.)

Liquid phase: 100 % dimethyl polysiloxane

Column length: 30 m
Column diameter: 0.25 mm

Film thickness: 1 um

Column temperature: the temperature was elevated

from 50 °C to 300 °C at a rate of 10 °C/min.

Injection temperature: 300 °C

Detector temperature: 300 °C

Detector: FID (flame ionization detector)

(iii) Quantitative analysis

The guantitative analysis of a sample solution was

performed using a calilbration curve obtained with re-

spect to standard samples.

(3) Calculation of the yield of a carbonic ester (i.e.,

dialkyl carbonate)

The yield of a dialkyl carbonate was expressed in

terms of the mol % of the dialkyl carbonate,

based on
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atom contained therein.

Example 1

First. a reactive organometal compound having a 2-
ethylhexyloxy group was synthesized from dibutyltin ox-
ide and 2-ethyl-1-hexanol as follows.

Into a l-liter four-necked flask equipped with a
cooling tube, a thermometer (for the measurement of the
internal temperature of the flask), a vacuum pump and a
vacuum controller (manufactured@ and sold by Okano Works,
Ltd., Japan) were charged 249 g (1.0 mol) of dibutyltin
oxide (manufactured and sold by Aldrich, U.S.A.), 650 g
(5.0 mol) of 2-ethyl-l-hexanol (manufactured and sold
by Aldrich, U.S.A.; a dehydrated grade). Further, a
stirrer was placed in the flask. The flask was im-
mersed in an oil bath. The atmosphere in the flask was
purged with nitrogen gas. Then, stirring of the con-
tents of the flask was started while heating. When the
internal temperature of the flask reached 172 °C, the
pressure in the flask was gradually reduced while with-
drawing a distillate (i.e., water and 2-ethyl-1

-hexanol) from the flask by means of a purge line, and
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ing the pressure in the flask, the pressure in the
flask was finally lowered to about 28 KPa. When the
distillate was almost thoroughly withdrawn from the
flask, the flask was taken out from the oil bath, and
the inside of the flask was cooled. Then, nitrogen gas
was introduced into the flask to elevate the pressure
in the flask to atmospheric pressure. By the above-
mentioned operation, 410 g of a viscous liquid was ob-
tained.

The distillate withdrawn from the flask was ana-
lyzed. As a result, it was found that the distillate
contained about 13 g of water. The above-obtained vis-
cous liquid was analyzed by 'H-, *°C- and ''’Sn-NMR’s.
As a result, it was found that the viscous liquid con-
tained 1,1,3,3-tetrabutyl-l,3—di(2-
ethylhexyloxy)distannoxane, dibutyltin 4i(2

-ethylhexyloxide} and tributyltin(2-ethylhexyloxide).

Step (1)

404 g of the above-obtained viscous liquid was
charged into a 500-ml autoclave {manufactured and sold
by Toyo Koatsu Co., Ltd., Japan) which had a carbon di-
oxide gas bomb connected thereto through a SUS tube and

a valve. The autoclave was sealed, and the atmosphere
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ring the contents of the autoclave, and, then, stopped
by closing the valve of the carbon dioxide gas bomb.
Subsequently, the internal temperature of the autoclave
was elevated to 120 °C while stirring. Then, a reac-
tion was performed for 3 hours while maintaining the
internal pressure of the autoclave at 4 MPa by means of
a back-pressure valve of the carbon dioxide gas bomb.
After the reaction, the inside of the autoclave was
cooled to about 30 °C, and carbon dioxide gas was gen-
tly purged therefrom through the purge line to lower
the pressure in the autoclave to atmospheric pressure,
thereby obtaining a transparent liquid as a reaction
mixture. It was found that the yield of di(2
-ethylhexyl) carbonate was 25 %. The reaction mixture
was analyzed by ‘H-, *®C- and '*’Sn-NMR’'s. As a result,
it was confirmed that the reaction mixture contained
tributyltin(2-ethylhexyloxide) and a carbon dioxide ad-
duct thereof in a total amount of about 0.1 mol %.
These two compounds are unregenerable unreactive com-

pounds.
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(#10%E%A§Eé%éa to the autoclave through a liquid transfer-
ring pump (LC-10AT: manufactured and sold by Shimadzu
Corporation, Japan), and a distillation was performed
as follows. About 120 g of the reaction mixture ob-
tained in step (1) was charged into the thin film dis-
tillation apparatus through the liguid transferring
pump at a rate of 3 g/min to distill off the volatile
matter from the reaction mixture, followed by cooling,
thereby recovering about 14 g of the volatile matter. in
a liguid form. It was found that about 50 % of the
di{2-ethylhexyl) carbonate contained in the reaction
mixture charged into the thin film distillation appara-
tus was distilled off as a volatile matter. The vola-
tile matter in a liquid form was analyzed by'lH-, Be.
and ''°Sn-NMR's. As a result, it was confirmed that the
volatile matter in a liquid form contained about 0.02

mol of tributyltin(2-ethylhexyloxide).

Step (3)
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/10AT%§0£)reblﬁag%%ﬁtglneﬁ by the above-mentioned distilla-
tion, 5 g (about 2 mmol) of dibutyltin oxide (manufac-
tured and sold by Aldrich, U.S.A.), and 216 g (1.7 mol)
of 2-ethyl-l-hexanol (manufacfured and sold by Aldrich,
U.S.A.; a dehydrated grade). Further, a stirrer was
placed in the flask. The flask was immersed in an oil
bath. The atmosphere in the flask was purged with ni-
trogen gas. Then, stirring of the contents of the
flask was started while heating. When the internal
temperature of the flask reached 172 °C, the pressure
in the flask was gradually reduced while withdrawing a
distillate (i.e., water and 2-ethyl-1l-hexanol) from the
flask by means of a purge line, and a reaction was per-
formed for about 7 hours. By reducing the pressure in
the flask, the pressure in the flask was finally low-
ered to about 28 KPa. When the distillate was almost
thoroughly withdrawn from the flask, the flask was
taken out from the oil bath, and the inside of the

flask was cooled. Then, nitrogen gas was introduced

into the flask to elevate the pressure in the flask to
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Ss10%H% () CPnBRRNDPERERER I Bav P o® F T 89T hos &F (V2

10%# 0~ #1 0
L 10@&§§£ f% Q SS(?ﬁFugégfgﬁgaghe k}oagggﬁff@krabutyl

P&l 10% b
&8%20 prgicl Qb hthgﬁggygg&@ FsARHURAE (hupacyicin ai(2
Yer& b 0 i
i 3710 éfgf*%ﬁ‘—gfg%?%ﬁ A0 1Ty S GUeR (o oxide)
OY710¢#&tbse thP Y& cbhpotinds, the first two compounds are
regenerable metamorphic organometal compounds and the

last one compound is an unregenerable unreactive com-

pound.

The viscous liguid obtained in step (3) above was
recovered and recycled to step (1), and step (1} was
performed as follows.

79 g of the above-obtained viscous liguid was
charged into a 100-ml autoclave {manufactured and sold
by Toyo Koatsu Co., Ltd., Japan) which had a carbon di-
oxide gas bomb connected thereto through a SUS tube and
a valve. The autoclave was sealed, and the atmosphere
in the autoclave was purged with nitrogen gas. Then,
the above-mentioned valve was opened to introduce car-
bon dioxide gas having a pressure of 4 MPa into the
autoclave. The introduction of carbon dioxide gas into

the autoclave was performed for 10 minutes while stir-
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#&1O%a§g(éie%§%%8%¥§f&Eb\y84%giaelgoﬁéigkb.Y Then, a reac-
tion was performed for 3 hours while maintaining the
internal pressure of the autoclave at 4 MPa by means of
a back-pressure valve of the carbon dioxide gas bomb.
After the reaction, the inside of the autoclave was
cooled to about 30 °C, and carbon dioxide gas was gen-
tly pﬁrged therefrom through the purge line to lower
the pressure in the autoclave to atmospheric pressure,
thereby obtaining a transparent liquid as a reaction
mixture. It was found that the yield of d4i(2
~gthylhexyl) carbonate was 25 %.

After step (1), a thin film distillation apparatus
(E-420; manufactured and sold by Shibata Scientific
Technology Ltd., Japan) having an internal temperature
of 130 °C and an internal pressure of about 65 Pa was
connected to the autoclave through a liquid transfer-
ring pump (LC-10AT; manufactured and sold by Shimadzu
Corporation, Japan), and a distillation was performed
as follows. About 25 g of the reaction mixture ob-
tained in step (1) was charged into the thin film dis-
tillation apparatus through the liquid transferring

pump at a rate of 3 g/min to distill off the wvolatile
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i 1000BE ?rEOFEGFPF A&T p 8 e &% &lw)dlstillatlon appara-

I&$1O%%;&%gg dlStl%le%)Oﬁf as a volatile matter. The vola-

tile matter in a ligquid form was analyzed by 'H-, *’C-
and '°Sn-NMR’'s. As a result, it was confirmed that the
volatile matter in a ligquid form contained about 0.005

mol of tributyltin(2-ethylhexyloxide}.

Example 2

Synthesis of an organometal compound having a
hexyloxy group from dibutyltin oxide and hexanol was
performed as follows.

Into a 200-ml autoclave (manufactured and sold by
Toyo Koatsu Co., Ltd., Japan)} were charged 24.9 g (100
mmol) of dibutyltin oxide {(manufactured and sold by Al-
drich, U.S.A.) and 51.1 g (500 mmol) of hexanol (manu-
factured and sold by Aldrich, U.S.A.:; a dehydrated
grade). The autoclave was sealed. The atmosphere in
the autoclave was purged with nitrogen gas. Then,
stirring of the contents of the autoclave was started,
and the internal temperature of the autoclave was ele-

vated to 160 °C. Then, the stirring was continued for
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autoclave was cooled to about 30 °C, and there was ob-
tained a viscous reaction mixture. 'H-, '>C- and '*°sn-
NMR analyses of the reaction mixture was performed.

The NMR analyses showed that the viscous reaction mix-
ture contained about 40 mmol of 1,1,3,3-tetrabutyl-1,3
~di-hexyloxy-di-stannoxane, about 6 mmol of dibutyltin

dihexyloxide and about 4 mml of tributyltin hexyloxide.

Step (1)

Into the above-mentioned 200-ml autoclave contain-
ing the reaction mixture (containing an ocrganometal
compound having a hexyloxy group) was charged 61.5 g
(602 mmol) of hexanol (manufactured and scld by Aldrich,
U.S.A.; a dehydrated grade), and the autoclave was
sealed. Then, from a carbon dioxide gas bomb which was
connected to the autoclave through a SUS tube and a
valve, carbon dioxide gas having a pressure of 5 MPa
was introduced into the autoclave. Stirring of the

contents of the autoclave was started. 10 Minutes af-
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the autoclave was about 7.5 MPa. Then, a reaction was
performed for 6 hours while maintaining the internal
pressure of the autoclave at about 7.5 MPa. Thereafter,
the inside of the autoclave was cooled to about 30 °C
and the internal pressure of the autoclave was returned
to atmospheric pressure by gently purging the carbon
dioxide gas, and there was obtained a transparent reac-
tion mixture. In the reaction mixture, dihexyl carbon-

ate was obtained in a yield of 14 %.

Step (2)

After step (1), 10 g of hexancl containing 1 % of
water was gently added to the reaction mixture obtained
in step (1), and the resultant mixture was stirred for
about 1 minute. Then, the autoclave was opened, and it
was found that the mixture in the autoclave had turned
into a white slurry. The white slurry was subjected to
filtration using a membrane filter (HO20A142C, manufac-
tured and sold by Advantec Toyo Kaisha, Ltd., Japan) to
thereby obtain white solids and a filtrate. The white

solids were washed 2 times with 20 ml of hexanol. The
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$ tﬂg gig{illation, hexanol, tributyltin hexyloxide and

shaped

dihexyl carbonate were recovered as a distillate. The
vield of dihexyl carbonate was 13 3. It was found that
the distillate contained about 2 mmol of tributyltin
hexyloxide. On the other hand, a viscous liquid re-
mained in the flask after completion of the distilla-

tion.

Step (3)

The white solids obtained in step (2} and the re-
sidual viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
into a 200-ml autoclave (manufactured and sold by Toyo
Koatsu Co., Ltd., Japan). PFurther, 51.1 g (500 mmol)
of hexanol (manufactured and sold by Aldrich, U.S5.A.; a
dehydrated grade) was charged info the autoclave, and
the autoclave was sealed. The atmosphere in the auto-
clave was purged with nitrogen gas. Then, stirring of
the contents of the autoclave was started, and the in-
ternal temperature of the autoclave was elevated to
160 °C. Then, the stirring was continued for about 30

minutes. Thereafter, the purge line of the autoclave
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autoclave. After that period, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was cooled to about 30 °C, and there was obtained a re-
action mixture. 'H-, *3C- and ''*Sn-NMR analyses of the
reaction mixture was performed. The NMR analyses
showed that the reaction mixture contained about 40
mmol of 1,1,3,3-tetrabutyl-1,3-di-hexyloxy-di-

stannoxane, about 7 mmol of dibutyltin dihexyloxide and

about 4 mmol of tributyltin hexyloxide.

After step (3), step (1) was performed as follows.

Into the above-mentioned autoclave in which step
(3) was performed was charged 61.5 g (602 mmol) of hex-
anol (manufactured and sold by Aldrich, U.S.A.; a dehy-
drated grade). The autoclave was sealed. Then, from a
carbon dioxide gas bomb which was connected to the
autoclave through a SUS tube and a valve, carbon diox-
ide gas having a pressure of 5 MPa was introduced into
the autoclave. Stirring of the contents of the auto-
clave was started. 10 Minutes after the start of the
stirring, the valve of the carbon dioxide gas bomb was

closed. Then, the internal temperature of the auto-




i0

15

20

25

% 10%#&' ()- xL"p#10%#& ()- , )10%#& ()-

CLO%b#& ()-=vU410! p"10% & ()- 10%t& () - 10b#10b#10b#
L<7#10%#& ()- S510%#& ()- c110%#& ()-' 1B|[: vUu410!

0<%#10%t&' ()- n 0<%10% #[ & ()- Op#10%! & () -

Op#10%#x& ()- Op#10%t& ()- p"10% & ()-BzTUVW ] vU410!

Pt 10%#& ()- 10%#& ()-10"10"10"18%109% & ()- }

0#10% "j & ()- .10%t& ()-] c|[:vu410! i610%#& ()- L-
10%#& ()- & 109%#& ()- S10% opg () - Lp#10%HE () - .

L10%&3aYS - ¥osuebevatedosp,&8P) - Cywhidgy gtiyring.” In this

Sz109%#& () - 10%#& () - 10b#10b#10b#

(GLOYbBELERL 5y ENE: {RAeERaL PERsEYEe pf fhp autoclave was

9% 109 b#" & (7) L#109% & ()- n L#10% b#" &

L#109BRRUE) 7-5 ﬂ&i‘@%"ﬂ&e )- "}‘J’@‘iﬁi‘b’r°‘b#‘%‘§m%%?f?med for 6

p#égi%gég%ugp% fﬁgéhﬁ%ghlgéigﬁfoﬁgéﬂ%%%§ 5&es@ure of the
RO el i ae snsise o
1O%E# )%uég gg% %8%g§ %gwﬁgoFilg%BLé Gha Rhe inter-
i#lo%§§§ %%eﬁsﬂre of the autoclave was returned to atmos-
pheric pressure by gently purging the carbon dioxide
gas through the purge line, and there was obtained a
transpdrent reaction mixture. In the reaction mixture,

dihexyl carbonate was obtained in a yield of 14 2.

After step (1), 10 g of hexanol containing 1 % of
water was gently added to the reaction mixture obtained
in step (1), and the resultant mixture was stirred for
about 1 minute. Then, the autoclave was opened, and it
was found that the mixture in the autoclave had turned
into a white slurry. The white slurry was subjected to
filtration using a membrane filter (HO020A142C, manufac-
tured and sold by Advantec Toyo Kaisha, Ltd., Japan} to
thereby obtain white solids and a filtrate. The white
solids were washed 2 times with 20 ml of hexanol. The
filtrate was transferred into a l-liter eggplant-shaped
flask and subjected to a distillation under heating in

an oil bath at 160 °C and under reduced pressure. The
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bonate were recovered as a distillate. The yield of
dihexyl carbonate was 13 %. It was found that the dis-
tillate contained about 2 mmol of tributyltin hexylox-

ide.

Example 3

First., a reactive organometal compound having a 3
-methylbutoxy group was synthesized from dibutyltin ox-
ide and 3-methyl-1l-butanol as follows.

Into a l-liter four-necked flask equipped with a
cooling tube (which was connected with a vacuum con-
troller and a vacuum pump) and a Dean-Stark trap were
charged 70.5 g (0.28 mol) of dibutyltin oxide {manufac-
tured and sold by Aldrich, U.S.A.) and 502 g (5.7 mol)
of 3-methyl-1-butanol (manufactured and sold by Aldrich,
U.S.A.). Further, a stirrer was placed in the flask.

The flask was immersed in an oil bath having a
temperature of 140 °C, and the pressure in the flask
was gradually reduced to about %0 kPa while stirring
the contents of the flask. Then, the pressure 1n the
flask was further reduced to 85 kPa while stirring the

contents of the flask and withdrawing a distillate from
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side of the flask was cooled. Then, nitrogen gas was
introduced into the flask to elevate the pressure in
the flask to atmospheric pressure. By the above
~-mentioned operation, 127 g of a viscous liquid was ob-
tained.

The distillate withdrawn from the flask was ana-
lyﬁed. As a result, it was found that the distillate
contained about 260 mmol of water. The above-obtained
viscous liquid was analyzed by '‘H-, °C- and ''°Sn-NMR’s. -
As a result, it was found that the viscous liquid con-
tained dibutyltin bis(3-methylbutoxide), 1,1,3,3
~-tetrabutyl-1,3-di(3-methylbutoxy)distannoxane and

tributyltin(3-methylbutoxide}.

Step (1)
114 g of the above-obtained viscous liquid was
charged into a 200-ml autoclave (manufactured and sold

by Toyo Koatsu Co., Ltd., Japan) which had a carbon di-
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#1094:8n (Fhe OorL00kave) vap 10uggef) withopggrpgen gas. Then,
p10%¢& ()-58888: :: : | [ NAMLO! 10#10#104 < |)10%4& () -
610%4tEhe) above owgRrt ipned valyeygag) opene 18%&“%%‘9‘1”&-6 caxr-

oo o0, R 1RIOR RICRl D 1R Lo e
10%b(§g§bé é¥:%<ﬁﬁégcfg%1£d£g€%gﬁ1gf carbon dioxide gas into
the autoclave was performed for 10 minutes while stir-
ring the contents of the autoclave, and, then, stopped
by closing the valve of the carbon dioxide gas bomb.
Subsequently, the internal temperature of the autoclave
was elevated to 120 °C while stirring. Then, a reac-
tion was performed for 4 hours while maintaining the
internal pressure of the autoclave at about 4 MPa.
During and after the reaction, samples of the re-
action mixture in the autoclave were taken out and ana-
lyzed. As a result, it was found that the reaction
mixture obtained 1 hour after the start of the reaction
contained di{3-methylbutyl) carbonate in a yield of
18 %, and that the reaction mixture obtained 4 hours
after the start of the reaction contained dai(3
-methylbutyl) carbonate in a yield of 20.4 %.
After the reaction, the inside of the autoclave

was allowed to cool, and carbon dioxide gas was purged

therefrom.
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leO%b#&'()- )] 10%#& () -: >n>>>?C?J7?| [ : NA410! 10

i 9-010%#& ()- + 10%#& ()- ~'"10%#& ()- Vv%

10%#& () - L#"10%#& () - 136

_! 10%#& () -J?2{????-@ @ @@ [ NA410! 10b#10b#10b#

1 6m 10%#& () - 4Z10%#& ()- 210%#& ()- O010%#& () -

. WLO0%SHER ) (D@ @GIAEAVAA| [ : NA410! 10 ) | 10%E#& () -

\ 109&E#& () - Vlo%E#&'&)- | 109E#& () - 109%E#& () -

109E#& () - AfAeR BREE : (NA41 Gihro confrssy @ )the 'autoclave were

109%E#& ()- :109&#& ()- ] 109%&#& () - ilO%E#&'gg-
allowed to cool to room temperature (about 20 °C).
Then, the autoclave was opened to recover the reaction
mixture therefrom. The reaction mixture was charged
into a 300-ml eggplant-shaped flask equipped with a
cooling tube, a vacuum pump and a vacuum controller
{manufactured and sold by Okano Works, Ltd., Japan).
Further, a stirrer was placed in the flask. Then, the
flask was immersed in an oil bath having a temperature
of 140 °C.

A distillation was performed at 140 °C while stir-

ring the contents of the flask and gradually reducing
the pressure in the flask. During the distillation, 3
-methyl-1-butanol was first distilled off from the
flask and, then, di(3-methylbutyl) carbonate was dis-
tilled off from the flask. By the distillation, about
9 g of di(3-methylbutyl) carbonate and about 1 mmol of

tributyltin(3-methylbutoxide) were obtained.

Step {3)

Into a l-liter four-necked flask equipped with a
cooling tube (which was connected with a vacuum con-
troller and a vacuum pump) and a Dean-Stark trap were

charged the distillation residue obtained in step (2)
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0 109&E#& () - EBeBBBBC2C| [: NA410! 10 i- 10%E#& ()- 3+
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i #109&#& () - 2G C} COCCOCC| 0bU410!

10%-#& ()- 10E#10E#10E# i 6" 10%E#&' ()- 410%E#& ()- 2
109%&#& ()- 010%#& ()- CODDDEBE| [ : bU410!  10%#& () -

) 10%-#& ()- ¢ #Y10%#& ()- s-10%37& ()- s10%#& ()-
y10%#& () - BEVEWFFeGGH| [ : bU410!  0&10%#& ()- n

L- p#10%B">& ()- YVA0% & ()- Op##10%-#& (12 -

10%-#&bpye end0sPR89( X SHAHFRMNHREH oMethy L-lodgdgnol. (manu-
10%#&' () - 10~#10~#10~# L67#10%#& ()- 410%#& (%-
2F10%£agtpyedl BREnROLE byudidrich,| ¥4 Bodanr18FpyLEey. a
LT#109% b#* & ()-g \L8T#10%#& ()- . 910%#& () -

"109@#&15¥3r wgg%pi&cep_}egghe flask.

The flask was immersed in an oil bath having a
temperature of 140 °C, and the pressure in the flask
was gradually reduced to about %0 kPa while étirring
the contents of the flask. Then, the pressure in the
flask was further reduced to 85 kPa while stirring the
contents of the flask and withdrawing a distillate from
the flask, and a reaction was performed under 85 kPa
for 20 hours while further withdrawing a distillate
from the flask. Thereafter, unreacted components (such
as an unreacted alcohol) in the flask were distilled
off from the flask over 30 minutes while gradually re-
ducing the pressure in the flask to about 200 Pa,
thereby obtaining a reaction mixture. The reaction
mixture was analyzed by 1H-, 13C- and 119Sn-NMR’'s. As
a result, it was found that the reaction mixture con-
tained dibutyltin bis(3-methylbutoxide) and 1,1,3,3
-tetrabutyl-1,3-di(3-methylbutoxy)distannoxane. Fur-
ther, the reaction mixturé also contained about 2 mmol
of tributyltin(3-methylbutoxide). Subsequently, the
temperature of the oil bath was lowered so that the in-
ternal temperature of the flask became about 93 °C, and

a distillate was removed from the flask under a pres-
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MFMGVHM MWOM/U410! s10%#&' () - 10%#& () - 10" 10" 10"
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i 9- 109%H#& () - OVRMUMXM MIReRf RgR| [ NA410! 10b#10b#10b#
10%#&' () -#1 710%#& ()- i V-10%#& ()- L# 10%#& ()-
L610%#& () - gRKRt RRRRR| [ : NA410! 10, # 10%p(#p& ()- S
10%(#p& ()- s10%p(#p&! ()- | =109 #p& () -

GLOYp( #p& () - 109%p(#p& () - RRYVVWWWWUA10! -}

g?gé&%@%&fﬁé) 0Py @%g, 1Q¥&f&%%%&#%%%p@@ien out from the

89i§;/ Wp% {a; Xﬂgl{.}%!}niyg%ogf}tﬁéiggggg;@a cooled. Then,
VG )08 WO KGR (1 RS B LAY W3 b evate

| 10%

6%0#/010}‘%&‘9’%%‘9 ?1:@1 hg\lfl fﬁl‘(.f)? atr&%% he:z':)Lc pressure. By

CIONG oA fRE o, f AR g RISy prtesnen

##10%’(‘&fﬂe ébé%QLB@EAfhed viscous liquid was analyzed by
1H-, 13C- and 119Sn-NMR’'s. As a result, it was found
that the viscous liquid contained dibutyltin bis(3
-methylbutoxide) and 1,1,3,3-tetrabutyl-1,3-di(3
-methylbutoxy)distannoxane. It was also found that

about 1 mmol of tributyltin(3-methylbutoxide) was dis-

tilled off.

Step (1)

112 g of the above-obtained viscous liquid was
charged into a 200-ml autoclave (manufactured and sold
by Toyo Koatsu Co., Ltd., Japan) which had a carbon di-
oxide gas bomb connected thereto through a SUS tube and
a valve. The autoclave was sealed, and the atmosphere
in the autoclave was purged with nitrogen gas. Then,
the above-mentioned valve was opened to introduce car-
bon dioxide gas having a pressure of 5 MPa into the
autoclave. The introduction of carbon dioxide gas into
the autoclave was performed for 10 minutes while stir-

ring the contents of the autoclave, and, then, stopped
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& ()- ##10% & ()- !']110%9 & ()- aavU410!

"10% & ()- "10%EH#Y& ()- 10%E#& ()-10)10)10)

@O & ()- 6"10% & ()- a7bbcccd|[:vU410! n

| 98109E#& () - 1 #10%E#& ()- Y i #10% 1 & ()- 1 k#10% & () -

R i k#1098 & ()- sS10%E#& ()-deeffff!ffvU4l0!

) 10%#& () - 10%#&' () - LOE#10E#10ER 9 #/ #109E#& () - }

| #/ #109&E#& () - 1 %#109%E#& () -f 2999 h7hAh| [ : vU410!

&, 10%#& ()- L610%#& ()- L10%#& ()- FLO0%#& () -
Cl0%PE C)-osiprguishe Vplmeokfhi&ie)icarbag fgioxide gas bomb.
)) 10%#& () - '10%#& () - Y%0%#& ()- LAPLOY#& () -
|y10%§#QS@Fuently, the internal temperature of the autoclave

1090#& () - i 1 hPJO ] 1 [ NA10! 10b#10b#10b#
7" 1 0WBF 2= AP A Gt a> y}l}é%ﬁ&l(l)rlqg Then, a reac-
LV- 4" 10%4b#1& ()- _ | +} 10%3#&' j KKI | rr1 [ : NA410! 10

0S' 1084928 Vps Pegdprmed) for 0 ggsowh ide gingiaining the

F10%-#& () - 010%-#& NA410! 1
0-intg nag %fgs%ugé ofw%he aJésclave aé)about 4 MPa.

During and after the reaction, samples of the re-
action mixture in the autoclave were taken out and ana-
lyzed. As a result, it was found that the reaction
mixture obtained 1 hour after the start of the reaction
contained di(3-methylbutyl) carbonate in a yield of
18 %, and that the reaction mixture obtained 4 hours
after the start of the reaction contained di(3
-methylbutyl) carbonate in a yield of 20.4 %.

After the reaction, the inside of the autcclave
was allowed to cool, and carbon dioxide gas was purged

therefrom.

Step (2)

After step (1}, the contents of the autoclave were
allowed to cool to room temperature (about 20 °C).
Then, the autoclave was opened to recover the reaction
mixture therefrom. The reaction mixture was charged
into a 300-ml eggplant-shaped flask equipped with a
cooling tube, a vacuum pump and a vacuum controller

{manufactured and sold by Okano Works, Ltd., Japan).
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ji)nEesEher()a atiXgowEHes piaoedlé%ﬁae(fiask- Then, the
109%E#& ()-10] "10]"10" _ .

| #109% 135k) Vo5 YhBREXBG Sy 102 9B+21 b PREROYRYEIPY. 8, tRRpEEALUTE
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A distillation was performed at 140 °C while stir-
ring the contents of the flask and gradually reducing
the pressure in the flask. During the distillation, 3
-methyl-1-butanol was first distilled off from the
flask and, then, di(3-methylbutyl) carbonate was dis-
tilled off from the flask. By the distillation, about
9 g of di(3—meth§lbutyl) carbonate and about 1 mmol of

tributyltin{3-methylbutoxide) were obtained.

Step (3)

Into a l-liter four-necked flask equipped with a
cooling tube (which was connected with a vacuum con-
troller and a vacuum pump) and a Dean-Stark trap were
charged the distillation residue obtained in step (2)
above, 502 g (5.7 mol) of 3-methyl-l-butanol (manufac-
tured and sold by Aldrich, U.S.A.) and 1 g (4 mmol) of
dibutyltin oxide. Further, a stirrer was placed in the
flask.

The flask was immersed in an oil bath having a
temperature of 140 °C, and the pressure in the flask
was gradually reduced to about 90 kPa while stirring

the contenté of the flask. Then, the pressure in the
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LN#109Bu" 8& ()-  s10%#& ()- "10% & ()- "10% & () -

109%#& ()-10"10" {{$|/}i}} @[ : A410" I 17#109%@" ?&' () -
#/ 10%#& () - 1##10% & ()-w } yi ##10%b#1& () -w
F=10%#& () - LN#LO9®RDb#?& ()- @w-Xx~y~z~~~~~vU40

@OY%E#& () - 109%E#& () - 109%&#& () -
109%&#&' () -10! 10! 10! i 17#109% & ()d%2|[:vU40
I GLOYEH&' () - 109E#& () - =109E#& () - 1 7T#109&E#& () -
S}10%E#& ()- 4"109%Q'& ()-21 _|[:vUu40 #/ GLOYEH#L () -

- #109EREsk) was Surtbegrgefyced tp 869KR& While stirring the
TU109EHAL () -} 1 #p#10%EH#& () - _qvU40 v #10%#&'%?-
"109%4tgoprents] ofghe) flask and withdrawing a di

istillate from
the flask, and a reaction was performed under 85 kPa
for 20 hours while further withdrawing a distillate
from the flask. Thereafter, unreacted components (such
as an unreacted alcchol) in the flask were distilled
off from the flask over 30 minutes while gradually re-
ducing the pressure in the flask to about 200 Pa,
thereby obtaining a viscous reaction mixture. The wvis-
cous reaction mixture was analyzed by 'H-, *C- and
11%gn-NMR's. As a result, it was found that the reac-
tion mixture contained dibutyltin bis(3-methylbutoxide)
and 1,1,3,3-tetrabutyl-1,3-4i{3-
methylbutoxy)distannoxane. Further, the reaction mix-
ture also contained about 2 mmol of tributyltin(3
-methylbutoxide}. Subsequently, the temperature of the
0oil bath was lowered so that the internal temperature
of the flask became about 93 °*C, and a distillate was
removed from the f£lask under a pressure of 50 Pa. The
flask was taken out from the o0il bath, and the inside
of the flask was cooled. Then, nitrogen gas was intro-
duced into the flask to elevate the pressure in the
flask to atmospheric pressure. By this operation, 110
g of a viscous liquid was obtained.

The above-obtained viscous liquid was analyzed by



10%#&' () - LOE#10E#10E# 6" 109&#& ()-$\|[:vW40 v
1 109%#& ()- c 910%t& ()- v }10%t& ()-  10%& () -

#109%t& ()- Y i J10%t& ()-"Z1f|[:vU40  #/ y10%t&' () -
3+P"1094& ()- 1)10%t& ()- ' }10%t& () -

Vo) 10%#& ()- #"10%t& () - f BCDEl | 0bU40

0109&#& () - 10#10#10# 06#10%&' () 142410%¢& () -

210%& ()- 010%t& ()- IT-|[:bU40 n ip#l0%W & ()-f n

i $10%8 & ()-p ¢ i$10% & ()-p  109E#& ()- n 109&#& () -
n' 10988 () ’8<{ an®30 *SLOWIRE'S(.) - A9" A10L80Lt, it was found

PF1#10% & ()- ! F1#10%q& ()- ip#10%& ()-f g _
i p#10%esE thef visa®36 liqpidoEpateined gidpugtydtdn bis(3
109&E#& () - | 109E#&' () -

-methylbutoxide) and 1,1,3,3-tetrabutyl-1,3-4i(3
-methylbutoxy)distannoxane. It was also found that
about 1 mmol of tributyltin(3-methylbutcoxide) was dis-

tilled off.
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#@ P1O%E#& ()- 9-109%E#& () - %10%! & () -

% 109%E#& ()-fvT30 3"10% #-& () -p! 3"10%1L4ALE& ()-p

61096#S& () - 10E#10E#10E# Y7 109&%&3() - '

#S510%&#& () -fORW[:vT30 9%40%UBHSE ()- 6#10% S& ()- n

6#10%#& ()- n s"10%& ()- g s"10% & () -

3"10%8) | S& () - pWZC 78 LNUURMBIAL APPLICABILITY

0109%&#& () - 10S#S10SHSI0SHS \/ " 1096#S& () - }

\/"109%#& ()- '} \/"109W\&' ()- s- 109%B#S& ()->u.|[:aT30

GlO% & ()- O!10%#& ()- 6109%#& ()- 109%&#& ()-

109&#& () - By} thomretipdrey| thaTByeseny ipyepkiep. a carbonic

| +109&#& ()- '"}109%&#& ()- } 1#M 10% & () - .
ester can be produced in high yield from an organometal

compound having in its molecule at least two metal
-oxygen-carbon linkages and carbon dioxide. It is ad-
vantageous that carbon dioxide has neither toxicity nor
corrosiveness and is inexpensive. Further, the method
of the present invention is advantageous not only in
that the organometal compound after use in this method
can be regenerated and recycled in the method, but also
in that an unregenerable unreactive organocmetal com-
pound formed can be removed from the reaction system,
thereby realizing an effective and stable production of
a carbonic ester. Further, there is no need for the
use of a large amount of a dehydrating agent, thereby
preventing occurrence of wastes derived from the dehy-
drating agent. Therefore, the method of the present
invention is commercially very useful and has high com-

mercial wvalue.
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*10%E#& ()- 16!'10%#& ()-VOijkl pvW 40 v | 10%t& () -
109 " & ()- 10%t& () - 10E#10E#10E# 7 109E#& () -
@ cl0%E#& ()-J] [: vUa0 109%#& () - =10%#& () -
#1094& ()- F 910%#& ()- P"10%t& () -
f 10%#t& () - ON{ Z9vU40 Ol #109%&" x& ()- Vv
O! #10%#c& ()-!v 0! #10%c& ()- 0%8%& ()- }10%#& ()-
0! 109%4#& () - N+, - 1lvU40 #10%#& () - (
010%#& () - (10#10#10# L6#10%#& ()- 4} 10%t& () -
010%! & ()-<Mv|[9vU40 '} L)# & ()-1 °
| ##10%#&' () - '10%#& ()- & 1#10%W & ()-J Y i#10% b#
& ()-J #10%C & ()-VIvU40 "10%#& ()-' "10%#& () -
10%#& ()-210j!110j!110j! L)#lO%%!&F%)-I . .
HL) #159%# &> (TeFBYE Z80tuBr oduCiRg i) G9FROPILC pSfer. compris-
#10%1b#1&7£)- AL #10%#& ()-!'v L #1096 *& ()- n
ing the steps of:

(1) performing a reaction between a first or-
ganometal compound mixture and carbon dioxide, said
first organometal compound mixture comprising a mixture
of a reactive organometal compound having in its mole-
cule at least two metal-oxygen-carbon linkages and an
unregenerable unreactive compound which is derived from
said reactive organometal compound and which has in its
molecule at least three metal-carbon linkages,

to thereby obtain a reaction mixture containing a
carbonic ester formed by the reaction, said unregener-
able unreactive compound, and a regenerable metamorphic
organometal compound derived from said reactive ox-
ganometal compound,

{2) separating said reaction mixture into a first
portion containing said carbonic ester and said unre-
generable unreactive compound, and a second portion
containing said regenerable metamorphic organcmetal
compound, and

{3) reacting said second portion of said reaction

mixture with a first alcohol to form a second organome-

tal compound mixture and water and removing said water
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second organome&al compound mixture comprising a mix-
ture of a reactive organometal compound having in its
molecule at least two metal-oxygen-carbon linkages and
an unregenerable unreactive compound which is derived
from said reactive organometal compound and which has

in its molecule at least three metal-carbon linkages.

2. The method according to claim 1, which further
comprises, after step (3), a step (4) in which said
second organometal compound mixture obtained in step

(3) is recovered and recycled to step (1}.

3. The method according to claim 1 or 2, wherein said
reactive organometal compound used in step (1) com-
prises at least one compound selected ffom the group
consisting of:

an organometal compound represented by the formula

(1):

(ORY),

Rla——Ml—-—(ORS)C (1)
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F10%#& ()-GYZ[\ gvWl0 s10%#& ()- |10%#& ()-
}10%#& () - 10%-#& ()- 10b#10b#10B#46

L- D10%#& ()-) X [:vU410 10%#& ()- 10%#& ()-
F10%-#& ()- 06#10%#& ()- Fl0%#& ()- ,

10%#& () -8BRrpived10 1 +&10%#& ()- )10%#& ()-
10%r#&'() W 0%#& () - O0##10%#& () -

' 10%#&' ( TePIBPSLTOESH Y%hasl (Atom melgPetad (Jrom the
310@&#&f() FllO@&#&f& @ #10%#& () -

OV- | 10%-#8&ITPUBLARRG 18 ting) QfEedempntsyPgdpargimg to Groups
[V 109E#& () - 109% & () ]

109&#& () - ioaﬁﬁolﬂjpﬁ|th4fgr#odic Table, exclusive of

silicon;

each of R' and R? independently represents a

straight chain or branched C1'Ciz alkyl group, a
Cg-Cy9 cycloalkyl group, a straight chain or
branched C-Cj; alkenyl group, a Cy-Cpg aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cj4
alkyl and Cg-Cj4 cycloalkyl, or an unsubstituted
or substituted Cg-Czp aryl group;

each of R® ana R* independently represents a
straight chain or branched C;-Cy; alkyl group, a
Cs-C13 cycloalkyl group, a straight chain or
branched C5-Cj1» alkenyl group, or a C3-Cpp aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-Cig9 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cq4 cycloalkyl; and

each of a and b is an integer cf from 0 to 2,
a+ b =0 to 2, each of ¢ and 4 is an integer of

from ¢ to 4, and a + b + ¢ + d = 4; and
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109 &L M | [: vU4A10 ~ #/ 10%#& ()- V- 109%#& () -

LP+nt 10%#&' ()- #10%#& ()- L!"10%#& () -

10%#8&' () - @| obU410 109E#& () - 10b#10b#10b#

610%#& () - Lant 10%#& () - 210%#& () -

1109%#& ()-7e|[: bUA10  pORTEHE (RS, PLOYE#E () -

f 7109&#& () -

R’ —M*—0—M’—R’, (2)

RS, (ORlO)j

wherein:

each of M’ and M® independently represents a
metal atom selected £rom the group consisting of
elements belonging to Groups 4 and 14 of the Fe-
riodic Table, exclusive of silicon:

each of R5, RS, R’ and R® independently repre-

sents a straight chain or branched C;-C;; alkyl
group, a C5-Cjp cycloalkyl group, a straight
chain or branched C;-Cy, alkenyl group, a Cy-Cyq
aralkyl group comprised of unsubstituted or sub-
stituted Cg-Cjg aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cy14 cycloalkyl, or an unsub-
stituted or substituted Cg-Cyqp aryl group;

each of R’ and R independently represents a
straight chain or branched 01-012 alkyl group, a

Cg-C12 cycleoalkyl group, a straight chain or
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" 109EHE& () - 109E#& ()-  plOYEH& ()- Quj|[:bU410
109EH#& () - 109EH#& ()- i6 109EH& ()- OLOYEHE ()-
109E#& ()-  #109EH#& ()-Dh1|[:bU410 #. 109EH& () -
109&#8& ()- P+100E#& ()- C CLOYE#& ()- p#mt 109%EH#& () -
i | *100EH#& ()- 1fvU410 *10%#H& ()l
1090#& () - LOE#10E#10E# 66#100EH#&EP- #2mLOVEHE () -
0109E#& ()-1o|[:vU410 | *10%#& () 1090#& () -

E%?%@Egﬁg E%f%gﬁ#g‘ng@cié%ﬁi ;’}”E@ 1 PoBugT 20 2Tt
L7410k ¥y GERYE GoTREIEsHnE é%?‘%“%fd&“éeﬁ or substi-
#109®#&j()tp%géb%&uﬁialgg gﬁ OBt 3 gl selected from the

L710%#& () VAR

v L1008 b SEOLP. PORBRRGIBI: %?%i&é@ﬁ&%ﬁ“%ﬁb%&t"’aﬁed

C1-C14 alkyl and Cg-Cy4 cycloalkyl: and

each of e, £, g and h is an integer of from 0
to 2, e + £=0to 2, g+ h=20 to 2, each of 1
and j is an integer of from 1 to 3, e + £ + i=

3, and g + h + j = 3.

4, The method according to claim 3, wherein each of
R® and R! in formula (1) and R? and R!® in formula (2)
independently represents an n-butyl group, an isobutyl

group, a straight chain or branched Cg-Cji alkyl group,

or a straight chain or branched Cy4-Cjo aikenyl group.

5. The method according to claim 3, wherein each of
M' in formula ({l) and M? and M® in formula (2) repre-

sents a tin atom.
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6. The method according to claim 3, wherein said re-
active organometal compound used in step (1} is pro-

duced from an organotin oxide and an alcohol.

7. The method according to claim 1 or 2, wherein, in
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"109%#& ()- "10% & ()- }10%t& () -
6010%#& () - 10b#10b#10b# LA#10%#& () - X(+|[vU410
"109%t& ()- )#10%t& ()- g O#i! 109#T& ()- <)10%t& ()-
0S 10%#& ()- 10%#& ()- Normal" "Heading 13]c”
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading
53]c" "Fbading 63]c" "Headi ng 73]¢% "Headi ng 83]c"
"Headi ng 93] c"A "Default Paragraph
Font5"S' , 17] <AFK<CKV{ " Yei ZnsAvy}r VI Egn_$g9G
| #=) , sygg @éHNSﬁR&Fb@ﬁpﬁﬁ%ﬁPrngﬂvometal compound is used in
\ +#7" 6%J-n27U9/— FUfCS4Y#chq| vy{ DOk, Lu[!'fC
" $&( *at02268t<OEBDEAFPNBRFTRZES BACR; [LhSr OFeHP-CRngisGing of
dehas#v | 6MVat sH %$55J9ER0% VyJ
#$9@_@?ngmerpglfgga Kan o 1gomerlc form, a polymeric form
6%_(T*N-/245& ?BDA LNTV] Y\ S’\[ aceXhhj kl nggs*t v+wwAy %
{| b~ dﬁ{lérxlzna?ﬁéﬁf:kﬁeﬁ kg™
k"x! $&) <, S-8.../MO0OGL166F68<?@F> eKMPSV
YI[]:‘adei2kan(tu3y| gc\/i 3: 1 VvfgB* q/ =B] >QQ7

P
rsiusggggFFngJ§%ngﬁ%ﬁ?}g¥@xX%%%%ggg%%@g%&%@J&Qdﬂyyxﬁsed in
<=>?@RCD ?ﬁ%ﬂ m&%@gﬁomn [ Y] % m%‘bct%%f %tt'dl@ﬂﬂ&lféctnc

rstuvmmyz |aI urier New'h
Entry¥ﬂ5gggc¥gggklﬁe to %%é&aﬁhﬁﬁt d&o%%§ﬁ5gﬁ¥%on dlox1de
<=>?@\BCDEFGHI JKLNNOP UVWKYZ[\ | ~ abcdefghlj | rmopq
rstuvwyz{|} -~ #$%& ()*+ -.10123456789:
<:>?@%BCDEFGHIJKLNNOPQRSTUVMKYZ[\]A_ abcdefghijklnnopq
rStUVQMyZ{The met b8 /& cbhtaing 862342689 or 2, wherein said

<=>?@\BCDEFCH JKLMNOPQRSTUWWKYZ[\] " _° abcdefghljklnnopq
rstuvwsnzthibn in! 'sASYE (0)* ts pe@E2I4RGIEE 20 °C or higher.
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopq
rstuvwxyz{|}~

10. The method according to claim 1 or 2, wherein said
reaction in step (1) is performed in the presence of a
second alcohol which is the same as or different from

said first alcohol used in step (3).

11. The method according to claim 1 or 2, wherein, in
step (2), said separation of said reaction mixture into
said first portion and said second portion is performed
by at least one separation method selected from the
group consisting of distillation, extraction and f£il-

tration.
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12. The method according to claim 1 or 2, wherein, in
step (2), said separation of said reaction mixture into
said first portion and said second portion is performed
in the presence of an alcohol which is the same as or

different from said first alcohol used in step (3).

13. The method according to claim 1 or 2, wherein said
first alcchol used in step (3) is at least one alcohol
selected from the group consisting of an alkyl alcohol
having a straight chain or branched Cj;-C;3 alkyl group,
a cycloalkyl alcohol having a Cg-Cy, cycloalkyl group,

an alkenyl alcohol having a straight chain or branched
C,-Cq12 alkenyl group, and an aralkyl alcohol having a

C7-Cyg aralkyl group comprised of unsubstituted or sub-
stituted Cg-Cjpg axryl and alkyl selected from the group
consisting of straight chain or branched C;-Cjy4 alkyl

and Cg-Cjp4 cycloalkyl.

14. The method according to claim 13, wherein said
first alcohol has a boiling point which is higher than
the boiling point of water, as measured under atmos-

pheric pressure.

15. The method according to claim 14, wherein said

first alcohol is at least cne alcohol selected £from the
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group consisting of l-butanol, 2-methyl-l-propancl, an
alkyl alcohol having a straight chain or branched Cg-
Ci12 alkyl group, an alkenyl alcohol having a straight
chain or branched C4-Cj; alkenyl group, a cyclcalkyl
alcohol having a Cs-C3; cycloalkyl group, and an aral-
kyl alcohol having a C-Cpg aralkyl group comprised of
unsubstituted or substituted Cg-Cj9 aryl and alkyl se-
lected from the group consisting of straight chain or

branched C;-Cj34 alkyl and Cg5-Cy4 cycloalkyl.

16. The method according to claim 1 or 2, wherein said
removal of said water in step (3) is performed by mem-

brane separation.

17. The method according to claim 16, wherein said

membrane separation is pervaporation.

18. The method according to claim 1 or 2, wherein said
removal of said water in step (3) is performed by dis-

tillation.



