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9 March 2006 1 TITLE OF THE | NVENTI ON Met hod f or

produci ng a carbonic ester BACKGROUND OF THE | NVENTI ON

5 Field of the invention The present invention rel ates

to a method for pro- ducing a carbonic ester froman

or ganonet al conpound and carbon dioxide. More 9 March 2006
particularly, the present in- vention is concerned

with a method for producing a car 10 boni c ester,
conprising the steps of: (1) performng a reaction

between a first organgiygtal (&ORR u9§vgh¥£5 e and

car bon di oxi de, where com

pound e G Sen. AR o 8680 45 B

ganonet al conpoun I6ast two

- 15 net al - oxygen-carbon |inkages and an unregenerabl e

unre- active conpound which is derived fromthe

reactive or- ganomeszstxEasmne sk ﬂggtﬂﬁyyﬁ@wcﬁptaln a
reaction m x- ture Tontaining a ster forned

by theigkacéf ofhe imie:rntirg@generabl e unreactlve

conpound, and a regener 20 abl e netanorphic

or ganonet athe gueaerd: dervierdd or ewlbhes teaat inég@hod for pro-
organonetal conpound, (2) separating the reac- tion

m xt udecimg oa acdrbeiigadtieon foont anniongahbeaedal- compoond
ester and the unregenerabl e unreactive conpound, and

a secdnd %ﬁﬁb¢&nﬂiﬂﬂﬂdﬂ-niMgrehEarégenéﬂabYe tiee¢ apP&sent in-

mor phi ¢ organonetal conpound, and reacting the sec
9 Nhr%ﬁngiﬂﬂils concerned with a me hod for producing a car-

bonic ester, comprising the steps of: (1) performing a
reaction between a first organometal compound mixture
and carbon dioxide, wherein the first organometal com-
pound mixture comprises a mixture of a reactive or-
ganometal compound having in its molecule at least two
metal-oxygen-carbon linkages and an unregenerable unre-
active compound which is derived from the reactive or-
ganometal compound, to thereby obtain a reaction mix-
ture containing a carbonic ester formed by the reaction,
the unregenerable unreactive compound, and a regener-
able metamorphic organometal compound derived from the
reactive organometal compound, (2) separating the reac-
tion mixture into a first portion containing the car-
bonic 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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2 and portion of the reaction mxture with an al coho

to forma second organonetal conpound m xture and

water and renoving the water fromthe second

organonetal com pound m xture, wherein the second

or ganonet al conpound 5 nixture conprises a nixt ur & March 2006
a reactive organonetal conpound having inits

nol ecul e at | east two netal -oxygen-carbon |inkages

and an unregenerabl e unreactive conmpound which is

derived_f h [ | )

the E@Pﬂoégs LR bt R T TR P or SR A adgpl¥1 to
d d in hi [ f t

comotRAThaviREorD Premdidedt S ABRALHMTE Bho werer

'Oxyggﬁﬁfﬁ%@Q@i*#Sﬁﬁ?iﬁ?fé%iffg Qi %:ogg%n%ﬁ$%%1 com-

tage 0 e car bon di oxi de has neit her
15 toxiGl kY, I r.os d R )
For t nEbBhAYpTR Rl LATeYENESend Kodohd WELARBNGIEA compoun

advanhageQHs SohprPidy 4 Mihalrd MF & GRRAMMER organometal
conpound after use in this nethod can be regenerated

and rggMpbeflalRaviySen i Ntd heolamilodt Lwasal ool Metal
that the unregenerabl e unreactive 20 organonet al

conpoussly§en redrbon t henl@yde darh b anregenerad ler omreactive
the reaction system thereby realizing an efficient
and stabpeupd owlutth abs odexiwat biomime t@st eeactibeegrganometal
there is no need for the use of a large anount of a
dehydeamppgndgent, thereby preventing oc 25 currence

of wastes derived fromthe dehydrating agent. 9 Mrch i
2006 By the method of the ‘present invention, a carbonic

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. One advan-
tage of this method is that carbon dioxide has neither
toxicity nor corrosiveness and is inexpensive. Furfher,
the method of the present invention is advantagecus not
only in that the organometal compound after use in this
method can be regenerated and recycled for reuse in the
method, but alsc in that the unregenerable unreactive
organometal compound formed in the method can be re-
moved from the reaction system, thereby realizing an
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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3 Therefore, the nmethod of the present invention is
comnercially very useful and has high comrercia

value. Prior Art 5 A carbonic ester is a useful

conmpound. For exam ple, a carbonic ester is used as
additives for various purposes, such as a gasol i §darch 2006
additive for inproving the octgne nunber of a

gasoline, and a diesel fuel additive for reducing the
anmount of particles in an exhaust gas 10 generated by

the byrnin di es Lar [

al so ﬁ%%’a g% a%li‘?yrﬁ'e |on age %Igggrn%ony 10?1 s com
agentmex@cfagfi/% q.léelfﬁll B 'hraé Q gl %lo%m%frctlgg value.
synt heSi s rga c compounds, such  as pol ycarbonat e,

ur et hane, pharmaceuticals and agrichem cals. A car 15
bonic ester is also used as an electrolyte for a lith-
um bptigfyar@ raw material for producing a |ubricant

oil amd—a raw material for producing a deoxidizer

whi ch  cam heatis@th d Wsurevents igeFail eompiopsd.f resr exam-
rusting. As a conventional nethod for producing a

carbopie, 20c@Sb@iic tdifer Gan Wredrent iaaddd ixemettoad various
whi ch phos- gene used as a carbonyl source is reacted

W t h parpbses, hahch tdreraelya spridaec iadglid iver Foni dmpgioeing the
Si nce phos- gene used in this nethod is extrenely

har nf ot t amel n¢m@#W)DﬁxﬁrgﬁﬁQh§nqIﬂQ§QHﬁlﬂi$ﬁQi fuel additive
di sadvant ageous in 25 that the transportati on and

st or affer ofe PresE e P vl paxide1es in an exhaust gas

generated by the burning of a diesel fuel. A carbonic
egster is alsoc used as an alkylation agent, a carbonyla-
tion agent, a solvent and the like in the field of the
synthesis of organic compounds, such as polycarbonate,
urethane, pharmaceuticals and agrichemicals. A car-
bonic ester is also used as an electrolyte for a lith-
ium battery, a raw material for producing a lubricant
oil and a raw material for producing a deoxidizer which
can be used for preventing boiler pipes from rusting.
As a conventional method for producing a carbonic
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 methed is disadvantageous in

that the transportation and storage of phosgene need
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detail ed care and, also, there is a |large cost for the

mai nt enance of production equi pnent and for assuring
safety. Further, this method poses a problemin that

it is necessary to dispose of hydrochloric acid pro 5

duced as a waste by-product. Another conventional ¢ March 2006
nmet hod for producing a car- bonic ester is an

oxi dati ve carbonyl ati on met hod i*n whi ch carbon

nmonoxi de used as a carbonyl source is re- acted with

an al ohoJ , &nd, oxygen, in tQTonq} n?% Qf ja,.1Q gosr for the

cat al such as copper ereby producing a

car bg éC @% erélfult éddgféih;g]d qgﬂpbf%%wax'f%% G¥Bleng

is ex rene IS use hi gh pressure;

theref ey th'r-’%r@%te@d thidnelavanpagesus pPoblah in tnat
there - 1s a | arge cost for the maintenance of

produgiign E?Qé&ﬁﬂﬁm JSCH oS ffdriErairaly achi pro-
addition, this od poses a problemin that a side

reacta&gb@qur§,wa§%gﬁb @datl on of carbon nonoxi de
to form carbon di- OXIde For these reasons, it has

been desi rsth e l&zonted rofii ¢ esla fveert havdd fronr @mﬁhh@hena car-
met hod for producing a 20 carbonic ester. In these

conv endh onad s et hiosl san noxwhd acthi yeh osgdme ywa ticar pefhod in
nmonoxi de is used as a raw material, a halogen, such

as chilntémesaion omadnbde ysaheas Ay GRERONYA Soprcgefis re-
or in the catal yst used. Therefore, in the case 25 of

t hes eapghotisth 2R 2 kephel it o%sitel} ddy thsnPIesengegof a

March 2006 5 . .
catalyst, such as copper chloride, thereby producing a

carbonic ester. In this method, carbon monoxide (which
is extremely harmful) is used under high pressure;
therefore, this method is disadvantageous in that there
is a large cost for the maintenance of production
equipment and for assuring safety. In addition, this
method poses a problem in that a side reaction occurs,
such as oxidation of carbon monoxide to foxrm carbon di-
oxide. For these reasons, it has been desired to de-
velop a safer and more efficient method for producing a
carbonic ester.

In these conventional methods in which phosgene or
carbon monoxide is used as a raw material, a halocgen,
such as chlorine, is contained in the raw material it-
self or in the catalyst used. Therefore, in the case

of these methods, a carbonic ester obtained contains a
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trace amount of a hal ogen which cannot be conpletely

renoved by a sinple purification step. Wen such car-

bonic ester is used as a gasoline additive, a |ight

oil additive or a material for producing electronic

equip 5 nent, there is a danger that the hal ogen 9 March 2006

contained in the carbonic ester. causes corrosion of

equi pnent. For reducing the andunt of a hal ogen in

the carbonic ester to only a trace anount, it is

necessary to performa, t ugh .puri.fi [

carboﬁ?%&%é?%r?nﬁ%ﬁ tQNQ§J?%k%b%§3%# F%hﬁgg ggeggmbﬁgtely

AeST 1 £80nd e fl P! QR SRl ft eQloa tRLAILELRY Aucd DA car-
I C us a h

ester es no any o al ogen- cont ai ni ng

raw r‘ﬁﬁx‘?{é als@d & halQpen + ¢aRbaiinkenggadtabkst a Pght oil
ot a ne 15

t he er hand, thod has been put to prac-

tical J4§Er i+ I £ MmFaben FHoxpdeadugingaetedtwbhlic equip-
eth- ylene oxide or the like to obtain a cyclic :

car bopéet eSthd.s . iand ddigyeibttdianed hey hilegear bontained in
ester is reacted wth nethanol, thereby producing

di net fiyé carbeiiod esstebhicumishedrirs sadwantaggaipment. For
that carbon dioxide as a 20 raw naterial is harmnl ess,

and aredusixsg viches rsiharniceyf asbefiogenhyidr bkl orrboadidester
is substantially neither wused nor generated. However,

t hi s tetdmby posesaceamduit .oditng spngiseesar YELRy PeFécrm a
glycol is by-produced in this nethod; therefore, from_
the vikeponeh BIriGitationoiyide 6FrPOPics efdeEssFYc this

to find ways to effectively 9 Narch 2006 6
reasog, it has bheen dégired to devegop a method for

producing a carbonic ester, which does not use any of a
halogen-containing raw material and a halogen
-containing catalyst.

On the other hand, a method has been put to prac-
tical use, in which carbon dioxide is reacted with eth-
ylene oxide or the like to obtain a cyclic carbonic es-
ter, and the obtained cyclic carbonic ester is reacted
with methanol, thereby producing dimethyl carbonate.
This method is advantageous in that carbon dioxide as a
raw material is harmless, and a corrosive substance,
such as hydrochloric acid, is substantially neither
used nor generated. However, this method poses the
following problems. Ethylene glycol is by-produced in
this method; therefore, from the viewpoint of cost fen

duction, it is necessary to find ways to effectively



utilize the by-produced ethyl ene glycol. Further, it

is difficult to performsafe transportation of

ethylene (which is a raw material for producing

et hyl ene oxide) and ethylene oxide. Therefore, for
obviating the need 5 for the transportation, it i&March2006
necessary that a plant for producing a carbonic ester

by this method be built at a location which is

adj acent to a plant for produc- ing ethylene and

et hy'@@%% d%oe P(}‘ea—rp%dd%c@ds%tlﬁ@ﬁ%eag@bla@;d i Pubh&h, it

carbon “used as a carbonyl” Source is
subj egt egh £60; A €Y pdr Y dnH BalrRAGHIRAR pWirith taBnabgoBehylene
in the presence of a catalyst conprising an

or ganppRid LOMAURA hadiiGia £oreipdlosaigenetayhene oxide)
i nkage, thereby form ng a carbonic ester and water.

Thi s geiwidibFidte raacid onThereepre, 15oseabetlabyng hehe need
followng formula (3): organonetal conmpound 20 CO2 +

5 2ROH £& reps esentspartatisat urigdt eick orecestsarat éiat a plant
hydrocarbon group) 4 RO(CO OR + H20 (3) This method is
advant egepusduaindiat cearbzorialiestiede tandhizs mghhgdc bgopuilt
as raw materials are harm ess. However, 9 March 2006 7
thi s methotbenpley shirchedd [ddidaant dgcE oant wRFcRTeduc-

ing ethylene and ethylene oxide.
There is also known a method in which carbon diox-
10 ide used as a carbonyl source is subjected to an equi-
librium reaction with an alcohol in the presence of a
catalyst comprising an organometal compound having a
metal-oxygen-carbon linkage, thereby forming a carbonic

ester and water. This equilibrium reaction is repre-

15 sented by the following formula (3):
crganometal
compound
CO, + 2ROH < —» RO(CO)OR + H30 (3)
20

(R represents an unsaturated or saturated hydrocarbon group)

This method is advantageous in that carbon dioxide and

25 an alcohol as raw materials are harmless. However,
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carbonic ester and water are sinultaneously forned as
products. Also in the case of the above-nentioned oxi -
dative carbonyl ati on net hod usi ng carbon nonoxi de, wa

5 ter is formed. However, the oxidative carbonyl ation

net hod does not enpl oy an equilibriumreaction. TRdMarch 2006
equi libriumof an equilibriumreaction using carbon

di- oxide as a raw material is t'hernmodynam cally

bi ased to- ward the original system Therefore, the

TR ey R A I L o

n tha ) a carmponic es

yiel deaidohse neges: S Yedthdl e O3R0RINEGSLG £8Pfed as

wat er “as produc e renoved fromthe reaction

syst efyoflEt Her a1lieni® ithe 8h8@ 8£PEAB! &BbYE-hbRE1dhed oxi-
wat er” fornmed deconposes a 15 catal yst, so that not

only hgtihe £8a544PIHH GRG0 RIMing $arbba norbaidel wa-
turnovers of the catalyst (i.e., the nunber of cycles

of regepeiatF@rmadd HRWeekri,SthBl yxida@ivd. ckbPponylation
solving this problem various nethods for renoving

wat erméphbahdbss angt adisligy n wejuid idrdeiy r2@cdiati. ngThe
agent have been proposed. For exanple, there has been

pr oposgdihibetiodef mn wiiwh idr iadre glegic tdwe ¢gibgncarbon di-
di oxi de are reacted with each other in the presence

of a eeid¢ a$kaxrae rateriadatid ydermodymapycedlii Rgaged to-
carbonic ester and water, 25 wherein a |large anount of

di cycYarexyhe aphbdt et oy I Wer cRheoebose¢ ToHhed using

'S an xRS Y S L SN S AT 9 398k in that, for
producing a carbonic ester in high yield, it is neces-
sary that the carbonic ester and water as products be
removed from the reaction system. Further, there is
also a problem in that the water formed decomposes a
catalyst, so that not only is the reaction hindered,
but also the number of turnovers of the catalyst (i.e.,
the number of cycles of regeneration and reuse) is only
2 or 3. For solving this problem, various methods for
removing water (which is a product) by using a dehy-
drating agent have been proposed.

For example, there has been proposed a method in
which an alcohol and carbon dioxide are reacted with
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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or the like is used as a dehydrati ng agent (see

Col l ect. Czech. Chem Conmun. Vol. 60, 687-692

(1995)). This method has a problemin that the

dehydrating agent af 5 ter use cannot be regenerated,
resulting in the occur- rence of a |arge anount of9 March 2006
waste derived fromthe de- hydrating agent. Anot her

nmet hod for producing a carbonic %ster uses a

carboxylic acid orthoester as an organi c dehydrating

Lai a BBER) SheRteRoiF 85 Pt v, prpseny PYARLRY agent)
tent t,.th i Dt | i no: "
Cor bod§1 PR TERG 49 (FEEARAT # BELIEAGY (RO K sed cotiect.

i oxi gL ANdcnan AGfhah, Vol S0 A I LAOT)) i

di oxi C"However, as a 15 result’ of recent studi‘es

the ahbenbh has 98NEESIdn B P AN HeriE AGiRlagent at-

reaction route i s as “An al cohol and carbon

di oxi dgrafige’ £AFAEH Wb the ST a U CIrdsn1qBR] NiA the occur-

carbonic ester and water.” The water is reacted with a

car boxyhie 8£i 8 DitdOesh®Uint )oflH wadt dTRidiad dErom the de-
problens in that a carboxylic acid or- thoester (which

I S anhgapebshyeagompound) is used as a dehydrating

agent, and nethyl acetate is by-produced (see "Kagaku

Sochi (Chemctherqueoehtidr pelducihg Mo.crbon32 B4ter uses
(1999)). Thus, this nmethod is as defective as 25 the
aboveanearboxeli erea diod sor h g tET 20060 ougari¢r dehydrating

anot her nethod uses a | arge anmount of an _ ) .
agent (see Unexamined Japanese Patent Application Laid-

Open Specification No. Hei 11-35521). (In this patent
document, there are descriptions reading: "a carboxylic
acid orthoester is reacted with carbon dioxide”™ and "an
acetal is reacted with carbon dioxide”. However, as a
result of recent studies in the art, it is generally
presumed that the actual reaction route is as follows.
"An alcohol and carbon dioxide are reacted with each
other to obtain a carbonic ester and water. The water
is reacted with a carboxylic acid orthcester.”) This
method has problems in that a carboxylic acid or-
thoester (which is an expensive compound) is used as a
dehydrating agent, and methyl acetate is by-produced
(see "Kagaku Sochi (Chemical Equipment)}”, Vol. 41, No.Z2,
52-54 (1999)}). Thus, this methed is as defective as

the above-mentioned methods.
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acetal as an organic dehydrating agent (see German

Pat - ent No. 4310109). There is al so a patent docunent

in which it is described that an acetal and carbon
dioxide 5 are reacted with each other by using, as
catalyst, a netal alkoxide or dibutyltin oxide (gé@“°h2006
Unexam ned Japanese Patent Application Laid-Qpen
Specification No. 2001-31629). §Wth respect to the
reaction described in the latter, as a result of

recent studies in the art, 10 it is generally

presunmed t Farthpe.agrobber cnethoh vsrs a8 Jargs amount of an
follows. "An al cohol and carbon dioxide are re- acted

with &&eadt REr aPoCBEBRALA AekudbRbiry xRt dritee \&’wtrélrft.n Pat-
The water is then reacted with an acetal.") Howev

t hese 5%t MR 4GdAMRAY s dQaFR IeddF DR PaGeest desualent in
nmet hod_f.or efficiently producing an acetal w thout

for m N IEPASE 5 ﬁﬁ??ixwégedth%aﬁe%‘ho%%e%‘?%&rﬁ%é@m?n atoxide
t hese _pat en ts h emjn that, when an

acet afapcl s ﬁgggeésw’b laie‘ﬁ?/ %ﬁ‘gro@éﬁfﬂlrfga'r aﬁnﬁ?rﬁaleSt a
20 ol il B Urrd #‘e gty saeLedﬁPrK

”Ethog§pﬁﬂbgﬁ §HPE ﬁ%}f&éﬁg%ﬂ:ﬁgi Qﬁﬁﬁigggﬁg%@bé¥f%n No.

to I nprove the nu turnovers of

Howevepo1an1g6e§ni qﬂe&v reiRldiNG AgeRt rbﬁc@@gﬁuﬁggckﬂbed
a stoichionetric amount in 25 accordance with

for mathognef 1ateashoas Caeséslil € angl &é@{@maﬂﬁ%slgn the art,

wat er as a by-product), so that a | arge anount of an
it is generally presumed that the actual reaction route
is as follows. "An alcohol and carbon dioxide are re-
acted with each other to obtain a carbonic ester and
water. The water is then reacted with an acetal.”)
However, these patent documents do not teach or suggest
a method for efficiently producing an acetal without
forming a waste. Further, the methods disclosed in
these patent documents have a problem in that, when an
acetal is used as a dehydrating agent, large amounts of
by-products, such as a ketone and an aldehyde, are
formed as wastes.

The effects aimed at by the methods which employ

an oxganic dehydrating agent are to improve the number
of 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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organi ¢ dehydrating agent is consuned, thus formng a

| arge anount of a degeneration product of the organic
dehydrating agent. Therefore, it is necessary to per 5
forman additional step of regenerating a |arge anount

of a degenerated organi c dehydrating agent. Furthé&March2006
in spite of the use of an organic dehydrating agent in

a large anount, the possibility 5@ill renmmins that de-
activation of a catalyst occurs. The reason is as fol

10 lows., In the conventional nethod fogdﬁ{oducin

car- BBRPE 88t3rPHyPIRINGHE heSRqth3 Y Bt ifh Fe 19 taocff an

the above: ment] oned. formul a (3 SRR U

@ su- OREFELP HRATIEE 188 F9ERbnls Aronsedpasbiy aarhe a
b di oxi d t t_exhibit |.uhil it _

and RETI8 EaPEry oo f AT EtnEi B Brla s B S oantc

f h ' I '
t oget Bshggrg{agﬁgo%gmi ol otel! 91 i hBckldhr 8 per -

an orga und I's ‘'susceptive

pol y”ff):kﬁ_aéﬁogéidigi nﬁ'éfds A Mrdting a large amount

supercritical carbon di oxide, the ™ organotin conpound

as a gatal Yshehsrii&s ¥yrinbe sdodrar20idd wRjast duguk@ner,

its polynerization. There has al so been proposed a

met hognWep£he 8F PhOYSs@ SOl anl Sefytiratddy Aglind S&fent in
Applied Catalysis Vol. 142, L1-L3 (1996)). However,

t hi s aelhdde hasoant pred epossnibhwit¢ het i9dl itkmains that de-

dehydrati ng agent cannot be 25 regenerated, thus

form agtavabhige efvantcatilystheasteaird. MBhehr2eéénlis as fol-

There is also known a nmethod in which an al coho
lows. In the conventional method for producing a car-
bonic ester by using the equilibrium reaction of the
above-mentioned formula (3), carbon dioxide is in a su-
percritical state. In general, in supercritical carbon
dioxide, a catalyst exhibits poor solubility, and the
catalyst particles are likely to cohere together.
Therefore, there is a problem in that, when an organo-
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 so0lid 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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(et hanol ) and carbon di oxide are reacted with each

other in the presence of a netal oxide (dibutyltin ox-

ide) to thereby obtain a reaction mxture, and the ob

5 tained reaction mxture is cooled and introduced

into a packed col um containing a solid dehydr at P fgrch 2008
agent, thereby gradually displacing the equilibrium
toward a carbonic ester while étfecting dehydration,

to obtain a carbonic ester (see Unexam ned Japanese

P I 10 Lai d S
ﬁzi:ws%@;e%%ms;sa%& ok R BRSS, LA°BLLER, A8 pqpnen
t h f deh
S e
t d b I t f
S B I

d h h
t enpey ture g@, g;ﬁ%tats =) %@%@Emh”ﬁlﬁggsor(bé §NtRS ob-

mol ectf&r 'S eve [fower wa- ter abrlity

at h'§H&ﬁ SRELALUES rhilatRl 1l0Wobe8h Bﬁﬁa§H£§§duced into a

There for renoving a trace anount of wat er

(by'FHéEkEa)chdHHi%dﬁﬁﬂﬂﬂﬂﬁ@ M xbuha WhhohrseingdOlagent,
tains a largely excess anount of a | ow nol ecul ar

vei ghtherd tphitadizad A Hidpl@lciedt thiet eg8iNEBLSSAr Yovard a
cool the reaction mxture in which an equilibriumis

achi exetboningess thirglwhiarpefdfiewtengndepyésatiten, to obtain a
conditions, before introducing the reaction m xture

i Nt 0 capswkied edlamm 2% Joetamned éapghédedéhyﬁnhtAn@lica-
agent. In addition, for 9 March 2006 12 increasing the
converisirorl.afd-Qpeal Eoeslifisas ioaNgat 8001-247519)° This

method is based on a technique in which a conventional
technique of using a dehydrating agent is combined with
the known phenomenon that the water adsorbability of a
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 weilght
alcohol used as a solvent, it is necessary to cool the
reaction mixture in which an eguilibrium is achieved
under high temperature and pressure conditions, before
introducing the reaction mixture intec a packed column

containing a solid dehydrating agent. In addition, for
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rial, it is necessary that the reaction m xture which

has been cool ed and dehydrated in the packed col um be
returned to high tenperature and pressure conditions 5

whi ch are necessary for the reaction. Thus, this

met hod has problens in that it is necessary to coflddareh 2006
an extrenely | arge anount of energy for cooling and
heating, and a | arge anount of a.xsolid dehydrating

agent is needed. This nethod is very widely used for

10 producing an aliphatic ester having a relatively

| ar geinepeasibyi the cornreamsioHmie\an ajgphie as a raw mate-
production of a carbonic ester from carbon dioxide

and aridalcohblis WW@#%##FYrﬁﬁﬁﬁuﬁhqkﬁﬁqgﬁ%ﬁn1ﬂ%¥ture which
reaction is largely bi-_ased toward the origina

syst effstppen n%‘?‘h%%id ctholeibetnatadi ¥ RS ase CaddEn

this nethod poses a serious prob- lemthat it is

necesSaFYTEEd r Epet IR hke LU I Bh&F e Bpdacai i tions
whi ch ds I t f -

ool | REGh PR T AR S PN (8 e SR ar TR Ry ShLs
degenglensd SELyArali fg, agenin il Gh N8, adsare dt%oqonsume

wat er o saturat enera y hecessary -t

e L I

advanﬁ@&@% ﬁ’&tfbeiﬁgﬁ@ »arhdurd i 5 r@tJ&% QR @28 ing
(water) of the two products of an equi l'ibrium reaction

25 i sag@npVves pdslied hemefiar aethbar esi seayPivehkes 1Bed for

that, 9 March 2006 13 when the equilibriumreaction

progrese@scimg | ACre€bigghatic ester having a relatively large
equilibrium constant. 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 equilibrium reaction

is removed and, therefore, there is a problem in that,
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the carbonic ester concentration of the reaction

system the reaction becones unlikely to progress any
nore, that is, this nethod is still under the

restriction of 5 an equilibriumreaction. In

addi tion, dibutyltin oxide, which is used as a 9 March2006
catalyst in this nethod, exhibits an extrenely poor
solubility in nmethanol and, hencle3 al- nost all of

di butyltin oxide as a catalyst remains in solid form

in the reaction mxture. Therefore, when 10 the

r eact WbANNERE UPEULS1BBHENE ITE R I BRI SRGT &9 ﬁ“é:rease

coolln[g1 step, the reaction mxtureturnsmtoav@ "
sl ur r §het ﬁ9§b€%§| ﬁgtarp?%v%%ﬁt%%wf.ﬂ‘ea réaction system,

iSFEﬁ%ﬂéf?%eaSEa‘ﬂﬂﬁLé‘éégﬁa%tyﬁﬁafﬁff;&f?a 2R i e

15

§a3:ﬁ3835?$g%nﬁg?ﬁo@8¥ﬁoah}§ gbf%co &Er tﬂr1f£”§¥fgtlon of
istillation.i |-k

Synt he8; & ?lgé'asﬁf‘éﬁgﬂ TEgRLusr: tﬂlet%dﬂe# W, SEERYn oxide,
produgti ? esgﬁtEgnéccggif§s{rfﬁnfﬁﬁéxﬁbﬁﬂdﬁ“‘B%ﬁ%%its an

and an ough udy Report of Asahi {d ass

Assoc r n EWW] a@Bhce, al-
(Asah}agéarg‘ggEQ 8§§gglgf)ﬁggﬁggﬁ%r%?§g§t%%{yu I—Iokoku)c"e 2

Vol . 23st341450€1818htpliaiRSoklaé asledychvdipnt endiins in
tillation is now being studi ed", there have been no re

25 poebsiar £bbm khk enshiehcsian enthaira. dainedresoiren when

met hod 9 March 2006 14 using distillation has been

conpl ehedreaction 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 subsequent
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 cof 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 methed
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There has been a report which nentions a distilla-

tion separation of a carbonic ester froma reaction

m xture containing a metal al koxide, wherein the reac

5 tion mixture is obtained by reacting carbon dioxide

and an al cohol with each other in the presence of March2006
nmetal al koxi de catal yst; however, it is known in the

art that, when a netal al koxid&dcatalyst is used, a
distillation separation causes a reverse reaction,

t hus renderln% it 10 difficult to regogeé a carbonic
est eI StRL AR/ QQﬁaPﬁ??oﬁng 2"%*Journal of the

Chem cal SOC|et of . Ja- )
No. 10, 1?‘@9%7 s(yggg)g {ﬁ? =T net%hé)dlstllla

known by whi ch b h
bg.om?gﬁyrpoﬁe:a%r 5198 0 2%3?3%85?% ?3*%?8%93‘?2‘?5??%%%“

reacti.o n1xtur S90t.al ol Lkoyhdgei Nthdereac-
ot her™ € £9eta nl&lk%kﬂ%ggﬁggggbﬁﬁétab l'e ?ﬁat it ==e

IS suscep er é#% Q%a%%'t;é%‘h' e@NpgUeehetihg BBESont 8iéxide and

t he alr above-nenti oned 20 net hod,

the [%y"gléghéﬁ A tiEllcraleeir-denneadspsbsbite oara. metal

For IS reason, no conventional technique using a

et a'aﬁi&eeﬁéieca&%h@ls\;tst Hxeveeen ienplsokadwinnibhéheosrt that,
nmerci al production of a carbonic ester. A netal al kox-

i de Gatal ySimdtmamegpamsi watedysaund, uand. ng distillation
technique 25 is known for regenerating a deactivated
met al s & et icben advirech 20@FeXSec gegofdpn, thus rendering it

difficult to recover a carbonic ester by distillation
separation (see "Journal of the Chemical Society of Ja-
pan {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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There has been proposed a nethod for producing a
carbonic ester by using a dibutyltin dial koxide as a
catalyst, in which, during the reaction, the catal yst

5is formed fromdibutyltin oxide (which is stable to

nmoi sture) added to the reaction system (see Japan&sdarch 2006
Pat ent No. 3128576). This nmethod has a problemin

that, although dibutyltin oxidel®hich is charged into

the re- action systemis stable, the dibutyltin oxide

is con 10 verted, during the reaction, into a

di but getphydtal kox- ide, which is unstable. Therefore,

this method cannot solve the abpove-ne tiog;d pro%

of the i noTaere|k3e hecth RRARISEH Ko iaibob o e odutlng a
Che' r GREPPBLCPAFST oOY 3 nd 5 (VR YT (s Phoptics o
Y F eabrtonvpFoaute i HE- AT oS SR, B by st
by CSnoERPEOnSrop L ERFEY S0 BRI (i dPURTRIAIAC co

et hOQP%IEES%IS 5: gggggoweﬁh§ hplger bat dpseinscasel 2hgdiese

di buty e catalyst (which s expensive)

as a yasLerafiber 31585769Ct s Qe thea aidera harsh1dit in that,

is known that when a netal al koxide (e.g., a
di al kyghtiBughakbkeytge}ihsokeas eshion Bbothardddd Gnideche re-

nmetal al koxide suffers thermal dete 25 rioration form

a triakkybhi pyaktkmaxidesaadle hethé keifseel ©ivbrxchie g6 con-

16 "Kougyoukagakuzasshi (Journal of the Society of

Cheni 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 dibutyltin 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



10

15

20

25

cal Industry)", Vol. 72, No. 7, pages 1543 to 1549
(1969)). It is also known that the trialkyltin al kox-

ide fornmed by the thernal deterioration has a very | ow

5 capability of form ng a carbonic ester (see "J. Og.
Chem", Vol. 64, pages 4506 to 4508 (1999)). It i$%March2006
difficult (or substantially inpossible) to regenerate

a dialkyltin dial koxide havingtfexcell ent activity

from the trialkyltin al koxide. Further, the formation

of 10 such degraded conpound (i.e.,_an unregenera .
unreéd,(ougwgkggﬁﬁggﬁ|§hbog.§%uzénap:|.ocbafetiﬂq, r# c%ae[nc er %heml

netal al koxide is reused as ac t
of asadcIndugsrEaf al yg% i h2 th%One aIIY the 30 ?ﬂg’ %49
decreased and,__hence e rea r%t %1y1| eheox-

of a (d@6dni-c ib %%t%*s%. ren eH

uch ‘s g0y o3 Zhe 93%%9”{1 tgﬂc‘?f?@iéﬂ'r%t Jdky Low

e reactron rate and

th I f..th al
ot PRI e OF ERARE dnfureors FPEER et T o7

al ko de 1S ed gt eagh0RoSYsb8MisedP). It is
enpl .‘ I—'b\%%qer th'rE) ﬁ%t hob poges a g}obl emin

that, I&EQOnghb%QQnQEa§l§rQﬁﬁoﬂEiﬁiealk@xrd@emsrate a
per - or ms | eaving the deterioration product

for med 941G R 1KeAEWeORa@InGt ekselhetheactlrt tynfrom
system the deterioration product, which has a | ow

cat algrd 136 A% itdnt Wlkacadeul atesther a the feommrduimn of
in the reaction 9 March 2006 17 system As apparent
al so gdmddﬁM/@omm@ i(d.pe. an unregenerable unreac-

tive compound) poses a problem in that, when a metal
alkoxide is reused as a catalyst, the content of an ac-
tive catalyst in the metal alkoxide is decreased and,
hence, the reaction rate and the yield of a carbonic
ester are decreased, rendering a stable production of a
carbonic ester difficult. 1In 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 1is
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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conventional nmethod in which a netal al koxide is

effec- tively reused as a catalyst; in any of the
conventional nethods for producing a carbonic ester,

there is no 5 other choice but to discard the netal

al koxi de as a waste after the reaction, thus 9 March 2006
rendering the production of a carbonic ester

di sadvant ageously costly. Thus, % the conventiona

met hods for producing a carbonic ester by using a

met al al koxi de, carbon diox- 10 ide and n alcgg
when EHELHBE alAs|FRBRATER T ®H15€hfr§me>¥6&n§| \93? h&Berfsts no

its catalyst activity due to _hy- drol
t her eCPBVRBLHRYAL o‘“"ééé?#yl%n“gl%‘? ‘%liif\‘llel g‘edr?erlést gttec-

and reyse_t he net al koxi de Theref
conveht VY &hil rﬁ%fﬁ@dgsf%rc?)‘f%w& hg"h afg}?coar A

is di Sa%gﬁ%aggguﬁrl éﬂ%‘t %)J}fllcesestsﬂy El'ﬂafésg.sa no

| ar ge™s or gani ¢ ng agent or

SOlid h¥d5§5§ g g?ﬁ”ﬁo'&&ééﬁ@ﬁ'%ﬁé kxﬁ?fthlﬁ%fﬁﬁﬂlas a

anoun oxl de descri her el nabove

the pyi QEeaEEtéﬁcm%qygéctggnf Ofh¥ OlUEA Wl iy G P dBuction

ester have many probl ens and t herefore, have not

been et at QaPhastL Cabtelseaifdvaot ddddusdhesso bl ens
acconpanying the prior art, the present inventors

have proposeds| Ni VO3 O5aBAh t ol ete treidr0E fopreducing a

produci ng a carbonic ester. The es 25 sential feature

of theanbwrlicnesherd veshsisgia métdl tdbcdxivdy cleaR0BR: diox-

18 nethod uses a reaction route in which an

or ganddet ahd an alcohol, when the metal alkoxide {which is
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 technigues
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 W003/055840

a novel method for producing a carbonic ester. The es-

sential feature of the novel method resides in that the
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compound havi ng a netal - oxygen-carbon |inkage is used

in a large anount as a precursor of a carbonic ester

but not as a catal yst, and the organonetal conpound is

5 subjected to an addition reaction with carbon

di oxide to forman adduct, followed by a ther mal® March 2006
deconposition reaction of the adduct, to thereby

obtain a reaction mxture contasning a carbonic

ester. The present in- ventors have found that a

carbonic ester can be pro 10 duced in high yield by

t he megtiodl udesst aofreied iaboveutaehni vhidh prpbpeganenetal
the prior art have been solved by the nethod.

Howeveemp caipsh haviisgmst Redadt PRV 9pBsearhon pt bhkags | ks used
that an unregenerabl e unreactive organonmetal _conpound

i s foFhet hidgengmoN@tr 8§c R BRCSRESAEcOfuR afBEPOREC| gSter
the reaction system SUMVARY OF THE INVENTION In this )
si t uRYoOt KE fr ESERLY Py eAPEr SPRVEIARDBE LR Y PRBPOURA 18
extensive and intensive.studies for solying the 20. .
abov e HART e op PO PLRE LIPR ERBFFLSE Jtif B o FREoR gLoxide

sent DL IAMRAL tStophos 0k gl oo LBl son
sul t, 4435 %'%e"cﬁ’;%c%t%fn&g%tbe%@ ERgPQbihé‘Btébﬁ Br PELEFBon

can be sol'ved by a ne for producihg a carbonic es

25 1 §fax G dottdd nlifg 8l RSbBhic(dyr8B!  OFHE Hrekent in-
reaction 9 March 2006719 between a first organonetal

CONPGHEHE JHX k@ FoRin@2iBAR adbaxbégicWBetetNcéhebe pro-
first organonetal conpound m xture
duced in high yield by the method. Most of the above-

mentioned problems of the prior art have been solved by
the method. However, even this method still poses a
problem in that an unregenerable unreactive organometal
compound is formed during the reaction and accumulates

in the reaction system.

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
further extensive and intensive studies for solving the
above-menticned problems. In their studies, the pre-
sent inventors have utilized the techniques of their
previous invention disclosed in W0O03/055840. As a re-
sult, it has unexpectedly been found that the problems
can be solved by a methed for producing a carbonic es-

ter, comprising the steps of: (1) performing a reaction
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conprises a mxture of a reactive organonetal conpound
having in its nolecule at |east two

net al - oxygen-carbon 5 |inkages and an unregenerabl e
unreactive conpound which is derived fromthe

reactive organometal conpound, to thereby obtai n9darch 2006
reaction m xture containing a carbonic ester forned

by the reaction, the unregenerall% unreac- tive

conpound, and a regenerabl e nmet anor phi c organone 10

tal conpound derived fromthe reactive organoneta

com petween (2)fsephrexganpnatal spmpoymdimdpihuge fRg garbon
first portion containing the carbonic ester and the .

unr eg@hoxdfabl Ererm i cihe o W SRARNOMRT & Stippnd mixture

portion con- taining the regenerabl e nmetanorphi

C
or ganBABPELSe$ R LR HRI, OTrf R%Cﬁléf&uﬁfﬁ&ﬂt"ﬁfbe% Grgpound
portion of the reac- tion mxture with an alcohql_ to

 or m BAEERS P of GaBECH LT SomFRiTd THo A Msd YT oarbon
and reppyvi ng the. water._from S .gan I

oot iBPSs 5 " S SR S SRR WiiRuna which

o . |
COMPONOdaLL XY 48 Ce CONPELS S50 2t A AT A [ EAIEL, o

or ganomne aving 1n 1ts ™molecule at ["feast

two %ﬂé%y@%&ﬁ?rQ%ééM%xﬁﬁ% A Y QEMEAR A bonic

unreacti1 ve conpound which 1s de- rived fromthe

react ¥ Pr GRRER IS CDeIk i ohhe 13 uwiliijehe2SitAle unreac-
can be easily isolated fromthe first por 25 tion of

the reacti ompduxid) ealy & EoFBraitd ik metintathhi® Margamome -
2006 20 such as distillation. The second organonet al
conpoual compdun@ ddt arextdfrom stttep Kedctdare grganometal com-
recovered and recy-
pound, {(2) separating the reaction mixture into a first
portion containing the carbonic ester and the unregen-
erable unreactive compound, and a second portion con-
taining the regenerable metamorphic organometal com-
pound, and (3) reacting the second portion of the reac-
tion mixture with an alcohol to form a second organome-
tal compound mixture and water and removing the water
from the second organometal compound mixture, wherein
the second organometal compound mixture comprises 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 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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cled to step (1), wherein the second organonetal com

pound m xture is used in the above-nentioned reaction

5 for producing a carbonic ester. Based on these find-
ings, the present invention has been conpl et ed.
Accordingly, a primary object of the present in 9March2008
vention is to provide a nethod in which a reactive or-
ganomet al conpound used in the r&action can be reused

10 without the need for a |l arge anount of a

dehydrating agent and by which commercial production

of a §H¢boﬂ$cdlé§¥%¢a¢¥pm+gﬁhﬁléﬁﬁoéénOESaBQWPBﬁﬁeaompound
continuously and repeatedly any nunber of tinmes while
renovmhgtaﬁeuﬂ%al@@gewm@wn& @3y PeoAgsroRees and recy-

conpound fromthe re- 15 actjon system The for%%% ng
and ofhef bjBEER, ($éafﬁﬁ%£?¥ﬂuf SeEahd gEFgaseTETe L com-

resent invention Wil a rent fron1 t e follow n
et o PREDGCBLRFRS orf (3REh T W AR oM O o & S tion

acconEanyln? dramncgs Ed the a ende gglgg tggse Find-

BRI EF-BE R& draw ng

Fi g. l?gg t@ﬁeléﬁ mrﬁheqwzlq{ %Ctao\fn l%rted

ganone conpolind havi ng a exy oxXy group used

25 in steppfddrdiy Nﬁxnpé S rlimAAAH o% WtC%fZQ@i@ ekt in-

2 is the 1195n-N art ‘of the unregenerab e

unr eagbh¥ ok ONHOLR o M Ldle 1 6wl 8idd 180 wififer B SteRRtl2k or-
ganometal compound used in the reaction can be reused
without the need for a large amount of a dehydrating
agent and by which commercial production of a carbonic
ester in high yield can be performed continuously and
repeatedly any number of times while removing an unre-
generable unreactive organometal compound from the re-
action system.

The foregoing and other objects, features and ad-

vantages of the present invention will be apparent from
the following detailed description taken in connection

with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 is the ''’Sn-NMR chart of the reactive or-
ganometal compound having a 2-ethylhexyloxy group used

in step (1) in Example 1; and



10

15

20

25

in Exanple 1. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
In the present invention, there is provided a nethod
for producing a carbonic ester, conprising the steps
of: (1) performng a reaction between a first or-
ganomet al conpound ni xture and carbon di oxi de, th@*ﬁ“Chzooﬁ
first organonetal conpound m xture conprising a

m xture of a reactive organonetadl conpound having in

its mole- cule at |east two netal -oxygen-carbon

l'i nkages and an unregengrabl e unreactive conpound

which is dbrdved s dhels SheNMBaghavE BF ghR®n¥pLpgenerable
conpound and which has in_its nolecule aé | east _three o
net al urkgdsHH Ve mMaeRpeing yhikdy dy I6Eathe ngcH‘oﬁ ep (2)
m xture containing a carbonic ester fornmed by the

r eact}®drEXamRleuntegener- abl e unreactive conpound, and

a regenerabl e netanorphic 20 organonetal conpound

derived fromthe reactive or- ganonetal conpound, (2)

separating t he,fpactd el iin o Fulsl iien@bld On

containing th . = bl e

unr eact i ve, cOROUC AT 13,384904 PARLEEN180B8F1aea a
era al

tai ning the rege e netanor phi c organone com9

Mar C%@Px@c?d %P%%uc?:ﬂ% (Bcd@Relild @ stthe , seepBeising the
portion of the reaction™ mxture with a first al coho
to fOéﬂéﬁbS§§pnd or ganore-

(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
molecule at least three metal-carbon linkages,

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-
gancmetal compound,

(2) separating the reaction mixture into a first
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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tal compound m xture and water and renoving the water

5 fromthe second organonetal conpound m xture, the

second organonetal conpound m xture conprising a

m xture of a reactive organonetal conmpound having in

its nolecule at |east two netal - oxygen-carbon | i niRdgarsh 2006
and an unregenerabl e unreacti ve conpound which is 10
derived fromthe reactive organoggtal conpound and

which has in its nolecule at |east three netal -carbon

| i nkages. For easy understandi ng of the present

i nventoicomd, talmel essential features and various

preferred enbodi - 15 nments of the present invention

are enuner dBédrigectiwnglthd setbond portivmdutiitiye aeaction
carboni c ester, conpris- ing the steps of: (1)

per f oM¥ERGre widbt pofibetwednoholi tetform 20segrrmieirzianome-
compound m xture and carbon dioxide, the first

or gandfdt FPMPONPuRdxFIkeurRdCHRPRT SARG BEMIRInG cthyf water
reactive organonetal conmpound having in its nole- cule

at | edEP™ 0&3%@9&998@5%9@1&%@% TR Bt e, the

unregeneragle unreac%ixe compound which is derijved
from S55PRE PEEPPYE Bl oSHBREEAT BHRHEHMCoFRE Wih =

has ip.l r¢ch_2006.23 mol ecul e | east three . \
netalﬁég%ggg Pin aﬁ%%?ﬁ%get%59%%?“%%?%1?P@P?QﬂéhWQﬁfng in
m Xt U @gC Lk RO oni _ d by .the ..

Fenct s, RBREEMLBaaE 16ALE0NS FELEL CRIIBE AT Limrages
a reggnar ahl enPBLBARERBLE unreactive compound which is

derived from the reactive.organometal compound and
which has in its molecule at least three metal-carbon
linkages.

For easy understanding of the present invention,
the essential features and 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
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5 organonetal conpound derived fromthe reactive or-
ganomet al conpound, (2) separating the reaction

m xture into a first portion containing the carbonic
ester and the unregen- erable unreactive conpound, and
a second portion con 10 taining the regenerable 9March2006
nmet anor phi ¢ organonetal com pound, and (3) reacting
the second portion of the react£®dn nmixture with a
first alcohol to forma second organone- tal conpound
m xture and water and renoving the water 15 fromthe
secomelecydronit APasbnbblne MekalreaTheR LEURIRE -

or ganonet al compound m xture co r|3|n

a react|véOOFgﬁﬁﬁhﬁt%Pt%b%p%uﬁ%a %;%UF? NH&Hing a
nol ecul e at | east t b li.nk
oSkt égaﬁ%m?sfégs%ﬁwmm Petogpner-
erive t t |
WhiCﬁbﬁgsagggnglﬁgﬁgghﬁgug g?ggg?é?ﬁe #@f qggﬁmmorphlc

| i nkage s

h
whi clf ﬁpomfﬁgﬁeggﬁ%Pﬁgggagg EagfLQm %§€1 A step (4)

in |% le 3 gd organonetal conpound m xture
obt aif %men St é mgskgrch 2006 24 (3) is recovered and

feCyC' ed 19,sg Wga(:&);lﬁ tRBer BREPOGn aREREEH S Gid D 4 efrst
1 or 2 above, erein "the reactive organonet al

CONPRHRe ibedontadheRg( theCoATbopllbSeStat Apasthe@nenregen-
conmpound sel ected fromthe group
erable unreactive compound, and a second poxtion 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 compound 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
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consi sting of: an organonetal conpound represented by

the formula (OR4)d Rla 11-(OR3)c b R2 10 wherein:

(1) ML represents a netal atom sel ected fromthe group

consi sting of elenments belonging to Goups 4 and 14

of the Periodic Table, exclusive of silicon; 15 &s¥arch2006
of RL and R2 independently represents a straight

chain or branched Cl1-Cl12 al kyl gepqup, a C5-Cl12

cycl oal kyl group, a straight chain or branched C2-Cl12

al kenyl group, a C7-C20 aral kyl group conprised of
unsubdtd )t vitse d-earoveudest iahdt edc@1€8- Ebgsaey! (Apd al kyl
selected fromthe group consisting of straight chain

or branched C1-Cl4 9 March 2006 25 al kyl and C5-Cl4
cycl oal kyl, or an unsubstituted or substituted C6-C20

aryl é%oupTh@a@ﬁtdeRgcﬁnudRﬂglhdepbﬁ@eht¢y 2EﬁbQ¥EMHWhereln
a straight chain or branched Cl-Cl12 al kyl group, a

C5- C1Xhey degaitiye QFS&BOI“&tétlr apgn@ueﬂauw@rlmr%mw) com-

C2 Cl12 alkenyl rou or a C7-C20 aral -
pPrises east one compound selected from the group

consisting of:
an organometal compound represented by the formula

{(1}):

(OR%q
Rla-—Ml—(ORB)C (1)
R?,
wherein:

M1 represents a metal atom selected from the
group consisting of elements belonging to Groups
4 and 14 of the Periodic Table, exclusive of
silicon;

each of R! and Rr? independently represents a
straight chain or branched C;-Cji; alkyl group, a
C5-C32 cycloalkyl group, a straight chain or
branched C-C;, alkenyl group, a Cy-Cpqg aralkyl
group comprised of unsubstituted or substituted
Ce-C19 aryl and alkyl selected from the group

consisting of straight chain or branched Cj-Cjg
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kyl group conprised of unsubstituted or substi- tuted
C6-C19 aryl and al kyl selected fromthe group

consi sting of straight chain or branched 10 Cl-Cl4

al kyl and C5-Cl4 cycl oal kyl; and each of a and b is an
integer of from0O to 2, a+b =0 to 2, each of &Maigh2006
dis an integer of fromO to 4, and a+ b +c +d =

4; and an organonetal conpound répresented by the

formula 15 (2): (OR9)i RBh R5 -M2-O-M3-R7 e 16 (OR 10
Rf OR g wherein: (2) each of MZ_and M3_i ndependent |

repr esent saJd(YlZC?I}Pet&.ﬁl'cdt%rﬂY%'lc’@&%gg'f PGnﬁPhgnanﬁ%ﬂutEd
consi sting of el enents ongi ng_tqQ G oups 4 and 14 of
the Pe 9 h%?cfﬂle%fdbt%‘fi%&di QOT%&Y& 9&XEPisi ve of

silicon; each of R5, , R7.gand R8 i ndependent |
rgpLe- sentseécgtPgiﬁﬁ?a%quﬁ|1aﬂdePPQQEREEYCf?€f§S§Pﬁ§Ia

ol G ERRUR et Bt b,

or branched group, aral ky

L0835 SR GARE, O, s b ox
branched C5-C1p alkenyl group, or a Cy-Cpp aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-Chrg aryl‘and alkyl selected from the
group consisting of straight chain or branched
C1-Cy14 alkyl and Cg-Ci4 cycloalkyl; and

each of a and b is an integer of from 0 to 2,
a+b =0 to 2, each of ¢ and 4 is an integer of
from 0 to 4, and a + b + ¢ + d = 4; and

an organometal compound represented by the formula

(2):
R’ —M*—0—M—R, (2)

wherein:
each of M’ and M’ independently represents a
metal atom selected from the group consisting of

elements belonging to Groups 4 and 14 of the Pe-
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group consi sting of straight chain or branched Cl1-Cl4
al kyl and C5-Cl14 cycloal kyl, or an unsub- 10 stituted
or substituted C6-C20 aryl group; each of RO and R10

i ndependently represents a straight chain or branched
Cl-C12 al kyl group, a C5-Cl2 cycloal kyl group, a9 March2006
strai ght chain or branched C2-Cl12 al kenyl group, or a
C7-C20 aral 15 kyl group conpri s&d of unsubstituted or
substi- tuted C6-Cl19 aryl and al kyl selected fromthe
group consisting of straight chain or hranched Cl1-Cl4
al kyl and TEe&2 Fa3RI®al &NFLUSHHE SfcFidieRf, g and h
is an integer of fromO 20 t©

2, B8 f =0
N2 0 to 2. eagh OF R raRe X | €nn R niBagR RISk f by 1ere-
to 3, +f + 1 =_3 + W ) B 2 d1et
agcordieng ?%HF%e?n %t%%%}gt, q:v%/“haeir‘i-leionﬁ ebac%czhgeg ?Tlelgg%a%gﬂyl
R4 in f 1 d iy f | ag9
2006 27 (24 PRIE e RdEr 1y o EeaNCs e bt 5T oraun,

an iso- butyl; gr 9HPyr&nSidd @htc Chal TkdlyiPigpeigda co7-C;
C5-C12 al k{:/%{ lgroup,ror a stc%;li gﬁ chai r?or branched7 0

tem 3 aboyB B g =
M2 and MB spif@tddl @g{@)y 4epr esehtalieyl iselatcimd from the
group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cjyg4 cycloalkyl, or an unsub-
stituted or substituted Cg-Cpg aryl group;
each of R’ ana R' independently represents a
straight chain or branched C3-Cjj alkyl group, a
Cg-Ci2 cycloalkyl group, a straight chain or
branched C;-Cji; alkenyl group, or a Cy-Cpo aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-C19 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C14 alkyl and Cs-Cjyg4 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 i

and j is an integer of from 1 to 3, e + £ + 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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10 6. The nmethod according to item 3 above, wherein

the reactive organonetal conpound used in step (1) is
pro- duced from an organotin oxide and an al cohol. 7.

The nethod according to item 1 or 2 above, wherein,

15 in step (1), the reactive organonet al conpoundgh@NChZOOB
used in at |least one formselected fromthe group
consisting of a nmononeric formeyan oligonmeric form a

pol yneric formand an associated form 20 8. The

nmet hod according to item1 or 2 above, wherein, in

step (1) ,iddwepareraitilve repgasenmtsabncorpotrd psoupedan iso-
in an anount which is 1/50 to 1 tinme the

st oi chirkietgna@up afowhraiehat icheinoorhbranrshad 65-%2 alkyl
carbon di oxide. 25 9. The nmethod according to item

or 2 BN, S¥he &trad-abdy @ﬁazeoerzsreﬁehﬁgagﬂr'émz| glkenyl
step (1) is perfornmed at 20 C or higher. 10. The

met hogireizording to item 1 or 2 above, wherein 5 the
reaction in step (1) is perforned in the presence of a
second al cohol which is the sane as or different from
the first alcohol used in step

gmﬁ 1 TB n h
accordi ng T8 iMedMef €F°?r§689et LR A, Tﬁernwg?ﬁﬁl eac
2 t h t t

(150 %%fﬁglﬁrf%ﬁb%ﬁﬁe(é con Borerh T, S aprmid T,

at Ie thod sel ected from the
grouﬁgé%n5|s ng o Eb%@il ‘l'ation, extraction and

filtration.

6. The method according to item 3 above, wherein the
reactive organometal compound used in step (1) is pro-

duced from an organotin oxide and an alcohol.

7. The method according to item 1 or 2 above, wherein,
in step (1), the reactive organometal compound is used
in at least one form selected from the group consisting
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 carben dicxide.

9. The method according to item 1 oxr 2 above, wherein
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15 12. The nethod according to item1 or 2 above,
wherein, in step (2), the separation of the reaction
m xture into the first portion and the second portion
is per- fornmed in the presence of an al cohol which is
the same 20 as or different fromthe first al cohol9 March 2006
used in step (3). 13. The nmethod according to item1
or 2 above, wherein the first &@scohol used in step
(3) is at least one al- cohol selected fromthe group
consisting of an alkyl 25 al cohol having a straight
chai ntiee beamched C1-C1eP (10 Mamerfzored el glods,
a cycl oal kyl al cohol having a C5-Cl12 cycl oal kyl

gr ouphig®emt kenyl al cohol having a straight chain or
branched C2-Cl12 al kenyl group, and an aral kyl al coho
having a C7-C20 aral kyl group conprised of un 5

substituted or substituted C6-C19 aryl .and al kyl se- .

| ect e¥0f r otRE Hee AL RAHHIRY i itel rlai°§h% sbove' yherein
branched Cl1-Cl14 al kyl and -Cl4 c | kyl.. .

met hot&ctorarhy® tjo‘yi TR 1 )ablo‘?/é::e&\%wo%?“eelé/n Jﬂwéﬁelyl%sence
first _al cohol has oidi (o] ' ' j rq4

"L RoRShalara iRl a0 L 0L i Y e ene

pheri esSur aldendEt N ageanding 0, item 14
above?rgﬁegggnf%ﬂ%é i%gi?rst al cohol igpgi feast one
al cohol selected fromthe group consisting of

1- butanol, 2-nmethyl-I|-propanol, an al kyl al coho

havi ngi a #hé ahdithod "o fdiky as hegkrCSt or 2 above, wherein,
in step (2), the separation of the reaction mixture
into the first portion and the second portion is per-
formed by at least one separation method selected from
the group consisting of distillation, extraction and

filtration.

12. The method according to item 1 or 2 above, wherein,
in step (2), the separation of the reaction mixture
into the first portion and the second portion is per-
formed in the presence of an alcohol which 1s the same

as or different from the first alcohol 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 Cp-Cjp2 al-
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C12 al kyl group, an al kenyl al cohol having a straight

chain or branched C4-Cl2 al kenyl group, a cycl oal kyl

20 al cohol having a C5-Cl12 cycl oal kyl group, and an

aral - kyl al cohol having a C7-C20 aral kyl group

conprised of unsubstituted or substituted C6-C199§WVPh2006
and al kyl se- lected fromthe group consisting of

straight chain or branched Cl-@b4 al kyl and C5-Cl4
cycl oal kyl. 25 9 March 2006 30 16. The net hod

according to item1 or 2 above, wherein the renpva

of theyhageeupn atepci®Linl gdepbededapynIndnbbahéz
separation. 5 17. The nmethod according to item 16 .
abovepymheﬂékmltmeom@nbﬂanéﬂgﬁpdréﬂF@%OﬂshaV1n9 a straight
pervaporation. 18. The nmethod according to item 1 orr2lk 1
aboveChahBr @F nPranehed foa df Ll Hia e Fla P Ubn §0&)p s e~y
is perforned by 10 distillatio Her ei nbel ow, _th _
preseﬁ%cPHQén¥%%hn$sad%Eﬂ%ZQNﬂfq Yld@FgPP.cﬂgprlsgd of un

descri bed, above, the conventio eth (&%aq L8xv1 se-
cl usi 9888#1‘“58%?50%“ ?EthousteeodwtaJé)ﬁ {Eﬁé’ %?%sle%{ﬁd alkyl se
inventors _in the above-nentioned WO03/.05 JarftOehas
produdffiged TEAFpLR? cglé%‘i‘%rc%nﬁlr%yisngar? fgqsﬂ%dal Atymrasn or
react pagnLaphee, 36N eghiy: thita ol lay ngdamda (3):
20 organonefal ~conpoun
14. The method according to item 13 above, wherein the
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 item 14 above, wherein the
first alcohol is at least one alcohol selected from the
group consisting of l-butanol, 2-methyl-1-propancl, an
alkyl alcohol having a straight chain or branched Cg-
Cy1z alkyl group, an alkenyl alcohol having a straight
chain or branched C4-C13 alkenyl group, a cycloalkyl
alcohol having a Cg-Cjp cycloalkyl group, and an aral-
kyl alcohol having a Cy-Cpp aralkyl group comprised of
unsubstituted or substituted Cg-Cjg aryl and alkyl se-
lected from the group consisting of straight chain or

branched Cj-Cq4 alkyl and Cg-Cj4 cycloalkyl.
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CO2 + 2ROH ROQ(CO OR + H20O (3) (R represents an

unsaturated or saturated hydrocarbon group) That is,

as the conventional nethods (exclusive of the 25

met hod proposed by the present inventors in the above

9 March 2006 31 nentioned W03/ 055840), there can Sjdarch 2006
mentioned a nethod in which a dehydrating agent is

used for a reaction mxture conggining the

equi libriumreaction system (represented by the

formula (3) above), wherein the 5 equilibriumreaction

Syst ermecontralenedhpAoduebra¥sefid £O8RN 1 S6R02 8above, wherein
carbonic ester and water; and a nmethod in which a

-react ithie mexiowag od@nthenwagerheénaboup- (BNtioNgdrformed by

equi libriumreaction systemis cooled and subjected to

a dehyermdiniage sepatagdbni.n which the reaction m xture

10 is introduced into a packed columm containing a

solid dehydrating agent, and circul ated through the

packed colum, so as to gradually dehydrate the
eqU|I#Hrluﬁher@aﬁhpéna§9§¥@N$gotQhEt@byl%thnwss‘%her91n the
deconposition re- action of the catalyst and
accuggpgpéaﬁecéﬁﬁéﬁﬁélé§téF perveperatb®Bed in a trace
amount. On the other hand, the technical concept of

t he nethod of the present invention is conpletely

diffe& Fron1ﬁge technl conce

conver |ona L 1 %%%t??n% %ﬁf r?ﬁﬂF|QPQWﬁ3 wherein

met hody, f EERerBieoszhée%téPVfﬂté{-) Igypasically the o

sane as the react
distillation.

Hereinbelow, the present invention is described in
detail.

As described above, the conventional methods (ex-
clusive of the method proposed by the present inventors
in the above-mentioned WO03/055840) for producing a
carbonic ester employs an equilibrium reaction repre-

sented by the following formula (3):

organometal
compound
CO, + 2ROH * » RO{CO)OR + H,0 (3)

(R represents an unsaturated or saturated hydrocarbon group)

That is, as the conventional methods (exclusive of the

method proposed by the present inventors in the above-



10

15

20

25

performed in the nmethod proposed by the present inven-
tors in the above-nenti oned WX03/055840. Before ex-

pl aining the nmethod of the present invention, the es-
sence of the nethod of the above-nenti oned W03/ 055840

25 is briefly explained below. 9 March 2006 32 TH&March 2006
met hod of W03/ 055840 is characterized in: that a
reaction route is used in which3an or ganonetal

conmpound havi ng a netal - oxygen-carbon |inkage is used

in a large anount as a precursor of a carbonic 5

est ementtionad OB /OFO8KHPIt , thadet Ranobganentianed gmmethod
pound is subjected to an addition reaction with carbon

di oxiide Wo-Formdehyedadtdng rEPPSweE ByeR fFaEr@aFeaction
decom position reaction of the_adduct, to thereby

obt ai"-¥F UGS £ PG (P GSHFéFHFthar%%?BbﬂPcs¥§ﬁ%w

h
Oper AAGHASEARA Y HHE aFBBhAC (341 BPOTE) LcparaTLY the
f th i du
|1 Qi () Rk o AT L 6B P o) 1851 81 PHiRtE hysup tem
ARl I SoBURl oLOW o LD AL5eRlndghoa 1n
o on

ther a reac- e cohpris

orga%ﬁgha &%‘Q&Q‘i%g F\ra%:\l/t\gge c%%éhn?ﬁ%g‘éﬁ ¢ W@-mentloned

i nkage an wat er renova e water

fromddi @RGP FHotl Bhe s?)ﬁtginslst bbb@&aoan@rswfected to
like, to thereby obtain the organone- tal conpound,

wher el hyidie: talindithed tReganonelak cB Ofthe 2P POLNGh ilixture

recovered (step (3)),
is introduced into a packed column containing a solid
dehydrating agent, and circulated through the packed
column, so as to gradually dehydrate the equilibrium
reaction system to thereby suppress a decomposition re-
action of the catalyst and accumulate a carbonic ester
being formed in a trace amount.

On the other hand, the technical concept of the
method of the present invention is completely different
from the technical concept of the conventional methods.

The reaction performed in the method of the pre-
gent invention is basically the same as the reaction
performed in the 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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foll owed by recycling the organonetal conpound to

step (1) for producing a carbonic ester. The reactions

in step (1) and step (3) of the nethod of WO03/ 055840

are represented by the bel ow 25 nentioned fornul ae

(4) and (5), respectively. 9 March 2006 33 5 10 +90¢argh 2006

compound organonetal CO2 adduct of j ' organonetal
conpound carboni c ester + other 3hermal deconposition
products thermal deconposition residual liquid +

al cohol organonetal + water ~obtained ipn ste 2 .
conpound ,mqwhpqnﬂﬂuﬂPQ%/QWQ§§PO§§8E53F§°§e%é%ﬁgdln’
ot al - oxy Ot - AR AT ERIE S 4 S SBE e & o
CompodREoTE ehL amR e P A fais o 1 EdeT oa PR Tirkase
Carbogsd&géédfntg g%égzghount as a precursor of a carbonic
ester but not as a catalyst, and the organometal com-
pound is subjected to an addition 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 reactlion mix-
ture to obtain a residual ligquid (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 apd 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 organcmetal 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 W0O03/055840 are represented by the below-

mentioned formulae (4} and (5), respectively.
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adduct, followed by a thermal deconposition reaction

of the adduct, to thereby obtain a reaction m xture
con- taining a carbonic ester, whereupon the carbonic
ester 20 is separated fromthe reaction mxture to
obtain a re- sidual liquid (containing a thernal 9 March2006
deconposition prod- uct of the adduct forned by the
addi tion reaction of the organchetal conpound havi ng

a net al - oxygen-carbon |inkage wth carbon dioxide),
foll owed by an operation 25 in which the residual
liquidis reacted with an al cohol (4) (5) 9 March 2006
34 to thereby regenerate an organonetal conpoundpermal
having a netal -oxygen-carbon |inkage. The regeaesadp6shition
or gasegeroméedl conpound is recoyer €82 afduredycl edto—»
t he sbepued pro*du%q’ihg &Tarboni coperetaind thé cycle
of these 5 steps is repeated so a$*tG"¥btain a

car bR, 83t 8Lk, ArndeshEgfhianount. In step (1) of

the ngt s91:1 W03/ HepB40, at least a part of the
organonetal conpound having a netal -oxygen-carbon

| inkage is converted into a thermal de 10 conposition
product thereof and, hence, the reaction mxture
obtained in step (1) of the nmethod of WO03/055840 nay
or may not contain a residual part of the organonetal
conpotesdakay ingria met al -Qxygan- garbon oFfJamka gﬁ?lused Waler
st ep qbtpineMl $o,stabte®) conpl etion n of  compoun

Thus, the method of W003/055840 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 liguid (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

@

(5)
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15 step (2) of the nmethod of WO03/055840, at |east a

part of the organonetal conpound having a

net al -oxygen -carbon |inkage is converted into a

t hermal deconposi- tion product or hydrolysis product
thereof and, hence, the residual |iquid obtained® Mgrch2006
step (2) of the nmethod 20 of W03/ 055840 nay or may

not contain a residual part of a#the organonet al

compound having a netal -oxygen -carbon |inkage used

in step (1). Anyway, an organome- tal conpound havi ng

a et e - theygey asrdeoredatek age organcwgéndr gpegound having a
(resynt hesi zed) before conpletion of step 25 (3) of

t he nmétal- ofyJaB037/:05684 (. ingkader.c h TR0 FAERE Organome-
conventional nethods using the equilibrium reaction

of theal cronpeun@)istmaevemed ang recyeaedi 6 the ALey of
under equilibrium By contrast, in the nmethod of &he

pr evi poeduientd ctRTRATE QAT i2RH T8&CEVEASoPI5 tPRES
formula (3) above can_be effectively divide

o |
consettePyels ceRRGBIRI i @F Eh LR ;?aEgRIPESFFSH?r inoa

t her eby renderiéﬁhit possible to efficiently produce a
car bohPe1ERY iUt e separating the carbonic ester and

water fromthe reactio st [ I iR aSt

10 (1) of The it ot o s iianis e, WPl Boseos BR teast
performed in b t ; Ofnet-hg

met hod %?er%%péggéﬁgi ax@%g%@g%ﬁgg%@ffgﬁﬂgﬁéga ©

CarboDLQy gﬁifﬁrﬁgﬁiféﬁﬁﬂgérﬁﬁ'ﬁﬂn#@%ﬂ@ﬁ“%ﬂtbi%ﬂthermal de-

products Tan be prevent ed by separating a carbonic

est er o 5pPPs i PEok §¥€oduct thereof and, hence, the reaction
mixture obtained in step (1) of the method of
WO03/055840 may or may not contain a residual part of
the organometal compound having a metal-oxygen-carbon
linkage used in step (1). Also, after completion of
step (2) of the method of WO03/055840, at least a part
of the organometal compound having a metal-oxygen
-carbon linkage is converted into a thermal decomposi-
tion product or hydrolysis product thereof and, hence,
the residual liqguid obtained in step (2) of the method
of WO03/055840 may or may not contain a residual part
of the organometal compound having a metal-oxygen
-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 W003/055840.
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15 tion mxture. In step (3) of the nethod of

W03/ 055840, after the regeneration of an organonet al
compound hav- ing a netal-oxygen-carbon |inkage, the
organonetal com pound can be recovered by rem)vingiVI

wat er. Further, in each step of the nethod of 9'March 2006
W03/ 055840, the operation 20 conditions can be easily
optim zed by appropriately em m@®ying conventional

techni ques of chemical synthesis, such as cooling,
heating, stirring, pressurizing, deconpression and

separ at i onInAsheeneioreti el ane thirdsatdiod dhet lpguilibrium
present in- 25 vention has been conpleted as a result

of threagtioni ¢t thenfermpboe( 36 ahrve nttdisierd igeudieestion
for inproving the above-nentioned method proposed by

t he pi8sbaidi wyder opduikivpban 05584¢ontTRE tretRo§hef Method
W03/ 055840 poses a problemin that an , _unregenerable

unr ea®fi VR oPHAVLARS al P ERpbRMd the £quidid Fgegtion of

conmpound) fornmed in the reactiaon gradually .ac-.. . .
comil EPesEpREe | EhcTrars %t di HERR e B At vidsg. dnto
| em can_be easily solved by the nethqd of t t

| nventPBRSCEERER AT FOC T AP Y MNOhera RSy TS Led.,

CoP Vet DELIRLAGL ST U AL O o IS N Bt Bauce a

10 or ganone been use

recychgfponiBee LEAELRM SYSLSR LOM Al the & dPnddi® Bfter ana

an active or- ganonetal conpound and an organonet al
conpoyadehayifl +RE LXLELIBH Yoy OVt ispiebl flica®ly, in step

unr egener abl e unreac- tive organonetal conpound, which

is a degragdegh€ofizthod of WO03/055840, a reaction can be
performed in the absence of water. In step (2) of the
method of W003/055840, a reverse reaction of a carbonic
ester and other thermal decomposition products can be
prevented by separating a carbonic ester from the reac-
tion mixture. In step (3) of the method of WO03/055840,
after the regeneration of an organcmetal compound hav-
ing a metal-oxygen-carbon linkage, the organometal com-
pound can be recovered by removing water. Furthex, in
each step of the method of W003/055840, the operation
conditions can be easily optimized by appropriately em-
ploying conventional techniques of chemical synthesis,
such as cooling, heating, stirring, pressurizing,
decompression and separation.

As mentioned above, the method ¢f the present in-

vention has been completed as a result of the extensive
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15 pound), wherein the ratio of the unregenerable

unreac- tive organonetal conpound to the active
organonetal compound gradual | y becones | arge.

Therefore, for a stable production of a carbonic

ester, it is necessary to continuously feed a fPd4ach 2006
active organonetal com 20 pound or a raw materi al

thereof during the reaction. Iméhe field of the
production of a carbonic ester from carbon di oxide

and an alcohol, it is difficult to sepa- rate a
degradédicbepeinel fdutiased dr dmpiey imggahenmabgive-mentioned
conpound) fornmed during the reaction. Al though sone 25

pri ofebred deeePRIRS Rsbride MLRF il HOVeniod sdéfic MOgé /055840.
the 9 March 2006 37 recycle of the organonetal
conp%%ﬁd?e¥¢ﬁﬁePﬁuﬁQQﬁ%§$ﬁﬁ90 ARPPEN G SRRPLIEBCRAR Ghet an

or G RIS Ao G A orHa, 15 SAPGREE g CEJBPERR. G- 6. -
h th hand, int iel f th ducti f
car bERTEasd dromitid)” AR dho b SeBRIaHT gRgnoally ac-

cat a{q}{lﬁﬁl?@ ge%rh%ehq:seagcqﬁ%rprs %tt;e?ne.d %@wem(:htﬁig?%rob-

of the catalyst having been us or t reactron

Pr O0{GH Noa R @@r%icf.cy & 1¥ed Dyt FHRD m%%hop‘ceg@r‘ﬁh €present

reaction systemanda fresh catalyst is 0 an

anD UM vt £h © oa&a%eamd?, t ant BeganBHEt a Pf cdfiSo®dd ats sus-
lyst having lost its catalyst activity. However, this

met hegh Posesta tHsLMddt driiaina tfioh .t akh&fe Hotte | hehéle-an

activated catalyst, it is necessary to take out a part

of tdwegandmetsal aicalptsind wharchamasnbeehi akeds isevergkbled,
the reaction system contains a mixture of an active or-
ganometal compound and an organometal compound having
an extremely low activity (i.e., unregenerable unreac-
tive organometal compound, which is a degraded com-
pound), wherein the ratio of the unregenerable unreac-
tive organometal compound to the active organometal
compound gradually becomes large. Therefore, for a
stable production of a carbonic ester, it is necessary
to continuously feed a fresh, active organometal com-
pound or a raw material thereof during the reaction.
In the field of the production of a carbonic ester from
carbon dioxide and an alcoheol, 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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15 times or dozens of tinmes the anmount of the

deactivated catalyst. Therefore, when a reaction is
performed by wusing this nethod in the presence of an
expensive cata- |lyst, the production cost becones very
high. Thus, it is virtually inpossible to practi@arch 2006
this nmethod on a 20 commercial scale. Accordingly, in

this conventional nethod, when3a catalyst is

recycled, it is inmportant to selectively renove the
degraded conmpound fromthe reac- tion system As a

r esultecclehaifl thyet orsianemgtdli grmpousidvetbeudi bas béen no
present inventors have found that the 25 degraded
conpdﬁﬁu"ﬂﬁgiﬁﬁysm@mhnaﬂyeeﬁpregemguéngathphéegrnéeéhcom~
2006 38 b0|I|ng poi nt and the physical state, ?

the AU (GeThVeA ETHhO™ tHE ArE8RRYCLAd eﬁ@ﬁpea@ from the

propertles such as h droI zability %Wmhlph are
di f f 15t rﬁYtsFF&g'e of™ 'E‘h ‘&E%?’E:I Yantheilf field of

d [ t t al d
COMP IS i GG 2B SRREETLR) QRO e e &
B f , th t t h .
ey OB B G B, el o

a negﬁﬁ%h a ?@g& o§ntﬂg QQHE%%%yh&??ﬁS gg%ﬁagsgg f?r the

repeatedly u whil e selecti ram ng a

| eastreadidich @forap%%e.d;sg soaaeﬂaﬂleeaw@ﬁ ifremddeout
reacti ve organonetal conpound. The nethod of the

preserion RBeNredd tisnasfptBRMdanfion Ef@suceagaayst is fed in

carbonic ester, conprising the step of: (1)

per f @nmanguatr eadchopobetwpenda tor sheOamount of the cata-
lyst having lost its catalyst activity. However, 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. Accordingly, 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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15 ganonetal conmpound m xture and carbon di oxi de, the
first organonetal conpound m xture conprising a

m xture of a reactive organonetal conpound having in

its mole- cule at |east two netal -oxygen-carbon

| i nkages and an unregenerabl e unreactive conpoun§ March 2006
which is derived from 20 the reactive organoneta
conpound and which has in its p®lecule at |east three

nmet al - carbon |inkages, to thereby obtain a reaction

m xture containing a carbonic ester forned by the

r eacthail irtch@aoimte gedetheabhgsinatastave. cenpounthe agetid
a regenerabl e netanorphic 25 organonetal conpound

der i viaxkof reamtihiee liemigid Ferm) enfbhebemPoad pBooparbhet af such
compound, (2) separating the reaction mxture into a
firstas pdnodiy ZeditdityInyhikb aaphOhfEerenb LR tpRse of
unregen- erabl e unreactive conpound, and a second

ortlﬁﬂﬁ(Rﬁ?ﬁ?%zﬂﬁgﬁﬁgmﬁﬁélr§@@H@P%@Fe(he?ann?pﬁ?%Ctlve or-
organonetal com pound, and (3) reactln the se

Filbto o

port|QﬁPQWEFQ%EQQ&B9H“€nanﬂ|QtEFgeRFFﬂbﬁ PP ERMAF

2, LU S0, ab e T S WL e
OrgaQ9:1t%%ve%ﬁ%&%”%aﬁ%X% %leEQS Fﬁgcﬁg?sgﬁgaDQQEEEQOn

conpound m Xture conpri a reactive

T
unr eadpipeRirkORRURRE WaiheR tkdly used while selectively with-
drawing at least a part of a degraded compound derived
from the reactive organcmetal compound.
The method of the present invention is a method
for producing a carbonic ester, comprising the step 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 Whicﬁ has in its
molecule at least three metal-carbon linkages,
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-



15 derived fromthe reactive organonetal conpound and
which has in its nolecule at |east three netal -carbon
link aijese inbelow an explanation is given with
respect to the conpounds used in the nethod of the
present in- vention. 20 In step (1) of the nethod $March 2006
the present invention, a reactive organonetal
conmpound havi ng a netal -oxygen sgarbon |inkage is
used. The reactive organonetal com pound used in step
(1) of the nethod of the present in- vention has in
Its nodseecmietradt doadsunwo net al - oxygen 25 -carbon
I i nkages. As an exanpl e of such organonetal 9 March
2006 40 corMduseéparhéiegcahebreashioonetktureatttoea first
organonetal conpound having at |east two al koxy
gr oupseontiions gemdaihéngetihehaerbhpiceastéveand the unregen-
or ganomet al conpound used in step (1) conprises at
| east &FifdleopaeRgGtiEpeerERORRdm aBdt AesgfonP portion con-
consi sting of: an organonetal conpound represented by

Sthe fAARIRY helgegsnspapher BehameyDh & @EgRRQMGtal "com-
netal atom sel ected fromthe group consisting of
eIeneﬁF%“%%l&ﬁ&ing to Goups 4 and 14 of the Periodic

Tabl e, exch%%'%éagging 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

10 from the second organometal compound mixture, the
second organometal compound 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

15 derived from the reactive organometal compound and
which has in its molecule at least three metal-carbon
linkaBeseinbelow, an explanation is given with respect
to the compounds used in the method of the present in-
vention.

20 In step (1) of the method of the present invention,
a reactive organometal compound having a metal-oxygen
-carbon linkage is used. The reactive organometal com-
pound used in step (1) of the method of the present in-
vention has in its molecule at least two metal-oxygen

25 -carbon linkages. As an example of such organometal
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silicon; each of RL and R2 independently represents a
strai ght chain or branched Cl-Cl2 al kyl group, a

C5-Cl12 cycl oal kyl group, a straight chain or branched
C2-Cl12 al kenyl group, a C7-C20 aral kyl group

conprised of unsubstituted or substituted 9 Mar chP Mgtrl 2006
41 C6-Cl19 aryl and al kyl selected fromthe group

consi sting of straight chain orgdranched Cl-Cl4 al kyl

and C5-Cl14 cycl oal kyl, or an unsubstituted or

substituted C6-C20 aryl group; 5 each of R3 and R4

I ndepomgennlly tbpreseatsha mettihpmed «hsacrvedrcanEnethetal
ad -Cl2 al kyl group, a C5-Cl1l2 cycloal kyl group, a

st r aicgmpoghdi hagingbainttest CowClRl ks ke rgatoupoupltoisapre~
C7-C20 aral - kyl group conprised of unsubstituted or
substfierredt thay theCreaatrive agmdan g tale| ampoind gyged in

t he roup consisting of straight chain or branched
Cl-Cf%GQIK}ﬂ SABPTLSEI 42k yEe T k3e RPBHh Brlegtasly from
b is an integer of fromO to 2, a+ b =0 to 2, each

of ctBRdIgOPE SANFHPEYRY @F: 15 fromO to 4, and a + b
+c+d=4; a

: ©on O Zaki 800, an. or ganonetal, COMOUNG, 1 8PRESENLed
{(1):

(1)

wherein:

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

each of R' and R’ independently represents a
straight chain or branched C;-C;; alkyl group, a
Cg-Cq19 cycloalkyl group, a straight chain or

branched C5-Cy1, alkenyl group, a Cy-Cyg aralkyl

group comprised of unsubstituted or substituted
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Rse M2-O MB-R7 R6f (OR10)i 20 wherein: (2) each of M
and M3 i ndependently represents a 9 March 2006 42 5 10
netal atom selected fromthe group consisting of

el ements belonging to Groups 4 and 14 of the Pe-

riodic Table, exclusive of silicon; each of R5, REMaggh 2006

and R8 i ndependently repre- sents a straight chain or
branched C1-Cl12 al kyl group, a4@€5-Cl2 cycl oal kyl

group, a straight chain or branched C2-Cl2 al kenyl
group, a Cr7-C20 aral kyl group conprised of
unsubst it fed oy a33- 3G edkEd esleschedr fromngheal gyeup
sel ected fromthe group consisting of straight chain

or branckm&?nﬁiﬁﬁiﬁﬁ &FkﬁﬁréﬁahESCEEAHCQEIBﬁPR?Fedo?la%l4
unsub- stit d or sub |tuted aryl grou

of RO and ﬁYFéBCg§¥ﬁts aEtFQ?GB?tltuted

chai n or branc 1- yl gro a_ 15 C5-C12
cycl oal kyl® 6&3&12 5?% éﬁ? thFXEoFrOBPanched C2- Cl12
al kenyl grou | sed

G- C20 aral -
of unsubstitg?S 3? %u5§F1I‘t&PQBP%Bd%ﬁ§H§r £P ﬁﬁents a
al kyl sel eqhed JiOBRS or branched cj-C;, alkyl group, a

C5-C1o cycloalkyl group, a straight chain or
branched C;-Cj3 alkenyl group, or a C7-Cpyg aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-C19 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cy4 cycloalkyl; and

each of a2 and b is an integer of from 0 to 2,
a + b=40to 2, each of ¢ and 4@ is an integer of

from 0 to 4, and a + b + ¢ + d = 4; and

an organometal compound represented by the formula

(2):

9 8
(OR”); R

R’ —M*—0—M’—R’, (2)

6 10
R, (OR™),

wherein:

each of M° and M’ independently represents a
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group consisting of straight chain or branched 20
Cl-Cl4 al kyl and C5-Cl14 cycl oal kyl; and each of e, f,

g and h is an integer of from0O to 2, e+ =0 to 2,
g+ h=0to 2, each of i andj is an |nteger of from
1to3 e+f +i = 3, and g + h + j 3. 25 9 MirNarch 2006

2006 43 The Periodic Table nentioned hereln is as pre-
scribed in the 1 UPAC (I nternatiaral Union of Pure and
Applied Chem stry) nomencl ature system (1989). In the

met hod of the present invention, the above- 5

nment i oned nogtgEln Gntedna | s edegrednd rios thedgrouat cbeassting of
formselected fromthe group consisting of a nonomeric
form an cligerrs ddlomying ol pmenps fioandahd af the Pe-
asso- ciated form Each of ML in the organonetal

conpound r&isrdige fadlel0 eprliusivgl af( silabove and M2

and M3 in the organongtal, cgnpound,represented by .
fornmula (2) QBGheOanepéhde#tl?ndr%pr%ﬁﬁﬁn%PQfﬂﬁﬁﬁﬂrepre-
atom sel ected from,the group gon- stln f ment

bel ongi ng ﬁ%ﬁ%ﬁ(ﬂj A %a&P Pﬁe r@ﬁ?ﬂﬁa b?eafkyl

excl usi ve of SI|IC ed 15 t hat ach of

VL, Ve and I s 2 Checar SFSHPELREL ERoTRr o TRESHIEL
i coni umeFEa o e 57 oaaibgkeﬁﬁ”b%%ﬁab.?.w €20
in and reaaq:tell\ﬂfly gvﬂotlﬂn %%m% S%QS' bf' [mlsﬁbstltuted or sub-
stituted Cg-Ci9 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cj4 cycloalkyl, or an unsub-
stituted or substituted Cg-Cpg aryl group;
each of R9 and R10 independently represents a
straight chain or branched C;-Cq5 alkyl group, a
Cg5-Cq12 cycloalkyl group, a.straight chain or
branched C;-Cj,; alkenyl group, or a Cy-Cyg aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-Ci19 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-Cy14 alkyl and Cg-Cy4 cycloalkyl; and
each of e, £, g and h is an integer of from O
to 2, e + £ =0 to 2, g+ h =0 to 2, each of 1
and j is an integer of from 1 to 3, e + £ + i =

3, and g + h + j = 3.



10

15

20

25

nore preferred that each of ML, MZ and M3 is a tin

atom 20 Exanples of RL and RZ in the organoneta

compound represented by formula (1) above and R5, R6,

R7 and Re in the organonetal conpound represented b
formula (2) above include Cl-C12 al kyl groups (wHiNaych 2006
are aliphatic hydrocarbon groups) and C5-Cl12

cycl oal kyl groups (which 25 are g§icyclic hydrocarbon
groups), such as a nmethyl 9 March 2006 44 group, an

et hyl group, a propyl group, an n-butyl group (and

i soners thEhedfyriadiutdblyy ougnt(iandd $@Fein is as pre-
thereof), a pentyl group (and isonmers thereof), a

hexyl scgibeg {manthé sUiRAG (Irereaufgticmdiepiplongrdupure and
(and iso 5 ners thereof), an octyl group (and isoners

ther edPplied Glerylsgroupdqreentiaoms sydtened1p 89 .

decyl group (and isoners thereof), an undecyl group

(and isonef% theapaddiod of dﬁmaﬂesgmduﬂn@&ﬁdlpgonﬂ;hg above-
thereof% a 2- butenyl group, a cyclobuten | group, a

cycl oB% §/+°1§?%®r9¥wﬂaﬂﬁﬂc|%ﬁmﬂ%ﬂ dfomseda igy @toRergt one

group 0 a- d|e oup and .a cycl ohexenyl

gr oup,f ‘g %‘{ g’i‘réjr%qm%&ﬁméé-sélﬁ@n?fl agf“&ﬂ‘ﬁmerlc
and agpheny] et roup, ar roups, .such

as a p‘ﬁe’ﬁylalbr%wupgcg“ °r"gr&p5°c§‘.¥8‘ zﬁﬁ‘a% phd an asso-

group, hese hydrocarbon 15 groups may have an
etherchaﬁgggLﬂibreover each of these hydrocarbon

groups mayg NG, &Aogana ﬁ@dog¥gfxgﬁ§£alb8&nﬁ5§ﬁ@ flpfesentea

hydr ocar bon group which has a east one roge hp

at omihef @afurLn 1Bcebhdie anM398Aaai®Mn the organometal
compound represented by formula (2) above independently
represents a metal atom selected from the group con-
sisting of elements belonging to Groups 4 and 14 of the
Peiiodic Table, exclusive of silicon. It is preferred
that each of Ml, M’ and M’ is a metal atom selected
from the group consisting of a titanium atom, a tin
atom and a zirconium atom. From the viewpoint of the
golubility in and reactivity with an alcohol, it is
more preferred that each of Ml, M? and M is a tin atom.

Examples of rR' and R? in the organometal compound

represented by formula (1) above and RS, Rs, R’ and R®
in the organometal compound represented by formula (2)
above include C31-C3p alkyl groups (which are aliphatic

hydrocarbon groups) and Cg-C1; cycloalkyl groups (which

are alicyclic hydrocarbon groups), such as a methyl



5

10

15

20

25

such as a nonafl uorobutyl group or a heptafl uorobutyl

20 group (and isoners thereof). However, Rl, R2, R5,

R6, R7 and R8 are not limted to these exanples. O

t he above-nenti oned groups, |ower al kyl groups are

pre- ferred, and straight chain or branched Cl-C4 9 March 2006
al kyl groups are nore preferred. Hydrocarbon groups

havi ng 25 nore carbon atons than ggenti oned above can

al so be used 9 March 2006 45 as Rl, R2, R5, R6, R7 and

R8; however, when such groups having a | arger nunber

of carpovoupt oams etleylisethup heg q;rdpqlagq@@g,er abNat bb§1 group
fluidity of the organonetal com pound and/or the

pr oducf #ndt ysohens chrdmnt) est arutyd Froapes an@Wisomers
Exanples of R3 and R4 in the organonetal conpound

r epr esereeeehy. farmmaty Y Yratwvemnshd seheasd thRT8oFN, a hexyl
the organonetal conpound represented by fornmula (2)

above $FRYR deA - iEonesk hegremfps @whiephyar grabip- (and iso-
phati c q%grocarbon groups) and C5-Cl2 cycl oal kyl

gr oupSPEF (WGP e 3t iqStA gneydr deadbsdaogevapthereot), a
such as_a . methyl group, an ethyl group, a propyl

gr oup ?%ﬂ%ﬂi%ﬁﬁahn§%PQFk§QRﬁﬁﬁ t eE@PﬁD-gﬂoégcygnaroup (and

i soners. t her eqf a_..2-butenyl group, a pentyl group

(and i%ﬁﬁﬂﬁﬁfiﬁﬁﬁﬁﬁﬁ%{' ap W@Q?F%&rSEBUPaEﬂn?sbﬁﬁmgrS

t her eqfy) octyl and _i soners thereof),

nonyl| gfgﬁ%ﬁ?dn iqgﬁﬁﬁﬂé %?ﬁepegFfa s (i g?%ﬁ%ofﬁnda 2-

| somersy e Yy n g u u d isoners

thereof), a dg%é%§ﬁ Skggglfgﬁgegﬁgoﬁgéggth%r%%? Obytyl group,
cycl opy @M1 oPe@tR1 @r@ﬁ%LOQUE¥Elohexyl group, a cyclopenta-

dienyl group and a cyclohexenyl group; C7-C;q aralkyl
groups, such as a benzyl group and a phenylethyl group;
and Cg-Cyqg aryl groups, such as a phenyl group, a tolyl
group and a naphthyl group. Each of these hydrocarbon
groups may have an ether linkage. Moredver, each of
these hydrocarbon groups may be a halogenated hydrocar-
bon group (i.e., hydrocarbon group which has at least
one hydrogen atom thereof replaced by a halogen atom),

such as a nonafluorobutyl group or a heptafluorobutyl

group (and isomers thereof). However, R’ R? R® R®

’ ’ r r

R’ and R? are not limited to these examples. Of the
above-mentioned groups, lower alkyl groups are pre-
ferred, and straight chain or branched C1-C4 alkyl
groups are more preferred. Hydrocarbon groups having

more carbon atoms than mentioned above can also be used
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group, a cyclopentyl group, a cycl opentadi enyl group,

a 20 cycl ohexyl group, a cycl ohexenyl group, a

nmet hoxyet hyl group, an ethoxymethyl group and an

et hoxyet hyl group; and C7-C20 aral kyl groups, such as

a benzyl group and a phenylethyl group. However, RBlarch 2006
R4, RO and R10O are not limted to these exanples. O

t he above-nenti oned 25 groups, pteferred are

organonet al conmpounds in which 9 March 2006 46 each of

t he corre§pongin% al cohol's (i.%., R3OH, RAOH, ROCH and
RLOCHRsh&s . aRboiR'i,n& poRntarnd gher hiowawvetrhawheh watbr groups
(wherein the boiling point is neasured under at-
mosph&avdngr @s3arepr FURPREr of f eaPemca oy R itugFd 5 there
recycling the organonetal conpound regenerated in step

(3), 5 BsIRPEETPpEBAEr FRE fHA19ity ehethp prEARINgtal com-
com pound represented bg formula (1) and/qr formula

(2) &ROUPE 2PHECT) kPP BFCARRERVI thoPkty TGATRRRAF SState Pe-
al kox roup is n-butyl, isobutyl, asstrajght chain or

10 br%/?ﬁg‘ﬁéd BY- CIF*AEAAS it & st Ght 1R hiER Qrgancmetal
branc C4-C1l2 _al kenyl . Exappl es., of , reactive 9

o ganoelperidorepRRaERYed B EBHEGA L FiaNS ang ®° ana
abovegiinc IﬁgFMti I ' [
conpognd§hgﬁ§ugl a‘ﬁ%§§@?ﬁgﬁﬁﬁﬁgﬁn 359§ég %ggipglformUla
exanples abovdchnelgasoppie] , comppungisoudiE! Ultich are ali-
tetranmet hoxytin, tetraethoxytin, tetrapropyl oxytin

(and phaatier syttheceobon Gesupdyt yhdXyd-ay f aftticRBIIS groups
thereof), tetrapentyloxytin (and isoners thereof),

tet- (which are alicyclic hydrocarbon groups), such as a

methyl group, an ethyl group, a propyl group (and iso-
mers thereof), a butyl group (and isomers thereof), a
2-butenyl group, a pentyl group (and isomers thereof),
a hexyl group {(and isomers thereof), an octyl group
(and isomers thereof), a nonyl group (and isomers
thereof), a decyl group (and isomers thereof), an unde-
cyl group {and isomers thereof), a dodecyl group (and
isomers thereof), a cyclepropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclopentadienyl group, a
cyclohexyl group, a cyclohexenyl group, a methoxyethyl
group, an ethoxymethyl group and an ethoxyethyl group;

and C7-Cp5 aralkyl groups, such as a benzyl group and a

phenylethyl group. However, R3, R4, R’ ana R'C are not

limited to these examples. Of the above-mentiocned

groups, preferred are organometal compounds in which
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rahexyl oxytin (and isonmers thereof), tetraheptyl oxytin

20 (and isoners thereof), tetraoctyloxytin (and

i sonmers thereof), tetranonyl oxytin (and isoners

thereof), di- methoxydi et hoxytin,

tetramet hoxytitanium tetraeth- oxytitanium 9 March 2006
tetrapropyl oxytitani um tetraisopropy- |oxytitani um

tetraki s(2-ethyl-Il-hexyloxy)titaséum 25

tetrabenzyl oxytin, dinethoxydiethoxytin, diethoxydipro

9 March 2006 47 pyloxytin (and isomers thereof),
d|netﬁé%?dpﬁek9¢oﬂyrrﬁSPQ@@Ungs@#ﬁﬂhﬂl&mﬁxxﬁ) R°OH, R*OH,

di met hyl di net hoy ﬁtln - et hyl di et hoxytin,
di et RyPHIi pdR | bRyt hﬁS(anHO%bﬁarEoi@hé%@mr than that of

di met h #dlbg glox tin (and isomers thereof), 5
di met Hg oF p&W ‘;’zJF% Ot Py (%%“r%%r%%“*i Het dfasurgid under at-

thy] di hexyl oxyt thereof), dineth
et yPORPREh (ARt TEORE s PREVEBRy. a?%’ae%rnﬁ HTBEPyAL of
| oxyt h di et hy! di
(and 95 é‘ff’n ﬁ%?"%é sOAR0REA, iRl oxs'é‘q%ﬁ% 344 dp step

10 el )thgﬁee ogicb,%%%#lneaﬂ{%@%ﬁ el i¥abicleta1 com-

di - et hoxi uty pr opoxi de

t her egbdna Eépf@.-yéﬁwd d!b}buf%@fa (end dr0mR' %ormula (2)

thereof), dibutyltin dipentyl oxide (and isoners

t her egbgve di hid YAikyl dbRexMred X it {BNGH SR Sf the
t hereof), dlbutyltln di heptyl oxi de 15 (and isoners

t her eaijox¢i ibyd tis whwetyl oxigotand d $AFRAFht chain or
thereof), dibutyltin dinonyloxide (and isoners

t her eofynched Uyt €in alkdekynxd detqaight sbwmdms or branched
t her eof) di butyltin di benzyl oxide, dibutyltin

di phetyt et hAderRAYL .

Examples of reactive organometal compounds repre-
sented by formula (1) above include alkoxytin compounds,
alkoxytitanium compounds and alkylalkoxytin compounds.
Specific examples of such organometal compounds include
tetramethoxytin, tetraethoxytin, tetrapropyloxytin (and
isomers thereof), tetrabutyloxytin (and isomers
thereof), tetrapentyloxytin (and isomers thereof), tet-
rahexyloxytin {and isomexrs thereof), tetraheptyloxytin
(and isomers thereof), tetraoctyloxytin (and isomers
thereof), tetranonvloxytin (and isomers thereof), di-
methoxydiethoxytin, tetramethoxytitanium, tetraeth-
oxytitanium, tetrapropyloxytitanium, tetraisopropy-
loxytitanium, tetrakis(2-ethyl-l-hexyloxy)titanium,

tetrabenzyloxytin, dimethoxydiethoxytin, diethoxydipro-
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di phenyl tin di met hoxi de, di phenyltin diethoxide, di 20
phenyl tin di propoxide (and isoners thereof), di-

phenyl tin di but oxi de (and i soners thereof),

di phenyltin dipentyl oxide (and isoners thereof),

di phenyl tin di- hexyl oxide (and isomers thereof), 9March 2006
di phenyltin di hepty- | oxide (and isoners thereof),

di phenyl tin dioctyl oxi de 25 (antl?i somers thereof),

di phenyl tin di nonyl oxi de (and 9 March 2006 48 isomners

ST A g B gt
i AR RO L

S A A 1 T SO g e

conpotnas rdpr cuneERFIEReFLokfFEh Uond SERTEL Mppreon).

al kom%%ggggpaﬂmowt%ﬂd ( ha! kybRydi S SPOOXANES: -

Specific e es Of suc or ganonet al conpounds

i ncl W& nlahiBedvh 8k RNB ¥ha li SofléFPt HRXYEh 61 AndXat 8 1 a1 -
1,1, 3,3-tetranet hyl -1, 3-di et hoxydi st annoxane,

1, 1, Jeptiyabikatihhybnd, 3sdinpiopyhexysl 51 adimeemnel { sowky -

15 isoners thereof),

1, 1, 3,c3~ttanr gamidhykohe3sdihatgboHXy di thanmpXkéaieofpihakytin

i sonmers thereof),

1, 1, 3 a3 dsomesshyheressdi pdibnegtoxldideenhoxanin (Ganfl iso-
mers thereof), dibutyltin dimethoxide, dibutyltin di-
ethoxide, dibutyltin dipropoxide (and isomers thereof),
dibutyltin dibutoxide (and isomers thereof), dibutyltin
dipentyloxide {(and isomers thereof)}, dibutyltin dihexy-
loxide (and isomers'thereof), dibutyltin diheptyloxide
(and isomers thereof), dibutyltin dioctylexide (and
isomers thereof), dibutyltin dinonyloxide (and isomers
thereof), dibutyltin didecyloxide (and isomers thereof},
dibutyltin dibenzyloxide, dibutyltin diphenylethoxide,
diphenyltin dimethoxide, diphenyltin diethoxide, di-
phenyltin dipropoxide (and isomers thereof), di-
phenyltin dibutoxide {and isomers therecf), diphenyltin
dipentyloxide (and isomers thereof), diphenyltin di-
hexyloxide (and isomers thereof), diphenyltin dihepty-

loxide {(and isomers thereof), diphenyltin dioctyloxide

(and isomers thereof), diphenyltin dinonyloxide (and
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I somers thereof), 20

1,1, 3,3-tetranet 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), g March 2006
1,1,3,3-tetranet hyl -1, 3-di oct yl oxydi st annoxane (and

25 isoners thereof), 9 March 2088 49

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

i soners thereof), , _
1, 1, 3ismens dherept)l, Lighesxitdry didesuhoxife (ang isomers
i somers there

L st*s@feéﬁ)a?nﬁwﬂmflsiaa @ém|za;t9aflgpanﬂayaﬁsvltin ai-

1

1,1,3,3-tetraneth I-1 3-di i St annox

T 1 R HTe 1 B O AP G e EhSk e
1,1, 3, et rabut QX |st nnoxane,

1,1, g? é éhﬂﬂ%%bQ%Qg)gl gﬁf* 2 dC€r annoxane (and

10 er eo

11 P R oM SR OP 08 808P meE S

| s0- er £1 butyl)tin dibutoxide (and
1,1, Bﬁéztsec%éﬁabaglt%l)blf(trdl pélr?trﬁ gxg&l)stlgnngxgngx( and

| SOMEY Sord e Gldneole) .

1,1, 3, 3- tetrabutyl 1, 3-di hexyl oxydi st annoxane (and

i sO- nerslﬁﬁﬁﬂgygg,of reactive organometal compounds repre-
1,1,3,3-tetrabutyl -1, 3-di hept yl oxydi st annoxane (and
|SO”E§éhﬁdE”ﬁ¥ﬁﬁormula {2) above include alkoxydistannoxanes

and aralkyloxydistannoxanes. Specific examples of such
organometal compounds include
1,1,3,3-tetramethyl-1,3-dimethoxydistannoxane,
1,1,3,3-tetramethyl-1,3-diethoxydistannoxane,
1,1,3,3-tetramethyl-1,3-dipropyloxydistannoxane {and
isomers thereof),.
1,1,3,3-tetramethyl-1,3~-dibutyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetramethyl-1,3-dipentyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetramethyl-1,3-dihexyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetramethyl-1,3-diheptyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetramethyl-1,3-dioctyloxydistannoxane (and

isomers thereof),
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1,1,3,3-tetrabutyl -1, 3-di oct yl oxydi st annoxane (and
i so- 20 nmers thereof),
1,1,3,3-tetrabutyl -1, 3-di nonyl oxydi st annoxane (and
i so- ners thereof),
1,1, 3,3-tetrabutyl -1, 3-di decyl oxydi st annoxane (and March 2006
i so- mers thereof), 25
1,1,3,3-tetrabutyl -1, 3-di benzyl o di st annoxane, 9
March 2006 50
1,1,3,3-tetrabutyl -1, 3-di phenyl et hoxydi st annoxane,
1, 1, 3131t 8t Baphthghe thl di ndtdignil Istaticetangoxane (and
, 1,3, 3-tetraphenyl - 1, 3- di et hoxydi st annoxane,
, 1, 3igomereaphergPi L, 3- di propyl oxydi st annoxane (and
soners thereof), i )

, 3131t 8¢ BapRERgPe il gl R3ndA G StEHifheaneXeasy (and
ners thereof),
, 318°PBTPapRBRGPE L: 3- di pent yl oxydi st annoxane (and

o -

wn -

f 10 . \
L3y dt PR PR E ol 1 A PSR R
f . ,
ToL31y 3 PeRREROTe gL o A iRheRyl athoxyal stannoxane,

meqs;t epepl) -1, 3-dimethoxydist .
, 1,3, 3-fefr ap%eﬁ?/?91i¥33- di octJS/“Ileoxyoo}I:lystlfnr%)?gﬁ{ean(eand

5 iseners sbegepfdutyl-1,3-diethoxydistannoxane,
, 3-tetraphenyl - 1, 3- di nonyl oxydi st annoxane (and

mens1t Besegéirabutyl-1,3-dipropyloxydistannoxane (and
3, 3-tetraphenyl - 1, 3-di decyl oxydi st annoxane (and
isomers thereorf),

il

wn -

i

1
0
1
0
1
0
1
0
1

RO R

BT R R

1,1,3,3-tetrabutyl-1,3-dibutyloxydistannoxane (and iso-
mers thereof),
1,1,3,3-tetrabutyl-1,3-dipentyloxydistannoxane {(and
isomers thereof),
1,1,3,3-tetrabutyl-1,3-dihexyloxydistannoxane (and iso-
mers thereof),
1,1,3,3-tetrabutyl-1,3-diheptyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetrabutyl-1,3-dioctyloxydistannoxane (and iso-
mers thereof),
1,1,3,3-tetrabutyl-1,3-dinonyloxydistannoxane (and iso-
mers thereof),
1,1,3,3-tetrabutyl-1,3-didecyloxydistannoxane (and iso-
mers thereof),

1,1,3,3-tetrabutyl-1,3-dibenzyloxydistannoxane,
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thereof), 20
-tetraphenyl - 1, 3-di benzyl oxydi st annoxane,
-tetraphenyl - 1, 3-di phenyl et hoxydi st annoxane,

-tetrakis(trifluorobutyl)-1,3
oxydi st annoxane, 9 March 2006
3 -tetrakis(trifluorobutyl)-1,3 25
t hoxydi st annoxane, 9 March 2006 51
3,3-tetrakis(trifluorobutyl)-1,3
r
, 3
, 3

a-
OOJTOOOOOJU)

Q-

opyl oxydi st annoxane (and isoners thereof),
131tétBakestabthhﬂlobmﬂypbemyxethoxydlstannoxane
ut yl oxydi stannoxane (and isonmers thereof), 5
131tét3ak¢§¥§mﬂnﬁﬁl1&M3ﬁﬂﬂ@ﬂ9hQFzﬁlstannoxane

i met hox di st annoxane,

1, 1, 31314 8¢ # ake ¥pRReRY } vbr bislitgihexy distannoxane,

- di et hoxydi st annoxane,

1,1, 3131t%t13ak%{%‘m%ﬂubf%ﬂ&qﬁqml%vﬂ}stannoxane (and
-dlpr glox¥ staq%ﬁ{ane (and i sonmers thereof),

1,1, 31§ PRYT akPEFY afluorobutyl) 1, 3
-d|bu£y£o§y$é€?€ rdb %9 é%é%ﬁgﬁoxane (and

1,1, 373t

-d d th f), 15
11 ST AhERY b %%ﬁfi?&é?&di?ﬂss reet)

i?a?gf%{ §|§é fiJQyﬁfgggnnoxane (and

: rakls epta Iuorobutyl)
-dlnEiQ@maﬂéstﬁ@ﬂQéﬂﬁﬁ

I'_\IHI'_\IHI'_\HH_'

Q- o a-

1,1,3,3-tetraphenyl-1,3-dihexyloxydistannoxane {(and
isomers thereof)},
1,1,3,3-tetraphenyl-1,3-diheptyloxydistannoxane (and
isomers thereof},
1,1,3,3-tetraphenyl-1,3-dioctyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetraphenyl-1,3-dinonyloxydistannoxane (and
isomers thereof},
1,1,3,3-tetraphenyl-1,3-didecyloxydistannoxane (and
isomers thereof),
1,1,3,3-tetraphenyl-1,3-dibenzyloxydistannoxane,
1,1,3,3-tetraphenyl-1,3-diphenylethoxydistannoxane,
1,1,3,3-tetrakis(trifluorobutyl}-1,3
-dimethoxydistannoxane,
1,1,3,3-tetrakis{trifluorobutyl)-1,3

-~diethoxydistannoxane,
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1,1,3,3-tetraki s(heptafl uorobutyl)-1,3 20

- di et hoxydi st annoxane,
1,1,3,3-tetrakis(heptafluorobutyl)-1,3

- di propyl oxydi st annoxane (and isoners thereof),

1,1, 3,3-tetraki s(heptafluorobutyl)-1,3 9 March 2006
- di but yl oxydi st annoxane (and isoners thereof). 25 The
above- nenti oned reacti ve organon®tal conpounds 9 March
2006 52 may be used individually or in conbination.
Further orgnonetal conpounds other t han nenti oned
abovelotPn3 B?EEﬁF%Sh%¥ LuerRiites) meyd be used in
conblnﬁélon t he above-ne tloned reactive

or gand Pﬁ?p§%ﬂﬁ%ﬁhﬁ§an?%x%9%. A I SRNFiy dhehRecd) -

e chnhed car Py agat | o grqu@agfg%gg' prpounds M er

A

AL OB bED Yo SPEL DT 2L SRTOES oS e
1

ot o P ent K- eiol e S IR R oxi de.

an alggﬁg{hgg%apgtgn&gxggge carbon atons and a

sol vent ex- Iting an azeotropy with water are m xed

together, $ 03- S {88k & s QAibrANFLNe 1 asul tant is
subjected to distillation, thereby obtai'ning a

fract+&EEthwﬁjmi&fahﬁbﬂéhdﬁact|ve or ganonet al conpound
represented by fornula (1) above. The above-nenti oned
Dut cht Pht 2n3 - tNet ralotd (it aftlsordiastytihatl ,3hi s net hod
cannot be enpl oyed for obtaining an organonetal
conpoutitb ey hexrrdiGitfgioxane (and isomers thereof),

1,1,3,3-tetrakis(pentafluorobutyl)-1,3
-dibutyloxydistannoxane (and isomers thereof),
1.1,3,3-tetrakis(pentafliuorobutyl)-1,3
~dipentyloxydistannoxane {and isomers thereof),
1,1,3,3-tetrakis(pentafluorocbutyl)-1,3
-dihexyloxydistannoxane (and isomers thereof),
1,1,3,3-tetrakis(heptaflucrobutyl)-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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al koxy group and that an organonetal conpound having a

20 Cl1-C3 al koxy group can be obtained fromdibutyltin

di - chloride and sodi um al cohol ate. On the other hand,

by enploying a nethod described in Japanese Patent

Appli- cation No. 2001-396537 or Japanese Patent 9 March 2008
Application No. 2001-396545, there can be obtai ned an
organomet al 25 conpound represehzed by formula (1) or

(2) froma netal 9 March 2006 53 oxide and an al cohol.

By this method, there can be ob- tained an organonetal
conpoayd beavised ancivddualkpx9r §rotptbipehien. g Further,
nmet hoxy group. For exanple, an or- ganometal _conpound |
havi My @ometiadx gogreupdsanther obhant BeRkHoRed bove or in-
di butyltin oxide, nethanol and hexane. It 1is know@. i th
t hat ,O5%RndGc Medada §EMPRBPASNBRY aRE WERAntR £ GPRR1RatLon wi
m ni mum boi | i ng azeot r gpe. wever, the esent in-

Vent S RRPESTRERSLONEd §eraanto, RAPEmEYEERT SRS - Ao
t he renoval .of water can_be perforged n the

10° i ARG Nex Are ReTErS RBSPASHAT| FRg¥Eorret e o
than _that of water. sed. LS.findi e ;

pr es SRS T a7 508 guﬁggeggéggl%%édcéhﬂg%ﬁ%gl%%ravallable

PrOdYeINGeAN Q. OROPUERALL FOIPOURLIL AR Wk dlitilal com-
| owe

havi ng "a boiling polnt r than that of water. An

or ganpiiRied! repFekenh@dndyokbainied {19NMuBbbUtshyiBe obtained
oxi dé and an al cohol having a boiling point |ower

t han yyhat ofhwait@bni@ndsthba be.gonpai setdhodi abycoibed in

organonetal conpound rep- resented by fornula (2).

Howerert.chMparteintt iN® .dé$ilzddl) in which dibutyltin oxide, an
alcohol having 4 or more carbon atoms and a solvent ex-
hibiting an azeotropy with water are mixed together to
effect a reaction, and the resultant is subjected to
distillation, thereby obtaining a fraction containing a
reactive organometal compound represented by formula
(1) above. The above-mentioned Dutch Patent No.
6612421 describes that this method cannot be employed
for obtaining an organometal compound having a Ci1-C;
alkoxy group and that an organometal compound having a
C,-C; alkoxy group can be obtained from dibutyltin d4i-
chloride and sodium alcoholate. On the other hand, by
employing a method described in Japanese Patent Appli-
cation No. 2001-396537 or Japanese Patent Application

No. 2001-396545, there can be obtained an organometal

compound represented by formula (1) or (2) from a metal
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to obtain a | arge anount of an organonetal conpound 20
represented by formula (1), it can be achi eved by sub-
jecting the above-nenti oned organonetal conpound cont
prised mainly of an organonetal conpound represented

by fornula (2) to distillation, thereby obtaini ngMarch 2006
frac- tion conprising an organonetal conpound

represented by 25 forrmula (1). #kternatively, an
organonetal conpound 9 March 2006 54 represented by
formula (1) can be obtained by perform ing a reaction

of dicadild¢l tind dinchllophdé . arly arhis ausidrod attdrexien canebe ob-
present invention, in connection with the 5

abov d-aimetl enedrgencmetelorgunonred ahavbn®odney-Ghalkoxy
term "regenerabl e netanorphic organonetal conpound

der | waupf,r stchhesr eaBetRexyr gafdhet 0T SHFFTRIE: &7d °T-
the term "unregenerabl e unreactive (organonEtajg
conp&@neTgdalr ceBRORRENhaNnE e P ROBY gIhOWR GR0 be ob-

conmpound” are used. 10 Wth respect (o these rns

expl &fdfednETaFe IgPYERLHER pEiAbTHieHRaRef vend Thekdne. Tt
organonetal coppound used.in the present inventjion is

an ogﬁggﬁﬁgpaﬁggawpéﬁnauﬁﬁvFnaaFﬁ' 't hﬁ%?%c% @ éa£5ﬁe torm
| east. two.netal -0 n-carbon Lin I nt in-
o e i i S
mor pRIG +2LaananRt gl COmREURY AeLLY8drAELT bPeLEk £ACkd Mboa,
or ganornet al conpoung 'S useg to i1 ndi cate conmpounds

whi chpar ¢ oGaNRAI 580 aRER! kaff bEhEeH260HBASI 46N BEAEGh the

ucts formed by the thermal deconposition of the above
methanol/hexane mixture has a boiling point lower than
that of water. Based on this finding, the present in-
ventors have developed a method for producing an or-
ganometal compound from an alcohol having a boiling
point lower than that of'water. An organometal com-
pound obtained from dibutyltin oxide and an alcohol
having a boiling point lower than that of water tends
to be comprised mainly of an organometal compound rep-
resented by formula (2). However, when it 1s desired
to obtain a large amount of an organometal compound
represented by formula (1), it can be achieved by sub-
jecting the above-mentioned organometal compound com-
prised mainly of an organometal compound represented by
formula (2) to distillation, thereby obtaining a frac-

tion comprising an organometal compound represented by

formula (1). Alternatively, an organometal compound
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-menti oned adduct (CO2 adduct) fornmed by the reaction

20 of the reactive organonetal conpound with carbon

di ox- ide, wherein the thernmal deconposition products

are formed sinultaneously with the formation of the

car- bonic ester. It is difficult to specify the 9March2006
detailed structure of the regenerabl e netanorphic
organoretal 25 conmpound. Howeve®4 as regenerabl e

met anor phic or 9 March 2006 55 ganonetal conpounds,

there can be also nentioned a hy- drolysis product of

t he remgotdseatedgayofetrableofpbunan a@dobtdived|pirerform-
product of the carbon dioxide adduct of the reactive

or garigvetaalregoriomnef Siapkyhbint fbehheride t3pd t2h plcoho-
"unregener abl e unreac- tive (organonetal) conpound ‘
den\kﬁtqronwthe reactive organonetal conpound” (or

simply "degraded conpound") is used to indicate
conpounds Tahit&® &F@SGHFegéH%FEb?% ﬁﬁg%ﬁﬁﬁﬁﬁ2ﬁ°n with the

ds (f d b th I dat 10 of . th
reactdiRys Sr@%%gﬁeeay r%sﬁis?&%ﬁoaﬁa%rﬁ‘e?#e°€%rp%%l‘£nd fhe tern
d dd | Ve
0 01 4, SNl L) AL 8y B LETeL el A ACH L e

t Ive :I':Crogrrpg: %d)rea%t&%rew%g'ggﬁbma)fai nC né&llﬁéa amvﬁférterm

a degraded conpoun net| nes din a step f

15 pr"l%r#&e%%ﬂ e%&le\ést%ga@efrsaﬁbmgegppuagmpﬁna de -

rep- rese tive exanple of degraded conpound,
there-Gam AR %%@taveoeagaﬂsmaamn@omp@nnmetai:e used.

atomin a nolecule thereof, at |east three

met alyo Ry Jdddikageshese terms, explanations are given be-
low. The reactive organometal compound used in the
present invention is an organometal compound having in
its molecule at least two metal-oxygen-carbon linkages.
In the presént invention, the term “regenerable meta-
morphic organometal compound derived 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 (C0O, adduct) formed by the reaction
of the reactive organometal compound with carbon diox-
ide, wherein the thermal decomposition products are
formed simultaneously 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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As an exanple of such a conpound, there can be nmen 20

tioned a conpound represented by the follow ng fornula

(6): 25 9 March 2006 56 5 10 15 20 25 R11 12 R-MOR

14n 113 m (6) wherein: Mrepresents a netal atom

sel ected fromthe group consisting of elenents 9 March 2006

bel onging to Goups 4 and 14 of the Periodic Table,

excl usive of silicon; each of Rlgls R12 and R13

i ndependently represents a straight chain or branched

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

strai ghtonbtah esmbpsantdedtieClamideeylso gieaitfiond a hy-

C7-C20 aral kyl group conprised of unsubstituted or

subst drolesi&opthduetr WE arltk reactive organometal compound
and a hydrelysis product of the carbon dioxide adduct
of the reactive organometal compound.

On the other hand, the term "unregenerable unreac-
tive (organometal) compound derived from the reactive
organometal compound” (or simply "degraded compound”)
is used to indicate compounds which are unregenerable
organometal compounds (formed by a thermal degradation
of the reactive organometal compound and/or the carbon
dioxide adduct thereof) having an extremely low activ-
ity. A degraded compound (i.e., unregenerable unreac-
tive compound) is formed mainly in step (3). However,
a degraded compound is sometimes formed in a step for
producing the reactive organometal compound. As a rep-
resentative example of the degraded compound, there can
be mentioned a compound having, per metal atom in a
molecule thereof, at least three metal-carbon linkages.

As an example of such a compound, there can be men-

tioned a compound represented by the following formula

(6):



al kyl selected fromthe group consisting of straight
chain or branched Cl-Cl4 al kyl and C5-Cl4 cycl oal kyl,
or an unsubstituted or substituted C6-C20 aryl group;
R14 represents a straight chain or branched Cl1-Cl12

al kyl group, a C5-Cl2 cycloal kyl group, a strai gt March 2006
chain or 9 March 2006 57 5 10 15 branched C2-C12

al kenyl group, or a C7-C20 aralkyl group conprised of
unsubstituted or substituted C6-Cl19 aryl and al kyl
sel ected fromthe group consisting of straight chain
or branched Cl-Cl4 al kyl and C5-Cl14 cycloal - kyl; and
each of k, 1 and mis an integefqiof from O to 4, k +
l1+m=3o0r 4, nis an integ lof 0 or 1, and k + 1
+ m+ n = 4. Specific ex?nples[of degraded conmpounds

of formula (6) above iné|Ree-Metr@R®¥yltin and  (6)

trialkyltin al kox- ide. Further exanples of degraded
conmpounds (unreac- tive conpouRtd) include netal
oxi des, such as Sn02, Ti @ and Zr'®2. The degr aded

5 conpound (such as the above-nentioned

wherein:
M represents a metal atom selected from
10 the group consisting of elements belonging
to Groups 4 and 14 of the Periodic Table,
exclusive of silicon;

12

each of Rll, R'? and R independently

represents a straight chain or branched Cji-
i5 Cyp alkyl group, a Cg-Cj;3 cycloalkyl group,
a straight chain or branched C3-Cj;s alkenyl
group, a Cg-Cpg aralkyl group comprised of
unsubstituted or substituted Cg-C1g aryl and
alkyl selected from the group consisting of
20 straight chain or branched C;-Cj;4 alkyl and
Cg-C14 cycloalkyl, or an unsubstituted or
substituted Cg-Cyp aryl group:
R represents a straight chain or
branched C1-Cyp alkyl group, a Cg-Cja

25 cycloalkyl group, a straight chain or
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conmpound havi ng, per netal atomin a nol ecul e thereof,

at

| east three netal -carbon |inkages) has physical and

chem cal properties different fromthose of the useful
20 organonetal conpound (i.e., the reactive
organonetal conpound or the regenerable netannrﬁ%M@mhzoos
organonetal conpound). Specifically, the degraded
compound is dif- ferent fromtheruseful organonetal
conmpound mainly in that the degraded conpound has a
boi ling point lower 25 than that of the useful

or ganonet abhraoeiped neh s islkEnyr graQ06 38 d €gsCao
susceptible to hydrolysis than the useful or ganonetal
conmpound. deatinbedvwp exquirarisad e ams ufistdrtutiech or
respect 5 to the alcohols used in the nethod of the
present i nSulkekitered 1¢s 1o mEHo@ ¢t alkylpsedested
invention, a first alcohol is used in step (3). In
addi ti on, BreecHirl FrouR ohulsifhinge cdpistardighf ¢8ednin

tep (1). Furth 0 al cohg i onal |
ised 1n st¥h PR Safrem i e Raha ye1bal-

frequently referred to as a '"third al- cohol"). The
first, se P @M third al cohols may be the same or

different from one _another. .Exampl es of, such 5
BSEkSr &1 EOAH oL Rabh ng SOGET PG rom

al cohol s i ncfFaé ngyF a

raigh

hai hed .C1-G12 al kyl , LW | kyl
chal n or ang E'JEE%- +@A=y23§%£3ﬁ rPXEJQ@l%%gﬁ Fr

al cohol s avi ng

12 cyclo group, al

al cohol s h@y'o or 1, and Kk + 1 + m + n = 4.

Specific examples of degraded compounds of formula
{6) above include tetraalkyltin and trialkyltin alkox-
ide. Further examples of degraded compounds (unreac-
tive compounds) include metal oxides, such as SnO,,

Ti0O, and Zr0,.

The degraded compound (such as the above-mentioned
compound having, per metal atom in a molecule therect,
at least three metal-carbon linkages) has physical and
chemical properties different from those of the useful
organometal compound (i.e., the reactive organometal
compound or the regenerable metamorphic organometal
compound). Specifically, the degraded compound is dif-
ferent from the useful organometal compound mainly in
that the degraded compound has a boiling point lower

than that of the useful crganometal compound and is



10

15

20

25

ing a straight chain or branched C2-Cl2 al kenyl group,
and aral kyl al cohols having a C7-C20 aral kyl group com
20 prised of unsubstituted or substituted C6-Cl19 aryl

and al kyl selected fromthe group consisting of

straight chain or branched Cl-Cl4 al kyl and C5- ct%March 2006
cycl oal kyl . Specific exanples of these al cohols

include Cl-Cl2 aliphatic al cohalg and C5-Cl2

alicyclic al cohols, such 25 as nethanol, ethanol,
propanol, 2-propanol, 1-butanol, 9 March 2006 59

2-but aeek GaBdepBOPRE St ﬁysf%rﬁﬂéﬂ”tﬂeﬂﬂ#@%ﬁﬂpbm—

2- et hyl - 2- propanol , cycl obutanol, 1-pentanol, 2

- pent gaabméaal tsapelisdt her eof ), 3- pent anol , 3- met hyl

-1- butanol, 2-nethyl-i-butanol, 2-nethy|-2-butano|

(and 5 isoners thereof), 3-nethyl-2-butanol (and

i soners thereof), cycl opentanol,

2- nethyl-|Heyeimhm&ewmﬂexgﬁﬂhahxnwﬁﬂardIgmwenfﬁ;th respect
3-nmet hyl -1 -cycl obutanol (and isoners thereof),

1- met K9l thecgitobotansied avnd treomerthathedfedhle, present in-
cyclobut%InethanoI (and isomers thereof), 1-hexanol, 2

10 - h&RBR&P2( and |soners thereof) 3- hexanol (and
i soners thereof) hyl -1 - pentanol (and isoners
thereof) ;nt ttdfoIPTeESR i d6WeRSitRer Bof}rst

2het it %%r]tﬁ%(?fsf"@%' é?%%é,f<°a§%itf2%sﬁﬁfriﬂa | 2cfgFend al-
t her eaPoL AT LR W iy R ddn: agFRer . an
(and é§98??5f rh%frt?@faptj?onalw I@Qed ﬁ“ygt%erl%nqlheg:%rigtafter,

I soners thereo
this alcohol is frequently referred to as a "third al-

cohol”}.

The first, second and third alcohols may be the
same or different from cone another. Examples of such
alcohols include alkyl alcohols having a straight chain
or branched C1-Cj; alkyl group, cycloalkyl alcohols
having a Cg-Cy3 cycloalkyl group, alkenyl alcohols hav-
ing a straight chain or branched C;-Cj3; alkenyl group,
and aralkyl alcohols having a Cg-Cyg aralkyl group com-
prised of unsubstituted or substituted Cg-Cjg aryl and
alkyl selected from the group consisting of straight
chain or branched C3;-Cj4 alkyl and Cg-Cj4 cycloalkyl.

Specific examples of these alcohols include Cj3-Cqpa

aliphatic alcoheols and Cy-Cj alicyclic alcohols, such

as methanol, ethanol, propanol, 2-propanol, l-butanol,
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-cycl obutyl et hanol (and isoners thereof), 1

-cycl obutyl et hanol (and isonmers thereof), (1 20

- met hyl cycl obut yl ) net hanol (and isoners thereof), (2

- met hyl cycl obut yl ) net hanol (and isomers thereof),

tanol (and i soners thereof), cyclohexyl methanol (gdﬂmth2006
i soners thereof), (nethylcyclohexyl)nethanol (and iso-

nmers thereof), cycl ohexyl et hanolgg(and i soners

thereof), 25 (ethylcyclobutyl)nethanol (and isoners
thereof), (me 9 March 2006 60 thyl cycl opropyl)ethano

(and 2 swurediso I higiraDfi)s or{eath Whereyd)qprepgithyet-hapebpanocl,
(and isomers thereof), octanol (and isoners thereof),
nonandtme eyl 4 S-germaridier egfdlobudaenaiol 1-aedtasoier 3

t hereof ), undecanol (and isoners 5 thereof), dodecano

(and +ponearsel hi@arebfisompaspdingreqit-) ,cShpentborényB-methyl
al cohol (and isoners thereof), pentenyl alcohol (and

i soner b-hiiernewk) 21mﬁﬂhxﬁﬂﬁ(hﬂﬂan@dnd2kggihwér§ butanol (and
t hereof), cyclopentadlenyl al cohol , hexenol %and
|sone¥%PW¢Rﬁe§#%r -cbe&ﬁé%@n@leéﬁﬁoﬂséﬁﬁ 1§9mer3
t her eof and aral kyl al cohols, such_as benzyl al coho

and PR hy IO AR Eanii e LR 1 i Y PLBPutaBegn§and

B B Cfﬁ}h%ﬁst)df?%ﬁytg’ah8| 1 R IPREE Boty g dsomers
aI | C%Qgg}{ftl 55 "ﬁet%g’uc 2:3; %ﬁ}l@al%%'lyg%ﬂ ﬁ.sg%egls thereof),

‘ohol’s

cycl oagcg?cgﬁgg%,e I« %akraeqs%:merscxeﬁ Lobg¥gnedigl.and:, 2

-hexanol (and isomers thereocof), 3-hexanol (and isomers
thereof), 4-methyl-1l-pentanol (and isomers thereof), 3
-methyl-l-pentanol (and isomers thereof), 2-methyl-1
-pentanol (and isomers thereof), 2Z-ethyl-l-butanol, 3
~-methyl-2-pentanol (and isomers thereof), 3-methyl-3
-pentanol (and isomers thereof), cyclohexanol, 1
-methyl-1l-cyclopentanol (and isomers thereof), 2
-methyl-1-cyclopentanol (and isomers thereof), 2
-cyclobutylethancl {and isomers thereof), 1
-cyclobutylethanol (and isomexrs thereof), (1
-methylcyclobutyl)methanol (and isomers thereof), (2
-methylcyclcobutyl )methanol (and isomers thereof), hep-
tanol (and isomers thereof), cyclchexylmethanol (and
isomers therxeof}, (methylcyclohexyl)methancl {(and isc-
mers thereof)}, cyclchexylethanol {and isomers thereof),

(ethylcyclobutyl)methancl (and isomers thereof), (me-
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hol s, such as benzenedi net hanol . Anong t he
above-nenti oned al cohols, preferred are 20 Cl1-C5
primary or secondary nonohydric al cohols, such as

nmet hanol, ethanol, propanol, 2-propanol, 1-butanol, 2
-but anol (and isoners thereof), 2-nethyl-I-propar®March 2006
- met hyl - 2- propanol , cycl obutanol, 1-pentanol, 2

-pentanol (and isoners thereof ¥p 3-pentanol, 3-nethyl

25 -1-butanol, 2-nmethyl-I-butanol, 2-nethyl-2-butanol
(and 9 March 2006 61 isoners thereof),

3- nethyl e amomil edhdnodotend ispaeesf fhereof), (ethyl-
cycl opentanol, 2-methyl-I-cycl obutanol (and__isongers

t hereo)opomEt fnd thansjc | (eBd: d56merangheEsnE) s octanol
thereof), 1-nmethyl-I-cycl obutanol &and I SOMer s £)

t her ewid , i somems dhanAcEsthANBRNCAnd 2P0 PR ReFREFFOL) -
1- hexanol, 2 -hexanol (and isaoners there

3- hedeganol ahnd seirsier's (HETSSEY - HPHSFFWF?EH) pad: 4R8P

| onEraraReT etgdsaatay thand) T soheneA REREEaR) - | BRdpeny? al-
A s A Ry b SEOE Gy 1gonERs ¥hezpBRYL SBehteny
rechyrete R B Aoy RBpasepe (00 e
TRl 1;:/%%89?” of ANt d SORAr 91008680 hexdnol (and

-Ccyc anol (‘and i sonmers thereof), 1 15

-y C%Q{S’Héi‘ et RaRobs | alith | SRR ddiRieqizhd (somers

-met hyl cycl obut yl ) net hanol (and isoners thereof), (2

- met hyb sy6k PhUANE ) B4 hafDl a (dotblissonmich tisebeoizy]l hdgohol
and phenylethyl alcohol.

Further, as the first, second and third alcohols,
polyhydric alcohols may be used. Examples of polyhy-
dric alcohols include polyhydric C3-Cji aliphatic alco-
hols and polyhydric Cg-Cjz alicyclic alcoheols, such as
ethylene glycol, 1,3-propanediol, 1, 2-propanediol,
cyclohexanediol and cyclopentanediol; and aralkyl alco-
hols, such as benzenedimethanol.

Among the above-mentioned alcohols, preferred are
Cy-Cg primary or secondary monchydric alcchols, such as
methanol, ethanol, propancol, 2-propanol, l1-butanol, 2
-butanol (and isomers thereof), 2-methyl-1-propanol, 2
-methyl-2-propancl, cyclobutanol, l-pentanol, 2
-pentanol (and isomers thereof), 3-pentanol, 3-methyl

-1-butanol, 2-methyl-1l-butanol, 2-methyl-2-butancl (and
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tanol (and isonmers thereof), cycl ohexyl nethanol (and

i soners thereof), (nethylcyclohexyl)nethanol (and iso

20 ners thereof), cycl ohexyl ethanol (and isoners

thereof), (ethylcyclobutyl)nethanol (and isomers

thereof), (me- thyl cycl opropyl)ethanol (and i soner&March 2006
thereof), (ethyl- cycl opropyl)nethanol (and isoners
thereof), octanol (and isoners ghereof) and hexenol;

and C7-C8 primary or 25 secondary aral kyl al cohol s,

such as benzyl al cohol. 9 March 2006 62 Anobng the

aboveigBakireneHeakson ol &mé@ﬁﬁelm&ﬁ@tfd:&ﬂ @ tifkmers
al kyl al cohol s, the cycl oal kyl al cohols, the al kenyl

al coheharasd)t heyal apkiytamd L poho!me tiwil ch-dy@l®batanol (and
boi Il i ng point higher than that of water (wherein the 5

boi | i hgoperat theraef} ur 2dneirieel - Bt oxpsiplertianolr sasidr )somers
Exanpl es of such al cohol s include 1-butanol, 2-methyl

- 1- pr thenebf) anlan&yhy bt tototldenianpl Gndiighimegtsaithereof) ,
or branched C5-Cl12 al kyl group, an al kenyl al coho

hav- FHglabutyingbharnehi et byerriediCreaorf) allkdgpganol, 2
group, 10 a cycloal kyl al cohol having a C5-Cl12 _

cycl oalR¥engt olipnd ahener ardreda ol cotdieddpiing agd isomers

C7-C20 aralkx% %_rlouglil conprised of unsubstituted or
subst FREFeat os- E1e byl - 1 RrPEANA GG cisarerso hhefeot) . 3

group co ﬁi tin Qg straj q* ph%Ln or, .branc edzgl-g$4l_

al ky! ~SROREE: E1ertariad ol €4 KA OMSh i iRedd alcBRGPL-1

st CEENERARE, Bhfech e GRIELE L M S B,
-methyl-2-pentanol (and isomers thereof), 3-methyl-3
-pentancl (and isomers therecf), cyclohexanol, 1
-methyl-l-cyclopentancl (and isomers thereof), 2
-methyl-l-cyclopentancl (and isomers thereof), 2
-cyclobutylethanol (and isomers thereof}, 1
-¢cyclobutylethanol (and isomers thereof}, {1
-methylcyclobutyl )methanol (and isomers thereof), (2
-methylcyclobutyl)methanol (and isomers thereof), hep-
tanol (and isomers thereof), cyclohexylmethanol {(and
isomers thereof), (methylcyclohexyl)methanol (and iso-
mers thereof), cyclohexylethancol (and isomers thereof),
(ethylcyclobutyl)methanol {(and isomers thereof), (me-
thylcyclopropyl)ethancel (and isomers therecof)}, (ethyl-
cyclopropyl)methanol (and isomers thereof), octanol

{and isomers thereof) and hexenol; and C7-Cg primary or

secondary aralkyl alcohols, such as benzyl alcohol.
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Her ei nbel ow, expl anations are given on the nethod for

anal yses of the reactive organonetal conpound and 20

t he degraded conpound derived therefrom The reactive

or ganonet al conmpounds which are, re- spectively,
represented by fornulae (1) and (2), and the degrMateh 2006
conpound (the unregenerabl e unreactive conpound) can

be anal yzed by, for exanple, the6§n-119 25 Nucl ear

Magneti ¢ Resonance (119Sn-NVR) spectroscopy (see, 9

March 2006 63 for exanple, U S. Patent No. 5,545, 600).

However, i Bmdnlefe- BYBvEPRELE UBhe & ﬁﬁ@@ﬁ&f&,%ﬁ&f preferred
val ue ascribed to the structure of the organoneta

CONpPOWRed ReR @3RYNCA1cBYoLE! MHhe £32¢16210¢8] YaV@SH&Bs, the
dependi ng, for exanple, 5 on the organonetal conpound

cont eatkehylihelsekphe dsadthboarshryll16RoMR: A ¥ have a
and on the presence or ab- sence of an alcohol in the

sanpl douidadgf @oinehihAson- hiven ahat yof swatdrer efg®sid tthe

is preferred that the analysis of the organonetal
conpobrdlisgpecfiotngd hygaaumefhoudéen dOnadplodridiepressure).
proton nucl ear nmagnetic resonance ('H NWR

spect Essapppsand shehcalbohcols hnclede hehwsanel r esorethyl
nance &13C—NNR) spectroscopy are used in conbination

wi t h ThePYPESRONNVRaBpadky dsebpyhoapreing be| thFaitis chain

A S L R e R L TR X

cor BR4"M, SRRSSEEL S, LT MR M D L grove.

Tabl €326yc10a1kyl alcohol having a Cg-C1, cycloalkyl group
and an aralkyl alcohol having a Cp-Cpp aralkyl group
comprised of unsubstituted or substituted Cg-Cjg aryl
and alkyl selected from the group consisting of
straight chain or branched C;-Cj4 alkyl and Cg-Cj4
cycloalkyl. Among these alcohols, most preferred are
alkyl alcohols having a straight chain or branched Cg-
Cg alkyl group.

Hereinbelow, explanations are given on the method
for analyses of the reactive organometal compound and
the degraded compound derived therefrom.

The reactive organometal compounds which are, re-
spectively, represented by formulae {1) and (2), and
the degraded compound (the unregenerable unreactive
compound) can be analyzed by, for example, the Sn-119

119

Nuclear Magnetic Resonance (" °Sn-NMR) spectroscopy (see,
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bel ow shows 119Sn- NVR data of exanples of chem cal

shift values ascribed to the structure of a degraded
compound 20 (i.e., unregenerable unreactive

organonet al conpound) represented by fornmula (6). In

the 119Sn-NMR chart of the degraded conpound, t fMarch 2006
chem cal shift value as- cribed to the structure of

the degraded conpound does notg-depend very much on

t he degraded conpound content 25 of the sanple used

for the 119Sn-NVR anal ysis, but 9 March 2006 64 mainly

on teert¥pR&spoE, abky! BHauUPs wNd AlIFOEX6 @ )OUPHOwever, in a
contained in the degraded conmpound. The characteristic

f eat th°gn ofiMk hepdd-O8m N\VR ek tca dHiFwegnadedscribed to
conmpound resides in that signals ascribed to the

st r uchdr et phcbuid o fleghadacyaonpaald appeand Tephesented
range of fromS 90 to 110 ppm Table 1 10 15 Contents

of ahyofgamoh®et @1) champueind ofr fexr -dendralihnl), Kawi egample,
2-et hyl hexyl oxy group in sanple solutions, and

119San NMRe chepd eerhe sl feompainfesagiitedithed wihieh sempgecused
to the sanplg  solutions 119Sn-NMR data Organomnetal
conpBeRdtichem St NIhj gnalid e and on the presence or ab-

sence of an alcohol in the sample used for the *'*Sn-NMR
analysis. Therefore, it is preférred that the analysis
of the organometal compound is performed by a method in
which the proton nuclear magnetic resonance ('H-NMR)
spectroscopy and the carbon-13 nuclear magnetic reso-
ﬁance (**Cc-NMR) spectroscopy are used in combination
with the *''?Sn-NMR spectroscopy. Table 1 below shows
1%cn-NMR data of examples of chemical shift values as-
cribed to fhe structure of a reactive orgnometal com-
pound repreéented by formula (1), which is produced
from 2-ethyl-l-hexanol and dibutyltin oxide. Table 2
below shows ''?Sn-NMR data of examples of chemical shift
values ascribed to the structure of a degraded compound
{i.e., unregenerable unreactive organometal compound)
represented by formula (6). In the 1% -NMR chart of
the degraded compound, the chemical shift value 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



content (Wt % (8 ppm 48.0-64.2 20.5-19.1 11.2-6.6
3.42.7 Note: The chem cal shift values (8) are

relative to that of tetramethyltin (SnMed). The
organonmetal com pound content is the weight

percentage (w % of the 20 organonetal compound $March 2006
deuterated chloroform (CDC13). 9 March 2006 65 Table 2
5 119Sn-NWR cheni cal shift valugg obtained with

respect to the sanple solutions containing a degraded
conmpound represented by fornula (6), which is a

tri buiainielal tee 9 X P

(OR) Chomdal shret %fgge1’%&%’6%%?%%5?%?0%%%%’8*‘ group

Et hoxyprdaameh02 nnthex uedxkaaaouphpouhet e Tnh el tedistic
shift values (S) are relative to 10 that of

t et r @eaithylet off theVe¥gn-AMkbesAr2006 €Re degraded compound
resides in that signals ascribed to the structure of

the degraded compound appear in the range of from & 90

to 110 ppm.

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
19Sn-NMR data
Organometal compound Chemical shift wvalue

content (wt %) (6 ppm)
48.0 -64.,2
20.5 -19.1
11.2 -6.6
3.4 2.7

Note: The chemical shift values (8) are relative to
that of tetramethyltin (SnMe,). The organometal com-
pound content is the weight percentage (wt %) of the
organometal compound in deuterated chloroform (CDCl,).
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Wth respect to each step of the nethod of the

present invention, detailed explanations are given be-

low. In step (1) of the nmethod of the present

invention, 5 a reaction is perfornmed between a first

or ganonet al conpound ni xture and carbon dioxi de, ¢ March2006
wherein the first organonetal conpound m xture

conprises a mxture of a reactiye organonetal

conmpound having in its nolecule at |east two

nmet al - oxygen-car bon | i nkages and an unregen 10 erable
unreactive conpound which is derived fromthe

reacti ve organonetal conpound and which has in its

nol ecul e at | east three netatages bpn |inkages, to

thereby oftain a reaction mxture containing a

car boni ¢ esterNERrekemigal mhifdgcidlares dained with

unr egener adspechr eacthd Ssdnplee corvipduncs awttaining a

r egener abii@g R4 SdDE G EuI GesiErert’ld GMEFRERdIEE (Igyed
fromthe (RAck Ve O AR nGYR RHPinaStep (1) of

the nmethod of the present “i-nvention invglves a

reag
reacti ve organonetal conpeynd Vi inits 20

nol ecul e at | east two neta#gﬁigg%ﬁggﬁ?bon I i nkages is
f or Feth—ant—t+he—adduect—torred—s—thermaly—deconposed

Ad
B
to pbt ai ' r. That isCheRicpd soiftivalue
rouf e quggg%@%l ,l%%ﬁggﬁ di oxi|de i s addi t{iSlompbdnded
to [@ reactive organonetal comnrpound to forman adduct,
and| 25 t he Mgty igradrer nal | y |[deconposed. BiOSf eri ng

f r omthe—9—varch—2666—67
Ethoxy group 102

nall v Anecanmnaoacaod

n-hexyloxy group 100

Note: The chemical shift wvalues (§) are relative to
that of tetramethyltin {(SnMe,).
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conventional nethods, step (1) of the nethod of the

present invention is characterized in that an

organome- tal conpound having in its nolecule at | east

two netal -oxygen-carbon |inkages is reacted with a

smal | 5 stoichionetric amount of carbon dioxide. [$HhMarch2006
the con- ventional nethods, carbon dioxide under a

hi gh pressure is reacted with a¥ al cohol in the

presence of a small anmount of a nmetal catalyst. As an
exanpl e of such con- ventional nethod, there can be

nment i oned Witketiwcbeat Hh waadh osbof dihexingghod of the
reacted with nethanol in the presence of dibutyltin

di net hossert (treePol gmhedieraigd expiEnaldgans 323 Jigen be-
(2000)). In the conventional nmethod described in this
l'iteraP¥re, carbon dioxide under a pressure of about

30 MPa is reacted with nethanol at 15 180 Cin the )
presence Bt skeRral) ef | theeathad phHthe Bxgspent invention,

di met hoxi de. The exact anmpunt of carbon_di oxi de us

ed
in the Feaction 18 PRELYEIRT ittdssh t%ef%%ﬁ/é’rgammetal
cuen PPRRUASHERLES ARLTH gt ol AL s canee
bt
ot Bk fmetal N BRI, o) :{a@gfe#g%nﬂﬁﬂ:se 3fe ot o
the SLOLEIVOTRJAfofiiOlle n%&llﬂ&’%&ﬁﬂ&‘%rﬁwtmoqecule at

he or- ganoneta conpound

”EtallQégge@W&aﬁé¥Ell6ﬁ9ﬁﬁﬁicafbbﬁ“jhﬁﬁﬂggbtdﬁﬁ an unregen-
above-nenti oned hi gh pressure condi 25 tions, the

28 3 16 | %igaby@ hSréE€1dd Yoshhsirat a¢h teairsl deri W1 @Erom the
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 reacticn, 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 is addition-bonded to

a reactive organometal compound to form an adduct, and

the adduct is thermally decomposed. Differing from the
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carbonic ester, so that a carbonic ester can be pro-
duced in a yield which is higher than expected from

the anount of the catal yst. However, by the reaction

of carbon dioxide with nmethanol, free water is also

pro 5 duced, thus posing a serious problemin thdMarms 2006
cata- lyst is hydrolyzed by the free water. For

solving this problem it is neressary to develop a

nmet hod for dehy- drating the reaction system In the
above-nentioned literature, it is described that,
undetorsem taloomad. he thodst, i shep ¢ khotf othe amtitdd s, the

di butyltin oxide is produced as a hydrol ysis product

of ditmseypitt iimvéintdoh- igxcHarantierkaed nkn jHhatha@n organome-
reaction system Dibutyltin oxide cannot be di ssol ved

i n atablosepouad hewingeipeihs pekeculpR il reagt, tviq metal
met hod of the present invention, 15 even when the

r eactaxgen ~caFdenafliakagefpl et Fercbrd Wk & Fald

cooled to roomtenperature, the reagtion m xtur
GeneTERIGRLCBIRETHS PROBRE Phr AREROR F1HAGE- | A% AP PED-
spect, the reaction used jn the nethod of the .pre t

v SRR EEofsonCPREoP At PTENT BT (f (HE S B S ure
20 -nentioned canventi I t hod. . ' I

amoutit T6ICYE B’dﬁ\ﬁdnggggo%'lgfuglgd@?nﬂ%%}é%se@%%e tsrr1neé1 H

conventqnals method, tcg%{alflgégi fflso%nsﬁcta‘ﬁ'@lléa%fasﬁbﬁh con-

car bon dioxi de concentra n an hence, 'the reaction

i S NARGASSAHT YeRBLEOT TRA-UNESH B OHerbi PH&ES Winfethod in

conditions. Therefore, when the reaction mx 9 March

2006;6%h carbon dioxide is reacted with methanol in the
presence of dibutyltin dimethoxide (see Polyhedron, Vol.
19, pages 573-576 (2000)}). In the conventional method
described in this literature, carbon dioxide under a
pressure of about 30 MPa is reacted with methanol at
180 °C in the presence of several millimoles of dibu-
tyltin dimethoxide. The exact amount of carbon dioxide
used in the reaction is not described in the above-
mentioned literature. However, it is considered that,
even if the partial pressure of methanol is subtracted,
the amount of carbon dioxide used in the reaction
should be as large as at least 100 times the
stoichiometric amount relative to the amount of the or-
ganometal compound having a metal-oxygen-carbon linkage.

By achieving the above-mentioned high pressure condi-

tions, the equilibrium is forcibly displaced toward a
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ture containing the produced carbonic ester is taken

out fromthe reactor, it is necessary to purge a |large
amount of carbon dioxide fromthe reactor before

taking out the reaction m xture. Such necessity poses

prob 5 lens not only in that a | arge amount of cardiarch 2006
dioxide 1is wasted, but also in that, if it is

intended to reuse the purged cagbon di oxi de,
repressurization of the car- bon di oxi de becones

necessary and, hence, a |large anount of energy is
consusetbémic t et g prees Hheitz at icamboh@coksthe canbba pro-

di oxi de. Further, in the conventional nethod, the

fol | ciegd prwbd emelsl albsichl ilsehyighes tbenr exppgtpd from the
known that, when the reaction system has a high

car boamolimki o tm calatsiton, HoWevesnsPY ytlee Feaction of
carbon dioxide gas | ayer increases, so that the

car bopadbex dtonFieliwdd wethspolonEFes ¥LeEntSaAds] Pro-
catal yst but also the produced carbonic est

t her eBYCedr ntgs PITRG iP01FeT ﬁQ¥FUP§°P&ﬁBrF§e§L8F fhe cata-
honbgeneous ni xt ure of r dIOXId the S

tho ohTaFylt BRAFTNESS BILORE “CRPORE eo ST THaring this
t he reac on m xture (honngeneq -
cool eBF?B %’Bt aJrﬁ Jgs I'}e((ﬁﬁ cfa% a(;q:t uzir?v%lx )ljtauh%}:hﬁﬁ for dehy
liquid rea Q'EQeU} L& L WY A RS C@ bpRe dhREEeméRt ioned

the fOrmor | I'qUi"d” carboni ¢ aci d. us it Is ex-

tr erreii’t?}:g{uf ltido s %&tl%éd‘]@crﬁr@d%%@ﬂ ahlkoabeve

es- ter ron1t e reaction mxture. 25 In step (1) of

the neLbRe: 8hed NeeddESAN lcdiMaildn®), A thayahi200&ide is
produced as a hydrolysis product of dibutyltin dimeth-
oxide and remains in the reaction system. Dibutyltin
oxide cannot be dissolved in a solvent at room tempera-
ture; however, in the method of the present invention,
even when the reaction mixture after completion of step
(1) is cooled to room temperature, the reaction mixture
generally remains in the form of a liquid. In this re-
spect, the reaction used in the method of the present
invention differs from the reaction used in the above
-mentioned conventional method in which a large amount
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

pressure conditions. Therefore, when the reacticon mix-
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it is preferred that carbon dioxide is used in an

anount which is 1 to 50 tines, nore advantageously 1

to 20 tinmes, as large as the stoichionmetric anount

rela- tive to the anmount of the reactive organonetal
conpound 5 having in its nolecule at |east two 9 March 2006
net al - oxygen-carbon |inkages. Wen the anmount of

carbon dioxide is |large, the rgaction becones a high
pressure reaction, so that not only does it becone
necessary to use a reactor hav- ing high pressure

r esi st @€ zoriinalngp thel pirgquastupbrbOndt eat&wonis taken

di oxi de i s wasted during purging of unreacted carbon

di oxialet aftet thenleaictotr , ofitstiepnétessaher ebdopergeia large
is still nore preferred that carbon dioxide is used

i N anermuntofiviagipoins diokddéOfromeshasreacter ageforee taking
stoichionetric amount relative to the amount of the re

15 acutvethey greeortdionl mdatpoend. Sueh ergssidriPosias prob-
step (1), it is preferred that the reactive o

or gankRRg dioctomlypdindhas asdarpa amourbupf GRFReR jdloxide
1/50 to 1 tinme, nore advantageously 1/20 to 1 tine

as | abyerastathe budt GiLERi dRetRAE - afbubt 181 2RTERAGY tqereuse
amount. of carbon 20 digxide. In the present jnventian

S Car i R A ¢ TR0t CL OB, Sehe - PRREEF B L BT Gt afhe caz-
compqund havi, mol ecul e at Ieaﬁé

oot Bk AL pecome® HRoEEHAE hnal BBonllD o 1ax

by Coamcgﬁ{ﬂi efeh%ﬁrgﬁat&%i }égng{lfnsgagggEEQE POV Y b on

car bon | OX e reac t|0nterrpe ature 1s
roomdeniel AR n( 4 0%k del NerEfndr M 2O nékntional

method, the following problem is also likely to occur.
It is known that, when the reaction system has a high
carbon dioxide concentration, the density of the carbon
dioxide gas layer increases, so that the carbon dioxide
dissolves not only a solvent and a catalyst but also
the produced carbonic ester, thereby forming a 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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bon di oxi de adduct is exothermi cally produced by con-
tacting the reactive organonetal conpound with a

stream of carbon di oxi de havi ng at nospheric pressure.

In this case, the carbon di oxi de adduct can be

obtained in a 5 yield of alnobst 100 % |n accor dafédarch 2006
wWth the eleva- tion of the reaction tenperature, the
anmount of the carbon di oxi de aggluct produced becones

| ower ed; however, even when the reaction tenperature

is high, the lower- ing of the anmpbunt of the carbon

di oxiideiadgduefecaadbethd?® campsresdiskile contwodd nign tdre
reacti ve organonetal com pound wi th carbon di oxide

havi agoanhi ghiphessuketo |70 wimgs ( Moravwelvarntageously 1 to
reactive organonetal conpound is contacted with

car béR divrBdeadavange sahi gYre prexbehiometri¢ samount rela-
difficult to determ ne the anount of the carbon 15

di oxtd¥eadguEhepppetredet R \Vegactive oxganametal tgpmpound
the reaction of the reactive organonetal conmpound wth

car bBAVARExiRellE PelsSitR PluntRAsta T e ruskdfRiy carbon

dependi on t rate at which the carbonic ester
prodE&Egggﬁﬁ'oHﬁFﬂb1§ﬁbﬁﬂ?“ﬁ% e &% 8n%&° Erlﬁriarge'
20 d d,_The.reaction pressure is generally f.ram
at roSE repPERE e e IR e TR Sndircd Py o ena

st g Eon e ko ol MG AR L g nav-

st ep ess, nore advantageou "%
or | Eﬁé’h?éﬁeﬂr?é’é‘uxt:@erééﬂﬁﬁwmﬂd@ ATy Tl I MDunt

to the anount of 25 the reactive organonetal conpound.

The peasernbRraibksid f@”ﬁﬁhﬁggxﬁﬁﬁﬁng purging of unreacted
carbon dioxide after completion of step (1). Therefore,
it is still more preferred that carbon dioxide is used
in an amount which is 1 to 1¢ 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. In 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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is as follows. The reactive organonetal conpound used

in the nethod of the present invention is nore suscep-
tible to hydrolysis than the carbonic ester produced.
Therefore, when the carbonic ester is obtained in an 5
anount which is 100 % or |less, preferably 50 % or 9 March 2006
| ess, based on the stoichionetric anount relative to

the anount of the reactive orgamonetal conpound,

water which is likely to hydrolyze the produced

carbonic es- ter does advantageously not occur in the
reactban ddoxilE taddmctOist keodhkemibabdly prno@heedalse con-
of the conven- tional nethods, the reaction is

per f otaedisy themtradus ivenonganofiethd campound ¥ithra stream
produced is nore than 100 % based on the

st oi cof opathore Gireuidte havAmioy @tmesPhRELGNDLAESBFSt hdn this
reactive organonetal conpound. As a 15 result, in the

case @25¢ hethe RATAroRkIoxksien ddducthgangbpePREpbRedfin a
free water which is likely to hydrolyze thelprqguc%g
car bofitel@stferansds 0% éri o8 %‘F%‘Eﬂ: FRce ppth the eleva-

reventing the produced carbonic_ester from be
T R i i R

I'ng agen

o0 ' eatSon SRR, WREER YnddhY BALINEC1bEBEER Y tnowever,

sence rating agent, wherern

dehy- (] t i e h -
i

consi s _ _ i ch is fore
suscepfdble £ o dOlS i3 RARLLRC aheaeibVBdduct can be

or ganonet al conpound, and a 25 solid dehydrating agent

havi ngnhheds ¥&d afy adsarddtitid Yhed riaeeivé00egédometal com-
pound with carbon dioxide having a high pressure. 1In
step (1), when the reactive organometal compound is
contacted with carbon dioxide having a high pressure,
it is difficult to determine the amount of the carbon
dioxide adduct produced; however, it is preferred that
the reaction of the reactive organometal compound with
carbon dioxide is performed under a desired pressure,
depending on the rate at which the carbonic ester is
produced and on the amount of the carbonic ester pro-
duced. The reaction pressure is generally from atmos-
pheric pressure to 200 MPa. It is preferred 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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Such use of a dehydrating agent is di sadvant ageous not

only in that a conplicated step is needed, but also in

that the dehydrating agent is expensive. Therefore,

t he conventional nethods have not been practically em

5 ployed as a method for producing a carbonic esteP Maich 2006
a comercial scale. By contrast, in the reaction

route of step (1) of the nethod7pf t he present

invention, the main reaction is a deconposition

reaction in which a carbon di oxi de adduct of the

react iige agr ganoowsal Tram ddhqoired drapnegetta li t®mpound used
nol ecul e at | east two netal -oxygen -carbon |inkages

i s t hannmahkymdébodposethé opobsent nverariiomiics esimy .suscep-
The thermal deconposition reaction is perforned at a

t enpertablee tonhyfeolmage bthafir bine 20xoni30ECen pdred.
(1) of the nethod of the present in 15 vention, an

al cohBhezrfhangevheacthencearbomiestsiernis cidimjamed in an

reacti on may be gerforned together wth the
above2feBptoNBEC eé%nﬁ%gl%l%ﬁ tegtt iRFp gy Y%y T less,

for exanple, when step %é %m erfornmed in the th

pr eseR@8€3oPnatRE BRATEREGROFT %na“é‘i"b‘b%ﬁe]é&:’h"aﬁwg‘?é’ e
reaction o 22 %grs bet en an_oxygen-car bon I| & er

of 1t nETGUBEn BT aF B CERBFE SRR SROTAYURIEL TR I

f th t

ool ecPaehs the iR Iy PO RFARLLIAIDAMI L IS | dhiihic es-

SO th%% r3ab8 bQH%&n?é%&éu £9A§§§Qﬁﬂﬂh@%ﬂ“%ﬁé“%é%%%&Hk mix-

al cohol” can tarn 5 ternatively, after

formag,e8,0foR GRS R e, 1% MMeCR223@08£74ne conven-
tional methods, the reaction is performed so that the
amount of the carbonic ester produced is more than
100 %, based on the stoichiometric amount relative to
the amount of the reactive organometal compound. As a
result, in the case of the conventional methods, the
generation of free water which is likely to hydrolyze
the produced carbonic ester poses a sericus problem.
For preventing the produced carbenic ester from 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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a second al cohol may be added to the reaction system

to performan ester exchange reaction, thereby

obt ai ning anot her carbonic ester correspondi ng to t he
second al - cohol. 5 Wth respect to step (1), nor

detail ed explana- tions are given bel ow. The stud?M@mhzOOG
by the present inventors have shown that, in step

(1), a carbonic ester is obtaingd by the reaction

bet ween the reactive organonetal conpound and 10

carbon di oxi de. Therefore, the use of a second al coho

in steRn bsel $£0Rt BRRFUraldeWBYEhentr 88 EDCa ) &R LYus not
of producing a carbonic ester in highyield, it is

pre- ohakr g tdase acmprendtalicebeb i® sé&ded l)butThelso in
reason for this is as follows. The thernal

deconpati then dedyfiTagthgoagentsigpekjendse 2 mMietkesere,
reacti on. Wien a sec- ond al cohol is added to the

r eacttihen copseemiontli mephedsshhire hbatbewwigactically em-
equilibriumreaction additionally occurs between the
secopdoykcéohsl aamdthotihépraprdduocimg pastaityon iy cdiksr on a
ot her than the carbonic ester, thereby 20 inproving

the gremgrefathecaarborft extlerastrhelmddie repskion goute

second al cohol for inproving the g@eld of the .
carb8ﬁ|Etégtéﬂ)lQfe§BécW§FP9deP?e ¢ VRT GFRIN- tHy §dgen. the
tive organone onpound is conpri sed nalnhg of an

or - BRADEEAFLBApoaNa PEEPREGHL BBy TSR T (2 hiGh 2

Egﬁpégn Bgeﬁﬁgﬁgg%hm§56g£7gfrFQthggh 1&§”g¥3§§%metal com-
pound having in its molecule at least two metal-oxygen
-carbon linkages is thermally decomposed to obtain a
carbonic ester. The thermal decomposition reaction is
performed at a temperature in the range of from 20 to
300 °C. In step (1) of the method of the present in-
vention, an alcohol 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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conprised mainly of an organonetal conpound

represented by fornmula (1), the equilibriumof the

t hermal deconpo- sition reaction in step (1) is biased
toward the prod- uct system and, hence, the yield of

the carbonic ester 5 is considerably high, so thaMargh2006
sone cases, the yield of the carbonic ester cannot be
further inproved by the additipn of a second al cohol.
When the second al cohol contains a | arge anount of

water, the yield of the car- bonic ester is |owered.

Ther ef @e@onkt all8oRbef REY ee 1dadd@t td hehanEdHYt iGfn WBistfem to
contained in the second alco- hol is not nore than 0.1

ti mepertiorm afdvastageoxshynd@tred®dr tor harhdrdbly tdomesining

as large as the stoichionetric anount relative to

t he amptherotatrhenieacstar osgoesprerdind twonpgountkcond al-

When the reaction in step (1) is per 15 forned using

an ocgapdnet al conpound represented by formula (1), a

carbon di oxi de adduct of the organonetal conpound

repr esent Bdthyréspeet at¢ 19tes (her maney dd@dhed@xpdana-

to produce a carbonic ester. It is well known that a

car b&APBSesrergiéeprbefiieed from a diner of the 20

or ganonet al conpound represent ed b*é’ for nul a (1 gs

ECO | NDUSTRY, stiefiies bRothe PIfRfdy FRown

the ention £ od des |bed thI.S i erat
SPBEni thotfep "L oer | SRR S Spq el By the

prOd%SQ % 8% diger, of %j Q eqrgi{o@h SOOI una and

repr esen gg J?orrm ?tlvﬁ% e armuw of

the EQEBQHI818§£&é.95ﬁ§gfé}0%%96t%@ use of a second alcohol
in step (1) is optional. However, from the viewpoint
of producing a carbonic ester in high yield, it is pre-
ferred to use a second alcohol in step (1). The reason
for this is as follows. The thermal decomposition re-
action in step (1) has a reverse reaction. When a sec-
ond alcohol is added to the reaction system, it is pos-
sible that another equilibrium reaction additionally
cccurs between the eecond 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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produced is two nol ecul es per nol ecule of the dinmer of

t he organonetal conpound. The present inventors have

made extensive and intensive studies on the formation

of a carbonic ester froman organonetal conpound. As a

5 result, it has surprisingly been found that, wheéhMarch 2006
carbon di oxi de adduct of a diner of the organonetal
compound represented by fornmula76l) is thermally

decom posed, a carbonic ester is swiftly elimnated
wherein the anmobunt of the carbonic ester elimnated

i S oneonfk e & aud i perofimere cudganoiettiad camponndi orpdesented
adduct, so that an organonetal conpound represented

by fosymdarm)a @nd/ drhea egpriidiprdivox iode thédgbermpér degompo-
can be obtained. In this case, addition of an al coho

i s notitiewessagtiostiap t2P fdy Be pdppedmtgward the prod-
i nmmedi ately after there are 15 obtained a_carbonic,

est erughs¥atene and ofensepdied Y€1 oft dher FarPPRec ester

group consisting of an organonetal com pound o1
r epr ese it MeTah b niqD) sthdP2tcaldPofodtokpges. the yield

dduct th f.. Alt tively, b -
o e ol ! B (kY Belitan py che
20 th bt ai ned I
20, ey P LS o SeRST o SRR L PLEE g s o

adduc %%{J}ﬁ[seo% ‘1 %Mdu%r%e%ﬁ%\f%’r,' ghies Re¢hebEethe car-

t hat reacti've ‘organonetal conpound uséd in step
(1) ooupidrdsSesr als | RAnirNe ¢RBPRERHeSeLeCi 8Upf& Pt red

the group 25 consisting of organonetal conpounds

respegid v eine I M0 ntéined in the second alco-
hol is not more than 0.1 times, more advantageously not
more thaﬁ 0.01 times, as large as the stoichiometric
amount relative to the amount of the reactive organome-
tal compound. When the reaction in step (1) is per-
formed using an organcometal 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 conventional 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 amocunt of the carbonic ester
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sented by fornulae (1) and (2). It is nore preferred

that at | east a part of the reactive organonetal com
pound used in step (1) is an organonetal compound rep-
resented by formula (1). It is still nore preferred 5

that the reactive organonetal conpound used in st&march 2006
(1) contains 5 nol % or nore of an organonet al

conpound represented by fornmulas (1), wherein the

amount of the organonetal conpound is expressed in

ternms of the anount of a netal atomcontained in the

or gamanetuaiedl 0.sc awpomndechles| pentmébecthe ofddie imer of
organonetal conpound may be used in step (1). The

r eacttinee ogggavoetadl covprupdundhes afdsenthdnyeadess have
invention is generally in the formof a |liquid.

Howevade iextensdveasnd, inhensdyet §vediss ppyatmeieqmation
compound is in the formof a solid. Fur- ther, there

i s afade CREBPBICHESEEACEFOR B8R gARIPRIBEL2L FRIRARPD. As a

turns into a solid formwhen the reag%ive or -
ganom&S teodbobAd BREEBRESIRILAr PO of YRt Yet il sihen a

thereof .in step.(1). h :
20"t SRTESRBHREES PASPRE Fb. M BImSE cof | e SHSRaL

-t b . .
i Gompotda” ERBEBaeaRRa. By Rt of TR ok cnef ity accon-

SOMBJIRY | & cA2bLARL WEEO-! ggeg‘?{fgir‘} Ce£ihfatSt wherein

conti'nuously pro- i mproving the
rate @f LRGuheaeki @ReleabBbMEENeSFEr IE€RLhiYSted is one

or ganonet al conpound and carbon 9 March 2006 78
molecule per molecule of the carbon dioxide adduct, so
that an organometal compound represented by formula (2)
and/or a carbon dioxide adduct thereof can be obtained.
In this case, addition of an alcohol is not necessary.
Step (2) may be performed immediately after there are
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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dioxide, it is sonetines preferred that the reactive
organonetal conpound is in the formof a liquid. In

such cases, step (1) nay be perforned using a sol vent

for the reactive organonetal conpound. As a solvent, 5
there can be used an al cohol having the same or garfiMarch 2006
group as in the carbonic ester produced.

Al ternatively, an inert solventscan al so be used.

Exanpl es of inert solvents include hydrocarbons and
ethers. Specific ex- anples of inert solvents include

C5- Cemaidingt edriivdbe 14 )canBons) . such @S nafd gieferred
hexane, cycl ohexane, heptane, octane and decane;

C6- Chaar aimatliecshty dr paatbeois thehkehct ity bAy&németal com-
Cl- Cl4saturated al kyl group and/or a C5-Cl4

cycl gaduand wedupn, steph (a9 henzanergtobmete] «yhpoend rep-
and ethyl benzene; C6-C20 saturated al kyl ethers, such

as lxedigprizgy byetfioemuldi Hadyl Bt hibs sind dinveyey |prsfeaired
C4-C20 cycl oal kyl ethers, such as tetrahydrofuran and

di oxdihet tdwed r€acCi8eplaophomehalscompaprdsipgdain step (1)
phenyl group hav- ing a CO C5 substituent group, and a

gr ouFsdiadased Modmd oFemgrsupfcaRsPEIrAgMeEah earrgund

al kyl group and a C5-Cl14 20 cycl oal kyl group%¢ such gs
ani sdlePresemiedy RN FeTBAE (17 sERREREIT phenyroethept the

benzyl netgyl ther and 4, -nEth%I aﬁisolgé The .

t enpel &0 e&ﬁ& GPEROPEA LR SFRACEFSR pRr FoFBF iRl T

step LS o er%ltlfa)_f. }?38&“%0{)\%2%3@“ iLrQH% Zg’ré%ﬁ)(g?netal

tenperature (2 E) 0 C. en 1t i's rntend

Mar i o2 d8ink2

A solvent for the reactive organometal compound

may be used in step (1)}. The reactive organometal com-
pound used in the present invention is generally in the
form of a liquid. However, in some cases, the reactive
crganometal compound is in the form of a solid. Fur-
ther, there is a case where the reactive organometal
compound turns into a solid form when the reactive or-
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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to conplete the reaction in a short period of tinme, it
is preferred to performthe reaction at 80 to 200 C

for 10 minutes to 500 hours. When the reaction in step
(1) is perfornmed at a high tenperature (e.g., at 0C

5 or nore), the 119Sn-NMR chart obtained with re§b@%ﬁCh2OOG
to the reaction mxture after step (1) sonetines
exhibits a peak ascribed to agertain substance

around 100 ppm wherein tetramethyltin is used as a
reference in the 119Sn- NMR anal ysis. However, when the
met hadoef aé heid 01 prosmdit indy id furesd rdpaatted yYeactive
performed, it is pre- ferred that the reaction in step
(1) bsgpebmhetakdcomseind condir i tdres fidrer e at ldquid. 1In
formati on of the above-nentioned substance exhibiting

a peakchr cases 108tgpni Lhmadye mpe el usdng ke solvent
reaction in step (1) is performed using 15 an additive
for Sapptessragctite forgandmataf admpabsice Asnenspbiiedt,
subst ance exhibiting a peak around 100 ppm Wth

r espéb@r@ocmebgm#ﬂ Q}f FpPunl iasdnge theheameherganic
reaction in step (1) perforned at roomtenpera

tur e9FQBPCRS P §GPf P%EEOP%CC%?B% BresicRA | s Aldegnarively,
20 an_apount which is the stoichionefr

o) aPnoTReE  FolHimtream e Hedaad e GraNRINE af inert
Ho th

CoTPORTIpH TS int Dadd FrdePon BN Hna AR, ERECLERR ox-

hi gh i

hhorghpl 8anof O { SIDALAIE & ddthdd NS B¥dalkeMhyaro-

st oi ghi-QBRL ! | SuanMNt &6l Ald Ve k¥R Ch0QBe8Bne, heptane,

octane and decane; Cz-Cip aromatic hydrocarbons (which
may have a C;-C;4 saturated alkyl group and/or a Cs-Ciy
cycloalkyl group), such as benzene, toluene, Xylene and
ethylbenzene; (g-Cy saturated alkyl ethers, such as
dipropvl ether, dibutyl ether and dihexyl ether; Cs-Cai
cycloalkyl ethers, such as tetrahydrofuran and dioxane;
and C,;-C,s phenyl ethers (comprising a phenyl group hav-
ing a Cy-Cs substituent group, and a group selected from
the group consisting of a C;-Cis 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 emplcyed 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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to the anount of the reactive organonetal conmpound

used in step (1), the rate of the addition bondi ng of
carbon dioxide to the reactive organonetal conpound
sonmetinmes becones very low, so that the rate of the
formation of 5 the carbonic ester is markedly | ows March 2006
The pressure enployed for the reaction perfornmed in

step (1) is gen- erally from atmaspheric pressure to

200 MPa, preferably from atnospheric pressure to 100

MPa, wherein, if de- sired, the reaction may be

per f otoedombplé e i tli¢ otkid tipnl GraddigHaaralpeadiid®Df time, it
di oxide into the reaction systemor wthdrawing a

part D¢ pasbenred oxd dseffm tire neadtiioh &y Hoemo B °C

i ntroduction of additional carbon dioxide into the
reactfon §snemubhey He JEr forumsd eWhker thet geaction in step
mttently or continuously. 15 In the nmethod of the

preseht) i hveperformedeatt eadrigh drempestagmiien (st.gp .( Bt 200 °C
may contain substanﬁggtother than nentioned above.
ExanpPBsme¥e bt hete subst dhteshaft @btainagksrifh nespest to
(1) include those which func- tion as a deh dnatin% o
agent Pre TERCHER T HRESR tafhe By HRP Jdi hFogpietimes exhibits

dehydrat i agent i£ ste é%%% the regction__syste

can’ b® BETR AT TP HOLRGUESIE A SERRIARARAToyad 100 pom,

agemwn@f'%ix&o %’@P&:ﬁ o{hghhtoigg%t@ %sdeed“yads{ 4 zkte o 'Iﬁy the

be used: anpl €570 ehydr at’l ng agents include acét-

al s _ande Ao e £ %1 SUCHoRR VAL NAHEhTERBY e 2ERALE: the

25 Further, dicyclohexylcarbodiimde and the I ke may

al so grdddch 2006,8ln is repeatedly performed, it is pre-
ferred that the reaction in step (1) is performed under
conditions wherein the formation of the above-mentioned
substance exhibiting a peak around 100 ppm can be sup-
pressed, or the reacticon 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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be used as an organi c dehydrating agent.

Alternatively, solid dehydrating agents, such as

nol ecul ar sieves, may be used as a dehydrating agent.

When a solid dehydrat- ing agent is used, it is

preferred that the solid dehy 5 drating agent is 9 March2006
renmoved fromthe reaction systembe- fore step (3) is
perfornmed. In step (1) of the ngphod of the present

i nvention, an alcohol (second alcohol) is optionally

used. From the viewoint of inproving the purity of

t he ced b Gamhr@StodT thas rehetieeobdgaheabioh]l ¢dmpsund used
preferred to use an al cohol having an organic group

whi chin ssttdie (Sane tae rihe ofgahicaddotponfbohdingyof carbon
group (e.g., an alkoxy group or an aral kyl oxy group)

of t hiioxaiais itee thregaremtiveabrgenpvahdl ¥owposndhsemetimes
al cohol is used as the sec 15 and al cohol, it is

pr ef dreceungshatemyhd camoget tbhtt hhe satendfatkenbprmpation of
to 100,000 times the stoichionetric anount relative

to tHehamamongc wisderedst maEkefgindaeeTedt CotfpahfEsure
On the ot her hand, when an al cohol. hav- ing an o

gr oupPER Yavesde ot tHR £RACTPDL RETERTMEB b?oﬁBer ?hels gen-

react t al d
al corr'cﬁv ¥ W eosROSr YA PF OB HF BaknRYI TPA PreFerably

compound, qnly. a0 qroanomeial camoaundpol LALEUA, (2 ge-

i s used nt o € Sécond”a

T M e R

felEﬂaaﬁiﬁfbdérié%ﬂM%&ChléQQ§e83nto the reaction system 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 continuocusly.

In the method of the pfesent 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-aqueous. 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



10

15

20

25

amount of the reactive organonetal conpound. When an

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 es

5 ter is produced in step (1). As nentioned bel ow9 March 2006
when a second al cohol is used in step (1), especially

in the case where the organonetgh conpound

represented by for- nula (2) is used alone, the yield

of the carbonic ester is greatly inproved. The
abovetrentseshets prrefargsed cl Geyamalt i bgenteCconlternatively,
al cohol in the case where the or- ganonetal conpound

r epr eseritidd dephyldoaiing @2enits, usedh as oneledslar sieves, may
determined fromthis viewpoint. In the case where the

bel owbeentsiedned ot dghydyratingf apeohed Wherstaemqll)d dehydrat-
second al cohol may be added to 15 the reaction system

so t hd% Rgeakpdft usPdr hétségopteberodd| that | they $olid dehy-
t he above-nentioned preferred range. Alternatively,

in sufFatisg fHert ifepemayedsfrem| thmetragtierpsydyen be-
an al%ohol naé ?5 renoved _from the reaction system

20 AsEREft P5R8d (aBovE, PPRESFEEI( 1) of the nethod of

the present ipvention, b erformng.a reaction . )
bet ween ganEE &;gaRSnéPglm%gﬂg%u%% th&RFgsent invention,
conpr i,Si h X 0 tjve_organ t al
combornaSeBnl T abibfia %ty BohSEF LY N AR Hsea,  From

(whi cRnisvdelbyedtf 59”1&195035%%‘3%&& 'C;%@: %}gacgpnﬁ{@l carbonic

conpound) and car bon di oxli de, r 2006 83
ester, as the second alcohol, it is preferred to use an
alcohol having an organic group which is the same as
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 alcohol 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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there is obtained a reaction m xture containing a car-
bonic ester fornmed by the reaction, the unregenerable
unreactive conpound (i.e., the degraded conpound) and

a regenerabl e nmetanorphi ¢ organonetal conpound

derived 5 fromthe reactive organonetal conmpound. YWHerch 2006
it is confirmed by the analysis of the reac- tion

m xture that a desired carbonic gster has been ob-

tained, step (1) is finished. For exanple, when the
carbonic ester is obtained in an ambunt which is 5 %

or 10 @t B?S%HeoPeéE&?é?ﬁf&é&&ﬁéféﬁ iPing . fhen an

relative to the anount o e reactive organoneta

conpoun@ondti€Raviny ARYoP§ahidi §RSsh e @3R! ifdm that of
m xture may be taken out fromthe reactor, either

af ter thideoRyegebhf b the réLeeli®d dSgdRided dmpound is
at nospheric pressure, or without 15 |owering the

pressuised Ast bRer ea€bd . a 6o B} egn (d9ymmeir€ife (cArbadidc es-
step (3) are perforned in separate reac- tors, the

react tem msxpuoduoed e soapi ALUPuUSIAs amentuonkdt bdlby, when
for exanple, a nethod in which the reaction mxture

af t er assepofi@) ailsolfiel i®» uhed rimcitep for) .stegperd all)y, in the
the reaction m xture contained in the reactor for

step CEFei ¥heEd thetegarenebrl fepmpquns BPremed tege by for-
reaction m xture contained in the reactor for step (2)

is felutd {(Re feaeted FbPnet cihg Fiekheofitheucanboniss ester
the reaction mxture is_preferred fromthe viewpoint

of 25’-%85“8?5&%%%%& diec APRSE -Braxiaeefupgegerred

fron]gmgugthggcphgcgéké%EAalcohol in the case where the or-

ganometal compound represented by formula (2) is used
alone, is determined from this wviewpoint.

In the case where the below~mentioned step (4) is
fecllowed by step (1), a second alcchol may be added to
the reacticon system s¢o that the amount of the second
alcohol falls within the above-mentioned preferred
range. Alternatively, in such case where step (4) is
followed by step (1), an alcohol may be removed from
the reaction system.

As mentioned above, in step (1) of the method of
the present invention, by performing a reacition 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 organometal compound} and carbon dioxide,
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reactor (for step (1)) which has carbon dioxide filled
therein. The reaction m xture obtained at conpl etion

of each step may be cool ed or heated. Wen the reac-

tion mxture is cooled, the reaction mxture may be 5
forcibly cooled or allowed to cool spontaneously. March 2006
descri bed below, if desired, step (1) for synthesizing

a carbonic ester and step (2) fgar separating the syn-

t hesi zed carboni c ester can be sinultaneously

performed. Step (2) of the nmethod of the present

I nvetiiéns is odfhinesi ep neratiionh ntilkeureacbnaa inirnguaecaxr-
obtained in step (1) is separated into a first

por thamic ord e mi furndte by ativoniemcdsioar, dhe¢ uhgzegenerable
degraded conmpound (i.e., the un- regenerable

unr eaeréaet compomrbundnd & .sedded deareided comprandingnd a
t he regenerabl e netanor phic organonetal com 15 pound.

By stredemerahia it areniicn prganeaedadr geEgousenpgsanyed
derived fromthe reactive organonetal conpound to be
cont B eiedthen FERCHIES oGHANATERT acdo FCHPRMAG -t he

carbonic ester (wherein the first porti

[ k
from t he &Rt thon S yRAEHTeG b§e68ﬁ9§n63§§:i%! t8§t gﬁﬁﬁgga‘z"
o "Ehtn OGRS GATh R EE T a5 o8 ob-
- i h
comEB L4 P, Tt g SeLici b e pRLpCE

production Ofe & &alrs Th M A 8 HHRhEaLR9RA is 5 & or

di oxi de and an al cohol by a 9 March 2006 85
more, based on the stoichiometric amcunt relative to
the amount of the reactive organometal compound, 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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conventional method using the reaction of fornula (3),
water as well as a carbonic ester is fornmed, and the

water is contacted with an adsorbent or a dehydrating

agent to renove the water fromthe reaction system

t her eby di spl acing the equilibriumof the reactloﬁfﬂ@$h2006
ward the product system Theoretically, the anount of

a carbonic ester produced can algo be increased by

con- tinuously renoving the produced carbonic ester
fromthe reaction systemso as to displace the

equi | +dd e of £ kO dthd r@aot wan.chonakdchiBofr adoride filled
system However, in the conventional nethod, when the

pr odugigsh- £ bOI‘I'ih@ esactebni fikxeuby esbtdnmed et I liedtnion
system water produced by the reaction accunulates in
the reficdacin stegt emay A doolweél brkheameidn tWeerarthe ifeac-
wat er accunul ates in the 15 reaction system the

cat al tyisen insimpure| iy evbdled. héhwa regetigndmintese ngy be
catal yst activity. The hydrolyzed catalyst has very

poor Ewradhly tgeaked ke Soilpeed &adcoohespentpeseyshy. As
problemin that, in a subsequent dehy- dration ste

per f A9RRF 1heth Padpvadddr geisaedol §¥RP (Ae £pr synthesizing
hydrol yzed cat al yst causes cIo % % of the adsorp%

col urh SR <4300 SN L UdeAor AEPRER.f b Be 'syn-

t which h I t
L R T e e R e
' h h .
{2 e¥ 2503§¥|gahﬁg%geggéa?g%Pﬁe p?ggﬂgzgggggggﬁﬁ%pégtlon 1S

est €lra fgtCEB tlh'? vﬁul\@'f cé?uez%gc%gon mixture obtained in step

(1) is separated into a first portion containing the
carbonic ester and the degraded compound (i.e., the un-
regenerable unreactive compound), and a second portion
containing 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 alcochel by a



reaction mxture. In step (2) of the nmethod 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. $¥larch 2006
exanpl e, the separation of the carbonic ester from

the reaction mxture can be perfgymed by any of
filtration, solvent extraction, distillation and

menbrane filtration, each of which is well known in

the l@oatkntAenalphetrod efs BxNMe aciaXidREHI@hla (3),
solvent, there can be nentioned a solvent having no

react waktey atowebe gardhovarb@sicerestamany evrafedsucihd the
solvents in- clude hydrocarbons, such as hexane and

cycl oWexaneis aontatted wilrlocear bolyrisuch @as doertwderating
t ol uene and 15 chl orobenzene; and ethers, such as

di et hjgerthte memoventhe|watdhanhinsttild atdamtican system,
performed by any con- ventional nethod. For exanple,

t he dtBerebatdbsprtaping threre@rineduinm i dihea reaction to-
distillation under atnospheric__ pressure,

di sti VREdi bhe upBedusl dtiteerr e§'§’GP§3t&°é|1§Y20the amount of
tillation under superatno ]Pherl c pressure, and a thin

film @i SETPPREF oft L eadir Husht c“r‘?”ﬁ §Jv'§é1 Ib%ﬁaﬁ?qaﬁeﬂhgl’ con-

ation varie

h f he di
pendi W BHETRE THer IS HIE exiied Seripy satsFoErom the
d d f
rom 3aRcbidn Sopfid S 1L i qrBd Y Al intaum of

10 perfofl'ir@dr@aixc@l%r%aﬁqgﬁt@ product system. However, in
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the conventional method, when the produced carbonic es-
ter is removed from the reaction system, water produced
by the reaction accumulates in the reaction system. As
is well known in the art, if water accumulates in the
reaction system, the catalyst is hydrolyzed by the wa-
ter and loses its catalyst activity. The hydrolyzed
catalyst has very poor solubility in the solvent and,
hence, poses a problem in that, in a subsequent dehy-
dration step performed using an adsorption column, the
hydrolyzed catalyst causes clogging of the adsorption
column/. Further, there has not been a method for re-
generating the catalyst which has lost its catalyst ac-
tivity by the hydrolysis thereof. For this reason, in
the conventional methods, it has been impossible to ef-

ficiently separate the produced carbonic ester from the



ther in the presence of a solvent or by extractive
distillation. On the other hand, as nentioned above,

when the distillation is perfornmed under heating, the
separation of the carbonic ester by distillationis 5

someti mes acconpani ed by the followi ng di sadvant a§dvlarch 2006
When the distillation is perfornmed under heating, a

re- verse reaction of a carbonicggster and ot her

thermal deconposition products in the equilibrium

reaction is sonetinmes caused to occur, thereby

| ower regcthenyinek€duz®. of the carbonic ester. However,

in such a case, when the first portion containing a

car boni c st etehay2hgof thé ghetiodd i R Prdsent invention,
separated fromthe reaction mx- ture by distillation

t he carbonventioral cmetived ober tdprachtiimdghitglfe yisehbdnby ester
separating the carbonic ester 15 fromthe reaction

m xt uEEomt ther peachhdm mistimrghsan Heharseidhe spatlengf as the
the reverse reaction. For this pur- pose, it is

pr ef ePFEHCE copethornetived wEtihd memenindavention is not
condi tions wherein the distillation tenperature and

the YEBREESQf [ras @M ledudhicosernsahppropfi Beel garbonic
adjusted. 20 In step (é#,_if desired, a third al coho

may beS T et OMNERS 3T FEPINGHSIT S $aRdhedregtrRBed by any
reactjon_. syste an t er. exchange reaction_occyrs

bet vedh TR TRET o TORATR: Ao o £ Ep 1L #F 1aRqana
the th rﬁt?ré‘ﬁ&?'ii;gl?ﬁfoﬁ heéaeé% eo(r]fbgﬂ?kli%ha i%a%gggh%nsﬁ%ﬁ#n the

whi ch has a di erent nu car bon

10 that of+!heLCar henirc 3 eMreGing986088an extraction solvent,
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there can be mentioned a solvent having no reactivity
to the carbonic ester. Examples of such solvents in-
clude hydrocarbons, such as hexane and cyclohexane:
aromatic hydrocarbons, such as benzene, toluene and
chlorobenzene; and ethers, such as diethyl ether and
anisole. The distillation can be performed by any con-
ventional method. For example, the distillation can be
performed by any of a distillation under atmospheric
pressure, a distillation under reduced pressure, a dis-
tillation under superatmospheric pressure, and a thin
film distillation, each of which is well known in the
art. The temperature for the distillation varies de-
pending on the type of the carbonic ester to be pro-

duced, but it is preferred that the temperature is from

-20 to 200 °C. The distillation may be performed ei-
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ester obtained in step (1). The ambunt of the third
al cohol used in step (2) is 1 to 1,000 tines the
stoichionetric amount relative to the anmount of the
re- active organonmetal conpound used in step (1). The
tem5 perature enployed for the ester exchange 9 March2006
reaction is preferably in the range of fromroom
tenperature (about 20 C) to 2087C. Taking into
consideration the desired rate of the ester exchange
reaction and the occurrence of a deconposition
r eactildr dfn tine gaksemnice ost ar saftvaniOohi b extractive
tenperature, the tenperature enployed for the es- ter
exc hahige: irldadtiicon i Snnbhe tlkéerkdng, i s thentiongd aifove,
from50 to 150 C. In the ester exchange reaction, a
convefitéroridle cHtsdliydatiap pe pssdormpd wsder bgating., the
change reaction and the separation of the carbonic es,
15 t fedarhione ofedbEi 6ATRPRLG 6SkRY B¥ Péftdihebion is
either in a batchwi se manner or sinultaneously, As a
net hoiPmetdmese SECRMPAG LeAe PYi £EE ESFFPUhnﬂoﬂfﬁgﬂYﬁ@taQE'
the car- bonic ester fromthe reactio niéture after

% Ehgn

the dGiSl he atgd \AEACH of, PaRy OpPetninder fedtins, a re-

above- nentioned .separa_20_tion.neth c
F1 1t METGn TeSSTIORT O Pr SR PERLS 5PEER, PRHFBcRSy enermar

nenbQﬁ%ﬁwﬁ%%%ﬁéanOBEoﬁﬁgt ;igs@g§n§éUHE§bP§£ﬂogegét£9§ is

prese nti1on, "not on _ trIC car boni c
est erg it 13eS0 AR FEEbELGrCakneRRBYC1688L B ngathdOyiela

produced. In the case of the pro 25 duction of an

g;ym&t Mihe GRAIRMIIE @8l . bYHMSEREr A LoV chast)0Ghen
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. F¥For this pur-
pose, it is preferred to perform the distillation undex
conditions wherein the distillation temperature and the
degree of pressure reduction are apprépriately adjusted.

In step (2), if desired, a third alcohol may be

used. When a third alcohol is added to the reaction
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 carbonic
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ventional nmethod, a symretric carbonic ester is first
produced, and the produced symretric carbonic ester is
then subjected to an ester exchange reaction to

produce an asymmetric carbonic ester. On the other

hand, in 5 the method of the present invention, &iMarch2006
asymmetric car- bonic ester can be directly produced.
Therefore, the nethod of the pggsent invention is

advant ageous from the viewpoint of reducing the

energy cost and reducing the facility construction

cost eskBrt betaEhBadinf st8p (D) pr elantarsivn@niifonheatthird
asynmetric carbonic ester can be produced as foll ows.
Expl amabhemnsuaea ghvenepel DY, ist aktagl a0 &Nt eenite
the case where the reactive organonetal conpound has
at | eastichhemeypecohmabkbxyelgtbup. tohere tamoyrdactf vdie re-
or ganomet al conpound used in 15 step (1) has two
di f f ecenvet pypganohesbkogygmpoonPsysean i@s?hﬂ@t&ih The tem-
carboni c ester can be produced w thout use
al copelretias empdernd HPEokbe afben exFhargs mﬂﬁt)loq s
steps (1) and (2). On the other hand, when the or-
ganoREEEPTaBABoAdtHEcHANHE SPEPITA] FRASM orANPEHAIYRf about
20 of al kox éogroup an_asymmetric carboni c ester can

€

be  BPodfit D30 herct-or ARKEREL PEP 1FOPRLIRER Phak it s ired

hol | coh h
i cRatPoSg; FPE, BRLT %%%ﬁﬁégsf‘%'%ﬂgt%?%ﬂ%‘?%”%q{c"éﬁ’rrence

reacklve QL gRBRNTt b, CoORaRgy 8F @?feps EHO58 0% . & at a

(2) presence o ah al coh
haV'Hggﬁntgﬁpgry%ﬁgg,zggé ggmperature 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, solvent 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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ganic group which is different fromthe al koxy group

of the reactive organonetal conpound. Further, in

each of the case where the reactive organoneta

conpound used in step (1) has only one type of al koxy
group and the 5 case where the reactive organomet & March 2006
conpound used in step (1) has two different types of

al koxy groups, an asymmetric cgygonic ester can al so

be produced by per- formng step (1) in the presence

of two different alco- hols (second al cohols), or by

per f oyBhBo8hEPmélod N 4 &R RS RGO RN d Wter is first
di fferent al cohols (third al cohols). Wen two

di f f epebiucégPhah s eHe pisRthcdd & @initeii0MRirbonlie ester is
ratio of the two al cohols varies dependi ng on the

t ypesthént £8b § 8Ot @d clodh adrs ;e e waichdnye Ite@ictiionntbr peoduce
ratio is generally in the range of from2:8 to 8:2, 15

wher ean esyimefridecartmmics exftarhe Omothecohbés hanéx-in
pressed in terns of the stoichionmetric anount relative

t o t hehamethodfof hithe axrtsand: dinyemdrisinal agomsammgtric car-
When it is intended to produce an asymmetric carbonic

est er PRl @regbem gamie W#I@Q@Ygé*rol%wdt-ha?'hé¥e§°§9m the
20 nmetric carbonic ester, it is preferred that the

st oi CREERRE rPE the iRFoienthd MR W0 HE f4vantageryse from
to 1:1 as, possjble. Specifically, the stoichiongetri ,
ra- (FRR OYLERROIRD Of CARHLITE tHie EBERAY, GOF { REY, ZRGECLng

of féggkg%g%%fgg2%hvﬁ%%ﬁ§ﬁ&$f%ﬁ? ly &H Eggaﬁggggdoéf the

from € production o

asynr@féé&nfa{n&em&h %%Oﬁcls%qmnetric 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 alkoxy group of the reactive or-
ganometal compound, or by performing step (2) in the

presence of an alcohol (third alcohol) having an or-
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bonic ester is perfornmed using two different al cohols

whi ch are used in excess anounts (for exanple, anounts

each of which is at least 10 tinmes the stoichionetric
amount relative to the anmount of the reactive organone

5 tal conpound), it becones possible to obtain an 9 March2006
asym netric carbonic ester having two different types

of al koxy groups corresponding deo the two al cohols,

irre- spective of the type of the al koxy group of the

reac- tive organonetal conpound used in step (1). The

sepa g@niat Q@@u;gfwﬁi@a fig sdiPRyddran QUM aihy RUKORY group of

asynmetric carbonic ester fromthe reaction m xture

can behpereatoivedbiyatone ) tdenpRIinMASFOSYRBrasin each of

filtration, sol- vent extraction, distillation and

menbrihe dasé nettéron)thaessadtbied abasendme tedneepioand used

with step (2). In many 15 cases, not only an

asymmet r$tepaf bbriias evily dne taimo of adyaopgt group and the

carbonic ester is produced. In such cases, the _

fol | oY) Wireratlilm reacbierparganame taihconppwmdt usedc in

and symmetric carbonic esters are separated from the

firstSHeRt{bh hamhdwa yirieran tdBem ©fefléoxys 9FQuUPS. an

separ at ed fron1the]§¥nnetric carbonic ester. The sym

net ri SEHOTHT RIS &t HerCAUFEFA Ot REOSECEAIPY Per-

portign cont ai ni ng, the, regenerabl e net rphi g _

oty T Te byl hartorthaRy Mt H( 3)°° Srfferent alco

L USEL {Oolat (oA 3P P TR dhee s

d {2

step k?‘%jso&% e et hod o 52))9’ rch 2 °§ % \é (2)"in
the presence of two different alcoheols (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 organometal 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
steichiometric ratio of the two alcohols is as close to
1:]1 as possible. Specifically, the stoichiometric ra-
tio of the two alcohols 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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the present invention, a mxture containing a degraded
conpound derived fromthe reactive organoneta

conmpound and the carbonic ester is separated fromthe
reaction mxture as the first portion. Wth respect

to the re 5 noval of the degraded conpound, all of? Majgh 2006
degraded conpound nay be renpved or a part of the
degraded com pound nmay be renoved. The anmount of the
degraded com pound renoved may vary dependi ng on the

size of the re- actor and/or the nunber of turnovers

(i.e. ponie psber idOpeffcyté@susing egenearidifenferdntilcohols
reuse) of the reactive organonetal conpound. It is

pr ef emwhdght hat 16edo tn ewcesHfandien te girfade déxEomie@uncmounts
is renoved. It is nore preferred that 50 % or nore of

t he degchded, wbaabousdat sleanbved. timeaNthe sdspeiiiometric
the separation nethod perforned in step (2) of the

met ho@mgtinthEepatient te nvleat aeeunthfe theetrgidatdve organome-
expl anati ons are _given bel ow. The separation of the

react itéh ﬁPBE‘PBPEdgbthF NRRICPTES tRYF FiD1g o ai@ing jans@sym-

portion_and the second portion can beéferforned 20 gy
any ofetR&CabBvROMERt $OHET RYFAStTHhALE tyges of

[l onclAOE: ABRIPR GHTEH B o th Al 5 (leonote. irre-
ed &°EL e .
et hodPagt VA YA FIRECoe "R SE A e 3L, Beac-

expl ak0ed o23aRehOV1 TP AthEWEPIn 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 f£iltration)
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).

Az mentioned above, in step (2) of the method of
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1) A separation nethod in which water is added to the
reaction m xture: Water or a water-containing sol vent

is added to the reaction mxture obtained in step (1)

to forma 5 white slurry, and solids in the white

slurry are re noved by filtration. By the filtrat®dfarch 2006
the second " portion containing the regenerable

met anor phi ¢ or- ganonetal conpostnd can be obtained as

a filtration residue and the first portion containing
the carbonic 10 ester and the degraded conpound can be

obt athedpassentf ihveat on W4 miespectcdmo 4 hel npteerdegraded
used in this nmethod, there is no particular '

li m capponndhdarieed fromitherefartiat tardmpmetal compound
distilled water or a deionized water. 15 The anount

of wabpértheedarhoniepesPdriss gapmadtied firdnmo the0 rMean®sion
the stoichiometric anmount relative to the anount of

t he PeaEETF¢eadr hnofbr st pumplamd Wsed respstéptélihe re-
The anpunt of water needed for separating the second

por t POV coht Bpdi #Ro¥sked el e adst aforth20 delgiraded

or ganonet al _conpound) fromthe reaction m xture by
phasEPERPNR Gt TFh P ZRMINAG OF 5 AT taPf ddhge degreided com-
stoichiopetric_amount relative to the amount of the

re- BV RAGHETA e EonpbEna™aNRY PR §hepdegyaded com-

ste enper.at ure which water is 25 added

o tReta el ETRG g, HarirlyShe Bre Ly ire 67 the re-

Nhrc£bé$¥“%ﬁ%bor the number of turnovers (i.e., the number
of cycles of regeneration and reuse) of the reactive

organometal compound. It is preferred that 10 % or

more of the deéraded éompound is removed.
It is more preferred that 50 % or more of
the degraded, compound is removed.

With respect to the separatiop method performed in-
step (2) of the methbd of the present invention, more
detailed explanations are given below. The separation
of the reaction mixture obtained 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 method 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.



in the range of froma tenperature (e.g., -20 O at

which the water is not frozen in the reaction m xture

to 100 C, preferably fromO to 100 C, nore preferably
from10 to 80 C. Fromthe viewpoint of satisfactorily

5 suppressing the occurrence of the hydrolysis of &March 2006
carbonic ester, it is nore preferred to adjust the

tem perature of water to 10 to 38 C. When water is

used in step (2), water may be ed alone or in
conbination wth a solvent other than water. As a

sol veniy ot he P o eferred to

sol ven%) M?‘cﬁeéggépgﬁ%mégg% J\I'I\Illl t‘ﬂlf'%he “E:aa{cr Jonic aﬁ&?aéf.to the

I'n thiSe£@Son Wieupater is used in the formof a
solution thereof in an alcohol which is the sane as

the second wlte@@r WsedtkP-csheRikig &Efvéﬂ)aiété@&‘ed to

of the solvent by the distil 15 latidn becones easy.

Wien atHelirehddieahali ditardSedthinedt €8 £€2pt P1 PEEE OFdRm a
an ester exchange reaction, it is preferred that

5wat er wisitusedunryt,hanfoeslafisaifiotuti ORité heleply i drére-
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al cohol which is the sane as the al cohol present in

t he r eaotadrpymbiflaratabher Bihetlesteirl atidbchamge second
reaction. In step (2), when water is added to the

r eact iRAF tipnx topnd aintings thesseberetraal e thet alegrptticd or-
conmpound al so gradual | y undergoes hydrolysis, thus

causi FEtad- Copgrppéacpanbef obheivedrasicd Tokpoinidn
Therefore, it 25 is preferred that, after the addition

of wattssive: pBdther ERrsboRoDEion 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
1l 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



10

15

20

25

reaction mxture, the resultant white slurry is sub-
jected to filtration as quickly as possible upon com
pletion of the solidification of the second portion
contai ni ng the regenerabl e netanorphi c organonetal com
5 pound. The period of tinme fromthe addition of @9daseh 2006
to the filtration varies depending on the types of the
reactive organonetal conpound agg al cohol used. \Wen
the separation in step (2) is performed at roomtem
perature, the period of tinme is in the range of from

30 10Pashdurde OF FAM 65 toRpetatabby (£ gMm 156 4 at
m nutes. 2) Aseparation method using distiflation

The neaeH ahaTwelitere i@gbhaitnedokBnSiAPthd) rb8cti6n mixture
jected to distillation to thereby separate the

reacticOn ooyt UpLeEBEQbIPerfbhi S§ RO 10 ®PCORbReNpR@ferably
the carbonic 15 ester and the degraded conpound and

t he sreendopait ison °cCortmImMithg Misewpodareodblkatisfactorily
nmet anor phi ¢ organonetal com pound. Each of the

car bewipprestsdndarttet becdegeadedof cohpobpdrbagsas of the
boiling point lower than that of the re- generable

met afgApend coegandnetdl isonpoandrefasrefiore, a@iushethe tem-
distillation can be perfornmed by any conventiona

met h&@@Tratyreeednp&ert he dPstel bat ion ¥hernbwaperf dsnuded

by any of a Qi tillation under superatnospheric pres- .
I, S4eDt (PPat PoReENBEY PECHEEA PIERELPE. 1B GpEbiRation

sure,

SR S A AT S T

“B"t%aNHQSQe%90§t9§s 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 solution therecof in an
alcohol 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 alcochol 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 also
gradually undergeoes hydrolysis, thus causing the so-

lidification of the degraded compound. Therefore, it

is preferred that, after the addition of water to the



10

15

20

25

known in the art. The tenperature enpl oyed for the
distillationis not particularly limted so | ong as

t he degraded com pound has a vapor pressure at the
tenperature; however, 5 the tenperature is preferably
from-20 to 300 C. From the viewpoint of m nini z9 Mgrch 2006
the |l oss of the carbonic ester contained in the

reaction m xture caused by thegsabove-nentioned

reverse reaction, it is nore preferred that the
tenperature enployed for distillation is from10 -20

t o 260a€xidwrmibsliuwisd | nohd e sunpatawhitie eesphoygdisft sub-
distillation, the distillation may be perforned ei-

t her jeoted bopeibtmosipireras qurieddyr esopogsdéler eganedom-
pressure. Further, the distillation may be perforned

ei t hetetihom ebntheusnisididfiivation of Ahsaselepdeportion
manner. 15 The separation of the carbonic ester from

t he centEainieg t i yewnenalley meianeapbési 6Tg3remesay com-
the wunregenerabl e unreactive conpound) obtained in

st epPPY)d- c Fhepegdrdo Ped iBgsFr9mplhangdgitioR of water
conventjonal .. net hods, such as adsgqr

ti .
di st P9 1 5T GHLETATION AT 155 ARRREIBEaRE SBBaF¥PPEnOE the
St 3). 1 t f t hesi zi ti
e acT T8t BT AT SO R BRG. PACPre g 8y dmen
t | t - - b [
goun |rF% érgg%%#dﬁggriﬁoﬁ%gb?%ihgg%?%ﬁgpe%Q?5§gﬁ;t3%-

genesatd yukd, t B@m&{ &k WiaRSRAr €Al tAk 2BAGHCOF from 30

[iquid. 9 March 2006 97
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 organometal com-
pound. Each of the carbonic ester and the degraded
compound has a boiling peoint 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, & thin film distillation and a

pervaporation using a membrane, each of which is well
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For exanple, the second portion does not contain dibu-
tyltin oxide in the formof a solid (it should be

noted that dibutyltin oxide has no solubility in

al most all organic solvents at roomtenperature (20

O and, hence, 5is in the formof a solid under $WMearch 2006
conditions). The structure of the conpound in the

second portion has not vyet beeggidentified. However,

it has surprisingly been found that, by perform ng

the reaction in step (3) of the nethod of the present

I nvekhiogn, ikthéhe eamn.be ob 10 tained a reactive
organomet al conpound having in its nolecule at |east

two net al Theygempezabone| empbored feuctheadiiamtillation is
organonet al conpound represented by formula (1) or an

or ganofeparticnpoudyt Lapibednsedlongfas nila dggaded con-
Step (3) conprises reacting the second portion (of

t he peusd basnBxvapey BbeafnEd ah thept¢mpexgiyrey however,
first alcohol to forma second organonetal co ognd

m xt fhe tampgeratBreahs P@ﬁﬁ@?ﬁ@lfh ot 240 fFomMGtheC. From

d - t d th
22283&305’15%35355n§?a1"153ﬂ%gmén Fhe faedt %%St'rfrnese%aerabmc
" o BsR el rEnkRintl L rRE ORHREFLEY ORRRHT e iRdd Dy ne
| k

RSB S BRSO FLASR L SO o

poanHQg'thE g%ﬁbéfgtukgeeH5189gdZéondig%i Prese 13 from

invention may further conprise, after Mar ch 2006
-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 opagque liquid.
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step (3), a step (4) in which the second organonet al
conpound m xture obtained in step (3) is recovered and
recycled to step (1). Exanples of first al cohols used

in step (3) in- 5 clude those which are exenplified

above. If desired, prior to use of any of the 9 March 2006
above-nentioned al cohols, distillation of the al coho

may be performed for puri- fyingg4he alcohol or

adjusting the concentration of the alcohol. Fromthis
viewpoint, it is preferred to use 10 an al cohol having

a boi ForgeR@inple 0f tBO0séconid | UEFicHS ddRATIUE@ontdeh dibu-
at nospheric pressure. Fromthe view point of the ease

in theyremhvakiaé yatehei fosh eff (B)solid (it Ehowld be noted
preferred to use at | east one al cohol se- lected from

the gthap adhstglitiny ekide danod sl lity in almost all
-met hyl - 1- propanol , an al kyl al cohol having five or

nor e oaghoncasolsenasdatnrasal kghpatatlmd (=viity fanmde hence,
or nore carbon atons. Wth respect to the structure of

a reatsi ¥e the Harmnefad sohpdumtiebtnide¢omdigdongla The
pol yhydric alco- 20 hol as a first alcohol in step

(3), thEPetpsenef phire teemRaind i tdis Gecopsr POXAApPehas not

the organonetal com pound may be conprised of at.
|eastY%Febﬁ%ﬂb{eﬁle%’%’r%’c‘%%d HPP"y&mthelﬁr B8P EBREFiFipgly been

of a géﬁgélLﬁkgd roduct of. aqaggg?n%: ta!.conQ%unq3) of

repre d“BY*- f or IF T (BN o ked P

gg"d“{:ﬁe%eéﬁo&r%‘”ﬁ@t&}escél{%’oi%r{t% i IMCRan008 on-
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).

Step (3) comprises reacting the second portion {of
the reaction mixture) obtained in step (2) with a first
alcohol to form a second organcmetal compound mixture
and water and removing the water from the second or-
ganometal compound mixture, wherein the second or-
gancometal compound mixture comprises a mixture of é re-
active organometal compound having in its molecule at
ieast two metal-oxygen-carbon linkages and an unregen-
erable unreactive compound which is derived from the

reactive organometal compound. If desired, the method

of the present inventiocn may further comprise, after
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sented by formula (2). The anmpbunt of the first al coho

used in step (3) is preferably 1 to 10,000 tines,

nore preferably 2 to 100 tinmes, the stoichionmetric

amount relative to the 5 anmount of the reactive
organomet al conpound used in step (1). Wien a 9 March 2006
sequence of steps (1) to (4) is re- peated one or nore
tinmes, it is sonetinmes possiblggthat an alcohol is
present in the second portion obtained in step (2).

In such cases, an appropriate amunt of an 10 al coho

my dee@dder, (D dt 399016 RBAIChORKEO skBahadt beganbRyBhl
of the alcohol in the second portion falls wthin the

abovieoninin d neidk kg ebafainkd ameriepof(3ghes ketsvered and

al cohol . Alternatively, the alcohol present in the

secargbydrdd oo neterbd Ijenoved. 15 The renoval of water

in step (3) can be perforned by any conventiona

met hod. MEorampdaEsplof, fiilvetr edoeablsofisedt &n shept €p) (Bh-

can be performed by any of distil- lation, a method

usi ryludel eiyafreatvibdiehc @ngmexgapldd iwidt Rboyesol 1§l desired,

dehydrating agent (such as nol ecul ar sieves), 20 and_a

netﬂﬁ@iuéﬂﬁglﬁﬁhﬁﬁh@@YS@ﬁaﬁéﬁi@ﬁoﬁguﬂﬁnééoﬁéﬁ-al°°h°15'

vapor ati on .,Anog&,then] di stillation and a nmethod us-

i ng ety iam) Htathen 21 SeER 1aBa¥e PEaBEFAPTBRY SPE Puri-

preferred. It is I.I kno t hat pervaporati on can be

Used FGIE (e ARRARRL §F RAOGS ARk P4l BORGFRCTATIRE 95 the

present i ven%i on, . pervapora _Luq@ c _pg feg e]glaeb& Y

Used et onr 5005t h0p TLonpOLe. OB 28 MESAN Yo 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 1-butanol, 2
-methyl-1-propancl, an alkyl alcohel having five ox
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 pelyhydric 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 compound represented by formula (1) and

a crosslinked preduct of an organometal compound repre-
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In the case of an al cohol having a boiling point

hi gher than that of water, the renoval of water in

the al cohol can also be easily perfornmed by

distillation under heating. On the other hand, in the
case of an al cohol 5 having a boiling point |ower® Magh 2006
that of water, the renoval of water in the al coho

can al so be perforned by a disfdllation technique in

whi ch a solvent formng an azeotropic mxture with

water is used. As nentioned above, the renoval of

wat esehBeli Ny akF6oh@la cemny be per 10 formed by any of a
nmet hod using a solid dehydrating agent, distillation

and nenbrone SeEdmatednthdiBENE ,aldRIl iseds itesitegd (3)
to obtain the second organonetal conpound m xture in

a | ailgepaabendblyn A tdhord, B0 iioned, ndime prefeirably 2 to
preferred that the renoval of water in the 15 al coho

is ptpfotimes bythe s¢tdichiometThe abhatnt [laddivecdr hhe
performed by any conventional nethod. For exam ple,

t he aneent|of | the coendlel perdrgananasialapgeompiounddiused in
tillation under atnospheric pressure, a distillation
undefteRrdlitbd Pfeds & sedaedicst Pl StEBS GhdeEoslperis re-
20 nospheric pressure, a thin filmdistillation and_an
ex- P?gE?@v%“%i%¥iT?%ﬁi?ﬁﬂeﬁﬁuﬂF(ﬁs\ﬂﬂWﬂ*%ﬂ?ﬁm?PﬁsRﬁéﬁnthat
in the The distillatjon . can be performed

tom *PeP BIIREL of S (FEHIE0 16 136 WP 1Bg PEFneosALned 1n

R i g et S R

the Qpééhgl thbg%éltplto 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 alcohol. Alternatively, the alcohol 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). BAmong 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 alcohol. 1In the

present invention, pervaporation can be preferably used.
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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 m xture. The second portion of 5
reaction mixture may contain, for exanple, a sol v@dfarch 2006
which forns an azeotropic mxture with water fromthe

vi ewpoi nt of the ease in the renpyal of water in step

(3); or a solvent which enhances the hydrophobic prop-

erty of the second portion of the reaction m xture so

10 thah the vaPOrof igliLh Mol inaviiwg af bbheiwat @bint higher
formed by the reaction in step (3) becones
advanthgeotisat Foff -wather, tHee reeeead pdr waeerofint ke alcohol
reaction mxture may contain a solvent which adjusts

the féamdalso die tdwesilseqond quoetd iy dfisthéla¢doni onder

m xture. 15 The tenperature enployed for the reaction

per - herwingi nOst dpe( 8khear hasddeprnthagease t g aypelcohol
of the first alcohol used; however, the tenperature

i s geeying|a \ba¥leing mrtteriwéqeat @hén( abé@t Oiowe)ter@ the
300 C. VWhen the renoval of water in step

per f PRV DY oD VAT |4htthen altci‘?é‘c’tleﬁﬁér étlapebénﬁ%%amed

for the di t||- | atjion is _not partlc arI _
ong BE el A AAC IO P RES dre é ofveR? 28zming
tamaauue When it toco te

r eact PO 1 7 -9 é‘}l}itﬁjrae §°H‘5: o &Fi &8 3 i%n%entlonee‘

o OSSPSR o ARSR 20, SESEGh IR RS e
formed by any of a method using a solid dehydrating
agent, distillation and membrane separation. However,
when it is desired to obtain the second organometal
compound mixture in a large amount in a short period of
time, it is preferred that the removal of water in the
alcchol is performed by distillation. The distillation
can be performed by any conventicnal 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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tions wherein the tenperature of the vapor forned by
distillation is the azeotropic tenperature of water
and the first alcohol. When water and the first

al cohol do not forman azeotropic mxture, it is
preferred that 5 the distillation is perfornmed at9 Magh 2006
boiling point of water. Wen it s intended to

conplete the reaction in step ; in a shorter period

of time, the distillation my be perfornmed, using an

aut oc{ ; t e e ' r n.th i}ing

poi ni-a Bee Y B HR earar s hBOE P PR Se PR T pe-

remidig Wt @lrifgt RReVaRQk i PR3EEon, B é@%ired ubstance -
tenperature enployed for the reaction per- ormed 1 n

st ep rfa%) veS a@geGewBl ¥nBi §Bcohll horE95R bFBEhe POSSHIY Sor-
that a thernmal deconposition of the reactive

or gandel af ¢a8Peendt68UnSxthie SUhL 3 %nd Jddrddiod of
15 contai ning water nmay be renoved by reduced pressure

di st idelaattiion aixtheel nk¢. coneainherot hexdmpsd, ad cdBlent
does not forman azeotropic mxture with water, water
can bdicbhnteedsbyn azeotropic misthtéd abitm watanhiftfor the
solvent form ng an 20 azeotropic mixture with water is
used VIFwpeimtt h6dthe epsef &énrtile sremevakhtef watreibein step
renoved at a |low tenpera- ture. Exanples of solvents
whi cl 3fer Afaf 62EBERBpYRichi srharced t thevdtrdrdpiihide prop-
unsatu&ated and saturated hydrocarbons, such as
hexafi&t¥b8hzERE, SEEPRENROTIIPRMRE Y HegpfitHaAnefgixture so
et her, such as _anisole and 1, 4-di oxane; 9 March 2006
103 tﬁat %ﬁe vapor—fgquig equilibrium 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 fluidity of the
" second portion of 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 rcom 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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and hal ogenat ed hydrocarbons, such as chloroform From

the viewpoint of facilitating the separation of water
fromthe azeotropic m xture after azeotropic

distillation, it is preferred to use, as a solvent, an

5 unsaturated or saturated hydr ocarbon in which wAtNsarch 2006
has low solubility. Wen such 3 ol vent is used, it

is necessary to use the solven n an anount such

that wa- ter can be satisfactorily renmoved by

t f
azeolf OB llldil 3l i@hp el thidePbe! EhECHab8: UpErfled by

e azeo ropic Stl atlon

bece“&%%%{fﬁé%l&ﬁ”ﬂé G2 %o&%%%&be@ehﬁekgﬁﬁfsasf'QQter and

system a Separating & vent fromt

azeOt{rféO'fiz‘EtXtéirc%Ho'l thendistateatied +180 #iMs@hcohol do
hence, the amount of the solvent can be re- duced to a

rel atjoselporairld 3Rt rbpiBY mietheeni ng thepregettea that
step (3), there can be obtained, for exanple, an

or ganet lstGoNRAURE RisX pelirfoemeantai Rhagbaliliggspoone of
reacti ve organonetal com pound selected fromthe

gr oupwen@isi swwhag ot a8 Ontegasdned atompheoenthe reaction in
represented by fornula (1) and an 20 organonet al

conpatrep r(epr dsert ethontefropewliad( 2f. tiMkenthhedistillation
reaction in step (3) reaches a stage where al nost no

wat emays hge perficathedst a5 ing) agaRuseclpvai shEd2 PpBReRature
sequence of steps (1) to (4) is re- peated one or nore

ti nedigher dheuntthsf bDod iagr pedne 25 &beefibBtapheqhrh or
step (1) varies dependi.ng on the 9 March 200

water while gradually removing water 1in %he 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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amount of water which is renoved in step (3). There-

fore, it is preferred that the anount of water renoved

in step (3) is as large as possible. Generally, the
anount of water renoved in step (3) 5is 0.01 to 1

times as large as the anmobunt of water pro- duced Sifarch 2006
the reaction in step (3), wherein the anount of water
produced is theoretically cal ci%t ed based on the
assunption that only an organonetal conpound repre-

sent b | ced { r j N

o sf3 ¥a Sbfafed Myd R BhAEE Sor U8, | oRRn
remved  #fok! O (Mo i el Bk {dBRAnLALERa A tion
t he above -nentione eoretical anount Of water

prodygeds pyrt BEon M €2C 14 AL i b il RibDurf R 2 e Bl t@bpic
the studies nade by the present inventors, it has

beengi o8Nl §£8bn , WHEN & HAF LGN AP IR ,CRIPAURGINENEL, an
produced fromdi butyltin ox- ide and an al cohol and a

sequensetetaté@psr (datimtiel hydrdeperiednoR@ich Water has
times, the anount of water re- noved in step (3) is

| esslbhanmolliei AOENt Whlenwaieh geBoleeatedsdusedg iheis
reaction in which the reactive or 20 ganonet al
conpuendsssrprooluces fhremadiveuty i mmoxndentasgchn that wa-
al cohol. When, in step (2), water is added to the

r eacteBncay shensd b sHapnnitih Femaved bn aggotirepic distil-
contai ning the carbonic ester and the deg(aded_

conpb@RHon - i 1Y dssprefierEsdpbesPbreat A tALhAL{ @R sepigmn
containing 25 water is obtained and_the anount

mﬂtefo;e %eﬂz??FEPR&ﬁ(ﬂ%%ﬂﬁﬁ}%ﬁﬁ?n because the %leent 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 sequence of steps (1) to (4) is re-
peated one ox more times, the amount of the carbonic

ester obtained in step (1) varies depending on the



step (3) is nore than 1 tines the above-nentioned

theo- retical anpbunt of water produced by the reaction

in step (3). Wen a sequence of steps (1) to (4) is

re- peated one or nore tines, it is difficult to

calculate 5 a theoretical anount of water produced Mgrch 2006
the reaction perfornmed in step_(3) because the

structure of the re- generable 4am)rphic or ganonet al
compound contained in the reaction m xture obtai ned

in ste 1) has not t. .been _identifi.ed._.lLno this

case, a‘?ﬂén%h%ﬁg"éar(% %/'%”t(fhrre S f(?qnloﬁret éL%ar%&ﬁ’t (gf) ’vva?lé?re

whi Chfi)i?er eI[Pvegté{% f‘isﬁ%né.ﬁ e&’iat %%n aJrrFou'nst %‘;}.nﬁv'a[t@d r%)ﬁoved

t he neasutenen st Nn0O nore water 1S renove

step %?)%Eggrgg?fiQiégmigrdgtég goymhatd on of step

(3), an ex- cess anount of the al cohol nay

be removedze fL0R {he iy URWRR! Rir QfatiePrRuoRedt A8 step (3)
purity of t%e carbonic ester obtained in step (1) in

5 the cageg Wheres a1 searencss ofargd eRs the) amdund) ofSwater pro-
repeated one or nore tines, it is preferred to renove

an exgessd agpUfkie ofeddieic cohdtep Win tibersame the amount
al cohol as used in step (3) is used in 20 step (1) in

t he cesewaher epro®@espince Giemtedpsally tamlcdatiest based on
repeated one or nore tinmes, the renoval of the

al cohthe ads sumst i (Fatmniotarbeyuanaretad. cempoREd repre-
an appropriate anount of the alcohol may be added to .

the reertedrbgyEoambdtel) stepyucess bphdhee Fppatign 1n

an excess anount of the al cohol can 9 March 2006 106
10 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

15 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-

20 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

25 water is obtained and the amount of water removed in
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be perforned as follows. When the second organonet al
conpound m xture obtained in step (3) is in the form

of a solid, the alcohol can be renoved as a filtrate

ob- tained by filtration. On the other hand, when_the

sec 5 and organonetal conmpound ni xture obtai ned i fi March 2006
step (3) isinthe formof a Ii%yid, t he renoval of

t he al cohol can be perforned b} 2 di stillation under
reduced pres- sure, or by a nmethod in which an inert

) h [ - is i dyced i he. .
oact PS8 ol That® MMEEI THaP dortcmers SHanB0ayor Rogsioned theo-
. o
o oonr MbAT, ERELEE RO iBadBROhPLEESLERCRIph (60

| ner (5685 1) NOrsol Sllitndel 88 st8pd! PAIVATL AP I8 re-

likely to occur erel n tthe second gano

COMPOash &F XS Ak Cort SmdbelrOlnkzLd jand deGeR La1R0s8dchNtR1ate
a netal oxide and an al cohol, so that the anpunt of

the carbeebseesdLl Abditnest Ratlhe preaskte@Nbyl Bnét 8Raction
(1) in the case where a sequence OP st eps (1? to (4)

I S I epeit @D eL0lstEY & 1) MRTauleC @hRS sexhiteiBkYof the re-

| owered. Steps (1) to (3) may be perforned either in

20 t egemértaintd ymaramarghizatcripanseerantnebmpdandesentheded in

above, if desired, steps (1) and (2) can be

si mul thm et tipemiortet: obitsdneidf idesitepdfl) shapsnéR)yet

and (3) can be sinultaneously performed. Further, _

st epsPger) ideqBdfiath alsotbéssraset abkoushangs (with time)

perfornmed. Further, when the nmethod of the present in

9 Mardh Byhempnt of water which is removed is measured.
When it is confirmed by the measurement that almost no
more water is removed, 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 alcohol as used in step (3) is used in
step (1) in the case where a seqguence 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 alcochol can
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vention is repeated one or nore tinmes, if desired,

step (3) and step (1) of the subsequent cycle can be
simul - taneously perforned. Wth respect to the cases
where these steps are simultaneously perforned,

expl anations 5 are given below. (The case where $tNgygh 2006
(1) and (2) are sinultaneouslynEﬁerforned) Wth

respect to the reaction performetP%n step (1), 10

there are two cases: one (first case) is the case

where. _a_Li gui hase_a a_vappr phase are present
duringetﬁgrgégg?grﬁ%n%%fg?w?hegﬁggkt$ﬁhsﬁﬁ° efTgppometal
and t d e) _is;the case where carbo

i oxi danpRiRE miREEA0LEER len Sl IRSETEUN I G Yr¥Form o

temoe_aatsu&sdanéhaifgfcaéofrcgé&%ee £aslidd 9 uraz%étge}gaste ob-

reaction m xfure fornms a onbgeneous m X

(1) apdihed snePersiibd a- JAeans %Rl BLARY Leh"€he sec-

first case. In the first case, the reaction

t enpepalubganené LAL T ESHH MRS S-S YobtdBRRIAIND QRp (3)
the type of an al koxy group contained in 20 the

react iy einr gas of@tnl of oLt @hdHd&-dmti@ 10fofAthe alcohol
al cohol when an al cohol is used. However, the reaction

t enpecabube perfemesdldy 200 <301 d e Wikt e deRRG pres-

tion pressure is 8 MPa or |ess. The carbonic ester has

hi gh setebi éxtlyyia roatrtosh idi owtiideh and ineencgasg parch as ni-

of 25 the carbonic ester is dissolved in the vapor

phaset*edqmyr chs 200 DB etheindforthe easdofrose rigpatthéhe al-

reaction in step (1) while
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 sequence of steps (1)
to (4) is repeated one or more times, becomes extremely
lowered. Steps (1) to (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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wi t hdrawi ng a part of the vapor phase, the first por-

tion (containing the carbonic ester and the unregener-
abl e unreactive conpound) can be separated fromthe

re- 5 action mxture. (The case where steps (2) and

(3) are simultaneously performed) Steps (2) and §MBrch 2006
can be sinultaneously perforned 10 when the reactive

or ganonet al conpound is obtai ned®from an al coho

having a boiling point higher than that of wat er, and

a Cil- al kyl, al cohol is used in ste céﬁg The
sepaWﬁPF&ﬁnoﬂstHQPESFBQnPEeegfewor?h 1%%5 g%% ired, step

d t t t 15 b
SO TSP, U %ﬁﬁgﬁé&?ggcéym%%
RN MO R T L AT

rem)\en%ge E?%Bgaﬁggnggmﬁ £§£€0£E?¥Id€g{' cgrenge 0 axg#l.anrﬁtlons

and wat er e reac ron X I such

as entbagRedn2BeRYyt he inert gas. The separation of
the carbonic ester, the degraded conpound and water
fromthe reaction mx- ture can al so be perforned by a
conventional nethod, such as nenbrane separation. By

such (gneethed, whbge §8&PON{ L) esh@r (2§ herdegimdadneously

conpound and water can be 25 continuously separated

fr onpel€ormaddi on m xture. 9 March 2006 109 (The case

where steps (1) to (3) are sinultaneously perfornmed)

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 reaétion 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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Wth respect to the reaction perforned 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 the performance of the reaction in step (1),

and the other (second case) is the case where cardjdarch 2006
dioxide is in a supercritical state under high
tenmperature and high 10 pressure®bnditions and the
reaction mxture forns a honobgeneous m xture. Steps

case' SHEFReGEF, oy Phedl H VA GIEED el ) wnae

present t he ce of the. reactian

B ep DA PYERRTRELE FEE e T RfSG tS jdEst pox-

ni gher PRahcrhat: Bt i 9atls | "caavfﬂ‘ e Fies Ll e, gpgegener-
(prefgﬁfglﬁnPEQFQDQA éﬁwﬁﬁﬁﬁﬁllgad éﬁgé af&%éd“fiom the re-

e reaction tenperature and reaction pressure

vary deriPgndiRguPa, the type of an al koxy group
contained in the 20 reactive organometal conpound and

the type of an alco- hol when an al cohol is used.

However, the reaction tenperature is generally 150 C

or | egphandatbeviieds-stemd (e §3)S geefialdltanedds 1y

or less. Water, the carbonic ester and the degraded
conpopadfbeaved hi gh 25 solubility in carbon dioxide

and, hence, a part of each 9 March 2006 110 of the

wat er, theStepdoiidk ast ef3Jamin fre ddguddedecmlyppendormed
is dissolved in the vapor phase. Therefore, by

per f ovReRgthd ereaalbt Vo ey ganansd a1 capiidu@dajish @bdwingd from
a

an alcohol having a boiling point higher than that of
water, and a C,~-C; alkyl alcohol is used in step (1) oxr
(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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part of the vapor phase, the carbonic ester and the de

5 graded conpound can be separated fromthe reaction

m x- ture while regenerating the organonetal conpound.

Fur- ther, it is also possible to enploy a nmethod in

which the reaction is performed in a fixed-bed 9 March2006
reactor con- taining an organonetal conpound m xture,
wherein the 10 organonetal conmpb®hd mi xture is

supported on a carrier or in the formof a solid. In

this nethod, carbon di- oxide and a Cl1-C3 al cohol are
introduced into the fixed -bed reactor to effect a

Goor ABY cBABoTRET Bt eRRp art e EubA ity iz tdbeousiy
entr igggrg¥ﬁzarbon di oxi de gas. As a carrier for

e .
supporting or ganonet al conpound mi xture, a con-

vent | onal 88 thebebanbertisdent thin Sgseedbifie i Wrep (1),

(3) and step e subsequent are

si mukhapgousky +R6" £EQLABY YREN(EDEs FEtded) of s thife case where

present invention is repeated one or nore tines) Wen

the gethgdiaf phBSePafacAt vAPYENhOGe | Srd prav@iteddigig the
or nore tines, step (3) and step (1) of the
subsegqueptmasekecEanhbersastibanenustep per f oramll the ather
25 nmethod in which step (3) is perforned in an

at nrogpheprd9chbeihi200be lddsef wivere ncatisompréisencte dfs in a
carbon di oxi de gas. Specifi- cally, step (3) and step

(1) efipehmerstbsafjushéteyghéer cahgibet eripanatines ayid/ high
perfornmed by a nethod in which the second portion (of

t he PEBEEIEBAH ﬁPR@EFé?nﬁbﬁﬁﬂnE@e reaction mixture forms a

homogeneous mixture. Steps (1) to (3) can be simulta-
neously performed in the case where a ligquid phase and
a vapor phase are present during the performance of the
reaction in step (1), the reactive organcmetal compound
is obtained from an alcchol having a boiling point
higher than that of water, and a C;-C; 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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5in step (2) is reacted with a first alcohol to

regener- ate (resynthesize) a reactive organonetal
compound and generate water, and the regenerated

reacti ve organone- tal conpound is reacted with carbon

di oxi de to thereby obtain a carbonic ester, wher®March 2006
the water generated is 10 renoved. Step (3) and step

(1) of the subsequent cycle caiOe sinultaneously
performed in the case where a |iquid phase and a

vapor phase are present in the reac- tion system In
t hi sOEabke ¥aeeF edehe FTPIRARIST &feE 2RAd theabeggaded com-

pressure_vary_ dependi ng on the type of an 15 alkgx
r oUBCERRAL LF 1P LTS HRale WERATG RRGRE al TRORFL BhtndY

d the_type of | cohol d., Ho the . .
RS NI TN v
the LSRELLONRLCSSULE bitad MO 838 ol LB ol tho de-

1)""0 € subsequent Ccy

20 Clg%l&é& S ALE ?caﬁsrl (%gné%e%%g%\%eﬁq l;%o e%‘r‘l'éi anhggolnnmix-

reacs= Ive Oorganone carbon di oxi

the t@fgsxﬁﬁ]a%f %e%lz&é:&r}f& 1Y i tRitaiNgoRpblhd. Fur-

. (=
hi gher 't 1 as neasured under atnospheric

PresguéL) iendera candidd Oins ey @inp1lRe af e@&hb@Nin which
tenperature is 25 the sane or |ower than the boiling

poi Nnth@f rédet adic ohwlpSrdidnid 2006 EiZeandeldheepeessueen -
is from atnospheric pressure to 0.5 MPa. It is nore

prefesiiethd hoi &t dndnd)taAncatpemndl nixafsriehewherein the

subsequent cycle are perfornmed sinultaneously by a

nmet hedgamomdii £h campomdirohddeegds issippotteduoadai grgrier
or in the form of a solid. In this method, carbon di-
oxide and a C;-Ciz 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 simultanecusly 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 simultaneocusly performed by a

method in which step (3) is performed in an atmosphere
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5 the second portion of the reaction m xture so that

the water generated is withdrawn fromthe reaction

system in such a formas entrai ned by carbon dioxi de

gas. As nentioned above, the nethod of the present in-
vention may further conprise, after step (3), a stdyfarch 2006
10 (4) in which the second organonetal conpound

m xture obtained in step (3) is ¥ldcovered and recycl ed

to step (1). A sequence of steps (1) to (4) can be
repeated one or nore tines. Prior to the recycle of
the off %ﬁnﬁﬁeﬁ%ﬁ Rl o ey Bioxie gas. Specifi-

or gano i com 15 pound may be cool ed or heated. The
nf ¥an

step €2 s P et R tier Oéon’?thlenﬁb’ﬁi’ﬂe;ﬁu&i‘tl ﬁygle
bat ch | te th t

o D S e R s
o) AR T B SRR s

in that %JE% f,_g)r dseqf %I.Oé;&’eodl S 1@?& A cBnk3r 95 regener-

anount . erre t hat 't he react

in ste&(@eg@eﬂs&%ﬁedﬁ f&%@é 100 gra'ngﬂl%t\éﬁeE%}nBoEHS and
formati on of the degraded conpound i"s suppressed

mich gendassd e hae B HAREr6BR0REtH v8- ortgaﬁome-
unr egener abl e unreactive 9 March 2006 113 conpound)

f or metth bycdinpbh & AR Mdatald &iveaskbeon divbikeéRel $o thereby
caused to occur when the organonetal conpounds

respetitadigl ya reutesdnrt e teye f othatede (the aadef2jeaceated is

heated. In a carbon di oxi de atnosphere, such dispro
removed. Step (3) and step (1) of the subseguent cycle
can be simultaneously performed in the case where a
liguid 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 alcohol 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 carben 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



10

15

20

25

5 portination reaction progresses slowy and, hence,

the unregenerabl e unreactive conpound is forned

mainly in this step (3). Wth respect to the degraded
conmpound formed and accunul ated prior to the reaction
of step (3), and the degraded conpound being forhidgrch 2006
during the 10 reaction in stepl§3), t hese degraded
conmpounds can be renoved from Ke reaction systemin
step (3). The rea- son is that the degraded conpound
represented by for- nul 6 Vi a_baili I gt

| oveR Enaie PERB17e CHe Tastt e SBradiseraretad 58 0 o
obt aj,pged t.he C ' 0 e ) h e I

ot oS qe gt o shase R RRE “Pet) (3] IR (1)

Stepo%3%%835u$$%éﬁgﬁf”5gﬁie RY-ef (2R %e a0 huiRbRRdus 1y by

such as disti on or mem brane separation. For

exangl gethde fh Shidddtd HhdrAmiR&iaRr ¢ber akl ¥nReohiaceBdinto
by any of a distillation under su 20 peratnospheric

Presshéesedokl Sttt Add Q¥ WhCraR@YeRdmiRit@E8UES, tRhat the
distillation under heating and a thin film

di stwhteti geneddicedreid ot drema droan thanrkaction system
preferably perforned by, for exanple, a pervaporation
usi ngn asueim a bt @re . ad-raamidimed dwpoarboof dioRidezgag -

the nunber of 25 steps of the renpval nethod enpl oyed,

it is norks prentgidvied RIROG6 Ihe fethed pifathehpresent in-
renmoval of the degraded conmpound is perfornmed by a

net heemthomimash, fwrther tapnpgdser S tes. skgPed3dn &t EhepP
(3), the degraded conpound is distilled off under

gr eat #)) FRIRNR priiR SRGERIT 0 SPRRPETETy FonPound mixture

obtained in step (3) is recovered and recycled to step
{1). 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 ig 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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5 enpl oyed for the distillation is not particularly

lim ited so long as the degraded conpound has a vapor
pres- sure at the tenperature; however, the

tenperature is preferably fromabout 20 Cto 300 C

Wien the distil- lation is performed under heat i rfgMatch 2006
a high tenperature, 10 there is a danger that the

amount of the degradation conpouhd formed further

i ncreases. Therefore, it is nore preferred that the
tenperature | oyed for dis-_tillation is from20 tq

200 EOTPRIPAL Fot TGS The' FHERRAPITSRAET §eesign

15 d d d_(other t t bove- ti d

e oG o REERS oht (H U LN AR R ey Coppounds
| e: t.al - | i [

cometr ReCe e bl R T O GRER ATER D) are

d hS e f .

R R T A

as ap&PLH £F P LrOict 1ih WK Syr LENET bl K IYNTERCT MeBce, the
conpound having in its nolecule at |east three

et ahn EAGHOSCAD K AgeSe a AR IR Ofs oGRS AlEIdLly in
degraded conmpound, there can be nentioned a netal

oXi dehisuchemsS(3) I amith exisgecdr tbi mhexidgradbd TheaLound
sol i d degraded conpounds can be easily renpbved 9 March
2006£dtted ramd t decunpald tah myistremdoytife IrMeaattiion. ofnstep
step (1), step (2) (in the case where water is not

used)3 hndand ephe (Fgraded remntdwnd fMedng & droege darangy the
present in the formof a honbgeneous |iquid.
Ther%g%ﬁ%goqwﬁﬁl%ﬁﬁg(ﬂB), 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 organocmetal compound obtained by the reac-
tion of step (3). The removal of the degraded compound
from the reaction system in step (3) can bhe 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-
peratmospheric pressure, a distillation under reduced
pressure, a distillation under heating and a thin film
distillation. The membrane separation can be preferably
performed by, for example, a pervaporation using a mem-
brane. From the viewpoint of minimizing the number of

steps of the removal method employed, it is more pre-
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5 degraded conmpounds are precipitated in the reaction
systemas a result of a repetitious use of the or-
ganonet al conpound, the solid degraded conpounds can

be renoved by filtration. The filtration can be

performed by any of the conventional nethods. Fof March2006
exanple, the 10 filtration can be perforned by any of

a filtration under atnosphericlpfessure, a filtration
under reduced pressure, a f||trat|on under

vt erfoiRahdant Ay crore” 88 B Etﬁéi?faﬁg WP PREOPRS e
o'rgaﬁé‘%%{’ Bmdd o ha R dPorPIeh  anGtoCor g Pregr 1 Te-

Th t t I t
coﬁLounJﬂ}ron1 e|ng%géh%%bdggggéﬁﬁgrC&#PHQ?EOEE é#Stllled
degr a.d. &%dﬁ%gﬁehEg sh?%t tfﬁéfﬂém erature
tratlon 'S perforne erable care so as to

20 sy EsvRed N 0GaY rd%':‘t.e.l%taes El)édheli:yﬁhz?t%ui&ﬁly 1im-

or- ganonet al conpound. Herei nbel ow, explanations are

gi venisidd sd eshifflas thel RRgh-aacki eBmpBERA! Ba¥S&Uvhpor pres-
the method of the pre- sent invention. 25 Wth respect

to t haidey/ per afhd enpratitues ; vassehve2, MBheht2@Pérddfre is
used in each of steps (1), (2) and (3), there is no

part igrdfyrdo 1 tfaddnd Raboard 28nyC CORVERD i enal wheacthendistil-
vessel can be used. Exanpl es of conventional reaction
vesselatiac|is] @eerfsrimed mgdeassbertiagnmakt A- bighetenperature,

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 sclid degraded compound, there can be mentioned a
metal oxide, such as titanium oxide or tin oxide.

These so0lid degraded compounds can be easily removed
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5 ring vessel and a continuous nulti-stage

distillation colum. These reaction vessels can be

used individu- ally or in conbination. Using at |east

one of the above-nentioned reaction vessels, steps

(1) to (3) may be performed in a batchwi se or 9 March 2006
conti nuous manner. Spe 10 cifically, with respect to

steps (1) and (3), fromthe viadwdoint of efficiently

di splacing the equilibriumof the reaction in the
direg&;on 9{ t he Qnoduct system it is preferred to

use a il ti 8 FAGE tdPdt FVSAEMoRYc SR dkRation. | siomgtep (1),
pr ef d at, .ea of ste 1) and (3) is 15
cont?ﬁ%’uékg 6épfggﬁe&aﬁ§iﬁgegenﬂPF?stﬁgEOt used) and step

di stidqati lLuom. Wth respect to the nmulti-stage
di sti(|3|’|)dt itg’% E%?‘f’léugnﬁﬁ, MEFEPES| $SnBepeFei vl Fesent in the

Lim teghd LL.is, a.distillati I

i chohieorag bPMAaBRebha T 1afid “arfisHe crwammino io
i f ' i St Lon, . As ch a |
il (ot age o erPP L BHP o S P EbeBhS a4 M gt Lon

nul t systageadi at bbsai £ 0ps gl P@%“.’nﬁf&é SaSENSF il | ¥

used in the art can be used. es of suc

nultbaabagEaMisbmbb@ﬁapntﬁ@|y&ﬁ§di{g#f&&éd”éﬂ@%ﬁ&%ﬁ%;%%n be

columms using a tray, such as a bu e-cap tray,

Mar che@006d10¥ Sikveatidy. anéalrda thbd¥ofl cBn be performed
counterflow tray; and packed type colums packed wth

any BY #BY| ofistpackémgsnticnah estitodAsChbe BikBBp18, the
Lessing ring, a Pall ring, a Berl saddle, an Interlox
saddf It sa i 9 regacké meriormed 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—r
tration is performed with a considerable care so as to
suppress the cccurrence 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



5 McMahon packing, a Heli pack, a Sul zer packing and

Mel - lapak. Further, a m xed type of plate colum and

packed col unm, which conprises both a plate portion

and a portion packed with packings, can also be

preferably used. 10 9 March 2006 118 BEST MODE Fé&march 2006

CARRYI NG QUT THE | NVENTI ON Her ei nbel ow, the present

invention will be de scribed in iia6e detail with

reference to the follow ng Exanples, which should not

be const r&Jed as limting the 5 scope of the present

i nvent' O OF Gtepsgal{ydes$2( 1pnfucBear thagaet s cno

Reson N nal.ysi.s of an_ organonetal conpound

10 ApggﬁgP&’Mﬁ%kﬁmﬂﬂdﬁ F?nNNRngy§P§n¢?ﬁﬁﬂﬂtagm@ledeactlon

and s JEQL.Ltd., Japan) Preparation of sanple

sol ut S}g%ssl?%i be Psed. o RSt VR %’é{%@é@n@d«bmﬁaetion
ion, m xture wa ghed 15 and

0.1t f t
t hen 8“%55ga Lo %t({élt%%é%ngt ﬁWFFﬁn%n‘d‘eﬁﬁ%t 3 el rftage stir-

5deute&§h@ﬂv%g|%ﬁOEBE”EWEES ?gggﬁsthe §%0-9§§§ﬂﬁ§§¥%%§;10n
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taining a sanp e solution

chr omebogmaphyrhétd AQalysd garhoni ¢ , _
Appar atus: GC-2010 system nanlffsaec el Z’ﬁd%gﬁdlngi"ldu‘

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 the 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



10

by Shi madzu Corporation, Japan). (i) Preparation of a

sanple solution 0.06 g of a reaction m xture was

wei ghed, and then 25 about 2.5 m of dehydrated

di met hyl f ormam de or dehy 9 March 2006 119 drated

acetonitrile was added thereto. Further, to the 9 MarchZ2006

resul tant was added about 0.06 g of di phenyl ether as

an internal standard, thereby obtafning a sanple sol u-

tion for a GC analysis. 5 (ii) Conditions for a GC

anal ysis Colum: DB-1 (manufactured and sold by J & W

Sci - EhEVEi Eray, SAAV3LYe i@y pitase: cawitestdigvettndy; and

pol ysi | Ofé%ge Columm length: 30 m 10 Col umm di aneter:

0. 25 RAPFEL| FYPRi ERAVERS Ragkedorifh awypel atamieous peckings,

temperature was_ el evated froms0 Cto 300 C at a

rate of -10%% i RASHY &idn 3 ST RURNBO@ €ald ring, a

Det ec t ature:_300 C Detector: FID (flane

i oni z%'?#%ng‘{‘j@?{e%t ot} 111553 Eafd en id Pixen peckinge a

guanty i ysi s of sanpl.e sol ution was_

per f oﬂr{&r.rlg%ﬁ%gi%&g%i%'l iabrHaeta'li]‘orPrch"ﬂ‘r'véa SBtZieTe #amkERIr 8nd Mel-

20 spg 0 stamn a . I cul ation. of the

yield o a}g car bo%i%%qeét g?kglﬁ g&%)a 58 §afl! 881.6m ' A
packed column, which comprises both a plate portion and

a portion packed with packings, can also be preferably

used.
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di al kyl carbonate) The yield of a dial kyl carbonate
was expressed in 25 terns of the nol % of the dialkyl
carbonate, based on 9 March 2006 120 the nol ar anount
of the organonetal conpound used in step (1), wherein
the amount of the organonmetal com pound is expr éshaggh 2006
in ternms of the anmount of a metal atom contained
therein. 5 Exanple 1 First, a riddttive organonetal
conmpound having a 2- ethylhexyloxy group was

I Ng

2-et hyl - | - he¥&s AR ;
f - ked fl Kk h I
o Peckad Lok, 80U BRI MR 2 S LSS, 18 e
f i
temperalurg of hhgefhaskdy Vgleggﬁga AU, 0 e (3344Tng

cogtro (THAnUT act Ut & 0 f
L 4
i bu%:Xf‘ﬂ?f‘Q%s“%é Fof"PROER AL SRRy At the

6 ife | -1-he anm
(nanﬁ?gctu?gdggﬁgéggsgyk) & %ﬁﬁ%ﬂy U. S. A* a

dehydr at ed grade). Further a stirrer was placed in
the flask. The flask was i m mersed in an oil bath.
The atgeRPAST LotrNahdByseéask was 20 purged wth

nitrogen gas. Then, stirring of the con- tents of the
f | ask1WasNstbeseMadn el d et s pndthdiiMe aniadygdsalt an
tenperature of the flask reached 172 C, the
organometal compound
Apparatus: JNM-A400 FT-NMR system (manufactured
and scold by JEOL Ltd., Japan)
Preparation of sample solutions for 'H-, °C- and
11%3n-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 thereto, 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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pressure in the flask was gradually reduced while
Wth- drawing a distillate (i.e., water and 2-ethyl-1
25 -hexanol) fromthe flask by nmeans of a purge line,
and 9 March 2006 121 a reaction was performed for
about 7 hours. By reduc- ing the pressure in the 9March2006
flask, the pressure in the flask was finally | owered
to about 28 KPa. Wen the distilfPate was al nost
t horoughly withdrawmn fromthe 5 flask, the flask was
e _insi de,of

k he .0i.l. bath, d h
L okeru led TOMINR 0L P Ao HREL B IR Blotde o ne
I nto rtehseu%tl_aanstk v}aos %dedve% eagtofﬁ[ech%r.%%s %f 'dr_ﬂ BQS gl Q%ﬁer as
y nentond

t o at'nospheric pressure. e ‘above-

operatj o @ég g jSC h.Qui .0h- -1 _
tai nzgcff J{}'htee |s]tiﬁq{aarlt%eal\yva%t %ﬁ%ﬁ&ﬁ%f}g&%ﬁégpl gsgam :sLe solu
ana- | y4ede,As & eag.{#l id was found that the
disti#%ate()conté{ne gﬁht 13 g of water. The

abover Opf &t IR thichs EMS a icduiadangsignal yzed by ' H-,
13C- and 119Sn-NVR's. 15 As a result, it was found

that the Wsaews IbROU  me@Rfak@ured and sold by J & W Sci-
1,1,3,3-tetrabutyl -1, 3-di ( 2-

et hyldrexqytt saxy )ulisstaannoxane, dibutyltin di (2

-et hyl hexyl oxi de) and tributyltin(2-ethyl hexyl oxide).

20 Step (DidAG4 ghafset:hd 0absvdimktaviedolystdasanhequi d
was charged into a 500-m autoclave (manufactured and
sold by Tejankodtesgtde. 30Lmd. , Japan) which had a

car bon di -
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 calibration curve obtained with re-

spect to standard samples.

(3) Calculation of the vield 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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oxi de gas bonb connected thereto through a SUS tube

and 25 a valve. The autocl ave was seal ed, and the

at nrosphere 9 March 2006 122 in the autoclave was

purged with nitrogen gas. Then, the above-nentiaoned

val ve was opened to introduce car- bon dioxide gdsMarch 2006
having a pressure of 4 MPa into the autoclave. The

i ntroduction of carbon dioxide X5 into 5 the

aut ocl ave was perfornmed for 10 mnutes while stir-

ring _the contents of the autoclave, and, then, stop%gd

by cFBEiRglEheaVAIVE OF HHe THBATH iU WELFRSHHTHE 10
Subseguen , the internal_ tenper re of the

st o P el Y BFEt i oS RSP G e Sndoms tatnagm-

a reagurjl'g E.jsonxm@gs%)ee&fl rrt?éjrrxsorotg élfeur%()\gplitl %f a metal
nain?alnlng t AEPTTRT ST na pressure 0 the “aut 6¢1 ve “at

4 MP . -pressure val ve of the carbon
diox?ggmgggﬁgéh%éd é@%ﬁ§¥qhe reaction, the inside of

t he autocl ave was cooled to about 30 C, and carbon

di oxi de gas was gen 15 tly purged therefromthrough

the pus@sidipe to lower the pressure in the autoclave

to atnmospheric pressure, thereby obtaining a

transpar epirdt qud Or e B e asddaiiomdBaX! WompolhdWwagving a 2-
found that the yield of di(2 -ethyl hexyl) carbonate

was ebh$ihdiel seaciromp nrad Wy thds wasl draby detdultyltin ox-
"H, 13C and 319Sn-NMR's. As a result, it was

conf ideeand hatetie! + bdudxaenad urel lgors.ai ned
tributyltin(2-ethyl hexyl oxi de) and a carbon di oxi de

ad- duct ¥mer edfl il tex diair-aestad dflagkoggudppefoliddr 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.5.A.), 650 g
(5.0 mel) 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

-hexancl) from the flask by means of a purde line, and
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These two conpounds are unregenerabl e unreactive com

25 pounds. 9 March 2006 123 Step (2) After step (1), a
thin filmdistillation apparatus (E-420; manufactured

and sold by Shibata Scientific 5 Technol ogy Ltd.

Japan) having an internal tenperature of 130 C aﬁ&m%ﬁhzoos
i nternal pressure of about 65 Pa_was connected to the

aut ocl ave through a liquid transfér- ring punp

(LC 10AT; manufactured and sold by Shlnadzu

10’ ot R t20 o6 EphesPalr7 SRR it gnitee-
t d | di
L2 ethg b ggras)ur%sm 13984 ok tothg phBkBuLL! m dine

us throug i qui ranat erring

punp @i e Afhad g/ Pohel@adi-3t hH:P‘Ef bat ﬁgyvo'mﬁﬂéxi &he

mat t er rom e reac I on m xture, I owed cool I ng,

15 they §¥§ﬁf§ﬁ% qU|d %m@QQUEh$§oggﬁﬁ hetMakaih! Brom the

matter 1n orm |t was found that about 50 %

of the adh (2R BNEeXWak ¢akkanahe eephaitAgdoin b&eh, and

reaction mxture charged into the thin film

di stidheatian RPRAT &hel ¥3 av@SwdkSktbbled. offhés, amitrogen gas
volatile matter. The vola 20 tile matter in a liquid

formwis anatomeddyntid the3€lagrdtbl8SavalhR the Asrassure
result, it was confirnmed that the volatile matter in
a | i gin dtHeorfihasdnttai methoapberi®. O2esgpkeof By the above-
tributyltin(2-ethyl hexyloxide). 25 Step (3)
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-1,3-di(2-
ethylhexyloxy)distannoxane, dibutyltin di(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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9 March 2006 124 Into a 300-ml four-necked flask
equi pped with a cooling tube, a thernoneter (for the
nmeasurenent of the internal tenperature of the
flask), a vacuum punp and a vacuum controller
(manuf actured and sold by Okano Wrks, 5 Ltd., J&d¥anch 2006
wer e charged about 100 g of the distilla- tion residue
obt ai ned by the above-nentionedighistilla- tion, 5 g
(about 2 mmol) of dibutyltin oxide (manufac- tured and
sold by Aldrich, US A), and 216 g (1.7 nol) of
2- et hyl theheyasolateaanas asttged ahich sol toedgerAlglrd chThen,
10 U.S. A ; a dehydrated grade). Further, a stirrer was
pl acttei abbhe-heaskondfevélaskwamsopemet st jntrpdusid car-
bath. The atnosphere in the flask was purged with ni-
t r ogenngdsoxIfengasthaving af pxepswomtehts Mia t3pto the
flask was started while heating. Wien the internal 15
t enpentpatavet tTHee firsiodutciaey of7 EZachoph digxdde ggs into
in the flask was gradually reduced while w thdrawng a
di st thpagBterlave viasePerhorvedt ¥ - 10 HRlHAS Wi stir-
the flask by nmeans of a Purge |ine, and a reaction

t i

was BEPI FBEnEERFERtanSHt the HOuTCIP r AR niy*Yhe StoPPed

e PYnGHPRLRBuERe EaTTS ahotrl o R YEk g2 bomb.

{1 askooPRaeFRELR BB {ARGERAET LBl TR LY LOR ik optave

the %Qéigieggggﬁeaofg§§k°@6§h£98|§9irﬂlﬁﬁh RiHer0J@N reac-

gas was I ntroduced 25 into the flask to el evate the

pressupg Ast PerEbaskat Por 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 liguid 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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9 March 2006 125 atnospheric pressure. By the
above-nenti oned operation, a viscous liquid was

obt ai ned. The above-obtai ned viscous |liquid was

anal yzed by 1H 13C and 119Sn-NMR' s. As a result,

was found 5 that the viscous liquid contained 9 March2006
1,1, 3, 3-tetrabutyl

-1, 3-di (2- et hyl hexyl oxy) di st anngzane, dibutyltin di(2

- et hyl hexyl oxi de) and tributyltin(2-ethyl hexyl oxide).

O these three conmpounds, the first two conpounds are
regener abl e net anor phi ¢ organonetal conpounds and the

10 |l ast one conpound i s an unregenerabl e unreactive

com $omnd.2)The viscous liquid obtained in step (3)

above was recovered and recycled to step (1), and

step (1) weerlStppr f(d0ned dbinofLomsdigbill atiemeapparatus
above- obt ai ned viscous liquid was charged into a

100- nﬂE-aambc|W@f@@ﬁn@ﬁécﬂurlea%ﬁdbgoﬁlalb@yaT%y'bentiflc
Koatsu Co., Ltd., Japan) which had a carbon d| oxi d

gas Bafhnstnedcfdd - théﬁéﬁé)tﬁﬁﬁéﬁﬁ an stisteppal ahﬁmggp%;ure

val ve. The aut ocl ave was sealed, and the atnDEPTﬁé Pa was

in t R dibciaf@dnas &E}FGEB% PRefiFEFBgeh 988

e ol oSt 8L E Va5 OPROEahOy S LBENCF i -

20 OELANE oyl (SIS BB FRERATHROH S8 GsohDhincn

stir é%ﬁﬂyfg%l%%Q6Japan), and a distillation was performed
as follows. 3About 120 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
matter from the reaction mixture, followed by cooling,
thereby recovering about 14 g of the velatile 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 liguid form was analyzed by ‘g-, Bc-
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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126 ring the contents of the autoclave, and, then,

stopped by closing the valve of the carbon dioxide

gas bonmb. Subsequently, the internal tenperature of

the autoclave was elevated to 120 C while stirring.

Then, a reac 5 tion was performed for 3 hours whi9 dlarch 2006
mai ntaining the internal pressure of the autoclave at

4 MPa by means of a back-pressugg val ve of the carbon

di oxi de gas bonb. After the reaction, the inside of

t he autocl ave was cooled to about 30 C, and carbon

di oxi de gaateaa geo-ad foyrpnedeedtfibasf ramigpesignith a
the purge Iine to lower the pressure in the autocl ave

to aicoodpher itabpr, easthermonpteehyfobt theimegagurement of the
transparent liquid as a reaction mxture. It was

f oundnitieanath&epperrdtoredpf2thet flankky| 3 %@?%@ﬁaﬁ%mp and a
was 25 % 15 After 'step (1), a thin filmdistillati
apparacysn (GEMZQllﬁﬁmﬁﬁléétlﬁﬁéﬁuﬁﬁé apfl ds ey ShY b%’f%m Works,
Scientific Technol ogy Ltd havi ng an_ i nt

t enpértat-ur d2pgn) 1967E &Hérﬁﬁdlﬂg Foﬁr%sgg Eh%fg{ Ei11a-
about 65 Pa was connected to utoclav thr u
I|un&OPr§ﬁ§F€P328bFPﬁBeBU f& %ﬁe %%% %rQQSQIlla"

i st PR dn Sl EUBF G MERL) aer ?@ﬁFgﬁﬁi‘%out 93% (rapurac-
t he reactlogld,[ﬁ &?h v ?lp&igﬂedU'g ﬁ(?p LA ¥ag (1.7 mol)

charge& inf 1's- il I on appar at us

thro%&hzt%&h#hqqtﬂ %Eﬁgif?ﬁ%hﬂgag§u955paﬁ& §ol§tﬁyoﬁl§rlch

g/mnto distill o? the volatile 9 March 200
U.S.A.; a dehydrated grade). Further, a stlrrer 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-l-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

filask was cooled. Then, nitrogen gas was introduced

into the flask to elevate the pressure in the flask to
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127 matter fromthe reaction mxture, followed by
cooling, thereby recovering about 14 g of the
volatile matter in a liquid form It was found that
about 50 % of the di(2-ethyl hexyl) carbonate
contained in the reaction 5 mixture charged into &March 2006
thin filmdistillation appara- tus was distilled off
as a volatile matter. The vola tage matter in a liquid
formwas anal yzed by 1H, 13C and 119Sn-NMR' s. As a
result, it was confirned that the volatile matter in
a | i quindsphemicopteassede ab@it theoBovk)-nesitigned operation,
tributyltin(2-ethyl hexyl oxide). Exanple 2 Synthesis of
an oagsmemetal ligupdunas etviained. hexyl oxy group from
di butyl tin oxide and hexanol was 15 perforned as
fol | ows. Theoakovemrhitainadcl iRy ERTHEG Fosd 237d¥zed bY
sol d, by oyo Koailg,u Co. wer e charg

1) o

,, Ltd., Japan) _ d
24. 9'H7 (1067 Anel ) Sh-WMbiA yI Bion S0 krdb ittt dEFUFQER
21 S Bl e oS Tt P 8,8 AP
U, S Ay a2 TR P 2P TS AU B8 1 anc
Cont chELYbRePrbeaRi) e velupfetlll Bfpidaoniae).

i nt eppa aLure A autpg | pives Wasy £l & Miedire
to 1@8 Ehggggﬁfl %ﬁe %ﬁ? rljlp%é was conti nued forn%g) Mar ch
2006ré§§nerable metamorphic organometal compounds and the

last one compound is an unregenerable unreactive com-

pound.

The viscous liquid 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 liquid 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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about 30 mi nutes. Thereafter, the valve of the purge

line of the autoclave was opened, and water and

hexanol was distilled off through the purge |ine over

4 hours while blowing a small anobunt of nitrogen gas

into the 5 bottom of the autoclave. After that pe9%@ﬂ9h2006
there was alnmost no distillate any nore. Then, the

i nside of the autoclave was coghgd to about 30 C, and
there was ob- tained a viscous reaction m xture. 1H,

13C- and 119Sn- NMR anal yses of the reaction mxture

was petderimd.codtedies NYRtaralkhyteslakeyedntihathéhe stopped
vi scous reaction m x- ture contai ned about 40 mmol of

1, 1, B-dlegiauthe Valve dif- hbey caxpodi dsbandexgas, bomb.
about 6 mml of dibutyltin dihexyloxide and about 4

nm dFuligddnent i .n thexiingerdel t&mgerpt(ty OAt bhehautoclave
above-nmenti oned 200-m autoclave contain- ing the

r eactWam edieviafredl (teodtZd ACnyhadeos§anohngal Thehpourrpac-
havi ng a hexyl oxy group) was charged 61.5 g (602

mol )Hgm r@samsrforeds d6FuseBonng Ybidebpainpbpiehng 2bhe

U S. A ; a dehydrated grade%, and the autoclave was

seal eI, PSR e & b SR CdPB%PEEAYSs2bofbMiRI BR fe’ns of
connec o the autocl ave h%ﬁégh a_SUS_tube_an

d d
Calve A BTk g aE Rby NG 2 PEEcaT BRRe LoRpAPO
i d_intaq.t t , i i 2
nos  ARIACHERE Jdlcd o0t AEOTheY B BE EhE"EnEhe R0 s

Nhrchﬁgggh%%ga%%$tta% Skgrgnﬁfcgpgoﬁthﬁgkﬂge &Qg was gen-

val v e carbon
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 %.

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 liguid 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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di oxi de gas bonb was cl osed. Then, the internal tem
perature of the autoclave was elevated to 180 C while
stirring. In this instant, the internal pressure of 5

t he aut ocl ave was about 7.5 MPa. Then, a reaction_was
performed for 6 hours while maintaining the interfafarch 2006
pressure of the autoclave at about 7.5 Mra.

Thereafter, the inside of the gytocl ave was cooled to
about 30 C and the internal pressure of the autoclave

was returned 10 to atnospheric pressure by gently

pur gingr tdie GAMDathe de@dtdengasxtand,t BELEoWBS by cooling,
obtained a transparent reac- tion mxture. In the

r eacttldrabx ity vetiiigx wWbhotar hang afethasvobidaibednatter in
ayield of 14 % 15 Step (2) After step (1), 10 g of
hexaro|licpnitdifivimmg 1I% oks flated viest gl Sdldedf dche

the reaction m xture obtained in step (1), and the

r esul dia(iz - etibgt lrescydads cstribonedef gpntaboed inntheteeaction
Then, the autocl ave was opened, and it 20 was found

t hat miwtunextahegrded tipgoadhecithie Radmt diatdllahien sappara-
white slurry. The white slurry was subjected to

filtrigts oipuSiffid eshiotdnest pl vetatipeopaber. The vola-

manuf ac- tured and sol.d by Advantec Toxo Kaigha, Lid. i,
Japad % MatHETed Sotdi I hiPEDSBRF 8P ahBZ8Y f PY t tatre. -

The whi 1 j,d h 2 1l i th 20 f

nexarBid “TRE-Shn 8508 T905F 1 (1 bSO T S e the

i nt - .00t { - k ] t

"L e G098 S AR ELoRCaRE. B ELSSE 6. 00
mol of tributyvltin(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 hexancl (manu-
factured and sold by Aldrich, U.S5.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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an oil bath at 160 C and under reduced pressure. By

the distillation, hexanol, tributyltin hexyl oxide and

5 di hexyl carbonate were recovered as a distillate.

The vyield of dihexyl carbonate was 13 % It was found
that the distillate contained about 2 mwvl of 9 March 2006
tributyltin hexyloxide. On the other hand, a viscous
liquid re- nained in the flask faﬁer conpl etion of the
distilla- 10 tion. Step (3) The ite solids obtained

in step (2) and the re- sidual viscous |iquid which
remaizpeeti Bot henhkagsk afidfeash®d hard Sitallvleatdﬁ'%he purge
performed in step (2), were charged into a 200-

aut ogliave ofmMeALf aGtHEedvantasobFleiya ToM WoBd:S Lhr@p-hexanol
Ltd., Japan). Further, 51.1 g (500 mml) of hexano

(manwhactticedlasd soFdthyodyHrtiEd, phtde Aind over 4 hours
dehydrat ed grade) was charged into the autoclave, and

20 t bidst btbairgwassaadl edmodine @f nisiphwsen idgad himto the
auto- clave was purged with nitrogen gas. Then,

stir botgonf oft hbecantentsvefl Afdeauttbaltapeni@si, there was
started, and the in- ternal tenperature of the

aut oelmeetwas dietvialbatecany oo . THaveDN t Fbestinsdidegof the
was continued for about 30 25 m nutes. Thereafter, the

pur g8UfPRéaBe vAE atPbefate TmE cH J0be arsl there was ob-
opened, and water and hexanol were distilled, off 115g

t hr otigAPBRe® ptt §EOTF nESBTEIOR Tt E Shi | B~ bl oW ngPE

SnalkMﬁ”QHQ yggsn$ gge r actlég(%&4¥%g¥néégnﬁgrgormed.

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 organometal
compeund having a hexyloxy group) was charged 61.5 g
(602 mmol) of hexanol (manufactured and sold 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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aut ocl ave. After that period, there was al nost no dis

5 tillate any nore. Then, the inside of the autoclave

was cooled to about 30 C, and there was obtained a re-
action mxture. 'H, 13C- and 119Sn- NMR anal yses of

the reaction mixture was perforned. The NVR anal$Magch 2006
showed that the reaction m xture contained about 40

10 mmol of 1,1, 3,3-tetrabutyl-1;8¢di-hexyl oxy-di -

st annoxane, about 7 mmol of dibutyltin di hexyl oxi de

and about 4 mmol of tributyltin hexyloxide. After

st epte?) thet epatt) ovashpest oraedg asthol valwe ofl XHentaarbon
t he above-nenti oned autoclave in which step (3) was

per f anpeddeagashbogbdwbi. 51gs€602 Thegl,) tdfe Heteramd| tem-
(manufactured and sold by Aldrich, US. A ; a dehy-

dr at pdrgtade) ofThbeaatibobaaee wass sebéeattedhen, 1§¢ 51 ahile
carbon di oxi de gas bonb which was connected to the 20

aut osfttaveingr oukth thBUSInstrntandhe Vidiheenada PEGS SYrex of

I de gas havin% a pressure of 5 MPa was introduced into

t he &beoahseelagei vaEngPeRtt hed MRt entBedy. Ph&eagitdon was
clave was started. 10 Mnutes_after the start of the

stirPPRGOTPRE §9FvE BPUTRe"RLFBINRYR b3 IR g b siat
25 cl osed. Then, he internal t ra th t
S \PLRSSHEE 08> thragutreladr ok BEoRs To5 kehns Hbfeaster,

Che' RSenaiatlad cBCHIThAbE MARCEIBLF, R0 -

t he 5 S ~abou a reaction was

perfgﬁgegh%ogﬁgerﬁgﬂrEr@@ghgenB%nEﬁéné@ﬁoéfﬁ%éruégrﬁﬂturned

pressure o
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 obtalned in a yield of 14 %.

Step (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
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5 autoclave at about 7.5 MPa. Thereafter, the inside

of the autoclave was cooled to about 30 C and the

inter- nal pressure of the autoclave was returned to

at nos- pheric pressure by gently purging the carbon

di oxi de gas through the purge line, and there w&sMarch 2008
obtai ned a 10 transparent reaction mxture. In the
reaction m xture, dihexyl carbpygte was obtained in a
yield of 14 % After step (1), 10 g of hexano

containing 1 %of water was gently added to the
reactriiorraicst wee ebhAbpedrdd imtstepl{litemnsgdpimnt -shaped
resultant mxture was stirred for about 1 mnute.
Thenflble antoehbyecwad bvpeaedisthtlatiomasndeuriddtiiatg in
the m xture in the autoclave had turned into a white

sl ur ap. oTAebattht etslapr yCwasd subjerteedueed fpresstieon By
using a nmenbrane filter (HO020A142C, manufac 20 tured

and sbleddbygtAdlabien. Thevakal shbribedyltimpeRytexide and
thereby obtain white solids and a filtrate, The white

sol i d¢hpeyd Gashedapet VAEsS W%\r%e% a%fa HELGot Latte The

filtrate was transferred into a 1-1j
eggpN&ﬁﬂﬁsﬁgpéaheFYésRaﬁﬁﬂnéﬁ%j%%?eh3t%'aI&i§FFIﬁ&PP&nthat
under  heatin

reduced sﬁégiaﬂstemgngakm%ha%% L b

ubj ect tillat heat d
redu 8§&g§§§ ﬁre St %%eq%{q$lﬁﬁl rtlon%cLexanq%U&% Te-
recoleiegti i the ?9?}55‘2&% ES¥L} ERLon DL T WIS 11a-
carbepgte was 13 % It was found that the dis-

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). Further, 51.1 g (500 mmol)
of hexanol (manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade) was charged into 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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tillate contained about 2 mml of tributyltin hexyl ox-

i de. Exanple 3 10 First, a reactive organonetal

compound having a 3 -nethyl butoxy group was

synt hesi zed fromdi butyltin ox- ide and

3-methyl -1 -butanol as follows. Into a 1-liter 9 March 2006
four-necked flask equi pped with a cooling tube (which

was connected with a vacuum con4335 troller and a

vacuum punp) and a Dean-Stark trap were charged 70.5 g
(0.28 nol) of dibutyltin oxide (manufac- tured and

sol d vae Alghrned), dddSwAteradfdS02xgn6d. wepel disbilied off
3-met hyl -I - but anol (manufactured and sold by Aldrich,

U. S. Ahroudghr tther puargst iliher owes gl hoedsi whihe blaskng a

20 The flask was inmersed in an oil bath having a

t enpamE Ul emgflunid @ fCnidmd gene gpsedstiretha bhetdmask the
was gradually reduced to about 90 kPa while stirring

t he corfteeritayeof RAREefr| 8Bkt Thehodi heheressas almpgthaic dis-
flask was further reduced to 85 kPa while stirring the

25 cortiditte @mn pereE-askhand We htraideeh thestdutioalave
from9 March 2006 134 the flask, and a reaction was

per f St FAMES tos abort £8r ° 2 BBdr §hGRE| WaF Phhained a re-
wi t hdr aw ng a dlstlllg e fromthe;fl ask.

Subs A Eact con%on%%@s ?%LNWF&E?§%¥SES of the
unreacteqfalcoh in the f | |II d of f
fromthe 11 Ask™ 34 RE‘rFeSr{Rﬁ aﬁf} yses

reduGRG 1§ nRte T34 ¢ el +i 08 REQ%::E%QHQHEnEQOa@&t 40
mmeol of 1,1,3,3-tetrabutyl-1,3-di-hexyloxy-di-
stannoxane, abocut 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 5US 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-



The flask was taken out fromthe oil bath, and the in-
side of the flask was cool ed. Then, nitrogen gas was
introduced into the flask to el evate the pressure in

10 the flask to atnospheric pressure. By the above
-mentioned operation, 127 g of a viscous |iquid vilarch 2006
ob- tained. The distillate withdrawn fromthe flask

was ana- lyzed. As a result, itiyms found that the
distillate 15 contained about 260 mmol of water. The
above-obt ai ned viscous |iquid was anal yzed by 'H,

13C candel¥36nedRated £6 asoesulwhild swirfimmd Thathis
the viscous liquid con- tained dibutyltin

bi s( Insethyl bthexide¢rnd]l lpBeS8sure of the autoclave was
-tetrabutyl -1, 3-di (3-net hyl but oxy) di stannoxane and 20

tri babyphatti fA( 3- M@ahy| Thenxide)eacStiem WBe dbesrfgroedt fer 6
above-obt ai ned viscous liquid was charged into a

200- tougst wblideemphnhaintngr tle anteonal PeYsuIROWRE the
Koat su Co., Ltd., Japan) which had a carbon di 9 March
2006 an%9cdrivaeaadbpBib’ edntiBat eél‘hq?éaaétt@rt'hrt&&gﬁn&lde of
SUS tube and _a valve. The autocl ave was seal ed, .and

the APRoEPREFEavENWEReCARLRR| BY ARRIEE pift gdd 3] HFhe inter-
nitrogen gas. Then t he above-nentioned val v

openddtt BLFRFRBALEE AT L TR g tmos-

pressg (0] the aut ocl ave.

|ntr8§355|oﬁrgfsgﬁ?b%ﬁ arokt %epuﬁgﬁngnthg] AR Shgide
was %%%f%ngqggthéopH}BQtf§n¥p é&ﬁsﬁﬂére was obtained a

transparent reaction mixture. In the reaction mixture,

dihexyl carbonate was obtained in a yield of 14 %.

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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ring the contents of the autoclave, and, then, stopped

by closing the valve of the carbon di oxi de gas bonb.

10 Subsequently, the internal tenperature of the

autocl ave was elevated to 120 C while stirring. Then,

a reac- tion was performed for 4 hours while 9 March 2006
mai ntaining the internal pressure of the autoclave at
about 4 MPa. 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 found that the

I eaGidsn tafitx Fuaekohthai Bad jdchedr taf Gestibeastant under

the reaction contained di (3-nmethyl butyl) carbonate in

a yirlatioflg Bdd%unded treductldepreastiren Bwtthre distilla-
obtained 4 hours 20 after the start of the reaction
conttaicred hatbfadol- netrhplliytigin berpénaidei and Gikexybfcar-
20.4 % After the reaction, the inside of the

aut doirate weae aklcowedeto asoel distdliarbon Thodirlgat
was purged therefrom 25 9 March 2006 136 Step (é? .
Af t e¥ihexed CBrbonpgecwasenss Yof Fhevatit iR ethf sthe dis-

allowed to cool to roomtenperature (about 28 C%.

Therk 11t ea goa¢PARE WD oBbeReBMPd PECETEPUTRELFBAREFEHOX-
5 mxture therefrom The reaction m xture was charged

i nt ¢-9¢ -300- ni eggpl ant - shaped fl ask equi pped with a
cool i ng tube, a vacuum punp and a vacuum control |l er

Example 3

First, a reactive organometal compound having a 3
-methylbutoxy group was synthesized from dibutyltin ox-
ide and 3-methyl-l-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-l-butanol (manufactured and sold by Aldrich,
U.S.A.). Further, a stirrer was placed in the flask.

The flask was immersed in an c¢il bath having a
temperature of 140 °C, and the pressure in the flask
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

contents of the flask and withdrawing a distillate from
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(manuf actured and sold by Okano Works, Ltd., Japan).
Further, a stirrer was placed in the flask. Then, the

10 flask was imrersed in an oil bath having a

tenperature of 140 C. A distillation was perforned at

140 C while stir- ring the contents of the flask &fgrch 2006
gradually reducing the pressure in the flask. During

the distillation, 3 15 -nmethyl-hLsghutanol was first
distilled off fromthe flask and, then,

di (3-nethyl butyl) carbonate was dis- tilled off from

the fimaskeldik t hdiastrealcatibanwagbpeirfo9mgdofinder 85 kPa
di (3-net hyl butyl) carbonate and about 1 nmol of

tri butyt tin(hbured kylilet exrdeprwedehdibbaingda @0sEleépate
(3) Into a 1-liter four-necked flask equipped with a

cool ifugpen ke (Blkkiskh wasbseguent by, wnitieac et lxpmporents
troller and a vacuum punp) and a Dean-Stark trap were

25 chswmd asherdiwtrielacdeidonleebrdieiobthenEdash wesp dis-
(2) 9 March 2006 137 above and 502 (5.7 nol) of

3- mettiad 14d mfifafatom rveu £1lngkt gved gﬁdmébpﬁeﬁy“‘hlle gradu-
Aldrich, US A). Further, a stirrer was placed_in

the faksk refneimadbeRsestivgrsdd itheahlark bgt goout 200 Pa.

having a 5 tenperature of 140 C,  and the essure | .

the f1 ELaRIS Wt dakeRy OiEaEel EBSaBblt PEbRKPAN G IE 100

;ﬁ gggﬁl}pcge it#hftﬂfgo %gtksw%fs tcrc])%lgdgskrhe-rzy,ennitgrhoegen 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 ligquid was ob-
tained.

The distillate withdrawn from the flask was ana-
lyzed. 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 Keatsu Co., Ltd., Japan)} which had a carbon di-
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flask was further reduced to 85 kPa while stirring the
contents of the flask and withdrawing a distillate

from10 the flask, and a reaction was perforned under

85 kPa for 20 hours while further withdraw ng a
distillate fromthe flask. Thereafter, unreacted®March 2006
conponents (such as an unreacted alcohol) in the

flask were distilled off fromythe flask over 30

m nutes while gradually re 15 ducing the pressure in

the flask to about 200 Pa, thereby obtaining a

r eactd;gldvigasldmbl R&nheaskaoRheFeXbUtRr¥agh agabyI ethibe and
by 1H, 13C and 119Sn-NMR's. As a result, it was

f oundy thatvd .heTheagtitoolavatwie soated Aiaredl i wdtpidsphere
bi s(3- et hyl but oxi de) and 1,1, 3,3 20

- t et riabuihd dutddiai?d- meishpllrgedxyitthstahnogaenegasur -Then,
ther, the reaction m xture al so contai ned about 2 nmol

of t riteutatavienf@nreomeldboradxiedwps Snbsedutnt iptrefiece car-
tenperature of the oil bath was | owered so that the

i n- ttlemalioxdideegasubhavéngt Bepteaskrbeefint ¥Bauinbg the
and 25 a distillate was renmoved fromthe flask under a .

pr es Atesl@yer00Bhe3sntrpduegtion o5 carer 4iRxidsgas into
was taken out fromthe oil bath, anﬁ the inside

the fIRESIBURRSICHS &S PREFOTMR FE8hen gBS asS whﬂé stir-
e Pt e nirG B bR, BT ity Bl “EREAS bloppea
operation,, 110 q,0f .8y SgaugyLl gasfﬂoﬁﬁaigxa&alanggs bomb.
The above-oObta ned Vitscous li'qui d was analyze y

1H-, SE%%E&HE%t&%%S%ﬂgw%ﬁierﬁ%lat%ﬁﬁ%EﬁtuEE ¥asthgURdtoclave

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 di(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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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- obt ai ngilarch 2006
viscous liquid was charged into a 200-m aut ocl ave
(manufactured and sold by Toyo;Keatsu Co., Ltd.,

Japan) which had a carbon di- oxide gas bonb connected
thereto through a SUS tube and a valve. The autocl ave

was sgaépdgzﬁnd the atnosphere 20 in the autocl ave was
purged wth nitrogen gas. Then, the above-nentioned

val ve was mpesiedted i(Nt)r,odneccoatenbonodi exedeugésSlave were
having a pressure of 5 MPa into the autoclave. The

I ntr cfluTdwed 0 b ad dicds demgasakire (hbeuduboct@yve

was perfornmed for 10 mnutes while stir 25 ring the

cont efiten of thdhenstalavay asapngeneenp seopped Shébrehction
2006 139 by cl osing the valve of the carbon di oxi de

gas behbturesymneform.y, Thheréatoiom|mixtines Mag echgfrged
the autoclave was elevated to 120 C while stirrin
Then,1Bt¢ eadA0diWn agep isatt-Ghapadf §1agkhegpspppd| eilth a
mai ntaining the 5 internal pressure of the autocl ave

at abRRLIANPEPe DF (FGURAd PEPPepPfind YasiEmofontroller

5Dl o, 0 A Bl LS 2 fepan

foundE‘JMert,h% rsq:%grtlje?t‘nwas 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-butancl 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 1-liter four-necked flask equipped with a
cooling tube (which was connected with a vacuum con-
troller and a wvacuum pump) and a Dean-Stark trap were

charged the distillation residue obtained in step (2)
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m xture obtained 1 hour after the start of the

reaction 10 contai ned di (3-nethyl butyl) carbonate in a
yield of 18 % and that the reaction m xture obtained

4 hours after the start of the reaction contained

di (3 -methylbutyl) carbonate in a yield of 20.4 Siarch 2006
After the reaction, the inside of the autoclave 15

was allowed to cool, and carbon g oxi de gas was purged
therefrom Step (2) After step (1), the contents of

the autoclave were 20 allowed to cool to room

t enpabatryr endqabopitg205 G .moThesE 3-hetautiod-dutamnes (manu-

opened to recover the reaction mxture therefrom The

reactaohunedt ané sabd carxeilichnt ar.as .300r.mM Further, a

eggpl ant - shaped fl ask equi pped with a cooling tube, a

vacuahipuep was placeeduon cide ribldsk. 25 (manuf act ur ed

and sold by Ckano Wrks, Ltd., Japan). 9 March 2006

140 Furt hBhe Blaskrvas mpepsettdd ian tdid fdagdk hapiag a

the flask was imersed in an oil bath having a

t enptemperatuné dA4014) °A.diagd that poeswasepanf thaeflask

140 C while stir- 5 ring the contents of the flask and

gr adéaf| 9@@@@%@%&8%@%%&9@? P P F |@§k’te ﬁmrﬁgmg

the djstillation, %g % I-I-% tanol was fi

di st PP eBORFENES off ¢ e ey h&he bressire in the

di (3 Eylbut % carbon te q% d of f, .f

the FRESR "85 ThbCircTTTared o e il dedidly tne
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 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 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 mixture alsc contained about 2 mmol
of tributyltin(3-methylbutoxide). Subsequently, the
temperature of the o©il 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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10 9 g of di(3-nethyl butyl) carbonate and about 1 mmol

of tributyltin(3-nethylbutoxide) were obtained. Step

(3) Into a 1-liter four-necked flask equi pped with a

15 cooling tube (which was connected with a vacuum

con- troller and a vacuum punp) and a Dean- St ar k § Mapeh 2006
were charged the distillation residue obtained in

step (2) above, 502 g (5.7 noly)zgf 3-nethyl-I-butanol
(manufac- tured and sold by Aldrich, U S A) and 1 g

(4 mmol) of 20 dibutyltin oxide. Further, a stirrer

was plhiasedfi pothe. fimask. thke filhakkwaastiakeer setl £nomnthe
oil bath having a tenperature of 140 C, and the

pr esslilebatht hanfll abk inasdgrafiudhe yfiaskiceas teoabwdt Then,
90 kPa while stirring 25 the contents of the fl ask.
Thenpithegenegssreas nitheo@uddd cintzo0Bdiel £l askgdie wdsvate
further reduced to 85 kPa while stirring the contents

of t hbefbaeksand wnt hde afiagk atdlidmdspher a Ressyge- BY
flask, and a reaction was perfornmed under 85 kPa for

20 hthis eppration: hkk0wd tdfirawWiRFoRYid@yidMess optadned.
the flask. Thereafter, unreacted conponents (such._a

an unreactke %‘I’%‘éﬁb‘i’?ﬁ?%‘_’%%e"*?%ﬁ VB 43 Iaélt?lygféfi by

Lo LLESKGHCE, 30T £ W b BLadiall L6s souna

10" conetr Bhe Poncaie: bEESIE LG I PR B2 0,
-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 liguid 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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"9Sn-NVWR' s. As a result, it was found that the reac-

tion m xture contained dibutyltin

bi s(3- met hyl but oxi de) and

1,1,3,3-tetrabutyl -1, 3-di ( 3-

net hyl but oxy) di st annoxane. Further, the reacti on $#grch 2006
15 ture al so contained about 2 mmol of tributyltin(3

- net hyl but oxi de) . Subsequently,,{fe tenperature of the

oil bath was | owered so that the Internal tenperature

of the flask becane about 93 C, and a distillate was

r ermwdcibemughehél P8 KvdNGer +19e P LSS eax =k Rfas Higb .
20 flask was taken out fromthe oil bath, and the

i nsi gabsefubheld| aske Wast €004 B0t endheia tukd dl&hedafatoclave
was intro- duced into the flask to elevate the

preswgdseelavabed tbasko teoC atmibpheticriiessThen,By reac-
this operation, 110 g of a viscous liquid was

obt athed. w25 ghefabowd- Ot od rtesliws Sdolldse Ingiuitchiwaing the
anal yzed by 9 March 2006 142 1H_ 13C and "9Sn- NMR s.

As aintsmhal preswerd oufdthdaautdelanes cousabduuidd MPa.
contai ned dibutyltin bis(3 -nethyl butoxide) and
1’1’3’3_t@m¥§®@t@md]gﬁﬁqﬁ(§he reaction, samples of the re-
- met hyl but oxy) di stannoxane. It was also found that 5
abouBC i1 AROPLIBEUES | Bt {1e | IHERTR MR G TSN Rt @ingl ana-
tilled off. 9 March 2006 143 | NDUSTRI AL APPLI CABI LI TY

By thB2ft hdf & GaFe - PreddntacnFonticoPah tAPpORAETIOD

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 4i(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.

Step (2)

After step (1), the contents of the autoclave were
allowed to cool to rcom 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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ester can be produced in high yield froman

organonetal 5 conpound having in its nolecule at | east

two netal -oxygen-carbon |inkages and carbon di oxi de.

It is ad- vantageous that carbon di oxi de has neither
toxicity nor corrosiveness and is inexpensive. 9 March2008
Further, the nmethod of the present invention is

advant ageous not only in 10 thaj,4 he organonet al

conmpound after use in this nethod can be regenerated

and recycled in the nmethod, but also in that an

unr egeRghakl eauBkeackkvRaor gaassdt ah eneRand fraefpdthe
can be renoved fromthe reaction system thereby

real ir2iaRe @asehifvelkea andant &bl ebprwdhetinn oftekperature
carbonic ester. Further, there is no need for the wuse

of agfange agpunt of a dehydrati ng agent, thereby
preventing occurrence of wastes derived fromthe dehy-
drating ageatistihenefionewas hper®dimel cdt the flewbmie stir-
invention is commercially very useful and has high

com ri@gmthei sontehds. 0§ Maechlagheandigadyais.yl reAlucing
met hod for producing a carbonic ester, conpris- in

t he $heppressuse( ip foef flabhg Purdad it @éﬁhéé&agionr 3
first or- ganonetal conpound m xture and_carbon

di oxi-8ethydi-d -bpitaselopgandaes bl ItShhbicd MkiiFae the

AERIAd - biteSe Lot _ = |
compéaaaRnaRtng Pyt abiar s ERTH Y Er ] BRI e wes ats-

met al -, Qyygen-carbon linkages, and any . aigtillation, about
9 g of di(3-methylbutyl) carbonate and about 1 mmol of

tributyltin(3-methylbutoxide) were obtained.

Step (3}

Into a 1-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 contents of the flask. Then, the pressure in the



10

15

20

25

10 unregenerabl e unreactive conpound which is derived
from said reactive organonetal conpound and whi ch has
inits nolecule at |east three netal -carbon |inkages,

to thereby obtain a reaction mxture containing a

carbonic ester formed by the reaction, said unregeMafch 2006
15 abl e unreactive conpound, and a regenerable

nmet anor phi ¢ or ganonet al conpoung, ferived fromsaid
reactive or- ganonetal conpound, (2) separating said
reaction mxture into a first portion containing said

car bagsif @@%Ja rf@%hﬁ.él deHik8a 29 H6NEEANLR: VOr SALEIMEy the

conmpoun a second pOFtIOﬂ contalnlng said

r egengiaing s"eraRREP R G sRI AAOREERAr aw ORP 04 NGl s BIL {8 from
reacting said second portion of said reaction mxture

W th tdef ighglskal @aBok Featel 8hawseCHOLs SrfedoiRie2%8s atPa
compound m xture and water and renoving said water 9

Mar clEc2006 h4eGrkr @risai dusenendwot garaweidl a cipoiltate

m xture, said second organonetal conpound m xture
conprirsmn@ha filxskt urthefesf teaac i ariganaostpainents (such
compound having in its nolecule at |east two

nmet alasoxygenreacied hilnkhgéd andthe ahlashk cgrenerdidteilled
unreactive conpound which is derived fromsaid

r eactoifife faogatibaefabskorPeund0 AAENWEE S Wikbke 9Fadually re-
nol ecul e at | east three netal -carbon |inkages. 2. The

met hé#CA8G0 i BENBTEESBESi AT 1ENANE LASK UFe HaROuY (200 Pa,

Conprl%%%byaE%%21§ESB gs%lscoggegeééglégl%gﬁgﬁkgal%he vis-
cous reaction mixture was analyzed by ‘H-, B3¢c- and
'°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-1,3-3di(3~
methylbutoxy)distannoxane. Further, the reaction mix-
ture also contained about 2 mmol of tributyltin(3
-methylbutoxide). Subsequently, the temperature of the
oil bath was lowered so that the internal temperature
of the flask became about 93 °C, and a distillate was
removed from the flask 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 ligquid was obtained.

The above-obtained viscous liguid was analyzed by



second organonetal conpound m xture obtained in step

(3) is recovered and recycled to step (1). 3. The

nmet hod according to claim1l or 2, wherein said 15
reactive organonetal conpound used in step (1) com

prises at |east one conpound sel ected fromthe gﬁUUﬂthzooﬁ
consi sting of: an organonetal conpound represented by

the fornula 20 (1) 9 March 2006, 146 wherein: M
represents a netal atom selected fromthe group

consi sting of elenents belonging to Goups 4 and 14

of the Pesfodigq Tabe. mexcd USiake 20f-e3u3k] | €@Nywagaehull

R1 and R2 i ndependently represents a straight chain

or bepashele Gt §dGud! Kiddu Od Qsbhh t 85 nd -3ty igaltew ( 3
group, a straight chain or branched C2-Cl2 al kenyl

gr oupme 8h Vb ROk 8@} kaha 10, Dy dUP- et fsd -af, 3-44i(3
unsubstituted or substituted C6-Cl19 aryl and al kyl

sel echethfIloutdie) @i Otynneaass St iIngwak aftsai ghtindhahat

or branched Cl1-Cl4 al kyl and C5-Cl14 cycl oal kyl, or an
unsusasdut ut edmo.br o utyst bty idi 063 -@ROc ey hdu tpxoudie;) Wais dis-
each of R3 and R4 independently represents a straight
chai bibtedranthed Cl-Cl2 al kyl group, a
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20

C5-C12 cycl oal kyl group, a straight chain or branched
C2-Cl12 al kenyl group, or a C7-C20 aral - kyl group

conpri sed of unsubstituted or substi 20 tuted C6-C19

aryl and al kyl selected fromthe group consisting of

strai ght chain or branched a4 -Cl14 alkyl and CS-é%MmChZOOB
cycl oal kyl ; and each of a and b is an integer of from
Oto2, a+b=0to 2 each o{4§ and d is an integer

of 25 fromO to 4, and a + b + ¢ + d = 4; and 9 March
2006 147 (2): an organonetal conpound represented by

the formula (OR 9 ) ;1 NRu&mkT PP MasRIgT¢2) ROf
(OR10)i 5 wherein:

i ndependently represents a netal atom selected from
the group consisting of elenents belonging to G oups

4 and 14 gf the Merhéd 08k CrHa b Baseane|iufiorti®n, a carbonic
silicon; each of R5, R6, R7 and R8 independently

repr @stsentananst pabghced ham mDgh by ssnchestdil -6l Drajantmetal

group, a C5-Cl12 cycl oal kyl group, a straight chain or

br anebagoGid Giavahg eyl i g aupleanld -432Meast 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 organometal 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 value.
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aral kyl group conprised of unsubstituted or sub-

stituted C6-Cl19 aryl and al kyl selected fromthe

group consisting of straight chain or branched Cl1-Cl4

al kyl and C5-Cl4 cycl oal kyl, or an unsub- stituted or
substituted C6-C20 aryl group; each of R9 and R1® March 2006
i ndependently represents a 20 strai ght chain or

branched C1-C12 al kyl group, aj4@®-Cl2 cycl oal kyl

group, a straight chain or 9 March 2006 148 branched
C2-Cl12 al kenyl group, or a C7-C20 aral - kyl group
conprised of unsubstituted oprswihsti- tuted C6-C g

aryl and al kyl selected fronithe group consisting of
strai ght chain or branched 5 Cl-Cl4 al kyl and C5-Cl4
cycl oal kyl; and each of e, f, g and h is an integer of
from0D t» metiod flor- ghddmdd,ng) a+ darbohitco ez teeackoopris-
i and j is an integer of fromlto 3, e +f +i = 3,
and ing the s$teps8.0fl0 4. The nethod according to claim

3, wherein each of R3 and R4 in fornula (1) and RO

and R10 i@t f aremfern(i)y a masdridentietvespr @sdierstanr-
n-butyl group, an isobutyl group, a straight chain or

br angdeemer 1oonpqynd grginre Bngt cprhonyidgieridieai Fadd
branched C4-Cl12 al kenyl group. 5. The nmethod accordin

to cFFft OTIHORS 1Pl APRFUN B HG i mACHPEES A9 By txture

and in formula (2) repre R
g@ a reac{%%e érganoA%tal 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 or-
gancmetal 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 organometal
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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20

sents a tin atom 20 6. The nmethod according to claim

3, wherein said re- active organonetal conpound used

in step (1) is pro- duced froman organotin oxide and

an al cohol. 25 7. The nethod according to claim1l or

2, wherein, in 9 March 2006 149 step (1), said 9 March2006
reacti ve organonetal conmpound is used in at |east one
formselected fromthe group cagnsj sting of a

nmononeric form an oligonmeric form a polyneric form

and an associated form 5 8. The nmethod according to

cl ai PrdmOEaRa ¥B86RI Norddhonidtefl (compaaid mieautreye said
organonetal conpound is used in an anmount which is

1/ 50 skeohdt bEBahbife 54 Di elriprmatd incix tarmeu mompelistinge at oix-
t he anmbunt of said carbon dioxide. 10 9. The nethod
accordiregofFoactaast iveroZgamhertsn caippundadr@ivémg dn its
step (1) is perfornmed at 20 C or higher. 10. The

met hodlacodedahgléast! tvone tal -Dxydear-alarbeos dinkgges and
reaction in step (1) is perforned in the presence of a
secont mhrepehewhblé WnredrtkimcopImdivtrdheds deghved
said first alcohol used in step (3). 11. The nethad
accofgpmgsaddcrapat iveropgangreta cqupowd and, whiph has
sai d separation of said reaction mxture into sai.d
firstnpéitei BRLGABLIGRH LerDhd P i“b%t&}]s'cﬁef&’fo& ﬁﬁd‘k"“ges'

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 from the group

consisting of:

an organometal compound represented by the formula

(1):

(OR*)
R} —M'—(OR?), (1)

2
R%,
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by at | east one separation nethod selected fromthe
group consisting of distillation, extraction and fil -
tration. 25 9 March 2006 150 12. The net hod accordi ng
toclaim1 or 2, wherein, in step (2), said
separation of said reaction mixture into said fiSMarch2008
portion and said second portion is performed in the
presence of an al cohol which isl% e same as or 5
different fromsaid first al cohol used in step (3).

13. The nmethod according to claim1 or 2, wherein said
first al cghekeyged in step (3) is at |east one al coho
selected fromthe group consisting of an al kyl al coho

10 having apt &@F&Etseﬁl‘ﬁéi B RetBianebRdsLletleaatkyh the
group, a cycloalkyl alcohol having a C5-Cl12

cycl oal Kyhrgupuponsagtahfesy| e émarind deMdnidy to Groups
straight chain or branched C2-Cl12 al kenyl group, and

an aral kyl ahéohel ohavhagrerididt£2fawra) kstciniife: of
conprised of unsubstituted or sub 15 stituted C6-C19

aryl and aikytomel ected fromthe group consisting of
straight chain or branched Cl-Cl4 al kyl and C5-Cl4

cycl oal kyl . ea4¢h Tife RieahddRactoieberyidre lof aieptkdients a
wherein sajd 20 first al cohol has a boiling _point

which is AFEAEYPY HERALR hR2F DRFRT R DSImCicr Hdtseh Izepp. a
rensu e MRSl SR L ST S I S
branched C5-Cj; alkenyl group, a Cy-Csqg aralkyl
group comprised of unsubstituted or substituted
Ce-Ci1g9 aryl and alkyl selected from the group
consisting of straight chain or branched Ci-Cjg4
alkyl and Cg-Cj4 cycloalkyl, or an unsubstituted
or substituted Cg-Cyp aryl group;
each of R’ and R independentlf represents a
straight chain or branched C;-Cj; alkyl group, a
Cg-C32 cycloalkyl group, a straight chain or
branched C;-Cj3 alkenyl group, or a C7-Cpg aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-C1g aryl and alkyl selected from the
group consisting of straight chain or branched
C1-Cy14 alkyl and Cg-Cqy4 cycloalkyl; and
each of a and b is an integer of from 0 to 2,
a + b =0 to 2, each of ¢ and 4 is an integer of

from 0 to 4, and a + b + ¢ + d = 4; and
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20

25 first alcohol is at |east one al cohol selected from
the 9 March 2006 151 group consisting of 1-butanol,

2-met hyl -1 -propanol, an al kyl al cohol having a

strai ght chain or branched C5- Cl12 al kyl group, an

al kenyl al cohol having a straight chain or bran&fdgrch 2008
C4-Cl12 al kenyl group, a cycloal kyl 5 al cohol having a
C5-C12 cycl oal kyl group, and am g al - kyl al coho

having a C7-C20 aral kyl group conprised of

unsubstituted or substituted C6-Cl9 aryl and al kyl se-

| ected fram dheasmetpaX angiEdind) @fpridseaitgd bghahe dormula
branched Cl1-Cl4 al kyl and C5-Cl14 cycloal kyl. 10 16.

The fefkhod according to claim1l or 2, wherein said

renoval of said water in step (3) is perfornmed by nmem
brane separation. 15 17. The nethod according to claim

16, wherein said nmenbrane separation is pervaporation.

18. The met hod accordi 90 clgidn 1l or 2, wherein said
removal of said water ¥ ep (B is performed by dis-

20 tillation.
R’ —M*—0~—M—R’, (2)

6 10
R (OR™);

wherein:

each of M° and M° independently represents a
metal atom selected from the group consisting of
elements belonging to Groups 4 and 14 of the Pe-
riodic Table, exclusive of silicon;

6, R’ and R® independently repre-

each of R5, R
sents a straight chain or branched C;-C; alkyl
group, a Cg-Cip cycleoalkyl group, a straight
chain or branched C;-C;3 alkenyl group., a C7-C3p
aralkyl group comprised of unsubstituted or sub-
stituted Cg-C1g9 aryl and alkyl selected from the
group consisting of straight chain or branched
Cy-C34 alkyl and Cg5-Cjy4 cycloalkyl, or an unsub-
stituted or substituted Cg-Cyp aryl group:

each of R’ and R10 independently represents a

straight chain or branched C;-Cjip alkyl group, a

Cg-Cy1o cycloalkyl group, a straight chain or
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branched C5-Cjp alkenyl group, or a Cp-Cpg aral-
kyl group comprised of unsubstituted or substi-
tuted Cg-Ci19 aryl and alkyl selected from the
group consisting of straight chain or branched
C1-C34 alkyl and Cg-Cjy4 cycloalkyl: and

each of e, £, g and h is an integer of from 0
to 2, e + £f =0 to 2, g+ h =20 to 2, each of i
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 Cs-Cjp; alkyl group,

or a straight chain or branched Cy-Cjiz alkenyl group.

5. The method according to claim 3, wherein each of
M* in formula {1} and M2 and M in formula {(2) repre-

sents a tin atom.
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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step (1), said reactive organometal compound is used in
at least one form selected from the group consisting of
a monomeric form, an oligomeric form, a polymeric form

and an associated form.

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

amount relative to the amount of said carbon dioxide.

9. The method according to claim 1 or 2, wherein said

reaction in step (1) is performed at 20 "C or higher.

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).

11l. The method according to claim 1 or 2, wherein, in
step (2), said separation of said reaction mixture into
said first portion and said seccnd portion is performed
by at least one separation method selected from the
group consisting of distillation, extraction and £il-

tration.
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12. The method according to claim 1 or 2, wherein, in
step (2), said separation of sald 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 alcohol 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-Cjp2 alkyl group,
a cycloalkyl alcohol having a Cg5-Cij cycloalkyl group,

an alkenyl alcohol having a straight chain or branched
Cy-Cy5 alkenyl group, and an aralkyl alcchol having a

C7-Cpg aralkyl group comprised of unsubstituted or sub-
stituted Cg-C1g aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cjy4 alkyl

and Cg-Cy4 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 one alcohol selected from the
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group consisting of 1l-butancl, 2-methyl-1l-propanocl, an
alkyl alcohol having a straight chain or branched Cy-
Cis alkyl group, an alkenyl alcohol having a straight
chain or branched C4-C3; alkenyl group, a cycloalkyl
alcohol having a Cg-Cjp cycloalkyl group, and an aral-
kyl alcohol having a C7-Cpg aralkyl group comprised of
unsubstituted or substituted Cg-Cjig9 aryl and alkyl se-
lected from the group consisting of straight chain or

branched C;-Cy4 alkyl and Cg-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.



