1 TITLE OF THE INVENTION Method for producing a carbonic ester BACKGROUND OF
THE INVENTION 5 Field of the invention The present invention relates to a method for pro-
ducing a carbonic ester from an organometal compound and carbon dioxide. More
particularly, the present in- vention is concerned with a method for producing a car 10 bonic
ester, comprising (1) performing a reaction be- tween an organometal compound having a
metal-oxy- gen-carbon linkage and carbon dioxidelto obtain a reac- tion mixture containing a
carbonic ester formed by the reaction, (2) separating the carbonic ester from the 15 reaction
mixture to obtain a residual liquid, aRe43)s reactingehenesifrabiduid with an alcohol to form
an organometal compound having & metal-oxygen-carbon ink- age and form water and
removing the water from tive bheghrfee tarcdoyiouy da wieerdiorthe czgaeametal compound 20
obtained in step (3) is recovered for recycle thereof to step (1). By the method of the present
invention, a carbonic ester can be produced in high yield from an organometal compound
having a metal-oxygen-carbon Ii%&&@%ﬁaﬁor&gﬁxm?&yamageous that carbon 25
dioxide has no toxicity and no COTTOSIVENESS artd 1S T 2

5 Field of the invention

The present invention relates to a method for pro-
ducing a carbonic ester from an organcmetal compound
and carbon dioxide. More particularly, the present in-
vention is concerned with a method for producing a car-

10 bonic ester, comprising (1) performing a reaction be-
tween an crganometal compound having a metal-oxy-
gen-~carbon linkage and carbon dioxide to obtain a reac-
tion mixture containing a carbonic ester formed by the
reaction, (2) separating the carbonic ester from the

15 reaction mixture to cbtain a regidual liquid, and {3)
reacting the residual ligquid with an alcochol to form an
organometal compound having a metal-oxygen-carbon link-
age and form water and removing the water from the or-
ganometal compound, wherein the organometal compound

20 obtained in step (3) is recovered for recycle thereof
to step (1). By the method of the present invention, a
carbonic ester c¢an be produced in high yield from an
organometal compound having a metal-oxygén-carbon link-
age and carbon dioxide. It is advantageous that carbon

25 dioxide has no toxicity and no corrosiveness and is in-



expensive. Further, the method of the present inven- tion is advantageous not only in that the
organometal compound after use in this method can be regenerated and recycled to step (1)
of the method, thereby pre 5 venting occurrence of wastes derived from the organome- tal
compound, but also in that 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 10 inventionsis commercially very useful and has high
com- mercial value. Prior Art A carbonic ester is a useful compound. For exam- 15 ple, a
carbonic ester is used as additives for various purposes, such as a gasoline additive for «
improving the SFR&REHMnbef & Bhgisolinbe aRf tehard seffidradBxi®8e Ry réBYERg the amount

of particles in an exhaust gas_generated b}_{iéh% 1tﬁlrnimg oéga ieg?ll efu% Aaﬁ%fﬁé’{" 20 ester is

10 . agvantagecus n 1 .
also used as an afkyf‘a%on agent, d carbonyla- tion %gent, a solvent an e in the field of

the synthesiscdngiganig copaReURte sUgh@sipoMedhedaten URihaagepbatmaaeuticals and
agrichemicals. A car- bonic ester is also used as an electrolyte for a lith 25 ium battery, a raw

material for prRdcirecy tirRare3sbBndla raad nidnerimetdieiod idieg shfe ®ddgizer which

5 venting occurrence of ﬁastes derived from the organome-
tal compound, but alsc in that 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

i0 invention is commercially very useful and has high com-

mercial wvalue.

Prior Art
A carbonic ester is a useful compound. For exam-
15 ple, a carbonic ester is used as additives for various
purﬁoses, such as a gasoline additive for improving the
octane number of a gasoline, and a diesel fuel additive
for reducing the amount-of particles in an exhaust gas
generated by the burning of a diesel fuel. A carbonic
20 eater is also 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-

25 ium battery, a raw material for producing a lubricant



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- 5 gene as a carbonyl source
is reacted with an alcohol, thereby producing a carbonic ester. Since phosgene used in this
method is extremely harmful and highly corrosive, this method is disadvantageous in that the
transportation and storage of phosgene need minute care 10 and, also, a large cost is needed
for the maintenance of production equipment and for assuring safety. Fur- ther, this method
poses a problem in that it is neces- sary to dispose of hydrochloric acid, which is by- produced,

as a waste. 15 £ aneihgr capvantional metped fRriaskieing & CRBRRIEERer Whek@is known

an oxidative carbonyla- tion method in which carbon monoxide as a carbonyl source is
reacted with araalcbholaed oXpge piretrenpiase neridiea catahes, Sucimaseeppegchloride, 20
thereby producing a carbonic ester. In this method, carbon monoxide (which is extremely

harmful) is used unB&r ﬁigﬁoﬁ’r‘&%"e?‘?r?éfe‘ﬂ?r'é?ﬂﬁs FﬁlﬁhBH_‘?éiH%.h’dgvén%’é}Bﬁ’_%‘iﬁ that a
large cost is negded fo Hé%r@aég'ﬁ[egénﬁ% Preduction eqyigment apgd fog,agsiuing safety. 25

In addition, this method poses a problem in that a side 4 reaction occurs, such as oxidation of
carb®n monogédfie as a carbonyl source is reacted with an alcohol,

thereby producing a carbonic ester. Since phosgene
used in thisg method is extremely harmful and highily
corrosive, this method is disadvantageous in that the
transportation and storage of phosgene need minute care

10 and, also, a large cost is needed for the maintenance
of production equipment and for assuring safety. Fur-
ther, this method poses a problem in that it is neces-
gary to dispose of hydrochloric acid, which is by-
produced, as a waste.

15 As another conventional method for producing a
carbonic ester, there is known an oxidative carbonyla-
tion method in which carbon monoxide as a carbonyl
source is reacted with an alcohol and oxygen in the
presence of a catalyst, such as copper chloride,

20 thereby producing a carbonic ester. In this method,
carbon monoxide (which-is extremely harmful) is used
under high pressure; therefore, this method is disad-
vantageous in that a large cost is needed for the main-
tenance of production equipment and for assuring safety.

25 In addition, this method pcses a problem in that a side



to form carbon dioxide. For these reasons, it has been desired to develop a safer method for
producing a car- bonic ester. 5 In these conventional methods in which phosgene or carbon
monoxide is used as a raw material, a halogen, 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 10 trace amount of a halogen which cannot be completely removed
by a purification step. When such carbonic es- teis used as a gasoline additive, a light oil
addi- tive or a material for producing electronic equipment, it is possible that the halogen .
contained in the car 15 bonic ester causes corrosion of equipment. For reduc- ing the amount -

of a halogen _i_ﬁ?ﬁé tAMbIREeLes *t_o%h"Pléxﬁ'%nﬁ&%’éé%n_%nﬁﬁl@ﬂ’écm’ﬁ%erform a
thorough puriicatipn, of t@s&%@%&&ﬂ% Forihis Jgagan. L hagbeen qesigd pasgyelop a

method for 20 producing a carbonic éster, which doés not use any of a halogen-containing

raw material akgka FadtDgan-aeriainogng cailyst. it thedother hppddadieifod hasrbeen put to
prac- tical use, in which carbon dioxide is reacted with eth- 25 ylene oxide or the like to obtain
a cyclic carboRftPés5egkeaind the obtained cyclic carbonic ester is reacted

5 In these conventional methods in which phosgene or
carbon monoxide ia used as a raw material, a halcgen,
such as chlorine, is contained in the raw material it-
gself or in the catalyst used. Therefore, in the case
of these methods, a carbonic ester obtained contains a

10 trace amount of a halogen which cannot be completely
removed by a purification step. When such carbonic es-
ter is used as a gasoline additive, a light ocil addi-
tive or a material for producing electronic equipment,
it is possible that the halogen contained in the car-

15 bonic ester causes corrosion of equipment. For reduc-
ing the amount of a halogen in the carbonic ester to an
extremely trace‘amount, it is necessary to perform a
thorough purification of the carbonic ester. For this
reason, it has been desired to develop a method for

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

On the other hand, a method has been put to prac-
tical use, in which carbon dioxide is reacted with eth-

25 ylene oxide or the like to obtain a cyclic carbonic es-



with methanol, thereby producing dimethyl carbonate. This method is advantageous in that
carbon dioxide as a raw material is harmless, and a corrosive substance, 5 such as
hydrochloric acid, is substantially not used or generated. However, this method poses the
following problems. Ethylene glycol is by-produced in this method; therefore, from the
viewpoint of cost reduction, it is necessary to find ways to effectively utilize the 10
by-produced ethylene glycol. Further, it is difficult3to perform safe transportation of ethylene
(which is a raw material for producing ethylene oxide) and ethylene oxide. Therefore, for

removing the pegd fap e Fransrialion. djs 1ecesaanidnaka A iog Brodusing.a 15

carbonic ester by this method be built at a location which is adjacent to a plant for producing
ethylene and wathizleme tthadm ITherhezelso prawnaimgthbionetiiit haerbomnaliex- ide as a
carbonyl source is subjected to an equilibrium 20 reaction with an alcohol in the presence of a

catalyst comﬁ&i‘ﬁb Hﬁb‘i‘g’%drﬂe%ﬁ%ﬂﬁﬂﬁﬁﬂ%\ﬁﬁg Eﬁétéf%&%eﬁiﬁfséﬁ lifRade,
thereby formigg,g ( DRNILTSls AL |2 LR LBaCP LRI RRGRRD 0 Y the

following formula (3): 25 6 organomet
5 such as hydrochloric acid, is substantially not used or

generated. However, this method poses the following
problems. Ethylene glycol is by-preoduced in this
method; therefore, from the viewpoint of cost reduction,
it is necessary to find ways to effectively utilize the
10 by-produced ethylene glycel. Further, it is difficult
to perform safe transportation of ethylene (which is a
raw material for producing ethylene oxide) and ethylene
oxide. Therefore, for removing the need for the trans-
portation, it is necessary that a plant for producing a
15 carbonic ester by this method be built at a location
vhich is adjacent to a plant for producing ethylene and
ethylene oxide.
There is also known a method in which carbon diox-
ide as a carbonyl source is subjected to an equilibrium
20 reaction with an alcohol in the presence of a catalyst
comprising an organcmetal compound having a metal-oxy-
gen-carbon linkage, thereby forming a carbonic ester
and water. This equilibrium reaction isg represented by
the following formula (3):

25



compound CO2 + 2ROH 4 RO(CO)OR + H20 (3) 5 (R represents an unsaturated or saturated
hydrocarbon group) This method is advantageous in that carbon dioxide and an alcohol as
raw materials are harmless. However, this method employs an equilibrium reaction in which a
10 carbonic ester and water are simultaneously formed as products. Also in the case of the
above-mentioned oxi- dative carbonylation method using carbon monoxide, wa- ter is formed.
However, the formation of water in the equilibriung reaction is totally different in signifi 15
cance from the formation of water in the oxidative car- bonylation, which is not an equilibrium
reaction. The equilibrium of an equilibrium reaction using carbon di- oxide as a raw material is:
thermodynamically biased to- ward the original system. Therefore, the method using 20 an
equilibrium reaction has a problem in that, for pro- ducing a carbonic ester in high yield, it is
necessary that a carbonic ester andrwateimas groducts be removed from the reaction system.
Further, there is also a problem in f¥&P#EFater formed decomposes a catalyst, 25 so that

not only is the reaotior hiristed, bfratsoIE 7 umber ob jwRovers;of a catalyst (i.e., the
number of cycles of regeneration and reuse) is only 2 or 3. For solving this problem, various
nmﬂhgdsforrenumﬁﬁgnggresents an unsaturated or saturated hydrocatrbon group)

This method is advantageous in that carbon dioxide and
an alcohol as raw materials are harmless. However,
this method employs an egquilibrium reaction in which a
10 carbonic ester and water are simultanecusly formed as
products. Alsc in the case of the above-mentioned oxi-
dative carbonylaticon method using carbon monoxide, wa-
ter is formed. However, the formation of water in the
equilibrium reaction is totally different in signifi-
15 cance from the formation of water in the oxidative car-
bonylation, which is not an equilibrium reaction. The
equilibrium of an equilibrium reaction using carbon di-
oxide as a raw material is thermodynamically biased to-
ward the original system. Therefore, the method using
20 an equilibrium reaction has a problem in that, for pro-
ducing a carbonic ester in high yield, it is necessary
that a 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,

25 so that not only is the reaction hindered, but also the



ter (which is a product) by using a dehydrating agent 5 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, 10 wherein a large amount of dicyclohexylcarbodiimide (DCC) (which is an
expensive organic dehydrating agent) or the like is used as a dehydrating agent (see Collect.
Czech. Chem. Commun. Vol. 60, 687-692 (1995)). This method has a problem in that the
dehydrating agent af 15 ter use cannot be regenerated, resulting in the occur- rence of a large

amount of a Wasle, deriygd {(GU e dg- DYIiaiogagsul, Thereds knoyp gibpd ar

producing a carbonic ester, In w a carboxylic acid orthoester Is used as 20 an organic

dehydrating aggsl &eedgnexyuiechapaneaedP 2 pplisaten L-ail-epes Spesification No.
Hei 11- 35521). (In this patent document, there are descrip- tions reading: "a carboxylic acid
orthoester is kWO Ivitthésriprahdsitle vadiansceethodeadioy \igmey tagbdfdioxide".

However, as % requt f,re}?ent stud 8 igs in }h%art, it js gener Ilg§ées%r£1ed tgatethg ac- tual
reaction route is as followa. “&n aIddh3 355 carborHiBRidd A& et With 83&K bther to

obtain a 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,

10 wherein a large amount of dicyclohexylcarbodiimide
(DCC) (which is an expensive organic dehydrating agent)
or the like is used as a dehydrating agent (see Collect.
Czech. Chem. Commun. Veol., 60, 687-6%92 (1995)). This
method has a problem in that the dehydrating agent af-

i5 ter use cannot be regenerated, resulting in the occur-
renée of a large amount of a waste derived from the de-
hydrating agent.

There is known a method for producing a carbonic

ester, in which a carboxylic acid orthoester is used as

20 an organic dehydrating agent (see Unexamined Japanese
Patent Application Laid-Open Specification No. Hei 11-
35521). (In this patent document, there are descrip-
tions reading: “a carboxylic acid ortheoester is reacted
with carbon dioxide” and “an acetal is reacted with

25 carbon dioxide”. However, as a result of recent stud-



carbonic ester and water. A part of the water is re 5 acted with a carboxylic acid orthoester.
The remainder of the water is reacted with acetal.") This method has problems in that a
carboxylic acid orthoester (which is an expensive compound) is used as a dehydrating agent,
and methyl acetate is known to be by-produced (see "Ka 10 gaku Sochi (Chemical
Equipment)”, Vol. 41, No.2, 52-54 (1999)). Thus, this method is as defective as the
above-mentioned method. Further, there has beeg proposed a method in which a large
amount of an acetal compound is used as an or- 15 ganic dehydrating agent (see German
Patent No. 4310109). There is also a patent document in which it is de- scribed that an acetal -
and carbon didéf8eidte trtegcREt withteddh PR BN Hresueetalyizh hbfl afkox- ide or

dibutyltin oxidg see Unexamined Japanese Pat %dOA plication llaig-ho en, Specification No.
2001-31629). Eéﬁﬁh Jf(aeg;)ceezjf?g the Ptegfctfésn t?é“:"sc%?é]é AN the la er,'a as aﬁ?suto recent studies

in the art, it is geppErAllyiRR s ashat e petual (@RI ULR 15aS £A)- s {Anzalcohol
and carbon dioxide are reacted with 25 each other to obtain a carbonic ester and water. The 9

water is then racksthidthestacetany Melever, haver pacdhttdueunadiat dbensi@each or

su st a method for producing an acetal compound in high yield without
gqg acte ith a garboxy?ﬁc aéﬁg orth&%s er, The remainder

of the water is reacted with acetal.”) This method has
problemzs in that a carboxylic agcid orthoester ({(which is
an expensive compound) is used as a dehydrating agent,
and methyl acetate is known to be by-produced (see “Ka-
10 gaku Sochi (Chemical Equipment)”, Vol. 41, No.2, 52-54
(1999)}. Thus, this method is as defective as the
above-mentioned method.
Further, there has been proposed a method in which
a large amount of an acetal compound is used as an or-
15 ganic dehydrating agent (see German Patent No. 4310109).
There is alsc a patent document in which it is de-
sc¢ribed that an acetal and carbon dioxide are reacted
with each other by using, as a catalyst, a metal alkox-
ide or dibutyltin oxide (see Unexamined Japanese Patent
20 Application Laid-Open Specification No. 2001-316289).
(With respect to the reaction described in the latter,
as a result of recent studies in the art, it is gener-
ally presumed that the actual reaction route is as fol-
lows. "“An alcohol and carbon dioxide are reacted with

25 each other to obtain a carbonic eater and water. The



forming a waste. Further, the methods disclosed in 5 these patent documents have a problem
in that, when an acetal compound is used as a dehydrating agent, large amounts of
by-products, such as a ketone and an alde- hyde, are formed as wastes. The effects aimed at
by the methods which employ 10 an organic 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 forfhation of a carbonic ester (and water as a
by-product), so that a large amount of an 15 organic dehydrating agent is consumed, thus

forming a largg ggount of Redegenaratian PieeuePf dhe oxganis debvdialing agride

Therefore, it is necessary to per- form an additional step of regenerating a large amount of a
degenerated pegamt débyaméingsaagimt nédirtiver b inspitegrelst usems bincot gboic
dehydrating agent, the possibility still remains that deactivation of a _catalyst occurs. The

reason is as ﬁﬁ&ﬂg.cﬂﬂﬁe%rﬁ%ﬁﬁén&ﬂ%@%@f&‘br%@&né’jﬁ}é’rbﬁiﬁ &r by us- ing the
equilibrium regg&img&tlge ﬂQQ‘é%‘_meﬁg.@Qﬁg@? f @%@,}oggr_bg{is(ggéigg&; ‘i&la supercritical
state 10 in supercritiCal carbon dioxide. In general, in supercritical carbon dioxide, a catalyst
exhibits poor shiedditpaaihhedocuments have a problem in that, when an
acetal compound is used as a dehydrating agent, large
amounts of by-products, such as a ketone and an alde-
hyde, are formed as wastes.
The effects aimed at by the methods which employ
10 an organic dehydrating agent are to improve the number
of turnovers cof a catalyst. However, an organic dehy-
drating agent is consumed in a stoichiometric amount in
accordance with the formation of a carbonic ester (and
water as a by-product), so that a large amount of an
15 organic dehydratiﬁg agent is consumed, thus forming a
large amount of a degeneration product of the organic
dehydrating agent. Therefore, it is necessary to per-
form an additional step of regenerating a large amount
of a degenerated organic dehydrating agent. Further,
20 in spite of the use of an organic dehydrating agent,
the poseibility still remains that deactivation of a
catalyast occurs. The reason is as follows. In the con-
ventional method for producing a carbonic ester by us-
ing the equilibrium reaction of the above-mentioned

25 formula (3), carbon dioxide is in a supercritical state



catalyst particles are likely to cohere together. 5 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. 10 There has also been proposed a method which em- ploys a solid
dehydrating agent (see Applied Catalysts Vol. 142, LI-W (1996)). However, this method has a
problem in that the solid dehydrating agent cannot be regenerated, thus forming a large
amount of a waste. 15 There is also known*® method in which an alcohol (methanol) and
carbon dioxidg aggJeagctad with each other in the presence of a metal oxide (dibutyltin ox- ide)
to thereby obtain a reaction mixture, and the ob- tained reaction mixture is cooled and
introduced intex26 phickedieolumnozortaalingia solidedemidistalg agehon thereby gradually

displacing the,e%uilibrium toward a carbonic ester while ef{)ectlngfde%%raﬂon, to obtain a
carbonic estéf ZES Bndkafifty 35 pERasR S S ERCApRREAC A Daid®BPeh S pecification No.

2001-247510h ddig £ msthediisPaged e 1gchpiqumiwhighapanpventional 11 technique
of using a dehydrating agent is combined with the known phenomenon that the water

adsorbabilitytisesreéonmeentidveateda by dratirp hefentr(stibhtas whenl@eularganc-

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

10 There has alsc been proposed a method which em-
ploys a solid dehydrating agent (see Applied Catalysts
Vol. 142, L1-W {199%6)). However, this method has a
problem in that the solid dehydrating agent camnot be
regenerated, thus forming a large amount of a waste.

15 There iz algo known a wethod in which an alecohol
{methanol) and carbon dioxide are reacted with each
other in the presence of a metal oxide (dibutyltin ox-
ide) to thereby obtain a reaction mixture, and the ob-
tained reaction mixture is coocled and introduced into a

20 packea column containing a solid dehydrating agent,
thereby gradually displacing the equilibrium toward a
carbonic ester while effecting dehydration, to obtain a
carbonic ester (see Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. 2001-247518). This

25 method is based on a technique in which a conventicnal



sieve) exhibits a temperature dependency. A dehydrat 5 ing agent (such as a molecular sieve)
exhibits lower water adsorbability at high temperatures than at low temperatures. Therefore,
for removing a trace amount of water (by-product) from a reaction mixture which contains a
largely excess amount of a low molecular 10 weight alcohol used as a solvent, it is necessary
to cool the reaction mixture in which an equilibrium is achieved under high temperature and
pressure conditions, before introducing the reactidn mixture into a packed column containing
a solid dehydrating agent. In addi 15 tion for increasing the conversion of an alcohol as a raw

material, it is QSSﬂEﬁXéh%tfthﬁ é éﬁ-a\gh%% X %erlgogl ﬁﬂ%ﬁe q_rgted in

the packed col- umn be returne tem erature ressure condi- tions which are

necessary for:the neastian pﬂ@iﬁ)tﬁbhﬁ&p gieiod haswieklemmBdhpaibi9 Degessary to
consume an extremely large amount of energy for cooling and heating, and a large amount of
a solid dehyd?%ﬁ@gm@lnd@dwrﬁﬁélﬁgeman@vémm@;suée@@dreﬁm;bing an

aliphatic ester havin ativ; Iarge 25 equilibrium constant. Howe oduction of a
12 carbonic ester?rgm caer %é' oZideAR gﬁ alfcﬁ]oc}e\ﬁﬁegg We equ q] brﬂneg the reaction

is laggely biasqestoxet dhe (NS iaion dua TaethedsaanoL e Suiablyldadbecause

water adsorbability at high temperatures than at low
temperatures. Therefore, for removing a trace amount
of water (by-product) from a reaction mixture which
contains a largely excess amount of a low molecular

10 weight alcohol used as a solvent, it is necesgsary to
cool the reaction mixture in which an equilibrium is
achieved under high temperature and pressure conditions,
before introducing the reaction mixture into a packed
column containing a solid dehydrating agent. In addi-

15 tion, for increasing the conversion of an alcohel as a
raw material, it is necessary that the reaction mixture
which has been cooled and dehydrated in the packed col-
umn be returned to high temperature and pressure condi-
tions which are necessary for the reaction. Thus, this

20 method has problems in that it is necessary to consume
an extremely large amount of energy for cooling and
heating, and a large amount of a solid dehydrating
agent is needed. This method is very widely used for
producing an aliphatic ester having a relatively large

25 equilibrium constant. However, in the production of a



this method poses a serious problem that it is necessary to repeat the above-mentioned
operation which needs a very large consumption of energy for cooling and heating. Further,
for regenerating a degenerated dehydrating agent which has adsorbed water to saturation, it
is generally necessary to calcine the degenerated dehydrating agent at several hundreds C,
thus rendering this method commercially disadvantageous. 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, when the equilibrium reaction progresses to increase the carbonic ester
concentration of the reaction system, the reatfion becomes unlikely to progress any more,
that is, this method is still under the restriction of an equilibrium reaction. In addition, dibutyltin

oxidee Wik islused as aeajalyst Hbtis Mmethadiexhibits anexdermaly Raes reolubiifein
methanol and, hence, almost all of dibutyltin oxide as a catalyst remains in solid form in the
reactiggiu inixbrei dhekeforehwhei hecreaaticnemidurgdd gogled tmotbtampertdiye in a
cooling step, the reaction mixture turns into a white 13 slurry, thus causing a problem in that,
in a subsgquent detytdeation:sibp pesfonmedwsmgoa paekeodi talamincars ddinirgrause
dehydrating agent, the slurry causes clogging of the packed column. 5 In general, a
dehydiationmadthod ipwdich wateeisious problem that it is necessary to

repeat the above-menticoned operation which needs a very large
consumption of energy for cooling and heating. Further, for
regenerating a degenerated dehydrating agent which has adsorbed
water to saturation, it is generally necessary to calcine the
degenerated dehydrating agent at several hundreds °C, thus
rendering this method commercially disadvantageous.
Furthermore, in this method, only one (water) of the two
products of an eguilibrium reaction is removed and, therefore,
there is a problem in that, when the equilibrium reaction
progresses to increase the carbonic ester concentration of the
reactimzsystam,thereactionbecomesunlikelytx:progressany
more, that is, this method is still under the restriction of
an equilibrium reaction. In addition, dibutyltin oxide, which
is used as a catalyst in this method, exhibits an extremely poor
solubility in methanol and, hence, almost all of dibutyltin
oxide as a catalyst remains in solid form in the reaction
mixture. Therefore, when the reaction mixture is cocled to room
temperature in a cooling step, the reacticnmixture turns into

a white



removed by distillation is well-known in the field of organic synthesis reactions. However, in
the field of the production of a carbonic ester from carbon dioxide and an alcohol, although
"Study Report of Asahi Glass 10 Association for Promotion of Industrial Technology (Asahi
Garasu Kogyogijutsu Shoreikai Kenkyu Hokoku)", Vol. 33, 31-45 (1978) states that
"dehydration by dis- tillation is now being studied”, there have been no re- ports or the like
which state that a dehydration method 15 using dis8llation has been completed. The reason
why dehydration by distillation has not been performed in the art is, for example, that it is

known that, wheg diptillatignsundeidier)ing ?m&ﬁm% 2 fRYBISeL ie- ACHEBACGHER cauUsing
a loss of a carbonic ester (see 20 "Journal o

the Chemical Society of Japan (Nippon Ka- gaku
Kaishi)", No. M Hy@eati®h(k8ED) desiommedivabladhat, ferdawdring lineuheating
temperature for distillation, the distillation is performed under re- duced pressure. However, in

the field of theF@itBfE253iHedGiRes Ry BB Eomirhén RABFEAJAREER i€ 1A99/ I to
completely re@vg&tr%g%éw%% ter, by simple distillation, from a solvent having a
coho

hydro- philic group, such as an a . Therefore, as dehy- dration methods, no dehydration
metted is known othit Sghwerthdse andshgatistidn laigeramount ehdrnrganier is

removed by distillation is well-known in the field of
organic synthesis reactions. However, in the field of
the production of a carbonic ester from carbon dioxide
and an alcohol, although “Study Report of Asahi Glass

10 Asgociation 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 metheod

15 using distillation has been completed. The reason why
dehydration by distillation has not been performed in
the art is, for example, that it is known that, when
distillation under heating is performed, a reverse re-
action occurs, causing a loss of a carbonic ester (see

20 *Journal of the Chemical Society of Japan (Nippon Ka-
gaku Kaighi)®, No. 10, 1789-1794 (1575)}. It is con-
ceivable that, for lowering the heating temperature for
distillation, the distillation is performed under re-
duced pressure. However, in the field of the distilla-

25 tion engineering, it is a common knowledge that it is



dehydrating agent or a large amount of a solid dehy- drating agent. That is, all known
dehydration methods have problems in that a large amount of a waste occurs, or a large
consumption of energy is inevitable. 10 There has been a report which mentions a distilla- tion
separation of a carbonic ester from a reaction mixture containing a metal alkoxide, wherein
the reac- tion mixture is obtained by reacting carbon dioxide and an alcohol with each other in
the presence of a metal 15 alkoxide catalyst; howeyer, it is known in the art that, when a metal
alkoxide catalyst is used, a distillation separation causes a reverse reaction, thus rendering it
difficult to recover a carbonic ester bg distillation separation (see "Journal of the Chemical

Society of Ja 98 bERM S &P KESHERE KeaM1) TRROVID), A 78R AR OE sHaLighy, no
method is kn ich g.carbonic es- ter ing.a hi i QN gan q%;aq;a@_rated in
high yield fro?ngg r%%ﬁgé‘odr% réiturg%%%%ﬁélb g ?éa@aﬁaa?k%%%%@gl ,% meftal alkoxide is so
unstable that i Suscep-bapt|vastecticadivaioq ldishisl the Theiskifetie theaairddifngrefore, the
handling of a metal alkoxide needs strict care. For this reason, no conventional tech- nique

using a metal fasda caeidRs e flehieatd 91n net bef e ckrpwd RitksTof a

rbgni A :
uabg CeStethan those methods using a large amount of an organic

dehydrating agent or a large amcunt of a solid dehy-
drating agent. That is, all known dehydration methods
have problems in that a large amount of a waste occurs,
or a large consumption of energy is inevitable.

10 There has been a report which mentions a distilla-
tion separation of a carbonic ester from a reaction
mixture containing a metal alkoxide, wherein the reac-
tion mixture is obtained by reacting carbon dioxide and
an alcochol with each other in the presence of a metal

15 alkoxide catalyst; however, it is known in the art that,
when a metal alkoxide catalyst is used, a distillation
separation causes a reverse reaction, thus rendering it
difficult to recover a carboni¢ ester by distillation
separation (see “Journal of the Chemical Scciety of Ja-

20 pan (Nippon Kagaku Kaisghi)”, No. 10, 1789-17%4 (1975)}).
Especially, no method ig known by which a carbonic es-
ter having a high beiling point can be separated in
high yield from a reaction mixture containing a metal
alkoxide.

25 A metal alkoxide is so unstable that it is suscep-



metal alkoxide catalyst is an expensive compound, and no technique is known for
regenerating a deactivated metal alkoxide catalyst. There has been proposed a method for
producing a 10 carbonic ester by using a dibutyltin dialkoxide as a catalyst, in which, during
the reaction, the catalyst is formed from dibutyltin oxide (which is stable to moisture) added to
the reaction system (see Japanese Patent No. 3128576). This method has a problem in that,
15 although dibutyltin oxide which is charged into #¥e re- action system is stable, the dibutyltin
oxide is con- verted, during the reaction, into a dibutyltin dialkox- ide, which is unstable.

Therefore, thig methad cangat. solve e shaveseniangd problem efhapetahiity of 20 2

metal alkoxide catalyst. Further, for converting dibutyltin oxide into a dibutyltin dialkoxide in a

re- action systefietbEdeactiamsysaningeds wrbe pasesl wtikeRigietenaeerature and
pressure conditions. The reason for this is as follows. When an alkoxide is 25 formed from

dibutyltin oxid8tWafy isdERerali@y; il 26 nhespater e eaeny $RtdSTRINE®BY hydrolysis of
an acetal. How.eveé, tlilnsgéhibiés rgggai vgé_ \év;?fé aciditByé.lsc%3 %hq%bég%teerplpeerat re a
pressure conditiohs aré ne%essary or cafalyzin The& b8V ren |onedehydror)l}%ls %5t an
acetsl. in the commercial production of a carbonic ester. A
metal alkoxide catalyst is an expensive compound, and
no technique is known for regenerating a deactivated
metal alkoxide catalyst.
There has been proposed a method for producing a
190 carbonic ester by using a dibutyltin dialkoxide as a
catalyst, in which, during the reaction, the catalyst
is formed from dibutyltin oxide (which is stable to
moisture) added to the reaction system (see Japanese
Patent No. 3128576). This method has a problem in that,
15 although.dibutyltin oxide which is charged into the re-
action system is stable, the dibutyltin oxide is con-
verted, during the reaction, into a dibutyltin dialkox-
ide, which is unstable. Therefore, this method cannct
solve the above-mentioned problem of the instability of
20 a metal alkoxide catalyst. Further, for converting
dibutyltin oxide into a dibutyltin dialkoxide in a re-
action system, the reaction system needs to be placed
under high temperature and pressure conditions. The
reason for this is as follows., When an alkoxide i=s

25 formed from dibutyltin oxide, water is generated, and



Thus, in the conventional methods for producing a carbonic ester by using a metal alkoxide,
carbon diox- ide and an alcohol, when the metal alkoxide (which is expensive) has lost its
catalyst activity due to hy 10 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 15 agent or a solid dehydrating agent g combination with a small amount of a
metal alkoxide. As described hereinabove, the prior art techniques for producing a carbonic.
ester have many problems and, therefore, have not been put to practical use. 20 SUMMARY

OF THE INVEMRIOR FethidefagisR (e Fesshadekiori¥kavetvsde Steilve and
intensive studiespith a V‘L?%%%@ eglnaingeavesrRpUGnGL RoiR? AldRaprr art 25

As a result, it has unexpecte een found that a car 17 Bonic ester can be produced in high
yield by a methodt Hsindgra gndtienpenia irehinhdanpeganaraeebaaipoand bawng a
metal-oxygen-carbon linkage is used in a large amount as a precursor of a carbonic ester but
not as a 5 catBRRE:FRIW el afB et AiZidiEpStird APSHsjeriatboned hydrolysis

5 of an acetal.

Thueg, in the conventional methods for producing a
carbonic egter by using a metal alkoxide, carbon diox-
ide and an alcohol, when the metal alkoxide {which is
expensive) has loast its catalyst activity due to hy-

10 drolysis or the like, there is no way tc easily and ef-
fectively regenerate and reuse the metal alkoxide.
Therefore, the conventional methods for producing a
carbonic ester is disadvantagecus in that it is neces-
sary to use a large amount of an organic dehydrating

is agent or a solid dehydrating agent in combination with
a small amount of a metal alkoxide.

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

20

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
extensive and intenasive studies with a view toward
solving the above-mentioned problems of the prior art.

25 As a result, it has unexpectedly been found that a car-



an addition reaction with carbon dioxide to form an ad- duct, followed by a thermal
decomposition reaction of the adduct, to thereby obtain a reaction mixture con- taining a
carbonic ester. Further, the present inven 10 tors have also found that, by performing a
subsequent operation in which the carbonic ester is separated from the reaction mixture to
obtain a residual liquid, fol- lowed by a reaction of the residual liquid with an al- cohol, there
can be formed an organometal compound hav 15tihg a metal-oxygen-carbon linkage and
water, wherein the water can be easily separated from the organometal compound by

distillation or ke ddieeebtained /- Grnameial caMRoeYRd £AMRE IrayerrRA BB recycled to

the above-mentioned reaction route for producing a carbonic 20 ester. Based on these
findings, the pieesegt Mveaton ikes been eoinpleteiciceordingsnaninadryaivpctofihe
present in- vention is to provide a method by which commercial pro- duction of a carbonic ester

in high yield &YEBS0R JBEadeEERTR06aZH U dLieEas I} TnARPEER & 48988 sired
without occuifesof aavaptp depied dira g gataltAneviRRuingieqgior yising a large
amount of a dehydrating agent. 5 The foregoing and other objects, features and ad- vantages
of the presentineniien Wikhe apparepbliadnetal compound is subjected to

an addition reaction with carbon dioxide to form an ad-

duct, followed by a thermal decomposition reaction of

the adduct, to thereby obtain a reaction mixture con-

taining a carbonic ester. Further, the present inven-

10 tors have aleso found that, by performing a subsequent
operation in which the carbonic ester is separated from
the reaction mixture to obtain a residual liquid, fol-
lowed by a reaction of the residual liquid with an al-
cohol, there can be formed an organometal compound hav-

15 ing a metal-oxygen-carbon linkage and water, wherein
the water can be easily separated from the organometal
compound by distillation or the like. The obtained or-
ganometal compound can be recovered and recycled to the
above-mentioned reaction route for producing a carbonic

20 ester. Based on these findings, the present invention
has been completed.

Accordingly, a primary object of the present in-
vention is to provide a method by which commercial pro-
duction of a carbonic ester in high yield can be con-

25 ducted continuously and repeatedly many times as de-



the following detailed description taken in connection with the accompanying drawings and the
appended claims. 10 BRIEF DESCRIPTION OF THE DRAWINGS In the drawings: Fig. 1 is
the 119Sn-NMR chart of the organometal compound having a 2-ethyl-I-hexyloxy group used in
step (1) of the reaction in Example 1; 15 Fig. 2 is the 119Sn-NMR chart of the organometal
compound obtained just after step (2) of the 26th cycle of reaction in Example 2; Fig. 3 is the
119Sn-NMR chart of the organometal compound gbtained just after step (3) of the 26th cycle
20 of reaction in Example 2; Fig. 4 is the 119Sn-NMR chart of the organometal compound .
having a 2-ethyl-lI-hexyloxy group used in step (1) of the reaction in Example 3; and Fig. 5 is
the 119Sn-NRIF 8o bF AU b HmEaRcs; € m?)oﬁﬂﬂtcﬁ)tgfﬁﬁﬁ‘fﬁg %Feg“été‘p (1) of the
reaction 19 ipfo@ryple 3, REFALEROESCRIBIIONQF THEJNYENTION b fig,present
invention, there is provided a 5 method for producing a carbonic eater, comprising: (1)
performing agéaeticte hgtiveamni ay cagemmetal compound having a metal-oxygen-carbon
linkage and car- bon dioxide to obtain a reaction mixture containing a

5 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.

10 BRIEF DESCRIFPTION OF THE DRAWINGS

In the drawings:
Fig. 1 is the '*?Sn-NMR chart of the organometal
compound having a 2-ethyl-1-hexyloxy group ﬁsed in step
(1) of the reaction in Example 1;
15 Fig. 2 is the ''Sn-NMR chart of the organometal
compound obtained just after step (2) of the 26th cycle
of reaction in Example 2;
Fig. 3 is the '°Sn-NMR chart of the organometal
compound obtained just after step (3) of the 26th cycle
20 of reaction in Example 2;
Fig. 4 is the ''?8n-NMR chart of the organometal
compound having a 2-ethyl-l-hexyloxy group used in step
(1} of the‘reaction in Example 3; and
Fig. 5 is the ''°Sn-NMR chart of the organometal

25 compound obtained just after step {1) of the reaction



carbonic ester formed by the reaction, 10 (2) separating the carbonic ester from the reac- tion
mixture to obtain a residual liquid, and (3) reacting the residual liquid with a first al- cohol to
form at least one organometal compound having a metal-oxygen-carbon linkage and form
water and remov 15 ing the water from the at least one organometal com- pound, wherein the
at least one organometal compound obtained in step (3) is recovered for récycle thereof to
step (1). 20 For easy understanding of the preserdt3nvention, the essential features and
various preferred embodi- ments of the present invention are enumerated below. 1. A method
for producmgpnc%r;ggmtgl%stgr compris- 25 ing: 20 (1) performing a reaction between an
organometal compound having a metal-oxygen-carbon linkage and car- bon dioxide to obtain a
reaction mixture containing a carbonic ester formed by the reaction, 5 (2) separating the
carbonic ester from the reac- tion mixture to obtaln a residual liquid, and (3) reacting the
residual liquid with a first dEtdhsEte fo#s LY O RN bund having a
metal-oxygen- carbo&wné(ﬁlge par eds@ﬁ@ Vi’?ili?érﬂ"{j @m%\ﬁég éng_ gw% g‘t&rcfganéhe at least one
organometal com-

5 method for producing a carbonic ester, comprising:

(1} performing a reaction between an organcmetal
compound having a metal-oxygen-carbon linkage and car-
bon dioxide to obtain a reaction mixture containing a
carbonic ester formed by the reaction,
10 (2) separating the carbonic ester from the reac-
tion mixture to cbtain a residual liquid, and
(3) reacting the residual liquid with a first al-
cohol to form at least one organometal compound having
a metal-oxygen-carbon linkage and form water and remov-
15 ing the water from the at least one organometal com-
pound, wherein the at ieast one organometal compound
obtained in step (3} is recovered for recycle thereof

to step {(1).

20 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-

25 ing:



pound, wherein the at least one organometal compound obtained in step (3) is recovered for
recycle thereof to step (1). 15 2. The method according to item 1 above, wherein, in step (1),
the organometal compound is used in an amount which is 1/50 to 1 time the stoichiometric
amount rela- tive to the amount of the carbon dioxide. 20 3. The method according to item 2
above, wherein the reaction in step (1) is performed at 20 C or more. 4. The method according
to item 1 above, wherein the organometal compaamd used in step (1) comprises at 25 least
one compound selected from the group consisting 21 of: an organometal compound

represented by the f%r?ula é]f) OR4)d Rla Ml;érC‘)R3)c R2 %]g b 5 wherein: nl}g%gj.presentsza ;'
metal atom selected ffomRf §’ br%rﬁlﬁﬁagc ézlgn‘]%?‘l@ fbnag)ﬁwgo E?@rrlgups and 14 of
the Periodic TabhgSXeisgR 9510 £iG0PA1 - oxygen-carbon linkage and car-
bon dioxide to obtain a reaction mixture containing a
carbonic ester formed by the reaction,
5 (2) separating the carbonic ester from the reac-
tion mixture to obtain a residual liquid, and
(3) reacting the residual liquid with a first al-
cohol to form at least one organometal compound having
a metal-oxygen-carbon linkage and form water and remov-
10 ing the water from the at least one organometal com-
pound, wherein the at least one organometal compound
obtained in step (3) is recovered for recycle thereof

to step (1).

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

tive to the amount of the carbon dioxide.

20 3. The method according to item 2 above, wherein the

reaction in step (1) is performed at 20 °C or more.

4, The method according to item 1 above, wherein the
organometal compound used in step (1) comprises at

25 least one compound selected from the group consisting



each of R1 and R2 independently represents a straight chain or branched C1-C12 alkyl group,
a C5-C12 cycloalkyl group, a straight chain or branched C2-C12 alkenyl group, aC7-C20
aralkyl 15 group comprised of unsubstituted or substituted C6-C19 aryl and alkyl selected
from the group consisting of straight chain or branched C1-C14 alkyl and C5-C14 cycloalkyl,
or an unsubstituted or substituted C6-C20 aryl group; 20 each of R3 and R4 independently
represents a 22 straight chain or branched C1-GE alkyl group, a CS-C12 cycloalkyl group, a
straight chain or branched C2-C12 alkenyl group, or a C7-C20 aralkyl group comprised of
unsubstituted,gr, substituted 5 C6-C19 aryl and alkyl selected from the group consisting of
straight chain or branched C1-C14 alkyl and C5-C14 cycloalkyl; and each of a and b is an

integer of from 0 to 2naordundhecdleaingbunddrbsrabitieed eyl kemtoimdlanda +Db
+ ¢ +d = 4; and an organometal compound represented by the formula (2) (OR9)iR 8 h
RsM2-O-M3 Rid ¢2) e

(OR%,
R',—M'—(OR%),

2 {1)
R%

wherein:
m* repregents a metal atom selected from the
group coneisting of elements belonging to Groups
4 and 14 of the Periodic Table, exclusive of
10 silicon;
each of R* and R? independently represents a
straight chain or branched C;-Cjy3 alkyl group, a
C5-C32 cycloalkyl group, a straight chain or
branched C;-Cj;; alkenyl group, aCy-Czp aralkyl
15 group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
congisting of straight chain or branched C;-Ci4
alkyl and Cg-Cj4 cycloalkyl, or an unsubstituted
or substituted Cg-Csp aryl group;

20 each of R’ and R independently represents a



R (OR'~j 15 wherein: each of M2 and M3 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; 20 each of R5, R6, R7 and R8 independently repre- sents a straight chain
or branched C1-C12 alkyl 23 group, a C5-C12 cycloalkyl group, a straight chain or branched
C2-C12 alkenyl group, a C7-C20 aralkyl group comprised of unsubstituted or substituted
C6-C19 aryl and alkyl selected from the group 5 egnsisting of straight chain or branched
C1-C14 alkyl and CS-C14 cycloalkyl, or an unsubstituted or substituted C6-C20 aryl group; ..
each of R9 and R10 mde ndentl repres nts a str tc alnﬁeijg nched C1-C12 alkyl
group, a 10 C5- Cffgi-?\él ﬁyfz&% ﬁ&l’t’tc brarc @f? a1ﬁ<enyl group, or a

C7-C20 aralkyl gr@gpéggtpé%ﬂﬁwybgm Of sgb&%t &k @yl and alkyl
selected from the group consisting of straight c ain or branched C1-C14 15 alkyl and C5-C14

cycloalkyl; and e +Hrafc¢b&] oCe hCy § telkemeh gfreuml,j or a Cy-Cyg aralkyl
group comprised of uneubstituted or substituted
5 Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched Cq-Cyg
alkyl and Cg-Cy14 cycloalkyl; and
each of a and b is an integer of from 0 to 2, a
+ b=0+to 2, each of ¢ and d is an integer of
10 from 0 to 4, and a + b + ¢ + 4 = 4; and

an organometal compound represented by the formula

{2):
©OR%» R%
Rse—lvllz—-O—Ms-—R?g (2)
R (OR'
15 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-
ricdic Table, exclusive of gilicon;

20 each of R°, RG, R’ and R? independently repre-

sents a gtraight chain or branched C;-Cy5 alkyl



is independently an integer of from1to3,e+f +i=3,andg+ h+j=3.20S. The method
according to item 1 above, wherein the reaction in step (1) is performed in the presence of a
second alcohol which is the same as or different from the first alcohol used in step (3). 25 6.
The method according to item 1 above, wherein the 24 separation of the carbonic eater in
step (2) is per- formed in the presence of a third alcohol which is the same as or different from
the first alcohol used in step (3). 5 7. The metho®&ccording to item 1 above, wherein the
separation of the carbonic ester in step (2) is per- formed by at least one separation method

selected from the graupcogsistiog of distiptgnxeitractionand 1:Hlrager. 3nkhe method
according to item 1 above, whereinthe removal of the water in step (3) is performed by mem-
brane separation. X 9bFhachetiotadtosdiaykentein rabave, a/lerells thearadimplane
separation is pervaporation. 10. The method according to item 1 above, wherein the 20
removal of the watEFRURefIBPEIfabrAfedipydpatituted or substituted

Cg-Ci19 aryl and alkyl selected from the group
5 congisting of straight chain or branched C1-Cig4
alkyl and C5-Cj14 cycloalkyl, or an unsubstituted
or substituted Cg-Cpp aryl group;
each of R’ and R'Y independently represents a
straight chain or branched C;-Cj;3 alkyl group, a
10 Cg-Cqp2 cycloalkyl group, a straight chain or
branched Cy-C3p alkenyl group, or aCq-Cpp aralkyl
group compriged of unsubstituted or substituted
Cg-Cig aryl and alkyl selected from the group
consisting of straight chain or branched Cy-Cig4
15 alkyl and Cg-Ci4 cycloalkyl; and
e+ f=0¢to2, g+h=20to 2, each of i and j
is independently an integer of from 1 to 2, e + £

+1=3, andg+ h+ 3 =3,

20 5. The wethod according to item 1 above, wherein the
reaction in step (1) is performed in the presence of a
second alcchol which is the same as or different from

the first alcohol used in step (3).

25 6. The method according to item 1 above, wherein the



tillation. 11. The method according to item 1 above, wherein the first alcohol used in step (3) is
at least one alcohol 25 selected from the group consisting of an alkyl alcohol 25 having a
straight chain or branched C1-C12 alkyl group, a cycloalkyl alcohol having a C5-C12
cycloalkyl group, an alkenyl alcohol having a straight chain or branched C2-C12 alkenyl
group, and an aralkyl alcohol having a 5 C7-C20 aralkyl group comprised of unsubstituted or
sub- stituted C6-C19 aryl and alkyl selected fronp#he group consisting of straight chain or
branched C1-C19 alkyl and C5-C14 cycloalkyl. 10 12. The method according to item 11

above, wherein each of the alkyl alcohol, the cycloalkyl alcohol, the alkenyl alcohol and the
aralkyl alcohBFR&S 3%%@950%%9?%?9%&%&&‘ tABLBHRAY pAnt JEVRRT 15 13. The

method accordingdlg it dRRbave,uereiietne alkyl alcoholsamprisgsat least pne member

selected from the group consisting of n-butyl alcohol, isobutyl alcohol and an alkyl alcohol
having a strasgintechasn of kihfEbed35-Cadmlklegroipsand Ilrehtkenykaldohal has 20 a
straight chain or branched C4-C12 alkenyl group. 14. The method according to item 4 above,
wherein eacRE§FR3 3hd R in formula (1) and R9 and R10 in formula (2) independently
repgesents an n-butyl group, an iso

7. The method according to item 1 above, wherein the
separation of the carbonic ester in step (2) is per-
formed by at least one separation method selected from
the group consisting of distillation, extraction and

10 filtration.

8. The method according to item 1 above, wherein the
removal of the water in step (3) is performed by mem-

brane separation.

15
S. The method according to item 8 above, wherein the
membranhe separation is pervaporation.
10. The method according to item 1 above, wherein the
20 removal of the water in step (3) is performed by dis-

tillation.

11. The method according to item 1 above, wherein the
first alcohol used in step (3) is at least one alcchol

25 selected from the group consisting of an alkyl alcchol



25 butyl group, a straight chain or branched C5-C12 alkyl 26 group, or a straight chain or
branched C4-C12 alkenyl group. 15. The method according to item 4 or 14 above, 5 wherein,
in step (1), the 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. 10 16. The method according to item 4 or 14 above, wherein each of Ml in formula (1)
and M2 and M3 in for- mula (2) represents a tin a&¥m. 17. The method according to any one of
items 1 to 16 15 above, which further comprises, after step (3), a step (4) in which the at least

one organomeal, ¢amPQURH IS gRYEIID SR (%)Héﬂéﬁ)éqeé}b%é}%o @ﬁkwlog@gwy ding
i 0Q accoraing to

repeating of a sequence of steps (1) to (4) one or more times. . The met

item 17 abovey vetyerboattiey bigbmoindiahecmpguadCisedsin step lbadpyddgosrhfrom an
organotin oxide and an alcohol. 25 Hereinbelow, the present invention is described in 27
detail. As desBRbéd kpavé, aheebalehfoidignéihebsgaght chain or branched

Cy-Cq1p alkenyl group, and an aralkyl alcohol having a

5 C7-Cop aralkyl group comprised of unsubstituted or sub-
stituted Cg-Cyg9 aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cj4 alkyl

and C5-Cq14 cycloalkyl.

10 12. The method according to item 11 above, wherein
each of the alkyl alcchol, the cycloalkyl alcohol, the
alkenyl alcohol and the aralkyl alcohel has a boiling

point which is higher than the boiling point of water,

15 13. The method according to item 12 above, wherein the
alkyl alcohol comprises at least one member selected
from the group consisting of n-butyl alcohol, isobutyl

alcoheol and an alkyl alcohol having a straight chain or

branched Cg-Ci13 alkyl group, and the alkenyl alcohol has

20 a straight chain or branched C4-Ci12 alkenyl group.

14. The method according to item 4 above, wherein each
of R’ and R* in formula (1) and R’ and R*® in formula

(2} independently repreeents an n-butyl group, an iso-

25 butyl group, a straight chain or branched Cg-Cjiz alkyl



producing a carbonic ester employs an equilibrium reac- tion represented by the following
formula (3): 5 organometal compound CO2 + 2ROH RO(CO)OR + H20 (3) (R represents an
unsaturated or saturated hydrocarbon group) 10 That is, as the conventional methods, there
can be men- tioned a method in which a dehydrating agent is used for a reaction mixture
containing the equilibrium reac- tion system (represented by the formula (3) above), wherein
the equilibrium reaction system contains a 15 proglgct system comprising a carbonic ester and
water; and a method in which a reaction mixture containing the above-mentioned equilibrium
reaction system is cooled and subjected to a dehydration treatment in which the reaction

mixture is intrgdGERY irRE ap SHKERFEHINFPIG RoftiRRgRr 86 Ganfaranad Sg8ht and

circulated through the packed column, so as to gradually dehydrate the equilibrium reaction
up . .- .

system to the?erl-)y Suppress a decomposition reaction of the catalyst and accumulate a

carbonic ester being formed in a trace amount. 25 On the other hand, the technical concept of

the 28 method of the present invention is completely different from the technical concept of
the conventiokal-metlfyds. method according to item 4 or 14 above,

5 wherein, in step (1), the 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.

10 1l6. The method according to item 4 or 14 above,
wherein each of M' in formula {1) and M? and M® in for-

mula (2) represents a tin atom.

17. The method according to any one of items 1 to 16
15 above, which further comprises, after step (3), a step
{(4) in which the at least one organometal compound re-
covered in step (3) is recycled to step (1}, followed
by repeating of a sequence of gteps (1) to (4) one or
more times.
20
18. The wethod according to item 17 above, wherein the
organometal compound used in step (1) is produced from

an organotin oxide and an alcohol.

25 Hereinbelow, the present invention is described in



The method of the present invention is character- ized in: 5 that a reaction route is used in
which an or- ganometal compound having a metal-oxygen-carbon linkage is used in a large
amount 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 10 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 (]?)7is followed by an operation in which the
carbonic ester is separated from the reaction mix- 15 ture to obtain a residual liquid (step (2)),
and that stepqgp is followed by a reaction of the re- sidual liquid with an alcohol to thereby
obtain a reac- tion mixture comprising an organometal compound having a
metal-oxygen-carbdys|inlesgera e dvadr; fal jovde: by Aveentdvai o1 thee wiatelsfrdimrthe reaction
mixture by dis- tillation or the like, to thereby obtain the organome- tal compound, whereupon

the obtained BFGEMShBE RoRRTRAMCs§EESFerBRRARYS (I 1EMhdd By ¥BEY AR thereof to
step (1) for p{g:O%S gg ipg s%%@%ng%e%t}g% %%l‘l'lrb% &%%ctiggggﬂeao ((Jg)o:f the method of the
pre sent invention is répresented by the below-mentionéd

5

organometal
compound
-+
COp + 2ROH » RO(CO)OR + HzO (3}

>

(R represents an unsaturated or saturated hydrocarbon group)

10 That is, as the conventional methods, there c¢an be men-
tioned a method in which a dehydrating agent is used
for a reaction mixture containing the eguilibrium reac-
tion system (represented by the formula (3) above),
wherein the equilibrium reaction system contains a

15 product system comprising a carbonic ester and water;
and a method in which a reaction mixture containing the
above-mentioned equilibrium reaction system is cooled
and subjected to a dehydration treatment in which the
reaction mixture is introduced into a packed column

20 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 reaction of the catalyst and accumulate a
carbonic ester being formed in a trace amount.

25 On the other hand, the technical concept of the



formula (4). The reaction in step (3) of the method of the present invention is represented by
the below 5 mentioned formula (5). thermal organometal CO2 adduct of decomposition
compound + C02 organometal compound carbonic ester + other thermal (4) 10 decomposition
products residual liquid + alcohol organometal + water (5) obtained in step compound (2) 15
Thus, the method of the present invention is a method in which an organometal compound
having a metal-oxygen-carbon linkage is used mainly as a precur 20 sor of a carbonic ester,
and the organometal compound is subjected to an addition reaction with carbon diox- ide to.
form an adduct, followed by a thermal decomposi- tion reaction of the adduct, to thereby obtain

a reac- tion nTKRERCERGITHE PRGBS dAEPRHHARUHBNIARREESLEN A dtEF & eparated
fom the reaciionieiyEe 3040, PBIAIn aESie! Ui io\RrL i 38, 0P Tam dRathich the

residual liquid (containing a metamorphic organometal compound formed by the thermal

decomposi- The method of the present invention is character-
ized in:
5 that a reaction route ig used in which an or-

ganometal compound having a metal-oxygen-carbon linkage
is used in a large amount 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
10 dioxide to form an adduct, followed by a thermal decom-
position reaction of the adduct, to thereby obtain a
reaction mixture containing a carbonic ester (step (1)},
that step (1) is followed by an operation in which
the carbonic ester is separated from the reaction mix-
15 ture to obtain a residual liguid (step (2)), and
that step (2) is followed by a reaction of the re-
sidual liquid with an alcohol to thereby obtain a reac-
tion mixture comprising an organometal compound having
a wmetal-oxygen-carbon linkage and water, followed by
20 removal of the water from the reaction mixture by dis-
tillation or the like, to thereby obtain the organome-
tal compound, whereupon the obtained organometal com-
pound is recovered (step (3)),
followed by recycling thereof to step (1) for pro-

25 ducing a carbonic ester.



tion reaction of the adduct) is reacted with an alcohol 5 to thereby regenerate an organometal
compound having a metal-oxy-gen-carbon linkage. The regenerated or- ganometal compound
is recovered and recycled to the step of producing a carbonic ester, and the cycle of these
steps is repeated so as to obtain a carbonic es- 10 ter in a desired amount. The reaction
mixture obtained by step (1) of the method of the present invention may or may not contain a
residual part of the organometal compound having% metal-oxygen-carbon linkage used in
step (1). Also, 15 the residual liquid obtained by step (2) of the method of the present
invention may or mayq%otrcé)ﬂ%igo%r%-nsi%%%;é)aﬁs)f @P q@mg@ﬁ@l& pPQYRd ngi_r)g a
metal-oxygen-carbon linkage used In step (1). Ahyway, an organometal compouhd having a
metal-oxygensearbonratkiinkiagie issegenemien (wdypihesined)dpfarenraplendan of step (3).
In the conventional methods using the equilibrium reaction of the formula (3) above, the entire
reaction is hdigiumiees egdilibridine ByesoHii®t ihnthe ¥eEth6d)25°6f tesprasshcidvedtion, the
equilibrium regaﬁtion of 31 %he, formu Elajé %E’r»? above can be effegttively t%i’vidgg J'rnto consecutive

: Lhe esen ven 5 re e W
reactions whi¢h cah be easW%'on?ro tﬁere"byp ﬁ%%%%ﬁtﬁa | 5) SsiDIE t0 € ﬁ’uently produce a
5 mentioned formula (5}.
thermal
decomposition
organometal , COz adduct of — >
compound + CO02 —= organometal +—
compound
carbenic ester + other thermal {4)
10 decomposition products
residual liquid + alcohol ———» Organometal . ... {5}
obtained in step cempound
(2)
15

Thus, the method of the present invention is a
method in which an organometal compound having a
metal-oxygen-carbon linkage is used mainly as a precur-
20 sor of a carbonic ester, and the organometal ccmpound
is subjected teo an addition reaction with carbon diox-
ide to form an adduct, followed by a thermal decomposi-
tion reaction of the adduct, to thereby obtain a reac-
tion mixture containing a carbonic ester, whereupon the

25 carbonic ester is separated from the reaction mixture



carbonic ester while separating a carbonic ester and 5 water from the reaction system.
Specifically, in step (1) of the method of the present invention, a reaction can be performed in
the absence of water. In step (2) of the method of the present invention, a reverse reac- tion of
a carbonic ester and other thermal decomposi 10 tion products can be prevented by
separating a carbonic ester from the reaction mixture. In step (3) of the method of the present
invention, after the regeneration of an organometa compound having a metal-oxygen-carbon
linkage, the organometal compound can be recovered by 15 removing water. Further, in each
step of the method of the present invention, the operation conditions can be easily optimized :

by appropriatefy é’ﬁb?oj;ﬁhg?‘caﬁ\?éiﬁl-‘iﬁ}ne&{‘éﬂ'}frﬁqué?%a’f&ﬂidys?ﬁth%g%’f%ﬁ&ﬁés cool- ing,
heating, stirripg, RARSSHIZAG %@impﬁﬁ%ém 20-Aaenisrample slamneanenetal

compound having a metal-oxygen-carbon linkage used in step (I) of the method of the
present inventioma tireretcah henpenid efioanseigbgonietalttameaindlkamgaenialkoxy group.
It is preferred that the organometal compound used in step 25 (1) comprises at least one

compound séldERdITRAREAEB 0SS cBRSNEY ok Bk SR &AF o APBoRAEERksented

bytgefonnu@ocphereby regenerate an organcmetal compound having a

metal -oxy-gen-carbon linkage. The regenerated or-
ganometal compound is recovered and recycled to the
gtep of producing a carbonic ester, and the cycle of
these gsteps is repeated so as to obtain a carbonic es-
10 ter in a desired amount.
The reaction mixture obtained by step (1) of the
method of the present invention may or may not contain
a residual part of the organometal compound having a
metal -oxygen-carbon linkage used in step (1). Also,
15 the residual liquid cbtained by step (2) of the method
of the present invention may or may not contain a re-
sidual part of the organometal compound having a
metal-oxygen-carbon linkage used in step (1}. Anyway,
an organcmetal compound having a metal-oxygen-carbon
20 linkage is regenerated (resynthesized) before comple-
tion of step (3).
In the conventional metheds using the equilibrium
reaction of the formula (3) above, the entire reaction
is held under equilibrium. By contrast, in the method

25 of the present invention, the equilibrium reaction of



(OR4)d Rla MI-(OR3)c b RZ5 (1) wherein: M1 represents a metal atom selected from the
10 group consisting of elements belonging to Groups 4 and 14 of the Periodic Table, exclusive
of silicon; each of R1 and R2 independently represents a straight chain or branched C1-C12
alkyl group, a 15 C5-C12 cycloalkyl group, a straight chain or branched C2-C12 alkenyl group,
a C7-C20 aralkyl group comprised of unsubstituted or substituted C6-C19 aryl and alkyl
selected from the group consisting of straight ch&h or branched C1-C14 20 alkyl and C5-C14
cycloalkyl, or an unsubstituted 33 or substituted C6-C20 aryl group; each of R3 and R4

independently fepresents a, Sryohhehaln oL Arancheerc o la plohgintied fR:612
cycloalkyl group, a straight chain or 5 branched C2-C12 alkenyl group, or a C7-C20 aralkyl
group comprisethséansubsiitutescorisitostigieédh can be easily controlled,
thereby rendering it possible to efficiently produce a
carbonic ester while separating a carbonic ester and
5 water from the reaction system. Specifically, in step
(1} of the method of the present invention, a reaction
can be performed in the absence of water. In step {2)
of the method of the present invention, a reverse reac-
tion of a carbonic ester and other thermal decomposi-
10 tion products can be prevented by separating a carbonic
ester from the reaction mixture. In step (3) of the
method of the present invention, after the regeneration
of an organometal compound having a metal-oxygen-carbon
linkage, the organometal compound can be recovered by
15 removing water. Further, in each step of the method of
the present invention, the operation conditions can be
easgily optimized by appropriately employing conven-
tional techniques of chemical synthesis, such as cool-
ing, heating, stirring, pressurizing and decompression.
20 Ag an example of'an organometal compound having a
metal-oxygen-carbon linkage used in step (1) of the
method of the present invention, there c¢an be mentioned
an organometal compound having an alkoxy group. It is
preferred that the organometal compound used in step

25 (1) comprises at least one compound selected from the



C6-C19 aryl and alkyl selected from the group consisting of straight chain or branched
C1-C14 alkyl and C5-C14 cycloalkyl; and 10 each of a and b is an integer of from0to 2,a +b
=0to 2, each of cand d is an integer of fromQto4,anda+b+c+d=4;andan
organometal compound represented by the formula (2), 15 (OR9)i R8h Rse M O-M3 Rig (2)
R6f (OR10)i wherein: each of M2 and M3 independently represents a metal atom selected
from the group consisting of 20 elements belongingto Groups 4 and 14 of the Pe- riodic Table,
exclusive of silicon; 34 each of R5, R6, R7 and R8 independently repre sents a straight chain
or branched C1-C12 alkyl group, a C5-C12 cycloalkyl group, a straight chain or branched
C2-C12 alkenJF§RRIpSRS ARG M 5 group comprised of unsubstituted or substituted

C6-C19 | and alk f h isti f straight chai d
Co 1 0t gl 1 SR SRR SAS R H
{1):

(1}

wherein:
Mt represents a metal atom selected frpm the
10 group consisting of elements belonging to Groups
4 and 14 of the Periodic Table, exclusive of
silicen;
each of R' and R® independently represents a
straight chain or branched C4-Cj2 alkyl group, a
15 Cg5-C12 cycloalkyl group, a straight chain or
branched C3-C15 alkenyl group, aC7-Cog aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cyy4

20 alkyl and Cg~Ci4 cycloalkyl, or an unsubstituted



or substituted C6-C20 aryl group; 10 each of R9 and R10 independently represents a straight
chain or branched C1-C12 alkyl group,a C5-C12 cycloalkyl group, a straight chain or
branched C2-C12 alkenyl group, or a C7-C20 aralkyl group comprised of unsubstituted or
substituted 15 C6-C19 aryl and alkyl selected from the group consisting of straight chain or
branched C1-C14 alkyl and C5-C14 cycloalkyl; ande +f=0to 2,g+ h=0to 2, each of i and
j is independently an integer of from 1 to 3, e + f320 +i = 3, andg+h+j = 3. The Periodic Table
mentioned herein is as pre- scribed in the IUPAC (International Union of Pure and Applied

chemistry) nomenejgttgg&g&em@%@s% W%@vapned organometal compound is
used 35 in at least one form selected from tzhe group consisting of a monomeric form, an

oligomeric form, a pobairie forh andiak‘assobigterdernn 1ackpibHentthedormula (1) and
M2 and M3 in the 5 formula (2) independently represents a metal atom se- lected from the

group consisting of Bl n§5dPE 3 i of i BerigHE bR, exclusive of
silicon. Itis preferr@Q 1hateach b M2 apduds is ameialaipmseleqtegirom the group
consisting of a
5 branched C;-Cj13 alkenyl group, or aCy-Caq aralkyl
group comprised of unsubstituted or substituted
Cg-C10 aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cjg4
alkyl and C5-C14 cycloalkyl; and
10 each of a and b is an integer of from 0 to 2, a
+ b =0to 2, each of ¢ and 4 is an integer of
from 0 to 4, and a + b + ¢ + d = 4; and
an organcometal compound represented by the formula
(2):

15
OR%;  R%
R’—M>—0—M—R/, (2)
R  (OR')

wherein:
each of M* and M° independently represents a
metal atom selected from the group consisting of
20 elements belonging to Groups 4 and 14 ¢f the Pe-

riodic Table, exclusive of =ilicon;



10 titanium atom, a tin atom and a zirconium atom. From the viewpoint of the solubility in and
reactivity with an alcohol, it is more preferred that each of M1, M2 and M3 is a tin atom.
Examples of R1 and R2 in the formula (1) and R5, R6, 15 R7 and R6 in the formula (2)
include C1-C12 aliphatic hydrocarbon groups and C5-C12 alicyclic hydrocarbon groups, such
as a methyl group, an ethyl group, an n- propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a 2-butenyl group, a pentyl group, 4 20 hexyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclopentadienyl group, a cyclo- hexyl group and a
cyclohexenyl group; C7-C20 aralkyl groups, such as a benzyl group and a phenylethyl group; ;

and C6-C20 aryl grogashucif R"a phemﬂigr@@pi éi?olynﬂsmmﬁ@ahé{}a mepnayl group. R, R,
R, R6, R7and R8 125 36 are.not li |te to, these mples..Ofth abo [pentioned
groups, lower alky gro‘m?ps%slre%rgfl rﬂgd and lsl%ré?éht %a{fa%? Eﬁcek? \é aIkyI groups

are more preferregrGtipips haying 0Fe €aERAFIOBEHidy) menst HengHnhaveiean be used

as R1, R2, R5, R6, R7 and Re however, when such groups having a larger number of carbon
atoms are used, it Brs&mansked disitle zhatl Heafdidkydithe dfganSpetarédipdund and/or

the
5 group comprised of unsubstituted or substituted

Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cq4
alkyl and Cg-Cy14 cycloalkyl, or an unsubstituted
or substituted Cg-Cyg aryl group;

10 each of R’ and R*? independently represents a
straight chain or branched C;-Cj;3 alkyl group, a
Cg-C12 cycloalkyl group, a straight chain or
branched C;-Cj12 alkenyl group, or aCrp-Cgo aralkyl
group comprised of unsubstituted or substituted

15 Cg-Ci1¢9 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cqig4
alkyl and Cg-Ci14 cycloalkyl; and

e + £f=0to 2, g+h=201%to 2, each of i and j

is independently an integer of from 1 to 3, e + f

20 + 1 =3, andg+ h + 3j = 3.

The Periodic Table mentioned herein is as pre-
scribed in the IUPAC {International Union of Pure and
Applied Chemistry} nomenclature system (1989).

25 The above-mentioned organometal compound is used



productivity of a carbonic ester becomes low. Examples 10 of R3 and R4 in the formula (1) and
R9 and R10 in the formula (2) include C1-C12 aliphatic hydrocarbon groups and C5-C12
alicyclic hydrocarbon groups, such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a 15 2-butenyl group, a pentyl group, a
hexyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a cyclopentadienyl
group, a cyclohexyl group, a cyclohexenyl group3®@ methoxyethyl group and an ethoxy- methyl
group; and C7-C20 aralkyl groups, such as a ben 20 zyl group and a phenylethyl group. R3,

R, R9 and Ry e foliiieddobese sxamiten PRINPeRS OO GHR fomAgINas

represented by formula (1) above include tetramethoxytin, tetragth- oxytin, tetrapropyloxytin,

tetrabutoxyting fetapeniymadoyy forairahaxybiydmd et akisti-athyd | 831 hmeddxy) tin,
dimethoxydiethoxytin, tetramethyltitanate, tetraethyltitanate, tetrapropyltitanate, tetraisopro -
pyltitanate, d#ﬁéﬂﬁyﬂﬂ%iﬁ%tﬁ@é@é’lﬁmwmmi - ethoxide,

2-ethyl-I-hexyloxymgthaxydi y|t|n eth pOXI imethy, dlbut X|de di-
methyltin bis(2-ethy ?B%ltox%e dit mefhyT’un 8|prg/ni (&(:l |meb)/{hyﬁ|ngd| ny(l)XI

dimethyltin digye\@ala (2) independently represents a metal atom se-
lected from the group consisting of elements belonging
to Groups 4 and 14 of the Periodic Table, exclusive of
silicon. It is preferred that each of Ml, M2 and M is
a metal atom selec‘ted from the group consisting of a
10 titanium atom, a tin atom and a zirconium atom. From
the viewpoint of the solubility in and reactivity with
an alcohol, it is more preferred that each of M, M
and M’ is a tin atom.
Examples of R' and R? in the formula (1) and R’, RY,
15 R’ and R® in the formula (2) include ¢;-Cpp aliphatic
hydrocarbon groups and Cg-C;2 alicyclic hydrocarbon
groups, such as a methyl group, an ethyl group, an n-
propyl group, an iscopropyl group, an n-butyl group, an
isobutyl group, a 2-butenyl group, a pentyl group, a
20 hexyl group, a cyclopropyl group, a cyclcbutyl group, a
cyclopentyl group, a cyclopentadienyl group, a cyclo-
hexyl group and a cyclohexenyl group; C7-Cpg aralkyl
groups, such as a benzyl group and a phenylethyl group;

and Cg-Czq aryl groups, such as a phenyl group, a tolyl

25 group and a naphthyl group. RI, Rz, Rs, Rs, R’ and R®



hexyloxide, dimethyltin bis(2-ethyl-l-hexyloxide), di- methyltin dipropenyloxide, dimethyltin
dibenzyloxide, 10 methylbutyltin dimethoxide, methylbutyltin diethoxide,
2-ethyl-l-hexyloxymethoxymethylbutyltin, methylbutyltin dipropoxide, methylbutyltin dibutoxide,
methylbutyltin bis(2-ethyl-I-butoxide), methylbutyltin dipentyloxide, methylbutyltin
dihexyloxide, methylbutyltin dicyclo 15 hexyloxide, methylbutyltin bis(2-ethyl-I-hexyloxide),
methylbutyltih dipropenyloxide, methylbutyltin dibggzy- loxide, methyl(2-ethylhexyl)tin
dimethoxide, methyl(2-ethylhexyltin diethoxide, 2-ethyl-I-
hexyloxymethoxymethyl(2-ethylhexyl)tin, methyl(2-ethyl 20 hexyl) tin dipropoxide, methyl
(2- ethylhexyl)fﬁﬁ%linﬁlt}to;(ibei’F}?thwzfé!ﬁﬂﬁeﬁwmpﬂa%@ efhfl Fflﬁjtéﬂﬂé}“

methyl(2 ethylhe l)tln pent IOX|de, me ylhexyl)tin dihex OXI e, me hyl(2-ethyl-
hexyl)tin dlcy(r:t]oﬁ)gxy oxXi e me ﬁsﬁ(z eﬁ1y exy%/l)%ﬁngﬁ etﬁuﬁ %m d %g

methyl(2- eth)&m@ad.)ginﬁjla&amwmﬂehmtmi@gtmab@wl)gﬁ@bma&@(mhere
butyl(2-ethylhexyl)tin dimethoxide, butyl(2-ethyl- hexyl)tin diethoxide,
2-ethyl-I-hexyiosafeathedy bGrgipscthginbrgl) twxrsutgiZlaehy AERpRirE 8RO MSHNS ide,
butyl(2-ethylhexyl)tin dibutoxide, butyl(2- eth Ihexyl)ltln b§(2 egthyl L;buto;qde) bugyl(2 ethyl-
nexsihtin dipehyiBKte ABAYR2 ARy REVIRRIAR nd ¥

however, when such groups hav1ng a larger number of
carbon atoms are used, it is sometimes possible that
the fluidity of the organometal compound and/or the
productivity of a carbonic ester becomes low. Examples
10 of R?® and R* in the formula (1) and R? and R'C in the
formula (2) include C;-Cq3 aliphatic hydrocarbon groups
and Cg-Cip alicyclic hydrocarbon groupsa, such as a
methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
15 2-butenyl Qroup, a pentyl group, a hexyl group, a
c¢yclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclopentadienyl group, a cyclohexyl group, a
cyclohexenyl group, a methoxyethyl group and an ethoxy-

methyl group; andC;-Cyq aralkyl groups, such as a ben-

20 zyl group and a phenylethyl group. R3, R‘, R® and rY

are not limited to these examples.

Examples of organometal compounds represented by
formula (1) above include tetramethoxytin, tetraeth-
oxytin, tetrapropyloxytin, tetrabutoxytin, tetrapenty-

25 loxytin, tetrahexyloxytin, tetrakis(2-ethyl-1-



loxide, butyl(2-ethylhexyl)tin dicyclohexyloxide, bu- tyl(2-ethylhexyl)tin bis(2-ethyl-I-hexyloxide),
bu 10 tyl(2-ethylhexyl)tin dipropenyloxide, butyl(2-ethyl- hexyl)tin dibenzyloxide, di(n-butyltin
dirnethoxide, di(n-butyltin) diethoxide, 2-ethyl-I-hexyloxymethoxy di(n-butyl)tin, di(n-butyltin)
dipropoxide, di(n- butyltin dibutoxide, di(n-butyltin bis(2-ethyl-I 15 butoxide), di(n-butyl)tin
dipentyloxide, di(n-butyl)tin dihexyloxide, di(n-butyl)tin dicyclohexyloxide, di(n- butyl)tin
bis(2-ethyl-I-hexyloxide), di(n-butyl)tin di- propenyloxide, di(n-butyl)tin dibenzyloxide, di(t-
butyl)tin dimethoxide, di(t-butyltin diethoxide, di(t 20 butyltin dipropoxide, di(t-butyl)tin
dibutoxide, di(t- butyl)tin dipentyloxide, di(t-butyl}¥ip dihexyloxide, di(t-butyl)tin
dicyclohexyloxide, di(t-butyltin di- propenyloxide, diphenyltin dimethoxide, diphenyltin di-
“ethoxide, dipkestydiyipisoxide, diphenyltin dibutox 25 ide, diphenyltin bis(2-ethyl-I-butoxide),

d!phenylt?n ggingii ntylgxide, d}ié)h ?lyltin dihexylQxide, diapké%ryltin_ bis(2-¢thy_|—|-hexyloxi_de),
diphenyltin |cyc?%§8¥¥f£(?lf&8, Hl‘b%e’n)ﬁﬁﬁ%ﬁﬂgo ByiokiE 5Rd diphenyltin diben- zyloxide. 5
Examples of\rganomeial commperndedepripsepind byafiayiae.ahewp irlude
alkoxydistannoxanes and aral- kyloxydistannoxanes, such as

pyltitanate, dimethyltin dimethoxide, dimethyltin di -

ethoxide, 2-ethyl-l-hexyloxymethoxydimethyltin, di-

5 methyltin dipropoxide, dimethyltin dibutoxide, di-
methyltin bis{2-ethyl-l-butoxide}, aimethyltin dipenty-
loxide, dimethyltin dihexyloxide, dimethyltin dicyclo-
hexyloxide, dimethyltin bis(2-ethyl-1l-hexyloxide), di-
methyltin dipropenyloxide, dimethyltin dibenzyloxide,

10 methylbutyltin dimethoxide, methylbutyltin diethoxide,
2-ethyl-1-hexyloxymethoxymethylbutyltin, methylbutyltin
dipropoxide, methylbutyltin dibutoxide, methylbutyltin
bis(2-ethyl-l-butoxide), methylbutyltin dipentyloxide,
methylbutyltin dihexyloxide, methylbutyltin dicyclo-

15 hexyloxide, methylbutyltin bis(2-ethyl-l-hexyloxide),
methylbutyltih dipropenyloxide, methylbutyltin dibenzy-
loxide, methyl{2-ethylhexyl)tin dimethoxide,
methyl (2-ethylhexyl) tin diethoxide, 2-ethyl-1-
hexyloxymethoxymethyl (2-ethylhexyl) tin, methyl (2-ethyl-

20 hexyl) tin dipropoxide, methyl (2-ethylhexyl)tin di-
butoxide, methyl (2-ethylhexyl)tin bis({2-ethyl-1-
butoxide), methyl (2-ethylhexyl)tin dipentyloxide,
methyl (2-ethylhexyl)tin dihexyloxide, methyl(2-ethyl-
hexyl)tin dicyclohexyloxide, methyl(2-ethylhexyl)tin

25 bisg{2-ethyl-1l-hexyloxide}, methyl{2-ethylhexyl}tin di-



1,1,3,3-tetrabutyl-1,3-dimethoxydistannoxane, 1,1,3,3-tetrabutyl-1-methoxy-3-(2-ethyl-I- 10
hexyloxy)distannoxane, 1,1,3,3-tetrabutyl-1,3-diethoxydistannoxane,
1,1,3,3-tetrabutyl-1,3-dibutoxydistannoxane, 1,1,3,3- tetrabutyl-1,
3-bis(2-ethyl-I-butoxy)distannoxane, 1,1,3,3-tetrabutyl-1,3-dipropoxydistannoxane, 15
1,1,3,3-tetrabutyl-1,3-dipentyloxydistannoxane, 1,1,3,3-tetrabutyl-1,3-dihexyloxydistannoxane,
1,1,3,3- tetrabutyl-1,3-bis(2-ethyl-I-hexyloxy)distajghoxane,
1,1,3,3-tetrabutyl-1,3-dicyclohexyloxydistannoxane,
1,1,3,3-tetrabutyl-1,3-dibenzyloxydistannoxane, 20

1,1, 3,3-tetrar§?i'fé?ﬁ’/?—’f}3-]di’|_’ﬁ% yﬂﬁaﬁﬁd%ﬁéﬁhﬂfﬁyﬁmeﬂwﬂﬁzﬁ LB RRlistan noxane;
1,1,3,3-tetra i1 —'.%H%%é%iﬁrﬂ% Gndt §x§'dtgt,ra_9dt|1§|9)il'(]2-ethy1-

3-bis(2-ethyl-I-butoxy)dista 1,1,3,3-tetraphenyl-1,3 opoxydistannoxane, 25

1,1,3,3-tetraphweayl-}, 8 dtip@iytnydisian n@xastth @0 1 -hexyloxymethoxy bu-
1,1,3,3-tetraphenyl-1,3-dihexyloxydistannoxane, 1,1,3,3-tetraphenyl-l,3-bis(2-ethyl-I-
hexyloxy)diste¥ihéRass Bidhexayd Rrisragpiehyil 1 3-aehribrexybkidRtsHRB@Rex5 The

ot meriqne IRAIPTISCLRTERARYS Tk e e gl pcomonton.
ethylhexyl)tin bis(2-ethyl-1-butoxide), butyl(2-ethyl-
hexyl)tin dipentyloxide, butyl {2-ethylhezyl)tin dihexy-
loxide, butyl(2-ethylhexyl)tin dicyclohexyloxide, bu-
tyl(2-ethylhexyl)tin bis(2-ethyl-1-hexyloxide), bu-

10 tyl (2-ethylhexyl)tin dipropenyloxide, butyl (2-ethyl-
hexyl)tin dibenzyloxide, di(n-butyl}tin dimethoxide,

di (n-butyltin) diethoxide, 2-ethyl-1l-hexyloxymethoxy
di (n-butyl)tin, di(n-butyltin) dipropoxide, di{n-
butyl)}tin dibutoxide, di(n-butyl)tin bis(2-ethyl-1-

15 butoxide), di{n-butyl)tin dipentyloxide, di(n-butyl)tin
dihexyloxide, di{n-butyl)tin dicyclohexyloxide, di({n-
butyl)tin bis(2-ethyl-1-hexyloxide), di(n-butyl)tin di-
propényloxide, di (n-butyl)tin dibenzyloxide, di(t-
butyl}tin dimethoxide, di(t-butyl)tin diethoxide, di(t-

20 butyl)tin dipropoxide, di(t-butyl)tin dibutoxide, di(t-
butyl)tin dipentyloxide, di(t-butyl}tin dihexyloxide,
di (t-butyl}tin dicyclohexyloxide, di(t-butyl)tin di-
propenyloxide, diphenyltin dimethoxide, diphenyltin di-
ethoxide, diphenyltin dipropoxide, diphenyltin dibutox-

25 ide, diphenyltin bis(2-ethyl-1-butoxide), diphenyltin



used in combination with those mentioned above. As an organometal compound, those
organometal compounds which 10 are commercially available may be used. Alternatively,
organometal compounds represented by formula (1) above may be obtained by a
conventional method (e.g., a method described in Dutch Patent No. 6612421) in which
dibutyltin oxide, an alcohol having 4 or more carbon 15 atoms and a solvent exhibitingan
azeotropy with water are mixed together to effec8 reaction, and the resul- tant is subjected to
distillation, thereby obtaining a fraction containing an organometal compound represented by

formula (1) abayseriyahavesmentipReR PSR dasieR) Teaidbe. DigRbRAeaLNo

6612421) descri at this method cannot be employed for obtaining an or- ganometal

compound hdvimy 2-@-R8lalkekegydupcarid thatdapleggiboneta copalaekiiderg a C1-C3
alkoxy group can be obtained from dibutyltin chloride and sodium alcoho 25 late, On the other
hand, as a re3tf of PR 49 IEPBRRERPIVERIGE% i AEBIRRRMOERIAEEDY em-
ploying a meg}ngq%s&éibed in Japanese Patent Applica- tion No. 2001-396537 and Japanese
Patent Application No. 2001-396545, there can be obtained an organometal com 5 pound

represented by fornestamblless(2) frastganein talideatisbaimale oheb Msirt srethed, there can
be ob- tained an organometal compound having a C3.-C3 alkoxy
formula (2) above include alkoxydistannoxanes and aral-
kyloxydistannoxanes, such as
1,1,3,3-tetrabutyl-1,3-dimethoxydistannoxane,
1,1,3,3~tetrabutyl-1l-methoxy-3-(2-ethyl-1-

10 hexyloxy) distannoxane,
1,1,3,3-tetrabutyl-1,3-diethoxydistannoxane,
1,1,3,3-tetrabutyl-1,3-dibutoxydistanncxane, 1,1,3,3-
tetrabutyl—l,3—bis(2-ethy1—1-butoxy}distannoxane,
1,1,3,3~tetrabutyl-1,3-dipropoxydistannoxane,

15 1,1,3,3-tetrabutyl-1,3-dipentyloxydistannoxane,
1,1,3,3-tetrabutyl-1,3-dihexyloxydistannoxane, 1,1,3,3-
tetrabutyl-1,3-bis(2-ethyl-1-hexyloxy)distannoxane,
1,1,3,3-tetrabutyl-1, 3-dicyclohexyloxydistannoxane,
1,1,3,3-tetrabutyl-1,3-dibenzyloxydistannoxane,

20 1,1,3,3-tetraphenyl-1,3-dimethoxydistannoxane,
1,1,3,3-tetraphenyl-1,3-diethoxydistannoxane,
1,1,3,3-tetraphenyl-1,3-di-butoxydistannoxane, 1,1,3,3-
tetraphenyl-1,3-bis(2-ethyl~1l-butoxy)distannoxane,
1,1,3,3-tetraphenyl-1,3-dipropoxydistannoxane,

25 1,1,3,3-tetraphenyl-1,3-dipentyloxydistannoxane,



group, such as a methoxy group. For example, an or- ganometal compound having a methoxy
group can be ob 10 tained from dibutyltin oxide, methanol and hexane. It is known that, in
such a case, methanol and hexane form a minimum boiling azeotrope. However, the present
in- ventors have unexpectedly found that, by this method, the removal of water can be
performed, even though the 15 methanol/hexane mixture has a boiling point lower than that of
water. Based on this finding, the present in- ventggs 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 20 pound obtained from_dibutyltin oxide and an alcohol having a boiling -

point lower thhrthat of Ak aRReRYh e RoiIrREEIAZARL AR BPFEEnetal compound rep-
resented by f?ﬁ”.ﬂ‘,*?,@t@%’&f!ﬁéﬂ@’ﬁ@’l i'tais, gggi{gc_i o _%tg'in_a large amount of an

organometal compound 25 represented by formula (1), it can be achieved by sub 42 jecting
the above-meéntiorbskgrpahstmaiabeampaodnd com- prised mainly of an organometal
compound represented by formula (2) to distillation, to thereby obtain a frac- tion comprising

an organometallcompgotiit Fepreeitbtlhy? SHFHRALRENY B8 HthGABPHR Sresent
invegtion, the re- mayal QfAter L 3ER3) 20, REHRIETI PYABEUS may be

used individually or in combination. Further, orgnome-
tal compounds other than those mentioned above may be
used in combination with those mentioned above. As an
organometal compound, those organcmetal compounds which

10 are commercially available may be used. Alternatively,
organometal compounds represented by formula (1) above
may be obtained by a conventicnal method (e.g., a
method describgd in Dutch Patent No. 6612421) in which
dibutyltin oxide, an alcohol having 4 or more carbon

15 atoms and a solvent exhibiting an azeotropy with water
are mixed together to effect a reaction, and the resul-
tant is subjected to distillation, thereby obtaining a
fraction containing an organometal compound represented
by formula (1) above. The above-mentioned patent docu-

20 ment (i.e., Dutch Patent No. 6612421) describes that
this method cannot be employed for obtaining an or-
ganometal compound having a C;-C; alkoxy group and that
an organometal compound having a C;-C; alkoxy group can
be obtained from dibutyltin chloride and sodium alccho-

25 late. On the other hand, as a result of the studies by



ventional dehydration method which is generally em- ployed in the art. The removal of water
may be per 10 formed by, for example, the use of a solid dehydrating agent (e.g., molecular
sieves), distillation, or mem- brane separation. However, when it is desired to ob- tain a large
amount of an organometal compound in a short period of time, it is preferred that the removal
15 of water is performed by distillation. The distilla- tion may be performed by any conventional
distillation method, such as atmospheric pressuré&distillation, vac- uum distillation,
superatmospheric pressure distilla- tion, thin film distillation or extractive distillation. 20 The

distillation calglpg %%g]b% f%%ﬁﬁ% Bgrsatug%(:g‘é!%r% S“%% 5%%08%§0$%Lg%g pB'gltC 2 the first

alcohol used in stép y from 50 e first ol used in

step (3). Befase oy idiging therdistllanse aivadesitedisihaiancs mayda 2Hpadded to the
reaction mixture. 43 In step (1).of the method of the present invention, a second alcohol may
be optionally ti&ea. fwith 2883ect 205he mngodaprinsgsdat ardecbpr Hicsicioaxplana- tion

is que belogaovxrl%r%%%s 'g]teré eq:to use agec géind al%ohol'ig step <sla%étr%loel(rje can be

mentioned an op- eratl qi WhiEH 15efofd's % ﬁ SR RO iSES 5 Uy an

organometal geiR@updrdaunvled by formula (1) or (2) from a metal
oxide and an alcchol. By this method, there can be ob-
tained an organometal compound having a C;-C; alkoxy
group, such as a methoxy group. For example, an or-
ganometal compound having & methoxy group can be ob-

10 tained from dibutyltin oxide, methanol and hexane. It
is known that, in such a case, methancol and hexane form
a minimum boiling azeotrope. However, the present in-
ventors have unexpectedly found that, by this method,
the removal of water can be performed, even though the

15 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 beoiling
point lower than that of water. An organcmetal com-

20 pound obtained from dibutyltin oxide and an alcchol
having a boiling peint lower than that of water tends
to be comprised mainly of an organometal compound rep-
regented by formula (2). However, when it is desired
to obtain a large amount of an crganometal compound

25 represented by formula (1), it can be achieved by sub-



and/or an organometal compound of (2), and a subsequent distillation for removing water from
the resultant re 10 action mixture is performed so that a part of the alco- hol remains in the
distillation residue containing the organometal compound. In this way, an organometal com-
pound for use in step (1) can be obtained in the form of a mixture thereof with an alcohol
which can be used 15 as at least a part of a second alcohol in step (1). In this case, it
becomes possible to perform step (1) without fuger adding an alcohol as a second alcohol.
In the method of the present invention, a first alcohol is used in step (3). In addition, a second_

al- 20 cohol may pbe optionally used in ste d a third al o | may be optignally used in
A RS PRV AR ESBNor DR

step (2). The tifst-* are tRE LR G Qifeten oélxampl%s of such

alcohols incluyske; alkyl algehaly hawing, asdaiabheban @dﬂ’(ﬁ@&h@d kebkddeld By, 25
cycloalkyl alcohols having a C5-C12 cycloalkyl group, 44 alkenyl alcohols having a straight

chain or branEpatth@2a Ci2) alkenyi gtdud, atnitaralkyd ahimw@hﬂaﬁhg@-cﬁci@mﬁalkyl group
comprised of ynsubstituted or substituted C6-C19 aryl and alkyl selected from roup
consisting of S¥SIYHECHRT 6 DR TR ASHAL S7T g45§8’6§8@3&ﬁ<{5%£uﬁc
exagples of fhese algohgls include C1-C12 aliphatic alcohols such as methanol, ethanaol,
propanol, 2- propanol n-butanol, 2-butanol, 2-ethyl-I-butanol, t-butanol,

In the method of the present invention, the re-

moval of water in step (3) can be performed by any con-
ventional dehydration method which is generally em-
ployed in the art. The removal of water may be per-

10 formed by, for example, the use of a solid dehydrating
agent (e.g., molecular sieves), diastillation, or mem-
brane sgparation. However, when it is desired to ob-
tain a large amount of an organcometal compound in a
short period of time, it is preferred that the removal

15 of water is performed by distillation. The distilla-
tion may be performed by any conventional distillation
method, such as atmospheric pressure distillation, vac-
uum distillation, superatmospheric pressure distilla-
tion, thin film distillation or extractive distillatiomn.

20 The digtillation can be performed at a temperature of
from -20 °C to the boiling point of the first alcocheol
used in step (3), preferably from 50 °C to the boiling
point of the first alcohol used in step (3). Before or
during the distillation, any desired substance may be

25 added to the reaction mixture.



pentanol, hexanol, 2-ethyl-I-hexanol and hexenol; C5-C12alicyclic alcohols, such as
cyclopropanol, cyclobutanol, cyclopentanol, cyclohexanol and cyclohexenol; and aralkyl
alcohols, such as benzyl alcohol andphenethyl alcohol. Further, as the first, second and third
alcohols, polyhydric alcohols may be used. Examples of polyhydric alcohols include CI-C12
aliphatic polyhydric alcohols, such as ethylene glycol, 1,3-propanediol and 1,2-propanediol;
C5-C12 alicyclic polyhydric alcohols, such as cytfohexanediol and cyclopentanediol; and
aralkyl alcohols, such as benzenedimethanol. Among the above-mentioned alcohols,

preferred are C1-G§ @eaaw? ;%@%ymmds@ %%h‘ﬂﬁe%lé‘i&aimﬁéﬁé%h ethanol,

propanol, 2-propanol, butano butanol, 2-ethyl-I-butanol, pentanol, hexanol,

2-ethyl-I-hexanele ceytb ekanhbanching xeao b pintcnd 8 psedy 43 wWddeanmsiaeytiralkyl
alcohols, such as benzyl alcohol. The organometal compounds which are, respectively,
represented by foREUBBTRYERATE) EBS DeSthafz&d 69CPP§SEWMMCI§§PW&MUC
Resonance 13:_LgSn QM spec 9 & tros 0 gsee or.examp ge% Eatent NQ, 55%5 600).
However, in a 11OSh: Spec rum ac emlcal Shlﬁ va?ue ascrlbe8 t0 the structure of the

organometalaainpadihdephasesies by formuRde lrggiybeaemiarerdingn fefgexample, on
the organometal compound content of the 10 sample used for a 119Sn-NMR analysis and on
the presenceeration in which, before step (1), an alcohol is used
for producing an organometal compound of formula (1)
and/or an organometal compound of (2), and a subsequent
distillation for removing water from the resultant re-
10 action mixture is performed so that a part of the alco-
hol remains in the distillation residue containing the
organométal compound. In thies way, an organometal com-
pound for use in step (1) can be obtained in the form
of a mixture thereof with an alcohol which can be used
15 as at least a part of a second alcohol in step (1). In
this case, it becomes possible to perform step fl)
without further adding an alcohol as a second alcohol.
In the method of the present invention, a first
alcohol is used in step (3). In addition, a second al-
20 cohol may be optionally used in step (1} and a third
alcohol may be optionally used in step (2). The first,
second and third aleoheols are the same or different.
Examples of such alcoheols include alkyl alcohols having
a straight chain or branched C;-C;2 alkyl group,

25 cycloalkyl alcohols having a Cs-Ciz cycloalkyl group,



or absence of an alcohol in the sample used for a 119Sn- NMR analysis. Therefore, it is
preferred that the analysis of the organometal compound is performed by a method in which
the proton nuclear magnetic resonance 15 ('H-NMR) spectroscopy and the carbon-13 nuclear
mag- netic resonance (13C-NMR) spectroscopy are used in com- bination with the
119Sn-NMR spectroscopy. Table 1 below shows 119Sn-NMR data of examples of chemical
shift val- ues ascribed to the structure of an orgnometal compound 20 represented by formula
(1), which is produced from 2- ethyl-1-hexanol and dibutyltin oxide. 46 Table 1 Contents of an
organometal compound of formula (1) having% 2-ethyl-I-hexyloxy group in sample 5
solutions, and 119Sn-NMR chemical shift values obtained with respect to the sample solutions

119SpIWMiR, data &88Nemetal 6granatngigGheraicak shift- iahie e, %) kSmpm) 48.0
-64.2 20.5-19.1 11.2 -6.6 3.4 2.7 Notes: the chemical shift values (6) are relative to that of
tetramgethyiin 4SaMe4) e H1gandnNenheaMyg a C,-Cy aralkyl group comprised
of unsubstituted or substituted Cs-Cio arvl and alkyl selected from
the group consisting of straight chain or branched Cl1-Cl4 alkyl
and Cs-Cy14 eye cycloakyl . Specific examples of these alcohels include
C1-Ci1; aliphatic alcohols, such as methanol, ethancl, propanol,
2-propancl, n-butanel, 2-butanol, 2-ethyl-1-butanol, t-butanol,
pentanol, hexanol, 2-ethyl-1-hexancl and hexenol; Cs-Cizalicyclic
alcohols, such as cyclopropanol, cyclcocbutanol, cyclopentancl,
cyclohexanol and cyclohexencl; and aralkyl alcohols, such as
benzyl alcohol andphenethyl alcohel. Further, asthe first, second
and third alcohols, polyhydric alcohols may be used. Examples
of polyhydric alcchols include C1-Cl2 aliphatic polvhydric
alcohols, such as ethylene glycol, 1,3-propanediol and
1,2-propanediol; Cs-Ci» alicyclic polyhydric alcohols, such as
cyclohexanediocl and cyclopentanedicl; andaralkyl alcohols, such
as benzenedimethancl.

Among the above-mentioned alcchols, preferred are Ci-Cp
primary or seccndary monohydric alcoheols, such as methanol,
ethanol, propancl, 2-propancl, butancl, 2- butanol,
2-ethyl-1l-butancl, pentancl, hexanol, 2-ethyl-l-hexanol,

cyclohexanol and hexenol; and C;-Cg primary



10 pound content is the weight percentage (wt %) of or- ganometal compound in deuterated
chloroform (CDC13). In the method of the present invention, the reac- 15 tion system used in
step (1) may contain substances other than those mentioned above. Examples of other
substances which are effective in performing step (1) include those which function as a
dehydrating agent in the reaction system. By using a dehydrating agent in 20 step (1), the
reaction system can be maintained under 47 nortaqueous conditions. As a dehydrating agent,
any conventional dehydrating agent may be used. Examples of dehydrating agents include

acetal compoypds &idRia 308 S, pHCH ASHIIYTIMRIRY aceigien Fyithgt.cpE3anic

dehydrating agents, such as dicyclohexylcar- bodiimide may be used as dehydrating agents.
Further- more, solidthehydratingragenis, sutipasndsleghliarhsieves, mapectidocdy ,
dehydrating agents. When a solid dehydrating agent is used, it is preferred that 10 the solid

dehydrating a’be@ﬁ???é?ﬁﬁ%a’ﬁqﬁ?m@fﬂe’a%- ibh SR ﬁoﬁﬁﬂ?@’é‘l’%ﬁ &Y. In step
(ot e e o SRS T N SathEspo bt ol W
organic group whiribisythe ssamefas-thexalpiy pr alakopageiy mdbhesrgasomedal.
However, in a ''?Sn-NMR spectrum, a chemical shift value
ascribed to the structure of the organometal compound
represented by formula (1) largely varies depending,
for example, on the organometal compound content of the
10 sample used for a !*°S$n-NMR analysis and on the presence
or absence of an alcohol in the sample used for a ''*Sn-
NMR analysis. Therefore, it is preferred that the
analysis of the organometal compound is performed by a
method in which the proton nuclear magnetic resonance
15 (*H-NMR) spectroscopy and the carbon-13 nuclear mag-

(**C-NMR) spectroscopy are used in com-

netic resonance
bination with the ''*Sn-NMR spectroscopy. Table 1 below
shows !?Sn-NMR data of examples of chemical shift val-
ues ascribed to the structure of an crgnometal compound

20 represented by formula (1), which is produced from 2-

ethyl-1-hexanol and dibutyltin oxide.



compound is used as a sécond alcohol, from the view- point of improving the purity of the
obtained carbonic ester, it is preferred that the second alcohol is used 20 in an amount which
is 1 to 100,000 times the stoichiometric amount relative to the amount of the or- ganometal
compound. Alternatively, when an alcohol having an organic group different from the alkoxy or
aralkoxy group in the organometal compound is used as a 25 second alcohol, or when the
organometal compound repre 48 sented by formyla (2) is used alone, the amount of the
second alcohol is preferably from 2 to 1,000 times the stoichiometric amount, more preferably
from 10 to 1,000 times the stoichiometric amount, relative to the amount 5 of the organometal
compound. In step (1), when an al- cohol having an organic group different from the or- ganic
group in the organometal compound is used 358 se ond alcohol, an asymmetric carbon ester
is obtained. As mentioned below, when a second alcohol is used in 10 step (1), especially in
the case where the€orgammreetal com powshoeprtsénteotippforhud (Zoismuskal alone, the
yield of the carbonitléstbeisigieadly Imprinydd- IHiexapbyrymgntoped prefemetieamount of the
secdhd alcohol in ged nasenderatie Brganamrtativempoindstepfesenttddsd by formula (2) is
used alone, is detesbyadch#OMvinih wewpesd. to the sample solutions

1%sn-NMR data
Organometal compound Chemical shift wvalue
content (wt %) (& ppm)
48.0 ' -64.2
20.5 -19.1
11.2 ‘ -6.6
3.4 2.7

Notes: the chemical shift values (8) are relative to
that of tetramethyltin (SnMe,). The organometal com-
10 pound content is the weight percentage (wt %) of or-
ganometal compound in deuterated chloroform (CDCl;).

In the method of the present invention, the reac-
15 tion system used in step (1} may contain substances
other than those mentioned above. Examples of other
substances which are effective in performing step (1}
include those which function as a dehydrating agent in
the reaction system. By using a dehydrating agent in

20 step (1), the reaction system can be maintained under



In the case where step (3) is followed by step (4) (for recycling the organometal compound
recovered in step (3) to step (1)) and step (1), prior to step (1), 20 a second alcohol may be
added to the reaction system so that the amount of the second alcohol becomes within the
above-mentioned preferred range. Alternatively, in such case where step (3) is followed by
step (4) and step (1), prior to step (1), an alcohol may be removed 25 from the reaction
system. 49 With respect to each step of the met#dd of the present invention, detailed
explanations are made hereinbelow. Step (1) of the method of the present invention 5 involves

a reaction rouje,n el £ diside acpdug ol anemetabeapboyag having a

metal-oxygen- car linkage is formed, and the adductformed is' thérmally decomposed to
obtain a carbesitwesieidiwl Gelvidieaeastondenic afstepélusashonmkiandeek) is
addition-bonded to an organometal compound to form an adduct, and the adduct is thermally
decomposedoDifiehygrati itk agenmionthwdfoasehiap (CPoPMEdTtABE oP¥e present

ipvention is c@ Bacg rizresd in&3 tf(]z tgan orge r}%gc(i_tglng ugder];aa\l/in & el'g E%ygen 15_ carbon
linkage is reacﬁeaem R emat s%]mcﬁlom}tnc amoun%%)fcar on &oxme.uln% € conventional
metBods,  organic dehydrating agents, such as dicyclohexylcar-
bodiimide may be used as dehydrating agents. Further-
more, solid dehydrating agents, such as molecular
sieveg, may be used as dehydrating agents. When a
solid dehydrating agent is used, it is preferred that
10 the solid dehydrating agent is removed from the reac-
tion system prior to performing step (3).
In step (1) of the method of the present invention,
the use of a second alcohol is optional. With respect
to the amount of the second alcchol used in step (1),
15 when an aleccheol having an organic group which is the
same as the alkoxy or aralkoxy group in the organometal
compound is used as a second alcohol, from the view-
point of improving the purity of the obtained carbonic
egter, it is preferred that the second alcchol is used
20 in an amount which is 1 to 100,000 times the
stoichiometric amount relative to the amount of the or-
gancmetal compound. Alternatively, when an alcohol
having an organic group different from the alkoxy or
aralkoxy group in the organometal compcund is used as a

25 second alcohol, or when the organcmetal compound repre-



carbon dioxide under a high pressure is reacted with an alcohol in the presence of a small
amount of a metal catalyst. As an example of such conventional method, 20 there can be
mentioned a method in which carbon dioxide is reacted with methanol in the presence of
dibutyltin dimethoxide (see Polyhedron, 19, pages 573-576 (2000)). In the conventional
method described in this literature, carbon dioxide under a pressure of about 30 MPa is re 25
acted with methanol at 180 C in the presence of ggv 50 eral millimoles of dibutyltin
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 S

methanol is s%ﬂrﬁ@féd?fhéﬁ_m{ﬂfﬂ of_%brb'icﬁh Hﬁﬁ(ﬂjélﬁ%@rin‘%ﬁ@ r@FRMREsIFulB M as large |
as at least 100 ). dmes t&p scgglé:flolmetrlceafﬂg% B&relﬁjlrvgmtozthgoargo%% of }_meeogg@ﬂgmetal

compound having a me a‘f—oxygen-scgr%on inkagé. By achieving the above-mentioned high 10

pressure congditienshinamealieyiumdaherciiis gis-plaged-kyiardfaearbomieester 0s@ that a
carbonic es- ter can be produced in a yield which is higher than ex- pected from the amount of
the catalyst. HéWeseElyy steichdignesttrbamelisitide FRdAREYfarts?, ffB& vANPYRET is also

produiced, thys ppsina & serous proplernin thet the catalyst is ydrojyzed by thgyfree water.
cohol having an organic group different from the or-
ganic group in the organometal compound is used as a
second alcchol, an asymmetric carbon ester is obtained.
As mentioned below, when a second alcohol is used in
10 step (1), especially in the case where the organometal
compound represented by formula (2) is used alone, the
yield of the carbonic ester is greatly improved. The
above-mentioned preferred amount of the second alcohol
in the case where the organometal compound represented
i85 by formula (2) is used alone, is determined from this
viewpoint. |
In the case where step (3) is followed by step {4)
(for recycling the organometal compound recovered in
step (3) to step (1)) and step (1), prior to step (1},
20 a second alcohol may be added to the reaction system so
that the amount of the second alcohol becomes within
the above-mentioned preferred range. Alternatively, in
such case where step (3} is followed by step (4) and
step (1), prior to step (1), an alcohol may be removed

25 from the reaction aystem.



solving this problem, it is necessary to develop a method for dehydrating the reaction system.
In the above-mentioned literature, it is described that, under 20 the above-mentioned reaction
conditions, dibutyltin ox- ide is produced as a-hydrolysis product of dibutyltin dimethoxide, and
that, although dibutyltin oxide cannot be dissolved in a solvent at room temperature, dibu-
tyltin oxide is present in the form of a transparent 2§9solution under the above-mentioned
reaction conditions. 51 On the other hand, in the method of the present inven- tion, even when
the reaction mixture after completion of step (1) is cooled to room temperature, the reaction
mixture generally reméiishinithegeat of a lepidh I8tethio feddest matlredctidh tided in the
method of the present invention differs from the reaction used in the above-mentioned

conventional mBERREMIWARKEN S -afietiAt dPEa ORI ABREL IR Bs8deIMAd%ase of the

conventional nﬁgloedigg%{%%ction system has a high 10 carbon dioxide concentration and,
hence, the reaction” Is necessarily.performed under high pressure conditions. Therefore, when

the reaction mixture coaigining the spratkIGeettasR0BIE agiey isdtakam eut fieantibedgactor, itis
necessary to purge a large amount of carbon diox-. 15 ide from the reactor before taking out

the refiction mbaiiel Behanauessit puses problbmaidicdnig isarbon dioxide ad-

duct of an organometal compound having a metal-oxygen-
carbon linkage is formed, and the adduct formed is

therma;ly decomposed to obtailin a carbonic ester. That
is; in the reaction route of step (1}, carbon dioxide

10 is addition-bdnded to an oﬁganometal compound to form
an adduct, and the adduct is thermally decomposed.
Differing froﬁ the co#ventional heth;ds,.step (1) of
the method of the present invention is characterized in
that an organometal compound having a metal-oxygen-

15 carbon, linkage is reacted with a small stoichiometric
amount of carﬁon dioxide. 1In the conventional methods,
carbon dioxide under a high pressure is reacted with an
alcohol in the presence of a small amount of a metal
catalyst. As an example of such conventional method,

20 there can be mentioned a method in which carbon dioxide
is reacted with methancl in the presgsence of dibutyltin
dimethoxide (see Polyhedron, 19, pages 573-576 (2000)).
In the conventional method described in this literature,

carbon dioxide under a pressure of about 30 MPa is re-

25 acted with methanol at 180 °C in the presence of sev-



that a large amount of carbon dioxide is wasted, but also in that, if it is intended to reuse the
purged carbon dioxide, repressurization of the carbon dioxide 20 becomes necessary and,
hence, a large amount of energy is consumed for the repressurization of the carbon di- oxide..
Further, in the conventional method, the fol- lowing problem is also likely to occur. It is known
that, when the reaction system has a high carbon diox 25 ide concentration, the density of the
carbon dioxide 52 gas layer increases, so that the &&rbon dioxide dis- solves not only a
solvent and a catalyst but also the produced carbonic ester, thereby forming a reaction

mixture comprisgskaf & pemarenesus Mixiweef cefRoa irdiexide. Hie. solveat, dha satalyst and
the produced carbonic ester. When the reaction mixture (homogeneous mixture) is cooled to

obtain a liquid rageturt niucsrtenliguidxédetiorsanixtine tbitairesacdrbon disxidetn the form
of liquid carbonic acid. Thus, anyway, it is 10 extremely difficult to separate the produced

carbonic ester AORFHELRAIDN SRR PG W ot MRGE bRER pré it YiFention, it
is preferred tha ¢arpon ipXidlgds ygeddaan apiguniviigh is,11q P01iMes JUAkS of

advantageously | to 15 20 times, as large as the stoichiometric amount rela- tive to the amount
of the rganometaticanyiousl Bamingacted, 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 organometal compound having a metal-oxygen-
carbon linkage. By achieving the above-mentioned high
10 pressure conditions, the equilibrium is forcibly dis-
placed toward a carbonic ester, so that a carbonic es-
J ter.can be produced in a yleld which is higher thaﬁ ex-
pected from the amount of the catalyst. However, by
the reaction of carbon dioxide with methanol, free wa-
15 ter is also produced, thus posing a serious problem in
that the catalyst is hydrolyzed by the freé water.. For
solving this problem, it is necessary to de&elop a
method for dehydrating the reaction system. In the
above-mentioned literature, it is described that, under
20 the above-mentioned reaction conditions, dibutyltin ox-
ide 1s produced as a hydrolysis product of dibutyltin
dimethoxide, and that, although dibutyltin oxide cannot
be dissolved in a solvent at room temperature, dibu-
tyltin oxide is present in the form of a transparent

25 solution under the above-mentioned reaction conditions.



metal-oxygen-carbon linkage. When the amount of carbon dioxide is large, the reaction
becomes a high pressure reaction, so that not only does it become necessary to 20 use a
reactor having high pressure resistance, but also a large amount of carbon dioxide is wasted
during purg- ing of unreacted carbon dioxide after completion of step (1). Therefore, it is still
more preferred that carbon dioxide is used in an agpunt which is 1 to 10 25 times as large as
the stoichiometric amount relative to 53 the amount of the organometal compound. In other
words, in step (1), it is-preferred that the organometal com- pound is used in an amount which.
is 1/50 to 1 tim@mbheadtastageandly HA0thd maehstll mbreaevantas érgeausikefA0 to |
time, as large as the stoichiometric amount relative to the amount of carbon dioxide. In the

present inventic‘}rjr,"é‘cqﬂ)%‘?’f‘dftﬂf&é AUt BT B FARBH AR @ﬁ?ﬁ@rﬁ?ﬁ‘&\}iﬂﬁ%n
metal-oxygen-agbay ik aﬁzf\%/nc%%%gﬁlyt%b.t%%‘?ﬁi lpéﬁgtgl}?ggé}%o%ren %%aé%o%%%gé% 9

compound with carbon-dioxi hen the reaction temper

the carbon di- mede @geughisedihorpical REOAUCEEHRY eoMactEy he nfaaaometal

compound with a stream of carbon diox- ide having atmospheric pressure. In this case, the 15
carbop dioxide Hduiticregpdrtobtbhe dima pibda ofigk dndst 100methodordfintbevith the

elevation 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 reaction system has a high

10 carbon dioxidé concentration and, hence, the reaction
is necessarily performed under high pressure conditions.
Therefore, whén the‘%éaction miéturé confaining the |
produced carbonic ester 1s taken out from the reactor,
it is neceggsary to purge a large amount of carbon diox-

15 ide fFom the reactor before taking out the reaction
mixture, Sucﬁ necessity poses problems not only in
that a large amount of carbhon dioxide is wasted, but
glso in that, if 1t is intended to reuse the purged
carbon dloxide, repressurization of the carbon dioxide

20 becomes necessary and, hence, a large émount of energy
is consumed for the repressurization of the carbon di-
oxide. Further, ip the conventional method, the fol-
lowing problem is also likely to occur. It is known
that, when the reaction system has a high carbon diox-

25 ide concentration, the density of the carbon dioxide



reaction temperature; theammourntof thecarbon dioxide adduct produced becomes lowered,;
however, even when the reaction temperature is high, the lowering of the 20 amount of the

carbon dioxide adduct can be suppressed by contacting the organometal compound with
carbon di- oxide having a high pressure. In step (1), when the organometal compound is
contacted with carbon dioxide having a high pressure, it is difficult to determine 25 the amount
of the carbon dioxide adduct produced: how 54 eveszit is preferred that the reaction of the or-
ganometal compound with carbon dioxide is conducted un- der a desired pressure, depending

on the rate at which the carbonic ester is produced anﬁjbon the amouéiut of S[%le 5§arbonic ester -
produced. The r&a8tio ﬁ?erssjtf?gzl? agﬁ-s eraﬁ@/ oWt %pﬁ%ﬁe%?e StRE 16200 NiPa. Itis

preferred that the AmEuntgh thenGarbanicAsiehePatined EneiePydt 9440 82 96 lagse more

advanta- geously 50 % or less, based on the stoichiometric 10 amount relative to the amount

of the organometabdame pocadiaving asnetal-okhgericarfariikage Thwaretason for this is
as follows. The organometal compound hav- ing a metal-oxygen-carbon linkage used in the

method of the FHEEHERVERREE ISRHraEURCEAMIABABFRAF0TLE YEHE aRthEETEMEnic ester

produced. Thergipe.when ihe GUPORICes'ehls WIANRRT AhaMaDt YPUHLISH0 %
carbonic ester. When the reaction mixture (homogeneous
mixture) is cooled to obtain a liguld reaction mixture,
the liquid reaction mixture contains carbog dioxide in
the form of ligquid carbonic¢ acid. Thus, anyway, it is

10 extremely difficult to separate the produced carbonic

ester from the re§ction mixture.

In stép {1) of the method of the present inveﬂtion,
it is preferred that carbon dioxide ;s uged in an
amount which is 1 fo 50 times, more advantageously 1 to

15 20 times, as large as the stoilchiometric amount rela-
tive to the amount of the organometal compound haéing a
metal-oxygen-carbon linkage. When the amouﬁt of carbon
dieoxide is large, the reaction becomes a high pressure
reaction, so that not only does it become necessary to

20 use a reactor having high pressure resistance, but also
a large amount of cafbon dioxide is wasted during purg-
ing 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 10

25 times as large as the steichiometric¢c amount relative to



or less, preferably 50 8 or less, based on the stoichiometric amount relative .to the amount of
the or- ganometal compound, water which is likely to hydrolyze 20 the produced carbonic ester
does advantageously not oc- cur in the reaction mixture. On the other hand, in the case of the
conventional methods, the reaction is con- ducted so that the amount of the carbonic ester pro-
duced is more than 100 %, based on the stoichiometfig 25 amount relative to the amount of
the organometal com 55 pound. 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 setri- -
ous problem. FoiPreV&RENE the Hridiscerrgahonictad 5 comporniseingtydedipead words .

necessary to add a de- hydrating agent to the reaction system or to perform the reaction in the
presence of a dé ri/d?gtﬁﬁlg :géént, ja\ghéﬁeil?ﬁ?eg 855}7&%%5%&%5&@5&%‘8%&% th€ Yroup
consisting of a dghyeleating aaani whichis mIe-H0 SHSEERtale to /yeirelysis thapdhe
organometal compound, and a solid dehydrating agent having high water adsorp- tivity. Such

use of a dehydratoxeag@vas tispovania gome et anly: imhat stadmplicated sBmistieeded,
but also in that the dehydrating agent is expensive. 15 Therefore, the conventional methods

have ndt been p?&QUEENy efdflofed hstd Rfethdd fdrafsaudifgdeabbpichionetric

amount relative to the amount of carbon dioxide. In
the present invention, a carbon dioxide adduct of the
organpmetal compound having a metal-oxygen-carbon link-
age can be easily obtained by contacting the organome-

10 tal compound'with carbon dioxide. When the reaction
temperature is room temperature (20 °C), the carbon di-
oxide adduct is exoﬁhermically‘prodﬁced‘by contacting'
the organcmetal compound with a stream of carbon diox-
ide having atmospheric pressure. In this case, the

15 carbon dioxide adduct can be obtained in a yield of al-
most 100 %, ‘In accordance with the elevation of the
reaction temperature, the amount of the carbon dioxide
adduct produced becomes lowered; however, even when the
reaction temperature is high, the lowering of the

20 amount of the carbon dioxide adduct can be suppressed
by contacting the organometal compound with carbon di-
oxide having a high pressure. In step (1), when the
organometal compound 1s contacted with carbon dioxide
having a high pressure, it is difficult tc determine

25 the amount of the carbon dioxide adduct produced;: how-



ester on a commercial scale. By contrast, in the reac- tion route of step (1) of the method of the
present in- vention, the main reaction is a decomposition reaction 20 in which a carbon dioxide
adduct of the organometal compound having a metal-oxygen-carbon linkage is ther- mally
decomposed to obtain a carbonic ester. The ther- mal decomposition reaction is performed at
a tempera- ture in the range of from 20 to 300 C. In step (1) of 25 the method of the present
invention, an alcohol ex 56 change reaction or an e8ter exchange reaction may be performed
together with the above-mentioned decomposi- tion reaction. Specifically, for example, when

step (1) is perfoggd in fiie presance:0la seennd algalioh an Alsphok expange reaction

occurs between an oxygen- carbon linkage of the second alcohol and an oxygen- carbon

linkage of the organonetallcaroppdichlawihtra daetsdoxgdgertacbars linkaghysteifiata -
carbonic ester corresponding to the second alcohol can be obtained. 10 Alternatively, after the
formation of a c&@Bnt 8§etrakRERaESholFARG HRIAHQNoRE rEatfortSyHBHTh

perform an estef exchangqe reaction, thereby obtainin anogper carbaonic ester corres onding
t
to the second algﬁ%hgﬁrﬁ%:wtﬁ r%gf):&ﬁ t%)sstgf): ?%?cﬁ?greaéle aned é?(‘ﬁla%ggﬂgns Bre %éade

hereingelow. carbonic ester produced. The reaction pressure is gen-
erally from atmospheric pressure to 200 MPa. It is
preferred that the amount of the carbonic ester ob-
tained in step (1) is 100 % or less, more gdvanta-
geously 50 & or less, based on the stoichiometric
10 amount relative to the amount of the organometal com-
pound having a mepal-oxygen~carbon linkage. The reason
for this is as follows. The organometal compound.hav-
ing a metal-oxygen-carbon linkage used in ‘the method of
the present invenfion is more susceptible to hydrolysis
15 than the carbonic ester produced. Therefore, when the
carbonic ester is obtained in an amount which is ioo ¥
or less, preferably 50 % or less, based on‘the
stoichiometric amount relative to the amount of the or-
ganometal compound, water which is likely tc hydrolyze
20 the produced carbonilc ester does advantageously not oc-
cur in the reaction mixture. On the other hand, in the
case of the conventional methods, the reaction is con-
ducted so that the amount of the carbonic ester pro-
duced is more than 100 %, based on the stoichiometric

25 amount relative to the amount of the organometal com-



The studies by the present inventors have shown that in step (1), a carbonic ester is obtained
by the reaction between the organometal compound and carbon 20 dioxide. Therefore, the
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 25 ggtion in step (1) has a,reverse reaction.
When a sec 57 and alcohol is added to the reaction System, it is pos- sible that another
equilibrium reaction additionally occurs between the second alcohol and a thermal decom-

position producpethwd thansha cagansiie estat, teselynbamproving the yielth 0f draacarbonic
ester. The addi- tion of a second alcohol for improving the yield of the carbonic ester is

especially effechigd s thehsr- ganerrtdceorafo iR coHhprsathfdinfyof ke anome-
tal compou_nd r%%reﬁegtedlb formula (2). On the other 10 haned whren the Qrgangme al
compound is comprlge(fﬁﬁ%l? g}]gn éf)goé%%?ﬁg?aTES#%%ﬁﬁd réﬁ?ese%?es&%y?ormula (1), the
equilibrium of the,thesma deROMRRHIPH-ERAGIPIN Y HRR (Rhisdiiasad dawsrhihe ripduct
system and, hence, the yield of the carbonic ester is considerably 15 high, so that, in some
casespthe yieldtefrthEmmambbeitngstey danhgtled furtherimpreved batlye toldaidd ef ale -

hydrating agent to the reaction system or to perform

the reaction in the presence of a dehydrating agent,

wherein the dehydrating agent is selected from the

group consisting of a dehydrating agent which is more

10 susceptible Eo hydrolysis than the organometal compound,
and a solid dehydrating agent having high water adsorp-
tivity. Sucﬁ use of a dehydrafing ggenf is disadvanta-
geous not only in that a complicated step 1s needed,
but also in that the dehydrating agent is expensive.

15 Thergfore, the coﬁventional methods have not been prac-
tical;y employed as a method for producing a carbenic
ester on a commercial scale. By contrast, in the reac-
tion route of step {1} of the method of the present in-
vention, the main reaction is a decomposition reaction

20 in which a2 carbon dioxide adduct of the organometal
compound having a metal-oxygen-carbon linkage is ther-

. mally decomposed to obtain a carbonic ester, The ther-
mal decomposition reaction is performed at a tempera-
ture in the range of from 20 to 300 °C. In step (1) of

25 the method of the present invention, an alcohol ex-



second alcohol. When the second alcohol contains a large amount of water, the yield of the
carbonic ester is lowered. Therefore, it is preferred that the amount 20 of water contained in
the second alcohol is not more than 0.1 time, more advantageously not more than 0.01 time,
as large as the stoichiometric amount relative to the amount of the organometal compound.
When the reac- tion in step (1) is performed using an organometal com 25 pound represented
by formula (1), a carbon dioxide ad 58 duct of the &@anometal compound represented by
formula (1) is thermally decomposed to produce a carbonic ester. It is well known that a

carbonic ester |% oduced from, a dimer of the oI anorgftal com egrese;ptgg by for 5

mula (1) (see EC ﬂ\?ISUlé i\%I %rl\ﬁ) 6 pages g &% e conventional

method describgéd i dif el ety e e cakPORIC ea@rmellﬁaxdthw»ﬂaa Qe énisorpduced
from a dimer of the organometal com- pound represented by formula (1), wherein the amount

of 10 the carborti¢@staegetitead is&MﬁMlé&peﬁmlmb@m@dmerﬁtﬁqne
organometal ¢ rit%o}ound The resent inventors have made extensweixréd % ive studies
a

on the formation of a éarBSﬁ'l“C EReomh AR CoREFBANSEI O8mBodRES |E'has
surprisingly 15 Rgen foiitb hakxwhiendscaeadigydeaiauct ol pwdismerss! Heyuganometal

compound represented by for-
carbon linkage of the second alcchol and an oxygen-
carbon linkage of the organometal compound having a
metal-oxygen-~carbon linkage, so that a carbonic ester
corresponding to the second alcohol can be obtained.
10 Alternatively, after the formation of a ocarbonic ester,
a second alcohol may be added to the reactlion system to
perform ah ester exchange reaction, thereby obtaiﬁing
another carbonic ester corresponding to the second al-
cohol. ‘
15 With respect to step (1), more detalled explana-
tions are made hereinbelow. - |
The studies by the present inventors‘ﬁave shown
that in step (1), a carbonic ester is obtained by the
reaction between the organcmetal compound and carbon
20 dioxide. Therefore, the 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 (l). The reason

for this 15 as follows. The thermal decomposition re-

25 action in step (1) has a‘'reverse reaction. When a sec-



mula (1) is thermally decomposed, a carbonic ester is swiftly eliminated wherein the amount of
the carbonic ester eliminated is one molecule per molecule of the 20 carbon dioxide adduct,
so that an organometal compound represented by formula (2) and/or a carbon dioxide ad-
duct thereof can be obtained. In this case, addition of an alcohol is not-necessary. Step (2)
may be con- ducted immediately after there are obtained a carbonic 25 ester and at least one
compound selected from the group 59 consisting ¢f &n.organometal compound represented
by formula (2) and a carbon dioxide adduct thereof. Al- ternatively, step (2) may be conducted

after a carbonicoﬁt%rﬂ_ig%gtj_er}groﬁgj%%g f.rto‘;n {ﬂ% opfajined ‘g‘ég%gg@’l Sic@rg_go%% _

represented by formula (2) and/or t tained carbon dioxi ct thereof. As imentioned

above, it is prefatsed thaldbeiganemeéheOnIiptithUsRG It Sep LAdonpasas gt least one
compound selected from the group consisting oforganometal compounds respectively 10

represented byfefatifccahwarnr(2fhe isecradralepkelizrdt Rathaprailotgeon-
organometal com $und used %51 stgp (1) is an orqé;mometal comé)ound re resenﬁed l@/formula
(2). It is still mo?e% e PHATHE 095 A5meba oﬁﬁ‘ﬁod’rﬁfﬂ? d"fh ?t%f)g(]i) cORERTEE mol %
15 or gnore of agrIaPONILtehEORPQYAd SePIasENRe-BYAQE rawadd), WhREein dag amount of
the organometal com-
tion of a second alcohol for improving the yield of the
carbonic ester is especially effective when the or-
ganometal compound is comprised mainly of an organome-
tal compound represented by formula {2). On the other
10 hand, when the organometal compound is comprised mainly
of an organometal compound represented by formula (1),
the équilibrium of the thermal'decomposition reaction
in step (1) is biased toward the product system and,
hence, the yield ¢of the carbonic ester is considerably'
15 high, so that, in' some cases, the yleld of the carbonic
ester cannot be further improved by the addition of a
second alcohol. When the second alcohol contains a
large amount of water, the yleld of the carbonic ester
is lowered} Therefore, 1t ig preferred that the amount
20 of water contained in the second alcohol is not more
than 0.1 time, more advantageously not more than 0.01
time, as large as the stoichiometric amount relative to
the amount of the organometal compound. When the reac-

tion in step (1) is performed using an organometal com-

25 pound represented by formula (1), a carbon dioxide ad-



pound is expressed in terms of the amount of a metal atom contained in the organometal
compound. A solvent for the organometal compound may be 20 added to the reaction system
used in step (1). The or- ganometal compound used in the present invention is generally in the
form of a liquid. However, in some cases, the organometal compound is in the form of a solid.
Further, there is a case where the organometal 25 compound turns into a solid form when the
organometal 60 compound becomes a carbon dioXi@e adduct thereof in step (1). Such a
phenomenon occurs, for example, when dibutyltin dimethoxide is used as the organometal

com- pound. Even when the organometal compound is in the 5 form of a.sqlid, a carbqnic
ester can be prc‘:ia Lfcte % s?'eep ﬁ?ﬁ%&%@gﬁ@hgcﬁ“ﬁ&ﬁﬁg tﬂeepcﬁagﬁg;cnee?:\% or%%%ﬂﬁ%%s
sometimes imperitant \wher dbaga1lone 85kRS oiseONERURHS YU CeG Hfogthey, &y teproving
the rate of the reaction between the organometal compound 10 and carbon dioxide, it is
sometimes prefétretishuedie longamorbeat! cdngsutmehisdn alsd éarnd of Bfigditced dirdMcases,
step (1) may be conducted using a solvent for the organometal compound. As a salvent, there

can be used afft aftHMSF hG6intihe LeIRE FgHAE FOMPRRT 1ESRETEFESNE ¥erifbduced.
Alterngtively, agJagft SPIVaUSRNERIS0 Renieich EXapaales of iRyt sglvepiyes 11-18

(2001)}). In the conventional method described in this
literature, a carbonic ester as well as dibutyltin ox-
ide is produced from a dimer of the organometal com-
pound represented by formula (1), wherein the amount of -
i0 the carbonic ester produced is two molecules per mole-
cule of the dime; of the organometal compound. The
present inventors have made extensive and intensi&e
studies on the formation of a carbonic ester from an
organometal compoﬁnd. As a result, it has surprisingly
15 been found that, when a carbon dioxide adduct of a
dimer of the organometal compound represeﬁted by for—
mula (1) is thermally decomposed, a carbonic ester is
swiftly eliminated wherein the amount of the carbonic
ester eliminated is one molecule per molecule of the
290 carbon dioxide adduct, so that an organometal compound
represented by formula (2) and/or a carbon dioxide ad-
duct thereof can be obtained. In this case, addition
of an alcohol is not necessary. Step (2) may be con-
ducted immediately after there are obtained a carbonic

25 ester and at least one compound selected from the group



include hydrocarbons and ethers. Specific examples of inert solvents include C5-C20
saturated hydrocarbons, such as pentane, hexane, cyclohexane, heptane, octane 20 and
_decane; C6-C20 aromatic hydrocarbons (which may have a C1-C14 saturated alkyl group
and/or a C5-C14 cycloalkyl group), such as benzene, toluene, xylene and ethylben- zene;
C6-C20 saturated alkyl ethers, such as dipropyl ether, dibutyl ether and dihexyl ether, C4-C20
cycloal 25 kyl ethers, such as tetrahydrofuran and d?gx'ane; and 61 C7-C28 phenyl ethers
(comprising a phenyl group having a Co-C8 substituent group, and a group selected from the

group consistingsx i@ t{aly Akl 0oup pKba&Bal 1dofipdaalky reotesesidaasanisole,
ethyl phenyl ether, S isopropyl phenyl ether, benzyl methyl ether and 4- methyl anisole. The

temperature enfsisyed-fortRe readticn perdormddoxitp @jdgénshayenfhe rdAge of from
room temperature (20,C) to.300 C, When it is intepded 10 to complete the reactiop in a short
period of time, ';’lfei ‘ﬁ&cfiekfeloﬁb ﬁetr?cg’m? frle MSEHBR SPWIGF 80 ?hiﬁ:ﬁ'txé[é% %@0

hours. When thesarganemeiahGia PR has# FLaiwmie JBEiahdeny Hastliarareat

difference between the state of the tin'atom contained 15 in the organometal compound before
the reaction in stappébinghd-gereiatm ok theyn Atomebatajred anthiore-the obtained

carbon dioxide adduct thereof. As mentioned above, it
is preferred that the organometal compound used in step
(1) comprises at least one compound selected from the
group consisting of ‘organometal compounds respectively

10 representedlby formulae (1) and (2). It is more pre-
ferred that at least a part of the organometal compound
used in steﬁ (1) isjan organoﬁétallcomﬁound representéd
by formula (1). It is still more preferred that the
organometal compound used in step (1) contains 5 mol )

15 or more of an oréanometal compound represented by for-
mula (1), wherein the amount of the organometal com-
pound 1s expressed in terms of the amount of a metal
atom contained in the organometal compound.

A solvent for the organometal compound may be

20 added to the reaction system used in step (1). The or-
gancometal compound used in the present invention is
generally in the form of a liquid. However, in some
cases, the organometal compound is in the form of a
solid, Further, there is a case where the organometal

25 compound turns into a solid form when the organometal



action mixture after step (1). This can be seen from a comparison between the u9Sn-NMR
chart (see Fig. 4) ob- tained with respect to the organometal compound before 20 the reaction
in step (1) and the 119Sn-NMR chart (see Fig. 5) obtained with respect to the reaction mixture
after step (1), and therefore it is apparent that the organometal compound functions as a
precursor of the carbonic ester. Fig. 5 shows that, when both an or 25 ganometal compound
represented by formula (1) and an 62 organometal®®mpound represented by formula (2) are
used in step (1), the organometal compound represented by formula (1) is consumed in step.

(1). The 119Sn-MMBGHA 588VMLE H0ca AXbIPI:13 REAK asgHRed ¢ HisraFdanometal

compound represented by formula (2) and a peak which is presumed to be ascribed to a
carbon diox- idesaeguot f thesirghnamestiainemmapound cemesentésih e ¥amnlla, (2yhdinen the
reaction in step (1) is performed at a 10 high temperature (e.g., at 200 C or more), the 119Sn-

NMR chart obta ¥h td8pddme therdderidif nisee ash PTEPIAMET AL sSMhibits a
peak ,ascriped tB &gggr‘tai %ggs@l&gg airgung 490 poi tweé%iﬂé%gg?ef{ I%h)_(l!},'ln j:%gs.ed as a
reference in the 119Sn-N analysis. owever, when the method of the present invention
is repeatedly pedenned, hispefarred thatbeneactigter can be produced in
step (1). However, the fluidity of the organometal
compound is sometimes important when the carbonic ester
is continuously produced. Further, for improving the
rate of the reaction between the organcmetal compound
10 and carbon dioxide, it 1s sometimes preferred thét the
organometal comp?und is in the form of a liquid. In
such cases, step (1) may be conducted using a soivent
for the organometal compound. As a solvent, there can
be used an alcoh&l having the same organic group as in
15 the carbonic ester produced. Aliternatively, an inert
solvent can also be used. Examples of inert soléents
include hydrocarbons and ethers. Specifia examples of
inert solvents include C5;-Czy saturated hydrocarbons,
such as pentane, hexane., cyclohexane, heptane, octane
20 and decane; C;-Cj aromatic hydrocarbeons (which may have
a C;-Cy, saturated alkyl group and/or a Cs-Ciq cycloalkyl
group). such as benzene, tcluene, xylene and ethylben-
zene; Cg¢-Cy saturated alkfl ethers, such as dipropyl

ether, dibutyl ether and dihexyl ether; C,;-Cy cycloal-

25 kyl ethers, such as tetrahydrofuran and dioxane; and



in step (1) is performed under conditions wherein the formation of the above-mentioned
substance exhibiting a peak around 100 ppm can be suppressed, or the reaction 20 in step (1)
is performed using an additive for sup- pressing 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- 25 ture (20 C), it suffices if is
used in an amount which 63 is the stoichiometric arfiount relative to the amount of the
organometal compound used instep (1). However, when the reaction in step (1) is performed

at a tem- peratare @/ighienighet Harsropsddpnpe iaigrea(Fhenplrgisswenidivtsgvikerein
the amount of carbon dioxide is the stoichiometric amount relative to the amount of the
organometal cémpouidREEdivendp groHR raae df athgneititisie berdrpd dixefbéMeioxide to

the organome- t%l compoun sog_netimes b'e%o[nes vg%léw, so that trl’]1 10 r%g_e f the _
formation of thd canioniC &2 ﬂs%rﬁgd@/ dweted pﬁe’%%ﬂpe &M I(?‘ye for*the reaction
per- formed in gl dd 1%gengLaPM AlRPSRECHR PEeT U8 R PP OpMERy Rr I DY, from
atmospheric pressure to 100 MPa, wherein, if desired, the reaction may be 15 performed
while ntroducingepddpnal phdronidiexider intbdhe yeaat@rhgisterrhexwiindrading a part of
car- mathyl anisole.
The temperature employed for the reaction per-
formed in step (1) 1s generally in the range of from
room temperature (20 °C) to 300 °C. When it is intended
1o to complete.the reaction in a short period of time, it
is preferred to perform the reaction-at Bb to 200 °C
for 10 minutes to 500 hours. hhethhe.organometal com-
pound has a tin atom as a metal atom, there is a great
difference between the state of the tin atom contained
15 in ghe organomet&l compound before the reaction in step
(1) and the state of the tin atom contained in the re-
action mixture after step (1). This can be seen from a
comparison between the '?$n-NMR chart (see Fig. 4) ob-
tained with respect to the organometal compound before
20 the reaction in step (1) and the '*Sn-NMR chart (see
Fig. 5) obtained with respect to the reaction mixture
after step (1), and therefore it is apparent that the
organometal compound functions as a precursor of the

carbonic ester. Fig. 5 shows that, when both an or-

25 ganometal compound represented by formula (1) and an



bon dioxide from the reaction system. The introduction of additional carbon dioxide into the
reaction system may be conducted either intermittently or continuously. 20 When it is
confirmed by the analysis of the reac- tion mixture that a desired carbonic ester has been ob-
tained, step (1) is finished. For.example, when the carbonic ester is obtained in an amount
which is 5 % or less, based on the stoichiometric amount relative to 25 the amount of the
organometal compound, step (1) may be 64 finisheéd® 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, 46 RLGSSUTE N A ARPSIRL ISR SIAP 1) SLam(R)D 33 Siapy(3) are

performed in separate reactors, the™ reaction mixture may bé continuously circulated by, for

example, a methedd nicitHie reCliopHBIXigadltaie StED g tathd thepeastear feastep (1);
the reac- tion mixture contained in the reactor for step (1) is 10 fed to the reactor for step (2);

and the reactiorPiif e Edntdined t arnHResy R sEGPR)(id Yed.t8T®e re8BANE step (3).
amount of carbot Ak AU S ey R K S1ch BB et A Sardbdioxice
filled therein. Thpggacht NIXibmoHRIACH &b LRI by formula (2) and a
peak which is presumed to be ascribed to a carbon diox-
ide adduct of the organcmetal compound represented by
formula (2).
When the reaction in step (1)} 1s performed at a
10 high temperature (e.g., at 200 °C or more), the i5gn .
HMR chart obtained with respect to the reaction mixture
after step (1) sometimes exhibits a peak ascribeﬁ to a '
certain Substaﬁce around 100 ppm, wherein tetrame-
thyltin is used as a reference in the *’Sn-NMR analysis.
15 However, when the method of the present invention is’
repeatedly perfofmed, it is preferred that the réaction
in step (1) is performed under conditions wherein the
formation of the above-mentioned substance exhibiting a
peak around 100 ppm can be suppressed, or the reaction
20 | in step (1) is performed using an additive for sup-
pressing 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-

25 ture (20 °C), it suffices if 1s used in an amount which



of each step may be cooled or heated. When the reac- tion mixture is cooled, the reaction
mixture may be forcibly cooled or allowed to cool spontaneously. As 20 described below, if
desired, step (1) for synthesizing a carbonic ester and step (2) for separating the syn- thesized
carbonic ester can be simultaneously performed. Step (2) of the method of the present
invention is a step in which the carbonic ester is sepgrated from 25 the reaction mixture
obtained in step (1). As de 65 scribed above, in the production of a carbonic ester from
carbon dioxide and an alcohol by a conventional method using the reaction of formula (3),
water as well ag @ ddrbositedstbi-pniohndd, angtnd weediticom 3cadtbd veitkean adsérbent or
a dehydrating agent to re- move the water from the reaction system‘};lthereby dis- placing the

equilibrium of th %aﬁﬁgﬁ?&ﬁﬁm COPRRRLyBREH. FReSEBRally: the AIRBENES -a car-
bonic ester prodiced GHpalFR NG NGHEASEdLRE O'Eti’}u 18 Hpayng dhe pragced

carbonic ester from the re- action system so as o displace the equilibrium of the reaction

toward the prodpgka\tsi@mﬁqusIrht:r@léenwmmaémﬁt{a@ﬁlpwbeadbe preduced
carbonic ester is removed from the reaction system, water produced by 15 thq reaction is

accurtilated in#REesaGRAAEomSs Adhermd ik kEbRnamana areff wakh e addmiiidged in

is the stoichiometric amount relative to the amount of
the organometal compound used in step (1), the rate of
'the.addition bending of carbon dioxide to the grganome-
tal compound sometimes becomes very low, s¢ that the
10 . rate of thé formation of the carbonic ester is markedly
lowered. The pressure employed for the reactlion per-
formed in Qtép (l)jis generaliy ffom atmospheric pres-
sure to 200 MPa, preferably from atmospheric pressure
to 100 MPa, wherein, if desired, the reaction may be
15 per;ormed while.introducing addlitional carbon dioxide
into the reaction system or withdrawing a part of car-
bon dioxide from the reaction system. The introduction
of additional carbon dioxide into the reaction system
may be conducted either intermittently or continucusly.
20 When it is confirmed by the analysis of the reac-
tion mixture that a desired carbonic ester has been ob-
tained, step (1) is finished. For example, when the
carbonic ester is obtained in an amount which is 5 % or
less, based on the stoichiometric amount zrelative to

25 the amount of the organometal compound, step (1) may be



the reaction system, the catalyst is hydrolyzed by the water and loses its catalyst activity. The
hydrolyzed catalyst has very poor solubility in the solvent and, 20 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 25 tivity by the hydrolysis
thereof. For, this reason, in 66 the conventional mdtAods, it has been impossible to ef- ficiently
separate the produced carbonic ester from the reaction mixture. In step (2) of the method of

the present invesfion .3 comENtPDALTERIACH I SARAALGY Hie SARORIGESICE tm the -

reaction mixture can be used. For example, the separation 0f the carbonic ester from the

reaction mixturéloandaacandycteddneany ot salvenbeiracion edistilation arehmembrane
filtration," each of which is 10 well known in the art. As a preferred example of an extraction
solvent, thére cafi EeMaRRONEQ LIMOSRE BEY M PHE FeaBTRity 95 the- EaDdhictedRF iBdamples

of such solvent%irécluq'_e gli hatic ,aln%"{‘”q%i&*{yd{?' rkse%nsgggch hexs ne a dz
cyclohexane; haltc])geﬁafieds ?‘§ %ygirocargons, SUCh as m‘oroform,%lcﬁgr’omaettﬁgn% a}nd
trichlogpomethylengy afeRRticydkeeAhoRBosHei ashefeparate reactors, the
reaction mixture may be continuously circulated by, for
example, a method in which the reaction mixture after
step (3) is fed to the reactor for step (1): the reac-
tion mixture contained in the reactor for step (1) is
10 fed to the reactor for step (2):; and the reaction mix-
;ure contained %n the reactor for step (2)'15 fed to
the reactor for step (3). The circulation of the reac-'
tion mixture is preferred from the viewpoint of reduc-
ing the amount of carbon dioxide purged from the reac-
15 tor (for step (1)) which has carbon dioxide filled
therein. The reaction mixture obtained at complétion
of each step may be cooled or heated. Wh;n the reéc-
tion mixture is cooled, the reaction mixture may be
forcibly cooled or allowed to cool spontaneously. As
20 described below, if desired, step (1) for synthesizing
a carbonic ester and step (2) for separating the syn-
thesized carbonic ester can be simultaneously performed.
Step (2) of the method of the present invention is

a step in which the carbonic ester is separated from

25 the reaction mixture obtained in step (1). As de-



zene, toluene and chlorobenzene; and ethers, such as diethyl ether and anisole. When an
alcohol having four or less carbon atoms 20 is used as a second alcohol in step (1), or when a
sec- ond alcohol is not used in step (1) and the organometal compound has an organic group
having four or less car- bon atoms, the carbonic ester can be separated, by dis- tillation,
directly from the reaction mixture obtained 25 in step (1). In this case, it is preferred that the 67
carbonic ester produced is a carbonic ester (such & dimethyl carbonate or diethyl carbonate)
having a boil- ing point of 100 C or less. The distillation can be performed by any conventional

method. For examnlge fhe,3isiilaian ap b Bariawaed by Ay Al distilation ader

atmospheric pressure, a distillation under re- duced pressure, a distillation under
superatmosphéenenpreasitien atdaxtihds fila dlistitaiaactad) oiwhickoisagalt koawn in the art.
The temperature for the dis 10 tillation is generally from -20 to 200 C, preferably from -20 to
150 C. The dishR&RniS g pEherreacsiiesy iffhd prastheldhla sHRERT0 ATy ¥R%Active

distillation. In step éZ) if dDesired, a third aicohéjl may, be 15 u gd. When a third alcohol is
Qs carbonic ester 3 ormed %n = Bater J.t‘E‘h con-
added to the reaction” systém, an ester exchange redction octurs bétween the

5 tacted with an adsorbent or a dehydrating agent to re-
move the water from the reaction system,.thereby dis-
placing the equilibrium of the reaction toward the
product system. Theoretically, the amount of a car-
bonic ester produced can also be increased by continu-

10 ously remoQing the preoduced carbonic ester from the re-
action system s0 as to displace the equilibrium of the
reaction téward thé product éysteﬁ. ﬁowever, in the'
conventional method, when the produced carbonic ester
is removed from the reaction system, water produced By

15 thg reacticn is‘accumulated in the reaction system. As
isg yell known in the art, 1f water is accumulated in
the reaction system, the catalyst is hydrolyzed by the
water and loses its catalyst activity. The hydrolyzed
catalyst has very poor solubility in the solvent and,

20 hence, poses a problem in that, in a subsequent dehy-
dration step performed using an adsorption_column, the
hydrolyzed catalyst causes cloggling of the adsorption
column. Further, there has not been a method for re-
generating the catalyst which has lost its catalyst ac-

25 tivity by the hydrolysis thereof. For. this reason, in



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 20 ester obtained in
step (1), thereby rendering it easy to separate a carbonic ester from the reaction mixture. This
method using a third alcohol is preferably em- ployed when the carbonic ester obtained in step
(1) has nine or more carbon atoms and the carbonic ester sepa 25 rated in step (2) has seven
or less carbon atoms. This 68 method is more preféfably employed when the carbonic - -
ester separated in step (2) is dimethyl carbonate. The amount of the third alcohol used in step

(2)is 1 to 1,0004tjpes e Sioiquametie Ipust rqlative o fie.» angyaLebie egagemetal

compound used in step (1). The temperature employed for the ester' exchange reac- tion is

preferably in thefiangenaflffomapana tem paks- pukedbedt 28:Bowiz0 ket dakigpmicthe
consideration the desired rate of the ester exchange reaction and the 10 occurrence of a
decomposition FERREEH P tRE-BAHFShic ester at a high temperature, the temperature employed

for the ester exchang{enresgtcéion @ ?lcgg pggferaglghig dthéetra&qe of 1_f_l{g’(s)‘sn% E t nl*.rSé)n 1£nntrhe
ester exchange reaction, a conventional caefalr?/st may be useq, 'ﬁ1e es- er exchangé
reacticn and the sgparaliRpifrihe Gaskans estyr fEQp4ba feactiam@idHibBYd@ster

from the reaction mixture can be used. For example,
the separation of the carbonic ester from the reaction
mixture can be conducted by any of solvept extraction,
distillation and membrane filtration, ‘each of which is .

10 well known in the art. As a preferred example of an
§xtraction solvgnt, there can be mentioned a solvent
having no reactivity to the carbonic ester. Exémples
of such solvents include aliphatic and alicyclic hydro-
carbong, such a§ hexane and cyclchexane; halogenated

15 " hydrocarbons, such as chloroform, dichloromethane and
trichloromethyléne; aromatic hydrocarbons, such.as ben-
zene, toluene and chlorobenzene; and ethérs, such as
diethyl ether and anisole.

When an alcohol having four or less carbon atoms

20 is used as a second alcohol in step (1), or when a sec-
ond alcohol is not used in step (1) and the organometal
compound has an organic group having four or less car-
bon atoms, the carbonic ester can be separated, by dis-
tillation, directly from the reaction mixture obtained

25 in step {(1}. In this case, it is preferred that the



.Y conducted either in a batchwise manner or simultane- ously. As a method for separating the
carbonic ester from the reaction mixture after the ester exchange re 20 action, any of the
above-mentioned separation methods (such as solvent extraction, distillation and membrane-
filtration) can be used. Most preferred is a reactive distillation in which the ester exchange and
the separation of the carbonic from the reaction mixture 25 are simultaneously conducted. 69
Before the separation of the carbonic ester from tireaction mixture by extraction, distillation
or the like, the organometal compound remaining unreacted and a thermal decomposition

product of the ePpemelabeRnd peyatseay De reMmuesdraa the feactiyueuxtake. For
example, the carbonic ester can be obtained by the fol- lowing method. Water or a solvent

containing watédige hdgéd e thenadeicrrmidiedioltheaetinp Dbtaért ahvalviir slarrp.o@dlids
in-the slurry are removed by filtration 10 to obtain a filtrate. By subjecting the thus obtained

filtrate to.extraéﬁ%,RﬂétﬂFéti%ﬁ drocHealﬂ(f{??héeﬁbon'?@@sl‘é?%ﬁﬁ%’ea&liﬁihéiﬁm RBh recovery
even when the cagnanic #StEr NaRA LOINGRAIBL]L MREe BN 180,C- Jhgnyaier usrd may be

any type of water; 15 however, It IS preferred to use distilled water or de-
5 distillation can be performed by any of a distillation

under atmospheric pressure, a distillation under re-
duced pressure, a distillation under superatmpspheric
pressure, and a thin film distillation, each of which
is well known in the art. The temperature for the dis-
10 tillation is generally from -20 to 200 °C, preferably
from ~20 to 150 °C. The distillation may be performed
elther in éhe presénca of a éolveht of by extragtive'
distillation.
In step (2)., if desired, a third alcohol may be
15 used. When a third alcohol is added to the reaction
system, an ester éxchange reaction cccurs 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
20 ester obtained in step (1), thereby rendering it easy
to separate a carbonic ester from the reaction mixture.
This method using a third alcohol is preferably em-
ployed when the carbonic ester obtained in step (1) has
nine or more carbon atoms and the carbonic ester sepa-

25 rated in step (2) has seven or less carbon atoms. This



lonized water. The amount of water used in step (2) is generally 1 to 100 times the
stoichiometric amount relative to the amount of the organometal compound used in step (1).
20 The amount of water needed for separating the unreacted organometal compound from the
reaction mixture by phase separation is at most 1 time as large as the stoichiometric amount
relative to the amount of the or- ganometal compound used in step (1). However, because 25
the carbonic ester produced in step (1) is hydrophoti&, 70 it is preferred to add water to the
reaction mixture in an amount which is several times as large as the stoichiometric amount

relative to the arpaygLaf g §s gangmekal CamPoURd ¥56d4dn SHeh(IinleiaRperabling 5 - -

separation not only of the unreacted organometal com- pound but also of the carbonic ester
from the reactior snixturssppphasa sepataton. The teeneEmaturayl watebused e stamé2) is a
temperature at which the water is not solidified in the 10 reaction mixture. Specifically, the

temperature of \FA93IiE ghethy hhedapdedtFlottaed dn odtee, (Fréfdribly ffém 0 to 100
Comene TG TS SRR e i e e o
50 s amount of the organometal compound used in step (1).
The temperature employed for the ester exéhange reac-
tion is preferably in the range of from room tempera-
ture (about 20 °C) to 200 °C. Taking into consideratioh
the desired rate of the ester exchange reaction and the
10 occurrence of a decomposition reaction of;the chrbonic.
.ester at a higq temperature, the temperature employed
for the ester exchange reaction is more preferaﬁly in
the range of from 50 to 150 °C, In the ester exchange
reaction, a conQentional catalyst may be used. The es-
15 ter exchange reacticn and the separatiop of the
carbonic ester from the reaction miﬁéyre maydbe
conducted either in a batchwise égﬁner o? simultane-
ously. As a method for separating the carbonic ester
from the reacticn mixture after the ester exchange re-
20 action, any of the above-mentioned sep&ration methods
(such as solvent extraction, distillation and membrane
filtration) can be used. Most preferred is a reactive
distillation in which the ester excﬁange and the

separation of the carbonic from the reaction mixture

25 are simultaneously conducted.



C. A solvent may or may not be used in combination with water. When a solvent is used in
combination with water, it is preferred to use a solvent having no reac- tivity to the carbonic
ester. In the case where a sec 20 and alcohol is used in step (1), when water is used in the
form of a solution thereof in an alcohol which is the same as the second alcohol used in step
(1), the separation of the solvent from the reaction ggjixture be- comes easy. When a third
alcohol is used in step (2) 25 for performing an ester exchange reaction, it is pre 71 ferred
that, after completion of the ester exchange re- action, water is added to the reaction mixture
wherein the water is dskbinethétfermararadiinon dfertbeircantsodisolesttienr i tamsame as

presentin the r
any of a distillat

&g

ion 5 mixture. The distillation of the reaction mixture can be conducted by

UGB tEs St M EPe &Xr ¥4 TRANARSN URGEF IR b5 88U 4 dis-

tillation under sypggatmosphetis MERRIE: 280 A0 A0 SR Lisiiaoneadtebuhighys well
known in the art. The distillation can be conducted at a tempera- ture of from -20C to the
boiling point of the: hatheanic dstehpd 0t anohphqiatetably fiire StrGda dhe talirgmeint of

the carbonic ester and/or alcohol. 15 The distillation may be performed either in the pres
pound may be removed from the reaction mixture. For

example, the carbonic ester can be obtained by the fol-

lowing method. Water or a solvent containing water is

added to the reaction mixture to thereby obtain a white

slurry. Solids in-the slurry are removed by filtration

10 to obtain a filtrate. By subjecting the thus obtained

filtrate to . extraction, distillation or the like, the

carbonic ester can be obtained in high recovery even

whén the carbonic ester has a boilling point of more

than 100 °C. The water used may be any type of water;

15 however, it is-preferred to use distilled water or de-

ionized water.

The amount of water used in step (2} is generally

1 to 100 times the stoichiometric amount relative to

the amount of the organometal compound used in step (1l).

20 The amount of water needed for separating the unreacted

organometal compound from the reaction mixture by phase

separation 1s at most 1 time as large as the

stoichiometric amount relative to the amount of the or-

ganometal compound used in step (1). However, because

25 the carbonic ester produced in step (1) is hydrophobic,



ence of a solvent or by extractive distillation. If desired, the following operation may be con-
ducted. To the reaction mixture after step (1) is added water and/or an extraction solvent to
obtain a 20 mixture having an oil phase which contains the carbonic .ester. The oil phase is
separated from the mixture, followed by recovery of the carbonic ester from the oil phase. By
the method of the present invention, not only a 25 symmetric carbonic ester but also an
asymmetric car 72 bonic ester can be produced. In Tle case of the pro- duction of an
asymmetric carbonic ester by using a con- ventional method, a symmetric carbonic ester is

first produced, and e praducedeynipelifCURRRIc fYeLinS Hash ybiscienidpan ester

exchange reaction to produce an asymmetric carbonic ester. On the other hand, in the

method of the praseatduentionian asynyeeteicnrt bnsis esienaagdeadirecty produced.
Therefore, the method of the present invention is advantageous from 10 the viewpoint of

reducing the en&fictst apRitabo cRpeud fEfik EdWstrietdh eosdmowntherfieittl 8fthe
e R P BB B s
least oge.type of SN HOHPNMNIh® of the unreacted organometal com-
pound but also of the carbonic ester from the reactlon
mixture by phase separation.
The temperature of'water used in step (2) 1s a
temperature at which the watér is not solidified in the
10 reaction mixture. Specificallyl the temperature of wa-
_ ter is generally in the range of.from -20 to 100 °C,
preferably from 0 to 100 °C, ﬁoée preferably £rom 10 éo
80 °C. From the viewpolnt of preventing the carbonic
.ester from being hydrolyzed, the temperature of water
15 is still more preferably in the ranée of from 10 to 50
g, A solvent may or may not be used in combination
with water, When a solvent is used in combination with
water, it ig preferred to use a solvent having no reac-
tivity to the carbonic ester. In the case where a sec-
20 ond alcohol is used in step (1), when water is used in
the form of a solution thereof in an alcochol which 1is
the same as the second alcohol used in step (1), the
separation of the solvent from the reaction mixture be-

¢comes easy. When a third alcohol is used in step (2)

25 for performing an ester exchange reaction, it is pre-



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 20 the other hand, when the organometal compound
used in step (1) has only one type of alkoxy group, an asymmet- ric carbonic ester can be -
produced by conducting step (1) in the presence ot,aln alcohol (second alcohol) hav- ing an
organic group which is different from the alkoxy 25 group of the organometal compound, or by
conducting 73 step (2) in the presence of an alcohol (third alcohol) having an organic group

which is differerfigmome dhe rakoxypfimip obtipd elganonodtatbemgeting. Buchende exch of the
case where the organometal compound used in 5 step (1) has only one type of alkoxy group

and the case WhEF e o@"rf'o‘?néﬁl ESF?&)‘BUE‘& Ry iﬁ%"céﬁ’(?)“h’a’g-mr(ﬁft@@ﬁ sof
alkoxy groups, gg gs;(,%w&q__tng s[ccaé‘r};s(ganlfne%ﬁ(;ec%% %LSO Dl%e Ergsd%u]ggg%c(%%%%gp@(z gipr)] (til)e in

the presence of two different a S (second alco 10 hals), or by con

presence of twadliffareshalcoeictihird ateahalandVien pre sifiet- ent alkahelsaxresed, the

stoichiometric ratio of the two alcohols varies depending on the types of the two alcohols;
howeir, the stBitifaEetric ratio is gener 15 ally in the range of from 2:8 to 8:2, wherein each

of The distillation of the reaction mixture can be
conducted by any of a distillation under atmospheric
pressure, a distillation under reduéed pressore, a dis-
tillation under superatmospheric pressure, and a thin
10 £1lm distillation, each of which is well known in the
art. The distillation can be conducted at a tempera-
ture of from —zo;c to the boiling point of the carbonic
ester and/or alcohol, preferably from 50 °C to the
boilling point of the carbonic ester'and/or alcohol.
15 ' The distillation may be performed either in the pres-
ence of a solvent or by extractive distillation.
If desired, the following operation may be con-
ducted. To the reaction mixture after‘step (1) is
added water and/or an extraction solvent to obtain a
20 mixture having an oil phase which contains the carbonic
ester. The 01l phase is separated from the mixture,
followed by recovery of the carbonic ester from the oil
phase.
By the method of the present invention, not only a

25 symmetric carbonic¢ ester but also an asymmetric car-



the amounts of the two alcohols iS expressed in terms_of the stoichiometric amount relative to
the amount of the organometal compound. When it is intended to pro- duce an asymmetric
carbonic ester in a ratio which lar 20 ger than that of a symmetric carbonic ester, it is pre-
ferred that the stoichiometric ratio of the two alco- hols is as close to 1 as possible.
Specifically, the stoichiometric ratio of the two alcohols is preferably in the range of from 3:7
to 7:3, more preferably in the 25 range of from 4:6 td%:4. When the production of an 74
asymmetric carbonic ester is performed using two dif- ferent alcohols which are used in excess

amounts (for example. amaunts sachof whialisat least 10,Umes dhe sHoichiorpetic amount

relative to the amount of the or 5 ganometal compound), it becomes possible to obtain an

asymmetric cariaeitiasternfadng Asendikarent typascein atkoaygsoupy cagesgoadiagre the
two alcohols, irre- spective of the type of the alkoxy group of the or- ganometal compound

used in step (1)V4heitataMstBPA0 tHe REPHRIEHHE RABBARICHIESEST the rEA&TN mixture
can be cond‘uctegob %réydof.thr? ﬁ%OdSr(gHSQe _ssolventt ei(gacglo%odrﬁt(i:llaéigge@di
membrane fl|tl’aQIOn()¥‘ée- sérlge(?r;gove M conneﬁlomﬁ sﬁep (f). it many cases, Ot only an
asymmetric carpei¢ @aigH BukalgofolasyREMRHCLathange SRl tIeHueRd ghcwehLases,
an asymmetric carbonic ester. On the other hand, in
the method of the present invention, an asymmetric car-
bonic ester can be directly produced. Therefore., the
method of the present invention is advantageous from
10 the viewpoint of reducing the énergy cost and reducing
the facllity construction cost. . In the method of the
present invention, an asymmetric carb&nic ester can ﬁe
produced as follows. Explanations are made below, tak-
. ing as an example the case where the organomstal com-
15 pound has at least one type of alkoky group. When the
' crganometal compound used in siep {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
20 the other hand, when the organometal compound used in
step (1) has only one type of alkoxy group, an asymmet-
ric carbonic ester can be produced by conducting step
(1) in the presence of an alcohol (second alcohol) hav-

ing an organic group which is different from the alkoxy

25 group of the organometal compound, or by conducting



the following operation may be conducted. The asymmet- ric and symmetric carbonic esters
are separated from the reaction mixture to obtain a residual liquid. The asymmetric carbonic
ester is separated from the symmet 20 ric carbonic ester. The symmetric carbonic ester is
either mixed with the residual liquid, followed by step (3), or returned to step (1) or (2). Step

(3) is a step of synthesizing (regenerating) an orgar)%netal compound having a
metal-oxygen-carbon 25 linkage. A compound contained in the residual liquid 75 obtained
after the separation-of the carbonic ester in step (2) is generally in the form of a transparent
lig- uid, but somstiees (r thaforenefl pisedidnkeespecativa Déthrlypetofibe farsaridig
compound, the com 5 pound can be used in step (3) for forming an organome- tal compound.
The compound RAHET8sRINPHGAE oh-aRRR aftekThe LepaidifpremheiEeMofeester in

step (2) is generally in the form of a liguid. For ex- ample, the residual ligyid does not contain
dibutyltin 10 oxi a(i'}\lér? Bravss & so## ﬁt gﬁg%%%%dcﬁgpo [ S/Itir%J 8%%%%&5 Ao

solubility in aimegal e IARIC SANRNWHALFEORhIENARRfAHYRL 2R C)p SENEs e dn he form

of a solid under such conditions). The structure of the compound in the residual liquid has 15
not yetsheen idesttiéipd ( Hldwsaer ahAys sueprisipglyof alkoxy group and the case

where the organometal compound used in step (1) has two
different types of alkoxy groups, an asymmetric car-
bonic ester can alsc be produced by conducting step (1)
in' the presence of two different alcohols (second alco-
16 hols), or by conducting step (2} in the preseﬁae of two
d;fferent alcohols (third alcohols)._ When two differ-
ent alcoﬁols“are used, the stoichlometric ratio of the
two alceohols varies depending on the types of the two
alcohols; however, the stoichiometrié ratlio is gener-
15 | ally in the range of from 2:8 to 8:2, wherein each of
the amounts of the two alcohols is expressed in terms
of the stoichiometric amount relative to the amount of
the organometal compound. When it ié intended to pro-
duce an asymmetric carbonic ester in a ratio which lar-
20 ger than that of a symmetric carbonic ester, it is pre-
ferred that the stolchiometric ratio of the two alco-
hols is as close to 1 as possible. Specifically, the
stoichiometric ratio of the two alcohols is preferably
in the range of from 3:7 to 7:3, more preferably in the

25 range of from 4:6 to 6:4. When the production of an



been found that, by performing the reaction in step (3) of the method of the present invention,
there can be obtained an organometal compound having a metal-oxygen -carbon linkage,
such as an organometal compound repre 20 sented by formula (1) and/or an organometal
compound represented by formula (2). Step (3) comprises reacting the residual liquid
obtained in step (2) with a first alcohol to form at least one organometal compound having a
metal-oxygen 25 -carbon linkage and form water and4emoving the water 76 from the at least
one organometal compound, wherein the at least one organometal compound obtained in

step (3) is recoersd {arierycieBigreatiogien (1) EXANREs AL IS A daysad 1 step (3) -

in- 5 clude those which are exemplified above. Specifi amples of first'alcohols include

C1-C12 aliphatigaleen bols aath &6 IR ARy ik aleobslsi $UGR dsgnetiao®h t thafet;

propanol, 2-propanol, n-butanol, 2-butanol, 2- ethyl-1-butanol, t-butanol, pentanol, hexanol,
2-ethyl 10 1-hex@fenhbRanstayBloprogaiolofysibbaianbs afcldsatindl cyémeexihel and

cyclohexenol; and ag_alhkél alcohols, such as bggzg alcohol and phenethiy_l al,% choI.éAls_o,
polyhydric aIcoh%Fsocé:n M S APSURERSES §5ﬁ1p‘f€s 6?80%9&% aftonol¥ingfude c1

15 ClaliphaticelyRudio. aleaiasdf,CI L ealnéliChossible to obtain an
asymmetric carbonic ester having two different types of
alkoxy groups corresponding to the two alcohols, irre-
spective of the type of the alkoxy group of the or-
ganometal compound used in step (l). The separation of

10 the asymmetric carbonic ester from the reaction mixture
can be conducted by any of the methods (such as solvent
extraction, distlillation and mémbrane ?iltration).de-ﬁ
scribed above in connection with step (2). In many

'cases, not only an asymmetric carbonic ester but also a
15 symmetric carbonic espe; is produced. In such cases,
'the following operation may be conducted. The asymmet-
ric and symmetric carbonic esters are separated from
the reaction mixture to obtain a residual liguid. The
asymmetric carbonic ester is separated from the symmet-

20 ric carbonic ester. The symmetric carbonic ester is
either mixed with the residual liquid, followed by step
{3)., or returned to step (1) or (2).

Step (3) is a step of synthesizing {regenerating)
an organometal compound having a metal-oxygen-carbon

25 linkage. A compound contained in the residual liquid



polyhydric alcohols, such as ethylene glycol, 1,3- propanediol, 1,2-propanediol,
cyclohexanediol and cyclopentanediol; and aralkyl polyhydric alcohols, such as benzene
dimethanol. If desired, prior to use of any 20 of the above-mentioned alcohols, for example,
distilla- tion of the alcohol may be conducted for purifying the alcohol or adjustirig the
concentration of the alcohol. From this viewpoint, it is preferred to use an alcohol having a
boiling point of 300 C or less as measured 25 under’&tmospheric pressure. From the viewpoint
of the 77- ease in the removal of water in step (3), it is more preferred to use at least one

alcohol selectec,f5emuigq g5 R CORSISlING ShRAARCL BOpEANCL AR Ak 8 cohol Raving

five or more carbon atoms and an aralkyl 5 alcohol having five or more carbon atoms. With
respect to the suieipirg 2 an rgenenelalycamponadfdtained by ustam agaotemidriciaieohol
as a first alcohol in step (3), there is no particular limi- tation. For example, the organometal

compound may%&310 B8ihprred g sedst diemEpaBeraklécte® Feth thé TRARECNSIsting of
e DR SRS TSR T e L S e
of the §rst alcoll ksqddastHu(sed in step (3) for forming an organome-
tal compound. The compound in the residual liquid ob-
tained after the separation of the carbonic ester in
step (2) is generallﬁ in the form of a liquid. For ex-
anple, the residual liguid does not contain dibutyltin
16 oxide in the form of a sclid (it should be noted that
d;butyltin oxlde haslno solubility in almost all or-
ganic solveﬁts at room temperature (20 °c) and, hence,
is in the form of a solid under such conditions). The
structure of the compound in the reQidual liguid has
15 . not yet been identified. However, it has surprisingly
been found that, by performing the reaction in step (3)
of the method of the present invention, there can be
obtained an organometal compound having a metal-oxygen
-carbon linkage, such as an organometal compound repre-
20 sented by formula (1) and/or an organometal compound
represented by formula (2).
Step (3) comprises reacting the residuwal ligquid
obtained in step {(2) with a Ffirst a;cohol to form at
least one organometal compound having a metal-oxygen

25 ~carbon linkage and form water and removing the water



is preferably 1 to 10,000 times, more preferably 2 to 100 times, the stoichiometric amount
relative to the amount of the organometal compound used in step (1). When a sequence of
steps (1) to (4) is repeated one or 20 more times, it is sometimes possible that an alcohol is
present in the residual liquid obtained by step (2). In such cases, an appropriate amount of an
alcohol may be added to the residual liquid so that the amount of the alcohol in the residual
liquid becomes within the 25 above-mentioned rang&of the amount of the first alco 78 hol.
Alternatively, the alcohol present in the resid- ual liquid may be removed. The removal of water

in step (3) can begerfesmed by agy copyantional aibpd: Ferexample, thasempyakhelf -

water in step (3) can be performed by any of distil- lation, a method using a dehydration

column filled witht aisadisldemnaratiegagnet S dcampeitad usttgamesdoranes separ@iion (such
as pervaporation). Among them, dis- tillation and a method using membrane separation (such
10 as pervapordtforieFe RERdrdP Tt BaFdFkeokharseHebeaptiraBort tan be used for the

e o e 1 SR e pIERT e PRl s Ry
moval®f water gnthgealeaBalcamalsn ha-easibeR@1ified above. Specific ex-
amples of first alcohols include €,-C;2 aliphatic alco-
hols and Cs-Cy; alicyclic alcohols, such as methanol,
ethanol, propanol, 2-propanol, n-butanol, 2-butanol, 2-
ethyl-l-butanol, t-butanol, pentanol, hexanol, 2Z-ethyl-
10 l-hexanol, hexenol, cyclopropanﬁl, cyclobutanol,
. cyclopentanol, cyclochexancl and cyclohexenol; and aral-
kyl alcohols, such as benzyl alﬁohol and phenethyl al;
. cohol. Also, polyhydric alcohols can be used as first
-alcohols. Examples of polyhydric alcohols include Cy-
15 Ci;2 aliphatic polyhydriq alcohols and Cs~-Cy2 allcyclic
\polyhydric alcohols, sucp as ethylene glycol, 1,3-
propanediol, 1,2-propanediol, cyclohexanediol and
| cyclopentanediol; and aralkyl polyhydric aleohols, such
as benzene dimethanol. If desired, prior to use of any
20 of the above~-mentioned alcohols, for example, distilla-
tion of the alcohol may be conducted for purifying the
alcohol or adjusting the concentration of the alcohol.
From this viewpoint, it i1s preferred to use an alcohol
having a boiling point of 300 °C or less as measured

25 under atmospheric pressure. From the viewpoint of the



formed by distillation under heating. On the other hand, in the case of an alcohol having a
boiling point lower than that of water, the removal of water in the alcohol can also be
performed by a distillation tech 20 nique in which a solvent forming an azeotropic mixture with
water is used. 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 25 ally from
room temperature (20 C) to 300 C. When the 79 rerhbval of water in step (3) is performed by
distilla- tion, the temperature employed for the distillation is not particularly limited so long as

water has a vapgh Juessirerd thedemRer e benihisdpignded o 5 ¢omplelg the reaction

in step (3) in a short period of time under atmospheric pressure, it is preferred that the

distillation is consiteted-nadereonditons Whedeit theetenpemdlrese ee vadof farmechlby
distillation is the azeotropic temperature of water and the first alco 10 hol. When water and the
first alcohol do rftT9En &P 8385888 cafipdurey a8 plefelpRipMRIdisA- 33 dhtucted

at the boiling pointhof]\_/v ter. When . it is intended to com lete the reactign in stt;_pi if a
. F? (») avi?ﬂ ?ive Oor, more ?95 n atoms and an ara
shorter period of fime, the distiffation may be con 15 ducted, using an autoclave, a

tempemature high€kohol having five or more carbon atoms.
With respect to the structure of an organometal

combound obtained by using a polyhydric alcohol as a
first alcohol in step (3)., there is no particular limi-
tation. For example, the organometal compound may be

16 comprised of at least one member selected from the
group consisting of a crosslinked p?oduct of an or-
ganometai céﬁpou;d represenfed by formula (1) and a
crosslinked product of an organometal compound repre-
sented by formula (2). .

1§ . The amount of the first alcohol used in step (3)
is preferably 1 to 10,000 times, more preferably 2 to
100 times, the stoichiomefric amount relative to the
amount of the organometal compound used in step (1}.
When a sequence of steps (1) to (4) is repeated one or

20 more times, it is sometimes possible that an alcohol is
present in the residuwal liquid obtained bf step (2).
In such cases, an appropriate amount of an alcohol may
be added to the residual liquid so that the amount of
the alcohol in the residual liguid becomes within the

25 above-mentioned range of the amount of the first alco-



than the boiling point of the first alcohol or water while gradually removing water in the vapor
phase. When the temperature employed for the reaction per- formed in step (3) is extremely
high, it is sometimes 20 possible that a thermal decomposition of the organome- tal compound
occurs. In such cases, a liquid contain= ing water may be removed by reduced pressure
distilla- tion or the like. Even when the first alcohol does not form an 25 azeotropic mixture with
water, water can be removed by 80 azeotropic distilation in which a solvent forming an
azeotropic mixture with water is used. This method is preferred since water can be removed at

@ low tempera- e, Exgpples of solvents which, borm, a9 3zegliopic § mixpice withyater
include unsaturated and saturated hydrocarbons, such as’hexane, bénzene, toluene, xylene,

naphthalene; ethgts, Sighias aRipolssardded-dibxane; and halogenated hydrocarbons, such
as chloroform. From the viewpoint of facilitating the separation 10 of water from the azeotropic

mixture after azeotropfthealistédrewalitof preferedio ustens @B3olvent, ba pesdiormed or
saturated hydracarbon in which water has low solubility. When such 'a solvent is used, it is

necessary to uS¥tHfSoIG8RV R AR eEBA that FATL S8R re LhfsReR P femoved

by azgptropic diffiliyater 1n step (3) can be performed by any of distil-
lation, a method using a dehydration column filled with
a solid dehydrating agent, and a method using membrane
separation (such as pervaporation). Among them, dis-
tillation and a method using membrane separation {such
i0 as pervaporation) are preferre&. It 1s well known that
pervaporation can be used for the removal of water in
an alcohol. In the present inféntion,‘pervaporation ’
can be preferably used. In the case of an alcohol hav-
| ing a boiling point higher than that of water, the re-
15 moval of water in the glcohol can also be easily per-

* formed by distillation qnder heating. On the other
hand, in the case of an alcohol having a boliling point
lower than that of water, the removal of water in the
alcohol can also be performed by a distillation tech-

20 nigue in which a solvent forming an azeotropic mixture
with water is used.
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-

25 ally from room temperature (20 °C) to 300 °C. When the



lation. It is preferred to use a distillation column for the azeotropic distillation because the
solvent can be recycled to the reaction system after separating the solvent from the
azeotropic mixture-in the distillation 20 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, at least one organometal com- pound selected from the group
consisting of an or 25 ganometal compound represefrited by formula (1) and an 81
organometal compound represented by formula (2). When the reaction in step (3) reaches a

stage where alipgatg aler ifeneraieds slgp (3 cabe finidharh dVBgn disaquense of

steps (1) to (4) is re 5 peated one or more times, the amount of the carbonic ester obtained in

step (1) varies dependingen teapgrmatintrel waiel ovidiah Sorenbeediinsitepyd) ieresfore, it
is preferred that the amount of water removed in step (3) is as large as possible. 10 Generally,

the amount of WiRdr R¥FGetriastey (314 bed &1 1ipid a3 fardtriHeagmBuMEsPFater pro-
e e AR e R R T e
formula (1) is prosiHped £ thRdeaatidt ¥bn in step (3) in a short period of
time under atmospheric pressure, it is preferred that
the distillation is conducted under conditions wherein
the temperature of the vapor formed by distillation is
the azeotropic temperature of water and the first alco-
16 hol. When water and the first alcohol do not form an
gzeotropic mixture, ;t is preferred that the distilla-
tion is éonducted at the boiling point of water. When
it is intended to complete the reaction in step (3} in
a shorter period of time, the distiilation may be con-
15 | ducted, using an autoclave, at a temperature higher
than the boiling point of the first alcohcl or watex
while gradually removing water in the vapor phase.
When the temperature employed for the reaction per-
formed in step (3) is extremely high, it is sometimes
20 possible that a thermal decomposition of the organome-
tal compound occurs. In such cases, a ligquid contain-
ing water may be remocved by reduced pressure distilla-
tion or the like.

Even when the first alcohol does not form an

25 azeotropic mixture with water, water can be removed by



step (3). In many cases, the amount of water removed “in step (3) is less than 1 time as large
as the above- mentioned theoretical amount of water produced by the reaction in step (3). As
a result of the studies made 20 by the present inventors, it has been found that, when an
organometal compound is produced from dibutyltin ox- ide and an alcohol and a sequence of
steps (1) to (4) is repeated one or more times, the amount of water re- moved in step (3) is
less than the amount of water gen 25 erated during #& reaction in which the organometal 82
compound is produced from dibutyltin oxide and an alco- hol. When, in step (2), water is added

10 e reaction YEIRIRIPAsg fhe Ao eolctl 19 590 e RaRg ! @ whie.
solid containing water s 5 obtained an The 8mount of water removed in step S more than
1 time the abovesg@stioppddhaaseticabamprnt «f veater roduced byrhe rerationdnisiep (3).
When a sequence of steps (1) to (4) is repeated one or more times, it is difficult to calculate a
theoretical 10 arpvafesmedics progusttBY tiRaredgionepwiednatira slay()erarde the

structure of the orﬁanometal com- pound obtained after stepﬁ(z has noé%et been identi- fied.
In this case, the thafige EHANRHES i AniRhY Y FattP bitic ?slf%rﬁ('i'v RYhESRHRd. When it

is con k5 firmed by thepegsieaidpal QR uMeLe WARL® and saturated

hydrocarbons, such as hexane, benzene, toluene, Xylene,
naphthalene; ethars, such as anisole and 1,4-dioxane;
and halogenated hydrocarbons, such as chloroform.
From the viewpoint of facilitating the separation
10 of water from the azeotropilc mixtﬁre after azeotropilc
distillation, it is preferred to use, as a solvent, an
unsaturated or saturated hydrocarﬁoh in which water has
low solubility. When such a solvent is used, it is
neéessary to use the solvent in an amount such that wa-
15 ter can be satisfactorily ;emoved by aéeotropic distil-
lation. It is preferred to use a distillation column
for the azeotropic distillation because the solvent can
be recycled to the reactlion system after separating the
solvent from the azecotropic mixture in the distiliation
20 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, at least one organometal com-
pound selected from the group consisting of an or-

25 ganometal compound represented by formula (1} and an



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 20 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 sequence of steps (1) to 25
(4) is repeated one or more times, the removal of th&183 alcohol after step (3) may not be
performed. Further, an-appropriate amount of the alcohol may be added to the reaction

system after stepr(ganbif tamo¥ahploiih 8xearavenatal e aleehalican »)he performed as
follows. When the organometal compound obtained in step (3) is in the form of a solid, the al-

cohol can be removedi@ea fittheternginkdrbyifiitrat épn (Oh theatheshand teigen the
organometal compound obtained in step (3) is in the form of a liquid, the 10 removal of the

alcohol can be PRES & BYFLANCF ARSI HERRERREDr by teRefibd FARNRS an inert
gas.such as niaqans IrORHERd In'9 e sRRIOL Soubap e aipopg! ipdgmayegdn an
amount which cor- responds to the vapor pressure of the alcohol. In the 15 case of using an
inert gas, whengba tRt s i®H0hore times, the amount of the carbonic
ester obtained in step (1) varies depending on the
amount of water which is removed in step (3). There-
fore, it is preferred that the amount of water removed
in step (3) is as large as possible.

10 . ' Generally, the amount of water removed in step (3)
is 0:01 to 1 time as large as the amouqt of water pro-
duced by the reécti;n in step (3), wherein the amount
of water produced is theoretically calculated based on
the assumption that only an organometal'compound repre-

15 ' sénted by formula (1) is produced by the reaction in
step (3). In many cases, the amount of water removed
in step (3) is less than 1 time as large as the above-
mentioned theoretical amount of water ﬁroduced by the
reacticn in step (3). As a result of the studies made

20 by the present inventors, it has been found that. when
an organometal compound is produced from dibutyltin ox-
ide and an alcohol and a sequence of steps (1) to (4)
ls repeated one or more times, the amount of water re-

moved in step (3) is less than the amount of water gen-

25 erated during the reaction in which the organometal



completely dried, a disadvantage is likely to occur wherein the organometal compound is
hydrolyzed and de- composed into a metal oxide and an alcohol, so that the amount of the
carbonic ester obtained by the reaction 20 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 con- tinuously or in a batchwise manner. As described above, if desired,
steps (1) and (2) 25 can be simultaneously perfornfed. Also, if desired, 84 steps (2) and (3)
can be simultaneously performed. Further, steps (1) to (3) can also be simultaneously

performed. With iaspect to such sisauiane Qs Redai 19 o' thesastans euplanations are -

made hereinbelow. 5 (The case where steps (1) and (2) are simultaneously performed) With
respect to the readtion peeormed is8 stgp (1)) ,thestate o sddest die shbemssetilbere a
liquid 10 phase and a vapor phase are present during the perform- ance of the reaction in step
(1), and the othB¥ @R E9%e $ARIETEIHEN BivkiFeRPR-SuBEtPficalidtales LTRIB? high

et SO S ST NS T DU R alempagects
5 obtained and the amount of water removed in step (3} is

more than 1 time the above-mentioned theoretical amount
of water produced by the reaction in step (3). When a
sequence of steps (1) to ({) is repeated one or more
times, it is difficult to calculate a thearetical

10 amount of water produced by the reﬁction performed in
stgp (3) because the structure of the organometal com-
pound obtained after step (2) has not yet:bean identi-
fied. In this case, the change {with time} in amount
of.water which is removed is measured. When it is con-

15 firmed by the measurement ?hat almost no more water is
reﬁoved, step (3} may be finished.‘

After completion of step {3), if desired, an ex-
ceés amount of the alcohol may be removed. From the
viewpoint of improving the purity of the carbonic ester

20 obtained in step (1) in the case where a sequence of
steps (1) to (4) 1is repsated 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 sequence of steps (1) to

25 (4) 1is repeated one or more times, the removal of the



the case where a liquid phase and a vapor phase are present during the performance of the
reaction in step (1). In this case, the reaction temperature and reac- tion pressure vary
depending on the type of an alkoxy 20 group contained in the organometal compound and the
type of an alcohol when an alcohol is used. However, the reaction temperature is generally

- 200 C or less and the reaction pressure is 8 MPa or less. The car- bonic ester has high
solubility in carbon dioxide and, 25 hence, a part of&Re carbonic ester is dissolved in the 85
vapor phase. Therefore, by performing the reaction in step (1) while withdrawing a part of the

vapor phase, the £3HONiG esieF CaRde $8R2RAsd O K [ackoRmakiurenwy-thag case

where steps (2) and (3) are simultaneously performed) Steps (2) and (3) can be
simultaneouslyrerppedpwhetehamrgatometaiao nalawichs aXginee fesidah &lgo- 10 hol
having a boilin int higher than that of water, and a C1-C3 alkyl alcohol is used in step (1) or

(2). The separ%ﬁtgnnﬁfaﬂ‘%%oﬁﬁsé&@r ghd SR8t A8 the- reaction mixture can be
e o e R WGP (R IS LAY B2 LD s g 0
5 be performed as follows. When the organometal compound
obtained in step (3) is in the form of a solid, the al-
cohol can be removed as a filtrate obtained by filtra-
tion. On the other hand, when the organcmetal compound
obtained in step (3) is in the form of a liguid, the
10 | removal of the alcohol can be performed by reduced
presgure digstillation, or by a method %n which an inert
gas, such aé niirogén, is introduced into the reactor
so that the alcohol is removed in an amount which cor-
responds to the vapor pressure of the aicohol. In the
15 ' cése of using an inert gas, when the inert gas 1s not
completely dried, a disadvantage is likely to occur
whereln the organometal compound is hydrolyzed and de-
composed into a metal oxide and an alcéhol, g0 that the
amount of the carbonic ester obtained by the reaction
20 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 perforﬁed elther con-
tinuously or in a batchwise manner.

As described above, if desired, steps (1) and (2)

25 can be simultanecusly performed. Alsco, if desired,



thereby removing the carbonic ester and water from the reaction mixture by entraining with the
inert gas. The separation of the carbonic ester and water from the re- action mixture can also
be performed by a conventional 20 method, such as membrane separation. By such a method,
the carbonic ester and water can be continuously sepa- rated from the reaction mixture. (The
case where steps (1) to (3) are simultaneously 25 performed} 86 With respect to the reaction
performed in step (1), there are two cases: one is tHetcase where a liquid phase and a vapor
phase are present during the perform- ance of the reaction in step (1), and the other is the 5

case where carhan gioxideyis, @ SURCTSEHCHS e, s ISl BPRRIARIE AG Pich

pressure conditionsand the reaction mixture forms a homogeneous mixture. Steps (1) to (3)

can be simultanequslygaerfasmassinthe easq whatam lEnEd phase hnrdlx sapeighase are
present 10 during the performance of the reaction in stop (1), the organometal compound is
obtained from aRedésT@edying & BorRgRsstt Kighek ehars i bEapgenanear £aT03 alkyl

alcohol (preferably met l)'is used. In this case, the reaction tempgrature and, reaction
pressure 15 var?r}@;‘:e%e%%ﬁnq}%?hg Eﬁﬁ’es of 3%%37%%%&%?6% egﬁta'lnn%‘f ir[il ree(%%baen%?ﬁ’e'tal

compogind and the type of an alcohol
(The case where steps (1) and (2) are simultaneously
parformed)
With respect to the reaction performed in step (1),
there are two cases: one is the case where a liguid

10 '‘phase and a vapor phase are preseﬂt during the perform-
ance of the reaction in step (1)}, and the c¢ther is the
case where carbon dioxide is in a‘supercritical state
uﬁder high temperature and high pressure conditions and
tﬂe reaction mixture forms a homogeneous mixture.

15 Steps (1) and (2) can be aimultanedusl? pexrformed in
the case where a liguid phase andla vapor phase are
present during the performance of the reaction in step
(1). In this case, the reaction temperature and reac-
tion pressure vary depending on the type of an alkoxy

20 group contalned in the organometal coﬁpound and the
type of an alcohol when an alcochol is used. However,
the reaction temperature is generally 200 °C or less
and the reaction pressure is 8 MPa or less., The car-
bonic ester has high solubility in carbon dioxide and,

25 hence, a part of the carbonic ester is dissolved in the



when an alcohol is used. However, the reaction tem- perature is generally 150 C or less and
the reaction pressure is generally 5 MPa or less. Water and the 20 carbonic ester have high
solubility in carbon dioxide and, hence, a part of the carbonic ester is dissolved in the vapor
phase. Therefore, by performing the reac- tion in step (1) while withdrawing a part of the vapor
phase, the carbonic ester can be separated from thg Je 25 action mixture while regenerating
the organometal com 87 pound. Further, it is also pdssible to employ a method in which the
reaction is performed in a fixed-bed reac- tor containing an organometal compound, wherein

the or- ganometea pompohiagdds sURporeEbe A aRfripsoF bttns fayieolre sektd ol this
method, carbon dioxide and a Cy-C3 alcohol are introduced into the fixed-bed reactor to
effect a reactiord ¥B&rebl obthibley W ithbdowdiatd t@r ang Warér thsucra@fdinPhaedtrained by

carbon di- oxide Iﬂgs. As a cayrier for supporting the organometal 10 compound, a
|

conventional cafrigr SEHFBETEEICEESF (AR LS PIRIFRER S BPRERBNE R CFAR metal

compound recoyesag,instep (3) is recycled to step (1). A sequence of steps (1) to (4) can be
re 15 peated one or more times. Prior to the recycle of the organometal compound to step (1),
the or§anometal com- pound may be cooled or heated. The step (4) can be

{The case where steps (2) and (3) are simultaneously
performed)
Steps (2) and {3) can be simultaneously performed
when the organometal compound is obtained from an alco-
10 hol héving a boiling point higher than that of water,
and a C,-C; alkyl alcohol 1s used in step (1) or.(z).
The séparation of the c&fbonic ester and water from the
reaction mixture can be performed by a methed in which
the reaction mixture obtained in step (1) i1s plaﬁed un-
15 . der a streém of an inert gas, such as carbon dioxide,
thereby removing the carbonic ester and water from the
reaction mixture by entraining with the inert gas. The
separation of the carbonic ester and water from the re-
action mixture can also be performed by & conventional
20 method, such as membrane separation. By such a method,
the carbonic ester and water can be continuously sépa-

rated from the reaction mixture.

{The case where steps (1) to (3) are simultaneously

25 performed}



performed either continuously or in a batchwise manner. 88 BEST MODE FOR CARRYING
THE INVENTION Hereinbelow, the present invention will be de- scribed in more detail with
reference to the following Examples and Comparative Examples, which should not be 5
construed as limiting the scope of the present inven- tion. In the following Examples and
Comparative Examples, various measurements and analyses were conducted by the
following methods. 10 1) Nuclear Magnetic Resonaide (NMR) analysis of an organometal
compound Apparatus: INM-A400 FT-NMR system (manufactured and sold by JEOL Ltd.,

Japan) (400 MH2) 151y Breqgialgn ofgapiple SgUUPNS [op AL SOUEAI AN grlyses

About 0.1 g to 0.5 g of an organ metal compoun was weighe en about O g'of

deuterated chlokghdeen aas addediaeto, dhereby ahiaindaga saneple s©- Pqutian for an
NMR analysis. (2) Preparation of a sample solution for a 119Sn-NMR analysis About 0.1 to 1

g of a liquid conkdifisg @&N6r-253 §Ree P& o nEuURFAa_NeidAEd nand e PO BPFBf

ance of the reaction in step (1), and the other 1s the
5 case where carbon dioxide 1s in a supercritical state

under high temperature and high pressure conditions and
the reaction mixture forms a homogeneous mixture.
Steps (1) to (3) can be simultaneously performed in the
case where & ligquid phase and a vapor phase are present

10 during the performance of the reaction in étep (1), the
organometa; compound is obtained from an alcochol having
a ﬁoiling point higher than that of water,-and a C;-C;
alkyl alcohol (preferably methanol) is used. In this
case, the réaction temperature and resaction pressure

15 vary depending on the type of an algoxy group cbntained
in the organometal compound and the type of an alcohol
when an alcohel is used. However, the reaction tem-
perature ié generally 150 °C or less and the reaction
pressure is generally 5 MPa or less. Water and the

20 carbonic ester have high solubility in carbon dioxide
and, hence, a part of the carbonic ester is dissolved
in the wvapor phése. Therefore, by performing the reac-
tion in step (1} while withdrawing & part of the vapor
phase, the carbonic ester can be separated from the re-

25 action mixture while regenerating the organometal com-



89 tetramethyltin and about 0.85 g of deuterated chloro- form were added thereto, thereby
obtaining a sample so- lution for an NMR analysis. 5 2) Gas chromatography (GC) analysis of
a carbonic es- ter Apparatus: GC-2010 system (manufactured and sold by Shimadzu
Corporation, Japan). (1) Preparation of a sample solution 10 0.06 g of a liquid to be measured
with respect to the carbonic ester content thereof w2 weighed, and then about 2.5 ml of
dehydrated dimethylformamide or dehydrated acetonitrile was added thereto. Further, to the
resultant was added about 0.06 g of diphenyl ether 15 as an internal standard. (2) Conditions

for a GC analysigdual@mnraBthémanutaciwregiand solskhp e Wb Semgrdiic aUsfe fhkldquid
phase: 100 % dimethyl polysiloxane 20 Column length: 30 m Column diameter: 0.25 mm Film
thickness: 1 pmi@olWhikrientbe atifactiormferentorns éldated FigrmbobedoBOVT at a

r fl min, 25 Injection temperature:
ate of 10 C/ toz? cl)er%aoirlgnf ea%tuo?:g%%oo%e%%l compound, wherein the or-

ganometal compound is supported on a carrier or in the
5 form of a solid. In this method, carbon dioxide and a
Ci-Cy alcohol are introduced into the f£ixed-bed reactor
to effect a reaction, thereby obtaining a carbonic es-
ter and water in such & form as entrained by carbon di-
oxlde gas. ”Aé a carrier for supporting the organometal

10 compound, a conventional carrier can be used.

étep (4) 1s a sfep-in which.the at least one or-
ganometal compound recovered in step (3) 1ls recycled to
step (1). A sequence of steps (1) to (4) can bé re-
15 : peated one'or more times. Prior to the recycle of the
organometal compound to step (1}, the organometal com-
pound may be coocled or heated. The step (4) can be

performed either continuously or in a batchwise manner.



Detector temperature: 300 C Dé&tector: FID (flame iozination detector) (3) Quantitative analysis
The quantitative analysis of a sample solution was 5 conducted using a calibration curve
obtained with re- spect to standard samples. 3) Calculation of the yield of a carbonic ester The
yield of a carbonic ester was calculated by 10 the following formula (6): Yield of carbonic ester
(%) = (stoichiometric amount of carbonic ester obtained)/(stoichiometric amount of
organometal compound used in step (1)) x 100 (6)¢l5 Herein, the term "stoichiometric amount
of or- ganometal compound" means a value calculated by divid- ing the number of metal atoms
of the organometal com- pound by Avogadro's number. 20 Example 1 (Synthesis of an :
. R AT GO

QR D N\ _.‘5

organometal compound haifig a"PLEmiOR HeA SN o i |In

(manufactured and ?Peld Q(Y n%%l? ]quyo }é %;%r g%%’.&%%%rﬁ)i%%\ %T%‘?d %9eg (116 91

mmol) of dibutyltin oxide (manufacture drich, and 75 g (576 mmol) of
2-ethyl-l-hexagek { e ufactmescbane 8o by Mdich fé Pefide TBE aER@SFollowing

Examples and Comparative Examples, which should not ke

5 construed as limiting the scope of the present inven-
tion.

In the following Examples and Comparative Examples,
various measurements and analyses were conducted by the
foellowing methods.

10
1) Nuclear Magnetic Resonance (NMR) anﬁlysis of an
organometal compound

Apparatus: JNM-A400 FT-NMR system (manufactured
and sold by JECL Ltd., Japan) (400 MHz)

15 (1) Preparation of sample solutions for 'H- and *C-NMR
analyses

About 0.1 g to 0.5 g of an organometal compound
was weighed, and then about 0.9 g of deuterated chloro-
form was added theretc, thereby obtaining a sample so-

20 lution for an NMR analysis.

(2) Preparation of a sample sclution for a **?gn-NMR
analysis
About 0.1 te 1 g of a liquid containing an or-

25 ganometal compound was weighed, and then 0.05 g of



phere in the autoclave was purged with nitrogen gas. 5 Then, stirring of the contents of the
autoclave was started, and the internal temperature of the autoclave was elevated to 192 C.
A purge line was opened, and the stirring was continued for 3.5 hours under atmos- pheric
pressure while distilling off water and 2-ethyl 10 1-hexanol. After that period, there was almost
no dis- tillate any more. Then, the inside of the autoclave was cooled to about 30 C while
purging the atmosphere in the autoclave with nitré§en gas, and there was ob- tained a
reaction mixture containing an organometal 15 compound having a 2-ethyl-lI-hexyloxy group.

The amount ofdig Iui{oisilge) gistlisd, of ruoh e Bugedigding. g, (saction was

about 50 g. The amount of water containe € was meas- ured by the Karl Fischer

method. It was &atndibak thaide anelsitaf yvatehdvigdishitaleiamabodahngle Hie-
119Sn-NMR chart of the reaction mixture is shown in Fig. 1. As shown in Fig. 1, a peak

ascribed to thé BF-igahdragtafeoMfR uraedi8ifiula (1) was detected at -45 ppm, and peaks
ascribed to the organometal compound of 25 formula (2) were, respectively, detected at -172
ppm 92 and -184 ppm. Step (1): Production of dimethyl carbonate from an organometal

compound haying a g WHMRMABY NP (GC) analysis of a carbonic es-
ter
Apparatus: GC-2010 system (manufactured and sold
by Shimadzu Corporation, Japan).
(1) Preparation of a sample solution
10 0.06 g of a liguid to be measured with respect to
the carbonic ester content thereof was weighed, and
then about 2.5 ml of dehydrated dimethylformamide or
dehydrated acetonitrile was added thereto. Further, to
the resultant was added about 0.06 g of diphenyl ether
15 ags an internal standard.
(2} Conditions for a GC analysis
Column: DB-1 {manufactured and sold by J & W Sci-
entific, U.S.A.)
Liquid phase: 100 % dimethyl polysiloxane
20 Column length: 30 m
Column diameter: 0.25 mm
Film thickness: 1 um
Column temperature: the temperature was elevated
from 50 °C to 300 °C at a rate of 10 °C/min.

25 Injection temperature: 300 °C



methanol and carbon dioxide gas 5 Into the above-mentioned autoclave containing the
reaction mixture was charged 75.5 g (2.4 mol) of metha- nol, and all valves were closed. Then,
from a carbon dioxide gas bomb, carbon dioxide gas, the pressure of which was lowered to 5
MPa by means of a pressure regu 10 lator connected to the carbon dioxide gas bomb, was in-
troduced into the autoclave. Stirring of the contents of the autoclave was started, and the
internal tempera- ture of the autoclave was elevatggl to 160 C. A liquid carbonic acid was
gradually introduced through a feed 15 line into the autoclave so as to adjust the internal
pressure of the autoclave to 19.6 MPa. Then, a reac- tion was performed for 1 hour while

maintaining the in- tSREFBRYSUFEBP IR RtictlatP it £§6 MPa, thereby obtaining a reaction
mixture, and the insggtoéélgg‘(zg %‘ff?d?ffa\?ﬁ S EB%IFQa@Ea&?Lﬁng%t@?WQd by purg- ing of
2): Isolati [

the carbon dioxide gas. Step ation of dimethyl carbonate In the above-mentioned

autoclave, a veguunpdishit 1atei wassperigrsiad at 30 C under a pressure of 13 25 KPa,
thereby separating dimethyl carbonate and methanol 93 from the reaction mixture by

distillation and recovareing ki #bhys Amadraéaviedanei iR of Bl dicfab@sThus,
m”“%hw‘*“bSSQEU%Q%Sb&¥Q%%'%aCalibration curve obtained with re-

spect to standard samples.

3) Calculation of the yield of a carbonic ester
The yield of a carbonic ester was calculated by
10 the following formula (6):
Yield of carbonic ester (%) = {gtoichiometric amount of
carbonic ester obtained)/(stoichiometric amount of

organometal compound used in step (1)) x 100 (6}

15 Herein, the term “stoichiometric amount of or-
ganometal compound” means a value calculated by divid-
ing the number of metal atoms of the organometal com-

pound by Avogadro’s number.

20
Example 1
(8ynthesis of an organometal compound having a 2-ethyl-
l-hexyloxy group)
Into a 200-ml autoclave (manufactured and sold by

25 Toye Koatsu Co., Ltd., Japan} were charged 29 g (116



yield of 17 %. 5 Step (3): Synthesis (regeneration) of an organome- tal compound 75 g (576
mmol) of 2-ethyl-I-hexanol (manufactured and sold by Aldrich, U.S.A.) was added to the
residual liquid in the autoclave, obtained in step (2). The at 10 mosphere 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 elevated to 192 C. The purge line was opened, and
the stirring was continued for 3.5 hours under atngas 15 pheric pressure while distilling off
water and 2-ethyl- 1-hexanol. After that period, there was almost no dis- tillate any more. Then,

the inside of the autoclave, was cooled to abput 30 C while purging the at here. in the
autoclave Witﬁmﬁﬁiége?} g%ﬁ‘ﬁd‘f&%}é’ V\?dglf)% 2 "Bf?]‘g%ag Fggc%%]r%ﬂ tﬁég‘%iﬁgin%}j an
organometal gpPuUNng RAING a8 - TDeYHRVEYP- Sier(DiRpevalingatis
organometal compound obtained in step (3) to step (1) Subsequently, the same procedures

as in step (1) (2&andstep (2dvereisscdasshelnpdrfdohed@sSolows. Fhéteprids -
Production of dimethy| carbonate from an organometal compound having a 2-ethyl-I-hexyloxy

group, meth&FERAITArELS dd@sa¥e was purged with nitrogen gas.

5 Then, stirring of the contents of the autoclave was
started, and the internal temperature of the autoclave
was elevated to 192 °C., A purge line was opened, and
the stirring was continued for 3.5 hours under atmos-
pheric pressure while distilling off water and 2-ethyl-

1o l-hexancl. After that period, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was cooled to about 30 °C while purging the atmosphere
in the autoclave with nitrogen gas, and there was ob-
tained a reaction mixture containing an organometal

15 compound having a 2-ethyl-1-hexyloxy group. The amount
of the liquid (distillate) distilled off through the
purge line during the reaction was about 50 g. The
amount of water contained in the distillate was meas-
ured by the Karl Fischer method. It was found that the

20 amount of water in the distillate was about 1.7 g. The
119%gn-NMR chart of the reaction mixture is shown in Fig.
1. As shown in Fig. 1, a peak ascribed to the or-
ganometal compound of formula (1) was detected at -45
ppm, and peaks ascribed to the organometal compound of

25 formula (2) were, respectively, detected at -172 ppm



Into the above-mentioned autoclave containing the 5 reaction mixture was charged 75.5 g (2.4
mol) of metha- nol, and all valves were closed. Then, from a carbon dioxide gas bomb, carbon
dioxide gas, the pressure of which was lowered to 5 MPa by means of a pressure regu- lator
connected to the carbon dioxide gas bomb, was in 10 troduced into the autoclave. Stirring of
the contents of the autoclave was started, and the internal tempera- ture of the autoclave was
elevated to 160 C. A liquid carbonic acid was gragually introduced through a feed line into the
autoclave so as to adjust the internal 15 pressure of the autoclave to 19.6 MPa. Then, a reac-
tion was performed for 1 hour while maintaining the in- ternal pressure of the autoclave at 19.6-
MPa, therebya’éﬁtaﬂﬂﬁ’l@ FR¥%ction mixture, and the inside of the autoclave was cooled to

about 30 C, foIIoweg p U{g ZOel%ga lﬁ{ carbo di émd% %ﬁ %lgpb(g))lalégl @gﬁpf dimethyl

carbonate In the above ention oclave avacuum lation was pertforme at 30C

under a presg#ga{dde KL, dbaishyre naietng dimethwt Eenbonateapd srethapehgs from the

reaction mixture by distillation and recover 95 ing them through a distillate withdrawal line of
the autoclav@ethasaimans/| carbemidigasidstaditsd in a yield of 16 %.

5 Into the above-menticned autoclave containing the
reaction mixture was charged 75.5 g (2.4 mol) cof metha-
nol, and all wvalves were closed. Then, from a carbon
dioxide gas bomb, carbon dioxide gas, the pressure of
which was lowered to 5 MPa by means of a pressure regu-

10 lator connected to the carbon dioxide gas bomb, was in-
troduced into the autoclave. Stirring of the contents
of the autoclave was started, and the internal tempera-
ture of the autoclave was elevated to 160 °C. A liguid
carbonic acid was gradually introduced through a feed

15 line into the autoclave so as to adjust the internal.
pressure of the autoclave to 19.6 MPa. Then, a reac-
tion was performed for 1 hour while maintaining the in-
ternal pressure of the autoclave at 19.6 MPa, thereby
obtaining a reaction mixture, and the inside of the

20 autoclave was cooled to about 30 °C, followed by purg-
ing of the carbon dioxide gaa.

Step (2): Isclation of dimethyl carbonate
In the above-mentioned autoclave, a vacuum distil-
lation was performed at 30 °C under a pressure of 13

25 KPa, thereby separating dimethyl carbonate and methanol



5 Example 2 As described below, dimethyl carbonate was pro- duced by performing a cycle of
steps (1) to (4) 26 times consecutively. (Synthesis of an organometal compound having a
hexyloxy 10 group) There was provided a 200-m1 autoclave (manufac- tured and sold by
Toyo Koatsu Co., Ltd., Japan) which had connected thereto a line for introducing a liquid
carbonic acid and carbon dioxide gas, a distillate 15 withdrawal line, a sampling tube and a line
for intro- ducing nitrogen gas into the bottom of tif&autoclave. into the 200-m1 autoclave were
charged 15.0 g (60 mmol) of dibutyltin oxide (manufactured and sold by Aldrich, U.S.A.) and

30.7 g (300 nppgh Oétli'e?xﬁgQE@E%%UfﬁEMﬁgé%‘i‘mﬁQ@l@iM&@ Lha-Aredlptlydrated

grade). The autoclave was sealed and all valves were closed. The atmosphere in the
autoclave wasmurgeed tthesudth ai- #bgenldas: d heit Bttrangadf theroentehtslos the
autoclave was started, and the internal temperature of 25 the autoclave was elevated to 160 C.
Then, the stlra%;?ﬁ]]gﬁ\ﬁﬁs cOmifLe Fforelimin AaSPrR@ka iR aneRAVB YA tHE distillate
withdrawal li \élila 0 gnﬁ %nd recovery of a distillate was started and continued while
blowing nitrogen gas intothe bottom of the auto

5 Step (3): Synthesis (regeneration} of an organome-

tal compound
75 g (576 mmol) of 2-ethyl-l1-hexanol (manufactured
and sold by Aldrich, U.S8.A.) wae added to the residual
liguid in the autoclave, obtained in step (2). The at-
10 mosphere 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 elevated to 192 °C. The purge line was opened, and
the stirring was continued for 3.5 hours under atmos-
15 pheric pressure while distilling off water and 2-ethyl-
i-hexanol. After that periocd, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was cooled to about 30 °C while purging the atmosphere
in the autoclave with nitrogen gas, and there was ob-
20 tained a reaction mixture containing an organometal
gompound having a 2-ethyl-l-hexyloxy group.
Step (4): Recycling of the organometal compound
obtained in step (2) to step {1)
Subsequently, the same procedures as in step (1)

25 and step (2) were successively performed as follows.



5 slave at a flow rate of 200 ml/minute. About 2 hours after the start of the recovery of a
distillate, there was no distillate any more. Then, the inside of the autoclave was cooled to
about 50 C, and there was ob- tained a transparent reaction mixture. A small amount 10 of the
reaction mixture was sampled and subjected to a 119Sn-NMR analysis. The 119Sn-NMR
analysis confirmed that there were formed the organometal compound of for- mula (1) and the
organometal compound of formula (2). The distillgie exhibited a separation into two layers, 15
and the amount of the water layer was about 0.9 ml. Then, a cycle of the below-described
steps (1) to (4) was repeated. Step (1): Production of dimethyl carbonate from an -

organometal compo®h&haldig aBrsgussigBup L nfinesdly 20 eeRCIBbE féale s Into

the above-mentioned aytoclave containing the reaction mixture,was char %4@&%(1.5 mol)
of metha- nol?gﬁg%ﬂn{'/% vags were closed. Hé'rl??frgm?a %E%Béin ]dlc;ﬁ%gg gétgs( o%wb, arbon

dioxide gas, thegHessires i xwhikdnvas daaediass MPa by means of a pressure regu 97
lator connected to the carbon dioxide gas bomb, was in- troduced into the autoclave. Stirring of

the contents of the Zntetldewabastarte¢raie el matretlangecentrisfing dieclave was
de%?edtol%%&ééig Ui%ixture was charged 75.5 g (2.4 mol) of metha-
nol, and all valves were closed. Then, from a carbon
dioxide gas bomb, carbon dioxide gas, the pressure of
which was lowered to 5 MPa by means of a pressure regu-
lator connected to the carbon dioxide gas bomb, was in-
190 troduced into the autoclave. S8tirring of the contents
of the autoclave waeg started, and the internal tempera-
ture of the autoclave was elevated to 160 °C. A ligquid
carbonic acid was gradually introduced through a feed
line into the autoclave so as to adjust the internal
15 pressure of the autoclave to 19.6 MPa. Then, a reac-
tion was performed for 1 hour while maintaining the in-
ternal pressure of the autoclave at 19.6 MPa, thereby
obtaining a reaction mixture, and the inside of the
autoclave was cooled to about 30 °C, followed by purg-
20 ing of the carbon dioxide gas.
Step (2}: Isolation of dimethyl carbonate
In the above-mentioned autoclave, a vacuum distil-
lation was performed at 30 °C under a pressure of 13
KPa, thereby separating dimethyl carbonate and methanol

25 from the reaction mixture by distillation and recover-



5 carbonic acid was gradually introduced through a feed line into the autoclave so as to adjust
the internal pressure of the autoclave to 22 MPa. Then, a reaction was performed for 16
hours while maintaining the inter- nal pressure of the autoclave at 22 MPa, thereby ob 10
taining a reaction mixture, and the inside of the auto- clave was cooled to about 30 C, followed
by purging of the carbon dioxide gas. Step (2): Isolation of dimethyl carbonate In the
above-mentioned autoclave, a vacuum distil- 15 B8on was performed at 30 C under a
pressure of 13 KPa, thereby separating dimethyl carbonate and methanol from the reaction

mixture by distiigtieq andeREQYEH 9 NGP Lhrauah 3 stidaie gyl dpegidhe

autoclave. Thus, dimethyl carbonate was obtained. 20 Step (3): Synthesis (regeneration) of an
organome- tahotmpdand Intoline abdieauhpiored Boitciay evaas abhaagecttdibiont 20 g of
hexanol (manufactured and sold by Aldrich, U.S.A.; a dehydrated grade), and all valves were
closed. 25 Tﬁélz%%s?)ﬁe?‘é irfthe autoclave was purged 3 times with 98 nitrogen gas. Then,
stirring of the contents of the autoclave was started, and the internal temperature of the
autoclave was elevated to 160 C. Then, the stir- ring was continued for 30 minutes. Thereafter,

the s Example 2

As described below, dimethyl carbonate was pro-
duced by performing a cycle of steps (1) to (4) 26
times consecutively.

{Synthesis of an organometal compound having a hexyloxy
10 group)

There was provided a 200-ml autoclave (manufac-
tured and sold by Toyc Koatsu Co., Ltd., Japan} which
had connected thereto a line for introducing a liquid
carboni¢ acid and carbon dioxide gas, a distillate

15 withdrawal line, a sampling tube and a line for intro-
ducinglnitrogen gas into the bottom of the autoclave.
Into the 200-ml autoclave were charged 15.0 g (60 mmol)
of dibutyltin oxide (manufactured and sold by Aldrich,
U.S.A.) and 30.7 g {300 mmol) of hexanol {(manufactured

20 and sold by Aldrich, U.S.A.; a dehydrated grade). The
autoclave was sealed and all valves were closed. The
atmosphere in the autoclave was purged 3 times with ni-
trogen gas. Then, stirring of the contents of the
autoclave was started, and the internal temperature of

25 the autoclave was elevated to 180 °C. Then, the stir-



5 valve of the distillate withdrawal line was opened, and recovery of a distillate was started
and continued while blowing nitrogen gas into the bottom of the auto- clave at a flow rate of
200 ml/minute. About 2 hours after the start of the recovery of a distillate, the 10 inside of the
autoclave was cooled to about 50 C, and there was obtained a transparent reaction mixture.
Step (4): Recycling of the organometal compound obtained in step (3) to step (1) The yield of
dimethyl carbonate obtained in step 15 (2) of eachecycle is shown in Table 2. 99 Table 2
Cycle No. of reaction Yield (%) 116.7 43219 420.1 5205 620.2 7.._20.4 8205 9
19.6 1010 19.5 11 21.9 12 20.2 -
ring was continued for 30 minutes. Thereafter, the
valve of the distillate withdrawal line was opened, and
recovery of a distillate was started and continued
while blowing nitrogen gas into the bottom of the auto-
5 clave at a flow rate of 200 ml/minute. About 2 hours
after the start of the recovery of a distillate, there
was no distillate any more. Then, the inside of the
autoclave was cooled to about 50 °C, and there was ob-
tained a transparent reaction mixture. A small amount
10 of the reaction mixture was sampled and subjected to a
*¥sn-NMR analysis. The '®Sn-NMR analysis confirmed
that there were formed the organometal compound of for-
mula (1) and the organometal compound of formula (2).
The distillate exhibited a separation into two layers,
15 and the amount of the water layer was about 0.5 ml.
Then, a cycle of the below-described =steps (1) to
(4) was repeated.
Step (1): Production of dimethyl carbonate f£rom an
organometal compound having a hexyloxy group, methanol
20 and carbon dioxide gas
Into the above-mentioned autoclave containing the
reaction mixture was charged 48.1 g (1.5 mol) of metha-
nol, and all valves were closed. Then, from a carbon

dioxide gas bomb, carbon dioxide gag, the pressure of

25 which was lowered to 5 MPa by means of a pressure regu-



1319.9 1418.0 1519.3 16194 ---1718.5 151818.3 1918.1 2018.0 2118.6 _ 22
18.4 2317.9 24 17.8 2517.4 20 26 17.5 After step (2) of the 26th cycle of reaction, the
residual liquid obtained in step (2) was subjected to a 25 119Sn-NMR analysis. In the
119Sn-NMR chart of the resid 100 ual liquid, several peaks were detected between -170 ppm
and -500 ppm, in addition to a peak ascribed to a small amount of the organometal compound
of formula (2) (see Fig. 2). After step (3) of the 26tR cycle of re 5 action, the reaction mixture
obtained in step (3) was subjected to a 119Sn-NMR analysis. In the 11Sn-NMR chart of the

reaction mixtufg, 3 peals ASCHPEH 124"¢ U IARRMSIA FURRANG oL ABIIR (Fawas fetected,

and
troduced into the autoclave. Stirring of the contents

of the autoclave was started, and the internal tempera-
ture of the autoclave was elevated tc 160 °C. A liquid
5 carbonic acid was gradually introduced through a feed
line into the autoclave so as to adjust the internal
pressure of the autoclave to 22 MPa. Then, a reaction
was performed for 16 hours while maintaining the inter-
nal pressure of the autoclave at 22 MPa, thereby ob-

10 taining a reaction mixture, and the inside of the auto-
clave was cooled to about 30 °C, followed by purging of
the carbon dioxide gas.

Step (2): Isclation of dimethyl carbonate
In the above-mentioned autoclave, a vacuum distil-

15 lation was performed at 30 °C under a preesure of 13
KPa, thereby separating dimethyl carbonate and methanocl
from the reaction mixture by distillation and recover-
ing them through a distillate withdrawal line of the
autoclave. Thus, dimethyl carbonate was obtained.

20 Step (3}:_Synthesis {(regeneration} of an organome-
tal compound

Into the above-mentioned autoclave was charged
about 20 g of hexanol (manufactured and sold by Aldrich,
U.S8.A.; a dehydrated grade), and all valves were closed.

25 The atmosphere in the autoclave was purged 3 times with



the above-mentioned several peaks between -170 ppm and 10 -500 ppm were no longer
detected (see Fig. 3). The amounts of water distilled off in step (3)s of the 1st to 4th cycles of
reaction were, respectively, 0.27 ml, 0.24 ml, 0.22 ml and 0.24 ml. 15 Example 3 (Synthesis of
an organometal compound having a 2-ethyl- 1-hexyloxy group) Into a 500-m1 eggplant-shaped
flask were charged 105 g (422 mmol) of dibutyltin oxide (manufactured and 20 sold by
Aldrich, U.S.A.) and 277 g (2.1 mol) of 2 ethyl-1-hgxanol (manufactured and sold by Aldrich,
U.S.A)). The eggplant-shaped flask was connected to a rotary evaporator (manufactured and

sold by EYELA, Ja- pan). The atmosphere in the eggplant-shaped flask was 25 purged with -
nitrogen gas. RAGEGHEBf FRfeggPiemt 10t Wrnbed REktRearrenbsmtHassidls, and the oil

bath h . Duri heati ite . sl in th lang- flask
ned 1o & TaGearant SHtor TR the TaAin cf oS08 5 SRSk Abad fogk was

continued for glheubaQdbmenes. whbepdieitb@ ipterngbpressureradihe eiggpenirshaped flask
was gradually lowered from 80.7 KPa to 68.7 KPa over 3 hours by means of a vacuum pump
(manu- factureénghdvasidesnsAmardAING O Japantadd atkeyeafter, the

5 valve of the distillate withdrawal line was opened, and
recovery of a distillate was started and continued
while blowing nitrogen gas into the bottom of the auto-
clave at a flow rate of 200 ml/minute. About 2 hours
after the start of the recovery of a distillate, the

10 inside of the autoclave was cooled to about S0 °C, and
there was obtained a transparent reaction mixture.
Step (4): Recycling of the organometal compound
obtained in step (3) to step (1)
The yield of dimethyl carbonate obtained in step

15 {2) of each cycle is shown in Table 2.



10 controller (manufactured and sold by OKANO WORKS, LTD., Japan) while distilling off
water and a small amount of 2-ethyl-I-hexanol. After that period, there was almost no distillate
any more. Then, the inside of the flask was cooled to about 30 C and the internal pressure of
15 the flask was returned to atmospheric pressure by means of nitrogen gas, and there was
obtained 310 g of a re- action mixture which was a transparent solution of an organometal
compound having a 2-ethyl-I-hexyloxy group in 28&thyl-I-hexanol. The u9Sn-NMR chart of the
ob 20 tained transparent solution is shown in Fig. 4. As shown in Fig. 4, a peak ascribed to the
organometal compound of formula (1) was detected at -14 ppm, and peaks ascribed to the
organometal compound of formula (2) were, respectively, detected at -172 ppm and -184 25
ppm. 102 Step (1): Production of dimethyl caragnatedrom an organometal compound having a
2-ethyl-I-hexyloxy group, methanol and carbon dioxide gas Into a 500-m1 autoclave
(manufactured and sold by 5 Asahi Shoko Co., Ltd., Japan) were charged 148.8 g (containing

202 mmol of Sn atons) @g,@geatmye g@t%@lgmyl- -hexag%g@uq'@ry of an|organometal
compound having a 2-ethyi hbxy.U,\i group-and-86-41g-of2 mi.é. 47—..cxanol The autoclave
wassealed and all 5 20 3
3 21.9
4 20.1
5 20.5
6 20.2
7 20.4
8 20.5
9 19.6
10 10 19.5
11 21.9
12 20.2
13 1.9
14 18.0
15 19.3
16 12.4
17 18.5
15 18 18.3
19 18.1
20 18.0
21 18.6
22 18.4
23 17.9
24 ) 17.8
25 17.4
26 17.5
20

After step (2) of the 26th cycle of reaction, the
residual liquid obtained in step (2) was subjected to a

25 1%an-NMR analysis. In the **°Sn-NMR chart of the resid-



— 10 valves were closed. Then, from a carbon dioxide gas bomb, carbon dioxide gas, the

pressure of which was lowered to 3 MPa by means of a pressure regulator con- nected to the
carbon dioxide gas bomb, was introduced into the autoclave. Stirring of the contents of the 15
autoclave was started, and the internal temperature of the autoclave was elevated to 120 'C.
The internal pressure of the autoclave was adjusted to 3.5 MPa. Then, a reaction was
performed for 4 hours while main- taining the inteyggl pressure of the autoclave at 3.5 20 MPa,
thereby obtaining a reaction mixture, and the in- side of the autoclave was allowed cooled to
30 C, fol- lowed by purging of the carbon dioxide gas. The 119Sn- NMR chart of the reaction
mixture is shevah id Fapisl, Aseverlintmigks, wensedehsaritsull kethieenandie 25 tal

compound of formula (1) disappeared, and.several 103 peaks were detect etween -170
ppm arl\Jd -238%'5#% Géba?n S o*?h@?gé‘éijo?ﬁnﬁffu% ﬁ?@ﬁe&‘ %cél}éid eEﬁy\lléexyl)

carbonate wag.ahtingsbift Visld £h25S6gmExampie dsypiiesioe o eranometpl

compound having a 2-ethyl- 1-hexyloxy group) By using a 200-m1 autoclave (manufactured
and sold by Tege Kbbtsu €b., LAEL Sapatgan(Gryanbnidiel éfihhl6ypoladofageynthesized

in the same manner as in Example | , , .
5 action, the reaction mixture obtained in step (3} was

subjected to a *°8n-NMR analysis. In the *°Sn-NMR
chart of the reaction mixture, a peak ascribed to the
organometal compound of formula (2) was detected, and
the above-mentioned several peaks between -170 ppm and
10 -500 ppm were no longer detected (see Fig. 3).
The amounts of water distilled off in step (3)s of
the 1lst to 4th cycles of reaction were, respectively,

0.27 ml, 0.24 ml, 0.22 ml and 0.24 ml.

15 Example 3

{Synthesis of an organometal compound having a 2-ethyl-
1-hexyloxy group)
Into a 500-ml eggplant-shaped flask wexre charged
105 g {422 mmol) of dibutyltin oxide (manufactured and
20 gold by Aldrich, U.8.A.) and 277 g (2.1 mol) of 2-
ethyl-l-hexanol (manufactured and socld by Aldrich,
U.S.A.). The eggplant-shaped flask was connected to a
rotary evaporator (manufactured and sold by EYELA, Ja-
pan). The atmosphere in the eggplant-shaped flask was

25 purged with nitrogen gas. Rotation of the eggplant-



el

1. Step (1): Production of di(2-ethylhexyl) carbonate from an organometal compound having a
2-ethyl-I- hexyloxy group and carbon dioxide gas 15 All valves of the above-mentioned
autoclave were closed. Then, from a carbon dioxide gas bomb, carbon dioxide gas, the
pressure of which was lowered to 5 MPa by means of a pressure regulator connected to the
car- bon dioxide gas bomb, was introduced into the autoclave. 20 Stirring of the contents of the
autoclave was started, and the internal temperatirelof the autoclave was ele- vated to 160 C.
A liquid carbonic acid was gradually introduced through a feed line into the autoclave so as to

adjust the internal pressyre of the autoclaye to 25 19.6 MPa. Then, ar on was performed
for 2 hours 10éﬂ%\ﬁﬁ§ r%gi%?g{mﬁ% {fie ir?tle¥naapgr§s‘s"3rse gfttﬁlétfu 6- %Ig%aecéai?iggé Pa, thereby

obtaining a repatien Wi UHsatalleweas R purging slthenearbna diedee Bgs. StamideAn
operation in which methanol is added 5 to the reaction mixture to thereby effect a trans-
esterification $3- BEXY cénvéireheasplemtemimnetl chlsekc kernddioigirsethyl carbonate,

and the formed dimethyl carbonf\te is isolated After \%{gp ((:)Lg t@e atmoj?p@ﬁre in the autoclave
10 was purge&’flﬁﬂ?ﬁl T2h SR b Me al véfgstotation o € edgg-

5 plant -shaped flask was continued for about 30 minutes.
Thereafter, the internal pressure of the eggplant-
shaped flask was gradually lowered from 80.7 KPa to
68.7 KPa over 3 hours by means of a vacuum pump (manu-
factured and sold by SATO VAC INC., Japan) and a vacuum

10 controller (manufactured and sold by OKANO WORKS, LTD.,
Japan) while distilling off water and a small amount of
2-ethyl-l-hexanol. After that period, there was almost
no distillate any more. Then, the inside of the flask
was cooled to about 30 °C and the internal pressure of

15 the flask was returned to atmospheric pressure by means
of nitrogen gas, and there was obtained 310 g of a re-
action mixture which was a transparent sclution of an
organometal compound having a 2-ethyl-1-hexyloxy group
in 2-ethyl-1l-hexanol. The '®*$n-NMR chart of the ob-

20 tained traneparent sclution is shown in Fig. 4. As
shown in Fig. 4, a peak ascribed to the organometal
compound of formula (1) was detected at -14 ppm, and
peaks ascribed to the organometal compound of formula
(2) were, respectively, detected at -172 ppm and -184

25 ppm.



charged 75.5 g (2.4 mol) of methanol (manufactured and sold by Aldrich, U.S.A.; a dehydrated
grade), and all valves were closed. Then, stirring of the contents of the autoclave was started,
and the internal temperature 15 of the autoclave was elevated to 120 C. The stirring was
continued for 2 hours and, then, methanol and di- methyl carbonate were gradually withdrawn
by distilla- tion from the autoclave through a purge line. When it was observed that there was
almost no distillate any 20 more, the inside of thejgifoclave was cooled, and the atmosphere
in the autoclave was purged with nitrogen gas, followed by termination of the reaction. In the

distillate, dimethyl carbonate was obtained in a yield of about 20 %. 25 Step (3). Synthesis -
(regeneration) of anBr§Bndb 1 BFEHESEPBURE 7EIGESFY nRanBPRad Ry EEREX &I

(manufacturegrg(%% gﬁ%q:g Aé%l‘ri‘%’:l) cH.llJn %Q}YV(\EJI_%S% added é%f’pfl r_@i%%glyljh%gh%% g%g%%ggytoclave,

obtained in step e at 5 mosphere in the autoclave was purged wit as. Then,

stirring of themetliNis Df fhiriadipaldie Wasxsi@gegaand the internal temperature of the
autoclave was elevated to 192 'C. The purge line was opened, and the stirring was continued

for 3.5 hours'under a@t6s 20 pheritlpressaeliiite dRamaEasTE weest andi2sahd-by
5 Asahi Shoko Co., Ltd., Japan) were charged 148.8 g

(containing 202 mmol of 8n atoms) of the above-obtained
2-ethyl-i-hexanol solution of an organcmetal compound
having a 2-ethyl-1-hexyloxy group and 86.4 g of 2-
ethyl-1-hexanol. The autoclave was sealed and all

10 valves were closed. Then, from a carbon dioxide gas
bomb, carbon dioxide gas, the pressure of which was
lowered to 3 MPa by means of a pressure regulator con-
nected to the carbon dioxide gas bomb, was introduced
into the autoclave. Stirring of the contents of the

15 autoclave was started, and the internal temperature of
the autoclave was elevated to 120 °C. The internal
pressure of the autoclave was adjusted to 3.5 MPa.
Then, a reaction was performed for 4 hours while main-
taining the internal pressure of the autoclave at 3.5

20 MPa, thereby obtaining a reaction mixture, and the in-
side of the autoclave was allowed cooled to 30 °C, fol-
lowed by purging of the carbon dioxide gas. The **°sn-
NMR chart of the reaction mixture is shown in Fig. 5.
As shown in Fig. 5, the peak ascribed to the organome-

25 tal compound of formula (1) disappeared, and several



1-hexanol. After that period, there was almost no dis- tillate any more. Then, the inside of the
autoclave was cooled to about 160 C while purging the atmosphere in the autoclave with
nitrogen gas, and there was ob- tained a reaction mixture containing an organometal
compound having a 2-ethyl-I-hexyloxy group. Step (4): Recycling of the organometal
compound obtained in step (3) to step (1) Subsequently, the same procedures as in step (1)
20 and step (2) were successively performed as fbléws. Step (1): Production of
di(2-ethylhexyl) carbonate from an organometal compound having a 2-ethyl-I- hexyloxy group

and carbon digxide gas.All v&é\@é&fetgem‘gé?en i%?O%&Ht%%ﬁVQW%e P%‘}ngloied. Stirring

of the contents of the autoclave was 106 started. A liquid Carbonic acid was gradually intro-
duced througb@ ferdliveistamiherigoekoyersions i adjus tbadniemalipiesslir¢of the
autoclave to 19.6 MPa. Then, a reaction was performed for 1 hour while 5 maintaining the
internal pressef&yt iFydtbcrAELANA0S Wik, thebyshidmiy Xied&dictmbaute, fol-
lowed by purging of the carbon dioxide gas. Step (2): An operation in which methanol is added
to the reaction mixture to thereby effect a trans 10 esterification so as to convert the

aboge-mentigfesmple 4
{8ynthesis of an organometal compound having a 2-ethyl-
1-hexyloxy group)

By using a 200-ml autoclave (manufactured and scld
by Toyo Koatsu Co., Ltd., Japan), an organometal com-

10 pound was synthesized in the same manner as in Example
1.

Step (1): Production of di(2-ethylhexyl) carbonate
from an organometal compound having a 2-ethyl-1-
hexyloxy group and carbon dioxide gas

15 All valves of the above-mentioned autoclave were
closed. Then, from a carbon dioxide gas bomb, carbon
dioxide gas, the pressure of which was lowered to 5 MPa
by means of a pressure regulator connected to the car-
bon dioxide gas bomb, was introduced into the autoclave.

20 Stirring of the c¢ontents of the autoclave was started,
and the internal temperature of the autoclave was ele-
vated to 160 °C. A liquid carbonic acid was gradually
introduced through a feed line into the autoclave so as
to adjuet the internal pressure of the autoclave to

25 19.6 MPa. Then, a reaction was performed for 2 hours



carbonic ester into dimethyl carbonate, and the formed dimethyl carbonate is isolated After
step (1), the atmosphere in the autoclave was purged with nitrogen gas. Into the autoclave
was 15 charged 75.5 g (2.4 mol) of methanol (manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade), and all valves were closed. Then, stirring of the contents of the autoclave
was started, and the internal temperature of the autoclave was elevated to 120 C. The stirring
20 was continued for 1 hour and, then, methanol ggg di- methyl carbonate were gradually
withdrawn by distilla- tion from the autoclave through a purge line. When it was observed that
there was almost no distillate any more, the inside of the autoclave was cooled, and the 25

atmosphere iWtie SuRHRFAF A §B8 Witk FitRgnPIFA YL ibweFb P trffination of the-
reaction. In th&%ﬁéi”g’&e’ f’é’T‘EtW%?rbc%@%W%%Q@i'}ﬁ%g; %y'k?%%é{f AU LS ra,

Example 5 (Synthesis of an organometal compound having a hexyloxy group, from dibutyltin

oxide and hexandlpiréd a20@arbaritp cever trearufabtiied powlisidd deys Toyo Koatsu Co.,
Ltd., Japan) were charged 24.9 g (100 10 mmol) of dibutyltin oxide (manufactured and sold by
Al drich, U.S.A.) an$528L ¢ 3300 Mmneperaekanolimyhdch methanol is added

5 te the reaction mixture to thereby effect a trans-
esterification so as to convert the above-mentioned
carbonic ester into dimethyl carbonate, and the formed
dimethyl carbonate is isoclated

After step (1), the atmosphere in the autoclave

10 was purged with nitrogen gas. Into the autoclave was
charged 75.5 g (2.4 mol) of methanol (manufactured and
sold by Aldrich, U.S.A.; a dehydrated grade), and all
valves were c¢losed. Then, stirring of the contents of
the autoclave was satarted, and the internal temperature

15 of the autoclave was elevated to 120 °C, The stirring
was continued for 2 hours and, then, methanol and di-
methyl carbonate were gradually withdrawn by distilla-
tion from the autoclave through a purge line. When it
was observed that there was almost no distillate any

20 more, the inside of the autoclave was cooled, and the
atmosphere in the autoclave was purged with nitrogen
gas, followed by termination of the reaction. In the
distillate, dimethyl carbonate was obtained in a yield
of about 20 %,

25 Step (3): Synthesis (regeneration) of an organome-



factured and sold by Aldrich, U.S.A.; a dehydrated grade), and the autoclave was sealed. The
atmosphere in the autoclave was purged with nitrogen gas. Then, 15 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 about 30 minutes. Thereafter, the valve of the purge
line of the autoclave was opened, and the stirring was 20 continued for 2 hours while blowing a
small amount of nitrogen gas into the bottom of #@%autoclave and dis- tilling off water and
hexanol through the purge line. After that period, there was almost no distillate any more.
Then, the insidg, of pgave was cooled to 25 about 30 C, and there was obtained a
reaction mixture. 108 A 119Sn-NMR analysis of the reaction mixture was per- formed. The
119Sn-NMR analysissshkpwed thairible were -@xRifbdlahmtdiohmoaiufactured

1,1,3,3-tetrabutyl-1,3-di- hexylog;di-stannoxane and about 6 mmol of dibutyltin 5
dihexyloxide 35 p8@ )P et lier bFRinekyF cBrborndds fraddad §RaHdthatgrdspdund

b e L e L S R e R
hexgloxy growlwas £8aiGed-82 Sathitoclave was purged with nitrogen gas.
Then, stirring of the contents of the autoclave was
started, and the internal temperature of the autoclave
was elevated to 192 °C, The purge line was opened, and
the stirring was continued for 3.5 hours under atmos-
10 pheric pressure while distilling off waﬁer and 2-ethyl-
l-hexancl. After that period, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was coocled to about 160 °C while purging the atmosphere
in the autoclave with nitrogen gas, and there was ob-
15 tained a reaction mixture containing an organometal
compound having a 2-ethyl-l-hexyloxy group.
Step (4): Recycling of the organometal compound
obtained in step (3) to step (1)
Subsequently, the same procedures as in step (1)
20 and step (2) were succesaively performed as follows.
Step (1): Production of di(2-ethylhexyl) carbonate
from an organometal compound having a 2-ethyl-1-
hexyloxy group and carbon dioxide gas
All valves of the above-mentioned autoclave were

25 closed. Stirring of the contents of the autoclave was



(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, carbon 15 dioxide gas, the
pressure of which was lowered to 5 MPa by means of a pressure regulator connected to the
car- bon dioxide gas bomb, was introduced into the autoclave. Stirring of the contents of the
autoclave was started. 10 Minutes after the start of the stirring, the valve 20 of the carbon
dioxide gas bomb was closed. Then, the internaliggperature of the autoclave was elevated to
180 C while stirring. In this instant, the internal pressure of the autoclave was about 7.5 MPa.
Then, a reaction was performed for 6 hours while maintaining 25 the internalé)ressure of the -

autoclave at A5Gt eE MPh. T 9 eraTRan it RS BRHSEABERIEXNVASES ed to about
30 C and the jpismal presiiyg of theayiagave Was renned iaiaephesicyessure by

gently purging the carbon dioxide gas, and there was obtained a trans 5 parent reaction
mixture. In thaddaettortexttre; eirnadxyh cagenastevfat hbtamtsbailayeeld of abo6t 14 %.
Step (2): An operation in which hexanol containing 1 % by weight of water is added to the

reaction mixtdFe2 ob B in®stEBREF tPheFaIsy RﬁﬁF%“m%d ahefine fPedidddteremoved by
filtragion, whefeunan.Nig;tes vk any firats. &syieged 1o digtliaion.seddtdle ac
19.6 MPa, thereby obtaining a reaction mixture,‘fol‘
lowed by purging of the carbon dioxide gas.
Step (2): An operation in which methanol is added
to the reaction mixture to thereby effect a trans-

10 esterification so as to convert the above-mentioned
carbonic ester into dimethyl carbonate, and the formed
dimethyl carbonate is isoclated

After step (1), the atmosphere in the autoclave
wag purged with nitrogen gas. Into the autoclave was

15 charged 75.5 g (2.4 mol) of methancl {(manufactured and
sold by Aldrich, U.S.A.; a dehydrated grade), and all
valves were closed. Then, stirring of the contents of
the autoclave was started, and the internal temperature
of the autoclave was elevated to 120 °C. The stirring

20 was continued for 1 hour and, then, methanol and di-
methyl carbonate were gradually withdrawn by distilla-
tion from the autoclave through a purge line. When it
was observed that there was almost no distillate any
more, the inside of the autoclave was cooled, and the

25 atmosphere in the autoclave was purged with nitrogen



hexyl carbonate is obtained as a distillate After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reaction mix- 15 ture obtained in step (1), and the
resultant mixture was stirred for about 30 minutes. 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 20 filter (HO20A142C, manufactured and sold by
Advantec Toyo Kaisha, Ltd., Japan) to thereby obf#din white sol- ids and a filtrate. The white
solids were washed 2 times with 20 ml of hexanol. The filtrate was trans- ferred into a 1-liter

eggplant-shaged flask pidup 29 jeded ia disiliptige under peating in,an il bagp at 110 150

C and under a pressure of 1 KPa. By the distilla- tion, hexanol and dihexyl carbonate were
recovered. Tdirsyielbleftcehexdmatbgrlateardohd e, Step (B)caynthdsis(rageriehdion) of an
organome- 5 tal compound The white solids obtained in step (2) and a resid- ual viscous liquid
which remairftl iARRE%Ha3R akter the distillation performed in step (2), were charged into a
200-ml autoclave (manufactured and sold by Toyo 10 Koatsu Co., Ltd., Japan). Further, 51.1 g
(500 mmol) of hexanol (manufactured and sold by Aldrich, U.S.A.; a

5 Example 5

(Synthesis of an organometal compound having a hexyloxy
group, from dibutyltin oxide and hexanol)

Into a 200-ml autoclave (manufactured and sold by
Toyo Koatsu Co., Ltd., Japan) were charged 24.9 g {100

10 mmol) of dibutyltin oxide (manufactured and sold by Al-
drich, U.8.A.) and 51.1 g (500 mmol) of hexanol (manu-
factured and sold by Aldrich, U.S.A.; a dehydrated
grade), and the autoclave was sealed. The atmosphere
in the autoclave was purged with nitrogen gas. Then,

15 stirring of the contents of the autcclave was started,
and the internal temperature of the autoclave was ele-
vated to 160 °C. Then, the stirring was continued for
about 30 wminutes. Thereafter, the valve of the purge
line of the autoclaﬁe was opened, and the stirring was

20 continued for 2 hours while blowing a small amount of
nitrogen gas into the bottom of the autoclave and dis-
tilling off water and hexanol through the purge line.
After that period, there was almost no distillate any
more. Then, the inside of the autoclave was cooled to

25 about 30 °C, and there was obtained a reaction mixture.



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 15 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 was opened, and the stirring was continued for 2 hours 20 while blowing a small
amount of nitrogen gas into the bottom of the autagdave and distilling off water and hexanol
through the purge line. After that period, there was almost no distillate any more. Then, the in-
side of the autoglgve was cooled to about 30 C, and 25 there was obtained a reaction mixture. -

A 119Sn-NMR 11158rHKRi2BPhESTEE cibn RS FE R BB BAFEHT P& 2B RFENMR analysis
showed that thgiewere ohjainecabent 47 mmal of 14,3 1etalutylehdsdishgxylaxy-di-

stannoxane and about 6 mmol of dibutyltin dihéxyloxide. 5 Step (4): Recycling of the

organometal chimpbiiad ebiaitedimn st@pl(3p1o Siep, @) Suhsegalbatylthe saadd procedures
as in step (1) and step (2) were successively performed as follows. Step (1): Production of

dihexyl carboRSIEYASH@LTe bASHIMASR 8B pRPltofamedlinate f LG e
abO\ée-mentioglegeglg}ggl}gygér_l which step

Step (1): Production of dihexyl carbonate from an
organometal compound having a hexyloxy group, hexanol
and carbon dioxide gas

Into the above-mentioned 200-ml autoclave contain-

10 ing the reaction mixture (containing an crganometal
compound having a hexyloxy group) was charged 61.5 g
(602 mmol) of hexanol (manufactured and sold by Aldrich,
U.S8.A.; a dehydrated grade), and the autoclave was
gsealed. Then, from a carbon dioxide gas bomb, carbon

15 dioxide gas, the pressure of which was lowered to 5 MPa
by means of a pressure regulator connected to the car-
bon dioxide gas bomb, was introduced into the autoclave.
Stirring of the contents of the autoclave was started.
10 Minuteg after the start of the stirring, the valve

20 of the carbon dioxide gas bomb was closed. Then, the
internal temperature of the autoclave was elevated to
180 °C while stirring. In this instant, the internal
pressure of the autoclave was about 7.5 MPa. Then, a
reaction was performed for 6 hours while maintaining

25 the internal pressure of the autoclave at about 7.5 MPa.



(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), and the autoclave was sealed. Then, 15 from a carbon
dioxide gas bomb, carbon dioxide gas, the pressure of which was lowered to 5 MPa by means
of a pressure regulator connected to the carbon dioxide gas bomb, was introduced into the
autoclave. Stirring of the contents of the autoclave was started. 10 Minutes 20 after the start of
the stirring, the valve of the car- bon dioxide gas B8%b was closed. Then, the internal
temperature of the autoclave was elevated to 180 C while stirring. In this instant, the internal

pressure of the auinpRE-Was bl J1aMBe: TREN LIPS 3,W8s Rssinsmeg for 6 hours

while maintaining the inter 112 nal pressure of the autoclave at about 7.5 MPa. There- after,
the inside of thbauttodave Wamnchalhed tdmbenhz80 Gravebinesintefnahpressurecbine
autoclave was returned to atmospheric pressure by gently purging the 5 carbon dioxide gas

through the plifge KRt Witethete RETIBRPNAEH S PARSTHERt RAEEATHXIREIH M reaction
T eSS WSS MG BBt dgior
in step (1) to gherepy fargaselids amtkibere. In the reaction mixture, di-
hexyl carbonate was obtained in a yield of about 14 %.
Step (2): An operation in which hexanol containing
1 % by weight of water is added to the reaction mixture
obtained in step (1) to thereby form sclids, and the
10 solids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, sc that di-
hexyl carbonate is obtained as a distillate
After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reaction mix-
15 ture obtained in step (1), and the resultant mixture
was stirred for about 30 minutes. 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
20 filter (H020A142C, manufactured and sold by Advantec
Toyo Kaisha, Ltd., Japan) to thereby obtain white sol-
ids and a filtrate. The white solids were washed 2
times with 20 ml of hexanol. The filtrate was trans-
ferred into a l-liter eggplant-shaped flask and sub-

25 jected to distillation under heating in an oil bath at



solids are removed by filtration, whereupon the resul- tant filtrate is subjected to distillation, so
that di- hexyl carbonate is obtained as a distillate 15 After step (1), 10 g of hexanol containing
1 % by weight of water was gently added to the reaction mix- ture obtained in step (1), and the
resultant mixture was stirred for about 30 minutes. Then, the autoclave was opened, and it
was found that the mixture in the 20 autoclave had turned into a white slurry. The white slurry
was subjected to filtration using a membrane filter,(§1020A142C, manufactured and sold by
Advantec Toyo Kaisha, Ltd., Japan) to thereby obtain white sol- ids and a filtrate. The white
solids were washed 2 25 times with 20 ml of hexanol. The filtrate was trans 113 ferred into a -
1-liter eggplariSshaife PiEsIA/esUB- Resseur distifiatioBAadeBeditRy. Blahdldistila- tion,
hexanol and ihg)rgyl q.gilrbonatje. were rgc}cj)vereéd. Th% ielg of dihexyl carbonate was 13 W. 5

Example 6 Prédycton 3?‘5%%xy carboﬁa?exlf yﬁﬁfessn 5 gibﬁ?ﬁﬁn 5%%?(‘{/%&? €) Into a

200-m1 eggpigmé-shaped flask eoninred withhdf feondanses apd a Dean-Stark trap were
charged 12.5 g (50 mmol) of dibutyltin oxide (manufactured and sold by
Step (3): Synthesis (regeneration) of an organome-
5 tal compound
The white solids obtained in step (2) and a resid-
ual viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
intoc a 200-ml autoclave (manufactured and sold by Toyo
10 Koatsu Co., Ltd., Japan}). Further, 51.1 g (500 mmol)
of hexanol (manufactured and socld 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
15 the contenta 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
was opened, and the stirring was continued for 2 hours
20 while blowing a small amount of nitrogen gas into the
bottom of the autoclave and distilling off water and
hexanol through the purge line. After that periced,
there was almost no distillate any more. Then, the in-
gide of the autoclave was cooled to about 30 °C, and

25 there was obtained a reaction mixture. A 98n-NMR



Aldrich, U.S.A.), 50 ml of hexanol (manufactured and sold by Aldrich, U.S.A.; a dehydrated
grade), 100 ml of xylene and a stirrer. Then, the eggplant-shaped flask 15 was heated using
an oil bath while stirring the con- tents of the eggplant-shaped flask, and the temperature of
the eggplant-shaped flask was elevated to a tempera- ture at which ref lux of the xylene
occurred. The re- flux of the xylene was performed under heating for 20 about 4 hours while
distilling off water, so that about 0.8 ml of water wislcollected in the Dean-Stark trap. The
Dean-Stark trap was detached from the eggplant- shaped flask, and xylene and hexanol were

removed fro lant-shaped fl by a ' istillati the excess
amount of hgba#%g[ %\/gzgs%re?nko?e% frgr%gf%i gtﬂeq%%%ﬁg%gt%%eégf?afs%;b%ﬁduge%] pressure
distilla- tion, thetehyMmintaiaingl gy iseOBRoWaasRHLo! itidde Thare tidelnasphensdathe
eggplant-shaped flask was purged with nitrogen, and the inside of the eggplant- shaped flask
was cooled. The feggkamfrebcliond ndixtaatadylbjeeudb-exydaiyvEianalysis. In the

119Sn-NMR chart of the reaction mixture, a peak ascrihed to i%t [ti .%ihex loxide was
oxaazﬁ% 6&%(83. So(:"llill%e lﬂT‘ﬂO§ ﬁ ngut o) ,%3% %XYXOXlC-Fe.

detected at -13 aﬁlﬁlm, to a small arnoun
tetral_s)utyl-l,3-dihexx@g@is@yqomg@{%greégeghgvgy.ggggﬁ@gﬂqt -ég,zﬁm_m@nd -187
PR obtained in step (3) to step (1)
Subsequently, the same procedures as in step (1)
and step (2) were successively performed as follows.
Step (1) : Production of dihexyl carbonate from the

10 organcmetal compound obtained in step (3)

Into the above-mentioned auteoclave 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), and the autoclave was sealed. Then,

15 from a carbon dioxide gas bomb, carbon dioxide gas, the
pressure of which was lowered to 5 MPa by means of a
pressure regulator connected to the carbon dicoxide gas
bomb, was introduced into the autoclave. Stirring of
the contents of the autoclave was started. 10 Minutes

20 after the start of the stirring, the valve of the car-
bon dioxide gas bomb was closed. Then, the internal
temperature of the autoclave was elevated to 180 °C
while stirring. In this instant, the internal pressure
of the autoclave was about 7.5 MPa. Then, a reaction

25 was performed for 6 hours while maintaining the inter-



Step (1): Production of dihexyt carbonaté from dibutyltin dihexyloxide Into a 100-m1 autoclave
(manufactured and sold by 15 Toyo Koatsu Co., Ltd., Japan) were charged about 2.2 g of an
organometal compound containing about 5 mmol of dibutyltin dihexyloxide (wherein the
organometal com- pound was contained in the above-obtained reaction mix- ture) and 25.5 g
(250 mmol) of hexanol (manufactured 20 and sold by Aldrich, U.S.A.; a dehydrated grade).
The autoclave was sealed. Then, from a carbon gjgxide gas bomb, carbon dioxide gas, the
pressure of which was lowered to 4 MPa by means of a pressure regulator con- nected to the
carbon dioxide gas bomb, was introduced 25 into the autoclave. Stirring of the contents of the -
115 autoclav@AkaBEafeera fitites aeptiastrast apedtirrhg thFdalvd®®¥fe carbon
dioxide gas bomfpe rvva%ﬁl‘?sed. Then, Qtpetiﬁgerna tegi%evrgture of the I.Laug__{otgglavebwa% elevated
stirfifg.

to 120 C whil@ hefeéaHeF, Carbon didXide gas wag%frsa&?ﬁ yewithc‘.i)ra%vnmfrom the

autoclave thrgggh & Risgedine sheeigadiyskdbgipiernal prssuieedigwiitaglave to 4 MPa.
Then, a reaction was performed for 100 hours while maintain- ing the internal pressure of the

autoclave at Z¢fRanEQ After afatqrpivel tide rrsde of thdzugehhywrereisiad tdebout 30 C,

and the internal pressure of the
5 carbon dgoxide gas through the purge line, and there

was obtained a transparent reaction mixture. In the
reaction mixture, dihexyl carbonate was obtained in a
yield of about 14 %.
Step (2): An operation in which hexanol containing

10 1 % by weight of water is added to the reaction mixture
obtained in step (1) to thereby form solids, and the
soclids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, so that di-
hexyl carbonate is cbtained as a diatillate

15 After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reaction mix-
ture obtained in step (1), and the resultant mixture
was stirred for about 30 minutes. Then, the autoclave
was opened, and it was found that the mixture in the

20 autoclave had turned into a white slurry. The white
slurry was subjected to filtration using a membrane
filter (HO20A142C, manufactured and sold by Advantec
Toyo Kaisha, Ltd., Japan) to thereby obtain white sol-
ids and a filtrate. The white solids were washed 2

25 times with 20 ml of hexanol. The filtrate was trans-



autoclave was returned to atmospheric pressure by gen- tly purging the carbon dioxide gas
through a purge line, and there was obtained a transparent reaction mixture. 15 In the reaction
mixture, dihexyl carbonate was obtained in a yield of 18 %. Step (2): An operation in which
hexanol containing 1 % by weight of water is added to the reaction mixture obtained in step
(2) to thereby form solids, and the 20 solids are removed by filtration, whereupon. the resul-
tant filtrate is subjected to distillation, so that di- h&k§l carbonate is obtained as a distillate After
step (1), 10 g of hexanol containing 1 % by weight of water was gently added to the reaction

mix- 25 ture ofaiped i98lep (1 254 1s reylanu L dde pRsalradfosgnout 30

minutes. Then, the autoclave was opened, and it was at the mixture in the autoclave
had turned inthea vehitetsiudy etha Yditbosluingeasisehiented taERitraken dsingia haembrane 5
filter (HO20A142C, manufactured and sold by Advantec Toyo Kaisha, Ltd., Japan) to thereby

obtain white $otoRis difra@nRiatanthd iterdolrprberRakasHEFS HtRIVAHEI0 ml of

hexanol. Theéjll,;t(raate .vg;i%tragsafl rréed ift% a -!i)tgg ggggla{;mt- gaged flask and sub 10 jected to
distillation under hga]mng. Eg/ the disaia: tion, hexanol ana di exyl carbonate were recovered.

5
Example 6
Production of dihexyl carbonate
(Synthesis of dibutyltin dihexyloxide)

Into a 200-ml eggplant-shaped flask equipped with

10 a condenser and a Dean-Stark trap were charged 12.5 g
(50 mmol} of dibutyltin oxide {(manufactured and sold by
Aldrich, U.S.A.), 50 ml of hexanol (manufactured and
sold by Aldrich, U.S8.A.; a dehydrated grade), 100 ml of
xylene and a stirrer. Then, the eggplant-shaped flask

15 was heated using an oil bath while stirring the con-
tents of the eggplant-shaped flask, and the temperature
of the eggplant-shaped flask was elevated to a tempera-
ture at which reflux of the Xxylene occurred. The re-
flux of the xylene was performed under heating for

20 about 4 hours while distilling off water, so that about
0.8 ml of water was collected in the Dean-Stark trap.
The Dean-Stark trap was detached from the eggplant-
shaped flask, and xylene and hexancl were removed from
the eggplant-shaped flask by an ordinary distillation.

25 Further, an excess amount of hexancl wasg removed from



The yield of dihexyl carbonate was 17 %. Step (3): Synthesis (regeneration) of an organome-
tal compound 15 The white solids obtained in step (2) and a resid- ual viscous liquid which
remained in the flask after the distillation performed in step (2), were charged into a 100-m1
eggplant-shaped flask equipped with a condenser and a Dean-Stark trap. Further, 20 ml of 20
hexanol (manufactured and sold by Aldrich, U.S.A.; a dehydrated grade), 30 ml of xylene and
a stirrer were charged into the eggplant-shaped {lagk. Then, the egg- plant-shaped flask was
heated using an oil bath while stirring the contents of the eggplant-shaped flask, and 25 the
temperature of the eggplant-shaped flask was ele 117 vated to a temperature at which ref lux-

of the xyl_eneFH&&@?W@?WS&H@M&?&/&@E&?&%M%H&F %e‘%ﬁﬁ@jférlﬁbout 4
hours while ogsltgl}pg gp‘l g\éaés% ?gig%iité%*%?%lrtn Qt;lﬁ{%l @J‘%&te]&%ﬁs@gﬁgw |5_1itag§il_3ean-8tark

trap. The Dean-Stark trap wa e eggplant-shaped flask, and xylene and

hexanol wereriempveHdrasmberagptan shee ddapklanan endipaty flistdktieasFurther, an
excess amount of hexanol was removed from the eggplant-shaped flask by reduced pres 10
sure distillatig¥ygeefpyidthamitg adssoo mnd arae p&?@rﬁ%ﬁf T, eseRERBSphere in the

eggplant- shaped flask was cooled. The resultant reaction mix-
| ture was subjected to a '**Sn-NMR analysis. In the
11%3n-NMR chart of the reaction mixture, a peak ascribed
to dibutyltin dihexyloxide was detected at -134 ppm,
and peaks ascribed to a small amount of 1,1,3,3-
10 tetrabutyl-1,3-dihexyloxydistannoxane were, respec-
tively, detected at -177 ppm and -187 ppm.
Step {(1): Production of dihexyl carbonate from
dibutyltin dihexyloxide
Into a 100-ml autoclave (manufactured and sold by
15 Toyo Koatsu Co., Ltd., Japan) were charged about 2.2 g
of an organometal compound containing about 5 mmol of
dibutyltin dihexyloxide (wherein the organometal com-
pound was contained in the above-obtained reaction mix-
ture} and 25.5 g (250 mmol) of hexanol (manufactured
20 and sold by Aldrich, U.S.A.; a dehydrated grade). The
autoclave was sealed. Then, from a carbon dioxide gaa
bomb, carbon dioxide gas, the pressure of which was
lowered to 4 MPa by means of a pressure regulator con-
nected to the carbon dioxide gas bomb, was introduced

25 into the autoclave. Stirring of the contents of the



shaped flask was purged with nitrogen, and the inside of the eggplant-shaped flask was
cooled. The resultant reaction mixture was subjected to a 119Sn-NMR analysis. 15 In the
119Sn-NMR chart of the reaction mixture, a peak ascribed to dibutyltin dihexyloxide was
detected at - 134 ppm, and peaks ascribed to a small amount of
1,1,3,3-tetrabutyl-l,3-dihexyloxydistannoxane were, re- spectively, detected at -177 ppm and
-187 ppm. 20 Step (4): Recycling of the organom&t&@ compound obtained in step (3) to step
(1) Subsequently, the same procedures as in step (1) and step (2) were successively

performed as f&)gg\é/ %teg%%): r g tion fdi“ﬁ carbgnat AT éhg rgapometal
compound ok?[ainedfi% step ﬁ'§ Iﬁt%% 1%8-m1}%%%a\8/§ r%an%ur%cturégran?gold by Toyo
Koatsu Co., iHe Japant We§e chReded abeubz. 2t e far-biganeiteiaieogpaubgspntaining
about 5 mmol of dibutyltin dihexyloxide (wherein the organometal com 5 pound was contained
in the above-¥a&ind@resbtiofhaik. tirds ahntEBajl( 2sempays Fufisexhdt Manufactured

and sold by Aldrich, U.S.A.; a det}%drate grade%% he au oplglve was sealed. Then, from a
carbon dioxioaeuégg lr%’rﬁb,wg‘frb% fods| gto%, prgssw & B WHIAFVARD0 lowered to 4 MPa

by rgeans of gHuessESRIUIARLERNAIRGISELO Las Carhon,digxisiendss hemhawasintroduced

from the autoclave through a purge line so as to adjust
the internal pressure of the autoclave to 4 MPa. Then,
a reaction was performed for 100 hours while maintain-
ing the internal pressure of the autoclave at 4 MPa.

10 After that period, the inside of the autoclave was
cooled to about 30 °C, and the internal pressure of the
autoclave was returned to atmospheric pressure by gen-
tly purging the carbon dioxide gas through a purge line,
and there was obtained a transparent reactioﬁ mixture.

15 In the reaction mixture, dihexyl carbonate was obtained
in a yield of 18 %.

Step (2): An operaticn in which hexanol containing
1 % by weight of water is added to the reaction mixture
obtained in step (1) to thereby form sclids, and the

20 solids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, so that di-
hexyl carbonate is obtained as a distillate

After step (1), 10 g of hexancl containing 1 % by
weight of water was gently added to the reaction mix-

25 ture obtained in step (1), and the resultant mixture



into the autoclave. Stirring of the contents of the autoclave was started. 10 Minutes after the
start of the stirring, the valve of the carbon dioxide gas bomb 15 was closed. Then, the

internal temperature of the autoclave was elevated to 120 C while stirring. Thereafter, carbon
dioxide gas was gradually withdrawn from the autoclave through a purge line so as to adjust
the internal pressure of the autoclave to 4 MPa. Then, 20 a reaction was performed for 100
hours while maintain- ing the internal pressure of {g autoclave at 4 MPa. After that period, the
inside of the autoclave was cooled to about 30 C, and the internal pressure of the autoclave
was returned to atmospheric pressure by gen 25 tly purging the carbon dioxide gas through a -

purge line, 11¥2&n8%A&FSHad FhtaRelE FAnEHAY8RE FoactiBRMixkhe. I ERE e S&ion
mixture, dihew;gaa%oe}%tg was abtgined In P&ﬂ%léi %flal]a?to/?:h%te&@)c\ﬁ%ogﬁra&‘?g in which
de

hexanol containing Yo By weight of water is a to the reaction mixture obtained in step

(1) to therebydfauBsniide andthaselds anesemovrdty Frates, wheteuphi tike resul- tant
filtrate is subjected to distillation, so that di- hexyl carbonate is obtained as a distillate 10 After

step (1), 10 gHFHeREnBPCortuliRgF ted e widighretwarerisisige AIEHSEE RS the reaction
n“XS filter (H020A142C, manufactured and sold by Advantec
Toyo Kaisha, Ltd., Japan) to thereby obtain white sol-
ids and a filtrate. The white solids were washed 2
times with 20 ml of hexanol. The filtrate was trans-
ferred into a l-liter eggplant-shaped flask and sub-
10 jected to distillation undexr heating. By the distilla-
tion, hexanol and dihexyl carbonate were recovered.
The yield of dihexyl carbonate was 17 %.
Step (3): Synthesis (regeneration} of an organome-
tal compound
15 The white solids obtained in step (2) and a resid-
ual viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
into a 100-ml eggplant-shaped flask equipped with a
condenser and a Dean-Stark trap. Further, 20 ml of
20 hexanol (manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade), 30 ml of xylene and a atirrer.were
charged into the eggplant-shaped flask. Then, the egg-
plant-shaped flask was heated using an oil bath while

stirring the contents of the eggplant-shaped flask, and

25 the temperature of the eggplant-shaped flask was ele-



ture obtained in step (1), and the resultant mixture was stirred for about 30 minutes. Then, the
autoclave was opened, and it was found that the mixture in the 15 autoclave had turned into a
white slurry. The white slurry was subjected to filtration using a membrane filter (HO20A142C,
manufactured and sold by Advantec Toyo Kaisha, Ltd., Japan) to thereby obtain white sol- ids
and a filtrate. The white solids were washed 2 20 times with 20 ml of hexanol. The filtrate was
trans- ferred into a 1-liter eggplant-shaped flask anid7sub- jected to distillation under heating.
By the distilla- tion, hexanol and dihexyl carbonate were recovered. The yield of dihexyl

Prodoion of T Sarb L AEare Al TS B A P2 TS & 10-m1
high-pressuresteasiaiedantirctyet @ndesoldhy Kardnesigas Ipertozdeequipeed with a
valve were charged 1.48 g (5 mmol) of dibuthyltin di- methoxide (manufactured and sold by
Aldrich, U.S.Agatigg (Sommeduwt retirinos (vWhidfaciretidnologdafL1 avao Pure
Chemical Indygrigg 410 JREn, 2 FopY e da WA 803 B bl (4l cfygos for uoe I
5 Dean-Stark trap. The Dean-Stark trap was detached from
the eggplant-shaped flask, and xylene and hexanol were
removed from the eggplant-shaped flask by an ordinary
distillation. Further, an excess amount of hexanol was
removed from the eggplant-sghaped flask by reduced pres-
10 sure distillation, thereby obtaining a viscous, trans-
parent liquid. Then, the atmosphere in the eggplant-
shaped flask was purged with nitrogen, and the inside
of the eggplant-shaped flask was cooled. The resultant
reaction mixture was subjected to a '*?Sn-NMR analysis.
15 In the **?Sn-NMR chart of the reaction mixture, a peak
ascribed to dibutyltin dihexyloxide was detected at -
134 ppm, and peaks ascribed to a small amount of
1,1,3,3-tetrabutyl—1,3-dihexylpxydistannoxane were, re-
spectively, detected at -177 ppm and -187 ppm.
20 Step {(4): Recycling of the organcmetal compound
cbtained in step (3) to step (1)
Subsequently, the same procedures as in step (1)
and step (2) were successively performed as follows.

Step (1): Production of dihexyl carbonate from the

25 organometal compound obtained in step (3)



the contents of the reactor). The inside of the reac- tor was cooled to about -68 C with a dry
ice/ethanol mixture. Then, from a carbon dioxide gas bomb, 2.0 g 15 of a high purity carbon
dioxide gas, the pressure of which was lowered to about 2 MPa by means of a pressure
regulator connected to the carbon dioxide gas bomb, was gently introduced into the high
pressure reactor. Thereafter, the reactor was placed in an oil bath which 20 was maintained at
150 C, and shaken for 15 hours. Af- ter that periogh ghe inside of the reactor was cooled to
about 20 C, and the internal pressure of the reac- tor was returned to atmospheric pressure by.
gently purging an excess amount of the carbon dioxide gas, 25 thereby obtaining a reaction -

mixture. In the reqctmTZT Apeor: %W%ﬁ?bdﬁ&@%&ﬁf%ﬁﬁ’e@ﬂfia ?/%]i&l Q}PYBO %. Step
(2): An operafigg In ()%%?h? eé%anolb@@f?'nai{}%ﬁ’ﬁt%é@d%ggré&éﬁe dgachor,mxiyre

obtained in 5 step ereby obtain a mixttre having soli e posited therein, and the
mixture contasfingrsofiglg ahsdiecteddansisilatiepdiatheiieqcibauntxsiraereantathed in the
reactor) obtained in step (1) was added 2 ml of methanol con- 10 taining 10 % by weight of

water, and the¥eusl W slidiervdombie teliiberaire EYoRLIATPIR EHbUFS™-

S pound was contained in the above-cbtained reaction mix-
ture) and 25.5 g (250 mmol) of hexanol (manufactured
and sold by Aldrich, U.S.A.; a dehydrated grade). The
autoclave was sealed. Then, from a carbon dioxide gas
bomb, carbon dioxide gas, the pressure of which was

10 lowered to 4 MPa by means of a pressure regulator con-
nected to the carbon dioxide gas bomb, was introduced
into the autoclave. Stirring of the contents of the
autoclave was started. 10 Minutes after the start of
the stirring, the valve of the carbon dioxide gas bomb

15 was closed. Then, the internal temperature of the
autoclave was elevated to 120 °C while stirring.
Thereafter, carbon dioxide gas was gradually withdrawn
from the autoclave through a purge line s0 as to adjust
the internal pressure of the autoclave to 4 MPa. Then,

20 a reaction was performed for 100 hours while maintain-
ing the internal pressure of the autoclave at 4 MPa.
After that period, the inside of the autoclave was
cocled to about 30 °C, and the internal pressure of the
autoclave was returned to atmospheric pressure by gen-

25 tly purging the carbon dioxide gas through a purge line,



minutes. Then, the reactor was opened, and it was found that the mixture in the reactor had
turned into a white slurry. The obtained white slurry was trans 15 ferred to a 50-m1
eggplant-shaped flask, and subjected to distillation under heating. By the distillation,

methanol and dimethyl carbonate were recovered. The yield of dimethyl carbonate was 29 %.
20 Example 8 (Production a metal methoxide from dibutyltin oxide and methanol by azeotropic
distillation of water) 2.5 g of dibutyltin oxide (mandf&tured and sold by Aldrich, U.S.A.), 32.0 ¢
of methanol (manufactured 25 and sold by Wako Pure Chemical Industries Ltd., Japan; 122 a

reagent grade),and 199,191 hexae {magfequieaad S0l by Weka P ye.Gemical

Industries Ltd., Japan; a reagent gra ere charged into a 2 ree-necked flask
equipped withra lighigl treasfertiy puRewaRd adikiekia coadenses convastestivai tiap. The
three-necked flask was placed in an oil bath which was maintained at SO 'C, and distillation
was performetrurileriree@ngfol % Rours while stirring the contents of the flask using a stirrer.

During the distillatiog,ttge a&ggn# of 10 hexane and m%th o] remov%d from:thf thlrlee-necked
flask were measured, ahd h ek aTREARG h8thARo MR RERGEE S the HrdeTfecked

flasksby means thﬁﬁ weight of water is added to the reaction mixture

obtained in step (1) to thereby form solids, and the
soclids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, so that di-
hexyl carbonate is obtained as a distillate

10 After step (1), 10 g of hexanocl containing 1 % by
weight of water was gently added to the reaction mix-
ture obtained in step (1), and the resultant mixture
was stirred for about 30 minutes. Then, the autoclave
was opened, and it was found that the mixture in the

15 autoclave had turned into a white slurfy. The white
glurry was subjected to filtration using a membrane
filter (H020A142C, manufactured and sold by Advantec
Toyo Kaisha, Ltd., Japan) to thereby obtain white sol-
ids and a filtrate. The white solids were washed 2

20 times with 20 ml of hexanol. The filtrate was trans-
ferred intc a 1l-liter eggplant-shaped flask and sub-
jected teo distillation under heating. By the distilla-
tion, hexanol and dihexyl carbonate were recovered.
The yield of dihexyl carbonate was 16 %.

25



liquid transferring pump, in amounts which were, re- spectively, the same as the amounts of
hexane and 15 methanol removed from the three-necked flask, so as to keep constant the
amounts of the hexane and methanol in the three-necked flask. After the distillation, the
inside of the three-necked flask was cooled to 30 C, and hexane and an excess amount of
methanol were re 20 moved from the flask by reduced pressure distillation, thereby obtaining
a viscous, transparent liquid. The obtained liquidiwas subjected to a 119Sn-NMR analysis. In
the "9Sn-NMR chart of the obtained liquid, peaks were, respectively, detected at -174 ppm

and -180 ppm. 25 Step El): An operation in which methanol is added 123 to the :
above-obtain f-afnd a reaction is per- formed in the presence of a high pressure carbon

diox- ide gas [Mﬁgﬂ%h@ ggqlmgie%q%gﬂgggf}actured 5 and sold by Thar Designs
It

Inc., U.S.A.) equipped with a valve were charged 0.66 g of the above-obtained liquid
(containing an orgaga@etal Tompatsitl)ct Hog ob Methnaahghdas ShiERHitebd-which was for
use in stirring the contents in the reactor). The inside of the reactor 10 was cooled to about

-68 C with a GREeEHEb dmethexiden arenig eBassil dioxide gas bomb, 2.8 g of a high
purity carbon dioxidg,gas, the Bressys Wit sure reactor (manufactured

and sold by Thar Designs Inc., U.S.A.} equipped with a
valve were charged 1.48 g (5 mmol) of dibuthyltin di-
methoxide (manufactured and sold by Aldrich, U.S.A.),
1.6 g (50 mmol) of methancl (manufactured and sold by
10 Wako Pure Chemical Industries Ltd., Japan; a dehydrated
grade) and a SUS ball (which was for use in stirring
the contents of the reactor). The inside of the reac-
tor wag cooled to about -68 °C with a dry ice/ethancl
mixture. Then, from a carbon dioxide gas bomb, 2.0 g
15 of a high purity carbon dioxide gas, the pressure of
which was lowered to about 2 MPa by means of a pressure
regulator connected to the carbon dioxide gas bomb, was
gently introduced inteo the high pressure reactor.
Thereafter, the reactor was placed in an oil bath which
20 was maintained at 150 °C, and shaken for 15 hours. Af-
ter that periocd, the inside of the reactor was c¢coled
to about 20 °C, and the internal pressure of the reac-
tor was returned to atmospheric pressure by gently
purging an excess amount of the carbon dioxide gas,

25 thereby obtaining a reaction mixture. In the reaction



was lowered to about 2 MPa by means of a pressure regu- lator connected to the carbon
dioxide gas bomb, was 15 gently introduced into the high pressure reactor. Thereafter, the
reactor was placed in an oil bath which was maintained at 160 C, and shaken for 15 hours. Af-
ter that period, the inside of the reactor was cooled to about 20 C, and the internal pressure of
the reac 20 tor was returned to atmospheric pressure by gently purging an excess amount of
the carbon dioxide gas, thereby obtaining a whité 8[urry as a reaction mixture. In the reaction
mixture, dimethyl carbonate was ob- tained in a yield of 6 %. 25 Step (2): Isolation of dimethyl

carbonate 124 .To the whie slurry (contained ip the high pres, sure reactor) obtained.in step (1)
as acded 10" Rt i, (AL Tota R e B Ao fo et
transferred tox5@-ml eggplant-shaped flask. 5 The contents of the eggplant-shaped flask
were sub- jected to distillation under heating using an oil bath which was maintained at 90 C.
By the distillation, nftBRNARaNd Aimebgredbonaiawend zbcovetrbaniebvisgnbadridual liquid

in the flask. The yield of dimethyl 10 carbonate was 6 %. Step (3): Synthesis (regeneration) of
an organome-i&#/c‘ﬁﬂ\:pﬁijr% g/dded to tﬂle reactl/g:-n mfx(tzlreyotgtaféedg%n )

5 step (1) to thereby obtain a mixture having solids de-
pesited therein, and the mixture containing solids is
subjected to distillation

To the reaction mixture (contained in the reactor)
obtained in step (1) was added 2 ml of methanol con-

10 taining 10 % by weight of water, and the reactor was
shaken at room temperature {(about 20 ¢() for about 5
minutes. Then, the reactor was opened, and it was
found that the mixture in the reactor had turned into a
white slurry. The obtained white slurry was trans-

15 ferred to a 50-ml eggplant-shaped flask, and subjected
to distillation under heating. By the distillation,
methanol and dimethyl carbonate were recovered. The

yield of dimethyl carbonate was 29 %.

20 Example 8

{Production a metal methoxide from dibutyltin oxide and
methanol by azeotropic distillation of water)

2.5 g of dibutyltin oxide (manufactured and sold
by Aldrich, U.5.A.), 32.0 g of methanol (manufactured

25 and sold by Wako Pure Chemical Industries Ltd., Japan;



The residual liquid which remained in the flask after the recovery of dimethyl carbonate by
distilla- 15 tion performed in step (2) was transferred to a 100-ml three-necked flask equipped
with a liquid transferring pump and a Liebig condenser connected to a trap. Into the
three-necked flask were charged a stirrer, 30 ml of hexane and 30 ml of methanol. The
three-necked flask 20 was placed in an oil bath which was maintained at 80 C, and distillation
was performed under heating for 4 hours while stigeing the contents of the flask using the
stirrer. During the distillation, the amounts of hexane and methanol removed from the
three-necked flask 25 were measured, and fresh hexane and methanol were 125 charged into

the three-neckeBSRERTy FEaAEbiaRe FRRD ThrRfeRfgHting AN G FicA  ere, re-
spectively, th@éﬂnﬁgsﬁgﬁ@%@éts&%ﬁf@ﬁ anghJagtbang! renpovedsiigay thrge-necked

flask, so as to keep 5 constant the amounts of hexane and methanol’in thé three-necked flask.
After the distilatigreribedrside) ofviesthttrngeed Hesk avasngoeiad th BOeGC nartt&d@x- ane and
an excess amount of methanol were removed from the flask by reduced pressure distillation,

thereby ob 16 t&ifihgeavisenad, Wisdhaehi®udit. FrasbEsREAN IR S8bRcted to a
1195n-NMR 2nalypls- 1 I s> BOIMBALGY Qihg Qigired i RESKS YGIRe IF-
flask was placed in an oil bath which was maintained at
80 °C, and distillation was performed under heating for
4 hours while stirring the contents of the flask using
a stirrer. During the distillation, the amounts of

10 hexane and methanol removed from the three-necked flask
were measured, and fresh hexane and methanol were
charged into the three-necked flask by means of the
ligquid transferring pump, in amounts which were, re-
spectively, the same as the amounts of hexane and

15 methanol removed from the three-necked flask, so as to
keep constant the amounts of the hexane and methanol in
the three-necked flask. After the distillation, the
ingide of the three-necked flask was cooled to 30 °C,
and hexane and an excess amount of methanol were re-

20 moved from the flask by reduced pressure distillation,
thereby obtaining a viscous, transparent liquid. The
obtained liquid was subjected to a '°Sn-NMR analysis.
In the **’Sn-NMR chart of the obtained liquid, peaks
were, respectively, detected at -174 ppm and ~180 ppm.

25 Step {1): An operation in which methanol is added



spectively, detected at -174 ppm and -180 ppm. 15 Example 9 Step (1): Production of a
carbonic ester from dibutyltin dibutoxide and an alcohol Into a 10-m1 high pressure reactor
(manufactured and sold by Thar Designs Inc., U.S.A) equipped with a 20 valve were charged
1.48 g (4 mmol) of dibutyltin dibu toxide (manufactured and sold by Aldrich, U.S.A.), 2.22 ¢
(30 mmol) of butanol (manufactured and sold by Wako Pure Chemical Industries Ltd., Japan;
a dehydrated grade), 1.38 g (30 mmol) of ethand®@nanufactured and 25 sold by Wako Pure
Chemical Industries Ltd., Japan; a 126 dehydrated grade) and a SUS ball (which was for use

in stirring the sorieats abiRe epeian:Iha insidsior Jha reagigpwas spoled fpghout -68 C

with a dry ice/ethanol mixture. Then, from a Carbon dioxide gas 5 bomb, 2.0°g of a high purity
carbon dioxidgagdhenprlssuieebediteh wasdoweent mrabeuirtMRarbymehins-of a
pressure regulator connected to the carbon dioxide gas bomb, was gently introduced into the
high pressurédf%aﬁftﬁ'. Thereatfter, the reactor was placed in an oil 10 bath which was

maintained at 150 G, and shaken for,22 ,hours. After that period, tpe inside ci:f&r]}”%éeactor was

cooled to about 20 C| andtha mterna{’ll&lélsgﬁ:reesosfuﬁ?e feactorwas retumed to atmospheric
pressure by and sold by Thar Designs Inc., U.S.A.) equipped with a

valve were charged 0.66 g of the above-obtained liquid
{containing an organometal compound), 1.6 g of methanol
and a SUS316 ball (which was for use in stirring the
contents in the reactor). The inside of the reactor

10 was cooled to about -68 °C with a dry ice/ethanocl mix-
ture. Then, from a carbon dioxide gas bomb, 2.8 g of a
high purity carbon dioxide gas, the pressure of which
was lowered to about 2 MPa by means of a pressure regu-
lator connected to the carbon dioxide gas bomb, was

15 gently introduced into the high preasure reactor.
Thereafter, the reactor was placed in an oil bath which
was maintained at 160 °C, and shaken for 15 hours. Af-
ter that period, the inside of the reactor was cooled
to about 20 °C, and the internal pressure of the reac-

20 tor was returned to atmospheric pressure by gently
purging an excess amount of the carbon dioxide gas,
thereby obtaining a white slurry as a reaction mixture.
In the reaction mixture, dimethyl carbonate was ob-
tained in a yield of 6 %.

25 Step (2): Isolation of dimethyl carbonate



gently purging an excess amount of the carbon dioxide 25 gas, thereby obtaining a transparent
reaction mixture. In the reaction mixture, ethylbutyl carbonate, dibutyl carbonate and diethyl
carbonate were obtained in yields of 25 %, 10 % and 6 %, respectively. Step (2): Recovering
of carbonic esters by distil- 20 lation from the reaction mixture obtained in step (1) The
reaction mixture obtained in step (1) was transferred to a 50-m1 eggplant-shaped flask, and
sub- jected to distillation under reduced pressurez By the distillation, ethanol, butanol and
carbonic esters were 25 recovered. With respect to the yields of the recovered 127 carbonic
esters, ethylbutyl carbonate, dibutyl carbon- ate and diethyl| carbonate were obtained in yields -

of 23 %, 8 % and 5 rEBSe RS FEREAHIS I8 ERHRET AR opBRddHIR WKER methanol is
added to a vigepus,fanspareniiiqud {containing &0 o papelelaleanpeurd) which is

obtained in substantially the same manner as in Example 8, and a reaction is per 10 formed in
the presencensd tehlaigh JpreShea catlhen desuldagas intothE USIHG beasactorfeslume: 8
ml; outer diameter: 12.7 mm; wall thickness: 2.1 mm) equipped with a SUS316 conduit and a
vawe\NemadﬂQEQH]Wf@(Hranaferred to a 50-ml eggplant-shaped flask.
5 The contents of the eggplant-shaped flask were sub-
jected to distillation under heating using an oil bath
which was maintained at 90 °C. By the distillation,
methanol and dimethyl carbonate were recovered, leaving
a residual liquid in the flask. The yield of dimethyl
10 carbonate was 6 %.
Step (3): Synthesis (regeneration) of an crganome-
tal compound
The residual ligquid which remained in the flask
after the recovery of dimethyl carbonate by distilla-
15 tion performed in step (2) was transferred to a 100-ml
three-necked flask equipped with a liquid transferring
pump ané a Liebig‘condenser connected to a trap. Into
the three-necked flask were charged a stirrer, 30 ml of
hexane and 30 ml of methanol. The three-necked flask
20 wag placed in an o0il bath which was maintained at 80 °C,
and distillation was performed under heating for 4
hours while stirring the contents of the flask using
the stirrer. During the distillation, the amounts of
hexane and methanol removed from the three-necked flask

25 were measured, and fresh hexane and methancl were



15 a viscous, transparent liquid (containing an organome- tal compound) which was obtained
in substantially the same manner as in Example 8, 2.6 g of methanol and a SUS316 ball
(which was for use in stirring the contents of the reactor). The inside of the reactor was cooled
20 to about -68 'C with a dry ice/ethanol mixture. Then, from a carbon dioxide gas bomb, 2.8 g
of a high purity carbon dioxide gas, the pressure of which was lowered to about 2 MPa by
means of a pressure regulator con- nected to thel@bon dioxide gas bomb, was gently in 25
troduced into the tube reactor. Thereafter, the reac 128 tor was placed in an oil bath which

was maintalngﬂaag €£%O§ %nd gﬁak for 12 th? %Agt_pé éﬂa&\%erlod Itllge s@ﬁ of the reactor
t

was cooled to 20 e’in- terna pressure of the Teactor was returned to atmos 5 pheric

pressure by geiiyiRlrgirgraE exeassapans| of ihamatpen digridmoasberaly-obtaining a
white slurry as a reaction mixture. In the reaction mixture, dimethyl carbonate was obtained in
a yield of abc?R8Tei vE) Exairipte ﬂr@r@@cﬁhﬁl emavBkifrindexeaepaidd having a hexy-

loxy group from dn é%n oxide ag lf hexa Into ag%%rg plant-shaped fllz{isk equipped
with a condenssra DEAR-Gt ﬁgﬂﬁ c%afr‘&g Jé ?.g bf%ﬁ)ﬁ)ﬁtlﬁ oxXI
(magufacturegkand 89l BH8l KR unt s of hexane and methanol in the
three-necked flask. After the distillation, the inside
of the three-necked flask was coocled to 30 °C, and hex-
ane and an excess amount of methanol were removed from
the flask by reduced pressure distillation, thereby ob-
10 taining a viscous, transparent ligquid. The obtained
liquid was subjected to a '°Sn-NMR analysis. In the
*193n-NMR chart of the obtained ligquid, peaks were, re-

spectively, detected at -174 ppm and -180 ppm.

1is Example 9

Step (1): Production of a carbonic ester from
dibutyltin dibutoxide and an alcochol

Into a 10-ml high pressure reactor (manufactured
and sold by Thar Designs Inc., U.S.A) equipped with a

20 valve were charged 1.48 g (4 mmol} of dibutyltin dibu-

toxide (manufactured and sold by Aldrich, U.S.A.), 2.22
g (30 mmol) of butanol {manufactured and sold by Wako
Pure Chemical Industries Ltd., Japan; a dehydrated
grade), 1.38 g (30 mmol) of ethanol (manufactured and

25 sold by Wako Pure Chemical Industries Ltd., Japan; a



U.S.A.), 40.9 g of n-hexanol (manufactured and sold by Wako Pure Chemical Industries, Ltd.,
Japan; a reagent grade) and 150 ml of toluene (manufactured and sold by Wako Pure
Chemical Industries, Ltd., Japan; a reagent 20 grade). The flask was placed in an oil bath
which was maintained at 120 C, and the contents of the flask were refluxed under heating for
12 hours while stirring. After that period, the inside of the flask was cooled to 80 C, and an
excess amount of n-hexanol was removed 25 froqptie reactor by reduced pressure distillation,
129 thereby obtaining a liquid containing 75.1 g of an or- ganometal compound.
Subsequently, the gbtained liquid was subjected to a 119Sn-NMR ana%sis. In the

119Sn-NMR_2RIHGF e g G 4 e A G Rt Tor (uRd A 14125 c SR 0UATR Jfrformulai(l)i

was detected gt ;130 pgm a0 d.peaks asciped g the graangmetalcompgypd of formula (2)
were, respectively, detécted at -177 ppm and -186 ppm. Step (1): Production of dihexyl

carbonate froghan rk etganoragiateeng@und ansbhexasd whileidrodiiciig car- bon dioxide
gas having an atmospheric pressure Into a two-necked flask equipped with a condenser was

inserted an infe&BiOREHBEMiBH RaHTONNEBRT: tHeW & FA3PBRI fherds® @fhufactured
and gold 15 by \ifrex,Cg- -t JgPARl Winel ¢ 3 WIS WP YU1oxide gas, the

preagsure of which was lowered to about 2 MPa by means
of a pressure regulator connected to the carbon dioxide
gas bomb, was gently introduced into the high pressure
reactor. Thereafter, the reactor was placed in an oil

10 bath which was maintained at 150 °C, and shaken for 22
hours. After that period, the inside of the reactor
was cooled to about 20 °C, and the internal pressure of
the reactor was returned to atmospheric pressure by
gently purging an excess amount of the carbon dioxide

i5 gag, thereby obtaining a transparent reaction mixture.
In the reaction mixture, ethylbutyl carbonate, dibutyl
carbonate and diethyl carbonate were obtained in yields
of 25 %, 10 % and 6§ %, respectively.

Step (2): Recovering of carbonic esters by distil-
20 lation from the reaction mixture obtained in step (1)
The reaction mixture obtained in step (1) was

transferred to a 50-ml eggplant-shaped flask, and sub-
jected to distillation under reduced pressure. By the
digtillation, ethanol, butanol and carbonic esters were

25 recovered. With respect to the yields of the recovered



placed in the flask. Into the two-necked flask were charged 0.75 g of the above-obtained liquid
(containing an organometal compound) and 41 g of n-hexanol. Then, introduction of a high
purity carbon dioxide gas into 20 the flask through the injection tube was started at a flow rate
of 100 ml/min. The flask was heated using an oil bath (which was maintained at 130 C) while
stir- ring the contents of the flask and introducing a high purity carbon dioxide gas into the
flask, thereby pro 25 ducing dihexyl carbonate. 28& hours after the start of 130 the heating of
the flask, the yield of dihexyl carbon- ate was 40 %. Example 12 5 (Production of a metal

cyclohexyloxide from dibutyltin oxide an clogexan | by azeotropic distillation of water) Into
a 500-ml eggﬁ%ﬂg’%ﬂéﬁea ¥E§§%’quﬁ§§@§§/ﬁﬁy c%ﬁﬁ%ﬁg&tgnd g%’é%ﬁ’- tSRAPSD were
charged 5.1 g,of. 1grdibutyligide {ppunieniurd-andisold Ruddrich, 14538 )080.1 g of
cyclohexanol (manufactured and sold by Wako Pure Chemical Industries, Ltd., Japan; a re-
agent grade) 2nd¥30@B i ohteluend (maaafsstariedediyd sold by Wako Pure Chemical
Industries, Ltd., Japan; a 15 reagent grade). The flask was placed in an oil bath which was
maintained at 130 C, and the contents of the

5 Example 10
Step (1): An operation in which methanol is added

to a viscous, transparent liquid {(containing an or-
ganometal compound) which is obtained in substantially
the gpame manner as in Example 8, and a reaction is per-
10 formed in the presence of a high pressure carbon diox-
ide gas
Into a SUS316 tube reactor (volume: 8 ml; outer
‘diameter: 12.7 mm; wall thickness: 2.1 mm) equipped
| with a SUS316 conduit and a valve were charged 1.1 g of
15 a viscous, transparent liquid (containing an organome-
tal compound) which was obtained in substantially the
same manner as in Example 8, 2.6 g of methanol and a
SUS316 ball (which was for use in stirring the contents
of the reactor). The inside of the reactor was cooled
20 to about -68 °C with a dry ice/ethanol mixture. Then,
from a carbon dioxide gas bomb, 2.8 g of a high purity
carbon dioxide gas, the pressure of which was lowered
to about 2 MPa by means of a pressure regulator con-
nected to the carbon dioxide gas bomb, was gently in-

25 troduced into the tube reactor. Thereafter, the reac-



flask were refluxed under heating for 12 hours while stirring. After that period, the inside of the
flask was cooled to 80 C. An excess amount of cyclohexanol 20 was removed from the flask
by reduced pressure distil- lation, thereby obtaining a liquid containing 15.2 g of an
organometal compound. Subsequently, the obtained liquid was subjected to a 119Sn-NMR
analysis. In the 119Sn-NMR chart of the liquid, peaks ascribed to the or 25 ganometal
compound of formula (2) were, respectively, 131 jdgtected at -176 ppm and -190 ppm. Step
(1): Production of dicyclohexyl carbonate, in which cyclohexanol is added to the )
above-obtained lig- uid, and a reaction is performed in the presence of a 5 high pressure -
carbon dioxided§ad'ifo BISWed16nuBE reddtoPpFdiuniet SmvasitBR HASRF4127 mm; wall

thickness: 2. equipped, with a QUS onduit a valve were charged Q.86 g of the
above-obtainjé iq)ﬁi’d c%gn aﬁlrilr?(_:i]{ ah éagnggge%aﬁéoyggﬁﬁd,%agg 5F (]::)}c(?o 'e%aén%l and a

SUS316 ball imdich-was fehusednstishoihe wiarg dfdhe deoagtoahd henasige-of the
reactor was cooled to about -68 C with a dry ice/ethanol mixture. Then, from a carbon dioxide

gas bomb, 2.6¢roEd hifrepsiyeapbot 16 dieadecgasvake préssmned i vwhialkWas-lowered to

abogt 2 MPa by means of a pressure re%uli\tor connected to the
phreric pressure by gently purging an excess amount of

the carbon dioxide gas, thereby obtaining a white
slurry as a reaction mixture. In the reaction mixture,

dimethyl carbonate was obtained in a yield of about 5 %.

10 Example 11

{Production of an organometal compound having a hexy-
loxy group from dibutyltin oxide and n-hexanol) |
Into a 300-ml eggplant-shaped flask eguipped with
a condensger and a Dean-8tark trap were charged 24.9 g
15 of dibutyltin oxide (manufactured and sold by Aldrich,
U.S.A.), 40.9 g of n-hexanol (manufactured and sold by
Wako Pure Chemical Industries, Ltd., Japan; a reagent
grade) and 150 ml of toluene (manufactured and sold by
Wako Pure Chemical Industries, Ltd., Japan; a reagent
20 grade). The flask was placed in an oil bath which was
maintained at 120 °C, and the contents of the flask
were refluxed under heating for 12 hours while stirring.
After that period, the inside of the flask was coocled
to 8¢ °C, and an excess amount of n-hexanol was removed

25 from the reactor by reduced preasure distillation,



carbon dioxide gas bomb, was gently introduced into the reactor. The reactor was placed in
an oil bath which was maintained at 130 C, and shaken for 14 hours. Af 20 ter that period, the
inside of the reactor was cooled to 20 C, and the internal pressure of the reactor was returned
to atmospheric pressure by gently purging an excess amount of the carbon dioxide gas,
thereby ob- taining a transparent reaction mixture. The obtained 25 transparent reaction
mixture was analyzed. As a result, 132 it was fodfPthat dicyclohexyl carbonate was obtained
in a yield of 40 %. Example 13 5 Production of methylethyl carbonate Step (1): Production of

methylethyl C@M%f%ﬂa@ﬁfﬂw aetiqrae&*w%@m%gi%dq ggso@eg;pral -and

ethanol Into a 10-m1 high pressure reactor (manufactured 10 and sold by Thar Designs Inc.,

U.S.A)) equippadomitt al valepeenedchasgdd8fagrib Iymothed tibdatmisdralteginbdide
(manufactured and sold by AZmax. co;, JJapan), about 0.9 g (30 mmol) o[lryethanol
(manufacturé® anBUI§ By $9aks Pre (ﬁib‘lﬁ?@%l RRRAYRES |t uddeh; 1558 5 drated

grade),‘ abougjrgf (%95 gl) ff etr}_a ola‘(maer‘,;1 fagtuirje:g agﬁ stolq bl\{englgg a%lgge%gﬁmica'
Industries, Ltd., fgpan;?gehydlrg%le gradet)) ar?l&a Ba (Wﬂlc%
5 compound of formula (1) was detected at -130 ppm, and
peaks ascribed to the organometal compound of formula
(2) were, respectively, detected at -177 ppm and -186
ppm.
Step (1): Production of dihexyl carbonate from an
10 organometal compound and hexanol while introducing car-
bon dioxide gas having an atmospheric pressure |
Into a two-necked flask equipped with a condenser
wasg insertéd an injection tube which had connected
thereto a glass ball filter (G2) (manufactured and sold
15 by Vidrex Co., Ltd., Japan). Further, a stirrer was
placed in the flask. Into the two-necked flask were
charged 0.75 g of the above-obtained liquid {containing
an organometal compound) and 41 g of n-hexanol. Then,
introduction of a high purity carbon dioxide gas into
20 the flask through the injection tube was started at a
flow rate of 100 ml/min. The flask was heated using an
0il bath (which was maintained at 130 °C) while stir-
ring the contents of the flask and introducing a high
purity carbon dioxide gas into the flask, thereby pro-

25 ducing dihexyl carbonate. 288 hours after the start of



was for use in stirring the contents of the reactor). The inside of the reactor was cooled to
about -68 20 C with a dry ice/ethanol mixture. Then, from a carbon dioxide gas bomb, 2.0 g of
a high purity carbon dioxide gas, the pressure of which was lowered to about 2 MPa by
means of a pressure regulator connected to the car- bon dioxide gas bomb, was gently
introduced into the 25 autoclave. The reactor was placed in an oil bath which 133 was
maintained at 150 C, and shaken for 15 hours. Ajtgr that period, the inside of the reactor was
cooled to about 20 C, and the internal pressure of the reac- tor was returned to atmospheric
pressure by gently 5 purging an excess amount of the carbon dioxide gas, thereby obtaining a

white slurry asherdirabingidfetnn thedeketichanivdfe Snefhyldh eIy bBARRSH- methyl
carbonate angt@ewggc%)oggte were obtained in yields of 25 %, 3 % and 4 %, respectively.

10 Step (2); Isolation of carbonic esters The above-obtained slurry was transferred into a
50-m1 eggplant-shaped flask, and subjected to a reduced pressure distillation at 30 C. By the
distillation, carbonic esters were recovered. With respect to the 15 yields of the recovered
carbonic estéi¥ampheyldhyl carbonate, dimethyl carbonate and diethyl carbonate were
obtained in yigids af 23 28,2 3¢ 209 & ¥y 180T ohexyloxide from dibutyltin
oxide and cyclohexanol by azeotropic distillation of
water)
Into a 500-ml eggplant-shaped flask equipped with
a condenser and a Dean-Stark trap were charged 5.1 g of
10 dibutyltin oxide (manufactured and scld by Aldrich,
U.S.A.}, 80.1 g of cyclohexanocl {(manufactured and sold
by Wako Pure Chemical Industries, Ltd., Japan; a re-
agent grade) and 300 ml of toluene {(manufactured and
sold by Wako Pure Chemical Industries, Ltd., Japan; a
15 reagent grade). The flask was placed in an oil bath
which was maintained at 130 °C, and the contents of the
flask were refluxed under heating for 12 hours while
stirring. After that period, the inside of the flask
was cooled to 80 °C. An excess amount of cyclohexancl
20 was removed from the flask by reduced pressure distil-
lation, thereby obtaining a liquid containing 15.2 g of
an organometal compound. Subsequently, the obtained
liquid wae subjected to a °3n-NMR analysis. In the
11%3n-NMR chart of the liquid, peaks ascribed to the or-

25 ganometal compound of formula (2) were, respectively,



tively. 20 Comparative Example In this Comparative Example, production of di- methyl
carbonate from dibutyltin oxide (which does not have a metal-oxygen-carbon linkage),
methanol and car- bon dioxide gas was attempted as described below. 25 There was provided
a 200-m1 autoclave (manufac 134 tured and sold by Toyo Koatsu Co., Ltd., Japan) which
had connected thereto a line for introducing a liquid carbonic acid and carbon dioxide gas, a
distillate withdrawal line, a sampling tube and a li&Lfor intro 5 ducing nitrogen gas into the
bottom of the autoclave. Into the 200-m1 autoclave were charged 15.0 g (60 mmol) of

dibutyltin oxidg, anufgc ed gl %% bgﬁﬁdr_i(ig ERA) and 48.1 g (1.5 mol) of methanol.

All valves Were%%osed. Then, ?rgm a carbon dioxu?e s bomb, 10 carbon dioxide gas, the
pressure of which wesdewened: tebPechymennsddic plesssks 1egidataseorasctad to the
carbon dioxide gas bomb, was introduced into the autoclave. Stirring of the contents of the
autoclave wadidghetygaghisxaneial sempdrsiuteothe aleves shiveiseselidted to 160

C. Aliquid calrlb(aﬁic arclzi was gradually jntroduced th%\%u%h a fﬁed line into theogugoclave SO as
to adjust the mferha?pres%ufee of e AutSt BV 18 205¢P PTﬁeﬁ, BY&5&ILwas performed

5 high pressure carbon dioxide gas
Into a 8US316 tube reactor (volume: 8 ml; outer

diameter: 12.7 mm; wall thickness: 2.1 mm} equipped
with a SUS316 conduit and a valve were charged 0.86 g
of the above-cbtained liquid containing an organcmetal

10 compound, 1.0 g ¢f cyclohexanol and a SUS316 ball
(which was for use in stirring the contents of the re-
actor). The inside of the reactor was cocoled to about
-68 °C with a dry ice/ethancol mixture. Then, from a
carbon dioxide gas bomb, 2.0 g of a high purity carbon

15 dioxide gas, the pressure of which was lowered to about
2 MPa by means cf a pressure regulator connected to the
carbon dioxide gas bomb, was gently introduced into the
reactor. The reactor was placed in an oil bath which
was maintained at 130 °C, and shaken for 14 hours. Af-

20 ter that period, the inside of the reactor was cooled
to 20 °C, and the internal pressure of the reactor was
returned to atmospheric pressure by gently purging an
excess amount of the carbon dioxide gas, thereby ob-
taining a transparent reaction mixture. The obtained

25 trangparent reaction mixture was analyzed. As a result,



for 16 hours while maintaining the internal pressure of 20 the autoclave at 22 MPa. After that
period, the inside of the autoclave was cooled to about 30 C, followed by purging of the
carbon dioxide gas, thereby obtaining a white slurry as a reaction mixture. The obtained reac-
tion mixture was analyzed by gas chromatography (GC). 25 In the analysis by GC, no dimethyl
carbonate was de 135 tected in the reaction mixture. 136 INDUSTRIAL APPLICABILITY By
the method of the present invention, a carbonic esigr can be produced in high yield from an
organometal compound having a metal-oxygen-carbon linkage and car 5 bon dioxide. Itis
advantageous that carbon dioxide has no toxicity and no corrosiveness and is inexpensive. -
Further, the m&tHtRFofiREM e SEALNGd AT RhsdYan-4a5bene het BAR iRttaifebrganometal
compound aftgf gsgj_%_@s MethgdLan be regenerated and recycled to 10 step (1) of the
method, thereby préventing occurrence of wastes derived from the organometal compound,
but also in that 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. 15 Therefore, the
method of th&XeaRk# idention is com- mercially very useful and has high commercial value.

5 Production of methylethyl carbonate
Step (1): Production of methylethyl carbonate from
titanium tetramethoxide, carbon dioxide gas, methanol
and ethanol
Into a 10-ml high pressure reactor (manufactured
10 and sold by Thar Designs Inc., U.S.A.) equipped with a
valve were charged 0.9 g {5 mmol) of titanium
tetramethoxide (manufactured and sold by AZmax. co.,
Japan), about 0.2 g (30 mmol} of methanol (manufactured
and sold by Wako Pure Chemical Industries, Ltd., Japan;
18 a dehydrated grade), about 1.4 g (30 mmol) of ethanol
(manufactured and sold by Wakec Pure Chemical Industries,
Ltd., Japan; a dehydrated grade) and a SUS ball (which
was for use in stirring the contents of the reactor).
The inside of the reactor was cooled to about -68
20 °C with a dry ice/ethanol mixture. Then, from a carbon
dioxide gas bomb, 2.0 g of a high purity carbon dioxide
gas, the pressure of which was lowered to about 2 MPa
by means of a pressure regulator connected to the car-
bon dioxide gas bomb, was gently introduced into the

25 autoclave. The reactor was placed in an oil bath which



137 CLAIMS 1. A method for producing a carbonic ester, compris ing: 5 (1) performing a
reaction between an organometal compound having a metal-oxygen-carbon linkage and car-
bon dioxide to obtain a reaction mixture containing a carbonic ester formed by the reaction, (2)
separating said carbonic ester from said reac- 10 tion mixture to obtain a residual liquid, and
(3) reacting said residual liquid with a first al- cohol to form at least one organometal
compound having a metal-oxygen-carbon linkagéhd form water and remov- ing said water
from said at least one organometal com 15 pound, wherein said at least one organometal

compound oGRiNGLIIEREhIS OPUETAR 01 ESYEIRREICYlD SIER )2 Thedmethod

according to claim 1, wherein, in step (1),.said organometal compound Is used in an
amount whiches 1#3ato péimiethe stachimmbfiec amhotiné relaatteto tasamoubedf said
carbon dioxide. 3. The method according to claim 2, wherein said re- 25 action in step (1) is
performed at 20 @RpWsord0 138, 4arhethietHot e dipresauns 10 HeheinZRad or-

ganometal cqrapoynd used i leR () ComRlISSRA{e Y ressure by gently

5 purging an excess amount of the carbon dioxide gas,
thereby obtaining a white slurry as a reaction mixture.
In the reaction mixture, methylethyl carbonate, di-
methyl carbonate and diethyl carbonate were obtained in
yields of 25 %, 3 % and 4 %, respectively.

10 Step (2): Isoclation of carbonic esters

The above-obtained slurry was transferred into a

50-ml eggplant-shaped flask, and subjected to a reduced
pressure distillation at 30 °C. By the distillation,
carbonic esters were recovered. With respect to the

15 yields of the recovered carbonic esters, methylethyl
carbonate, dimethyl carbonate and diethyl carbonate
were obtained in vyields of 23 %, 2 % and 3 %, respec-

tively.

20 Comparative Example

In this Comparative Example, production of di-
methyl carbonate from dibutyltin oxide (which does not
have a metal-oxygen-carbon linkage), methanol and car-
bon diocxide gas was attempted as described below.

25 There was provided a 200-ml autoclave (manufac-



one compound selected from the group consisting of: 5 an organometal compound
represented by the formula (1) : {OR4)d Rla MI-(OR3)c (1) 12 b wherein: 10 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 R1 and R2 independently represents a 15
straight chain or branched C1-C12 alkyl group, a C5-C12 cycloalkyl group, a straight chain or
branched C2-C12 alkenyl group, a C7-C20 aralkylzgroup comprised of unsubstituted or
substituted C6-C19 aryl and alkyl selected from the group 20 consisting of straight chain or
branched C1-C14 139 alkyl and C5-C14 cycloalkyl, or an unsubstituted or substituted C6-C20
aryl group; eddFEAR3IMLFRAGh PSRN KR bR Rs a Shdight SABAFGr MhEhed C1-C12

alkyl group, a1’1§dC ébq&?e8¥(é8a¥§{!gg-@é’g ! Q S.I.tgq{ghtf%qaigr%roducing a liguid
carbonic acid and carbon dioxide gas, a distillate
withdrawal line, a sampling tube and a line for intro-
5 ducing nitrogen gas into the bottom of the autoclave.
Into the 200-ml autoclave were charged 15.0 g (60 mmol)
of dibutyltin oxide (manufactured and scld by Aldrich,
U.8.A.) and 48.1 g (1.5 mol) of methanol. All valves
were cloged. Then, from a carbon dioxide gas bomb,

10 carbon dioxide gas, the pressure of which was lowered
to 5 MPa by means of a pressure regulator connected to
the carbon dioxide gas bomb, was introduced into the
autoclave. Stirring of the contents of the autoclave
was started, and the internal temperature of the auto-

15 clave was elevated to 160 °C. A liquid carbonic acid
was gradually introduced through a feed line into the
autoclave so as to adjust the internal pressure of the
autoclave to 22 MPa. Then, a reaction was performed
for 16 hours while maintaining the internal pressure of

20 the autoclave at 22 MPa. After that period, the inside
of the autoclave was cooled to about 30 °C, followed by
purging of the carbon dioxide gas, thereby obtaining a
white slurry aes a reaction mixture. The obtained reac-
tion mixture was analyzed by gas chromatography (GC).

25 In the analysis by GC, no dimethyl carbonate was de-



branched C2-C12 alkenyl group, or a C7-C20 aralkyl group comprised of unsubstituted or
substituted C6-C19 aryl and alkyl selected from the group consisting of straight chain or
branched C1-C14 10 alkyl and C5-C14 cycloalkyl; and each of a and b is an integer of from 0
to2,a +b=0to 2, each of c and d is an integer of from O to 4, and a+b+c+d=4; and an
organometal compound represented by the formula 15 (2): (OR 9 ); R8 h Rse 12-0-13-R7 9
(2) RDbf 410 wherein: each of MZ and M3 indepédridently represents a 20 metal atom selected
from the group consisting of elements belonging to Groups 4 and 14 of the Pe 140 riodic
Table, exclus'i;ve f sjlicon; each of R5,.R6, R7 and R8 independently repre- sents a straight
chain or brancﬁ(e:g%al-ﬂZta Eylrﬁ%:upf%ncg}é Bxé?/éloalkyl group, a straight chain 5 or
branched C2-C12 alkenyl group, a C7-C20 aralkyl group comprised of unsubstituted or
substituted C6-C19 aryl and alkyl selected from the group



consisting of straight chain or branched C1-C14 alkyl and C5-C14 cycloalkyl, or an
unsubstituted 10 or substituted C6-C20 aryl group; each of R9 and R10 independently
represents a straight chain or branched C1-C12 alkyl group, a C5-C12 cycloalkyl group, a
straight chain or branched C2-C12 alkenyl group, or a C7-C20 aralkyl 15 group comprised of
unsubstituted or substituted C6-C19 aryl and alkyl selected from the group consisting of
straight chain or branched C1-C14 alkyl and C5-lg! cycloalkyl; ande +if=0to2,g+h=0
to 2, each ofiand | 20 is independently an integer of from 1to 3, e + f +i= 3, andg+h+j =3. 5.
The method according to claim 1, Whereln sald re- actlon in step (1) is performed in the
presence of a 25 second alcohol whi SrHiftdreht from 141 said first alcoho
used in step (3). 6. Fhe Qm%th.ﬂaga?&&r%géﬂ&'qa%ﬁewbeméapléﬁpaaatwm@ carbonic
ester in step (2) is per- 5 formed in the presence of a third alcohol which is the same as or
different fromessie firsisactzolpisedhio egtepn( Jpighl ke @lrihddaraecarding ¢t@antamath Wwherein

said 10 separation of said carbonic ester in step (2) is per-
compound having a metal-oxygen-carbon linkage and car-

5 bon dioxide. It is advantageous that carbon dioxide
has no toxicity and no corrosiveness and is inexpensive.
Further, the method of the present invention is advan-
tageous not only in that the organometal compound after
uge in this method can be regenerated and recycled to

10 step (1) of the method, thereby preventing occurrence
of wastes derived from the organometal compound, but
alsco in that 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.

15 Therefore, the method of the present invention is com-

mercially very useful and has high commercial value.



formed by at least one separation method selected from the group consisting of distillation,
extraction and filtration. 15 8. The method according to claim 1, wherein said re- moval of said
water in step (3) is performed by mem- brane separation. 9. The method according to claim 8,
wherein said mem- 20 bran separation is pervaporation. 10. The method according to claim 1,
wherein said re- moval of said water in step (3) is performed by distil- lation. 25 142 11. The
method according to claim 1, wherein said first alcdghol used in step (3) is at least one alcohol
selected from the group consisting of an alkyl alcohol having a straight chain or branched
C1-C12 alkyl group, 5 a cycloalkyl alcohol ha\@%@%;-cm cycloalkyl group, an alkenyl

alcohol having a straight chain or branched CZ= lkenyl group, and an aralkyl alcohol
having a C7-C20 aralkyl group comprised of unsubstituted or sub- stituted C6-C19 aryl and
alkyl selected from the group 10 consisting of straight chain or branched C1-C14 alkyl and
C5-C14 cyclohikyl. £2 mEtdadbtificd aprodiveg g chirarbanisrefetgsh of &ait akkyl alcohol,
said cycloalkyl alcohol, said al-
ing:
5 (1) performing a reaction between an organometal
compound having a metal-oxygen-carbon linkage and car-
bon dioxide to obtain a reaction mixture containing a
carbonic ester formed by the reaction,
(2) separating said carbonic ester from said reac-
10 tion mixture to obtain a residual ligquid, and
(3) reacting said residual liquid with a first al-
cohol to form at least one organometal compound having
a metal -oxygen-carbon linkage and form water and remov-
ing said water from said at least one organometal com-

15 pound, wherein said at least one organometal compound

obtained in step (3) is recovered for recycle thereof

to step (1).
2. The method according to claim 1, wherein, in step
20 (1), said organometal compound ig used in an amount

which ie 1/50 to 1 time the stoichiometric amount rela-

tive to the amount of said carbon dioxide.

3. The method according to ¢laim 2, whereiln said re-

25 action in step (1) is performed at 20 °C or more.



15 kenyl alcohol and said aralkyl alcohol has a boiling point which is higher than the boiling
point of water. 13. The method according to claim 12, wherein said al- kyl alcohol comprises
at least one member selected from 20 the group consisting of n-butyl alcohol, isobutyl alco- hol
and an alkyl alcohol having a straight chain or branched C5-C12 alkyl group, and said alkenyl
alcohol has a straight chain or branched C4-C12 alkenyl group. 25 14. The method according
to claim 4, wherein each of 143 R3 and R4 in forpaya (1) and R9 and R10 in formula (2)
independently represents an n-butyl group, an isobutyl group, a straight chain or branched
C5-C12 alkyl group, or a straight chain or branched C4-C12 alkenyl group. 5 15. The method -
according to claim 4 or 14, wherein, in step (1), said organometal compound is used in at
least one form selegied from the group cansisting of a_monopmeric form, ap_aligomeric form, a
polymeric forr4n' 10 gnﬁtf aﬁergs%%%ia?gfo ?&%11.%. ec%%%ﬁo?acgglr%ﬁ?gl% 53%9405_14,
wherein each£hdiletafDresimbolirind:Meaang Mt Bpformplatiptapeseats aiagtom. 15 17.

The method according to any one of claims 1 to 16, which further comprises, after step (3), a
step (4) in one compound selected from the group consisting of:

5 an organometal compound represented by the formula
(1) :
4
(OR")q
R';—M'—(OR’)
sz (1)
wherein:
10 Mt repregentse a metal atom selected from the

group consisting of elements belonging to Groups
4 and 14 of the Periocdic Table, exclusive of
silicon;
each of R' and R? independently represents a
15 straight chain or branched C;-Ci3 alkyl group, a
C5~Cqy2 cycloalkyl group, a straight chain or
branched C5-Cy2 alkenyl group, aCy-Cpp aralkyl
group comprigsed of unsubstituted oxr substituted
Cg-Ci19 aryl and alkyl selected from the group

20 congisting of straight chain or branched C;-Cig4



which said at least one organometal compound recovered in step (3) is recycled to step (1),
followed by re 20 peating of a sequence of steps (1) to (4) one or more times. 18. The method
according to claim 17, wherein said or- ganometal compound used in step (1) is produced from
an 25 organotin oxide and an alcohol.

139

alkyl and Cy-Cj14 cycloalkyl, or an unsubstituted
or substituted Cg-Cyg aryl group;
each of R® and R* independently represents a
straight chain or branched C;-C;p alkyl group, a
5 Cg-C12 cycleoalkyl group, a straight chain or
branched C;-Cy5 alkenyl group, or aCy-Cyqg aralkyl
group comprised of unsubstituted or substituted
Cg-C1g9 aryl and alkyl selected from the group
congisting of straight chain or branched C;-Ci4
10 alkyl and Cg-Cy4 cycloalkyl; and
each of a and b is an integer of from 0 to 2, a
+ b =0 to 2, each of ¢ and d is an integer of
from ¢ to 4, and a + b + ¢ + d = 4; and

an organometal compound represented by the formula

15 (2):
2 8
((I)R i R
R’ —M—0—M’—R/, (2)
6 10
R’ (OR™);
wherein:
each of M° and M° independently represents a
20 metal atom selected from the group consisting of

elements belonging to Groups 4 and 14 of the Pe-
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riocdiec Table, exclusive of ailicon;

6, R’ and RrR® independently repre-

each of R°, R
sents a stéaight chain or branched C;-Ci3 alkyl
group, a Cg-Cq15 cycloalkyl group, a straight chain
or branched C3-C1; alkenyl group, aCy-Cpg aralkyl

group comprised of unsubstituted or substituted

Cg-Ci19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cqg4
alkyl and Cg-~Cj4 cycloalkyl, or an unsubstituted
or substituted Cg-Cyp aryl group;

each of R? and r'® independently represente a
gtraight chain or branched C1-Cjs alkyl group, a
Cg-C12 cycloalkyl group, a straight chain or
branched C;-Cq5 alkenyl group, or aCy-Cyqg aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
congisting of straight chain or branched C;-Cqyg
alkyl and Cg-C14 cycloalkyl; and

e+ £f=0¢to2, g+ h=20to 2, each of i and j
is independently an integer of from 1 to 3, e + f

+1 =3, andg + h + 3 = 3.

The metheod according to claim 1, wherein said re-

action in step (1) is performed in the presence of a

second alcohol which iz the same as or different from
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20
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gsaid first alcohol used in step (3).

6. The method according to claim 1, wherein said
separation of said carbonic ester in step (2) is per-
formed in the presence of a third alcohol which is the
same as or different from said first alcohol used in

atep (3).

7. The method according to claim 1, wherein said
separation of said carbonic eater in step (2) is per-
formed by at least one separation method selected from
the group consisting of distillation, extraction and

filtration.

8. The method according to claim 1, wherein said re-
moval of said water in step (3) is performed by mem-

brane separation.

9. The method according to claim 8, wherein said mem-

brane separation is pervaporation.

1¢. The method according to claim 1, wherein said re-
moval of said water in step (3) is performed by distil-

lation.
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11. The method according to claim 1, wherein said
Eirst alcohcl used in step (3) is at least one alcohol
selected from the group consisting of an alkyl alcohol
having a straight chain or branched C;-C3; alkyl group,
a cycloalkyl alcchol having a Cg-C1p cycloalkyl group,
an alkenyl alcohol having a straight chain or branched
C3-Cy15 alkenyl group, and an aralkyl alcohol having a
C7-Cop aralkyl group comprised of unsubstituted or sub-
stituted Cg-Cy19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cj34 alkyl

and Cg-Cq4 cycloalkyl.

12, The method according to claim 11, wherein each of
said alkyl alcohol, said cycloalkyl alcohol, said al-
kenyl alcohol and said aralkyl alcohcl has a boiling

point which is higher than the boiling point of water.

13. The method according to claim 12, wherein said al-
kyl alcohol comprises at least one member selected from
the group consisting of n-butyl alcohol, isobutyl alco-
hol and an alkyl alcohol having a straight chain or

branched Cg-Cy; alkyl group, and said alkenyl alcchol

has a straight chain or branched C4-Cy13 alkenyl group.

14. The method according to c¢laim 4, wherein each of
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R’ and R* in formula (1) and R® and R in formula (2)
independently represents an n-butyl group, an iscbutyl
group, a straight chain or branched Cg-Ci3 alkyl group,

or a straight chain or branched C4-Cjy alkenyl group.

i5. The method according to claim 4 or 14, wherein,
in step (1), said organometal compound is used in at
least one form selected from the group consisting of a
monomeric form, an oligomeric form, a peolymeric form

and an associated form.

16. The method according to claim 4 or 14, wherein
each of M* ih formula (i) and M? and M° in formula (2)

represents a tin atom.

17. The method according to any one of claims 1 to 16,
which further comprises, after step (3}, a step (4) in
which said at least one organometal compound recovered
in step (3) is recycled to step (1), followed by re-
peating of a sequence of steps (1) tc (4) one or more

times.

18. The method according to claim 17, wherein said or-
ganometal compound used in step (1) is produced from an

organotin oxide and an alcohol.



