1 TITLE OF THE | NVENTI ON Met hod for producing a carbonic ester 16 June 2006
BACKGROUND OF THE INVENTION 5 Field of the invention The present invention
relates to a nethod for pro- ducing a carbonic ester from an organonetal
conpound and carbon di oxide. Mre particularly, the present in- vention is
concerned with a nmethod for producing a car. 10 bonic ester, cohpfuH§o(1)
performng a reaction be- tween an organonétal conpound havi ng a net al - oxy-
gen-carbon |linkage and carbon dioxide to obtain a reac- tion m xture

containing a carbonic ester for e...Le Lan, (2) separating the
carbonic ester fromthe 15 reac?&gﬁgﬁiégquﬁtgﬁ&u éFR&é residual |iquid,

and (3) reacting the regjduyal,liquid with an alcohol to form an

or ganonet al conpound havﬂ%lf"fq'métogq R %r%%lrabo%a%%kl-c aegset%rnd form wat er
and renoving the water fromthe or- ganonmetal conpound, wherein the
organonet al conpound 20 obtained in step (3) is recovered for recycle

thereof to step (1) By the ng} O P Bse Nty on, a carbonic
ester can be produced in high-;gggggiroﬂran——orgaﬂOﬂefgi—conpound havi ng a
netal-oxggen-ca%g%ﬂ&idyotﬁgﬁiﬁyghéggﬁxwldioxide. It is advantageous that
carbon 25 di oxi ' no corrosiveness and is in 2

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 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 obtain a residual liguid, and (3)
reacting the resgsidual liquid with an alcohol 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 can be produced in high yield from an
organometal compound having a metal-oxygen-carbon link-
age and carbon dioxide. It is advantageous that carbon

25 dioxide has no toxicity and no corrosiveness and 1is in-



16 June 2006 expensive. Further, the nethod of the present inven- tion is
advant ageous not only in that the organonetal conpound after use in this
nmet hod can be regenerated and recycled to step (1) of the nethod, thereby
pre 5 venting occurrence of wastes derived fromthe organone- tal conpound,
but also in that there is no need for the use of a |arge anmouhd Jwfe 2806
dehydrating agent, thereby preventing occ# rence of wastes derived from

t he dehy- drating agent. Therefore, the nmethod of the present 10 invention
is comrercially ver com nercial value. Prior Art A

yseful _and has hi gh
carboni c ester FIPERFIFUI T %ﬁd.Q?%rm%&%%@ 35 e, PReEerbon ¥ Bster is
used as additives for varjou ur poses, such .as asqline additive for
i mprovi ng t he &P&nésn&r%’&n%&d%é) a St| r?éfliyar?ﬂl & eé%fe U EIN T ve for
reduci ng the amgunt of particles in_an.exhaust ) nerated b h
burning of a di ggg]lpoflﬁlg .aft,&egaruﬁc?nil@ lesst“be%k}c%?éiasrgebuese esn%]yna% ngl ation

agent, a car bon)c/aln%- rteiC 1%%9(?[80’ S?&f?ﬁl(\& ntooﬁaqué '?r?eék{c!e%ﬁ Iﬂhé]{%&%ﬁg of the

synt hesi s of organi ¢ conpoun pol year bona o ure

phar maceut | cal Sv%%]@.ig%%’ '?g&%@r%gfc% o5 %vaars'tel%oraecri%c?rf)#oﬁn P30 Hsedh g an

electrolyte for a'li umbattery, a raw material for producing a

l'ubricant 3 16 %%ﬂec%ﬂ%@und, 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 invention is 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
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 ester 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



oil and a raw material for producing a deoxidizer which can be used for
preventing boiler pipes fromrusting. As a conventional nethod for
produci ng a carbonic ester, there can be nentioned a nmethod in which phos-
5 gene as a carbonyl source is reacted with an al cohol, therebY ?roducing a
carbonic ester. Since phosgene used in this method is extremel§ HEZP00
and highly corrosive, this nethod is disaé&antageous in that the
transportation and storage of phosgene need mnute care 10 and, also, a

| arge cost is needed for the maintenan

of oduct i on, equi pment and .f or
assuring saf et y S FufP% Rerr 2% Fiad o&eoﬂ:o%‘fé%;\l%%laerﬁ? Jtcﬁj?ﬁeli’t"%iusch
neces- sary to disp se oféi; dr ocqsleori .aci gjo%{nérchiisesbyf-rcpnrlodﬁj&eldn as a
waste. 15 As anGfher ScOentiGndl 0d's ot rod&é#ﬁg a T Carboni ¢ st er
there is known an oxi,dativ rbonyl a- ti et ho i i C Qﬁg oxi de
as a carbonyl sourc%gig Fé&%%@%qﬁ%Fﬁ gﬁtgﬁhohgﬁ-gﬁgﬂ%¥€ﬁgﬁiﬁﬁft elﬂﬂp

presence of 2 CRLERYe! viaUeh A% SRRkl de nddd el ARGIG00 o

carbonic ester. n tHis e car bon nonoxi de lch'is extr

harnful) oi s used. under hiQh A gSS W e q;sefrfga%té&mﬂf?téwdaiéoﬂéﬁad-

vantageous in that a large cost i s needed for the nmain- tenance of

product i on equi RERBLIANG RN AMI MSABLY o2 N 80HLET BRosybhe MRt hod
poses a problemin that "a side 16 June 2006
used in this method is extremely harmful and highly
corrogive, this method is disadvantagecus 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 As another conventional method for producing a
carbonic ester, there is knewn an oxidative carbcnyla-
tion method in which carbon mcnoxide as a carbonyl
source i1s reacted with an alcchol 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 agsuring safety.

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



reaction occurs, such as oxidation of carbon nonoxide to form carbon

di oxi de. For these reasons, it has been desired to devel op a safer nethod
for producing a car- bonic ester. 5 In these conventional nethods in which
phosgene or carbon nonoxide is used as a raw material, a hal ogen, such as
chlorine, is contained in the raw material it- self or in the taluy$po
used. Therefore, in the case of these netHods, a carbonic ester obtained
contains a 10 trace anount of a hal ogen which cannot be conpletely renoved

by a purification step. Wen such c?gbonic.e Erter iS used as qmggﬁggine
addi tive, a |igfteG R Ve S Frat B - 1Bt Pr SIS HY B'ee

[Foni c

equi pnent, it is possible.that..the halogen contained in the c 1 ni c
ester causes corio FEH‘5ﬁléﬁﬁiﬁﬁéﬁ?¥P o?g?%d ?S?nﬁe?%%n%hoﬁ%tﬁ% ge glogen

in the carbonic .ester to a ext r enel race .ano it ] S to
performa thor g&&ﬁ‘rﬁﬁir ;%foi cr('%la.‘rieor?pofa t97e ecrgﬁrﬁé:ﬁ}oc&jgsqrerér@&ﬁﬁeséaér%rason,
it has been des%&gqct%s %Mglop a nethod for 20 producing a carbonic ester,

whi ch does not Use any of 'd@ halogen-containing raw material and a

hal ogen- gont ai n- | ng\%%?tgalle\é%t W8 QR et 31—{"%}1{1% ﬁ?r%oz%?&fb Ut to

prac- tical use, in carbon dioxide is reacted wth et yl ene

oxide or the |ike 40 O0RRIdk MUY e RBTROY GR5 matlh 1HiNe 2086 ogen,

such as chlorine, is contained in the raw material it-
gelf 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 oil addi-
tive or a material for producing electronic equipment,
it is possible that the halogen contained in the car-

15 bonic¢ egter 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 dces 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 dicxide is reacted with eth-

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



ter, and the obtained cyclic carbonic ester is reacted wth nethanol,

t hereby produci ng di nethyl carbonate. This nethod is advantageous in that
carbon dioxide as a raw material is harmess, and a corrosive substance, 5
such as hydrochloric acid, is substantially not used or generated.

However, this nethod poses the following problens. Ethylene gl§ydule 2086

by- produced |n this method; therefore, frémthe viewpoint of cost

reducti on, is necessary to find ways to effectively utilize the 10

by- produced eth | ene gl.ycol urther, it iis difficult to erforn1saf
transportation ? etﬁ%ﬂeﬁ%e(ﬁﬁi@Hqgg'qu%%ﬁ RAETRIC 153 {ylene

oxi de) and ethylen de. .Th refo re, for renDV| e need.for the trans-
portati on, ﬁgc QFFOGH % TSN lﬁﬁhﬁ#ﬁnygﬁﬁﬁ?ﬁﬁﬁc est er
by this nethod bUI| at. a Io n mhlch acent to nt_for

pr oduci ng ethylgﬁésaW8 B&Ehye ?@ n% @eoﬂﬁeﬁ@'& éﬂ 4&%%M9é?#%& oo it

ggiCh carbon d'%éw hde 3 -3 %%r§%¥ﬂlé§§““§%d Shdh & %%Qﬂit S0 |1 brium
reaction wth-an &l conol € presénce of " a cata conpr|5|ng an

or ganonegal CO”EEHBdaEaﬁy&Q %hﬁ%&%" 4,94y 4?% Aeﬂyﬁ 1n6€“H§$H'or
form ng a carbonic ester wat er hIS eqU| |un1rea tionis

represented by gteﬁ%rfaggldqwﬁlgﬂéf\%fmltﬁliso’)me%@ 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 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
which 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 egquilibrium
20 reaction with an alcohol in the presence of a catalyst
comprising an organometal compound having a metal-oxy-
gen-carbon linkage, thereby forming a carbonic ester
and water. This eqguilibrium reaction is represented by
the following formula (3):

25



CO2 + 2RCH organonetal compound f 16 June 2006 RQ(CO)OR + H20 (3) (R
represents an unsaturated or saturated hydrocarbon group) This nethod is
advant ageous in that carbon dioxide and an al cohol as raw materials are
harm ess. However, this nmethod enploys an equilibriumreaction in which a
10 carbonic ester and water are sinultaneously formed as prodlefue 2880 in
the case of the above-nmentioned oxi- dativé car bonyl ati on net hod usi ng
carbon nmonoxi de, wa- ter is formed. However, the formation of water in the
equilibriumreaction is totally different in signifi 15 cance fromthe
formation of water in the oxidative car- bonylation, which is not an
equilibriumreaction. The equilibriumof an equilibriumreaction using
carbon di - oxide as a raw matericahahsmdter nodynam cally biased to- ward the
original system Therefore, theceepbaadusing 20 an equilibriun1reaction has

a problemin that for - ducng-a carbani

negessary Ithat acgérbognges?eT“aﬂd—mHTE? ggxﬁﬁggd%és g@%? gég fronlthe
reaction system Furthe there i problemin dah an
deconposgs a catal y$t; eﬁﬁe%%Pﬁﬁu%F HB?aEHﬁ%f%dsofhﬁa?%ﬁﬁﬁe Yﬁr%a% b Fp

also the 7

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. Alsc 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
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 cof an equilibrium reaction using carbon di-
coxide 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, i1t 1is 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




16 June 2006 nunber of turnovers of a catalyst (i.e., the nunber of cycles
of regeneration and reuse) is only 2 or 3. For solving this problem

vari ous nethods for renmoving wa- ter (which is a product) by using a
dehydrating agent 5 have been proposed. For exanple, there has been
proposed a nethod in which an al cohol and carbon di oxi de are tehoedd04i t h
each other in the presence of a metal al koxide as a catalyst, thereby
form ng a carbonic ester and water, 10 wherein a | arge anmount of

di cycl ohexyl car bodi i m de

DCC) (which is an_expensive organi c _dehydrating
agent) or the PPW@eFSOésé&@&?@é%%ﬁgdﬁaﬁﬁﬁ?%Y t' Y(-See é%94ﬂﬂéke%i€§h
Chem Comun. Vol. .60, 687-692 &199%%%. Thi s t hod has %2pr034e ig t hat
the dehydrati ng ZGefe f89FEerEse |%ﬂ§ T Sdgeterdted,” r¥sul tingtin the
occur- rence of a.large _amount of a waste derived fyomthe de- hydrating
agent. There is RASHA at%é‘tshé’g O%&le“br oddcit™g gle% rQéé?ninI]cor e%?”éc?‘flrlygg ich a
carboxylic acid_grthoester .i s _used as,. 2 n _ar e 1] t (see
Unexam ned Japa%ggenﬁgﬁgn 1Ep61'55?&%%”Lgﬁﬁ}fﬁéﬁfgbé%gﬁg%%%ﬁ%ﬁf%%ﬁgﬁgi 11-
35521) (kn this e 0 t..4here are descrip- tions reading: "a
carboxyl%c acidhgﬁ%hgéfgﬁiﬂggﬂfﬁﬁéted Wi th carbon di oxi de" and "an acet al

I's reacted with 25 caphon , difidety HOWMEr s drgRilda o dAGRM siud 8

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. Vel. 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 cf a waste derived from the de-
hydrating agent.

There i1s 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 orthoester is reacted
with carbon dioxide” and “an acetal is reacted with

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



16 June 2006 ies in the art, it is generally presuned that the ac- tual
reaction route is as follows. "An al cohol and carbon dioxide are reacted
with each other to obtain a carbonic ester and water. A part of the water
is re 5 acted with a carboxylic acid orthoester. The renai nder of the
water is reacted with acetal.") This nethod has problems in thafung 2006
carboxylic acid orthoester (which is an ex¥pensive conpound) is used as a
dehydrating agent, and nethyl acetate is known to be by-produced (see "Ka

10 gaku Sochi (Chem cal Equi pnent)"”, Vol No. 2, 52- (19 ). Thus,
this method is a8%défedtivétds t 1%&??@’??:%1 Cﬁ tFu'%l‘% S there

h b d t hod whi ch I t d
.isusiﬁnaﬁrSﬁ"iiua%s%m"teoéﬁmpa#t‘fﬁ .%%aa%re%ﬁ i ?ﬂa%?féﬁgi R

4310109). There pat ent  docunen scrl be hat
an acetal and cgraﬁgjr? dl‘%? are S gaecatcer%? (ﬂq %er N uogb%%l,rgaés a
catal yst, a netal _al kax- ide o dj butyltln ox n panese
Pat ent 20 Appllcgt%ghlfm%f et peC| |cat| éﬁg S%Ogg ?égg¥ 99 %%
respect o 1he reacl gn descriad i dhe dat i respLt F%ﬁﬁ&é@
studies in the rt |s gener- Iy presune e actual reaction
route is as fol '% 2160on0l, Ands %g@p%&% de> agg; EeAGERAaWhER 25
each other to obtaln a car onlc ester wat er 9

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
(1998)). 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-
scribed 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. 2001-31629).
(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 ester and water. The



16 June 2006 water is then reacted with an acetal.") However, these patent
docunents do not teach or suggest a nethod for producing an acetal
conmpound in high yield without formng a waste. Further, the nethods
disclosed in 5 these patent docunents have a problemin that, when an
acetal conpound is used as a dehydrating agent, |arge anountsl@fune 2006
by-products, such as a ketone and an al de- “hyde, are fornmed as wastes. The
effects ained at by the nmethods which enploy 10 an organic dehydrating
agent are to inprove the nunber of ur.n%ers of a.catalyst. Howevlglr an
organi ¢ dehy- dir&thg t8gdhtT <86 i 2 &G 5o tﬁ?‘ﬁe‘éﬁfmnjf PRe
accordance wth_the formatiaon ofﬁﬁcar bg:ni c.ester_ (and, water, .as

by- product ), sopﬁﬁgfltaqogl’l&?n{rﬁo IS LT3 SFg egfethﬁrnéeﬁrﬁ%d ng%lht i's
consuned, thus for rﬁn&régélgmal.nar gertgfr{gtrég)fmplg{unad dl(?lg%rieihg%ioetriocpgpi ué)f t he

organi ¢ dehydr Bee I'S ‘nece er- Torman

addi tional st epfggfmlrﬁ1 ege&%tsif%gi ?éﬁ%g;@?gmeﬂ%% deggneLatgd; grganic

dehydrati ng agent. Furthe e use an organic

dehydr at ing ageeh%ﬁgt ?stg%%s !d@duimte*&%lt yﬁéfer QIR 5 1Lt A8agtd valian H a

cat al yst occurs. eason is as I'n"the con- ventional nethod for

producing a car oRig 1e3ahdhdiSs WA d B S0UdHRHMNHLAd AN, Ofadt
above-nmentioned 25 formula (3), carbon dioxide I's in a™supercritical state
16 June 2006  gmounts 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 formation 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
large amount cf 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 possibility still remains that deactivation of a
catalyst 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



10 in supercritical carbon dioxide. In general, in supercritical carbon

di oxi de, a catalyst exhibits poor solubility, and the catalyst particles
are likely to cohere together. 5 Therefore, there is a problemin that,
when an organo- tin conpound (which is susceptive to polynerization) is
used as a catalyst in supercritical carbon, dioxide, the organidtimeg8ipound
as a catalyst is likely to be deac- tijwated due to its polynerization. 10
There has al so been proposed a nmethod which em ploys a solid dehydrating
agent (see Applinedugatatidteal Vol . 142, L1-W (1996)). However, this nethod
has a problemin that the solid dehydrati ng agent cannot be regenerated,
t hus form ng ackabge @&mpuinte.ofnageveestad., 1B Fhpgwrrigighdocdrioyn a nmet hod in
whi ch an al cohol (nethanol) and carbon dioxide are reacted with each

other in the pdésshée of catmevar ox%iiddtedrbor @aiwpidity; d&d ttdet her eby
obtain a reaction mxture, and the ob- tained reaction mxture is cool ed
and i ntroduced “PhRéYEt ZBFaCREEH B Unkeddntai FRNFG ca te8FHEYehydr at i ng
agent, thereb% gradual Iy di splacing the equilibriumtoward a carbonic
ester while ef FOEEPherdelyE st Fon? HPO6farh %Patcal’”’%ﬁi B (see

Unexam ned Japanese Patenc#] gggl Lca- tion Laid- Open .S g%;i&atﬁ
2001- 247519) . ThP's CTBPHEIhJd €7 bhE S SSRPA Y B CHhiFue T h AT ¢

conventi onal 1%sed as a catalyst in supercritical carbon dioxide, the

)quNo.
a

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, L1-W (1996)). However, this methcd has a
problem in that the solid dehydrating agent cannot be
regenerated, thus forming a large amount of a waste.

15 There is algo known a method in which an alcohol
(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 cooled and introduced intc a

20 packed column containing a solid dehydrating agent,
thereby gradually displacing the eguilibrium toward a
carbonic ester while effecting dehydration, to cbtain a
carbonic ester (see Unexamined Japanese Patent Applica-
tion Laid-Cpen Specification No. 2001-247519). This

25 method is based on a technique in which a conventicnal



16 June 2006 techni que of using a dehydrating agent is conbined with the
known phenonenon that the water adsorbability of a conventi onal
dehydrating agent (such as a nolecular sieve) exhibits a tenperature
dependency. A dehydrat 5 ing agent (such as a nol ecul ar sieve) exhibits

| oner water adsorbability at high tenperatures than at |ow tknfyae3Pofes.
Therefore, for renoving a trace amount of dater (by-product) from a
reaction m xture which contains a |argely excess anount of a | ow nol ecul ar
10 wei ght al cohol ﬁsed as a solvent, necessar

m xture in whi ch®&A"&gHe Phr M Ps @ Qésﬁlwlggé&lﬁ?ﬁd&? 't;ﬁ_st (Eézorﬁ%h%i;{]eleﬂ' &,ej%ﬁ%l o
DT e N L e S RELILE g S LeTel) RIS () o 2 packed
ot eesing Lhe, canveeLona oA Akeptal a%ee (AN Lo dolis noccssary
packed Col. U bB P KRS, I LR AL e Ao ol 1 o
e b ST Lo ) BB Lt Sl el o7
peed TOLS P JoMEChaMIELY, WEELLA - mue gl Al oot
production of atémperatures. 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 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 cocled and dehydrated in the packed col-
umn be returned toc high temperature and pressure condi-
tiong 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



10 15 20 25 12 16 June 2006 carbonic ester from carbon di oxi de and an

al chol, wherein the equilibriumof the reaction is |argel
the original system this nethod cannot be suitably used

y bi- ased toward
because this

nmet hod poses a serious prob- lemthat it is necessary to repeat the
above-mentioned operation which needs a very |arge consunpti ok bie@f06 er gy
for cooling and heating. Further, for regeRérat- ing a degenerated

dehydrating agent which has adsorbed water to saturation,

necessary to cal- ¢ine the degenerated, dehy
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ergy for cooling and heating. Further, for regenerat-

10

15

20

25

ing a degenerated dehydrating agent which has adsorbed
water to saturation, it is generally necessary to cal-
cine the degenerated dehydrating agent at several hun-
dreds °C, thus rendering this method commercially dis-
advantageoug. Furthermore, in this method, only ocne
(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 reaction becomes unlikely to progress any 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, al-
most all of dibutyltin oxide as a catalyst remains in
solid form in the reaction mixture. Therefore, when

the reaction mixture is cooled to room temperature in a

cooling step, the reaction mixture turns into a white



nost all of dibutyltin oxide as a catalyst remains in solid formin the
reaction m xture. Therefore, when the reaction mxture is cooled to room
tenperature in a cooling step, the reaction mxture turns into a white 13
16 June 2006 slurry, thus causing a problemin that, in a subsequent
dehydration step perfornmed using a packed col umrm con- taini ng B berg8Pating
agent, the slurry causes clogging of the packed colum. 5 In general, a
dehydration nethod in which water is renoved by distillation is well-known
inthe field of _organic. synthesi.s reactions. Ho er, inthe field of the
production of aS&éﬂF%é’ni & ERYERGH @a%@g’q&“bﬁn\é\g &g Hh S BgETduent

al t hough "Study .Repart of Asahi d a 10 saci ation for. Pronotion of
'ndustrial TechASPE0y 2 ARCAR: Balses ROEY DAl s & SRSk Ry

Hokoku)", Vol . 33, .31-45 978). .states that  “dehydration. b is-_tillation
i s now being st &8r&éd"d £h i:’yﬁi e FI58 et ort e t%aeugi/elge&vﬁ#%#ilt at e
that a dehydrati t%%t haod,, 1 So']ﬁgn distillation has been conpl eted. The

st

n
reason why deh§/3 r & |0|Ii)af)3§/{e| At on has not been performed in the art

s, for exanple, thapis kiowd gl uhany, diethidd atl o unfeladisatig is

perforne a reverse re- I'on occurs, causi ng a l'oss of a carbonic ester

Kai shi)", No. 16 EAES: PYOR CTa7ar T i et R PROILIE L SR of

organic synthesis reactions. However, in the field of
the production of a carbonic ester from carbon dioxide
and an alcohol, although “Study Repocrt 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 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
digtillation under heating ig 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 Kaishi)”, No. 10, 178%5-1794 (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



ceivable that, for lowering the heating tenperature for distillation, the
distillation is performed under re- duced pressure. However, in the field
of the distilla 25 tion engineering, it is a conmon know edge that it is 14
16 June 2006 difficult to conpletely renove a trace anount of water, by
sinple distillation, froma solvent having a hydro- philic grolplungZefo as
an al cohol. Therefore, as dehy- dration neffods, no dehydration method is
known ot her 5 than those nmethods using a | arge anount of an organic
dehydrating age r a_large anount of a solid de - dratlnqacgg That

is, all known dgﬁ§gFSP#5nt ERBBS Sthave THTEHFefs b CFhéWK%1 WalSint of
has bean a repoPY BN CEnEEaR hadret FEFE 2 POy VSRgar B dw o e boni c
Feac tion mxtBRELS SBPAPNCA By Féacrt Ad CSaFba %gﬁ.fef%hﬁggéﬁéa coho
't T known i OREC&RD PRERCOSde BeRETmeipel Rl R o S
i fticu P to rZ?%{?@?%g%%f@g§5§d%s§‘§?ii€§%df1§‘t e %t .Oé%ﬁ“&%?r}g?f e

"Jour nal of thefggggkgﬁkgg ¥ ot Ja 20 tgga% pg& Kagalu Kadeshy) ", No.

10, 1789-1794 ( Iy, no me nomm by which a car boni ¢
es- 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; however, it is known in the art that,
when a metal alkoxide catalyst is used, a distillation
gseparation causes a reverse reaction, thus rendering it
difficult to recover a carbonic ester by distillation
separation (see “Journal of the Chemical Society of Ja-

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

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



ter having a high boiling point can be separated in high yield froma
reaction mxture containing a netal al koxide. 25 A netal al koxide is so
unstable that it is suscep 15 16 June 2006 tive to deactivation due to the
noisture in the air. Therefore, the handling of a netal al koxi de needs
strict care. For this reason, no conventional tech- nique usinkp BIng2fas

al koxi de cat al yst has been enployed 5 in t € commerci al production of a
carbonic ester. A netal al koxide catalyst IS an expensive conpound, and

no techni que is,_known f rat| I vat.e nmet.al ._al koxi de
catalyst.there hi§ EgeﬁeﬁFEgH§ dog &F rodirctig d' ¢Hrooni ¢

t b [ but yI t di d t al whi ch, . d th
D s o e s g Sl il 0
[ dded h
o sture] a9, Lhe enct 0L LT (g, Sapanese ol sty N 120670

charged into thﬁﬁgﬁe %%Eh%”a$¥éﬁﬁﬁf'§;@§ﬁ%% o %ﬂg%ibQE%i ééﬁ”%éﬁ?df%&“”“

verted, during reacti into a tin 0X-

unstables Ther et gr enct Nohn@elhad GaRO. 20 ¥ LheARe R anedapr obl em
F 8 a |kOXI

of the |nstab|I|ty 0 a met e catal yst. Further, for converting
di butyl tin oxi dgel-Rb0 ;8 xSy kit 1912l KOXide dup e dife 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 intc 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 cannot
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 cocnditions. The
reason for this is as follows. When an alkoxide is

25 formed from dibutyltin oxide, water is generated, and



action system the reaction systemneeds to be placed wunder high
tenperature and pressure conditions. The reason for this is as follows.
When an al koxide is 25 fornmed fromdibutyltin oxide, water is generated,
and 16 16 June 2006 the water needs to be consuned by hydrolysis of an
acetal . However, tin exhibits only a very weak acidity, so thHtJuipgfo6
tenperature and pressure conditions are nééessary for catal yzing the
above-nentioned hydrolysis 5 of an acetal. Thus, in the conventi onal
met hods for producin car

a oni_.c ester by usi tal al koxi de, carbon
di ox- ide and ah 3IE%HSF,nﬁﬁ ff Fﬁe%ﬁngpsﬁpﬁgx?%b?%%ﬁﬁé;¥%%§ Céiﬁ%%sive) has
| ost its catal yst _activi due to_hy 10 drolysis-or the |lik er.e;4,.5, no
way to easily aﬁaeg?i'fégﬁ?ﬁﬁ@’r%b%n%?%f%lg%d?P%Hsg F%éﬂnﬁéﬂgihé&ﬁdéka
Therefore, the gonygniignal WehAUs (9f BLAdUGIAG:3e CAPANIGESLEL IS

i sadvant ageous™I'n at itis neces- sary to-use a large anount of an

organi ¢ dehydr aj. ] g l: 1 i.n i | 0N
with a small Z%%§%§;§F§a%%%tgétgﬂggibgeg%%ggggsgrle@%qﬁgﬁﬁ?n bovégﬂ%ﬁi
prior art technjgues agggagtoducing a carbonic ester have many probl ens
and, therefore, have not been put to practical use. 20 SUMVARY OF THE

| NVENTI ON Thus, in the conventional methods for producing a
carbonic ester by using a metal alkoxide, carbon diox-
ide and an alcchel, 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 disadvantagecus in that it is neces-
sary to use a large amount of an organic dehydrating

15 agent or a sclid dehydrating agent in combination with
a small amount of a metal alkoxide.

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

20

SUMMARY QF THE INVENTION

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

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



In this situation, the present inventors have nmade extensive and intensive
studies with a view toward solving the above-nentioned problens of the
prior art. 25 As a result, it has unexpectedly been found that a car 17 16
June 2006 bonic ester can be produced in high yield by a nethod using a
reaction route in which an organonetal conpound having a 16 June 2006

met al - oxygen-carbon linkage is used in a | afge anount as a precursor of a
carbonic ester but not as a 5 catalyst, and the organonetal conpound is

subj ected to n addition reactjon with carbon_dioxide.to.forman.ad- duct,
fol lowed by a tAERNE SBEEENRRS ?oﬁrP938?3oﬁn P193h¥1§&8u8& % GG o by
obtain a reaction,m xture con- ng.a ni.ic ester. ; thed
present inven 1%Sf895ah§9%C5998 F8Hh8 %Haw SErPSQﬁPﬁge uﬁggﬁﬂﬁﬁ
operation in mh?ch t he_car ic es ter |sbse ira d fr.gm ge re cﬁa%
mxture to obtaif a“?edi F PHaPal Fort: OPoméH By “a’feaéticon of t1ie -
residual i qui d,with, ancal- o g*aal_ns@&hs A0, 8860 Il 3N 010 gretal,
conmpound hav 15> I'Ng t al ¥oxygen- car age an wat er, erein the

water cap be eaéégglfsgéfQ#ﬁdt£%f§%ﬁ9§o8égéﬂoﬁﬁh BUFQOQQO%%% @%tedb

distillation or t or- gano conpoun can
recovered and 1 gGychade 8yt PeacpbOKCHIEA! LABEAN B3ELEAR kAUl hPLPLeduCT Ng

a carbonic 20 ester. Based on these |nd|ngs the present invention has
been Conpleted-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 perfeorming a subsequent
operation in which the carbonic ester ig 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-menticned reaction route for producing a carbonic
20 ester. Based on these findings, the present invention
has been completed.
Acceordingly, 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 continucusly and repeatedly many times as de-



Accordingly, a primary object of the present in- vention is to provide a
nmet hod by which conmmercial pro- duction of a carbonic ester in high yield
can be con 25 ducted continuously and repeatedly nany tines as de 18 16
June 2006 sired w thout occurrence of a waste derived froma catalyst and
wi t hout the need for using a large amount of a dehydrating agedunc H0fhe

f oregoi ng and other objects, features and ¥8- vantages of the present
invention will be apparent from the follow ng detail ed description taken

in connection wth the acconpanying drawings and the a nded clai ns. 10
BRI EF DESCRI PTION S WAHE P¥A TERET HAE o aW%%:gﬁbeg% ?EO?‘h% 119Sn- NMVR

hart of th tal havi 2:ethyl - | - hexyl d
‘nstep (1) ol A TRRAToR i Exangte e st gtens of Tt oSl Char

of the organonetal und. obtained just after step (2) of the 26th cycle
of reaction incggéhﬁﬁgg%%?i%ng?Q%P%he 119Sn- NVR chart of the organonet al

conpound obtained just after step (3) of the 26th cycle 20 of reaction in
Exanple 2; Fig. 4 is the 119Sn-NWR chart of the organonetal conpound

having a 2-ethyl -1 - haxyl e Aroup HRehidkStOReddd, MfedBErt£a4ha0LN
Exanmpl e 3; and
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 DESCRIFTION OF THE DRAWINGS

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



Fig. 5is the 119Sn-NWR chart of the organonetal 25 conmpound obtai ned j ust
after step (1) of the reaction 19 in Exanple 3. 16 June 2006 DETAI LED
DESCRI PTION OF THE I NVENTION In the present invention, there is provided a
5 method for producing a carbonic ester, conprising: (1) performng a
reacti on between an organonetal conpound having a netal-oxygenub@mBgHOG

| i nkage and car- bon dioxide to obtain a réaction mxture containing a
carbonic ester fornmed by the reaction, 10 (2) separating the carbonic ester
fromthe reac- tiop mx ure to obtain a residual liquid, and (3) reacting
the residual Iigli 8®"%PH®a fFirst al- cohol to format |east one organonet al
conpound having a netal -oxygen-carbon |inkage and formwater and renov 15
ing the water fromthe at | east one organonetal com pound, wherein the at

| east one organonetal co 0 i j t&ﬁ@ i 2 red for
recycle thereof to step & TN SO .fﬁ%éﬁgﬁgﬁg pr esent
invention, the essee%i%hef apures gg@e¥ gggust%%%%eﬁgp enhedis Jrents of
the present invention are enunerated below 1. met hod “f or "produci ng a
Carbon'CSeSter’mQQHBB'%O%SpEBgﬁcing a carbonic ester, comprising:

(1) performing a reaction between an organcmetal

compound having a metal-oxygen-carbon linkage and car-
bon dioxide to cbtain a reaction mixture containing a
carbonic ester formed by the reaction,
10 (2) separating the carbonic ester from the reac-
tion mixture to cbkbtain 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 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:



20 16 June 2006 (1) perform ng a reaction between an organonetal conpound
havi ng a netal - oxygen-carbon |inkage and car- bon dioxide to obtain a
reaction m xture containing a carbonic ester formed by the reaction, 5 (2)
separating the carbonic ester fromthe reac- tion mxture to obtain a
residual liquid, and (3) reacting the residual liquid with a fi&dBmnegp06
cohol to format | east one organonet al conﬁ%hnd having a

nmet al - oxygen-carbon | i nkage and formwater and renov 10 ing the water from
the at | east one orgqggnetal con}gpound, %perein t he at_ | east one .
organonet al conpound ‘LObPEFHEF RS Pef SRS 18 PEESTE Tt FFURIEE Y her eof

to step (1). 15 2. The t hod according to item_1.above, er ej lL.h. step
(1), the of ganofSIECCEEEURES & TEcd I He IOt Wi a8 T61 11 e

Uhe stol chi onet pig, aaunlad elacdiang Lo e ampuint: f ddhe. Garhan; gi oxi de.

20 3. The nethod according to i ove, erein the reaction step
ﬁ%d

(1) is perforne C re., t - ding to item 1 above,
wherein the or%gﬁ%ﬁéggle%%ﬁ%gun&‘useggfﬁﬁgiggg%%ﬁgg%nprises at 25 | east

one conpgund sel ect eqofr QILNS (ILAURHEORSLHING ey ) Wife 2008
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 cone 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 amcunt 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



an organonetal conpound represented by the fornmula (OR4)d Rl a 11 -(OR3)cC
R2 (1) b 5 wherein: M. represents a netal atom selected fromthe group
consisting of elenents belonging to Goups 4 and 14 of the Periodic Table,
exclusive of 10 silicon; each of RL and R2 independently represents a
straight chain or branched Cl1-Cl12 al kyl group, a C5-Cl12 cycl éaPwid2%poup,
a straight chain or branched C2-Cl2 al kemd# group, a C7-C20 aral kyl 15
group conprised of unsubstituted or substituted C6-Cl9 aryl and al kyl
selected fromthe group consisting of straight chain or branched Cl-Cl4

al kyl and C5-Cf4 ‘cycloal kyl, or an unsubstituted or substituted C6-C20
aryl group; 20 each of R3 and R4 .independently represent.s 22 16_June 2006
strai ght chain or bPAhSHERENERL ach{&foﬂ?cgd:p%lplée %%t‘?fgllzb%y l?%a% Wlugarloup,
a straight chai(n_l or branched C2-Cl12 al kenyl group, or a C7-C20 aral kyl
group conpri sed c}f‘ unsubstituted or substituted

(OR%)q
R';—M'—(OR’)

sz (1)

wherein:
M represents a metal atom selected from the
group consisting of elements belonging to Groups
4 and 14 of the Pericdic Table, exclusive of
10 silicon;
each of R and R’ independently represents a
straight chain or branched C;-Cq5 alkyl group, a
Cg-Cq1o2 cycloalkyl group, a straight chain or
branched C5-Cq5 alkenyl group, aCrp-Cpg aralkyl
15 group comprised of unsubstituted or substituted
Cg-C1g aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cjig
alkyl and Cg-Cj4 cycloalkyl, or an unsubstituted

or substituted Cg-Cyqg aryl group;

20 each of R’ and R® independently represents a



5 C6-C19 aryl and al kyl selected fromthe group consisting of straight
chain or branched Cl-Cl4 al kyl and C5-Cl4 cycl oal kyl; and each of a and b
is an integer of fromOto 2, a + b =01to 2, each of ¢ and d is an
integer of 10 fromO to 4, and a + b + ¢ + d = 4; and an organonet al
conpound represented by the fornula (2) : ~OR9)i R8h RSe M- O-KBLRZgI(®)

16 ( R ~)) 15 wherein: each of M2 and M3 ERdependently represents a netal
atom sel ected fromthe group consisting of elenents belonging to Goups 4
and 14 of the Pe- riodic Tabl .exclusive of _silicon; ach of R5, R6, R7
and R8 independentI?t:?%fﬁ'ﬂ%‘:81 ggﬁf? grsﬁF e ?dckéfnlgraégggcﬁgﬁg%ﬁf%nz al kyl

23 16 June 2006 groegy??afggg%ggg%ghgg%gébaﬁésggraggﬁkrghggE.%Qain or

branched C2-Cl2 al ke up conprised of

et 10 o SRt SE G gL bR IS i oo

5 consisting of straig ( branc -Cl
cycloal kyl, or an q&%&@étééﬁbﬁgsed of unsubstituted or substituted

5 Cg-C1g9 aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cqpa
alkyl and Cg-Cq4 cycloalkyl; and

each of a and b is an integer of from 0 to 2, a
+ b =20 to 2, each of ¢ and d is an integer of
10 from 0 to 4, and a + b + ¢ + d = 4; and

an organometal compound represented by the formula

(2):
OR’)  R%
R’ —M —O0—M—R/, (2)
6 10
RS (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-
riodic Table, exclusive of silicon;
20 each of R°, Rs, R’ and R® independently repre-

sents a straight chain or branched Cq-Cq; alkyl



or substituted C6-C20 aryl group; each of RO and R10 i ndependently
represents a straight chain or branched Cl-Cl2 al kyl group, a 10 C5-Cl12
cycl oal kyl group, a straight chain or branched C2-Cl2 al kenyl group, or a
C7-C20 aral kyl group conprised of unsubstituted or substituted G66-C19
aryl and al kyl selected fromthe group consisting of straightltchaeg0ee
branched Cl-Cl4 15 al kyl and C5-Cl4 cycloaPRyl; and e + f = 0 to 2, g + h=
0O to 2, each of i and j is independently an integer of froml to 3, e + f

oneai 3 im0 8t s 3 202, Themind secordl o Jaiom Labare,
Ctep (3). 256, Thehet REBCARRor Al Ract A IECHL 1 5b00e, "ot alth The D 16 |
Une prosence of o (AFPUParcBRGL S oh poorheti EhRBaL 8k FRRRE MR T om t e
(has con! oot EpCHLSNELD and ryigmstbedaneseitg Leager L sove,
at | eastzone separatiQp; BetAgdogebechegntr @fkin or branched C1-Cig
alkyl and C5-Cq4 cycloalkyl, or an unsubstituted
or substituted Cg-Cpgo aryl group;
each of R° and R'® independently represents a
straight chain or branched C;-Ci5 alkyl group, a
10 Cg-Cq1o cycloalkyl group, a straight chain or
branched C5-Cjip alkenyl group, or aCg-Cpp aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cyg
15 alkyl and Cg-Cq4 cycleoalkyl; and
e + £f=0to2, g+ h=20toc 2, each of i and jJ

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

+ 1 =23, andg + h + j = 3.

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

the first alcochol used in step (3).

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



the group consisting of distillation, extraction and 10 filtration. 8. The
nmet hod according to item 1 above, wherein the renoval of the water in step
(3) is performed by nem brane separation. 15 9. The nethod according to
item 8 above, wherein the nmenbrane separation is pervaporation. 10. The

met hod according to item 1 above, wherein the 20 renoval of tAduRgi®o in
step (3) is perforned by dis- tillation. 14* The method accor di ng toitem1
above, wherein the first alcohol used in step (3) is at |east one al cohol

25 I d f he .a i st f | kyl _al cohol 5. 16 2006
havi ng. & St r ai GIRECHRIEHo oo A AP T 2 Ry dr Beee (37 cyel BaF Ryl
al cohol havi ng E'%)ICSéCgl.Z cl oaleké(lzn% oup, &?ix% kgfé% gi C‘QQBII: hayi pg.a

ar keny andh ]ﬁy? aPcohoI

strai ght chain or "Branched ™ &- enyl group, an ara
having a 5 C7- r r@%p gg_rrp_{' insubst{tuted oL suby stituted
C6-C g aryl angag'?{yalag E%% ecgjte rom %gg:rkg%pfj C%Lﬁs%st%g o‘? %tra?ght chain
or branched Cl-(l: 3k)yl and C5-Cl14 cycloal kyl. 10 12. The net hod
according to item 11 above, wherein each of the al kyl alcohol, the
cycl oal kyl al cohol, the alkenyl alcohol and the aral kyl al cohol has a
boi I'i ng
7. The method according to item 1 above, wherein the
gseparation 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 filtraticn.

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

brane separation.

15
9. The method according to item 8 above, wherein the
membrane 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 methocd according to item 1 above, wherein the

first alcohol used in step (3) is at least one alcochol

25 selected from the group consisting of an alkyl alcohol




poi nt which is higher than the boiling point of water. 15 13. The net hod
according to item 12 above, wherein the alkyl alcohol conprises at |east
one nmenber selected fromthe group consisting of n-butyl alcohol, isobutyl
al cohol and an al kyl al cohol having a straight chain or branched C5-Cl2

al kyl group, and the al kenyl al cohol has 20 a straight chain ot lwnageded
C4- C12 al kenyl group. 14. The method accordPng to item 4 above, wherein
each of R3 and R4 in fornula (1) and RO and R10 in formula (2)

ndependent |y GRLERELS A0 ML Ul oup: 30, SRPT U S,

strai ght chain or ncheée une oup,

strai ght chain ar g%g?gE%%%%ﬁé%%%fﬂﬁg¥§%??i?%g%ﬁégSiggfog?ﬁgfd%égﬁ rdi ng

toitem4 or 14 a erein, in ste t anonet onpound is

used in at leagf on e%o'Qf;éé%ieﬁgéféﬁyérg%ﬁ%f %ﬁ%ﬁ%%%téggbrgﬁcﬁe

nmononeric form “an ol rgomeric rorm  a polymeri an associated
form 10 16. The Ugﬁ]go%%ﬂ%% &ﬁ/g&gubo bh8Ma4h A ab%yaAPOVEho WNEE S Ageach of

ML in fornula (1 in for- mula (2) represents a tin atom 17.
The net hegd aCCOEqL@g th@@ky@”?r fip tei®riska L& udsusboveurahi 68 supt her
conprises, after st 8_(3), a step (4) in which the at |east one organonetal
conpound re- coxeredtkbl 8Lep 3hrkS Geeyehadit @edlee cil)rrdwldrnetoup
consisting of straight chain or branched C;-Ci14 alkyl

and Cg-Cq4 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 alcohol has a beiling

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 alcohecl, isobutyl

alcohol and an alkyl alcohol having a straight chain or

branched Cg-Cq15 alkyl group, and the alkenyl alcohol has

20 a straight chain or branched C4-Ci5 alkenyl group.

14. The method according to item 4 above, wherein each
3 4 g 10 .
of R and R in formula (1) and R™ and R in formula

(2) independently represents an n-butyl group, an iso-

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



by repeating of a sequence of steps (1) to (4) one or nore tines. 20 18.
The met hod according to item 17 above, wherein the organonetal conpound
used in step (1) is produced from an organotin oxide and an al cohol. 25
Her ei nbel ow, the present invention is described in 27 16 June 2006 detail.
As described above, the conventional methods for producing a ckrb®ai280&ster
enpl oys an equilibriumreac- tion represent& by the following fornula (3):
5 002 + 2ROH organonetal conmpound 4 IN RO(COOR + H20 (3) (R represents

an unsaturated or saturated hvdrocarbon.ar 1 h iS,.as ttk%
h gp Xy . 1
conventional mePRoYE’ Pﬁe?esgaﬁlgg%ngﬁPl |%he rggﬁee%%gﬁ Cighiceh Ay

dehydrating agent is used for a reaction m xture containing the
equilibriun1rea8¥OPP0n system (represented by the formula (3) above),
wherein the equilibriumreaction systemcontains a 15 product system
conprising a carbonic ester and water; and a nmethod in which a reaction

i xtur e contai nigg they aho¥RsRPILEERRYgIVL! i RERID LEAGY RSt em i S
5 wherein, in step (1), the organometal compound is used
in at least one form gselected 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 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 method 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



and subjected to a dehydration treatnent in which the reaction mxture is
i ntroduced into a packed colum 20 containing a solid dehydrating agent,
and circulated through the packed colum, so as to gradually dehydrate

the equilibriumreaction systemto thereby suppress a deconposition
reaction of the catalyst and accunulate a _carbonic ester bei AgJrer¥ in a
trace anount. 25 On the other hand, the te€hnical concept of the 28 16 June
2006 net hod of the present invention is conpletely different fromthe
techni cal concept, of. the conventional nethods. The nethod of the present
invention is cH&r&®ter- ized in: 5 that a reaction route is used in which

- I d_ havi | - - b i nk [ d
1 ar e amount as. a BT G SoroOT UL bOTIE CERTEn bar> ol aCaTcoPhl yst, |
Carbon 10 o1 oxI TS T ol SHADET  CFETT U ) ot nerHaT ACCam “paeI {1

carbon 10 di oxi‘e an ad ecom position

reaction of th e } CEl L X e containing a

car boni c esterquﬂgBE%Q5%§é%{E§ Q?e%g%i§8%§0¥%§€o§ggﬁg$ha&gzberation in

which tdhe carbonic ester is separated fromthe reaction mx- 15 ture to

obtain a residual liquid (step (2)), and that step (2) is followed by a

reaction of the re- sidual |iquighamickBtan al cohol to thereby obtain a reac-
compound

o

CO, + 2ROH % > RO(CO)OR + Hp0  (3)

o

(R represents an unsaturated or saturated hydrocarben 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 eguilibrium 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 & 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 &
carbonic ester being formed in a trace amount.

25 On the other hand, the technical concept of the



tion m xture conprising an organonetal conpound having a

nmet al - oxygen-car bon | i nkage and water, foll owed by 20 renoval of the water
fromthe reaction mxture by dis- tillation or the like, to thereby obtain
t he organone- tal conpound, whereupon the obtained organonetal com pound
is recovered (step (3)), followed by recycling thereof to steplfXmeggPo pro-
25 ducing a carbonic ester. 29 16 June 20068The reaction in step (1) of the
nmet hod of the pre- sent invention is represented by the bel ow nenti oned

f I 4) Th [ ' t 3) of the.nmethod of .th t
| nvent | on | s 1 B Eaeft 88 bt RECBERbuABYRBRLPOnad FOPRIFASLS) CLorgaRTiet al

conpound 10 15 ther gecgrrgos'tion CQZ gdﬁgct cof + C2 _organonet I_ 4

conpound car bont £ 8st8F ¥EotHart hEPREFP d8EomosEdN g%&ucts resi dual

liquid 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
egter but not as a catalyst, and the organcmetal 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 coperation in which
the carbonic ester is separated from the reaction mix-
15 ture to obtain a residual liguid (step (2)), and
that step (2) 1is followed by a reaction of the re-
sidual ligquid with an alcchol to thereby cobtain a reac-
tion mixture comprising an organometal compound having
a metal-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.



obtained in step (2) + alcohol 0 organonmetal conpound + water Thus, the
nmet hod of the present invention is a nethod in which an organonetal
conpound having a netal -oxygen-carbon |linkage is used mainly as a precur
20 sor of a carbonic ester, and the organonetal conpound is subjected to
an addition reaction with carbon diox- ide to forman adduct, luneweed by a
t hermal deconposi- tion reaction of the adddct, to t her eby obtain a reac-
tion m xture containing a carbonic ester, mhereupon the 25 carbonic ester

is separated fromthe reaction mxture (4) . (5) 30 16 J 2006 . to obtain a
residual |iquid, folTBﬁeHeBQ}téﬁnobaraF?é 5 %&hgéﬁ FREDPES Pdudr S iP&&i‘

t t t al d.by the.t.h
decomosi - t] onePeac a»Fxﬁnsf8%%2925”%%?;6?23%%& SR PR AT SO
th b t L | d h b
her eby T egener gle, g, ofganonBLAl, conmaynd jhauifg &) ! Al o gely cai bon

| i nkage. ANt conmpoun recovered and rtecycl ed
to the the present invention is represented by the below-
5 mentioned formula (95).
thermal
decomposition
organometal > CO2 adduct of -
compound + COz 4—————— organometal —
compound
carbcnic ester + other thermal (4)
10 decomposition products
residual liguid + alechol ——— Organometal . ... 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 organcmetal cocmpound

is subjected to an addition reaction with carbon diox-
ide to form an adduct, followed by a thermal deccmposi-
Tion reaction of the adduct, to thereby obtain a reac-
tion mixture containing a carbonic ester, whereupcn the

25 carbonic ester is separated from the reaction mixture



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 anount. The
reaction m xture obtained by step (1) of the nethod of the present
invention may or nmay not contain a residual part of the organonetal
conmpound having a netal -oxygen-carbon |inkage used in step (1§ Junell®¢, 15
the residual |iquid obtained by step (2) oi®the method of the present
invention may or may not contain a re- sidual part of the organonetal
conpound havin rbon | jnkage used.in s Anyway,

an organonetalqﬁgﬁﬂgg%g{ﬁgé¥%§ﬂéf tH XY gerRtEPEh BY %ﬁﬁ?éééaFéon
Comvent onal  rohaBLCIs, THE (HEHHHAT | DrTein T ey © ieeFaPREPaLEa)
method 26 of t FEGHEEEHT ATRTGH THEEATT | BT uniPERet | SRCBIB 16 June
eacti ons. whi o i Ba et P dhE i Fait ety Eea il SRTAEEEROLE,

efficlenty pradice Ao rhonle eNerohil e 2SRRLaY | AguBo0aR PAI Bpster and

5 water Tromthe reacti pecific y, In s met hod

a;té?? P;egfggn%%%ﬁWBé&Lgéhfé§¥%$ﬁ”hiﬁfﬁb@? PRET EBBAL A cLhe ghsence of
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-
1¢ ter in a desired amcunt.
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 obtained by step (2) of the method
of the present invention may or may not contain a re-
sidual part of the organcmetal 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 methods using the equilibrium
reaction of the formula (3) above, the entire reaction
ig held under eguilibrium. By contrast, in the method

25 of the present invention, the equilibrium reaction of



of the method of the present invention, a reverse reac- tion of a carbonic
ester and ot her thermal deconposi 10 tion products can be prevented by
separating a carbonic ester fromthe reaction mxture. In step (3) of the
met hod of the present invention, after the regeneration of an organonetal
compound havi ng a netal - oxygen-carbon |inkage, the organonet dif Je8apgend
can be recovered by 15 renoving water. Furfher, in each step of the nethod
of the present invention, the operation conditions can be easily

opti mzed by anphoPLstely SUFl g soven oHonel, LoEhnguen Bl et oo
Gecor cosion. BoeSraR e Le Shral, SIUATE 8 SAmOd Ioua .
B e S e i
o %S oab heeBr o BIPRYASoLe B, KO o g sl g of |
a- 11 'éCR 3 )ﬁatég BerSthe 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
easily optimized by appropriately employing conven-
tional techniques of chemical synthesis, such as cool-
ing, heating, stirring, pressurizing and decompression.

20 As an example of an organometal compound having a
metal-oxygen-carbon linkage used in step (1) of the
method of the present invention, there can 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



wherein: (1) M1 re
consi sting of elene
exclusive of silic
straight chain or b
a straight chain or
conpri sed of unsubs

presents a netal atom selected fromthe 10 group

nts belonging to G oups 4 and 14 of the Periodic Tabl e,

on; each of Ra and R 2 independently represents
ranched Cl -Cl12 al kyl group,a 15 C5-Cl12 cycl oal kyl
branched C2-C12 al ken

%I group, a C7-C20 altdurg k0
tituted or substituted éB-CIq aryl and al kyl sel ected

a

6

@Qr oup

roup,

fromthe group consisting of straight chain or branched d -Cl4 20 al kyl

and CS-Cl14 cycl oal k

or ,an . unsubstituted 33 group conprised of

I,
unsubsti t ut ed ogrQHéSFPPﬁﬁéalnéﬁp 19 aryl and al kyl selected fromthe group

consi sting of strai
cycl oal kyl ; and eac
2, each of c anq ?,
and an organonet% ’
C6- C20 aryl group;

straight chain or

10

15

20

ght chain or

b hed Cl-Cl4 | kyl d -C
P SR8 tG AL BB pg. Fepr Res ks By Shiey omy

is an integer of fromO to 4, and a + b + ¢ + d

conpound represented by the formula or substituted
each of R3 and R4 independently represents a straight
chain or branched Cl1-Cl12 al kyl group, a C5-Cl12 cycl oal kyl group, a

(OR%)y
3
R!—M'—(OR?),

R%,

(1)

wherein:

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

each of R* and R® independently represents a
straight chain or branched C1-Cq1» alkyl group, a
Cg-C1o cycloalkyl group, a straight chain or
branched C5-C1 alkenyl group, aC7-Cpp aralkyl
group cocmprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cqy4

alkyl and Cy-Cqi4 cycloalkyl, or an unsubstituted

la

Oto
4;



5 branched C2-C12 al kenyl group, or a C7-C20 aral kyl 10 (2) : 15 (OR9)i

h Rse M-O-M3 R79 16 (OR10)J wherein:
i ndependently represents a netal
20 el enments belonging to Goups 4 and 14 of the Pe riodic Table,
34 16 June 2006 each of R5, R6

of silicon;

R 8

16 June 2006 (2) each of M2 and M3

atom sel ected fromthe group consisting of
excl usi ve
R7 and R8 i ndepend&dung2¢@pr e-

sents a straight chain or branched Cl-Cl2 éﬁkyl group, a C5-Cl12 cycl oal kyl
group, a straight chain or branched C2-Cl2 al kenyl group, a C7-C20 aral kyl

5 group conprised of_un t d~or.substitu C6-C19 aryl and al kyl
sel ected fromthe gc?%usbl%l%%ln%‘?g%?n%s O(Fzgtg%igh%g%ﬁ%
al kyl and C5-Cl14 cycl oal kyl

3
bstituted. .o substit%%g%_CB-CZO

aryl group; 10 each(ﬁa$@‘ﬁ%J9Eﬁ$a ZE &8&?P§“F&B£§E&ﬁ%§e

10

15

20

straight chain or branched C;-Cj; alkyl group, a
C5-Cqy cycloalkyl group, a straight chain or
branched C5-Cqp alkenyl group, or aC7-Cyqg aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cjyg4
alkyl and Cg-Cq14 cycloalkyl; and

each of a and b is an integer of from 0 to 2, a
+ b =20 to 2, each of ¢ and d is an integer of
from 0 to 4, and a + b + ¢ + d = 4; and

an organometal compound represented by the formula

9 3
((I)R i Ry

R’—M'—0—M’—R/, (2)

R6f (ORlO)j

wherein:

each of M* and M independently represents a
metal atom selected from the group consisting of
elements belonging to Groups 4 and 14 of the Pe-

riodic Table, exclugive of sgilicon;

[n or branched Cl-Cl4



straight chain or branched Cl1-Cl12 al kyl group, a C5-Cl12 cycl oal kyl group,
a straight chain or branched C2-Cl2 al kenyl group, or a C7-C20 aral kyl
group conprised of unsubstituted or substituted 15 C6-Cl19 aryl and al kyl
selected fromthe group consisting of straight chain or branched Cl-Cl4

al kyl and C5-Cl14 cycloalkyl; and e + f = 0 to 2, g+ h= 0 to 2,16choh28§6|
and j is independently an integer of from’t to 3, e +f 20 +i = 3, and
g+ h + ) = 3. 25 The Periodic Table nentioned herein is as pre- scribed in
the UPAC (International Unionsof Pure and _Applied Chem stry) nonencl ature
system (1989). The ab%@%hn%ﬁt$onéﬁroﬁbaﬁ&ﬁeﬁallE@ﬁB%HﬁﬁnFiYu EBTS5 16 June

monomer i & form an SPTGBne: FECRORRT GRGy WEr PRLRPH ThdUan ASCYa at ed
form Each o M| nathee! 4 & Clland M AN AR e B drmila (2)
of Silicon. It i prerBFRachPHnr2 sl ot el A%l I T P Tl e
sel ect ed.from the oL oup, coBs,31508 8F AnsdBstitAREHTL3! QbaR ikiR el oM and a
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Ci4
alkyl and Cg-Cj4 cycloalkyl, or an unsubstituted
or substituted Cg-Cyg aryl group;
10 each of R’ and R'® independently represents a
straight chain or branched C;-C15 alkyl group, a
Cg-Cqo2 cycloalkyl group, a straight chain or
branched C5-Cqy alkenyl group, or aC7-Cyg aralkyl
group comprised of unsubstituted or substituted
15 Cg-C1g aryl and alkyl selected from the group
consigting of straight chain or branched C1-Cig4
alkyl and Cg-Cj14 cycloalkyl; and
e+ f=0¢to2, g+h=20*to 2, each of i and jJ

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

20 + 1 =3, and g + h + j = 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



t he viewpoint of the solubility in and reactivity with an alcohol, it is
nore preferred that each of ML, M2 and MB is a tin atom Exanples of Rl
and RZ in the formula (1) and R5, R6 15 R7 and R8 in the formula (2)
i nclude Cl1-C12 aliphatic hydrocarbon groups and C5-Cl2 alrcyclrc
hydrocarbon groups, such as a nethyl group, an ethyl group, Jyne gpQfpy |
group, an isopropyl group, an n-butyl groug5 i sobut yl group a
2- butenyl group, a pentyl group, a 20 hexyl group, a cycl opropyl group, a
cycl obutyl grou a cl opentyl. _grou a _cycl.opent adi enyl| cl o-
hexyl group andP% %§cf%ﬂ§§eﬂ?? SPgmp,g%ﬁ Eﬁé £F§ ﬁe F%Hgscgg%éﬁ%as
benzyl group and a_ph | et hyl _group; 20 group. as a
phenyl group, o?ywogéﬁeﬁﬁg f§r§5 8Po an eélﬁagﬁ¥ﬁy g gm%%?QR, R5,
R6, R~ B 36 16 ggp gggGaﬁLgFggE Lkghtﬁgrko these exanples O the above-
al Ky

menti oned groups, rou S are preferred and straight chain or

branched Cl-C4 al kyly 9%19”%? are = £ @HeRl %oar%g h%(%d qg;gg{]%l,ﬁear bon

atons than nmen 5 tione ove Ccan be use

however , swhen SHGRngi QURS) N2XhBBAGLALIS! -BUFREENOL aCRhAN alofe sare used,
it is sonetines possib lurdity of the organonetal conpound

and/or the 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 selected 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 Ml, M2
and M° is a tin atom.
Examples of R' and R in the formula (1) and RS, RG,
15 R’ and R® in the formula (2) include C;-Cyo aliphatic
hydrocarbon groups and Cg-Cqp 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 cyclobutyl group, a
cyclopentyl group, a cyclopentadienyl group, a cyclo-
hexyl group and a cyclohexenyl group; C7-Cpq aralkyl
groups, such as a benzyl group and a phenylethyl group;
and Cg-Cyg aryl groups, such as a phenyl group, a tolyl

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




productivity of a carbonic ester beconmes |ow Exanples 10 of R3 and R4 in
the formula (1) and RO and R10 in the fornula (2) include C1-Cl2 aliphatic
hydr ocar bon groups and C5-Cl12 alicyclic hydrocarbon groups, such as a

met hyl group, an ethyl group, an n-propyl group, an isopropyl g{ou an
n-butyl group, an isobutyl group, a 15 2-butenyl group, a pentifi/ugeétp a
hexyl group, a cyclopropyl group, a cycIoBétyI group, a cycl opentyl

group, a cycl opentadi enyl group, a cyclohexyl group, a cyclohexenyl group,

th t hyl .an_eth - t hyl : /- C20 | k
grgﬁps?xgﬁchyasg%gggﬂggglggFgargé%taggeagﬁﬁghgggfh?ﬁgéggﬂgaxﬁgggRAY RO and
R10 t limted.to th |l es. | | d
Fepr esented by MPE (ST S uBEg e P REE s Rk BaeSPRoR R e s RS

oxytin, tet rapf@9¥%g§MEi Bnab At GROUEAXYRER c@eggaaﬁﬁ ! %ﬂrroh@éy;aﬂr% more

t et r ahexyl oxytin, raki s(2-ethyl-1 16 Jun 06 37 héxyl oxy) tin,

0,200 ot e SIRBY W e BARDAL I

tetrapropyltitanate, téfraisop t anat e, oxi de,

dimethylgin di - X1 2-.ethyl- 1, haxyl.oxynmetho I st hyl7t | B.5
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di hexyl oxi de, dinethyltin dicyclo-

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'® in the
formula (2) include C;-Cy5 aliphatic hydrocarbon groups
and Cg-Cjp5 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 group, a methoxyethyl group and an ethoxy-
methyl group; andC7-Csg aralkyl groups, such as a ben-
20 zyl group and a phenylethyl group. R*, R*, R’ and r'°
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-




hexyl oxi de, dinethyltin bis(2-ethyl-I-hexyloxide), di- nethyltin
di propenyl oxi de, dinethyltin di benzyl oxide, 10 nethyl butyltin di nmethoxi de,
met hyl butyl tin di et hoxide, 2-ethyl-I-hexyloxynethoxynethyl butyltin,
met hyl butyltin dipropoxide, nethylbutyltin dibutoxide, nethylbutyltin
bi s(2-ethyl -1-but oxi de), methylbutyltin di pentyl oxi de, methyl Butuipp P86
di hexyl oxi de, nethyl butyltin dicyclo 15 hexyl oxide, nmethylbutyltin
bi s(2-et hyl -1-hexyl oxide), nethylbutyltih dipropenyloxide, nethylbutyltin
di benzy- | oxide, nethyl (2-ethyl hexyl)tin anethoxide,
y

met hyl (2- et hyl hexyl )tin di et hoxi de, 2-eth

hexyl oxynet hoxyngtih
di propoxi de, rmet hyl

- -
-&thyl hexyl)tin, nethyl (2-ethyl 20 hexyl) tin
et'hyl hexyl )tin di- butoxide, nethyl(2-ethylhexyl)tin

bi s(2-ethyl-1- d@.HlE@KBgﬁaizet'ﬁ%kg}Ykﬁ?'@ﬂﬁélrnQ%K?/j(.&iﬂaﬁla@iel?ent yl oxi de,

met hyl (2- et hyl hexyl ) tin di hexyl oxi de, nethy

2-ethyl - hexyl)tin

di cycl ohexyl oxitde raBeh{ivt t2matBY | Bexydprdph1 2ot (el - elybisohexyl oxi de),
met hyl (2-ethyl hexyl)tin di 38 16 June 2006 propenyl oxi de,
met hyl ( 2- et hyl hexyli} thar&li BERRYhoXt He,direuhyk{@= etdiydehayyt i idi di et hoxi de,
butyl (2-ethyl - hexyl)tin diethoxide, 2-ethyl-I-hexyl oxynmethoxy bu-
tyl ( 2- et hyl hexthbikhde put ydth2- el hydheboxyer hoglydimegrbiy 15inhdedi -
butyl (2-et hyl hexyl )tin di butoxide, butyl (2- ethyl hexyl)tin
bi s( 2- etshyl - | - betbxide) dipubpbt2det MdmethgXyin tdibudiopédey| @i de,
butyl (2-et hyl hexyl)tin di hexy-
methyltin bis(2-ethyl-1l-butoxide), dimethyltin dipenty-

loxide, dimethyltin dihexyloxide, dimethyltin dicyclo-

hexyloxide, dimethyltin bis(2-ethyl-l-hexyloxide), di-

methyltin dipropenyloxide, dimethyltin dibenzyloxide,

10 methylbutyltin dimethoxide, methylbutyltin diethoxide,

2-ethyl-1-hexyloxymethoxymethylbutyltin, methylbutyltin

dipropoxide, methylbutyltin dibutoxide, methylbutyltin

bis(2-ethyl-1l-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 dicyclchexyloxide, methyl(2-ethylhexyl)tin

25 bis(2-ethyl-l-hexyloxide), methyl (2-ethylhexyl)tin di-



| oxi de, butyl (2-ethyl hexyl)tin dicycl ohexyl oxi de, bu- tyl (2-ethyl hexyl) tin
bi s(2-ethyl -1 -hexyl oxide), bu 10 tyl (2-ethyl hexyl)tin di propenyl oxi de,

butyl (2-ethyl - hexyl)tin di benzyl oxi de, di(n-butyl)tin dimethoxide,

di (n-butyltin) diethoxide, 2-ethyl-I-hexyloxynmethoxy di(n-butyl)tin

di (n-butyltin) dipropoxide, di(n- butyl)tin dibutoxide, di(n-Basyngz20e

bi s(2-ethyl-I 15 butoxide), di(n- butyl)t|n3%|pentyIOX|de di (n-butyl)tin

di hexyl oxi de, di (n- butyl)tin di cycl ohexyl oxi de, di(n- butyl)tin

e
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bi s(2-ethyl -1 - he y phenyl tin
dlpropeﬁ§IOX|de and t%ﬁe ylééﬁyip%é¥gl oé%%éf%%#ﬁga. glg? or ganonet al

conpounds repr V. Ik a nes and
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hexyl)tin dipentyloxide, butyl (2-ethylhexyl}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



tetrabutyl -1, 3-di net hoxydi st annoxane,

tetrabutyl-l-nethoxy 3-(2-ethyl-1- 10 hexyl oxy)di st annoxane,
tetrabutyl -1, 3-di et hoxydi st annoxane,

tetrabutyl -1, 3-di but oxydi st annoxane, 1,1, 3, 3-

tyl -1, 3-bis(2-ethyl-I-butoxy)distannoxane, 16 June 2006
tetrabutyl 1, 3- dlpropoxydlstannoxa%% 15

tetrabutyl -1, 3-di pentyl oxydi st annoxane,
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tetraphe@g'-%iéh%ngﬁﬁbﬁx%9§§éﬁ gféﬂfde and diphenyltin diben-

tetraphenyi- oxydi ane
tetraph %dé di - but oxydi st annoxane, 1,1, 3, 3-
enyl - % efhyI-I-butoxy)dlstannoxane

getraphenyl éxgmgigéQ@PX¥P§§ﬁ3H89§@ngomgéunds represented by
tetraphenyl - 1, 3-di pent yl oxydi st annoxane, 40 16 June 2006

tetraphfﬁyﬁuﬂa31ﬂ’h§5¥b9XYﬂb§ﬁ§QnQ%ﬁBﬁydlstannoxanes and aral-
tetraphenyl -1, 3-bi s(2-ethyl -1- hexyl oxy) di st annoxane and

, 3, 3- tetraphgpy&xﬁdggghﬁﬂgkgﬁggylgﬁgglggannoxane 5 The above-nenti oned
anonet al conpounds may be wused individually or in conbination. Further,
n

onme- tal conpounds-etbesbtiban-thesginebhbepadsahaviexany,be

oo F=F=F=F=F=$QA+AfAFAFAF*PAFAPN*rékAF=H
QQRRRPRRRTRRRRPRRARRRA R R R
. !

5 -

—_ = -

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-dibutoxydistannoxane, 1,1,3,3-
tetrabutyl-1,3-bis(2-ethyl-1-butoxy)distannoxane,
1,1,3,3-tetrabutyl-1,3-dipropoxydistannoxane,

15 1,1,3,3-tetrabutyl-1,3-dipentyloxydistannoxane,
1,1,3,3-cetrabutyl-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-dimethoxydistanncxane,
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-1-butoxy)distannoxane,
1,1,3,3-tetraphenyl-1,3-dipropoxydistannoxane,

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



used in conbination with those nentioned above. As an organonet al
conpound, those organonetal conpounds which 10 are comercially avail abl e
may be used. Alternatively, organonetal conpounds represented by formula
(1) above may be obtained by a conventional nmethod (e.g., a nethod
described in Dutch Patent No. 6612421) in which dibutyltin odbdene 6

al cohol having 4 or nore carbon 15 atons ahd a sol vent exhi biting an
azeotropy with water are mixed together to effect a reaction, and the

|- tant i d t t th b f t
Cont ai ni g an_of ghronb &FE COMBORL | obr SLaRF LI B9 F6f HPAZCE) above. The
b t te d t t No. 6612421
Se§Z$.g§2 ;EQ$QL$€1 n%eEﬁgﬁa%ann ? %(é bl?&guégg%raog?alnlng an or-)
ganonet al coan%ggegg%%ﬂg JoEyech gékgﬁa group and that an organonet al
ing a T

conpound havin OXy group can be obtained fromdibutyltin

chl ori de and sgg une 2%%% ;ﬁhéﬁ$f_1Qp &p 819ﬁéx§?8§ d?é QnﬁS?Hh&.Of t he

studi es by 41 eseht ntors een ound t hat,

by em ploying a met HES¢ 'rl?&@tiéhe]&p 217 rﬁ’é&&ﬂt bihfds hhonpho.
2001- 392%37 and Japéﬁgge Paﬁ%nt Appllcat?gﬁ N% 2001“%6545S there can be

obtained an or GRAMNTEL 2. OM2) PPUDE {EPESRHEIAEEION . | @UPHRY Llortindd)- from
a nmetal oxide and an al cohol y this nmethod, there can be ob- tained an
organonet al conpPOEUNELREV I BofHe £3t184K0XNose 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 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 scolvent 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-mentiocned 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 organocmetal compound having a C;-C; alkoxy group can
be obtained from dibutyltin chloride and scdium alcoho-

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



group, such as a nethoxy group. For exanple, an or- ganonetal conpound
havi ng a net hoxy group can be ob 10 tained fromdibutyltin oxide, nethanol
and hexane. It is known that, in such a case, nethanol and hexane form a
m ni mrum boi | i ng azeotrope. However, the present in- ventors have
unexpectedly found that, by this method, the renoval of waterlédane B6
performed, even though the 15 net hanol / hex&he mixture has a boi l'i ng poi nt

| ower than that of water. Based on this finding, the present in- ventors
have devel oped ghnethod for,

duci - t al f
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above- nenti oned organonetal conpound com prised nalin an or ganonet al

Corrpoundg,reprﬁ;gaﬁ&& PiorLOLAULA ) ebBudistich) abiong) @xbiccehiabtain
frac- tion co Ising a I

organonetal conpound represented by 5 formla
(1). In the method;of shheaRr £868hok NVERL itofls tRRHRY, Midle araieiodn step

(3) can be perfornmed by any con-
tained an organometal compound having a C;-C; alkoxy

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, methancl 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 thisg finding, the present in-
ventors have developed a method for producing an or-
gancmetal compound from an alcohol having a beiling
peint lower than that of water. An organometal com-

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

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




venti onal dehydration nmethod which is generally em ployed in the art. The
renoval of water may be per 10 forned by, for exanple, the use of a solid
dehydrating agent (e.g., nolecular sieves), distillation, or mem brane
separation. However, when it is desired to ob- tain a |arge amount of an
organometal conpound in a short period of tine, it is preferri&duppgboq ne
renoval 15 of water is perforned by distilfation. The distilla- tion may be
performed by any conventional distillation method, such as atnospheric

distillat] - distillati t her
i stilla- tion,JTHHYi FRTRRETFTHEROHOBF X FPAEPTSE>ti SE| PPHfroR 120 The
distillati b f d_at t -
boi | ng.poi nt R RES #0151 Rorat OROBieThLet op TRy AR EPEFSER]FRoRYs0
to the boili | he fi - deq ;
duri ng the i StiTT AN Bn (2 hng° dater sEH €60 E8 b BRP b hin A Fa F e

reaction m xture. 43 0 esent
invention, a ;g%gﬁ&“éﬁ%%ﬁ%fnﬁagﬁb%P%%%ﬁﬂﬁg %y8%§%§$n53§?EQ$EEBEE? b o the
purpose ©f the myse of,acpecond al cohol, explana- tion is made bel ow. ) Wen

it is intended to use a sec 5 and alcohol in step (1), there can be

mentioned an op- erafi Ofnd N SH, o bef 19k & 5800 € 1) nvat 8bEohehei seused  for
produci ng an organonetal conpound of fornula (1)

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), 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 pressure distillation, vac-
uum distillation, superatmospheric pressure distilla-
tion, thin film distillation or extractive distillation.

20 The digtillation can be performed at a temperature of
from -20 °C to the boiling point of the first alcchol
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.




and/ or an organonetal conpound of (2), and a subsequent distillation for
renmoving water fromthe resultant re 10 action m xture is perfornmed so that
a part of the alco- hol remains in the distillation residue containing the
organonetal conpound. In this way, an organonetal com pound for use in
step (1) can be obtained in the form of a, m xture thereof w tlf JaRe af%hol
whi ch can be used 15 as at |east a part of%3 second al cohol in step (1). In
this case, it becones p055|ble to perforn1step (1) wi t hout further adding
an al cohol as a second aIcoF én t he th t he resen |nvegt|on a
t?gnt g

first alcohol is USeFiFP st¥p ¢B)the Re hg B %Bﬁa aanfﬁ ¢8Hol may

b t |1 d d third. al b | I d

'n step (2) .y RIS ael"%céz%lna” ?hééfdlin%@msa%e TR tpete =

Gl erent xRl 5 ol suhy abohgl s baclpce alkulaleanle, Na e

t ht ch up, cyc a S
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strai ght chain ©r branc eny group, ar al'k al coho

having & CT- CROhRral o 0" QWP 0IP] Seck bl dnsuobl Lyl ad OequBst bp L ut ed

C5-C19 aryl e group con s sisting o stralght
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t hese al cohol s ude C1-Cl12 aliphatic alcoho such as net hanol
for producing an organcmetal compound of formula (1)

and/or an organometal cocmpound of (2), and a subsequent
distillation for removing water from the resultant re-

10 action mixture ig performed sco that a part of the alco-
hol remains in the distillation regidue containing the
organométal compound. In this way, an organcmetal com-
pound for use in step (1) can be obtained in the form
of a mixture therecf 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 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 opticnally used in step (2). The first,
gecond and third alcochols are the same or different.
Examples of such alcohols include alkyl alcohols having
a straight chain or branched C;-C;2 alkyl group,

25 cycloalkyl alcoholsgs having a Cs-Ciz cycloalkyl group,



et hanol , propanol, 2-propanol, n-butanol, 2-butanol, 2- ethyl-I-butanol,
t - butanol, pentanol, hexanol, 2-ethyl 10 1-hexanol and hexenol; C5-Cl12
alicyclic alcohols, such as cycl opropanol, cycl obutanol, cycl opentanol,
cycl o- hexanol and cycl ohexenol ; and aral kyl al cohols, such as benéal
al cohol and phenethyl alcohol. Further, as the first, second ladung 290
al cohol s, polyhydric al cohols 15 may be uséd. Exanpl es of pol yhydric
al cohol s include Cl1-Cl12 aliphatic polyhyric alcohols, such as ethyl ene
gl ycol, 1, 3-propanedi ol and, 1, 2-propanedi ol ; C5:C12 al.i- cyeclic palyhydric
al cohol s, such §§£%9¥£oﬁz§aﬁgaﬁoﬁaggﬂg 8y8k86éﬁpﬁn8896p;°§%§I§P§ U
al cohol s, such as ben zenedi net hanol,. _A t he above- N d
(g'a?igeEXECgIBPPhH?QdO?rggg%l a?gogo!%hgggahgn%

al cohol s, preferted? ndary nonohydri ¢ alcgﬁéls,

ch a net hangl , _et hanagl ,__pr 2- n . - |,
Z?et hyls- | - but an(g?", a%@ﬁ?%ﬁoﬁ,@%i%%o p:rl%-eg{ %%a%uf%el@%ﬁq Q%Iy(t:%{% exanol
and hexenol; an i 4 6 d I -
al cohol s, such g%g%%ﬁgyﬁﬁérggﬁ%lgnéTﬁng?gggg%g?%FSg%%@og% s%%%k h“are,

respect :v%e' y, rg?éﬁ,ﬁgﬁ; tsgc%le-zégﬁﬂyl aﬁ?ﬁﬂl) génﬂrg ):hgancgﬁcﬁ“%'m%@d A

119Sn- NVR Nucl ear onance (1195Sn- NMR) spec troscopy (see, for

exanple, U S. Patent No-i3:R49. 6QQkci ARG IIdE & 19NV &pectd um  a

chem cal shift value ascribed to"the structure of the organonetal conpound
include C;-Ci; aliphatic aleohols, such as methanol,

ethanol, propanol, 2-propanol, n-butanol, 2-butanol, 2-
ethyl-1-butanol, t-butanol, pentancl, hexanol, 2-ethyl-

10 l-hexanol and hexenol; Cs;-Ci; alicyclic alcohols, such
as cyclopropanol, cyclobutanol, cyclopentancl, cyclo-
hexanol and cyclohexenol; and aralkyl alcchols, such as
benzyl alccohel and phenethyl alcohol. Further, as the
first, second and third alcchols, polyhydric alcohols

15 may be used. Examples of polyhydric alcochols include
C,-C12 aliphatic polyhyric alcohols, such as ethylene
glycol, 1,3-propanediol and 1,2-propanedicl; Cs;-Ciz; ali-
cyclic polyhydric alcohels, such as cyclohexanediol and
cyclopentanediol; and aralkyl alcohols, such as ben-

20 zenedimethanol.

Among the above-mentioned alcohols, preferred are

C.-Cg primary or secondary monohydric alcohels, such as
methanol, ethanol, propanol, 2-propancl, butanol, 2-
butanol, 2-ethyl-i-butanol, pentanol, hexanol, 2-ethyl-

25 1-hexanol, cyclochexanol and hexenol; and C;-Cs primary



represented by fornula (1) largely varies depending, for exanple, on the
organonet al conpound content of the 10 sanple used for a 119Sn- NVR anal ysi s
and on the presence or absence of an alcohol in the sanple used for a
119Sn- NMR anal ysis. Therefore, it is preferred that the analysis of the
organonetal conpound is performed by a method in which the priktbwegdles ear
magneti c resonance 15 (1H NVR) spectroscop$and the carbon-13 nucl ear mag-
netic resonance (13C-NVR) spectroscopy are used in com bination with the

chem cal shi 11 Va1 S5 URRIREr REBTb T hS8t Bt Srehof “aRc BF ghoREEAT Chonpound
and abutyl tin oxi delide T anat At GuReS 2006 GohrBntEoor TR GrbARBRE al
compeuns of ¥ oo ke RN m 2181 ) 1| RO A g DA 67
(e garm! ool vt st LI EL g, ool oh 0B P28, SR oapesh 1
5 troscopy (see, for example, U.S. Patent No. 5,545,600} .
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 organocmetal compound content of the

119

10 sample used for a Sn-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-
netic resonance {*C-NMR) spectroscopy are used in com-

119

binaticon with the Sn-NMR spectroscopy. Table 1 below

11%sn-NMR data of examples of chemical shift val-

shows
ues ascribed to the structure of an orgnometal compound
20 represented by formula (1), which is produced from 2-

ethyl-1l-hexanol and dibutyltin oxide.



11.2-6.6 3.42.7 Notes: the chem cal shift values (8) are relative to that
of tetranethyltin (SnMed4). The organonetal com 10 pound content is the

wei ght percentage (Wt % of or- ganonetal conpound in deuterated chloroform
(CDC13). In the nethod of the present invention, the reac- 15 tion system
used in step (1) may contain substances other than those mentilbnbgedbove.
Exanpl es of other substances which are eff@ctive in perforning step (1)

i ncl ude 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 mai ntai ned under 47 16 June 2006 non-aqueous conditions. As a
dehydrating agent, any conventi onal degégiathng agent may be used.
Exanpl es of dehydrating agents include £ conpounds and or- thoesters,

such as orthotri metdyh:&ces abe. affUsthfkondt 81 JabhsodLAYEE atbpguagent s, such
as di cycl ohexyl car- podjimd gay_gghgfgg_ﬁéxﬂfgxgr L8 agentspiEurther-
nore, solid dehydra{| agents, sugh_ as ecul ar I v% , nT¥ Be used as
dehydr at? ng agents.s®£351§nssp??% deﬁ?ﬂygﬁiﬂﬁeﬁbgﬁ} ?gl ed?Ptsi s
preferred that 10 tPletabned WehydrasPRgt agenthe ssrBRbYe8CLEBAPRRe reac-
tion systemprior to performng step (3). In step (1) of the nethod of the

present i nventf on,
1°sn-NMR data
Organometal compound Chemical shift wvalue

content (wt %) (& ppm)
48.0 -64.2
20.5 -12.1
11.2 -6.6
3.4 2.7

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

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



the use of a second al cohol is optional. Wth respect to the anbunt of the
second al cohol used in step (1), 15 when an al cohol having an organi c group
which is the sanme as the al koxy or aral koxy group in the organonet al
compound i s used as a second al cohol, fromthe view point of inproving the
purity of the obtained carbonic ester, it is preferred that tl¢dusecdsd

al cohol is used 20 in an amount which is 1%4fo 100,000 tines the
stoichionetric anount relative to the anount of the or- ganonmetal conpound.

Al ternatively, when an al cohol ., having an organi rup different fromthe
Al koxy or - at al KK U | TORPEE SYEANoASt &l SEBNI5aa s “HSTT s W 25

d al cohol, wh th t al d 48 16, J 2006
Sented by for mAS) TR Te B BHeL Ao GrBUrT =5l SEhSo G SRE Wiehol i s
f bly f 1.000. ti t he . stoichi i
Dr of or abl ¥ 11 om0 0TS (THRACT HETSL ST e HTOREL i SORaaAES RafafFve 1o
the amount 5 of. e, 01 0an0elal L COIPOLNG s L0 8E£P(d) ar cWNER AR - cohol

havi ng an organic grotp d e or-“ganic group'int

organomea COMPONNL L Sqdlped 01 Ay SECR00 AGONOLe AN-OSYBHELLYEagar Don

ester i s obtained: 1 oné when a secon is used in 10

P P e RO R i
is greatly inpﬁﬁ¥89; dheiq dehydrating agents, such as molecular
sieves, 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 pricr 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 alcohol used in step (1),
15 when an alcohol having an organic group which is the
gsame as the alkoxy or aralkoxy group in the organometal
compound ig used as a second 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-



above-nenti oned preferred anount of the second alcohol in the case where

t he organonetal conpound represented 15 by fornmula (2) is used alone, is
determined fromthis viewoint. In the case where step (3) is followed by
step (4) (for recycling the organonetal conpound recovered in step (3) to
step (1)) and step (1), prior to step (1), 20 a second al coholl6duge B6added
to the reaction systemso that the anount 4%f the second al cohol becones
within the above-nentioned preferred range. Alternatively, in such case

Bl conol  may. be TERTVRABS PPHRTE ne2f ohEt NBRI)LPBRT zagi'ar%éu%e 3505
respect to eacr%gég\e a%%?e?nbthggfggfggg pEesen%ekgv?R F ﬁ%gakhgd

expl anations are fa e present

nvention S | VLYSS el LonLat hgr&h bED: 2,681 bR dhoxhdeoag: odyct of

an organonetal conpoun aving a netal - oxyg n- car age I's fornmed,

and the adduct {graed s swféﬁwpgtg%o%m?ﬁﬁg to.pbt a8 E‘oCEhQOBlnBuﬁéter

That is, in the reaction route step carbon di oxi de

addi ti ong bonded, £ . 0 &f%@&m@i compoLad. t axf Qi qa)ad%@n andhe

adduct is thermally dec osed Differing fromthé conventional methods,
step (1) of cohol having an organic group different from the or-

ganic group in the organometal compound is used as a
second alcohol, an asymmetric carbon ester is obtained.
As mentiocned below, when a second alcohol ig used in
10 step (1), especially in the case where the organometal
compound represented by formula (2} is used alone, the
vield of the carbonic ester is greatly improved. The
above-mentioned preferred amount of the second alcohol
in the case where the organometal compound represented
15 by formula (2) is used alone, ig 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) 1is followed by step (4) and

step (1), prior to step (1), an alcohol may be removed

25 from the reaction system.




the nethod of the present invention is characterized in that an
organonet al conpound havi ng a netal - oxygen 15 carbon. linkage is reacted
with a small stoichionetric anmount of -carbon dioxide. In the conventi onal
nmet hods, carbon di oxi de under a high pressure is reacted mﬁgphﬁgzmﬁlcoho
in the presence of a small anount of a netak? catal yst. As an exanple of
such conventional method, 20 there can be nentioned a nethod in which
carbon dioxide is reacted with nethanol in the presence of dibut&!tin

di met hoxi de (see Pol ytiethonesp@ctphgesasiz3ssgp pEoybp) methpd g€ the
conventional nethod described in this literature, carbon dioxide under a
pressure of aboupr&fenPainsentigs.adesdihpthewpilBaasioas 886 8398 t he

presence of sev 50 16 June 2006 eral mllinoles of dibutyltin dinethoxide.
The exact anpunhepgivbebow.di oxi de used in the reaction is not described
in the above-nmentioned literature. However, it is considered that, even if

the partial pressure ®dtes fibl hafothesmethedaefelinet RECERBENENEPLPEABon

di oxide wused in the reaction should be as large as at |east 100 tines the
stoi chi onBtric akbvpives| atreactdonhBEorfBuhl Wgﬂcphé Gﬁggﬁanéﬂaﬁléﬁhﬁﬁﬁhd
havi ng a netal -oxygen carbon |inkage. By achieving the above-nenti oned high
10 pressure condft¢bnaef @heOEQEPPWBFPénPP§PPBP9i53V18959 8F§83§°F8ﬁ§?ﬂ'a

carbonic ester, so that_a carbonic _es- ter can Re grgdu%e% in aq yield which
is higher t han ekarbon linkage is formed, and the dduc orme s

thermally decomposed to obtain a carbonic ester. That
is, in the reéction route of step (1), carbon dioxide

10 is addition—bdnded to an ofganometal compound to form
an adduct, and the adduct is thermally decomposed.
Differing froﬁ the coﬁventional hethéds,.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. In the conventional methods,
carbonldioxide 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 sev-




pected fromthe anount of the catal yst. However, by the reaction of carbon
di oxide with nethanol, free wa 15 ter is also produced, thus posing a
serious problemin that the catalyst is hydrolyzed by the free water. For
solving this problem it is necessary to develop a nethod ghmdg&%prating
the reaction system In the above-nentionedditerature, it'is ﬁescribed
that, under 20 the above-nentioned reaction conditions, dibutyltin ox- ide
is produced as a hydrolysis product of dibutyltin dinethoxi-de, and that,
al t hough di but yl teiraloxiida iceieet ofbelidigsdltied dimetlsotivdat dihg gofmct
tenperature, dibu- tyltin oxide is present in the formof a transparent 25
sol uti on under t hecaindv efiremntribame d ircedcls arsegbnidi titonsre&dtien Jisen2006 On
the other hand, in the nethod of the present inven- tion, even when the
reacti on m xt ur e dafstoeribednpilnettinen abafvestrem (ibndds lcidud eat wee r odinwever,
tenperature, the reaction mxture generally remains in the formof a
liquid. In 5 thidtrdspecnsitdesededdtaton ev@ed i tttve pastthbdl oprefaurdrelent
invention differs fromthe reaction used in the above-nentioned
conventi ohal net edhiamoihiish sabitaagdedandirg agfowdr oh RExeYelie*ided. In
the case of the -conventional nethod, the reaction systemhas a high 10
carbon di oxi de cosedntinatthen rgagt dvensdoulse heed® ilgH 99 s2hHetbssadfFyl 00

per fornmed under high pressure conditions. Therefore, when the reaction
m xt ure containiﬁgmpﬁethe stoichiometric amount relative to the amount

of the organometal compound having a metal-gxygen-
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-
| terAcan be produced in a yield which is higher thaﬁ ex-
pected from the amount of the catalyst. However, by
the reaction of cafbon dioxide with methanol, free wa-
15 ter is also produced, thus posing a serious problem in
that the catalyst is hydrolyzed by the free water.v For
solving this problem, it is necessary to deﬁelop 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 seolvent at room temperature; dibu-
tyltin oxide is present in the form of a transparent

25 solution under the above-mentioned reaction conditions.



produced carbonic ester is taken out fromthe reactor, it is necessary to
purge a | arge anmount of carbon diox 15.ide fromthe reactor before taking
out the reaction mxture. Such necessity poses problens not only in that
a large anount of carbon dioxide is wasted, but also in thagj,kbodd 1S
intended to reuse the purged carbon dioxidel repressurization of the
carbon di oxi de 20 becones necessary and, hence, a | arge anount of energy
is consunmed for the repressurization of the carbon di- oxide. Further, in
t he conventi onal onethedethée fhahd,| oni hgepmebherh b &hso plriclseint tidvsdcur .
It is known that, when the reaction systemhas a high carbon diox 25 ide
concentration, theodensieéy whehhehearbantipoxndstszeldfleme cCROPE gdL™ ayer
i ncreases, so that the carbon dioxide dis- solves not only a solvent and a
catal yst but al seft&eepptbliutedceatbdnte eso®r temperabyrior ey T2 aEdet™ on
m xture conprised of a honbgeneous m xture of carbon 5 dioxide, the

sol vent, the catmiystrandetseapipduemdingaihohhe &ermr of\Wed idd dr-eaéfi on
m xture (honbgeneous nixture) is cooled to obtain a liquid reaction
mxture, 5the |itwis respecbn hhatuveactbanaitasdciarbbhedmngti@d iof e form
of liquid carbonic acid. Thus, anyway, it is 10 extrenely difficult to
separate the propuesentatoritionsibiferanfroe Foactpaftar gsed (i

(1) of the method of the present invention, . i
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 ﬁeaction miituré.confaining the
produced carbonic ester is taken out from the reactor,
it is necessary to purge a large amount of carbon diox-

15 ide from the reactor before taking out the reaction
mixture. Sucﬂ necessity poses problems not only in
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 alse 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



it is preferred that carbon dioxide is used in an anount which is 1 to 50
times, nore advantageously 1 to 15 20 tines, as large as the stoichionetric.
anount rela tive to the anount of the organonmetal conpound having a

met al - oxygen-car bon |inkage. Wen the anmount of carbon di ox§ fgebBod arge,
the reaction becones a high pressure reactigpn, so that not only does it
becone necessary to 20 use a reactor having high pressure resistance, but
al so a large amount of carbon dioxide is wasted during purg- ing of-

unreact ed carbon (i oxifle afiteiram etdonteft Heprddyon Thesefdsedist is
still nmore preferred that carbon dioxide is used in an anmount which is 1

to 10 25 tines asdiafde . (e stoiscliviim rdml amiatayedathwie 4bs&3tié June
2006 the amount of the organonetal compound. In other words, in step (1),

it is preferred thalqdd®l P-00wRt alsteam peeby Sfdaseichd ne areaoblen whi ch
is 1/50 to 1 time, nore advantageously 1/20 to 1 tinme, still nore advanta-

5 geously 1/10 t @ik thid® coapridie@e oS d hensigeinei et ttaranstincariedat i ve
to the anount of carbon dioxide. In the present invention, a carbon

di oxi de adduct ofgitha deor garoreiale oot ataliyet ambtidie mayydacedr bon
| i nk- age can be easily obtained by contacting the organone 10 tal conpound
wi th carbon di oxicdebodien dshverr.eadhieon theerpecatione mig tugem (bompaeaapis (20
C), the carbon di- oxide adduct is exothermcally produced by contacting
mixture) is cooled to obtain a liguid reaction mixture,
the liquid reaction mixture contains carbop dioxide in
the form of liquid carbonic acid. Thus, anyway, it is
10 extremely difficult to separate the produced carbonic
ester from the reaction mixture.
| In stép (1) of the method of the present inveﬁtion,
it is preferred that carbon dioxide is used in an
amount which is 1 fo 50 times, more advantageously 1 to
15 20 times, as large as the stoichiometric amount rela-
tive to the amount of the organometal compound having a
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 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 uséd in an amount which is 1 to 10

25 times as large as the stoichiometric amount relative to



t he organonetal conpound with a stream of carbon diox- ide having

at nospheric pressure.- In this case, the 15 carbon di oxi de adduct can be
obtained in a yield of al- nost 100 % In accordance with the el evation of
the reaction tenperature, the anount of the carbon dioxide16ﬂ9g§5§6
produced becones | owered; however, even whensgthe reaction tenperature is
hi gh, the lowering of the 20 anmpbunt of the carbon di oxi de adduct can be
suppressed by contacting the organonetal conmpound with carbon di- oxide
havi ng a hi gh pressar amolintsbep tht) orwhaewnietel arqgaronmet al Ioonpdud werds,
contacted with carbon dioxide having a high pressure, it is difficult to
determ ne 25 the anosptpof 1fjheicatboprdifexicdd &tddctther odyeedmdaiayl 526
June 2006 ever, it is preferred that the reaction of the or- ganonetal
conpound wi t h carpoandi vxi deetisisoaduatedntinwhdeh asddgiSled oprledsiuree,
depending on the rate at which the carbonic ester is produced and on the
amount of the 5 cmohenadvestegepustiucéd20The Ae&dmeonspiddsmoard adymnta-
erally from atnospheric pressure to 200 MPa. It is preferred that the
anmount of %he carpemiiglestéiOobe Lathmd.i asslepgelpsi $he0s tBisghiamstrifor e
advant a- geously 50 % or |ess, based on the stoichionetric 10 anount
relative to the ampowmttofelhtiveghnonkeadmeont pdusdrbani ddgoxide. In

nmet al - oxygen-carbon | i nkage. The reason for this is as follows. The
organonet al conpotiel pegsent invention, a carbon dioxide adduct of the

organpmetal compound having a metal-oxygen-carbon 1link-
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"producedrby contacting
the organometal 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 is contacted with carbon dioxide
having a high pressure, it is difficult to determine

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



ing a netal -oxygen-carbon |inkage used in the nethod of the present

I nvention is nore susceptible to hydrolysis 15 than the carbonic ester
produced. Therefore, when the carbonic ester is obtained in an anount which
is 100 % or less, preferably 50 % or |ess, based on the stq%;h%ga&gric
amount relative to the anmount of the or- garofretal conpound, wat &r whi ch is
likely to hydrolyze 20 the produced carbonic ester does advantageously not
oc- cur in the reaction mxture. On the other hand, in the case of the
conventi onal net kads;, tite iregmtd fariesl domt dute eckaet vt of hehandtint of the
carbonic ester pro- duced is nore than 100 % based on the stoichionetric
25 ampunt rel ati warometrel anmprursf it orainonedidxeden 55 aenIuRESI 08B~
pound. As a result, in the case of the conventional nethods, the .
generation of freemat etesshiarh predsket .y deretdidid| 9z thher Fdd@E R ich
carbonic ester poses a seri- ous problem For preventing the produced
carbonic es 5 tertier aadieimig lesdrast mmrQ&UQJrﬂé’é@s@ar ¢ 2meEnh @k- the
hydrati ng agent to the reaction systemor to perform the reaction in the

presence 6f a delpditatriing e prasharasl n The deRydd@n RFeafeHie ' et ed
fromthe group consisting of a dehydrating agent which is nore 10
susceptible to hydedilysifeamh &tndaptatish e U ipdut® MBRd dkdiSd
dehydrating agent having high water adsorp- tivity. Such use of a
dehydrating agen@ﬁ&iqmnﬁgh££ﬁ§%the amount of the ‘carbonic ester ob-

tained in step (1) is 100 % or less, more advanta-
geously 50 % or less, based on the stoichiometric

10 amount relative to the amount of the organometal com-
pound having a metal-oxygen-carbon linkage. The reason
fo? 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 100 %
or less, preferably 50 % or less, based on the
stoichiometric amount relative to the amount of thg 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 stoichiometric

25 amount relative to the amount of the organometal com-




geous not only in that a conplicated step is needed, but also in that the
‘dehydrating agent is expensive. 15 Therefore, the conventional nethods have
not been prac- tically enployed as a nethod for producing a carbonic ester
on a commercial scale. By contrast, in the reac- tion routeij@funstew (1) of
the met hod of the present in- vention, the man reaction is a deconposition
reaction 20 in which a carbon di oxi de adduct of the organonetal conpound
havi ng a netal - oxygen-carbon |linkage is ther- nally deconposed to obtain a
carbonic ester. Fhanherasnmal rdecoaposit tha taaet o@nthe penfentednatl a
tenpera- ture in the range of from20 to 300 C. In step (1) of 25 the

met hod of the prgseRbdsNVenki gRneadtdloaohal fexbbraltte d wiel@006s chisrgky
reaction or an ester exchange reaction nmay be perforned together with the
above-menti oned decarpesilyzki @her paciduerd Spedidriicaldster qomxamplegsrivhen
step (1) is perforned in the presence of a second al cohol, 5 an al cohol
exchange reacti ogu@cpubs1bat WweRhr aprexygenngcahkoprodukade cafrbomd csesond

al cohol and an oxygen- carbon |inkage of the organonetal conpound having a
met al - oxygen- car her lFirakape.ingo hiykdato 1gzedr,bdni ¢ sesteeres oy ésparttl iy 49 t he
second al cohol can be obtained. 10 Alternatively, after the formation of a
carboni c ester, hgdsetand abeaholtompnebeeaddddnt ctdfeen eHttiQPSEIEM t 0
perform an ester exchange reaction, thereby obtaining

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 fo hydrolysis than the organometal compound,
and a solid dehydrating agent having high water adsorpf
tivity. Sucﬁ use of:a dehydrafing égent is disadvanta-
geous not only in that a complicated step is needed,
but also in that the dehydrating agent is expensive.

15 Therefore, the cohventional methods have not been prac-
tically employed as a method for producing a carbonic
ester on a commercial scale. By contrast, in the reac-
tion route of step (1) c¢f 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-




anot her carbonic ester corresponding to the second al- cohol. 15 Wth
respect to step (1), nore detailed explana- tions are nade herei nbel ow. The
studies by the present inventors have shown that in step (1), a carbonic
ester is obtained by the reaction between the organonetal g¢pppeupsk and
carbon 20 dioxide. Therefore, the use of a sgcond alcohol in step (1) is
optional. However, fromthe viewpoint of producing a carbonic ester in
high yield, it is pre- ferred to use a-second alcohol in step (1). The

reason for thiscig,gs fehbewsen dheahheswel grenangsi reactien2magciieon in
step (1) has a reverSe reaction. Wien a sec 57 16 June 2006 and al cohol is

added to the reaghieprfyat €8hethebSwhes- tAkbhbotBaneandbhed dgAdmprsiium
reaction additionally occurs between the second al cohol and a thermal

decom position psgdustaethsh .t heged el carboni foeséeampiaer ebgn5stapr ovi ng
the yield of the carbonic ester. The addi- tion of a second al cohol for
inproving the yiehd of pHberoemelonhcthst prekenespefi al bypcenidectliopdodhen t he
or- ganonetal conpound Is conprised nainly of an organome- tal conpound
representgd by fgpnyhachad)l. eeBhhhgeoibact16nhandprahbe tvieenoBgamevses -
conpound is conprised mainly of an organonetal conpound represented by
formula (1), theaeguhl Lbhkageobsft bret becoall décohpdsindomly OFAIET
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 carbonic ester,
a second alcohol may be added to the reaction system to
perform ah ester exchange reaction, thereby obtaining
another carbonic ester corresponding to the second al-
cohol.
15 With respect to step (1), more detailed explana-
tions are made hereinbelow.

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 vield, it is pre-
ferred to use a second alcohol in step (1). The reason

for this is as follows. The thermal decomposition re-

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



in step (1) is biased toward the product system and, hence, the yield of
the carbonic ester is considerably 15 high, so that, in sonme cases, the
yield of the carbonic ester cannot be further inproved by the addition of
a second al cohol. Wen the second al cohol contains a | arggsaRupde of
water, the yield of the carbonic ester "is tewered. Therefore, it iIs
preferred that the anmount 20 of water contained in the second al cohol is
not nore than 0.1 time, nore -advantageously not nore than 0.01 tine, as

large as the Stoe;r?&ﬂd&f@ K€ ATOMMedef @t iNE E@act Denaspunemof ithés pos-
or ganonet al conpound. en the reac- tion in step (1) is perforned using an

organometal com 2, Lt e o5t edaby1ipruharédgtiancaddonidnetilge ad 58
16 June 2006 duct of the organonetal conmpound represented by fornula (1)

is thermal |y decoimposed,dQ,du0duce fe6aibonicorsleand at thermell dkrown t hat
a carbonic ester 1s produced from a dinmer of the organonetal conpound

represented by fors b oy aphddud st b tINWSTRY, cdbbonfc &ered, phgesbyl- 18
(2001)). In the conventional nethod described in this Iliterature, a

carboni c gster agnWebbids TidUfydid nopxthédeatsoptodesedrt r diha adder of
the organonetal com pound represented by formula (1), wherein the anount
of 10 the carboni toeSéera Hasbis@chicohoh foretmpesvpeg hbeeviedfeosf thie
di rer of the organonetal conpound. The present inventors have nade
extensive and i né£eRséVEc 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 tﬁe organometal compound is comprised mainly
of an organometal compound represented by formula (1)f
the equilibrium of fhe thermal-decoﬁposition 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 canuot.be further improved by the addition of a
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 amountrof 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-



studies on the formation of a carbonic ester froman organonetal conpound.
As a result, it has surprisingly 15 been found that, when a carbon di oxi de .
adduct of a diner of the organonmetal conpound represented by for- nmula (1)
is thermal |y deconposed, a carbonic ester is swiftly elimngygs20berein
the amount of the carbonic ester elimnatedgi s one nol ecul e per nol ecul e
of the 20 carbon dioxi de adduct, so that an organonetal conpound '
represented by formula (2) and/or a carbon di oxi de ad- duct thereof  can be

obtained. In thigyeases addi birganopbtan abepbahnd T epateseecessdny .f Btreply 2)
may be con- ducted immediately after there are obtained a carbonic 25 ester

and at |east one(gonpaurdesphectedebbamolka groourBlicks al urer 2P0 ester.
consi sting of an organonetal conmpound represented by forrmula (2) and a
carbon di oxi de agdugt thenerhowAl thher aatiavelonics st er? )i stpr asarasshdircared
after a carbonic ester is further produced fromthe obtained organonetal 5
conpound repr eseat gimby H6r fkaotdpnandtal thepobnd wegresaiiead dioxi e
adduct thereof. As nentioned above, it 1is preferred that the organonetal
conpound sised i nmatep{1(1)sesnproseNDHSTR¥asVodne 6cotgourid Fatdas dd f¥dm
the group consisting of organonetal conpounds respectively 10 represented
by formulae (1) amrdof2). |Inishencenypretideatedethad desreabedaipattist the
organonet al conpound used in step (1) is an organonetal conpound
represented 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
10 the carbonic ester produced is two molecules per mole-
cule of the dimer of the organometal compound. The
present inventors have made extensive and intensive
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 represented 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
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



by formula (1). It is still nore preferred that the organonetal conpound
used in step (1) contains 5 nol a 15 or nore of an organonetal conpound
represented by for- nula (1), wherein the anount of the organonetal com

pound is expressed in ternms of the ambunt of a metal atom ggnigideeg in the

organonetal conpound. A solvent for the orgawonetal conpound nay be 20
added to the reaction systemused in step (1). The or- ganonetal conpound
used in the present invention-is generally in the formof a |iquid.

However, in somecoaase%dnighe rolganaiehaimetIpaitntduhd rdhe feortmdfba
solid. Further, there is a case where the organonetal 25 conpound turns

into a solid forguwhanat he )organeneiaal om0 dikxidee a2i06: tc dieowwt beddres a
carbon di oxi de adduct thereof in step (1). Such a phenonenon occurs, for

exanmpl e, when dibghglttive16i metthoxi(de imayubed casiduhd gt geitenetalcasdmnic
pound. Even when the organonetal conmpound is in the 5 formof a solid, a
carboni c ester captbe peodueetieirn pratiepedl Fromovieeobtidiamdd wixtianomgtahe
organonetal conpound is sonetines inportant when the carbonic ester is
conti nuousl y produspdunBurtbeesechaed mpr dwinmyltshd 2 )r a@nal /ofr tthe rodeict iinogd
bet ween t he organonetal conpound 10 and carbon dioxide, it is sonetines
preferred that tbarbonganoxetial addnpauntieirscifn t Ae fmentiiohed Rbgyed. 1ltn
such cases, step (1) may be conducted using a sol vent _
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 represented by formulae (1) and (2). It is more pre-
ferred that at least a part of the organometal compound
used in step (1) is an organoﬁétal compound represented
by formula (1). It is still more preferred that the
organometal compound used in step (1) contains 5 mol %
15 or more of an organometal compound represented by for-
mula (1), wherein the amount of the organometal com-
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 intc a solid form when the organometal



for the organonetal conpound. As a solvent, there can be used an al cohol
havi ng the sanme organic group as in 15 the carbonic ester produced.
Alternatively, an inert solvent can also be used. Exanples of inert

sol vents include hydrocarbons and ethers. Specific exanpl eg; Qf.. 26q2er t

sol vents include C5-C20 saturated hydrocarbgys, such as pentane, hexane,
cycl ohexane, heptane, octane 20 and decane; C6-C20 aromati c hydrocarbons
(which may have a Cl-Cl4 saturated al-kyl group and/or a C5-Cl4 cycl oal kyl

group), such as RengRMd HAdERe X HAat e Blind kentuaengie £e £20n
saturated al kyl ethers, such as dipropyl ether, dibutyl ether and di hexyl

ether; C4-C20 cy@tey] (25 Kykuehhar phesyfBnas betuabydrFofruraamane diwheane;
and 61 16 June 2006 C7-C28 phenyl ethers (conprising a phenyl group having

a Co-Cs substit wamiutgadp AR thad i@ isehesiedd rame tdeyamgrmepatonstst i ng
of a Cl1-Cl4 al kyl group and a C5-Cl14 cycloal kyl group), such as ani sol e,
et hyl phenyl etheund.i sapeapyhephenyl oeyheomebanz yompetind iet Her tawed 4-
nmet hyl ani sole. The tenperature enployed for the reaction per- forned in
step (1) iss generalhy difn & ke riange efarfcorc reedrarn enperta WwodRfed)ino 300
C. Wen it is intended 10 to conplete the reaction in a short period of
time, it is prefkeepedilt)a peOWerartheheefittidntat o80the 2e@agonfedrallQ
m nutes to 500 hours. Wen the organonetal com
compound is sometimes important when the carbonic ester
is continuously produced. Further, for improving the
rate of the reaction between the organometal compound
10 and carbon dioxide, it is sometimes preferred that the
organometal compound is in the form of a liguid. In
such cases, step (1) may be conducted using a solvent
for the organometal compound. As a solvent, there can
be used an alcohol having the same organic group as in
15 the carbonic ester produced. Alternatively, an inert
solvent can also be used. Examples of inert solvents
include hydrocarbons and ethers. Specific examples of
inert solvents include Cs-C, saturated hydrocarbons,
such as pentane, hexane, cyclohexane, heptane, octane
20 and decane; C4-Ca aromatic hydrocarbons (which may have
a C,;-C;4 saturated alkyl group and/or a Cs-Ci4 cycloalkyl
group)., such as benzene, toluene, xylene and ethylben-
zene; Cg-Cy saturated alk?l ethers, such as dipropyl

ether, dibutyl ether and dihexyl ether:; Cy-Cz Cycloal-

25 kyl ethers, such as tetrahydrofuran and dioxane; and




pound has a tin atomas a netal atom there is a great difference between
the state of the tin atomcontained 15 in the organonetal conpound before
the reaction in step (1) and the state of the tin atomcontained in the
re- action mxture after step (1). This can be seen from a |gQRPEIGESON

bet ween the 119Sn-NMR chart (see Fig. 4) obsitained with respect to the
organonet al conpound before 20 the reaction in step (1) and the 1195n- NVR
chart (see Fig. 5) obtained with respect to the reaction m xture after

step (1), and theref,pphdiyl % @ppar gqrionifhats itthe a gtganonetsdur onolma a
functions as a precursor of the carbonic ester. Fig. 5 shows that, when

both an or 25 ganpmgtablbsoipoemtl gepieseat@da byrdop meede¢ipdandomntd2 16
June 2006 organonetal conpound represented by forrmula (2) are used in step

(1), the organongtalp corpoiiliteps2sent e, il yr mieur Bnd sa cendumed in
step (1). The 119Sn-NVR chart shown in Fig. 5 exhibits a peak ascribed to
the 5 organonet atycorgpoud gepuekensech bys farhsd be ( 2 tlhnd phepydkehiedh is
presuned to be ascribed to a carbon di ox- ide adduct of the organonetal
conpound ¥ epr eseidairdyyyl futeng B € Ber Wisenihke mebkyloatharsasg ¢1) is
performed at a 10 high tenperature (e.g., at 200 C or nore), the t19Sn-
NVR chart obtai megtlwl anisspert to the reaction mxture after step (1)

sonetimes exhibits a peak ascribed to a .
The temperature employed for the reaction per-

formed in step (1) is generally in the range of from
room temperature (20 °C) to 300 °C. When it is intended
10 to complete‘the reaction in a short period of time, it
is preferred to perform the reaction at 80 to 200 °C
for 10 minufes to 500 hours. Whenﬂthe 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 the organometél compound before the reaction in step
(1) and the state of the tin atom contained in the re-
action mixture after step (l}. This can be seen from a
comparison between the 119%sn-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




certain substance around 100 ppm wherein tetrane- thyltin is used as a
reference in the 119Sn- NVR anal ysis. 15 However, when the nethod of the
present invention is repeatedly perfornmed, it is preferred that the
reaction in step (1) is perfornmed under conditions whereini§hge 266 mati on
of the above-nentioned substance exhibitingga peak around 100 ppm can be
suppressed, or the reaction 20 in step (1) is perforned using an additive
for sup- pressing the formation of the above-nenti oned substance

exhi biting a peakr-ghadhdti00cBRFLUNEL Repespeat sl bih&camulnt (of) cardon

di oxi de, when the reaction in step (1) is perforned at roomtenpera- 25
ture (20 O, it gubhi ¢assitbpi $1ysednien cagaashehia IWaoepod®hdl 1t pare006 s
the stoichionetric anount relative to the anount of the organonet al
conpound used i npgt epribla HoWever consherdt he seapt i(an .i nTeeep ’G1) NMR
performed at a tem perature which is higher than roomtenperature (20 C) 5
under conditionschhetesRoivheianplpt. 6f ecaibansdiaopedd ascrtifted to the
stoichionetric anount relative to the amount of the organonetal conpound
used in sgep (1)oryhaomatalotompbandddiepireschaerd by &oroarlizon i dddet t o

t he organone- tal conpound sonetines becones very |low, so that the 10 rate
of the formati onpekkt hriehr benpeeesher ite ber kedirybeldower @d.cafiw Hras® T e
enpl oyed for the reaction per- forned in step (1) is generally from

at nospheri c preside adduct of the organometal compound represented by

formula (2).
When the reaction in step (1) is performed at a
10 high temperature (e.g., at 200 °C or more), the l.”Sn—
NMR chart obtained with respect to the reaction mixture
;fter 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 %nvention is
repeatedly performed, it is preferred that the reaction
in step (1) is performed under conditions wherein the
formation of the above-mentioned substance exhibiting a
peak around 100 ppm can be 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




sure to 200 MPa, preferably from at nospheric pressure to 100 MPa, wherein,
I f desired, the reaction may be 15 per while introducing additional carbon
dioxide into the reaction systemor withdrawing a part of car- bon dioxide
fromthe reaction system The introduction of additional c%p{ggzéﬁﬁoxi de
into the reaction system nmay be conducted ejs4her intermttently or
continuously. 20 Wien it is confirned by the analysis of the reac- tion
m xture that a desired carbonic ester has been ob- tained, step (1) is
finished. For examplige WL dii®mar O Mo @St efe 15t Db at dethé naasuatOUBt
which is 5 %or |ess, based on the stoichionetric anount relative to 25
the amount of theamy garpiRinadtLoMmephinstefed 1)n reyepe( 64, 16iaune2006
finished. The reaction m xture may be taken out from the reactor, either
after the pressurgdm tHee derdiom s gteducEd) tios giamSepteed capr@sseme, or
w thout lowering the pressure in the reactor. Wen step (1), step (2) 5
and step (3) are fardtrEedHikss apamatghdeagial Ssodmher erigaed t@re N X0 ute) may
be continuously circulated by, for exanple, a nethod in which the reaction
m xture afster ste@el3)cdrsliftddriso whraraiendiior dnorurst epf (djrbehedieatdet i on
m xture contained in the reactor for step (1) is 10 fed to the reactor for
step (2); and thésraaet istr imhd-ontetrd oc @mtcaintedrd Jattihee risactios droeunt ept ( 2)
is fed, to the reactor for step (3). The circulation of the reac-

the organometal compound used in step (1), the rate of

the addition bonding of carbon dioxide to the organome-
tal compound sometimes becomes very low, so that the

10 rate of thé formation of the carbonic ester is markedly
lowered. The pressure employed for the reaction per-
formed in étép (l)iis generaliy ffom atmospheric pres-
suré to 200 MPa, preferably from atmospheric pressure
to 100 MPa, wherein, if desired, the reaction may be

15 performed while.introducing additional carbon dioxide
into the reéction 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 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



tion mxture is preferred fromthe vi ewpoint of reduc- ing the 'anmunt of
carbon di oxide purged fromthe reac 15 tor (for step (1)) which has carbon
dioxide filled therein. The reaction m xture obtained at conpletion of
each step may be cool ed or heated. Wien the reac- tion m Xty finb Sogg00! ed,
the reaction mxture may be forcibly cool ed4or allowed to cool

spont aneously. 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 sinuklhapreds! yrperfeiaeibn Siept2y mdy tihe hekéodoot £rem
present invention is a step in which the carbonic ester is separated from
25 the reaction ghxtyeecebtai aedhen stepr(ihe Psedeubs 16 IJlwge T2EEE-C3cri bed
above, in the production of a carbonic ester from carbon dioxide and an

al cohol by a conyentéanabd tethodosphagithereeavreonoof wighewta 13T 1Nt er
as well as a carbonic ester is formed, and the water is con 5 tacted with
an adsorbent or andepydsatragiageht teactorpnphemestierefllrofiteRe(feaction
system thereby dis- placing the equilibriumof the reaction toward the
product system IFheoseebcab)yarehpeafiounedofnaserprrabenreas$rds pridduced
can al so be increased by continu 10 ously renoving the produced carbaonic
ester fromthe reeaatioonmiyttee sayabet oodt spraBslyhELiEGHLREY B -off Fhe

reaction toward the product system However, in the )
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 rgactidn mix-
ture contained in the reactor for step (2) 1is fed to
fhe reactor for step (3). The circulation of thé 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 completion
of each step may be cooled or heated. When 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-



conventional nethod, when the produced carbonic ester is renoved fromthe
reaction system water produced by 15 the reaction is accunulated in the
reaction system As is well known in the art, if water is accurmulated in
the reaction system the catalyst is hydrolyzed by the watigrnughokoses its
catal yst activity. The hydrolyzed catal ystghas very poor solubility in the
sol vent and, 20 hence, poses a problemin that, in a subsequent dehy-
dration step perforned using an adsorption columm, the hydrolyzed catal yst

causes cl oggi ng ofrieq agiso¢d! i on gl pddubuidbheof aheaebhascnesthgen a
met hod for re- generating the catalyst which has lost its catalyst ac 25

tivity by the hyerahysisodhed eofidd&asind his arashal by 66ctBvéntiécrads the
conventional nethods, it has been inpossible to ef- ficiently separate the
produced car bonige@asd€rud 104n the ré@acioonofi Roumelal h33t epatey of whdl

met hod of the present invention, 5 a conventional nethod for separating
the carbonic estgf aféQmélhec reaesi ohs nixted, candbeheswdteFoiseg&mpl e,

the separation of the carbonic ester fromthe reaction mxture can be
conduct eds by anyt £ftsd|weth @xtadeéioent disai dehydoatand agrbtake re-
filtration, each of which is 10 well known in the art. As a preferred
exanpl e of an axdvactho®nvsodyehtom t ties ereant bennenstened thessbvedt s -havi ng

no reactivity to the carbonic ester. Exanples
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 remoﬁing the produced carbonic ester from the re-
action system so 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 the reaction is'accumulated in the reaction system. As
is well knéwn in the art, if 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 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




of such solvents include aliphatic and alicyclic hydro- carbons, such as
hexane and cycl ohexane; hal ogenated 15 hydrocarbons, such as chl oroform
di chl oronet hane and trichl oromet hyl ene; aronmatic hydrocarbons,- such as ben-
zene, toluene and chl orobenzene; and ethers, such as diethyf jgkhess and
ani sol e. Wien an al cohol having four or |esggcarbon atons 20 is used as a
second al cohol in step (1), or when a sec- ond alcohol is not used in step
(1) and the organonetal conpound has an organi c group having four or |ess

car- bon atoms, {he £8hPEALECRSEChe€ABARE SEPARAL ®@enhymicss ittilld dtd o¥f -
directly fromthe reaction m xture obtained 25 in step (1). In this case,

it is preferred ghat hbey64epBrdunerRB0preanben caedieri cpraheged o dhe
carbonic ester (such as “dinethyl carbonate or diethyl carbonate) having a
boil- ing point pfad090k Rixtass. The distillation can be performed by any
conventional nethod. For exanple, the 5 distillation can be perforned by
any of a distillatiofn yagdgr(aynesphaei sephessoife the girstsdn tatiroreruiioet . re-
duced pressure, a distillation under superatnospheric pressure, and a thin
filmdistsllatiog, ceagbneionhichethsawebr kepamaitinghdhar tcartws icematiaR ur e
for the dis 10 tillation is generally from-20 to 200 C, preferably from
-20 to . 150 C. Theodli shil bahtenonayikeuper fanmbe usiedher Fon eHa@mPlésence of
a solvent or by extractive .
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
extraction solvent, there can be mentioned a solvent
having no reactivity to the carbonic ester. Examples
of such solvents include aliphatic and alicyclic hydro-
carbons, such as hexane and cyclohexane; halogenated
15 " hydrocarbons, such as chloroform, dichloromethane and
trichloromethyléne; aromatic hydrocarbons, such as ben-
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




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 exchange
reaction occurs between the carbonic ester obtained in step (1) and the
third alco- hol to thereby obtain a carbonic ester which haﬁsﬁmgﬁéé ferent
nunber of carbon atons fromthat of the cardyonic 20 ester obtained in step
(1), thereby rendering it easy to separate a carbonic ester fromthe
reaction mxture. -This nethod using a third alcohol is preferably em

pl oyed when the Ganhenic estear pltq@idied iisn ssteprifdlidasster neseorh nos e
carbon atons and the carbonic ester sepa 25 rated in step (2) has seven or

| ess carbon at onEimelitel @hrifonbie R0CH atyiod:drdara e prieterad| § exployed
when the carbonic ester separated in step (2) is dinethyl carbonate. The
amount of the thigf igahs usrd *cnost eps62) TseldistillBd@oni wes bhe
stoichionetric anmount relative to the 5 anount of the organonetal conpound
used in step (1)pertfBitnedenyzeratyreorenyl oyeclf are thed estFor excmige rtéx-
tion is preferably in the range of fromroomtenpera- ture (about 20 C) to
200 C. Taki ng i i taansitdematdaon bet pe diesimest natanowfof he @ks ek lbxEhahge
reaction and the 10 occurrence of a deconposition reaction of the carbonic

ester at a hi gh uslqeratinrsphetrtie tremmseuateur & ahipl dylekptien {héeesEer
exchange reaction is nore preferably in .
duced pressure, a distillation under superatmospheric

pressure, and a thin f£ilm 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
either in fhe presénce of a éolvéﬁt of by extractive
distillation.
In step (2)., if desired, a third alcohol may be
15 used. When a third alcohol is added to the reaction
system, anlester éxchange reaction occurs between the
cargonic 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




the range of from50 to 150 C. In the ester exchange reaction, a
conventional catalyst nay be used. The es- 15 ter exchange reaction and the
separation of -the carbonic ester fromthe reaction m xture may be
conducted either in a batchwi se manner or sinultane- ously. A3,/ 2484 hod for
separating the carbonic ester fromthe reagtg on m xture after the ester
exchange re 20 action, any of the above-nentioned separation nmethods (such
as solvent extraction, distillation and nmenbrane filtration) can be used.

Mst preferred i A4 HRAGH YRy rdipgdddd@idion dop Miterh vien estercaxiedaige and
t he separation of the carbonic fromthe reaction mxture 25 are

si nul taneously conduygt edp %tk Junes 2306 Befior elinketineharatbarmiot . t fide
carbonic ester from the reaction mxture by extraction, distillation or
the like, the organgreta +GRMoNG rermsHiNg: 48w eactete@mn? ) ais herpal
deconposi tion product of the organonetal com5 pound may be renoved from
the reaction m xturgo RAme sexaiw| o idei werthand arestrer ok bevebtai He’l by
the fol- lowing nmethod. Water or a solvent containing water is added to
the reactipn m Xtdcurito dfhanebyrafimine ta Wiidngowidiraged Sob i 96eP n( } he
slurry are renoved by filtration 10 to obtain a filtrate. By subjecting the
thus obtained fifHd atetngeraireaacinpmyeatl stdd |tte ors T t4Chan@Ee FPRC-
carbonic ester can be obtained in high recovery even
tion is preferably in the range of from room tempera-
ture (about 20 °C) to 200 °C. Taking into consideration
the desired rate of the ester exchange reaction and the
10 occurrence of a decomposition reaction of the carbonic'
ester at a high temperature, the temperature employed
for the ester exchange reaction is more preferably in
the range of from 50 to 150 °C. 1In the ester exchange
reaction, a conventional catalyst may be used. The es-
15 ter exchange reaction and the separation of the
carbonic ester from the reaction mixtpre mayﬁbe
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.




when the carbonic ester has a boiling point of nore than 100 C. The water
used may be any type of water; 15 however, it is preferred to use distilled
wat er or de- ionized water. The anobunt of water used in step (2) is
generally 1 to 100 tinmes the stoichionmetric anount rel ati ves e 20de anount
of the organonetal conpound used in step (149 20 The anmpbunt of water needed
for separating the unreacted organonetal conpound fromthe reaction

m xture by phase separation is at nost 1 tine as large as the '
stoi chionetric anountseebas i vee t 9epdueahounef ofhe heasbonganeféEeEl f€6Mpound
used in step (1). However, because 25 the carbonic ester produced in step
(1) is hydrophobige 7€ad6idunei20@eibyiexpractieond fosiddlaaion 5 (the
reaction mxture in an amount which is several tinmes as large as the

stoi chionetric antke} tiekabdigencmethd aewpoundf remaisindgdAsRECAESCERFound
used in step (1), thereby enabling 5 separation not only of the unreacted
organomet al coma ponedndut datsoposithencarpénit est Ehef PEARRRECE4c P8

m xture by phase separation. The tenperature of water used in ste %2) is a
tenperat B e at w@éu@dtmeymhterem@Vﬁ@tfEGmiGhﬁiEGaPﬁlPﬁeml¥6uF8act$%

m xture. Specifically, the tenperature of wa ter is generall r.ange

in.th
of -from-20 to l€amglepreheradtyorieneotes ¢aD be RBLa1pFREs g’ﬁfaﬁﬁ‘? %P&rﬁ 10
to

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
to obtain é filtrate. By subjecting the thus obtained
filtrate to extraction, distillation or the like, the
carbonic eéter caﬁ be obtained iﬁ high recovery even
wheén the carbonic ester has a boiling point of more
than 100 °C. The water used may be any type of water;
however, it is'preferred to use distilled water or de-
ionized wafer.

| 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).
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

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




80 C. Fromthe viewpoint of preventing the carbonic ester from being
hydr ol yzed, the tenperature of water 15 is still nore preferably in the
range of from10 to 50 C. A solvent may or may not be used in conbination
wth water. Wien a solvent is used in conbination with wateng il 2086
preferred to use a solvent having no reac- t7igvity to the carbonic ester. In
the case where a sec 20 and al cohol is used in step (1), when water is used
in the formof a solution thereof in an alcohol which is the sanme as the

second al cohol used ;ign %%%%r&éh,tbh%ddﬂw&ﬂéﬁlﬂm1uﬁetﬂuacﬂﬂqnnmlﬁthﬁth@
reaction m xture be- cones easy. Wen a third alcohol is used in step (2)

25 for perform ng,ARmRSHer «@Xehange seamatdion,inds ias raargel a6 thme 2006
ferred that, after conpletion of the ester exchange re- action, water is

added to the reagti@enlionledira cVagiorint rdlmtiateertd sheseghduntt het fEken @F- a
solution thereof in an alcohol which is the same as present in the
reaction 5 mxtya@ombhe 1dicstipluaid eiseaf itrhestregadtlilan theaahe @eabbeng
conducted by any of a distillation under atnospheric pressure, a
distillatison undeepaed+ced poesswly, of dire uriddaattesh quehsometal com-
super at nospheric pressure, and a thin 10 filmdistillation, each of which
is well known inpol@d aut. albe difstibd atdmrprcan asdegorfdini? et TRt bhper a-
ture of from-20C to the boiling point of the carbonic
mixture by phase separation.
The temperature of water used in step (2) is a
temperature at which the water is not solidified in the
10 reaction mixture. Specifically., the temperature of wa-
ter is generally in the range of. from —20 to 100 °C,
preferably from 0 to 100 °C, more preferably from 10 to
80 °C. From the viewpoint of preventing the carbonic
‘ester from being hydrolyzed, the temperature of water
15 is still more preferably in the range of from 10 to 50
-°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 ond 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 mixture be-

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

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




ester and/or al cohol, preferably from50 Cto the boiling point of the
carboni c ester and/or alcohol. 15 The distillation may be perforned either
in the pres- ence of a solvent or by extractive distillation. If desired,
the foll owi ng operation may be con- ducted. To the reaction p@ﬁﬁgggmpfter
step (1) is added water and/or an extractie@n solvent to obtain a 20

m xture having an oil phase which contains the carbonic ester. The oi
phase is separated.-fromthe m xture, followed by recovery of the carbonic
ester fromthe oklrrphRasgatByatherneblplleofohhetptireent tiemventhengenate only
a 25 symetric carbonic ester but also an asymmetric car 72 16 June 2006
boni c ester can Betrpsaduggder! Dst h@deaseootheheeprbioduntixonref wagrein
asynmetric carbonic ester by using a con- ventional nethod, a symetric
carboni c ester isnéifsterpioduced, iandheheopmodéicedssymtdon t¢hezepdniid
ester is 5 then subjected to an ester exchange reaction to produce an
asymetri c carboghCagsbrbl ¥hitheisthee hand, asnprehenfrettnodhef reRE tpOdsent
invention, an asymetric car- bonic ester can be directly produced.
Therefores the mekbedeof the present invention is advantageous from 10 the
vi ewpoi nt of reducing the energy cost and reducing the facility
construction cost. . thethbstblhodiof ofetheresantippvBipkitene §A"ab¢mmetric

carbonic ester can be )
conducted by any of a distillation under atmospheric

pressure, a distillation under reduced pressure, a dis-
tillation under superatmospheric pressure, and a thin
16 film distillation, each of which is well known in the
art. The distillation can be conducted at a tempera-
tﬁre of froﬁ -20;C to the boiling point of the carbonic
ester and/or alcohol, preferably from 50 °C to the
boiling point of the carbonic estervand/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 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-




produced as follows. Explanations are nmade bel ow, tak- ing as an exanple
the case where the organonetal com 15 pound has at |east one.type of al koxy
group. Wien the organonetal conmpound used in step (1) has two different
types of al koxy groups, an asynmetric carbonic ester can be,g)?ﬁg%@éﬂ

w t hout use of alcohols (as a second alcohol2 and a third alcohol) 1 n steps
(1) and (2). On 20 the other hand, when the organonetal conpound used in
step (1) has only one type of al koxy group, an asymret- ric carbonic ester
can be produced BynGenducldm@ast ez drbhddded.heIpr ehenceasef odn talec ghal -
(second al cohol) hav- ing an organic group which is different fromthe

al koxy 25 group di:ctthe nofoFaRameisdimmearieund ram ity ecsdreduddy ngs U6y Janeo2006
73 step (2) in the presence of an al cohol (third al cohol) having an

organi ¢ group whiveh tii®nailf feertemid ,f rao mytrres t @l &k axartgmdup e soifent hies of rambnet al
conpound. Further, in each of the case where the organonetal conpound used
in 5 step (1) hapredhyedne anylpehef paldduwoedyrsoumesnd d keidageic viretrer the
organonet al conpound used in step (1) has two different types of al koxy
groups, af asymmeheinc starjeched ¢oestrerestar alxshdng eprededed hyt @ v ¢ag
step (1) in the presence of two different al cohols (second alco 10 hols),
or by conducti ngast epy( tirict kenpoesenes tefr .t won thef etast dregholfs (third
al cohol s). Wen two differ- ent alcohols are used, the stoichionetric ratio

of the the method of the present invention, an asymmetric car-
bonic ester can be direptly produced. Therefore, the
method of the present invention is advantageous from
10 the viewpoint of reducing the énergy cost and reducing
the facility construction cost. .In the method of the
present invention, an asymmetric carbgnic ester can ﬁe
produced as follows. Explanations are made below, tak-
ing as an example the case where the organometal com-
15 pound has at least one type of alkoky group. When the
organometal compound used in sfep (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 alcchel) 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




two al cohol s varies depending on the types of the two al cohols; however,
the stoichionetric ratio is gener 15 ally in the range of from2:8 to 8: 2,
wherein each of the-anpbunts of the two alcohols is expressed in terns of
the stoichionmetric anmount relative to the anount of the organemebads
conpound. When it is intended to pro- duce ayasymetric carbonic ester in
a ratio which lar 20 ger than that of a symmetric carbonic ester, it is
pre- ferred-that the stoichionetric ratio of the two alco- hols is as close

to 1 as possi bl e.sé&ec{ij‘)i ca |dhe s Cf¥ G@tdigotial i otieird heldomol )
al cohols is preferably 'in the range of from3:7 to 7:3, nore preferably in

the 25 range of fyomd &d Q:lyshiMNMabddenraducd | o pdrant 78rd6 thae 2006
asynmetric carbonic ester is performed using two dif- ferent al cohols which

are used in excess QWU Yf QAT Fan AEHTL Scarsdued . WHuithex atid east
10 times the stoichiometric ampbunt relative to the anount of the or 5

ganonet al conpounfioh idf RGOS PRI ecied Obi@idnatal asympetnd cuged boni c
ester having two different types of al koxy groups corresponding to the two

al cohol's, grre- spegfiMe Had hilypmoftige o kodyoxy ogpowd ah@ Ure case
ganonet al conpound used in step (1). The separation of 10 the asymmetric

carboni c ester framrtdhea HeeasidnmonE tdUr@nmamdbeisohdict edepy( hhyha$ the
met hods (such as solvent extraction, distillation and nenbrane filtration)
de- different types of alkoxy groups, an asymmetric car-
bonic ester can also be produced by conducting step (1)
in' the presence of two different alcohols (second alco-
16 hols)}, or by conducting step (2) in the presence of two
different alcohols (third alcohols).. When two differ-
ent alcoﬁolsAareJused, the stoichiometric ratio of the
two alcohols varies depending on the types of the two
alcohols; however, the stoichiometrié ratio 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 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 to 6:4. When the production of an




scri bed above in connection with step (2). In many cases, not only an
asymetric carbonic ester but also a 15 symmetric carboni.c ester is
produced. In such cases, the follow ng operation nay be conducted. The
asymret- ric and symetric carbonic esters are separated frongfhegpeaction

m xture to obtain a residual liquid. The asygmetric carbonic ester Is
separated fromthe symet 20 ric carbonic ester. The symmetric carbonic
ester is either mxed with the residual liquid, followed by step (3), or

returned to step {dymt) .cAtEPhiS)esBen B¢ gpenfosyad hesiagngwo dif-
(regenerating) an organonetal conpound having a netal - oxygen-carbon 25

| i nkage. A conpoupgr&ontaid@tbis wiect esteduated i fui eixdésIuaro2008 TEor
obtained after the separation of the carbonic ester in step (2) is
generally in the ddmpDd, aadiddispasartt obf qwhikidl, iduat sbaestnd8 tamehether m
of a solid. Irrespec- tive of the type of the formof the conpound, the com
5 pound can be usehidhsimprf) dnosudorme gt dve ot gatioeeameant cofipbhadorThe

conmpound in the

residual |iquid ob- tained after the separation of the

carboni c ester i mngasdmptdR)cisp@enty ally becdemes forssbhla togobtairosnex-
anple, the residual liquid does not contain dibutyltin 10 oxide in the f

al nost all or- ganic solvents at roomtenperature (20 C) and, hence,

10

15

20

25

alkoxy groups corresponding to the two alcohols, irre-
spective of the type of the alkoxy group of the or-
ganometal compound used in step (1). The separation of
the asymmetric carbonic ester from the reaction mixture
can be conducted by any of the methods (such as solvent
extraction, distillation and mémbrane filtrationf de-
scribed above in connection with step (2). In many
cases, not only an asymmetric carbonic ester but also a
symmetric carbonic este; 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 liquid. The
asymmetric carbonic ester is separated from the symmet-
ric carbonic ester. The symmetric carbonic ester is
either mixed with the residual ligquid, 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

linkage. A compound contained in the residual liquid

orm
of a solid (it shoaymhéier imtakhdiatc b bert Wavinoxtve dbEfavess| GBPEFt 9Tin



is in the formof a solid under such conditions). The structure of the
conpound in the residual |iquid has 15 not yet been identified. However, it
has surprisingly been found that, by performng the reaction in step (3)
of the nmethod of the present invention, there can be obtai nad ja& 2006
organonet al conpound havi ng a netal - oxygen -fafbon | i nkage, such as an
organonet al conpound repre 20 sented by fornula (1) and/or an organonet al
conmpound represented by forrmula (2). Step (3) conprises reacting the

resi dual |iquid Oqt{}a[al &g Af}e}t & d ?s)eﬁfaxtahclaorf igStiad cobphot ocf @5 8- AL in

| east one organonetal conpound havi ng "a netal - oxygen 25 -carbon |inkage and

formwater and remm ”1% \Q@érﬁé’ra?ﬁ.y]ﬁln]% 2006, fs oM t bearépheast 0DG-
e

or ganonet al conpoun ere| | east one organonetal conpound

obtained in step ( ?q) tlhusﬁ resaver sl T fiRC Y] & tder£odol past eprdelgpec-
al‘coho

Exanpl es of first s used In step (3) in- 5 clude those which are

exenpl I £ ed above.; pef fite QypdlBH Ahiedir Wt Alohobhipbued idenle b2
al i phatic al co- hol's and f)a licyclic al cohols, such as nethanol,

et hanol , I%rOpanol O&dor&.qp%l ,uggdoqtrargqiep 2-PUtERol £ordni €8 hyh - dx banamel,
t-butanol, pentanol hexanol , 2-ethyl 10 1-hexanol, hexenol, cycl opropanol,

cycl obutanol , C)tcalora;%&{;ﬁnﬁh C)I‘ﬁleot-l@iﬁﬁ@ﬁhdaﬂﬂ eyiel ehexenoll langhiat aib- kyl
al cohol s, such as benzyl~ al cohol and phenet hyl al - _

tained after the separation of the carbonic ester 1in
step (2) is generall? in the form of a liquid. For ex-
ample, the residual liquid does not contain dibutyltin

16 oxide in the form of a solid (it should be noted that
dibutyltin oxide has‘no 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 regidual liquid 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 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 and removing the water




cohol. Al so, polyhydric alcohols can be used as first alcohols. Exanples
of pol yhydric al cohols include C1 15 C12 aliphatic pol yhydric. al cohols and
C5-Cl12 alicyclic polyhydric alcohols, such as ethylene glycol, 1, 3-
propanedi ol , 1, 2-propanedi ol, cycl ohexanedi ol and cycl opent apegic®ops and
aral kyl pol yhydric al cohols, such as benzenegdi net hanol. |If desired, prior
to use of any 20 of the above-nentioned al cohols, for exanple, distilla-
tion of the al cohol may be conducted for purifying the alcohol or

adj usting the comrgent rafd @t Qlealshte odleC @i@anongt@D idtnpairepoidrein tise
preferred to use an al cohol having a boiling point of 300 C or |l ess as

measur ed 25 undemr tallRRSEhehieC ofigesditiee a 1Fcampldie dv iobmanindd ofn tdiee[d 6( June
2006 77 ease in the renoval of water in step (3), it is nore preferred to

use at | east oneigl eelel ezeldetbad rirgmliehe hegreafp teosdtiest i (Mg of n- but anol ,
| sobut anol, an al kyl al- cohol having five or nore carbon atons and an

aral kyl 5 al cohol haviErgmpilee of HutetcalkohodtsomsedWinh stegpdct) timt he
structure of an organonmetal conpound obtai ned by using a pol yhydric

al cohol as a firsiudel thbek whisheprelpxetipdridiies mboyar.t i Spkaiflicmex-
tation. For exanple, the organonetal conpound may be 10 conprised of at
| east one menber aspllest ed Fhositt hdcoprdsp inoisidet CngCof ad imhodsid rildeeb -

product of an or- ganonetal conpound represented by formula (1) and a
hols and C;-C;, alicyclic alcohols, such as methanol,
ethanol, propanol, 2-propancl, n-butancl, 2-butanol, 2-
ethyl-l-butanol, t-butanol, pentanol, hexanol, 2-ethyl-

10 l-hexanol, hexenol, cyclopropanbl, cyclobutanol,
~ cyclopentanol, cyclohexanol and cyclohexenol; and aral-
kyl alcohols, such as benzyl aléohol and phenéthyi al;
cohol. Also, polyhydric alcohols can be used as first
'alcohols. Examples of polyhydric alcohols include C;-
15 Ci, aliphatic polyhydric:alcohols and Cs;~-Cy» alicyclic
ﬁpolyhydric alcohols, such as ethylene glycol, 1,3-
propanedicl, 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 adjusting 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 atmospheric pressure. From the viewpoint of the




crosslinked product of an organonetal conmpound repre- sented by fornula
(2). 15 The anount of the first alcohol used in step (3) is preferably 1

to 10,000 tines, nore preferably 2 to 100 tinmes, the stoichionetric anmount
relative to the anount of the organonetal compound used in Sk8pelhhs WWhen

a sequence of steps (1) to (4) is repeated opg or 20 nore tines, it iIs
sonetinmes possible that an al cohol is present in the residual liquid
obtained by.step (2). In such cases, an appropriate anmount of an al cohol

may be added to é%g%rf§igyglréﬁgyégﬁipé%ggﬁftpg éﬂ@ﬁ”EB?f ithegsahgehol in

t he residual Iiqui econmes wthin ove- nenti oned range of the

amount of the fi g;z%%féﬁlgﬁg%&%éé‘m& 20065 910bne i@(’?}l@@ii ¥§h¥i::t%?ef§bﬁ0|ﬂﬁla

present in ther | Tquid my be renoved. The renova ‘water in

step (3) can be i | exanpley1t he-
p (3) ﬁf%%s%s%%f@% SENYent i andl  Nes hodeakoln , exame le

renoval 5 of wat n be perfornmed by any of distil- lation,
met hod using a delyelt atd an 0! #Ps fék | Rek M Ediry én SOt bls dehiidaat kpg1rgent ,

and a nmet hod using nenbrane ~ separation (such as pervaporation). Anmong

them dis-gtillatdQihand 18 PEINOE UST Y BRI e SePatahson (such 10 as
pervaporation) are preferred. Tt is well known that pervaporation can be

used for the removal 6fi Wat:Isddbt ab alOhdirudfutdepresedtganyeatann,
pervaporati on
compound 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 campou;d represenfed by formula (1) and a
crosslinked product of an organometal compound repre-
sented by formula (2). ‘
15 | 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 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 range of the amount of the first alco-

a



can be preferably used. In the case of an al cohol hav- ing a boiling point
hi gher than that of water, the re 15 noval of water in the al cohol can al so
be easily per- forned by distillation under heating. On the other hand, in
the case of an al cohol having a boiling point |ower than thq%J%%:%@ er,
the renoval of water in the alcohol can al Q be perfornmed by a
distillation tech 20 nique in which a solvent formng an azeotropic m xture
with water is used. -The tenperature enployed for the reaction per- forned

in step (3) Vafi%%1qepﬁfgé99a99vébgstg§§y9§cgﬂsl blesknd! GANRhousediiq-

however, the tenperature 1's gener romroomtenperature (20 C) to

300 C. Wien the %glJEQEPgQOQa 9penpyal,eaf water in step (3) is perforned
by distilla- tion, the tenperature enployed for the distillation is not

particularly limted sg.! 0pg,831VBEeyabas ﬁnvg@gﬁ (BheSa &t dd®rmed
tenperature. Wien it is intended to 5 conplete the reaction in step (3) in

a short period ofy LihecHAYEE t2LARIPRBEHEART BASH! Exahp1bS RHE! @ERBdalihat
the distillation i's conducted under conditions whereih the tenperature of

the vapor sformedopydirgti bhatkep (S the 8eepbi-eBrmetleBReARMIGE ofigvaler
and the first alco 10 hol. When water and the first al cohol do not form an

azeotropic mxtufigtibh,i 8 REEh6Ar8dihhak HBAyHratibhacolemn FicarduGheth at
the boiling point of water. Wen
a solid dehydrating agent, and a method using membrane
separation (such as pervaporation). Among them, dis-
tillation and a method using membrane separation (such
10 as pervaporation) are preferrea. It is well known that
pervaporation can be used for the removal of water in
an alcohol. In the present inQention, pervaporation J
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 qlcohol qan also be easily per-

H formed by distillation qnder 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 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 1s gener-

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




It is intended to conplete the reaction in step (3) in a shorter period of
time, the distillation nay be con 15 ducted, using an autoclave, at a
tenperature higher than the boiling point of the first alcohol or water
whil e gradually renoving water in the vapor phase. Wen the |kgpReeture
enpl oyed for the reaction per- formed in step, (3) is extremely high, it is
sonetinmes 20 possible that a thermal deconposition of the organone- tal
conmpound occurs. In such cases, a liquid contain- ing water nmay be renoved

by reduced pr ess%'rf%xoquaat Idd Q72 ON Ol el (9)K8is BEE IhRdn thie didei1shcohol

does not form an azeotropic mxture wth 'water, water can be renoved by

80 16 June 2006 gzeQfr QRiC Arfel OB N I LEA SHY s OITA iGN s

azeotropic mxture wth water 1s used. This nmethod is preferred since

water can be rempyed a3 d QW H§RERAT S 1RARIE e s taen sy eh

forman azeotropic 5 mxture with water include unsaturated and saturated

hydrocarbons, sugficasiexane rnRenzeneradtiirtéeneynsyl ereis naphnariens
et hers, such as anisole and 1, 4-di oxane; and hal ogenat ed hydrocarbons,

such as chl or of ol TR the Wealraiont i0f sftag |(id)atime thesenppiddot 10
of water fromthe azeotropic m xture after azeotropic distillation, it is

preferred to usetias dnARhYeltinosphe rdds Prdsaiacd 0ri tsatslrategbhystt ogertbon in
whi ch wat er has
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
azeotropic mixture, it is preferred that the distilla-
tion is donaucted 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 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 alcochol does not form an

25 azeotropic mixture with water, water can be removed by




| ow solubility. Wien such a solvent is used, it is necessary to use the
sol vent in an anount such that wa 15 ter can be satisfactorily renoved by
azeotropic distil- lation. It is preferred to use a distillation columm

for the azeotropic distillation because the solvent can be rggoysd ®@dsto the
reaction systemafter separating the solverdgfromthe azeotropic mxture
in the distillation 20 colum and, hence, the anmount of the solvent can be
re- duced to a relatively small one. By performing the reaction in step

(3), there can baezeoﬁla};ﬂ'@g,djfﬁil@_%@,i@twﬂlg@ﬁtaog@l@é@anﬂﬁfmahgcam
pound sel ected from1the group consisting of an or 25 ganonetal conpound

represented by { oLl d)c W ARS b1 e 2005 organoMmNiA wertpmlds
mul a

represented by for . When the reaction in step (3) reaches a stage

wher e al nost no et deNG{A afhtSt ePak Pe CAdmdbe=d fani shedw Wewpega-
sequence of step (e% to (4) is re- 5 peated one or nore tines, the anount

of the carbonic eshal ohtaineds Beskenviehtsvamies dependimgepthepianount
of water which is renmoved in step (3). There- fore, it is preferred that

the amountg of watgf, ¢ &OVeth ivhtsdepidSluds assdangetad podssbrerated
General ly, the anount of water renmoved in step (3) is 0.01 to 1 tine as

| arge as the amoyptqQfcaddis praucilueethdyaide veacenon tolgewp. (3ylene.
wherei n the anmount
naphthalene; ethers, such as anigole and 1,4-dioxane;
and halogenated hydrocarbons, such as chloroform.
From the viewpoint of facilitating the separation
10 of water from the azeotropic mixtﬁre after azeotropic
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 solwvent 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 solwvent 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



of water produced is theoretically calcul ated based on the assunption that
only an organonetal conpound repre 15 sented by forrmula (1) is produced by
the reaction in step (3). In nmany cases, the amobunt of water renoved in
step (3) is less than 1 tine as |large as the above- nentioneddhgoimki ca
amount of water produced by the reaction imgstep (3). As a result of the
studi es nmade 20 by the present inventors, it has been found that, when an
organonet al conpound is produced fromdi butyltin ox- ide and-an al cohol and

a sequence of st egydnlmd @ { PompSurlE NS 06k e drbyOf @rinh@s( 21 he amount
of water re- noved 1n step (3) is less than the anobunt of water gen 25

erated during the reaGiHen tHe Wt ildie iaf garareta) déacdhune 2090682
conmpound i s produced fromdibutyltin oxide and an al co- hol. Wen, in step

(2), water is addeddd dh@dteant ivitesyid empfarasaparatemg( 3 hecearbeni c
ester, it is sonme- tinmes possible that a white solid containing water is 5

obt ai ned and t he ramwHe®f wakar ar espvedcien ot epeE3) (19 twretk Hen retine
t he above-nentioned theoretical amount of water produced by the reaction
in step (3. Wepeateseqirnes oforst epsndgd) tree (ahoust rehetiedcaneonicnor e
times, it is difficult to calculate a theoretical 10 ampbunt of water
produced by the reaeid @mtpdrfeat ned strep stlep (B)idectenendieg senuthere of
t he organonetal com pound obtained after step (2) has not yet been identi-
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)
ig 0.01 to 1 time as large as the amount of water pro-
duced by thé reéction in step (3), wherein the amount
of water produced is theoretically calculated based on
the assumption that only an organometal compound repre-

15 sented 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 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 the reaction in which the organometal



fied. In this case, the change (with tine) in amount of water which is
renoved is neasured. When it is con 15 firned by the neasurenent that

al nrost no nore water is renoved, step (3) may be finished. After
conpletion of step (3), if desired, an ex- cess anopunt of thel@hsolmwe may
be renoved. Fromthe viewpoint of inprovingsthe 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 nore tines, it is preferred to renove an excess

amount of the al ¢ofQlyynaMen etk ralogolalo s, used dxidd emd Hn islased
in step (1) in the case where a sequence of steps (1) to 25 (4) is

repeated one or ppne tyAER, iRhestepovah,ohatBe 83 i6ddunec2@be aleechdlon
after step (3) may not be perforned. Further, an appropriate anount of the

al cohol may be addedeho rothgehoaeition el emmaldec siepr 3)it The seroval of
an excess amount Of the alcohol can 5 be perfornmed as follows. Wen the

organonetal conpeypds pbkained ithatt epwhilte $dlid herftarimiofy avsodn dis t he
al - cohol can be renmoved as a filtrate obtained by filtra- tion. On the
ot her hang, whenchhaigeganeaetak cATREUNGf ohitaimednavest em (Bep s(Ih ihe
formof a liquid, the 10 renpval of the al cohol can be performed by reduced
pressure distill abrenthan by tameetthed abovshinel tdvrieterthayas tigtph agount
nitrogen, is introduced into the reactor
of water produced by the reaction in step (3). When a
sequence of steps (1) to (4) is repeated one or more
times, it is difficult to calculate a theoretical
10 amount of water produced by the reaction performed in
step (3) because the structure of the organometal com-
pound obtained after step (2) has not yet'been 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 that almost no more water is
removed, 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) 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 the



so that the alcohol is renoved in an anmobunt which cor- responds to the.
vapor pressure of the alcohol. In the 15 case of using an inert gas, when
the inert gas is not conpletely dried, a disadvantage is likely to occur
wherein the organonetal conpound is hydrolyzed and de- conposggd,hdidea
metal oxide and an al cohol, so that the amunt 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 nore tinmes, beconmes extrenely

| owered. Steps ( Ro3hsTRY ke perfgr e Sloithele ¢RA-£dridBoUSIFIr@helrn a
bat chw se nanner%lxg descri bed aggbé,qif esfred? Steps (1) and (2) 25 can

be si mul t aneousl xnp%)%g}ro ath $Ghounft deSitheda184nta WHe Masd®epso (2)

and (3) can be sinu neously performed. Further, steps (1) to (3) can

al so be si mul tanggUsly,ReLhOLTREenV R rOSRRG (13Q .SUCh si mul t aneous
perform ance of these steps, éxplanations are nade hereinbelow. 5 (The

case where steps (1) afd 2hodh8 $ieMiht aReeus! wmokerf @fmadje \WldovHeEispent to
the reaction perforned in step (1), there are two cases: one is the case

where a | 5qui d 10.pPasec2ndad a%apei 1PRASe Rh&nPEREEBE gdbineg allheopeoiumam
ance of the reaction in step (1), and the other is the case where carbon
dioxide is in a gypghigeht igaktepal(@) 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 organometal compound
obtained in step (3) is in the form of a liquid, the
10 | removal of the alcohol can be performed by reduced
pressure distillation, or by a method %n which an inert
gas, such aé nifrogén, 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 is not
completely dried, a disadvantage is likely to occur
wherein the organometal compound is hydrolyzed and de-
composed into a metal oxide and an alcbhol, 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-
tinucusly or in a batchwise manner.

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

25 can be simultaneously performed. Also, if desired,




under high tenperature and high pressure conditions and the reaction

m xture fornms a honbgeneous m xture. 15 Steps (1) and (2) can be

simul taneously perforned in the case where a |liquid phase and a vapor
phase are present during the performance of the reaction in g@R2008). I N
this case, the reaction tenperature and reagyq tion pressure vary depending
on the type of an al koxy 20 group contained in the organonetal conpound and
the type of an al cohol when an al cohol is used. However, the reaction

tenperature is genepal I¥)2884C(an LasSs beaRdniue anR@tid 1N frresstmealis 8 MPa
or less. The car- bonic ester has high solubility in carbon dioxide and, 25

hence, a part of p{,henear baRkpse3u8r tibs (di)se@hyed sion Hehes i Iitfankimes 2006
vapor phase. Therefore, by performng the reaction in step (1) while

Wi thdrawi ng a papkr@hrhie.vapetnphasgectt be sachosiinuesherooanpee foepar at ed
fromthe reaction mxture. 5 (The case where steps (2) and (3) are

simul taneously parbopFedheSheRsep?) @G ledktdamsbearsi mddeareousinbelow.
performed when the organonetal conpound is obtained froman alco- 10 hol
having a Roiling point higher than that of water, and a Cl1-C3 al kyl al cohol
Is used in step (1) or (2). The separation of the carbonic ester and water
fromthe (The case where steps (1) and (2) are simultaneously

performed)
With respect to the reaction performed in step (1).
there are two cases: one is the case where a liquid

10 ‘phase and a vapor phase are preseﬁt during the perform-
ance of the reaction in step (1), and the other is the
case where carbon dioxide is in alsupercritical state
under high temperature and high pressure conditions and
tﬁe reaction mixture forms a homogeneous mixture.

15 Steps (1) and (2) can be simultaneduslf performed in
the case where a liguid 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 the carbonic ester is dissolved in the




reaction m xture can be perfornmed by a method in which the reaction

m xture obtained in step (1) is placed un 15 der a streamof an inert gas,
such as carbon dioxide, thereby renoving the carbonic ester and water from
the reaction mxture by entraining with the inert gas. The geRasadggon of
the carbonic ester and water fromthe re- acgdson m xture can al so be
performed by a conventional 20 nethod, such as nenbrane separation. By such
a nmethod, the -carbonic-ester and water can be continuously sepa- rated

fromthe reacti onydpodt Useasd Thaease oMer @ySeRF okl thd¥ ddsc-tion in
si mul t aneously 25 perforned) 86 16 June 2006 Wth respect to the reaction

perfornmed in stepstey . (11 el arel thdrLases a grd Sof htheasgpoheprasel, i qui d
phase and a vapor phase are present during the perform ance of the '
reaction in step ft ,carsbrihe aiter dan tthe feaseahefomwarhonrdacxide is

in a supercritical state wunder high tenperature and high pressure
conditions and trhiextheaction m xture forns a honbgeneous m xture. Steps (1)
to (3) can be simultaneously perforned in the case where a |liquid phase
and a vapar phase are present 10 during the performance of the reaction in
step (1), the organonmetal conpound is obtained froman al cohol having a
boi I i ng poi nt hi gl#te tdere tdraireofs twter(2 armhda (G- G3re ad iyl bhmedos 1y
(preferably nethanol) is used. In this
performed)
Steps {2) and (3) can be simultaneously performed
when the organometal compound is obtained from an alco-
10 hol having a boiling point higher than that of water,
and a C;-C3 alkyl alcohol is used in step (1) or (2}).
The separation of the carbonic ester and water from the
reaction mixture can be performed by a method in which
the reaction mixture obtained in step (1) is placed un-
15 . der a stream 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 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)



case, the reaction tenperature and reaction pressure 15 vary dependi ng on
the type of an al koxy group contained in the organonetal conpound and the
type of an al cohol when an al cohol is used. However, the reaction tem
perature is generally 150 C or less and the reaction pressurg jus gegerally
5 MPa or less. Water and the 20 carbonic estggr have high solubility in
carbon di oxi de and, hence, a part of the carbonic ester is dissolved in

t he vapor phase. Therefore, by perform ng the reac- tion in step (1) while
withdrawing a part ofyithe réapett RRAs®e thanardoisrfRaiesd can desseph) at ed
fromthe re 25 action mxture while regenerating the organonetal com 87 16

June 2006 pound. thdrh@ie ithvol TadlesQ PRSSIHY @HeO camyl ahereret Hodyuid whi ch
the reaction is perfornmed in a fixed-bed reac- tor containing an

organonet al conpgHRde Wher & Kaphe @hasgarQEipdle seorp@urins tSuppetirron a
carrier or in the 5 formof a solid. In this method, carbon di oxide and a

Cl- C3 al cohol argniBt bedused rieala ildhe ifn xadpbdd jr.easidrthd mtefdrcis athe
reaction, thereby obtaining a carbonic es- ter and water in such a form as

entrai nedsby car baBedivhe@¥l dar@as. dA®xadearirs dém faorsugpwpporitimnl Late
organonetal 10 conpound, a conventional carrier can be used. Step (4) is a
step in which thanatrl Bagh aeepetr:tgaroreEdahighmpaesdurec gvardid ianstapd ((3)

is recycled to step (1). A sequence of steps (1) to (4) can be re

the reaction mixture forms a homogeneous mixture.
Steps (1) to (3) can be simultaneously performed in the
case where a liquid phase and a vapor phase are present

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

15 vary depending on the type of an alkoxy grqup cbntained
in the organometal compound and theltype of an alcohol
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 the re-

25 action mixture while regenerating the organometal com-



15 peated one or nore tines. Prior to the recycle of the organonetal
conmpound to step (1), the organonetal com pound may be cool ed or heated.
The step (4) can be performed either-continuously or in a batchw se
manner. 88 16 June 2006 BEST MODE FOR CARRYI NG THE | NVENTI ON j4HekEigabel ow,
the present invention will be de scribed ingmre detail with reference to
the following Exanples and Conparative Exanples, which should not be 5
construed as limting the scope of the present inven- tion. In the

fol I owi ng Exanpl g8 Coppahati,ve tEXanplies, pokahibales tieas e matithd
anal yses were conducted by the follow ng nmethods. 10 1) Nucl ear Magnetic

Resonance (NWVR) anghysich Afhedte 00N dle SN di PP af Bk 4id - bdilM-A480
FT- NMR system (nmanufactured and sold by JEOL Ltd., Japan) (400 MHz) 15 (1)

Preparation of samy @cs@aitdions drdror dindist a3 GCdMgduridal wisese Mothe Oot- g
to 0.5 g of an organonetal conpound was wei ghed, and then about 0.9 g of

deut erated chl or ganfidhalas caddethd hier ewppditei®bn ebtean Ngr aosahpl eheo-

20 lution for an NVR analysis. (2) Preparation of a sanple solution for a

119Sn- NVRs form of a solid. In this method, carbon dioxide and a
C,-C; alcohol are introduced into the fixed-bed reactor
to effect a reaction, thereby obtaining a carbonic es-
ter and water in such a form as entrained by carbon di-

oxide gas. As a carrier for supporting the organometal

10 compound, a conventional carrier can be used.

étep (4)jis a sfep’in wﬁich.the at least one or-
ganometal compound recovered in step (3) is recycled to
step (1). A sequence of steps (1) to (4) can be.re—
i5 . peated one‘or more times. Prior to the recycle of the
organometal compound to step (1), the organometal com-
pound may be cooled or heated. The step (4) can be

performed either continuously or in a batchwise manner.



anal ysis About 0.1 to 1 g of a liquid containing an or- 25 ganonet al
conpound was wei ghed, and then 0.05 g of 89 16 June 2006 tetranethyltin and
about 0.85 g of deuterated chloro- formwere added thereto, thereby
obtaining a sanple so- lution for an NVR analysis. 5 2) Gas chronatggraphy
(GC) analysis of a carbonic es ter Apparatus GC- 2010 system (Ha fr ed
and sol d by Shimadzu Corporation, Japan).8f1) Preparation of a sanple
solution 10 0.06 g of a liquid to be nmeasured with respect to the carbonic
ester content thereof was wei ghed nd bﬁﬁﬂg@i&ﬂhiégggﬂi£§é%dehydrated

di et hyl f or mam de or §¥gﬂégg§¥3éggﬁéi to. Further,
to the resultant g ?bouttg.OG of dlﬁhen et he 11%§a an

i nternal standard. ?r%bﬂ PLPBns POrPREEE hnd V?F Le81 Y

(manuf actured and s % EB&EV%§ Sﬁg g reng?nce EI H gﬁé%%% #ﬁ? %

di met hyl ponS|?%xa GPareter
Fi I mthickness: E%aﬂﬁfééugﬂthBBSQ%gHEGe ERgnbeaRer GhYLR WaSGhevatede

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 Resonance (NMR) analysis of an
organcmetal compound

Apparatus: JNM-A400 FT-NMR system (manufactured
and scld by JEOL 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 ccmpound
was weighed, and then about 0.9 g of deuterated chloro-
form was added thereto, thereby obtaining a sample so-

20 lution for an NMR analysis.

(2) Preparation of a sample solution for a **°Sn-NMR
analysis
About 0.1 to 1 g of a liguid containing an or-

25 ganometal compound was weighed, and then 0.05 g of



from50 Cto 300 Cat arate of 10 Cmn. 25 Injection tenperature: 300 C
90 16 June 2006 Detector tenperature: 300 C Detector: FID (flanme iozination
detector) (3) Quantitative analysis The quantitative anal ysis of a sanple
solution was 5 conducted using a calibration curve obtained with re- spect
to standard sanples. 3) Calculation of the yield of a car boni cleBmer00qhe
yield of a carbonic ester was cal cul at ed b§ 10 the followng formula (6):
Yield of carbonic ester (% = (stoichionetric anount of carbonic ester

obt ai ned)/ (stoichjonetrjc.anmount .of . organ tal ¢ und ,used.i-n._ste 1
o 00 (e 1ot S PR heh e e P bRk RO RE bt Aanr gy Rt op ()
conpound" neans_.a_val ue cal,cul,ated_by divid- _in he . er. qf tal_ atoms
ofnPhe organoneFSchgﬁfepggﬁgdb %358 gdréhgrﬁuxgnggégg | & %afgéﬁ%ﬁggis of
an organonet al ?gggggngogﬁéhggwg %;gﬁgﬁk%dl-hexyloxy group) Into a 200-n

aut ocl ave (manufacture yo Koatsu Co., Ltd., Japan) were
charged 29 g (116

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 carbeonic 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 as an internal standard.
(2) Conditions for a GC analysis
Column: DB-1 (manufactured and sold by J & W Sci-
entific, U.S.A.)
Ligquid 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



91 16 June 2006 mmol) of dibutyltin oxide (manufactured and sold by Al -
drich, U S A) and 75 g (576 mmol ) of 2-ethyl-I-hexanol (manufactured and
sold by Aldrich, U S A). The atnos- phere in the autoclave was purged with
nitrogen gas. 5 Then, stirring of the contents of the autoclave was
started, and the internal tenperature of thﬁ autocl ave was ellé®/a3ped0i® 192
C. A purge line was opened, and the stirrP g was continued for 3.5 hours
under atnos- pheric pressure while distilling off water and 2-ethyl 10

1- hexanol . After tha@ ggrtod, theég %e@|?8§t°80 dis- tillate any nore.
Then, the inside of tHe®S Phchalk s Ehofed to about 30 C while pur gi ng

the aimosphere 0 the-guigel auennihogLitogen ods, agdcthece ves ob-

tained a reaction niXture containi an organone ound having a

2-ethy|-I-hexyl?§%u?%§gﬁF%ggga??ggﬂ%%gggsthe liquid (distillate) distilled

of f through the reacti on was about 50 g. The anount

of water contained i, ggugﬁgi%k%s %algsilé-owsdsgxpmes@utighs%%r

method. It was found t anount of water In the distillate was

about 1.4 g. The,Ad35P=AMR:¢ha" b 0h11ReaEeaa! LARVE XbUEEnks $HQWN rien Fi g.
1. As shown in Fig. 1, a peak ascribed to the or- ganonetal conpound of

formula (1) wasggetectgdsaknd4®d BRAp1aRd peaks ascribed to the organomnetal
conmpound of 25 formula (2) were, respectively, detected at -172 ppm
3) Calculation of the yield of a carbonic ester
The vield of a carbonic ester was calculated by
10 the following formula (6):
Yield of carbonic ester (%) = (stoichiometric amount of
carbonic ester obtained)/ (stocichiometric amcunt of

organometal compound used in step (1)) x 100 (&)

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

pound by Avogadrce’s number.

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

25 Toyo Koatsu Co., Ltd., Japan) were charged 29 g (116




92 16 June 2006 and -184 ppm Step (1): Production of dinethyl carbonate
froman organonetal conpound having a 2-ethyl-I-hexyl oxy group, nethanol
and carbon dioxide gas 5 Into the above-nenti oned autocl ave containing the
reaction m xture was charged 75.5 g (2.4 nol) of netha- nol, and all val ves
were closed. Then, froma carbon dioxide gas bonb, carbon di okt Heedd86 the
pressure of which was lowered to 5 MPa by“heans of a pressure regu 10

| at or connected to the carbon di oxi de gas bonb, was in- troduced into the

autoclave. Stirring. of the contents of the autocl ave was start.e d the
i nternal tenper%@o?hr@foglPHEY EchPﬁ%gemggaBPEQSFBHegoafgoSe;dA yi%ﬂ”

carboni o acid vag, gackiall ¢ (mradyced \Bogugh g, ged 1 biae.l BL LS
NP T, & CAfnbk SREESPEDLORTEA L pdabeuy v Lear ke Mudde
ey G Lhgnbpal o, ehel 05,30, 0L oFL BYBIBRLCROLS0,SO. 0N A0 C
0 ) g car ong ), D SARUESTERL! 050 AUL bV ButaBANTLLAL |-
separating dinEé@¥£t8§[bgﬂét@héngnggkﬁgmokemperature 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 l-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 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
%sn-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



93 16 June 2006 fromthe reaction mxture by distillation and recover- ing
themthrough a distillate withdrawal |ine of the autoclave. Thus, dinethyl
carbonate was obtained in a yield of 17 % 5 Step (3): Synthesis
(regeneration) of an organone- tal compound 75 g (576 mmol) of

2-ethyl -1-hexanol (manufactured and sold by Aldrich, U S A) Manadde to
the residual |liquid in the autoclave, obt3¥ned in step (2) The at 10
nosphere in the autoclave was purged with nitrogen gas. Then, stirring of
the contents of the oclave was started, and the internal tenperature of
the autocl ave A< e?g aPBd-to 192 C. The purge line was opened, and the

d f h d ph I
3{2“:?&3’:&?"%& | swa"&lit rggééaﬁé‘aﬁér SREEtoLn gﬁ%er.o%s%ﬁﬁﬁwé’ﬁ' S
t -1 { h h
oSt 1o dL s SLhLEbERERL EBhEouTHRaviE hraLieng Rt psl At oS,
nitrogen gas, aﬂgtﬂgﬁgﬁ was 89r§8 tﬁhﬁgg %eég ction nlxture cont ai ni ng an

organonetal conpoun aving a yl'oxy group. Step (4):

Recycling of the orgapogefpl QBBPQUHQnt99&@&”%9;581é%@pc&ﬁkaﬁﬂiﬁ eRhel)

Subsequently, the sane procedures as In 25 and step (2) were
successively perforpednagikellevWgas charged 75.5 g (2.4 mol) of metha-

neol, 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 c¢f 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 autocclave was cooled to about 30 °C, followed by purg-
ing of the carbon dioxide gas.
Step (2): Isolation of dimethyl carbonate
In the above-mentioned auteoclave, a vacuum distil-
lation was performed at 30 °C under a pressure of 13

25 KPa, thereby separating dimethyl carbonate and methanol



94 16 June 2006 Step (1): Production of dinethyl carbonate from an
organonet al conpound having a 2-ethyl-I-hexyl oxy group, nethanol and
carbon di oxi de gas Into the above-nentioned autoclave containing the 5
reaction mxture was charged 75.5 g (2.4 nol) of netha- nol, and all val ves
were closed. Then, froma carbon dioxide gas bonb, carbon di d¥ilyBe gl the
pressure of which was |owered to 5 MPa by®feans of a pressure regu- |ator
connected to the carbon di oxi de gas bonb, was in 10 troduced into the

autoclave. Stirring of the content of the t oc ,Wa t.arted dth
iﬁternay tenpgrééoﬁuFﬁeoFe?ﬁElaﬂtBEFEVEemgg g%§Séh2§%98ni§%dg%e%OWF%Bid ©
car boni id d i d . h.a, f.eed -Ili i

it ool ave so- acris LaFHoEhYRkSh Ao Rar 1 AR Ol BB Ehara Bs ST A8 0 19,6
MPa. Then, a reac-_tion wa rfar. fqr r i i, Nt-ai i t i n-
t er nal pressureg%¥o%%%v30tg%ﬁ%Veggﬁﬁgggﬁ ﬁé%ﬁﬁaﬂ#ghg%:ﬁ%é%éﬁ%%;%?r%gclPon

m xture, and thgiégaigg 9? ghe aut ocl ave was cool ed to about 30 C
fol |l onwed by pur ing of the carbon dioxide gas. Step (2): Isolation of

di met hyl - carbonat e | e above: Lope c bbbl -
| ation m%s perforne %%£36§g'uﬁﬁgﬁﬂééggeggggéﬂg¥g¥gon§P§? ?ﬁgFggéhbhe
separati ng dinEEQy|C8ﬁ£QQHéte and net hanol 25 fromthe reaction m xture by

distillation and recover
75 g (576 mmol) of 2-ethyl-l-hexancl (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 atmos-
15 pheric pressure while distilling off water and 2-ethyl-
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-
20 tained a reaction mixture containing an organometal
compound having a 2-ethyl-1l-hexyloxy group.
Step (4): Recycling of the organcmetal compound
obtained in step (3) to step (1)

Subsequently, the same procedures as in step (1)

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




95 16 June 2006 ing themthrough a distillate withdrawal |ine of the
aut ocl ave. Thus, dinethyl carbonate was obtained in a yield of 16 % 5
Exanpl e 2 As descri bed bel ow, di nmethyl carbonate was pro- duced by
performng a cycle of steps (1) to (4) 26 tinmes consecutively. (Synthesis
of an organonetal conpound having a hexyl oxy 10 group) There Watins2809ded
a 200-m autocl ave (manufac- tured and soI84by Toyo Koatsu Co., Ltd.,
Japan) which had connected thereto a line for introducing a |iquid
carbonic acid and carbon djoxide gas, .a distilla 5 withdrawal__line, a
sanpl i ng tube and a PFTB ?Bf‘iﬁf?ggcﬁﬁ8pn8§nngSEEXlgggr%ﬁpg%thrﬁgkF@h]of
the autoclave. _Into th 00-nl aut.ocl ave were charge 5.0 6 ) of
i butyl L1 n oxi (RFPRARTIPERE uPRUPaR oG Ry & ar EEY 0 82KY 220 S0 g
(300 mmol ) of hﬁx@ﬂ%ﬁoﬁngﬂﬁf9%§55%ddggxﬁ9? gggd by Aldrich, US A ; a

€ auto e

dehydr at ed grade?. cl'ave 'wasS "Sea and all val ves were cl osed.

Weammmﬂemt%ﬁ%%@%ﬁﬁ&%%%%%%%%%&%ﬁ%%%?&

Then, stirring of the confents o € "autoclave was starte

[ nternal st emper aLyce; o, A8xkhPcAULACkAYE YRS 78 8V81 QY LOnkE) Gr Hagha the

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 liguid
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 methancl

25 from the reaction mixture by distillation and recover-




16 June 2006 ring was continued for 30 mnutes. Thereafter, the valve of
the distillate withdrawal |ine was opened, and recovery of a distillate
was started and continued while blowing nitrogen gas into the bottom of
the auto 5 slave at a flowrate of 200 m/mnute. About 2 hours after the
start of the recovery of a distillate, there was no distill atlé JaRy 264 e.
Then, the inside of the autoclave was cooP&d to about 50 C, and there was
ob- tained a transparent reaction mxture. A small anount 10 of the

ti i xt d d bj d. t 19Sn- NVR lysis. Th

B AL e RaTBhed SR UL S L0, 2, ST Sl iy The
d of for- I 1 d the,. tal d of,_.fo .(2). Th
comound o 1015 PHk3tL) P Ra0aTel smond, e (A The

wat er | ayer was §Q9gt 9.§6n%. Then, a cycle of the bel ow described steps
(1) to (4) masyrepea?ed. Stép (1): Production of dinmethyl carbonate from
an organonetal conpound having a hexyl oxy group, nethanol 20 and carbon
di oxi de gas Into the above-nenti oned autoclave containing the reaction
m xture s chagged-48-4 9 (1.5 nmol) of netha- nol, and all valves were
cl osed. %ﬁen, fTUﬂT%ftarbon di oxi de gas bonb, carbon di oxi de gas, the

pressure of 25 whi chyuagesowered £815wMPa;iRY¥AFANSaPhoRaPEESAYN Briegu 97

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 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 the autoclave.
Into the 200-ml autoclave were charged 15.0 g (60 mmol)
of dibutvltin 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

28 the auteoclave was elevated to 160 °C. Then, the stir-



16 June 2006 | ator connected to the carbon di oxi de gas bonb, was in-
troduced into the autoclave. Stirring of the contents of the autoclave was
started, and the internal tenpera- ture of the autoclave was elevated to
160 C. Aliquid 5 carbonic acid was gradual ly introduced throu?h a feed
line into the autoclave so as to adjust the internal pressurel@iuncr806
autoclave to 22 MPa. Then, a reaction mas96erforned for 16 hours while

mai ntaining the inter- nal pressure of the autoclave at 22 MPa, thereby ob

10 taining a reaction m xture i.de _of t ut oz, cl | ed
Lo tbout 30°C ToMPolal BoRkaPyERG tor 3PnEiCaFeSn GSHAE R Gen (oye

| sol ati f d l b d I

i stil- 15| ati Bh-RAsOBor Ror ABGTAD 30EC AndEF 4 opr 23%& g’%%?%f%\{‘eeﬁpaan o
t hereb t di pet hyl h

mixture by i ot FELSUPOR Hhdr BEBVeT- oF Rg CReR PR SoR S BT FIate

wi thdrawal |ine, ]glg.hsl ayhg Chﬁ\égf;g%r 8L HELN L C B0 Q‘E'&ﬂ% SO ained.

20 Step (3): Syn esi s reg nera an organome- conmpoun nto the

above- megti oned_ ayt.aclav chargeds g g0k hqﬁimm_irﬁgﬁg@ctured
and sol d by Ald(r:?ch8 35 % £?§Wa ae%ygratg E%ggl u(eand all valves were
closed. 25 The §EE‘B§pBﬁéesthEh%faHhQCE@E%v\é@% B¢r gedi3etinTes oM thedd
was no distillate any more. Then, the inside of the
autoclave was cocled to about 50 °C, and there was cb-

tained a transparent reaction mixture. A small amount

10 of the reaction mixture was sampled and subjected to a

118 119

Sn-NMR analysis. The Sn-NMR analysis confirmed
that there were formed the organometal compound of for-
mula (1) and the crgancometal compound of formula (2).
The distillate 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 compound having a hexyloxy group, methancl
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 gasg, the pressure of

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



16 June 2006 nitrogen gas. Then, stirring of the contents of the autoclave
was started, and the internal tenperature of the autoclave was elevated to
160 C. Then, the stir- ring was continued for 30 mnutes. Thereafter, the 5
valve of the distillate withdrawal |ine was opened, and recover}/ of a
distillate was started and continued while blow ng nitrogen gHslingt2§0¢ he
bottom of the auto- clave at a flow rate of7200 m /minute. About 2 hours
after the start of the recovery of a distillate, the 10 inside of the

t ocl led to about 50 C, and_ there, btai_ned a t t
Feact | on m xt urESco5 8RTCaN e RoEcHPRGCBF CEhe or garaneesl CeBRpoRd OBt al ned

|0 #Le (9) L otendl INEGYLALT Blott A ool A it o
reaction 1 8 9 &9 %EeZQuééclave was started, and the internal tempera-
ture of the autoclave wasg elevated to 160 °C. A liquid
5 carbonic acid was gradually introcduced 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 ingide 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 lation was performed at 30 °C under a pressure of 13
KPa, thereby separating dimethyl carbonate and methanol
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.S.A.; a dehydrated grade), and all valves were closed.

25 The atmosphere in the autoclave was purged 3 times with



.................. 15 17 18 19 Yield (% 16.7 20.4 21.9 ..........

1.1.11,11-11.1111. 20.1 18.0 19.3 18.3 17.9 20 21 23

24 17.5 16 June 2006 After step (2) of the 26th cycle of re

residual liquid obtained in step (2) was subjected to a 25 119Sn- NMR
analysis. In the 119Sn-NWR chart of the regigd 100 16 June 200616 June 2006

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

5 valve of the distillate withdrawal line was opened, and

recovery of a distillate was started and continued

while blowing nitrogen gas intoc 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

cbtained in step (3) to step (1)

The yield of dimethyl carbonate cbtained in step

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



ual liquid, several peaks were detected between -170 ppmand -500 ppm in
addition to a peak ascribed to a snmall anount of the organonetal conpound
of formula (2) (see Fig. 2) . After step (3) of the 26th cycle of re 5
action, the reaction m xture obtained in step (3) was subjected to _a
119Sn- NVR anal ysis. In the 119Sn-NVMR chart of the reaction mi %t 1We 2086 peak
ascribed to the organonetal conpound of f8f nul a (2) was detected, and the
above-nmenti oned several peaks between -170 ppm and 10 -500 ppm were no
| onger detected (see Fig. 3). The anpunts of water distilled off in step
(3)s of the 1st to 4th cycles of reaction were, respectively, 0.27 m,
0.24 M, 0.22 M and 0.24 m . 15 Exanpl$a§1%8¥nthesis of an organonet al
conmpound havi ng a 2-ethyl- 1-hexyl oxy group nto a 500-m eggpl ant - shaped
flask were charged 105 g (422 mml) of dibutyltin oxide (manufactured and
20 sold by Aldrich, WS A) and 277 g (2.1 nol) of 2 ethyl-1-hexanol
(manuf actured and sol|d bycAkdNbchpf WelcAipn The egypéaddt {&haped|fl ask was
connected to a rotaryevaporator(manufactured—and bqky pby—EYELA, Ja- pan)
The atgosphere in the-eggpl-ant-shaped-fl-ask-was-25-gur-ged-w-th{ ni trogen
gas. Rotation of the |eggplant 101216 June.2006|shaped4dask.in_an oil bath

was started, and the|oil 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 19.9
14 18.0
15 19.3
16 19.4
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%gn-NMR analysis. In the **°8n-NMR chart of the resid-




bath was heated to 180 C. During the heating, a white slurry in the

eggpl ant -shaped flask turned into a transparent solution. Then, the
rotation of the egg 5 plant-shaped flask was continued for about 30

m nutes. Thereafter, the internal pressure of the eggplant- shaped fl ask
was gradual ly lowered from80.7 KPa to 68.7 KPa over 3 hourslbjunee®fg of a
vacuum punp (nmanu- factured and sold by SARY VAC INC., Japan) and a vacuum
10 controller (manufactured and sold by OKANO WORKS, LTD., Japan) while

distilling off ter, and. a small anobunt of 2-ethyl -1:hexanol. r that
period, there \Hg ipkd, ®REVERL 1954 W%dfeet?g% , ?B%e?%s%igof t he
flask was cooled to about 30 C and the internal_ pressure of. 15 the flask
was returned t &4t r?ﬂ'éjgh‘esrqoc B s st 43 sdh&© 6t L?‘l‘?‘:lﬁ‘Fo %r]g%%(? At her e

bt ai d 310 f - t. 1 Xt i ch t ti
vh o2 ned 10,8 DL RIS LR DSLUEMY D S2nsoakenl o8l v on
2-ethyl-1-h | . e 119Sn- h f.th 0 i t
2o hexanal g 113 AN Enge Lo ol Lgcobnalakt el apspacen

organoretal | cormaungd ofyd Al LS AR AR A 114 0B (811 pectks

ascri bed to the organometal” conpoun or mu were, Tespectively,

detected at 1%@;&{?%@ t-(%8a4 11%} RRB 3119;12]};1&6]- SJune,2008 Bap_{mhk:
Production of dinmethyl carbonate from an
chart of the reaction mixture, a peak ascribed to the
organometal compound of formula (2) was detected, and
the above-mentioned geveral 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

(Synthesgis of an organometal compound having a 2-ethyl-
1-hexyloxy group)
Into a 500-ml 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-l-hexanol (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. Rotation of the eggplant-



organonet al compound having a 2-ethyl-1|-hexyl oxy group, nethanol and
carbon dioxide gas Into a 500-m autoclave (manufactured and sold by 5
Asahi Shoko Co., Ltd., Japan) were charged 148.8 g (containing 202 mml of

Sn atons) of the above obtai ned 2-ethyl-I-hexanol solution of an
organonet al conpound having a 2- ethyI-I-hengoxy group and 86l&ugeghip.-
et hyl -1 -hexanol . The autocl ave was seal ed &9¢ all 10 val ves were cl osed.

Then, from a carbon di oxide gas bonb, carbon dioxide gas, the pressure of
whi ch was |owered t by neans.o pressure regul at n-_.nected to
the carbon diox?g@pﬁas%ﬁaﬁg éa?nlﬁﬂ}ogﬁ% Waﬁn?5aFﬁ§%a 6@#5&5 rring
of the contents _of. the 1 ted d the internal_. .

t enperat ure of b?%g gﬁ?ogﬁggggwé Fed Qf%ﬁﬂfg§ 1¢Fa§rﬁ%Tnal bressure
of the autocl ave 1988 adhughﬁe égpﬁagtNPgﬁ - h%ﬂasi qung§éperforned

for 4 hours mh|F Yarns €’in pressure o he autocl ave at

3.5 20 MPa, thef el gl ah0i g1AciEACt QAT XM & oI e, iepsi g, of the

aut ocl ave was a coo y purging o car bon
di oxi de gas. S t 0 i Fi g.
5. hsshown inohraT BrabhE E1ARk Rl By e P o more 29 ?Q%“&fﬁ;ound

of formula (1) Qhéégﬁ?ﬂéﬁd tggdlﬁ%%%héh k@és&@r&UB% 2906 pepisinter e
det ect ed between -170 ppm’ an ppm

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 amcount of
2-ethyl-1l-hexanol. After that pericd, there was almost
no digtillate 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-1-hexyloxy group
in 2-ethyl-1-hexanol. The *'’Sn-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.



GC anal ysis of the reaction m xture showed that di (2- ethylhexyl) carbonate
was obtained in a yield of 25 % 5 Exanple 4 (Synthesis of an organonet al
conmpound having a 2-ethyl- 1-hexyl oxy group) By using a 200-nl autocl ave
(manuf actured and sold by Toyo Koatsu Co., Ltd., Japan), an organonet al
com 10 pound was synthesized in the same nmanner as in Exanpl d6unsg@(p (1):
Production of di(2-ethyl hexyl) carbonate £Fém an or ganonet al conpound
having a 2-ethyl-I1- hexyl oxy group and carbon di oxi de gas 15 Al val ves of
t he above-nenti oned gutocl m.a cargonfdioxide gas

l d h f
bonmb, carbon dioxid t%%sf?yﬁe B%gggﬁ?gﬁg?EMAFﬁgtaﬁiOFS%EPQ& to 5°0Ps™ by
f | at d.to th --b di id nb,
rean O cauned PHESrPREtL: ShreoRRashERing, hng - ERhiA 220 sRLE LAY AR
t ocl t he. i nt et nal. t f th t ocl
e Lot edTe ThEERSaL ARG ERBaLR AL AR Ak e & L o L ot aduaed

through a feed |ine £$£8 éhgogg%ﬁgggyﬁ&ggvgs(mgguggbgagehhgnhnggﬁaab

pressure of the autoclave to _ _ ~Then, a reaction was perfoyned
for 2 hoyrs 104A%§%§U§ﬁo£8050m f.eqamei Lkl NgetRehat-gerah 4pr.@sgure of the

auto- clave at 1 MPa, thereby obtainihg a reaction i xture,

(containing 202 mmol of Sn atoms) of the above-obtained
2-ethyl-1-hexanol golution of an organometal 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 regulatocr con-
nected to the carbon dioxide gas bomb, was introduced
into the autoclave. Stirring of the contents of the

15 autcclave 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-

gside of the autoclave was allowed cocled 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 crganome-

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



foll owed by purging of the carbon dioxide gas. Step (2): An operation in
whi ch nethanol is added 5 to the reaction mxture to thereby effect a
trans- esterification so as to convert the above-nentioned carbonic ester
into dinethyl carbonate, and the fornmed dinethyl carbonate is isolated
After step (1), the atnosphere in the autoclave 10 was pur gedl@fung 2006
nitrogen gas. Into the autoclave was charb%ﬂ 75.5 g (2.4 nol) of nethanol
(manufactured and sold by Aldrich, U S A ; a dehydrated grade), and al

I I .. Th tirri f. th { f_.th I
Started, and t IOV oYt Terb6rATUPEHECD { AL BRTotPdve-absP el eVt ed Lo
120 C. The stirgi . [ d_f 2. h , I d di-
rothyl car bonat & uEYR QU RBOH | Ge ERAF AR oy B ar el Pao B oRBP ot (Re

autocl ave throu | ] ' ryed_t hgre,wag al nost
no distillate é%%hg%gﬁ%ggI %%%b?%%?§e%%? %ﬁgagﬁ§§c¥§v% gg%lgogFea%aahd t he
at nosphere in the autoclave was purged with nitrogen gas, followed by

termnation of the reaction. In the distillate, dinmethyl carbonate was

obtainedsin a y@ﬁgﬁ%1@f4about 20 % 25 Step (3): Synthesis (regeneration)
of an organone ne 2006 tal conpound 75 g (576 mmol ) of

2- et hyl -1 - hexanpd 4 #Royf aCL 88 organometal compound having a 2-ethyl-
l-hexyloxy group)

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

10 pound was gynthesized 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 valvesgs 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 cof a pressure regulator connected toc the car-
bon dioxide gas bomb, was introduced into the autoclave.

20 Stirring of the contents 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 intoc the autcoclave so as
to adjust the internal pressure of the autoclave to

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



and sold by Aldrich, U S A) was added to the residual liquid in the
autocl ave, obtained in step (2) The at 5 nosphere in the autoclave was
purged with nitrogen gas. Then, stirring of the contents of the autoclave
was started, and the internal tenperature of the autoclave was el evated
to 192 C. The purge line was opened, and the stirring was corifilnoed0dor
3.5 hours under atnos 10 pheric pressure whPfe distilling off water and
2-ethyl - 1-hexanol. After that period, there was alnbst no dis- tillate any

was.cooled to a?gg%ﬁlGO C while

nore. Then, the jnside of the, autocl ave
purgi ng the atn%%bi%r@alFﬁa%ﬁénaquﬁl59EeﬁP?ﬁ REEPSYER § ndYRere was

b 15 tained ti ] i_ni t al havi
2 2- ot hyl |1 -nexyTB%5 B ok SSUER- (Ao~ REgy GTAGUGT o Ao "GP ARGNET AR hmound
bt ai ned i t t t 1) Sub I he. d [
Ctep (1) 20 anfosPepttos BreotdcRE SRR fokerhori R B B s, Srep

hari ng o5 et or 01 - Cakeo Pyl DRaYLDSAERANSLE Lh oMk NeERIARDTEES naBRRPOUTY

having a 2-ethyl-1I- group  and car bon di oxi'de gas val'ves of the

above-megt | oned. qui g pYe-WeLE nZBchLOsed. RLLLLINGcPLcthy contents of the

aut ocl ave was June started. I'quid”carbonic acid was
gradual l'y introsoduced; LBEOYAN:8 Leedo! LBRvEREOLhBE 1BHRCHRYE 18RS O

carbonic ester intc dimethyl carbonate, and the formed
dimethyl carbonate is isolated
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 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
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
wag 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 cbtained in a yield
of about 20 %.

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



adjust the internal pressure of the autoclave to 19.6 MPa. Then, a
reaction was perfornmed for 1 hour while 5 naintaining the internal pressure
of the autoclave at 19.6 MPa, thereby obtaining a reaction m xture, fol-

| owed by purging of the carbon dioxide gas. Step (2): An operation in which
met hanol is added to the reaction mixture to thereby effect a6uangtio
esterification so as to convert the above-hehtioned carbonic ester into

di ret hyl carbonate, and the formed dinethyl carbonate is isolated After
step (1), the atnosphere in the autoclave was purged with nitrogen gas.
Into the autocl charged 75.5 g (2.4 nol) of nethano

C
fact d d b I
VAl ves wer e cl ased. Théh (ot (I o (hi i entioBriot pheait 2P ale R ias
tarted, dth t 120
& “The st 171 ng b Sk aoh e RUEHE 010 Rbul T8 TR, oo AT B b -

methyl carbonabe qigre Gf gl dye il v bys atLd] ecp! o2y 11 Al g -

aut ocl ave throug a purge en 't "was o served t here was al nost

no distidlale aepdYL. s Nohd Nl O d o QULRELEY &, YO ﬁ@@Lsgen;ngt.he 25

at nosphere in the faut ocl ave was purged wt gen 107 16 June 06 gas,
foll oved by ter’l"ﬂé}?‘t'ﬂhﬁlﬁg?eofe@!?é'@éhtéﬁté her distihtateavdi grENY!

carbonate was obtained in a Vvield
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 water and 2-ethyl-
l-hexancl. 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-
15 tained a reaction mixture containing an organometal
compound having a Z2-ethyl-l-hexyloxy group.
Step (4): Recycling of the organometal compound
cbtained in step (3) to step (1)
Subsequently, the same procedures as in step (1)
20 and step (2) were successively 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




of about 18 % 5 Exanple 5 (Synthesis of an organonetal conpound having a
hexyl oxy group, fromdi butyltin oxide and hexanol) Into a 200-m autocl ave
(manuf actured and sold by Toyo Koatsu Co., Ltd., Japan) were charged 24 9
g (100 10 nnDI) of dibutyltin oxide (nanufactured and sold by Al dri

U S A) and 51.1 g (500 nmol ) of hexanol (nanu- factured and ¢ IHH%9006

Al dri ch, U.S.A.; a dehydrated grade) , and®fhe autocl ave was seal ed. The
at nrosphere in the autoclave was purged mnth nitrogen gas. Then, 15

stirring of the_contents of, .the ut o¢! | ave was tarted the internal
tenperature of thet ﬁ oc%&é%ﬁ C%ttedﬂct faﬂ}éaridl it

¥ he''s |rr|ng

i nued f 30 . Th h f
Tne of the aut SRPa0e HES aRoReCSand PR CEP! FPRg SRESC0 Eortl Aved T or 2
hours while bl 0%5‘9§?| ﬁﬁé' '.tn?fr{?ﬂ@tﬁ ?)E gh%gog%n gas aLaba 1 Lhe hot tl%ms()f the

aut ocl ave and drs exano t hrough the purge |i ne.

After that perigg, thele was,al Qqéa%’ }{%Juéoazgrgecﬁrtyor ur W@k 1d he

i nside of the autoclave vas coo ere was obt ai ned

a reactign m Xttrlg?ntéﬁ?ﬁlﬁg éHQelﬁggﬁnéllﬂﬁ@est apakysl %ucefoctleeefer gRction
m xture was per- forned he Sn- NWR anal ysi s showed that there were

obt ai ned about fg.@nﬂbantﬁe%egy obebiakHEY h- tedrllion 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 egterification so ag 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
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, methancl 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 atmogsphere in the autoclave was purged with nitrogen




hexyl oxy-di - st annoxane and about 6 mmol of dibutyltin 5 di hexyl oxide. Step
(1): Production of dihexyl carbonate froman organonetal conpound having a
hexyl oxy group, hexanol and carbon dioxide gas Into the above-nentioned
200-m autocl ave contain- 10 ing the reaction m xture (containing an
organonetal conpound having a hexyl oxy group) was charged 61.1% knc2g¢p
mml ) of hexanol (nmanufactured and sold byL drich, U S A ; a dehydrated
grade), and the autoclave was sealed. Then, froma carbon di oxi de gas

bonmb, carbon 15 di oxi as, .the pressure of ich was lowered to.5 MPa by
neans of a presktiie 'ég}ﬁ@ﬁQNb%oH%@Eﬁ%ﬁF%%Pt%%mgg?-r%%ﬁtﬂ?%xig@ 33? bonb,
was i ntroduced 'nto.thq:aut cl Stirriq&aof th cont ent s Og.t981

aut ocl ave was s la?%%]&a 90 rﬁ%vl'g\'él a(f?re]?m?%e STa7 907 the sﬂlrrl%g, ?he

val ve 20 of theiﬁ%hgj 'Qx%de gas bonmb was closed. Then, the interna

t enperature of The aut oclave was el evated 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

pressur g of thg?ayﬁgﬁggie at about 7.5 MPa. 109 16 June 2006 Thereafter,

t he inside of ave was cooled to about 30 C and the interna

poSisﬁre of theAHQEAVE oMas, rELINSEL L ALIRSPRSN | CaPL RS SHI BeRY1880L | Y
P group, from dibutyltin oxide and hexanol)
Into a 200-ml autoclave (manufactured and sold by
Toyo Kocatgu Co., Ltd., Japan) were charged 24.9 g (100

10 mmol) of dibutyltin oxide {manufactured and sold by Al-
drich, U.S.A.) and 51.1 g (500 mmol) of hexanol (manu-
factured and sold by Aldrich, U.S.A.; a dehydrated
grade), 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 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.



t he carbon dioxi de gas, and there was obtained a trans 5 parent reaction

m xture. In the reaction m xture, di- hexyl carbonate was obtained in a
yield of about 14 % Step (2): An operation in which hexanol containing 1
% by wei ght of water is added to the reaction mxture obtained in St%f (1)
to thereby formsolids, and the 10 solids are renoved by filtridtJugp20

wher eupon the resul- tant filtrate is subj%%@ed to distillation, so that
di - hexyl carbonate is obtained as a distillate After step (1), 10 g of

T 15 ture o ar e AV <pEBL {4} = ahcEbRer TSt PAnTLRER G B Hab oLt rred
that the. m xt ur & TTES hT%%%%@Pa@f&%ﬁ%éa 7 SRR S S Lf&?’?iﬂfe?ﬁZd
?CngAlzggrrﬁawg$%%¥%#§dé ?d %y 2%§2n?£%99}0§ Eg Eglzgfg ¢ Japan) to
2L Emes i th 200k S L%lx;%%?ﬁﬂ%%én%! kb8 24E0.Te WL Sopohidacyecenashec

1-l1iter eggpl ang;s g fhask and sub 25 jected to distillation under
heating in an ol bath at 110 16 June 2006 150 C and under a pressure of 1

KPa. By the distillasedyom) he%ﬁc@@uc@{@ndbf‘eéi/ﬁeﬁﬁib@QﬁB@n%éefkéﬁoﬁﬁr ed.
The yield of dihexyl carbonate was

organometal compound having a hexyloxy group, hexanol
and carbon dioxide gasg
Into the above-mentioned 200-ml autoclave contain-

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

15 dioxide gas, the presgsure of which was lowered to 5 MPa
by means of a pressure regulator connected toe the car-
bon dicxide 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
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 & hours while maintaining

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



Step (3): Synthesis (regeneration) of an organone- 5 tal conmpound The white
solids obtained in step (2) and a resid- ual viscous |iquid which renmained
inthe flask after the distillation performed in step (2), were charged
into a 200-m. autocl ave (manufactured and sold by Toyo 10 Koatsu Co., Ltd.,
Japan). Further, 51.1 g (500 mml) of hexanol (manufactured an@ Js8¢d0%y
Aldrich, US A ; a dehydrated grade) was %ﬁ%rged into the autoclave, and

t he autocl ave was seal ed. The atnosphere in the auto- clave was purged with

nitrogen gas. T qgﬁggﬁ%%%épg?gabégaégfgg8€£§R53t8%15hS QQEOEE%FSd“@E

started, and th é autocl ave was éelévatéd to

160 C Then, the,stirsjnoovaseopnli pued-fof POUL.A0 obi pyLes. Theteal ter,

the purge |ine ave Was opene stirring was conti nued

for 2. ours 20 whi | eoblpniac.a SERLLAODUD! oL BLELOBSOBRBINbA-LEGS

botton1pf t he autocl ave an distrl ter and ~hexano
purge line. Aftgr.th ?ﬁgraggxi?éh é&,"@ﬁda{:fig% #9sdbathk hakeaapyqpBLe.

Then, the in- side o aut ocl ave was cooled to about 30 C, and 25 there

was obtained a £eACh{ ORe g X1 Y Bmi A d2d SN TNVRNLL ko161 URe ndQR61analgssi s of
the reaction mXxture was perforned. The 119Sn-NWMR anal ysi s showed t hat
there were obt aifesh abopboAdr 8TPL s 0bblaindd31hehr gbel ¥l ok, dvduthexykoxy-di -
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 distillatiocn, so that di-
hexyl carbonate is cbtained as a distillate
After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reacticn mix-
15 ture obtained in step (1), and the resultant mixture
wag stirred for about 30 minuteg. 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 hexancl. The filtrate was trans-

ferred into a 1l-liter eggplant-shaped flask and sub-

25 jected to distillation under heating in an oil bath at



st annoxane and about 6 mmol of dibutyltin di hexyloxide. 5 Step (4):
Recycling of the organonetal conpound obtained in step (3) to step (1)
Subsequently, the sane procedures as in step (1) and step (2) were
successively perfornmed as follows. Step (1): Production of dihexyl
carbonate fromthe 10 organonetal conpound obtained in step (3P Joagd04tne
above- nenti oned autoclave in which step (1330vvas performed was charged 61.5
g (602 mmol ) of hex- anol (nmanufactured and sold by Aldrich, US A ; a

dehy- drated gr o~ and the autocl ave was seal ed. Then, .15 from.a _carbon
di oxi de gas bonﬁg,i(?caq bR di3%FHe® gBsS ST he" %fegsﬁg%'ogva!ﬁhc e J11?)\/'\3167 ed to
5 MPa by neans of a ressure_reqgul.ator,connected tao_the i oxi de gas
bonmb, was i nt r odtidéd k?%}f%n? ea%‘Et‘gjc}Il%@é% <t P%geo‘f]er?hgggéﬁggﬁﬁ s of the

aut ocl ave was sfﬁerbgﬁé%%g% d@%g}%%g%%{_ﬁgﬁaﬁ ewgééigrhgf_ the stirring, the

val ve of the car- gas was close en, the internal

tenperature of the I . e, e : iLe shibEhB8omkD this
instant, the inter ng%%%egés/ﬁ're o’?}l}%%gé a%%%%%’ga%%%gboutéé. 5 !R/Pa?mThen, a
reactiong 25 was. perion for 6 hours while nmaintaining the inter 112 16

June 2006 nal pressure of the autoclave at about 7.5 MPa. There- after, the

inside of the autoclpye wast£obedid Ooﬁt?é’i&ﬁed?@ncs@@}g (D¢ hAgernakszppessure
of the autoclave was

unal viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
into a 200-ml autoclave (manufactured and sold by Toyo
10 Koatsu Co., Ltd., Japan). Further, 51.1 g (500 mmol)
of hexanol {manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade) was charged into the autoclave, and
the autoclave was sealed. The atmosphere in the auto-
clave was purged with nitrogen gas. Then, stirring of
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
wag 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 period,
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 *°Sn-NMR




returned to atnospheric pressure by gently purging the 5 carbon di oxi de gas
through the purge line, and there was obtained a transparent reaction

m xture. In the reaction m xture, dihexyl carbonate was obtained in a
yield of about 14 % Step (2): An operation in which hexanol containin 10
1 % by weight of water is added to the reaction mxture obt ail§dting g0

(1) to thereby formsolids, and the solidstare renoved by filtration,
whereupon the resul- tant filtrate is subjected to distillation, so t hat

di- h | b te 15 Aft 10 f
Hoxana” ot ot dratas 9 ok Chas GreSePi Garbr<hakS juie  beEhabtth, 3%“  cact i on

Rbout 30 m nut co CHHOE. Ehe Bt Bor AeeCubiibpbithe HhkY: PorAened RO
the m xture |n4;me%§@ag#o¥t g?lgageéyggggyinio gdybh%§¥?é3§g . The mhlte

slurry was subjecte on usTn 20A142C,
manuf actured a Toy. a Japac by
obtain white sggtéﬁ%gxg%%pgag %??% eg @ﬂ ?t%l%%PY%Eiaeéghﬁggﬁbgggg'
times wigh 20 m of T, t 6 ferred
into a lsllter eggpl%ﬁt S apedﬁf?%ékiﬁﬁdggu ﬁﬁéﬁé%%t%?séyﬁ?ggggn under

heating. By the,disiildaintiog, hexapgl sand qihexyl carbonate were
recover ed.

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 organometal compound obtained in step (3)

Into the above-mentioned autoclave in which step
(3) was performed was charged 61.5 g (602 mmol) of hex-
anol {(manufactured and sold by Aldrich, U.S.A.; a dehy-
drated grade), 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
presgure regulator connected to the carbon dioxide gas
bomb, was introduced into the autcclave. Stirring of
the contents of the autoclave was started. 10 Minutes

20 after the start of the stirring, the wvalve 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-



The yield of dihexyl carbonate was 13 % 5 Exanple 6 Production of dihexyl
carbonate (Synthesis of dibutyltin dihexyloxide) Into a 200-n

eggpl ant - shaped fl ask equi pped with 10 a condenser and a Dean-Stark trap
were charged 12.5 g (50 mmol) of dibutyltin oxide (manufactured and sold
by Adrich, U S A), 50 ml of hexanol (manufactured and sol dltyna2aet ch,
U.S.A ; a dehydrated grade), 100 nl of xyl®he and a stirrer. Then, the
eggpl ant - shaped flask 15 was heated using an oil bath while stirring the

con- tents of the e | ant - shaped fl ask,. and the tenperatu of .t he
eggpl ant-shapedlafe]f TR R ¥ At FRERCLRNPeT b-2bTY Ztgv\%?‘éh & A%ux of

(e ylene ooeures, e e L Pl be oD, a5, Rerh o1 gaC undep.eat
tator uas, ool o o, LA NenEoRI SUArk 41 8Py Toor onu et Ligputee,
Leroved T1om,, UHBSHUL A SRR LL RSl bR 0rBl Ntk S Shioneg S
conplarts SNanec LAk B S PUESSIGE hahLLse 1149, Lhelysabt ol ng
flask was 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 hexancl containing
10 1 % by weight of water is added to the reaction mixture
obtained in step (1} to thereby form sclids, and the
gsolids 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 (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

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



purged with nitrogen, and the inside of the eggplant 5 shaped flask was
cooled. The resultant reaction mx- ture was subjected to a 119Sn- NMR
analysis. In the 119Sn-NMR chart of the reaction m xture, a peak ascri bed
to dibutyltin di hexyl oxi de was detected at -134 ppm and peaks ascribed to
a small ampunt of 1,1,3,3 10 tetrabutyl -1, 3-di hexyl oxydi st anndfdnec 3loe,
respec- tively, detected at -177 ppm and -4BY ppm Step (1): Production of
di hexyl carbonate from dibutyltin dihexyloxide Into a 100-m autocl ave

fact d and d, by 15 T Koat Co., Ltd. h d
hout 220 of \S G GHUHEt ol LONBbURISLbILS; ATGEAobOtcs. Al SBP o
di butyltin dih | .oxi d ih_th tal . t.ai ned
n thy above- oot S Fadl TRARtT bh I P L By ani- 9655 PRa0 e ar: Hoxanol

toal aot e a0 RELLDY Shdrd eyt S-frbofafeTdre) Seeatageh, The

aut ocl ave was se€al éd.  Then, from a car oxl carbon di oxi de

gas, the pressupe, i%&c{‘%v‘@fhe%gf‘eé§9b&gaée'\@§ b%/T%ngz_ans of a pressure

regul at or con- nected to e carbon di oxi de gas bo was i ntroduced 25
into thesautoclave. Stirring of the contents of the 115 16 June 2006
autocl ave was started. 10 Mnutes after the start of the stirring, the

val ve of the caf i oxi de gas bonb was closed. Then, the internal
t enper at ure of T%L

Production of dihexyl carbonate
(Synthegis of dibutyltin dihexyloxide)
Into a 200-ml eggplant-shaped flask equipped with
10 a condenger 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.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 reflux 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 was collected in the 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.

25 Further, an excess amount of hexanol was removed from



autocl ave was elevated to 120 C while stirring. 5 Thereafter, carbon

di oxi de gas was gradually withdrawmn fromthe autoclave through a purge
line so as to adjust the internal pressure of the autoclave to 4 Mra.
Then, a reaction was performed for 100 hours while naintain-iéﬁg t he
internal pressure of the autoclave at 4 MPa, 10 After that perlifoline2f@o

i nsi de of the autoclave was cooled to abott?30 C, and the internal
pressure of the autoclave was returned to atnospheric pressure by gen- tly
purgi ng the carpon dioxide g t hrough urge.line, _and there _
obt ai ned a tranEB%r%ﬂgpiﬁﬁEfgﬁﬁpﬁ?xgg?ﬁg %g ?ﬁdPﬁg r BREEPYA SnX g?é}a

di hexyl carbonate was_pbtained . in_a yield.of 18 % Ste 2) . ration
i n which hexano?l%%htgﬁﬁrggy Tb55591 iahylﬁFoﬁﬁfe rﬁgsgaggéttéqﬁﬁg%'
reacti on m xtur bt ai ped..in (1 th o] i n he 20
solids are rennggﬁgby@??l FQ?F%hggahé%eﬁggne§ﬁ§9¥ggu%ghﬁgﬁtgﬁﬁﬁ%rgFg i's

subj ect ed 10 di SLELLAL o0 §0:DaLA0 soheXKE Gagbapate Lacobtenedias o

distillate Aft hexanol containing 1 i ght of

water vag gent| vy, addgdel 9ok ok cagbian Mutio 23 diiarADLANAd d Sep (1),

and the resultant xture 116 16 Juné 2006 was stirred for about

LSS on o ARkt peEge At st Lo fteing e i xture
1131 -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
Intc 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-cbtained 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 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



slurry was subjected to filtration using a nenbrane 5 filter (HO20A142C,
manuf actured and sold by Advantec Toyo Kaisha, Ltd., Japan) to thereby
obtain white sol- ids and a filtrate. The white solids were washed 2 tines
with 20 ml of hexanol. The filtrate was trans- ferred into a 1-liter

eggpl ant - shaped flask and sub 10 jected to distillation under I§angagoo By
the distilla- tion, hexanol and dihexyl catbdnate were recovered. The

yi el d of dihexyl carbonate was 17 % Step (3): Synthesis (regeneration) of
an organone- tal conpound 15 The white_so|ids, obtai.ned in step_(2) .and a
st 0 el vi 5 COHT IR dem T i bl PhOBHES! PREETar ey BCARS Of

distillation performed in ste 2 were_charged . into.a 100-

eggpl ant - shaped 1% %ﬁ%ﬁ%’pe@q%\jﬁ\lﬁe %%n’il}é%scé?r%%% %Wﬁ%f%s ar kb?rrnlép.
Further, 20 m _of 20 hexano manyf act u d I dricch, U S A ; a
dehydrat ed grad&)® %tfsr"ﬁ@bf Jl"I>3yiﬂéngfl?lnﬁnr%ggfllg?rJ(%rg%ﬁlgrrg})éu'(?lﬁarogfeghlento t he

eqgpl ant - shaped, i aske, el I, £agy ) ank shiangd, {1 asky ypseat ed usi ng

an oil bath whil®e Irring the co t he eggpl ant-shaped fl ask, and

25 the Lemper alif ool L0e, CAOMED! g RORPES do @S MBS, £48aTly 40cHURSR000

vated to a tenper e xyle occurred. The re

of the xylene vwas, per{oriBLLNARL  DEALIN% FRirgboting HQUAS WHI L&just

distilling off water,
the internal pressure of the autoclave to 4 MPa. Then,

| ux

a reaction was performed for 100 hours while maintain-
ing the internal pressure of the autoclave at 4 MPa.

10 After that periocd, the inside of the autoclave was
cooled to about 20 °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 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 (1) to thereby form scolids, 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 hexanol containing 1 % by
weight of water was gently added to the reaction mix-

25 ture cobtained in step {1), and the resultant mixture



so that about 0.1 ml of water was collected in the 5 Dean-Stark trap. The
Dean-Stark trap was detached from the eggpl ant-shaped flask, and xyl ene
and hexanol were renoved fromthe eggpl ant-shaped flask by an ordi nary
distillation. Further, an excess anobunt of hexanol was renpoved fromthe
eggpl ant - shaped flask by reduced pres 10 sur e distillation, thérkigg2006
obtaining a viscous, trans- parent |iquid.1¥hen, the atnDsphere in the
eggpl ant - shaped flask was purged W th nltrogen and the i nsi de of the

eggpl ant - shaped flask mas ol ed, OJhe e%ultg acti m_xt ur

subjected tota‘TTﬁgﬁ hﬂﬁ? ?§si§d ?5 bfﬂ% iigsﬁ A rg%ﬁoq et
reacti on m xture eak. ascribed to dibuty exyl oxi de.was, det ecte
at - 134 ppm ahd® paRE=AscPiBed t 523 g i %‘%}%E Eh AYALHEES Hoend

1,1,3, 3- tetrabu |h 0X nox wer - ti

detected at GEO?%%%d §§¥é%ﬁﬁg Z%ggfepa?ﬁit Rg%V%?YhZH%%IQ$Eeé

or ganonet al a t Sub t he
same procedureggggpf% Q%é é?@feb@e% €$e % §Qa£%§p%%%%gs§|@gﬁﬂggg%yorned as
follows.- Ste r f o] e h anonet al
conpound obtapﬁéﬁi?%Ps?§g§?% §8 %ﬁ%gtgggg Qﬁ%osgigg%ynédgng%?ave

(manufactured apd,Sokgh Diya, TRV, Kogéﬁgngbto EBQreanQBBE1ﬂe%ﬁlﬁga%8§d about
2.2 g of an organonetal conpound contal ni ng about nmol

ids and a filtrate. The white sclids were washed 2
times with 20 ml of hexancl. The filtrate was trans-
ferred into a 1-liter eggplant-shaped flask and sub-

10 jected to distillation under 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 sclids 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 hexancl (manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade), 30 ml of xylene and a stirrer 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-




di butyl tin di hexyl oxi de (wherein the organonetal com 5 pound was cont ai ned
in the above-obtained reaction mx- ture) and 25.5 g (250 nmol ) of hexanol
(manufactured and sold by Aldrich, U S A ; a dehydrated grade). The

aut ocl ave was seal ed. Then, from a carbon di oxi de gas bonb, carbon dioxide
gas, the pressure of which was 10 lowered to 4 MPa by means ofl6aupe 88%ure
regul ator con- nected to the carbon di oxi déldas bormb, was introduced into
the autoclave. Stirring of the contents of the autoclave was started. 10
M nutes after the start of the stirring, %he valgﬁ of %h% carbin di oxi de

al’ BFe®bf “hhe*Y.

gas bonb 15 was'@F%Set® FhERTPERR“IhEef t Shper at'Gel ave
| ted to 120 C i tirring. f.ter, b I_0X]

Oradual |5 w t hPERPE PR ormiPe SSAPHRT R R GUGTE Syt i s gy e

adjust the internal_pr h t 4. T ,

reggfion maslpe$?%$h%§ f%?“%§88%0%r O@%??@ ﬁ%gnégﬁg}wggagt g?iH%gF%él

pressure of the auipciayg gl ¢ WPgy off Let Lhaloperiedecthe sknside of the

aut ocl ave was €00 to abo e lnternal pressure o t he

aut ocl ave s rSLULNSdLD Al IBSPHEL! EISULS BELRD D ddo g e

carbon di oxi de gas through a Drge I i'ne ( nd there was
obtained a !ransparenio1eact Lol xtyhgr, LAathg1688CLhANNBIARUICwetEnexyl
d of 17 %

carbonate was obtain In ayle

removed from the eggplant-shaped flask by an ordinary
distillation. Further, an excess amount of hexancl was
removed from the eggplant-shaped flask by reduced pres-

10 gure 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 coocled. The resultant

1%gn-NMR analysis.

reaction mixture was subjected to a
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-dihexyloxydistannoxane were, re-
spectively, detected at -177 ppm and -187 ppm.
20 Step (4): Recycling of the organometal compound
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

25 organometal compound obtained in step (3)




Step (2): An operation in which hexanol containing 5 1 % by wei ght of
water is added to the reaction m xture obtained in step (1) to thereby
formsolids, and the solids are renoved 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 gl®funssf8Rol
containing 1 % by weight of water was genlc]r?y added to the reaction m x-
ture obtained in step (1), and the resultant m xture was stirred for about

30 m nutes. Then, the autocl]ave . was opened,,and it wa ound th t he
mxture in the 15 aLﬁr&CPuaﬁ/el%Q\;'d“]t LﬁLi ihto H“%‘f#aec%ﬁl%‘?cﬁygnghio%ai?%

oY S SUDL eSOt S L) E L0 U5t B B B B0 AR L0208 42
obtaln uhi s oz 8% Il BlfooToe MLk e S0, bt Ssvlgleod 20,
et e N e e
G e SRR sk A WS ST L Syes st
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 pregsure 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 cloged. 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 the autoclave at 4 MPa.
After that periocd, 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,




di butyltin dinmethoxide and nmethanol 5 Into a 10-nml hi gh-pressure reactor
(manufactured and sold by Thar Designs Inc., U S A ) equipped with a

val ve were charged 1.48 g (5 mmol) of dibuthyltin di- nethoxide

(rmanuf actured and sold by Aldrich, US A ), 1.6 g (50 mml) of nethanol
(manuf actured and sold by 10 Wako Pure Chemical |ndustries LtdleTungzR6 2
dehydrated grade) and a SUS ball (which wa&®for use in stirring the
contents of the reactor) The inside of the reac- tor was cooled to about

-68 Cwith a dr iceﬁethanol i xture. Then fron1@ car bon dioxi%e as
bonb, 2.0 g 15 SPIatREER BaFi PHCAAPBon drERPGR SR FRECHr SBsIFEHE® whi ch

was | owered to abo 2_MPa_by neans of a essure egul ator. _c to
t he carbon diox?ﬂegéﬁsrﬁgﬁB}gﬁaglxggﬁ?ryd?h?§3 u8865P% Setwgsh%%%%%%%gSure
reactor. Thereafter,y%%gdrﬁgcagrnmas placed in an oil bath which 20 was

S

mai nt ai ned at 150 ¢, ken for 15 hours. Af- ter that period, the
I nside of the reactog, SéEP?'gg 3§8r§9ﬁ8£.§8 &hiéﬂdhégsnb@t%Bﬂ%hiﬂﬁﬁasufe

of the reac- tor was returned nosSpheéri ¢ pressure by gently purgirng an

excess agount of %hﬁ¥fg%9§gid%gx%gﬁggggs6g§dEHeE8b¥hng@é@EQ%nawﬁ%%%&%on

i
nixtyre. !n the_reac m xture, d!nethyl car bonat e was
obtained in a yiglg;08a30% cSheR1( 2k AROBBYALLM LB1WRLGH JiRt hapol

cont ai n-

solids 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 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

15 autoclave had turned into a white slurry. The white
glurry was subjected to filtration using a membrane
filter (HO020A142C, 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 intoc a 1-liter eggplant-shaped flask and sub-
jected to distillation under heating. By the distilla-
tion, hexanol and dihexyl carbonate were recovered.

The vield of dihexyl carbonate wasg 16 %.

25



ing water is added to the reaction m xture obtained in 5 step (1) to
thereby obtain a m xture having solids de- posited therein, and the m xture
containing solids is subjected to distillation To the reaction m xture
(contained in the reactor) obtained in step (1) was added 2 m_of nethanol
con- 10 taining 10 % by wei ght of water, and the reactor was JRAREN2QHO r oom
tenperature (about 20 C) for about 5 m nut€%. Then, the reactor was
opened, and it was found that the mxture in the reactor had turned into a
white slurry. The ogtai ned white slurry was trans 15 ferred to a 50-m

eggpl ant - shape —and subjected to distillation under heating. By the

distillation, t hanol . and_ di met hyl . carbonate were recovered. The vyield
of di nmet hyl car{;gc?}’r{gktafée%% % /%m%l(?{%(a%¥ o%atfigr oduction a nmetal nethoxide

f di butylti i d t ) t i j St i i t

e of o but vi 1 n e e R AR G TR oE AR g gt 808 ProRI€T) )
f h I : Chem cal | nd i

g of nethano 1(2%%%5%H%@&&@9dé%ﬁdb&{e of’ure enm ca ndustri es

Ltd., Japan; a reagent grade) and 100 nl of hexane

(manuf acd ured and it bydlv&krﬁ).l. %%—%ﬁ@&ﬂe | ndust 54 e%&ﬁ@facé@f@@; a

reagent grade) were charged into a t hr ee- necked | ask equi pped with
a liquid tranSféﬂﬁ'éEELPQEP @NgraDesigns Inc., U.S.A.) equipped with a

valve were charged 1.48 g (5 mmol) of dibuthyltin di-
methoxide {(manufactured and gold by Aldrich, U.S.A.),
1.6 g {50 mmol) of methanol (manufactured and sold by

10 Wako Pure Chemical Industriesg 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 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 dicxide 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 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
purging an excess amount of the carbon dioxide gas,

25 thereby obtaining a reaction mixture. In the reaction



5 Liebig condenser connected to a trap. The three-necked 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 ambunts of 10 hexane
and net hanol renoved fromthe three-necked_flask were neasuréé}“%%%pQ@esh
hexane and net hanol were charged into t helthr ee- necked fl ask by nmeans of
the liquid transferring punp, in amounts which were, re- spectively, the

sane as the amounts of hexane, and _15. net hanol r v f.r he.t hree--necked
flask, so as tomlfégﬁeCo %?EEFY h%a5%8ﬁ% § 6F°t ge gﬁgﬁquhé %%%Egh§F in
t he three-neckegof%ask. After the distillation, the inside of the

t hr ee- necked flask was cooled to 30 C, and hexane and an excess anpunt of

met hanol were re 20 apy d(£f?%h8%é£§§'fo YihegHegd REEAsHEE dontalibation,

t hereby obtaining a viSctous, transparent 1iqui tained liquid was

subj ected to a } = aLYSLS- + ! h 2 NIV t t he gohtai ned
| i quid, peaks %%sgwaggglggt%%g §,t8e?2%tg§;§?§??74 p%g?gngg%%éo%ppnl 25

Step (1)5 An opgrati enyipowhhePepBtBapglini 8 ﬁ@Q%grézﬁa%Qn%U@%la@QGdbo t he
above-obtained liquid, and a reaction is per- forned in the presence of a

high pressure cgsbopedi OKerkdg, 088al Phe AikBubl BbABaRhERgUES1GGRCHEN
(manuf act ur ed
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 °C) 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.S.A.), 32.0 g of methanol (manufactured

25 and sold by Wako Pure Chemical Industries Ltd., Japan;




5 and sold by Thar Designs Inc., U S. A) equipped with a valve were
charged 0.66 g of the above-obtained |iquid (containing an organonet al
conmpound), 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 Cwith a dry ice/ethanol_mix- ture. Then, ¥B#ed0earbon
di oxi de gas bonb, 2.8 g of a high purity t2% bon di oxi de gas, the pressure
of which was |owered to about 2 MPa by neans of a pressure regu- | ator

connected to the carbon_ di oxi a 15 entl roduced int.o the
hi gh pressure reactior: nC 9% %ﬁt 3 f§£b$£d%f eﬁg é% nggﬁeglﬁn ath
whi ch was nalnt d 16 d shak N f 1 at
period, the i NST T él %ﬁ?g%% r W%El%%gléﬁgu? él% ?éio ggé %

| nt er nal preSSLgéé énér§?éé@ﬁ %%&éoé%%@ﬁ ée{HEﬁeQ £Qoa&ggéﬂpsé'ﬁegksasure

by gently purging an excess anount fie carbon di oxi gas er eby

bt ai ning & whide SLULLYLSed 12864 0N LIS U angh et iq BAGH! SRQMEXI T e,

di mret hyl carbonate was o taln in a d of 6 % (2): Isolation

of di methyl carbonate é@ﬁdeléséyn@o@@@téf@ Eé‘eav@f&ﬁ Sirier xh&%@h@dm in

the high pres- sure Teactor) obtained in step ( was added 10 ml of
met hanol . Then,fﬂiﬁkrﬁé%”éfﬁ@ednlﬁhﬁnhbﬂﬁ Q&@ﬁsﬂﬁfcﬁeWaécﬁﬁinﬂ@§ned at

transferred to a 50-ml eggpl ant - shaped f

80 °C, and distillation was performed under heating for
4 hours while stirring the contents of the flask using
a stirrer. During the digtillation, the amcunts of

10 hexane and methancl 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-
gspectively, the game 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 distillatiocn, the
inside of the three-necked flask was cooled to 30 °C,
and hexane and an excess amcunt of methanol were re-

20 moved from the flask by reduced pressure distillation,
thereby obtaining a viscous, transparent liquid. The

119gn-NMR analysis.

obtained liguid was subjected to a
In the ***Sn-NMR chart of the obtained liquid, peaks
were, respectively, detected at -174 ppm and -18C ppm.

25 Step (1): An operation in which methanol is added



5 The contents of the eggpl ant-shaped flask were sub- jected to
distillation under heating using an oil bath which was nmaintained at 90 C.
By the distillation, nethanol and di nethyl carbonate were recovered,

| eaving a residual liquid in the flask. The yield of dlnethyl 10
carbonate was 6 % Step (3): Synthesis (regeneratlon) of an or@dﬂ@%%mx%al
conpound The residual |iquid which renaine fn the flask after the
recovery of dinmethyl carbonate by distilla- 15 tion perfornmed in step (2)

transferred to a 100-ni d flask d with.a d
Uransf 2??.ﬁérepa%gtliﬁdaaomﬁ?égﬁ%% Gohiar onnatt B Pach PPapS PR the

h ked fI
et hanol - The {RPSBRCERCOLT | BROSA Rkl pf i eat| RESRSUETE BAERCHNEaR was.

mai nt ai ned at 80,C. gnd distillation was perforned under heating for 4
hours whil e stlrrlﬁ% he contents of the flask using the stirrer. During

e o 0 ! EndgOEnL S 0f oM a0, 200, 0oL0A00L, | PARNEFLLERLINE

t hr ee- necked flask wer e rneasur ed exane an ano were 125

16 June 2006 Ch@ﬁ&egoiﬁtﬂytfﬁaihﬁéglgﬁ§k§9cf'aﬁksz VEaaal?E elihgichi gui d

transferring punp, In amounts which Wwere, re- spectively, e sanme as the

z;m)unts of hexapg) @0d,e PRt 8RRLLAEHDYEAgT HEM LB 8B 08CKBEaf hagkligaias to
eep

(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 pressure reactor.
Thereafter, the reactor was placed in an o©il 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 cf the reac-

20 tor was returned to atmospheric¢ pressure by gently
purging an excess amcocunt 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




5 constant the anpunts of hexane and nethanol in the three-necked fl ask.
After the distillation, the inside of the three-necked flask was cooled to
30 C, and hex- ane and an excess anount of nethanol were renoved from the
flask by reduced pressure distillation, thereby ob 10 taining a viscous,
transparent liquid. The obtained |iquid was subjected to a 1198Juppa06

anal ysis. In the 119Sn-NVR chart of the obt&fned Iiquid, peaks were, re
spectively, detected at -174 ppmand -180 ppm 15 Exanple 9 Step (1):

nto 8 1oimd hi gh pridbdiie ot o {ehul ST BT o Eof ' by TRATS Desi gns
i but y1 1 i b PO R O Bt aHd Ser by ava | anadey LR 657,
fié”‘? ' i[é oM By oF R BECy TSRl 2 555 SE RS GF &hanol
526 16 June zogggﬁéﬁ}%%%ﬁgplbra e g%;@ §§§8%9@%|%ggaﬁ%%%gﬁgéﬁ?%}fﬂggﬁ?h :
stirring;the Coﬂ{eerg%x%rtn%@eof eacd Oé%?pe]f%l}f'@— %1@%&9@ Plaskhgereagtpr was

cool ed to about -68 adry ic t hano xture. Then, froma carbon
di oxi de gas 5 bahe2 ) %3 £ie £ T GbPUbhdyr CRELOMEI 9Xi 88 9R3SeilhBath

which was maintained at 90 °C. By the distillation,
methanol and dimethyl carbonate were recovered, leaving
a residual liguid in the flask. The yield of dimethyl
10 carbonate was 6 %.
Step (3): Synthesis (regeneraticn)} of an organcme-
tal compound
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 3¢ 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 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 methanol were



pressure of which was |owered to about 2 MPa by neans of a pressure

regul at or connected to the carbon di oxi de gas bonb, 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 cool ed to about 236CGu@AY4& he
internal pressure of the reactor was ret utfed to at nospheri c pressure by
gently purging an excess amount of the carbon dioxide 15 gas, thereby

bt ai ni t t. t 1 Xt . h ti 1 xt ,
ot hyl buty1 - car BURRESS Gt yi e ool BORHE SR 1 BUhyRY CaF BaRars WBre

obtained in yields . of 25 % 10 %and 6 %_respectively.. St (2);
Recovering of ?ﬁ%‘-bﬁ#ct%as?%ﬁ%r%ﬁﬁ%i%‘f@?r_ ?Zrb 3 %%Sf‘(r?%ir;??h"égfeeac Fon

m xture obtained in st ( The react. ] tal i tep (1) was
transferred to Sa?%‘%:-lr?feelpe‘@’gp %%ts-%rﬁ%pa:% %f%s%égﬁn{dgsﬁg-ﬁ%%% %dgl{lg

disti|lation unger, feduced pressHig, Brrdfedishi H 2Lk onsoelhapgl x byt anol

and carbonic esters Wwere recovered. Wth respect to fhe yields o

recovereg 127 12000 CARNGN© SONSLRnE A B vhofBT DRAaL B i DULY!

carbon- ate an carbonate were obtained I n yre dS of_ 23 % 8 %)and
5 % respectivelyred fxarmh e 1St eRe(d): (A8 @PEEaLaR ibh, Wakeh iwmtibanol is

added
of the three-necked flask was cocled 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
112

Sn-NMR chart of the obtained liguid, peaks were, re-

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-ml high pressure reactor (manufactured
and sold by Thar Designs Inc., U.S8.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 scold by Wako
Pure Chemical Industries Ltd., Japan; a dehydrated
grade), 1.38 g {30 mmol) of ethanol {(manufactured and

25 scld by Wako Pure Chemical Industries Ltd., Japan; a



to a viscous, transparent liquid (containing an or- ganonetal conpound)
which is obtained in substantially the sane manner as in Exanple 8, and a
reaction is per 10 forned in the presence of a high pressure carbon di ox-
ide gas Into a SUS316 tube reactor (volune: 8 m; outer dianeter: 12.7 nm
wal | thickness: 2.1 nm) equipped with a SUS316 conduit and a \alupe2(@t e
charged 1.1 g of 15 a viscous, transparent1?§quid (cont ai ni ng an or ganone-
tal conpound) which was obtained in substantially the same manner as in

EﬁﬁgP!ﬁQBEhg-gdﬁ?gg?ggé% ng%%ggga%?gﬁgsgﬁghgg#Ls&%ﬂkgg %%% ré%cugg ags
carbon di oxt de Tabr o, £t eooREYe P ERS T eactREl bt GHHSGEE ¢ he
Pegul at o con et BeRt SoF HEoE AP BBATRI BR1 B Ghe Bl e Gy i n' 25

wns pl aced i n ahcst POpaRTnPkRut s BReRC) Eron® of SATERE i 0 o %1

hours. ter t erog, .t inside the L eBshonivasaeoghad €820 C
and thep$n- tep%% br%sgu?eggfatﬁgégegg%égymgé ?e%u?ﬁgg to gtnns 5epheric

pressure by gently-pUrgi B8 FRiEXCHSS RIRUPLAOto hBSuEabbaBadLoxindenaas,
t hereby obtainihg a white

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
15 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 é %, 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
distillation, ethanol, butanol and carbonic esters were

25 recovered. With respect to the yields of the recovered



slurry as a reaction mxture. In the reaction m xture, dinethyl carbonate
was obtained in a yield of about 5 % 10 Exanple 11 (Production of an

or ganonet al conpound havi ng a hexy- |oxy group fromdibutyltin oxide and
n- hexanol ) Into a 300-m eggpl ant-shaped fl ask equi pped with a condenser
and a Dean-Stark trap were charged 24.9 g _ 15 of dibutyltin oxitdane 2006
(manuf actured and sold by Aldrich, U S. A)¥2%0.9 g of n-hexanol

(manuf actured and sold by Wako Pure Chenmical Industries, Ltd., Japan; a

Chori el naucli Horis et Stpm ety Tatehi e Stbeh iy "S1 ALY SarbREe T °
I d i il. bath i i ntai ned at 120. C dith f
Pho flask wer GOtk S, GRERITECT OS50 RO LA T8 LI EenaE™ o Der
that period, t iﬁsige%otﬂ%hg %Igg%s%@g%%ygi d to 80 C, and an excess

ved 2 rom

amount of n-hexanhol’ was® r e Teactor by reduced pressure
distillation, 129 16 June 2006 thereby obtaining a liquid containing 75.1 g
of an or- ganonetal conpound. Subsequently, the obtained liquid was

subjected to aE%%%ﬁggywﬁ)analysis. In the 119Sn-NMR chart of the liquid, a

peak ascri bed t nometal 5 conpound of fornula (1) was detected at
-130 ppm and peakss@égs:r%ﬂed AP dhe-OF ganoiet g Sompoungnof {erambaa (2)

were, respectively, detected at -17/7 ppm and -186

to a viscous, transparent liquid ({(containing an or-
ganometal compound) which is cobtained in substantially
the same 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 8US216 tube reactor (volume: 8 ml; outer

diameter: 12.7 mm; wall thickness: 2.1 mm) eguipped
with a SUS316 conduit and a valve were charged 1.1 g of

15 a vigcous, 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
8US316 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-



ppm Step (1): Production of dihexyl carbonate froman 10 organonetal
conpound and hexanol while introducing car- bon di oxi de gas having an

at nospheric pressure Into a two-necked flask equi pped with a condenser was
inserted an injection tube which had connected thereto a glass ball filter
(&) (manufactured and sold 15 by Vidrex Co.. Ltd., Japan) Furkthiipe 2806
stirrer was placed in the flask. Into thel%%n-necked flask were charged
0.75 g of the above-obtained liquid (containing an organonetal comnmpound)
and 41 g of n-hexanol. Then i ntroducti.on of a. high_ purit rhon_di oxi de
G5 1nto 20 thd e TS TReT i beron b hete 8 A EREE o) o
rate of 100 m/m The fl ask was_he using i t i€h S

mai nt ai ned at ig%p?S'W%ﬁ%e§%%$?q %?%S{?ﬁ%o%%%teﬁgge%fkpﬁg EF%g%d§n5W%

i ntroducing a high ;purit | oxl de pinto the.fl agky Lherely pro
25 duci ng diheQV%Q%%$B%%5¥g$%%%ggﬁgtsgé%f?%ﬁﬁ?%eEgta?t of 13% 16 June 2006

the heati ng of hief) ask.othe. Voel hof gl bexy| e OB, 2heqves 4Bnds Exapl e

12 5 (Production cycl ohexyl oxide fromdi butyltin oxide and

cycl ohexanol _byiazet opl £a St | GLAQTy Obur 8T dn 840e30 500 Mhe of

eggpl ant - shape equi pped wit
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 equipped with
a condenser and a Dean-Stark 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 wag 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 wasg removed

25 from the reactor by reduced pressure distillation,




a condenser and a Dean-Stark trap were charged 5.1 g of 10 dibutyltin

oxi de (manufactured and sold by Aldrich, US A), 80.1 g of cycl ohexanol
(manuf actured and sold by Wako Pure Chenmical Industries, Ltd., Japan; a
re- agent grade) and 300 ml of toluene (manufactured and sold by Wako Pure
Chenical Industries, Ltd., Japan; a 15 reagent grade) . The flkxslunggg06

pl aced in an oil bath which was naintaine 23t 130 C, and the contents of
the flask were refluxed under heating for 12 hours while stirring. After

h i od, inside of the fl : d 80.C, A
ltof CyeT ohexanol SHU- B0 PErBUeE? o IR T SER By Sducad pesturd Sreril s
tion, thereby_obtaini Liquid t ai ni 15. I
compound. SubsSHBHIT YL (HETRBEAT nel CLPPAICAge S SRCEaND A Hagh: MR
analysis. In thagjéﬁ%ﬁgggg h@%t§oﬁaéggNﬁﬁqghg%¥Q§€ksI%g%&%peésngﬁﬁg or 25
a (2 vely, 6 J

ganonet al conpound © or nu were, respec une 2006
detected at -17 EPH] - 190. S ) ;. tiLgn i I
carbonate, in €%IC %@g?%%egéﬁgP&iséggﬁé% ?%g%ﬁgggbggng%tg%ﬁégbﬁ?géiuid,
and a reaction is,pertergpdel Ank{e P{pSeaceof c8raghhgh-pEESpEREe Ganbon

di oxi de gas Into a SUS316 tube reactor (volume: 8 m; outer diameter: 12.7

- wal | thiCkQ§§§ksza§cPﬁﬁe§QH&p9§Q oWyt Rode SMB348mponHYI bramdrautal ve
wer e charged O. g

6
(2) were, respectively, detected at -177 ppm and -186
ppm.
Step (1): Production of dihexyl carbonate from an
10 organometal compound and hexancl while introducing car-
bon dioxide gas having an atmospheric pressure
Into a two-necked flask equipped with a condenser
was inserted 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




of the above-obtained |iquid containing an organonetal 10 conpound, 1.0 g
of cycl ohexanol and a SUS316 ball (which was for use in stirring the
contents of the re- actor) The inside of the reactor was cooled to about
-68 Cwith a dry ice/ethanol m xture. Then, froma carbon dioxide %as
bomb, 2.0 g of a high purity carbon 15 di oxi de gas, the pressukelvge2@h¢ ch
was | owered to about 2 MPa by neans of a b?%ssure regul at or connected to
the carbon di oxi de gas bonb, was gently introduced into the reactor. The

reactor was placed.in an oil_bath ich s naintaipeqd.at 130 C . and
shaken for 14 Hotf SS9 ?%r&??a&?ﬁ]ﬂ o’g,ﬁet%?&ef‘as?geg%}ﬁef{ﬁg FRERPEr was
cooled to 20 C,. and thf internal pressure of the reactor was returned to
at nospheri c preasts%r‘éa%y %eﬁtly purgi ng an excess anount of the carbon

di oxi de gas, thereby ob- taining a transparent reaction m xture. The

obt ai ned 25 transparent reaction m xture was anal yzed. As a result, 132 16

June 2006 it Waéxgglgg é@at di cycl ohexyl carbonate was obtained in a yield
of 40 % Exanpl duction of methylethyl carbonate Step (1):

et on O TBAIMAR YLy Dnerd o2 v e Lok sl b
(manufactured 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.8.a.), 80.1 g of cyclohexanol {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 cyclohexanol
20 was removed from the flask by reduced pressure distil-
lation, thereby obtaining a liguid containing 15.2 g of
an organometal compound. Subsequently, the obtained
liquid was subjected to a 'Sn-NMR analysis. In the
"8n-NMR chart of the liquid, peaks ascribed to the or-

25 ganometal compound of formula (2) were, respectively,



10 and sold by Thar Designs Inc., U S. A) equipped with a valve were
charged 0.9 g (5 nmmol ) of titaniumtetranethoxide (manufactured and sold by
AZmax. co., Japan), about 0.9 g (30 nmmol) of nethanol (manufactured and
sold by Wako Pure Chem cal Industries, Ltd., Japan; 15 a dehydrated grade),
about 1.4 g (30 mmol) of et hanol (nanufactured and sold by Vﬂkbﬁﬂnﬂg
Chemical Industries, Ltd., Japan; a dehydtaled grade) and a SUS bal

(which was for use in stirring the contents of the reactor). The inside of

the reactor was_cool ed to about - 20 Cwith a dry ice/ethanol m xture.
Then, from a caf®bRct ﬁ@o?FdelaﬁspBﬁnﬁn 27678 BPTa hlgh purity carbon

di oxi d th gh d t f
2 prossura 1 equl ot or CORnChL bal FOSPRE: Bar SL LORCHF o3 087 yad>bBABAHas Gont | y
introduced into the 25 | Th d L th
whi ch 133 1%%8%%1%60@’%3@9%&?%5&. heaeaEistoc A, BB RE, sk riRel el
Af- ter that inside.of th t g bt20C
A B et perigd, sbhcsl Bt gE,8h, LI°oREPStALaYER, £R BdoetRcEORYl o2

pressur e by genﬁkghSRgg%ghgg ggrgéﬁea§0§gag é 28f the carbon d|0X|de gas,
u

t her eby obtalnlng a rry -as a reac nmxture. In the reaction

m xture, nethylethyl; b n i t b ndgdi.et h ar bonat e
were obtained in yle S %f§g§3$b %uéga%%gCEBE ?gg%ggglv3|?§ Bt

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-obtained liquid ccntaining an organometal
10 compound, 1.0 g of cyclohexanol and a SUS316 ball
(which was for use in stirring the contents of the re-
actor). The inside of the reactor was cooled to about
-68 °C with a dry ice/ethancl mixture. Then, from a
carbon dioxide gas bomb, 2.0 g of a high purity carbon
i5 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 intc 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 pericd, 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
excegs amount of the carbon dioxide gas, thereby ob-
taining a transparent reaction mixture. The obtained

25 transparent reaction mixture was analyzed. As a result,



10 Step (2): Isolation of carbonic esters The above-obtained slurry was
transferred into a 50-m eggpl ant-shaped flask, and subjected to a reduced
pressure distillation at 30 C. By the distillation, carbonic esters were
recovered. Wth respect to the 15 yields of the recovered carbonic esters,
nmet hyl ethyl carbonate, dinethyl carbonate and diethyl carbonal®/unggfgo
obtained in yields of 23 % 2 %and 3 % r®3pec- tively. 20 Conparative
Exanple In this Conparative Exanple, production of di- nethyl carbonate

fromdi butyltin oxide (whi ¢ch does_npot _ have netal -o en-carbon_li,nkage),
et hanol - and. cars Wn 0N A gact Ak LT R BRORRLE T PBEICRERORE DS

There was provided a 20 an1 ayl o¢l ave (manufac 134 16 June 2006 tured and
sol d by Toyo KoHtst ¥651919H. % 3%pan) which had connected thereto a |ine
for introducing a liquid carbonic acid and carbon di oxi de gas, a

distillate wthdrawal |line, a sanpling tube and a line for intro 5 ducing

nitrogen gas i . b95t0n1of the autoclave. Into the 200-m autoclave
were charged 19%8—égg%emﬁnol) of dibutyltin oxide (mnufactured and sold
O MG S A A o A il el AT velves Vet
pressure of which “@@téﬁ“@iﬁﬂ 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 mmcl) of titanium
tetramethoxide (manufactured and sold by AZmax. co.,
Japan), about 0.9 g (30 mmol} of methanol (manufactured
and sold by Wako Pure Chemical Industries, Ltd., Japan;
15 a dehydrated grade), about 1.4 g (30 mmol) of ethanol
(manufactured and sold by Wako Pure Chemical Industries,
Ltd., Japan; a dehydrated grade) and a SUS ball (which
wags 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, wag gently introduced into the

25 autoclave. The reactor was placed in an oil bath which



to 5 MPa by neans of a pressure regul ator connected to the carbon dioxide
gas bonb, was introduced into the autoclave. Stirring of the contents of
the autoclave was started, and the internal tenperature of the auto 15

sl ave was elevated to 160 C. Aliquid carbonic acid was gradually

i ntroduced through a feed line into the autoclave so as to adj@5negRgo
internal pressure of the autoclave to 22 MPA. Then, a reaction was
performed for 16 hours while maintaining the internal pressure of 20 the

autocl ave at 22 MPa. After that perio t he, i nsi.de f ot aut ocl a wa
cool ed to about¥®® TleE@}%%%daﬁslséug irﬁPQ&éﬁ%h§”b£§HBﬁhgﬂgg?ﬁ%'gégf >

t her eby obtai nin ite slurr . I i T hnad -
Lon mxeur o weeds it e S Y nf 1 Al 68 o b T J 5 HE G TNEpPEERIBR] T ool
GC, no di net hyl, carbonat de 16. June 2006 t i ti

mi xt ure. I 136 )1/_6t(3 U200 0%&@2@%&&5“%1?@&%@%&?% IE%d‘E%?&E he.
present 1nvention, ﬁagafggﬁfﬁedﬁg%:%’grﬁé@ RErPLO H%Sﬁuke Bi,9Beyteld froman

organonetal conpound having a oxygen- carbo I'nkagé and car 5 bon
dioxide.glt is AduantageQus,that cALhRP dFoxhdechasonoqlexiakt yagnd no

corrosiveness and Ts Tnexpensive. Further, the nethod of the present
invention is advi@fireby obtaining a white slurry as a reaction mixture.
In the reaction mixture, methylethyl carbonate, di-
methyl carbonate and diethyl carbonate were obtained in
yvields of 25 %, 3 % and 4 %, respectively.
10 Step (2): Isolation 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 yvields of the recovered carbonic esters, methylethyl
carbonate, dimethyl carbonate and diethyl carbonate

were obtained in yields 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), methancl and car-
bon dioxide gas was attempted as described below.

25 There was provided a 200-ml autoclave (manufac-



tageous not only in that the organonetal conpound after use in this method
can be regenerated and recycled to 10 step (1) of the nethod, thereby
preventing occurrence of wastes derived fromthe organometal conpound, but
also in that there is no need for the use of a |arge anount of a
dehydrating agent, thereby preventing oc- currence of wastes dkr{uned@0f®om

t he dehydrating agent. 15 Therefore, the nkthod of the present invention is
com nercially very useful and has high commercial value. 137 CLAIMS 16

32??Ffﬂfﬁgla gt T, t%SL%dgﬁ'ﬁ$§%n%%%§%$'EgeStﬁéﬂd Prg) avhZen” |

tal - -

T xtur e eont ai MG SRR Reh, CURLREr Fol ME by ¢ HeCFaRetHaA 2 2 Hedar ati ng
sai d carboni ¢ eserofrom sahdafgagz 10 L o0, MhXt YL, to bLat ny g Lest dual

liquid, and (3) reacting Sai d 1 es] I|qU|d W st al- cohol to

format | east Qﬂftﬂ§£@%§T@ifﬁeC°£pQ 1 D1 0000 3151 a1 1 9%408B5 CaKbOB.

| i nkage and forn1ma and renbv- sald water from sai | east one
organomef al - com uﬁ'fitr %g s Sghloat b e@éﬁﬁgmeoﬁraﬁgoaakablsegpound
obtained in step |s re ver for recycle thereof to step (1)

Into the 200-ml autoclave were charged 15.0 g (60 mmol)
of dibutyltin oxide (manufactured and sold by Aldrich,
U.S.A.) and 48.1 g (1.5 mol) of methanol. All wvalves
were closed. Then, from a carbon diocxide 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, and the internal temperature of the auto-
clave was elevated to 160 °C. A liquid carbonic acid
wag 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
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 wag analyzed by gas chromatography (GC).

In the analysis by GC, no dimethyl carbonate was de-




2. The nethod according to claim1, wherein, in step 20 (1), said
organonetal conpound is used in an anmount which is 1/50 to | tinme the
stoichionetric anmount rela- tive to the anount of said carbon dioxide. 3.
The met hod according to claim2, wherein said re 25 action in step 16 is
performed at 20 OC or nore. 138 16 June 2006 4. The nethod accﬁihﬂﬁéo ®
claim1, wherein said or- ganonetal conpouh#Pused in step (1) conprises at
| east one conpound sel ected fromthe group consisting of: 5 an organonet al
conmpound represented. by the formula (1).;. (OR4)d R a -M-(OR3)c R2 (1)
b 10 wherein: hﬁ??%ﬁﬁeg%nggear%%?g}oﬂt%%¥§%§%cted fromthe group consisting
of elenents belonging to Goups 4 and 14 of the Periodic Table, exclusive
of silicon; each of Rl and R2 i ndependently represents a 15 straight
chain or branched Cl1-Cl12 al kyl group, a C5-Cl12 cycl oal kyl group, a
straight chain or branched C2-Cl12 al kenyl group, a C7-C20 aral kyl




group conprised of unsubstituted or substituted C6-Cl9 aryl and al kyl

sel ected fromthe group 20 consisting of straight chain or branched Cl-Cl4
139 16 June 2006 al kyl and C5-Cl14 cycl oal kyl, or an unsubstituted or
substituted C6-C20 aryl group; each of R3 and R4 independently represents a
straight chain or branched Cl-Cl12 al kyl gr ogg a 5 C5-C12 cycl%%ﬂflﬁﬁp%
group, a straight chain or branched C2- c12! kenyl group, or a C7-C20

aral kyl  group conprised of unsubstituted or substituted ©C6-Cl9 aryl and

al kyl selected fromthe group ting hai n or branched
Cl1-C14 10 al kyl and C5- Cl14 cyclﬂg@ fp&' (HPL o ﬂmﬂc b is an integer of

from0 to 2, a %& Roc 83N PT £ n;?@ thé ﬁ@vgﬂwgﬁr gfcaiéggmg to

4, and a + b +c + GB31 and an organo ound représenie y the

f | 15 (2 7 6 ~R :
AR %fe*ﬁ%dé%%h%%rﬁ??dﬁ‘?%%’ié&%@ 5ff %bg%r%tﬁ Sral) drfandhether o 1

t he group Consiééﬁﬁghﬁﬁ 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
use 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
also in that there is no need for the use of a large
amount of a dehydrating agent, thereby preventing oc-
currence of wagtesg derived from the dehydrating agent.

15 Therefore, the method of the present invention is com-

mercially very useful and has high commercial value.




el enments belonging to Goups 4 and 14 of the Pe 140 16 June 2006 ri odic
Tabl e, exclusive of silicon; each of R5, R6, R7 and R8 i ndependently repre-
sents a straight chain or branched Cl-Cl2 al kyl group, a C5-Cl2 cycl oal kyl
group, a straight chain 5 or branched C2-Cl12 al kenyl group, a Cr7-C20Q

aral kyl group conprised of unsubstituted or_substituted CB-C%bhEFﬁpo%nd
al kyl selected fromthe group consisting %?7straight chain or branched
Cl-Cl4 al kyl and C5-Cl4 cycloal kyl, or an unsubstituted 10 or substituted
C6- C20 aryl group; each of R9 and R10 i@ﬂg@ﬁggently represents a straight
chain or branched Cl1-Cl12 al kyl group, a 2 cycl oal kyl group, a
straight chain or branched C2-Cl12 al kenyl group, or a C7-C20 aral kyl 15
group conprised of unsubstituted or substituted C6-Cl9 aryl and al kyl
selected fromthe gr SESLI ig i an cl- Cl4
al kyl and C5-C14 cyc gg i@?@ %%% é?hﬁﬁ%f%ﬁf% g%rggg%g §£%§£2,8§§§ﬁg%f i and
] 20 is indep ntly an integer of froml1to 3, e+ f +i =3, and g + h
+ ) = 3. 5. The t hod according to claim1, wherein said re- action in

step (1)zis perfor megh | nodpeoRiesgneerOhcdidf HECOBEn abRobRbabhebals the

sane as or different from
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 cne 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) ig recovered for recycle thereof

to step (1).
2. The method according to claim 1, wherein, in step
20 (1), said organometal compound is used in an amount

which is 1/50 to 1 time the stoichiometric amount rela-

tive to the amcount of said carbon dioxide.

3. The method according to claim 2, wherein said re-

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




141 said first alcohol used in step (3). 16 June 2006 6. The net hod
according to claiml1l, wherein said separation of said carbonic ester in
step (2) is per 5 forned in the presence of a third al cohol which is the
same as or different fromsaid first alcohol used in step (3). 7. The

met hod according to claim1, wherein said 10 separation of sai b baeB8Rpc
ester in step (2) is per- forned by at | eatt8one separation nethod sel ected
from the group consisting of distillation, extraction and filtration. 15
8. The method according to claim1l, wherein said re- noval of said water in
step (3) is performed by nem brane separation. 9. The method according to

claim8, wherein sai %Sw%éggéuéggéﬁgggédt$ogléfmpffg§g8£g%hag?i&00r1he

nmet hod according to feZ"hova sai er I'n step

(3) s performeg by di sf Lol alh@no28 121800000 2008c 110 Toe geLhed

according to clai'm erein saird irst a uséd i n step

least one al cohgle S&hESLEE LLPOLLEE BEQHPLRONGESEL"doRE 181 ALKYE 2l cohol

5 an organcmetal compound represented by the formula

(1) :

(OR*),

R',—M'—(OR’)

R?b (1)

wherein:
10 M represents a metal atom selected from the
group consisting of elements belonging to Groups
4 and 14 of the Pericdic Table, exclusive of
silicon;
each of R' and R® independently represents a
15 straight chain or branched Cq-Cj5 alkyl group, a
Cg-Cq2 cycleocalkyl group, a straight chain or
branched C5-Cp, alkenyl group, aC7-Cpg aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group

20 consisting of straight chain or branched Cq-Cig4



havi ng a strai ght chain or branched Cl1-Cl2 al kyl group, 5 a cycl oal kyl

al cohol having a C5-C12 cycl oal kyl group, an al kenyl al cohol having a
straight chain or branched C2-Cl12 al kenyl group, and an aral kyl al cohol
having a C7-C20 aral kyl group conprised of unsubstituted or sub- stituted
C6-C19 aryl and al kyl selected fromthe group 10 consisting of l&iungi2§he
chain or branched Cl-Cl4 al kyl and C3-Cl41%Ycl oal kyl . 12. The nethod
according to claim 11, wherein each of said alkyl alcohol, said cycloal kyl

al cohol, said al 15 .kenyl_alcohgl and sai ral kyl o iling
poi nt which is higher 3frhhaanm% ﬁ% gédiﬂ icr?écslg%aldln Y%’f c’\%//\r/at‘—jfay% .Sﬁ%b%t@n%%ﬁod
according to claimJl12, ﬁ?ﬁr.' said al- I .conprises at |east one
menber sel ected fréﬁ% éﬁgggﬁ%C%%ﬁ%%%?%%ﬁﬁéfgﬂg%btyl al cohol , i sobutyl

al co- hol and an al kyl al cohqls having a_straight chain_or ranched C5-Cl12
al kyl group, and sai c?aﬁ%k&l{)ﬁ{ al® (S]h% 1H§SPS“§FP&§§hFeE’ﬁ§F’r‘?%8% %r anched

C4-Cl12 al kenyl gro N4 e qlqygrgﬁg G L1586 eei n each
of 143 16 June 200 ﬁ?agﬁgléhé?h formula (1 aﬁggﬁg?anééﬁldﬁfﬁwéoﬁhula (2)
i ndependent |y repr AUt Ab HAUR, 3D 4 Mt s PepPora Straight
chain or branched Qc%ejgf% géI&T(yl gr]%)stp%E or a straigh ch%i n or®branched

C4-Cl2 al kenyl grouprarrned dhec Pt ReC g, ter i ahmed ;oarkdkyaherein,

group comprised of unsubstituted or substituted

Cg-C1g aryl and alkyl selected from the group
consisting of straight chain or branched C;-Cig

10 alkyl and Cg-Cq4 cycloalkyl; and
each of a and b is an integer of from 0 to 2, a
+ b =0 to 2, each of ¢ and 4 is an integer of
from 0 to 4, and a + b + ¢ + d = 4; and

an organcmetal compound represented by the formula

15 (2):

OR%; R

R’ —M —O—M—R/, (2)
6 10
RS (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-



in step (1), said organonetal conpound is used in at |east one form

sel ected fromthe group consisting of a nononeric form an oligoneric
form a polynmeric form 10 and an associated form 16. The net hod accordi ng
to claim4 or 14, wherein each of ML in formula (1) and M2 and MB in
formula (2) represents a tin atom 15 17. The nethod accor di nif we3R96 one
of claims 1 to 16, which further conprises?Qafter step (3), a step (4) in
whi ch said at | east one organonetal conpound recovered in step (3) is

LS5 oo £ il S DR et S e (O
Sa1 O danomet al compgungyeed 1 50 SR{ e B SHEAR 1] LB S
sents a straight chain or branched C;-Cj;p alkyl
group, a Cg-Cqp cycloalkyl group, a straight chain
5 or branched C5-Cqip alkenyl group, aCg-Csp aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched C1-Cjg
alkyl and Cg-Cq4 cycloalkyl, or an unsubstituted
10 or substituted Cg-Csp aryl group;
each of R’ and R independently represents a
gtraight chain or branched C1-Cj; alkyl group, a
Cg-Cqp cycloalkyl group, a straight chain or
branched C,-Ci15 alkenyl group, or aCy-Cgg aralkyl
15 group comprised of unsubstituted or substituted
Cg-C1g9 aryl and alkyl selected from the group
congisting of straight chain or branched C;-Cqa
alkyl and Cg-Cy4 cyclecalkyl; and
e+ f=0¢to2, g+ h=20to 2, each of 1 and jJ
20 is independently an integer of from 1 to 3, e + £

+ 1 =3, and g + h + j = 3.

5. The method according to claim 1, wherein said re-
action in step (1) is performed in the presence of a

25 second alcohcl which is the same as or different from
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said first alcohol used in step (3).

6. The method according to ¢laim 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 alcchel used in

step (3).

7. The method according to claim 1, wherein said
separation of said carbonic ester 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 toc 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.

10. 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
first 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;-Cip alkyl group,
a cycloalkyl alcohol having a Cg-Cpg cycloalkyl group,
an alkenyl alcohol having a straight chain or branched
Cp-Cq12 alkenyl group, and an aralkyl alcohol having a
Cr-Cop aralkyl group comprised of unsubstituted or sub-
stituted Cg-C1g9 aryl and alkyl selected from the group
congisting of straight chain or branched C;-Cq4 alkyl

and Cg-Cy4 cycloalkyl.

12. The method according to claim 11, wherein each of
said alkyl alcohol, said cycloalkyl alcohel, said al-
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
the group consisting of n-butyl alcchol, isobutyl alco-
hol and an alkyl alcohol having a straight chain or
branched Cg-Cjp alkyl group, and said alkenyl alcohol

has a straight chain or branched C4-Cj5 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-Cjo alkyl group,

or a straight chain or branched C4-Cjz alkenyl group.

15. 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 polymeric form

and an aggociated form.

16. The methed according to claim 4 or 14, wherein
each of M' in formula (1) and M?> and M°> in formula (2)

represents a tin atom.

17. The method according to any cone of claims 1 to 16,
which further comprises, after step (3}, a step (4) in
which said at least one organcmetal compound recovered
in step (3) is recycled to step (1), followed by re-
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

organotin oxide and an alcohol.



