; e3ezePPQZ[ Fd6&eTze/ *159159* TITLE OF THE | NVENTI ON Met hod for producing a
catbonic ester BACKGROUND OF THE I NVENTION 5 Field of the invention The
present invention relates to a nethod for pro during a car boyj om
an organonetal conmpound and carbon di oxi de. More particularlﬂmm”mmmmmwﬂwnt
invention is concerned with a nethod for producing a car 10 bonic_ester,
conprising (1) performng a reaction be tudeen an organonet al conﬁ%ﬁﬁd
havi ng a net al - oxygen-carbon | i nkage and carbon dioxide to obtain a
reaction m xture containing a carbonic ester forned by the reaction, (2)
separating the carbonic ester fTDRLEhQF IBHEeANVENBIGNXxture to obtain a
residual liquid, and (3) reacting the residual liquid with an al cohol to
form an organonetal compmiridHiomPredustiglg ok b &P li9Mhkage and form
wat er and renoving the water fromthe organonetal conpound, wherein the
organonet al conpound 20 obtained in step (3) is recovered for recycle
thereof to step (1). By the nethod of the present invention, a carbonic
ester can be produced in hi gBAGKGROUND, QRE; THE gHREREREIN conpound having a
met al - oxygen-car bon |inkage and carbon dioxide. It is advantageous that
carbon %% di oxiRlelthofhdhepdnvdantigy no corrosiveness and is in 2
expensi ve. Further, the nethod of the present invention i Cﬁgv nt ageous not
only in that the or @ msesendodpoiait an ety r‘F‘Nﬁé“eré} otaocr )

arr be
regenerated and recycled to step (1) of_the nethod enting

occurrence of VY FrGRRRPHY n"‘rstt%f‘er Gk o ?:aqdrbgd‘r}]ﬁ)e%%)&gﬁ?‘y% so in
thor by pr event3ifh R AHABUIE ualeBs SarIeq Promve R TRRRey Aeagent
Lot ul “and has VARHLCbrf i cigevitqartth 4 REASE £6; SRR o datY
addi 11 ViR ror VAR BT posctELERd J(£) GoeBe SALPEE £ BOER L0 BEE he
the octane nunbgr, of Qnggﬁﬁgﬂéﬁé$§i“k5%g#@§&|hé#?ﬁgaQQhé{df-éﬂifredUCing

t he anmount of b%%?e aust S generated by the burning of a

icleésS Tn an ex

di esel fuel. A boxgy 0 £S5t 8e | Snd@! SLrHSR U1 BSx Bde 2L YbBLAOA 80PBAC-2
carbonyla tion g%%ﬁ?€£29§o+vent§%nd the like in the field of the synthesis

of organi c comppygdsy i stighe aSoROA VS §OAaELrboh €€ haster pharmaaebyi thes and
agrichemcals. A carbonic ester is also used as an electrolyte for a lith
25 ium battery, r8ab8YbRBL £5) abep@FaPinguEh8gdcarbohiccaster from the
15 reaction mixture to obtain a residual liquid, and (3)
reacting the residual 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, whereiln 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-

A
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3 oil and a raw material for producing a deoxidizes which can be used for
preventtng boiler pipes fromrusting. As a conventional nethod for
produci ng a carbonic ester, there can be nmentioned a nethod in which phos5
gene as a Carbonyl source is reacted with an al cohol, thereby producing a
carbonic ester. Since phosgene used in this nmethod is extrenely harnful and
highly corrosive, this method is disadvantdgeous in that the transportation
and storage of phosgene need mnute care 10 and, also, a large cost is
needed for the nmintenance of production equi ”??t and for assuring safety.
Furthey, this nB¥R8BSHBSes ERHIRSF enthy ’P?f%?m?to' ST REREFY T t B8P pose of
hydrochl oric acid, whic

his b d d .15 As
conventional methe8 Fﬁraﬂ%gﬁﬁ%gégugcgangﬁﬁg ggf%g?ttﬁg?eoggg&ﬁg%ﬁa&n
i dat i b la ti t hod i n whi i I
Spurce 1o v once ChmapPRALATEREoHEE A Chug Tk CRAGT RARy PR ERDsRef AT o
h hl_ori de, .2 h b duci i thi
Sothod. carbon ABRGEPAECESR G- FEebxidndr, Hhar nERPRAY, ShERES, prt i oh
- th f t hi t hod i s di i h I )Sst i
oot 5 1 he NEPELBHRRESCESRes10g: Mon oa, g tHa, ol thel orBeonkld. | ©
25 1n addition, Lhis netiigd PAeS o of AN Sk thB2k 255kl nech HRACIHY
occurs, such ast8 i FPPORTST Carbdn nonoxide to form car bon éﬁoxide. For

these reasons, h%eh%%n%f§%r§%§%h%%nk9o&e%ﬁﬁgp Or%%&%b ARle@d fr¥exiduci ng

a carbonic ester. 5 esé& conventi onal ds i n which phosgene or

carbon nonoxi de ;i 34589 n@S o’ W eTReL 10 o wa st 32 laREaRre &S ¥albma neh lqunye, |s
contained in th&raw matérial itself of in the catal yst used. Therefore, in

the case of thege /L0 ent CaTRARPEECRSE! €EnEDhEtABE 68NtheNprasdhtt race
anount of a hal ogen whi ch cannot be conpletely renoved by a purification

step. Wign such 163/e@iioh 9% (mnierdisaid s eryjaselfule alidas/ digh ldgin oi |
additive or a material for producing electronic equipnment, it is possible
t hat the hal ogemea@itadl Red uel the car 15 bonic ester causes corrosion of
equi pnment. For reduc ing the anount of a halogen in the carbonic ester to
an extrenely trace anount, it is necessary to performa thorough
purification of the carbonic ester. For this reason, it has been desired to
devel op a net hoddimr 2G-tpr oduci ng a carbonic ester, which does not use any
of a hal ogen-containing raw material and a halogen-containia% catalyst. On
the other hand, a netthehdenizeastrr i prepafwalcarpoundy WHPEH €&&Mon
dioxide is reacted with eth 25 ylene oxide or the like to obtain a cyclic
car boni cLg%es 5 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



ter, and the obtained cyclic carbonic ester is reacted with nmethanol,

t her eby. produci ng di net hyl carbonate. This nethod i s advantageous in that
carbon dioxide as a raw material is harm ess, and a corrosive substance, 5
such as hydrochloric acid) is substantially not used or generated. However,
this nmethod poses the foll ow ng problens. Ethylene glycol is by-produced in
this nethod; therefore, fromthe vi ewpoi nt3 of cost reduction, it is
necessary to find ways to effectively utilize the 10 by-produced ethyl ene
glycol. Further, it is difficult to ﬁerfornlsafe tranﬁgort j on_of fthylene
(which is a rawihtand @ far Wk hE et BIUHCHY &) ST SRR de.
Therefore, for renoving the need for the transportatio IS _phecessary

n, it _
that a plant fotapreeiusied ton PreFeRFiRI RLIShHPIRES FPRAIBE DI It at a
| ocation which is adjacent to a plant for produci ng ethyl ene and et hyl ene
oxi de. There is al sOAknv#PRVeR: #rW%ﬁﬁéhl%%Ekﬁékikﬁgﬁ%eaa%agb%%ﬁ%onyl
source is subjected to an equilibrium 20 reaction wth,an ﬁi&ﬁhgﬁoéﬂ t he
a

presence of a ce®heyst tReFPrFaR e AMeBFLAMEHe? N AP ot W RETH n

nmet al - oxygen- carbon | i nkage, thereby fornjing_a_ carbonjg, esie ter.
This equblibri uﬁ?%a@?i6n0?§b?’éib%e§‘g%¥‘é‘an%§/ fﬁ%cﬁ%al%%mg%g§§o%]ﬁgﬁgo 3): 25

6 5 10 15 20 25 organonetal c ound 2 + 2 - ) (3) (R
represents an uﬁ%ﬁgﬁP§t€H° ?cgggu a?%%gﬂ?%?o%%¥%€h éﬁ%ﬁ%%éﬁ%%?%%%hod is
advant ageous in that, ca n di pxide,an h a hal,s are
harn1esg. Fbmev%??gtﬁpsgﬁgfhﬁagéﬂgl%gsgﬁgggﬁéﬁﬁi@%Fﬁﬁ??egggﬁgﬁb?%&mhich a

carboni c ester and ualer acg,si gulhaReoUShyhauERAag8oRE0LHCERatALRS i (he

case of the abo%8FHEA OXi I've carbonylation nethod using carbon

monoxi de, wat er i38%8%g§85%§$rgxg{?Fggﬁﬁgoﬁgabheggeﬁe“ﬁbéﬁ mAntike care

equilibriun1reaEF| ere In Significance fromthe
fOFUBFI?B of wat er, |gl%ﬁe Qth?beEOQ%r1EOH¥b§EHOﬁorWﬂhéhmhinm@haﬁ@G

equi | i biTum reactidn. @ equilThbriumof an equilibriumreaction using
carbon dioxi de g% 3-LAWCRRLA! bglibhehiteniBd¥BRThGalYnhi aa€dtovardrt he
original system Therefore) the nethod using an equilibriumreaction has a
probl emin that zpnker, REHGAURERBOA pakkeniac pesbdem Anhithatyiidl ds inedes-
necessary that a carbonic ester and water as products be renoved fromthe
reaction systemgalpy tthedd speke oifs hgldzochlprdel emiidn whdicht He Wat-er formed
deconposes a catalyst, so that not only is the reaction hindered, but also
the nunber of t grdeneed Ofasaacatasltest (i.e., 7 nunber of turnovers of a
catal yst (i.e., the nunber of cycles of regeneration and reuse) is only 2
or 3. Fars sol ving thias pnohhem coaviemts ometlhoedhiodr foamProdci®derd (whi ch
is a product) by using a dehydrating agent 5 have been proposed. Far

exanpl e, there hestwesic @edposedhenee tifoknaynyine PXadad) osh SRR bon

di oxide are reacted with each other in the presence of a netal alkoxide as

a catal yst, thertdmn fmathady in sdrisdnicarRaremonarits &S AFFRIEh a large

amount of dicycl ohexyl carbodiim de (DCC) (which s expensiye ani c
dehydrati ng ageriguxzsie tife 193cted Witdy %{‘é a\gﬂdﬁ,m/]dr aé]nodqg%eerhti? s@%ﬁgCOI | ect .
Czech. Chem Commun. Vol. 60, 687-692 (1993)). This t a problemin
that the dehydr aqquerggeérﬂfg catalyszt, sucq'z as coppé? MM&

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 thé main-
tenance of production equipment and for assuring safety.

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



15 ter use cannot be regenerated, resulting in the occurrence of a |large
ampunt of a waste derived fromthe dehydrating agent. There is known a

nmet hod for producing a carbonic ester, in which a carboxylic acid
orthoester is used as 20 an organi ¢ dehydrati ng agent (see Unexam ned
Japanese Patent Application Laid-Open Specification No. Hei 1135521). (In
this patent docunent, there are descriptidns reading: "a carboxylic acid
orthoester is reacted with carbon di oxide" and "an acetal is reacted with
25 carbon di oxide". However, as a result of recent stud 8 ies iraé:he art,
it is general | yeprddomedconals ¢ Féiche BFaloXEa10N Of o GAEPPL FOH M s, " An
al cohol and carbon di oxide are reacted with each other to ggtggg o&@r bonic

ester and wat erto Koxay cagoorhdigside i sFPE EhgEeeH°RP PR a Carbdxyli ¢ aci d
orthoester. The renai nder of the water_is r cte% witho e q{ Q cTeﬁi_s
met hod has pr oldlesdgeich tchalevelon po,daker R r?&'eﬁre?ﬁ’("lﬁlgch is an
expensi ve conpound) is used as a dehydrating agent, and nethyl acetate is
known to be by-hordduestgsee "Ka 10 gaku Sochi (Chenical Equi pnent)", Vol

41, No.2, 52-54 (1999)). Thus, this nethod i fectdye
above- mgnt i oned net Had.tiagq @qumat}aé“eﬁg’?spﬂglpgééﬁ%a ﬁrré’t#cﬁl? nwhi ch

a large anount of an acetal, conpound |s used D gani £ sedydrating
agent (see Ger rRAFn é?ﬂn‘?ﬁd"ﬁgﬁl‘ﬁ@%é &t eralq'z a se(%riaalp'atent docunent in

which it is described t an_ acet al LHOXi GG FhSréepsel edrwi th
each other by L%‘F%,a%s‘t}g{%lé{]’é?ysjfsf %é m%%ﬁ%%%% or dibutyltin oxide
(see Unexam ned Japanesge Paten | i OfppledeFoPREN 1PP et icadd on No.
2001-31629). (\W¢% r%Epg%tg?% %%€9+ act+%%adescribed inthe latter) as a

result of recent_siudies |j art .ot e Al byt i esa@neontathst ae
actual reaction®¥o %s?sméghéggfoé\s?a#%%hg?ggﬁ% and carbon di oxi de are
reacted,w th 25_each t 9-0ht Al PBhCc&shet Badcumpretelipe 9
wat er i%xﬂhen rgﬁ%?%dgégﬁﬁtaﬁfageﬁg ?g?ﬁﬁgﬁever, t hese patent docunents do
not teach or suggest.3 §BtHofufQEiBEREYAI BEeph aneimlsushmearionhc hegh
yield without formng a waste. Further, the nethods disclosed in 5 these
patent document g payg asBEORkem yasbhahe whantaneacat aigbbnpédndddd-used as
a dehydrating agent, |arge anounts of by-products, such as a ketone and an
al dehyde, are f@ggRdoas avaatesialheoef peotlscangedlartbpnife eArdREGS twhi ch
enpl oy 10 an organic dehydrating agent are to inprove the nunber of
turnovers of a gat akypbsshiowevehatanher padogedekpitaingd dgetts £3onsuned
in a stoichionmetric anount in accordance with the formation_of a carbonic
ester (amd wat elboddca eejtepr cdusk)s, corrosdona ofaegalpyeatount o6t TERUEF gani ¢
dehydrating agent is consuned, thus formng a | arge anmount of a

degener at i on pr dgigctthef amvendr gedniac hedinaenatitn §heg SACPORHS &5%F 59 3%
necessary to perform an additional step of regeneratigg a Iaégg amount of a
degener at ed or ganitretetiyt riatdany @®uentlt BF DRGeSSATYS i @Y The Use of

an organi c de hydrating agent, the possibilit till remains
activation of a thwrgugh mwtifiicatiqn Rddf | ’%&01"[11)(1 1% V\r%rn'l nt]':"ltz5 et(ilg'S

conventional nmethod for producing a carbonjc es i B £gli i brium
reacti on of the TERSMbyeltdiRS RREP f%ﬁfﬁead () ,&egéer bc(yPn%olil}(;)% deisin a

superer I?f(; cal Stpaz.Eoedu?gj(.jﬁg ha?ngaefbgrpfc reesaé:équ‘lﬂfcrpq{cjég Sk use any of a

halogen-containing raw material and a halogen-contain-
ing catalyst.

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

25 ylene oxide or the 1ike to obtain a cyclic carbonic es-



10 and, hence, the reaction is perfornmed in supercritical carbon dioxide.
In-general, in supercritical carbon dioxide, 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 conmpound (which
is susceptive to polynerization) is used as a catalyst in supercritical
carbon di oxi de, the organotin conpound as 5 catalyst is likely to be
deactivated due to its polynerization. 10 There has al so been proposed a
met hod which em ploys a solid dehydrating agent (see Applied CataLys s Vol .
142, L1-L3 (199, atohwehrer okttdimedetdwslimsarynnds &fter thxredfretedlid
dehydrati ng agent cannot be regenerated, thus formng a | arge anmpunt of a
waste. 15 Ther eviith atethdamwiwn theretio PHIAYHA dérﬁ“%ﬂq’by&hcﬁa ol ) and
carbon dioxide are reacted with each other in the preﬁgyc%ﬁﬁg:ﬁ(gg%€laoxide
(dibutyltin oxiTre)s tethed ek asbiall tRILFERAT FhAT FAFRPD FHPE¥HES Y &F ned
reaction mxture is cooled and introduced into a 20 cked CQQ¥§9
containing a sofaw retsmrat i kR hagmess neihy2 g‘i%ﬁﬁféé \fa (ﬁ"é?ﬁ Cing' t he

equilibriumtoward a carbonic ester while effecting d rati tain
a carbonbc est esu¢keas REGERFIMERE YRRk e ig%t%\ﬂﬁs‘%‘b‘ff%%f oéloﬁgi’l%l-%)gﬁ

Speci fication No. 2001-247519). This_ 25 nethod i s bas 0 t ique in
whi ch a conventyeperateds Honavefue t&’ri%éfien‘Sw% PR gzt |eng%oglgle°§{i ]

conbined with the known phenonmenon that the ter [ [ 14 of a
conventional deP§eRheRsg deVlene Y, ir?o\l%glc'tﬁré)r sﬁ%é{\?gl)m eﬂxrwsbi ts a

t enper at ure dependency. depydrat .5 in g I heve)
exhi bits | ower %%f%?géd5€%53g¥F?tyfﬁ?hhgaﬁ §£%%é§g§ﬁr§§ ?ﬁgﬁ ggakg&}a

tenperatures. Therefore, for_reppvi CEoauPHOL L OF tgeifp¥epraduct)
froma reactionlﬁig?ngcﬁﬁ?%ﬁycggtE?%gag ?§r§8|y excessegﬁnunt of a | ow

mol ecul ar 10 wej ght al,congl gbyeniputinds, Necessadyc£oedol the
reactioﬁonixturhgfﬁrﬁﬁﬁg 8aﬁgggg?ﬁ§b§%gn1is aéﬂieved under high tenperature

and pressure copdi LI b €4l hRGohhefr e@ayLenen(whikch ista a
packed col umm cggtgfggﬁﬁmagégFiakggﬁgggg??ng agent . ?n addi 15 tion, for
increasing the VELE f l-6alieh nas e2niawnenbeiial), antl ethydesesary
that the reacti%%anﬁéﬁhgga%hfg% Eas beengcoolgd and dehydrated in the
packed col um bg.hgkur ngletoebt8h EeAPLEAbULRG atide presd uf er cbindi trans-whi ch
are necessary for the reaction. Thus, this 20 nethod has problens in that
it is necessarypb@ta@1oaNE 12N igX heewslsyrivarya tam piantf fome PRGNSO i ng
and heating, and a | arge amount of a solid dehydrating agent is needed.
This method is warbonidelestesetyf ahipr métdiodg ben baliilghati @ doc&tiRAving a
relatively large 25 equilibriumconstant. However, in the production of a
12 carboni ¢ est ehifdromsc ardjacetitoticd@ aidindn £orc mslodugidGk gt hiyHene and
equilibriumof the reaction is largely biased toward the original system
this met hod canrathylersuiddidey. used because this nmethod poses a serious

roblemthat it is necessary to repeat the above-nentioned .
P There fé also %nown a method in wh é% carbon diox-

ide as a carbonyl source is subjected to an equilibrium
20 reaction with an alcohol in the presence of a catalyst
comprising an organometal compound having a metal-oxy-
gen-carbon linkage, thereby forming a carbonic ester
and water. This equilibrium reaction is represented by

the following formula (3):

25



operation which needs a very | arge consunption of energy for cooling and
heating. Further, for regenerating a degenerated dehydrati ng agent which
has adsorbed water to saturation, it is generally necessary to cal 10 cane
t he degenerated dehydrating agent at several hun dreds C, thus rendering
this method commercially dis advantageous. Furthernore, in this nethod,
only one (water) of the two products of ambequilibriumreaction is renoved
and, therefore, there is a problemin that, 15 when the equilibrium
reacti on progresses to increase the carbonic ester concentration of the
reaction system the reaction becones unlikely to progress any nore, that
is, this method is still under the restriction of an equilibriumreaction.
In addition, dibutyltin oxide, 0 {s used as a catalyst in this

met hod, exhibits an extrenely dé%ﬁﬁ%g&gg%lity i n methanol and, hence,

al nost all of dibutyltin oxide as a catalyst remains in solid formin the
reaction nixture.COhet RO, when—the—+eacti BR(APIPEr& HaOcool ég)to room
tenperature in a 25 cooling step, the reaction mxture turns into a whit

13 slurry, thus ca(Birepresentbl amunsathagted rPh SefHERERA MYIFORFIPSR | P Wep
performe8 using a packed col umm contai ning a dehydrating agent, the slurry
causes cl oggi ng of the packed colum. 5 In general, a dehydration nethod in
which water is renoved by distillation is well-known in the field of

i t hes; jons, Ho in the fi | @ qf
carboni o ost or FRoM BAEBON A0SR EAdoaHarBolhr SPFRGgh - & ady epor t
f Asahi 4 10 iati f P i kal Asahi
;é;ﬁr ?s;dkﬁgéizfj ot %ﬁé‘?t; :R:é?rﬁﬁﬁw%gg%%%%ﬂf% b%?f%éf%gﬁ‘%@?ig‘ég)y l&ét at es
a ehydration, i St i §.N u e en no
reports o¥ t he %B%gyWﬁfgﬁdsngggpﬁa?nagggﬁgggg%?gh Egtﬁgg lgjlusin\g@l

distillayion hag begh.comalgtednaTherbraseR Wikudehdoatign coyméasiad | ation
n

has not "Deen pertormed in the art is, for exanple, that it is known that,

when distillati g lundels NeRiLAGLASERET bREEPYE BnECuBbSE-ReAtibnadooRlrs,
causing a | oss a carbonic ester (see 20 "Journal of the Chem cal Society
of Japan (N ppop K3 @akia faingliak lonNtethdd LEd9rgl Edblohd fopoxilde i wa-
conceivable that, for lowering the heating tenperature for distillation,
the distillationdrs iRerdodiidrd undeeveeduerd poesstien b6weater iin the fiel d
of the distilla 25 tion engineering, it is a conmon know edge that it is

14 difficult to etRimlieirahin eyameon tirsace tariiyntd idff eremdr 1rbys ignid e
distillation, froma solvent having a hydrophilic group, such as an

al cohol .15Ther ef (yatceaE riteh yheaticamarteitdwods, watk ede iy rtdie arIdRtHoE | 22%known
other 5 than those nethods using a |arge anmpunt of an organic dehydrating
agent or a | ar gecuydatticof, avsialh dsdatotdran jewpgdmiumgagiiony | Thgown
dehydrati on net hods have problens in that a | arge anount of a waste curs,
or a large consemtilibmifue e @n jeguiHd R TiHEr £ eaet 1R S Rg ‘b%\%hmb $ port

which nentions a distilla Lion separation of a carbonic er_froma, _
reaction m xt ur ©%igie @hihgFar RAETA kG d@?veé‘i%?W%@%a%{?%%& TSt ure

o obtained by reacting, carbon, o o eand ALAIAZS! Hd R Uy T

20 an equilibrium reaction has a problem in that, for

producing a carbonic ester in high yield, it is

necessary that a carbonic ester and water as products

be removed from the reaction system. Further, there is

also a problem in that the water formed decomposes a
25 catalyst, so that not only is the reaction hindered,

but also the number of turnovers of a catalyst (i.e.,



15 al koxi de catal yst; however, it is known in the art that, when a netal

al koxi de catalyst is used, a distillation separation causes a reverse
reaction, thus rendering it difficult to recover a carbonic ester by
distillation separation (see "Journal of the Chem cal Society of Ja 20 pan
(N ppon Kagaku Kaishi)", No. 10, 1789-1794 (1975)). Especially, no nethod

i s known by which a carbonic ester having & high boiling point can be
separated in high yield froma reaction m xture containing a netal

al koxi de. 25 A nmetal al koxide is so unstable that it is suscep . 15 tive to
deact i vati on dusumiber hef nbasnevers of e cataluderbiote; the RARBPF NG of a
met al al koxi de needs strict care. For this reason, no conventignal

techni que usi ngcyrches adf aregsnematien| 339 FRRSHbehS cAPLBy2d°5 Pn tHRF
commerci al production of a carbonic ester. A netal _al koxide ca&alyst is an
expensi ve conpos@lvingdtibstREPRISle YRTkABHMEBROABgEREr BEFRY-RI” Wa-
deactivated netal al koxide catalyst. There has been 8&0&05;? a nethgd for
produci ng a 10 terbbwhécksierappredual) LW BEL)e: A ndaPErke%iAd g98
catalyst, in which, during the reaction, the catalyst is fornmed from

di butyl t Bn oxi deay@anhPeani BTPABPR -t o noi sture) added to the reaction system

(see Japanese Patent No. 3128576). This nethod has a prqblem | hat, 15
al t hough di butyl ti n BRFde*¥RPLA- | there BRY PRED Pﬁ%P?gegc i%ﬁkf;‘?ét g%‘n is

table, the dibutylti [de i ted g _t LQR, ol
G but yi ti 1 i al KBAPHCARACARPY GRG: P O™ THEPEF AP efieeny Ean oL E Aot

I th b - ti d i pet gbj L1 la al koxi d
catal yst. Furt neroh; BEREE Bhr Epdobapatile, BB & gt e, BhkediBeTBara, Tl kox! Ao
di al koxi de in are.aghion RUSLER rhBA1AGAS! LARLSHELPRSRERISNHO Wk oBl aced

under high tenpg? € and pressure conditions. The reason for this is as

fol I ows., \Wen a i de;l 5 dokl @Yl Bhihdil1 B a@blodd i midee! i S
generatég, and Qh%kégﬁeQMé?E?%nge EHFoobe co%suned y ﬁydrolysis of an

acetal . However (pci) QhiR 9.508hY eRpURNvELBEgatiidl enyaralthaly ligehut)
tenperature and ‘pressure conditions are necessary for catalyzing the

above- ment i oned hy di@l ¥Sike 3s0Tustld AGehaldenfMiatiny tdiemoneant ianldlect .

met hods for progucing a carbonic ester by using a netal al koxide, carbon

di oxi de and an aleemol chehen doiguiet Folal leaxi @@ 7(-sisizcH 199 59¥penShie) has
lost its catalyst activity due to hy 10 drolysis or the like, there is no
way to easily am@tefod @ld \&elprobagandmattdaindhee dehtdrm higtaalagsikordide.
Therefore, the conventional nethods for producing a carbonic ester is

di sadvantsageous tet tusal dannict Ihec esgmneradeadse neduitga arigurith@ oG gani ¢
dehydrating 15 agent or a solid dehydrating agent in conbination with a
smal | anount of renet aif & Kexigee amtginde off s o st@ deamiiafk T50k e Aeart
techni ques for producing a carbonic ester have many probl ens and,

t her ef ore, have hystrdidarg mgento practical use. 20 SUVMARY OF THE | NVENTI ON
In this situation, the present inventors have nade extensive anq%%niensive
studies with a view tthemed iso/kAHR oh@efhefe S BTAEFINRDR SAE B 1Te

rior art. 25 As a result, it has unexpectedl en found that a ¢
P ester, in which a carbé&ylic ggfgaorthoester fs usg' 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-



17 bonic ester can be produced in high yield by a method using a reaction
route i n which an organonetal conmpound havi ng a netal - oxygen-carbon |i nkage
is used in a large anbunt as a precursor of a carbonic ester but not as a 5
catal yst, and the organonetal conpound is subjected to an addition reaction
wi th carbon dioxide to forman adduct, followed by a thermal deconposition
reacti on of the adduct, to thereby obtain8a reaction nmixture containing a
carbonic ester. Further, the present inven 10 toys have al so found that, by
perform ng a subsequent operation in which the carbonic ester is separated
fromthe reactiies minxttiee aird ,obttails genesieddyl PregwEd fhatoddtt ’F a
reaction of the residual liquid with an al cohol, there can bg formed an

organomet al compalndeamtith negte met @S- Geyderscar bR PLAREGE 3RE wat er,

wherein the water can be easily separated fromthe organonetal. .conmpound by
di stillation orcapen idd@xrﬂ‘ﬁeaélﬁdqe@é'd:e&d’éﬁ%hﬁaﬁ% c°o‘"rg&ﬁ£m ¢ t%jgpa
recovered and recycled to the above-nentioned rea%tign route H%rrggoducing
a carboni c 20 eamonigyestedh albNeY8Tdi AgBATER8TpFBEHE "CAveRt i6n has

been conpleted. Accordingly, a primry object of the pre t ] i IS
to provitle a n@aH®d W%i%wméla‘b{r"gd{fcﬁ i ?lp'a car gr(ﬁmcéqgltsdteg? in

hi gh yield can be con 25 ducted continuously. and repga I iHE|s as
de 18 sired @& HAR YREEF rchdPt \foéils*i atFeern?E\l/%U frE)I?rl]q'asycata ﬁt and

wi thout the need for using a |arge anount. of h geicr 19e
f or egoi ng and cﬁ?@?l%lbﬁe’&s‘fhaf%a%ﬁaé"s@%g% %fat%fa%%é@%% f ]2 S‘?ltés%ntl

invention will beh%?g%%e t%\];é/‘?‘?‘n%é@ﬁe(%\{/\npﬂ Qi g ?{teaa;%g}qy 2eihgtagéntaken in

connection witHR ngs and pended clains. 10 BRI EF

DESCRI PTI O CF ILE: DRANNGS L, LU, 0o Fog b bobleh pSSe WRachar

of the organome?t¥ U aving a 1-hexyl oxy group used in step

(1) ofn%pglrggﬁ%ggg gg%ggg B émééaﬂg§§ﬁﬂpm8n£§"ihﬁoil98n;NMR.zhasn-sﬁ the

or gano ound o | ust er step (2) of the 26th cycle of

reaction in Exapphge?) . Fighusd, |thid - NRL steof itdieasrgamonet al
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 also 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 1is as fol-
lows. "An alcohol and carbon dioxide are reacted with

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



conpound obtained just after step (3) of the 26th cycle 20 of reacti [

obt ¢ _ : on in
Exanple - 2; Fig. 4 is the lissn-NWR chart of the organonmetal conmpound having
a 2-ethyl-1-hexyl oxy group used in step (1) of the reaction in Exanple 3;
and Fig. 5 is the 119Sn-NWR chart of the organonetal 25 conpound obt ai ned

just after step (1) of the reaction 19 in Exanple 3. DETAI LED DESCR
i : | PTI ON
OF THE INVENTION In the present invention? there is provided a 5 nethod for

produci ng a carbonic ester, conprising: (1) performng a reaction between

an organonetal conmpound having a netal -0 - [
g xygen caxzré_i on, | i Eﬁé@%g’ and t%l%rs bon

di oxi de to obt alater rigadihesh nAaatad okt &hidff P carbo Yegr Formed by

the reaction, 10 (2) se ti th boni '
Xt Ur o0 obt At ent CHGRARTE dif o arkPA% Todigstrt e Tebianarefi qui d

with a first al cohol to format | east one.organ ta avi

met al - oxygen- c RERANGINEK Afe 3FREF b rFRANRAE ajrfg%fjg#gvy ﬁ?%ftlﬁgugla}/:apgf ?om

the at | east one organonetal com_pound, \M% rein thh at Isecal%t oy

;)(r)gg[lgget ?-J) 0(2)0 0 Sbb%é‘("i‘fg‘bei n é’g €E3) S rm&%\?erseéﬁ’f or rsecyc ne t her eof
_ . or easy understandi nq of the tydn [ h

essentlaé f eat UFRRSERA \"'o‘ﬁ%"‘b‘l’%‘f%ﬁ %é%lv%n%o%’l%t?r%%?si%fyﬁﬁ%'g?réggntgn

essent . !
Lot 60557 o SACR AT Elmpousd’ 16 ubed A8 4y REQELRG dg8nERT DARGE S ET,

amounts of by-products, such as a ketone and an alde-
hyde, are formed as wastes.
The effects aimed at by the methods which employ

10 an organic dehydrating agent are to improve the number
of turnovers of a catalyst. However, an organic
dehydrating 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

15 amount of an organic dehydrating agent is consumed,
thus forming a large amount of a degeneration product
of the organic dehydrating agent. Therefore, it is
necessary to perform an additional step of regenerating
a large amount of a degenerated organic dehydrating

20 agent. Further, in spite of the use of an organic de-
hydrating agent,'the possibility still remains that de-
activation of a catalyst occurs. The reason 1s as fol-
lows. In the conventional method for producing a car-
bonic ester by using the equilibrium reaction of the

25 above-mentioned formula (3), carbon dioxide is in a su-

percritical state and, hence, the reaction is performed



20 (1) performng a reaction between an organonetal conmpound having a

nmet al - oxygen-car bon |inkage and car bon di oxide 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 wwth a first al coho
to format |east one organonetal conpoundaving a netal - oxygen- car bon

| i nkage and formwater and renov 10 ing the water fromthe at |east one

organonetal com pound, wherein the at |east one organonetal cq oun
obt ai ned in st @md.3)hanse.edditeiE@@atdon étsy(ﬂeé:ftorfg}et%gfmt GRS n% S5 2.

The nmethod according to item 1 above, wherein, in steg &1) thebo%ganonetal
conpound i s useRTbeTaRimEdR- WARCHeRSTRA50 1 SEPEFRE RSt SAERCS et ri ¢

amount rela tive to the anmount. of th rbon dioxide.. .20 .3, The od
accordi ng to i tEAxidghok Califbhidh & ‘i? L AW 3P Lfbeiéj(%’ igs}‘ﬁloer %rrred at

20 C or nore. 4. The nmethod according tq item 1 aQQV éﬂé&}he

organonet al corffiid s RPT T SteD Etrﬁg ]Cﬁg?ﬁ)]l’g et W ez‘%‘} I%}gﬁ one” conmpound

selec ed, [rom e SLuD COlLSL 110 o Blolof 27RO hkln ATROLEMh-
tin compound (which is susceptive to polymerization) is
used as a catalyst in supercritical carbon dioxide, the
organotin compound as a catalyst is likely to be deac-
tivated due to its polymerization.

10 There has also been proposed a method which em-
ploys a solid dehydrating agent (see Applied Catalysts
Vol. 142, L1-L3 (1996)). However, this method has a
problem in that the solid dehydrating agent cannot be
regenerated, thus forming a large amount of a waste.

15 There is also 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 into a

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

25 method is based on a technique in which a conventional



R2 (1) b 5 wherein: M' represents a netal atomselected fromthe group
consi sting of elements belonging to Groups 4 and 14 of the Periodic Table
exclusive of 10 silicon; each of Rl and R2 independently represents a
straight chain or branched Cl-Cl2 al kyl group, a C5-Cl2 cycloal kyl group, a
straight chain or branched C2-Cl2 al kenyl group, a C--C20 aral kyl 15 grohp
conpri sed of unsubstituted or substituted -Clg aryl and al kyl selected
fromthe group consisting of straight chain or branched Cl-Cl4 al kyl and

C5- Cl4 | oal k b i ;
cach gfZéélﬁggzégft%égﬁéné£ﬁ€$§%éL%? SRfsatins 0eff L F5 eotnEha FLERP 20
che - a | '
br anched C2- cnztagk€59%£35€a53mé§o§4%93 %ﬁ%l§¥£9?ra#%aﬁégé%%?%ghéfﬁPa'” >

unsubstituted or substi 5 tute gﬁ C#g al kyl ected m t he
g;grgafﬁgfls;hSQZBVEEFiaPQﬁtdﬁﬁﬁ h2b Srgﬁgﬁgd e1° 1ﬂsa$ky§ -Cl4

ach o ' =
2, each of ¢ ang8igved ﬁﬁh?ﬁ?gﬁe? g?%gﬁkgrogggdg% ﬁagﬁhﬁdtQAad%ﬁydr£E ° tZ
Ve o ne R (2 Jhy 89eRTy ﬁﬁ%hE%EJ?SEQEEQ Bz Beyal R e SR o s

| ndependent | y rgﬁgeggngogbg‘agi 3 9P AIbACtelpbEaRLEbS HEHPaRONBISE | 1D of

el enents bel ong oups

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

10 welight 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 alcohol as a
raw material, it is necessary that the reaction mixture
which has been cooled and dehydrated in the packed col-
umn be returned to high temperature and pressure condi-
tions which are necessary for the reaction. Thus, this

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

25 equilibrium constant. However, in the production of a



riodic Table, exclusive of silicon; 20 each of R5, R6, R and R8

I ndependently repre Bents a straight chain or branched Cl-Cl2 al kyl 23
group, a C5-Cl12 cycl oal kyl group, a straight chain or branched C2-Cl2

al kenyl group, a C~-C20 aral kyl group conprised of unsubstituted or sub
stituted C6-Clg aryl and al kyl selected fromthe 5 group consisting of
strai ght chain or branched Cl-Cl14 al kyl an¥2C5-C14 cycl oal kyl, or an unsub
stituted or substituted C6-C20 aryl group; each of RO and Rl independently
represents a straight chain or branched Cl1-Cl12 al kyl _grou 0 C5-C12
cycl oal kyl grouparhosieaegherchaPm 6PrBP§néﬁ@ﬂi@2-éﬁ§ ﬁPkgﬁﬁﬁoéroup, or a

C~-C20 aral kyl group conprised of unsubstituted or substituted -(Clg aryl
and al kyl selecwbgrﬁi@ngﬁﬁeegﬂé&ébEéﬁ§iQFiﬁBeoFegFFéPBh scEﬁFﬁegg g%anched
15 Cl1-C14 al kyl and C5-Cl14 Cécloalk

, each of i andagedstpnasgef énPF}gihgﬂﬁggﬁgP$o;t;?gn%%tﬁ863ga§n$t?bg }0:23
, and g + h +j - 3 . 20 5. The nethod accord'ng to i%en1le%g%%%,p %[ein
the reaction |nsgﬂéGbGY)UF§dePF6Pﬁ§dtPﬁstW@Fb? s8RE&Sof §°secondal"cohol
25 6. The met hodeBLEBAl G 15 PEERFETHONS, NARBRY iEngrolsF hent e 1Y,
2l cohol whi ch' | €PRRE e VBE ey nBeRR P Lo Ao LT B e e §26d i n
step (3). ergy for cooling and heating. Further, for regenerat-
ing a degenerated dehydrating agent which has adsorbed
water to saturation, 1t is generally necessary to cal-
10 cine the degenerated dehydrating agent at several hun-
dreds °C, thus rendering this method commercially dis-
advantageous. Furthermore, in this method, only one
(water) of the two products of an equilibrium reaction
is removed and, therefore, there is a problem in that,
15 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,
20 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

25 cooling step., the reaction mixture turns into a white



7. The nethod according to item 1 above, wherein the separation of the
carbonic ester in step (2) is perforned by at | east one separation nethod
selected fromthe group consisting of distillation, extraction and 10
filtration. 8. The nethod according to item 1 above, wherein the renoval of
the water in step (3) is perfornmed by mem brane separation. 15 9. The

met hod according to item 8 above, wherein Y¥he nenbrane separation is
pervaporation. 10. The nethod according to item 1 above, wherein the 20
removal of the water in step (3) is perforned bg distil%ation. 1%.UJH?

met hod accor di ngleoryt ebhus speNelngnarRFPLER 7 ERat; Hhof TERECHRCEEep

(3) is at | east one al cohol 25 selected fromthe grou onsistin f an
al kyl al cohol dQBY@E%Fh@“aSE?PaP%ﬁgoE%%?nug}n%r%nBﬁgge 198i5%hlg9ﬁ group,

a cycl oal kyl al cohol having a_C5-Cl12 cycl pal kyl Qu n e . cahol
havi ng a straigﬁ@iéhagnaoﬁeBYﬁﬁeﬁéﬂgcigﬁﬁg'agﬁgng#uﬁggugéuggg gﬁhgggﬁgyl
al cohol having a 5 C~-C20, aral kyl 8roup conpri sed of unsubstituted or
substituted CB-QfgtB?yPaﬁhﬁdaFRipm el ected fromthe group consisting of

trai ght chai branched Cl-Cl4 al kyl : . 2,5Th
et hod aBcording o FReAFISEabova, SRETERRI AR BoRNEr oy F o B8RS > ne

| oal kyl al cohol, t I . .al cohol k
oi 1 ng poi ni wAPERVPA REGREPNARCORS B8 MERG BAPAL SF WACer 1o T3 The

ot hod according (o_item 12, above, uheus  goplbak algoiimk coapai ses a

to
| east one nenbegrggp group consisting of n-butyl al cohol
i sobutyl al cohol_,and_a cqhal 10 B toh Froht caltdon @idxiaeched
C5- Cl12 al kyl gr5&8,p§8§u?%§%élégnélgg %géol Sb has a strai ght chain or

branched C4- C12_alkenyl. 19LQuR. HTRhod AReRditNG £ Agaramal axfsove,
wherei n each of %ﬁdaﬁ%oﬁﬁﬁfo%%ﬁﬁﬁﬂ 1) and &g a%d RL in formula (2)

i ndependgnt |y rqpr AN £rD Bt 1P 0 FANT g t28 U tnd chgrodeyy a
straighﬁﬁhhain ggsgﬁgﬁﬁﬁga Cg-le al kyl 26 group, or a straight chain or

branched C4- C12 aldaY lcaaaup Kolfroghiifa st BachrederidiKepityn iHaswmld ), 14
above, 5 wherein, in step (1), the organonetal conpound is used in at |east

one form sel ect ggy1f.r &9 t | QoY crBISistatieg dfheet otedrehiat oy My ohis-
oligoneric form a polyneric
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
distillation under heating is performed, a reverse re-
action occurs, causing a loss of a carbonic ester (see
20 “Journal of the Chemical Society of Japan (Nippon Ka-
gaku Kaishi)"”, No. 10, 1789-1794 (1975)). It is con-
ceivable that, for lowering the heating temperature for
distillation, the distillation is performed under re-

duced pressure. However, in the fleld of the distilla-

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



formand an associated form 10 16. The nethod according to item4 or 14
aboeve, wherein each of ML in fornmula (1) and M2 and M3 in for nmula (2)
represents a tin atom 17. The nethod according to any one of itens 1 to 16
15 above, which further conprises, after step (3), a step (4) in which the
at | east one organonetal conpound re-covereg in step (3) is recycled to
step (1), followed by repeating of a seque% e of steps (1) to (4) one or
nore tinmes. 20 18. The nethod according to item 17 above, wherein the

o qenoret OO UOE Pty oeR 98 L8 TSy BBk et 05
dotal | S o0 CLL Do APEYE L1 OIS La0R! o TEL MR Bhy 2 8%iaoe-2

(ol w 0 Formie, (91, oPLARIOITLEl EOMROYRRR?, - ARHAEOLE dutg0 (3)
iy o 1o S0 SPLEESR! PLARSS: pLTGER, 2005, TRRLKBACHsaBL IO L o

reaction systegtﬁéggggéggéggtgxgghgsgggggggagég aheuRt. othghebrghfi€c

equilibrPun1re mcontai ns a system conprising a carbonic

ester and water, h | i ghygrgRaghbARtNbEL HN 8029at dehiyng the
above-nentioneddgﬁggfggg?éngggggt?%ngsysfgn1is cool ed and subjected to a

dehydration tre | QgWhkCh Fihee rEQCtADD KhOWAI @ehpatat 16 uaethoaso a
packed col umm cgkgggh?ngga solid dehydrating agent, and circul ated through

the packed CO'ugﬁbesgreslbasg&ad%ﬁhkyadgax@@ahmouhe egUial ivasitemoceatsi,on
systemto thereby suppress a deconposition reaction of the catal yst and

accunul ate a caphogi ia%%eeohghﬁgtfi@hm@ et gyl d6e iaRpUNabIZS On the ot her
hand, the technical concept of the 28 met hod of the present invention is
conpl et glyy different 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
separation causes a reverse reaction, thus rendering it
difficult to recover a carbonic ester by distillation
separation (see "Journal of the Chemical Soclety 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 yield from a reaction mixture containing a metal
alkoxide.

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



fromthe technical concept of the conventional nethods. The nmethod of the
present -invention is character ized in: 5 that a reaction route is used in
whi ch an or ganonetal conpound havi ng a netal - oxygen-carbon |inkage is used
in a large anobunt as a precursor of a carbonic ester but not as a catalyst,
and the organonetal compound is subjected to an addition reaction with
carbon 10 dioxide to forman adduct, folld®ed by a thernal decom position
reaction of the adduct, to thereby obtain a reaction m xture containing a

uhi ch e car b et o4 Gasaon G Vi i AR TN SN ks T e (o
Feaction of t hanerasaRtel MqUARARing B 4 dra® ta Xy i 2 fac
on m XL ure COMBLL S, T an ORSnOULal compound DA cdonay epn
the or ganore.  ALEEMRARE A G THE S e ot dm T SRattha 1
ecovered (St eh (0 L SMSUEAPRISRIE L0 IR Blrdhpl Bydds [ of pro 25
Formul a (4). THEEhPRTge Sob e Gre i e e Talyed, pne
Iventi on s e PSR Lhoc a0 e gFAp0nd-Lorm @ dSotibacanl oD
conpound metal alkoxide catalyst.

There has been proposed a method for producing a

10 carbonic ester by using a dibutyltin dialkoxide as a
catalyst, in which, during the reaction, the catalyst
is formed from dibutyltin oxide (which is stable to
moisture) added to the reaction system (see Japanese
Patent No. 3128576). This method has a problem in that,

15 although dibutyltin oxide which is charged into 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 1n a re-
action system, the reaction system needs to be placed
under high temperature and pressure conditions. The

reason for this is as follows. When an alkoxide is

25 formed from dibutyltin oxide, water is generated, and



carbonic ester + other thermal deconposition products residual liquid +

al cohol '----t organonetal + Water obtained in step (2) ~ conpound Thus, the
met hod of the present invention is a 20 25 nmethod i n which an organonet al
conpound havi ng a netal - oxygen-carbon |inkage is used mainly as a precursor
of a carbonic ester, and the organonetal conpound is subjected to an

addi tion reaction with carbon dioxide to & m an adduct, foll owed by a

t hermal deconposition reaction of the adduct, to thereby obtain a reaction
m xture containing a carbonic ester, whereupon the carbonic gster IS

separ at ed fromthiee wadegt ineeds ke copsuEied byy hydrivsts 2% & dual
liquid, followed by an operation in which the residual liquid. ( Lning a
net amor phi ¢ or gRFPet-al HOWRYSEnd oy ﬁé‘@%tﬁhé’ﬁﬁerahﬁﬁera{eg%ﬁ%cos%?%%{ﬁ

reaction of the adduct) is reacted wth an, al cohql 5&%&1251”&@' %leegener ate
i The

an organonet al Soriphd¥El i tRPRETANTHE ARP FFET o 9 hkage.

regenerated organonetal conpound is recaqvere d 4R 481 b £ Of
produci ng a carBffISdst eﬁo,r;p aciryez%ﬁﬁé i cﬁgese[ﬁ% elgdsr?%hs tg(epeatﬁgd so as
to obtain a carbonic esl0 ter in a desired amount. The reaction m xture
obt ai ned® by stébf(ai’) #¥et3e met hod of the present invention may or may not

contain a residual rt of,t orga r%ggﬁgh ¥dNh¥ducing a

nmet al - oxygen- car bonpﬁfﬁ'agjen lk}gne% ?Gon&g%%ri%) SO, %5 thgp reslilc(:jlua? liquid
obt ai ned by ste 2 f th t SPeNikbEVED! | @By @LokBY noOt
contain a resi b%)%f‘f %?%@%?‘g%%%%?ggonpound havi ng a

net al - oxygen- ca{ggna %n&g%bggﬁgli NySEEPthd ) me Y VVkoRIAOT DORT Bk

conpound havi ng-a” net al én-carbon 20 |inkage is regenerated

(resynthESiZEd)egﬁéggfvgpnp$§tiQEtOit§t§Qt£§}st|ﬂcfhﬁiﬂﬁﬂ&&@ttdhﬁt—nethods
using the equilrbrrumreaction of the fornmula (3) above, the entire
reactioggi s he'&raﬂfﬁise{;yi LhEr i uRe , BYneoat L8sho waytbe eashby asdoefthe
present "I nventi on, e equilibriumreaction of 31 the fornula (3) above
can be effectivebydiuigedejaheraeasanat reaseeanti nasakhatkosidebe easily
controlled, thereby rendering it possible to efficiently produce a carbonic
ester while seperatbRera, C8hBosbaveateonandmbthatier fbropreAuciagcti on
system Specifically, in step (1) of the nmethod of the present invention, a
reacti on can becpepbatiaedsitart he dhsedventhgeater in| fhatept( 2F BLCLRe

met hod of the present invention, a reverse reaction of a _carbonic ester and
ot her thermal deaeypesi usé hi dargecdmoustcad Ba preveactedebydsatdisting a
carbonic ester fromthe reaction mxture. In step (3) of the nethoﬂ& f the
present lisnvent i agenaf ber at solidgdebydredingf 2gensr ¢&nSREPAPAEIAFo avi ng
a net al - oxygen-carbon |inkage, the organonetal conpound can be recovered by
15 renovi ng mat@rsmﬁéﬂth@PPmtnoéa@h“§%é& G- %o%d-9%et hod of the present

i nvention, the operation conditions can be easi%y optinizg@ Q%c ni

appropriatel y enpl oyPsg degerépedoher elBabavaue St PEREH CAI° SyiSthests, such

as cooling, heating, stirring, pressurizing an C I eTes dixg an
exanpl e of an orfg’&'nmcwrﬁotﬁ’?&%?é\ﬁ%gesgterFeslﬁq’?eoxygéﬁi)?gr (%‘%Oi nkage
used in step (1) of the method of the pr te d NMENH QUL LRy e can be
menti oned an or A¥GREH® ¢ &ﬁ}?thg(ﬁegngep}ﬁtnﬁi}xy g%%rt}ip. It is preferred
t hat thgﬂ?rganonetal conpound used in step

SUMMARY OF THE INVENTION

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

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



25 (1) conprises at |east one conpound selected fromthe 32 group

consi sting of: an organonetal conpound represented by the formula (1):
(OR4)a RL Ml-- ORS a ~ ~ )c R2b 5 (1) wherein: ML represents a netal atom
sel ected fromthe 10 group consisting of elements belonging to Goups 4 and
14 of the Periodic Table, exclusive of silicon; each of Rl and R2

i ndependently represents a straight chain %t branched Cl-Cl12 al kyl group, a
15 C5-C12 cycl oal kyl group, a straight chain or branched C2-Cl2 aIkenyI
group, a C--C20 aral kyl group conprlsed of unsubstituted or subs ted
C6-C g aryl anobfamkfyle%@%c@@a B PEHECR oty RLIR S ‘?]n‘g RY 3tP] B?l chai n
or branched Cl1-Cl14 24 . alk and C5-Cl4 cycl oal an_u substltu&ed

33 or substitut@gies- @Be%?g*oﬁr’é‘li‘btee%&hw c@?%n%rﬁn?rﬂﬁgﬁgnﬁ%

Cyel oal Kyl or oufsY ﬂétégﬁ‘éﬁﬁéﬁéigﬁf?@rﬁ%ﬁﬁ fred 1046 %9?%%%36 or
C~-C20 aral kyl grou ri sed of unsu bstituted, or bst u -
aryl and al kyl 3Bp@g eﬂsf oRF BRRT P HUD c%n%?g??ﬂbco?SH?FaPak Rgﬂa%% %Lg
e oot ysf asE hd SYGLRBREYAL 80RpAGn§2ED ShnTeBRdaPebs an
an addition reaction with carbon dioxide to form an ad-
duct, followed by a thermal decomposition reaction of
the adduct, to thereby obtain a reaction mixture con-
taining a carbonic ester. Further, the present inven-
10 tors have also found that, by performing a subsequent
operation in which the carbonic ester is separated from
the reaction mixture to obtain a residual liquid, fol-
lowed by a reaction of the residual liquid with an al-
cohol, there can be formed an organometal compound hav-
15 ing a metal-oxygen-carbon linkage and water, wherein
the water can be easily separated from the organometal
compound by distillation or the like. The obtained or-
ganometal compound can be recovered and recycled to the
above-mentioned reaction route for producing a carbonic
20 ester. Based on these findings, the present invention
has been completed.
Accordingly, a primary object of the present 1in-
vention is to provide a method by which commercial pro-
duction of a carbonic ester in high yield can be con-

25 ducted continuously and repeatedly many times as de-



a+b=0to 2 each of c and dis an integer of fromO to 4, and a + b +
c +d =4 ; and an organonetal conpound represented by the formula (2): 15
~~R9)i R8h RS M-O-MB-R~ ( 2 ) 16 ~10 Rf (OR )~ wherein: each of Mz and
MB i ndependently represents a nmetal atom selected fromthe group consisting
of 20 elenments belonging to Goups 4 and 14 of the Pe riodic Table,

excl usive of silicon; 34 each of R5, R6,18R and R$ independently
represents a straight chain or branched Cl1-Cl2 al kyl group, a C5-Cl12
cycl oal kyl group, a straight chain or branched C2-Cl2 al kenyl group, a
C~-C20 5 ar al kyS1igpdupl ek i QeEPTRERFR st MRS ATl t%llf?f?e%l C6-d g
aryl and al kyl selected fromthe group consjsting of strajght chai r
branched Cl- Cl@%?%ws%rﬁpwjéirkp‘%/cﬂg%lrﬁﬁ% fttﬁr g‘FFth}%u%gjf U e J(’)L?ng
substituted C6-C20 argl roup; 10 each of R9 and Rl independently
represents a st?&iymt Q?é%?F{bgtﬁ%ﬁ% ed C1-Cl12 al kyl group, a C5-Cl2
cycl oal kyl group, a straight chain or branched C2-Cl2 al kenyl group, or a
C~- C20 aral kyl group conprised of unsubstituted or substi 15 tuted C6-Cl g

br AnchedS CL- G145l oyl Sake T YRt Cafih : e, fE4068Y §48 Q! _ g
to 2, each of i apd | is_independently 3 r o) ,, 0+ f
+i =3, and qunﬂaqéf QfSPbeTﬂﬁei%F#o%?ge#g%fge%%%%i%%e%b%%%g?ﬁ Fgoﬁs

prescr 1 bed 10 Lnge | LEAC (10} 10841 908! aLbLONL BLoRUE 8x@0s ADBbhRLCEIBH St 1Y)

nonmencl ature sy ove-nent 1 oned organonetal conpound is

used 35 1in atwigﬁsngnchQﬁﬁ%gfiﬁﬁt39a&iﬂ§§?QﬁdgfﬁépaﬁﬁéﬁhéhiBgamﬁsa

nononeric form "an o oneric m ~a pol yneric

10 BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 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 1;
15 Fig. 2 is the *!?sn-NMR chart of the organometal
compound obtained just after step (2) of the 26th cycle
of reaction in Example 2;
Fig. 3 is the ''*Sn-NMR chart of the organometal
compound obtained Jjust 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 obtained just after step (1) of the reaction



formand an associated form Each of ML in the fornula (1) and MZ and M3 in
the 5 10 fornmula (2) independently represents a netal atomse |ected from
the group consisting of elenments belonging to Goups 4 and 14 of the
Periodi c Table, exclusive of silicon. It is preferred that each of M, M
and MB is a netal atom selected fromthe group consisting of a titanium
atom a tin atomand a zirconiumatom Fromh%he viewpoint of the solubility
in and reactivity with an alcohol, it is nore preferred that each of ML, M
and MB is atin atom Exanples of RL and R2 in the fornula (1) and R5, Re,
15 R and R8 in ¥h&EXahf 23+ 2) include Cl-C12 aliphatic hydrocarbon groups
and C5-C12 alicyclic hydrocarbon groups, such as a nethyl group, an ethyl
group) an npropyl group, an isopropyl group, an n-butyl group, an isobutyl

N 0..he

group, a 2-butenyl group, nt yl 1 QL QUR, cycl opropyl
gro:Jp,h a fyclobutyldgroud¥?ggﬁ¥éié?§ H—H C 2 - ?éggg'g enyl grgup, a
cycl ohexyl group an cycl ghexen ou ~- r Hh$.4 such as a
bﬁnzy: group andt aI plhlghﬁfbet lﬂﬁesg?étu&%Vfr#ieé{’c%eﬁyﬁéjﬂoruogéfgc%asRa |
phenyl group, a r oup. an r , R~ an

R8 36 ate not "f‘%#?%?‘f% Q%d;%%Cienéﬁ%%‘gs:%ictghe_ abov ene |ionedg'gr oups,

| over al kyl groups are preferssd and: SiLalohi, Shalvbal A ddedt al ky!
groups are nore preferred. oups "havi'ng nore carbon atons than nmen 5

i d ab _ . ; h
10 S SRS o B SR S R

groups havi ng a Tar are used, It Ts sonetines

possible that thg,f l&’:ibcgj:i::{é'e %o t&@%ﬂﬂa@%@%@&iﬁpm@@éﬁaiﬂﬁng a

productivity of a carbonic ester beconmes |Iow Exanples 10 of R3 and R4 in

the fornula (1) anehE9@nds &l i fothiea foy & fLdctiehyde C1-Cl2 aliphatic
hydr ocar bon groups and C5-Cl12 alicyclic hydrocarbon groups, such as a
methyl g{@up, an ethy|s proiparaidy PP YEa i edtes oprapythgroegpc- an
n- butyl group, an isobutyl group, a 15 2-butenyl group, a pentyl group, a
hexyl group, a cyfoéQphoRYhrgrespobtalych obes ydugt oupquadcyahdpentyl group,
a cycl opent adi enyl group, a cycl ohexyl group, a cycl ohexenyl group, a

met hoxyet hyl group ang3 pnreidoxyg mehdiytegtdwg! hibguidd-CRth aa af kyst gabups,
such as a ben20 zyl group and a phenylethyl group. R3, R4, RO and R o are
not limted to thelselekanpbes. abxbepsesoné orgamonetal compoundshaving

represented by fornula (1) above include tetramethoxytin, tetraeth
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:



oxytin, tetrapropyloxytin, tetrabutoxytin, tetrapenty 25 | oxytin,
tetrahexyl oxytin, tetrakis(2-ethyl-1 37 hexyl oxy)tin,

di et hoxydi net hoxytin, tetranethyltitanate, tetraethyltitanate,
tetrapropyltitanate, tetrai sopropyltitanate, dinethyltin dinmethoxide,

di met hyl tin di et hoxi de, 2-ethyl -1-hexyl oxynet hoxydi nethyltin, di 5

met hyl tin di propoxide, dinethyltin dibutoxd@®e, di methyltin

bi s(2-et hyl -1-butoxide), dinethyltin dipenty |oxide, dinmethyltin

di hexyl oxi de, dinmethyltin dicyclohexyl oxide, dinethyltin 1

bi s(2- et hyl - 1- hexyl ok} Heyer&prrtng| 4i¥%¢‘b¥%‘be?ﬁ/%‘§<¥fae?nd?ﬁ%?mff‘?ﬁ

di benzyl oxi de, 10 nethélbut | tin di methoxide, neth Ibg%x%tin di§tho§Lde,
2- et hyl - 1- hexy| eSpBeERS X %?W@nﬁ?F?}ﬁ?xﬁ%?%y?%ﬁ?é?t PEPopBRI b8,

met hyl butyl ti n di but oxi de, nethyl butyltin bjs(2-ethyl-1-butoxi

net hyl butyl ti n Bppedigrddedeo aREain bﬁt????hié’i‘ h‘@i§1¥8§?d89“ﬁﬁ%ﬁ§?’8u?y| tin
di cycl o 15 hexyl oxi de, nethylbut%%tin bi s(2-eth %-1-hexy|oxide),

met hyl butyl ti n 6pEPBPefyed%PHet© ?ﬂypﬁuﬁﬁFtFﬁaé $8Rzy 1 oxi de,

met hyl (2- et hyl hexyl )tin di net hoxi de,. nmeth 2: et hy| hex [ [ xi de,
2-ethy|-?hexyloxynetﬁ%iyﬁ%?ﬂﬁ??%ggtFQ?h8§§%§ %ﬁ,e%%?§y¥%é&egﬁglggge
hexyl)tin di propoxi de, nethyl (2-gthyl hexyl)ti i id
nethy|(2-ethy|hg}QP)PFﬁtBFs(%ge?ﬁ§F¥Ebﬁt%%%%g??gn%?ﬁ§??2-g?ﬁy|hexy|)tin
di pentyl oxi de, nethyl (2-ethyl hexy i I | 9X] h a first al-
nethyl(2-ethy|hexy|)f$ﬁ 5?8%%%3ﬂe§§%0£?g%?8§%tEé?gg?e?%§lhgxylffina25

bi s(2-et hyl - 1- hexyl goxi.de y et h binB t&h PheP @Ry ieg de,
met hyl ( 2- et hyl h&‘?gg‘l";lt it§ 5"6&%& g)%%gg Bﬁht 3??%?‘et hyl he?ﬁ%ﬁ n di met (r??xi de,
butyl (2-ethyl hexyl \tin _di X| - i Rxhyd- RaYY F@XTRiaR@EY and remov-
guiylgg-eiﬂy:Eeéyr%%fg,z?ngg(gigpﬁglPergZ?tLa ghpropggiS i de,

uty - yl'he ¥heey tRdl Yl 4 QY oneXYrgandmetal com-
bis(2-e€%§l-1-bé¥€i%g%),ab%tyl(Z-eththexyF)tin di pent yl oxi de,

but yl (2- et hyl he ld Nyl Predat Reasit( dnet btigaeopetialn compound
di cycl ohexyl oxi de, butyl (2-ethyl hexyl)tin bis(2-ethyl-1-hexyl oxide), bu 10
tyl (2. -ethyl hexypdihed AmORARY Q)das hopviedeet Br heoggltd rthereof
di benzyl oxi de, di(n-butyl)tin dinethoxide, di(n-butyltin) diethoxide,

2-et hyl - 1- hexy| agymidioxpr)di (n-butyl)tin, di(n-butyltin) dipropoxide,
di (nbutyl)tin di butoxide, di(n-butyl)tin bis(2-ethyl-1 15 butoxide),
di (n-butyl)tin dipentyloxide, di(n-butyl)tin dihexyloxide, di(n-butyl)tin
di cycl ohexyl oxi de, di (nbutyl)tin bis(2-ethyl-1-hexyloxide), di(n-butyl)tin
di properng oxi de,2 di ( MEHeumetidd atidsarddyiaicdd tegt (i BRANS 1 (PGt hokt de,
di (t-butyl)tin diethoxide, di(t 20 butyl)tin di propoxide, d'(t'b%%K| tin
di but oxi de, di (tstrpyi)Xi rthi peragnana el AMRAEA yi9 (35U HOLGR XTHE T
di (t-butyl)tin dicyclohexyl oxide, di(t-butyl)tin djipro eq¥IOX|de )
di phenyl tin di mtthiosh dies T Theliy | % i rireg eﬁ%ﬁ%%%cfd*r%%ﬁ% i R Hoxd e,
di phenyl tin di butox 25 ide, diphenyltin bis %5etq¥1-l-gutoxide),
di phenyl tin 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



S 39 di pentyl oxi de, di phenyltin di hexyl oxide, diphenyltin

bi s(2-ethyl - 1- hexyl oxi de), di phenyltin dicycl ohexyl oxide, diphenyltin

di propenyl oxi de and di phenyltin di benzyl oxi de. 5 Exanpl es of organonetal
conpounds represented by formula (2) above include al koxydi stannoxanes and
aral kyl oxydi st annoxanes, such as

1,1, 3, 3-tetrabutyl -1, 3- di met hoxydi st annox&#e,

, 3,3-tetrabutyl - 1- met hoxy- 3- (2-et hyl - 110 hexyl oxy) di st annoxane,

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

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

, 3tetrabutyl -1, 3- bi s(2-ethyl - 1- but oxy) di st anng

ane
, 3, 3-t et r abut yl - 8n39F8pPEPELFd SPHRRYR n§?9f§53n¥eﬁ by the formula
, 3-tetrabutyl -1, 3-di pentyl oxydi st annoxane,

3

3

3

3

3

, 3, 3-tetrabdtyl:- 1, 3- di hexyl oxydi st annoxane,
3,3tetrabutyl -1, 3-bi s(2-ethyl -1-hexyl oxy) di st annoxane,
3,3-tetrabutyl -1, 3-di cycl ohexyl oxydi st annoxane,

, 3,3-tetrabutyl -1, 3-di benzyl oxydi st anpoxane, 20
3
3
3
3
3
3
3
3

, 3, 3-tetraphenyl - 1, 3- di met hoxydi st(@Rgyane,
, ,3-tetrapheny|-1,3-diethoxydistarinoxane,3
, 3, 3-tetraphenyl - 1, 3-di - but oxydist ,
,3tetrapheny|-1,3-bis(2-etﬁ¥ﬁ-l- utox@?di%ﬁannoxane,
, 3-tetraphenyl - 1, 3- di propoxydi st oxane, 25 (1)
, 3, 3-tetraphenyl - 1, 3-di pent yl oxydi st &nnoxane, 40
, 3-tetraphenyl - 1, 3- di hexyl oxydi st annoxane,
, 3-tetraphenyl - 1, 3- bi s(2- et hyl - 1hexyl oxy) di st annoxane and

, 1, 3, 3-tetraphenyl - 1, 3-di cycl ohexyl oxydi st annoxane. 5 The above-nenti oned
organone$ al conpounds may be used individually or in conbination. Further,
orgnonet al conpounds ot her than those nentioned above nay be used in
conbi nation with thogeereinii oned above. As an organonetal conpound, those
organonet al conpounds which 10 are commerci ally avail abl e may be_ used.
Al ternatively, organond arepoepenhdsareptasenten Bolestat ATPT) thBove may
be obtained by a conventional nethod (e.g., a nmethod descriped_ in Dutch
Patent No. 6612421) growhieoneddtiny9h ekementsPefeRgbrdhtei FH°9P%r nore
carbon 15 atons and a sol vent exhibiting an azeoiropg m%th.matg% are m xed
together to effect atran@tidnof abgetheriedif Tabter sS¥unfetted®to
distillation, thereby obtaining a fraction containing an organonet al
conpoundOr epr esent edSby1¥BFiul a (1) above. The above-nentioned patent docu

20 t (i.e., Dutch Patent ..16612421%) . d I L hqd t
be gﬁgloggdefor obfain%ﬁgﬂhﬁhgfga38§e§a?18§g %hﬁ%ﬁﬁggﬁ%abgbgfgg% §|kg§9no

group and that an or | cRQIROYRILRANERGaACEleECS ahkoxy ggoapp &an be
obt ai ned fron1dibuty???%ﬂgh?o?ﬁ§e and sodiun1a|cgho§§5 | ate. On the other

hand, as a result of cLhe, St UGLe8aR¥ky1 Gfoup, a straight chain or

PRRPPRPRPRPRPRPRRPRPRPRRPRPRRPRRRER
RPRRPRRPRRRPRRPRRPRRRRERRRRRR

branched C;-Cip alkenyl group, a C7-Czp aralkyl

15 group comprised of unsubstituted or substituted

Cg-C19 aryl and alkyl selected from the group
consisting of straight chain or branched Cj-Cjy4
alkyl and Cg-Cjy4 cycloalkyl, or an unsubstituted
or substituted Cg-Cpp aryl group;

20 each of R® and R® independently represents a



the present inventors, it has been found that, by enploying a nethod
descri bed in Japanese Patent Application No. 2001-396537 and Japanese
Pat ent Application No. 2001-396545, there can be obtai ned an organonet al
com5 pound represented by fornmula (1) or (2) froma netal oxide and an
al cohol. By this nethod, there can be ob tained an organonetal conpound
havi ng a Cl1-C3 al koxy group) such as a net%%xy group. For exanple, an
organonet al conpound havi ng a net hoxy group can be ob 10 tained from

di butyltin oxide, nd hexane. ' n-th ' a case,
met hanol and hexane ?{#?#épf;ék %5|?$%%é§%§g?rg%%2a%%ﬁ%fegyggge %resent
i nventors have unexpectedly fo val of

wat er can be perfor Sb%eﬁy? %% h%rggphe h&H %?ﬁgxa%£§n1x ure has a
boi l i ng point | ower th at oj wat th i ddi @ present
in ventors have deve?dp %ﬁ ne?hoﬁzf%¥kegig gr énb%réég ne?%lé%%%pound

or ganonet al com 20° pEURGIBBYE: HRBT1BRG (FbLrorEPR: bkl b "aba £l
havi ng agboi i ng poi ] taRl Wek¢i Lendstb@ beomogmei sed
mai nly OP an organongét% %p%gﬁda%ggr%sented?by formul a (2? However, when

it is desired to Obtgga?g)ééﬁgfséﬂﬁgn&f tfglgﬁgaBHHEBaBrCBEHHHHQd25

represented by fornu can be achi eved by sub 42 jecting the

above-nenti oned orga@gngig aERYPOLRAE ggn@ihs@ chBahky19f ana or ganonet al
conpound represent ed rmula (2) to distillation, to thereby obtain a

fraction comprising an L GARATR] alnd YTPAUNH raNaranted dpord ¢ orgnd a (1)
In the nmethod of the present 1nvention, the renoval of water in step (3)
can be performed by gny gonvgnthopal edenydeati anamat hedanhisibegergemeral |y
enployed in the art. The renoval of water may be per 10 forned by, for
exanmpl e, ot he use of arsml bdtdebydandi ag+apent c( @. dg=, 4pohadul ar si eves),
distillation, or nmenbrane separation. However, when it is desired to obtain
a |l arge anobunt of anafr gaganeinakatospmpodnidnrapskeentpdr bydtbe fommulat is
preferred that the renoval 15 of water is performed by distillation. The
distilla tion ngg)be perfornmed by any conventional distillation method,
such as atnospheric pressure distillation, vacuumdistillation,
super at nospheric pressure distillation, thin filmdistillation or
extractive distillation. 20 The distillation can be perforned at a
tenperature of from-20 Cto the ng &n of the first alcohol used in
step (3), preferably from50 Cto ? b0|I poi nt of the first al cohol
used in step (3). Before or dgrln Ehe dlsﬁgllat}on any desired substance
may be 25 added to the reactRd Miz1h step (1) of?}he nethod of
the present invention, a second al ohoI may| be optionally used. (Wth
respect to the purpose of the use Rﬁfa seq@® 9 cohol , explanation is nmade
bel ow.) When it is intended to use a sec 5 and alcohol in step (1), there
can be nmentioned an op eration in which, before step (1), an alcohol is
used for produci ng an organonetal conpound of fornula (1) and/or an

or ganonet al conpound §%F%25h and a subsequent distillation for renoving
water fr the resul t 10 action mxture is performed so that a part

of the alco 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 Rs, R6, R’ and R® independently repre-

sents a straight chain or branched C;-Cj;z alkyl



hol remains in the distillation residue containing the organonet al

conpound. In this way, an organonetal conpound for use in step (1) can be
obtained in the formof a mxture thereof with an al cohol which can be used
15 as at |least a part of a second alcohol in step (1). In this case, it
beconmes possible to performstep (1) w thout further adding an al cohol as a
second al cohol. In the nethod of the preseA® invention, a first alcohol is
used in step (3). In addition, a second al 20 cohol may be optionally used

(et Tccond and nbFEedr s CH AR ol S bR o o
s Sl o SR El i R i
al kenyl group, and aPEP%bVlaFESHBIgoﬂBVﬁﬁﬁdao%%EﬁﬁpgﬁgﬁﬁyFegrS%ps npri sed
o triundt L oo “Substyutl 0 €0 A%l gt gyl sl sm e
Sy cakyly"spect 1 cranpl e ot (s sobelsnineluds - Chggabugnar
2 buancl"ZeCT 1 gl el igeoky ! sichoalNCle Sreli0

cyel obutanol , cycl opgRizites BLCkaBexaRakeane sl obeyangiougnd aral kyl
al cohol s, such as benzyl al cohol and phenet hyl” al'cohol. Further, as the

first, second and third ohel s9 9d; hepbaABALSv1PePREsBRLYSEd.
Exanpl es of pol yhydric % 8%H%€s§1ﬁ§ﬁt§§ Cl-gﬁg al 1 pha icegglihyric

al cohol's, such as et yhr@agngl ¥helin br3bRanetrdadicql-cand alk-1pgapapedaol ;
CS-Cl12 alicyclic polyhydric al cohols, such as cycl ohexanedi ol and

cycl opentgnedi ol ; an@samgbkw&cabQQMQusgr®UQh as slte1a 120 tz ehedinmetrthanol .
Anong t he above-nentioned al cohols, preferred are C1-C8 primary or
secondary nonohydri c balaheihelds C,sgh adkenylamaloupet lmeme@l CypLopansial-

2- propanol, butanol, 2butanol, 2-ethyl-1-butanol, pentanol, hexanol,

2-et hyl 25 1-hexanol xyQy gr@ugX ajoalprasedd exfe molsubartd tGte@8 our iswrsti- 45 or
secondary aral kyl al cohols, such as benzyl al cohol. The organonet al
conmpounds whi ch are, tudsgeg~Calgy anydpreaske @ldky e el@dhahdEnem Wil (2) can
be anal yzed by 119Sn- NMR Nucl ear Magneti c Resonance (l1sSn-NVR) spec 5
troscopy (see, for exgmpipecdnsS.stRaigemf MEragdus deoin g Reached, g
119Sn- NVR spectrum a chem cal shift_value ascribed to the structure of the
or ganonet®l conpound Gepries @kt BPF Ganflie @Cheddely A9 es dependi ng,
for exanple, on the organonetal conmpound content of the 10 sanple used for
a | ~9Sn- NVR anal ysi s anf #nft AeOpE@sdmc8 &rPaBs@ntf 67 §ASHI 86hdl 2P the
sanpl e used for a 119SnNVR anal ysis. Therefore, it i referred ghat t he
anal ysis of the orgarbriet iRIERFHARELS et b%/fsafo‘?%?ﬁo ™ Whi ch t he
proton nucl ear magnetic_resonance 15 (1H speciroscopy and the
carbon-13 nucl ear mag dett & reshnfRE & B3¢ N’%\/F% "sp%‘ct roscopy are used in
conbination with the 119Sn- NVR spectroscopy. Table 1 bel ow shows 119Sn- NWVR
data of exanples of chemi cal shift val ues ascribed to the structure of an

Orgnonet§$ Conpqypd The method according to item 1 above, wherein the
reaction in step (1) 1is performed in the presence of a
second alcohol which is the same as or different from

the first alcohol used in step (3).

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



20 represented by fornmula (1), which is produced from 2 ethyl-1-hexanol and
di butyl ti n oxi de. 46 Table 1 Contents of an organonetal conpound of
formula (1) having a 2-ethyl-1-hexyloxy group in 5 sanple solutions, and
119Sn- NVR chemi cal shift values obtained with respect to the sanple
solutions ii9Sn-NWR dat aOrganonetal conpound content (wt ~)Chem cal shift
val ue (8 ppn)48.0-64.220.5-19.111.2-6.63.4%47 Not es: the chem cal shift
values (8) are relative to 10 that of tetranethyltin (SnMe4). The

organonetal com pound content is the wejght percentage ( ~).0f

or ganonet al conPRRMER FHoRett eFRg e‘&a’éﬁﬁ?‘b#%f%?ﬁ?’(' C&:l% ep 1@? n}‘? hR®Het hod of
the present invention, the reac tion systemused in ste C ain
subst ances ot heFO¥Ra%h 1hokke heTohes §€o§g¥h§§§n%£%%h%$ %%%%ﬂagﬁbgﬁénces
whi ch are effective in per i n t 1),.1n i function as
a dehydrating ag@he % 85 %ﬂégéﬁgﬁﬁigﬁ°éyé? nfiﬁggué?géﬁgmggﬁggrgﬁing agent
in step (1), thetrea éion system can be nmai ntai ned under 47 non- aqueous
conditions. As 3 ﬂ%h§ ating agent, any conventional dehydrating agent may
be used. .Exanpl es of dehydrating agents include acetal conpounds and _
orthoesters, such as orthotrinethyl acetate. Further, 5 organic dehydrating

agent's, such as,di cyg)QNGxyhcar .DOdERTAGe: JoY L bR Y5880, IGhUEEZhI BRe

agents. Further nore] ehydrating agents, such as nol ecul ar sieves,

nay be used as dehydlaloopoenLscallinsa sgkbd dRNKGER! (09 ageperis used,

it is preferred the solid ydrating agent is renoved fromthe

reaction systemprhgh b9 BE’18aELNGn8! §BpaPacibA MbeRoALheObotRa MRbiod of
the present invention, The use of a second alcohol is optional. Wth

respect to the agRUBto@h LBRs38€¢9nd dkcahekiusadibn,segpratkiohdSanden an
al cohol having an organic group which is the sane as the al koxy or aral koxy

group i Aot he or ganematabnconpound i s used as a second al cohol, fromthe
vi ewpoi nt of inproving the purity of the obtained carbonic ester, it is
preferred that the second al cohol is used
8. The method according to item 1 above, wherein the
removal of the water in step (3) 1s 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 method according to item 1 above, wherein the
first alcohol used in step (3) 1s at least one alcohol

25 selected from the group consisting of an alkyl alcohol



20 in an anmount which is 1 to 100,000 tinmes the stoichionetric anmount
relative to the anmount of the organonetal conpound. Alternatively, when an
al cohol having an organic group different fromthe al koxy or aral koxy group
in the organonetal conpound is used as a 25 second al cohol, or when the

or ganonet al conpound repre 48 sented by formula (2) is used alone, the
anount of the second al cohol is preferably2from2 to 1,000 tinmes the
stoichionetric anount, nore preferably from10 to 1,000 tines the
stoichionetric anount, relative to the anount org

a
conpound. In stBBV%§¥ amﬁéﬁaéﬂhﬁlCEBﬁﬁloﬁaQFﬁﬁcﬁﬁé # afiil 8 aiggg 8F?P8rent
fromthe organic group in the_or onet ougd is. u S, a second
al cohol , an asyﬁn@Y?FEaé5YBoﬂl%%g%£ pgvg%g q@@ 2 ﬁ%ﬁf?%ﬁ bef 3P - when a
second al cohol is used in 10 ste in the case where

[
or ganonet al conEBuﬁékﬁéﬁiegéﬁ?ﬁﬂfb?aY%¥§3?gg%gﬁiggtu%%ﬂiﬁlBEebr?ﬂﬁhﬁéeld of
th boni tly i d. .Th b d
amount of t ﬁeeiéaoﬁazagiﬁﬁaﬁi HEPHR - c308 ARePaothylo %%ﬁ@ﬁgtﬁ L85 Eina
d 15 | d hj
U bwpor e 1 ¢ Ha-E200 SRRkl pEgUBS o i Ep Sac h Sy BE R EA L Neito-
recycling the °r%§@8€253F558”g°3991fsﬁavsﬁﬁgllB ESEeg3kr§§e§h%ng$hb and

step (1), prior~to ste gond“al dohsl to’t he

reaction Syste”haﬁsggﬁangh%fagﬁgaa Al bhsiﬁesengraheaaal cheeqieswyahi n the

above-nenti oned preferred range ternatlve y, In such se Where step (3)
is followed by Pckék 1%81& )., prior to step (1), an alcohol may be
renoved 25 fron?%ﬁ C%ea&? syste#n 49 Wth respect to each step of the
met hod of the present invention, detailed explanations are nmade

her ei nbel ow. Step (1) of the met hod of the present invention 5 involves a

reacti o oroute h whiglh pegachoncdhoside 28 dush 9 aBogegansEslah conpound
havi ng a netal oxygen carbon |'inkage 1s fornmed, and the adduct formed is

thermal |y deconmagsedoleo tplal l1kyd GAIRABIG Q&bebych&tlmy& aileohbe ,r eaet i on
route of step (1), carbon dioxide 10 is addition-bonded to an organonetal
conpound to for@ixengddegtonandahle taddaeblkylt Akconblyhdscanpostdng
Differing fromthe conventional nethods, step (1) of the nethod of the
present inventi @dint @ﬁmrcﬂct:.@flhzi.@(marntmhmt tae dogddomepalindomfowataravi ng a
met al - oxygen 15 carbon linkage is reacted with a small stoichionetric
anount of carbon dioxide. In the conventional nethods, carbon di oxi de under
a high pressure is reacted with an al cohol in the presence of a small
anount afs a nmet al3.catrhley stethésl acoerddpige tof ideoh l2ombove ondiengdithdde 20
there can be nentioned a nmethod in which carbon dioxide is reacted with

met hanol in t he alkeserdeafoldidarppitdas ditmeErRd dag FenuEg |AfROiRd 19,
pages 573-576 (2000)). In the conventlonal nmet hod described in this
literature, car 5G®mithe G WRISORE iFtdnd of & o BEM i L5¥PYF act ed

wi th nmethanol at 180 C in the presence of sey 50
alcohol and an alkyl alcohol having a straight chain or

branched Cg-Cj, alkyl group, and the alkenyl alcohol

20 has a straight chain or branched C4-Cj; alkenyl group.

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

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

25 butyl group, a straight chain or branched Cg-Cj3 alkyl



eral mllinoles of dibutyltin dinethoxide. The exact anount of carbon

di oxide'used in the reaction is not described in the above-nenti oned
literature. However, it is considered that, even if the partial pressure of
5 met hanol is subtracted, the anmobunt of carbon dioxide used in the reaction
shoul d be as large as at |east 100 tinmes the stoichionmetric anmount relative
to the anobunt of the organonetal conpoundzﬁaving a net al - oxygen car bon

| i nkage. By achieving the above-nentioned high 10 pressure conditions, the

equilibriumis forcibly dis plac t rd i ter, " 1a

car boni c ester e @dﬁé&?iqi‘dca (&a gt o\%hﬁ%{#?x?dg{ef% Sﬁ%?]t%;aﬁl e‘g)}gs}ect ed
fromthe anmount of the catal yst. However, by the reaction of carbon dioxide
wi t h net hanol , ¥9®¥¥wa 15 ter is al so 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 for dehydrating the

reaction system_In the abgvye-pentioned liter, & Jdd 14 Hes\rLibed that,
under 20 the abH@e-mghq<ﬂﬁ§§Qd:%ﬁq?ﬁﬁiﬁﬁuﬁ iéﬁ%ﬁ %ﬂiﬁﬂ%ftln ox' ide is
produced_as a hydrol ysis product i.but ' ' j thed a

al t hough® di but yTH§%e i o c%%%t(gi’ g?%%o%‘%ﬁéﬁ‘%ﬁ%ﬁe‘%‘?’%?n?%o‘?nﬁ
tenperature, diputyltjn oxide i e 05t 0 r eOSHPs £ g 25
sol uti on under }[jrhea/%bio?/aesiﬁtson?? o%oe r%%i;%?%h c%ﬁol ﬁ%%lsg?r@u%l On the o?her

hand) in the rrect)po#i r?én&ﬁ‘ééfféfxz&i;ﬂ%liMeﬁliéﬁﬁbrf&!efbmwatﬁ@lmﬂéon

m xture after conpletion ) 1s cooled to roomtenperature, the

reaction m xtur nerally L1eoeipstdd £emformof a liquid. In 5 this
respect, the ré%% |5%&%§%d %n the nethod of the present invention differs

fromthe reaction used in the above-nenti oned conventional nmethod in which
a |l arge amount of carbon dioxide is used. In the case of the conventional

nethod,lghe reagi onpy Sh&bhb@Sadcbr@indOcsarban 4i oxi teé sboeentrati on and,
hence, the reaction is necessarily performed under hig? pressure
M

condi tions. Theggbpsen wheR bhemt eagtiOmEiatre aobtml rmdy Mhdnpfoduced
carbonic ester Is taken out fromthe reactor, it is necessary to purge a
| ar ge amobunt of ngaabep)dreprdbents &roimt Akomeact or before taking out the
reaction m xture. Such necessity poses problens 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 necessaly.antiheheatbpdaatapgdingotint 2bY epergf 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 steps (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



is consuned for the repressurization of the carbon dioxide. Further, in the
conventironal nethod, the follow ng problemis also likely to occur. It is
known that, when the reaction system has a high carbon diox 25 ide
concentration, the density of the carbon dioxide 52 gas | ayer increases,
so that the carbon dioxide dissolves not only a solvent and a catal yst but
al so the produced carbonic ester, thereby Zlorm ng a reaction m xture
conprised of a honbgeneous m xture of carbon 5 di oxide, the solvent, the
catal yst and the produced carbonic ester. Wien the reaction m xture
(honmogeneous mddtaid). is cooled to obtain a liquid reaction m xture, the
liquid reaction m xture contains carbon dioxide in the formof_ |iguid
carboni ¢ acid. Thus Asadesaribed jaboMe e xilyee RNy editiomad lmect&osdépf%ﬁ e the
produced carbonic ester fromthe reaction m xture. In step (%ﬁiof t he
method of the prEtming\emamieniq estef AWMYWF A THHRF HOIRET s
used in an amount which is 1 to 50 tines, nore advantageously 1 to 15 20
times, as |argetien irrpressntad Ry rihe ARMAWIRG £95 ga( o&}s)n‘e amount of the
or ganonet al conpound havi ng a netal - oxygen-carbon |inkage. Wen the anpount
of carboh dioxide is large, the reaction becomes a high pressure reaction,
so that not only does it becong)ne%%%gggy to 20 use a reactor having high
pressure resistance, but also glgidgganount of carbon dioxide is wasted
during purg ing of unreacted carbon dioxide after conpletion of _step (1).
Therefore, it is @il4 2RS¥e pr&Ferred—that cBPHER) R okidPLi s uééz in an
ampunt which is 1 to 10 25 tines as large as the stoichionetric anount
relative to 53 t R zemesenté athamsegurebet A° cahpPAiRt NYATBEREROMEATIER) | n
step (1), it is preferred that the organonetal conpound is used in an
anount which is 1/50 to 1 tinme, nore advantageously 1/20 to 1 time, stil

rore adygnta S geosLy, 14d0h0 dohl8Rt188al4h8enagds | Nenstel 68h0BBI ke~
anount | ati ve"to the’ anbunt of carbon dioxide. In the present invention,

a carbon di oxi de,addch fbch8& PROASER! Al acRpRoNEdnGaNgeRtals used
netal-oxygen-carbon i nkage can be easily obtained by contacting the

organome 10 tal ¢gpnpoupdcphbn f8kPAPe deOXtdeniNGethé hequehtbraomt eaperat ure
is roomtenperature (20 C), the carbon dioxide adduct is exothermically
produced by contaghi Bgstbf 0reppesshakachypenadfurmbla ¢8)eabowd)car bon

di oxi de havi ng atnospheric pressure. In this case, the 15 carbon di oxide
adduct can be oRhairBef tReaeyuehdbefiuml remstitflOsystém aontadasce with the
el evation of the reaction tenperature, the amount of the carbon dioxide
adduct psoducedpkeaqsessievencdomperieiey, accenbwhén ehdereandi yater;
tenperature is high, the |Iowering of the 20 anobunt of the carbon dioxide
adduct can be sapprassmetihbg ¢onwhithng reecsigandiitireccrpdaddiRfG: Ahar bon
di oxi de having a high pressure. In step (1), when the organgonetal _cqonpound
i s contacted wi shovermentdopgiddedsdtilhg idm rgRcHLe8s §YELEM 155 Cff %Eult to

determ ne 25 the anount of the carbon di oxide adduct grOQUce . _how. 54
and subjected to a dehydration treatme t 1in which the

reaction mixture is introduced into a packed column

20 containing a solid dehydrating agent, and circulated
through the packed column, so as to gradually dehydrate
the equilibrium reaction system to thereby suppress a
decomposition reaction of the catalyst and accumulate a
carbonic ester being formed in a trace amount.

25 On the other hand, the technical concept of the



ever, it is preferred that the reaction of the organonetal conpound with
carbon dioxide is conducted under a desired pressure, depending on the rate
at which the carbonic ester is produced and on the anount of the 5 carbonic
ester produced. The reaction pressure is gen erally from at nospheric
pressure to 200 MPa. It is preferred that the anount of the carbonic ester
obtained in step (1) is 100 ~ or |ess, norz8 advant ageously 50 ~ or |ess,
based on the stoichionetric 10 anobunt relative to the amount of the
organonet al com pound havi ng a mnetal - oxygen-carbon |inkage. The reason for
this is as fol Imeshodhef otiyanpreseht compenitionay$ ngemp hetal Y odiEEarent bon

| i nkage used in the nmethod of the present invention is nore susceptible to
hydrol ysis 15 tfmomt hiee chetlomicakstencepbdet ethe Thereepttonghepetheds .
carbonic ester is obtained in an anount which is 100 ~ or less, preferably
50 ~ or |ess, based Bmetmetsodichi tretpresembubnverthen vistehaRRCh@bunt of
t he organonetal conpound, water which is likely to hydrolyze 20 the
produced car bonigeésimr does advantageously not occur in the reaction

m xture. On the other hand, in the case of the conventional nethods, the
reaction5is conduct ethab @hueaehtorbomte ofstheedatBorintCRs®Rr %Produced is
nmore than 100 % based on the stoichionmetric 25_anount relative gokthe
anount of the oggRABAERAl CEBRPUNGShaving. 2 mekalsoygeny GArRAn 44BXEH® he
conventi onal nethods, _the generation of free water

f which i ik
hydrol yze the pi8duged dBrBohPLIBsPBPUPLsBE & 35??8656%r8gfgn?a§%¥n&8

ti th d d i f bei N
P eteanry i o eqBs2eHoBRs GRaE AY  aceatarsbtneaPuEhBocRYlbBRLEEY: cbhn
th ti i th g hyd i . i h
dehydr at | ng ageRPURG" 38 SEPIECF PRt na grans boheLeprhdthr W thoRasbon, g
agent which is g§%§3d3§§geg%;gheaaaup¥dr9&&&5@F§Qs&ash%hgggaao@Ek@h-

conpound,” and a ati ng agent having ter adsorptivity.

Such use of 2 JEBYJLALINGLA08Ln BeUkABINARLAYCNYS RilbrARLY dbRalidl 2

conpl i cat ed steB neede but So 1n that the hydrating agent is
expensi ve. 15 TgLekqof mifiucANKeAthandhgTal RAIHOAANS ditiesl Qe AQ)) ,
tically enployed as a netho or producing a carbonic ester on a comerci al
scale. By contrast, itRakhgtepaghijonsr @dti@ofbasbepanlppetrattienmenhethich t he
present invention, the main reaction is a deconposition reaction 20 in
which a carbon ghexicder@declestert e eepanereidals roamubienddamtiogn mix-

nmet al - oxygen-carbon |inkage is thernmally deconposed to obtain a carbonic
ester. The ther ilred e RSN @ fegddhialn liigruler f(aruepd (@) )a teaxderature in
the range of from20 to 300 C. In step (1) of 25 the nethod of the present
i nvention, an al coholthet step qRande feddbwed by an restcdriosx Gfatde meacti on
may be perforned together with the above-nenti oned deconposition reaction.
Specifically, faidanmlieuithentst ep @lcohe lpardf drhyanehmn atH@igy S&RAC O a
second al cohol, 5 an al cohol exchange reaction occurs between an oxygen
carbon |inkage dfidrheniseuured comustic!ingh @ PRSaRpseddh FPMRINRG LB %He
organonet al conmpound havi ng a netal - oxygen-carbon |inkage, so that a
carboni c ester @ medEHorRHYELR-watResdddirds HbIVathT 'befcblolt%fﬁéapy 10
Alternatively, after the formation of a carbonic ester,:§§secogquéfgpol

may be @fied to neRowaa@f e yEtEh (fF Perith Mo T MK =h g reheti on,
t her eby obt ai ni ng anot her carbonic ester cqrresponding, to the _

al cohol . 15 Wt H¥lekafekqn (QF sthsp e it etqb%?%% e‘g"%%prf bt i%ﬁi&gr e made
her el nbel ow. 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.



The studies by the present inventors have shown that in step (1), a
carbonic ester is obtained by the reaction between the organonetal conpound
and carbon 20 di oxide. Therefore, the use of a second alcohol in step (1)
is optional. However, fromthe viewpoint of producing a carbonic ester in
high yield, it is preferred to use a second al cohol in step (1). The reason
for this is as follows. The thermal deconmssition re 25 action in step (1)
has a reverse reaction. Wen a sec 57 and al cohol is added to the
reaction system it is pos Bible that another equilibriumreaction
additional ly occurs Tred weedc t hen saconce@ml Cohalf artte ane tierdred £ dele®iPpoB7ti on
product other than the carbonic ester, thereby 5 inproving the yield of the
carboni c ester.sdhe tmvéntiom b$ vepreserted dehothe opelowrmet kiORred yiel d
of the carbonic ester is especially effective when the organonetal  conpound
i s conprised nefotyubd 64) or FEheomsamticmpourndaredrds aft dheoysidiadiief (2) .
On the other 10 hand, when the organonetal conpound is conprised nmainly of
an organonet al tbeppuesentpirventéonbisfeepiesertgd PretRuPELBYrum of the
t hermal deconposition reaction in step (1) is biased toward the product
syst em aAd, henmentiobregi fbdmulat h®)ecarbonic ester is considerably 15 high)
so that, in sone cases, the yield of the carbonic ester cannot be further

i nproved by the addition of a second al cohol. Wen the second al cohol
contains a |large amobunt of water, the yield of the carboni gh2mher IS

| owered. Therefore, it is preferred that the anobunt 20 of a&loposidnbail ned
in the second akgfembtdis not _nore than 0,1 CGOre2ddsitechidvantagesusty not
nore than 0. 01cémgeapdas Ia#g%oas tre—stoirchiPoBRRIPE2hnount “rel ati ve to the
amount of the organonetal conpound. \Wen t hETREEE on in step (1) is

per formed usi ng_ap, arganarel alengemiSapound represented by formula (1), (g
car bon qioxidecg ompodt M hrOduckbe organonmetal conpound represented by
formul a Pl) is thermally deconposed to produce a carbonic ester. It is well
known that a carbonic ester is produced froma dinmer of the organonetal
conpound represented by for 5 nula (1) (see ECO | NDUSTRY, Vol. 6, No. 6,
pages 11-18 (2001j). In the conventional nethod described in this
literature, a carbonic ester as well as dibutyltin oxide is produced froma
di mer of the organes®t ahqem@mpoungd Lepfese dugenenedal 1) . waesei N t he)
anount of 10 t hétaandAncstst €2) produced i S two rsimeewdes per nol ecul e of
the dimer of the organonetal conpound. The present inventors have made
extensive and intensive studies on the formation of a carbonic ester from
an organgmetal conpound. As a result, it has surprisingly 15 been found
that, when a carbon di oxi de adduct of a diner of the organonetal conpound
represented by formula (1) is thermally deconposed, a carbonic ester is
swiftly elimnated wherein the anount of the carbonic ester elimnated is
one nol ecul e per nol @tulse dafhet Inethdd atbched poeisea tadayentiop tifad an
organonet al conpound represented by fornmula (2) and/or_a carbon dioxide
adduct thereof oarthuel dbt aibdeth dm qudanamed@l senRqw Favdmdli&ohol is not
necessary. Step (2) may be conducted inmmediately after there are obtained a
carboni ¢ 25 est eretaid ety desasiaxhnn doideasd ieUqabnd oy 13 rRRfFeUE -

20 sor of a carbonic ester, and the organometal compound

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

25 carbonic ester is separated from the reaction mixture



59 consisting of an organonetal conpound represented by fornmula (2) and a
carbon di oxi de adduct thereof. Alternatively, step (2) may be conducted
after a carbonic ester is further produced fromthe obtained organonetal 5
conpound represented by fornmula (2) and/or the obtained carbon di oxide
adduct thereof. As nentioned above, it is preferred that the organonetal
conpound used in step (1) conprises at |ea¥® one conpound selected fromthe
group consi sting of organonetal conpounds respectively 10 represented by
formulae (1) and (2). It is nore pre ferred that at | east a part of the
organonet al conpouobtatedai residpal 1}idqeidn Eehhowedtby 2BnpeeRtion
represented by fornmula (1). It is still nore preferred that the organonetal
conpound used i hnsvepcliitheonesideal hbuuid cponpaindhdd BebARSRRELF
conmpound represented by fornmula (1), wherein the anpunt of _the organonet al
conpound i s expprgaremehal e¢aMPORNEhECERBANPY oFPg HEFETaﬁtGﬁ?E%ﬂ?g fied in

t he organonetal conpound. A solvent for the organonetal ¢ ound e 20
added to the rehéPRoreagtiem aEehenaddnpt| 13s #ﬁECB?gaﬂbﬁgPﬁP %ﬁ%%%ﬁﬁd

used in the present invention is generally in thg iorn1of a IL%F'd.

However , 5i n son§°c§§§§?th€eSF§§ﬁgﬁﬁt3? B%Hﬁﬁﬁﬁa f& FRTPREPE, V%?gaasolid.
Further, there is a_case where the orga onetal .25 coqgound tyrhis into a
solid form when™eRaloPE¥n8RBTSRTP%B0 gBEﬁSﬁnd Pt eI LA EO % oxi de

adduct thereof in ste 1). Such_a,phenonenon_.occyrs, f X when

di butyl tin dineﬂﬁB?Wﬁgaﬁséﬂggauﬁg %ﬁerSPaXﬁBﬁgtSPHcﬁﬁﬁgg%aa Eggkﬁ%hen t he
organonetal co und i_,s in.the 5 form.opf sQl i a r i eLCcan be
prgduced in st28%69)9fFBﬁ893F,n9h3 Ffﬁg P?? g%kgﬁé Sggagggeggﬁi%o%gound is
someti nes i nportant when._the car .G seSt.el .l $-C LAUOYS ced._

Furt her, fo?pin%38§Fn§%?ﬁ% ggtgegggkﬁg ?éaéﬁigﬁ %g%aggnuthérgﬁggﬁoﬁgtal

conpound 410 andtggrggnadhgéhggd bholgtsometines preferred that the
organonmetal conpound’is rn the formof a liquid. In such cases, step (1)

may be conduct ed US'@Heargah%EBh hokthbe ebeanaemt 8y €eBpOYNY. ofiSthe
solvent, there can be used an al cohol having the same organic group as in
15 the carboni cathel BEOYHEEprefbher Nakieyiehivn aAy Ber magoheanconaaial so be
used. Exanples of Inert solvents include hydrocarbons and ethers. Specific
exanpl es of inept ro@liv¥ealS pakttl bie the- c2ganametalledompdundablaving such as
pent ane, hexane, cycl ohexane, heptane, octane 20 and decane; C6-Czo
aromat i ¢ hydr oc gict@ns okigietr calyp ovala nkaGe- Ghéds dinursategd (dl)kyl Agsoup and/ or
a CS-Cl4 cycl oal kyl group), such as benzene, tol uene, xylene and

et hyl benzene; Cane2aesdidwadt ad qalildy lobtaliaesl byustitess (@)prodpydheemedhod

di butyl ether and di hexyl ether; C4-CZO cycloal 25 kyl ethers, such as

t et r ahydr of ur an cencthe Erasen tadagvendlioB~mgy8 oFhady Netth&eR teddn® ifing a
phenyl group having a Co-C8 substituent group, and a group selected from
the group consi stiduglofoastCPECIhenldrganpmaldla F@MPAdOba2VARg Gl kyl
group), such as anisole, ethyl phenyl ether, 5 isopropyl phenyl ether,
benzyl nmethyl etmedelaeXygat1aaArbas dginkadeassshpdt Wit (ellr}prl obé‘éfwf“gr' t he
reaction perfornmed in step (1) is generally in the rng; of fjon1rq9m
tenperature (203D qrgagmmetalyearnqunds hawidietdy MR 3o PN L R T

reaction in a short period of tine, i
20 linkége is regenerate& (resynthesized) before comple-

tion of step (3).

In the conventional methods using the equilibrium
reaction of the formula (3) above, the entire reaction
is held under equilibrium. By contrast, in the method

25 of the present invention, the equilibrium reaction of



is preferred to performthe reaction at 80 to 200 C for 10 mnutes to 500
hours. VWen the organonetal conpound has a tin atomas a netal atom there
is a great difference between the state of the tin atomcontained 15 in the
organonet al conpound before the reaction in step (1) and the state of the
tin atomcontained in the reaction mxture after step (1). This can be seen
froma conparison between the 119Sn-NVR cBart (see Fig. 4) obtained with
respect to the organonetal conpound before 20 the reaction in step (1) and
the 1i9Sn-NWR chart (see Fig. 5) obtained with respect to the reaction

m xture after sthep fobmuland dheboiver eany bes effestdivie vh 41vited Aghtoret al
conpound functions as a precursor of the carbonic ester. Figqg. shows t hat,
when both an orcaGeyartdmst aleasdripnsm il cseniey afF ot rﬁﬂ%’(’%]‘ d an

62 organonetal conpound represented by fornula (2f) are used in teéaagl),

t he or ganonet althsergduurne jéyeﬁ{fed’%ﬁlf@r%m%e(f)lqlserb%mq% Step
(1). The 1i9Sn-NWR chart shown in Fig. 5 exhibits a peak ascribed to the 5
or ganomet al corgRsnn e mekah e 1%y FeRIRAE D)2 é?ﬂftg"gie%ke%?%harf

presuned to be ascribed to a carbon di oxide add§ct Qf tgﬁ_lorg rlllorr%te%l
compounds r epr edeatiagd T5PH dilifuI ZeqMLOTWRES Ha r SRECASAS %’t’eg' ( )-Fs
performed at a 10 high tenperature (e. gq at 200 C or, ”r?re%’ré{'gi J__J,rg)SnNI\/R
chart obtained b} IPF dsppodietinpd (Rf (e (T SR S IR 53 65°1495

sonetines exhibits a peak_ ascrjbed to a.certain sy ce ppm
wher ei n t et r amet3y 10§ Pt 2P SRR T iOnét"age‘]';F"?’Ll]gSnr?’{\l%§rze n;(?zg)si s. 15

However, when th thod of . the pres | hwent. | Sn T epeal edl-ye PREA QL ME,
it is preferredthat® Pt o (T"nﬁ;éf‘se% 1%“‘%%%% bried under conditions

wherein the forpmtion. of e; [ Sbst aRCEneXha bt bhp8s 8- peak
around 100 ppm‘éja%nb%fs%pé)ér%bs@gf, eo%]? e&?(gg%ti on 20 in step (1) is

per formpd usi ng, An, add A NEs f Oha SHEPEESTLALRA Ny 94 pRELEINGT al Brbonic

above- i oned ance exhrbrting a peak around 100 ppm Wth respect to

the amount of ogthon figii 6Re HoSByIBE AeRekien im Shesp () it peid of ed af

roomtenpera 25°ture it suffices if is used in an anount which 63
i's the stoichi | abhYeihPehheonrnoanteof theeraggaapatiah
conpound used ?'ﬁgg‘%g ?%)m%-lo%\g%/er, when the reaction in step (1) is
perfornmed at a LenpRr8tyaRombisel E6mpbgharnabaéngr aometalporgyeneca2dol) 5
under conditions wherein the anount of carbon dioxide is the stoichionetric
amount rel ativelifkhge, agRenbrohndhetalgaonpetall cenpbendegowdred dvep (1),
the rate of the addition bonding of carbon dioxide to the organonetal
conmpoundssonet | geAobEAgNRatEeLy Fumthen, timteade d0ep a0€ bprethethedndfion
of the carbonic ester is markedly | owered. The pressure enployed for the
reaction performad pmestep (tyentigenethel pperafiannsepRditionsr £88uPe t o
200 MPa, preferably from atnospheric pressure to 100 MPa, wherein, if
desired, the reeesidy ppylidzed pur hpPre@TdRiLEEYi AIPSAVANTy CRAY e ional
carbon dioxide into the reaction systemor wthdraw ng a part of carbon

di oxi de from t h&éippadt teshnyquem ofheheRicaduE¥PSRest ad(fl%ﬂhor’?efl 02 on

di oxide into the reaction system may be conducted either intermtit ly or
continuously. 28n@gheheirting.cEHLELARS bPTERECIHENS ?ngf dt S eryéa‘g'tsleio%&ll'

m xture that a desired carboni c_ester has been obtai i
fini she®0 For exanpl 8 @ReR*PRBLEaPHoAR: &SP miegagb'?:al ﬁé’z&?ﬁh&n@i&%uant

which is 5 ~ or |ess, based on EPhe t.ol. chi onetri ¢ a 8l gjd UG d 0 25 the
amount of the ofM§HAdTEIIeCGIHTRE S“Q‘t“é{r?g(elglrﬁr%iy ne% (1)

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



64 finished. The reaction m xture may be taken out fromthe reactor, either
after the pressure in the reactor is reduced to atnospheric pressure, or

wi thout | owering the pressure in the reactor. Wen step (1), step (2) 5 and
step (3) are perforned in separate reactors, the reaction m xture may be
continuously circulated by, for exanple, a nethod in which the reaction

m xture after step (3) is fed to the reacBa@r for step (1); the reaction

m xture contained in the reactor for step (1) is 10 fed to the reactor for
step (2); and the reaction mx ture contained in the reactor for step (2)
is fed to the peauporohsisstieg 2. The circul ation of the reaction mxture
is preferred fromthe viewpoi nt of reducing the anount, of rb di qxi de
purged from the reaenlbrgenofetals cOPPOERH WﬁPEﬁsﬁ&§eéaP§b%%§i%%ﬁm? illed
therein. The reaction m xture obtained at conpletion of each step may be
cool ed or heatdd.):Wen the reaction mxture is cooled, the reaction m xture
may be forcibly cooled or allowed to cool spontaneously. As 20 descri bed
below, if desired, step (1) for synthesizing a carbonic ester and step (2)
for separating the synthesized carbonic ester can be sinultaneously
performed. Step (2) of the nethod of the present invention is a step in

whi ch the carbonic ester is separated from 25 the reacti on m xture obtai ned
in step (1). As de 65 scri bed above,((ﬂfﬁ@e production of a carbonic
ester from carbon di oxi de and an al coholl by a conventional nethod using the
reaction of forrmula (3), water aspiell $_a(@ﬂ§ onic ester is formed, and
the water is con s tacted with an adsorhent ‘or a‘dehydrating agent to re
nove the water fromthe reaction systemlaot hereby displacing the equilibrium
of the reaction toward the product syst Theoretically, the anmount of a
carboni c ester produced can al so be increased by continu 10 ously renoving
the prodgced carbonic ester fromthe re action systemso as to displace the
equi librrum of the reaction toward the product system However, in the
conventional nethod, when the produced carbonic ester is renoved fromthe
reaction system water produced by 15 the reaction is accunmul ated in the
reaction system As is well known in the art, if water is accunulated in
the reaction system the catalyst is hydrolyzed by the waterlland | oses its
catal yst activity. Theebyihol yzed catal yst has very poor solubility in the
sol vent and, 20 hence, poses a problemin that, in a subse uentégghy
dration step performed Misirepreseadsoapmesadlc Gitgin Sete€teFd &I &dtat al yst

causes cl oggi ng of the adsorption columm. _Further here has nat n a
net hod flor regener at srguPheoeaigkiag RﬁiEﬁeﬂﬁgtFOEF&PP§188tgPy§F°§§g25
tivity by the hydrolysis thereof. For this.reas in .1 he _conventi onal
net hods, it has been4i apésdtbPé FBee?FF&PEﬁFI3a§38ar§§81? ébgrg uced
carbonic ester fromthe reaction mxture. In step (2) of the nmethod of the
present invention, 55&1d6A%éntional method for separating the carbonic

Thecarboni ¢ est or 11 one4% Fogkt YL Ml X EReaeons o eres e any of |
sol vent extraction, distilhaticgn and MR d idieili ekyaagavp wai ch is
15 Cg-C12 cycloalkyl group, a straight chain or
branched C5-Cj12 alkenyl group, a C7-Cpp aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group

consisting of straight chain or branched C1-Cjg4

20 alkyl and Cg-C14 cycloalkyl, or an unsubstituted




10 well known in the art. As a preferred exanple of an extraction solvent,
thére can be nentioned a solvent having no reactivity to the carbonic
ester. Exanples of such solvents include aliphatic and alicyclic

hydr ocar bons, such as hexane and cycl ohexane; hal ogenated 15 hydrocarbons,
such as chloroform dichloromethane and trichl oronet hyl ene; aromatic

hydr ocar bons, such as benzene, toluene and3¥hl orobenzene; and ethers, such
as diethyl ether and anisole. Wen an al cohol having four or |ess carbon
atonms 20 is used as a second al cohol in ste ep % ,_or when a secand al cohol
is not used in step 94)SuRRittHEE’S JamicrRe AT ELPOURY has an organi ¢ group
having four or |ess carbon atong, the garbonic ester can be separated, by
distillation, directlye@chrofh& réﬁ@tRonl%¢%@%?@e%B%$Jﬁ%ﬂr?gePE Ssfep (1).
In this case, it is preferred th t the

, 7 d
carboni ¢ ester (such®&sadghbiFRA %a?%dﬂ%?%p%égd$gP%§¥e%%f%lpr?g§8ﬁav:igaa
boi | t of 100 C | The tillat db
conventi bnal et hod. % L {#%g'irh.%? P AFFaTonE BREARLOEC Y D
any of a dlstlllatl gﬁ%atl% iﬁeR fs§£6&§ph°9|été%gséﬁoargﬂger

reduced pressure, er su ericp and a
thin fl|ﬁ]dlStl||atI0n each of mh ch S h e
tenperature for the Kyd 95OPR| FATRBRH é %gﬁééaﬁﬁgwgthge&2§r %hﬁﬁgm
preferably from-20 0 The, t abiR lngglggtggrgggﬁeghglther in
t he presence of a so ven? Cg:% P*%c?#éeédlgtlllatlon In step (2), if

desired, a third alcggghgnggnpfséﬁ #589'syﬁgﬂgﬁttQhﬁgnabfoﬁghnbﬁeédded to

the reaction system exc € reac n occurs between the carbonic

ester obtained in Steﬁ é}é ag 1hsnahcgdcghce?ehoamkymerahu obtain a
carboni c ester whi ch has d|f¥erent nunbér of carbon atons fromthat of

the carhgnic 20 ester Q@i nfd 4 st &P (sl)an thfredur renderdmm ito easy to
separate a carbonic ester fromthe reaction mxture. This nethod using a
third al cohol is preferagly gngl oyedawhesst heafiar BonisC aAstiateqktraofied i n
step (1) has nine or nore carbon atons and the carbonic ester sepa25 rated
in step (2) has sevegrem bess g4arhaa atens. +Thi $ 4 ss4pewhdd is nore
preferably enpl oyed when the carbonic ester separated in step (2) is

di met hyl carbonate. Zheogpgatbinethlt Bempbund zkepoeskentieddbiyn tieefofilias 1
to 1,000 times the stoichionetric amount relative to the 5 anmount of the
organonet al congaynd used in step (1). The tenperature enployed for the
ester exchange reaction is preferably in the range of fromroomtenperature
(about 26 C) to 200 C. Taking into consideration the desired rate of the
ester exchange reaction and the 10 occurrence of a deconposition reaction
of the carbonic ester at a high ti )aturggithe t enper at ure enpl oyed for
the ester exchange reaction is no réferﬂ Iy in the range of from50 to
150 C. In the ester exchange reactilgn, a conventyonal catalgfg may be used.
The es 15 ter exchange react Rogar Thé) 56 F‘ﬂ$Qﬁ of the c oni c ester
fromthe reaction m xture nmay be c nducted in a batchw se manner or
si mul t aneously. As a nethod for seR_ ating( (DR_:Farbonlc ester fromthe
reaction mxture after the ester exchange re

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

riodic Table, exclusive of silicon;



20 action, any of the above-nentioned separation nethods (such as sol vent
extractiron, distillation and nenbrane filtration) can be used. Most
preferred is a reactive distillation in which the ester exchange and the
separation of the carbonic fromthe reaction mxture 25 are sinultaneously
conduct ed. 69 Before the separation of the carbonic ester fromthe
reaction mixture by extraction, distillati®h or the |ike, the organonetal
conmpound remai ni ng unreacted and a thermal deconposition product of the
organonetal com5 pound may be genpoyed fromthe reactiqon m xture. For

exanpl e, the carbonic €gchr ofaR beRobtRi ey By (RECPSPOSRItY FEPTET. Wat er

or a solvent containing water i s, added to the reacti I xture her eby

obtain a white sl urr‘i@n%%!?o‘ét_:?%lg]?ﬁ"e %F%Jrrl’ yoﬁr%r?%%ﬂﬁ%a;dénjoiéﬂlﬁg%on 10 to

Gi'stil1ation or the $REE, e S bbTee BB L bW ot vt dlhion

recovery even when the grbon%c esﬁe& gasca b iké 1 P9L8Lp Of & gC%$an 100
TPREDF 12 ho veg, A&l hief

C. The water used me§ He™afy waterli2y i's red to
use distilled water or de jonized water, The n ed.in step
(2) is génerally 1 t%rﬁbbyii%E%u?h8°§?5+%ﬁ&oﬂggﬁﬁgaggéﬁﬁﬁ{géIg?iggbto t he
anount of the organongt al QunRd U i t ) se2@cfh8 apBMntnhef water
needed for separatingF%ﬁ%tgﬁpgéc?éa %?géngﬂétngg%nggugﬁ fromthe reaction

m xture by phase separation is.at.mpsf-1_t] AL9Y8 8% bPEnched
st oi chi ometric anDun?r?gPa??%%lg%lgﬁeggn%E%?Eggﬁthe or ganonetal compound

used in step (1). However, hegausandSchbe,gachenba1rgler opr aduaadubn step
(1) is hydrophobic, ~0"I't is” preferréd %o add water to the reaction
mxture in an anmount gphigReliSogeyabakituiea ag-tapgargs gheup;
10 each of R® and R° independently represents a
straight chain or branched Cj;-Cjz alkyl group., a
Cs5-C13 cycloalkyl group, a straight chain or
branched C,-Cj; alkenyl group, or a C7-Cpq aral-

kyl group comprised of unsubstituted or substi-

15 tuted Cg-Cig aryl and alkyl selected from the
group consisting of straight chain or branched
C;-C14 alkyl and C5-Cjg4 cycloalkyl; and
e + f=01to02, g+ h=0 to 2, each of 1 and
j is independently an integer of from l 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



stoichionetric amount relative to the anount of the or ganonetal conpound
used in'step (1), thereby enabling 5 separation not only of the unreacted
organonmet al com pound but al so of the carbonic ester fromthe reaction

m xture by phase separation. The tenperature of water used in step (2) is a
tenperature at which the water is not solidified in the 10 reaction

m xture. Specifically, the tenperature of W& ter is generally in the range
of from-20 to 100 C, preferably fromO to 100 C, nore preferably from 10
to 80 C. Fromthe viewoint of preventing the carbonic ester from being
hydr ol yzed, theifefSel8asite OBF KT8y sedected: fromypbhe greper song st inge
range of from 10 to 50 C. A solvent nay qQr, may not be used in conhi nation
with water. WeRfa3sBRPERETIE FOIH i ATc OHHIRERTIR KOLR wét BPLYFELLS

preferred to usg a sol vent havinﬂ qp ac tivity to the carbonic ester. In

the case where &°%Bc38¢ 3Rd 2550 GFL%Gggh in step (1), when water is used
in the formof a solytion thereof ipn an al coho ich is the sane t he
second al cohol used FA°Et & P&)?nthgesgBﬁwgg?oLlX?a? ehséFV£H? ffbﬁﬁFhe

ti i Xt b .V i | | i d._i t 2) 25
oot o 4n g i SO 0 MG B A LRI o B3R (2

af t erconpi et 0F Ol i3 Bh The®HEIAIB IS AN o £/ Bhnelnt A BB e

reacti on m xtur & Wwhere er I's used i he form of a solution

thereof in an alt%O@?lotu\[e%Lcig int%htlhle o%a%easPaQri%ﬁq.%t Tia%ltghe er:ﬁ:g.%tsiig% %f any

nixture. The distil a e reaction mxture can be conduct
of a distillatign ypdel. apg0sRNBELECREESSUAG: BabhSbE! Ul iwh dindlap hgduced
pressure, a dis tillation under superatnospheric pressure, and a thin
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 R°>, R®,

15 R’ and R® in the formula (2) include C1~-C12 aliphatic
hydrocarbon groups and Cg-Cj, alicyclic hydrocarbon
groups, such as a methyl group, an ethyl group, an n-
propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a 2-butenyl group, a pentyl group, 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-Cpg aralkyl
groups, such as a benzyl group and a phenylethyl group:

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

25 group and a naphthyl group. Rl, Rz, R5, R6, R’ and R®



10 filmdistillation, each of which is well known in the art. The
distillation can be conducted at a tenperature of from-20C to the boiling
poi nt of the carbonic ester and/or al cohol, preferably from50 Cto the
boiling point of the carbonic 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 follow ng op¥ ation nmay be con ducted. To the
reaction mxture after step (1) is added water and/or an extraction sol vent
to obtain a 20 m xture having an oil phase which coq%g{ns he carbonic
ester. The oi|l phaseotslimhtedttd FRese AR kedr e OF JNOBRPYK recovery of
the carbonic ester fromthe oil phase. By the nethod of the_present

i nvention, not ®enyiened SV%%%%ri%oﬁ%Fb%¥¥¥le§F%?p%u?r%IQBGggrﬁgén%%?ric
car 72 bonic ester can be, produced. In.the gase.of,t d i f an
asymetric car b®hFa18REerha{M 1t n %F%Bﬁeeﬁif ﬁa?l%%%h€§?8g85§%%e@§f§
carbonic ester is first produced, and_the(gégduc d synnetriquﬁg%ggnjc ester
is 5 then subj cB¥efersedn CHUPLRNEE PR ITHPID DrAWCEHh "Ny mmet ri ¢
carbonic ester. On the other hand, in the 1hq§zofsthﬁ%prﬁseggdiﬁwpntion,
an asymmBtric chiBBAfcaBeYercRBnPEeUEPReBfl § pridduded. XThefefdre, " the

nmet hod of the present invention js advant r t L i nt of
reduci ng the enBPﬁ?vﬁﬁstwgﬁﬁ ?Bahcgﬁﬁupﬁeﬁgggﬁéi%yeg%%gfrﬂgTFE%mggst. I'n

the nmethod of the_present inyventjons ap.a hG r k¢pesat ehatan be
produced as fol F8 PnE?EPgﬁa?anggggé %§d§¥gg§@%Fg?§§iggggs an exgnple t he

case whore the o ganoNThal,con 18.PaUAd RAB AL LEABbuARCahupezOknal koxy

group. Wen the ganomet'a oun In step has two different

Lypes of al koxy graups, 38y38¢MIPLALE oA AIErSE8bnEaN 186 Pl RdiGSLes
BFes a¥ a a I

Wi t hout use of ol’s secon cohol and a third al cohol) I n steps
t ger

(1) andy(2). N g0gbhg,glRerynafie Misfaide( £f GO anccatPoundensed in
step (1) "has onPy one ?ype 6% al koxy group, an asymet ric carbonic ester

can be produced shym@ardyel)i agciu@e €})»Cip a4 phatdenty dobcarbaine gronps
(second al cohol) having an organic group which is different fromthe al koxy
25 group of the apg@Reybalaldeyedded hydr ooy rbond gsoups . SP®hs@Ep3d(2) in the
presence of an al cohol (third al cohol) having an organic group which is

different from klaanglik@oougy,0an e@fthiylle guoganomet al- propydusFoukur Bfer, in
each of the case where the organonetal conpound used in
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; and C7-Cpg aralkyl groups, such as a ben-

3 4 9 10
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-



5 step (1) has only one type of al koxy group and the case where the
organonet al conpound used in step (1) has two different types of al koxy
groups, an asynmetric carbonic ester can al so be produced by conducting
step (1) in the presence of two different al cohols (second alco 10 hol s),
or by conducting step (2) in the presence of two different alcohols (third
al cohol s). When two different alcohols are3lsed, the stoichionetric ratio
of the two al cohols varies depending on the types of the two al cohol s;
however, the stoichionetric ratio is gener 15 ally in_the %gn g.gfnfign12:8
to 8:2, whereinhesrhosy) the. afbORRSXBAIPRENPFB AN cohBFE2ME X% 85888 Pn
terns of the stoichionetric anount relative t tge a ung gLaEhg ro-

or ganonet al conﬁ@ﬁﬁﬂ?tVﬁéﬁlFPnPEeinF%EH%Hr?BYng g3t 8n A&yhfietYPE°car boni ¢
ester in aratio which lar 20 ger.  than that a, [ nis¢ _ester,
it is preferredPYhﬁ%tPﬂét§to?&ﬁ?Bﬁ¥}??B éT?g£8§l§%gn$%Beg %gﬁgﬁsh?s as
close to 1 as possible. Specifically, the stoigchio I 1.0 Qf _the two
al cohol s is pref&RaBLein fﬁELViﬁbéXSFYEPﬁﬁwg%gOfggg&ﬁ?ﬁxgﬁghprggerably in
the 25 range of from4:6 to 6:4. en the 0 I QG ] 74.asymetric
car boni cSest er wgtagFFanéapagPﬂ§¥$ﬁo éﬁw?§§§%¥9§|§§R§Fg§%ﬁféhé§re used in

excess amounts (Lof exanplo, GmoUnLs cagl.al Wi chakfethyheast al@chies the

stoichionetric anoun the or s ganoneta

compound), it becgnes SSi o] [ i Fal Nigg ceS Q-
mp ) ggetsgl%eQb§%lgg 9&%F%H§Bxiﬁ%ﬁnﬁﬂﬁthQQEQﬁ 3g gl

having two diffeP& es 0 X ps corresponding to the two

al cohols, irres hye.af t f; ot B8 sbK@Xhyval-aup ek 1oka gengamanet a
conmpound used iﬁ%g&%é§6%ff ?%ggéggéﬁépionsgf 10 the asyn#étric car boni c

ester fromthe %Egéﬁhqqnphﬁi&gﬁe §Ppggﬂgqn@gﬁhQﬂybki@nﬁiﬁbn&bﬂomﬁwhqu

(such as sol ven raction, distillation and menbrane filtration)

descri bg¢) above i} \GARMRGHIAR Wilda tHoxA de?) melthyTaiit yaases dirahoxilde an
asynmetric carbonic ester but also a 15 symmetric carbonic ester is

produced. |In such (G3sAS.1 -Hesky1Qxvae the xgRritalyi 1o tyay ive,  aertdhyditedy ItHe
asymmetric and symretric carbonic esters are separated fromthe reaction

m xture to obtaigy prropRuid@enl nldthiyibuthile: ias yinettraxc dear bertihy ldutterl §i
separated fromthe symret 20 ric carbonic ester. The symetric carbonic
ester is either gisqed eyl theutesiidies), Imeguiyd, butatltowe dipenstepxizie. or
returned to step (1) or (2). Step (3) is a step of synthesizing
(regenerating) afetrydanongitain chitpougridtials ngret sl tobdAde i@ B 25

| i nkage. A conpound contained in the residual |iquid 75 obtai ned after
the separmtion dfesshieciatdomethasttortybtist apig @ - ¢ gener8¥¥L 9% 4%k f or m
of a transparent liquid, but sonmetines in the formof_ a solid. Arrq@geptive
of the type of tirtlywkintafltie GRHRRARY 1R oMS HOUHEE Ea bt n
step (3) for form ng an organone tal conmpound, rgﬁ?c ound in the residual
li qui d obt ai ned kd¥kde ¢ Hee' ?%I?Wjoti‘g’]fo%)‘b’a‘?b %abr%fle in step (2) is

generally, in he Joum el St s, Fol cxprple, Ao sesigel L uld docs

et DU O eSO R LY, b LApRI o 0 e ol genis o

oL hohtby b SpShehbexEREROHOty By B LBchprhshal Liauag.has 15
butoxide, methyl(2-ethylhexyl)tin bis(2-ethyl-1-
butoxide), methyl(2-ethylhexyl)tin dipentyloxide,
methyl(2-ethylhexyl)tin dihexyloxide, methyl(2-ethyl-
hexyl)tin dicyclohexyloxide, methyl(2-ethylhexyl)tin

25 bis(2-ethyl-1l-hexyloxide), methyl(2-ethylhexyl)tin di-



been found that, by performng the reaction in step (3) of the nmethod of
the present invention, there can be obtai ned an organonetal conpound havi ng
a netal - oxygen -carbon |inkage, such as an organonetal conpound repre 20
sented by fornmula (1) and/or an organonetal conpound represented by fornula
(2). Step (3) conprises reacting the residual liquid obtained in step (2)
with a first alcohol to format |east one otffanonetal conpound having a

nmet al - oxygen 25 -carbon |inkage and form water and renovi ng the water 76

ratrors ) o ST SASR b e i o
5, el ol S ﬁféﬁﬁz‘f@?ﬁ;ﬁsle
o ! pE oy béﬁa%j i) 2 dehesa Laser §Cl%§g%panol
ettt P ol A iR A
?LEFBSLSC%aESbaused astsfﬂ St %%ﬁﬂqf@)egarrp}[ es po’I ytﬁ“lly%fl% al cohol s
pol yhydri c al coho @ikpé@ui %ﬂgt%{%lgz;le gkﬂ/ ﬁ]%"it%gfrj%paneqé}tfﬂfy&ﬁfl_

1, 2- propanedi ol ,p, pﬂﬁﬁqﬂ%% 2 k¥ hexv-
polyhydrlc alcohé%y such as enzene dlne ano?fgg# de5|redﬁEpr|or ?% use
of any 20 of the,aboye- W&P@ﬁe@ﬂfﬂ@i 1) 600 SR Shekl Bk1da, then of

t he al cohol may be conduct ed purifying the al cohol or adjusting the

concentration oftfhe; al ohlex 1t b Ss 25@%K¥IH1 -héxyBoRi @ £l re@-to use
an al cohol haV|nd§a boi |l i'ng p0|n?ﬂ%f 300V C or less as %easureg 25 under

at mosphetg c pres\syliez St Hdrey V) el NhrOperfEoxidd, epseyl (2t denyeroval of
water in step (3), is nore preferred to use at | east one al cohol

sel ect ed fromthee;gypupmomswé:ﬁzylgo:oida bdrt amobyt ¥ 5pbin adixhe taox addy|

al cohol having five or nore carbon atons and an aral kyl 5 al cohol having
five or nore cardbmabobtgltiM ] Miesipecide p 2 hetlsyl ulthexy bdxyme birgrenonet a
conmpound obtai ned by using a polyhydric alcohol as a first alcohol in step
(3), there is nodpamtbhetyh)tinnidatn opntFbtivkadppeoporider gdhbmet al
conpound may be 10 conprised of at |east one nenber selected fromthe group
consi sting of a bubsl) tikedipebewtde of dhtn opgembhbirl bEdhpotblyepr esent ed
by fornmula (1) and a crosslinked product of an organonetal conpound
represent®d by flwhekhdeD) . dibn Thetwhbihe @iP@%EYg@¥%@eal@%h@TbQEEH)thstep
(3) is preferably 1 to 10,000 times, nore preferably 2 to 100 tines, the
stoi chiometric afberyrerhdevedi bnrpetBhbtie & CY RLoBpyEhSTEL Sl ¢5Mound

d \Wh f
b s, §1?@%4?&?%2&9%@22&&1?%2 Sxktleldnby” allni SRERLSPRRIRA 2°
i dual | d obt b t t
of “an"al cohol T BECRTLRAES st FLRrhULT UF oSSk PRaPOBhBL Bt “of ¢ he
al cohol in the rﬁ%kgf?r t g+dt§800 s Wb thiguthe) £PnaRPYERORNELONEY (Fange
| S

of the anbunt of
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



78 hol. Alternatively, the alcohol present in the residual liquid nmay be
renoved. The renoval of water in step (3) can be perforned by any
conventional nethod. For exanple, the renoval 5 of water in step (3) can be
performed by any of distillation, a nethod using a dehydration colum
filled wth a solid dehydrating agent, and a nmet hod usi ng nmenbrane
separation (such as pervaporation). Among ¥*hem distillation and a nethod
usi ng nmenbrane separation (such 10 as pervaporation) are preferred. It is

wel | known that pervaporation can be used for the re Va‘{)jré; wa%elrni n an
al cohol . In th@@@s@#oxmntqmﬂe%%&%ﬁ’ﬁ’r}%ﬁﬁ{%e apt Y used. In
t he case of an al cohol having a boiljng pojnt higher than that ter,
the re 15 novalbid (g Ery} i 1HRXBIGEH) ¢ E<€He$‘2)‘fglb R ’r‘f%"%@r‘e’?%lrgn%d by

distillation under heating. On the other hand, in the case .an hol
having a boili nrgd@oi%m%t%fhawﬁmer&f%%’? ,aﬁe&r%n%%ﬂ%ﬁ 7 %’? in
t he al cohol can al so be perforned by a distillation tech 20 nique in which
a sol vent form #7jleRi@@eotropic mixture with water is used. The tenperature

enpl oyed for the reaction perforned in ste 3).varies i t he
type of ®he first al%’é"l’fb?l%%e%l’? PoRRvEPete eé?“)' ouer#% ur ?g;g%{éﬁ%ri ally

fromroomtenperature ( CQ.to 300 C W : -in
step (3) is per?%?‘ﬁ‘égabggbi%??Y?af?%%‘,ld?h%f]t(gé%%%Ség%?légggn%?%yggd}l\%%gtihe

distillation is ng%ﬁgag%gég %Xegi nmted 59 'ong as water has a vapor

pressure at t he®¥ enft s infended to 5 conplete the reaction

n step (3) in g shart period.of:!i . yodgenakyBspbanhexarassUre, it i

preferred that ISt ron i's conducted under conditions wherein the
tenperature of th apo V10l St thopaLathbe-azeotropic

t enperat ure of &aﬁég’gngegﬁégﬁgygtlavégh%%§hgl? V%enbmater and the first

al cohol ,do not i kxture, it is preferred that the
distillégion isgg%ggggygégg?égﬁgﬁggFfing poi nt of water. Wen it is
intended to CO”RL@R%,%h%eE%thkgm-hn3sa@etﬁ8kyhmsaa&hekhae.period of tine,
the distillation nmay be con 15 ducted, using an autoclave, at a tenperature
hi gher than thejbqi ki AgtRerabudk1t-he stidisutakgdisitaonowaner, Wwhil.é .gradual | y
renoving water in the vapor phase. Wen the tenperature enpl oyed for the
reaction perf or red rabudtyap 1(,3)- biis (@xertdyd-i -buglkxyi)diss anpesEinges 20

possi ble that a thermal deconposition of the organonetal conpound occurs.

I n such cases, a,li,qui3d tearadutiyig lwat-di prep oy dishand@ ¥ er.educed pressure
distillation or the like. Even when the first alcohol does not forman 25
azeot r ogisc m xt ur,a \8,t3h beetrevou bydt-dr, 3cdid ped tydipgvad SHpNNog@ereot r opi ©
distillation in which a solvent form ng an azeotropic mxture wth mg§er IS
used. This nethdd 1. (B-efedmeditsiinde Ivatidex gAY isdiiregane o 1 dw 3>~
tenperature. Exanpl es of solvents which forman azeotropi.c 5 nmxture with
wat er i ncl ude urtstmatarted dnd SHisUraedd HydrRERTSRY,) HRIFHRCHE Gne,

benzene, toluene, xylene, naphthal ene; ethers, such as..a |éan{oex

1, 4- di oxane; and- e W%W%’é&r%‘&fﬁy%%?a?? R oror M om t he

i xtare af ter  adkotrop ok SRR or Lo A PR P00, P €

ol ubi | 149, Vet shiok & SO T, Yol AT B RIMSHIREL The <ol vent

oot Aot Sl 11813 Yo dradiflnfE T PF- ERLR AR S tadndRaRY 20 DY
1,1,3,3-tetraphenyl-1,3-di-butoxydistannoxane, 1,1,3,3-
tetraphenyl—l,3—bis(2-ethyl~l—butoxy)distannoxane,
1,1,3,3-tetraphenyl-1,3-dipropoxydistannoxane,

25 l,l,3,3-tetraphenyl—1,3-dipentyloxydistannoxane,



lation. It is preferred to use a distillation colum for the azeotropic
distillation because the solvent can be recycled to the reaction system
after separating the solvent fromthe azeotropic mxture in the
distillation 20 colum and, hence, the anount of the solvent can be reduced
to arelatively small one. By performng the reaction in step (3), there
can be obtained, for exanple, at |east onet®rganonetal conpound sel ected
fromthe group consisting of an or 25 ganonetal conpound represented by
formula (1) and an 81 organonetal conpound represented by formula (2).
When the reacti dnli . 3rbptrapherythes3 adsheyeloRedeshpRBS¥aAB - water is
generated, step (3) can be finished. When a sequence of steps (1) to (4) is
re5 peated one &rlpdrd-tehEaPheREl atpdinkief 2t ¥hrbonic ester obtained in
step (1) varies depending, on the anbunt of water which is renoved in step
(3). Therefore,hPFYigxﬁPg%%F?%HOFﬂ%? A€ anount of water renoved in step
(3) is as large_as gossible. 10 Gbneralli, tﬂg anngntxgt ¥ater renoved in
step (3) is 0.0} to313tFRETaRNPRY jolad - LhEYGHORGFY SPXRALEF2PPOHAREd by t he
reaction_in step wherein the t of mate%?groduced i.s theoretically

cal cul at 8d based gﬁ)?ﬁ% %E%ﬂﬁﬁ??%ﬁfgﬁgﬁ SR ARC bP §afidHRPRIE oRBEURE repre
cases the amouReoer hater SpRREYCRE: AneetptiaTErenr e RT SRt T ar ge
"h step (3). AstaL GRUPPIBRS: RERsFuARaD aaatheh; bRt toRk, iR, EFC ("
R e B R L S T

repeat ed one or ' , un L £89%¢dcbRootigRs( Fhikh | ess
t han t he annunt°595§8%§?E§e35§§°g§§feghgé?rﬁgs?ﬂg reactfonpin mﬁichlthe

or ganongpal 82reOBBAMBE 81 RLOHYEeHabl 8Mndy bUEYLiEEE . OXA Tige RS 8e 8 CONOI .
When, in step (2), water is added to the reaction systemfor separating the

carbonic ester, oirhahdme@HBt LBRPoNAGSI PhBriBahtaawbit eosalild gant abdiveg
water is 5 obtained and the anmobunt of water renoved in step (3) is nore
than 1 time thepahoye- BBRhiABEIbYhaOEBhireak iaARUNhehoBat er. gpr,oduced by the
reaction in step (3). Wen a sequence of steps (1) to (4) is repeated one
or nore tines, methedddkkcetibedt ancabevharatanthNor.ebi6¢24210 Amowihti chf

wat er produced by the reaction perforned in step (3) because the structure
of the organoneidbutgipdnndxabieai redadtbbplshepifd) 4has motrey earipeen
identified. In this case, the change (with tinme) in anount of water which
is renovéd i s measmsedndVhesoilvens eahibitfingned by eoh&opyayiitdmwgterhat

al nost no nore water is renoved, step %3) may be finished. After conpletion
of step (3), if ageshizgd &rgexbesstansdAecsf at KeagtdoRol amdy the r&fied.
From the viewpoint of inproving the purity of the carbonic ester 20

obtai ned i n stefpant) isnsphdecisé \nﬁeﬂé%lﬁéaﬁréﬁee dhegsedys oPrRrifg @R i s
repeated one or nore tines, it is preferred to renove an excess anoynt. of
the al cohol . W&ERACHEO8FENEPLTABY 38 QL8FTPHELPep COTP IR FERTHTEES (1)

et fhoe wnet Topmdie 11)°0eleS rd L8072-hehtl3nbEPEALER 088" T e
20 ment (i.e., Dutch Patent No. 6612421) describes that
this method cannot be employed for obtaining an or-
ganometal compound having a C;-C; alkoxy group and that
an organometal compound having a C;-C; alkoxy group can

be obtained from dibutyltin chloride and sodium alcoho-

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



83 al cohol after step (3) may not be perforned. Further, an appropriate
anount of the al cohol nmay be added to the reaction systemafter step (3).
The renoval of an excess anount of the al cohol can 5 be perfornmed as

foll ows. When the organonetal conmpound obtained in step (3) is in the form
of a solid, the al cohol can be renoved as a filtrate obtained by
filtration. On the other hand, when the origanometal conpound obtained in
step (3) is in the formof a liquid, the 10 renoval of the al cohol can be
perfornmed by reduced pressure distillation, or by a nethod in which an
inert gas, suchtle preserfeninventqis odiedtPs MLt HP Y CERAL soPY helf - t he

al cohol is renoved in an anount which corresponds to the vapoy essure of
the al cohol. | rP}¢wing @ geetked @eserBred nk? tIRRYCTH P ETR i%ﬁl‘@%'s i's
not conpletely dried, a disadvantage is likely to occur Xheiein t he N
organonet al conpbemdi®s AYRF 0P8R aARS dLERAPOER LA HERE S RRLAFAEXPReNGNd an

al cohol, so that the anpbunt of the carbonic esteé obtai ned b Eecgﬁaction

t
20 in step (1) ?%01ndo28343 WHRPES LLRPBNTREHINST P ?E?a?%m%ﬁ? i $°T epeat ed
ti , b t ly | d t £ b
borfor e of ¢ hepowBAL ERRLREPYLEE T¥ SOEREERI AL Fhnhal hEGEbae AL above,
i f desired, st (1 d (2).25 il t | o, if
desirad - ga SPEHSSI2FaA PAFORSR i RY ARNGRE il Ml RaD. !

steps (1) 0 (3], 1802l 50, BSRUILL AMERiELUREALPUIEC, WIS, caspssy 1o stch

si mul t aneous pe anations are nade herei nbel ow.

5 (The case where stepgu&&)?gng @g%%&gﬁegk%#t aneQLSd YaRSrd orapddr Wt h

respect to the Pe3cPi on perfor e there are two cases: one is

the case where Lauigd,1 a aROhePhA%Ee 8t8upr 8a8Nbeddbi-ng the
perform ance ofa?héﬂggg%t?gﬁggﬁﬁgtggv??¥, ang theﬁo?hegﬁis theecase wher e

carbon gpoxide 43,haq3 §Hﬁe&§BhE%$€&n35§EQeunﬁethahem hAEPAEaLUEe and hi gh
pressure condi tions ang the reaction mxture fornms a hOITDgeneOUS m xt ure.

15 Steps (1) andg(RhowaNtREtSi HHl taBROHSkLYsBEr hetARHoLNahde hexatewfere a
| i quid phase and a vapor phase are present during the performance of the

reaction in steg fhihimbfA bBiSiagSazebhi€opeactiiGretenpetaé upeeaadtr aet i on
pressure vary depending on the type of an al koxy 20 group contained in the
or ganonet al conpedrérantatrbeuhgpeeotednyalfoohd tiwaen dy ahdsholethodused.
However, the reaction tenperature is generally 200 C or less and the
reaction pressuthe sefoVBd of keser The ber peodocmed:t eevieds thioglghsdhgbi ity
in carbon dioxide and, 25 hence, a part of the carbonic ester is dissolved
in the 15 methanol/hexane mixture has a boiling point lower than
that of water. Based on this finding, the present in-
ventors have developed a method for producing an or-
ganometal compound from an alcohol having a boiling
point 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 obtain a large amount of an organometal compound

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



85 vapor phase. Therefore, by performng the reaction in step (1) while
w thdrawi ng a part of the vapor phase, the carbonic ester can be separated
fromthe reaction mxture. 5 (The case where steps (2) and (3) are
si mul t aneously perforned) Steps (2) and (3) can be sinultaneously perforned
when the organonetal conmpound is obtained froman alco 10 hol having a
boi Il i ng point higher than that of water, arft a Cl1- C3 al kyl al cohol is used
in step (1) or (2). The separation of the carbonic ester and water fromthe
reaction m xture, can, be perfaornmed by a nethod in which the reacéion m xt ure
obtained in step {4y*1¢ Hrac Yﬁf@%%%ﬁﬁn%isﬁ?%ﬁRﬁTﬁt%&I??EP?u@ sS°8uch as
carbon di oxi de, thereby requiqgnthe carbonic ester and. water frop1%h§
reaction nixtur oy entTathrhg’ '??1??ﬂ???ﬂﬁ?aga%?mﬂ?ﬁP%eﬁ%?%??%% BF ?he
carbonic ester er omthe r tion mxture can al.so be perfornmed by
%%Qﬂﬁ?%%d€£g t &Estl ation %5 ERerébyEgpg%%% g %ﬁ?ﬁbd,

a conventi onal uch d&s nenbr ane separ ation:

t he carbonic est n er. can be i ly sepa rated fromthe

reaction m xtur eﬂ?"?’hcgoﬁfsleéhﬁr%xps Ig(%g&ér%@%% '{%’)‘PQL}%‘E s’f%%f?gé%rre%%él ?/YZS
per f or medy 86 ng$hifsgfft to the reaction perfornmed in step (1), there
are two cases: one IS the case where a |liquid phase and a vapor phase are

present during the pey{ Opieisunly (e 182G ALAD SEER (1), a0, the. ot her

is the 5 case where carbon oxXl| I n supercritical state under high

tenperature and fbedn PSLSFAEE Cﬂ{‘déz%é)”ﬁ Ahd e I'SELES e d Y UL Sy T QLB 2

honbgeneous m xture. Steps (1) to can be simultaneously perfornmed in

the case where aydn s Phdsity @ik forV AROFhHNAFEL Gt €1 P’ §Sedta 1Py denl ng the
performance of the reaction in step (1), the organonetal compound is

obt ai ned from anp Bdg&dioln hiatvd ngr@a. baihld REmRRiall JF ghafert haly twtped- wat er,
and a Cl-C3 al kyl al cohol (preferably nmethanol) is used. In this case, the

reacti onit enper at eitree @risly | €8S | @fanp BS S Utite hdsdasy dependd ngeRpdtaeinype of
an al koxy group contained in the organonetal conpound and the type of an

al cohol when an agewholeis. uesledinliEyesietde) F edlst DN 4 €DPE) adHirNBehs
generally 150 C or less and the reaction pressure is generally 5 MPa or

| ess. Water and bien€(Osepabonien estHowelvare hihgn sidl uls |detsinead day oo

di oxi de and, hence, a part of the carbonic ester is dissolved in the vapor
phase. Thereforetaby petdngen ameune ¢azh | ongamomeepl (dYmmbiih@ wnté&dr awi ng

a part of the vapor phase, the carbonic ester can be separated fromthe re
25 action mi xt uremt | ReFiRRmef ating), the by gerehereedcopat 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 distillation can be performed at a temperature of
from -20 °C to the boiling point of the first alcohol
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.



87'pognd._Further, it is also possible to enploy a nethod in which the
reaction is performed in a fixed-bed reac for containing an organonetal
conpound, wherein the or ganonetal conpound is supported on a carrier or in
the 5 formof a solid. Tn this method, carbon dioxide and a Cl-C3 al cohol
are introduced into the fixed-bed reactor to effect a reaction, thereby
obtaining a carbonic es ter and water in stth a formas entrained by carbon
di oxide gas. As a carrier for supporting the organonetal 10 conpound, a
conventional carrier can be used. S the.at | east

. 3 i . ,

223 or gan?netal c?ﬁ?oﬁhﬂpLéébv@?eﬁhgﬁméF%Ba?Q? ?bgP8%§8%83C38V§P§6°P&). A
uence of steps to b 15 i i

to the recycl e 8f SEReN8r§ ﬁ%ﬁgigwagoﬁ%oﬁﬂagsggggggﬂgﬁgF ?ﬁ@f%éggﬁ%%%ggiogom

pound may be cool ed heated. Th i
f&UEh?FgKFL% orgEﬁTBgLHPgﬁﬁggeogﬁﬁH§£Sge(ég %E%?gﬁfﬁégigéﬁgiRaé%%% TEE
rei nbel ow, th t.i i i, | i i
det i ﬁjtPdrefa}aacésteaﬁﬁﬁﬁﬁiﬁﬁoa}ﬁé%%§;ﬁ€|%% inbengdeactedate!d et o
i ch shau not he C trued Limti h : i
8T 6 oRRY e R, (LT, LRE ke aRCBRC Bk bR 88eBp-i nven

tion. In’he foPP fparative Exanpl es, vari ous

t d I . '
Nuch o6 Nagnet | EZAEBHaRDe \TNGRY IAPyE & P Ak )6r GAnareeh campesnd

ysSi s of an’'organonetal conpoun

B o o PSR S RS catoal et el (4,
13C NWR
and/or an organometal compound of (2), and a subsequent
distillation for removing water from the resultant re-
10 action mixture is performed so that a part of the alco-
hol remains in the distillation residue containing the
organometal compound. In this way, an organometal com-
pound for use in step (1) can be obtained in the form
of a mixture thereof with an alcohol which can be used
15 as at least a part of a second alcohol in step (1). In
this case, it becomes possible to perform step (1)
without further adding an alcohol as a second alcohol.
In the method of the present invention, a first
alcohol is used in step (3). In addition, a second al-
20 cohol may be optionally used in step (1) and a third
alcohol may be optionally used in step (2). The first,
second and third alcohols are the same or different.
Examples of such alcohols include alkyl alcohols having

a straight chain or branched C,-Ci: alkyl group,

25 cycloalkyl alcohols having a Cs-C1, cycloalkyl group,



anal yses About 0.1 g to 0.5 g of an organonetal conpound was wei ghed, and

t hen about 0.9 g of deuterated chl orof orm was added thereto, thereby
obtaining a sanple so020 lution for an NVR analysis. ( 2 ) Preparation of a
sanple solution for a 119Sn-NWR anal ysis About 0.1 to 1 g of a liquid
cont ai ni ng an or25 ganonetal conmpound was wei ghed, and then 0.05 g of 89
tetranethyltin and about 0.85 g of deuteratéd chl orof orm were added
thereto, thereby obtaining a sanple so lution for an NVR analysis. 5 2) Gas
chromat ography (GC) anal ysis of a carbonic es ter paratus; GC-2010 system
(manuf act ur ed” afdkeByd B CSHP%ﬁd?GVEBBpBréFF6ﬁ9h§a5 ﬁ?n e%) bprBERRLt i on of
a sanple solution 10 0. 06 of aliquid to be neasured wth respect to the
carboni c ester Eén@@n?lFﬁEVéoﬁrﬂHE méP@h@Hal5N& fhERPRLSUPATIBINR G-
dehydr at ed dlnethylfornanlde or deh drated cetonltrll added t hereto.
Further, to theCredRaldWl WO Wd&a tﬁ’r%%fll Sr\’gﬁstf‘s" as an
internal standard, (.2 ndi tions for SIS Col u

( manuf act ur ed aﬁ&tgé éﬁb 19 )3k Yy 8pf Q%Eygcée 6° eﬂ frEqugﬁ SﬁgEB ©P80 ~

di et hyl pO|ySI|OX ne 20_Col um I angt er. 2 Film
t hi ckness : 1 EﬁﬁS%ﬁPgnﬂftgﬁﬁg%g ghafﬁeofnhggpggg ol Wg ‘e evggeg gngn150
C to 300 C at rate t r

Det ect or tenpergfd$ 'cgﬁ&%gkﬁkteCQ%ecggﬁ%)%?%ﬁgegfogfﬁg ?%% %l? ?or) (3)
Quanti tative anghygigeThe. auanhibabiys a38bkshs Obu@nSaEPhe chahihion vas S

conducted using a ve obtained with re spect to standard
sanpl es. ethanol, propanol, 2-propanol, n-butanol, 2-butanol, 2-

ethyl-1l-butanol, t-butanol, pentanol, hexanol, 2-ethyl-

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

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

20 zenedimethanol.

Among the above—mentioned alcohols, preferred are

C.-Cs primary or secondary monohydric alcohols, such as
methanol, ethanol, propanol, 2-propanol, butanol, 2-
butanol, 2-ethyl-1l-butanol, pentanol, hexanol, 2-ethyl-

25 l-hexanol, cyclohexanol and hexenol; and C;-Cs primary



3). Calculation of the yield of a carbonic ester The yield of a carbonic
est'er was calculated by 10 the following formula (6): Yield of carbonic
ester (~) - (stoichionetr-ic amount of carbonic ester

obt ai ned)/ (stoi chionetric anount of organonmetal conpound used in step (1))
x 100 (6) 15 Herein, the term"stoichionetric anount of organonet al
compound" neans a val ue cal cul ated by di v#8i ng the nunber of netal atomns of
t he organonetal com pound by Avogadro's nunber. 20 Exanple 1 (Synthesis of
an organonetal conpound having a 2-ethyl 1- hexyl oxy group) _I.ntq a.2Q0-n

aut ocl ave (nanota@ﬁ@pedaaﬁda§éﬂ§YBy5290?898'K§&F§ua%bgfnfy&.Fﬁfgegn' wer e
charged 29 g (116 91 mmol ) of dibutyltin oxigg nanufac%yr%%tgg%lﬁold by
Aldrich, U S. A ) an@8hgsoggenpmefig] FoBPOsngehyPIEhEX&rorl °CRanuf act dred and

sold by Aldrich, U S A ). The atnosphere .in th ut ocl ave s W th
nitrogen gas. Zepresended bvndBIURE dont é‘ﬁ‘tds?@fa) e g’tft g\g%g'\?%%ﬁg?%

started, and t internal tenperature of the autoclave, W | evated to 192
C. A purge Iinggﬁs%%ﬂil% MagediG ﬁeﬁé’n\ﬁélsceco(ﬁtfsr{lueg If)or\ﬁ%%S hour s

under at nospheric pressure while distillin f % etdyle .
1- hexandi . Aft &FaseaPhdassy, "JtorFereé‘E\‘K%Pslea’l grlog r%?gdeiqrgt t%\lnfi'l at'e any O]réo))r e.

Then) the inside of the autochave (ofe]0) 0 ahgid L Wi 4 Ruingd ng
t he at nospher e HIW&YRF auttbd av?%Wnﬁqeréo%gﬁ&'gaag, anm there was obtained a

reaction m xture containi ng.an or i

2- et hyl - 1- hexy|3B3GF %%p? 3 asrr%%%féﬁogé ta‘Lfe1"l13‘|’éc;quaur'i];)ég(ﬁolE fils“ét%lyll g?%'?"%ﬂ?i Il ed

of f through the %Ql;‘_[%:j%l ié}fﬂﬁgrf e (fficié%wsvmg &pdndihg, anount
e o tl%‘{l

of water contain e was neas ured by the Karl Fischer
method. It was foun t 2&@@%& eVl esompotie dbsténtade ths
about 1.7 g. Thgeogll%% (r}ﬁ%rt of t enreaction m xture is shown in Fig.
1. As shgwn in E%Q%lé’uée&e%raéﬂlw&mm 4h£1 95 gananet ah tbeppuesente
formul a ?1) was detected at -45 ppm and peaks ascribed to the organonetal

conpound of 25 forgulan k) o¥esR, aLl 86RET! inetye danpléedsad £4¥2appnPn-92
and -184 ppm St epg%ll)' Production of dinethyl carbonate from an

or ganonet al Conmﬂngnaéygﬂg. a thetdpdred; hexyl oxyrefeaupsd métatandre and car bon
di oxide gas 5 Into the above-nenti oned autoclave containing the reaction

n xture was chapggdy€bs508 tRedorphhombtadt hampbundndsabpriarred Rire

cl osed. Then, froma carbon dioxi de gas bonb, carbon dioxide gas, the

pressure of whi gbtnwea Lawehedht 6he pPatby neghsasf magdpeéidsSuresSPEGHce

15 (*H-NMR) spectroscopy and the carbon-13 nuclear mag-

netic resonance (*’C-NMR) spectroscopy are used in com-
bination with the '°Sn-NMR spectroscopy. Table 1 below
shows *°Sn-NMR data of examples of chemical shift val-
ues ascribed to the structure of an orgnometal compound

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

ethyl-1l-hexanol and dibutyltin oxide.



10 later 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 tenperature of the autoclave was elevated to 160 C A liquid
carbonic acid was gradually introduced through a feed 15 line into the
autocl ave so as to adjust the internal pressure of the autoclave to 19.6
MPa. Then, a reaction was performed for 1 A8ur while maintaining the
internal pressure of the autoclave at 19.6 MPa, thereby obtaining a
reaction m xture, and the inside of the 20 autocl ave was cool ed to about 30
C, followed by purging of the carbon dioxide gas. Step (2): Isolation of

di met hyl carbonate In the above-nentioned_autaqclave, a vacuumdistillation
was performed at 30 C under a pressure drP %@ 25 KPa, t her eby separating

i 5t1 12t on and. r ecoyarrnet pep e S et ?@‘*‘bb"‘“dm"*t e ine of
() BaTebd & 4 gduragoned Tl %}ﬁa

t he aut ocI ave. Thus, "diftet nat € was;, 3btaln f 17 5
Step (3):® Synthesis FPE‘B&EeFS@-PGHf’n@f é‘ﬁdorg§ﬁo%alc (?B‘r’rﬁ £ty (576
mol ) of 2-ethyl - 1-h¥rdnes chaaihgdt widd zeerseitdthy t}medﬁraaw,leu. S.A) was
added to the residualsollugtibelsi n t he aut ocl ave, obtained in step (2). The at
10 nosphere in the autoclave was purged with nitrogen gas. Then, stirring
of the content g oftheautoctave was started, and the Tntermat tenperatyure
of the autoclaye was elevated to 192:Qg, meta .4& | ine was opened, and the
stirring was continued for 3.5 hours under atnos 15 pheric pressure whi | e
distilling of f pwater—and—2-ethyl—f=texanoi— ArLe that_pe ere wa

al most no dis il | Regznsmere, comundhe ijnsi dg grictad ﬁhf'ggl g@éfuﬁas
cool ed to abouf 30 C v#eHEeHur GFgtt he at misphere in tfe RRR)ocl ave with
nitrogen gas, and there was ob 20 tained a|reaction m xture contal ning gn
organonet al conpound havi ng*&- - et hyl - 1- hexyl oxy group.‘Gs‘i'e?p (4): Recyc]ing
of the organongtat—conmpound obtained Tnm stgp (3) to step (1) Subsequent|y,
the sane procedures as in s2@p5(1) 25 and step (2) were Huckessively
perfornmed as foH-oews- 94—Step—{1+—Preduction—eft—dinethyl—earboenate—fy om
an organonet al [conpound havingza 2-ethyl-1-lhexyl oxy group, snet hanol and
carbon dioxidelgas Into the ahove-nentioned autoclave containing the 5
reaction mxtune was charged 75.5 g (2.4 nmol) of nmetha npl; and all val yes
were cl osed. Then, from a car bon di oxi de gas bonb, carbon di oxide gas, [he

pressure of whi Gp, én{J.Q:é'—i pay fy J@ﬁf& O(fa a L TR IRIWAL Or
connected to th C é){(}:n oxr aﬁ:t boWa n,F é£oduced |£|t oomh

aut ocl ave® Stirr hﬁ& 4% o S4dt ocf 4% e hidd™ %?‘%F?ed and the
internal tenper &g @Ofﬂ@éltat}tﬁ)cﬂf@véﬂqwfelm%&ﬁgf 160 &) 28 i d
carboni ¢ aci d wasargimechsl |gompdurat uice dddtremsgted dhderkdfiowmn i (BRCXHe

autocl ave so as to adjust the internal 15 pressure of the autoclave to 19.6
MPa. Then, a reac tion was perfornmed for 1 hour while maintaining the in

15 In the method of the present invention, the reac-
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

20 the reaction system. By using a dehydrating agent in

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



ternal .pressure of the autoclave at 19.6 MPa, thereby obtaining a reaction
m xture, and the inside of the autoclave was cooled to about 30 C, foll owed
by purg 20 ing of the carbon dioxide gas. Step (2): Isolation of dinethyl
carbonate In the above-nenti oned autocl ave, a vacuumdistillation was
performed at 30 C under a pressure of 13 KPa, thereby separating dinethyl
carbonate and met hanol 25 fromthe reactiort™i xture by distillation and
recover 95 ing themthrough a distillate withdrawal |ine of the

aut ocl ave. Thus, dinethyl carbonate was obtained in a yield of 16 5 Exanple
2 As described BEOGRIMTNE KA LNt eARad PeBYGEBYLBY pEENGINPAY a cycl e
of steps (1) to %’@Y 26 ti mii consecutively. (Synthesis of an organonet al
conpound havi ng PSR B 1 ARt sk A9 shds Yo Redadesl 208 %amPaaEoc! ave
(manuf act ur ed an%rs Id(ﬁy Toyo Koatsu Co., Ltd., Japan) which had. connected
thereto a |ine Hiy d’t]:&r%/?g g, it FaWo e tadi FOIRP W HANHIWKi de

gas, a distillate 15 wi.thdrawal line, a sanpling tube and a_line for
i ntroduci ng nit rtgl S (GES | RIS BE Q&Mrﬁqtﬁgqaw%_ FHESDERe 200- nd

aut ocl ave, were . 6Q mpl ) .of dibutyltin oxid nuf act ur ed
and sol d%by Al dﬁ%ags% g&%&fﬁ&%.ﬁgﬁtﬁoﬁqﬁi’oﬁs c?flcﬁé'xléﬁkﬂ(x% if act ur ed
20 and sol d by iiGhgel " r d _grade). The  autoglaye was
seal ed and all vﬂgfy\’/legnv?gr én%fgseeg{s(gﬁ%%afdtﬁggp ea%elni)gn 958 Yt o Pﬁ%geﬁés
purged 3 tinmes W ni . I nrin the cantents of the
aut ocl ave was swg%éd,s%%gle{aheglﬁrﬁaglﬁg at%rlrlptgr’a% &%fg C?F'L f‘gq{éﬁeeiﬁé—"tﬁ ocl ave was
el evated to 160 GevERENMaANSeStide asg%erﬂ}{%g‘r%\?&é;lc%] Ifaged §RL,39 mnutes.

Thereafter, the valve of the distillate w i ne was opened, and

recovery of a disafiiild @e®yta% tShdf %@%ﬁﬂ&%@%ﬁ%@ Wi 'pﬁﬁfgg‘eﬁ/eﬂat{ ogen
0

gas into the bottomof the autos slave at a flow rate m nut e.

About 2 1fours afthey sToh.Q.dSTd@htydi'fattilhg REMEN% HendvdlsS iHdditlthe HGIEL WAS NO
distillate any nore. Then, the inside of the autoclave was cool ed to about

50 C, and theretias Glytsaiemedrd o aRsparEdirmie’cisitep mixture. A smal |l amount
10 of the reaction m xture was sanpled and subjected to a 119Sn- NMR

anal ysis. The 119SnINVRtepal(19i ®fcabfe mEtddait thes @rsaen tf ardeschdi
organonet al conpound of fornule (1) and the organonetal conpound of fornula
(2). The distil lthee usehiolfi aedezondparnaivhol iist @pttiwonadyer withSrasgethe
amount of the water |ayer was about 0.9 ml. Then, a cycle of the
bel ow descri bed tot &pe @mpundg @Ef) thas segped: @d.cohol used in step (1),
15 when an alcohol having an organic group which is the
same as the alkoxy or aralkoxy group in the organometal
compound is used as a second alcohol, from the view-
point of improving the purity of the obtained carbonic
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-



St.ep (1): Production of dinmethyl carbonate from an organonetal conpound
havi ng a hexyl oxy group, methanol 20 and carbon di oxide gas Into the
above-nmenti oned aut ocl ave containing the reaction m xture was charged 48.1
g (1.5 mol) of nethanol, and all valves were closed. Then, from a carbon
di oxi de gas bonb, carbon di oxi de gas, the pressure of 25 which was | owered
to 5 MPa by neans of a pressure regu 97 48t or 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 fhe internal t e r f the
aut ocl ave was VR PYE of TR {OH i oftii cagrcffb%’l i ?Ar?gls{ g%#adﬁé ly

i ntroduced through a_feed line into the autogclave s j
i nt er nal pressﬁ@%dtwmﬂﬁ%ﬁ? erzazba]l\)ba.rolul‘ﬁ:zn,g%af'e%c ?lgihrwémélas{ﬁg

performed for 16 hours while maintaining the | S fqt
aut ocl ave at 225 WPCRARTEHYC "I Y ai T HY %r(?%%%% %‘%ﬁu%,et(gnh@ﬁ%

i nside of the autoslave was cool| ed to. abo b ug gk -ngs of

t he carbon diox?%@?@a%heSﬁEﬁﬁ%ﬁﬁ?m?é%+%I?@§P%$’g%%%%t%f&gg?b%%gtéﬁ?%HFhe
above-nentioned autoclave, a vacuumdistil 1 i rqediat 30 C
under a Bressur%goYhi3°§?%P°T%€?gb€$§ %%#%tiﬁglgﬁﬁg?ﬁy bgﬁg%gate and

et hanol from t e, £ eacty g MLAT Y SakoOisbbb! LEsB-aRM £8sQVERENGLL hem

t hrough a di stif? Wi awal ne of "t he aut ocl ave. Thus, dinethyl

carbonate was opial ned, 20, 5Py L3):oSHBRDES ScbhaRNAr 8kl aBhaoksan

or ganonet al conpaoun ove-Trent1 oned aut ocl ave was charged about

20 g of hexanol ;(Bpyf actynsd agH seYfmbyrAdehebonlUeStér; 18 dpbydnated
grade), and all valves were closed. 25 The atnosphere in the autoclave was

purged 3 tinmes itRont98nBit bEYER, IRBenThEBecshar alLBghol fibeusent ents of
t he autoclave was started, and the internal tenperature of the autoclave

was el eygted toglff €1)Thespethalsyi inhi Bgewaaseowhenaethboprgdnmmriads.
Thereafter, the 5 valve of the distillate withdrawal |ine was opened, and
recovery of a dishpbhaterwpsestartadbgndoeanianged ki heedl eliong . nitheogen
gas into the bottomof the autoclave at a flow rate of 200 m/m nute. About
2 hours after theestiabf ehet berbeadceegtelr asdgsertiyt ampriegedo i FBfde of
t he autocl ave was cooled to about 50 C, and there was obtained a
transparent reaabb@? -nextioesdSpepfed)redrampuinitngfofthehsesogsn ksl
conpound obtained in step (3) to step (1) The yield of dinethyl carbonate
obtai ned in stepnlBhelcask whehrecblee orgasRm@taln cPgpoang represegtesd o 2
15 by formula (2) is used alone, is determined from this
viewpoint.
In the case where step (3) is followed by step (4)
(for recycling the organometal compound recovered in
step (3) to step (1)) and step (1), prior to step (1),
20 a second alcohol may be added to the reaction system so
that the amount of the second alcohol becomes within
the above-mentioned preferred range. Alternatively, in

such case where step (3) is followed by step (4) and

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

25 from the reaction system.



5:10 15 20 Cycle No. of reactionYieldll16.7 . 2......_ ....... ......

carbon linkage is formed, and the adduct formed is
thermally decomposed to obtain a carbonic ester. That
is, in the reaction route of step (1), carbon dioxide

10 is addition-bonded to an ofganometal compound to form
an adduct, and the adduct is thermally decomposed.
Differing from the conventional methods, 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 carbon dioxide. 1In the conventional methods,
carbon dioxide under a high pressure is reacted with an
alcohol in the presence of a small amount of a metal
catalyst. As an example of such conventional method,

20 there can be mentioned a method in which carbon dioxide
is reacted with 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-



amount of carbon dioxide used in the reaction is not
described in the above-mentioned literature. However,
it is considered that, even if the partial pressure of
5 methanol is subtracted, the amount of carbon dioxide
used in the reaction should be as large as at least 100
times the stoichiometric amount relative to the amount
of the organometal compound having a metal-oxygen-
carbon linkage. By achieving the above-mentioned high
10 pressure conditions, the equilibrium is forcibly dis-
placed toward a carbonic ester, so that a carbonic es-
ter can be produced in a yield which is higher than ex-
pected from the amount of the catalyst. However, by
the reaction of carbon dioxide with methanol, free wa-
15 ter is also produced, thus posing a serious problem in
that the catalyst is hydrolyzed by the free water. For
solving this problem, it is necessary to develop a
method for dehydrating the reaction system. 1In the
above-mentioned literature, it is described that, under
20 the above-mentioned reaction conditions, dibutyltin ox-
ide is produced as a hydrolysis product of dibutyltin
dimethoxide, and that, although dibutyltin oxide cannot
be dissolved in a solvent at room temperature; dibu-
tyltin oxide is present in the form of a transparent

25 solution under the above-mentioned reaction conditions.



18. 0 . Sl

15

e.v..._.......0n the other hand, in the method of the prespgtzinven-
16.............5ton. even when the reactlon"mixture after complmtion
19.4.......... 0f step (1) is cooled to room temperature, the reaction
17,0010 MRS geierally’ Eeains in the’ Forim off W Liguid. In 11T
""""" 5" 77" this Trespect’,” the reaction used in the method of the

present invention differs from the reaction used in the
above-mentioned conventional method in which a large
amount of carbon dioxide is used. In the case of the
conventional method, the reaction system has a high

10 carbon dioxide concentration and, hence, the reaction
is necessarily performed under high pressure conditions.
Therefore, when the reaction mixture containing 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. Such 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 also likely to occur. It is known
that, when the reaction system has a high carbon diox-

25 ide concentration, the density of the carbon dioxide



produced carbonic ester, thereby forming a reaction
mixture comprised of a homogeneous mixture of carbon

5 dioxide, the solvent, the catalyst and the produced
carbonic ester. When the reaction mixture (homogeneous
mixture) is cooled to obtain a liquid reaction mixture,
the liquid reaction mixture contains carbon dioxide in
the form of liquid carbonic acid. Thus, anyway, it is

10 extremely difficult to separate the produced carbonic
ester from the reaction mixture.

In step (1) of the method of the present invention,
it is preferred that carbon dioxide is used in an
amount which is 1 to 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 carbon dioxide is wasted during purg-
ing of unreacted carbon dioxide after completion of
step (1). Therefore, it is still more preferred that
carbon dioxide is used in an amount which is 1 to 10

25 times as large as the stoichiometric amount relative to



L8, 0. .t e e e
2L % .8...... e
_______________ the amount of the organometal compound. In other words,

éé """"""" in ‘step (1), it 'is preferred thdt "the ‘orgdgdriometal"com-

pound is used in an amount which is 1/50 to 1 time,
more advantageously 1/20 to 1 time, still more advanta-

5 : geously 1/10 to 1 time, as large as the stoichiometric
amount relative to the amount of carbon dioxide. 1In
the present invention, a carbon dioxide adduct of the
organometal compound having a metal-oxygen-carbon link-
age can be easily obtained by contacting the organome-

10 tal compound with carbon dioxide. When the reaction
temperature is room temperature (20 °C), the carbon di-
oxide adduct is exothermically produced by 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-



ganometal compound with carbon dioxide is conducted un-
der a desired pressure, depending on the rate at which
the carbonic ester is produced and on the amount of the
5 carbonic ester produced. The reaction_pressure is gen-
erally from atmospheric pressure to 200 MPa. It is
preferred that the amount of the carbonic ester ob-
tained in step (1) is 100 % or less, more 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
for this is as follows. The organometal compound hav-
ing a metal-oxygen-carbon linkage used in the method of
the present invention 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 the or-
ganometal compound, water which is likely to hydrolyze
20 the produced carbonic ester does advantageously not oc-
cur in the reaction mixture. On the other hand, in the
case of the conventional methods, the reaction is con-
ducted so that the amount of the carbonic ester pro-
duced is more than 100 %, based on the stoichiometric

25 amount relative to the amount of the organometal com-



119Sn- NWVR anal ysis. In the Il1sSn-NVMR chart of the resid

pound. As a result, in the case of the conventional
methods, the generation of free water which is likely
to hydrolyze the produced carbonic ester poses a seri-
ous problem. For preventing the produced carbonic es-
5 ter from being hydrolyzed, it is necessary to add a de-

hydrating agent to the reaction system or to perform
the reaction in the presence of a dehydrating agent,
wherein the dehydrating agent is selected from the
group consisting of a dehydrating agent which is more

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

15 Therefore, the conventional 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) of the method of the present in-
vention, the main reaction is a decomposition reaction

20 in which a carbon dioxide adduct of the organometal
compound having a metal-oxygen-carbon linkage is ther-
mally decomposed to obtain a carbonic ester. The ther-
mal decomposition reaction is performed at a tempera-
ture in the range of from 20 to 300 °c. In step (1) of

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



100 ual [liquid, several peaks were detected between -170 ppm and -500 ppm
in addition to a peak ascribed to a snmall anpbunt of the organonetal
conpound of forrmula (2) (see Fig. 2). After step (3) of the 26th cycle of
re 5 action, the reaction mxture obtained in step (3) was subjected to a
119Sn- NVR anal ysis. In the 119Sn-NVR chart of the reaction m xture, a peak
ascribed to the organonetal conpound of fobPfula (2) was detected, and the
above-mentioned 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 1stC 6nﬂ?hr@9€Fé§noPrréac?ﬁéﬁrmé¥§h3ﬂ6§pééﬁpﬁépy mgy2beni , 0.24
m, 0.22 m and 0.24 n nple 3 Knthe3|s of an organonet al conpound
havi ng a 2- ethforﬁ8§?P6x§°§P596f Fath AhsoaPrvesBgpLanfeendpeamPPadk wer e
charged 105 g (422 mol ) . of dibutyltin oxide (manufactured and 20 sold by
Al drich, U.S. A $18Hdr2??t¢°€2 1SRRFit %ﬁa%%Yhyéoﬁ.?ﬁﬁ%F&ﬁ (WR@Rf 3E8Rir ed and
sold by Aldrich, y % gggﬁlagt shaped flask was connected to a
rotary evapor at &t (ﬁﬁnB 55?5?8 d 861 BX By CRYRLAT 3a53ﬁ?n dTRE 2P Rds pher e
in the eggplant sha éask Eurged wi th nlté g as. Rotation of

t he eggplant TBI B8 FFS n?ﬁ ) a8 fFOBaPHWas F WFE aBng*¥HE Gi

bath was heated to 180 C. Ll ? Eg atlgg gh urr in the

eggpl ant - shaped FF R %uPngg |ﬁ o] tFSﬁgB 8%?0 3 u?P anT EX9°PRe

rptatlon of thefgggoﬁ Ekg?g ghggeghglg§ aﬁ@a?gggt g Pagr about 30

m nut es. Therea £ér nal ress re o nt ﬁapeg fI ask was

gradually | oer flchi 08,984 -EERLLA g§n%z§§fvgé§FRé;hQUEQrBXnE%aQ§t82 a

vacuum punp (nanu act ur Japan) and a vacuum 10

control | er (nanegesggbsﬁaaﬂe %8'@heysggékﬁ>¥£5%§01ngn,béaee@hlwah'e

distilling off water and a Small anount of 2-ethyl-1-hexanol. After that

period, 1bhere wastakAREkvaQ dlakmbkatﬁeaﬁurﬂaﬁeonTeena thepbRgkdesebt he
flask was cooled to about 30 C and the internal pressure of 15 the flask

was returned toaatBesRACALEORBESHMEKEDRY afBBAStOf tAL FREBR18aS syaftdmt ker e
was obtained 310 g of a reaction m xture which was a transparent sol ution
of an organonet gergopmodndebaeirngxandngbhykadthexyl ex¥rebgupbitdining
2-ethyl -1- hexanol . The 119Sn-NMR chart of the ob 20 tained transparent

sol ution is shoanoitheFi garfonAs sbaem cbrFegpoddiagpeak theckiekeddt alt-he
organonet al conmpound of fornula (1) was detected at -14 ppm and peaks
ascribed to thecohgdnonetal conpound of formula (2) were, respectively,
detected at -172 ppmand -184 25 ppm 102 Step (1): Production of

di met hyt5car bonat e fWothanespgatoliet akepofpoundonaviagaialedeekplanahexyl oxy
group, methanol and carbon di oxide gas Into a 500-m autocl ave
(manuf act ured afd986§| arpymsdashpresAbRdOWe. , Ltd., Japan) were charged
148.8 g (containing 202 nmol. of Sn atomns) of the above- obt ai ned

2- et hyl - 1- hexanol soWhﬁl8ﬁu6Feﬁanr§5ﬁoﬁ§?§ﬁn5oﬁﬁﬁﬂﬁaoﬁévhﬁgeaShown

2- et hyl - 1- hexyl ox grou and S g of 2ethyl-1-hexanol. The autoclave was
seal ed and all Bg§aF9e rél Po?e&ar?HBHC PPERTa16aPREAIBEREX Pde th&s bonb,

car bon di oxi de

Sarotn $ox'se ate g werane, s ek das Loveesd 19 3008 by oo
I ntroduggd intoshhe, AUl OChRY e rStL T TINY Qe t0F SODLEDLS S1ciliS1 in
step (1) is optional. However, from the viewpoint of
producing a carbonic ester in high yield, it is pre-
ferred to use a second alcohol in step (l). The reason
for this is as follows. The thermal decomposition re-

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



15 autocl ave was started, and the internal tenperature of the autoclave was
elevated to 120 C. The internal pressure of the autoclave was adjusted to
3.5 MPa. Then, a reaction was perforned for 4 hours while naintaining the
internal pressure of the autoclave at 3.5 20 MPa, thereby obtaining a
reaction m xture, and the in side of the autoclave was allowed cooled to 30
C, fol lowed by purging of the carbon di 0®’de gas. The 119SnNMR chart of
the reaction mxture is showmn in Fig. 5. As shown in Fig. 5, the peak
ascribed to the organone 25 tal conpound of fornul aasgé) di sappeared, and
several 103 puakalaahelddiseadieddinddit -LEAS AR teshy HpmiS A4

anal ysis of the reaction m xture showed that di (2et,hoyl hagﬁ/.lt)r. carbonate was
obtai ned in a yidlke dgihas anothem SHHel RIS HRAG S BF orgihomet al

conpound having a 2-ethyl 1- hexyl o ro B i ng, a 0-ni 0 e
(rrarrﬁu?actur\é:j g-‘rftplsrcﬁ &%Weﬁiy)éy%g%‘ig?'t%!o%lq_%@fIafgjpaf’n;t%earr{"aof;%en%&rr@{al com

10 pound was synt hesjized in the sane nner,_.as in Exanpl e St ;
Production of QP IRR3AHIE c%&b%ﬁg%éarf r'S acnarobrognal%n%?%?rbo%g%%#

havi ng a_2-et hy| - 1hexyl ox rou nd. car bon. di 9xi de, gas. 15 wves of
t he abov2- nent inP%‘bo‘é%i%ctlyrh%é”v@r‘g & o@é%l.cal'%’aﬁ%,q rom a car bcjs% a:si?iolxi de gas
bonmb, carbon di oxi de gas, the press 0 | i & Pa SoMPandy
means of a presst?® ‘?%gﬁblsaet% ncgo%?lceéﬁ(g%j %% tjf{g&i:ar Eo% gl oiﬁje ga% bonb, was
i ntroduced into_the autocl ave..SZ?r% %%{éfg%]?% der o0t et s phetbe-autocl ave

was started, antPiPtRtESrar 1% ure e autocl ave was el evated to

160 C. A liquid carboni '?%I{l‘é%%%éétg% ﬁgb&?{%f}[sé&“rﬁé’ﬁﬁffdof hgQughganbmed |ine

into the autocl &V&°So % ternal pressure of the autoclave

to 25 19.6 MPa. e CLL QR YRS+ RET HO FBEMEDE 22 hourgn tHDb et e
mai nt ai ni ng thet%%tg?% ﬁ%@essﬁ?% of the guto slave at 19.6 MPa, thereby

obtainipg a reagh}@n Fhe&d Vike J)%thsy BURPEbAGAOLst bempaibea daownlge
gas. Step (2): An operation in ich methanol is added 5 to the reaction

mxture to therghbyagf §§hnombtanseshpoihicabpoasentad by fonmeia {hé¢.above
mentioned carbonic ester into dinmethyl carbonate, and the forned dinethyl
carbonate is isghatggufiiprigheps(the thermhhvdpbemposntihe aenctiauve 10
was purged with nitrogen gas. Into the autoclave was charged 75.5 g (2.4
nmol ) of nethanokn(pesayf ac)uiedobaadedotdwbydAttei phoducs. avstamdengdr at ed
grade), and all valves were closed. Then, stirring of the contents of the
aut ocl ave was shanted, taadyibadi nfethal cesbpoigt gsser is considerably
15 high, so that, in some cases, the yield of the carbonic
ester cannot be further improved by the addition of a
second alcohol. When the second alcohol contains a
large amount of water, the yield of the carbonic ester
is lowered. Therefore, it is preferred that the amount
20 of water contained in the second alcohol is not more
than 0.1 time, more advantageously not more than 0.01
time, as large as the stoichiometric amount relative to
the amount of the organometal compound. When the reac-

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

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



15 of the autoclave was elevated to 120 C. The stirring was continued for 2
hours and, then, nethanol and di nethyl carbonate were gradually w thdrawn
by distilla tion fromthe autoclave through a purge line. Wen it was
observed that there was alnost no distillate any 20 nore, the inside of the
aut ocl ave was cool ed, and the atnosphere in the autoclave was purged with
nitrogen gas, followed by termination of tHe reaction. In the distillate,

di mret hyl carbonate was obtained in a yield of about 20 25 Step (3):

Synt hesi s (regeneration) of an organone 105 tal co ound 576. nmol )
of 2-ethy|-1-he%aﬁ@loir&#ﬂﬁ%ﬁﬂ%ﬁ%ﬂ?%ﬂki%RWQP AFRY n{f%;?g féﬁ@ %%ded
to the residual liquid in the autoclave, obtained. in gﬂé & ?
nosphere in the(bhtb%lEN%FW@%l¥nﬁ%ﬁRWQW$%an?rBﬁ%ﬁu%%s Re n%?l?? g° of
the contents of the autoclave was started, and the internal é 0p§’ }@he of
the autocl ave whs ¥ ev@tbdkrvn gohgt QTﬁPERﬁEﬁFI?%Eeﬁaﬁsd%ﬁ% and
stirring was continued for 3.5 hours g ﬁ at nos hgéggn gs$#r50¥blle
distilling of f SefEReRNQL 2t HOFIARPRSERDI CORPPEP t]ﬁ peri o erée was

o about’5 160 C WHLR ¢ gz@%e@a@mm SPbET Re KO o1 SBASE ”"2???832?
gas, and theren%l)\%?smg?haw#{gltra}led 2?}1‘,% C}{Elmrﬁgéﬂc?d et al g A

or ganonet al exyloxy group. Step (4): Recycllng

of the organomet ol gonpound OéggégggglgsggspaQB%sge skeaibdtySubseayent |y,

t he same proced Tn’"ste wer e succe55|vely

perforimed as 104509, BLERuCLY fE%ﬂdacgiﬂQrOdetﬁa st-hyhbAxYh) eambonat e

from an organone oun avin et hyl - 1hexyl oXxy group and carbon

di oxi de gas All e o¥6- FEphh2Aed 13Ut geba¥enWwehe dhothesed.
Stirring of thepégh e%?gge%gﬁﬁgaau?oclave mag } 106 started. Aliquid

carboni gpaci d wagedraduahly botEedgesdubBaoughtaof Aedetbunesi pe@ mbee-
autoclave so as to adjust the internal pressure of the autoclave to 19.6

MPa. Then, a reaghikoBsrWasePaifermed the drhanbmeftialecbmpaintai nThe t he
internal pressure of the autoclave at 19.6 MPa, thereby obtaining a
reaction m xturgrekehitowadehyopsr ghng mhdehextanisdvediaoxi detgasivetep (2):
An operation in which nmethanol is added to the reaction m xture to thereby
ef fect a transl@tedties bincahieofosmassono oformy eatrbond calesrermEaoNo Réd
carbonic ester into dinmethyl carbonate, and the formed di nethyl carbonate
is isolated Afterganemeth)], compoandosphera rasuhé. amtobﬁavéuﬁa§lﬁﬁpgéﬂ with
nitrogen gas. Into the autoclave was 15 charged 75.5 FE%

met hanolls( manuf deewr Eduadd tdeltd breA @r icarbo. Ql@md@ @é‘ﬁ%}d&rfa &r ade) )
and all valves were closed. Then, stirring of the contents of .the autocl ave
was started, andimes joft etrhr@alorlg@@ﬁ@\eéﬁk PP ARFasaEahP et ed to

120 C. The stirring
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



20 was-continued for 1 hour and, then, nethanol and di nmethyl carbonate
were gradually withdrawn by distillation fromthe autoclave through a purge
line. Wien it was observed that there was al nbst no distillate any nore,
the inside of the autoclave was cool ed, and the 25 atnosphere in the

aut ocl ave was purged with nitrogen 107 gas, followed by term nation of
the reaction. In the distillate) dinmethyl Barbonate was obtained in a yield
of about 18 5 Exanple 5 (Synthesis of an organonetal compound having a
hexyl oxy group, fromdibutyltin oxide and hexanol) Into a 200-m_  autocl ave
(manuf act ured af@nsdFEing F6yankerganowmptal campoyngarprReFenERdr B¥d 24.9 ¢
(100 10 mol ) of dlbutyltln oxi de (manufactured and sold by Al drjch,
U.S.A) and 51.Fogmesao(Fioppdop ﬁéﬁaﬁBld%ﬁﬁhgefaégHPédtaﬁHegéld M-
Aldrich, U S A ; a dehydrated grade and the autocl ave was seal ed. The

at nosphere in t heTRAEbEPIVe ﬁégpp&?éeﬂaﬁnpﬁ APPABGERIgAE teFhanCaTBOB 1 ng

of the contents of the autoc|ave was started, apd the internal tenperature

of the autocl avBSHEE &FefHFERetoPIBBUESATRERM thE QPtFFPﬁG RéQaBBWFFﬁ&ed
f b 30 t h ft h f th
S s B ek fy ta P Bl ko
di s ti?ling of f CRAPEP ggaxﬁ8§aﬁ§§ufgr388ﬁ39ﬁe p%?d%e? é«%%?v?hafg

iod, th t h
gﬁigglave 3L§ 2@%I§5n?a£§§8agg§%lgbg Sr aé 5%&?% %ag oBbalnena;qseggF on
m xture. 108 ﬁib 8§Hpgg§ gngkyg%gfgfohgecgﬁ Ebalne ELUE] @gémp%BForned.

The 119Sn- NVR anal ysr's wed th here were about
1,1,3,3-tetrabu ¥Eu§OX|ﬂbEE§ hgx%fdbrghﬁﬂﬂg¥éﬂec@HBoﬁHﬁHtr@sBEBklgkl

di butyltin 5 d| exy roducti on of “di hexyl carbonate™from

an organgnet al coppayRdtBavhLpIra-REXKEOXY )IRAMD (2hexanpl 1 @andoLar pea- di oxi de
gas Into the above-nentioned 200-m autoclave containlO ing the reaction

m xture (contai pbRgeantfhianenekbaktcanpawhdofavhegozghasmbeny o gbhnWﬁS
charged 61.5 g (602 mmol ) of hexanol (nmanufactured and sold by Al drich,

U.S. A ; a dehydagkadigr adep, (andikhanavigahametaas cenpbadd Thekeskh@mda
carbon di oxi de gas bonb, carbon 15 dioxide gas, the pressure of which was
| owered to 5 MPBy 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 into a solid form when the organometal



by nmeans of a pressure regul ator connected to the carbon di oxi de gas bonb,
was introduced into the autoclave. Stirring of the contents of the

autocl ave was started. 10 Mnutes after the start of the stirring) the

val ve 20 of the carbon di oxi de gas bonb was cl osed. Then, the internal
tenperature of the autoclave was elevated to 180 C while stirring. In this
instant, the internal pressure of the aut®ave was about 7.5 MPa. Then, a
reaction was performed for 6 hours while maintaining 25 the internal
pressure of the autoclave at about 7.5 MPa 109 Thereafter %he about 30
C and was ret ur@eBPeWnd hee@aReSN2 dFBROER &t htde 2d9F0h HESY$OLat Bonat e

i nside of the autoclave was cooled to the internal égessure f th(—i:]e

aut ocl ave at npsphePi €1 pr esHifite %WWV%P&W% d Yas* G hefE

obtained a transm xture, In the reaction nlxé i was Obtalﬁ énma y|eId
of about 14 ~. @%BBtYQFlnAﬁl%%E?3¥?6ﬁ 1% WP haﬂeﬁaﬁo?rgﬁﬂ?%? fng 1~ by
wei ght of water is added to the reaction m xture obtaine |n St él) to

t hereby form soPPHRE - afdV Sthe" MR st & Sl SPRPHTT tFath oﬁﬁl wher eupon
th ltant filt t ted t distil |
Carbonat 8 15 obfaFfedt aésagﬁ?éf f??ﬁ?ﬁ apté, terah' iy B8 bEBLERaTEK

t 1~ b 15
fapeaegiggned |ﬁ 59?1) aﬁﬁv?ﬂe res%ﬁp%ﬁ¥.ﬁ?g$€r%&aas 5%??%ggg?orlgbout
30 mnutes. Thep, Féc auigcégﬁgtfﬁ OEﬁgggtaﬁedwhEn“@ﬁefeﬂﬂgohﬂétebh@r

mxture in the au ave urne I nt ite slurry. The white slurry

was subjected t s H]q:%{,lhgg ﬁt ggogugggbr et | £6F {hP2OAELCGne

manuf act ured an oyo Kai sha, Ltd Japan) to thereby

obtain white SO&%@E ged¢ E fEEEE@H@n hhewdlht @ngobir SnWﬁéQamﬁﬁbmgoanﬁlﬁES
with 20 ml of hexanol. The [trate was transferred into a 1-liter

eggpl anthhapedtha%ErEBﬁ al_i'ax&éel egkedst gofletlimksaprefenidar thaat ithg i n an
oi | bath at 110 150 C and under a pressure of 1 KPa. By the distilla

tion) hexanol agggdnbaethiCcachpodand wer énr ehevEoet ofhe yiguddof @nhexyl
carbonate was 13 Step (3): Synthesis (regeneration) of an organone 5 tal
conpound The whigiuens ekisés ,olstraipndd )i magt ep c2ndacded neding @alsoliveadus
liquid which remained in the flask after the distillation perforned in step
(2), were charg&dr nhe ar@d-onetalt compeoan@nandéast apddentd tbedebgaFoyo 10
Koat su Co., Ltd., Japan). Further, 51.1 g (500 nmol) of hexanol
(nanufactured ame seled fayn Mhmuhdi higvsng. the @@ﬁ?dﬁéﬂéﬂ”@?éﬂ@WPW§§ difar ged
into the autoclave, and the autoclave was seal ed. The atnosphere in the

aut ocl avi&s was pam@ewaMUﬂmuﬂtﬂﬂﬂgﬂ1g¥§§ucﬁﬁen A3tPEPRKGVELY15aPhaNES Rt ent s

of the autoclave was started, and the in
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: C¢-C,, aromatic hydrocarbons (which may have
a C,-Ci4 saturated alkyl group and/or a Cs-Cig cycloalkyl
group), such as benzene, toluene, xylene and ethylben-
zene; C¢-Cyo saturated alkyl ethers, such as dipropyl
ether, dibutyl ether and dihexyl ether; C4-Czo cycloal-

25 kyl ethers, such as tetrahydrofuran and dioxane; and



ternal "tenperature of the autoclave was elevated to 160 C. Then, the
stirring was continued for about 30 m nutes. Thereafter, the purge |ine of

t he autocl ave was opened, and the stirring was continued for 2 hours 20
while blowing a snall amount of nitrogen gas into the bottom of the

autocl ave and distilling off water and hexanol through the purge Iine.

After that period, there was al nost no disétllate any nmore. Then, the in
side of the autoclave was cooled to about 30 C, and 25 there was obtained a
reaction m xture. A 119Sn-NWR 111 anal ysis of éﬂgﬁ&gfction q%%ture was
performed. The Fiden-NMREhAYETS s A tth STOBtRI e Hbdit 47
nmmol of 1,1, 3,3-tetrabutyl-1, 3-di-hexyl oxy-di stannoxane an bout _6 nmol of
di butyl tin dihe??ﬁ%&?ﬁgg¥gt§f55 ?ﬁ?ngeEQ¥I?n%rg?ptﬁﬁfﬁ?gﬁﬂoﬁﬁ?ﬁlt%%npound
obtained in ste 3) to step. (1) Subsequent] t he sane ocedures as in
step (1) and stgﬁg'(lé)c%? Sgﬁégeggi eeﬁyﬁéﬁ%%oﬂra%u& oéflﬁ)v%. SCah (1) :
Producti on of diheﬁél %agbonate fron1ghe 10 org?none£gllco gugdeggg%ined
in step (3) Int5YPhR2EEYVeIRBHPY onBUCRLPECFAVEC TR WhF ChTsPRE™Y 3) SWAST
performed was charged 61.5 02 1)..0f _hexan C ed _and sold
by Aldrich, u.s?i??rapﬁéh98g3§gd353§ge)?8%% Etﬁ%ggﬂgggpﬁég ot gealed.

Then, 15 from a gaf gnaggg jde gas bomb, carbon dioxide gas, the pressure
of which was |owered to a by nmeans of a pressure regul ator connected to

the carbon dioxide ggagebp pef@ﬁuf@té8€98§gdi569 the AULEEISNCpesLi rring of
the contents of the autoclave was started. 10 M nutes 20 after the start of

the stirring, thgrMahvenobtb e(@§riQOPeHé9§iﬂ§ gasthenbange ekogedm Then,
the internal tenperature of the autoclave was el evated to 180 C while
stirring. In thi§ohneb@Bbratlie! Ph6" A8 5 e5G0II€ Of whBR 24t 9gl ayeen@sgabout
7.5 MPa. Then, a reaction 25 was perforned for 6 hours while maintaining
the intep 1l2tBakompesssr enef rbhAetavhoghayesabrabputiddaSoPaiméhene
after, the inside of the autoclave was cooled to about 30 C and the
internal pressuig gietBerad! el pyervem tRbUrBEHtiBnakiD8pheni copr éssure by
gently purging the 5 carbon dioxide gas through the purge line, and there
was obt ai ned a €panspameéntitesatdi 6a0nhetinse. When hehe eacganometal ucen-

di hexyl carbonate was obtained in a yield of about 14 % Step (2): An
operation i n whpohnekarsoh tant atpinngsle he¥abyatemnghthefrewdser greadded to
the reaction mxture obtained in step (1) to thereby formsolids, and the
solids are renodéfifbyencet batwenn bher stipta ofethestifinaatom copipdnes
subjected to distillation, so that dihexyl carbonate is obtained as a
distilldPe 15 Afpeithst epopnpmetelygcempreRdnbeiesat &Psi A§2EtdrBy 1ReS§RP of
water was gently added to the reaction m xture obtained in stepﬁ%l), and
the resul tant mOupBAnkBeseitated ofothgpddf 36°M AAPEEINeAedAn thE IGtoc! ave

was opened, and it was found that the nixt%re inhthe
action mixture after step (l). This can be seen from a

comparison between the !'°Sn-NMR chart (see Fig. 4) ob-
tained with respect to the organometal compound before
20 the reaction in step (1) and the 119gn-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



20 autoclave had turned into a white slurry. The white slurry was subjected
to filtration using a nenbrane filter (HO20A142C, nmanufactured and sold by
Advant ec Toyo Kai sha, Ltd., Japan) to thereby obtain white solids and a
filtrate. The white solids were washed 2 25 tinmes with 20 ml of hexanol.
The filtrate was trans 113 ferred into a 1-liter eggpl ant-shaped fl ask
and subjected to distillation under heatim? By the distillation, hexanol
and di hexyl carbonate were recovered. The yield of dihexyl carbonate was 13
5 Exanpl e 6 Production of dihexyl carbonate é%inthe iS O d&?rtgltin

di hexyl oxi de) |PF92ROPOH2 Hi CUBRPYEHT TPEHRHE FFAsRY eGefPped h*1% a

oxi de. (manuf actuPeh AdoEePal by ALk ehostptera] odpbaind Thpydaafitad’ ! "
yrone and a st PYr EPEmLn (1 bS chuBP ANPD SHAREHI ek 19 s NEATR usi no
The 1 emper at ur cCBRE EnEPeBip At L napo i BLkS visSorR, APesTI8I: o AL IT'e
per o1 o8 under °ReaPPRG. For CoBoanun - aersrre e 1T SPERPFr EToRr A e so
t hat about 0.8 ni gfgggéga%gaﬁrgghbﬁatgg LE gggrggggag?agkcggggn &hex-

Dean- St ar k trappﬁﬁ romthe eggplant s | ask, and xyl ene and
hexanol were reggyed L bhe 998l aahonlRagdcbhBskinky raprasdhRany by

distillation. 2 , an excess~ anoun exanol was renoved from
114 the eggplan%b§mﬁggd bhask by reduced pressure distilla tion, thereby
obtai ning a viscous, tréngparent |l iquid. Then, the atnosphere in the

eggpl ant - shaped fl ask,was +Adr g8dcMibh mhtg@gﬁn(landstb@rfashda aft &he
eggpl ant s shaped flask was cool ed. The resultant reaction mx ture was

subjectgd to a %&?ﬁnxﬁMﬁeQQ%hxéi%e.bﬂ,tB% $59SPc DR wbas | , ofnehE?sract i on

m xture, a peak ascribed to dibutyltin dihexyl oxide was detected at -134
ppm and peaks apm ichaett @bkaimeld warburesplect, to3tRhel@eaction mixture

tetrabutyl -1, 3-di hexyl oxydi stannoxane were, respectively, detected at -177
ppm and - 187 ppmstSirepted) ((17r eduettine sofextiilbd iyl ac pelsdnatsefited dico@ yltin
di hexyl oxi de Into a 100-m autocl ave (manufactured and sold by 15 Toyo
Koat su Co., Lt d.certafan)substandeasgenngbd®0 »pm,gwherein tetrame-
thyltin is used as a reference in the 11%gn-NMR analysis.
15 However, when the method of the present invention 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 1if 1is used in an amount which



of- an or,ganonetal conpound containing about 5 mol of dibutyltin

di hexyl oxi de (wherein the organonetal conpound was contained in the
above-obt ai ned reaction mxture) and 25.5 g (250 nmmol) of hexanol
(rmanufactured 20 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 di oxide
gas, the pressure of which was |owered to £3\Pa by nmeans of a pressure
regul at or connected to the carbon di oxi de gas bonb, was introduced 25 into

the autoclave. Stirring of the contents of the 115 autoc¢l ave was started.
10 M nutes aft er-% Hé'S S B omed TG AR Sifd-akdee T tﬁ’i‘?e PN i oxi de

as bonmb was clqgsed. Then, the internal. te rature of, the gutoclave was
gl evated to 120 %qué‘nmertﬁﬁn&o“?oﬁﬁ’éir é”éigtpdgrl,n E5Borf Wi -oxFG¥EIEE ‘was

gradual |y withdrawn from.the autoclave thraough a purge |ine.so gs to adjust
the internal pr é’gréelﬂ &1t ]:[e}?é:tdlﬂno&nafgce[po @‘%M:}f. F%Fg%@,m%?ér]eaaf‘cta} gtnemwas
performed for 100 hours while maintain i the internal pressure of, the
autocl ave at 4 matllgeAf“fheer%t Hat hdeqhi%ncq}aﬁ’e 599 gre@“lﬁeltp%rﬁut Tafd was

cool ed tqst about u%odf]e%‘ .c%r}x%ftqeonisn rer]:aeli rt%ses%trrr%uqt tOL}g caatit%glnadéi.?oo}g?%e gas

returned tTo atnospheric pressure by gently purging t car

through a purge i'h:.! N&e AN LA evﬂ%.cpgainﬂcjdh Iaefa[)tqwaaoerﬁhé el of
e reacti |

m xture. 15 Int on mxture, exyl ‘carbonate was obtalned 1n a

yield of 18 Steny)s, AhARAIAL | hddbthi el deanale s ANt @i N date hye

wei ght of water is added to the reaction mxture obtained in step (1) to

thereby form soldyls,afict tdie hEitld &F VLM ide fid tidd | dFyarvdigs eupon
the resul tant filtrate is subjected to distillation, so that dihexyl

carbonate is obtNeshmsorthdisdnddiddes AdImed QRexyl)lowl0 db afhdexaie!
containing 1 ~ by weight of water was gently added to the reaction mx 25
ture obteg ned | st he AUk Jreos tiHd dApYotlic esdltldr is markedly
lowered. The pressure employed for the reaction per-
formed in step (1) is generally from atmospheric pres-
sure 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 reaction system or withdrawing a part of car-
bon dioxide from the reaction system. The introduction
of additional carbon dioxide into the reaction system
may be conducted either intermittently or 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



was. sti‘rred for about 30 m nutes. Then, the autoclave was opened, and it
was found that the mxture in the autoclave had turned into a white slurry.
The white slurry was subjected to filtration using a nenbrane 5 filter
(HO20A142C, manufactured and sold by Advantec Toyo Kaisha, Ltd., Japan) to
thereby obtain white solids and a filtrate. The white solids were washed 2
times with 20 ml of hexanol. The filtrate &hs transferred into a 1-liter
eggpl ant - shaped flask and sub 10 jected to distillation under heating. By
the distillation, hexanol and di hexyl carbonate were recovered. The yield
of di hexyl carbohaishefs Theyregcdyonsnixgpiien 8dys ber d@diedt A4torfTW ~ an
organone tal conpound 15 The white solids obtained in steg (gg and a
residual vi scou % ERAGEMRI chl FRefi HePT ntRALTEIRRE A R *RATYRSEPT ) ati on

performed in stggd%éi, were charged into a 100-m e plagﬁ-spa ed flask
oqui pped Wi th alBoTHEICe] th R ENRERETE A RIS IS FUTE HEF EAORE i OYPT 03
hexanol manuf act ured and so| d Aldrich, U.S. A : .a dehydrated de), 30
n of xyl(ene anth$ %’f‘???‘é’?emﬁe@%ﬁﬁ‘b‘%ﬁt?%t ov&r‘?é‘ &6 a(m/)-’sﬁatpeéﬁg‘;f)asﬂ.
Then, the e | ant - shape | ask was_heat ed, usi ng_an, oi |l bat h_whi stirrin
t he contgntgggfaT%esgﬁgpF%Lt@Eﬁaﬁﬁﬁf??@% AR TR ?5§Ur£§8f t he )

| ant - sh d flask 117 vated t t { ich.refl
of "The xyl one. oBEHFFLEE THECTER I TRY ofe 1 fen korSRaTTBEE Rt Do fta Biorof |
h [ f b j dj stil]i f 1 m
of vator was cofatrEe | 8 FRkAGa pud i Do e dBhELon BB FIPEED,

det ached fron1t$@egggfsa£§-§éép€9 Eﬁésﬁe PG XYL ENSL @R ( EXappl PELE-

renoved fromthe e ant - shaped f tas y an ordinary distillation.

Further, an excessnappyptr@f chexaipbaes frREO¥EdcfsPMEbNesLEPPL Nt 1§haped
flask by reduced pres 10 sure distillation, thereby obtaining a viscous,

+ trans papent !iﬂé&dtoTPﬁQ1réQét@%UPéPh§E@%i02§heaﬁﬂgﬁhéniéaéﬂﬁénfhaﬁk was
purged with nitrogen, and the inside of the eggpl ant-shaped fl ask was

cool ed. The resght@ntohachb@NiNi Khall Be¥8EoBUDHLCEEEDTt P28 13988aNVR
analysis. 15 In the |i9Sn-NVR chart of the reaction mxture, a peak
ascribed to di buhgl téactbherytoxtds (ay. defect@draildtop s el peaks
ascribed to a small anount of 1,1, 3, 3-tetrabutyl -1, 3-di hexyl oxydi st annoxane
were, respectiveiyn dekeatediat prafdrppd indm- tB€ ppawp@dnEt ef £é)uc-
Recycling of the organonetal conpound obtained in step (3) to step (1)
Subsequent |y, thegsthe pmourtucfscasbon diepidé)pundedt Epofi2kheereac-
successively perforned as follows. Step (1): Production of dihexyl
carbonalé from tbe PSoorghepnéia) whipbuhdsopeabaeddinxidepfidjed 118 Into
a 100-m autocl ave (manufactured and sold by Toyo Koatsu Co., Ltd., Japan)
were charged abbthereip.g Wie drean yato ikl uio mpiatned i ¢emMRLIabbeR 5 ol
of dibutyltin dihexyl oxide (wherein the organonetal com5 pound was

contai ned i n t hefapdck- 86eRi Hed PeacPPoRdnPkx REREPdand'2en 5tRE (B88°imol ) of
hexanol (manufactured and sol d %¥ Aldrich, US A ; a gehﬁ%rated grade). The
aut ocl ave was sBaPBdMiFhERe {FoRPaLedr bERCITERFELOPaRIELHE® BAYLER di oxi de
gas, the pressu%grggbwglggoﬁgg 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-



10 Jowered to 4 MPa by neans of a pressure regulator con nected to the
carbon di oxi de gas bonb, was introduced into the autoclave. Stirring of the
contents of the autoclave was started. 10 Mnutes after the start of the
stirring, the valve of the carbon di oxi de gas bonb 15 was cl osed. Then, the
internal tenperature of the autoclave was el evated to 120 C while stirring.
Thereafter, carbon dioxide gas was gradual®% withdrawn fromthe autoclave
through a purge line so as to adjust the internal pressure of the autoclave
to 4 MPa. Then, 20 a reaction was perforped for 100 hours while intain
ing the interna$chied @ROVE. the BRR RTAVLCHION RPa? FFTRIVFatSheFiod, the
i nsi de of the autoclave was cool ed to_about_ 30 and_the intgrnal pressure

of the autoclav§r9@sC¢EPﬂPn%H°¥%d%I%%gpﬁ%r?%c%?éisﬂ¥eab§oﬁgﬁn £°RRY pur gi ng
transpar ent r eABPFBRATFRELA SEne nERGEBACET OROFINI D b2 6 REKST S5 Abte
Contain ng 5 1 b3 GBFBRELG!SRkeer Forafhed t 8ithe s eaat tbn e Sohre

1l trati8n. whoFatibbf Bhbhy BoLARaRFOPRFe Phe2 PoRglpRLil A0sRE Eb At on

so that di hexyl carbopate is_obtajin a LSti 10 S (1), 10
g of hexanol coﬂ?gﬁngﬁﬁ Yaheﬁygﬁgwgﬁgeo?eagggﬁhmg §E§ﬁfl§ﬁ%g§g§ Fggthe

reaction mxture,gbtained in dit,he ibank oaXiluigenas
stirred for aboB%agbnﬁiﬁg egga%ﬁgﬁ%l%ﬂeggufgglgégéagé opgned, ang it was

ound that the BLEANCE LOCRR. 1mautockaverad ¢as nadohit 0of afiese- sl urry.

The white slurry was subjected to filtration using a nenbrane filter

(HO20A142C, manyfagiueedeangroaudely cAdvankec vEoxacleaskd, byl dontiapan) to
thereby obtain white solids and a filtrate. The white solids were washed 2

20 timeggwith 2Q,ah0f-cheXang thEhgrbiduteat eawdsnticars ther Fedbn the ae-
1-liter eggpl ant-shaped flask and subjected to distillation under heating.
By the distill abic@lonhe¥aren aodadi kexylispdabenabhe \weue lidadver of. thee
yi el d of dihexyl carbonate was 16 % 25 120 Exanple 7 (Synthesis of

di met hyl car bonaieg) t3loep toWardPred@l pirioducdf sisterhy| Howebeonat énf £bm

di butyltin di nmethoxi de and nethanol 5 Into a 10-m hi gh-pressure reactor
(manuf act ur ed ambny@nt ilonalhare thesi ,gnhemndhe Producedk aghsed wiaster val ve
were charged 1.48 g (5 mmol ) of di buthyltin dinethoxide (manufactured and
sold by AldrichisUremaved Erry thE0 neasiticf swtemho Watesh weadunest Bhd

sold by 10 WAko Pure Chemi cal Industries Ltd., Japan; a dehydrated
15 the reaction is accumulated in the reaction 'system. As

is well known 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



gr-ade) rand a SUS ball (which was for use in stirring the contents of the
reactor). The inside of the reacfor was cooled to about -68 Cwith a dry

i ce/ ethanol m xture. Then, froma carbon di oxi de gas bonb, 2.0 g 15 of a
hi gh purity carbon di oxi de gas, the pressure of which was | owered to about
2 MPa by neans of a pressure regul ator connected to the carbon di oxi de gas
bonb, was gently introduced into the high pPessure reactor. Thereafter, the
reactor was placed in an oil bath which 20 was mai ntai ned at 150 C, and
shaken for 15 hours. Af ter that period, the insjide of the reactor S

cool ed to about the GpnaﬁatﬂﬁéainW@Fhaﬁspré§sﬁ?§ BFePhémP8§§F§? mgg m%turned
to atnospheric pressure by gently gurg 8 xcesg anount _of %he C Bbon

di oxi de gas, 25fiRéPBEYYoBERARPRE SPFeBE PHﬁe i SPOPERLIFNCEE Y §8?| 121
m xture, dinethyl carbonate was obtained in a yield of 30 Step (2): An
operation in whFeRCkéPRaMdKtESRtain ing water is added to the reaction

t bt d 5 st b t h lids d
posi Led {herein. andot RSB §Pdr BocOREalRERgCs o A0 PEEdaroaby Ry terl oo ¢
distillation To th " g
tep (1) vas ad@cHoBvRnEGPaR RARDPCcChT16CPRERTIAS10TS R barat Jor hat or |

and the reactorﬁﬁg%rgggkggaﬁé rgog&% rggﬂr%e( %%t 20, )eﬁgﬁpggout 5

m nut es. Then, t opene it was found that thé mixture in

t he reactor had %yrgg%@EnEgggggg eSE%E%én The qhtaicned Wi &eddHilon Was

trans 15 ferred ask and subjected to

distillation undatdiealiag: » i G5l bhAlagn o el ant o)

carbonate were recovere of di ret hyl carbonate was 29 ~.

Exampl e 8 (Produqihay 1aatr1%5alan@em%r%ef QD idtaion ! i icte ansrahanol
by azeotropic distillation of water) 2.5 g of dlbutyltln oxi de

(manuf agtr ed aRgd 1900k Adrinehard.S. As) a B2e@egrefi Brufmpnel of an
(manuf act ur ed
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
trichloromethylene; 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 1s 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



25 and 'sol d by Wako Pure Chem cal Industries Ltd., Japan; 122 a reagent
grade) and 100 m of hexane (manufactured and sold by Wako Pure Chem cal

I ndustries Ltd., Japan; a reagent grade) were charged into a 200-mi

t hree- necked flask equipped with a liquid transferring punp and a 5 Liebig
condenser connected to a trap. The three-necked flask was placed in an oi
bath which was nmaintained at 80 C, and di $/illation was per formed under
heating for 4 hours while stirring the contents of the flask using a
stirrer. During the distillation,_ the amunts qf 10 hexane ﬁnd nmet hanol

renoved from t FETRATEE REIGT BTGHICSIS AP LAt st Hkaht

éxane and

met hanol were charged into the three-pecked flask b ns_ of t jquid

transferring pLﬁﬂ’ﬁ‘}etiWJarﬁﬂﬁ'R%“Wﬁc?F\éreetﬁ% spee I\I/Aelﬁ%:fq-t‘%’e”{s n%ebagsi%he

amounts of hexane and 15 net hangl remved fr§g1taeﬁ%h%§e-nggkgd flask, so
SndiRELhERSH PNt Re

as to keep constBhtPRHEE foukRS & Othdeféxan
three-necked flask., After the distillatio t i sid e cked
fl ask was cool e%elf%ogﬁis%,b%nﬂ%e&%%"ée%icpgahl e@%%%@ééng‘l?%{ o¥ r?telt@ﬁaﬁcg{bemer e
re 20 noved fromthe flask by r C re,disgi [ £4 €Dy,

obt ai ni ng a vi§§%ﬂgfl{?€ﬂ%%a¥%%fg%iﬁ%ﬁ%ﬁﬁﬁgg %%t%?%e%k?%q%?%tﬁgsésub?ected

to a 119Sn- NMR anal ysi s. = C | bt dhHed +&gui d,
peaks were, res%%% ¥v%f@?é§%%£§?é%9§?3@%§2 %g%%%ﬁ%l¥€§68§pﬁ1@§5 Step (1):

An operation i”dﬁ"@é&:‘?g%%giﬂé’[ isqaddeth ot 183 tRabpesaperatabsphasde! i quid,

and a reaction isS pe rn the presence of a high pressure carbon

di oxi de gas Int : 5,82 PERSS UE £1he@ct oL L { senghacéderdoB andcrol d by
Thar Designs In F?S%ﬁggk"% eq%ipped with a valve were charged 0.66 g of the

above- obt ai ned | kqyif1 (£RHHAI PhNEhanast Janaet tdmpereours)forl . they dfs-
met hanol and a SUS316 ball (which was for use in stirring the contents in

the reaghor). The,ipeigde ©F LBRer82EyOrrdA was eoobed to, ahoeferdBlE with a
dry icelethanol mx ture. Then, froma carbon dioxide gas bonb, 2.8 g of a

hi gh purity careegndioyi €8 988, °¢ he e Sl¢rtd 1afa tithuire mayadd @eerfedrtedl about
2 MPa by neans of a pressure regul ator connected to the carbon di oxi de gas
bomb, was 15 geatkpeintinotdheegriestocehefhaghopressups b¥acKksracth¥feafter,
the reactor was placed in an oil bath which was maintained at 160 C, and
shaken for 15 haussilAdtépnthat period, the inside of the reactor was
cooled to about 20 C, and the internal pressure of the reac_ 20 for was
returned to atnosphefncspepsédle BY gemtirgdpupgithdTdnadgebed BABURE of the
carbon di oxi de gas, thereby obtaining a white slurry as a reactjon m xture.
In the ri@acti onusedtur@hen apthirdca %%hﬁ%elﬁaédGBFaFﬂeHh?nrﬁaﬁté?ﬂ of 6 %

2 2): Isolation of di hyl rbon 124
° StEp ( ) S%y%%e%, %n %sng %xc%%n%% %%%ction occurs between the

carbonic ester obtained in step (1) and the third alco-
hol to thereby obtain a carbonic ester which has a dif-
ferent number of carbon atoms from that of the carbonic
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



To the 'white slurry (contained in the high pressure reactor) obtained in
step (1) was added 10 ml of nethanol. Then, the resultant in the high
pressure reactor was transferred to a 50-m eggpl ant-shaped flask. 5 The
contents of the eggpl ant-shaped flask were sub jected to distillation under
heating using an oil bath which was maintained at 90 C. By the
distillation, methanol and dimethyl carbon@®e were recovered, |eaving a
residual liquid in the flask. The yield of dinmethyl 10 carbonate was 6 Step
(3): Synthesis (regeneration) of an organone tal _.co ougg The hesidual
liquid which remafhed if ppeefPrekeapPLyY eRRLPERAVERY of "8i HRTRYI'Ear bonat e
by distillal5 tion perforned in ste

2 s transferred to a_100-
t hr ee- necked fl 85kesqafppeatait ﬁnasg?éu%ay\?Fﬁngf@?;ﬁXé} Bﬁﬁ%"%ﬁ%ea ﬁ%%i g
condenser connected to a trap._ lnto 1tlhe tﬂr ee- Heckedtflazg were c?sr ged a
stirrer, 30 m BFOHBkaAE 5R& SBLRF BLCRBPRaHEPY TReStRPed2AedRed fPask 20

was placed in an oil bath whjch S i ntained_at 8 I st tion
was Berformad uﬁd@P0hEé{"Fﬁgt%eoﬁﬁglﬁggf)g‘e&m‘f:ea@?}l?%i %Slgﬁgvgoﬁtgekbg of the

fl k i th ti ) i t he di il i f d
et ANt o ooy e aRPRB Ple ChRr BeonagnEiar sofbbARa, LiBAATRIGEELOY Lhexane an
h d th | 125 ch i - | h

o he Bl T RRe rERpErathER CP1OTEa BhE 1S LUEE- RECKEAHL a8kCAY TRAnS
same as the amoynts of [ﬁ%txe%@%a%& TRt tega%ahg@\s@df&roglmlro%ee;ea@eﬁd f1ask,

so as to keep 5 cORstan € anounts of hexane and nethanol in the

three-necked fl %Sk' AR ”ig ﬁ&it%' 3b50% . t he iRy daQf dope ildaras-iRecked

fl ask was cool ed™ & é@ 8,Utan éxané and an excess "anpbunt of met hanol were

renoved from thefl agl 0% 4 eA4eed PMees sk ¥ SiichladigeO e ddtaoebyanab the
taining a viscous, transparent liquid. The obtained |iquid was subjected to
a 1193n-NWR analoyshsrentet g hlAtomydsihaln elealdia cobtod rge |dagitiothicpeaks
were, respectively, detected at -174 ppmand -180 ppm 15 Exanple 9 Step
(1): Production ftetr GAr ROMiGHe Hetipdranird butne tiempditaitune danpaied eah

al cohol Into a 10-m high pressure reactor (manufactured and sold by Thar
Desi gns Inc., UfSrAtmeqwsteed eddiamye? ezl hieonnerse moray gete ez ly (14 mol )
of dibutyltin dibu toxide (manufactured and sold by Aldrich, US A), 2. 22
g (30 mml) of hiHeanrenddwiufAemirs tand 5ol°d . byl Makioe Pes e Chextizange

I ndustries Ltd., Japan; a dehydrated grade), 1.38 g (30 mmol) of ethanol
(manuf act ured anskafisol,d sycoiien tuora IChatialaist Ak the a5584 d. Theafsn; a
126 dehydrated grade) and a SUS ball (which was for use in stirring the
cont ent s1®f t he tesacihorbandtherdantiden gind Hee e WA Dol 8 t o about - 68
Cwith a dry ice/ethanol m xture. Then, froma carbon dioxid as 5 bonb,
2.0 g of a hi gh gartanic AP G deQdeat P regsiie® d’Fa‘G\ﬁ? h was

| onered to about 2 MPa by neans of a pressure regul ator connec o the
carbon di oxi de g‘%fé“%%ﬁﬁﬁglv%’stlb%ﬁt’r‘y ?Q?Wirﬁ?%n?ﬂeoﬂi%hm%irg%%%re

reactor. Thereafter, the reactor s. placed _in.an qil 10 j S
mai nt ai ned at 15PAEY an&‘ssﬁ’amhfoﬁfég: ﬁ(ﬁf’rasr.anc&fntger I’t%gﬁa%gohqo%@%ﬁbgm?nsi de

of the reactor was cool ed to about 20 C a e, nt _the
reactor was retuFFdy e ﬁ%%bh%‘h'&”fﬁ%%%ﬁ%% %llé%t%/ggﬁrg%ﬁgégélgeﬁ%ess

amount of the carbon di oxi deo%’LStlggsab%‘pg[rgg%%ﬁé)ﬁg%%tn%/ggagaﬁgﬂsggfﬁgas

reacti on?fi xt ur 2T he®¥8alti on ni Xt ur e, car bonat e, di butyl

carbonat e and di et byl car bONGL g Weker Bt PbRedal Bryi ehesoR aR8 memBPameand 6
% respectively.
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.



St'ep (2).: Recovering of carbonic esters by distil 20 lation fromthe
reaction mxture obtained in step (1) The reaction m xture obtained in step
(1) was transferred to a 50-m eggpl ant-shaped flask, and subjected to
distillation under reduced pressure. By the distillation, ethanol, butanol
and carbonic esters were 25 recovered. Wth respect to the yields of the
recover ed 127 carbonic esters, ethyl buty? carbonate, dibutyl carbonate
and di ethyl carbonate were obtained in yields of 23 ~, 8 ~ and 5 ~,

NG s e 0 COREN e IR A A
L, LS o0 subaten Al Ve SATE RN AL, 00 8
soe nL0,% SRS UL 0 Slod Bl MR g ALY 1 Ao 4 ol
8,00 158 Sl USRS AR RO B e S OBIERE o
02,550 TSR B 8 SRAG R Lpd et [0 sei sl 1 L1t

he“inside o or was cooled 20 to about

08 Cwth a dry, 16ol &1 NAO! JUBAMI & o JUER. o1 OB Btk hipdy dbPxele 8- borb,

2.8 g of a high“purity’ carbon di oxI de gas, e pressure of ich wa

| ower ed 10 aboujo.gs Mod O JBANfreler? dif G5 IR iR WAl BN Qe sk L Lhe
car bon di oxi de gas , was gently in 25 troduced into the tube reactor.

Thereafter, the;j8a88 tolefelPladBfoll! REREuLE B OhérdByMovbaALh ¥afhite
mai nt ai ned at 150C, and shaken for 12 hours. After that period, the inside

of the reactor ¥asr£00! efhti28 Ctrand ey iy Nalmdrerd By e Nftrdiei greact or
was returned to atnos 5 pheric pressure by gently purging an excess anount
of the ggrbon digxbeeagasa thetedye 0bim} g ectitid ettsd Uhys asbteaimeait i on
m xture. In the reaction mxture, dinmethyl carbonate was obtained in a
yi el d of about BilOr&xanpbeeiiriftoonctdnntoilanionganoteeéalikenpbbad
havi ng a hexyl oxy group fromdi butyltin oxide and n-hexanol) Into a 300-m
eggpl ant - shapedcatbvskieqesppedcant beaobbaiiradeinahilgh DeaovSriar Rvehap were
charged 24.9 g 15 of dibutyltin oxide (manufactured and sold by Aldrich,
U.S. A ), 40.9 gwbénnthexaaobofmnesheruhad andosdlidgbpo¥akooPumereheni cal

I ndustries, Ltd., Japan; a reagent grade) and 150 ml of toluene

(manuf act ur ed ahdasoll dob§C WakhePwad eth ersiedalmayn dgs emiveSyoet ef wadgahy; a
reagent 20 grade). The flask was placed in an oil bath which was mai ntained
at 120 €5 and thewewarenis &F PReferHSR Her eseeffigkédlefd¥prtREaPFngefor 12
hours while stirring. After that period, the inside of the flask was cool ed
to 80 C, and anieRdéé&ss ¥WABEAt of n-hexanol was renpved 25 fromthe reactor

by reduced pressure distillation )
y P The amount of water used in step (2) is generally

1 to 100 times the stoichiometric amount relative to

the amount of the organometal compound used in step (1l).
20 The amount of water needed for separating the unreacted

organometal compound from the reaction mixture by phase

separation is at most 1 time as large as the

stoichiometric amount relative to the amount of the or-

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

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



129 thereby obtaining a liquid containing 75.1 g of an organonet al
conpound. Subsequently, the obtained Iiquid was subjected to a 119Sn- NVR
analysis . In the 119Sn-NWR chart of the liquid, a peak ascribed to the
organonetal 5 conpound of fornula (1) was detected at -130 ppm and peaks
ascribed to the organonetal conpound of fornmula (2) were, respectively,
detected at -177 ppmand -186 ppm Step (I} Production of dihexyl
carbonate froman 10 organonetal conpound and hexanol while introducing
carbon di oxi de gas havi ng an at nospheric pressure Into a twi-necked fl ask
equi pped with aiitoirﬁjé?ﬁ%‘f?GWi%é%dv% F it F eafet Uhi B HAE 1P
connected thereto a gl ass ball filter%égf) (manuf act ured and ﬁgld 15 by
Vidrex Co., LtcPh GRgydhy WIFGR pkt Severdt rbimeRsHItaet i thetflask. Into

(1 v necked 1l ack vt £haT 4ot 075 el e, PRYeRRLA 108 Liguhe.

[ pLroducti on of & Dl PULLLY, SSE 000 1 0 96297 | ey 20 hgsiqubr ouon
Cont ent 3 of Ut nesTPaRELm Ft Orbes v Bk ghceafted rddndiet &y sbont 10, [0
Lre [lask.  (horchy, 10,220l 08 dhpouilogRibonate: 2o boueecslbetohle

40 % Exanple 12 5 (Product] f L ogycl ohexyl oxide fromdibutyltin
oxi de and cycloﬂ%§ 1o §§ %gg%?r%%P%?é?s?ﬁflation of water) Into a 500-n

eggpl ant - shaped fl as qui | ASEEe@Nfn ag Nneoyagk krap were
charged 5.1 g of 10 %?%u?%ﬁ??ﬂaﬁg%%eéfﬁgﬂﬂgactu?ed andggglg %y Al drich

U.S.A)) 80.1 g,gf cyslohexgnolniBRnuhackyeed agdnsel dobyavkeaPne the
Chem cal Industrleg, Ltd., Japan; a reagent grade) and 300 m of toluene

(manuf agpured apgd,sek @nbyiYakeePurep&heri €al 1y Ndisd ri@mpetd ture Japama-a 15
reagent grade). The flask was placed in an oil bath which was maintai ned at

130 C, and the EQEtEthéﬂérhmﬁyf&ﬁskhéeiﬁnbéfbﬁxﬂdomndeo keationg°€pr 12
hours while stirring. After that period, the inside of the flask was cool ed

to 80 C. An excgserarauiy @kofyol @bexanoPc20mubs prabyesbly ofroheld| tek by
reduced pressure distil [ation, thereby obtaining a liquid containing 15.2
g of an organomgbabc comritheSubissaieinid ot theevebttaingedhea quaxbawisc
subjected to a 119Sn-NMR analysis. In the ii9Sn-NWMR chart of the |iquid,

peaks ascribed tetelre fapom2begagomytiaio lyamdoutieoftemperaitare2 ptneeger
respectively, 131
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. 1In 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-



detected at -176 ppm and -190 ppm Step (1): Production of dicycl ohexyl
carbonate, in which cyclohexanol is added to the above-obtained |Iiquid, and
a reaction is performed in the presence of a 5 high pressure carbon dioxide
gas Into a SUS316 tube reactor (volune: 8 m; outer diameter: 12.7 nm wall
t hi ckness: 2.1 nm equipped wth a SUS316 conduit and a val ve were charged
0.86 g of the above-obtained liquid contaiﬂ}ng an organonetal 10 conpound,
1.0 g of cycl ohexanol and a SUS316 ball (which was for use in stirring the

contents of the_reactor).,L The_jnside o he reactor was_coogl ahbqut -68
Cwith a dry icE?EFﬁéng%aﬁﬂx?E#%F ?ﬂ@ﬂ?e£?8ﬂ18gcé$%oﬁsg?ﬁx?ﬁggaégebggﬁ, 2.0
g of a high purity, carbon 15 di oxide.gas, .the_pr e | C .l.ower ed
to about 2 MPa 59¥ﬁ83nsW8F65 b?eggg?g ?8gﬁb%t5ra§§%§éc g t oét %&%g%hon

di oxi de gas bo was,gent Ly introdu N e_r T t was
pl aced ig an o??hﬁawﬁtgﬁi%ﬁyﬁﬁganﬁﬁnﬁggng E@tBESG §§53ﬁ5°2hg 8%8?2r9%4
hours. Af 20 ter_that perio he i pnsid e rs o] 0,20 C,
and the internaan?gggﬁPé 8gifﬁe§?eggkoga&%sggepgggg Qtéﬂg?ﬁgsghggfggn
pressuresby gen%kxtgggging an excess anount of the carbon di oxi de gas,

t hereby obtaining a transparent reaction m xture. The obtai ned 25

transparent reactionpfibXhyEe; Vgt 20A! ¥2etneASedct e8H! hixtutd2chh was found
t hat di cycl ohexyl carbonate was obtained in a yield of 40 Exanple 13 5

Production of nghiulekbyl ngahhgnateaShertbi)atPbaduatie@nadioephbytiet hyl
carbonate fromtitaniumtetranethoxi de, carbon dioxide gas, nethanol and
ethanol Into a }Relkubieghapressyieateast ahaeranebiacedr pdes8uard soldsby
Thar Designs Inc., U S A) equipped with a valve were charged 0.9 g (5
mol ) of titani ganteakkareuhasirdgupsratinacbuesd capdeseudehy aAdmax thaa.
Japan), about 0.9 g (30 mml) of nethanol (manufactured and sold by Wako
Pure Chemical | mdugt gietillbdion]apach d% whdehydsatwedlgkaden, iababe 1.4
g, (30 mmol ) of ethanol (manufactured and sold by Wako Pure Chem cal

| ndustries, Ltdartlapine aidehytlatied gamde¢ aoddacteSd dhl & tewbehawas for
use in stirring the contents of the reactor). The inside of the reactor was
cool ed to about tue® 2& Exrwmt k2a°drfoi tkéebbhhbhgnpainteof Theea, carbanac
carbon di oxi de gas bonb, 2.0 g of a high purity carbon di oxi de gas, the
pressure of whi elsteas anderea lcohaouprefiePaly feams 56f 6 ppetbare

regul ator connected to the carbon dioxide gas bonb, was gently introduced
into the 25 aut boidiag Pedntefft FhenwsSRoRASd st edn agid/ FaH akidh 133
was maintained at 150 C, and shaken for 15 hours. Af ter that period, the
i nsi de @B the r &ét Gisidd 1gddioad May Hisomerformedy id thed iif dfaP5iSsssur e
of the reactor was returned _to atnospheric pressure by gently 5 purging an
excess anmount ofe™dfe CarhGPidieRd ¢F é’é’s,e"tr%"tive aie1Ta e o’

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-



t hereby obtaining a white slurry as a reaction mxture. In the reaction

m xture, nethylethyl carbonate, dinmethyl carbonate and diethyl carbonate
were obtained in yields of 25 ~, 3 ~ and 4 ~, respectively. 10 Step (2):

| sol ati on of carbonic esters The above-obtained slurry was transferred into
a 50-m eggpl ant-shaped fl ask, and subjected to a reduced pressure
distillation at 30 C. By the distillation/2carbonic esters were recovered.
Wth respect to the 15 yields of the recovered carbonic esters, nethylethyl

carbonate, dinethyl carbonate and di et hyl caibogste wer e Eb%ﬁénﬁgoL” yi el ds
of 23 ~, 2 ~ ab@nic-esteFps&er P& pProsy ardt FV8 EX3mpfe Mnthis

Comparaii ve Exarple, prodlct Lon et e I, GArPOANLS. EhoT ALyt oxide
2001 alt ool AHENRIAAES thot5e 4 AR B U oS aaras o o Lt d.

Japan) which bad comnee! o SLEL Al 06 dfipd PICEINE B |4 ot Do
and & L0 for Lokro, 5 el op ol e das i A0S MpLLGR, e sauce

di butyltin oxide (manufactured sol Al dri Ghe UtBe™ hadied 4% 1 g (1.5
nmol ) of nethandt® IARATTES %%aﬁﬂé‘§§%ﬁ3¥%he%@ froma carbon di oxi de gas

bonb, 10 car bon ,di oxi de ESSHE & Qfe i G, VS dopmieerio Sadba by
means of a pres il emer%b%(?a %rélg%n%ct ed to tehe carbon di oxi de gas bonb, was

| ntroduced i ntq, Lhe. ayl pel aven $UidIES:0) pheaces entmenferdie autiaz| ave

was started, an e internal tenperature of the auto 15 clave was el evated

to 160 C. A 'iQH'9n§&r99”£ﬁea§£QsMﬁ§ ghasnet by i8taedasedgedmoughonm feed
line into the autoclave so as to adjust the internal pressure of the

autocl ayg to 22, \Pa,; IhePind 6eacbiepingstneréneney &ost 1ndonedunhnte
mai ntaining the internal pressure of 20 the autoclave at 22 MPa. After that

period, the insigde ghcihetquteskeracwasncooked tin afcutmedthal dHlthmed by
purgi ng of the carbon dioxide gas, thereby obtaining a white slurry as a
reaction nixturgredbgtobhabnedoneaahi anymngtuie wasbanifygstebycghsPbe
. ) y y
chromat ogr aphy (GC). 25 In the analysis by GC, no dinethyl carbonate was de
135 tected in tpeonaaedi as mbiluws. EABbBanations are made below, tak-
ing as an example the case where the organometal com-

15 pound has at least one type of alkoxy group. When the
organometal compound used in step (1) has two different
types of alkoxy groups, an asymmetric carbonic ester
can be produced without use of alcohols (as a second
alcohol and a third alcohol) in steps (1) and (2). On

20 the other hand, when the organometal compound used in
step (1) has only one type of alkoxy group, an asymmet-
ric carbonic ester can be produced by conducting step
(1) in the presence 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



| NDUSTRI. AL APPLI CABI LI TY By the nethod of the present invention, a carbonic
ester can be produced in high yield froman organonetal conpound having a
nmet al - oxygen-carbon | i nkage and car s bon dioxide. It is advantageous that
carbon di oxi de has no toxicity and no corrosiveness and i s inexpensive.
Further, the nethod of the present invention is advantageous not only in
that the organonetal conpound after use in7Bhis nethod can be regenerated
and recycled to 10 step (1) of the nmethod) thereby preventing occurrence of
wast es derived fromthe organonetal conpound, but also in that there is no
need for the usetep &2)aigethsopmesence dEhpdr alrafoagéhhirdhateppol)
preventing occurrence of wastes derived fromthe dehydrating agent. 15
Therefore, the BaVABE 6h PHEPLEsEFRPUPNYEAET0ASI §1EERKERE AFPT FBRy usef ul
and has hi gh comrercial val ue. 137 CLAIMS 1. A nethod for roducing a
carboni c ester, 338RFYI §TONE: of thp PELRBPHEHGLaCPRROUAGN LERHERRT an*
organonet al conpound havi ng a net al - oxygen-carbon | inkage and car gfn
di oxi de to obt aieRc& P@a@@@oﬁaﬁﬁxWﬁﬁéecégﬁapﬁﬁﬁﬁ053539b8%9808§9ePSF med by
the reaction, (2) separating said carbonic ester from said rgg%ﬁg tion

a

m xture o obt aiSte® fddi RS OPilguicde &¥BS( 8 Pe&OrYn§TENPd AFEsitdTalratqui d
et al - oxygen- carBitel hEagE SARITEGEh ROTEP A BB G LoB, 4 Mat 2F 15

o Ganonet al - conphTE Lata e Es ciie] SroWiElobh, SR R e b o
521 0 of ganpret AP RTHEY Lot <o) ten e eliBelr i Rtidhe i SRLRIY |

stotchi ometri ¢ gy el AG Lo e A0 g SACLIAD L dacol The

met hod according'to C erein sard re25 action in step (1

performeg, at 20 1Y) ,nWJ:Ie'bgo cdrld iy st ehhad, ageidiedde JdAaithdl,

wherein 'said or ganoneta nmpound use€d in'step (1) conprises at |east one
conpound sel ect %f@&@ﬁt{'%ﬂfdﬂb@.é‘qwi&t& na nols )an Aheanewet akicgempound
a

represented by the fornu

ent alcohols are used, the stoichiometric ratio of the
two alcohols varies depending on the types of the two
alcohols; however, the stoichiometric 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 is intended to pro-
duce an asymmetric carbonic ester in a ratio which lar-

20 ger than that of a symmetric carbonic ester, it is pre-
ferred that the stoichiometric ratio of the two alco-
hols is as close to 1 as possible. Specifically, the
stoichiometric ratio of the two alcohols is preferably

in the range of from 3:7 to 7:3, more preferably in the

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



(1) ~~R4)a R1 -Ml- OR3)~ a R2 (1) b wherein: 10 ML represents a netal atom
sel ected fromthe group consisting of elenents belonging to Goups 4 and 14
of the Periodic Table, exclusive of silicon; each of Rl and Rz

i ndependently represents a 15 straight chain or branched Cl-Cl2 al kyl

group, a C5-C12 cycl oal kyl group, a straight chain or branched C2-Cl2

al kenyl group, a C--C20 aral kyl group conprised of unsubstituted or
substituted C6-Cl g aryl and al kyl selected fromthe group 20 consisting of
straight chain or branched Cl-Cil4 1 1 139 al kyl and C5-Cl14 cycl oal kyl, or
an unsubst it ut ePHHFRRHEHT tGATRPIES: CRLaHt yilS grOUiR et hoin 3t e 7 -

i ndependent |y represents a straight chain or branched Cl1-Cl2 al kyl group, a
5 C5-Cl2 cycl oali§AYr UAFORP LT ¢ Jgﬂﬁ i Ysest It SEIRIF @It S| (g |

group, or a C~-C20 aral kyl rouﬁP ri sed of unsubstituted or substituted
C6-C19 aryl and edf‘ﬂﬁ %’el {Ebt (RAT IRE GO donststhaRf bl Sitmemtthsai n

or branched 10 Cl- A}T and C5-Cl4 c]}/cl oal kyl ; and each of a and b is
an integer of frb =& adnomﬁ: t ?tleve?cl"?:%ftlle AP E Chrthat¥ger of
fromO t , and a + b + d an organongtal ound

repr esen?sed by t%aé‘%%‘iﬁﬁ c%@?’%d) (d'\tggl?ecﬁﬁ??ﬁ? ME BB tFQLWQp btain jarg - 10
Rf (OR)~ Wnereel an.d i ndgpae\l_nldnegnttlv)/0 r&f gfesxgaenr'{ts taypzeos rgeft al

atom sel ected frof e rglrcouc’p co° S cstefsh

alkoxy dgroups corresponding to the two alcohols, irre-
spective of the type of the alkoxy group of the or-
ganometal compound used in step (l). The separation of
10 the asymmetric carbonic ester from the reaction mixture
can be conducted by any of the methods (such as solvent
extraction, distillation and membrane filtration) de-
scribed above in connection with step (2). In many
cases, not only an asymmetric carbonic ester but also a
15 symmetric carbonic ester 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-
20 ric carbonic ester. The symmetric carbonic ester is
either mixed with the residual liquid, followed by step
(3), or returned to step (1) or (2).
Step (3) is a step of synthesizing (regenerating)
an organometal compound having a metal-oxygen-carbon

25 linkage. A compound contained in the residual liquid



el-ement's belonging to Goups 4 and 14 of the Pe | 1 140 riodic Table,

excl usive of silicon;

each of R5, R6, R~ and R8 independently repre sents a
straight chain or branched Cl1-Cl12 al kyl group, a C5-Cl2 cycl oal kyl group,

a

straight 5 chain or branched C2-Cl2 al kenyl group, a C--C20 aral kyl group

conprised of unsubstituted or substituted C6-Clg aryl and al kyl sel ected
fromthe group consisting of straight chai® or branched Cl-Cl4 al kyl

C5- Cl14 cycloal kyl, or an unsub 10 stituted or substituted Cg-C20 aryl
group; each of RO and Rl independently represents a straight chain or

branched Cl- Clottadiedrafifer othes-CRARaicgnl oy | thE RAFPHLE r&F it thain or

branched C2-Cl2 al kenyl

kyl . and -Cl4
cycl oal kyl; anduid+ put gopetimes gin the fpxm of ,ae%%Jnl‘gf ﬁlsr NG 20 ] is

i ndependently an integer of from1l to
5. The met hodtheeorHi Hee t BYRe o9 Ehe

performed in the presence of a 25, second

. ool ich is_th S or
differenp frompoyad Gapdo¢ipsed o0 oRbTP u&g P‘ﬁr s)fl\(g]ﬁmi%?. al(%. &f’ﬁ%q?r%féhod

according to claiml1l, wherein said separati.on qf said j tar_in
step (2) is per52tofABROPRAt het 5 &@}ﬁo&*ﬁ Jéltt%%er cf%asidlc%ﬂet[)llbq%%ﬁéi%the

10

15

20

25

tained after the separation of the carbonic ester in
step (2) is generally in the form of a liquid. For ex-
ample, the residual liquid does not contain dibutyltin
oxide in the form of a solid (it should be noted that
dibutyltin oxide has no solubility in almost all or-
ganic solvents at room temperature (20 °C) and, hence,
is in the form of a solid under such conditions). The
structure of the compound in the residual liquid has
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-
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

-carbon linkage and form water and removing the water

and

group, or a C--C20 aral 15 k%I 1grou CO rised of
unsubstituted ostembet] isitgrrERIAYy B yibePEl IBF St TR

consi sting of straight chain or branched Cl-Cl4_al

3 i = 3 d _
ot ht FarngeRly P dal-) o)

e group

3
is



sane as or different fromsaid first alcohol used in step (3). 7. The

nmet hod according to claim1, wherein said 10 separation of said carbonic
ester in step (2) is perforned by at | east one separation nethod sel ected
fromthe group consisting of distillation, extraction and filtration. 15 8.
The met hod according to claim 1, wherein said renoval of said water in step
(3) is performed by nmem brane separation. 79. The nmet hod according to claim
8, wherein said nem 20 brane separation is pervaporation, 10. The met hod
according to claim1, wherein said renmoval of said water_in _step (3). is
performed by difstdn thet jadn lezmt onpq»THEROMEd ade GeEP X0 r dTHFF RIS i m 1,
wherein said first alcohol used in step (3) is at |east one al cohoJr

sel ected from tite Igantp aaensizganapedialaronnaand XuRingthvithg @Rt 3 ght
chain or branched Cl1-Cl12 al kyl group, 5 a clycl oal kyl al cohol having a

C5- C12 cycl oal Ky mpesieresh %k SiRAY SHicc ity SFeR rldilght chain or
branched C2-Cl12 al kenyl group, and an aral kyl al cohal havin C~ﬁ_C20

aral kyl group conpr iES& %r%fubcs“ﬁst‘ijtael(foty’roylsﬁ.xﬁ’ssﬁ dted %113) aryl and

al kyl selected fromthe group 10 consisting of straight [ r, branched
\S\:}(l}- C14 afl’kylh a;fblht%jéfll?kstelyd'ftlg’a‘?rkﬁ?e J@Zfedmlé}]gl%ﬁ(lio%ﬁoa‘%:brggng fg_ccll%é?mlél,
erein each of sajd al kyl,. al coho i d _cycl pal kyl. a i )
kenyl al cohol &HPeF PhrFIgH %%%h%]?s I‘f'é&glau(geoi ’i—r(ljdj2 pag'? %J?%hgjl’g&hi gher
than the boilin oint_o ter., 13...The ac, i im 12,
wherein said al'ktS ARGH '\egbn?)Jrjr%%cslja(f ?%%gsl?&%’n’e %’é%%e?gs%ﬁ%%%m rom 20

al ool havi ng SUATRE it AT Or T ATRPRIL o (15 Sy 5r popeand

al cohol havi ng a Cl2 a group, and said

al kenyl al cohol a, S i chal e Ok o Pr aﬁé;lhggngif,; Glex@h&enyd - @tRYP- 25
14. The met hod %%%%%d} ?\%‘E?%rg%*éi {r;aél V\,h%r'ei n each of , , 143 R3 and R4 in

formula; 1) and, | RlnéRefOf Mk fc{ Spropaependeptiypieanesent s an
n- but yl 1éroup, %159?50 ?Jt')/| gr%up, agf't:rall)ug:;hltB chain or branched C5-Cl12 al kyl

group, or a stra,ghbpehehio P! ég@nsﬂ@ﬁamicaadawenahegéﬂup; &nd5ardhe
met hod according to claim4 or 14, wherein) in step (1), said organonetal

conmpound i s usegyinNadtoh68s! 06hfeENHEREETt &UcdHNOI ahé ghenptbphsadti ng of
a nmononeric form an oligoneric form a polynmeric form 10 and an associ at ed
form 16. The mebhed.actsdl] ngpighywdmidn dlashdls adreries meadhasffMistn
formula (1) and M2 and M3 in fornula (2) represents a tin atom 15
alcohols. Examples of polyhydric alcohols include C;-

15 C;, aliphatic polyhydric alcohols and C5-C12 alicyclic
polyhydric alcohols, such as ethylene glycol, 1,3-
propanediol, 1,2-propanediol, cyclohexanediol and
cyclopentanediol; and aralkyl polyhydric alcohols, such
as benzene dimethanol. If desired, prior to use of any

20 of the above-mentioned alcohols, for example, distilla-
tion of the alcohol may be conducted for purifying the
alcohol or 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



17.. The met hod according to any one of clainms 1 to 16, which further
conprises, after step (3), a step (4) in which said at |east one
organonet al conpound recovered in step (3) is recycled to step (1),
fol |l owed by re 20 peating of a sequence of steps (1) to (4) one or nore
times. 18. The method according to claim 17, wherein said organonetal
conpound used in step (1) is produced from®&h 25 organotin oxide and an
alcohol. .Af.A& .A.A A& .Aa. A& . A2 A .A. A2 .A9[.A& .AE .A . A.A A

. A2 A LA A& ALLALL A A& AUSE . AA2 LA LA
A LA ANY 'AUEéagéiin the removal of water in step (3), it is more

preferred to use at least one alcohol selected from the
group consisting of n-butanol, isobutanol, an alkyl al-
cohol having five or more carbon atoms and an aralkyl

5 alcohol having five or more carbon atoms.

With respect to the structure of an organometal

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

10 comprised of at least one member selected from the
group consisting of a crosslinked product of an or-
ganometal compound represented 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 stoichiometric amount relative to the
amount of the organometal compound used in step (1).
When a sequence of steps (1) to (4) is repeated one or

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

25 above-mentioned range of the amount of the first alco-
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15

20

25
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Alternatively, the alcohol present in the resid-

ual liguid may be removed.

The removal of water in step (3) can be performed

by any conventional method. For example, the removal

of water in step (3) can be performed by any of distil-

lation, a method using a dehydration column filled with

a solid dehydrating agent, and a method using membrane

separation (such as pervaporation). Among them, dis-

tillation and a method using membrane separation (such

as pervaporation) are preferred. It is well known that

pervaporation can be used for the removal of water in

an alcohol. In the present invention, pervaporation

can be preferably used. In the case of an alcohol hav-

ing a boiling point higher than that of water, the re-

moval of water in the alcohol can also be easily per-

formed by distillation under heating. On the other

hand, in the case of an alcohol having a boiling point

lower than that of water, the removal of water in the

alcohol can also be performed by a distillation tech-

nigque in which a solvent forming an azeotropic mixture

with water is used.

The temperature employed for the reaction per-

formed in step (3) varies depending on the type of the

first alcohol used; however, the temperature is gener-

ally from room temperature (20 °C) to 300 °C. When the
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removal of water in step (3) is performed by distilla-
tion, the temperature employed for the distillation is
not particularly limited so long as water has a vapor
pressure at the temperature. When it is intended to

5 complete the reaction in step (3) in a short period of
time under atmospheric pressure, it is preferred that
the distillation is conducted under conditions wherein
the temperature of the vapor formed by distillation is
the azeotropic temperature of water and the first alco-

10 hol. When water and the first alcohol do not form an
azeotropic mixture, it is preferred that the distilla-
tion is conducted at the boiling point of water. When
it is intended to complete the reaction in step (3) in
a shorter period of time, the distillation may be 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 alcohol does not form an

25 azeotropic mixture with water, water can be removed by
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azeotropic distillation in which a solvent forming an
azeotropic mixture with water is used. This method is
preferred since water can be removed at a low tempera-
ture. Examples of solvents which form an azeotropic
5 mixture with water include unsaturated and saturated
hydrocarbons, such as hexane, benzene, toluene, xylene,
naphthalene; ethers, such as anisole and 1,4-dioxane;
and halogenated hydrocarbons, such as chloroform.
From the viewpoint of facilitating the separation
10 of water from the azeotropic mixture after azeotropic
distillation, it is preferred to use, as a solvent, an
unsaturated or saturated hydrocarbon in which water has
low solubility. When such a solvent is used, it is
necessary to use the solvent in an amount such that wa-
15 ter can be satisfactorily removed by azeotropic distil-
lation. It is preferred to use a distillation column
for the azeotropic distillation because the solvent can
be recycled to the reaction system after separating the
solvent from the azeotropic mixture in the distillation
20 column and, hence, the amount of the solvent can be re-
duced to a relatively small one.
By performing the reaction in step (3), there can
be obtained, for example, at least one organometal com-
pound selected from the group consisting of an or-

25 ganometal compound represented by formula (1) and an
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system for separating the carbonic ester, it is some-
times possible that a white solid containing water is
5 obtained and the amount of water removed in step (3) is
more than 1 time the above-mentioned theoretical amount
of water produced by the reaction in step (3). When a
sequence of steps (1) to (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-
cess amount of the alcohol may be removed. From the
viewpoint of improving the purity of the carbonic ester

20 obtained in step (1) in the case where a sequence of
steps (1) to (4) is repeated one or more times, it is
preferred to remove an excess amount of the alcohol.
When the same alcohol as used in step (3) is used in

step (1) in the case where a sequence of steps (1) to

25 (4) is repeated one or more times, the removal of the
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the reaction system after step (3).
The removal of an excess amount of the alcohol can
5 be performed as follows. When the organometal compound
obtained in step (3) is in the form of a solid, the al-
cohol can be removed as a filtrate obtained by filtra-
tion. on the other hand, when the 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 in which an inert
gas, such as nitrogen, is introduced into the reactor
so that the alcohol is removed in an amount 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
completely dried, a disadvantage is likely to occur
wherein the organometal compound is hydrolyzed and de-
composed into a metal oxide and an alcohol, so that the
amount of the carbonic ester obtained by the reaction
20 in step (1) in the case where a sequence of steps (1)
to (4) is repeated one or more times, becomes extremely
lowered. Steps (1) to (3) may be performed either con-
tinuously or in a batchwise manner.

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

25 can be simultaneously performed. Also, if desired,
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0- 10 p%r ormed With respect to such simultaneous perform-

ance of these steps, explanations are made hereinbelow.

(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 present during the perform-
ance of the reaction in step (1), and the other is the
case where carbon dioxide is in a supercritical state
under high temperature and high pressure conditions and
the reaction mixture forms a homogeneous mixture.

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

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

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

(The case where steps (2) and (3) are simultaneously
performed)
Steps (2) and (3) can be simultaneously performed
when the organometal compound is obtained from an alco-
10 hol 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)
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ith respect to the reaction performed in step (1),
there are two cases: one is the case where a liquid
phase and a vapor phase are present during the perform-
ance of the reaction in step (1), and the other is the
5 case where carbon dioxide is in a supercritical state
under high temperature and high pressure conditions and
the reaction mixture forms a homogeneous mixture.
Steps (1) to (3) can be simultaneously performed in the
case where a liguid phase and a vapor phase are present
10 during the performance of the reaction in step (1), the
organometal compound is obtained from an alcohol having
a boiling point higher than that of water, and a C;-C;
alkyl alcohol (preferably methanol) is used. In this
case, the reaction temperature and reaction pressure
15 vary depending on the type of an alkoxy group contained
in the organometal compound and the type 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-
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pound. Further, it is also possible to employ a method
in which the reaction is performed in a fixed-bed reac-
tor containing an organometal compound, wherein the or-
ganometal compound is supported on a carrier or in the
5 form of a solid. In this method, carbon dioxide and a
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.

Step (4) is a step in which 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-

15 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.
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BEST MODE FOR CARRYING THE INVENTION

Hereinbelow, the present invention will be de-
scribed in more detail with reference to the following
Examples and Comparative Examples, which should not be

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

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

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

Apparatus: JNM-A400 FT-NMR system (manufactured
and sold 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 compound
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 liquid containing an or-

25 ganometal compound was weighed, and then 0.05 g of
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5 2) Gas chromatography (GC) analysis of a carbonic es-
ter
Apparatus: GC-2010 system (manufactured and sold
by Shimadzu Corporation, Japan) .
(1) Preparation of a sample solution
10 0.06 g of a liquid to be measured with respect to
the carbonic ester content thereof 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.)
Liquid phase: 100 % dimethyl polysiloxane
20 Column length: 30 m
Column diameter: 0.25 mm
Film thickness: 1 um
Column temperature: the temperature was elevated
from 50 °C to 300 °C at a rate of 10 °C/min.

25 Injection temperature: 300 °C
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Detector: FID (flame iozination detector)
(3) Quantitative analysis
The quantitative analysis of a sample solution was
5 conducted using a calibration curve obtained with re-

spect to standard samples.

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

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

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

pound by Avogadro’'s number.

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

25 Toyo Koatsu Co., Ltd., Japan) were charged 29 g (116
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mmol) of dibutyltin oxide (manufactured and sold by Al-

drich, U.S.A.) and 75 g (576 mmol) of 2-ethyl-l-hexanol
(manufactured and sold by Aldrich, U.S.A.). The atmos-
phere in the autoclave was purged with nitrogen gas.

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

10 1-hexanol. After that period, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was cooled to about 30 °C while purging the atmosphere
in the autoclave with nitrogen gas, and there was ob-
tained a reaction mixture containing an organometal

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

20 amount of water in the distillate was about 1.7 g. The
119%¢ _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



10% o' o0& ()-F 109§O&f()-F 10% o0& ()- s10% o0& ()- 10% o0& ()-F

10% o0& ()" - 100 b () #1096 0& () - GL0% 0 () - £10% o 07

10% & ()-F 10% & ()-3 10@§gf(§2L§%%(29?)f)ig}gAzggb()-10960& ()-7ibC 10

10'06}10960&f()-ir}&dEbC 10!'TF 910% & ()-F YF10% & ()-yT#10% & ()-F

}_8?;2% 8:;%200/%/&&&(6!:\{2}9;{%6&/;((&I)-&Y/debCol@l!Z!I Jt10% & ()-Y '10% & (?-3 %

93100% & () - | (0)- 310% & ()-fBadEbC 10!'!'3 5310% & ()-Y
and -184 ppm.

Step (1): Production of dimethyl carbonate from an
organometal compound having a 2-ethyl-1l-hexyloxy group,
methanol and carbon dioxide gas

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

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

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

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

25 KPa, thereby separating dimethyl carbonate and methanol



F110% &.()-1 f/ 10% & ()-s-"10% & ()-Y +g10% & ()-bC 10! ! #
10% & ()-f10% & ()-SS10% & ()-L10% & ()- 10\ 10\ 10\ 710% & ()-8} [ <bC
10! Y10% & ()-!vf10% & ()-!f10%\& ()-F :10% & ()-F 10% & ()-!Y
&10%\ & () - 8pt dEbC 10!)Z10% & ()-F )310% & ()-J 710% & ()--10% & () -
"10% & ()- @O% & ()-txyz{~X}~_=

10! 1 ¢c" 10%H& ()-S"109& ()-y!"10%& ()-yl0%i&€3()- 10\ 10\ 10\*@

Y10% & () -} NYB{| zX9. = 10 1" 10%& ()-!q 1"10%gHqH& () -! v% 10 HVH& () - Z

| Aot 1090 HMHE ()-Z " 10%H4& ()-! T "109THTH& ()-|}~YkgH= 10

1" 1S#10% o0& () - 28 8o FeaOtirm miguge Py- Bistiddeddon angl gReswey~ 10

10} [ <1= 1
10'} [ /< Z#10% & () M8 [Pefoddreuel aafichiddate gidh@gressdodime ¢fgabew o0& () -

| A 0 ' =1 10!,/ z#1! 0109%2?& I
y: 39#10AD0& ()Eytoc ave. Thlus, dimethyl c %bonate was obtained in a

yield of 17 %.
5 Step (3): Synthesis (regeneration) of an organome-
tal compound
75 g (576 mmol) of 2-ethyl-1l-hexanol (manufactured
and sold by Aldrich, U.S.A.) was added to the residual
liquid in the autoclave, obtained in step (2). The at-
10 mosphere in the autoclave was purged with nitrogen gas.
Then, stirring of the contents of the autoclave was
started, and the internal temperature of the autoclave
was elevated to 192 °C. The purge line was opened, and
the stirring was continued for 3.5 hours under atmos-
15 pheric pressure while distilling off water and 2-ethyl-
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-
20 tained a reaction mixture containing an organometal
compound having a 2-ethyl-1-hexyloxy group.
Step (4): Recycling of the organometal 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.
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Step (1): Production of dimethyl carbonate from an
organometal compound having a 2-ethyl-1l-hexyloxy group,
methanol and carbon dioxide gas
Into the above-mentioned autoclave containing the
5 reaction mixture was charged 75.5 g (2.4 mol) of metha-
nol, and all valves were closed. Then, from a carbon
dioxide gas bomb, carbon dioxide gas, the pressure of
which was lowered to 5 MPa by means of a pressure regu-
lator connected to the carbon dioxide gas bomb, was in-
10 troduced into the autoclave. Stirring of the contents
of the autoclave was started, and the internal tempera-
ture of the autoclave was elevated to 160 °C. A liquid
carbonic acid was gradually introduced through a feed
line into the autoclave so as to adjust the internal
15 pressure of the autoclave to 19.6 MPa. Then, a reac-
tion was performed for 1 hour while maintaining the in-
ternal pressure of the autoclave at 19.6 MPa, thereby
obtaining a reaction mixture, and the inside of the
autoclave was cooled to about 30 °C, followed by purg-
20 ing of the carbon dioxide gas.
Step (2): Isolation of dimethyl carbonate
In the above-mentioned autoclave, a vacuum distil-
lation was performed at 30 °C under a pressure of 13

KPa, thereby separating dimethyl carbonate and methanol

25 from the reaction mixture by distillation and recover-
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ing them through a distillate withdrawal line of the
autoclave. Thus, dimethyl carbonate was obtained in a

vyield of 16 %.

5 Example 2

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

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

There was provided a 200-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 dibutyltin oxide (manufactured and sold by Aldrich,
U.S.A.) and 30.7 g (300 mmol) of hexanol (manufactured

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

25 the autoclave was elevated to 160 °C. Then, the stir-
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1
ring was continued for 30 minutes. Thereafter, the
valve of the distillate withdrawal line was opened, and
recovery of a distillate was started and continued
while blowing nitrogen gas into the bottom of the auto-

5 clave at a flow rate of 200 ml/minute. About 2 hours
after the start of the recovery of a distillate, there
was no distillate any more. Then, the inside of the
autoclave was cooled to about 50 °C, and there was ob-
tained a transparent reaction mixture. A small amount

10 of the reaction mixture was sampled and subjected to a
1196n-NMR analysis. The '*’Sn-NMR analysis confirmed
that there were formed the organometal compound of for-
mula (1) and the organometal compound of formula (2).
The distillate exhibited a separation into two layers,
15 and the amount of the water layer was about 0.9 ml.
Then, a cycle of the below-described steps (1) to
(4) was repeated.
Step (l): Production of dimethyl carbonate from an
organometal compound having a hexyloxy group, methanol
20 and carbon dioxide gas
Into the above-mentioned autoclave containing the
reaction mixture was charged 48.1 g (1.5 mol) of metha-
nol, and all valves were closed. Then, from a carbon
dioxide gas bomb, carbon dioxide gas, the pressure of

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

5 carbonic acid was gradually introduced through a feed

line into the autoclave so as to adjust the internal
pressure of the autoclave to 22 MPa. Then, a reaction
was performed for 16 hours while maintaining the inter-
nal pressure of the autoclave at 22 MPa, thereby ob-

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

Step (2): 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
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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 into the bottom of the auto-
clave at a flow rate of 200 ml/minute. About 2 hours
after the start of the recovery of a distillate, the
10 inside of the autoclave was cooled to about 50 °C, and
there was obtained a transparent reaction mixture.
Step (4): Recycling of the organometal compound
obtained in step (3) to step (1)
The yleld of dimethyl carbonate obtained in step

15 (2) of each cycle is shown in Table 2.
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Table 2
Cycle No. of reaction Yield (%)
1 16.7
5 e e s
Sy

10
15
20

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

25 1% -NMR analysis. In the '*’Sn-NMR chart of the resid-
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ppm and -500 ppm, in addition to a peak ascribed to a
small amount of the organometal compound of formula (2)
(see Fig. 2). After step (3) of the 26th cycle of re-
5 action, the reaction mixture obtained in step (3) was
subjected to a ''°Sn-NMR analysis. In the *'®Sn-NMR
chart of the reaction mixture, a peak ascribed to the
organometal compound of formula (2) was detected, and
the above-mentioned several peaks between -170 ppm and
10 -500 ppm were no longer detected (see Fig. 3).
The amounts of water distilled off in step (3)s of

the 1lst to 4th cycles of reaction were, respectively,

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

15 Example 3
(Synthesis of an organometal compound having a 2-ethyl-
l-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-
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bath was heated to 180 °C. During the heating, a white
slurry in the eggplant-shaped flask turned into a
transparent solution. Then, the rotation of the egg-

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

10 controller (manufactured and sold by OKANO WORKS, LTD.,
Japan) while distilling off water and a small amount of
2-ethyl-1l-hexanol. After that period, there was almost
no distillate any more. Then, the inside of the flask
was cooled to about 30 °C and the internal pressure of

15 the flask was returned to atmospheric pressure by means
of nitrogen gas, and there was obtained 310 g of a re-
action mixture which was a transparent solution of an
organometal compound having a 2-ethyl-l-hexyloxy dgroup
in 2-ethyl-1l-hexanol. The 19%gn-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.
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Into a 500-ml autoclave (manufactured and sold by
5 Asahi Shoko Co., Ltd., Japan) were charged 148.8 g
(containing 202 mmol of Sn atoms) of the above-obtained
2-ethyl-1-hexanol solution of an organometal compound
having a 2-ethyl-l-hexyloxy group and 86.4 g of 2-
ethyl-1l-hexanol. The autoclave was sealed and all
10 valves were closed. Then, from a carbon dioxide gas
bomb, carbon dioxide gas, the pressure of which was
lowered to 3 MPa by means of a pressure regulator con-
nected to the carbon dioxide gas bomb, was introduced
into the autoclave. Stirring of the contents of the
15 autoclave was started, and the internal temperature of
the autoclave was elevated to 120 °C. The internal
pressure of the autoclave was adjusted to 3.5 MPa.
Then, a reaction was performed for 4 hours while main-
taining the internal pressure of the autoclave at 3.5
20 MPa, thereby obtaining a reaction mixture, and the in-
side of the autoclave was allowed cooled to 30 °C, fol-
lowed by purging of the carbon dioxide gas. The 1%gn -
NMR chart of the reaction mixture is shown in Fig. 5.

As shown in Fig. 5, the peak ascribed to the organome-

25 tal compound of formula (1) disappeared, and several
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5 Example 4
(Synthesis of an 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 synthesized in the same manner as in Example
1.

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

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

20 Stirring of the 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 into the autoclave so as
to adjust the internal pressure of the autoclave to

25 19.6 MPa. Then, a reaction was performed for 2 hours
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followed by purging of the carbon dioxide gas.
Step (2): An operation in which methanol is added
5 to the reaction mixture to thereby effect a
transesterification so as to convert the above-
mentioned carbonic ester into 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 methanol (manufactured and
sold by Aldrich, U.S.A.; a dehydrated grade), and all
valves were closed. Then, stirring of the contents of
the autoclave was started, and the internal temperature
15 of the autoclave was elevated to 120 °C. The stirring
was continued for 2 hours and, then, methanol and di-
methyl carbonate were gradually withdrawn by distilla-
tion from the autoclave through a purge line. When it
was observed that there was almost no distillate any
20 more, the inside of the autoclave was cooled, and the
atmosphere in the autoclave was purged with nitrogen
gas, followed by termination of the reaction. In the
distillate, dimethyl carbonate was obtained in a yield
of about 20 %.

25 Step (3): Synthesis (regeneration) of an organome-
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liquid in the autoclave, obtained in step (2). The at-
5 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-
10 pheric pressure while distilling off water and 2-ethyl-
1-hexanol. After that period, there was almost no dis-
tillate any more. Then, the inside of the autoclave
was cooled to about 160 °C while purging the atmosphere
in the autoclave with nitrogen gas, and there was ob-
15 tained a reaction mixture containing an organometal
compound having a 2-ethyl-1l-hexyloxy group.
Step (4): Recycling of the organometal compound
obtained in step (3) to step (1)
Subsequently, the same procedures as in step (1)
20 and step (2) were successively performed as 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
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5 maintaining the internal pressure of the autoclave at
19.6 MPa, thereby obtaining a reaction mixture, fol-
lowed by purging of the carbon dioxide gas.
Step (2): An operation in which methanol is added

to the reaction mixture to thereby effect a trans-

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

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

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

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

25 atmosphere in the autoclave was purged with nitrogen
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5 Example 5

(Synthesis of an organometal compound having a hexyloxy
group, from dibutyltin oxide and hexanol)
Into a 200-ml autoclave (manufactured and sold by
Toyo Koatsu Co., Ltd., Japan) were charged 24.9 g (100
10 mmol) of dibutyltin oxide (manufactured and sold by Al-
drich, U.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.
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hexyloxy-di-stannoxane and about 6 mmol of dibutyltin

dihexyloxide.

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

Into the above-mentioned 200-ml autoclave contain-
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 Aldrich,

U.S.A.; a dehydrated grade), and the autoclave was
sealed. Then, from a carbon dioxide gas bomb, carbon
dioxide gas, the pressure of which was lowered to 5 MPa

by means of a pressure regulator connected to the car-

bon dioxide gas bomb, was introduced into the autoclave.

Stirring of the contents of the autoclave was started.
10 Minutes after the start of the stirring, the wvalve
of the carbon dioxide gas bomb was closed. Then, the
internal temperature of the autoclave was elevated to
180 °C while stirring. In this instant, the internal
pressure of the autoclave was about 7.5 MPa. Then, a

reaction was performed for 6 hours while maintaining

the internal pressure of the autoclave at about 7.5 MPa.
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1"10%¢& () - hexyl carbonate was obtained in a yield of about 14 %.
Step (2): An operation in which hexanol containing
1 % by weight of water is added to the reaction mixture
obtained in step (1) to thereby form solids, and the
10 solids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, so that
dihexyl carbonate is obtained as a distillate
After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reaction mix-
15 . ture obtained in step (1), and the resultant mixture
was stirred for about 30 minutes. Then, the autoclave
was opened, and it was found that the mixture in the
autoclave had turned into a white slurry. The white
slurry was subjected to filtration using a membrane
20 filter (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
times with 20 ml of hexanol. The filtrate was trans-
ferred into a l-liter eggplant-shaped flask and sub-

25 jected to distillation under heating in an oil bath at



1"10%#& ()- | W10% #1 & ()-3 h % 10%#h& ()-3 ,HI0% & () - v
, #10W#VE () -fI bA410# v "10%#& ()-z @109 "& ()- q @10%& ()- c
@y109m1w& ()- 10%#&'()-10#10#Q&|[NA41010#10#10# 6" 109%#& ()- 3 410%#& ()- {
9% 109%#& ()- N W10%i"r& ()- "10% & ()-zk|[: NAA1010 ,f#10% #. & ()-Z (q
,F#1098& ()-Z L10% #: & ()- (L"10%# & ()-S L"10% -# & ()-S
| 10% #: & () -#| obU410 1094 #& ()-10:":10:":1D10: 1g#10% ": & ()- h
1g#10%#& ()- | Y%g#10%t& ()-F c %#10%#t& ()-F \|[: bU41l0 &SHI0NW & ()-z
&S#lO%F]#F&'()-Z &S-#10U #& ()- h &s-#109B]#B& ()- 1099 #& ()- D !10%
n& ()-P+, -. | [ NAB3010C 18nd0vngag#a0presypre cof1#1Bas" By (Yhe 31'1%%%#1@( ) -
&Y% 109 #&' () -y h'8&61098]#8&f()-y.1 FF|&:NA41010 Y #10%#& ()-Z
@10% ": & ()-E viagrioesane}- &nf @khesy ' gprponatgoyery recogered.
10% #: & ()-*#[1j k| [:-410: #: 1G'10@6#:&Tg)- T
The yield of dihexyl carbonate was 13 3%.
Step (3): Synthesis (regeneration) of an organome-
5 tal compound
The white solids obtained in step (2) and a resid-
ual viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
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
was opened, and the stirring was continued for 2 hours
20 while blowing a small amount of nitrogen gas into the
bottom of the autoclave and distilling off water and
hexanol through the purge line. After that period,
there was almost no distillate any more. Then, the in-

side of the autoclave was cooled to about 30 °C, and

25 there was obtained a reaction mixture. A ''’Sn-NMR
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47 mmol of 1,1,3,3-tetrabutyl-1,3-di-hexyloxy-di-
stannoxane and about 6 mmol of dibutyltin dihexyloxide.
5 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

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
pressure regulator connected to the carbon dioxide gas
bomb, was introduced into the autoclave. Stirring of
the contents of the autoclave was started. 10 Minutes

20 after the start of the stirring, the valve of the car-
bon dioxide gas bomb was closed. Then, the internal
temperature of the autoclave was elevated to 180 °C
while stirring. 1In 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-
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30 °C and the internal pressure of the autoclave was
returned to atmospheric pressure by gently purging the

5 carbon dioxide gas through the purge line, and there
was obtained a transparent reaction mixture. In the
reaction mixture, dihexyl carbonate was obtained in a
vield of about 14 %.

Step (2): An operation in which hexanol containing

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

15 After step (1), 10 g of hexanol containing 1 % by
weight of water was gently added to the reaction
mixture 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 (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

25 times with 20 ml of hexanol. The filtrate was trans-
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tion, hexanol and dihexyl carbonate were recovered.

The yield of dihexyl carbonate was 13 %.

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

Into a 200-ml eggplant-shaped flask equipped with
a condenser and a Dean-Stark trap were charged 12.5 g
(50 mmol) of dibutyltin oxide (manufactured and sold by
Aldrich, U.S.A.), 50 ml of hexanol (manufactured and
sold by Aldrich, U.S.A.; a dehydrated grade), 100 ml of
xylene and a stirrer. Then, the eggplant-shaped flask
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
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.

Further, an excess amount of hexanol was removed from

Vv
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Then, the atmosphere in the eggplant-shaped flask was

purged with nitrogen, and the inside of the eggplant-
shaped flask was cooled. The resultant reaction mix-

ture was subjected to a ''°

Sn-NMR analysis. 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, respec-
tively, detected at -177 ppm and -187 ppm.

Step (1): Production of dihexyl carbonate from
dibutyltin dihexyloxide

Into a 100-ml autoclave (manufactured and sold by
Toyo Koatsu Co., Ltd., Japan) were charged about 2.2 g
of an organometal compound containing about 5 mmol of
dibutyltin dihexyloxide (wherein the organometal com-
pound was contained in the above-obtained reaction mix-
ture) and 25.5 g (250 mmol) of hexanol (manufactured
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

into the autoclave. Stirring of the contents of the

q
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autoclave was elevated to 120 °C while stirring.

5 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,
a reaction was performed for 100 hours while maintain-
ing the internal pressure of the autoclave at 4 MPa.

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

20 solids are removed by filtration, whereupon the resul-
tant filtrate is subjected to distillation, so that
dihexyl 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 obtained in step (1), and the resultant mixture
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was stirred for about 30 minutes. Then, the autoclave
was opened, and it was found that the mixture in the
autoclave had turned into a white slurry. The white
slurry was subjected to filtration using a membrane
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
times with 20 ml of hexanol. The filtrate was trans-
ferred into a l-liter eggplant-shaped flask and sub-
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

The white solids obtained in step (2) and a resid-
ual viscous liquid which remained in the flask after
the distillation performed in step (2), were charged
into a 100-ml eggplant-shaped flask equipped with a
condenser and a Dean-Stark trap. Further, 20 ml of
hexanol (manufactured and sold by Aldrich, U.S.A.; a
dehydrated grade), 30 ml of xylene and a stirrer were
charged into the eggplant-shaped flask. Then, the egg-
plant-shaped flask was heated using an oil bath while
stirring the contents of the eggplant-shaped flask, and

the temperature of the eggplant-shaped flask was ele-
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vated to a temperature at which reflux of the xylene
occurred. The reflux of the xylene was performed under
heating for about 4 hours while distilling off water,
so that about 0.1 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. Further, an excess amount of hexanol was
removed from the eggplant-shaped flask by reduced pres-
sure distillation, thereby obtaining a viscous, trans-
parent ligquid. Then, the atmosphere in the eggplant-~
shaped flask was purged with nitrogen, and the inside
of the eggplant-shaped flask was cooled. The resultant

reaction mixture was subjected to a '*’

Sn-NMR analysis.
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,
respectively, detected at -177 ppm and -187 ppm.

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

organometal compound obtained in step (3)
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Into a 100-ml autoclave (manufactured and sold by
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-

5 pound was contained in the above-obtained reaction mix-
ture) and 25.5 g (250 mmol) of hexanol (manufactured
and sold by Aldrich, U.S.A.; a dehydrated grade). The
autoclave was sealed. Then, from a carbon dioxide gas
bomb, carbon dioxide gas, the pressure of which was

10 lowered to 4 MPa by means of a pressure regulator con-
nected to the cdrbon dioxide gas bomb, was introduced
into the autoclave. Stirring of the contents of the
autoclave was started. 10 Minutes after the start of
the stirring, the valve of the carbon dioxide gas bomb

15 was closed. Then, the internal temperature of the
autoclave was elevated to 120 °C while stirring.
Thereafter, carbon dioxide gas was gradually withdrawn
from the autoclave through a purge line 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 period, the inside of the autoclave was
cooled to about 30 °C, and the internal pressure of the
autoclave was returned to atmospheric pressure by gen-

25 tly purging the carbon dioxide gas through a purge line,
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and there was obtained a transparent reaction mixture.
In the reaction mixture, dihexyl carbonate was obtained
in a yield of 17 %.
Step (2): An operation in which hexanol containing

5 1 % by weight of water is added to the reaction mixture
obtained in step (1) to thereby form solids, and the
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
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

20 times with 20 ml of hexanol. The filtrate was trans-
ferred into a l-liter eggplant-shaped flask and sub-
jected to distillation under heating. By the distilla-
tion, hexanol and dihexyl carbonate were recovered.
The yield of dihexyl carbonate was 16 %.

25
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Example 7

(Synthesis of dimethyl carbonate)

Step (1): Production of dimethyl carbonate from
dibutyltin dimethoxide and methanol

Into a 10-ml high-pressure reactor (manufactured
and sold by Thar Designs Inc., U.S.A.) equipped with a
valve were charged 1.48 g (5 mmol) of dibuthyltin di-
methoxide (manufactured and sold by Aldrich, U.S.A.),
1.6 g (50 mmol) of methanol (manufactured and sold by
Wako Pure Chemical Industries Ltd., Japan; a dehydrated
grade) and a SUS ball (which was for use in stirring
the contents of the reactor). The inside of the reac-
tor was cooled to about -68 °C with a dry lce/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 carbon dioxide gas bomb, was
gently introduced into the high pressure reactor.
Thereafter, the reactor was placed in an oil bath which
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,

thereby obtaining a reaction mixture. 1In the reaction



109%&& () -{
10990&& () -1
10998&& () -1

10

15

20

25

10948&& ()-{ 109%&& ()-{ 10%&& ()-{ 10%&& ()-{, M\t X8
109908&& ()-{J 1090&& ()-{ 109%&& ()-{ 109%&& ()-{#/ 28
10990&& ()-{ 109%&& ()-{ 109%&& ()-{

121

mixture, dimethyl carbonate was obtained in a yield of
30 %.

Step (2): An operation in which methanol contain-
ing water is added to the reaction mixture obtained in
step (1) to thereby obtain a mixture having solids de-
posited therein, and the mixture containing solids is
subjected to distillation

To the reaction mixture (contained in the reactor)
obtained in step (1) was added 2 ml of methanol con-
taining 10 % by weilght 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-
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 %.

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

and sold by Wako Pure Chemical Industries Ltd., Japan;
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a reagent grade) and 100 ml of hexane (manufactured and
sold by Wako Pure Chemical Industries Ltd., Japan; a
reagent grade) were charged into a 200-ml three-necked
flask equipped with a liquid transferring pump and a
Lieblig 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 amounts of
hexane and methanol removed from the three-necked flask
were measured, and fresh hexane and methanol were
charged into the three-necked flask by means of the
liquid transferring pump, in amounts which were, re-
spectively, the same as the amounts of hexane and
methanol removed from the three-necked flask, so as to
keep constant the amounts of the hexane and methanol in
the three-necked flask. After the distillation, the
inside of the three-necked flask was cooled to 30 °C,
and hexane and an excess amount of methanol were re-
moved from the flask by reduced pressure distillation,
thereby obtaining a viscous, transparent liquid. The

obtained liquid was subjected to a '*°

Sn-NMR analysis.
In the ''°Sn-NMR chart of the obtained liquid, peaks
were, respectively, detected at -174 ppm and -180 ppm.

Step (1): An operation in which methanol is added
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to the above-obtained liquid, and a reaction is per-
formed in the presence of a high pressure carbon diox-
ide gas

Into a 10-ml high pressure reactor (manufactured
and sold by Thar Designs Inc., U.S.A.) equipped with a
valve were charged 0.66_g of the above-obtained liquid
(containing an organometal compound), 1.6 g of methanol
and a SUS316 ball (which was for use in stirring the
contents in the reactor). The inside of the reactor
was cooled to about -68 °C with a dry ice/ethanol 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
gently introduced into the high pressure reactor.
Thereafter, the reactor was placed in an oil bath which
was maintained at 160 °C, and shaken for 15 hours. Af-
ter that period, the inside of the reactor was cooled
to about 20 °C, and the internal pressure of the reac-
tor was returned to atmospheric pressure by gently
purging an excess amount of the carbon dioxide gas,
thereby obtaining a white slurry as a reaction mixture.
In the reaction mixture, dimethyl carbonate was ob-
tained in a yield of 6 %.

Step (2): Isolation of dimethyl carbonate
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To the white slurry (contained in the high pres-
sure reactor) obtained in step (1) was added 10 ml of
methanol. Then, the resultant in the high pressure re-
actor was transferred to a 50-ml eggplant-shaped flask.
The contents of the eggplant-shaped flask were sub-
jected to distillation under heating using an oil bath
which was maintained at 90 °C. By the distillation,
methanol and dimethyl carbonate were recovered, leaving
a residual liquid in the flask. The yield of dimethyl
carbonate was 6 %.

Step (3): Synthesis (regeneration) of an organome-
tal compound

The residual liquid which remained in the flask
after the recovery of dimethyl carbonate by distilla-
tion performed in step (2) was transferred to a 100-ml
three-necked flask equipped with a liquid transferring
pump and a Liebig condenser connected to a trap. Into
the three-necked flask were charged a stirrer, 30 ml of
hexane and 30 ml of methanol. The three-necked flask
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

were measured, and fresh hexane and methanol were
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charged into the three-necked flask by means of the
liguid transferring pump, in amounts which were, re-
spectively, the same as the amounts of hexane and
methanol removed from three-necked flask, so as to keep
constant the amounts of hexane and methanol in the
three-necked flask. After the distillation, the inside
of the three-necked flask was cooled to 30 °C, and hex-
ane and an excess amount of methanol were removed from
the flask by reduced pressure distillation, thereby ob-
taining a viscous, transparent liquid. The obtained
liquid was subjected to a '*Sn-NMR analysis. In the
11%9n-NMR chart of the obtained liquid, peaks were, re-

spectively, detected at -174 ppm and -180 ppm.

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.S.A) equipped with a
valve were charged 1.48 g (4 mmol) of dibutyltin dibu-
toxide (manufactured and sold by Aldrich, U.S.A.), 2.22
g (30 mmol) of butanol (manufactured and sold by Wako
Pure Chemical Industries Ltd., Japan; a dehydrated
grade), 1.38 g (30 mmol) of ethanol (manufactured and

sold by Wako Pure Chemical Industries Ltd., Japan; a
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dehydrated grade) and a SUS ball (which was for use in
stirring the contents of the reactor). The inside of
the reactor was cooled to about -68 °C with a dry
ice/ethanol mixture. Then, from a carbon dioxide gas
5 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 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 6 %, respectively.
Step (2): Recovering of carbonic esters by distil-
20 lation from the reaction mixture obtained in step (1)
The reaction mixture obtained in step (1) was
transferred to a 50-ml eggplant-shaped flask, and sub-
jected to distillation under reduced pressure. By the
distillation, ethanol, butanol and carbonic esters were

25 recovered. With respect to the yields of the recovered
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carbonic esters, ethylbutyl carbonate, dibutyl carbon-
ate and diethyl carbonate were obtained in yields of

23 %, 8 % and 5 %, respectively.

Example 10

Step (1): An operation in which methanol is added
to a viscous, transparent liquid (containing an or-
ganometal compound) which is obtained in substantially
the same manner as in Example 8, and a reaction is per-
formed in the presence of a high pressure carbon diox-
ide gas

Into a SUS316 tube reactor (volume: 8 ml; outer
diameter: 12.7 mm; wall thickness: 2.1 mm) equipped
with a SUS316 conduit and a valve were charged 1.1 g of
a viscous, transparent liquid (containing an organome-
tal compound) which was obtained in substantially the
same manner as in Example 8, 2.6 g of methanol and a
SUS316 ball (which was for use in stirring the contents
of the reactor). The inside of the reactor was cooled
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-

troduced into the tube reactor. Thereafter, the reac-
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tor was placed in an o0il bath which was maintained at
150°C, and shaken for 12 hours. After that period, the
inside of the reactor was cooled to 20 °C, and the in-
ternal pressure of the reactor was returned to atmos-
pheric pressure by gently purging an excess amount of
the carbon dioxide gas, thereby obtaining a white
slurry as a reaction mixture. In the reaction mixture,

dimethyl carbonate was obtained in a yield of about 5 %.

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
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
grade). The flask was placed in an oil bath which was
maintained at 120 °C, and the contents of the flask
were refluxed under heating for 12 hours while stirring.
After that period, the inside of the flask was cooled
to 80 °C, and an excess amount of n-hexanol was removed

from the reactor by reduced pressure distillation,
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thereby obtaining a liquid containing 75.1 g of an or-
ganometal compound. Subsequently, the obtained liquid

1%gn-NMR analysis. In the ''°Sn-NMR

was subjected to a
chart of the liquid, a peak ascribed to the organometal
compound of formula (1) was detected at -130 ppm, and
peaks ascribed to the organometal compound of formula
(2) were, respectively, detected at -177 ppm and -186
ppm.

Step (1): Production of dihexyl carbonate from an
organometal compound and hexanol 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
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
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-

ducing dihexyl carbonate. 288 hours after the start of
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the heating of the flask, the yield of dihexyl carbon-

ate was 40 %.

Example 12
5 (Production of a metal cyclohexyloxide from dibutyltin
oxide and cyclohexanol by azeotropic distillation of
water)
Into a 500-ml eggplant-shaped flask equipped with
a condenser and a Dean-Stark trap were charged 5.1 g of
10 dibutyltin oxide (manufactured and sold by Aldrich,
U.S.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 ligquid containing 15.2 g of
an organometal compound. Subsequently, the obtained
liquid was subjected to a ''’Sn-NMR analysis. In the
119

Sn-NMR chart of the liquid, peaks ascribed to the or-

25 ganometal compound of formula (2) were, respectively,
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detected at -176 ppm and -190 ppm.
Step (1): Production of dicyclohexyl carbonate, in
which cyclohexanol is added to the above-obtained 1lig-
uid, and a reaction is performed in the presence of a
5 high pressure carbon dioxide gas
Into a SUS316 tube reactor (volume: 8 ml; outer

diameter: 12.7 mm; wall thickness: 2.1 mm) equipped
with a SUS316 conduit and a valve were charged 0.86 g
of the above-obtained liquid containing 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/ethanol mixture. Then, from a
carbon dioxide gas bomb, 2.0 g of a high purity carbon

15 dioxide gas, the pressure of which was lowered to about
2 MPa by means of a pressure regulator connected to the
carbon dioxide gas bomb, was gently introduced into the
reactor. The reactor was placed in an oil bath which
was maintained at 130 °C, and shaken for 14 hours. Af-

20 ter that period, the inside of the reactor was cooled
to 20 °C, and the internal pressure of the reactor was
returned to atmospheric pressure by gently purging an
excess amount of the carbon dioxide gas, thereby ob-
taining a transparent reaction mixture. The obtained

25 transparent reaction mixture was analyzed. As a result,
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it was found that dicyclohexyl carbonate was obtained

in a yield of 40 %.

Example 13

Production of methylethyl carbonate

Step (1): Production of methylethyl carbonate from
titanium tetramethoxide, carbon dioxide gas, methanol
and ethanol

Into a 10-ml high pressure reactor (manufactured
and sold by Thar Designs Inc., U.S.A.) equipped with a
valve were charged 0.9 g (5 mmol) of titanium
tetramethoxide (manufactured and sold by AZmax. co.,
Japan), about 0.9 g (30 mmol) of methanol (manufactured
and sold by Wako Pure Chemical Industries, Ltd., Japan;
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
was for use in stirring the contents of the reactor).

The inside of the reactor was cooled to about -68
°C with a dry ice/ethanol mixture. Then, from a carbon
dioxide gas bomb, 2.0 g of a high purity carbon dioxide
gas, the pressure of which was lowered to about 2 MPa
by means of a pressure regulator connected to the car-
bon dioxide gas bomb, was gently introduced into the

autoclave. The reactor was placed in an oil bath which
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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,
thereby obtaining a white slurry as a reaction mixture.
In the reaction mixture, methylethyl carbonate, di-
methyl carbonate and diethyl carbonate were obtained in
yields of 25 %, 3 % and 4 %, respectively.

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
yvields of the recovered carbonic esters, methylethyl
carbonate, dimethyl carbonate and diethyl carbonate
were obtained in yields of 23 %, 2 % and 3 %, respec-

tively.

Comparative Example

In this Comparative Example, production of di-
methyl carbonate from dibutyltin oxide (which does not
have a metal-oxygen-carbon linkage), methanol and car-
bon dioxide gas was attempted as described below.

There was provided a 200-ml autoclave (manufac-

10%
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5 ducing nitrogen gas into the bottom of the autoclave.
Into the 200-ml autoclave were charged 15.0 g (60 mmol)
of dibutyltin oxide (manufactured and sold by Aldrich,
U.S.A.) and 48.1 g (1.5 mol) of methanol. All valves
were closed. Then, from a carbon dioxide gas bomb,

10 carbon dioxide gas, the pressure of which was lowered
to 5 MPa by means of a pressure regulator connected to
the carbon dioxide gas bomb, was introduced into the
autoclave. Stirring of the contents of the autoclave
was started, and the internal temperature of the auto-

15 clave was elevated to 160 °C. A liquid carbonic acid
was gradually introduced through a feed line into the
autoclave so as to adjust the internal pressure of the
autoclave to 22 MPa. Then, a reaction was performed
for 16 hours while maintaining the internal pressure of

20 the autoclave at 22 MPa. After that period, the inside
of the autoclave was cooled to about 30 °C, followed by
purging of the carbon dioxide gas, thereby obtaining a
white slurry as a reaction mixture. The obtained reac-
tion mixture was analyzed by gas chromatography (GC).

25 In the analysis by GC, no dimethyl carbonate was de-
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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 wastes derived from the dehydrating agent.
15 Therefore, the method of the present invention is com-

mercially very useful and has high commercial value.
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bon dioxide to obtain a reaction mixture containing a
carbonic ester formed by the reaction,
(2) separating said carbonic ester from said reac-
10 tion mixture to obtain a residual liquid, and
(3) reacting said residual liquid with a first al-
cohol to form at least one organometal compound having
a metal-oxygen-carbon linkage and form water and remov-
ing said water from said at least one organometal com-
15 pound, wherein said at least one organometal compound
obtained in step (3) is recovered for recycle thereof

to step (1).

2, The method according to claim 1, wherein, in step
20 (1), said organometal compound is used in an amount
which is 1/50 to 1 time the stoichiometric amount rela-

tive to the amount of saild carbon dioxide.

3. The method according to claim 2, wherein said re-

25 action in step (1) is performed at 20 °C or more.
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(OR%)
R!,—M'—(OR%),

2 (1)
R%

wherein:
10 M represents a metal atom selected from the
group consisting of elements belonging to Groups
4 and 14 of the Periodic Table, exclusive of
silicon;
each of rR' and R® independently represents a
15 straight chain or branched C;-Cj; alkyl group, a
Cg5-C1p cycloalkyl group, a straight chain or
branched Cy-Cj1 alkenyl group, a Cj-Czqg aralkyl
group comprised of unsubstituted or substituted
Cg-C19 aryl and alkyl selected from the group

20 consisting of straight chain or branched C3-Cj4
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group consisting of straight chain or branched
10 C1-C14 alkyl and Cs-Cjy4 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

15 (2):

(C|JR9)i R,

R’—M?—0 —1\4|3——R7g (2)
6 10
R (OR™);
wherein:
each of M? and M independently represents a

20 metal atom selected from the group consisting of

elements belonging to Groups 4 and 14 of the Pe-
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group consisting of straight chain or branched
C1-C14 alkyl and Cg-Cy4 cycloalkyl; and
e+ f =01to2, g+ h=20 to 2, each of 1 and
20 j is independently an integer of from 1 to 3, e

+ £f+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 alcohol which is the same as or different from
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same as or different from said first alcohol used in

step (3).
7. The method according to claim 1, wherein said
10 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.

15 8. The method according to claim 1, wherein said re-
moval of said water in step (3) is performed by mem-

brane separation.

9. The method according to claim 8, wherein said mem-

20 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.

25
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stituted Cg-Ci9 aryl and alkyl selected from the group
10 consisting of straight chain or branched C;-Cy4 alkyl

and Cg-Cy14 cycloalkyl.

12. The method according to claim 11, wherein each of
said alkyl alcohol, said cycloalkyl alcohol, said al-
15 kenyl alcohol and said aralkyl alcohol has a boiling

point which is higher than the boiling point of water.

13. The method according to claim 12, wherein said al-
kyl alcohol comprises at least one member selected from
20 the group consisting of n-butyl alcohol, isobutyl alco-
hol and an alkyl alcohol having a straight chain or
branched Cs-Cjpp alkyl group, and said alkenyl alcohol

has a straight chain or branched C4-C; alkenyl group.

25 14. The method according to claim 4, wherein each of
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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

10 and an associated form.

16. The method according to claim 4 or 14, wherein
each of M' in formula (1) and M* and M® in formula (2)

represents a tin atom.

15
17. The method according to any one of claims 1 to 16,
which further comprises, after step (3), a step (4) in
which said at least one organometal compound recovered
in step (3) is recycled to step (1), followed by re-

20 peating of a sequence of steps (1) to (4) one or more

times.

18. The method according to claim 17, wherein said or-
ganometal compound used in step (1) is produced from an

25 organotin oxide and an alcohol.



