W2348 180/21 1 DESCRIPTION PROCESS FOR PRODUCTI ON 55,4
OF ALKYLTI N ALKOXIDES [Technical Field] [0001] The

present invention relates to a process for productioR80/21
of alkyltin al koxi des, a process for production of
carbonate ester or isocyanate using, as a catalyst, a

di al kyltin al koxi de obtai ned by the above described
producti on process, angreaionraig ester or isocyanate
produced by the above described process. [ Backgroud

Art] [BROCESA kykt PRORUKDXONIESE aKEKYET YN USERUK T 285
catal ysts for the synthesis or transesterification of

esters or the curing reaction of silicon polyner or
urethane. Currently used processes for production of
al kyltin al koxi des include: for exanple, the process
whi ch uses a dial kyldichlorotin as a raw nateri al

( sleechrfigra lexrapldd, Patent Reference 1); and the
process which wuses a dialkyltin oxide as a raw
melt®Ydldl (see, for exanple, Patent Reference 2). The
former process, which uses a dialkyldichlorotin as a
raw mat er i altReuPe§seq thilgiyeSosOneedia talse divolfaPe 088 S8
se ondg%y mat.erial. _In_addition, it produces two

s R %ﬂ&%ﬁonggﬁta éﬁlgln alkcoxides, a process for

production of carbonate ester or isocyanate using, as a
catalyst, a dialkyltin alkoxide obtained by the above
described production process, and carbonate ester or

isocyanate produced by the above described process.

[Backgroud Art]
[0002]

Alkyltin alkcxides are very useful as
catalysts for the synthesis or transesterification of
esters or the curing reaction of silicen polymer or
urethane.

Currently used processes for production of
alkyltin alkexides include: for example, the process
which uses a dialkyldichlorotin as a raw material (see,
for example, Patent Reference 1); and the process which
uses a dialkyltin oxide as a raw material (see, for
example, Patent Reference 2). The former process,
which uses a dialkyldichlorotin as a raw material, uses
a high-cost metal alccholate as a secondary material.

In addition, it produces two moles of metal salt per



2 one nole of dialkyltin al koxide, as an ai ned
product, as shown in the follow ng reaction equation
(8), which causes problens of wastes or the liKke.
Thus, use of the forner process as an industrial
production process still poges problens, including
hi gh production cost and waste production. [Fornula

lloBumdd Bunadddl thint 2 MNaGR: / S a2 Nafdd (BodBier,
"C Bu ~OMe [0003] The latter process, which uses a
dizd kyfidvm iroximde fsl owiaw rdLefdan dgudreferabl e diich
that it does not produce a | arge anount of wastes.
Thumsysénvesih lgatd ans wiae heen gmde idfe pr odued Ndise of
di al kyltin al koxides using the latter process. One
eXdnpl o wier gucitgr0duc tdron rphuetesisds groduah drhatrddess
produces a dial kyltin alkoxide fromdibutyltin oxide
arfdh il Bl ssoh dtr By canst,wa-rstlagl e diditdho mpr caBicghiown dast
the follow ng reaction equation (9) (see Patent

ReFEt efft e HOGUEtipd f i rst stage, dibutyltin oxide
an%,an al cohol are allowed to react in benzene or

t ol @ Y tenperature in the range of 80C to 110C
foll owed by renoval of formed water by azeotropic
distillation, to produce

1,1, 3,3-tetrabutyl -1, 3-di al koxy-di stannoxane. 1In the
second stageys the above des&l(i beshedi stannoxane 3 s
subj ect gdStq, disprefsortionaf i8h. gt a t¥ffperdsure in

[0003]

The latter process, which uses a dialkyltin
oxide as a raw material, is preferable in that it does
not produce a large amount of wastes. Thus,
investigations have been made of producing dialkyltin
alkoxides using the latter process. One example of
such production processes is such that it produces a
dialkyltin.alkoxide from dibutyltin oxide and an
alcohol by a two-stage reaction, as shéwn in the
following reaction equation (9) (sese Patent Reference
3). In the first stage, dibutyltin oxide and an
alcohol are allowed to react in benzene or toluene at a
temperature in the range of 80°C to 110°C, followed by
removal of formed water by azeotropic distillation, to
produce 1,1, 3, 3-tetrabutyl-1,3-dialkoxy~distannoxane.

In the second stage, the above described distannoxane



the range of 180C to 220C, followed by distillation,
to produce a dibutyltin dialkoxide. This process is
superior in that it does not produce wastes; however,
the di sproportionation in the second stage of the
process involves the distingtion of a high boiling
poi nt dial kyltin al koxi de under a hi gh tenperature,
an r ef.ore .consum ng. a .si gni.ficant, amunt of .
e}gsr ggbieJ tuesQ,e Hse™ ot ]icﬁjeoﬁtajt S lporno ¢os sangtseng)ner ature in
I ndust,r| [ 6£SS P S
el i hihh G 6y Boasaipty bre B e her E EpefaBon,
pr I Cty\iqt [ for ]
BJQg?§§¥%%%1??5ﬁgﬁq¥¥¥¥?nge%%g%yggRgﬁﬁaﬁgprrég%hgg
Bumdedi o st Idratd an RORBU FR BUMBYL L Ribyever,
Bu' Sn=0 (9) [0004] As a process for producing a
ditek Witsigropdiral ikotde rdisreatey SR Hlk Wi idhe
oxi de and an al cohol, a process is disclosed in which
a dhicgle sboiilnivag vieel nthealdiehdll lias iused,f as rshewpdin ithe
follow ng reaction equation (10) (see Patent
Refogmrencie a2)ky i n tlikexpriec essiert e iegcttiemperature, and
performed at a tenperature higher than that of the
caderfienre v surdact iaoms ligs ifedfaomtmedhoum therfz ene royy .
toluene, since it 4

Thus, use of the latter process as an industrial

procduction process still poses problems, inciuding high
energy consumption. Further, the process has a low
productivity.

[Formula 2]

Bu Bu

BU\ -H,0 Bu\/ \/BU disproportiocnation
2 Sn=0 +2ROH ——>  Sn—0—S8 ———~
Bu | | distillation
OR OR

Bu /OR Bu

n + Sn—=—Q
Bu” TOR  Bu” {(9)

[0004]

As a process for producing a dialkyltin
dialkoxide directly from a dialkyltin oxide and an
alcohol, a process is disclosed in which a high boiling
point alcohol is used, as shown in the following
reaction equation (10) {(see Patent Reference 2). In
this process, the reaction is performed at a
temperature higher than that of the case where the

reaction is performed in benzene or toluene, since it



is perforned at the boiling point of the alcohol as a
. . reactant, followed by renoval of the forned water, as
an azeotropic mxture of water and al cohol as a
reactant. This process is superior to the above
descri bed process in that itydoes not require the heat
distillation of a high boiling point dialkyltin
di b koxi fiermdidVey ethe SHACEIANEp S BREL PN ASMPEES ST €ad Sz
the boiling point of the alcohol as a reactant, the
r eaed ¢loan T At o i sovaiv B prrdeval cohotise Widhned simtdr, as
nunber of carbon atons and even for the al cohols with
a an axgeotnunbier rofxardont atomnsr dAidisa Tdweh @r ocess has
a |low productivity. [Fornula 3] Bu Bu Bu Bu H Bu Bu
O?\Iea@frﬁ@rk RH O 8rec@ Sn bs Sngelr )r By thd HBwwOR OR
[0005] Further, in the above described process,
s.%%slf#ee G HAGGTP Wigs e ortetbe s mothi ggoboid itde heat
poi nt al cohol at_a high tenperature, a |ar nmount of
b 1941 T 131 o o thd L GHni e | 6 prisbb v o diced | n

ac ordance. with the foll om ng reaction equation (11
KeirbuahE 5P pr Vcier'l r?jf“afc,et e Hesafv@qn KifWaf et is

tr | ti.n._caonpaQ nds prod the r ol of
ﬂﬁa@k? e Etes O%}ﬁ%e Y e )

tmeeataalaartw i 5GS ”I%QJJ Ao, B i of

reaction apr Od-UCt S, r%(%lo I a J]Eé] Smalel
nunber of carbon atoms and even for the alcohols with a
large number of carbon atoms. Thus the process has a

low productivity.

[Formula 3}

Bu Bu

“HO \ \ Bu CR
Sn=0 +RrOH —> sh—o—8i . sl (10)
Bu | Bu OR
OR  OR
[0005]

Further, in the above described process,
since the reaction was performed in a high boiling
point alcohol at a high temperature, a large amcunt of
trialkyltin compound, which is probably produced in
accordance with the following reaction eguation (11),
is actually produced. 1In fact, it is well known that
trialkyltin compounds are produced by the pyrolysis of
dialkyltin alkoxides (see Non-Patent Reference 1), and
the trialkyltin compound may form a complex mixture of

reaction by-products, other than the dialkyltin




5 dial koxi de which the present invention is aimng
at. Thus, this process is not preferable, either, as
an industrial production process. [Forrmula 4] Bu Bu
RO Bud / "/Bu BumFOR Sn-O-Sn Sn SnO (1 1) OR OR Bum
~Bu Bum ) [0006] To increasegthe productivity, which
is one of the problens the above described processes
havieal theres sl H S0l OS6% A 0GRAS, Wi Chy VIses, Al at.
al cohol and a carbonate ester as reactants, as shown
| ITHe, reaicd ipceatiatd aibt Be f(Ses Rat ent- Ref erence,
2). This process involves the use of high cost
camrmbratre fstrefodsta o gacidds. though it inproves
the productivity the above described processes have;
t hitBsyrmusles of] this process still poses problens.,
i ncl udi ng hi gh production cost. [Fornula 5] Bu OR Bum
,OR ~Sn=0+ ROB + O=C/ ~ Sn + Coz (1 2) Bu OR Bum
FOR [ Q00%], EPatent Reference 1] US-2700675 [ Patent
Ref er efigé 2] \LB! 5545600 efPatent Ref ek@nce 3]
NL- 6612421° fjNon- Patent g%efséngunce*lé BJuo@rth}l of (the 6
OR OR

[0006]

To increase the productivity, which is one of
the problems the above described processes have, there
is disclosed a process which uses an alcohol and a
carbonate ester as reactants, as shown in the reaction
equation {12) (see Patent Reference 2). This process
involves the use of high cost carbonate ester as a
reactant, though it improves the productivity the above
described processes have; thus, use of this process

still poses problems, including high production cost.

[Formula 5]

Bu OR Bu OR
:Sn=0 + ROH + Omc< _ g +  CO, (12)
Bu OR Bu” TOR
[0007]

[Patent Reference 1] US-2700675
fPatent Reference 2] US-5545600
[Patent Reference 3] NL-6612421

[Nen-Patent Reference 1] Journal of the



Soci ety of Chemical Industry, 72,7 (1969), 1543

[Di sclosure of the Invention] [Problens to be Sol ved
by the Invention] [0008] As described above, in
conventional processes for production of alkyltin

al koxi des, when intending to. increase the
productivity, it is inevitab?e to use high cost raw

me@f il 5.0 Mot L reHmdances;, thergdrave | dieen
demands for a conveni ent and highl’y product’ive
process for production of alkyltin alkoxides.

Accordi ngly, the object of the present invention is
t of [pir=ovlicken B pyfocess froreritidistrial ly  produci ng

al kyltin al koxi des, in particular, a process for

i ndusirlieatd ytard contvatudus Inheprioducitigral kyl tin

al koxi des. [Means for Solving the Problens] [0009]
AfltCr08di recting tremendous research effort toward
overcom ng t he above described problems, the present
i nvent or s hdve desiyd bashtabiofvea thDarthrW@nrmIO@rallalprocesses
which is selected fromthe group consisting

orfdn G HSrisdurnds aeld%tﬁamaﬂéoaﬂﬁe@ox@@@nmt@nqu to
bond and a hydr ox onu as a reactant, are
cIMTTOs 1Y diidl G 6 o r oo 198G HPGWeD6d | g high
pQi.Nt. conponent s whi ¢ result fromthe reacti
céﬁ%ﬁnuogg iﬁfgﬁﬁ&éh f rom e FeEHBS FaRCPEact ﬁeshﬁve
S%k%h!%%ne%%% %%Qt%l%%n%en%e %I%h% %&g%ﬁ&d%roductlve
process for production of alkyltin alkoxides.
Accordingly, the object of the present
invention is to provide a process for industrially
producing alkyltin alkoxides, in particular, a process

for industrially and continuously producing alkyltin

alkoxides.

[Means for Solving the Problems]
[0009]

After directing tremendous research effort
toward overcoming the above described problems, the
present inventors have found that if a starting
material, which is selected from the group consisting
of organotin compounds each having a tin-oxygen-tin
bond, and a hydroxy compound, as a reactant, are
continuously supplied to a reactor, and low boiling
point components, which result from the reaction, are

continuously removed from the reactor, a reaction



corresponding to the starting material and the
reactant can be continuously taken out fromthe
reactor, as a conponent remaining in the bottom of
the reactor. Thus the inventors achieved the

conpl etion of the present ifvention. [0010]
Specifically, the present invention is as foll ows:

[ o Auproacasss § alord0ductd P 108y 18 iky 1 41 1wh x i@l Koxi des,
i ncludi ng subjecting at | east one alkyltin conpound

asar siardridiggraterdta ,stwiGhd suseleciiednd rom théctant
group consi sting of organotin conpounds each having a

t iqeroXyeg erortti imueerd vardh ke rh o X GoMeUnGa@sr,a as a
reactant, to dehydration reaction to produce an
aldopipdnrerdl kevisdericgy ries pordibag tom tdfe t3teartdangor. Thus
materi al and the reactant, characterized in that the
sttt iing ardtoarsi @lchdmdreché hee actaite tarce. cdnttineugusisent
supplied to a reactor; |ow boiling point conponents
dﬁWﬁ“ﬁHﬁ@ ‘water are taken out from the reactor; and a
gﬁ{ n solution, as a conponent in the botton1of t he
whi ch contains the al kyltin al koxide is
conti nuously taken oyt fromthe reactor. [2] The
process accépﬁl id €6 1tte AH6VETEERT dpvention is as
c@%ﬁﬁ%u%rlzed in that the above described at |east one
al Kyl'tin 'conmpound, as a starting naterlal is a

Lotnaal ky! -4 Al <ot AneEan o%”% 1 kyLtin

oxi e genera existing rnthe f-or m of E

r%&%b&h@@strgﬂb@QBXH%rEéﬁﬁb@@lﬁbaa% Ebﬁs@xxg%” ﬁk@ltin
compound, as a starting material, which is selected
from the group consisting of organotin compounds each
having a tin-oxygen-tin bond and a hydroxy compound, as
a reactant, to dehydration reaction to produce an
alkyltin alkoxide corresponding to the starting
material and the reactant, characterized in that the
starting material and the reactant are continuously
supplied to a reactor; low boiling point components
containing water are taken out from the reactor; and a
reaction solution, as a component in the bottom of the
reactor, which contains the alkyltin alkoxide is
continuously taken out from the reactor.
[2] The process according to the above item [1],
characterized in that the above described at least one
alkyltin compcound, as a starting material, is a

tetraalkyl-dialkoxy-1,3-distannoxane and/or dialkyltin

oxide generally existing in the form of a polymer



bond. [3] The process according to the above item][?2],
characterized in that the tetraal kyl -di al koxy-1, 3-
di stannoxane is a tetraal kyl -di al koxy-1, 3-di stannoxane
represented by the follomﬁng chem cal fornula (1):
[Formula 6] R a 21 al R6-Sn-OSn-Rd (1) OR3
OR6 wherein Rl, R2, R4 and % each independently
reﬁé@@?’@in@”ﬁr@ﬁ kyd 1 GhOuDPs 2 @ &l kyd 5 gir%r}l—chﬁéﬂ tin
group; R3 and R6 eac represent an al kyl group or
arabiky] group; a and b are integers of 0 to 2, a + b
being 2; and ¢ and d are integers of 0 to 2, ¢ + d
beihg 2. [4]THhepFOees sa@e@ithidd d cHhembave ddem2 ],
[2], characterized in that the above descri bed
di ctldyd ¢tieriosd dien itshat pley niert xofa Jacdi-ad deyil Kdxy-axi e
represented by the followi ng chemcal fornmula (2):
[ RorstidranciarR$ s )d Det Ryeel I9N0-datedrieixy -R7, Jand sR&reactane
i ndependently represent an al kyl group, aral kyl group
rr@&?mseg'rfcﬁrb byaridie fanld dwigre Gegnidait dgemsilef (O)t:o
, e + f belng 2. [5] The process according to the

abb%mtleam

R,  R%
R%Sn—0O—Sn—R5, (1)
OR®>  OR®

wherein R*, R®, R! and R® each independently represent an
alkyl group, aralkyl group or aryl group; R® and R® each
represent an alkyl group or aralkyl group; a and b are
integers of 0 to 2, a + b being 2; and c and d are
integers of 0 to 2, ¢ + d being 2.

[4] The process according to the above item [2],
characterized in that the above described dialkyltin
oxide is a polymer of a dialkyltin oxide represented by
the feollowing chemical formula (2):

[Formula 7]

R%
, | (2)
R=-Sn0O

wherein R’ and R® each independently represent an alkyl

group, aralkyl group or aryl group; and e and f are



wherei n the above described starting material is any

one selected froma nononer, a dinmer (aggregate of the
same nonomer or aggregate of different nononers), an
ol i goner or a polyner. [6] The process according to

the above item[1], charactegrized in that the above

descri bed hydroxy conpound is an al cohol represented
byittegd o | M Mgeo chend cal £ frsad & (3): [ Formul a 8]
ROOH (3) wherein RO represents an n-butyl group, a

2- bl hyl propithe @rotgss aaddnsdin@rdramnshashed kiem [27,
group with 5 to 12 carbon atons, a cycl oal kyl group

Wi Wie B tp Wk cardion detonied $iaarn@marancheds any
al kenyl group with 2 to 12 carbon atons, a

subst ittt et Lmsubstridngredr aryldimah (Gydmoed carborhe
atons, or aral kyl group with 7 to 20 carbon atons

t A JHMIATHE. aiv el ectledd f¥omdite maramgrs) , an
consj sting of a linear or branched alkyl with 1 to 14
cdt g Mot dhdPA ¥R 0al Kyl with 5 to 14 carbon

at 6njrs [ 7] e process accordinhg to the above item
[G[f, char a IZEF S5 Ot HE A & e ed tem [11,

| gohol i s . ted f th St f
LSS A AT st i A I ORO i ¢
5 bl han 5 10 catams.o LAl The presess aeaqrln
CQHdnnuQUS | 86 $HPR! YiFg the

[Formula 8]

R°OH (3)

wherein R? represents an n-butyl group, a 2-methylpropyl
group, a linear or branched alkyl group with 5 to 12
carbon atoms, a cycloalkyl group with 5 to 12 carbon
atoms, a linear or branched alkenyl group with 2 to 12
carbon atoms, a substituted or unsubstituted aryl with
6 to 19 carbon atoms, or aralkyl group with 7 to 20
carbon atoms that contains an alkyl selected from the
group censisting of a linear cor branched alkyl with 1
to 14 carbon atoms and a cycloalkyl with 5 to 14 carbon
atoms.

[7] The process according to the above item [6],
characterized in that the above described alcohol is
selected from the group consisting of l-butanol, 2-

methyl-l-propancl and alkyl alcohol with 5 to 8 carbon



starting material and the reactant to a reactor to
allow themto undergo a dehydration reaction in a
liquid phase or in a gas-liquid phase in the reactor;
and at the sane tine, taking out a high boiling point
reaction mxture, in the formof a liquid, that
contains the produced al kyltin al koxide or alkyltin

al keorigle m xture fromthe bottomof the reactor, while
conti nuously renoving, fromthe reactor, a |ow boiling

poigit reactimfe PBrdddds CAHAIdIMY theHy eiused waker[1],
in the formof a gas by distillation. [9] The process

acioorldidigng aHehes talpover :i teemditluoul f Suppiharei nHde
reactor includes: lines for supplying the above

desarritbedy stadreriing rmatdertiral et tshe taboeve sdeson hed
reactant, respectively, or a line for supplying the
madedbvs gl drp ofdelrg calovie hdekertiled restaaritorngn a
material and the above described reactant; a |line for
r el WHEY oW Bl 13 9@ Spdilmu ice adwisen 1 nnithieureactor ;
contalnln water; and a line for taking out the high
b&ing SnSHEAdLIEn Hokdide OUt16] MENE foddéss polnt

accor i.ng taq the abqgve item rein the line for
qﬁég¥ﬁ@4tﬁﬁeboﬁplﬁ&epélgFgOﬁeéc@lﬂﬁlﬁvxﬁﬁﬁ
co%%%hSh”E aré%?gﬁ@&eeﬁl LR G e yPe s B Ekkpfﬁgieut
t%%ﬁ&ﬁ%&e %%er%lg%,E %C%o%@o%!é%u fe rRalfo? 1le
position ere 3[ ase conponent % ff
t%%%&i%%%ush@0¥%h0V1ng, from the reactor, a low b01ling
point reaction mixture containing the produced water in
the form of a gas by distillation.
[9] The process according to the above item [1]
or [B], wherein the reactor includes: lines for
supplying the above described starting material and the
above described reactant, respectively, or a line for
supplying the mixed solution of the above described
starting material and the above described reactant; a
line for removing the low boiling point reaction
mixture containing water; and a line for taking out the
high boiling point reaction mixture.
[10] The process according to the above item [9],
wherein the line for removing the low boiling point
reaction mixture containing water is in a position
where gas-phase components are remcved, while the line

for taking out the high boiling point reaction mixture

is in a lower position where the liquid-phase component



[11] The process according to any one of the above
itenms [1] to [10], wherein the above described reactor
is a tank reactor or a colum reactor. [12] The
process according to any one of the above itens [1]
to [11], wherein the above dgscribed reactor is a
type that includes a stirring tank, a nultistage
stigridiget ank;. a distillation colunm, a multistage
distillation colum, a continuous nultistage

di gtd¢l11ati on colum, a packed colum, a thin film
evaporator, a reactor with a support in its inside,

forkeld circultet imroageactarcoalifral ldangirfy lgnevapanat dhove

a falling drop evaporator, a trickle bed reactor or a
bubisires clol lurm  [1X8], THeepriocads adeoradidegdraany enetor
of the above itens [1] to [12], wherein an inert gas
andl or T@nkyasEclis T @actaarmo lamdy oresgtgaseous i nert
organi ¢ conpound and/or an organi c solvent that forns
an'1%zeot r opite ABARE WAIPEMTSr tar @rsuppld edf ttdet eove
reactor. [13% The process according to the above item

[ 231575 wHer dith [td /i ndrarsgas the seicee s@ srrgied reactor
ni.trogen, carbaon . di.oxjde and argon. [15] The praocess
acco rag ?Cryéj G %qa%e %J\Véiqst EMIHAFEF LN hérfein eh&Vapdpdage
d ri dratipon.reacti.on i s erforned. at a
oAl S e ot GG T 60Ck 5 180E, o To1 pRs 2ue

PrAGess 1866 ding 0 t%ec%%%!%u%%%whhakis%%gthere!n a

ratio of the total nole nunber of tin atoms - contained

| Riitshe 1stantiring oTeber i @l phe ke gehannuaber iy £i1n
evaporator, a reactor with a support in its inside,
forced circulation reactor, a falling film evaporator,
a falling drop evaporator, a trickle bed reactor or a
bubble column.
(13} The process according to any one of the above
items [1] to [12], wherein an inert gas and/or a
gaseous reactant and/or a gaseous inert organic
compound and/cr an organic solvent that forms an
azeotropic mixture with water are supplied to the
reactor. |
[14] The process according to the above item [13],
wherein the inert gas is selected from nitrogen, carbon
dioxide and argon.
[15] The process according to the above item [1],
wherein the above described dehydration reaction is

performed at a temperature in a range of 60°C to 160°C.

[16] The process according to the above item [1}],



of the reactant, as the ratio of the starting materia
to the reactant, is in a range of 3 to 100. [17] The
process according to any one of the above itens [4]

to [16], characterized in that the dehydration
reaction is perforned at a dehydration rate

represented by the foll ow ng expression (4):

[ Bxtpe essh on 43t Dehydraté ofod 8t end SOXHOYr (4 tB1 Ardrs
e RT wherein the dehydration rate nmeans the anount of

t heonwatesd thatths $o8necthdynd her dehyds atiOmd eactindier
and drawn out of the systemper unit tinme [nol hr-1];

X of epreserdstdie, tat al haroter iminbert ferod aof i dd Matonsl
contained in the alkyltin conmpound represented by the
gereradic frorandant(2)ishirche isarcpntai nedtd nathe starting
material; Y represents the total nole nunber [nol] of
tihl'atoms comaimedrdss tdrcatddyla it compourd of the above
represented by the general fornmula (1) which is
cont&iheldt § ¢ hlel &hrartharg Grearariss 1m Ghadr ésent s a

t enper turgﬁ% at which the dehydration reaction is

D - §é§barcé§é3rﬂ -5 Rfs UGSt @it &= Bhtrafipn mete
1; and A _and are coefficients depending on the kind
ofreé?ﬂeyﬁetr}aﬁwe%?ﬁbo JIRHEENY c?d‘é’frf%sﬁlé’rﬂ s44and B in

th ve. .descri bed expression (4) depend on the S 13
Ki ﬁdggoﬁéégﬁl%& 4

ti'n conpound as the starting material and

Dehydration rate >*£@£229£—- (4)
- B
A e —_
R-T}

wherein the dehydration rate means the amount of the
water that is formed by the dehydration reaction and
drawn out of the system per unit time [mol-hr™']; X
represents the total mole number [mol]l of tin atoms
contained in the alkyltin compound represented by the
general formula (2) which is contained in the starting
material; Y represents the total mole number [mol] of
tin atoms contained in the alkyltin coﬁpound
represented by the general formula (1) which is
contained in the starting material; T represents a
temperature [K] at which the dehydration reaction is
performed; R represents a gas constant = 8.314
Jmol™K™; and A and B are coefficients depending on the
kind of alkyltin compound, wherein coefficients A and B

in the above described expression (4) depend on the



are obtained based on the set primary standard
substance. Wen the starting material contains an

al kyltin conmpound represented by the chem cal fornula
(1), the above described coefficients A and B
represent a frequency factQE and an activation energy
of a pyrolytic reaction of The primry standard

ng§kﬁQﬁf:aWﬁyﬂ¥1ﬂS%dﬂbqﬁnQYQEiQh%o Qg n %Ek%%g%gzand

selected from the alkyltin conpounds represente

t he-cchemtaled fild@d an( HheanrdC %&tialiar}fe/? stRnldhed

starting material, and are obtained omt he

f aluowaigcaquatieon th2) stWhenngheatst-achi pgnraters ah
does not contain an alkyltin conmpound represented by
t ke kotignire alonfoerumd aeplleschtedcont ahes chamiaklylfoirhula
conpound represented by the chemcal fornmula (2), the
abdve déscridbed cleeffriiteentscAfandeBtsr aprasieBt rapresent
frequency factor and an activation energy of a

pyr dinpiue ncyadicae roknchenpectrary tsbandaedgysolfstance
which is an alkyltin al koxide arbitrarily selected

f PovACtYe 14 KpiaGtd onl kéxites Prépessenteddpydt Rebstance
follow ng chem. cal formula (7) formed fromthe

alikYIt S @8npdinds Lrepraserpedabyithertel| sailrgted from

chem cal. for.nmul a 2) contained in the starting,

LB ARt FOmEPBREEaRE O TARIR AR DBt N AelnFRAfPEne

L0 89U on ok ok Expreg 90,2 e 815, B

C%Q%t%%kagg%alkfom the following equation (5). When the
starting material does not contain an alkyltin compound
represented by the chemical formula (1), but contains
an alkyltin compound represented by the chemical
formula (2), the above described coefficients A and B
represent a frequency factor and an activation energy
of & pyrolytic reaction of the primary standard
substance which is an alkyltin alkoxide arbitrarily
selected from the alkyltin alkoxides represented by the
following chemical formula (7) formed from the alkyltin
compounds represented by the following chemical formula
(2) contained in the starting material and the
reactant, and are obtained from the following equation
(5).

[Expression 2]

k=A-exp(—Eé—T] (5)



A represents a frequency factor [hr-1j; B represents
an activation energy [Jnol-1]; R represents a gas
constant = 8. 314 Jnol '-K-1; and T represents a
tenperature [K] at which the pyrolytic reaction is
performed. The above descrised k represents
first-order rate constant of the pyrolytic reaction

whiricdiré sn obt sépessdyc ¢ he {otdowngr equad i@hd@it [hr'];
[ Expression 3] kt=-In(l1-X) (6) wherein k represents

fikstepreasentrate tonstanty [fuctdlds thrtepreBsespBe8ents an
heating tinme; and X [hr] represents a reduction ratio

[ ot ot §io téneespeclmbo the R niepiralsenteneentsations tant
of a prinmary standard substance, [Fornula 9] R10 9 R13

| =183 R11hNSA- 'K Sp- Rodj T( TpproReAt ORAStwhpeeahuRE0[K] at
R11, R13 and R14 correspond to either R7 or R8 of the
st tFhg fatfi @l L e 1eagtiam js comfespmd t Fheejativere

e or f of the starting material; at |east one of RI12

FAG RS resfdiRe & Rt oS i degacdiadi®t g Sd@dith of the
are igﬁgggrs of O0to %i' + h =2; and i and j are
GG AT e (High S o LB YA ThFodaes G0
pro tion a carbonate ester characterized by
ué?éﬁgﬁfo &&&YItin al koxi des, as a catal yst, produced

bynﬁgﬁxgﬁgﬁﬁ§§ﬂaccording to any one
k-t=-In(1-X) (6)

wherein k represents first-order rate constant [hr']; t
represents a heating time; and X [hr] represents a
reduction ratic [mol/mol] with respect to the initial
concentration of a primary standard substance,
[Formula 9]
R1 Og R13i

R'—Sn—0—sn—R'%, ()

OR1 2 OR‘E 5

wherein R', RY, R and R correspond to either R’ or R®
of the starting material; g, h, i and j correspond to
either e or f of the starting material; at least one of
RY and R'® corresponds to R® of the reactant; g and h

are integers of 0 to 2, ¢ + h = 2; and i and j are

integers of 0 to 2, 1 + j = 2.




of the above itens [1] to [17]. [19] A carbonate ester
produced using, as a catalyst, a dialkyltin al koxi de
produced by the process according to any one of the
above itenms [1] to [17]. [20] An isocyanate produced
usi ng the carbonate ester gccording to the above item
[19]. [21] A polycarbonate produced using the

cafbonate estgro@eeorth NG tithe aboye d temddHre ester
[Effect of the Invention] [0012] In the process for

prahined ¢ o fedltey hid ihg &l koxides aecdidig des the a
present invention, a starting material and a reactant

ares tonts nuqusdJuceslyecired g dehy dadd @i Heact i:01y one
and at the same tine, the fornmed water and products
ar@f comt ianmwois|tentei g dreawl but of the system

wher eby al kyltin al koxi des can be produced wi th high
priodfilct i vi t YA caRingga ttehee ghreot essodissare s insef ws fzor

i ndustrial application. [Best Mdde for Carrying Qut

t He* Ykttt on] la{ld@ﬂﬂlfrrt?ellﬁs}@sj@ntpfqﬂmm &y itdie process
characterized by continuously supplying a startin
rrét“e?ql%ﬂlftghaﬁo Y Ot &itndhe dibarmey littiemsoxilde t@ndllgr]

aIkyI di al koxy-di stannoxane and a reactant, a
fﬁ#@ &ﬁ@C%a&a&er EFACEENEHAE 7§ S0 Ge PREA 6w

Cﬁpl on nts contai_nin Fer fron1;he
reaé% % cont |n€o&s kbta|ﬁt§H¥g§£@ron sol uti on,
aSZﬁne A polycarbonate produced using the carbonate

ester according to the above item [19].

[Effect of the Invention]
[0012]

In the process for production of alkyltin
alkoxides according to the present invention, a
starting material and a reactant are continucusly
subjected to dehydration reaction, and at the same
time, the formed water and products are continuously
being drawn out of the system, whereby alkyltin
alkoxides can be produced with high productivity.
Thus, the process is very useful for industrial

application.

[Best Mcde for Carrying Out the Invention]
[0013]
The present invention is characterized by

continuously supplying a starting material that



conmponent in the bottom of the reactor, which contains
an al kyltin al koxi de corresponding to the starting

mat erial and the reactant. The present inventors have
presunmed that the reaction of a dialkyltin oxide with
an al cohol that produces a,dialkyltin alkoxide is
based on the equilibriumreactions represented by the
fotbowkngs &eaciiep eavations 443).and t(ééra)aiHl%rﬂul a
10 R R2R~Sn=0+ 2 RMH R SIN-GSIn-R + (1 3)
R Ri ORcof ot Mt enddda kR 2Rl R rddcddnO S MR R OH
2 RSIn-OR + HO (14) R OR R [0014] Conventionally,
t heomhoved deseri beshseactdon tdlasndesn caid i Bfy Wi Dng
bat ch process, while distilling away the formed water
atpat mpspdraré e pr e ssurter ori nundest e r ethuged iy essides;r to
The reason is that, since the 17 equilibriumin the

r et bsowehy esern iod dyradve idroramillae qrl,.3)asanthe 14)
inclines to the left (reactants), it is necessary to
meKERPRE Uit i 0re drattteom ghi fithe o aamwt g ,ghth i(gir eohuotas)ns
and take the fornmed water out of the system so that

t e reetd o pHogrestecomespteliguneq ithe aterting

i ncrease the reaction rate, the above
material and the reactant.

The present inventors have presumed that the
reaction of a dialkyltin oxide with an alcochol that
produces a dialkyltin alkoxide is based on the
equilibrium reactions represented by the following
reaction eguations (13) and (14.)

[Formula 10]

R OR R
N |
Z /Sﬂ—:O + 2 R'OH R—S5n—0-—-5np—R + H,O (1 3)
R R OR'
[Formula 11]
ORrR' T OR'
R—Sn—0—Sn—R + 2 R'OH _— ) R—Sn—OR' + H2O
I (14)
R OR' R

[0014]

Conventionally, the above described reaction
has been carried out by batch process, while distilling
away the formed water at atmospheric pressure or under

reduced pressure. The reason is that, since the



reacti on has been carried out at high tenperatures. As
a result, when using an al cohol with a |[|arge nunber
of carbon atons and a high boiling point as a
reactant in the above described reaction, the
reaction progresses in sevefal hours, whereas when
using an alcohol with a small nunber of carbon atons
angdya 110 ihei limna HOiM: AS & o aghailer§@ A%yt @ Har oduce
a dialkyltin al koxi de corresponding to the al coho
t Mo rorlaUCHiVi tind S 1S1)gNiHd1GaRE Y d @we Nfefiss known
that the reaction represented by the reaction fornula

( 1eacttshats )i, s, itt He delvedsatd,on o a@atls eheOkgaiilibrium to
dialkyltin oxide wth an alcohol to produce a
t ethridal kyl tdical-kighy- (girstianneyanadquanie taki Felryned water
progresses relatively easily even by conventiona
procesged heHoweven, sionthhe theackiaon ioeppesemeedeby At
the reaction formula (14), since the equilibrium

i 1 Fegesitgichi cantngrEs sehahel aErcEieactates) thehabove
mater formed by the reaction rapidly reacts with the
f GERETLGPalRyl PRE dICAIRIREdEV T Rlugioh apap@yﬁtuﬁes

di al koxi de cannot be _obtai ned with productivity.

To obtain anSi AcFESEEd” aﬁﬁﬁﬁtuéﬂnglﬁPe%&éBhB@oH&EF Pn
E?%f%%?%hﬁ%%rr%%rgg%g%ed S§8ghgpg:§2 gng EﬁPgOPOlnt

I'S necessary

hydr %XX:g%%‘EB%‘EU‘EPyHﬁ% 9bofte! ALGE. QUDUNG QL BYET OXY

conpound certain makes it possi to en ancé

cQ@&%&&bﬁnp95g§eggegaahkggvgkahkﬁéﬁr% 3whgké5§nwﬂéﬁne
to a dialkyitin diaikoxide; however, it requires

huge nbeast an coabd FBEROWEEmadll ALEBeaMBENEarBhn atoms

unreact ed hydroxy conpound to be renoved by
and a low boiling point as a reactant so as to produce
a dialkyltin alkoxide corresponding to the alcohol, the
productivity is significantly low. It is known that
the reaction represented by the reaction formula (13),
that is, the dehydration reaction of a dialkyltin oxide
with an alcohecl to produce a tetraalkyl-dialkoxy-
distannoxane quantitatively progresses relatively
easily even by conventional processes. However, in the
reaction represented by the reaction formula (14),
since the equilibrium inclines significantly to the
left (reactants), the water formed by the reaction
rapidly reacts with the formed dialkyltin dialkoxide;
thus, a dialkyltin dialkoxide cannot be obtained with
high productivity. To obtain an increased amocunt of

intended product in the reaction represented by the

reaction formula (14), it is necessary to use a large



distillation; consequently, it cannot increase the
productivity. After intensive exam nation of
conventional processes, the present inventors have
found that in the above described conventiona

techni ques, a large amount qgf tributyltin conmpound,
which is not an intended conpound, is produced since

t hemveact ONhiSreay rt@ooOwhd. atusd ogbr t enperad usRsudndof
for along time, though this is not clearly described
i nhyfiecdpcouoendsnd Speica fi Calhyked het reastivne byo enhance
conventional batch process has a serious probl em of
cabistngobye ps douct f on tofraalkybldkitlocpnpoind, as
descri bed above (Fig. 1 shows the change with tinme in
pyfbbyaneopdng 4o 3 3dialkyltin dialkoxide; however, it
tetrabutyl -1, 3-bi s(2-et hyl hexyl oxy) -di stannoxane) into
a FPABLESFLE mmmqrb@aﬁwwwwm i Rrdk oaialent
as starting material or as a_product resides in the

r At OFTUAeE D FHE T FERABh hatke arringted dait ch

rggctioP %£015] After directing trenmendous research
ef Fort HaWe?d SHRTBIE T he- oV esctiteare the

pr the present inventors have found that when
eﬁ%?%@?%&f%&ﬁ%’ process that includes: continuously

supplying a Aﬁ;é{r tllrn% 't\% iﬁ%{(arrllj%lz\ﬁ{tci%rjl S fsecloencx;eendcifgnoalﬂ
i al'Ky

the group consisting o I"n""oxI des,

t egf@@égyég,di@{m%séﬂ@ﬁ%y@;% tﬂ%rgzi %gtgsin the

thereof, and a reactant, npoun
I eged s | ddakd N1 DWorthed itz bAddHig RRINt LonpepentSunt

fromthe reactor; and

of tributyltin compound, which is not an intended
compound, is produced since the reaction is carried out
at high temperatures and for a long time, though this
is not clearly described in the documents.
Specifically, the reaction by conventional batch
process has a seriocus problem of causing by-production
of a trialkytin compound, as described above (Fig. 1
shows the change with time in pyrolysis of 1,1,3,3-
tetrabutyl-1,3-bis(2-ethylhexyloxy)-distannoxane) into
a tributyltin compound), because an alkyltin alkoxide
as a starting material or as a product resides in the
reactor due to its low reaction rate and its batch
reaction.
[0015]

After directing tremendous research effort

toward solution of the above described problem, the

present inventors have found that when employing a



conti nuously taking out the reaction solution, as the
conponent in the bottomof the reactor, which contains
an al kyltin al koxi de corresponding to the starting
material and the reactant, surprisingly, the reaction
time is short and the produegivity is high, conpared
W th conventional batch processes; noreover, the above

deseiddd dhyapraducidan ofoa itrdduhy tdpagnpeund is
i nhibited. Specifically, the present inventors cane up
Wi e @i vl eda teata 1t hevhriadre i@f spneduddng kHd Ryroup
al koxi des by conventional batch processes was |argely
r estrirs ictteich oy ft ke aladye tdh oestenisng tidhe daanead dsatiedox y-
and then they have found that a process, as a process
f oll sdverrcomneg tatel [mheb hemt uweisc it hienrelofdesndr apirdlay-tant,
and continuously renoving the forned water fromthe
sys theidr oxan ¢ caeotel, s &ve at irgectoapi dlakiagd out the low
continuously taking out the resultant product, an
alHIENY ARG gemPongm: st Keogy shemragkasri:t apdssi bl e
to produce a dial kyltin alkoxide with high
prEAATINAY FREY HaPE talt8s FEaRE LoRh&P Ltké Opr o@es§he
f the present invgntion enables the formation of an

LCTEBRTES ComptnaC 4 P PBUEPFL FRACESpOlRACP 6op6 2 1ns
3 .20 001 Fi t, the. i al d
r%%u%a%gl%l% al&ox %L cb&?ﬁbggngéégr%gggEg%gggggisgikg

t he present Inventi on w

(RESEh2a ) 2R SATPOSLLEAN ! NaLp60L ALY, 2eHbbiULE Ly
time is short and the productivity is high, compared
with conventicnal batch processes; morecver, the above
described by-production of a tributyltin compound is
inhibited.

Specifically, the present inventors came up
with an idea that the rate of producing alkyltin
alkoxides by conventional batch processes was largely
restricted by the rate of removing the formed water,
and then they have found that a process, as a process
for overcoming the problem, which includes: fapidly and
continuously removing the formed water from the system;
and at the same time, rapidly and continucusly taking
out the resultant product, an alkyltin alkoxide, from
the system makes it possible to produce a dialkyltin
alkoxide with high productivity. They have also found
that the process of the present invention enables the
formation of an unintended compound, a tributyltin

compound, to be reduced.



di al koxy-di stannoxane. The conposition may contain a

t etraal kyl - di al koxy-di stannoxane al one or an arbitrary
anmount of dialkyltin oxide, which is the precursor of
tetraal kyl -di al koxy-di stannoxane. Specifically, both
the reaction represented bysthe reaction fornula (13)
whereby a tetraal kyl -di al koxy-di stannoxane i s obt ai ned
fromeedi al kyltin oxide and the reaction represented
by the reaction fornula (14) whereby a dialkyltin

di al koxi de imsiodt aivted fawmadetdaalikyda diralk@XYoresent
di stannoxane are the sane dehydration reaction;

t herefrorieqn avidilaldey |dd arraldeaki de can be obt ai ned even
froma starting material that contains an arbitrary
amount of diTl&kydtdntiod datqGl7]is a composition that
Tetraal kyl - di al koxy-di stannoxanes used in the present
| B8P ey I9el g itretardalek nddficad lkeoxyptraalkyl-

di st annoxanes represented by the follow ng chenica

f PRl eH YDAl st e aray e wormesis,iaggregacesain a
ol i goner r polynmers having a structural fornula

r etﬁgte%a&@%fgl e XeéehisCANTOEFARR & 1(CPe °X1 aT] PeRmHTRTY
12] 1 1 .1 JR.2 6-Sn-0-S.n-R5d (1) OR3 OR6
e ﬁ4f, %F%%lkﬁit&ﬁd L oach i @eﬁén&@%t Py SCegresemt
a [, .group,, aral kyl .group _or ar r.Qup;_ .R3 and
%%%§£ﬁ$ﬁkpgpgg%gh x’n%éF%%Fnﬁﬁgﬁg'or¥%F%F%§Faé#gUpPO§h
and b AL tion represented by the reaction formula (13)

whereby a tetraalkyl-dialkoxy-distannoxane is obtained
from a dialkyltin oxide and the reaction represented by
the reaction formula (14) whereby a dialkyltin
dialkoxlide is obtained from a tetraalkyl-dialkoxy-
distannoxane are the same dehydration reaction;
therefore, a dialkyltin alkoxide can be obtained even
from a starting material that contains an arbitrary
amount of dialkyltin oxide.

[0017]

Tetraalkyl-dialkoxy-distannoxanes used in the
present invention may be the tetraalkyl-dialkoxy-
distannoxanes represented by the following chemical
formula (1), and they may be monomers, aggregates,
oligomers or polymers having a structural formula

represented by the chemical formula (1).



integers of 0 to 2, a
integers of 0 to 2, c
R, R, RA and R5 in the

tetraal kyl -di al koxy-di stannoxanes represented by the

chem cal formula (1) include; alkyl groups as

al i phatic hydrocarbon groups with 1 to 12 carbon

at prsrraiics ©ycl oal kyl groups as al i phatic hydrocarbon
groups with 5 to 12 carbon atons, such as nethyl,

ethyl, propyl, butyl (|ts |soners) pentyl (its

i somers), hexyl (iRs |s&hers) heptyl (its isomers),
octyl (its iso rsb nonyl (its isomers), decyl (its

i somers), unde&7ESprte—$ ms), dodecyl (its

i soners), 2- butenyi 3 cydl%butenyl, cycl obut yl,

cycl opentyl, cycldﬂ%xyl Reycl opent yl

cyclopentadienyl and cyclohexenyl groups; aral kyl

groups with 7 to 20 carbon atoms, such as benzyl and
pHEIRASEhy - gRoupR” adistl Rar gRchr bugspaneRnslyt sepeesent an
carbon atons, such as phenyl, tonI and naphghyl

W nﬁfaédwlaﬁoaw Sther vl skaE® ‘o maydpR® each
halo enat rbon roups in which all of or part
é%e%wg%éﬁ% o Pe&ch aﬁ?&#&@aﬁﬁ&WFQréuﬁngr are
ced by | ogen, ato uch a on fl uorgbutyl and

h§p€% ﬁﬂﬁojﬂﬁyﬁgkﬁhequ?soég eF,ap%eé §F§
not,+ JJJP4 ed tothese exa eferably, Rl, R2, R4

31 gj ar e Iomé} %$k§1&g§25%2 Ngfe preferably, they
aq@oﬂglnear or branched al kyl groups with 1 to 8
carbon atons. The above descri bed ki nds of groups
with nore caizheneat os rEhan? t hosgndeser i hednabove can
al so be

tetraalkyl-dialkoxy~-distannoxanes represented by the

b being 2; and ¢ and d are
db

+
+ eing 2. [0018] Exanples of

chemical feormula (1) include: alkyl groups as aliphatic
hydrocarbon groups with 1 to 12 carbon atoms and
cycloalkyl groups as aliphatic hydrocarbon groups with
5 to 12 carbon atoms, such as methyl, ethyl, propyl,
butyl (its isomers), pentyl (its isomers), hexyl (its
isomers), heptyl (its isomers), octyl (its isomers),
nenyl (its isomers), decyl (its isomers), undecyl (its
isomers), dodecyl (its isomers), 2-butenyl,
cyclobutenyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclopentyl, cyclopentadienyl and cyclohexenyl groups;
aralkyl groups with 7 to 20 carbcen atoms, such as
benzyl and phenylethyl groups; and aryl groups with 6
to 20 carbon atoms, such as phenyl, teolyl and naphthyl
groups. They may contain an ether linkage or may be

halogenated hydrocarbon groups in which all of or part



used; however, they sonetines inpair the flowability
or the productivity of dialkyltin al koxides. Rl, R2,
R4 and R5 in the tetraal kyl -di al koxy-di st annoxanes
represented by the chemcal fornula (1) nay be the
same or different. R3 and ?@ represent a linear or
branched al kyl group with to 12 carbon atons,

cy6t Ol kybg & Osporth the Dad® %dﬁ@éé’%b@t ©rs1d near
or branched al kenyl group with 2 to 12 carbon atons,

ante@ha as@l tky | hgr Ogs awbtd, 7sdeh 205 Cr%rb@ﬂ@éz%@uiﬁatand
i ncl udes a substituted or unsubstituted aryl with 6

t ohdt c@hborckat ofs aintte BN 1 ebrkaits Or aupeSed ectietkf rom not
the group consisting of |inear or branched al kyls with

1 ltoniidedarborhatomx<andl e cycl bad ko W t IR'S ®S, 14* and R®
carbon atons. They may contain an ether |inkage or
na@f%el%-@g@ﬂaﬂedjrmmoca‘ﬁm mreoitspsak Iy whitcdy adde of

or_ part of hydro atons of each hydrocarbon group
areltept dted %Q@H(Yhtmlp%wﬁfaﬁ to 8 carbon
nonaf | uor obutyl and heptafl uorobutyl (their isoners);

hoWe Vet %‘i/ a&r%‘f%%esrcrrmaeéij Kigashede gromlvEsh more

Pref r abl are Iomer al kyl groups. 23 More
pr &t Oébr%)fo%e’ij” ASHIRSS RIS MATIRORA Pe
|.i near r branch

car aﬁowever'l’he Ahove’ “(Lje:ts%%lsg)éiﬁn rou&iﬁw%}j e s?:tyh or

gg%%é caﬁﬂgﬁgb tgfuseéggﬂjﬁéver rﬁ%oxgggﬁgt? grkﬁ§g$i

t hed lrowahi rhgyt@rrgaezkgroees&m yﬁr@% ghabshLLn

al koxi des. R3 and R6 in the tetraal ky oXy

dirstannexanes HyepteseMad Ry therehem @al of:Qr M @kl ane
or different.

R’ and R® represent a linear or branched alkyl
group with 1 to 12 carbon atoms, cycloalkyl group with
5 to 12 carbon atoms or linear or branched alkenyl
group with 2 to 12 carbon atoms, and an aralkyl groups
with 7 to 20 carbon atoms that includes a substituted
or unsubstituted aryl with 6 to 19 carbon atoms and an
alkyl group selected from the group consisting of
linear or branched alkyls with 1 to 14 carbon atoms and
cycloalkyls with 5 to 14 carbon atoms. They may
contain an ether linkage or may be halogenated
hydrocarbon groups in which all of or part of hydrogen
atoms of each hydrocarbon group are replaced by halogen
atoms, such as nonafluorobutyl and heptafluorcbutyl

(their isomers); however, they are not limited to these

examples. Preferably, R’ and R® are lower alkyl groups.



may be the same or different. [0019] Exanpl es of

t et raal kyl - di al koxy-di stannoxanes represented by the
chem cal fornmula (1) include:

t et raal kyl - di al koxy-di st annoxanes and tetraal kyl -

di aral kyl oxy- di st annoxanes, such as 1,1, 3, 3-

tetranet hyl -1, 3-di ( n-but oxy) -di stannoxane, 1,1, 3, 3-

t efls Beret hyf e dab By Pi sy nBEOV D5 OPY] OxYgdudll SE-annaXaNeopy1
1,1,3,3-tet?anet €I-1,%-di-pent??%x?gdiggannoxane (it%?y

| sorens)or 1 idnss B-detsadareiiyd -d1 By dighexyd oxch 5 to 9

di stannoxane (its isoners),

1,d530@: tetaranet e 15i8swh -ddrapt WX Yic thdd asmaxangs with
(its isomers), 1,1,3,3- tetranethyl-I,

3-ali Llanysy oxyrlh s t@hnoxane: (dtand stdmar s)hose described
1,1, 3,3-tetranet hyl -1, 3-di - nonyl oxy-di stannoxane (its

| sHrfers)can al 3 e atgeahetintetsd- dihdecdrextyi-mes impair
di st annoxane (its isoners), .

1,473, Blavetiaiebhyd © 1582 dirodyetyl oy difs tehirridsdrie,n
A T ey B SV LR o ponxane.

I, 3- di (n- but oxy) -di st annoxane, 1, 3-di butyl -1, 3-
di%ed%ayﬂﬁoﬁaff-%i%ﬁpiﬁﬁwcg FBhyIRE dilersidx demid. 23 (§)
(Zf}%agﬂlhlyéggtxn%; ;y)a?ﬁed'o”retﬁyffelfe%'td.' - pent yl oxy-di st annoxane
1, @idutyl -1, 3-di met hyl - 1, 3-di - hexyl oxy- di st annoxane
(its 1somers), 1,3-dibutyl-1,3-dinethyl -

1, 3- di - hept W.Qxys 1S tANALXANE 10i 1S d:SAMBES)q1L+3;
di butyl -1, 3-di met hyl -1, 3-di-oceiloiy-g$%§%n50xaﬁgoxanes

(iteprds2@RIS by the chemical formula (1) include:

1, 3-di butyl -1, 3-di net hyl -1, 3-di - nonyl oxy- di stannoxane

(ittes: riasdrgrls)li all k=di-altsytlanho3aticdetaiyl tetraalkyl-
diaralkyloxy-distannoxanes, such as 1,1,3,3-
tetramethyl-1, 3-di (n-butoxy)-distannoxane, 1,1,3,3-
tetramethyl-1,3-bis(2-methylpropyloxy)-distannoxane,
1,1,3,3-tetramethyl-1,3-di-pentyloxy-~distannoxane (its
isomers), 1,1,3,3-tetramethyl-1, 3-di-hexyloxy-
distannoxane (its isomers), i,1,3,3-tetramethyl-1,3-di-
heptyloxy-distannoxane (its iscmers), 1,1,3,3-
tetramethyl-1,3-di-octyloxy-distannoxane (its iscmers),
l,1,3,3—tetramethyl—l,3-di—nonyloxy—distannoxane (its
isomers), 1,1,3,3-tetramethyl-1, 3-di-decyloxy-
distannoxane (its isomers), 1,1,3,3-tetramethyl-1,3-di-
bezyloxy-distannoxane, 1,1,3,3-tetramethyl-1,3-di-
phenylethoxy~distannoxane, 1,3-dibutyl-1,3-dimethyl-
1,3-di (n-butexy)-distannoxane, 1,3-dibutyl-1,3-

dimethyl-1, 3-bis(2-methylpropyl)-distannoxane, 1,3-



1, 3-di - decyl oxy-di stannoxane (its isoners), 1, 3-

di butyl -1, 3-di net hyl -1, 3-di - benzyl oxy-di st annoxane,

1, 3-di butyl -1, 3-di net hyl -1, 3-di - phenyl et hoxy-

di st annoxane,

1,3-dibutyl-l,3-diethy|-1,32 I (n- but oxy) -

di st annoxane, 1, 3-di butyl - -di et hyl -1, 3- bi s( 2-

med iyl iy opy, - cﬂmse,ttammarﬁdll,p?aﬁﬂy%w dll,sl’téﬂrﬁime (its

1, 3-di - pentyl oxy-di stannoxane (its isomers), 1,
lek&ttnyérsl}, ,3-1di Btcdhirth; 13-1di 3-hepnd tgxy-di %mmmo(w—s
i soners), 1,3-dibutyl-1, 3- dlethyl 1, 3-di - hept yl oxy-
dictsramoxansd i titd sonretes)s ) ,1,13-3Hdautyd 11133 Bty 1 -
1, 3-di -octyl oxy-di stannoxane (its isoners), 1, 3-
di but-yd -hePptdilettyydik trdioxaony | (Oxys- disstemzoxang 3H ts
i soners), 1,3-dibutyl-1,3-diethyl-1,3-di-decyl oxy-
ch@#hﬂﬁﬁ%aﬁuﬁ1@um¢hnyﬁnér§rdltd@hmlbgwwdibtanqudmﬂ (its
1,3-di- benzyloxy dlstannoxane

y;qﬂqﬁﬁ yl MEQ;Q%QQQﬁﬂﬁl dlmethyl 1,3-di-nonyloxy-
1 3-di - phenylethoxy di stannoxane, 1, 3-di butyl-1, 3-

diddﬁ&@ﬂﬂ%a@ di l(tﬁ' H@P&w)ﬂm dvanadeaneL L, 3 ~GitBetyy -
1,3-di bi.s(2- et h ).~ di st t

- doriai Dy PR S dpr fS@ﬁw«%.rasBQﬁ??Pix& )
di b t ,

R o e Ao e v S lerar arggRY,
At diphedadhpnonyl el di, Beptl s dLstaggoxane

(its iso

1 d&‘sd:'ak?llﬂlb)!(lahle 3*1d'3F1|Ej%¥1ltyl 3 @'—d%tt)ﬁk/‘ixx 34§ RNREXARG) -
(its isomers), 1,3-dibutyl-1, "3- di propyl -

1 dasdlanrm@méln@xy-zdl3saal@@@>§@n@ Gt ek 5QIRNSB-bled2-
di butyl -1, 3-di propyl -1, 3-di - decyloxy di st annoxane (its

|$@K@U§pxopy3 dﬁhﬂtﬁhnbx3ﬂélpﬂoﬁyﬂiﬁuﬁydk1b3nayb®hyi—

di st annoxane, 1, 3-di butyl-1, 3-di propyl -1, 3-di -
1,3-di-pentyloxy-distannoxane (its isomers), 1,3-
dibutyl-1,3-diethyl-1, 3-di-hexyloxy-distannoxane (its
isomers), 1,3-dibutyl-1,3-diethyl-1,3-di-heptyloxy-
distannoxane (its isomers), 1,3-dibutyl-1,3-diethyl-
1,3-di-octyloxy-distannoxane (its isomers), 1, 3-
dibutyl-1, 3-diethyl-1,3-di-nonyloxy-distannoxane (its
isomers), 1,3-dibutyl-1,3-diethyl-1, 3-di-decyloxy-
distannoxane (its isomers), 1,3-dibutyl-1,3-diethyl-
1,3-di-benzyloxy-distannoxane, 1,3-dibutyl-1,3-diethyl-
1,3-di-phenylethoxy-distannoxane, 1,3-dibutyl-1,3-
dipropyl-1, 3-di (n-butoxy) -distannoxane, 1,3-dibutyl-
1,3-dipropyl-1,3-bis(Z2-methylpropyl)-distannoxane (its
isomers), 1,3-dibutyl-1,3~dipropyl-1,3-di-pentyloxy-
distannoxane (its isomers), 1,3-dibutyl-1,3-dipropyl-

1,3-di-hexyloxy-distannoxane (its isomers), 1,3-



phenyl et hoxy- di st annoxane,
1,1,3,3-tetrabutyl -1, 3-di (n- butoxy)-di stannoxane,
1,1,3,3-tetrabutyl -1, 3-bi s(2-

met hyl propyl ) - di stannoxane (its isoners), 1,1, 3, 3-
tetrabutyl -1, 3-di-pentyl oxy-di stannoxane (its

i soners),

1d113u8ylelfab@)igyio;iyf>—ﬂl3l@2% 718 anoxao{ddsS (ics
isoners), 1,1,3,3-tetrabutyl - -heptyloxy-

di mms()anel;(:sié&lb@WHBB dlplré’pﬁlﬁt:{&bﬂdétﬁ&qd«l
octyl oxy-di stannoxane (its isoners), 1,1,3

Fedl%ﬁ&?w@xdneSérhsrmﬁgdéxcwndlBt}HUMDﬁﬂyﬂ{]tE%dlpropyl—
i soners),
1,1, 8; S trmemabut yid s dicesy | dxys di strenroxarnie (4 t's
|soners) 1,1, 3,3-tetrabutyl -1, 3-di - bezyl oxy-

RO anes - i, ot @y tlet F-abiutddeyll @udid ipHemyl etdox i ts
dlstannoxane 1,1, 3, 3-tetraphenyl -1, 3-di (n- but oxy) -
di STeRfioRanet - 3 A 81t ol rdpshiersanyll -3- bi-s{izbenzy Loxy-

”ec% 3 el amyt -1, P zpeenhmpmpyé ~Jtdmibicane

ts | %;3 3- tetr
1, ijﬁ]o%?%y &:illﬁ 3-di }pt e [ )srta:utyl nle 3( |dtls(
|§%ﬁé§ _%ﬁ§¥g¥g?%(§: a&ﬁeﬁ?ﬁnyﬁgﬂyk%%iﬁ1gx$x%
mﬁggHvl (lt 'e (its

1,1, 3,3-tet aphenyl I - nonyl&f?mﬁzsténndxéné (its

|Sﬁﬁﬁﬂéﬂutjh4h:ﬁiéﬁ%%entyloxy distannoxane, (its isomers),
t et raphenyl - 1, 3-di - decyl’'oxy-di stannoxane (its

| SIQMBIr3)3-tetrabutyl-1,3-di- -hexyloxy-distannoxane (its
1,1, 3,3-tetraphenyl -1, "3-di - bezyl oxy- di st annoxane,

1lbdmeienetﬂaﬁh@nﬁktbt$awut@henyBeﬁhehﬁpdyaba@noxane,

1,1,3,3-tetra(trifluorobutyl)-1, 3-di (n-butoxy)-
diditsammaxarae 1113 i&cretrsa t di, fll, GeRehettykut y3-—hi, SC24 -
met hyl propyl ) - di st annoxane (its isoners), 1,1,3,3-

t AT ACHF ISt eBrOyene] (3¢ LgeneysoxyldilsBaRmoxane

tetrabutyl-1,3-di~-nonyloxy-distannoxane (its isomers),
1,1,3,3-tetrabutyl-1, 3-di-decyloxy-distannoxane (its
isomers), 1,1,3,3-tetrabutyl-1,3-di-bezyloxy-
distannoxane, 1,1,3,3-tetrabutyl-1, 3-di-phenylethoxy-
distannoxane, 1,1,3,3-tetraphenyl-1,3-di(n-butoxy)-
distannoxane, 1,1,3,3-tetraphenyl-1,3-bis (2~
methylpropyl)-distanneoxane, 1,1,3,3-tetraphenyl-1,3-di-
pentyloxy-distannoxane (its isomers), 1,1,3,3-
tetraphenyl-1,3-di-hexyloxy-distannoxane (its isomers),
1,1,3,3-tetraphenyl-1, 3-di-heptyloxy-distannoxane (its
isomers), 1,1,3,3-tetraphenyl-1,3-di-octyloxy-
distannoxane (its isomers), 1,1,3,3-tetraphenyl-1,3-di-~

nonyloxy~distannoxane (its isomers), 1,1,3,3-



(its isomers), 1,1,3,3-tetra(trifluorobutyl)-1,3-di-
hexyl oxy-di st annoxane (its isoners), 1,1, 3, 3-
tetra(trifluorobutyl)-1, 3-di-heptyl oxy-distannoxane
(its isomers), 1,1,3,3-tetra(trifluorobutyl)-1,3-di-
oct yl oxy-di st annoxane (its isomers), 1,1,3, 3-
tetra(trifluorobutyl)-1, 3-di-nonyl oxy-di st annoxane

(i tstrhSREBYS)1, 3-di-decvlo dist its 1
1ao5TaEy et*;’a(fiuorobutﬂ yydiptapnoxane (its isomers),

di st BDBIP._Xaﬂ@tfia}bl’iemfpﬂ?f§9dllbé-z§l§x -distannoxane,
tetra(trifluorobutyl)-1, 3-di - bezyl oxy-di st annoxane,

1,1, B, 3; beteaftsphéh pDr Dyl ) pe By T t hePYH £ hOXYoxane,
di st annoxane,

1,1, B, 3rieteafpent of lworabutyl )-1, 3-di (M-butoxy) -

but oxy) - di st annoxane, 1,1, 3, 3-tetra(pentafl uorobutyl)-
1, 3 pigirorendy | br bpyl )= istanmokdhey rdhds B, 3-1, 3-bis (2~
tetra(pentafluorobut |) -1, 3-di - pentyl oxy-di st annoxane
(imsthvbrerryl) 1d118®r31<1>earr@(bve¢ﬁ af$ ez obut y1 )1 ,13,.3di -
hexyl oxy-dj st annoxane (its isoners), 1,1, 3, 3-

te‘i‘?%\%g it af e ObtiNA )~ 11r3*313dm€msf@f%n>@5qﬁiloﬁtsqr§m?me

{s | soner tetra(pentafluorobutyl) 1 3-di -

oo %W%f%emolgaﬂwé«meqrﬁohws@l S St
3
eﬁﬁfgxx‘sgm R ALSRE  Go Aa o) 3é¥]0glutsifagmixgngl
tetfg%%e#%%q%ﬁﬁ%%ﬁgﬁpaqléé Sl%%%n%rsQ;&}§%ﬂﬁﬁﬁﬁﬂé
1, &tk 3rdstdapent af 107 qhuty )L S - g ethoxyy;

di st annoxane,

1,de 3y 3 fldlaa(ﬂhamcﬁiam@r@b}g W dorde 3n)di (N,
but oxy) - di st annoxane, 1,1, 3, 3- tetra(heptafluorobutyl)

|13 thiss (2= et qarapyl))-1di Stanteane {j-1s 9tSemRhkShe (its

1,1,3,3-tetra(heptafl uorobutyl)-1,3-di-pentyl oxy-
isomers), 1,1,3,3-tetra(fluorcbutyl)-1,3-di-decyloxy-
distannoxane (its isomers), 1,1, 3, 3-
tetra(trifliuorobutyl)-1,3-di-bezyloxy-distannoxane,
1,1,3,3-tetra(trifluorobutyl)-1,3-di-phenylethoxy-
distannoxane, 1,1,3,3-tetra(pentafluorcbutyl)-1, 3-di (n-
butoxy)-distannoxane, 1,1,3,3-tetra(pentafluorobutyl)-
1,3-bis(2-methylpropyl)-distannoxane, 1,1,3,3-
tetra(pentaflucrobutyl) -1, 3-di-pentyloxy~distannoxane
(its isocmers), 1,1,3,3~tetra(pentafluorobutyl)-1,3-di-
hexyloxy-distannoxane (its isomers), 1,1,3,3-
tetra(pentafluorobutyl)-1,3-di-heptyloxy-distannoxane
(its isomers), 1,1,3,3-tetra(pentaflucrobutyl)-1,3-di-
octyloxy-distannoxane (its iscmers), 1,1,3,3-

tetra (pentafluorcbutyl) -1, 3~di-nonyloxy-distannoxane

(its isomers), 1,1,3,3~-tetra(pentafluorobutyl)-1, 3-di-



di stannoxane (its isoners), 1,1, 3, 3-

tetra(heptafl uorobutyl)-1, 3-di - hexyl oxy-di stannoxane
(its isomers), 1,1,3,3-tetra(heptafluorobutyl)-1, 3-di-
hept yl oxy-di st annoxane (its isoners), 1,1, 3, 3-
tetra(heptafluorobutyl)-1,3-di - octyl oxy-di stannoxane
(its isonmers), 1,1,3,3-tetra(heptafluorobutyl)-1, 3-di-
nogyd Pxy= @ &1 aiixanend | [ Scd SO S)q) 1.1, 3, B3
tetra(heptafl uorobutyl)-1, 3-di -decyl oxy-di stannoxane

(it 15000 £ 1o doi By 1oty alheptiald palopUt i dark Sctic,
bezyl oxy- di st annoxane,

1,1, B, 3-t-etea{hapdrafd florcomdutd Y1) -1, 3-di-phenylethoxy-
1, 3-di - phenyl et hoxy- di st annoxane, 1,1, 3, 3-

t et¥rsi{aronatd neor obult )3 ,)3-t 3 (redid oy rabistyd@nnaxaneli (n-
1,1, 3,3-tetra(nonafl uorobutyl)-1, 3-bi s(2-net hyl propyl)

- isvEinokatenroxiarg: ,3-1,6t rJa(hrdrafdaudragbutillyorbBrdil-) ~
penﬁgloxy-distannoxane (its isomers), 1,1,3,3-

t ebraioned 1o obursayLl Blidgitanaop ey - ditst dmmoeane ,
(its isonmers), 1,1,3,3-tetra(nonafl uorobutyl)-1, 3-di-

helptyl odr-th Staariiigiatd {aned ytydnerls)3 - di ~peg tal oxy -
t%¥Q§$nonafluoroq%§yl -1, 3-di - octy| oxy-di st annoxane
(i1 HEBHEE 5 359 a( dertafi-dor obut yl ) - 1, 3- di -
n - di.st.annaoxan iits isoners), .1,1,3,3 .28
e AR 3 ek Sidraonsnane
it:s-d S 1,1,-3,-3-tetr f l.uqraob [)~1, 3-di -,.
e oy S drinaX e, “an Lo e 11u2Rb A, S
t d44Qn -1, e l.et hgxy- _
d?%?gﬁﬂggﬁzéggﬁggﬁﬁg%?gt#gggk;%ggggﬁgénggrgfgnnoxane,

orleyt rene Ry e cseleet,ad -fir amgtihe -above descrihed xane
group or two or nore may be selectéd and used in the

f drimsofisomers), 1,1,3,3-tetra(heptafliuorcbutyl)-1,3-di-

nonyloxy-distannoxane (its iscmers), 1,1,3,3-

tetra (heptafluorobutyl)-1, 3-di-decyloxy-distannoxane
(its isomers), 1,1,3,3-tetra(heptafluorobutyl)-1,3-di-
bezyloxy-distannoxane, 1,1,3,3-tetra(heptafluorobutyl) -
1,3-di-phenylethoxy-distannoxane, 1,1,3,3-

tetra (nenafluorobutyl) -1, 3-di (n-butoxy)-distannoxane,
1,1,3,3-tetra(nonafluorcbutyl)-1,3-bis(2-methylpropyl)-
distaznnoxane, 1,1,3,3-tetra({nonafluorobutyl)-1,3-di-
pentyloxy-distannoxane (its isomers}), 1,1,3,3-

tetra (nonafluorcbutyl)-1, 3-di-hexyloxy-distannoxane
(its Iisomers), 1,1,3,3-tetra(nonafluorobutyl)-1,3-di-
heptyloxy-distannoxane (its isomers), 1,1,3,3-
tetra(nonafluorobutyl)-1,3-di-octyloxy-distannoxane
(its isomers), 1,1,3,3-tetra{ncnafluorobutyl)-1,3-di-

nonyloxy-distannoxane (its isomers), 1,1,3,3-



a mxture. [0020] The dialkyltin oxides used in the
present invention are those represented by the
following formula (2). Al though they are represented
by the structural fornula (2), they nmay be nononers,
aggregates, oligoners or polymers. It is known that

di al kyltin oxides do not exist in the formof a

nUﬁ@ﬂ?é(n§ﬁQ§Fu§r§@H@§F bpnel_ki kg SPEQ capnot, ane

normal Iy formed, and oemstlntheformof pﬁywm

resut & i ngohs o pOi YITBE | Zaté0ha Vﬁ&q@fiﬁé‘f%@_\ﬂh‘ll M-gi-
bond as shown in the following fornmula (15). [Fornula

13pe Ral dx¢2)1i s Ryen Sahahesed n1 R7, 3y R8 each
i ndependently represent an al kyl group, aral kyl group
ortat yd (gl uane et and-1, ar@i -pidegesthaliy-0 to 2, e
+ f being 2. [Fornula 14] S 29 R16 fSfI-O+ (1 5) Rn
n avhet s moRIrGe andh R1The aodt rapt lesent 1 4 hesxsankl gfraolpscane,
as defined above in connection with R7 and R8; k and
1 opbpreasemay hee sumee asedef ¥ ore dfab e ian dsprmeidtd by roup
with e
Cr two or more may be selected and used in the form of
a mixture.
[0020]

The dialkyltin oxides used in the present
invention are those represented by the following
formula {(2). Although they are represented by the
structural formula (2), they may be monomers,
aggregates, oligomers or polymers. It is known that
dialkyltin oxides do not exist in the form of a
monomer, since a double bond like Sn=0 cannot be
normally formed, and do exist in the form of a polymer

resulting from polymerization via a tin-oxygen-tin bond

as shown in the following formula (15).

RS
. l (2)
R’=SnO

wherein R’ and R® each independently represent an alkyl

[Formula 13]

group, aralkyl group or aryl group; and e and f are
integers of 0 to 2, e + f being 2.

[Formula 14]



and f; and nis an integer of 2 or nore. The structure
of the end group is unknown, and therefore omtted.

[ 0021] Exanples of R7 and R8 in the dial kyltin oxides
represented by the formula (2) include: alkyl groups
as aliphatic hydrocarbon greups with 1 to 12 carbon
atons and cycl oal kyl groups as aliphatic hydrocarbon
groups with 5 to 12 carbon atons, such as nethyl,
ethyl, propyl (its pseoners), butyl (its isomers),
pentyl (its isone s?,khexyl (its isonmers), heptyl
(its isomers), o é jéﬁs i soners), nonyl (its

i soners), decyl (ilts"isoners), undec&15{its i sonmers),
dodecyl (its isone S%ﬁ' 2'but enyl, cycl obut enyl,

cycl obutyl, cyclopentyl', cyclohexyl, cyclopentyl,

cycl opent adi enyl and cycl ohexenyl groups; aral kyl
groups with 7 to 20 carbon atons, such as benzyl and
phenyl et hyl, .groups;, and aryl groups with 6 to 20

c HBorf dt dhs, 28dch asapheAyPreEenyl thangamaphtrhybs as
ggfu S. ngy may contain an ether |inkage ,or may be

h IRFd ot FBBKE Grictiperith vihi eRdaRfl 7 Bfagd L
part fg %ﬁgﬂ en at ons 8f eacg hﬁdrocarbon rouE S 30
ar'e ¥epiAced By Fa%ogGenaLons? eBeK as n6RAFPGEFBBUYYID ©
a t af utyl .(their i rs); however, the
a:hgd]ﬁfg’t aa]I%Clrjnq{ 2‘% ta\c%1 tl&lé:se eé:xé%gllbgsqx) Bl éter ag[h?, Sﬁ%ﬁ&re
R I r l. gr .. Nor, r.ef ly, re
I?ﬁ%g?ﬁzfgﬁfé%cﬁgﬁléi&@ﬁgg?%ﬁpéﬁﬁfgﬁmﬁgggr% g%?%%ﬁ%'
at@u.1jThe above described kinds of groups with a

| ar ger nunber of carbon atons than those descri bed

Examples of R’ and R® in the dialkyltin oxides
represented by the formula (2) include: alkyl groups as
aliphatic hydrocarbon groups with 1 to 12 carbon atoms
and cycloalkyl groups as aliphatic hydrocarbon groups
with 5 to 12 carbon atoms, such as methyl, ethyl,
propyl (its isomers), butyl (its isomers), pentyl (its
isomers), hexyl {(its isomers), heptyl (its isomers),
octyl (its isomers), nonyl (its isomers), decyl (its
isomers), undecyl (its isomers), dodecyl (its isomers),
Z-butenyl, cyclobutenyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopentyl, cyclopentadienyl and
cyclohexenyl groups; aralkyl groups with 7 to 20 carbon
atoms, such as benzyl and phenylethyl groups; and aryl
groups with 6 to 20 carbon atoms, such as phenyl, tolyl
and naphthyl groups. They may contain an ether linkage
or may be halogenated hydrocarbon groups in which all

of or part of hydrogen atoms of each hydrocarbon group



above can al so be used; however, they sonetines inpair
the flowability or the productivity of dialkyltin

al koxi des. Exanpl es of such dial kyltin oxides include:
di al kyl tin oxi des, such as dinethyltin oxide,
diethyltin oxide, dipropyltiy oxide (its isoners),

di butyltin oxide (its isoners), dipentyltin oxide (its

| sgrer sgplibexyd tham exddes{dds, i samers) ndidentytdi gty
oxide (its isoners), dioctyltin oxide, and

di eyel ohexyf Thdropxa el  dires ot kyddndl OXi dasieBUEh By are
ditolyltin oxide and di phenylethyltin oxide; and

di moty| timi toxd des, tiseed @sandt pheny| i epdidiey, bi'sGAd6R®

di met hyl - phenyl )tin oxi de and di naphthyltin oxide. As

t hereli bdwet td nkokiaeyumnl y Mnee maye fher el o ttetk f raom

the above described group or two or nore may be

sel Eet@d ocnrfrasdted lhel foronmof veltfi Xt ure.8 Asarduem
starting material, either an aggregate or polynmer of

a 1etitaal kKire dikodedhi sitmathddans afepreser ed ty a he
formula (1) and a dialkyltin oxide represented by the
fciqﬁﬂ%f( mbﬁﬁ,qﬁaqﬁﬁgfn-ﬂﬂgms than those described

tet.r aal kyl - di al k -di st annoxane 31 represented by |
CRETRT MiTh 10°. A s RSeT s (Y SCRREgS pair

I &l n . db L K . .. Thi
et ad KT RO R O e Can 4 S0 He it dduced

by, 106 sRf0cess of the present invention using the
di al kylt1n oxide represented by the formula (2) as

starting matsriddl and £ he By driony., 1$9MPeNdes include:

represented by the fornula (3) as reactant.
dialkyltin oxides, such as dimethyltin oxide,
diethyltin oxide, dipropyltin oxide (its isomers),
dibutyltin oxide (its isomers), dipentyltin oxide (its
isomers), dihexyltin oxide (its isomers), diheptyltin
oxide (its isomers), dioctyltin oxide, and
dicyclohexyltin oxide; diaralkyltin oxides, such as
ditolyltin oxide and diphenylethyltin oxide; and
diaryltin oxides, such as diphenyltin oxide, bis(2, 6~
dimethyl-phenyl)tin oxide and dinaphthyltin oxide. As
the dialkyltin oxide, only one may be selected from the
above described group or two or more may be selected
and used in the form of a mixture.

As the starting material, either an aggregate

or polymer of a tetraalkyl-dialkoxy-distannoxane
represented by the formula (1) and a dialkyltin oxide

represented by the formula (2) may be used.

The tetraalkyl-dialkoxy-distanncxane



[0022] The reactant used in the present invention is

a hydroxy conpound and preferably an al coho
represented by the following formula (3). [Formula 15]
ROOH (3) wherein RO represents a n-butyl group
2-nethyl propyl group, lineay or branched al kyl group
wth 5 to 12 carbon atons, cycloal kyl group with 5 to

12r giar HOdn+ 88 OFF , t hd NEHFmOT 3 byanchadh @l Kenyls o o the
wth 2 to 12 carbon atons, substituted or

unstibst 1 taitied: @r yd1 greup bél\ﬂﬁzlfbcﬁ.ldéd 19 cR{pOo ALPNE,

or aralkyl group with 7 to 20 carbon atons that

i notodess an Bt ky | t stetact legh fdiom kdhe-Or o reansistdaig

of linear or branched alkyl with 1 to 14 carbon atons
andl ey dboabkydumid fob tie IZreardonf attongrdR023]
Concrete exanpl es of the above described hydroxy

c ohpGRIY SO ried e thad | il iyl tall rc ahaolde widdrebarde32 byl Zhe
carbon atons and alicyclic alcohols with 5 to 12
caﬁ%ﬁﬂaﬁt oh%) e st g wedl La 12-anst Hyle |hyshopanol |

- 2- ropanol cyclobutanol 1-pentanol, 2-
@ﬁ&% | %ﬁﬁﬁﬁ%g, x;qﬁgniﬂﬁﬂu a (3) as reactant.

ﬁgi | -1-butanol, 2-nethyl-I-butanol,

2 | - 2- but anol (its isoners) 2- et hyl - 2- but ano
(its isomer 3- neth ano (its i

cyclopentan$¢ %ﬁw -I-‘SE cﬁ&b&?ﬁn&resﬁﬂt51F§%REH§P is

i
1- neth;{}{ cyclo ufﬁg%(j |4€?%€§% s ' alcohol

represented by the following formula

[Formula 15]
R°OH (3)

wherein R’ represents a n-butyl group, 2-methylpropyl
group, linear or branched alkyl group with 5 to 12
carbon atoms, cycloalkyl group with 5 to 12 carben
atoms, linear or branched alkenyl group with 2 to 12
carbon atoms, substituted or unsubstituted aryl group
with 6 to 19 carbon atoms, or aralkyl group with 7 to
20 carbon atoms that includes an alkyl selected from
the group consisting of linear or branched alkyl with 1
to 14 carbon atoms and cycloalkyl with 5 to 12 carbon
atoms.
[0023]

Concrete examples of the above described

hydroxy compounds include: aliphatic alcohols with 1 to



cycl obut yl net hanol (its isoners), 1-hexanol, 2-hexano
(its isonmers), 3-hexanol (its isonmers), 4-nethyl-|-

pentanol (its isomers), 3-nethyl-|-pentanol (its
i soners), 2-nethyl-Il-pentanol (its isoners),
2-ethyl-1- butanol, 3-nmethyls2-pentanol (its isomners),

3-net hyl -3- pentanol (its isoners), cyclohexanol,

1-net bykbbn eyehoPERManOl c{dl SciSPMBES)s with 5 to 12
2-met hyl -1 -cycl opentanol (its isoners),

cychebutyhoehbaNOhc i 4S iSoMesSd1, 22-syeh but v edhanel
(its isomers), 1l-cyclobutylethanol (its isoners),

(12rethyyieyehobuiyd) - nepdbneht{nids, 1samersiol, 2-

(2-nmet hyl -cycl obutyl)-nethanol (its isomers),

hepeahaholi t ST shemEnas)s) cyetphetanatet et t {t-sl-butanol,

isonerg&, (met hyl - cycl ohexyl ) met hanol (its isoners),

cyetmheRyl et Hawoindgl i <2 iworier’s)Z -KHwtand + cyicl obitongrs) ,

nmet hanol (its isonerszg (net hyl -cycl opropyl ) et hano

(i £ Serkr $yLuEtny | Leyae | opmapyd ) nettiegidly (i2-Putanol

i soners), octanol (its isomers), nonanol (its

i sohet sg~","Om%%)anoqy‘i(li%eri%%}%lrrs)%-rfemtdétlarrﬂmcx(qltc&mtanol

I SpMEer s dodecanol (its .isoners), propenyl alcohol,

but Eny| 2%%“@%? )c'oﬁgwme(‘%ftyslTls—&wef%%at?ut&émlenw%wéaﬁr@rs> :

(its.i rs) cl.opentenal (its isaners),
B0 e TTCGREE Taermsiast

cycl ope al co s isoners), and
uc

e henonple L o s)iccand el asohol 5 uch,

)
enzyl "alco and eny ( O “t hese
hyﬂi"@é(yiMhn,d%—,k@@rﬁﬂab(li%safi%on%rfs’ga,gﬁ—9nre hyl-1-

secondary nonohydric alcohols with 1t car bon

atggrss arsdic h( iass ki-dateangl,, Rrutancl] -Jdrs dreamergs,

2-nmet hyl -I - propanol , 2-nethyl - 2-propanol ,
isomers), 2-methyl-l-pentanol (its isomers), 2-ethyl-1-
butanol, 3-methyl-2-pentanol (its isomers), 3-methyl-3-
pentanol (its isomers), cyclohexanol, l-methyl-1-
cyclopentanol (its isomers), 2-methyl-l-cyclopentanocl
(its isomers), cyclobutylmethanol (its isomers), 2-
cyclobutylethanol (its isomers), l-cyclobutylethanol
(its isomers), (l-methyl-cyclobutyl)-methanol (its
isomers), (2-methyl-cyclobutyl)-methancl (its isomers),
heptanol (its isomers), cyclohexylmethancl (its
isomers), (methyl-cyclohexyl)methanol (its isomers),
cyclohexylethanol {its isomers), (ethyl-cyclobutyl) -
methanol (its isomers), (methyl-cyclopropyl)ethanol
(its isomers), (ethyl-cyclopropyl)methanol (its
isomers), coctanol (its isomers), nonancl (its isomers),

decanol (its isomers), undecanol (its iscmers),

dodecanol (its isomers), propenyl alcchel, butenyl



cycl obut anol, 1-pentanol, 2-pentanol (its isoners), 3-
pent anol, 3-nethyl-I-butanol, 2-nethyl-I-butanol, 2-
nmet hyl - 2-butanol (its isoners), 2-nmethyl-2-butano
(its isoners), 3-nethyl-2-butanol (its isoners),

cycl opentanol, 2-methyl-I-cygl obutanol (its isoners),
3-net hyl -1 -cycl obutanol (its isoners), 1-nethyl-

cy£l @b anod + £ 1 4 Sork SONMES HDean tHG) 0RUtHHEL hanal 1@&[1%1‘5 ,

i somers), 1-hexanol, 2-hexanol (its iIsoners)

3-hexenedntdids @m@meﬁs et 1dpe@ﬁcﬁatoa@4y1( id1%ohol,
i soners), 3- nethyl-l-pentanol (its isoners),

2-hvetdnyd b | pentianoter )it %ﬂcSQj’yEti’lS‘o)hex%-rﬁﬁhyh:ds darals) ;
3-net hyl -2-pentanol (its isoners),

3-aret a3 plerstlandlo(d tssidhs e,z v 1c ydlcahexarald,

1-met hyl -1 -cycl opentanol (its isoners),
2-arerydethyly ol lopentlanol (its i somers),

cycl obut yl net hanol (its isoners), 2-cyclobutylethano
(|ts|smmert@%#ﬂh%@pﬂ%ﬁmmmmwkmsn@ﬁmﬁ@ﬂe@re
met hyl - cycl obutyl ) -net hanol (its isomers), (2-nethyl-

cyd Jcsfb%ﬁ}mf r?eﬁq%ﬂﬂry( mOélq@éir%ér:s)alq@éﬂ@tlénmm@ tls tlo §
cl oh h I it r net
S ekt Rk TS e (T
l ,
oyt aog:?za%%%rS;z-ww_pmpm,
é%ébd%é cﬂprqp @%ﬁ0|2cbeﬁta%%qer§%s ispmer -
(eth £

opropyl “hand| soners) octano
(lgeﬁ]tahﬁﬁrrerﬁh&%q,lhqx%@amandzp grm Y -Qr. bﬁ%g%qa%-

aral kyl al cohols ™ with 7 to 8 car tons, such as
beezyly 1 -al-gehelhe 107 itthe 16LaRR sOf, Qh%e%h%?Yezd%%‘ﬁéhQ@d its

hydr oxy

isomers), 3-methyl-2-butanol (its isomers),
cyclopentanol, 2-methyl-l-cyclobutancl (its isomers),
3-methyl-l-cyclobutanol (its isomers), l-methyl-1-
cycleobutancl (its isomers), cyclobutylmethanol (its
isomers), l-hexanol, 2-hexanol (its isomers), 3-hexanol
(its isomers), 4-methyl-l-pentancl (its isomers), 3-
methyl-l-pentanol (its isomers), 2-methyl-l-pentanol
(its isomers), 2-ethyl-l-butancl, 3-methyl-2-pentanol
{its isomers), 3-methyl-3-pentanol (its isomers),
cyélohexanol, l-methyl-l-cyclopentanol (its isomers),
2-methyl-l-cyclopentanol (its isomers),
cyclobutylmethanol (its isomers), 2-cyclobutylethanol
(its isomers}, l-cyclobutylethanol (its isomers), (1-
methyl-cyclobutyl)-methanol (its isomers), (2-methyl-

cyclobutyl)-methanol (its isomers), heptanol (its

isomers), cyclohexylmethanol (its isomers), (methyl-



conpounds, nore preferable are primary al kyl al cohols
and aral kyl alcohols with a boiling point at

at nospheric pressure higher than that of water in
which the carbon atomw th a hydroxyl group attached
toit takes the formof -CH2-OH Mst preferable

al cohols are 1-butanol, 2-nethyl-I|-propanol and al kyl

al ephpbise 1 1 hne hh 41 B pﬁ@%@ﬁ&@ Thesedr@ohanol
conpounds may be used separately or i'n the formof a

m xkite el ofndose (seleicted fdmmihe mhove ar oup.s I'n
addition to these starting materials and/or

r ebmtrant ), otnteerh yar-gananeimdg i 10 ethardior ganonmeioaldrisg |
conmpounds may be added or a solvent may al so be

adtethy [-0024odmepyhe fegiHaowi Ing i tdi aldopteins )gl kexiates (its
produced by the process of the present invention wll
bel tfeswid Joedid Trexadical ik yarich red kedivd es: produced yby rietecy 1
process of the present invention are dial kytin

al dBahfdss obittdl ned byP $iijset iak@Pmshe salsdv @ sdéserzyBed

35 starting material (Ss) and the reactant(s) to

r 4E96H: - The di al kyti n al koxi des produced by the
process of Q? resent invention are tetraal kyl -

di al koxy- di st ETESTh &R a@Pﬁ’ﬁcP@F&lﬂfO&fﬂnﬁwgroxy

d%ﬁ%ﬁﬁﬁ?l 'd|§1L2§ui§§rﬁavrgg&%rg%hﬁ dr & P%Vgrﬁ&FShOls

LSLBN0G DL LRGN LAYNG LORTILE GLoky These my
be nononers, aggregates, i 'goner s or mers.
atmospheric pressure higher than that of water in which
the carbon atom with a hydroxyl group attached to it
takes the form of -CH;-OH. Most preferable alcohcls are
l-butancl, Z-methyl-l-propanol and alkyl alcohols with
5> to 8 carbon atoms. These hydroxy compounds may be
used separately or in the form of a mixture of those
selected from the above group.

Tn addition to these starting materials
and/or reactants, other organcmetallic or
inorganometallic compounds may be added or a solvent
may also be added.

[0024]

In the following, dialkytin alkoxides
produced by the process of the present invention will
be described.

The dialkytin alkoxides produced by the

process of the present invention are dialkytin

alkoxides obtained by subjecting the above described



[Formula 16] R22 R25 14 1S R23F-Sn-0O Sn- R26t (2 2)
OR24 OR27 [Formula 17] R16 R19n Sn OR21 P (16) OR20
0 wherein R22, R23, R25 R26, R18 and R19 each
correspond to any one of Rl, R2, R9, R5, R7 and R8 of

its starting material(s); 4, R27, R20 and R21 are
sel ected fromR3, R6 and of the correspondi ng

stadd +ich dratard &l a 1and eﬁﬁﬁQﬁﬁg“ré§HH§th%q that-Aletion.
| east either one of R24 and R27 is ); g, r, s, t, m

and n dependmﬁﬁldﬂ&iﬁ#ﬁﬂﬂIdﬂkoﬂﬂ%é%fb&b@%ke@n%ya&%e
integers of 0 to 2, g +r being 2, s +t being 2, and

Mmpracdxed g A hed pafed eptarie vidiager Sire36et@ha01a -2, o
+ p being 2. [0025] The

t etirapldddeypt—~ddisaldooxop-atdiest arvdxanes strepresent €d roy itzhe
above formula (22) are tetraal kyl -
dirstkkseerdiest dnndhends ldbiwdinge d offmoaa (@Par kinalg
material (s) and a reactant(s). Wen the reactant(s)
coHtEi e teamssaide i Sgse keniad by sthectormil doft)la
and/ or the fornul a (%), R22, R23, R25 and R26 each

¢ GTFESFEE °C0 Pany hend 93 ORENIRECTRELZRE 16R7 aRBERg may

own
be monomers, aggregates, oligomers or polymers.

[Formula 16]

R22q RZSS
23
R*—Sn—0—sn—R%, (2 2)

OR24 O R27

[Formula 17]

'R1gn—Sn-—-OR21p (16)

wherein Rﬂ, RB, R%, R%, R'"™ and R'? each correspond to
any one of R, R*, R*, R’, R’ and R® of its starting
material (s); R**, R®', R?® and R*' are selected from r3, R®
and R’ of the corresponding starting material and
reactant (provided that at least either one of R*! and
R” is R%); 4, r, s, t, m and n depend on the starting
material(s) and are integers of 0 to 2, g + r being 2,

s + t being 2, and m + n being 2; o and p are integers



in the formula (1) and/or the formula (2) and R24 and
R27 each correspond to any one of R3, R6 and R9 shown
inthe formula (1) and/or the forrmula (3) (provided
that at |east either one of R24 and R27 is R9)
Exanpl es of such tetraal kyl E)dlalkoxy di st annoxanes
are the sane as those repr sented by the above
deserpbed foryul a, (1 n%hf di al kyl ti n dial koxi des
represent ed by the e described fornula (16) are
di abkybtin dlaIkOX|des obtained froma starting
material (s) and a reactant(s). [0026] Wen the
reactant (s) TeatadNsa £OMPOLNAS] ké8presanad by dhe
formula (1) and/or the fornmula (fﬁpr R 18 and R19 of
t heepl @ dayt ¢ di rb pxi e sas@ps eseminech by21hesrd aran 2 (146)-
each correspond to any one of Rl, R2, R4, R5, R7 and
R8d sdbkwi y 1 1 drea ot es (dYtandors tde a faramdiand 2)
and R20 and R21 each correspond to any one of R3, R6
a2 1Rer sholw) iand e ferandra (). anteor tthe rdarmandtals)
(3) (provided that at |east either one-of R0 and R21
i SCCF@‘)aln%TCOf@@mﬂ%sfemerﬂ eh}kytlha rf adimad leox(1des
|nclgf di met hyl - d|(n butqﬁ -1in,  dimethyl-bis(2-
‘blf o@é%mtt]t% ler vl Rqi - Bent%ﬂdm&/ t¢acits
|soner (§”Et | -di - | gxy- gln {its ispners), .
%# %n&ﬁ? @?ts Risofer ), & msthyik- gihown

?fl%'tﬁﬁ%nérsﬁéf%swéf HIVEE oy G erodmerdyd =7
Dul TR B 6Y) 8 T Bt e TR g,_zdil_n the

neth propy ts 1soners
formula (1) and/or the formula (3) (provided that at
least either one of R*! and R? is RY). Examples o©of such

tetraalkyl-dialkoxy-distannoxanes are the same as those
represented by the above described formula (1).

The dialkyltin dialkoxides represented by the
above described formula (16) are dialkyltin dialkoxides
obtained from a starting material(s) and a reactant(s).
[002¢6]

When the reactant(s) contains compounds
represented by the formula (1) and/or the formula (2),
R and R! of the dialkyltin oxides represented by the
formula (16) each correspond to any one of Rl, Rz, Rﬂ
R°, R’ and R® shown in the formula (1) and/or the
formula (2) and R®*® and R?*' each correspond to any one of
R?, R® and R® shown in the formula (1) and/or the
formula (3} (provided that at least either one of RrR?

and R* is RY).



pentyl oxy-tin (its isoners), butyl-nethyl-di-hexyl oxy-
tin (its isoners), butyl-nethyl-di-heptyloxy-tin (its
i soners), butyl-nethyl-di-octyloxy-tin (its isonmers),
et hyl -butyl -di (n-butoxy)-tin, ethyl-butyl-bis(2-

met hyl propyl oxy) -tin, ethyl?@utyl-di-pentyloxy-tin
(its isoners), ethyl-butyl-di-hexyloxy-tin (its

i somers), ethyhsbud vdr dighentyd oxyrddin 444 scd sess),

et hyl - butyl-di-octyloxy-tin (its 1soners),

but yt: pa@pyd trkd {1y 1 -0at mPutddsny) -tin, dimethyl-bis(2-
but yl - propyl - bi s(2- net hyl propyl oxy)-tin,

butayt = I oy y th pent Wi 0xyimid th (i 11 4 Sy 9=y ity | it s
propyl -di - hexyl oxy-tin (its isoners), butyl-propyl-di-

hept gthoxy) t | dinfd ttisy i -sbirer=)y 1 dout-y ripr opd -itdongdypl ,oxy-

tin (its isoners), dibutyl-di(n-butoxy)-tin, dibutyl-

bi &= pet hyd priopyt obor)¥ttiim  di tutiyd ondd =pientd/imesanstli-nli -

(its isoners), dibutyl-di-hexyloxy-tin (its isoners),

di Dkt ¥ Q% = thigpt Y tox yiadme qd)it.s digermers)-didirtutylloxdi~tin

octyloxy-tin (its_isoners),. dibutyl-di-noqé!oxy-tin

(i $5°F sbirmans) didbasiie ~HewA ot (7 t & tissdmemes) |,

di but y| - di - benzyl oxy-tin, dibutyl-di-phenylethoxy-tin,

3V BN anb%lﬁ%@?ﬁy-)t‘ltﬁ,“'dibpﬁéﬂy‘lme&ilgf(lz-bls(2'
ropyl oxy)-tin, diphenyl-di-pentyloxy-tin (its

%%@ﬁlp %?th%’)#;)ﬁtdﬁ h(é%f’l d)&?-“ﬁrr?g(ri %’ﬁyéﬁﬁbertwl‘dl*

di | -.di- t VL QX Y-t | I\ts.isoners)., diphenyl-di-

oct yi gyo-xt%% néﬁ‘}L | t(slt?séc)lr?é)f“s Slai &ﬁ%ﬁ’yﬁm ihYony lo%-xtyﬁr?xy

(its 1 sQner; iphepyli~dis Q- b, (Jits J rsk,
di phen)@/ll - dil%)k?énr?(z}lyélqu%%yﬁ, ?gﬁfjénﬁﬁ élle?]p el_r?%fe?%?;y(-sls
t 145 ont (-, D @M)-rit i UQT@RU M~ BiS(Zsomers)

met hyl propyl oxy) -di -trifluorobutyl -tin,

diepemtHaxyrldidi (n~butoxy) -tin, ethyl-butyl-bis(2-
methylpropyloxy)-tin, ethyl-butyl-di-pentyloxy-tin (its
isomers), ethyl-butyl-di-hexyloxy-tin (its isomers),
ethyl-butyl-di-heptyloxy-tin (its isomers), ethyl-
butyl-di-occtyloxy~tin (its isomers), butyl-propyl-di (n-
butoxy)-tin, butyl-propyl-bis{(2-methylpropyloxy)-tin,
butyl-propyl-di-pentyloxy-tin (its isomers), butyl-
propyl-di-hexyloxy-tin (its isomers), butyl-propyl-di-
heptyloxy-tin (its isomers), butyl-propyl-di-octyloxy-—
tin {its isomers), dibutyl-di(n-butoxy)-tin, dibutyl-
bis(2-methylpropyloxy)-tin, dibutyl-di-pentyloxy-tin
(its isomers), dibutyl-di-hexyloxy-tin (its isomers),
dibutyl-di-heptyloxy-tin (its isomers), dibutyl-di-
octyloxy-tin (its isomers), dibutyl-di-nonyloxy-tin
(its isomers), dibutyl-di-decyloxy-tin (its isomers),

dibutyl-di-benzyloxy-tin, dibutyl-di-phenylethoxy-tin,




trifluorobutyl-tin (its isomers), dihexyloxy-di-
trifluorobutyl-tin (its isoners), diheptyloxy-di-
trifluorobutyl-tin (its isomers), dioctyloxy-di-
trifluorobutyl-tin (its isonmers), dinonyloxy-di-
trifluorobutyl-tin (its isongrs), didecyloxy-di-
trifluorobutyl-tin (its isoners), dibenzyloxy-di-

trd fhret e vl tdut o .6hphany| efiheetrdidird f1.uor obut yl -
tin, di(n-butoxy)-é?g%entaflu6#obu€§1-ﬁi#, bi s(2-

metdiH oyt oy di-ipg ntafdneerabl sdity 148 tin  (its

i soners), dipentyl oxy-di-pentafluorobutyl-tin (its

| simeres)s) , di e yaxyridirepantafl-warohutnd -itddmedd)s
i soners), diheptyl oxy-di-pentafluorobutyl-tin (its

i shirpdreg)y; 1 —ddi -oetpt ydopyahit-ipe ntiafd deoaleuttsyl,- tdimhdnS -di-

i soners), dinonyl oxy-di-pentafluorobutyl-tin (its

i sorerexy - tdind edydsoxysodiergent afilpbenofutdyil-nony 1(dxtys-t in

I somers), dibeni%}oxy-di-pentafluorobqtylitinh

di%ﬁéﬁfﬁ%ﬁﬁﬁ%ﬁﬂdi phentvafiddodsiewtlpixvt-itin (its isomers),

di (n-but oxy) -di - hept af | uorobutyl - tin,

bi S EASTRHMA LT RERVAY Y)Y dii T h e fE BT RGO osd - pihenivi e thiope -

i saner s),,, di_pent yl oxy-di - hept af | uorobutyl -tin &its S

3 ”’i'séﬁe‘&ﬁt&%éiﬁlaw-léﬁ-%ﬁé&?@&ﬁ/llazsﬁ&bquS-( in (its

i rs).,. di heptyl oxy-di.-he taLI orobutyl -tin Q& s :

éﬂ%@ﬁ%ﬁr%ﬁ%ﬁ&ﬁ- &@r-lﬁéblggf’ 467 5b ey - B 2oxy-ci-

| SQRNSo- AhAQAYI-0XY -k sNEREALL UQT OBYEYL L0 (1S

isom&*rgg,rO nggyloxyj iFheptaF %gfo E %Fy Pﬁy(ﬁﬁs

| somanS)rodhiiRenzyl axy+dis- hephatkyor gbyt E-t by —di -

diphenylethoxy-di-he!otafl_uorobutyl-tln,}6 ?&n-gutpxy)-

ditrianafd-uerelutylint it sbisbA=wet hy hlRreRYhexy)-udL -
trifluorobutyl-tin {(its isomers), dinonyloxy-di-
trifluocrobutyl-tin (its iscmers), didecyloxy-di-
trifluorcbutyl~tin (its isomers), dibenzyloxy-di-
trifluorobutyl-tin, diphenylethoxy-di-trifluorobutyl-
tin, di{n-butoxy)-di-pentafluorcbutyl-tin, bis(2-
methylpropyloxy)-di-pentafluorobutyl-tin (its iscmers),
dipentyloxy-di-pentafluorobutyl-tin (its isomers),
dihexyloxy-di-pentafluorobutyl-tin (its isomers),
diheptyloxy-di-pentafluorobutyl-tin (its isomers),
dicctyloxy-di-pentafluorobutyl-tin (its isomers),
dinonyloxy-di-pentafluorcbutyi-tin (its isomers),
didecyloxy-di-pentafluorobutyl-tin (its iscmers),
dibenzyloxy-di-pentaflucrobutyl-tin, diphenylethoxy-di-
pentafluorobutyl-tin, di(n-butoxy)-di-heptafluorcbutyl-
tin, bis(2-methylpropyloxy)-di-heptafluorcbutyl-tin

(its isomers), dipentyloxy-di-heptafluorcbutyl-tin (its



nonaf | uor obutyl -tin,

di pentyl oxy-di - nonaf |l uorobutyl-tin (its isoners),
di hexyl oxy-di - nonaf | uorobutyl -tin (its isoners),
di hept yl oxy-di - nonafl uorobutyl-tin (its isomers),
di octyl oxy-di-nonafl uorobutylg-tin (its isoners),
di nonyl oxy-di - nonaf | uorobutyl-tin (its isoners),

di deaydoxy, di+nongld:uerobutadetd M1 d A utdySI08InS) i t s

di benzyl oxy-di - nonafluorobutyl-tln and

di phemyt €t haddheah =ynanafddiorehitad -id bbu 00228 The s

met hod of analyzing the starting materials used in
t hesqrassent dimventlicoy -ahd- tere: a fdonpatnds; Iehtiai nad Sy
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The method of analyzing the starting
materials used in the present invention and the
compounds obtained by the reaction will be described.

For the analysis of the alkyltin alkoxides
represented by the formulae (1), (7), (22) and (16), a
method employing ''?Sn-NMR can be used. This method is
known as a method for analyzing alkyltin alkoxides
(see, for example, US-5545600). The ''°Sn-NMR shift
value of the dialkyltin dialkoxides represented by the

formula (16), however, varies greatly depending cn the

concentration of the organometal compounds represented



[ Tabl e 1] Table 1 Concentration, in solution, of
organonetal lic conpound of fornula (16) having a
2-ethyl-1- hexyloxy group vs. 119Sn-NMR shift val ue
119Sn- NVR data wt.% 6ppm 48.0 -64.2 20.5 -19.1
11.2 -6.6 3.4 2.7 Note: The ghemical shift value (6)
is the frequency of the resonance expressed with

reberenserdpmul £t (agpthyl thd (S0Medde JPeilcohol in a
concentration of the organonetallic conpound is the
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chehi el Formita (19), wdintheaiiar wsdnes? representterkancl
by the chem cal formula (2), and the m xture,
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Table 1

Concentration, in soluticn, of organometallic
compound of formula (16) having a 2-ethyl-1-
hexyloxy group vs. ''?Sn~NMR shift value

M®Sn-NMR data

wt.% dppm
48.0 -64.2
20.5 -19.1
11.2 -6.6
3.4 2.7

Note: The chemical shift value (8) is the frequency of
the resonance expressed with reference to
tetramethyltin (SnMed). The concentration of the
organometallic compound is the concentration by weight
(wt%) in deuterated chloroform (CDCl,).

[0028]

In the following, the steps included in the
production process of the present invention will be
described in detail.

The present invention is a process for
production of alkyltin alkoxides, including subjecting

a starting material, which is selected from the group



represented by the chemcal fornula (3), a hydroxy
conpound, to dehydration reaction to produce an

al kyltin al koxi de represented by the chem cal fornula
(22) and/or the chem cal fornula (16) which
corresponds to the startlnglnaterlal and the
reactant, characterized in that the startlng naterlm
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low boiling point components including water are taken

out from the reactor; and the reaction solution, as the
component in the bottom of the reactor, which contains
the alkyltin alkoxide represented by the chemical
formula (22) and/or the chemical formula (16) is
continuously taken cut from the reactor.

The starting material and the reactant may be
supplied to a reactor separately, or they may be mixed
with each other before being supplied toc a reactor.
When the starting material is a solid material, it may
be brought to the liquid state by heating or brought to
the ligquid or slurry state by using a reactant and/or a
solvent before being supplied to a reactor. The
starting material and the reactant may be continucusly
or intermittently supplied to a reactor.

[0029]

The present inventors have presumed that the



equations (17) and (18). [Fornula 18] OR RR 2 R
YSn=0+ 2 ROHR-SIn-OGinnR+ HRO(1 7) ROR OR R
OR RSN-OSIN-R+2RMH2RS nnOR + HO( 1 8) R
OR R According to the present invention, a starting
material and a reactant undergo dehydration reaction
in a reactor in accordance wth the above fornula
(17da@ndborof of rad g 1:8) r@@bﬂ@llmm%lf%tm My the
conponents containing water are renoved fromthe

r qactors s wherieby @ dadraal kydndi &b koxysgi st anhoxane
and/ or a dial kyltin dial koxide can be conti nuously

obe i eidoff ruom tdvec thiotione e r d een rexnad s h RS Usiingy a
tetraal kyl - di al koxy-di stannoxane as a starting

med Etd tall orstn d( &7 dhyadrdoxiyl &onmpound di fferent  from one
correspondi ng] to the al koxy group of the above

di SieitohéaneElas a reactant, a product is sonetines
formed by the al koxy exchange reaction presumably in
accordance with the follow ng reaction forrrula (19). S
43 [Formul a®&19] OR R OR' R R—Sn-@Sn R+ 2 RO

R- Sl n- O Sl rf-R/SF_? RO (1 Mm”—R— R [0630] (17)
R OR'
OR R OR
R—Sn—0—Sn—R + 2ROH 2 R—Sn—OR' +Hg0 (18)
R OR' A

According to the present invention, a
starting material and a reactant undergo dehydration
reaction in a reactor in accordance with the above
formula (17) and/or formula (18) and the low boiling
point components containing water are removed from the
recactor, whereby a tetraalkyl-dialkoxy-distannoxane
and/or a dialkyltin dialkoxide can be continuously
cbtained from the bottom of the reactor.

When using a tetraalkyl-dialkoxy-distannoxane
as a starting material and a hydroxy compound different
from cne cecrresponding to the alkoxy group of the above
distannoxane as a reactant, a product is sometimes
formed by the alkoxy exchange reaction presumably in

accordance with the following reaction formula (19}.



In the present invention, the type of the reactor
used for dehydration reaction is not limted to any
speci fic one. Any known tank reactor or colum
reactor can be used as long as the resultant |ow
boi li ng point conponents contai ning water can be
renmoved fromthe reactor by distillation, while the
r esed tafita high boiling point reaction mxture,
contai ning the produced al kyltin al koxide or alkyltin
al koxi de m xture, can be taken out in the liquid state
fromthe Iowﬁr pertion of the reactor. Known processes
are used in Mhlch a reactor of a typ ﬁhat i ncludes a
stirring tank, "It stag¥ Strorifngrran®Rdistia at i di ®
col um, nmul tFi stagre distillation cot umernul titubul ar
reactor, continuous nultistage distillation colum,
packed colunn thin filmevaporator, reactor with a
ﬁfort inits inside, forced circulation reactor,

:ﬁﬂ filmevaporator, falling drop evaporator,
trlckle bed reactor or bubble colum or in which a
conbi nat i on ¥ & P&W@tdé@éfﬁ%é@%yﬁé@ dfPeegdt ohe
can b%;used ron1th vi ewpoi nt of allow ng the
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reactor, a nultistage distillation colum and a packed
removed from the reactor by distillation, while the
resultant high boiling point reaction mixture,
containing the produced alkyltin alkoxide or alkyltin
alkoxide mixture, can be taken cut in the liguid state
from the lower porticn of the reactor. Known processes
are used in which a reactor of a type that includes a
stirring tank, multistage stirring tank, distillation
celumn, multistage distillation column, multitubular
reactor, continuous multistage distillation column,
packed column, thin film evaporator, réactor with a
support in its inside, forced circulation reactor,
falling film evapcrator, falling drop evaporator,
trickle bed reactor or bubble column or in which a
combination of the above described types of reactors
can be used. From the viewpoint of allowing the

dehydration equilibrium to efficiently shift to

products, it is preferable to use a column reactor.



colum. As the nultistage distillation colum, any

mul tistage distillation colum nmay be used as |ong as
its nunmber of theoretical plates is two or nore and it
enabl es continuous distillation. Any type of

mul tistage distillation colympn can be used as long as
it is normally used as a nultistage distillation

CobtiMpré 06 r &XapPtie &é AYmCOHAMEL 4 Y N8, ONeS) WML o5 -
enpl oy plates such as bubble cap trays, perforated

trayguidvabiveadt ayse Hruicounter Tdaw tHaYss rifd Rasked o
columm type ones in which various types of packings

S ucdp asl Rasave gro ring, gdegsidwe ri arPadd1 4400, pBefdrable
saddl e, Interlock saddle, D ckson packing, MMhon

patki dgroHel npack,pr&d gertpackisey or wviEld iapaoskl ar e
packed. Any packed column can be used as long as it
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Packi ngs having a dehydration performance may al so be
used-W™031] For exanpl e, packings such as Mol ecul ar

Sieves are preferably used. A plate colum - packed
col um mi xed* yg& S doIumys égﬁtdflsla\m%h qHIide any
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multistage distillation column can be used as long as
it is normally used as a multistage distillation
column, for example, tray column type ones which employ
plates such as bubble cap trays, perforated trays,
valve trays or counterflow trays, or packed column type
ones in which various types of packings such as Raschig
ring, Lessing ring, Pall ring, Berl saddle, Interlock
saddle, Dickson packing, McMahon packing, Helipack,
Sulzer packing or Mellapack are packed. Any packed
column can be used as long as it is packed with the
above described known filler. Packings having a
dehydration performance may also be used.
[(0031]

For example, packings such as Molecular

Sieves are preferably used. A plate column - packed
column mixed type of column reactors which include both

trays and packings are also preferably used.

Preferably, such column reactors are provided with:



reactant; a line for drawi ng out the |ow boiling point
reaction m xture containing water fromthe reactor

and a line for taking out the high boiling point
reaction mxture fromthe reactor. Particularly
preferably, the above descriped colum reactors are
such that the line for drawing out the | ow boiling

POl Nte € OFPONQNEST v Gt @i i b vatessd FafBd he- 48a6ipr is
provided in such a position that enables the

gasa phakel camportentsodve tdescrFieasd ofeddr dre-,drawn out
fromthe reactor, while the I|ine for taking out the

r esepeanttihe gh, bod |4 nigirpoi fdr $gachyiony ind wriecdd om
the reactor is provided in the |ower portion of the

r estwrion o hehe gritdwruales cpitost s a et iStamtatrg izl and
material and a reactant are continuously or

i erriaitientd yl igipddedtayiag eadt dthe whereiBdry tdednt
starting material and the reactant are subjected

detATat b readts Gt itHad ivqlied ghage the neRetor: and
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inert gas and/or a gaseous and/or liquid reactant to

t e gigaetonhaftr eMathelsr thewei: spehtisen cohpankhie fiar the
reactor to be drawn ocut frem the reactor, while the
line for taking out the resultant high boiling point
reaction mixture from the reactor is provided in the
lower porticn of the reactor. In the continuous
process, a starting material and a reactant are
continuously or intermittently supplied toc a reactor,
where both the starting material and the reactant are
subjected dehydration reaction in the liquid phase or
the gas—-liquid phase, and the resultant high boiling
point reaction mixture, including the produced alkyltin
alkoxide, 1s taken out in the liquid state from the
lower portion of the reactor, while the resultant low
beiling point components containing water is
continuously drawn out in the gas state from the

reactor. Thus, alkyltin alkoxides are produced.

The above described column reactors may also



letting part of or all of the produced high boiling
point reaction mxture to circulate in the reactors
again. The | ow boiling point conmponents contai ning
wat er whi ch has been taken out fromthe reactors, nay
be purified by known neans,4§ych as a distillation
columm, to recycle the azeotrope and/or the

ACEONPABYL AGI ' 8864 At e 1§ Ny SONE, CASES, £ 4 Ne (AW 4
mate?]pal s used fé%ke t%eyform of a slurry orﬁ%i%lo qda%t
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viscosity; therefore, the |ines are designed taking

| ntlos coast ter at f o oaca F ensee ofp et o ngr of 1ihes lide
or they may be provided with insulation, cooling or
hekt { ngnequa pirent .o Weelnl prodited ngeaddaodd im ol kaxi diess
by the process of the present invention, only one

r gaet ol , readi tdn gatsitsfiestd hel ragu renentthefrddieors
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coht Hat i orhe W deoiusia daints airgmnrods onttzgnusey a
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prisent Wi iventa orbeshd taierotte dctdr e reesiarstd Ry
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cause reaction I n the
ordinary temperature (20°C) or they have a high
viscosity; therefore, the lines are designed taking
into consideration occurrence of clogging or the like
or they may be provided with insulation, cooling or
heating equipment.

When producing alkyltin alkoxides by the
process of the present invention, only one reactor,
which satisfies the requirements of the present
invention, or two or more such reactors in combination
may be used. It is also possible to use a reactor,
which satisfies the requirements of the present
invention, and other reactors in combination to produce
alkyltin alkoxides. For example, processes are also
part of the embodiments of the present invention in
which first batch reaction is employed to allow a

dialkyltin oxide and an alcochol to react with each

other to produce only some alkyltin alkoxides and then



reaction solution. [0032] Concrete exanpl es of
reactors applicable to the present invention will be
described with reference to the acconpanyi ng

draw ngs; however, it is to be understood that
reactors applicable to the present invention are not
limted to these exanples. ‘Instrunent systenB such as
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systens such as reboiler, punp,

dipstdddat | Onveaol 1m, can &P e cadded d0.4iM8 in the
reactors, depending on the situation. Heating can be

perdaorteth byo kinowh Jreans, such as steam and heater
and cooling can al so be perfornmed by known neans such
as[aidral cooling, cooling water and brine. Fig. 2 is
a cross section of a colum reactor seen fromthe
front. The doinyrmetreeactamplresy dfe rafaca oy peptliatable to
i ncludes a packed colum w th a packing packed

t Héreinrssyend mulvarstiage vdilst idd atsisom ibeidumithorefefrence
any other type. Here the colum reactor wll be
destried GIPMREEL 6 S 6@ NEASFSE /i AEl 4di hg ae
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reactant are
pump, condenser and distillation column can also be

added to the reactors, depending on the situation.
Heating can be performed by known means, such as steam
and heater, and cooling can also be performed by known
means such as natural cocoling, cooling water and brine.
Fig. 2 is a cross section of a column reactor
seen from the front. The column reactor may be of a
type that includes a packed column with a packing
packed therein or a multistage distillaticn column, or
of any other type. Here the column reactor will be
described in terms of a column reactor including a
packed column. A mixed solution of a starting material
and a reactant is introduced from a supplying line 4
intc a reactor 1, or a starting material is introduced
from the supplying line 4 and a reactant from a
supplying line 8 into the reactor 1. An inert gas is

introduced from a gas supplying line 7 into the reactor



di spersed in the inside of the reactor. The above
descri bed m xed solution flows dowward al ong a
packi ng packed in the reactor while vaporizing water.
The inside of the reactor is controlled to be under
reduced pressure, atnnspheqic pressure or pressure,
and the inert gas supplied ?ron1the gas suppl yi ng

lipe 7rhdependifg-op §’J&§ﬂr¥%‘%aﬁ%¥ﬁs@?lﬁd Qw9 Jii ng-

poi nt conponents including the gas e reactant

angi $@ fed fof Btk bihdhe reaction-dssdawn ol fHm
the upper portion 2 of the reactor and di scharged

froms @ Merd nidde & ldthesr eacd O Selwtion lighgihi gﬁcking
the concentration of alkyltin al koxi de, as a product,
hasaclbeenin ndreasedtior thel liansiae rofz itthe waaact.or Trs
taken out fromthe |ower portion 3 of the reactor and

di schiatgert fidram e ttcak d-coutoritimd 163 The Heackeid rc aledimaed
and the lines are heated or cool ed, depending on the
SIRUFRYSWOE, Bnarehe msary ssuchrcas ] aokets ugre , heatderthe
[0033] Fig. 3 is a cross section of a conbined tank
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line 5. The reaction soluticn in which the
concentration of alkyltin alkoxide, as a product, has
been increased in the inside of the reactor is taken
out from the lower portion 3 of the reactor and
discharged form the take-out line 6. The packed column
and the lines are heated or cooled, depending cn the
situation, by known means such as jacket or heater.
[0033]

Fig. 3 is a cross section of a combined tank
and column reactor seen from the front. The tank
reactor may include a stirring tank, a circulation tank
or any other tank. Here the tank reactor will be
described in terms of a tank reactor including a
stirring tank. The column reactor may be a packed
column with a packing packed thereinto, a multistage

distillation column, c¢r any other column reactor.

Here, the column reactor will be described in terms of



reactant is introduced froma supplying line 15 to a
stirring tank 9, while a starting material is

i ntroduced froma supplying line 16 to the stirring
tank 9. The introduced starting material and reactant
are dispersed in the stirripg tank. The above

descri bed m xed solution is heated while vapori zi ng

wat efacidhe ddisinge Wafcd he psldiirn g dandy ithecentyte).| ed

to be under reduced pressure, atnospheric pressure or
pressurant and e daerdd gasns ppliged sfiremitike das to a
supplying line 18 depending on the situation and/or
| oy itbaindg ngprpoint wedngorentte rtriclqudiang rtiké das of the
reactant and water fornmed by the reaction is drawn out
f riorhzadveragsheirquoret isowply iofy ttheestliér rong hteask iamd ny
di scharged froma vent line 17. The reaction solution
i Fagti ch t Hdie doicestucard on agft Lalok yattienr iallk exidde caas aat
product, has been increased in the inside of the
st iHgnenfed 1 thanskerraéadt enkower hgsoross 12 of
the stirring tank to a buffer tank 24 through a
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reactor is controlled to be under reduced S 50

bolling point components including the gas of the
reactant and water formed by the reaction is drawn out
from the upper portion 11 of the stirring tank and
discharged from a vent line 17.

The reaction solution in which the
concentration of alkyltin alkoxide, as a product, has
been increased in the inside of the stirring tank is
transferred the lower portion 12 of the stirring tank
to a buffer tank 24 through a transfer line 19 and then
from the buffer tank to a column reactor through a
junction line 25. The scolution having been introduced
into the reactor 10 from the junction line 25, which
contains a dialkyltin alkoxide, is dispersed by the
packing in the inside of the reactor. The above
described solution flows downward along a packing
packed in the reactor while vaporizing water. The

inside of the reactor i1s controlled to be under reduced



pressure, atnospheric pressure or pressure, and the
inert gas supplied fromthe gas supplying Iine 20
dependi ng on the situation and/or |ow boiling point
conmponents including the gas of the reactant and water
formed by the reaction is drsgwn out fromthe upper
portion 13 of the reactor and di scharged froma vent

li pee@durdheativasthOni Sob 4 anrd MW dsdihe | and the
concentration of dialkyltin al koxide, as a product,
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reactant may be replenished froma supplying line 22
depenaimenton indeadingiaticongasThef stha maw-ttank aridhevater
packed colum and the lines are heated or cool ed,
depritih gt shereaitimt iion,dtswrk mown fretnhadhes ugipeas
jacket or heater. [0034] For the reactors or lines,
arfPTet @t i al Lcdie beadar aid shgdsindesl) fdeomet vieare
a detrimental effect on the starting material or

r eacdtam: useédi® SuScHER seUgtite g WS R bihear e

i nexpensi ve and eferably . used. The tinme spent in

t He e%agﬁoéh Cﬁé&@ﬁﬁwlt&é‘r 91 e FpPeSEHct, has
i nventi. in the case af .conti us process, the
r:eleel%genlg{eE e’|arrse'“:'Opofma%%aﬁ Ry1%AY Oflq%&?l (}pg)aci &gt taken

Pastd ol lphd i]]wegc_d gfq[&go%s yal Ly it irsea%-rtgﬁ_ll 2hg o0

hours, preferably 0 hour's and ™ o

pregferablge 0. £ dnp t%eh‘il}éﬁé-—o-ﬁ'%e 118RCHI0N HRIPRLALYLE L nay

vari es depending on 5
be replenished from a supplying line 22 depending on

the situation. The stirring tank, the packed column
and the lines are heated or cooled, depending on the
situation, by known method such as jacket or heater.
[0034]

For the reactors or lines, any materials can
be used as long as they do not have a detrimental
effect on the starting material or reactant used. 8US
304, SUS 316 or SUS 316L are inexpensive and preferably
used.

The time spent in the dehydration reaction
performed in the present invention (in the case of
continuous process, the residence time of an alkyltin
alkoxide) 1is not particularly limited, and usually it
is 0.001 to 50 hours, preferably 0.01 to 10 hours and
more preferably 0.1 to 2 hours.

The reaction temperature varies depending on



the kind of the raw material conpounds used, but
usually it is in the range of 50 to 350C and
preferably in the range of 60 to 160C. To keep the
reaction tenperature constant, the above descri bed
reactors may be provided wit.h known cooling equi prent
or heating equipnent. The pressure under which the

re@ﬁbianasofDEEQOEaﬁdmaéékﬁéld@@ﬁg@& 9sORsthe kipd of
the raw material conpounds used or the reaction

teopenatyrer bytihhenkenstion. faybe, pesiar nBth Widsleraply
reduced ~pressure, atnospheric pressure or pressure.

Ustal tiei kangs oh thecsange,of Gcl e 21X AQEtRayn In
the present invention, a reaction solvent is not
netesparatyresednsthovevete disovmkeedbeiseactéfitors may
operations easier, an appropriate inert solvent such
asbet hepvidadli phat i knory drochi hopnsqotpregotred £ cheating
hydrocar bons can be used as reaction solvents. [0035]
Thedreggeion tThe Rnes$ivee readts orhiclenper ateret il |is
be described in nore detail. The present invention is
ChBFREPERTS et bl s cdrremlious | g0 suppl ¥img @f sthe tiaw
material, which is selected fromthe group consisting
ofm%?%Fb?ky$?WEPu%ﬂﬁcﬂfe%1Of the reaction temperature,

tetraal kyl -di al koxy-di st annoxane and the m xture

tﬁ%?go?vgﬁﬁ?ék}®%¥%¥§§§Bﬁﬁﬁﬁ%P%§de} tHifticed o a

r d ' out the | ow boilin 0i nt .

co %%e%%’ fér%}r%{%é@#leca B0 Tt iR Y obtE Y 1t
' [ ut.i0n, [ bot t f th

repety Qng ol Ui an, A% & a%n 'ap%).rtﬁm 1d? FEG gé gg]eopresgnt

react or, which tontains kyltin al Koxi
invention, a reaction solvent is not necessarily used;
however, to make the reaction cperations easier, an
appropriate inert solvent such as ethers, aliphatic
hydrocarbons or aromatic hydrocarbons can be used as
reaction solvents.
[0035]

The reaction time and the reaction
temperature will be described in more detail.

The present inventicn is characterized by
continuously supplying a starting material, which is
selected from the group consisting of a dialkyltin
oxide, a tetraalkyl-dialkoxy-distannoxane and the
mixture thereof, and a hydroxy compound as a reactant,
to a reactor and taking out the low beoiling point
components from the reactor to continucusly obtain a

reacticn sclution, as a component in the bottom of the

reactoer, which contains an alkyltin alkoxide



-enabl es the production of tria

corresponding to the starting material and the
reactant. According to the present invention, alkyltin
al koxi des, as intended products, can be produced at
very hi gh production efficiency, unlike conventiona
processes. Further surprisi@?ly, t he present invention
enabl es the dehydration reaction, which is an

eqtht # DEHAHA TRAGD OMhe t&&%jﬂ{%o'ﬁ%tt%iaqn%n@%k@es it
kyl tin conpounds, due

t oreddrearpyr oladderdieacticon ef Aldedd R rAlk@Xicdes a i@ 1tin
be significantly decreased. |If the dehydration

r ealdtdsoinidss, pey flortedidey pridiidqysgcess: ok heduwesentt

i nvention under the conditions described bel ow, the
armuntt fofght hperodud diutry letfifi cdemagy nainjridducectvasitd onal
by- product during the dehydration reaction can be

K éptoRIns nolkeiohdressir ppdrs ih0A%, ofchiel pratems invention
contained in the starting material. It goes w thout

s &fiary Sshdth sk idse t ismareiang ivat evhdlchc dst ains a
tributyltin conpound, the anmpbunt can sonetines be

o B de- A gsAe tdeder itvede PaRgetethepatiobesidaeh 14

tribuytyltin compound .needs to, be renoved in advance

o PSSt PR 1M Bt Ve P kY APoGRAPEBRESE nede to
in.th tarti.ng material nee .be dj usted so {hat
TR A H 6 T oRabRe WaRdE. 2 Rariher: Snbe

t r: i-Qn, of r.ibutyltin conmpound is pronoted
ngﬁﬁgﬁﬁgH%ﬁ%ﬁﬁggﬁﬁge gﬁ?dration_reaction, but by the
pyrolytic rQ%FEh%”d%&yﬁ@a@&%ﬁlEEQCQHBBXEgeger%@§Bed by

intending to inhibit e by-production o

t iihluipHolde scopeuRdprbkehs pPhotarabheyha-decrease the
conditions described below, the amount of the
tributyltin compound produced as a by-product during
the dehydration reaction can be kept 1% by mole or less
per 100% of tin atoms centained in the starting
material. It goes without saying that when the
starting material contains a tributyltin compound, the
amount can sometimes be outside the above described
range; therefore, such a tributyltin compound needs to
be removed in advance or the amount of the tributyltin
compound contained in the starting material needs to be
adjusted so that it falls within the allowable range.
Further, since the production of a tributyltin compound
is promoted not only during the dehydration reaction,
but by the pyrclytic reaction of an alkyltin alkoxide,

when intending to inhibit the by-production of a

tributyltin compound, it is preferable to decrease the



53 residence tine of an alkyltin al koxide in pipes
and decrease the tenperature of the sanme. Equi pnent
other than a dehydration reactor may be used to
control the anount of the tributyltin conmpound
produced. [0036] When produgizng an al kyltin al koxi de
froma tetraal kyl -di al koxy- 3|stannoxane represent ed

byrd rederchend Gad cf@@'ﬂ“ﬂ]{ﬂ})tﬁﬂ@l%oﬁc@ alrky:tjdy Qxjde
represented by the chemcal formula (2), as a startlng

medetiedse atk arerdloohalrd e esentethdly e ighemiCadiher
formula (3), as a reactant, an al kyltin al koxi de

r eprags entaich yojr atheorc herdaaadr frermiea (s272) tandfoert ddhe the
chem cal formula (16), which contains only a very

s ratduntamiuritheoft tirdutlyd i rc empgunchd gadoe sabt ai ned by
perform ng dehydration reaction at a dehydration rate
deffi%Ed by the foll owing equation (4). A nixed
solution of a dialkyltin oxide represented by the

cheni cal forffhfira P(I?)dué?#%l éshell kvdpriasedtod by fhem a
cheni cal fornula al so be used; however, from

t H& Vicswgimd 16t @&YMHS.tWWa@@n\Jf@%ﬁ@@néﬁdt e iged
solutlon, [ pref rable to use a tetraal kyl -

d|§Fw8f§ng%?7 P@ﬁ/@§eﬁtQdaﬁﬁyﬁﬁéncﬁé&ﬁéal

A il g Bt e e by (e e

(%bté§ia&31ah%xgn alcohol represented by the chemical
formula (3), as a reactant, an alkyltin alkoxide
represented by the chemical formula (22) and/or the
chemical formula (16), which contains only a very small
amount of tributyl compound, can be obtained by
performing dehydration reaction at a dehydration rate
defined by the following equation (4). A mixed
solution of a dialkyltin oxide represented by the
chemical formula (2) an alcohol represented by the
chemical formula (3) may also be used; however, from
the viewpoint of solubility or conveyance of the mixed
solution, it is preferable to use a tetraalkyl-
dialkoxy-distannoxane represented by the chemical
fermula (1) and an alcohol represented by the chemical
formula (3).

[Expression 4]

60X +10Y
S_ "

(4)
B
A7 exp(R T]

Dehydration rate



RT S 54 wherein the dehydration rate neans the anount
of the water that is forned by the dehydration
reaction and drawn out of the systemper unit tine
[mol hr-1]; X represents the total nole nunber [nol]
of tin atons contained in the alkyltin conmpound
represented by the general fornula (2) which is

cotedarad e tdehyahartidg rJm efdals thd eRRseNty the
total nole nunber [npl] of tin atons contained in the
alwat i ntreommiounth roteep s ante didby,y drhe igenereale tfiormaa
(1) which is contained in the starting material; T
r epraogents: of tenpenattune doif] wati twhiiak tihe 1dehyde aki on
reaction is performed; R represents a gas constant =
8. eshdls el todrd Acdrd rBréee doeflfli cifentiss atoms
depending on the kind of alkyltin conpound, wherein
t HETdGEffdiienthieA aldnd tBn worpevakovepdesenitbed by the
uation (4) depend on the kind of alkyltin conpound
%@tf}?efaslt TG Aneltler i@licand s goetebraidndd basedtemting
the set, prinary standard substance. Wen the startln%
maer a1 dont eﬁ%eS&%ﬂ e EoipouRad er aprbsent Bg iy ©
the chen ca (1 th ove descri bed
cg@f¥|cﬁgﬁt§9R gﬁ&eg F& %@?eﬁﬁkyﬁﬁé“fFQEEQHEQ fact or
and Lhe Activ gl on eg%@%tv[a%f (0GB 0 Yhbe heact  on
bt rd ne

i mary standa ance, |ch | K It|n

CQQEQ%ﬁ%e@rth%ﬁ%'E¥ tﬁgt%EQHhth% r@h% sgngi)a

conmpounds represente he chem cal “for
CeRbtrpienred ui-a trhe %kaﬁhhﬁﬁ @ﬁ%eﬁbﬁgﬁrgegoﬁr?ea@@&@hn§g

fromthe foll owi ng equation (
performed; R represents a gas constant = 8§.314
Jmol ™"K™*; and A and B are coefficients depending on the
kind of alkyltin compound, wherein the cocefficients A
and B in the above described equation (4) depend on the
kind of alkyltin compound as the starting material and
are obtained based on the set primary standard
substance. When the starting material contains
alkyltin cocmpounds represented by the chemical formula
(1), the above described coefficients A and B represent
the freguency factor and the activatioﬁ energy of the
pyrolytic reaction of primary standard substance, which
is an alkyltin compound arbitrarily selected from the
alkyltin compounds represented by the chemical formula
(1) and contained in the starting material, and are
obtained from the following equation (5). When the

starting material does not contain alkyltin compounds

represented by the chemical formula (1), but contains



starting material does not contain alkyltin conpounds
represented by the chemcal fornula (1), but contains
55 al kyltin conmpounds represented by the chem ca
formula (2), the above described coefficients A and B
represent the frequency fagtor and the activation
energy of the pyrolytic reaction of primary standard

SU@BE@D@@ﬁ;COﬂ%&dHHéf%éﬁ}égéﬁﬂéd'bfﬂﬂﬂgdékéﬂyggﬂrfqudda
y

selected from the alkyltin al koxi"des represented

t hez f ol 4 rowi g vee sl il b D rdnd fer i(chedrdy TG fd aMtdi8esent
al kyltin conpounds represented by the chem ca

f ormaul &r{@)ercontaiated: iand the staritiaig omterd)y & the
the reactant, and are obtained fromthe follow ng

equatd lornt i(b)redddpmessi @ i5ja tk=Aegpdardd Bubs(t@ncos,
wherein k represents a first-order rate constant

[ hiigh 1A qreprldediitia @ lfqcequen ey biidoteari IyhrseljectBd from
represents an activation energy [Jnol-1]; R

r dpresertsl tel iy st keisteantrep r3eendesl biKthe dod IDwing
regresents a tenperature [K] at which the pyrolytic
régiﬁﬂilcﬁ%% d s lGr ned. TrR@esbdvem ddscriled tin compounds

represents a first-order rate constant of the, ,
A T G b &.5?% icgloBesied Hy 't ReTraIire ig

ti 6) .. . ' kt =-1 1- X 6 wh '
Eq#%bkggknjém%n%g?gg%ofl%@ S&Fer§8ﬁg%§ﬁf)ﬁﬁﬁsze ggel?
reRSesents RPN Fhh B ndnd Kk hth represents a

[Expression 5]

t- o2 ) -

wherein k represents a first-order rate constant [hr™*];
A represents a frequency factor [hr™']; B represents an
activation energy [Jmol™']; R represents a gas constant
= 8.314 Jmol™™K?t; and T represents a temperature [K] at
which the pyrolytic reaction is performed. The above
described k represents a first-order rate constant of
the pyrolytic reaction which is cbtained by the
following equation (6):

[Expression 6]

k-t =—In(1-X) (6)

wherein k represents a first-order rate constant [hr'];

r



reduction ratio [nol/nmot] with respect to the initial
concentration of a primary standard substance,
[Formula 20] R10 9 R13 Rl1h Sn-O-Sn-Ri 4] (7) OR12
OR' s wherein R19, R11, R13 and R 4 correspond to
either R7 or R8 of the star%l ng material; g, h, i and
j correspond to either e of f of the startlng

et efd At d easle N6 Pl 1 RL2 Apd :R1G, COrI LR t
R9 of E?liwaesreact ante (??g?t]l If the reacti oﬁrl S WS

pafécﬂid'fﬁid)rﬁtraa:ﬂﬁmﬁﬁﬂ@'tm&r] Widle righer: ttharnhat,itial
provi ded by the above described equation (4), an

aldoplddrt altdet def thadr iindoludes raia e e saeynt  of
trial kyltin compound can be obtained. However, to
obitFrmma smigh | ar ger anmount of al kyltin al koxi de
represented by the chemcal fornula (16), it 1is
preferable to performthe reaction at a dehydration
rate higher than gtat prpyided by the follow ng
equation (20): [E[Eppessi on 7] 75X +25Y Dehydr ation
rate > (20) 1 R 2lg,uherein X, Y, A B, Rand T
each represer’?tlkhth —ggrresnthi ngs as describél in
connection w th tge'?2equggién (4), A and B being
obtai ned fromthe equations (5) and

wherein R', R, R™ and R' correspond to either R’ or R®

of the starting material; g, h, i and j correspond to
either e or £ of the starting material; at least one of
R'? and R'® corresponds tc R® of the reactant.

[0037]

If the reaction is performed at a dehydration
rate higher than that provided by the above described
equation (4), an alkyltin alkoxide that includes a
smaller amount of trialkyltin compound can be obtained.
However, to cobtain a much larger amount of alkyltin
alkoxide represented by the chemical formula (16), it
is preferable to perform the reaction at a dehydration
rate higher than that provided by the following
equation (20}:

[Expression 7]

i 75X +25Y
Dehydration rate >——*“——7;j (z0)

A7t 2
kT



(6), like those of the equation (4). The above

descri bed pyrolytic reaction is a reaction which

i ncludes the reaction shown by the follow ng formula

(21) as a representative and whereby the anmount of

tetraalkyl-dialkoxy-distann%@anes represented by the

chem cal fornmula (1) and/or the chemcal fornmula (7)

| sydees eased. v Specig i gal hange. wi ' |

t he decreased anount of%%gfigﬁﬁil- oA LIS AR

di ath koyy - £l st aaneXANeSs.n repiesantad byt he.chemi gl on

formula (1) and/or the chemcal formula (7), i5

nmeasLy ed dyd 15 IenNVRIsReGtdOSCaRy W |ensld 14ddg d)heng

sol ution containing tetraal kyl -di al koxy-di st annoxanes

repsesehilesl tryoddeotham cajudtarorul @ )(1) and/ or the

chemcal formula (7) in a nitrogen atnosphere and

keepi ng t he Trenpdrataurde safritteed sobntlivoni € anstamnitgn and a

the reaction rate is analyzed by the above descri bed

eqiRt ¢ oren (B)ldnd n®)uddm thve fealdtowimg heurathisort He21)

t et raal kyl - di al koxy-di stannoxanes are descri bed as
WBENA hEVBILE | {2 1does i tHFBUTE SSa\iiatg Mehana e reby

nﬁg} be di ners, aggregates, oligoners or polymers.

[ FOrmA o1 | RRRALYY I dipRkemerdiRteynazanesno sn

e Tt B e (0 72ed I,
chemical formula (7) is decreased. Specifically, the
change with time in the decreased amount of tetraalkyl-
dialkoxy-distannoxanes, represented by the chemical
formula (1) and/or the chemical formula (7), is

measured by °

sn-NMR spectroscopy while stirring the
solution containing tetraalkyl-dialkoxy-distannoxanes
represented by the chemical formula (1) and/or the
chemical formula (7) in a nitrogen atmosphere and
keeping the temperature of the solution constant, and
the reaction rate is analyzed by the above described
equations (6) and (5). In the following equation (21),
tetraalkyl-dialkoxy~distannoxanes are described as
monecmers; however, it goes without saying that they may
be dimers, aggregates, oligomers or polymers.

[Formula 21]

R B R R

El o é/ R._ _-OR RO
n—O—8n _ Sni . SO 21
| R” R R ) (21
OR  OR



descri bed pyrolytic reaction is any tenperature in the
range of 100C to 200C (e.g. 120C, 140C and 160C). In
t he above described pyrolytic reaction system the
content of the conmpounds represented by the chem ca
formula (1) and/or the chen%%al formula (7) is 95% or
nore. The above described pyrolytic reaction is
perf@seed, while applying heating, under the
conditions that prevent the reaction from being

affected by Tisdibsdances d@ude - XNGEN PreatLldvLapabl e
of pronoting the deconposition of the conpounds

r e eserded hyrdhe: i ehetd ealord ordnd, (Ehmpand{talrd e the
chem cal fornmula (7). The anmount of the conpounds,
whi oty aret rejiesent edoby (& he. chemicall 4oocnuha (&pec) .
and/ or the chemcal fornmula (7), decreased by heating
duen ttdha heoaeactd sone ilrsep pgsentyed dyretzhe iabbove/stem, the
described formula (21) is neasured with tine by
1I98H-NNR shedts oxvupyundkhe eppreoductest dfy tthe mpreoliytalc
reaction cannot be defined clearly, but it can be
saiFthHat theylih@ude s chamigady Ifidqmmudiskoxildds Fyé or
al kyltin al koxi des produced in accordance wth the
p i e R GHE o5 T EFdrattiion TeRcd 198y 6V ded
by t equation (4). or. higher have a sjgnificantly .
PRI G AR Gt v the cendizions
c i ne- t.ainin oJpoun because the production
p?%%%%gﬁjg%%“h&?mhségkqﬁﬁFi%E?gb f i @8%6 u% S as
theJaw mierials. Sl ng gaient als %%ries%@&;'r%%%t?%g
i nclude a chlori‘ne-containing cpnpoung; however,
aceRr Ht@riR £ihe B @FeRhd RVERLLPRs R RrRuRL O SYeh
chemical formula (1) and/or the chemical formula (7).
The amount of the compounds, which are represented by
the chemical formula (1) and/or the chemical formula
(7), decreased by heating due to the reaction
represented by the above described formula (21) is

measured with time by °

Sn—~NMR spectroscopy. The
products of the pyrolytic reaction cannot be defined
clearly, but it can be said that they include a
trialkyltin alkoxide. |

The alkyltin alkoxides produced in accordance
with the present invention and at a dehydration rate
provided by the equation (4) or higher have a
significantly low content of trialkyltin compounds and
chlorine-containing compounds, because the production

process does not use chleorine-containing compounds as

the raw materials. Starting materials can sometimes



chl ori ne-contai ni ng conmpound is not increased to above
the anount of the starting material, in principle, by
the reaction, and thus, alkyltin al koxi des of high
purity can be obtained. If the ampbunt of the reactant
used is in excess of that g@ the starting material,
the chem cal equilibriumadvantageously shifts to

profecics howemarine-whah 4 ntiendigdQ ddcheass dhe
concentration of alkyltin alkoxidé in the alkyltin

al kwd we-reprii tHeN G res@ it 1HeR drakien ,oWlhd 8Mie of such
reactor, an excess of hydroxy conpound renai ning
unrelaatiec: sttt Leiremevedh dnd disstridd atricoRa sEius & heove
energy efficiency is low In contrast, if the anount
ofthchexmgadt aft wWisedtisy ttiog nlaowriall,arigeprdmuntl «f by
starting material remaining unreacted nust be
r édBv erced:t ilgcordicndlhys t i kvattiio efl koxhelest arft ihigh
material to the reactant is in the range of 3 to 200,
i Ut GO e APAGilgiest- the total nole number of tin
atoms contained in the starting material to the nole
number of tHd rE&cCHRUNTARE t£HS Aepeisat uged is in
concentr%%i n of the dialkyltin al koxide taken out

ot G

Y .
f B He the Péadtdr? fReSrdfile e chemical
pr rably in the range of 3,tq 100 and r
pfgﬁgﬁggﬁéuﬁhaﬁﬁ@“?ﬁgﬁ%gsg#t§hf§tfogo[@§§§?0?ﬁé hofever'
pr nt; ion i s iz i.n : e -wat er
aﬁg%glkyhgﬁﬁqgﬁkgfi 8%238 %cgéebﬁgpﬁgnt?a 6onr8§ction
are KaRidl ¥ 15akercouh heMARG13Y Rt €M% cASde-containing

solution taken ocut from the reactor, an excess of
hydroxy compound remaining unreacted must be removed by
distillation. Thus the energy efficiency is low. In
contrast, if the amount of the reactant used is too
low, a larger amount of starting material remaining
unreacted must be recovered. Accordingly, the ratio of
the starting material to the reactant is in the range
of 3 to 200, in terms of the ratio of the total mole
number of tin atoms contained in the starting material
to the mole number of the reactant. And to increase
the concentration of the dialkyltin alkoxide taken out
from the bottom of the reactor, the ratio is preferably
in the range of 3 to 100 and more preferably in the
range of 3 to 10.
[0039]

The present invention is characterized in

that the water and alkyltin alkoxide produced by the



af orementi oned, the present inventors have presuned
that in conventional batch processes, the forned water
rapi dl y undergoes reverse reaction with the produced
al kyltin al koxi de, whereby the productivity is

I mpai red. The present invention provides a process

whi ch ensures increased productivity by allow ng the

fresavmeten {08 medsim § hes £6actiones9) %ﬂé’%{%&océ'rﬂpi ﬁg’e

shift to the gas phase and renovi ng the same from

r eaed osmat 1 end @k g thes dariredh Al dod td makdkqxd dg s

of the system The inventors have presuned that the

f reeawadercdordrd dik 1 hes ehove-desedd Ped Head i water
shifts fromthe reaction solution to the gas phase due

t ordhied gasatdepg ek egtd dd tyd uraddt tdre wist aMe e duced
production process of the present invention ains at

i rehd i 14 ing ahecxieler sehamesnt itdrg pgrodudtiich the s

equi libriumreactions represented by the fornulae
(1BPaNHGr (T wivdarss tigrvere doef toro(yprdeduct Prodmss
increasing the specific surface area of the reaction
s oLt o rP i o et el et R ah @ ki at dofl thh &y fedrhved neattére

whi ch depends_on the gas-liquid  equilibrium while

t ﬁﬁ%?g %ﬁéert N THSHUdRd 8 KRS tH ora Sedttders remnama dly
sy L%g}tﬁc rdingly, in the above . described tank-
andfor- d6 S 1R ESAS G 6T IFGRYHEY f Ffatern $he

' I f. h f bl he .vol
38 gl SN 8 e B Psg s Mgl sl the vl ure

of t I qui ts 1s Kep

ORGNIE: CARACIEY Gfhd H%Je%ac%&%r 6%87% PP L 830l y
1/3 or |less of the sanme. 61 0040]
free water formed in the above described reaction
shifts from the reaction solution to the gas phase due
te the gas-liguid equilibrium in the system.

The production process of the present
inventicn aims at inhibiting the reverse reaction, in
which the equilibrium reactions represented by the
formulae (13) and/or (14) shifts to the left
(products), by increasing the specific surface area of
the reaction solution to accelerate the shift of the
formed water, which depends on the gas-liguid
equilibrium, while taking out the produced alkyltin
alkoxide from the system. Accordingly, in the above
described tank- and/or column-reactor, to allow the
formed water to rapidly shift to the gas phase,
preferably the volume of the liquid components is kept
2/3 or less of the opening capacity of the reactor and

more preferably 1/3 or less of the same.



The term"in the systent herein used nmeans the inside
of reactors, of piping or equipnment on the periphery
of reactors, or of equipnment or piping of recovery
systens. The term "high boiling point reaction
m xture" neans: a high boiling point
subst ance-contai ni ng sol uti on supplied to reactors; a
hiF@Op@ j 11 ng point substance-containing reaction

ution in reactors; a high boiling point substance-
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or a concentrated solution c al ning an I ncr ease

cofge Mt don Of rdt @b boj 1d NG PEi Y SUBSEANGE DY on the
evaporating a part of the reactant. Sonme hi'gh boiling

papdtigieact ion fdadides, hayehigh ReiddnGPAYRing of

subst ances di ssol ved therein or sone hi gh boi l'i ng
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of high boiling point substances. Wien a high boiling
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the indissoluble part of the slurry is also included

i e angsigiereidnimy polintt reactimnl imdktur e'sackhes; a

tern1"h|gh boiling point substances” herein used
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t he \Nater orne e reacti on
r%c@?lttspatq%noro%a'?ﬁ%h boiling point substance by

evaporating a part of the reactant. Socme high boiling
point reaction mixtures have high boiling point
substances dissclved therein or some high boiling point
reaction mixtures are in the form of a slurry of high
boiling point substances. When a high boiling point
reaction mixture is in the form of a slurry, the
indissoluble part of the slurry is alsc included in the
"high boiling point reaction mixture”.

The term "high boiling point substances"
herein used means organic substances having a boiling
point as high as or higher than that of alkyltin
alkoxrides. For example, high-molecular-weight by-
preducts produced by the reaction are also included in
the high beiling point substances.

The term "low boiling point components,

containing water" herein used means the water formed by



subst ances having a boiling point |ower than that of

al kyl ti n al koxi des produced in the present invention.
For exanpl e, | ow nol ecul ar-wei ght by-products produced
by the reaction are also included in the | ow boiling
poi nt substances. Wen inertzgases or organic solvents
are used, part of such orgaﬁic solvents is al so
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PReSSUR Rt fth@r in accordance with the process of the
present invention, the reaction rate is increased by
removing from the reaction system the water formed with
the progress of the reaction. 1In this process, the
reaction is allowed to progress by supplying an inert
gas to the system to efficiently decrease the partial
pressure of the produced low boiling point components
including water. Accordingly, preferably means is
employed in which an inert gas that does not have an
adverse effect on the reaction, such as nitrogen,
argon, helium, carbon dioxide or lower hydrocarbon gas,
is introduced into the system to allow such a gas to
entrain the produced low beiling point components
including water so that they are removed from the
system, or in which the inside of the system is kept at

a suitable pressure for removing the water formed in

the system so that the formed water or the azeotropic



reaction tenperature, in other words, the fornmed water
or the azeotropi c conponents including water can shift
fromthe liquid phase to the gas phase. O the above
descri bed inert gases, carbon dioxide can sonetines
react wwth the produced alk%gtln al koxide to forma
carbon oxide-inserted al kylti'n al koxide or further

f rdo YRl d ﬁ{gllﬂﬂflrgf WRAoNAke. L8 rfrpqnésg‘uere at the

car bon oxi de-insert al kyl'tin al koxi
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system |ike the cases in which inert
and/or (14), the chemical equilibrium is allowed to
shift advantageously to products by increasing the
concentraticn of the hydroxy compound as a reactant.
Specifically, in the inside of the above
described reactor, the hydroxy compound as a reactant
is consumed as an alkoxy group for an alkyltin alkoxide
as the reaction progresses, and the concentration of
the hydroxy compound are gradually decreased. Thus,
the effect of removing the produced low boiling point
components including water can sometimes be produced by
supplying the reactant or the reactant in the gas state
even from the lower part of the reactor to increase the
concentration of the hydfoxy compound as a reactant or
by supplying the hydroxy compound in the gas state from

the lower part of the reactor so that the gas entrains

the low boiling point components including water to the



gases are used. It goes wthout saying that the

hydr oxy conpound or the hydroxy conpound in the gas
state, an organic conpound in the inert gas state,
and/or the organic solvent that fornms an azeotropic
mxture wwth water or the gganic solvent in the gas
state may be supplied together with an inert gas from
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inert gas or reactant gas, a gas containing the
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used. In this case, such a gas may be circul ated
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exchange resin or deoxidizer, and the gas having been
coefrerl ted st Exe riermbr dxow cemperat ure @nel das tdheate, an
dehydrated state can also be used. The water content
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wi th ot her conponents added
such a gas may be circulated through molecular sieves
or a layer packed with ion exchange resin or
deoxidizer, and the gas having been cooled to an
extreme low temperature and in the dehydrated state can
also be used. The water content in the circulating
gas, in terms of dew point, is preferably -10°C or less
and more preferably -40°C or less. When supplying an
inert gas from the lower part of the reactor, the
amount of the inert gas supplied is not particularly
limited. It varies depending cn the kind, structure or
size of the reactor. When using a distillation column
as a reactor, it is appropriately contrclled so that
viclent flooding should not occur.
[(0042]

The alkyltin alkoxides produced by the

process of the present invention can be used as they

are, or they can be used in the diluted or concentrated




thereto. Al kyltin al koxi des are known as catal ysts
used in the production of carbonate esters such as

di al kyl carbonate esters, al kyl aryl carbonate esters and
di aryl carbonate esters; isocyanates; and

pol ycarbonates. The al kyltip-al koxi des produced by the
process of the present invention are of high purity

antb rth OW £ 0Stiey afich thwisuJEKI N H toPRRSS I e difents added
industrially 'produce carbonate esters such as

disidkydtoar bonate esters, al kylaryl carbonate esters

and di aryl carbonate esters; isocyanates; and
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al kyl tin al koxi des produced by the process of the
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include only a very small anount of tributyltin
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met al terioratio
esters, alkylarylcarbonate esters and diarylcarbcnate

esters; isocyanates; and polycarbonates more
advantageocusly.

Specifically, the alkyltin alkoxides produced
by the process of the present invention are
characterized in that they include only a very small
amount of tributyltin compounds and chlorine compounds.
Such dialkyltin alkoxides are very useful as catalysts
for production of carbonate esters such as
dialkylcarbonate esters, alkylarylcarbonate esters and
diarylcarbonate esters; isocyanates; and
polycarbonates, for synthesis of esters, for
Cransesterification and for curing of silicon polymer
or urethane.

[0043]

Many restrictions are imposed on some of

trialkyltin compounds because of their toxicity. And

it is known that presence of chlorine-containing



pol yners. Wen traditional alkyltin al koxides were
used for the above described catal yst applications,
the products obtained using such catal ysts used to be
contam nated with the above descri bed harnful
trialkyltin conmpounds or cmé%W ne conpounds. However,
it has been unknown in which step the products have

beghnsomi@m nat eds Wit by SUch, Cﬁggpél&df & %@éegma%on of

conmpounds such contam nation arisen.

di peTihdgs | r ampndoussd eseaieh effort;  toward dhe yore

sol ution of such problens, the present 1nventors have

f ouneli that tosta@ivd rdeddoyliddd COMPOMNIS Plications, the
chl ori ne-cont ai ni ng conmpounds whi ch ‘contam nate the
prdutist arebicoinead nesindg dhen diad dqp 4 aldoxides
used fromthe begi nning. The al kyltin al koxi des
progucediinted hel tir odes ssofvd hie anesent Hawentl on are

of high purity, and therefore containing only a very
sratdal kmouint ofmgairad kyan eidenpowndsomgrounds.  However,
chl orine-containing conpounds, whereby the problens
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or chlorine-containing compounds which contaminate the
products are contained in the dialkyltin alkoxides used
from the beginning. The alkyltin alkoxides produced by
the process of the present invention are of high
purity, and therefore containing only a very small
amount of trialkytin compounds or chlorine-containing
compounds, whereby the problems resulting from
traditional alkyltin alkoxides can be solved.

For example, as processes for production of
carbonate esters, there are known a phosgene process
using phosgene and an oxidative carbonylation process
using carbon monoxide. And it is known that these
processes use chlorine-containing compounds as raw
materials or catalysts, and the carbonate esters having
been produced by the processes contain chlorine-

containing cempounds, causing serious adverse effects



carbonate esters as raw materials (e.g. deactivation
of polynerization catalysts, coloring or deterioration
of pol ycarbonates). Further, when using such carbonate
esters as additives for petrol or diesel fuel, they
may cause corrosion of engigges or piping. The present
i nventors have already disclosed in W 03/055840 and

W D4/ 04 4840 racess dorycmadiatd on ofi ganpenat e
esters and water alone from carbon dioxide and

al cotiodrsa thy arsiang adialkyldtidriAalkoxidey . (idrddtesetion
patents, the term"dialkyltin alkoxide" is used in a

Wi alie rp slgmser itz tiine] udet adatdad,t iov 1 calikexicde canérioration
tetraal kyl ti n-di al koxy-di stannoxane). These prior

i et o e dfuastiher Hurprtersd Winert hes ingr esemt carbonate
i nvention. And use of the process of the present
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di al kyltin al koxides at a very high speed and wth a

hi G FurSARCSamd Ivén @& Idarborvat @ 1846-s  containing a
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of carbonate esters usi'ng an a ! _
Proseeet Bt A0 CATESIghel U8 REOSETS LDVETLASY:
whilchyale deschihbed phovers68tnarecprehgrably usgd. A
reaction solution including a
alkoxide"™ is used in a wider sense to include dalkyltin
alkoxide and tetraalkyltin-dialkoxy-distannoxane).
These prior inventions are further improved by the
present invention. And use of the process of the
present invention makes it possible to effectively
produce dialkyltin alkoxides at a very high speed and
with a high purity, and hence carbonate esters
containing a very small amount of tributyltin compound
or chlorine compound. The resultant carbonate esters
can be easily converted into diaryl carbonate esters
with very small chlorine content by transesterification
or disproportionation.
[0044]
As a process for production of carbonate
esters using an alkyltin alkoxide produced by the

process of the present invention, those disclosed in WO

03/055840 and WO 04/014840, which are described above,



di al kyl carbonate ester can be obtained by allow ng a

m xture containing an al kyltin al koxi de and carbon

di oxide to react at a tenperature ranging form60C to
200C, for 0.1 to 10 hours, under pressure ranging form
0.1 Mpa to 20 MPa. The reactjgon sol ution including a

di al kyl carbonate ester is treated by a known process

sughe gscéli st @ati £8n Pr ocess o dhalo it ich Sﬁ&alnﬁ\iier% a
i nto conponents including dial kyl carbonate ester an
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used as reactants in the process of the present
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structure cannot be «clarified by the current
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of the present invention also nmakes it possible to
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clarified yet.. [.0045] Al kyl aryl carbonat.e esters and
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{1} or the chemical formula (2), which are used as
reactants in the process of the present invention; and
a component containing tin whose structure cannot be
clarified by the current analytical method.
Surprisingly, use of the process of the present
invention also makes it possible to produce alkyltin
alkoxides, which are the products the present invention
aims at, from the tin-containing component whose
structure has not been clarified yet.
[0045]

Alkylarylcarbonate esters and diaryl
carbonate esters can be cobtained by allowing the above
described dialkylcarbonate ester and an arcmatic
hydroxy compound to react by a known process.

As processes for production of diaryl

carbonate esters, processes such as phesgene process,

which uses phosgene, and oxidative carbonylation



process, which uses carbon nonoxi de, are known.
However, these processes use a chlorine-containi ng
conmpound as their raw materials or catalysts, and it
is known that the produced diaryl carbonate esters
contain a chlorine conpoungdqand use of such

di aryl carbonate esters has a serious effect on the

D@Q@M@%bqnw%&chpQ%E%aEQQB@Be§OH%kQQeCaﬁ?@nﬁhgwﬁSters
as raw materials (e.g. deactivation of polynerization
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pol ycarbonates). Further, when using such carbonafe

estapsuas addichbyesrbar mapettal sobrdigsehvEuel , ahheyt is
may cause corrosion of engines or piping. The present
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WO 04/ 014840 a process for production of carbonate
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al cohols by using a dialkyltin al koxide. These prior
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i nvention. And use of the process of the present
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as a diaryl carbonate esfer: qﬁ%g46? Th t%e(%%4 oW ng,
pehycaebopat gspih§OCYBNAt €8 IOt inventors have already
disclosed in WO 03/055840 and WO 04/014840 a process
for production of carbonate esters and water alone from
carbon dioxide and alcchols by using a dialkyltin
alkoxide. These prior inventions are further improved
by the present invention. And use of the process of
the present invention makes it possible to produce
diaryl carbonate esters of high purity and with very
small chlorine-compound content conveniently and
efficiently.

Further, use of the diaryl carbonate esters
ocbtained by the process of the present invention makes
it possible to produce polycarbonates, isccyanates or
polycarbonate diols. 1In this case, diphenyl carbonate
is preferably used as a diaryl carbonate ester.

[0046]

In the following, polycarbonates, isocyanates



and pol ycarbonate di ol s obtained as above will be
descri bed. First, polycarbonates wll be descri bed.

Di aryl carbonate esters are known as naterials for
pol ycar bonat es produced by nelt process. However,
conventional diaryl carbonatg esters, which are
produced usi ng chl ori ne- contalnlng conpounds as raw
medred i @b Bychravea d ariga ampnt rels el e Ganpoyd
remai ni ng therein, and when they are subjected to

t rénsesiterd fication with bi sphenol A such chlorine
conpounds contribute to deactivation of catal ysts.
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purification has a serious problemof high cos Si nce

7Ehen using a large amount of catalyst as a p0351ble
approach for coping with this deactivation, the
weathering resistance, hue, or physical properties of
the resultant polycarbonates can sometimes be adversely
affected. 1In such a case, a step is needed of removing
the chlorine compound from the diaryl carbonate.

Methods for coping with the problem are

known, for example, in which chlorine compounds are
removed by subjecting chlorine compound-containing
diaryl carbonate esters to alkali cleaning or
distillation purification. However, these methods
still have serious problems. Alkali cleaning may cause
the disappearance of dehydration of diaryl carbonate
esters, since the melting point of diaryl carbonate
esters 1s relatively high and they are subjected to

alkali cleaning in the molten state. Distillation

purification has a serious problem of high cost. Since




t he chl ori ne conpounds include various kinds of

chl ori ne-contai ni ng conpounds, from |l ow boiling point
conmponent s and hi gh boiling point conponents, the
purification cost, when using such diaryl carbonate
esters for industrial appligation, is serious. In the
process for production of diphenyl carbonate from
ettthd ertel oairhonaingouMisCh ricS RI0UGa e sUSiiRg sC @fzbon

di oxide as a raw material, first dinmethyl carbonate

| schold i ek drrtendreitriy lcene ccardgnatrem then boretihy coint
phenyl carbonate is obtained, and finally diphenyl
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point (in the system the boiling point of nethano
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produce diphenyl carbonate, due to the restriction by
boiling point (in the system, the boiling point of
methanol 1s the lowest, and to allow the equilibrium to
shift, 1t 1s necessary to form an aezotrope having a
minimum boiling point with methanol). Methyl phenyl
carbonate, which is an inevitably derived intermediate,
is likely to cause secondary reaction such as
decarboxylation, and diphenyl carbcnate, as a final
preduct, is contaminated with a slight amount of a by-
product such as anisole, which includes a methyl group,
even after the purifying step. This contamination can
sometimes decrease the polymerization rate during the
production process of polycarbonates using diphenyl
carbeonate, cause variation in peolymerization degree, or

affect the hue of the product.

In contrast, the process of the present




invention forms no by-products. It is difficult to
specify the above descri bed by-products having a

nmet hyl group, which are derived formthe dinethyl
carbonate. However, in the process for production of
di aryl carbonate esters of sthe present invention, the
internmedi ate i s not dlnethyl carbonate, but dlalkyl

carbanat @ restiss havitg @ Joang-chaim alkyl: nouas to
which are derived fron1a|coho| represented by the

chemcialy drar mbard Pesdhisd yphengar BerRate camcle, 1

obt ai ned which does not contain by-products having a

metrtydp, ovtoupy add ecleriavel anradveerseaieffect edtheate.
producti on of polycarbonates. Exanples of diaryl
cadfbaonaire st déne prefasalilopy peedivas itthe ofawiaateri al s
for polycarbonates are diaryl carbonate esters that
cortdianative esiove cdfestre ped sengadingenanpaynd&ehavi ng

a methyl group (by- products) at 100 ppmor |ess and

wdﬁleteéﬁf@fdgra&tﬂ V- Satnot0 digeinor ceg®onp0@47pukndtihékyl

follown socyanates wi Il be described. |socyanates

c&T e FSdG By Darilpgt 2 drrewichgia ailkvyl earbeonahéch
rly phenyl carbonate) pro

ester articul a
§1ﬁb‘é§%%¥eﬁy%koﬂ'éﬁﬁ@%?&ereBFeFﬁ8t§Fe§¥thPn9€ﬁWF6ﬁl
TR AT SR, mpgﬂém

Sk, SRR A NB). UL ecLl BR RS BOLYGIL
eGP, CahiPHOGESS LA s43erse effect on the productlon
of polycarbonates.

Examples of diaryl carbonate esters
preferably used as the raw materials for pclycarbcnates
are diaryl carbonate esters that contain the above
described organic compounds having a methyl group (by-
products) at 100 ppm or less and more preferably at 10
pem or less.

[0047]

In the following isccyanates will be
described. Isocyanates can be produced by: first
allowing a diaryl carbonate ester (particularly
diphenyl carbonate) produced using an alkyltin alkoxide
of the present invention and a polyamine compound to
react with each other to obtain a polyaryl carbamate,
such as hexamethylene diaryl carbamate; and then

subjecting the polyaryl carbamate to pyrolytic

reaction. Conventionally, no economical process for



synthesi s of isocyanates has been known but one which
uses phosgene as a raw material. However, diaryl
carbonate esters produced by the process of the
present invention are very |low cost and contain a
very small anount of chlorgge conmpounds, thereby
enabl i ng advant ageous production of isocyanates.

Conmerid onalor 1sQeyanaies Meduced ity but one which
chl ori ne-cont ai ni ng conpounds such as 6hosgenes

Cadet HdY iricne £ eNMpeuNeSt et 1 . Pr i 4Se Bfiry
i socyanates are the production of wurethane, and

cataatlyata dised 1o gifeiiare by edeCiir@Resdl 8f the present
susceptible to deactivation or denaturation by

chiroréame.crTherd seayanates oproducedoby atihe aprecgssmafl 1
the present invention, however, do not substantially
camaint ol ahilne,inenddripeneler, e thetrebgusinag 1tihg above
descri bed problem In the follow ng pol ycarbonate
digshanfidgdeye rdestictbed. oPolypearbonaes .di Sbavehthioghl
purity can be produced usin% diaryl carbonate esters
WHISHF Yaré Sico AICEH CcEsh Ag chehapkyrergoalkérilges cofpphads
present invention. Polycarbonates, isocyanates and
poldarBoRACe ISHES SOProdic 68 1GSiRG GPRPYETEEr hoRkEe
esH%5§Iwhhc% are producEd b%Tth% rocess of the
presént Y iWentiton *&Fe 4 thlds rFa|F§ PEPFIGELERbPE,

b he r £ hi_gh I, cQ ed with those
p?b S%%ﬁl y¥%%%gggﬁﬁgﬁg “§§8c§§§e3?8?ﬁ896CSEOESCQlOﬂ

PAEE SRREILERD) enlaeat SLROLY ik PUCEOsL pond
usingrtihe .abevwe 74ocyanates produced by the process of
the present invention, however, do not sﬁbstantially
contain chlorine, and therefore not causing the above

described problem.

In the following polycarbonate dicls will be
described. Polycarbonate diols of high purity can be
produced using diaryl carbonate esters which are
preduced using the alkyltin alkoxides of the present
invention.

Polycarbonates, isccyanates and polycarbonate
diols prcduced using diaryl carbonate esters which are
produced by the process of the present invention are
industrially very valuable, because they are of high
purity compared with those produced by conventiocnal
processes, they can be produced conveniently

(accordingly at low cost), and they form no by-product.

Isocyanates can be produced using the above



descri bed di al kyl carbonate esters and/or the above
descri bed diaryl carbonate esters by any know process.
Di aryl carbonate esters are known as mterials for
pol ycar bonat es produced by nelt process. However,
conventional diaryl carbonatg esters, which are
produced usi ng chl ori ne-contai ning conpounds as raw

WM&M@ﬁmﬂmﬂm®ﬂ%&%&ﬁ%@%&f&NQHMﬁQ%@%%Qe
remai ni ng therein, and when they are subjected t

t reensesierd fdlCa&ty]_OQ:a\MHdhameS Rherals Ay SWeh k%%k«o?r%%ess
conmpounds contribute to deactivation of catal ysts

Wien usi ng @ilzargde carmouniatef Galalsystreaknawpossi bl e

approach for coping with this deactivation, the

westthariiang rfegi stodyoardome,t sgr pphyisiceal bpr epert besceks .

the resul tant pol ycarbonates can sonetines be

adireicyelry  caffvecttédnalln dsugly la ceabenasaestepeirs, neaded

of renmoving the chlorine conpound fromthe diaryl

c&foraicelucenetivday ool cgdpiengoniteintihe propbemdar es raw

knomn for exanple, in which chlorine conpounds are
dady: @Rt iLAgIehREPLRE @énﬁbéﬁéléénﬁamﬁpﬁgd

g?yll carﬁ'nate esters to alkali cleanjng
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Distillation purification has a ser ¥ ols pro en1o
hiaghreash. £Sicneepthg ¢hkar tAesCQEROUNESL78n, the
weathering resistance, hue, or physical properties of
the resultant polycarbonates can sometimes be adversely
affected. 1In such a case, a step is needed of removing
the chlorine compound from the diaryl carbonate.
Methods for coping with the problem are known, for
example, in which chlorine compounds are removed by
subjecting chlorine compound-containing diaryl
carbonate esters to alkali cleaning or distillation
purification. |
However, these methods still have serious
problems. Alkali cleaning may cause the disappearance
of dehydration of diaryl carbeonate esters, since the
melting point of diaryl carbonate esters is relatively
high and they are subjected to alkali cleaning in the

molten state. Distillation purification has a serious

problem of high cost. Since the chlorine compounds



i ncl ude various kinds of chlorine-containing
conpounds, from |l ow boiling point conponents and hi gh
boiling point conmponents, the purification cost, when
using such diaryl carbonate esters for industria
application, is serious. 3Ly carbonate esters
produced using dialkyltin aIQOX|des produced by the

pr oeessiOfvd e By eses 'Jf\/%lmhﬁ%énocvgﬁlqsf{ogu%g:qnpounds,

contain a very small anmount of rine conp

t her@byLanakd i nth APEM P IS RIRIUEIOh 9 boiling

i socyanat es. Thus t he production process which uses

t heoiad @Bﬂpdhei”lﬂ@mtdﬁss giraduced iy thesdr esent usi

i nvention enables carbonate esters, |socyanates ang

pal ydardicatle s drd dre den dustarsaldor grﬁ@mﬁeqaat | ow cost

and with high purity, conpared with those produced by

Cc Elritdagniain pricc essesu . Exanplrgd] 0048l <The tprresent

invention will now be described in nore detail wth

r eferenee tue dtnge digUkoditig abkanpldes, palicclzeshoyl o hrot

be construed as limting the scope of the present

i AU o C LAREISy $ire sigetth dag e nt)l oVR rAndloyisice st and

Ap ar atus: JNM A400 FT- NMR system (lmanuf actured by
ntairg 2 Vféﬁarﬂ“a(lﬂ) arftoélﬁgr & 6H 16 1T RIVRPOEZESNVR

nalysis 76 sanpl es
aQ%eré%y enabf%ng %dvantageougpproductlon of

isocyanates.

Thus, the production process which uses the
alkyltin alkoxides produced by the present invention
enables carbonate esters, isocyanates and
polycarbonates to be industrially produced at low cost
and with high purity, compared with those produced by

conventional processes.

[Examples]
[0048]

The present invention will now be described
in more detail with reference to the following
Examples, which should not be construed as limiting the
scope of the present invention.

Analysis Methods

1) NMR Analysis

Apparatus: JNM-A400 FT-NMR system (manufactured by JEOL
Ltd., Japan)

(1) Preparation of 'H-NMR, '°C-NMR and *'Sn-NMR analysis



About 0.3 g of a tin conmpound was wei ghed out, and
then charged with about 0.7 g of deuterated

chl or of orm (manuf actured by Al drich Chem cal Co.,
99.8% and, as a '19Sn-NMR i nternal reference, about
0.5 g of tetranethyltin (n\e;\gufactured by Wako Pure
Chem cal Industries Ltd., ko first grade). The
resihdidlg solution was uniformy mxed for use as an
NMR anal ysis sanple. 2) Water Anal ysis Apparat us:

CA-05 Trace dvjist w.e Metar o maRUl_GIHH e s weighed
M t subi shi Chem cal s rporation, Japan. (1)

Quart,i tatd weeAnanasige AW REeWRY .Used ofifdldeuterated
collecting 0.12 m of the analysis sanple and

weirghed:f oitve (s@mplfe was ethery adharged casniisailnte .t he

noi sture nmeter to assay the water. The syringe was

adgd .18 Aleicghied aswher oy -tiINE  isarpheli medetred canpahbunas . 5
calculated to determne the noisture content in the
sd@hplle ey aged hethtdmat (ograghy t Amakly biys Watkoa PGaebGhieai cal
Ester Apparatus: GC-2010 system (manufactured by
SHIFREZG 1 eColys6r-at Mako Fapan) 9redR) Analysi sesanpiiag

Sol utiaon Preparation About 0.5 m of dehydrated .
diSTetiyiForfgniidé Toorlyc BLsRMAL FPreUker 8ScRBr Y¥8 pRESYSLs
O.S%n%l%f a reaction solution. The resulting solution
was fFurther charged wth about 0.04 g of toluene or

dizgh%@é'eretzﬁ%ﬁ asg an internal reference for use as
t he gas chroma?ography 77 analysis sanple solution.

Apparatus: CA-05 Trace Meoisture Meter, manufactured by
Mitsubishi Chemicals Corporation, Japan.
(1) Quantitative Analysis

A syringe was used for collecting 0.12 ml éf
the analysis sample and weighed. The sample was then
charged as-is into the moisture meter to assay the
water. The syringe was again weighed, whereby the
sample injected amount was calculated to determine the
molsture content in the sample.
3) Gas Chrecmatography Analysis of a Carbonic Ester
Apparatus: GC-2010 system (manufactured by Shimadzu
Corporation, Japan).
(1) Analysis Sample Solution Preparation

About 0.5 ml of dehydrated dimethylformamide
or acetonitrile were charged into 0.4 g of a reaction
solutiocn. The resulting solution was further charged
with about 0.04 g of toluene or diphenyl ether as an

internal reference for use as the gas chromatography



(2) Gas Chromat ography Anal ysis Conditions Col um:
DB-1 (manufactured by J & WScientific, U S A)

Li qui d phase: 100% di et hyl pol ysil oxane Col um

l ength: 30 m Colum inner dianeter: 0.25 mMmm Film

t hi ckness: 1 gm Col um tenpggature: the tenperature
was el evated from 50C to 300C at a rate of 10C/ m n.

| nirectjons temar-atye: i3¢0C Detector tenperature:
300C Detection nethod: FID (3) Quantitative Analysis

Qunt idzad iore caaloysi=pasreansdied Quliien e analysis

sanpl e sol utions based on a calibration curve

obstcaliumed fOEom analnysiastof-eal shandar & sanehe 16fi cgaghs. a.)

standard substance. 4) Calculation of the Dialkyltin

Allkioxiide pYizeled THE 3diddimeyhtyiln pallkexildeayicel d was

calculated fromthe generated nol e% of the nunber of

mélcddimgf Leingthat s mof t he obt ai ned respective

di al kyl ti n al koxi des (conpounds represented by

chédivdd irgeruldaapeyreandforS sheni cal fornula (16))

W th respect to the nunber of noles of tin atons of

t hé 1§t &tifGeRgtedi 8" (conpounds represented by

chemical formula (1) and/or chemcal fornmula (2)). 5)
SO (- GRPGF SEHE SAr bt EETEAFBOHFE ESPeP vrarad FRem

AQERLLE SEEROMC LSLGT WPl dels Shown by S 78
Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
(3) Quantitative Analysis
Quantitative analysis was carried out on the
analysis sample solutions based on a calibration curve
obtained from analysis of a standard sample of each
standard substance.
4) Calculation of the Dialkyltin Alkoxide Yield
The dialkyltin alkoxide yield was calculated
from the generated mole% of the number of moles of tin
atoms ¢of the obtained respective dialkyltin alkoxides
(compounds represented by chemical formula (7) and/cr
chemical formula (16)) with respect to the number of
moles of tin atoms of the starting material (compounds
represented by chemical formula (1) and/or chemical
formula (2)).
5) Calculation of the Aromatic Carbonic Ester Yield

The aromatic carbonic ester yield is shown by



the weight%in the reaction solution, or was
determned fromthe generated nol e% of the obtained
al kyl aryl carbonate and di aryl carbonate with respect
to the nunber of noles of the supplied materi al
(dial kyl carbonate). 6) Numher Average Mol ecul ar
Wei ght of the Aromatic Pol ycarbonate The nunber
avehageshgheeuiartmei ghicofod heo 1 @F DR 1 &r was determined
pol ycar bonat e was neasured by gel per neati on
chf oomt oige aphye EORG) . md DD49 £ Eix@ngth €3 InddPr £pay Bi i en
of a m xed solution of the starting naterial
1,d38bQrietrabutylatyB-disf{éhetdiwith respect to the
but yl oxy) di stannoxane and the reactant 2-ethyl-]I-
but@poty Af Im¢leerof edovesypordl ask mvase chal gedl ail ity
24.9 g (0.1 nol) of dibutyltin oxide (manufactured by
Al SRFeiTHehi cal Co., U.S. A, 98% and 208 g (2.0 nol)
of _2-ethyl -1-butanol (manuf actur_ed by Al drich Chem cal
Co®’ N Aggogde whekebit athd s i dsk Torithe Mebmatei
reg Jnxt(ln V\,hlte slurry mxture. The flask was attached
VPOt %r (rranuf actured by Shibata Scientific
Technology 144) connecte

t her mor egul a or- %ﬁrpp?evderﬁqe cﬂt‘?c(ur%ﬁjf‘”f&%te&’fb%he
24
( manuf act uﬂg)%ﬂ{)é %ﬁ?& ﬁl%cs we ée’ﬁlar)néd %y\é%;%) umeﬁf&{%tlon

V aGAHR LN a%; E(Cganuf actured by Ckano Works Ltd.
Japan, VC-10S). The

[0049]

Example 1

(Preparation of a mixed solution of the starting
material 1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-
butyloxy)distannoxane and the reactant 2-ethyl-1-
butanol)

A l-liter recovery flask was charged with
24.9 g (0.1 mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Co., U.S.A., 98%) and 208 g (2.0 mol)
of Z-ethyl-l-butancl (manufactured by Aldrich Chemical
Co., U.S.A., 98%), whereby the flask contained the
resulting white slurry mixture. The flask was attached
to an evaporator (manufactured by Shibata Scientific
Technology Ltd., R-144) connected to a thermoregulator-
equipped o0il bath {manufactured by Masuda Corporation,
Japan, OBH-24), a vacuum pump (manufactured by ULVAC
Inc., Japan, G-50a), and a vacuum controller

(manufactured by Okano Works Ltd., Japan, VC-10S). The




oil bath tenperature was set at 140C. The fl ask was
imrersed in the oil bath, whereupon rotation of the
evaporator was started. Rotation was continued for
about 30 minutes while stirring and heati ng under

at nospheric pressure with thg evaporator purge valve
open. The evaporator purge valve was then cl osed, and

t hel pressunenide 44105y Siamaeas 41 aduakly raueredskoyas
about 60 kPa using the vacuum punp and the vacuum

camimentdeet .irThite stiat @avas mRigH=aipred @ td ROV the
after which the flask was renoved fromthe oil bath.
Therapeactticon veol wtaon cdrad Rucred dnntve sa dohanspade o r
l'iquid. The purge valve was gradually opened to return
t B RVstEmnpressy evhtid catsospher anpr éssuieg Theler
distillate was 9.9 g, transparent and had separat ed
|rﬂﬁmQEHhéyéﬁspﬁﬁﬁ§Wy§lyl@ﬁ the divepilrkabe showedvalve
wat er content of about 1 g. The flask was then renoved
fﬁ%ﬁ¥kheT&q PR rar@ 1t kerper gelval veswaseyr adoskky and
3? ed to return the system pressure to atnospheric
pF SEFESSTHE fifadkeyPerded 228 grefupéaetilerered to
s%%%%po %sults of élgsn "H and 13C- NVR anal ysi s
SRSV Chat: “udiig 9Bt yFEPHToRF TR 88% tFéf BREHED,

t Lyt i tained _an,119%
BBy P bre 2 By P BAEy P oy NEi RCAAG AboE an’885s

yi %Lt@rOfwh h the fl
171, 3,3 et Tabutyl 5. BES( SSBERyF- BGEYH 53 ot Patn.

dirptaneexanen @@@h@hehngaelQHEMEE'BnQbaBKQ¥ég§pH LAg a
colum reactor) Dibutyltin al koxi de was pro uce In a
caliumd80 The purge valve was gradually opened to return
the system pressure to atmospheric pressure. The
distillate was 9.9 g, transparent and had separated
into 2 layers. BAnalysis of the distillate showed a
water content of about 1 g. The flask was then remcved
from the o©il bath and the puﬁge valve was gradually
opened to return the system pressure to atmospheric
pressure. The flask yielded 218 g of reactiocon
solution. Results of 'sn, 'H and C-NMR analysis
showed that, using dibutyltin oxide as a reference, the
reaction solution contained an 11% yield of dibutyl-
bis{2-ethyl-butyloxy)tin and about an 88% yield of
1,1,3,3—tetrabutyl—1,3—bis(2—ethyl—butyloxy)—
distannoxane.
(Obtaining dibutyltin dialkoxide using a column

reactor)

Dibutyltin alkoxide was produced in a column




reactor 1 such as that illustrated in Fig. 2. A 15 mm
i nner dianeter and 850 mmtotal |length (750 mm
effective length) tube reactor nade from SUS 316,
which was furnished with a supply line 4 and an
extraction vent line 5 on ?Oreactor upper portion 2,
and a gas supply line 7 and an extraction line 6 on a

reaedoror | Dvlcpaid i oa 3, : Wass packad Wi tdy Held pagk N0y
3 (Tokyo Tokushu Kanaam K. K., Japan). The

t elperatdirenefen aldves fdmartgﬁ:aalorlterﬁﬁrof 19e ntibe
reactor and the portion extending to about 60 mm from

t hef feainige: wasngtdonttrddd edkausti g readeeatrerm 8IS t30.6,6@hich
while the tenperature fromthe heating device upper
poras ool shevk wigpera fdungley ofintehel tautre areacttara o n
controlled using a heater set to 140. N trogen gas
wa‘éepffédllfrr%rﬁ tHe yaEaupp! WHRASTe POE Eon0.204 aNd @i gas

and a f eed n? was used to start feeding fromthe

SUPPIRAY |1n]éle4 Héhiatedolaftiion drine e ost ar tiepg tor
malterl al r]cd ejhr eact ant ]%éjepar ed as . descri bed above
g g/pﬁrr * ol‘”{fﬁsné)atq T héie ieRctoronas dBGuY ©
e Low .b oi nt. suybstances, i ncl udi
6%0%1% e%{e‘i’ln atamlb% éé(t ' &CEEd i s &GUE SEGEFr 8|fn g‘he
t | |I|n poi_nt co nent s
oot i B e e s PR g, he

Cond tiupus: freediing, and -contd nuoys, extracti Ogrlajz’lgﬁowas

operation was continued in the sane state f urs

Angdrytgics 1efd the nlg QUind %t acted of remrt hen extraedion
line 6 showed that, using dibutyltin oxide as a

g i:feam@mudeheﬂomth@ centraingededidicbubybli Boakkexi de
the upper flange of the tube reactor was controlled
using a heater set to 140°.

Nitrogen gas was fed from the gas supply line
7 at 0.04 NL/min, and a feed pump was used to start
feeding from the supply line 4 the mixed solution of
the starting material and the reactant prepared as
described above at 20 g/Hr. The holding time in the
reactor was about 16 minutes. Low boiling point
substances, including water, began to be extracted in
gaseous form from the gas vent line 5 and high boiling
point components began to flow out from the extraction
line 6. Continuous feeding and continuous extraction
operation was continued in the same state for 2 hours.
Analysis of the ligquid extracted from the extraction

line 6 showed that, using dibutyltin oxide as a

reference, the liquid contained a dibutyltin alkoxide




consi sting of dibutyl-bis(2-ethyl-butyloxy)tin in
about a 94%yield and about 6% of
1,1,3,3-tetrabutyl -1, 3-

bi s(2- et hyl - but yl oxy) - di stannoxane. Tributyltin(2-

et hyl -butyl oxide) had a yiekd of 0.2% Upon cooling of
t he gas phase extracted fromthe vent line, a

t wiorl siyerind rEnspanent tdiguizd avas, 1088 alned, 'trin\Ml' Chpout
noi sture was present. The dehydration rate in

cal Wi readidbrandvas cdt0@33 ofoli/ Hr, 3 \@hrt@mr\é%%tgﬂeqt gl
than the value 0.00025 nol/Hr cal cul ated from
expreessicam y1HE)t y[10650} d i Examplosad e, Pr epabatiyom ief sthe
starting materi al
121w 13- huatrlait) - bad- bi yi2diet byl Dbatyl o¥ypbn cooling of
dlstannoxane) A 500 M recovery flask was charged with
5418 9g.S( @hesensikf refteidbidtrpit itheoxicdé (mmruf actucedayer
by Aldrich Chemcal Co., US A, 98% and 122 g (1.2
nﬁF?“S@@r?“étﬁ%ﬂuﬂdbwﬁénébteﬁﬁﬁGﬁaéﬂuwédcbymAhdtuch was
98% , whereby the fl ask
coTtarGd tﬁée Ryl RagoRhF B SRGr FyCnEREung, TPREtor

fl ask evapor at or (manufactured by
S Bala SRR RBIY FE Tg&ﬁHoWSSygEFatefJEBQH Ee11ay ue
cgn d h T tor-e ed 0|I th
(nerae o, bR LA S o haPaE T BR oS pn, 1 BB 24).
a[@@ggqn1punp (nanufactured by ULVAC Inc., Japan,

G 50A), and a vacuumcontroller (nanufactured by

CkangpVérks Ltd., Japan, VG 10S). The oil bath
tenperature was set at 140C. The flask was i nmersed

i iPrbeaokkibat bf 8Re starting material
1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-butyloxy)-
distannoxane)

A 500 ml recovery flask was charged with 59.8
g (0.15 mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Co., U.S.A., 98%) and 122 g (1.2 mol)
of 2-ethyl-l-butanol (manufactured by Aldrich Chemical
Co., U.S.A., 98%), whereby the flask contained the
resulting white slurry mixture. The flask was attached
to an evaporator (manufactured by Shibata Scientific

Technology Ltd., Japan, R-144) connected to a
thermoregulator-equipped oil bath (manufactured by
Masuda Corporation, Japan, OBH-24), a vacuum pump
(manufactured by ULVAC Inc., Japan, G-50&), and a
vacuum controller (manufactured by Okano Works Ltd.,
Japan, VC-10S). The oil bath temperature was set at

140°C. The flask was immersed in the oil bath,



wher eupon rotation of the evaporator was started.

Rot ati on was conti nued for about 30 m nutes while
stirring and heating under atnospheric pressure with
the evaporator purge valve open. The evaporator purge
val ve was then closed, and the pressure in the system
was gradually | owered to about 70 kPa using the vacuum

P UiifRe Be6h & h er Vagtiin CoNtd ol | 8Fapdhi 18, SLALE WaSrted.
mai ntai ned for 1 hour, after mhlch the fl ask was

r emmvedi 61t o ¢ heori 4 nibad Mo Thesdeact@nti had 4 urned a
transparent |iquid. The purge val ve was gradually

openidr troy retdiried e e yatdn pressipre 1o frmspher ivith
pressure. The distillate was 3.6 g, transparent and

hatths eperrat sk dmtpuyd apelng: eal ysiTheofetdmrator purge
distillate showed a water content of about 2.2 g. The

f 'eskvenas: s Hererr eniovasd! f raomd tthe gidedratrde dmd Hiiee susrtgen

val ve was gradually opened to return the system

pri&Ess B G Hohospifard G edsnte. 7 0THE of uasioy itéleded cuum

175“%N reaction solution. Results of 119Sn, 1H and
NFRCh il & STAC B Hb el et e Tus i (g i ISGRHEL W@ Soxi de

as a refer the reactjon s?Jutlon contalned about
éfg%g% 1 hour, after ich the flask was

but 1,-3-b hyl - b -
dﬁkiaﬁﬁﬁigﬁg%lqﬁ%ia LR %%fbut%ﬁyrﬁagﬁﬁp X££ e LiEPRG &
COAI%'H}) 42ag! (ir) CPUt )i'lht ! {E) O)\(rlaq_%@\l\l%%s 9:%%&%‘11' n-a

colunn reactor such as i 'Pustrated’

A o rian ﬂd"F@Edyna@%kﬁ%y%Q%m F@%%sﬁ@%tggagthgggﬁgrlc

(1,450 mm effective |length) tube reactor rom

SUS 3kGirewhi ctheB3listillate was 3.6 g, transparent and
had separated into 2 layers. RAnalysis cf the
distillate showed a water content of about 2.2 g. The
flask was then removed from the oil bath and the purge
valve was gradually opened to return the system
pressure to atmospheric pressure. The flask yielded
175 g of reaction solution. Results of 119Sn,lH and Pc-
NMR analysis showed that, using dibutyltin oxide as a
reference, the reaction solution contained about an 99%
yield of 1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-butyloxy)-
distannoxane.
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reacter 1 such as that illustrated in Fig. 2. A 15 mm
inner diameter and 1,635 mm total length (1,450 mm

effective length) tube reactor made from SUS 316, which



was furnished with a supply line 4 and an extraction
vent line 5 on a reactor upper portion 2, and a gas
supply line 7 and an extraction |ine 6 on a reactor

| ower portion 3, was packed with Helipack No. 3
(manuf actured by Tokyo Toku&@u Kanaam K. K., Japan).
The tenperature of a |lower flange portion of the tube

r eagt of uatshe POFH | Hnsexd Bdi N o ahoutn 60 4 da:0m
the flange was controlled using a heater set to 160,

whirdet t hind esrpet at uFea &t m ddies headd i ey cardIRP&fas
portion to the upper flange of the tube reactor was
comtpol ¥ ediwsihgarad heatert iseit tan WMithe N tar0gen gas awas
fed fromthe gas supply line 7 at 0.04 NL/mn, and a
f ekalv g mpe maEiscrused waos Staarited fveedi i fiemit e suwppl y
line 4 a mxed solution of the starting material and
t hendealaaintr gt eparkdas Talesdri et aboy & .at. 20 agfar) ..
The holding tinme in the reactor was about 32 m nutes.
Lo Dot §ERF einft o ibshanrges lanus wiinid amatedr thsegarre
to be extracted in qgseous formfromthe extraction
vertaFite B hnd iR C 1581 19550t Tombenenttd BBy s om
to.flow out fromthe tracti.on line 6. Continuous
f el g HHF B (TGS 1B Rt G G e 150°,
c | inthis state for hours.. Anal ysis of the
ggwelrla e ép ?Coe c razcx Tacted %fhreo%eta%el "t e)a({c?tcleo nHF e

6 m tt}@t_]:he”% Ctr %'lglﬁtg}él toifn t%)éi %b{%; r%.arc%fo%r %g_%e,

the generated pro contai ned a dibutyltin al'koxide
COfsStd NG Pfu ARt &12234% Wl ¢ Of1 400,

di butyl - bi s(2-ethyl -butyl oxy)tin and about 6% of

1,1, 3, 3-t et nEhtHoer Brbing(s2rRIhHrdRUtH0X¥): 84pply line
7 at 0.04 NL/min, and a feed pump was used to start
feeding from the supply line 4 a mixed solution of the
starting material and the reactant prepared as
described above at 20 g/Hr. The holding time in the
reactor was about 32 minutes. Low boiling point
substances, including water, began to be extracted in
gaseous form from the extraction vent line 5 and high
boiling point components began to flow cut from the
extraction line 6. Continuocus feeding and continuous
extraction operation was continued in this state for 2
hours. Analysis of the generated product extracted
from the extraction line 6 showed that, using
dibutyltin oxide as a reference, the generated product
contained a dibutyltin alkoxide consisting of about a
94% yield of dibutyl-bis(2-ethyl-butyloxy)tin and about

6% of 1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-butyloxy)-



di stannoxane. Tributyltin(2-ethyl-butyloxide) had a
. . yield of 0.4% Upon cooling of the gas phase extracted
fromthe extraction vent line 5 a two-I|ayer
transparent |iquid was obtained, in which noisture was
present. The dehydration ragg in the colum reactor
was 0.0033 nol/Hr, which was greater than the val ue

0. 005wl Ldile Calaulatigd o rom-exprasshen 16i8ke [ 8851k
Exanple 3 (Synthesis o 1,1,3,3-tetrabu9&l-1,3-b|s 2-

etshyd exyt axy)s di stamnexanahg A 2thiet ¢k st pheewneckedcred
flask equi pped with a noisture quantitative receiver

t hatormeshec ateeiced ono vantt henromet er rwa-three- way
stopcock and a Dintroth condenser was charged with
198 apa(x@®r80 Innju)i dofvasdichutyinkidn axi deichandiactueedas
by Aldrich Chemcal Co., US A, 98%, 1,045 g (8.0
natdessn2- etlind dehlyelrandln (rameufiactbeedobymAl deiachor
Chemical Co., US A, 99.6% dehydrated) and 500 g of
t slaferte (Oenuicddtor e hBghWake gPeréeCheheoalthe value
Industries Ltd., Japan, for organic synthesis)
wiel'dBy fivd /Hrasr lcgrparded roRe ekBSEREILAG (WA te

slyrry mxture. The flask was imersed in an oil bath
(4&@ act ur ed by Fi ne, Japan, FWB-240) set to 130C
A%&%%l§% @inutes of heating under stirring, the
tenpeﬁhture of the m xture was 119C, and recovery of

SgIRLB G et e, LILLE, TR SLUGS uant LAl o
hQUhS1 h8xyloxy) -distannoxane)
A 2-liter three-necked flask equipped with a
moisture quantitative receiver that was connected to a
thermometer, a three-way stopcock and a Dimroth
condenser was charged with 199.8 g (0.80 mol) of
dibutyltin oxide (manufactured by Aldrich Chemical Co.,
U.5.A., 98%), 1,045 g (8.0 mcl) of 2-ethyl-1-hexancl
{(manufactured by Aldrich Chemical Co., U.S.A., 99.6%
dehydrated) and 500 g of toluene (manufactured by Wako
Pure Chemical Industries Ltd., Japan, for organic
synthesis) whereby the flask contained‘the resulting
white slurry mixture. The flask was immersed in an oil
bath (manufactured by Fine, Japan, FWB-240) set to
130°C. After 30 minutes of heating under stirring, the
temperature of the mixture was 119°C, and recovery of
the water and the toluene in the moisture qguantitative

receiver began.

This state was maintained for about 3 hours,



85 after which about 7.2 nL of water was recovered in
the npisture quantitative receiver. The oil bath
tenperature was then | owered to 90C, and once the

m xture tenperature had dropped, the noisture
gquantitative receiver was r%gnved. The flask was
connected to a connection pipe provided with a branch

PiPEsed i &0 Grcandenser,r, &4 QuHYeSSW € LUNEC ) +he
pi pe and two distillate recovery vessels. The pressure

| mdiher systmmes: domer eddg 23 KPananrd 1afieh t ol uene
had been distilled off fromthe flask, the pressure in

t heengysiemmasiFurdter lowared 1o 906, kRadt endest ikl
of f excess 2-ethyl-hexanol. The |iquid anmount

r eciovered tdupeught udissthdd atropmpangs thed2@igtuard 295. 6
g of generated product was yielded in the flask.
Resifnttst t agfi vl 9S8me iMd ranch s13€rvVRdanallyei € lskdawed st hat
the generated product was at |east 95% pure 1,1, 3, 3-

t ETTERABACD 10 3 wlosrzcdtieyl bepgl pxp)-idiest anhbxaneranch
(Obtaining dibutyltin dialkoxide using a columm
ré?&é%@or)a %%\hl;ﬂ GRErReE-de Wes pregasse canacesiam
reactor such as that illustrated in Fig. 2. A 15 nm

%W@r d&ﬁ&léé@tﬁrnﬁe&%’lerﬂ’eﬁ&ﬁﬁeé?so fRe pressure

ff t | th b fr SU

Eh. S e 4 e B Ol T $ B e PgFer toluene
t t |

| Mg, d?e?%itl%%t%‘ anﬁeéﬁ%aﬂxtt?sﬁ%ﬁ*veﬁ 8 Bre%ugg in

r%@ﬁi%rst%Hp%%sp%ﬁbkﬂgr 10@@?6@ ggspsgpgbg k5n8135§ﬂ§

an ext raction line on reactor ower portion

WaS f excess 2—ethyl—hexanol. The liquid amount
recovered through distillation was 1,420 g, and‘295.6 g
of generated product was yielded in the flask. Results
of "sn, 'H and '*C-NMR analysis showed that the
generated product was at least 95% pure 1,1,3,3-
tetrabutyl-1, 3-bis(2~ethylhexyloxy)-distannoxane.
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 1 such as that illustrated in Fig. 2. A 15 mm
inner diameter and 850 mm total length (750 mm
effective length) tube reactocr made from SUS 316, which
was furnished with a supply line 4 for injecting
starting material, a supply line 8 for injecting
reactant and an extraction vent line 5 cn a reactor
upper portion 2, and a gas supply line 7 and an

extraction line 6 on a reactor lower portion 3, was



86 packed with Helipack No. 3 (manufactured by Tokyo
Tokushu Kanaam K. K., Japan). The tenperature of a

| oner flange portion of the tube reactor and the
portion extending to about 60 mMmm fromthe flange was
controlled using a heater s to 160, while the
tenperature fromthe heating device upper portion to

t hes dippery fdange Qfz hihavd ube [LAGIOI- WA £ YU o) ed
using a heater set to 140. Nitrogen gas was fed from
t heolsuppl Werdgni7 K at. 0. by M mhandp deed RUEE was
used to start feeding the starting naterial prepared
aslalescribetie ahowsiat & g/l duremdde supping lkinre 4,
and feeding the reactant 2-ethyl-I-hexano

( neonuf iaot unectkrli ndl drd dboGhetl cal Com tHeSfAange was
anhydrous 99.6% at 17 g/H from the supply line 8.
Theorhotdi gl tuatnd m thee deeactesr twad 6025 whnliseshe Low
boi I i ng poi nt substances, including water, began to
be- SBAFTEEE iTr gagesud dadrimd Cemitdse upgetr actitdony ot
line 5 and hi.gh boiling point conponents began to

f IV SRP ST drharrie &t rrdict itow el ins@cter @snt icpnsaslled
feed”ﬂﬂ and continuous extraction operation was

cohtittuéd 57 1o $&t &% 107~ 2 hours.  Analysis of the
liquid extracted fromthe extracti on i ne 6 showed
thgt, using%ﬁffﬂﬂ%ﬂqi%?sof@&efg érOPngFeEBEPiyhigne 7
li [ 0 i ned i but.yl ti | koxi de onsi sting of
Ll SRS B e Bl SRS Rort Re o aRE) £ n

%4@f, 1,1 .r.ab - - cscri
gﬁg?%gggiiﬁé%egyﬁ§X$§? %}%ggﬁgxggéba%sﬁbﬁfyﬁtanéped

etdyvebutyl:0x/de) thagh any ehdpat, 8.3% 4Upanaceekiingyof ne

reactant Z-ethyl-I-hexanol (manufactured by Aldrich

Chemical Co., U.S.A., anhydrous 99.6%) at 17 g/Hr from
the supply line 8. The holding time in the reactor was
15 minutes. Low boiling point substances, including
water, began tc be extracted in gaseous form from the
extraction vent line 5 and high boiling point
components began teo flow ocut from the extraction line
6. Continuocus feeding and continuous extraction
operation was continued in this state for 2 hours.
Analysis of the liguid extracted from the extraction
line 6 showed that, using dibutyltin oxide as a
reference, the liquid contained a dibutyltin alkoxide
consisting of about a 45% yield of dibutyl-bis(2-ethyl-
hexyloxy)tin and abcut 55% of 1,1,3,3-tetrabutyl-1,3-
bis{2-ethyl-hexyloxy)~distannoxane. Tributyltin(2-

ethyl-butyloxide) had a yield of 0.3%. Upon cooling of



S 87 the gas phase extracted fromthe vent line, a
two-1layer transparent |iquid was obtained, in which
noi sture was present. The dehydration rate in the
colum reactor was 0.0018 nol/Hr, which was greater
than the value 0.000058 noLiHr cal cul ated from
expression (16). [0052] Exanple 4 (Qbtaining

di thrt v %éé ol Al kOxd -S| NG R QIR 6AGHON )5 two- layer
Di butyltin al koxi de was produced in a colum reactor

1 stirhs@srdrhat] ddd st ethdai nldg. 12 A1 Wi st was
di aneter and 850 mmtotal length (750 nm effective

| engtdentt uberHeeakttordmade f remeSUs 316, cehieh reastor
furnished with a supply line 4 and an extraction vent
| iwdes B .d0 18 medct-or, wppeh peart igara2eranttaa gas vsappl y
line 7 and an extraction line 6 on a reactor | ower
portdBH 3 meds Hrackdd uliatte dHélricpaekoNess3on  (16) .
(manuf actured by Tokyo Tokushu Kanaam K. K., Japan).
THe &%perature of a lower flange portion of the tube
reactor. and the portion extending to about 60 nm from
ti§¥QWE§ﬁgé was controlled using a heater set to 160,
t.he tenperature fromthe heating device upper
po§¥ﬁ%ﬁ+q%9% iFlPIQﬁﬁékBFl@ﬁeuﬁ&Bé Peget ¥R was
%%%r%% d u3|ng a heater set to 140. N trogen gas was
rom’t he nitrogen supply Iline 7 at 0.04 NL/mn,

and a feed @H%Btyﬁ%lﬂsgigggld%ta %Sghggda Slurrglumn

sol ution consi st
reacteor 1 such as that illustrated in Fig. 2. A 15 mm

inner diameter and 850 mm total length (750 mm
effective length) tube reactor made from SUS 316, which
was furnished with a supply line 4 and an extraction
vent line 5 on a reactor upper portion 2, and a gas
supply line 7 and an extraction line 6 cn a reactor
lower portion 3, was packed with Helipack No. 3
(manufactured by Tokyc Tokushu Kanazami K.K., Japan) .
The temperature of a lower flange portion of the tube
reactor and the portion extending to about 60 mm from
the flange was controlled using a heater set to 160°,
while the temperature from the heating device upper
portion to the upper flange of the tube reactor was
contrelled using a heater set to 140°,

Nitrogen gas was fed from the nitrogen supply
line 7 at 0.04 NL/min, and a feed pump was used to
start feeding a slurry solution consisting of 19.9 g

(0.08 mol) cf the starting material dibutyltin oxide



(0.08 nol) of the starting material dibutyltin oxide S
88 (manufactured by Aldrich Chemcal Co., U S A,
98% and 817 g (8 nol) of the reactant

2-ethyl -1-butanol (manufactured by Al drich Chem cal
Co., US A, 98% at 8 g/Hggfromthe supply line 4.
The holding tine in the reactor was 35 m nutes. Low

bojhimgr £l ite S UPstANGESsh diGludingat gf .5 hegangsd ang
be extracted in gaseous form fromthe extraction vent

| 187 Sy apgl dd igh doidHN G ReitEnt comanantis-Hegan 1t o

flow out fromthe extraction line 6. Continuous

f et myf artd cehth ynudles- iexXt raeiriens1 aper,atti.en 2was $8%) at
continued in this state for 5 hours. Analysis of the
gehey/Ated pmoduct sxiriactlechef rdam tThe heXitdiact icdmel iime the
6 showed that, using dibutyltin oxide as a reference,

t hee g atasd Jor adustt esont diovedbad 1 idicb pioyilntci 15 udlskexices ,
consi sting of about a 61%yield of

di Bt YIS (EtEThy [RSsIFry ITex PRt iox tad taldodin 38%eetis form
Lé‘i 3, 3-tetrabutyl -1, 3-bi s(2-ethyl -butyl oxgj) - .

di St %htda rre EERG @Y S 2-ieenyl A5k yitek ey lhag goint
yield of 0.1% Upon caaling of the gas phase extracted
! SRR n 99 b6, T g tay et s Bat SAE TR PRaLd e
waﬁs1 obt ai ned, in which noisture was present. The
dehydration rate in the columm reactor was 0.00062

oy ek e il 00005 oo

Eﬁ%ﬁﬁé%ﬁ%n was continued in this state for 5 hours.
Analysis of the generated product extracted from the
extraction line 6 showed that, using dibutyltin oxide
as a reference, the generated product contained a
dibutyltin alkoxide consisting of about a 61% yield of
dibutyl-kis(2-ethyl-butyloxy)tin and about 38% of
1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-butyloxy) -
distannoxane. Tributyltin(2-ethyl-butyloxide} had a
yield of 0.1%. Upon cooling of the gas phase extracted
from the vent line 5, a two-layer transparent liquid
was obtained, in which moisture was present. The
dehydration rate in the column reactor was 0.00062
mol/Hr, which was greater than the value 0.00005 mol/Hr
calculated from expression (16).
(0053}
Example 5
(Cbtaining dibutyltin dialkoxide using a column

reactor)



(Cbtaining dibutyltin dial koxide using a colum
reactor) S 89 D butyltin al koxi de was produced in a
colum reactor 1 such as that illustrated in Fig. 2.
A 15 mm inner dianmeter and 850 mmtotal Iength (750
mm ef fective | ength) tube rggactor made from SUS 316,
which was furnished with a supply line 4 and an

extraction pMe itne 519Rx2dEeaak0pBRABEAPORt EORLZymn
and a gas supply line 7 and an extraction line 6 on a

r eactaior llowelk-hparst keat3ilnastpackead iw thotHebi pagk1homy
3 (manufactured by Tokyo Tokushu Kanaam K. K

Japar). dithettenpedasonenaf tatkoweentkangespomnki on of
the tube reactor and the portion extending to about

6@ fmmcfcriom lehgthl) ahgeewasacontr ohbed fusinngua Bedf ewhich
set to 170, while the tenperature fromthe heating
deigisc dugppenedpaithon topphy Upper 4f hadgenoéxthect uibe
reactor was controlled using a heater set to 150.
NVEFSgenn§as ®kéisaf s8afFem uheegasostpphy2li aed 7 @as
0.04 NL/m.n, and a feed Eunp was used to start

f S8HPRY A1RPxdd286I AR BHCBRCERB N sLARE AgOHme eFpaAFLtOT
1,.1,3,3-tetrabutyl -1, 3-bi s(2-ethyl -butyl oxy)-
SISV R B ERG OBnd ¢ H@SrBQEF%ﬂtW?? tH?P-lP@Blﬁt%&‘ﬁol 3t hat

d i h h d
ErLrnr e et gb ) B R PP oR CRE SRR 9~ nk- 5. Japar) -
S - hyl - 1- but d.b
Sy el
f rem:the Qﬁ@ngQprIthbﬂee;tegafngo£giQﬂoﬁﬁn@Oiﬁhtf¥%m

react or was
the flange was controlled using a heater set to 170°,

while the temperature from the heating device upper
portion to the upper flange of the tube reactor was
controlled using a heater set to 150°.

Nitrogen gas was fed from the gas supply line
7 at 0.04 NL/min, and a feed pump was used tc start
feeding a mixed solution of the starting material
1,1,3,3-tetrabutyl-1, 3-bis{2-ethyl-butyloxy)-
distannoxane and the reactant 2-ethyl-Il-butancl that
was prepared in the same manner as that used in Example
1 at 8 g/Hr from the supply line 4. Subsequently, 2-
ethyl-I1-butancl (manufactured by Aldrich Chemical Co.,
U.5.A., 98%) was fed at 1 g/min from the gas supply
line 7. The holding time in the reactor was 30
minutes. Low boiling point substances, including
water, began to be extracted in gaseous form from the

extraction vent line 5 and high boiling peint



m nutes. Low boiling point substances, including

wat er, began to be extracted in gaseous formfromthe
extraction vent line 5 and high boiling point S 90
conmponents began to flow out fromthe extraction |ine
6. Continuous feeding and cgptinuous extraction
operation was continued in this state for 2 hours.

Anadrysirserafs tdeydd gl dlext raet ed ot emet ke texlaeki QAne
line 6 showed that, using dibutyltin oxide as a

rederence, the generated product contained a

di butyltin al koxi de consi sting of about a 48%yield

of di butyl - Geing(i2xetitsy Ifeludtiylgoxy)it iconancvabeut x52%caf on
1,1,3,3- tetrabutyl -1,

3-diss(E-gtrhyasbwoyltaxyeddilst ahnexanete for 2 hours.
Tributyltin(2-ethyl-butyloxide) had a yield of 0.4%
UgeT icools g @metHéqga§yﬁﬁégé0éﬁﬂréép@dthEOﬁxtmecvénn
line, a two-layer transparent |iquid was obtained, in
WHiCHE rFoiS%Wﬁéfy Whs tpr 8SeRg. dLOOLYL T ipx gRpre 65

(Ot ingﬁ% di butyltin diglkoxide using a conbination_
oft SE A 1 £AEt FFERG CE A BIFGAHCFe5eROR) "BRaPk i PHRY Lt in

oLfapean,maiucedoysing, e icorbinaul o e Lank
B i g g M
{g%g€??k§9ﬁLﬁgBL%Q%Ranth9lSH89y¥ok9?§d}gtggﬁoxane.
Tributyltin(2-ethyl-butyloxide) had a yield of 0.4%.
Upon cooling of the gas phase extracted from the vent
line, a two-layer transparent liquid was obtained, in
which moisture was present.
[0054]
Example 6
(Obtaining dibutyltin dialkoxide using a combination of
a tank reactor and a column reactor)

Dialkyltin alkoxide was produced using the
combination of a tank reactor and a column reactor such
as that illustrated in Fig. 3. |

Employed were a baffled 1-liter stirring tank
9 made from SUS 304, comprising a supply line 15 for
injecting reactant, a supply line 16 for injecting
starting material and an extraction vent line 17
equipped with a distillation column on a stirring tank

upper porticn 11, a gas supply line 18 and a transfer

line 19 on & stirring tank lower portion 12, a stirring



starting material and an extraction vent |ine 17

equi pped with a distillation colum on a stirring tank
upper portion 11, a gas supply line 18 and a transfer
line 19 on a stirring tank | ower portion 12, a
stirring 91 device, tenperg?ure-control equi pnent
and the necessary instrunentation and valves for the

OR&rAtdon + HfnHagh I re 0 0in
whi ch Fbllpaéi . éﬁ%?ﬁg%ggagﬁﬁg §%%§ T%%EOE%%kushu

&mﬁﬁﬁﬁsdﬁﬁ<Lnsﬁk@ﬁﬁﬁkaW@%np%%@EQaU@%% @o%StH@‘bB@%%tlon
di aneter and 1,635 mmtotal length (1,4

efdfectdare 1iergt hhd wbhe o 1ngactes crade 1hr QE’O §H§c31@ellpack
whi ch was furnished with tenperature-contro

el .prientmaand stdte reelc @ss ok yol Mekngnkahzamiardx . ,

val ves for the operation of each I|ine, connected to a
bulsfrem )t ardle 24ckadr enay ki Aé 26 ihaert danskeral afidom, 635
the buffer tank 24 to the colum reactor, a supply

| ive 22X flord engjtéct(ilng Sleant enttcatdve Ieebay)| tnee25

whi ch both were connected to the reactor upper

PGB T1Badgn Tevry 8U6i A Svenbichneag1fegoipped wikbh

a dlstlllatlon colum, a gas supply line 20 on a

r E&CFET A GET PPN eﬂﬂl&ﬁl&ﬂénaését Faet Peﬁeﬁﬁﬁéyzs

Af.t er the |n erior of the stirring tank 9 was ed
Wi %m§96ﬂ§ r5 G RoEp or Areanrant gt of L8

i g S AR
| ; 1 8 8 t]
e

Chenicgalr, Ca. subpPyA1:n28% wereif EEQ?H&GgegéggﬁEhgnd a
supply I'ine 16. throgen gas was Ped fromthe gas
relay line 25 which both were connected toc the reactor
upper portion 13, an extraction vent line 21 equipped
with a distillation column, a gas supply line 20 on a
reactor lower portion 14 and an extraction line 23.
After the interior of the stirring tank 9 was
purged with nitrogen, 390 g (3.0 mol) of reactant 2-
ethyl-1-hexanol (manufactured by Aldrich Chemical Co.,
U.S5.A., anhydrous 99.6%) were intrcduced from the
supply line 15, and 199.8 g (0.80 mol) of starting
material dibutyltin oxide (manufactured by Aldrich
Chemical Co., U.S.A., 98%) were introduced from the
supply line 16. Nitrogen gas was fed from the gas
supply line 18 at 0.02 NL/min. The reactor was heated
under stirring until the reaction solution reached

160°C, and the gas emerging from the extracticn vent

line 17 was extracted. The reaction was allowed to



supply line 18 at 0.02 NL/m n. The reactor was heated
under stirring until the reaction solution reached
160C, and the gas enmerging fromthe extraction vent
line 17 was extracted. The reaction was allowed to 92
proceed in this state for 292n1nutes, after which the
reaction solution was continuously extracted at about

AQ, a8 ify amithe daranster i e nl2 Wi Leror ynich the
simul t aneously continuously feeding the starting

nateRsdtalorand 1ute cheatarbnith aMciRe S URRY ke 516 -and -
supply line 15 at a rate such that "'the nole ratio was

1:4 75 /5 rt Hatort heor @aehereirnt enicon ol iygyind surface

| evel was steady, whereby stable operation was started

whi ilme: I¢@mtsionsdys lopnex nhackilpg fgas i egergieng thraanghe

extraction vent line 17. The reaction sol ution was

t meEnsierrlednco thiee rebgthet fapk 24evisapphe tiaersfiér and

line 19. Analysis of the buffer tank 24 liquid after
2 wowly Showed St &t 2 rasengudhbohykt kheoxbde astao was

reference the liquid contained primarily-generated

dilodt- )7I5t SR &PRGxitdE T€8RSPSt iAgestoabduauadsenyfard of

dlbut -blS%Z eth | - hex%lox¥)t|n and about 95% of
WaSt 553 thre able operation was started

b| eth |- hex I X i stannoxane. The dehydration
rgte in © ﬁélpgﬁ ?gg%Fg §n? ?%SnEW?FPlnﬁthﬁmmége

greater. tggan%ge Egge 10.13 ol /Hr cal cul ated from

expression t he

di butyl -bi s¢2-€ ggéktbg VEB%MERBH wXEeLQahgféPg Ere%‘St%e

10 was i ncreased by ta ing f primary genera

dibhutrpht i-angl kexi-de thatthbadsfer 1ine 19. Analysis of
the buffer tank 24 liquid after 2 hours showed that,
using dibutyltin oxide as a reference, the liquid
contained primarily-generated dibutyltin alkoxide
consisting of about a 5% yield of dibutyl-bis(2~ethyl-
hexyloxy)tin and about 95% of 1,1,3,3-tetrabutyl-1,3-
bis(2-ethyl-hexyloxy)-distannoxane. The dehydration
rate in the tank reactor was 1.26 mol/Hr, which was
greater than the value 0.13 mol/Hr calculated from
expression (16).

(Next, the dibutyl-bis(2-ethyl-hexyloxy)tin
yield in the reactor 10 was increased by taking the
primary generated dibutyltin alkoxide that had
accumulated in the buffer tank as the starting
material)

The temperature of a lower flange portion of

the reactor 10 and the portion extending to about 60 mm



accunul ated in the buffer tank as the starting
material) The tenperature of a |ower flange portion of
the reactor 10 and the portion extending to about 60
mm S 93 fromthe flange was controll ed using a heater
set to 160, while the tenpegrature fromthe heating
devi ce upper portion to thé upper flange of the tube

r e2esPrt haves] LM rpld edh usidg &y heat®y Seledi@ 140t o
Ni trogen gas was fed fromthe gas supply line 20 at

0. DAONLMmine aned 2cheedapuid wWasmustd heastalt device
feeding the primary generated di butyltin al koxi de

preperedas descrd hed ahgue a9 sig@r tdMma eBteiHealrealc th r
g/H fromthe buffer tank 24 via the relay |ine 25,

anths tdrentreacteaantu2-ret hy Indathexaral tordadyPact ured by
Aldrich Chemcal Co., U S A, anhydrous 99.6% at 15

g/ H from thHe =gepl wads nes2ZedTHe choltdiengatsi m@pipd vt Aéne
reactor was 35 minutes. Low boiling point substances,

i il @ iy Matdr/ mifegamd ¢ Heesk brawt edsi nsgaséous thotm
fromthe extraction vent |ine 21 and high boiling

pdi SR MEGh SftiS ey &% "eg afesws it tivA Gt Rd koxide
extraction line 23. Continuous feeding and continuous

eXtTACY 6 2 S0 pEratioit Wad ¥ontrndéa A ehirs Lt ard Ror O

2 O SRS 2L e LSS SG, OIS,

O PR Rarieteentn. e L frealKRL OB Ry i

0&1Q&Q%%M'C%L%(%i%tﬂXL'anhydrous 59.6%) at 15 g/Hr from
the supply line 22. The holding time in the reactor
was 35 minutes. Low boiling point substances,
including water, began to be extracted in gaseous form
from the extraction vent line 21 and high boiling point
components began to flow out from the extraction line
23.

Continuous feeding and continuous extraction
operation was continued in this state for 2 hours.
Analysis of the liquid extracted from the extraction
line 23 showed that, using dibutyltin oxide as a
reference, the liquid contained a dibutyltin alkoxide
consisting cf about a 75% yield of dibutyl-bis(2-ethyl-
hexyloxy)tin and about 24% of 1,1,3,3-tetrabutyl-1,3-
bis(2-ethyl-hexyloxy)-distannoxane. Tributyltin(2-
ethyl-hexyloxide) had a yield of 0.9%. Upon cooling of

the gas phase extracted from the vent line, a two-layer

transparent liquid was obtained, in which moisture was



hexyl oxy)tin and about 24%of 1,1, 3, 3-tetrabutyl-1, 3-
bi s(2- et hyl - hexyl oxy) - di stannoxane. Tributyltin(2-

et hyl - hexyl oxi de) had a yield of 0.9% Upon cooling of
t he gas phase extracted fromthe vent line, a
two-layer transparent |iquigd was obtained, in which
nmoi sture was 94 present. The dehydration rate in the

COb teAEHteact e G2 Aol i WWhieh asBY el or
than the value 0.00025 nol/H cal culated from

expr 55 . (lkb)/Hr [ GABE]h Bxam) et (OtRinifte value
di butyltin dial koxi de using a columm reactor)

Di bhui3025 meall Kb icde cwdsa trdb duced e b @& sealawnm 1 ajeact or
1 such as that illustrated in Fig. 2. A 15 mm inner
di gster and 1,635 nmtotal length (1,450 mm
effective | ength) tube reactor nade from SUS 316,
wHieHe Mas/ furni shed with a supply line 4 and an
extraction vent line 5 on a reactor upper portion 2,
andlr 2 reldt g Weddddardi sipiiyd iuse B an@ cdmmn
extractlon line 6 on a reactor |lower portion 3, was
paEQQRFQHtlw Di ckson packi ng 3 mm (Tokyo Tokushu

K K. K. t.enper at ur e of [ .ower

e por (RN Blfot P Y2 ool sr e gLumn
t t qn1 fl

Con%g%#ﬂg 2 %QP%_ Q%_ lllﬁytrat%?ol%n%egle theA 15 mm

u5|ng 4 heater se

t SRR At ﬁeftre%nah*ae 1heatd ng qevi-ge 1up % (ROT5i0Rf O

t he upper ange of the tu react or coﬁtrol ed

Usd ik & iheatieh gel E%t%5QeaNtb&o%%@eg§§owa%U%e@l%rOWhlch
the gas supply I|ne

was furnished with a supply line 4 and an extracticn
vent line 5 on a reactor upper portion 2, and a
reactant secondary supply line 7 and an extraction line
6 on a reactor lower portion 3, was packed with Dickson
packing 3 mm {(Tckyc Tokushu Kanaami K.K., Japan). The
temperature cf a lower flange portion of the tube
reactor and the portion extending to about 60 mm from
the flange was controlled using a heater set to 170°,
while the temperature from the heating device upper
portion to the upper flange of the tube reactor was
controlled using a heater set to 150°.

Nitrogen gas was fed from the gas supply line
7 at 0.04 NL/min, and a feed pump was used to start
feeding a mixed solution cf the starting material
1,1,3,3-tetrabutyl-1, 3~-bis(2-ethyl-butyloxy) -
distannoxane and the reactant 2-ethyl-l-butanol that

was prepared in the same manner as that used in Example



7 at 0.04 NL/mn, and a feed punp was used to start
feeding a m xed solution of the starting nmateri al
1,1,3,3-tetrabutyl -1, 3-bi s(2-ethyl -butyl oxy) -

di stannoxane and the reactant 2-ethyl-I-butanol that
was prepared in the sanme nmagger as that used in
Exanple 95 1 at 15 g/H fromthe supply line 4. The

hal dimg 3 igyeir ifrdihe Heeatlpn Was ne0 4mM NYHRS hoioWny time
boi Il i ng point substances, including water, beganto

beirextiraaateed:tor wgas SOUS | RS T oMk @o@&tlh@%lo%tvent
line 5 and high boiling point conponents began to
f lcowp sdustn dersgmitnkd udéxir aettieen bier@nb £ cCopt cRQUWSted in
feedi ng and continuous extraction operation was
comsanyed fiornt Hireorms ttaee ekarad thour sentAndhysibs aafl hheh
I|qU|d extracted fromthe extraction |ine 6 showed

t patl 1 igsi ®giditb gopbrranéxi begas &c rféber encefrthethe
Iqu|d contained a dibutyltin al koxide consisting of
a2 t63% yilékd Sof di butyl - bi s(2- et hyl - butyl oxy)tin
and about 36960f 1,1,3,3-tetrabutyl -1, 3-

bls(2 et hyl SHUEHPERYS- é?§?éﬁﬁo§8ﬁeCO¢FPBHPyﬁt?ﬁ(?aCtlon

| d h 30. Y | f
gaguéﬁagégeg%PﬁnggdfFBngPﬁé §EﬁFe|?Egn4cogukgg °
o aiel o apgaacent i, o L

nol st re vvas rese
colian of gAclen ras %gQgrrg !;I'g‘b(lt'giltwp 4asagrgater
than the val ue 00 rcal cul at rom
expressnes, (16} 1E%Q§§]coﬁ%§ﬂpé8 8 éE£§99[§£h0919£x£H§
starti ng rraterl al
consisting of about a €3% yield of dibutyl-bis(2-ethyl-
butyloxy)tin and about 36% of 1,1,3,3-tetrabutyl-1,3-
bis(Z2-ethyl-butyloxy)-distannoxane. Tributyltin(Z2-
ethyl-butyloxide) had a yield of 0.3%. Upon cooling of
the gas phase extracted from the vent line, a two-layer
transparent liquid was obtained, in which moisture was
present. The dehydration rate in the column reactor
was €.0016 mcl/Hr, which was greater than the value
0.00026 mol/Hr calculated from expression (16).
[0CSe]
Example 8
(Preparation of the starting material 1,1,3, 3-
tetraoctyl-1, 3-di (butyloxy)-distannoxane)
A 2-liter recovery flask was charged with 217
g (0.6 mol) of dicctyltin oxide {manufactured by Wako

Pure chemical Industries Ltd., Japan, 95%) and 445 g (6

mol) of 1-butancl {(manufactured by Wako Pure chemical



tetraoctyl -1, 3-di (butyl oxy)-distannoxane) A 2-liter
recovery flask was charged with 217 g (0.6 nol) of
di octyltin oxide (manufactured by Wako Pure chem ca
I ndustries Ltd., Japan, 95% and 445 g (6 nol) of
1-butanol (manufactured by Wako Pure chem cal 96

I ndustries Ltd., Japan, specCial grade), whereby the

f I ask, qontay rlﬁ;(ii.t,h%arpeasrﬂl tsiprégzi\é(fli tg%a%eq r,E M\ih@r)gbg{ &héed

The flask was attached to an evaporat or (nanufa

byt 1Shibatiom t3airent ithiec rkaenralegynlitd s18+rHMAhixture.
connected to a thernoregul ator-equi pped oil bath

(manuffactsk edh byt tMaskda tE0ERO AR A tdaPdhanBH-24)-ed
The oil bath tenperature was set at 127C. The fl ask

wag/ idmrased Siad einlre foid Thatheland redati er1af) thenected
evaporator was started. Rotation was continued for

abbouta 156 rmomged awbir-e gstiippeidng idndaheat(imaguindenred by
at nospheric pressure with the evaporator purge valve
oPERUCPhEotPgsie twes » t Hepanem®BEd 2B em t he oi | bath and
allowed to cool. The flask yielded 437 g of a viscous
reaction sollfi€i 6rl Rasd temperatoss, wap afd 28CLRINK -

anal ysi s ihomed,that, using dioctyltin oxide as a

r r%ﬁ@é, 'Re rBREESER <81 GPPoRldoRealnednd 98YayiendoL

f..1,1,3, 3-tet tyl-1,3-di (butyl oxy)-di st ' ,
S ROT B Ar kg aFdt yFoHPChbbyMaRyyPRALEIEE £ox
rdoRot c6iit dri ahy “arGet yf PP |
FoRerary o B e r e haBo btk Eat PRYa eaR G

SRS L hoEs B L SR
open. The flask was then removed from the oil bath and
allowed to cool. The flask yielded 437 g of a viscous
reaction solution. Results of *'?sn, H and **C-NMR
analysis showed that, using dioctyltin oxide as a
reference, the reaction sclution contained a 96% yield
of 1,1,3,3-tetraoctyl-1,3-di (butyloxy)-distannoxane,
and did not contain any dioctyl-di (butyloxy)tin.
(Obtaining dioctyltin dialkoxide using a column
reactor)

Dioctyltin alkoxide was produced in a column
reactor 1 such as that illustrated in Fig. 2. A 15 mm
inner diameter and 850 mm total length (750 mm
effective length) tube reactor made from SUS 316, which
was furnished with a supply line 4 and an extracticn
vent line 5 on a reactor upper portion 2, and a gas

supply line 7 and an extracticn line 6 on a reactor

lower portion 3, was packed with Helipack No. 3



effective length) tube reactor nmade from SUS 316,
which was furnished with a supply line 4 and an
extraction vent line 5 on a reactor upper portion 2,
and a gas supply line 7 and an extraction line 6 on a
reactor |ower portion 3, packed wi th Helipack No.
3 S 97 (manufactured by Tokyo Tokushu Kanaam K. K

Japamufadherdemperad e efkesoweindd@nge wor tiHm.of,
the tube reactor and the portion extending to about

60rman femperdherd lanmge was €otd)d adhMsidig o heat efyke
set to 150, while the tenperature fromthe heating

devégetapperd for tdart itan theampers fdange of dheut uhen
reactor was controlled using a heater set to 140.
Carlbonf dromd de gaonas fled! fusomd ke gasesup ywd ity
at 80 nL/mn, and a feed punp was used to start
f St ry e trasecetyiagn: reo| futdnort heb thed aridich casie vdesc nidped
above (m xed solution consisting of the starting
mRErT D 159 e uraaraddiafisd o difebitudeoxyprctor was
distannqﬁﬁgf and the reactant 1-butangl) fromthe
sUppty 351! ASHAE =S ITRE thSIdiddd time in the
reactor was .37.m nut.es.. The internal pressure of the
react or was TEasUr &6d 5 GhEdE ¢ MeE G168l h§ea 9as
pr re gayge. _Low.boiling paint substances,
incﬁggﬁﬁg Wa er?&bggaﬁi(gu%é X &c gﬁdiﬁuﬁgéégﬁsuFSQHFo
fraam.tihe- exiractian vent ;line 3., and.nigh JBeili ng poi nt
conmponents began to flow out Pron1tﬁ% extraction |ine
6.d L0 U FRe R G AN d oG AR AUQUS s§XLEAGT 0N e
starting material 1,1,3,3-tetraoctyl-1,3-di (butyloxy)-
distannoxane and the reactant l-butanol) from the
supply line 4 at 10 g/Hr. The holding time in the
reactor was 37 minutes. The internal pressure of the
reactor was measured at about 0.2 MPa-G using a
pressure gauge. Low boiling point substances,
including water, began toc be extracted in gaseous form
from the extraction vent line 5 and high boiling point
compenents began to flow out from the extraction line

6.

Continuous feeding and continuous extraction
cperation was continued in this state for 4 hours.
Analysis of the liquid extracted from the extracticn
line €& showed that, using dioctyltin oxide as a
reference, the liquid contained a dioctyltin alkoxide
consisting of about a 43% yield of dioctyl-

di(butyloxy)tin and 1,1, 3,3-tetraoctyl-1, 3-



operation was continued in this state for 4 hours.
Anal ysis of the liquid extracted fromthe extraction
line 6 showed that, using dioctyltin oxide as a
reference, the liquid contained a dioctyltin al koxi de
consi sting of about a 43%yiggld of dioctyl-

di (butyloxy)tin and 1,1,3,3-tetraoctyl-1,3 S 98

di bub iyt Pxyy 0 $1 arinox@ange Tr imctyd d nbuxide had 2y 5
yield of 0.1% Upon cooling of the gas phase extracted

fromeidevenild i naypeh towblaperoft rans RAfLMhdd w6 Mas ed
obt ai ned, in which npisture was present. The

defwyetn athonverat el ime t he wol-Uaydreactorspaasrt 00khid was
nmol / Hr, which was greater than the value 0.00025
nobPtHringdl cii atheiccH momsexpre ssisomrek@nt [ 005

Exampl e 9 (Preparation of the starting materi al

1,963y Bra ttiaqny abvrgy i, ti@ diqlbutry Ireaptcdi staanfoXdis) A
1-liter recovery flask was charged with 50 g (0.2
N9 /GH divBLLGH WA Sxede (rmdmdadter @ Iy DAID®G26h mol /Hr

Chem cal Co,, US A, 989% and 178 g (2.4 nol) of
Lﬁéﬂ%ﬁhﬁt?qmﬁRW%é?ﬁF§ﬁ3&?“%&%@)Pure cheni cal

'n§H§$fieS Ltd., Japan, special grade), whereby the
f 158K Cont ai ned’ t he resulting white slurry m xture.

The, s attached to an evaporator (nmanufactured
by §ﬁ#§%¥§ygcientific Technol ogy Ltd., Japan, R-144)

CompRGtad g, A JAheror et%%'g%gf naqulpped oyl sbath
(manuf actured by Masuda Corporation, Japan, H 24) .
tetrabutyl-1, 3-di {butyloxy)-distannoxane)
A 1-liter recovery flask was charged with 50
g (0.2 mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Ce., U.S.A., 98%) and 178 g (2.4 mol)
of l-butanol (manufactured by Wako Pure chemical
Industries Ltd., Japan, special grade), whereby the
flask contained the resulting white slurry mixture.
The flask was attached to an evaporator (manufactured
by Shibata Scientific Technology Ltd., Japan, R-144)
connected to a thermoregulator-eguipped oil bath
(manufactured by Masuda Corporation, Japan, OBH-24).
The o1l bath temperature was set at 127°C.
The flask was immersed in the oil bath, and rotation of
the evaporator was started. Rotation was continued for
about 2 hours while stirring and heating under
atmospheric pressure with the evaporator purge valve

open. The flask was then removed from the oil bath and

allowed to cool. The flask yielded 212 g of a viscous



The oil bath tenperature was set at 127C. The fl ask
was i mMmersed in the oil bath, and rotation of the
evaporator was started. Rotation was continued for
about 2 hours while stirring and heating under

at nospheric pressure with thg evaporator purge valve
open. The flask was then renoved fromthe oil bath and
aldeewrd dro seaelticthe fRlask oy elrdets2121g ofy 33&L§1@9US
99 reaction solution. Results of 119Sn, 1H and
13G=NIVR 1 sanalopsics tshaved stikat dlu@&rtrgvgtdhb@&xabl Asoxi de
as a reference, the reaction solution contained a 98%
yirelfd regfce, the reaction solution contained a 98% vield
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)-di stannoxane, and
diod Aotl, Gort-dier ratvy tdilbut, Y-ddi(bhatybeaxyytiatannoxane,
(Qotaining dibutyltin dialkoxide using a colum

r eact gyl Dicbutopiitied nakkex ddbunad -prdbducedoikm) aivol um
reactor 1 such as that illustrated in Fig. 2. A 15 nm

i ARk 2dinamst 6 Pakd 1850 ARelepaldeengt ho( F500hHTIN
effective |l ength) tube reactor nade from SUS 316,
WHCER “O%as furni shed with a supply line 4 and an
extraction _ven ine n react or portion

and a gas E&EB&yHFﬁﬁea%gﬁﬁadSnwéitPé@gﬁﬁﬁdlFﬁea636ﬁuﬁn
r [ ower.. parti 3 ac k d.w th Helipack

%% %gﬁﬁfgc ngg t$oﬁy%l$aﬁﬁg aﬁﬁaﬁ% % & 1Ebmm

Jaaae)f dlmgt%§ngﬁaagﬁbemﬁf tétLl?m@gngkﬁmQ%Mﬁl' on of

the tube reactor and the portion extending to about

GQfﬁﬁbEﬁQg1lbh@tﬁbaﬂggem@éaegakrﬂgﬁgdfyéhngUﬁ begtefnich
set to 150, while the tenperature fromthe heatihg

de¥sCEuttapehedP@ithon kapbhe upper4flangenofxthe-tube
react or was

vent line 5 on a reactor upper portion 2, and a gas
supply line 7 and an extraction line 6 on a reactor
lower portion 3, was packed with Helipack No. 3
(manufactured by Tokyo Tokushu Kanaami K.K., Japan).
The temperature of a lower flange portion of the tube
reactor and the portion extending to about 60 mm from
the flange was controlled using a heater set to 150°,
while the temperature from the heating device upper
portion to the upper flange of the tube reactor was
contrelled using a heater set to 140°.

Carbon dioxide gas was fed from the gas
supply line 7 at 80 mL/min, and a feed pump was used to
start feeding the reaction solution obtained as
described above (mixed solution consisting of the
starting material 1,1,3,3-tetrabutyl-1, 3-di (butyloxy)-

distannoxane and the reactant l-butancl) from supply




controll ed using a heater set to 1400. Carbon di oxi de
gas was fed fromthe gas supply line 7 at 80 nL/mn,
and a feed punp was used to start feeding the
reacti on solution obtained as described above (m xed
solution consisting of the jgiarting materia
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)- di stannoxane and

t heineactantl d-dHm@nol Dhd namsupplink00 n e b &ttt o0 was
g/H. The holding time in the reactor was 37 m nutes.

The! imntrertesd . press ure caafndlhe reeagirer o hareaswed atas
about 0.2 MPa-G using a pressure gauge. Low boiling
poteRs wuss teem e ut fel udifg-Gratseing Begar stsaurebgauge.
extracted in gaseous formfromthe extraction vent

| ilre Band Y gie 56 1Sulhg teeiaets ,c dmpdnening; began ,t defaawto

out fromthe extraction Iine 6. Continuous feeding and
(xﬁﬁ|QﬁRﬁ%§Q9&l%ﬂﬁQQﬁﬁcwﬁbéKéﬁiéﬁcwaih@oﬁﬁﬁﬁ@edip@ ising
state for 4 hours. Analysis of the Iiquid extracted
oM o 28t PRGHT St it B 180 WeaPORANE sSuSiesgn to flow
d|b Y. t|n xi de as a reference the |liquid contained
%in aF%&%F&&lc@o&§P§tlng of about a 90%yiel d

Of dib t | b t t n_and
11,33 tyenabutu e ;?P%x;?f“&rl&lgﬁﬁo%ﬁéacm“

Trj gty fnn Jaut %&1@% fel%% a, Yigl téq,gfaF% Q6% ,U

ou S.
cool ing of the gas ase ~extrac ron1fhe ven

| inpe,1 @ itswerd ayer 1&@%@%})@&%@5@@%Egegm'@ﬁeogkekaééiohn

whi ch noi sture was present ration rate in
thﬁn@omu@hoh%@ctﬁétmﬁ&sQn@OagbuQQEEHﬁ owhbehawag

greater than the value 0.00025 nol/H cal cul ated from
exprfessnor, ( t6e. 1iquid contained a dibutyltin alkoxide
consisting of about a 90% yield of dibutyl-
di{butyloxy)tin and 9% of 1,1,3,3-tetrabutyl-1, 3-
di (butyloxy)-distannoxane. Tributyltin butoxide had a
yield of 0.06%. Upon cooling of the gas phase
extracted from the vent line, a two-layer transparent
liquid was obtained, in which moisture was present.
The dehydraticn rate in the column reactor was 0.0033
mol/Hr, which was greater than the value 0.00025 mol/Hr
calculated from expression (16). |
[0058]
Example 10
(Preparation of the starting material 1,1,3,3-
tetrabutyl-1,3-bis(2-methyl-1l-propyloxy)-distannoxane)
A l-liter recovery flask was charged with 50

g (0.2 mol) of dibutyltin oxide {manufactured by

Aldrich Chemical Co., U.S.A., 98%) and 178 g (2.4 mol)



[00581 Exanple 10 (Preparation of the starting
material 1,1,3,3- tetrabutyl-I,

3-bi s(2-nmethyl -1 -propyl oxy) -di stannoxane) A 1-liter
recovery flask was charged with 50 g (0.2 not) of
di butyltin oxide (manufactufed by Al drich Chem ca
Co., US A, 98% and 178 g (2.4 nol) 101 of

2- a1t hythe 4 hypr-opaned p{EN Ufraat 86 Dy NKO WRWE pure

chem cal Industries Ltd., Japan, special” grade),
whetralnyc 4 hel fdaske icontiaidned mgesuldddg whidre, &hyyrry

m xture. The flask was attached to an evaporat or

( rersfedet urted tiya Shidvattar iSeicent ifdsa: ITeehnelagy lstidinry
Japan, R-144) connected to a thernoregul ator-equi pped
oittlpatte ( nmdi actaslevasy avsudee dCarp @matsivaimo rhaan,
OBH 24). The oil bath tenperature was set at 118C.
Thengndsictiasd raverdddats (9w eoitli fiat e cand Logtyatliton ,
of _ the evaporator was started. Rotation was continued
f stEPabodt™ 2 Ho i n\itsites d19 e ithg raed Slsedeiteg —gaddppead
at maspheric pressure with the evaporator purge valve
opogﬁl. %ﬁ%‘ fﬁ‘%éw%st%fﬁ@n BYe fo\Fe'diaf FomPcke teiPR badeRa@nd
wdéﬁM§£to cool. The flask yielded 196 g of a viscous
reac ioH'sqution. Results of 119Sn, 'H and 13C NWMR

cnalyei s shaged i, st dubuLi .o do g0 20ec |

reference, the réaction solation ¢

TSt anokanc. g Gd"fot "obiCarn ahy Ur bUy) by a(2" OF

MRERY ledapRIrQRHrOXM: BltRrted. Rotation was continued for
about 2 hours while stirring and heating under
atmospheric pressure with the evaporator purge valve
open. The flask was then removed from the o0il bath and
allowed to cool. The flask yielded 196 g of a viscous
reaction solution. Results of 119Sn,lﬂ and YC-NMR
analysis showed that, using dibutyltin oxide as a
reference, the reaction solution contained a 76% yield
of 1,1,3,3-tetrabutyl-1,3-bis(2-methyl-l-propyloxy)-
distannoxane, and did not contain any dibutyl-bis(2-
methyl-I-propyloxy)tin. |
(Obtaining dibutyltin dialkexide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 1 such as that illustrated in Fig. 2. A 15 mm
inner diameter and 1,635 mm total length (1,450 mm

effective length) tube reactor made from SUS 316, which

was furnished with a supply line 4 and an extraction



(Cbtaining dibutyltin dial koxide using a colum
reactor) Dibutyltin al koxi de was produced in a col um
reactor 1 such as that illustrated in Fig. 2. A 15 mm
i nner dianeter and 1,635 mmtotal length (1,450 nmm
effective length) tube react@s nmade from SUS 316,
which was furnished with a supply line 4 and an

extgractiione Mhn weieddie i@ J8aGHr UPRRIY ROGH=0N
2, and a gas supply line 7 and an extraction [in€e 6

orswppgleactiote 1 QwRl Ord:taihcyidmas iRRCKR O WA Rreactor
Hel i pack No. 3 (manufactured by Tokyo Tokushu Kanaam
K. Kwedagar)ion The waanmpercsataur eviafh aididwerc Nange
portion of the tube reactor and the portion extending
t olreyouta B0 mam flryo Mo Kylve Tidkarsder Was: acaorit KolKl.ed Japiang -a
heater set to 150, while the tenperature fromthe
hédts nemhatiada igppdr 2 pomsiton o aehe@ouppen bifange ofibe
the tube reactor was controlled using a heater set to
1462 Cab R UithE @ rds was tead ifdormat keogas 60stpplfyom
line 7. at 80 nL/mn, and a feed punp was used to .
stdlt FESENFhEFEECLileH $6110G 6n PeBLaIrnégtaso 1507,

d i b 1 xed sol uti I.Sti f th
SEI5E a0 S0 0 S S e,
1- I - di_st d th t 2-nethyl-1I-
R U
Licze, -0 1008 £2AGLOL 18522 mutes, (Fhe [ nternal

pressure of t eactor was neasure ai_about_O.Z
MPa- G usi Ng-a2Rhesgbike cgayge. whewrhai lFi-ng PRENGAs

substances, including watéer, began to be extracCted in

gaseeusy flam® 7 at 8C mL/min, and a feed pump was used to
start feeding the reaction solution obtained as
described above (mixed solution consisting of the
starting material 1,1,3,3-tetrabutyl-1,3-bis(2-methyl-
l-propyloxy)-distannoxane and the reactant 2-methyl-1-
propancol) from supply line 4 at 10 g/Hr. The holding
time in the reactor was 22 minutes. The internal
pressure of the reactor was measured at about 0.2 MPa-G
using a pressure gauge. Low boiling point substances,
including water, began to be extracted in gaseous form
from the extraction vent line 5 and high boiling point
components began to flow out from the extraction line
6.

Centinuous feeding and continuous extraction

operation was continued in this state for 4 hours.

Analysis of the liquid extracted from the extraction

line 6 showed that, using dibutyltin oxide as a



fromthe extraction vent line 5 and high boiling point
conponents began to flow out fromthe extraction |ine
6. Continuous feeding and continuous extraction
operation was continued in this state for 4 hours.
Anal ysis of the liquid extragied fromthe extraction
line 6 showed that, using dibutyltin oxide as a S 103

r ef ef @neese t hehd iGuho Cadraiaietd @ didawod it ralkeddee
consi sting of about a 97%yield of dibutyl-bis(2-
rrBIdfryénbj:SIt-jPrglpnyﬂ @bt m @t gheutd 3% ofiphithi1303-s (2~
tetrabutyl -1,

3-rint (2 netdnyd eyt -pryo pyilrodey)t dikstanéxarte.l, 173, But yl ti n
butyl oxi de had a yield of 0.02% Upon cooling of the
gals® iphaae- ek tIracttelds (fromttthe Vemtrdoiviexy Ja diisqainthowase .
obt ai ned, in which noisture was present. The

dehydiEty ‘gt & Vil side deldumn viedet of Wad26.-003®on
mol / Hr, which was greater than the value 0.00051 _
NOTIHL T AT st 8 SF PoRSEX Sre<sichrd fePm [thesgEent 1ine,
Exae{agj:cgj[il%,w%sg ,e%)}:atl o ega{nya}wl_kﬁr(]:hognotig% usrteaavtalsn%resent .

3-hi -ret hyl.- | - pr l.o -di stannoxane) A 1l-liter
lq{es(c?ehyﬂtras ion Qfa%%yarlél)e(é Itcsﬁ EFD ée(agt?rwgla)s I&;.%OZ%B

recovery Wwas C

dcion_tagt»él_gsi_ &hgygg%aggﬁg%%g%&;f@gpgx#g grfailglg Gehed! mo1 /ur

2-d@Etdl=tdedprropanel pmrytactugd by Wako Pure
Chem cal Industries Ltd., Japan, special grade),
whieroelsy t he flask contained the resulting white slurry

Example 11
Step 1: (Preparation of the starting material 1,1, 3,3-
tetrabutyl-1,3-bis(2-methyl-l-propyloxy}-distannoxane)
A 1-liter recovery flask was charged with 50
g (0.2 mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Co., U.S.A., 98%) and 178 g (2.4 mol)
of Z2-methyl-I-propanol (manufactured by Wako Pure
Chemical Industries Ltd., Japan, special grade),
whereby the flask contained the resulting white slurry
mixture. The flask was attached to an‘evaporator
(manufactured by Shibata Scientific Technology Ltd., R-
144) connected tc a thermoregulator-equipped cil bath
(manufactured by Masuda Corporation, Japan, OBH-24).
The oil bath temperature was set at 118°C.
The flask was immersed in the oil bath, and rotation of
the evaporator was started. Rotation was continued for

about Z hours while stirring and heating under



m xture. The flask was attached to an evaporator
(manuf actured by Shibata Scientific Technol ogy Ltd.,
R- 144) connected to a thernoregul at or-equi pped oi
bath (manufactured by Masuda Corporation, Japan,
OBH-24). The oil bath tenpergture was set at 118C
The flask was imersed in the oil bath, and rotation

Ofa tridHey FRUARD AT MRS AT el cRabat 0B WRS &anthnyed
for about 2 hours while stirring and heati ng under

1@berat nModEhedli=c PRress Whe rWirkhctRe eraporaktobipubgeh and
val ve open. The flask was then renoved fromthe oi

batlh carrdl tal lowed t @heodllaskheikllaek yicel dedrl26vgsebus
a viscous reaction solution. Results of 119Sn, 'H and
13@aNVR orarsal lygiisnshowedutlhat ofusi’sg, ditbutnd t'Po-10xk de

as a_reference, the reaction solution contained a 76%
yiegled vsgfs showed that, using dibutyltin oxide as a

1,1,3,3-tetrabutyl -1, 3- bi s(2- nethyl-l-propyloxg -
diTSEATROEane LIS A28 tdioBupplEAobxFaatstandard, 6andield

C%ugy%tﬁvgg%%hg@%VFyﬁ 6rép??é%ﬁf@?ﬁhylsﬁeEIQPYlOXY
REBCL6T T BeBG St Bl ROGFAdiraS BRodgcatehAS At o imdid
oo e b R s kg e e T
e%Q%%the b%@%ﬁﬂlﬁgug§b5€9ﬁt95 g?gfr&&?gésgga§é6a Column

was furnished wth a su I ne
dirghiltlbati on vent line 5 on a reactor upper portion
2, and a gas supply line 7 and an extraction line 6

on a reactopibLeyeripoklkoRide WAS E%&ﬁ@ew th a column
Hel i pack No. 3 (manufactured by Tokyo Tokushu Kanaam
KrEactdapanpuch as that illustrated in Fig. 2. A 15 mm
inner diameter and 1,635 mm total length (1,450 mm
effective length) tube reactor made from SUS 316, which
was furnished with a supply line 4 and a distillation
vent line 5 on a reactor upper portion 2, and a gas
supply line 7 and an extraction line 6 on a reactor
lower portion 3, was packed with Helipack No. 3
{(manufactured by Tokyo Tokushu Kanaami K.K., Japan).
The temperature of a lower flange portion of the tube
reactor and the portion extending to about 60 mm from
the flange was controlled using a heater set to 150°,
while the temperature from the heating device upper
portion to the upper flange of the tube reactor was
controlled using a heater set to 140°.

Carbon dioxide gas was fed from the gas

supply line 7 at 80 mL/min, and a feed pump was used to



The tenperature of a |ower flange portion of the tube
reactor and the portion extending to about 60 nm from
the flange was controlled using a heater set to 1500,
while the tenperature fromthe heating device upper
portion to the upper flange,9f the tube reactor was
controlled using a heater set to 140. Carbon di oxi de

gascawes fesoingmidegas -nplyed ine & @n 8% /8N,
and a feed punp was used to S 105 start feeding the

aboviexedt s hedi sreasii onstsidlditd O hd Moead 190 Wdtirial
consisting of the starting materi al
1,1, B, 3rteteamibyt y1 - 3-Diksi(2avetdtd v 1l - 1proopyd yWogy) -

di stannoxane and the reactant 2-nethyl-|-propanol)
f romtaupptand iarel Lret v gyt ZFhes tholidiIng tidpmndln from
the reactor was 22 mnutes. The internal pressure of
t PR eact ore wast telds ur/étt -at Hisouto 10112 dVR1@ usi rigrea
pressure gauge. Lom/boilin%gPoLnt subst ances,
i et ardi g Wikt e begHitt-o Ddediistignred sfesismrgasdoide
formfromthe gas vent line 5 and the high boiling
pai it CUnptie it PEGEh &o FABW Sut? MPEmE We @€t Pact i on
quﬁaqhugpnginuous feegjn .and _canti nuous extraction
operationr off1dfe | it Odgel&?r E@ LRNGES
CONt (ﬁ'r%t i tate unti]l the liquid ran.out. The
quU|3 exqiact%ﬁﬁf§§%F5h31%§¥?aéﬁﬁ&%qﬁﬁngf% Whls 935E0us
cold &etlt Hrd Lidd LN iy tank jmade from 349, ;
Anal ysi s of the%%ollecteg Ilqui% ghomeq ﬁ%ét, usﬁﬁg
digautit! tddhdHde AR areker enee. ke dlguirdecontaibned
a

line 6.

Continuous feeding and continucus extraction
operation of the liquid prepared in step 1 was
continued in this state until the liquid ran out. The
liguid extracted from the extraction line 6 was
collected in a l-liter relay tank made from SUS.
Analysis of the collected liquid showed that, using
dibutyltin oxide as a reference, the liquid contained a
dibutyltin alkoxide consisting of a yield of about 97%
of dibutyl-bis{2-methyl-l-propyloxy)tin and about 3% of
1,1,3,3~tetrabutyl—l,3—bis(2—methyl—l—propyloxy)—
distannoxane. Tributyltin(2-methyl-1-propyloxide) had
a yield of 0.03%. Upon cooling of the gas phase
extracted from the vent line, moisture was removed
using a multistage distillation column for recovery of

Z2-methyl-l-propanol. The dehydration rate in the

column reactor was 0.0168 mol/Hr, which was greater



di butyltin al koxi de consisting of a yield of about 97%
of dibutyl-bis(2-nethyl-I-propyloxy)tin and about 3%
of 1,1,3,3-tetrabutyl -1, 3-bis(2-nmethyl-I-propyl oxy) -
di stannoxane. Tributyltin(2-nethyl-I-propyl oxi de) had
a yield of 0.03% Upon cooliqg of the gas phase
extracted fromthe vent line, noisture was renoved
usirgh aHalldd 1steage obicddd hatiien cohumm sfey rreeavery of
2-met hyl -1 - propanol . The dehydration rate in the
caixpreg=iaat ofiavas 0. 0168 not/ Hr, which was greater
106 than the value 0.000648 nol/Hr cal cul ated from
exfdregs sl :on Q@) iniSier FarbPChtiai rishigra reambanike kgsten
fromdial kyltin al koxide) The reaction sol ution
calllestigit)in the relay tank in Step 2 was fed at 3
g/mninto thin film distillation equi pnent
( manuf act ur ddiebyreStfitiana soSaitenni ticd 1Techdobogyhet delay
Japan, E-420) set to 130C and about 65 Pa using a
f éed Xpdp SErendf #ecuted By 3SHYmadzdnCer pbiat Eomm
Japan,. LC-10AT) to renove the volatile conponents.
Tﬁ@l%-%lm EAYdERSErenteMHERETUEEEI BY gRdbata
recavered,. er eby .about 74 g _of recover [ iquid
yi éﬁlﬁél&.l%fﬁ:bfreé:g&\?éro@ér rtbit ui'dJ\%BénchEr‘gégsj SRtota 360
tocl ave -(manuf actured by Toyo Koats ., JLtd.,

Tas e Bl TR ont B ogat. PHE "BRbSkesblrparel; or
Was, s plarged c‘é"r&a%r'alttﬂoﬁg?ﬁa gﬁ; %Eglog?f”tgh?eﬁgi%g”?ﬁéy
pressure of a carbon di oxide"  cylinder connécte 0
the1autiael avaowhan8yS tuhbngoand.) acyYakveomBsnsatst fefe
MPa. The val ve was then opened,

cocled and recovered, whereby about 74 g of recovered

liquid was yielded. The recovered liguid was charged
into a 200 mL autoclave {manufactured by Toyo Koatsu
Co., Ltd., Japan) and the 1lid was closed. The
autcclave interior was purged with nitrogen gas, and
then the secondary pressure of a carbon dioxide
cylinder connected to the autoclave via SUS tubing and
a valve was set to 4 MPa. The valve was then opened,
and carbon dioxide gas was introduced into the
autoclave.

After stirring for 10 minutes the valve was
closed. The temperature was then raised to 120°C under
stirring. At this time, the internal pressure of the
autoclave was adjusted using a back pressure valve so
that the pressure was maintained at 4 MPa. The
reaction was allowed to proceed in this state for 4

hours, after which the internal pressure of the



and carbon di oxi de gas was introduced into the

autocl ave. After stirring for 10 mnutes the val ve was
cl osed. The tenperature was then raised to 120C under
stirring. At this tinme, the internal pressure of the
aut ocl ave was adj usted using,a back pressure valve so
that the pressure was mai ntained at 4 MPa. The

reactd O wasS A |ewed 10 Qkaﬁﬁﬁésbﬁe&Hbsp%%%%%r%o%BA
hours, after which the internal pressure of the 107

auteod] 1y @ uras e trten e iR raldTRSBRES ife off @SSULR B 1ine.
gently purging the carbon dioxide fromthe purge |ine.

Thhd ilqujud d nirt héeautoedwe awas squiug kiky vexkitaateddf Femn
an extraction line attached to the bottom of the
altroclzave,cvilver éliyea attrtandyear ent theabbitopmselfuthen was
obt ai ned. Di (2-nethyl-propyl) carbonate was obtai ned

| R A0RWE e Ivdi ersibryg aditranglokirentdxirdecasca sefleténcewas
The transparent reaction solution was fed at 3 g/mn

i o-admiss -f i 1D (di-geithivdticerpedli prekengrenwhacbbiednby
Shi bata Scientific Technology Ltd., Japan, E-420) set

t 3™ 30¢ %Ind 1886utS65 9P 1eitHg tanf egddpuAp @ reference.

(manuf act ur ed y Shi madzu rporation, Japan, ,

L A S ay & SAFOLAT FELOABBNEATS TFAGE bR ng/min
di.(2- | --pr,opyl.)., .carbonate. The non-volatile
cargsnancy IREPEsied aRatY, Bl el werdby - Busar ov
6219 1-Qk o N i? yi el;ded._The val atj.l e
conponeﬁtgegﬁgﬁggﬁﬁg%gf_E$§§g¥h§?@bfp%???gbagb%%gkeset
WQ691G@9&eQn8°a$éﬁfné%lPé“%éhng'é]%gﬂ%igyﬁﬁn(manufactured

tributyltin(2-methyl-I-propyl oxid

detechedadehl obirBerwasoal soapah, deteched) frem-Lhsve
volatile components including di(2-methyl-propyl)
carbonate. The non-volatile components were cooled and
recovered, whereby about 62 g of recovered liquid was
yielded. The volatile components including di(2-
methyl-propyl) carbonate were cooled to form a liquid,
in which tributyltin(2-methyl-1l-propyl oxide) was not
detected. Chlorine was also not detected from the
results of chlorine analysis.

'sn, M and *’C-NMR analysis of the recovered
liquid showed that the liguid contained 1,1,3,3-
tetrabutyl-1, 3-bis(2-methyl-1-propyloxy)-distannoxzane,
and did not ccntain dibutyl-bis(2-methyl-1-
propyloxy)tin.

Step 4: (Obtaining dialkyltin alkoxide after carbonic

ester production using the recovered liquid as a

starting material)



results of chlorine analysis. 119Sn, 1H and 13C NMWR
anal ysis of the recovered Iliquid showed that the
liquid contained 1,1, 3,3- tetrabutyl-1,

3- bi s(2-net hyl -1 -propyl oxy) -di stannoxane, and did not
contain di butyl-bis(2-methylsb- propyloxy)tin. Step 4:
(Obtaining dialkyltin al koxide after carbonic ester
production ustidgrdhesdecoverad diquid asd i Stardd Ng was
material) S 108 The recovered liquid recovered in

St elpa Bgadtsy 1 hariged whddh el -Zormtdnd - lrdorane by
recovered by dehydration in the nultistage

di sthiydizdtoon ciol urhre inul Stepde asi g rdaaticon saluatd am
and 2-nethyl -1-propanol (manufactured by Wako Pure
Chemral dsdustgdasidi deglutsipeciaald dgradehflor -amppanol
shortfall, such that, on a nolar basis, the propanols
wefreembbigturad thnds kof Rure dthems cadontradused: dies tel. ,
organic tin conpound, such as 1,1,3,3- tetrabutyl-1,
3-P A -t de)l -sropyhorapieddi stldnnxate thadontoai gediolar

in the liquid recovered in step-3, to thereby prepare
a Tkt SOlUHTIPBP th&SCartiNg rerertilglesand tike atoms
react.ant . eration was .carried out in the sane

merner- ds e hat P StEF2C xR Y hé Uaboge- 1o 1. 337
CeSELBEA xed Solut o s ol Lo Lhe Lig g pvane,
o e A R R R e A
t e @ FAd idkdd M@1ution of the starting material and
the reactant. Operation was carried out in the same
manner as that in Step 2, except that the above-
described mixed solution was used for the liguid
supplied from supply line 4. Continuous feeding and
continucus extraction operation was continued until the
mixed solution ran out.
The liquid extracted from the extraction line
6 was collected in a l-liter relay tank made from SUS.
Analysis of the collected liquid showed that, using
dibutyltin oxide as a reference, the liquid contained a
dibutyltin alkoxide consisting of a yield of about 97%
dibutyl-bis(2-methyl-1-propyloxy)tin and about 3% of
1,1,3,3-tetrabutyl-1,3-bis(2-methyl-l-propyloxy)-
distannoxane. Upon cocling of the gas phase extracted
from the vent line, moisture was removed using a

multistage distillation column for recovery of 2-

methyl-l-propancl.



6 was collected in a 1-liter relay tank nmade from SUS.

Anal ysis of the collected |iquid showed that, using

di butyltin oxide as a reference, the liquid contained

a dibutyltin al koxide consisting of a yield of about

97% di butyl - bi s(2-nmet hyl -1+@yopyl oxy)tin and about 3%

of 1,1,3,3-tetrabutyl-1, 3-bi s(2-nethyl-I|-propyl oxy) -

di st annoxan&iexdporstegolld re.dfstdhe gas rhaseextunact ed

fromthe vent line, noisture was renoved using a

mul inisst agehadiasitri [dhat isorl uddlommi rf aher eedwer taafc 2btained

nmet hyl -1 -propanol. S 109 Next, Step 3 and Step 4 were

r dpeatted Bind mesdikhereios ﬁﬁ@?sdl@pmaﬁlmﬁdthedn®mawlt1n

tank obtained by the third rendition of Step 4

contiE et £AIBERHING 9f &l Koxilde odonsiostti #§ 3ol inuyivél-d

of about 95% di butyl - bi s(2- nethyl-l-propyloxy)tln and
(Hup yﬂjﬂjgpypy@@§y35&pypng about 2% of 1,1, 3, 3-

i.S - pro yl 0x di_st annoxane usi ng
d.%&‘{f\%ﬁ 331 &e s éﬁ’én&epr‘?ﬁéfl&éﬁ\}dfjéts FORNOKANE
was great r than th

MRS &%%ZC%%E% 37 ETer T o FF e y1 £Pi( ShueRgELon
11%&QPX!O§%%6%OH%9 f%lggggoﬁagu§§@6tgoogggn ththalBF

Conpar ati ve Exa ext r act ron ne

OQdﬂddT%ﬂé@NfQ%hlb&greggﬁgh Q@E§%bt§gg%§¥§ﬁﬁ%P)b%ﬁ%ghyl—

recovery flask was charge
s tlafdrioRg 1Rt el ah o di BU3xl—:-§t:zno@de@5%("HnUf actured by

Al drich Chen1ca A, 98% and

{0060]
Comparative Example 1
(Continuous extraction method of only the low boiling
peint constituents)

A l-liter recovery flask was charged with 50
g (0.2 mol) of a starting material dibutyltin cxide
(manufactured by Aldrich Chemical Co., U.S.A., 98%) and
178 g (2.4 mol) of a reactant 2-methyl-1-propanol
(manufactured by Wako Pure Chemical Industries Ltd.,
Japan, special grade), whereby the flask contained the
resulting white slurry mixture. The flask was attached
Lo an evaporator (manufactured by Shibata Scientific
Technology Ltd., R-144) connected te a thermoregulator-
equipped oil bath (manufactured by Masuda éorporation,
Japan, OBH-Z24). The oil bath temperature was set at

118°C. The flask was immersed in the oil bath, and

rotation of the evaporator was started. Rotation was

continued for about 8 hours while stirring and heating




178 g (2.4 not) of a reactant 2-nethyl-I|-propano

(manuf actured by Wako Pure Chem cal Industries Ltd.,
Japan, special grade), whereby the flask contained the
resulting white slurry m xture. The flask was attached
to an evaporator (manufacturgd by Shibata Scientific
Technol ogy Ltd., R-144) connected to a

t herdwr egudcatodrer ieqyireped el lvikat Rhemenubaghubedphy ge
Masuda Corporation, Japan, OBH 24). The oil batﬁ

t ermgdersatagree wag heetf latsk ¥E8CtrhEhe rEhask dwas ohmimesed 1
inthe oil bath, and rotation of the evaporator was
sttettredindRetldcivenl was coodnt | Abked fflaskabaut d8dhaGPsg of a
while stirring and heating 110 wunder atnospheric
presage wieglrtiihe evdporater pasgétsvalfve ’6pen'h Hmel C-
flask was then renoved fromthe oil bath and all owed

t dModinalysd sf Madkay débysa 1139 gxéflcaasvhsecebsrence
reacti on solution. Results of "9Sn, "H and '3C _NWR
afdINESs theitnG i Beeytira 6xidéias sopepépredce 78howbald
that .the_reaction solution contained a 78% yvyield of
1,0%, 3 21 ?esr‘&ﬁ&tfﬁp%ygrﬁvé(?-lﬁé? RFLBY OpHFBRY Y XY -

di st annoxane, and .di.d .not contain any dibutyl-bjs(2:
RT3, 65 A RPBORTT C=EBnflY alt Db Ekaht 622

( IAUQU .St Lon nethod of only the | ow

bggﬁﬁkg qufgk§gg%g?%kgénts) A l1-liter recovery flask

equippped with a condenser and a Dean-Stark trap was
charged with a starting material of 25 g (0.1 not) of

dichutyl-ti-avexiedempmangf act ured by Al drich Chenica

Co., US A) and a

(Continuous distillation method of only the low boiling
point constituents)

A 1-liter recovery flask equipped with a

condenser and a Dean-Stark trap was charged with a
starting material of 25 g (0.1 mol) of dibutyltin oxide
(manufactured by Aldrich Chemicazl Co., U.S.A.) and a
reactant of 390 g (3.0 mol) of 2-ethyl-Il-hexanol
(manufactured by Aldrich Chemical Co., U.S.2., 99.6%
anhydrous) and 300 mL of toluene {manufactured by Wako
Pure Chemical Industries Ltd., Japan, special grade).
The resulting mixture was refluxed under heating for 12
hours in an cil bath in which the temperature was
maintained at 120°C while stirring with a stirrer. The
Dean-5tark trap yielded 0.8 mL of water. Using
dibutyltin oxide as a reference, the flask yielded
about a 95% yield of 1,1,3,3-tetrabutyl-1,3-bis(2-

ethyl-hexyloxy)-distannoxane, and did not yield any



reactant of 390 g (3.0 nol) of 2-ethyl-I-hexano
(manufactured by Aldrich Chemcal Co., US A, 99.6%
anhydrous) and 300 nmiL of toluene (manufactured by Wako
Pure Chem cal Industries Ltd., Japan, special grade).
The resulting m xture was rfa%uxed under heating for
12 hours in an oil bath in ich the tenperature was

med b @t peeh BE ( 220G ywhidede S ofFjidih Wi th a stirrer. The
Dean-Stark trap yielded 0.8 nL of water. Using

di pud2t1in oxide as a reference, the flask yielded
about a 95%yvyield of 1,1,3,3-tetrabutyl-I, 3-bis(2-

et Gyrhp dexyd ox VB =adisltcarihoxane, and did not yield any
111 di butyl - bi s(2-ethyl -hexyloxy)tin. [0062]

CofRye a1 aftel Ex anpl teh 3 (tRraparatizore rafa it He 1st33r3- ng
material 1,1,3,3- tetrabutyl-1,

3- bt sy et hyll -3 ~ipro@rimsa))y-di lstrarmraiane)) -ddsitrgiichene)
sane nethod as that of Conparative Exanple 1, 139 g of
a liquid coltsind rge7sost msitdvd wg UrettedfalComparative

é}%ﬁpﬁff'aﬁ&%aﬁ%%é%ﬁ@%%@m dfFdefastarting

R pr ool (AT naduS - ERFrader 5 ¢ YanTy t he

A A ST R ST d By ays RoarRu o

e R T o R

| ik rand-1a prge dii.ne, was charged with the
(Continuous extraction of only the low boiling point
constituents using a tank reactor)

A 500 mL autoclave (manufactured by Toyo

Koatsu Co., Ltd., Japan) made from SUS and equipped
with a thermoregulator, a stirring apparatus, a
nitrogen line and a purge line, was charged with the
above-described liquid and 74 g (1 mol) of reactant 2-
methyl-l-propanol (manufactured by Wako Pure Chemical
Industries Ltd., Japan, special grade), and the 1id was
closed. After the autoclave interior was purged with
nitrogen gas, stirring was started. The autoclave
contents were heated at a temperature set to 125°C under
stirring with the purge valve cpen. Gaseous components
that were generated as a result of the rise in
temperature were removed by distillation from the purge

line for 2 hours. Distillation of the low boiling

point components was checked to see whether it had



above-described liquid and 74 g (1 not) of reactant 2-
nmet hyl -1 - propanol (manufactured by Wako Pure Chem ca

I ndustries Ltd., Japan, special grade), and the |id
was closed. After the autoclave interior was purged
with nitrogen gas, stirringwas started. The

autocl ave contents were heated at a tenperature set

t 05 UZBGANALET 1 v SSddddddy WD e RUrge Mal Ve OR’kL o
Gaseous conponents that were generated as a result of

t heodl se Anklteiperatine el iremvad taydiist idHeat i on
fromthe purge line for 2 hours. Distillation of the

| ot ldweg 1rpo mito re angaonent ‘sryadt chet Kéd-iMrSeRowed
whether it had 112 substantially stopped, and the
authod ,aves was didfitt wid ircexlideAnal ysire fefrenhe,r eaet i on
solution in the autoclave interior using 119Sn, 1H
afeAIC-NVR shdvied:  adrate ingsi A sdicfutlyllt, i3n Soxiede aksity 1 -
reference, the reaction solution contained 79% of
‘LﬁhiihyqQ%jmﬂﬁﬂﬁﬂtl—propyloxy)—distannoxane from the
1,3-bis(2<nethyl-I-pro%ylox ) - di_stannoxane fromthe
diBRVIRE T rordéE caid @ ATEeryV-L-LpPspaReL - NoNgi Béopty 1-

bi,s(2- | -] - | [ i el ded. [0063
Cg§ éﬁgﬁ%S%Wﬁxéﬁéﬁg%ﬁﬂ?%%ﬁ?3&3@§§y&5&#%Pﬁa£ion Lethod

of Q-4 the low boiling point constituents) A 1-liter
tﬂb-ne ked flask equi pped with a condenser and a

Dqgﬁﬁégg&gv%y%BE%@§ECQarged with 129 g (0.5 nol) of
|

starting materia butyltin oxide (manufactured by

AH@EMQHn@Q%@i@ﬁ%tQQlatgoﬁ-ﬁekh@ﬁdo§lgnlg Qﬁeolgglkogﬁing

reactant 2-ethyl -1-butanol (manufacture
point constituents)

A l1-liter two-necked flask eguipped with a
condenser and a Dean-Stark trap was charged with 129 g
(0.5 mol) of starting material dibutyltin oxide
{(manufactured by Aldrich Chemical Co., U.S.A.} and 510
g (5.0 mol) of reactant 2-ethyl-l-butanol (manufactured
by Aldrich Chemical Co., U.S.A., 98%). Distillation
was carried out while stirring with a stirrer by
heating for 6 hours in an oil bath in which the
temperature was maintained at 160°C, whérein the
generated water and Z2-ethyl-l-butanol were reacted
while being distilled off. After being allowed to
cool, using dibutyltin oxide as a reference, the flask
contained a yield of about 8% dibutyl-bis(2-ethyl-
butyloxy)tin, 80% 1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-
butyloxy)-distannoxane and 6% tributyltin({2-ethyl-

butyloxide). The dehydration rate in the reactor was



by Aldrich Chemical Co., US A, 98%. Distillation
was carried out while stirring wiwth a stirrer by
heating for 6 hours in an oil bath in which the
tenperature was mai ntai ned at 160C, wherein the
generated water and 2-ethylql+ butanol were reacted
while being distilled off. After being allowed to

cal04 Susiong Hai, butrytlchi va@Xi1@6eas raaheferenaeuet e 2hhask
contai ned a yield of about 8% di butyl -bis(2-ethyl -

buttoyl /ey Xtailien 180%d1 flod, 3xbetkabuhyl(1le)3- bi s(2- et hyl -
but yl oxy) - di stannoxane and 6% tributyltin(2-ethyl-
butylcdli de) . The dehydration rate in the reactor was S
113 0.045 nol/Hr, which was |ower than the val ue
0 L2r®arpptiVer Egalnpdkeated from expression (16). [0064]
Conpar ative Exanple 5 (Continuous extraction nethod of
onlCpreRaupew BaitikeRgicpomathednsti poémt sher éawt bdiling
under hi gh-tenperature) A 1-liter two-necked flask
e PheGOWEER LACNEPebF§2E6REeHEER T aRd IR~ SEMPEFAGUPEI t
was charged with, 129 % (0.5 not) of starting materi al
di butyl tin 6xitdéitErahtiPabeGrked by2AkdFfehPeRent'Eal 2
oW S A ), and 651 5.0.nol) of reactant .
2 SER- FORUSBRGE Grdindr SGPHF 080 BY¥Al Hef i ehgRfost tn
Ces49 Y. JpAs, ,6%-a ) i stillatipn S .
carriéb%gu? mﬁgﬁeézt??%?%gHaﬁyﬁtg&lggi9%%?9%§%?%a %ﬁ%e
fQhafufQUES LR BY @hbh bALNchOnMaLEhct hept emperal yfe, o
was mai nt ai ned a? 1906, Whér el n tEe Ogénefafedymater
agd (2- et Ayhy | olhexapetwer e-Lepgt €d nexanol (manufactured
by Aldrich Chemical Ce., U.S.A., 29.6% anhydrous).
Distillation was carried out while stirring with a
stirrer by heating for 2 hours in an cil bath in which
the temperature was maintained at 190°C, wherein the
generated water and 2-ethyl-l-hexanol were reacted
while being distilled off. After being allowed to
cool, using dibutyltin oxide as a reference, the flask
contained a yield of about 40% dibutyl-bis(2-ethyl-
hexyloxy)tin, 1% 1,1,3,3-tetrabutyl-1,3-bis(2-ethyl-
hexyloxy)-distannoxane and 29% tributyltin(2-ethyl-
hexyloxide). The dehydration rate in the reactor was
0.175 mel/Hr, which was lower than the value 3.44
mol/Hr calculated from expression (16)}.
[0065]
Comparative Example 6

(Synthesis of a carbonic ester from a dibutyltin

alkoxide containing a tributyltin compound and a




whil e being distilled off. After being allowed to
cool, using dibutyltin oxide as a reference, the flask
contained a yield of about 40% di butyl -bi s(2-ethyl -
hexyl oxy)tin, 1% 1,1, 3, 3-tetrabutyl-1, 3-bi s(2-ethyl -
hexyl oxy) - di st annoxane and ;29% tri butyl tin(2-ethyl -
hexyloxide) The dehydration rate in the reactor was

0.chi% mBld-ton tehing WS riewer ) t han the val ue 3. 44
nol / Hr cal cul at ed fron1expreSS|on (16). [0065]

Conpar at i ve NExapke GacSynthesi/mial dacarhenee est-elugh a
froma dibutyltin alkoxide containing a tributyltin

cdffound randvaryl41lachl emuiepedntaichi Agtaerpowad)

Ni trogen gas (0.3 L/mn) was flowed through a 100 niL
r ecovergkl.l afkeeduieppedaw thaagehr eeinaya stepecacks
The flask was charged using a gas-tight syringe

( rawdhaet UredubycEamett by Benpanyn COBOELY) I1WPORLL)
23.80 (0.063 nol) of dibutyltin dibutoxide

(WG 46t BPeq 1 - ABARROSH. OI FLBUEYLELR Gonpoandce

content. of 1.5 nol % chlorine atomcontent of 7,600
p§WFn&ﬁéC§8r&@ BY(62§9XnﬁP)foFISbHEYH§PDICB@PQHBﬂ
manuf act ure Chem ca

TR Adi Sfad - OhER gha&anreaetﬁapgbgoaﬁepsrﬁ¢y7né90

e

R g R

\éi@‘g\ﬁ_ef\l@§k ghesedeandnkhenvessel nuasyseal efo A1 200 fline
resulting solution. This mixed solution was
transferred using a syringe to a 150 mL pressure vessel
made from SUS316L (manufactured by Swagelok Company,
316L-50DF4~150) equipped with a valve. The valve was
closed and the vessel was sealed. A 200 mL high-
pressure vessel (manufactured by Toyo Koatsu Co., Ltd.,
Japan, FC Series Autoclave System) equipped with a
magnetic induction stirrer, a mantle heater, a
thermometer, a pressure gauge, two gas purge valves and
a liguid sampling valve was connected to a nitrogen gas
cylinder equipped with a pressure regulator via SUS316
tubing. The nitrogen gas cylinder pressure was set to
0.5 MPa using the pressure regulator. The high-
pressure vessel gas purge valve was opened, and
nitrogen was introduced until the pressure in the

vessel reached 0.5 MPa. A separate gas valve was

opened, whereby the pressure in the vessel returned to



pressure vessel (manufactured by Toyo Koatsu Co.,

Ltd., Japan, FC Series Autoclave Systen) equi pped

with a nmagnetic induction stirrer, a mantle heater, a
t hernmoneter, a pressure gauge, two gas purge val ves

and a I|qU|d sanpl i ng valwg_mas connected to a
nitrogen gas cylinder eqU|pped with a pressure

I egloalodk r\ica ppdS3Lbe .t UPhAG. ofR@aRELHOGER @8Becated 3
cylinder pressure was set to .5 MPa using the

pressur, e whegabgt ahe Theskilghntpressunasvessgkdgasth
purge val ve was opened, and nitrogen was introduced
umtiitlroigke . pr Fasumeé xen shéutveasebnreached PrbshRae A
separate gas val ve was opened, whereby the pressure

i WeskhelvesseleighednedAfoctlb6onaknbspbetioctpeebsyhe.
This operation was repeated 3 tinmes, whereby the
vESS§EE ULt BpBerlwasdpadgedmpilihg ﬁﬁﬂwegethTheeﬁsxed in
sol uti on-contai ni ng_pressure vessel was wei ghed.
AFP@rPé@ﬁﬁééﬁ. H§sSe8lt Hashrghsepr esslre ¥Basefinequid
I|n vaIv the pressure in the pressure vesse
Faﬁggd t8 .5 HPa‘uSPREL LAPt FBgER. wqﬁesithYdooened

wmae%% é,asvﬁa%%‘%daeimﬂaﬁﬁﬁ%‘ﬁgmmaﬁﬁﬁé’és ffg tAE"
vg§%gppéggguggxggsgghutlggeaﬂygga sof gggced into the

sSsure vesse term ned rom t C%ange

o&n&Qsdeﬁsasyﬁeoveﬁéehlgﬁegpéssh?@tb@gsewagﬁe%eterm%ped

aut ocl ave was started stirrer was operate

r@Y@huth@ncﬁénééoofpﬂheaﬁgeéQﬁr@1¥§QS§P|Méi§HtMHSHeatlng
heated at 120C. A carbon di oxi de cylinder

(anufachkut edlbye Shovwas Tansan, Cone ttdrrePUdd Yo®brated
99.99 vol % equipped with a pressure regul ator was
t hRena revolution of 450 rpm, and the mixed solution was
heated at 120°C. A carbon dioxide cylinder
(manufactured by Showa Tansan Co., Ltd., purity of
99.99 vol®%) equipped with a pressure regulator was then
connected to a gas purge valve of the high-pressure
vessel. The carbon dioxide cylinder secondary pressure
was set to 4.5 MPa by the pressure regulator. The gas
purge valve was opened, whereby carbon dioxide gas was
introduced into the high-pressure vessel. The pressure
was adjusted te 4.0 MPa. After heating and stirring
for 2 hours, the heater was removed from the vessel,
and the vessel was left to cool until the vessel
internal temperature reached room temperature. The gas
purge valve were opened, whereby carbon dioxide gas was

removed until the vessel internal pressure reached 0.05

MPa. The liquid sampling valve was connected to a 100



connected to a gas purge valve of the high-pressure
vessel . The carbon di oxi de cylinder secondary pressure
was set to 4.5 MPa by the pressure regulator. The gas
purge val ve was opened, whereby carbon di oxi de gas was
i ntroduced into the high-prgﬁ§ure vessel . The pressure
was adjusted to 4.0 Mra. A¢&er heating and stirring

f o, 3 WS, e heatar Jwas J.emoved .f romthe vessel,
5o

and the vessel was left to ol until the vesse

| niJpRRlc K enpelatidte Jheached shedt emelalyke. Therngas
purge val ve were opened, whereby carbon di oxi de gas
Wehe FRITBMEE adntoiplentelie avessele mt@unalo 1RkassULA s
reached 0.05 MPa. The liquid sanpling val ve was
camectfed rieal acl@Belifasnl. t lizeeuneckes klyagkaequieppedor
wWth a three-way stopcock using Teflon (registered

t riddefe—k)c tshipiveg. thEhe 22alive gwas eopered sandttibe wexded
solution was transferred to the flask. Cal cul ation by
gREEy eof- edt- he NeEkas k tskovidd stchale s22007iegtefl troxed
solution had been collected. Next, the flask was

C GIPREEEed OF'o PaPec B REEC 6N WpitPe 2pPevind&d PWiPER & branch
pg&f, a thernonmeter, a Liebig condenser, a

| SWPTETEGFEE - GohhEBLPoROPFFESaRd Bwd OHi BERFFALE

recovery .vessels. The flask. v imrersed in an o
bR Pl s B FRealfi X4G SOFGtNOA FerfaPaetye E55T26C
' cuum . and.a vac ontroller, th
il Bt g LU S ST R LI 1 N T
i.nt ai bout 5-ho , r
R R B 1202 oy S Py
96Gmpasngoht a:Radn RPrassdieckN the system -wagas

subsequent |y
gradually lowered to about 32 kPa. This state was
maintained for about 1.5 hours, whereby 11.51 g of a
fracticn 1 having a steam temperature of 96°C was
obtained. Pressure in the system was subseguently
further lowered to 0.15 to 0.06 kPa. This state was
maintained for about 1 hour, whereby 2.30 g of a
fraction 2 having a steam temperature cf from 64 to 80°C
was obtained. The results of GC-FID analysis for
fraction 2 showed a content of 0.20 g of di~3-
methylbutyl carbonate. In addition, the results of
chlerine analysis showed a chlorine atom content of 70

ppm. The results of °

Sn-NMR analysis showed that a
tributyltin compound was yielded at 0.7% by weight.
[00606]

Comparative Example 7

(Preparation ¢f a carbonic ester from dibutyltin



further lowered to 0.15 to 0.06 kPa. This state was
mai nt ai ned for about 1 hour, whereby 2.30 g of a
fraction 2 having a steamtenperature of from64 to
80C was obtained. The results of GC-FID analysis for
fraction 2 showed a content, 0.20 g of di-3-

nmet hyl butyl carbonate. In a dition, the results of

¢ hl D¢ d et @anad rsd 5 ishpwed & g&hl drﬁ%t@t%mtbﬁfﬂy&fmm
ppm The results of 119Sn- NVR anaIyS|s showed that a

t radonticyliid meraOrOWnd neas: A el e At dhptorky wei ght .

[ 0066] Conparative Exanple 7 (Preparation of a

car boni ¢ estrerhifgtomrdidsuing tigss8111as aleoxjede with 23.56

containing a large quantity of tributyltin conpound

ared dhl t9 merlQonmtfaidiibng yvdampouridle tAdxigh- prassifeetured

vessel was charged with 23.56 g (0.079 nol) of

(ﬂhﬂﬂ%ﬂQﬁhﬁhnqhﬂmmmﬁﬂdék(naﬁhﬁh@turealbwyyAhdMI@@mpound

Chem cal Co., S A, tributyltin conpound content of

3. And - §3H@é/@ EOIBS 3mdE) 9of(0338 mol) of 3-

netﬁxl 1- but anol (manufactured by Al drich Chem ca
é’EMt@Qﬁ#%ﬁW§WW§§Q§§ﬁ€ Wnér dgg chin Chemical Co.,

ratlu?9° ge 6. Fbatln% and stirring were al so
potil g e CEE séﬁ@en&ﬁﬁa APt &P CREPH; Qéave

S e rat.ure d been.l owered and car

it s PR R e e R aer 2197 BT7gIgH out

%ﬁQﬁﬁpkﬁﬁgpﬁi S, CO'%QEEGQh Q%dlgglﬂklon

t hr ee- necke ask equi pp threé-
StreRgRGKt NeXhadt Bechl aslvepasg aﬁeneﬁgb%ﬁ Hgoﬁlde gas

connection pipe provided with a branch
removed in the same manner, 37.51 g of mixed solution

was collected in the 100 mL three-necked flask equipped
with a three-way stopcock. Next, the flask was
connected to a connection pipe provided with a branch
pipe, a thermometer, a Liebig condenser, az low-pressure
connection pipe and two distillate recovery vessels.
The flask was immersed in an oil bath to raise the
mixed solution temperature to 120°C. Using a vacuunm
pump and a vacuum controller, the pressure was
gradually lowered to 97 to 13 kPa. This state was
maintained for about 1.5 hours, whereby 16.85 g of a
fraction 1 having a steam temperature of from 54 to 98°C
was obtained. ressure in the system was subsequently
further lowered to 0.06 to 0.2 kPa. This state was
maintained for about 1 hour, whereby 1.71 g of a
fraction 2 having a steam temperature of from 79 to 81°C

was obtained. The results of GC-FID analysis for



pi pe, a thernoneter, a Liebig condenser, a

| ow- pressure connection pipe and two distillate
recovery vessels. The flask was imersed in an oi
bath to raise the mxed solution tenperature to 120C
Usi ng a vacuum punp and a ygguum controller, the
pressure was gradually lowered to 97 to 13 kPa. This

stita-tasn adHthalded Jortapows b %ihoury, qshereby
16.85 g of a fraction 1 having a steam tenperature of

f membA ho PIBC a thas 0k ai med.addriessur, e iith wiahe systiemed
was subsequently further |owered to 0.06 to 0.2 kPa.
Thironst'atsn Wik aved Intsdiisnedhoftorl .alsolty Wehatit, osher eby
1.71 g of a fraction 2 having a steam tenperature of

f rtoralzg- stls: 181 Conwasinebtvaisned.xsthe mr édugl tcs rvfon@C- BldDd
anal ysis for 118 fraction 2 showed a content of 1.61
g Bt~ 3- nmethyl butyl carbonate. In addition, it was
confirmed from 119Sn-NWVR analysis that 1.2% by wei ght
of (%P ®%)ibutyltin compound was nixed in the carbonic

acj d ster. [0067] Exanple 12 (Preparation of the
sﬁ%ﬁ?ﬂﬁéaﬂé%erial 1,1,3,3- tetrabutyl-1,

3-@{(6%%#%0% O%l annoxane A 2,000 rIL_lrEc very flask

was char ged W t o Sy M8 HBIFEdf Ldith V§P§|n oxi de

(TBRACL L LA QG GRS A) 0

e, oo <A 2 R LSty glaBr ke e

Thees of loasle WaS mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Co., U.S.A.) and 1,400 g {(18.9 mol) of
l1-butanol (manufactured by Wake Pure Chemical
Industries Ltd., Japan), whereby the flask contained
the resulting white slurry mixture. The flask was
attached tec an evaporator (manufactured by Shibata
Scientific Technology Ltd., R-144) connected to a
thermoregulator-equipped o0il bath (manufactured by
Masuda Corporation, Japan, OBH-24), a vacuum pump
(manufactured by ULVAC Inc., Japan, G-50A), and a
vacuum contrcoller (manufactured by Okano Works Ltd.,
Japan, VC-108). The evaporator purge valve outlet was
connected to a nitrogen gas line flowing at atmospheric
pressure. The evaporatcr purge valve was closed to
thereby lower the pressure in the system. The purge
valve was then gradually opened, and nitrogen was

flowed into the system to return the system to

atmospheric pressure. The o0il bath temperature was set




attached to an evaporator (manufactured by Shibata
Scientific Technology Ltd., R-144) connected to a

t her nor egul at or - equi pped oil bath (manufactured by
Masuda Corporation, Japan, OBH 24), a vacuum punp
(manuf actured by ULVAC Inc.;;dapan, G 50A), and a
vacuum control | er (manufactured by Okano Works Ltd.,
Japan,2e7C-. 108he Fhasevaper ahfkrpetgenvah¥eoout heth\Wasnd
connected to a nitrogen gas line flow ng at

atmosphien of pres sursgo reie re waporsatadrt puUr geovaltvyennwas s
closed to thereby |ower the pressure in the system

Thergurged Vavebws tifemigracisaldng. lependd,riagd and
nitrogen was flowed into the systemto return the
SYStEmhNC urgtero Shiversin epries sues s uFlke wdith baehevaporator
tenperature was set 119 at 126C. The fl ask was

| e d aly s kecsi | Whatkbvandle repatiion sbluhéon came to
evaporat.or was started. Rotation was continued for

a Imi h&t d&amstve sseicitr dig tdrdatheat phgtiRdépw
akgﬁApheric.pressure Wi th the evaporator purge valve
0 )

Heréiy FEPEACt TN Ssol dititonScale t8s PRéNbained
o L LR Ll R L

poi nt constituents.

houes e raf ek g,is%%mta te%gﬁp;s%ggu@%swg'sosggmy

wher eby "t he system i nterna essure was"s

|Qmﬁkﬁ@d.ThQh%e@%h@&ﬂgnbOWbQobBEﬂgnggFBEnEOBéthHQHéﬁts

were distilled off when"the system ernal pressure
wais rar aurd 171640054 kRan EH@eSPBFFhoth@khhﬂgpP?égﬁre
[

constituents stopped being dis ed off, the flas

werss reooved 76r om thekobl bahbe The 1eacbbonisgl ybien

had tuned transparent. The distilled off I[iquid was

1cpB5tituents stopped being distilled off, the flask was
removed from the oil bath. The reaction sclution had
tuned transparent. The distilled off liquid was 1,255
g, transparent and had separated into 2 layers.
Analysis of the distilled off liquid showed that it
contained about 19.6 g of water. The flask was then
removed from the oil bath and the purge valve was
slowly closed to return the system internal pressure to
atmospheric pressure. The flask yielded 686 g of the
reaction solution. Results of “'°Sn, 'H and '‘C-NMR
analysis showed that, using dibutyltin oxide as a
reference, the generated product 1,1,3,3-tetrabutyl-
1, 3-di(butyloxy)-distannoxane was obtained in a 99%

yield. The same procedure was repeated 6 times,

whereby a total of 4,120 g of 1,1,3,3-tetrabutyl-1,3-

di(butyloxy)-distannoxane was obtained.




g, transparent and had separated into 2 |ayers.

Anal ysis of the distilled off Iiquid showed that it

cont ai ned about 19.6 g of water. The flask was then
renoved fromthe oil bath and the purge val ve was

slowy closed to return the gysteminternal pressure
to atnospheric pressure. The flask yi el ded 686 g of

t heobreactinpragolupiom Resd:s f usk¥gn.a Hdane
"3C-NVR anal ysis showed that, using dibutyltin oxide
asreactrefler ence, the generated product
1,1,3,3-tetrabutyl - 1, 3-di (butyl oxy)-di stannoxane was
obt ai ned i n 9% tyirelad koKieles anes prrocedidce wWas column
repeated 6 tines, whereby a total of 4,120 g of
1,76:3;131 etk agly lasl, tha tdii(Butsydrestye)t dirstFamnoXane Ang® mm
obtalned 120 (Qotaining dibutyltin dial koxide using
a ‘eBlumti ansterorr Did GO fim taitikdxildeghis qeloducegaicor
a colum reactor 31 such as that illustrated in Fig.
4 3 IABFEGRT GhidS dildnetdr cind s, doodmahest alt theggthoply
qlunn actor %g.nade fron1SUS 316, which was
f ur'iis ﬁ PR &F}F‘;‘? Alirné @@ata%&ﬁﬁw% RE 27, 1gw
heat. exch r. 28 Qi nt conponent
r%%bverﬁzl|net3fom§o@§ﬁ&eﬁ§gpve§% 8&n§a§ vi quFgndenser

3 |
separ al of, 39, A Bck prgssur 8 valvg, 37, 3 MeL LLge

"and recovery

upper ap%wtorll%% 3@ndaad9a8ﬁ§eg ghﬁ.g% r%%bva geﬁane 39

exchanger 30 and an'extractio
| 9rela RREHRR %%pewa§09%9%ﬁd3@”tgngbgdﬁgglsE%B?y Aine

(Tokyo Tokushu Kanaani K. K., Japan). The tenperature

o2 % he heatt exchasgad] 35t eddushngxarheatsnh sehet 9014R. a
reactor lower portion 33, was packed with Goodroll Type
A (Tokyo Tokushu Kanaami K.K., Japan). The temperature
of the reactor was adjusted using a heater set to 140°.

From the gas supply line 29, 1l-butanol

(manufactured by Wako Pure Chemical Industries Ltd.,
Japan, industrial product) was fed at 39% g/Hr and
carbon dioxide was fed at 3 NL/Hr. All of the 1-
butanol was vaporized by the heat exchanger 30 and fed
to the reactor lower portion 33. A feed pump was used
to start feeding the starting material 1,1,3,3-
tetrabutyl-1,3-di (butyloxy)-distannoxane from supply
line 26 at 210 g/Hr and the reaction solution l-butanol
{(manufactured by Wakc Pure Chemical Industries Ltd.,
Japan, industrial product) from supply line 27 at 951

g/Hr. The holding time in the reactor was 30 minutes.

The liquid temperature inside the reactor was 140°C, and



Fromthe gas supply line 29, 1-butanol (manufactured
by Wako Pure Chem cal Industries Ltd., Japan,

i ndustrial product) was fed at 399 g/H and carbon
di oxi de was fed at 3 NL/H. Al of the 1- butanol was
vapori zed by the heat exch r 30 and fed to the
reactor |ower portion 33. A feed punp was used to

stiatd reeding tdre wlaadddg grtefirdl vhibe333 was adjusted
tetrabutyl -1, 3-di (butyl oxy)-distannoxane from supply

| itne (26) %t MPEO-Qy/ HICcand ridie: ' eagid 19N wsel Woin®Anued in

1- butanol (nmanufactured by Wako Pure Chem ca

| riduist rhteg el tfchr, 10)dpary,s,i rdustr ivali gpr atects)y skedmreached
supply line 27 at 951 g/ Hr. The holding tine in the

r eacttoradyas t30 em ndites boilThed ipguind tcenpenatuse filnsicde
the reactor was 140C, and S 121 the pressure of the
badleTptéss iea okglry @ PBE rwds radjons 3€d angdo t0.r0ghVRaeGlow
Cont.i nuous supply was continued in_this state for 10
h&Rs 1 78F PO NhiCCHPORE 'y SEEMIVEsachede 4ost dadyedeataon
Low boi li ng point caonponents flowed fromthe reactor
upper oNGE$2 and 1t RRGUHF *ehé DESRPL YD SPFPRE TBBI AT OM
conponent .recovery line for liquefacti at, the

c%& eﬁ& 1@5,%§ﬁ3 WEFE VEREr ety r2g09§r233fﬁéﬁf'the

l%%%k%é&%%%% r%%%%eE%e|E%%c%%raﬁo%%%pg%?%%ﬁnséﬁ,aa

Furthermore, 'fromthe réactor | Ower

F rmore, 'from the redct
ﬁQ%bxyﬁ%ﬁnagﬁ@%kQQeQ%%h%bEhﬁﬁgc?Eﬁg@ggﬁtXﬁgﬁ;ggg¥§%?Qd

at 807 g/H fromthe extractio _ _ _
t he wegovered rhiguitteshowed that, 1uskngodi bELYhLERs of

oxi de as a reference, the liquid contained dibutyltin
altkexirdeceersistiingiaf saoykeal dnat , abouhg4di 8% dibuhyl -
oxide as a reference, the liquid contained dibutyltin
alkoxide consisting of a yield of about 41.3% dibutyl-
di(butyloxy)tin and 58.7% of 1,1,3,3-tetrabutyl-1, 3-
di(butyloxy)-distannoxane. Tributyltin butoxide had a
yield of 0.04%. Meanwhile, the liquid recovered from
the liquid-phase recovery line 39 was transparent and
contained 2,500 ppm of moisture. The dehydration rate
in the column reactor was 0.144 mol/Hr, which was
greater than the value 0.0015 mol/Hr calculated from
expression {(16).
[0068]
Example 13
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 31 such as that illustrated in Fig. 4. A 50 mm



di (butyloxy)tin and 58. 7% of 1,1, 3,3-tetrabutyl-1, 3-
di (butyl oxy) - di stannoxane. Tributyltin butoxide had a
yield of 0.04% Meanwhile, the liquid recovered from
the 1iquid-phase recovery line 39 was transparent and
cont ai ned 2,500 ppm of nolgg e. The dehydration rate
in the columm reactor was 44 mol / H, which was

grieater dibadeddie aval ue 0®.00Qdd trmly/1Hn e@@t‘lﬂu l-ahedhnf H@Pctor
expression (16). [0068] Exanpl e 13 (Qbtai ni ng

didautmddd rf rdiralskexizde, U&hﬁ@haw®%|%@&n;@%@@tﬂﬁkh a supply
Di butyltin al koxi de was produced in a colum reactor
31l isucl?egs at Batppillyl Udtwatdd anhkiag. e4kchAng@rNMNs}22 low
i nner di aneter and 4,000 mmtotal |ength colum
r éactlang 30 imad echrome8US r83toventyi ¢hnwas 4, uanicehednser
wth a supply Iline 26, a supply line 27, a heat
e%ﬁha@g@ﬁszglqalﬁowepbaﬁtpmg3ﬁ0|ntbGGMp@meﬁsumecaaéwy
line 34, a condenser 35, a _gas-liquid separator 36, a
back pr&sstr dival v8, 37d a JeAUirrpaass, randvary line 39
I| ui d- phase recovery line 39 on a reactor pg

iPorf 38 OZnYrPREFaBOShppPy 3P nénd2g, ggshesprly line

raction line 40 on a_ reactor

h O

eé%e""”g%@e. o 5327 loRed dn AEREEAT Gauzancatd on 2
| nt h Ltd, t d Th

?%a%% rCH%we%C % 8]US éd%gélﬁgc egegggp ﬁgg? t auze

t he reactor

(sEhom,t gﬁeg@ hy ! éﬂ?t%grll}lpnzt angl, .

nanufacture uré em ca ustriés Ltd.
temperature of the reactor was adjusted using a heater

set to 140°C.

From the gas supply line 29, 1l-butanol
{manufactured by Wako Pure Chemical Industries Ltd.,
Japan, industrial product) was fed at 566 g/Hr and
carbon dioxide was fed at 3 NL/Hr. All of the 1-
butanol was vaporized by the heat exchanger 30 and fed
to the reactor lower portion 33. A feed pump was used
to start supplying the starting material 1,1, 3,3-
tetrabutyl-1, 3-di (butyloxy)-distannoxane prepared in
the same manner as in Example 12 from supply line 26 at
280 g/Hr and the reaction solution l-butanol
(manufactured by Wako Pure Chemical Industries Ltd.,
Japan, industrial product) from supply line 27 at 1,330

g/Hr. The holding time in the reactor was 13 minutes.

The liguid temperature inside the reactor was 140°C, and
the pressure of the back pressure valve 37 was adjusted

to 0.096 MPa-G. Continuous supply was continued in



Japan, industrial product) was fed at 566 g/ H and
carbon dioxide was fed at 3 NL/H. Al of the 1-

but anol was vaporized by the heat exchanger 30 and fed
to the reactor |ower portion 33. A feed punp was used
to start supplying the starting material 1,1, 3, 3-
tetrabutyl -1, 3-di (butyl ox 5 di st annoxane prepared in

t heéh isans Jmnerr a$IH@UE%QWQEQeQZWB&%ﬁ‘%%@pkwskbﬁergﬁched
at 280 g/H and the reaction solution 1-butanol

( rearsufesctyursech tay. Wikor Rurie ichemioGalk Lodustehes Ehdwed
Japan, industrial product) fromsupply line 27 at
1,330 tg/eHr.edthe rhaloghieng phirte oinn 3thendeaat-enghashé3 1 ow
m nutes. The liquid tenperature inside the reactor
wee 1140Q, pardt clempenessurecofvetrlye lhaek fpredsuuefuakven
37 was adjusted to 0.096 MPa-G Continuous supply was
c@ﬁtﬁﬁ@e@omﬁengf thirs agdawertothe@ehyurscoatred ®hpoh
sten1reached a stead{ state. Low boiling point
Eﬁ s FPbREE TELONFENe LiBGCEEr atippef Oport Hon 32
a%d tPlrou h th | ow boiling point conponent recovery
F&ue 46T 6AC &P2ChBTcORHBASBPTE5CMaAd fer e

3§§%%Q 1608 B e Rer R8T FRBRPORGE T BBl oF LPBRAR

PgLthon ;33 Zgrdkgu@y%g gLbgx e oontal ghno, corponent ..

was reécove romt (5] extractlo

4QheA@§hﬁ§Hsr@EovE9§dlEthdtﬁgC ¥§5§%t£EO§%55S t

generated product extraction

usikngadicbuhyhthe axi daowasg @hé@feﬁ§ﬂﬁ§ disﬁtyigyhdox1de
contained a dibutyltin al koxi de consisting of a yield

obsabomefafeﬁ&@dlbubyniqdnabubut@xuéala Ay 621 g6 of

l,3,3-tetrabutyl -1, 3-

alkox1de consisting of a yield of about 37.5% dibutyl-
di (butyloxy)tin and 62.4% of 1,1,3,3-tetrabutyl-1, 3~
di (butyloxy)-distannoxane. Tributyltin butoxide had a
yield of 0.022%. Meanwhile, the liquid recovered from
the liquid-phase recovery line 39 was transparent and
contained 2,200 ppm of moisture. The dehydration rate
in the column reactor was 0.39 mol/Hr, which was
greater than the value 0.0015 mol/Hr calculated from
expression (16).

[0069]

Example 14

(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 46 such as that illustrated in Fig. 5. A

column reactor 46 was equipped with a supply line 41, a



di (butyl oxy) -di stannoxane. Tributyltin butoxide had a
yield of 0.022% Meanwhile, the liquid recovered from
the |iquid-phase recovery |ine 39 was transparent and
cont ai ned 2,200 ppm of noisture. The dehydration rate
in the colum reactor was 0,230 not/Hr, which was

greater than the value 0.0015 nol/Hr cal culated from

exquesst ancl6)z2, [0063] Lample rl4 3 Oht aioh BGi1ing

di butyltin di al koxi de using a colum reactor)

Didaiitn tdampalrkoxd de s if adueed 9, N za eeldémz e Gact ar low
46 such as that illustrated in Fig. 5. A colum

r dacitlamgd G otas: equipgpeth twistth rageupplny 15iine adback 124
supply line 42, a heat exchanger 43, a | ow boiling

p @IS BORporrete rrecoverenti de 49 53a eondenserqui@-phase
| ow boiling point conponent storage tank 51, a back
prEsce wdlive 54, ia vedrddtee 5®peand oa tilicguitd- phasle a
recovery line 54 in a reactor upper portion 47, and a
ciFidAEE PN ild@ea4 4 dorciGlaGUdeitAg Ir saaCitéRNs SPGHItdAT
that has accunul ated at a reactor |ower portion, a

r ePGiY 617 %45 Cavdian tekk Pac i SFASERE 58YER ROFédter @
I%e rs %!t% n 48 and 5% nnkLnneE.diaggter and 3,%00 nmm
t SR &gt dOhESmSr EqGiTpEd 478ve>t PRyE FEAE “FFom
S 6. [ d f .h -
U810 BBV HY B, BRSIRRSSSA00ULS 8uAT DBb e

t erpenature of Johe CaYm Le3ckAr sWascadiustefaUsi ReoR
heater set to 140.
SUS 31¢. Each sieve tray possessed about 9 g of hold-
up. The trays were installed in 50 mm intervals. The
temperature of the column reactor was adjusted using a
heater set to 140°.

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1, 3-di(butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 41 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 42 at
1,400 g/Hr. The holding time in the reactor was 24
minutes. Reaction solution which accumulated in the
reactor lower portion was circulated at 6,000 g/Hr by
the circulation line 44 and the reboiler 45 while
heating at a temperature of about 140°C. The liquid
temperature inside the reactor was 140°C, and the

pressure of the back pressure valve 52 was adjusted to

0.096 MPa~G. Continuous supply was continued in this



A feed punp was used to start feeding the starting
material 1,1, 3,3-tetrabutyl-1, 3-di (butyl oxy) -

di st annoxane prepared in the sanme manner as in Exanple
12 fromsupply line 41 at 280 g/H and the reactant 1-
but anol (manufactured by Wako, Pure Chem cal |ndustries
Ltd., Japan, industrial product) fromsupply |line 42
atstal, A Qb g/1r holhe  halfdicnq whiik® ithet RE steact-en nas 24
m nutes. Reaction solution which accunul ated in the

r esctagty |sowete .poMiowooddd ngi Heuhat edragbnen®e0 wgidr thywed
the circulation line 44 and the reboiler 45 while
hefatdmg hat reatoempe ugtcere pofr taboutd 71406, tTreubhqtihgd Low
tenperature inside the reactor was 140C, and the
predsdirg oo infre deapknprés secevealyvé 152 wWas fadj usted to
0.096 MPa-G Continuous supply was continued in this S
135 qusigcd icer 210 theucendgheer whi chngheesgsthgreby
reached a steady state. Low boiling point conmponents
WEEEFIEERED ool end 1Rdadr shaggpEECpBREYoR1A? AAdat

t hr h the |o boi | i ng poi_.nt copponent recovery |ine
43'%@ gV%&uefE%FFgﬁIQP%?hefEBWdEH§eFeBGFO§n&OWEFe

t her r,ecovered from.the.liqui.d-phase,recovery line
SATEEPop, 66T By ThGr okt thF s P rna PERE: SPrBnar:
p [ di.bu ti I . de:co L.ni 0 ne
e G Ea R 600 g l# f F Rt RaSeRt A raR I T RGCo8s-
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di butyltin oxide as a reference, 't _ contain
adidichyt ylihi Bxabkoxkdg eemsishiAg eﬁealngkg eénaggﬂéd a

44. 4% di but yl -di (butyl oxy)tin and 55.0% of 1,1, 3,
dibutyltin alkoxide consisting of a yield of about
44.4% dibutyl-di (butyloxy)tin and 55.0% of 1,1,3,3-
tetrabutyl-1, 3-di (butyloxy)-distannoxane. Tributyltin
butoxide had a yield of 0.05%. Meanwhile, the liquid
recovered from the liquid-phase recovery line 54 was
transparent and contained 2,300 ppm of moisture. The
dehydration rate in the column reactor was 0.20 mol/Hr,
which was greater than the value 0.0015 mol/Hr
calculated from expression (16).

[0070]
Example 15
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column
reactor 46 such as that illustrated in Fig. 5. 2 50 mm

inner diameter and 4,000 mm total length column reactor

46 made from SUS 316, which was furnished with a supply



tetrabutyl -1, 3-di(butyl oxy)-distannoxane. Tributyltin
but oxi de had a yield of 0.05% Meanwhile, the liquid
recovered fromthe |iquid-phase recovery |line 54 was
transparent and contai ned 2,300 ppm of nvisture. The
dehydration rate in the col reactor was 0. 20

mol /Hr, which was greater than the val ue 0.0015

maliidd 41Galcuhiad firem eppr assi-ar %%@)uan Q@7Qk, 2 1ow
Exanpl e 15 (Obtai ni ng dlbutyltln di al koxi de using a

CGlodm ng @achnar kchichuieyltt irg calkexi denwag opr gdueadehBea
columm reactor 46 such as that illustrated in Fig. 5.
AB0 mmldwnier ldinamplantardmbotedtmcbetgk ktengtbl, a
colum reactor 46 made from SUS 316, which was
f tragiks ped swivtcke aadwpplSy, 126 vehitnéi4&, 5a sudpkylhiignéd-
42, a heat exchanger 43, a low boiling point
c@ﬁﬁ@@eﬁﬁcpﬁééWedynblﬁé 49, aareentenseppesOpoatliow 47,
boi I i ng poi nt conponent storage tank 51, a back
pPessér 61vgivetson dipendd| fas s3randahingquedctphase
recovery line 54 on a reactor upper portion 47, and a
CPPgEFéPPoﬁhﬁlnEa§4aF8Pm€ﬂPEﬁﬂaF ng FeAsEPBNLOEBFUti on
a reactor lower portio

that has accu
r B6GITI-EF 48 §H§Oé;e§x?%aéiﬁgﬁnlFﬁEIQFTbﬂnkll?%aé% or™ @
4
(SRR hor PSP R T Yal hia e ThERs sloetapar 07507
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0C. A feed punp was (sed to start' fe (
sbar thegreBtepi-alad, da3udctet 1abyhyh-hed: O (DLt YEOXYdgeoc .

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1,3-di (butyloxy) -
distannoxane prepared in the same manner as in Example
12 from supply line 41 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 42 at
1,330 g/Hr. The holding time in the reactor was 13
minutes. Reaction solution which accumulated in the
reactor lower portion was circulated at 6,000 g/Hr by
the circulation line 44 and the reboiler 45 while
heating at a temperature of about 140°C. The liquid
temperature inside the reactor was 140°C, and the
pressure of the back pressure valve 52 was adjusted to
0.086 MPa-G. Continuous supply was continued in this
state for 10 hours, after which the system reached a
steady state. Low boiling point components flowed from

the reactor upper portion 47 and through the low



di stannoxane prepared in the same manner as in Exanple
12 fromsupply line 41 at 280 g/H and the reactant 1-
but anol (nmanufactured by Wako Pure Chem cal |ndustries
Ltd., Japan, industrial product) fromsupply |ine 42
at 1,330 g/Hr. The holding;44ne in the reactor was 13
m nut es. Reaction solution which accunulated in the

r gact Dind V&I Pardnihas eddsdat ad at 6 060Q- g/ Hr by
the circulation line 44 and the reboiler 45 while

helait 4w sattisort enpertat WenddnahoWo,140@ wEe ety
tenperature inside the reactor was 140C, and the
pressureraf frhven bdok Jpresisinpdacal wedmrangs lddjeustieditt o
0.096 MPa- G Continuous supply was continued in this
stlat®@§ o1/ HI0  hdiwrs; heafcgre wimsn tthe syestoemir dastked a
steady state. Low boiling point conponents flowed from
t R Telatt G rupperportlitam 47 kayd demcoudghr ithed owrgob2nt
boi | i ng point conponent recovery line 49 for _

| i"HiefAAIVGT et th & Udordéifs dir 50 than @ xhere tikhar dbye 55-

ui d- phase recovery |ine 54 at

recovered fromthe I|i
1%@613’&/1% .Ofgl}rhteh & HECORERE FEREL 6Pe SEraction
rtio 8, a djbutyltin.al koxi de-contai ni, conponent
3§§IF%2§€§P8 5 %éﬁ%’gpﬁﬁnﬁrgﬁ%ﬁﬁgigipr§§€ggnaﬁi e 55.
' f Lizaqui.ch r [ fr the.extraction
R R bt At RO TETRER ol ATbhTFaE k2T bR ae

[ UGl e L QUEDCOR abled 3 cdhRULYLLLY: al koxi de

consisting of a yield of about 4 uty
didibutythxw)b it nand :5336%0brl111333st ebralptyl 1Ly 33-

di (butyl oxy) -di stannoxane. Tributyltin butoxidé had a
di (butyloxy)-distannoxane. Tributyltin butoxide had a
vield of 0.022%. Meanwhile, the liquid recovered from
the liquid-phase recovery line 54 was transparent and
contained 2,200 ppm of moisture. The dehydration rate
in the column reactor was 0.21 mol/Hr, which was
greater than the value 0.00081 mol/Hr calculated from
expression (16).

[0071]
Example 16
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column
reactor ¢l such as that illustrated in Fig. 6. A 50 mm
inner diameter and 4,000 mm total length column reactor
61 made from SUS 316, which was furnished with a supply

line 56, a supply line 57, a heat exchanger 58, a low

boiling point component recovery line 65, a condenser



yield of 0.022% Meanwhile, the liquid recovered from
the 1iquid-phase recovery |ine 54 was transparent and
cont ai ned 2,200 ppm of noisture. The dehydration rate
in the colum reactor was 0.21 nol/Hr, which was
greater than the value 0.00081 not/Hr cal cul ated from
expression (16). [0071] Exanple 16 (Obtaining

didayt y tlidy dicalikoy G v %n@)o@l@n%”%to&%%%t@%)nk 67, a
Di butyltin al koxi de was produced in a col’'um reactor

6lostichhassdtal vidilwstasgt ed vieh tFilgneb.69A25@ ML iigRRer
di aneter and 4,000 mmtotal |ength colum reactor 61

medes far oracBUS 131 6,1 nwhi7ch onas fresritshedpwietrth parsuppl ¥3, a
line 56, a supply line 57, a heat exchanger 58, a | ow

bdidw g igoimt redmpomentoonecay erey:olvieng 63nea7dondenser
128 66, a | ow boiling point conmponent storage tank
GFK”ﬁkﬂﬁﬁ@k7@ne§sd@® alivé ng8 poantentmpineng9 sandage
I|qU|d phase recover% line 70 on a reactor upper
drtifor 632 &25 dwnsoi’ldi Rgdpei At deéfpeheRt recovery line
| e 71, a condenser 72, a |OM/bOI|In% poi nt
Heft T§C6aGe M EAMR PIrtacgad2li Aedra aﬁacalatlon
gﬁkﬁ %h e recovg ¥ line 75.on a reactor m dd
Fort %630 arid "& AP ¢APatFER PP nOB5 F 67 EPPEUNESI ng
rg&gﬁ&gﬁ_ Iutlon t hat . has agcunu ted at a rea
oﬁﬁ%gnata % §58FSF 687°4 Hogg 8?tr30fF%ﬁl?Fﬁe6D
7%n<an affs SackQL Lbaner [A0HE! 8] 164,083, Pagked WHLD;
| apak 750Y ?éuﬁzer %hentech ta Swi ?zerlﬁ%d ron
T@Q,tﬁﬁﬁebﬁh%%@ Qi thh@e=f €aphLRN 7¥WBS (Sulzer Chemtech
Ltd., Switzerland). The temperature of the reactor was
adjusted using a heater set to 140°C.

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1,3-di (butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 56 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 57 at
1,332 g/Hr. The holding time in the reactor was 13
minutes. Reaction solution which accumulated in the
reactor lower portion was circulated at 6,000 g/Hr by
the circulation line 59 and the reboiler 60 while
heating at a temperature of about 140°C. The liquid
temperature inside the reactor was 140°C, and the
pressure of the back pressure valve 68 was adjusted to

0.096 MPa-G. Continuous supply was continued in this

state for 10 hours, after which the system reached a



adj usted using a heater set to 140C. A feed punp was
used to start feeding the starting nmateri al
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)- di stannoxane
prepared in the sane manner as in Exanple 12 from
supply line 56 at 280 g/Hr]%EQ the reactant 1- butano
(manuf actured by Wako Pure em cal Industries Ltd.,

Japaihdy ndustd | alppr efuat ) of HOMRRURRIY ke S F18ed £
1, 332 ﬁjHr. The hol di ng tiéégﬁn t he reggforswas 1§ s

MtHE eSadieactipe S Yditdion Wi Ghdaetuaulat edel nokhe
reactor |lower portion was circulated at 6,000 g/ H by

t he idli irelpatiinen ddnfpe red tane dohe riebainke s 56@ owhi | e
heating at a tenperature of about 140C. The |iquid

t énperetaurtd drsitde Hshe ohelattser 6&s 240Cweard thheeby
pressure of the back pressure valve 68 was adjusted to
0.169® WRaAG.L rConttihru dusius dpphy seas econeirguédnien 70hies 512
state for 10 hours, after which the systemreached a S
129'H1st eddy $atldno ewibsi congopeinht wemponénbsrékoweded
from the reactor upper portion 63 and through the |ow
bt iV$ Pditht feerpshentepstdvar Fiddhe Bsrtepn 62 via the
li.quef.action at the condenser 66, and were thereby

ré S8 PEMICREVEITguildPfhdSe r EB&6GBFYMPERe FOORt the
512 g/ Hr.. Low baili.n int co nents e also
réﬁ%bef%dlogﬁr4§§rﬁfﬂg EQOHPtﬁégﬁgﬁgFFBngﬁgaﬁFge_

p [ Vi Li qui_d-ph recovery.li 79,
Farreinard. PrbRieRs M easBr YFskar Sbor ol 68, 5o the

R L T L SRS
AFaloysicheob dthachkigui diheco¥esgbyed that, using
dibutyltin oxide as a reference, the ligquid contained a
dibutyltin alkoxide consisting of a yield of about
47.5% dibutyl-di (butyloxy)tin and 52.4% of 1,1,3,3-
tetrabutyl-1, 3-di (butyloxy)-distannoxane. Tributyltin
butoxide had a yield of 0.021%. Meanwhile, the liguid
recovered from the liquid-phase recovery lines 70 and
75 was transparent and contained 2,200 ppm of moisture.
The dehydration rate in the column reactor was 0.21
mocl/Hr, which was greater than the valﬁe 0.00081 mol/Hr
calculated from expression (16).
[0072]
Example 17
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 82 such as that illustrated in Fig. 7. A 50 mm



fromthe extraction Iine 76 showed that, using

di butyltin oxide as a reference, the |iquid contained
a dibutyltin al koxide consisting of a yield of about
47. 5% di but yl -di (butyl oxy)tin and 52.4%of 1,1, 3, 3-
tetrabutyl -1, 3-di(buty|oxg_ di stannoxane. Tributyltin
but oxi de had a yield of O 3 % Meanwhile, the liquid

r econar ed deemrt hed i1quiod- Rﬁa§%té§CQ$EQXh|bB%émKoréQQtor
75 was transparent and contai ned 2,200 "ppm o

N 2S st frBhES@%hﬁd%atWQﬁchahésl@ukh@sﬁ@ﬁuﬁﬂtﬁeécigﬁ
was 0.21 nol/H, which was greater than the val ue
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[0072] Exanple 17 (Obtaining dibutyltin dialkoxide
usi’ng aa leel b lingacbank Bbhpbykhinsabkeyedeawnsss, a
produced in a columm reactor 82 such as that
I Pagdt paesdurs Fagve789A BOvamtS1i86 SDnaed di amgtied-
and 4,000 mmtotal |length colum reactor 82 nade from
SB823e6 reghivel YwasnPuPhi shed weehtar| vppebobbrhgopodht a
conponent recovery |line_86, a condenser 87, a |ow
béHPP%g BonRt /dompoRBRPLEt biage’ B ankdgs, haat pagkhanger
ssure val ve 89, 8gvent line 90 _and a |iquid-_phase
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accunul ated at a reacfo are
and an extraction line 92 on a reactor lower portion

85, was packed with Mellapak 750Y (Sulzer Chemtech
Ltd., Switzerland). The temperature of the reactor was
adjusted using a heater set to 140°C.

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1,3-di (butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 77 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 78 at
1,330 g/Hr. The holding time in the reactor was 6
minutes. Reaction solution which accumulated in the
reactor lower portion was circulated at 6,000 g/Hr by
the circulation line 80 and the reboiler 81 while
heating at a temperature of about 140°C. The liquid
temperature inside the reactor was 140°C, and the
pressure of the back pressure valve 89 was adjusted to

0.096 MPa-G. Continuous supply was continued in this



and an extraction line 92 on a reactor |ower portion
85, was packed with Ml |l apak 750Y (Sul zer Chentech
Ltd., Switzerland). The tenperature of the reactor was
adj usted using a heater set to 140C. A feed punp was
used to start feeding the gsiarting material
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)- di stannoxane

preparedidn theiSaf® nBnar W3S dm (Rl enl 25398 2
supply line 77 at 280 g/H and the reactant 1- butano

( ered @ tatrace by Nk o Rurie Cheningale ddustiti=e S 1 dwle® From
Japan, industrial product) fromsupply line 78 at
1,380 mfddrtorThederal diong itdnms 4 rantche hreaetho hwa s oy
m nutes. Reaction solution which accunul ated in the
r daetloimd gveim tp ordricem ands reicocelrat édnat 86, @@ g/ Hr by
the circulation line 80 and the reboiler 81 while
helatqusf et it erpparat woadeihnsatodt’ , 1400, wElve Ithewiethy
tenperature inside the reactor was 140C, and the
pr%%%ﬂﬂ%?%ﬁ ﬁqﬂ?-E@@klﬁﬂééﬁupéaﬁﬁl@écggewaslaaﬁu§ﬂe@tto
0. Og%@t Cbntlnuous supply was continued in this
a‘&/eHrf -or ‘16 thEdrS I caf f&PTWENEN TERE LSy s LEME L

reac ed a tead sta [in 0oi nt .conponents
ST o Ny ?AféPXﬁE}Ft PoteaniRd ERFBGER™T

[ n it nent [.ecaoy |i.ne 86 for
Ilque?%%fﬁ%ﬁ%a %Fﬁgogo Z@gﬁgr anﬁxﬁéggtfﬁgr BY < 52.

r@QﬁM@%@% forromntehe i qui d: pﬁ?%ﬁﬁgegggﬁgé khQ% gésﬁgg

031°g/ Hr. Furthernore, reactor
pQﬁkkﬂﬂd&ﬁm axdidub ¥l bi Regkkaxi-de- ¢qnt ai pi,Ag EBHPQESQE a

was recovered at 602 g/ H f fromthe extraction I'ine

Arsloysiva riof sifexriaeovenedskigyi drshoyediihak, aHéth
47.0% dibutyl~-di(butyloxy)tin and 52.9% of 1,1,3,3-
tetrabutyl-1,3-di(butyloxy)-distannoxane. Tributyltin
butoxide had a yield of 0.012%. Meanwhile, the liguid
recovered from the ligquid-phase recovery line 91 was
transparent and contained 2,200 ppm of moisture. The
dehydration rate in the column reactor was 0.21 mol/Hr,
which was greater than the value 0.00037 mol/Hr
calculated from expression (16).
[0073]
Example 18
(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 99 such as that illustrated in Fig. 8. A 50 mm

inner diameter and 4,000 mm total length column reactor

99 made from SUS 316, which was furnished with a low




di butyltin oxide as a reference, the |iquid contained
a dibutyltin al koxide consisting of a yield of about
47. 0% di but yl -di (butyl oxy)tin and 52.9% of 1,1, 3, 3-
tetrabutyl -1, 3-di(butyl oxy)-distannoxane. Tributyltin
but oxi de had a yield of 0.012% Meanwhile, the liquid
recovered fromthe |iquid-phase recovery line 91 was

t nayispale o iand Capidred r2.:.200 RPM:iak q@BStHr%onggﬁser
dehydration rate in the colum reactor was 0.2

malo4hr a2 bl ely asigredater cohglnbhe “abugqe. QQQ&7105, a
mol /Hr cal cul ated from expression (16). FOO?S]

Bxend erkd s(Qat aialivieg 1dichuty vieinit diiakkori7deadsi Bglaquid-
colum reactor) Dibutyltin al koxi de was produced in a
cohwee reeactay 99nsuditBasnt hatrebklust ngped porEign 801,
A 50 mm inner dianeter and 4,000 mmtotal |ength

cal ywarrdeadtior 999 mmderbioml$u8 3i6andhechemaisexchanger
furnished with a low 132 boiling point conponent

r €Cover ¢ INeRe tro3midddengensern %@@, antoanborbangc
poi nt conponent storage tank 105, a back pressure

vENT 106 SURP Nt INEnE 107, CéﬁﬁugaFFaﬂlélthagefOf
recove ne 108 on a reactor élﬁortlon 101 a

SR B3 o dTaahry Frne-eR oRBLAChER: exCRARBLPT
Sococh LeRsat TV die ot uon Ao, angen ot g
SR 9aCEIL AR, ROEH) 00 30LUL1 90 gbEL L
PehtkeB k02 qwas spacked whih  Mel|,apaky daPXt (AUl 28 the
reactor was adjusted using a heater set tc 140°C.

A feed pump was used to start feeding the
starting material 1,1, 3,3-tetrabutyl-1,3-di (butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 93 at 28C g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 94 at
1,330 g/Hr. The holding time in the reactor was 6
minutes. A pump was used to supply hexane
(manufactured by Wako Pure Chemical Industries Ltd.,
Japan, dehydration grade) at 300 g/Hr from the organic
solvent supply line 96 to the reactor lower portion
102, wherein accumulated reaction solution was
circulated at 6,000 g/Hr by the circulation line 97 and
the reboiler 98 while heating at a temperature of about

140°C. The liquid temperature inside the reactor was

140°C, and the pressure of the back pressure valve 106




Chentech Ltd., Switzerland). The tenperature of the
reactor was adjusted using a heater set to 140C. A
feed punp was used to start feeding the starting
material 1,1, 3,3-tetrabutyl-1, 3-di (butyl oxy) -

di stannoxane prepared in t2§%§ane manner as in Exanple
12 from supply line 93 at g/ H and the reactant 1-

butanald (s act ur.agd ko Ry iGhemscal pndustld es
Ltd., Japan, industrial product) fromsupply line 94

atcorl 332 /i chike shaltdi 7t i1 Hoh rishe sreact Qh i\WaS the
m nutes. A punp was used to supply hexane

( reyreufeac trurseth by aWske aRyr & tGhem cabwl RAUStH hige$oking.
Japan, dehydration grade) at 300 g/H fromthe organic
s clomgun esuysp I cdvienle f36nt @ hthe eseaet-oupbewe pop@ibihon 01
102, wherein accunul ated reaction sol ution was
ciancultaedoat the000wgbEl 1hyat beicitr colmabtnent! reec9éry
and the reboiler 98 while heating at a tenperature of
adoie PPoEcrTRé auedaicd ioanpsr shar eondsndert hé4; eactlor
was 140C, and the pressure of the back pressure valve
106 E33heggdvadpaevedeto foom tpal GCautdnphagsuscsappry

Mﬁ§ C E@in eg iﬁ this state for 10 hours, after which

t én633 efi'r ealhi8d 9458t el T ENEFBOTEoWl BB FRE pBRAECT
ts fl f t t tion 101

AAd Ehr 8GGHFHe 1P 8w Bor T PHGYBo At L ERPOREREORECoRaRy

[ [ ' t d 04 d ..

W R S TR AR LG T At iR APt A S

| iRec1@80at 1nQ889LHk ¢ EHétPQEHQFEedT%98ﬁ£56558§850£hat

| ower portion 102, a dibutyltin al koxi de-contal ning
Corpagent bwas 1 teaoyeigd at 821egbbenfeomibe; iquig

extraction

contained a dibutyltin alkoxide consisting of a yield
of about 54.0% dibutyl-di{butyioxy)tin and 46.0% of
1,1,3,3-tetrabutyl-1, 3~di (butyloxy)-distannoxane.
Tributyltin butoxide had a yield of 0.013%. Meanwhile,
the liquid recovered from the liquid-phase recovery
line 108 was transparent and contained 2,500 ppm of
moisture. The dehydration rate in the column reactor
was 0.24 mol/Hr, which was greater than the value
0.00037 mol/Hr calculated from expression (16).

[0074]

Example 19

(Obtaining dibutyltin dialkoxide using a horizontal
thin-film distillation apparatus)

Dibutyltin alkoxide was produced in a

horizontal thin-film distillation apparatus 113

(manufactured by Nitinan Engineering Co., Ltd., Japan,



line 109. Analysis of the recovered |iquid showed that
using dibutyltin oxide as a reference, the liquid
contained a dibutyltin al koxide consisting of a yield
of about 54. 0% di butyl -di (butyloxy)tin and 46. 0% of
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy) - di st annoxane.
Tributyltin butoxide had a yield of 0.013% Meanwhile,
t il )quivttl ecovered ifinemsdhe dd qu d-phase racovwemy,
line 108 was transparent and contai ned 2,500 ppm of
noiirsteur eli dftee edelaydr at,ilon mat & ot 1t heng@husn nbeackek a1
was 0.24 nol/Hr, which was greater than the val ue
0.t0003Z inmt /cHirs todllauliate dphramtexpressimade( t6bm [S0B74) 64
Exanpl e 19 (Obtaining dibutyltin dial koxide using a
hotasz dntrali sheti p-iftihl @ diustpillyl dtinen Lapparatugply line
Di butyltin al koxi de was produced in a horizontal

t Hild-f i¥9 editseichaniosn dgpar at dowlbdilfimgnebactur ed by
Ni ti nan Engi neering Co., Ltd., Japan, S 134 PFD1)

s FORPRE St SCPVESYr at88 il OFi §. c9ndAREe Il 7i nAek oW
di anet.er and 1,100 mmtotal |ength a horizontal

t KO PenPaSE CPRPPERM Apparards t23knhd8: f RoirBbsline

3 furnished with ly Line 110, |

U198, 95 Lniald il soeunely Lune 15 o sueely,
I 6 denser 11 |

R B e i el ShoraD s RERRR Thn%a bener  Fine

1124204 aphégukngﬁégelﬁSGOV%hx kEHSF}gngg B¢l RGO
upper portion 114, and an extraction Il ne 1 ona
reactor was adjusted using a heater set to 120°C.

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1,3-di (butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 110 at 4,600 g/Hr and the reactant
l1-butanol (manufactured by Wako Pure Chemical
Industries Ltd., Japan, industrial product} from
alcohol supply line 111 at 22,000 g/Hr. The holding
time in the reactor was 6 minutes. The liguid
temperature inside the reactor was adjusted to 120°C.
Continuous supply was continued in thié state for 2
hours, after which the pressure in the system reached a
steady state. Low boiling point components flowed
through the low boiling point component recovery line
116 for liguefaction at the condenser 117, and were
thereby recovered from the liquid-phase recovery line

120 at 18,000 g/Hr. Furthermore, from the reactor

lower portion 115, a dibutyltin alkoxide-containing



reactor |ower portion 115. The tenperature of the
reactor was adjusted using a heater set to 120C. A
feed punp was used to start feeding the starting
material 1,1,3,3-tetrabutyl -1, 3-di (butyl oxy) -

di stannoxane prepared in th§M§ane manner as in Exanple
12 fromsupply line 110 at 600 g/ Hr and the reactant

1-dusianedn { neRufracigyed by Wk @ cure fehemigalk ne

Industries Ltd., Japan, industrial product) from

mgxﬂﬂﬁcﬁiﬂﬂﬂhﬁdé ne 1111 aafa 122,100 rg/the. rERevReledi N4 quig
time in the reactor was 6 mnutes. The liquid

t eriperat whe ti, nsisdedt kie biegatan was dedjaustedeatre rk20€, the
Conti nuous supply was continued in this state for 2
hauireg: i dafctoert avilniech at hig bprtes sume ailiotheles yshemsreached a
a steady state. Low boiling point conponents flowed
thﬂéﬂghCﬁh@dqu Bdi. Lisng ipoitytl -cartponeibxyetaverydl iche 7%
116 for %uefactlon at the condenser 117, and were
tH@fébﬁrﬁecaﬁéﬁéébﬂﬁdﬁrﬂhé -Hidbdyphaye -déstveny xkinae
120 at 18,000 g/ Hr. Furthernore, fromthe reactor

der g ien P¥Esxided Bt ¢l vitk el Réx0d8168nt aMarAYh le,

ent was recaovered at 8,600 g/H fromthe
agﬂggﬁglrﬁ&OYﬁfedAﬁgpvs.Qeo#lﬁﬁédr886§§réacpvaawd

oxi de.as a.r rence,

d iLb
fﬂgg%lﬁgu?tagg% 588r§%§|83 P aépﬁgx?dgggoﬁgpsPan

ggno%tw g'd %eaggﬂgfd?fét%%%d&%y di_ (RutyLoxy)tin and

13p3-t et abu b 0 NRO
s neo g

t ke 1kl.quicdar eeemeeagdrbeem-hhe 1kl qui d- phase recovery
line 120 was transparent and contained 2,000 ppm of
[0075]
Example 20
Step 1: (Preparation of the starting material 1,1,3,3-
tetrabutyl-1, 3-di (butyloxy)-distannoxane)
A 3,000 mL recovery flask was charged with
759 g (3.05 mol) of dibutyltin oxide (manufactured by
Aldrich Chemical Cc., U.S.A.) and 1,960 g (26.5 mol) of
l-butanol (manufactured by Wakec Pure Chemical
Industries Ltd., Japan), whereby the flask contained
the resulting white slurry mixture. The flask was
attached to an evaporator (manufactured by Shibata
Scientific Technology Ltd., R-144) connected to a
thermoregulator-equipped oil bath (manufactured by
Masuda Corporation, Japan, OBH-24), a vacuum pump

(manufactured by ULVAC Inc., Japan, G-50A), and a

vacuum controller {(manufactured by Okanc Works Ltd.,



noi sture. The dehydration rate in the reactor was 2.5
nmot/ Hr, which was greater than the value 0.0061 not/Hr
cal cul ated from expression (16). [0075] Exanple 20
Step 1. (Preparation of the starting material 1,1, 3, 3-
tetrabutyl -1, 3-di (butyl oxy)sdi stannoxane) A 3,000 ni
recovery flask was charged wwth 759 g (3.05 nol) of

didapap t ive-axisde (marubagbei-adoky putlydr kehvehemieal was
Co., US A) and 1,960 g (26.5 WDF) of 1-butanol

( remufeacttedr ed by n\MkogBur gacherheal 1 cliadyskii 8smbk@heric
Japan), whereby the flask contained the resulting

wWhirtee ssiner.r y Thiex eueeoc riherf baskewaslvat tvaghedokedano
evapor at or (manufactured by Shibata Scientific
Tédlenslbogy owed. thR- p44Fsoornect edet eyatem. The purge

t her nor egul at or - equi pped oil bath (manufactured by
MEsdd® @aspohgni onadlapan, ooBRed4) and vAtUODERPURPS
(manuf actured by ULVAC Inc., Japan, G 50A), and a
vadGURCcdRtPolthEr SYRBAGT Aot tREUrBy tRaABSWOMKEOLt d., S
132 Jaﬁanh VC-10S). The evaporator purge val ve outl et
WESTOCHRAECCATESSH R t r 6BBNCHASLRTHetElBRFAGuURE Was set

i AR LR L A K
TheBUEE XaLie Vsl ben.or adyall x opsed BDd, o e
Fistem Lo SISO gy rEgsnE e LBy g
| Rethengi inBathat@BSpheric pressure with the evaporator
purge valve open, whereby the reaction solution came to
the boil, to thereby start distillation of the low
boiling point constituents. This state was maintained
for 7 hours, after which the purge valve was closed,
whereby the system internal pressure was slowly
lowered. The remaining low boiling point constituents
were distilled off when the system internal pressure
was around 76 to 54 kPa. Once low boiling point
constituents stopped being distilled off, the flask was
removed from the oil bath. The reactién solution had
tuned transparent. The distilled off liquid was 1,737
g, transparent and had separated into 2 layers.
Analysis cof the distilled off liquid showed that it
contained about 27.6 g of water. The flask was then
removed from the oil bath and the purge valve was

slowly closed to return the system internal pressure to

atmospheric pressure. The flask yielded 958 g of the



rotati on of the evaporator was started. Rotation was
continued for about 40 m nutes while stirring and
heati ng under atnospheric pressure with the evaporator
purge val ve open, whereby the reaction solution cane
to the boil, to thereby stfif distillation of the | ow
boi ling point constituents.”"This state was mai ntai ned
f Qfe ol thol S018fi@f, Whisgh hhe pur gesyal ve was wofoggd,
whereby the systeminternal pressure'was slowy

| cueredi sThe gwerRi-hiaRg heWnBod:bng Aeiint c&9pst ibiugnts
were distilled off when the systeminternal pressure
was farrewmae , 76 Heo gohckBacdOpeeduew hoil Bng-peirtbutyl-
constituents stopped being distilled off, the flasg
wds 3-danbwed 1bxgm-the tainhochahk. wibecbeaghieanisokubiban
had tuned transparent. The distilled off Iiquid was
1yi®id.g, Theasspar embcandrhadwseparapedtieit 6 2imayers.
Anal ysis of the distilled off liquid showed that it
cHheaieRed 2alborr 1226 5¢g 768 wavér 1, Thé, Braskrakstyhen, 3-
renmoved fromthe oil bath and the purge val ve was
sFdWPy tyIlosyd ~£4 stepnpKanRewsysPBRPLACErF nal pressure
t% atgpspheric pressure. The flask yielded 958 g of

t NESP37° (RRLEIBATSotPEbK] T RBs B BskBK1429BRINIHR Gl UMD
13C-NMR_.anal ysis showed that, using dibutyltin oxide

reactor
as a reference, the generated product

1,1,3,3-tet .1, 3-di. (bytyl oxy)-di,st annoxane S
obt ai ned inbggggégt§Pe$ago%ﬁéeggﬁ%y%Fgggaﬁge%nmér80 umn
r aki , ek " I of 74 feg mm
1?%?%F§?tgtFggggyr?%?sg?ggfguég%%xy§-gggfa%hgxgngomas
obhairedi apbePr2anGOpt 800 RY dbbyt ViLhgedi abkexhdeesctor

using a colum
31 made from SUS 316, which was furnished with a supply
line 26, a supply line 27, a heat exchanger 28, a low
boiling point compcnent recovery line 34, a condenser
35, a gas-liquid separator 36, a back pressure valve
37, a vent line 38, and a liquid-phase recovery line 39
on a reactor upper portion 32, and a gas supply line
29, a heat exchanger 30 and an extracticon line 40 on a
reactor lower portion 33, was packed with Goodroll Type
A (Tokyo Tokushu Kanaami K.K., Japan). The temperature
of the reactor was adjusted using a heater set to 140°C.
From the gas supply line 29, l-butanol (manufactured by
Wako Pure Chemical Industries Ltd., Japan, industrial
product) was fed at 399 g/Hr and carbon dioxide was fed
at 3 NL/Hr. All of the l-butanol was vaporized by the

heat exchanger 30 and fed to the reactor lower portion

33. A feed pump was used to start feeding the starting



reactor) Dibutyltin al koxide was produced in a colum
reactor such as that illustrated in Fig. 4. A 50 nm

i nner di aneter and 4,000 mmtotal |ength colum
reactor 31 made from SUS 316, which was furnished
with a supply line 26, a supply line 27, a heat
exchanger 28, a |low boiling point conponent recovery

I|mgtéﬁ%a1a1an@e@sg%tfg§uﬁ%lgq53l@qq%%t§qg§ Lor 36, a
back pressure valve 37, a'vent line 38,

| idjuitdrphase o eeeveriddiRe 13%e of %trQQQt%VH&p@%H the
portion 32, and a gas supply line 29, a heat

exchangen 30 land can lextraebiloNmzini€ 240 veBdabyl #akboPure
| ower portion 33, was packed with Goodroll Type A
( Tokys cRAk Ushin skaraanL tk. K. Japapan)ndibe riadperatiuce )
of the reactor was adjusted using a heater set to
140Cm sppgryt Réngag 7sapplop 1l orér29, Thebbbaddohg time in
(manufactured by Wako Pure Chemical Industries Ltd.
J&p&n repRdest wieal 30ppeausef-was fed at 399 g/ H and
car bon d|0X|de was fed at 3 NL/Hr. Al of the
156&Paﬁo| \WRS NBPOLi 2eGABYOPRE CRESE EXERaAgark3dtand
g to %h reactor |lower portion 33. A feed punp was
&6l art feeding the starting S 138 materia

iuép?y3| | ne P20 et BUBPG RS HRHC RE TPEHcE OnESaraiPEn
} qh%ﬁ%h gg@gﬂ%@?t Eegtgédgg%?lgﬁﬁ gégﬁc%ygo thln film

ustries Lt apan

S@ﬁ@kilhb@@og7eahlg§én9/ anI@chCEQHnE tkgﬁehgo E98~

reactor was 30 m nutes. tain a carbonic

esbentibem dbal kykti.n Japan) set to 80°C and about 6.5
kPa to remove volatile components. The non-volatile
components were cooled and recovered, whereby 241 g/Hr
were fed into a 990 mL autoclave (manufactured by Toyo
Koatsu Co., Ltd., Japan). Once the secondary pressure
of a carbon dioxide.cylinder connected to the autoclave
via SUS tubing and a valve had been set to 4 MPa, the
valve was opened, whereby carbon dioxide was fed into
the autoclave at 28 g/Hr using a mass flow controller
(manufactured by Oval Corporation, Japan). The
temperature was raised to 120°C. The holding time in
the autoclave was about 1 hour. The liquid that had
reacted with the carbon dioxide was transferred to a
gaseous carbon dioxide removal tank and the pressure
was returned to atmospheric pressure. A feed pump was

then used to feed the reaction solution at 267 g/Hr

into thin film distillation equipment (manufactured by



al koxi de) A feed punp was used to feed the reaction
solution obtained in Step 2 at 807 g/H into thin film
di stillation equipnment (manufactured by Kobel co Eco-
Solutions Co., Ltd., Japan) set to 80C and about 6.5
kPa to renove volatile co nts. The non-volatile
conponents were cool ed and recovered, whereby 241 g/ Hr

wex nd eeh it O- 8 890 dis ats ocliave ( Actured by sfeyo, 4

Koatsu Co., Ltd., Japan). Once the sécondary pressure
ofamowarbon idioxidercyddanden Aanrect et ihe including
autoclave via SUS tubing and a val ve had been set to

4 dvRagt the-anaine ajas rapened noMerebyt igar ROmBinHde were
was fed into the autoclave at 28 g/ H using a nass

f low lewhtaral |ercovaranuf adthirsed iy tOualc aGoiop@rat-i on
Japan). The tenperature was raised to 120C. The
heldditeg-tlinee viol attile autgonene was deoutatl 20Qu./HEhénto
liquid that had reacted with the carbon di oxi de was

t i e @ tso-ee gdseodd oar Bomedi oxiade teenBv &0 Ot aumk
and the pressure was returned to atnospheric

D LERF L F Py ANES MREA SGeee €4 stéddathen column
r zftion solution at 267 g/H intqg thin film

it A &7 EGE prieit DirERerafeGké @by 6STI39nNREbel co

Ec-.Sal. ut i Co., Ltd., . ) t to 130C and bout

B O o ey e S 80 e = a0r g 22t

di-but vl , .t.he_non-vol atile co nent

CERLY, SR RRDALE, 1200000 PR EEpEOTRAEELS, anc

CRNiRItRING 2¥8LakLI ke @@%pg%eahi@ﬁswégdd§gug9% g/ggthEQ.
ter 2, 90" rm

the mddl e stage of a 50 mm i nner di ane
No tributyltin butyloxy was detected in this mixed

solution, nor was chlecrine detected from the results of
chlorine analysis. However, '*°Sn, 'H and C-NMR
analysis of the non-volatile component did show that
1,l,3,3—tetrabutyl—l,3—di(butyloxy)—distannoxane was
present, while dibutyl-di(butylexy)tin was not.

The 1,1,3,3—tetrabutyl—1,3—di(butyloxy)—
distannoxane contained in the non-veolatile component
recovered in Step 3 was returned using a feed pump to
the column reactor 31, and Step 2 was repeated.

The liquid temperature inside the Step 2
reactor was adjusted to 140°C, and the pressure of the
back pressure valve 37 was adjusted to 0.096 MPa-G.
Continuous supply was continued in this state for 10
hours, after which the system reached a steady state.
Low boiling point components flowed from the reactor

upper portion 32 and through the low boiling point



colum I ength continuous nultistage distillation
colum that was packed with Di ckson packing (6 mm
inner diameter), whereby distillation separation was
carried out. The cooled liquid was a m xture of
1-butanol and dibutyl carbonate, 98% of which was

di butyl carbonate. No tributyltin butyl oxy was
dele@le@nicn rihics cfyXad nesalauteien, i Ak FWas 16hl 9t REe
detected fromthe results of chlorine analysis.

Hawenvehsek138n, atd aRecl3G=MVBy aBabysi-eq0frbRethe
non-vol atil e conponent did show t hat

1,15 g3 id-pakrabubybvlery- diiqeuByl axyysdi gyapnoxane was
present, while dibutyl-di(butyloxy)tin was not. The
1Fur3hgrimetreabdtrpin- the- degbubyl dxyrr dbstannoganea
contained in the non-volatile conponent recovered in
Stépug ywasnr el korédeusiongaanfeedcpuppneot the cekbamared
reactor 31, and Step 2 was repeated. The liquid
téﬁpépata/griﬁ§p@etgﬁee%ﬁéﬁczioﬂeééﬂer4@@3 adplgsed 06
140C, and the pressure of the back pressure valve 37
wasCadpasredeto 162098 RPaved tkaht PRUBAsASDPRYYTiAsoxide
continued in this tage for 10 hours, after which the
S§St Bl FESCRBASA ShBady 2t 697 T EQUPBOR | PG bt R

. fl f he r [ 32
A DR Bgf Re-T Ok bBI g BOfnEL 10 CORpONBHT
- [ : [ facti t,t
N S B T P e A e

racQuaEy1bkDe-39saknda3 gLt . oy ?% ?ngrﬁut££9gétggd a

react or | ower portion 33, a dlg%
akkextdefconbakni NGcEAARONENt cMAS] { §CON e 880vate80From

g/H fromthe extraction |line 40. Analysis of

the liquid-phase recovery line 39 was transparent and
centained 2,500 ppm of meisture. The dehydration rate
in the column reactor was 0.144 mol/Hr, which was
greater than the value 0.0015 mol/Hr calculated from
expression (16). In addition, the yield of the dibutyl
carbonate obtained from Step 3 was about 30 g/Hr. The
obtained dibutyl carbonate did not contain any chlorine
compounds or tributyl compounds.

[0076]

Example 21

(Production of diphenyl carbonate from dibutyl
carbonate obtained using the production process of
Example 20)

Catalyst Preparation

Phenol (80 g) and 32 g of lead monoxide were

heated for 12 hours at 180°C, and the generated water




the recovered |liquid showed that using dibutyltin
oxide as a reference, the liquid contained a

di butyltin al koxi de consisting of a yield of 41.3%
di butyl - di (butyloxy)tin and 58. 7% of
1,1,3,3-tetrabutyl -1, 3- di (jout yl oxy)-di stannoxane.
Trlbutyltln but oxi de had a yield of 0.04% Meanwhil e,

t hend idjuitd meeoverred 1My itthe thiedwindrehase o eeeveny
line 39 was transparent and contained 2,500 ppm of

nyisdpire alhe tdalydr ation rate in the col unn react or
was 0.144 nol /H, which was greater than the val ue
0. OOthlumli/okr ocalbettlyaip@e nfloma réxpressi on (16). In
addition, the yield of the dibutyl carbonate obtained
from Step 3Bwaylabeuty13@agbknatEheasobtraicdnedddiubutyl the
carbonate did not contain any chlorine conmpounds or
t diuttyll compounds. cp0e716pd Exakpherle ¢Pr baucsion ef
di phenyl carbonate from dibutyl carbonate obtai ned
u§$ﬁﬁiﬁﬁ@Spﬁ@@@cﬁﬁoﬁhﬂﬁoéé§§séﬁatEﬁaﬁﬁlElHG)léataW§§t
Preparati on Phenol (80 g) and 32 g of |ead nonoxi de
WETE CHER #&SF GRTTICHoGHS kY ¥S6eT and°EAePYBRef At ed
141 distilled off with t enol, to
tﬁgwwuoaﬁﬁ'?fafseg ASEE AN SN
rbonate |, phenyl r.bonat.e_wa
prgﬁtce uél eFﬁé aathFE¥l§a§bén ?g 8Bt &8 §hat the

a
Fﬁ%gg%?a%§5Q¥ngé:Qgeag}x$ﬁggrBEH%e%HCglgﬁt&m Earbonate

and phenol was 65/35, and the lead concentration was
about 1% by weight) from a supply line 122 via a heat
exchanger 123 at 270 g/Hr to the middle stage of a 50
mm inner diameter 2,000 mm column length continuous
multistage distillation column 124 that had its sieve
trays of the plates 40 packed. The heat required for
the reaction and distillation was fed through
circulatory heating of the column lower portion via a
circulaticon line 131 and a reboiler 130. The liquid
temperature of the continuous multistage distilliation
column 124 column lower portion was adjusted to 231°C,
and the pressure at the column top was adjusted to
about 200 kPa by means cf a back pressure valve 128.
The reflux ratioc was set at about 2. The low boiling
point components distilled off from the column top of
the continuous multistage distillation column 124
flowed through the low koiling point component recovery

line 125 for condensing at the condenser 126, then



reaction was carried out by using a feed punp to
continuously feed a m xed solution of dibutyl
carbonat e, phenol and catalyst A (adjusted so that the
wei ght ratio in the m xture between di butyl carbonate
and phenol was 65/35, and the | ead concentration was
about 1% by weight) froma supply line 122 via a heat

eXCIRARGE it k23, At E%éol@MH%oEQiE@epEngl%ﬁﬁ@@ﬁ%ﬂ%fs@o§gge

nmm i nner diameter 2,000 nmm col unn | engt ont 1 nuous

Mildrikstiage dirst ivlelrat icpr reghuemni24ubhat yhadcibsrsiewe
trays of the plates 40 packed. The heat "required for

t kbongad’i o Hand rdinstthkel atihen 19@s f edokhi@EgBolumn lower
circulatory heating of the colum |ower portion via a
cipocyliati, ohilghn@cilinangodanteboinbeneh86. fTbeeki gHirdugh
tenperature of the continuous nultistage distillation
chgmirip24 bedllimy powert pompbornwasiadj U8tedahd 23%1€,
and the pressure at the colum top was adjusted to
aBbOGT PO ClopA 1byioneans est racbadkapr ebsupstvabvect28ine
The reflux ratio was set at about 2. The | ow boiling
paicht SCoRPEHENES 3dB4EE! | edhef FoRPBRLERencaf ufhet bpapid
t he con%igugus nultiita e distillation colum 124
f FEWEd “thfohgh™ ha®l owlBofrPRESpoF RECEBRBoRERE 129 was
r ry-.line 125 gor condepsi ng at the condenser .
1567 Thén *sPY4s= A buBd ThPonaROt he PO bofFi kg o fiet
corpaRent, SLALAGB,LL ANk 167y A0M, VEEe, L hEL oby
cont?nuously ext?gg%e at” g%g% F69£9?FFH§Y n?fﬁ%o??ﬁ%'
129 EB%HBEB@i@Q'Hgnthgm@%quﬁgr&igﬂilgégho Pl eLOf the
poi nt conponents flowed through the high boiling
pekAtacempanenhel 182 #33, 3800MRT 8 1-butanol, about 11%
by weight of phenol, about 65% by weight of dibutyl
carbonate, about 21% by weight of butylphenyl
carbonate, and about 1% by weight of diphenyl
carbonate, and had a Pb concentration of about 1% by
weight.
(Production of diphenyl carbonate from a
disproportionate reaction of butylphenyl carbonate)
Diphenyl carbonate was produced using an
apparatus such as that illustrated in Fig. 11. The
reaction was carried out by using a feed pump to
continuously feed butylphenyl carbonate from a supply
line 133 via a preheater 134 at about 203 g/Hr to the
middle stage of a 5 cm diameter 2 m column length
continuous multistage distillation column 135 that has

its sieve trays of the plates 40 packed. The heat

required for the reaction and distillation was fed



t hereby continuously extracted at the extraction line
132 at about 203 g/Hr. The conposition of the liquid
extracted fromthe |iquid-phase recovery line 129 was
about 27% by wei ght of 1-butanol, about 72% by wei ght
of phenol and about 1% by wejght of dibutyl carbonate.
The conposition of the liquid distilled off fromthe

extiaeidioncd i el 432 wase 33 PRIP afhal -RULARO11,0wB0Wo rt 1 on

11% by wei ght of phenol, about 65% by wei ght of

di~biet yd  cicardicrtatcey Jabeutl 421%rhy anvaieghti 1ef- hutlyl phery!

carbonate, and about 1% by wei ght of di phenyl

caribpriat &;ergrar dtad-ea Bb ttencenttriatuicus efulabeutgk% by

wei ght. (Production of diphenyl carbonate froma

diigrtopidrati immataes Iugac tliZdn cofl uput \lopleen yplo redpbowatse)

D phenyl carbonate was produced usi ng an appar at us

such e achdto i43795t r anedtha Prgssife Thetheeaction wags

carried out by using a feed punp to continuously feed

bt p??dﬁ&ﬁt@@grt@oﬁwtf rdmka as ipplganisi pd #38resguae

preheater 134 at _about 203 g/H to the mddle stage

ofmé‘e%ogm% ﬁ"etlé%'z M CoF Gt UFe GO #8ft PRtiogs 2bout
tista di.stillat.iigon colum 135 that has its _sieve

?]Fyeiys%o Wgt {e o'k BSRG SREREH S Tiie &kt L LPEqQE FedTrpr the

t he jreacti istillati fed S 143  through

ciroul ot o) aat g or raoas B H-ekePepsr ron Sorama

cLaual non LhuReli2ianton LEROLLRY pldL Tl O,

Cotpdnkde Gelcura rkOWehePaRE 8BrWaSndensing at the
condenser 137, then flowed through the low boiling
point component storage tank 138 and were continucusly
extracted at about 172 g/Hr from the liquid-phase
recovery line 140. From the column lower portion, high
boiling point components were continuously distilled
off at about 31 g/Hr via the extraction line 143. The
composition of the liquid distilled off from the
liguid-phase recovery line 140 was 390 ppm of 1-
butanol, about 13% by weight of phenol, about 86% by
weight of dibutyl carbeonate and about 1% by weight of
butylphenyl carbocnate. The composition of the ligquid
extracted from the extraction line 143 was 500 ppm of
dibutyl carbonate, about 26% by weight cf butylphenol
carbonate, and about 65% by weight of diphenyl
carbonate, and had a Pb concentration of about 8% by

welight.

Next, the diphenyl carbonate was purified



adjusted to 237C, and the pressure at the colum top
was adjusted to about 27 kPa by neans of a pressure
control valve 139. The reflux ratio was set at about

2. Low boiling point conponents distilled off fromthe
columm top of the continuo%%4nultistage distillation
columm 135 fl owed through the | ow boiling point

COMORentn ecRvelYd isnerl36 Lancondensi titheig. 12,
condgﬁgeﬁ'f : theﬁ Flomed thrgugh tﬁg%fggﬁgoﬁ iﬁég 12

paiinfuiconReNehtShabage vt ek 4383and wake regpt LAuously
extracted at about 172 g/H fromthe liqui d-phase

I ecovercyt ilonne 1140.1 4Br emat he sappupm 1k gwen 4pophHOR, hBREh
boi I i ng poi nt conponents were continuously distilled
ofefxcatanaleautl 431 tg/ Hhevinadtihe extgacbiron ki Bg 443methe 2
conposition of the liquid distilled off fromthe
| img@icduphasengetozenyihiupnes140inast3968 gpatofliticn
but anol , about 13% by wei ght of phenol, about 86% by
weicdhriofl 48 pacyedcaribbnat ekand pbokting% bymmeigherof
but yl phenyl carbonate. The conposition of the Iiquid
et PREECEY) fr YREEREYeREFAL 18Rl PRNBeRABaWASN 508S ppaT i ed
dib%tyl éarbonate, about 26@6b¥ wei ght _of butyl phenol
c&Pbonat 8¢ 8hdtah5at165% by wel'ghe:oF 1 4i phenyl separation
c%ggo ate agg ad.a Pg concegtrationagf about SWbbY
werght SONSRE CUERe CHE GHERYP T €aPBORARE Rhst Par FPiwan stower
1?@ tYshng;an_appara .such. as t iIIustrateﬁ?in
e VA AR Rt R SR e IS T TS
ﬁggfeiﬁﬁﬁgﬁ'ggmbéggt&%é yea A supply,line &éft?@gaé%
distillation ceolumn 146 column lower portion was
adjusted to 210°C, and the pressure at the column top
was adjusted to about 1.5 kPa by means of a pressure
control valve 150. The reflux ratio was set at about
1. Low beiling point components distilled off from the
column top of the continuous multistage distillation
column 146 flowed through a low boiling point compenent
recovery line 147, condensed at the condenser 148, then
flowed through the low boiling peint component storage
tank 149 and were continuously extracted at about 288
g/Hr from the liquid-phase recovery line 151. From the
column bottom, the low beiling point components were
continuously extracted out of the system at about 27
g/Hr from the extraction line 154. The composition of
the liquid extracted from the ligquid-phase recovery

line 151 was about 200 ppm of dibutyl carbonate, about

29% by welght of butylphenyl carbonate and about 71% by



exchanger 145 to the mddle stage of a 5 cmdi aneter 2
m col umm | ength conti nuous nultistage distillation
colum 146 packed with Di ckson packing (6 mm i nner

di anmeter), whereby distillation separation was carried
out. The heat required for ;e distillation separation
was fed through circulatory heating of the columm

| g htpeltt Hapneng1a ceirberbati, onThieng: 4534apdn@inucusly
reboiler 152. The liquid tenperature of the
Centtiraueus Mubh shageiqdigtbhhati eAceokuiM1146 cobunms
| ower portion was adjusted to 210C, and the pressure
atfethetcab8m /tiepviwaa adpdusfed Lonabdet in8 kPachy
nmeans of a pressure control valve 150. The refl ux

r aichangsrséb cat cabbet mididlkowtboel bAgapbi o diameter 4
conponents distilled off fromthe colum top of the
concehdsos Llenbthstagéidisupl halkdoatagel dimt 1462t oned
through a | ow boiling point conponent recovery line
1@?}u@@nééﬁs€écéﬁdtwétgoﬁaéh§@ﬂ pagkintien® Fmoweder

t hrough the | ow boiling point conponent storage tank
1%4938Rbher eWESREPHUBESFY LRE ARt BEPAF 2 BbBTIt W2B8Ca B Hpd

f the | iguid-ph i 151, F th .
AR Sab B, PR ey e 5L L Ll o
' ted t _of the. { t about 2
CoRy! PUBLSLYERLTpet cbt f Doy RISK AL BB 2o
Bestial iy ctedrom {heok oo pIesc sepper iy

29%by ; wak ght sRbebut ylBhepytnEaEbOPAL 8o RO dnaPOYL - 1126
by 145 "wei ght of di phenyl carbonate. The |1 quid

canttnuodshyn extuast ed7f comuhhel bigui gophase wgesovery
line 155 was fed at 288 g/Hr via a transfer |ine 155
andjashedt to 198°C, and the pressure at the column top
was adjusted to about 6 kPa by means of a pressure
control valve 161. The reflux ratio was set at about
6. Low boiling point components distilled off from the
column top of the continuous multistage distillation
column 157 flowed through the low boiling point
component recovery line 158, were condensed at the
condenser 15%, then flowed through the low boiling
pelnt component storage tank 160 and were continucusly
extracted at about 90 g/Hr from the liquid-phase
recovery line 162. From the column bottom, the low
boiling point ccomponents were continucusly extracted
out of the system at about 198 g/Hr from the extraction
line 165. The composition of the liquid extracted from

the liquid-phase recovery line 162 was about 700 ppm of

dibutyl carbonate, about 93% by weight of butylphenyl



exchanger 156 to the mddle stage of a 5 cmdi aneter 4

m col umm | ength conti nuous nultistage distillation

col um 157 packed with Di ckson packing (6 mm i nner

di anmeter), whereby distillation separation was carried

out. The heat required for distillation separation

was fed through circulatory heating of the columm

| QuatborRfd i1 W@ Gl G4l aldioitl bre g164eARd Barbonate.

reboiler 163. The liquid tenperature of thé

cams rudmi® sitlitons g e hedilStgulildakixer aceledm 457 teal umm

| ower portion was adjusted to 198C, and the pressure

atextthe atdlonmi ithep 1 obas caghiristeld 1kesahbut, 6hkPacbyurable

nmeans of a pressure control valve 161. The refl ux

r dtlind twa e fsétutatl phleoytl c@rbbowtkboihidng9pobrt weight of

conponents distilled off fromthe colum top of the

ceiPnsaeds crubinetgge dihst chilatriior cookamhrabiohl dnedhe

t hrough the | ow boiling point conponent recovery line

15§PC%éP@ Sondensadvae PréowcoRdensablesdiminen 1 owed

tgr%gﬁg the low boiling point conponent storage tank

160 were continuously extracted at about 90 g/ Hr

fron1tqe l,i,qui d- phase recovery line 162. Fromthe

c6raMs “Foffom the low boiling point conponents were

c [ I tracted, out of the system at_about 198
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about 93% by weboht, efabut xhRhgpyh 146n garpopatg,and

about 7% by wei ght of di phenyl carbonate. The

cappasktiuen af thbembhgukd Qﬁﬁracﬁﬁgp&£@§1f@§nel was

extraction line 165 conprised | ess than the neasurable
charged with 16l g (0.75 mcl) of the diphenyl carbonate

obtained in Example 21 and 142 g (1.5 mol) of phenol
(manufactured by Aldrich Chemical Co., U.S.A., pre-
distilled). After purging with dry nitrogen, the flask
was immersed in a 50°C water bath, and stirring was
started. Once the solid content in the flask was
confirmed to have dissolved, the water bath temperature
was set to 45°C. The dropping funnel contained 35 g
(0.3 mol) of 1,6-hexamethylene diamine (manufactured by
Aldrich Chemical Co., pre-distilled) kept at a
temperature of between 45 to 50°C. Dropping was started
into the flask from this dropping funnel. While
adjusting the dropping rate so that the liquid
temperature in the flask remained between 50 to 60°C,
dropping was carried out over about 20 minutes. Once

dropping was finished, the water bath set temperature



l[imts of butyl phenyl carbonate and 99% by wei ght of
di phenyl carbonate. The chlorine concentration in the
reaction solution was bel ow neasurable limts. [0077]
Exanpl e 22 (Production of hexanethyl ene diisocyanate
fromthe diphenyl carbonatg,pbtained from Exanple 21)
A 500 nlL flask equipped with a stirring apparatus, a

t heraoreheitand A «-appirrg fivpnel o Ghanged Wit
161 g (0.75 not) of the dipﬁggyl cgﬁ%gkate obpalned

lrfﬂéﬁﬂnﬁa% Zheandahd2sgittibgMb) @En@hﬁﬁ@& for 1 hour.
(manufactured by Aldrich Chemical Co., US A, pre-

diBtd |deed)lt sAfctiem ipfr giend owhitah odr Y 1»jutiHo geRronthe girlaasly

was i Mmersed in a 50C water bath, and stirring was

st%mieﬂﬂ‘@mmaadnaomobhdomamb@mbphw thewkldagskawashe 1, 6-

confirmed to have dissolved, the water bath

t EfFETEttiyd engasliset neo t45€. oTheedcoppinngabunnél,

cont ai ned 35 (0.3 nol) of 1, 6-hexanethyl ene di am ne
( YRRt drr %@%amﬁﬁﬂwﬁ@ﬁeCﬁéﬁh@éldcﬁarbamétélwﬁslled)

Wég at a tenperature of between 45 to 50C. Drop %
&r-Eed Wit 6 ﬂﬁ@lﬁ|§§k9ﬁréﬁ1ﬁﬁﬁsadﬁ@éQPEQVﬂuﬁn@

adj ustln t he rate so that the liquid
{ BhtsdRat s e CORESFF S5k DPana: Hod {Gebieiosh fottoC

dr oppi ng ma§.carr| out o

dr oppi ng was FlﬁF%ﬁeéontﬁgxﬁéfgp 8£Pﬁu§89 f@nﬁ@?ﬁtﬂ?@ner
1445 wag QQEU%tggéﬁgaEg?tlh@S Li,aul, gdgfnpegaégrgglnl

the flask was tirring was contlnu
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chr omat ogr aphy

distillation column packed with Dickson packing (6 mm
inner diameter), wherein excess phencl was extracted in
gaseous form from the distillation column upper
portion, and the high boiling point components were
continuously extracted from the distillation column
lower portion. The column lower portion was subjected
to circulatory heating at 130°C by a reboiler, and the
column top portion pressure was adjusted to about 20
kPa. Thermal decomposition was carried ocut by feeding
the solution extracted from the column bottom via a
transfer line and a pump into an area about 1 m from
the bottom of a 2 inch diameter 4 m column length
continuous multistage distillation column packed with
Dickson packing (6 mm inner diameter). The column
lower portion was subjected to circulatory heating at
220°C by a reboiler, and the column top portion pressure

was adjusted to about 2.6 kPa. A hexamethylene




and gel perneation chromatography showed that the 1, 6-
hexanet hyl ene di am ne rate of reaction was 100%

wher eby 1, 6- hexamet hyl ene phenyl di carbamate was
generated with a yield of 99.6% and a selectivity of
99. 6% Urea conpounds had %fﬁgeld of about 0.4% The
reaction sol ution produced this manner was fed via

a<fo§53§§Héééﬂé6ﬁ€§%dﬁn | & %%%%%to%ag %Ftrg%Qed in

di aneter 4 m col um nti nuous T St
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i nner dianeter), wherein excess phenol was extr

| borgaseous frolemdnemnt hardi $hichbat i,ae eQkyar-UpPeH
portion, and the high b0|I|ng poi nt components were

Cadarususioyrextroacted Lbpart be rdiishi brathence0LAm The
| ower portion. The columm | ower portion was subjected
t teciareuihatieny kédtiorgaatt:3@Cnhy iaingbebhebneandwhbered
colum top portion pressure was adjusted to about 20

k Bart oThéemali ddéeospasiet ibdnawds icahr dedmettrby fieedi ngn
the solution extracted fromthe colum bottomvia a

t rl&@mgitdr confé nandsampdiyp sicage dasaiédatbout colmmhr parked
the bottom of a 2 inch diameter 4 mcolum | ength
cotinioGE SR PRSKARE dPs LFapPsndésmahnr packbarabyhthe
D ckson king (6 mminner dianmeter). The col umm

65ﬁﬁ8ﬁema§l§asp@eeéa wascpweaﬁaﬁery hagt FAgUEE
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was extr ed 1n gaseous orm om an area a

fram the upRar £ oP9ELLPNE O 3t he,col vilp, -aRd, phepo!l was

extracted in
extracted from the column top portion were obtained

having a 99.9% hexamethylene diisocyanate purity. In
addition, the components extracted from the column
bottom had a main component of diphenyl carbonate.
[0078]

Comparative Example 8

(Obtaining hexamethylene diisocyanate from a chlorine
compound-containing diphenyl carbonate)

A 500 mL, flask equipped with a stirring
apparatus, a thermometer and a dropping funnel was
charged with 161 g (0.75 mol) of diphenyl carbonate
(manufactured by Bayer, Germany, hydrolyzable chlcrine
compound content of 15 ppm) and 142 g (1.5 mol) of
phencl (manufactured by Aldrich Chemical Co., U.S.A.,
pre-distilled). After purging with dry nitrogen, the

flask was immersed in a 50°C water bath, and stirring



gaseous formfromthe upper portion of the colum. The
hexanet hyl ene dii socyanat e-cont ai ni ng conponent was

fed into the mddle stage of a 2 inch dianmeter 4 m
colum length continuous nultistage distillation

col um packed w th Dicksongeacking (6 nminner

di aneter), whereby the hexanethyl ene diisocyanate was
puidsf isedrtEde colum | ower portion was subjected to
circulatory heating at 120C by a reboiler, and the
colum top perti ahepsedsdr eonwastadhushedfiasabedt

0.13 kPa. The conponents extracted fromthe col umm

t opndaritieon twehevebtasredvelavihg aa88r9%ath temperature
hexamet hyl ene dii socyanate purity. In addition, the
c@@ﬁoﬁ@ﬁt§oe%5F©ctéﬁhér@mWEWquxﬁmmwﬁlknnmtﬂnnﬁﬂi%ﬁ g
mai n_conponent of di phenyl carbonate. [0078]
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wat er bath, and stirring 149 was started. Once the

sa&b@p@ﬂqteaé tArthedf baskowas agentipoedihecbave cnce
di ssol ved, the water bath tenperature
the dropping was finished, the water bath set
temperature was adjusted that the liquid temperature in
the flask was 50°C, and stirring was continued for 1
hour.

The results of high performance liquid
chromatography and gel permeation chromatography showed
that the 1,6-hexamethyliene diamine rate of reaction was
99%, whereby 1, 6-hexamethylene phenyl dicarbamate was
generated with a yield of 99% and a selectivity of
99.6%. Urea compounds had a yield of about 0.5%.

The reaction solution produced in this manner
was fed via a waste heat boiler into the middle stage
of a 2 inch diameter 4 m column length continuous
multistage distillaticn column packed with Dickson
packing (6 mm inner diameter), wherein excess phenol

was extracted in gaseous form from the distillation

column upper portion, and high boiling point components




was set to 45C. The dropping funnel contained 35 g
(0.3 nol) of 1, 6-hexanet hyl ene di am ne (manufactured
by Aldrich Chemical Co., pre-distilled) kept at a
tenperature of between 45 to 50C. Dropping was started
into the flask fromthis drepping funnel. Wile

adj usting the dropping rate so that the liquid

t anpres atoind ukushg thkaskcrenpicped bakwaen:5015@:160C
droppi ng was carried out over about 20 mi nutes. Once

t he ldmopgiong rwas riiibhshedhet e lwaken ohathpsetion was
tenperature was adjusted that the liquid tenperature
i subtjlee thldasl waschQ€rocandhstiingngtwastony nuetkfoiler,
1 hour. The results of high performance |liquid
clnemathegcaphynandegebrpérnentreenuchr eaat egiaphyd to
showed that the 1, 6-hexanethyl ene di am ne rate of
r é8etitor Owsa - 99Thiepnat edgcompohexanet Wgbenarphedybut by
di carbamate was generated with a yield of 99% and a
séPECENGi ticof La99deesttrehedonpounbRe hadl anyi bpgten via
abo%t 0'%?’ he reaction solution produced in this
nhEPPonES el vRR%a®wWaLTR hBaP BDI fER2| APEIEhe m from

i ddl f 2 1 . di t 4 I I th
0 834890 cc0% 2 L0 dhameter 4 meolum length
Db%%%?ﬂuoﬂécﬁhﬁgiéﬁagg?&99€£19599959£ Jaherel p excess
pheno was extracte I N gaseous ?orn1 ron1?%e
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| oner portion was subjected to circulatory heating at
130C°byep 4 ebslid €lgr, and the column top portion pressure
was adjusted to about 2.6 kPa.

A hexamethylene diisocyanate-containing
component was extracted in gaseous form from an area
about 2 m from the upper portion of the column, and
phenol was extracted in gaseous form from the upper
portion of the column. The hexamethylene diisocyanate-
containing component was fed into the middle stage of a
2 inch diameter 4 m cclumn length continucus multistage
distillation column packed with Dickson packing (6 mm
inner diameter), whereby the hexamethylene diisocyanate
was purified. The column lower portion was subjected
to circulatory heating at 120°C by a reboiler, and the
column top portion pressure was adjusted to about 130
Pa.

The components extracted from the column top

portion were obtained having a 99.3% hexamethylene




and the colum top portion pressure was adjusted to
about 20 kPa. Thermal deconposition was carried out by
feeding the liquid extracted fromthe colum bottom
via a transfer line and a punp into an area about 1 m
from the bottomof a 2 in di aneter 4 m col um

l ength continuous nultistage distillation colum
packied wddy t Diiksaeny pagki RAEE B, i RREr AhRFBkEk).

The colum | ower portion was subjected to Circulatory
hertdtid 1ald 220G ryn & heekoilleh, pard otiheagokurma ihop
portion pressure was adjusted to about 2.6 kPa. A
hexaretrleyltend diip$ecydnateboaantai.ni Mg cprponeat was
extracted in gaseous formfroman area about 2 mfrom
t hexappdehydent on isbctyheatel aontaandd phepal ofias
extracted in gaseous formfromthe upper portion of

t heycgsllymab lEhebiexdmet bpmenendi.i socyanat e- cont ai ni ng
conponent was fed into the mddle stage of a 2 inch
di[&Y¢%r 4 m col um | ength continuous multistage
distillatigon colum packed with D ckson packing (6 mm
i FREMPditamet er), whereby t he hexanet hyl ene

di i_socyanat e Eogurif colum | ower portion

ed. Th
ndETOu ke Ott BOIVFRGPAPBES RSTi hGCat 1RDOE by a
il th I t i
L b e O e R O D S P et e
f th i . t ai. ned havi .
66 35 hoxant FaoLER rRRELLAN-UREE- 0Nt A1 ReTa NaY) PYi Ag
2ggbb&gmustmgsceﬂaeagat§itﬁi§§lblsd09f£5§rﬁﬂbﬂ§§y1

um bottom had a"main conponent of pheny
catikboatee TRBROBLANREHs did not detect any impurities,

including methyl groups (excluding methyl groups on
alkyl group ends), and 22.8 g of bisphenol A. While
purging with nitrogen gas, the resulting mixture was

polymerized at 8 kPa for 30 minutes and at 4 kPa for 90

minutes, after which the temperature was raised to 270°C

and polymerization was carried out at 0.07 kPa for 1
hour. The obtained arcmatic polycarbonate was
colorless and transparent, of good quality, and had a
number average molecular weight of 10,500.
[008C]
Comparative Example 9
(Obtaining polycarbonate from a chlorine compound-
containing diphenyl carbonate)

A vacuum reactor equipped with a stirring
apparatus was charged with 23.5 g of diphenyl carbonate

(manufactured by Bayer, Germany, chlorine compound



hexanet hyl ene dii socyanate contained 5 ppmof a
hydr ol yzabl e chl ori ne conpound. [0079] Exanple 23
(Production of polycarbonate fromthe diphenyl

car bonat e obtai ned from Exanpl e 21) A vacuum react or
equi pped with a stirring gpgparatus was charged wth
23.5 g of the diphenyl carbonate (NVR analysis did
nefondetectrany bpmwrlbhaszz Bnel udi pgspBREAYL ArOURBile
(excludi ng nethyl groups on alkyl group ends), and
22u8ggnaf whitsphenebghn Yhkl ethpurgbagtihhmhikt nt0genas
gas, the resulting m xture was polynerized at 8 kPa

f oo l30cminatiestaAdkat £okPaof ninB@0esnandt es, 4akPerfor 90
whi ch the tenperature was raised to 270C and
poliymseszatifonrwabichr thedtoupeatt0r87wkParfdsed to 270°C
hour. The obtai ned aromati c pol ycarbonate was

cengr FedgmandzpEanspEREntarsiegoodcgatl Pt)7 kAd Fad A
nunber averagygnolecular m5|ght of 10, 500. [0080]

CbRpar at f'vE® ﬁﬁ|@a§ pebt ab ﬁh@e§o|y%a99@n@@@pi¢6ﬁia
chlorin ound- talnln phenyl  carbonate) A
vﬁéaﬁﬁ]@ge%? PCEqHPbB dC%PFﬁ egtwr?h@w%ﬁaﬁwggms

ed wit of . di phen carb
CRERERE hbaase; Tads b el P aakyr “RhrePT e cbRpdures 152
coptent .qf 15 ppm), and 22.8 g of bisphenol A Wile
purging wWith nitrogen gas, the resulting m xture was
pgbmg@qlzed at 8 kPa for 30 m nutes and at 4 kPa for
9

Comparative Example 10

(Synthesis of a carbonic ester from a dibutyltin
alkoxide containing a large guantity of a tributyltin
compound)

A high-pressure vessel was charged with 120 g
of the dibutyltin(2-ethyl-hexyloxide)} (tributyltin(2-
ethyl-hexyloxide content of 29 mcl%)) cbtzined in
Comparative Example 5 in the same manner as in
Comparative Example 6. Heating and stirring were also
carried out in the same manner. After the mixed
solution temperature had been lowered and carbon
dioxide gas removed in the same manner, 100 g of mixed
solution were collected in a 200 mL three-necked flask
equipped with a three-way stopcock. Next, the flask
was connected to a connection pipe provided with a
branch pipe, a thermcmeter, a Liebig condenser, a low-
pressure connection pipe and two distillate recovery

vessels. The flask was immerséd in an oil bath to



m nutes, after which the tenperature was raised to
270C and polynerization was carried out at 0.07 kPa
for 1 hour. A polyner was not obtained. A

non-conpl etely reacted product which contained an

ol i gomer having a nunber augrage nol ecul ar wei ght of
800 or |less was obtained. [0081] Conparative Exanple

1Q@HiSentdresing @fd aanben e apkerdirem:a dishutyl tijfing a
al koxi de containing a large quantity of a tributyltin

conmpound ovArhiaght pr essune vesseblnas, chacgedawisite120 s
g of the dibutyltin(2-ethy|-hexy|oxide)

(tamiciwality e rethylo- leXyl eweiade whenternt 168f g28tmal %) )
obtained in Conparative Exanple 5 in the sane manner
ad Hagt iconpavdtiove Bxaapl ¢ebpekHeatiregodndbstitr 1RAGC was
were also carried out in the same manner. After the
moeed 1ns6l-ut o rempeitat afe CRadlbesnal gwesedoandhe
carbon . di oxi de gas renoved in the sanme manner, 100 g
off TRICGHAN SOICUEFOR REPESES| PECEEd PH me2EbtnRf di-2-

thr necked fl equi pped with a three-way
sF&E@&@FXY %Pﬁ@tﬁlas b ﬁ&glééﬁﬁecﬂédw?é ﬁonflrmed

f%%?ﬁéﬁe er%%eeﬁaﬁﬁa‘fgﬂﬁﬁ"a% ool T8 of: BSeafy o -
e T aoe ahs e e e %%%'ol B tRer B antFo RS
t@@t@kxed solution tenperature to 130C. Using a

vacuum punp and a vacuumcontroller, the pressure was
gradeallly | owered to 0.13 kPa, whereby 18 g of a

Comparative Example 11
(Catalyst Preparation)

Phencl (40 g) and 8 g ¢of lead monoxide were
heated for 10 hours at 180°C, and the generated water
was distilled off along with the phencl, to thereby
prepare a catalyst A.

(Production of diphenyl carbcnate)

A 1,000 mL autoclave (manufactured by Tovyo
Koatsu Co., Ltd., Japan) was charged with 110 g of (3-
methyl-1-butyl)carbonate obtained in tﬁe same ‘manner as
that in Comparative Example 7, 490 g of pre-distilled
and purified phenol (manufactured by Aldrich Chemical
Co., U.S.A., and catalyst A tin an amount such that the
lead concentration was 0.4% by weight of the contents
in the autoclave), and the cover was shut.

The autoclave interior was purged with

nitrogen gas, after which the valve was closed and



fraction having a steamtenperature of about 125C was
obt ai ned. The results of GC-FID analysis for the
fracti on showed a content of 55% by wei ght of di-

et hyl hexyl carbonate. In addition, it was confirned
from 119Sn- NMR anal ysi s that: about 44% by wei ght of a
tributyltin conpound was m xed in the carbonic acid

estereriP8ds Samarati ve %’EEJGG:aHﬂre( Gatalagst ne

Preparation) Phenol (40 g) and | ead nonoxi de

wetue o dieatee @r2for- aiG o urs 28!3t0°¢80CN1@BQgEﬁer§n§ﬁ@E§Quced
water was distilled off along with the phenol, to

t her ey lpwepare ra icat alfy sheAaulRcaduet izen sof mdi/pheny!
carbonate) A 1,000 ni autocl ave (manufactured by Toyo
K@ditss @ uCoc,l alvied uppdapan) tian chdrgedas bhelhBed b (Bat
nmet hyl -1 - butyl ) carbonate obtained in the sane manner
aghet Hatt siln pComparat iive tEcanplteclav49®ag oh a range of
pre-distilled and purified phenol (manufactured by
ARGEERNCAER &l 2080 kPaw, 8nA. LoandoddtiabyspiAt(in an
anount such that the |ead concentration was 0. 4% by
V\éioélﬁttl&luepﬁé H@ﬁ@eﬁltl§tlnlﬁefih@f§utf@é| 4vepurgnd fhser 4
ver wa e auyt ocl interior was purged wth

n “Fdgen &gslnnggPC%ﬁPEh h@lggpgénmﬁéscFB@@BegndaT§4

St Lri s started. .The t nperature inside the
a&?ocﬁggg%%ggeralsealgo §§O ﬁl? ogen was i ntroduced

at the lomehn@?&%ﬁgno%fth@ecgﬂkggkgvghgaegotggénggbut
0.28 mol of di(3-methyl-l-butyl), 0.21 mol of 3-methyl-
l-butyl (phenyl) carbonate, and 0.026 mol of diphenyl
carbonate had been obtained.
The reaction solution was transferred to a
1,000 mL 3-necked flask equipped with a condenser,
which was connected to a vacuum controller and a vacuum
pump, and a Dean-Stark trap. A stirrer was added for
stirring. The flask was immersed in an oil bath set to
150°C, and stirring was started. Pressure was gradually
lowered to about 100 kPa. Unreacted phencl and (3-
methyl-1-butyl) carbonate were distilled off in this
state, to thereby yield a reaction solution censisting
mainly of 3-methyl-1-butyl (phenyl) carbonate and
diphenyl carbonate.
Next, the vacuum level was adjusted to 50
kPa, and stirring and the reaction were continued with
the oil bath temperature at 220°C. The reaction was

continued for €& hours while distilling off di(3-methyl-



The autocl ave upper portion valve was operated so that
the total pressure in the autoclave was in a range of
bet ween 100 to 200 kPa, and | ow boiling point
constituents were distilled off for 4 hours. After 4
hours, the introduction of jnictrogen was stopped, and

t he autoclave was allowed to cool Anal ysi s of the

cantent,s )shawedntihat abgutheQ. %%oﬁgEdOf AnalySLS of the
di ( 3- nethyl-l-butyl) 0. 21 nol

1rutcyliophesyl) i6ar babata, tand QH826 UDQ6OROQ|QB%an of
car bonat e had been obtained. The reaction sol uti on was

t dapskeyiedatboaatd, DAA bkeld- geakedtbHask equi pped

with a condenser, which was connected to a vacuum
controll er @hd dlwakuwas phap, candeatBaanseStagkatsapipe
A stirrer was added for stirring. The flask was

| kREisedapauanaol b bat hnser tdamd56€, aaddastDprinmgcwasmn
started. Pressure was gradually |owered to about 100
kP&n9Ibkr éacted bhéhoﬂeghﬁa€8 Neet Byl al chopgEyion pipe
carbonate were distilled off in this state, to

tﬁ&P@& e?uEFHha r%é%PF%npéBFutPoﬁh%6%§m§¥?ﬁg a et g9

of -I-E %ghen% carbonate and di pheny
csPﬁgﬁaﬁs ' Next O RES VAL hEnt PRVBF WAk aa?%s%%@ Fed 50

k d th t t d .
CRas s RSt e trecal S 200t  ThEnf bkt T onfiiaseed in
cgﬂtbmyeﬁ Eﬁr PQH S Mhile digti &iuP OSf %Qpéﬁa thyto

S 155 uty car onate and t
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pressure was then gradually lowered to distill off low
boiling point components, after which the pressure in
the system was lowered to about 2 kPa. About 50 g of a
fraction having a steam temperature of 175°C was
obtained. The results of GC-FID analysis for the
fraction showed a diphenyl carbonate content of 98% by
weight. In addition, it was confirmed from '*°Sn-NMR
analysis that 1.5% by weight of a tributyltin compound
was contained in the diphenyl carbonate.
[0083] |
Comparative Example 12
(Obtaining hexamethylene diisocyanate from diphenyl
carbonate comprising tributyltin compound-containing
impurities)

A 500 mlL flask equipped with a stirring
apparatus, a thermometer and a dropping funnel was

charged with 160 g (0.75 mol) of diphenyl carbonate




di phenyl carbonate had been generated. The flask was
then connected to a gl ass pi pe having about a 25 mm

i nner dianeter and a 500 mmcolum Jlength filled with
Hel i pack No. 2, a connection pipe provided with a
branch pipe, a thernmonmeter, 5 Liebig condenser, a

| ow pressure connection pipe and two dlstlllate

r ecavenedassehs. skhe hhask - was tHH%fiﬁdcbﬁpa§BthE

bath to raise the m xed solution tenperature to 85C.
Usixragnpd evadyumngung 2agd (a . %amumm1@@nbh@hb@r_mbhafactured
pressure was then gradually lowered to distill off |ow

boiyl Pdgirpohntheonpanents, afteh.whbeb-thetpressyure pfiter

the systemwas | owered to about 2 kPa. About 50 g of a

f pactiiow mavhngra steangeeppehat filesef waZzsCmmassed in a

obt ai ned. The results of GC-FID analysis for the

f PACE i vatshowetha @i phenitr try borat eCcomént of 98% by

weight. In addition, it was confirmed from 119Sn- NVR

anaIyS|s t hRRCE. b9EbyonégRPnEena £Ri boeyFiaRkceApound
%ontalned i n the di phenyl carbonate. [0083]
FﬁpﬁgetéxﬁﬁﬁFediES?ﬁﬁ?grnFﬁ@ H%R%ﬁe?ﬁ?heﬁ%mperature

?'rl PRUEY Tt LR AOrpountie ST aR CHGh {(916. T Bow L
HGY rofarer Jand & 5%%%%%‘5{3 #Bﬁﬁeﬁfxﬂ‘iﬁi@%ﬁ%a@aamﬁed by
18040 £0. ERAPL OFod] PHEDVL; CAT PPOAY €S, 156, gbtai ned
in the same manner as't t In nmpar at |
temperature of between 45 to 50°C. Dropping was started
into the flask from this dropping funnel. While
adjusting the dropping rate so that the liguid
temperature in the flask remained between 50 to 60°C,
dropping was carried out over about 20 minutes. Once
the dreopping was finished, the water bath set
temperature was adjusted that the solution temperature
in the flask was 50°C, and stirring was continued for 1
hour.

The results cf high performance liquid
chromatography and gel permeation chromatcgraphy showed
that the 1, é-hexamethylene diamine rate of reaction was
93%, whereby 1, 6-hexamethylene phenyl dicarbamate was
generated with a yield of 99% and a selectivity of
99.€%. Urea compounds had a yield of about 0.5%.

The reaction solution produced in the above

manner was fed via a waste heat beoiler into the middle

stage of a Z inch diameter 4 m column length continuous



Exanpl e 11, and 142 g (1.5 nol) of pheno
(manufactured by Aldrich Chemcal Co., U S A,
pre-distilled). After purging with dry nitrogen, the
flask was imersed in a 50C water bath, and stirring
was started. Once the soligjgpntent in the flask was
confirmed to have dissol ve the water bath

t enperiattiie s 198k ttiend 261 ulhe pdcerrl Rd chupieh son
contained 35 g (0.3 nol) of 1, 6-hexanethyl ene di am ne

( pantfiact uree by nnAlrd ﬁlléﬁeelé@m,c&he@@ln Rkee@isSbhkhed)
kept at a tenperature of between 45 to 50C. Droppi ng
wars: ss eartired teidntio. the ebliaskK ofrmofirbhi shdr dppicag 1 &uapel
Wiile adjusting the dropping rate so that the liquid

t eggermat wepeirm pohé ibhas kndetmighetchétingepobtt aof@Gnents
droppi ng was carried out over about 20 m nutes. Once

t We r@r 6ppitagumas i pikshedrethé ramt shebdihtdélation
tenperature was adjusted that the solution tenperature

i FOLRENf LeyRIWRSTS0EN - andhst FPELRG WawesoRbrhied Ver 1
hou The results of hig Egrfornance liquid

cﬁF%ﬁﬁFﬁﬁﬁaﬁﬁyCéﬁﬁuééF06§r atiBA ehr drdtlographyreboiler,
h th the 1 h t hyl d t
fegﬁf?% a@umﬁgwbmggﬁﬁgglp%eﬁgﬁaﬁé?%Pgﬂiﬁ‘aﬁsﬁyw
t ted th I d_of 99%
sePeberor ear sBeliet Alsthonalalal Rad a3 rLRd ot by
a@@eelggS%%eTgslaegsg Q0520h YELOBPY PAYGEF L Nel Moy
above manner was via a waste heat Into the
meddkem $tage QEaﬁsgeanBng|§Hﬁt§r émﬂ199£8ngn|§98éh

continuous 157 nultistage distillation colum pac

Wabbubl ¢K8O0firom the bottom of a 2 inch diameter 4 m
column length continuous multistage distillation column
packed with Dickson packing (6 mm inner diameter). The
column lower porticon was subjected to circulatory
heating at 220°C by a reboiler, and the cclumn top
portion pressure was adjusted to about 2.6 kPa.

A hexamethylene diisocyanate-containing
compeonent was extracted in gaseous form from an area
about 2 m from the upper portion of the column, and
phencl was extracted in gaseous form from the upper
portion of the column. The hexamethylene diisocvanate-
containing component was fed into the middle stage of a
2 inch diameter 4 m column length continuous multistage
distillation column packed with Dickson packing {6 mm
inner diameter), whereby the hexamethylene diisocyanate

was purified. The column lower portion was subjected

to circulatory heating at 120°C by a reboiler, and the



packing (6 nminner dianmeter), wherein excess pheno
was extracted in gaseous formfromthe distillation
col um upper portion, and high boiling point
conmponents were continuously extracted fromthe
distillation colum [ower ;pgrtion. The colum I ower
portion was subjected to circulatory heating at 130C
by:ca ui@b @it bortade bhe sgok-unMak0R4ReLLLAN Br 888ULe130
was adj usted to about 20 kPa. Thermal deconposition
was.carried out by feeding the solution distilled off
fromthe colum bottomvia a transfer |ine and a punp
into an ar ea@heabeupohenrf eamrtbeehoftom eheacdliunahteop
di aneter 4 m colum | ength continuous nultistage
dipstritlibat ves collomad packed whtthoBteksed hackhgga(65em
i nner dianeter). The colum |ower portion was
stisrepeslvilenei Adeubatyryatheptithgyat 220&dBytacn, the
reboiler, and the columm to portion pressure was
adPrueeregrtocibsactedefkpPa. thcherdnebohpbehem had a main
di i socyanat e-contai ning conponent was extracted in
gSSBBGE SR br REf FORT'S8RYar 62T°abPdbE-2 m from the upper
pgré%gi of the colum, and phenol was extracted in

g 8 formfromthe upper portion of the colum.

T hyl.ene dii sQcyanate- contai ni ng conponent
mggmgggggg%g Eﬁ%m Qﬁd?g stage of a 2 inch dianmeter 4
m m-len i S t] di.stillation
e R R S S R AT

dE@ﬂEEQEln%\A@@ESQ¥yEB§n h@éﬁﬂ@&ﬁ@{L@&%Qiﬁ§§§yﬂﬂﬁa§it%@§)

purified. The colum [ower portion was subjected to
ci rcul at oryaheatihg atad20€ byudpreboli ef . 5 andi +he,]58

columm top portion pressure was adjusted to about 130
apparatus was charged with 24.5 g of diphenyl carbonate
(tributyltin compound content of about 1.5% by weight)
obtained in the same manner as that in Comparative
Example 11, and 23.2 ¢ of bisphenol A. While purging
with nitrogen gas, the resulting mixture was
polymerized at 8 kPa for 30 minutes and at 4 kPa for 90
minutes, after which the temperature was raised to 270°C
and polymerization was carried out at 0.07 kPa for 1
hour. The obtained aromatic polycarbonate was brown
and had a number average molecular weight of 9,000.
[0085]

Comparative Example 14
(Production of diphenyl carbonate from dimethyl
carbonate)

(Catalyst Preparation)

Titanium tetrabutoxide (340 g (1 mol),



Pa. The conponent extracted fromthe colum top
portion was col ored brown, and obtai ned having a 95%
hexanet hyl ene dii socyanate purity. In addition, the
conmponent extracted fromthe colum bottom had a nain
conponent of diphenyl carbgnafe. [0084] Conparative
Exanpl e 13 (Obtai ni ng pol ycarbonate from di phenyl

Caboral-e u GRS/ Siohgdt kakut Yy kibpoceppoundycontalnlng i nyg
impurities) A vacuumreactor equipped with a stirring

appamat ys (w@s mehar ged phieh 12409 0nebtdlPRERYE hours at
carbonate (tributyltin conpound content of about 1.5%

by 8@t ghénd ohé ahoedrifed he-samEndmnnes @ssthated Norf
Conparative Exanple 11, and 23.2 g of bisphenol A
Vhilbagpwighnghewphbknnilt r agenhgaspbyt peepeasyl ki Bgtalyst B.
m xture was polynerized at 8 kPa for 30 m nutes and
at(PAoklRatfion 80 daphehes, cafbenawhich the tenperature
was raised to 270C and pol ynmerization was carried out
at 0.07 kPalPfishenylhearbolhécoltai peddacedabicusing an
pol ycar bonate was brown and had a number average
nmBPeetRAHSWErght 26f thapoollupbosspcdConphiati V8- Exanpl e
14 (Production of diphenyl carbonate from di net hyl
caFBonate) “EeafarysECPPepabPyt FBRY 1 THeBAt Unteeding in
t?&&%?Htgékgea(%égeg g%lﬁ?k%h o%Sgimethyl carbonate,
phencl and methylphenyl carbonate at 312 g/Hr from a
supply line 166 via a heat exchanger 167 and a supply
line 168 to the top 173 of a 50 mm inner diameter 2,000
mm column length continucus multistage distillation
column 172 that was eguipped with the sieve trays of
plates 40. The respective components cf the above-
described mixture were employed such that the
composition of the liquid in the supply line 168 during
operation was 50.1% by weight of dimethyl carbonate,
44.6% by weight of phenol, and 5.0% by weight of
methylphenyl carbonate. At the bottom 174 of the
continuous multistage distillation column, dimethyl
carbonate was introduced from the gas supply line 169
into the heat exchanger 170, whereby dimethyl carbonate
that had been changed into gas form was fed at 550 g/Hr
via the gas supply line 171. Catalyst B was fed from
the catalyst introduction line 213 in an amcunt such

that the Ti concentration in the transfer line 178 was

0.046% by weight. The temperature of the continuous



manuf actured by Tokyo Kasei Kogyo Co., Ltd., Japan)

and 1,882 g (20 nol) of phenol were heated for 6

hours at 180C, and the generated 1-butanol was

distilled off along with the phenol, to thereby

prepare a catalyst B. (Pragyction of diphenyl

carbonate) D phenyl carbonate was produced by using an

apparatisgsuehn sas 1t hat ohl Lustikat ed2i Bofign L3ccFhewas

reaction was carried out by continuously feeding in

| i2gard, f on ehai xedssotataontioé dbmahlylosardbonaies Mpa-

phenol and net hyl phenyl carbonate at 312 g/H froma

suppl Faki nést66 ledacdfhéabmexakhangeunhb6Zopnd’a sUppky

line 168 to the top 173 of a 50 mm i nner di aneter

2 tbooughmi-bel dem beadthgcpnthhuocuspnuktistagevery line

distillation colum 172 that was equi pped with the

sildve fPraysappfapkapasagothgheondspeeri vdtcoapdneas sthen

of the above- described m xture were enpl oyed such

t RECTEReCdcBfposiit PO of refetNpqliduid-Phessupptyvet e

128 dugkgg geratlon was 50. 1% by wei ght of di net hyl
B&n 493654 B) RerHHECoF*pheroPd ARENS5t g, Hylumn

oFohar LAt FhUSLE FULEi S0agERBFORFPFd: FoRCcotam,
dbggbg%éto pgn te ga?régggodu ed f%ggwthﬁ%gas supply

e heat ~éxc anger
d b t t c
SR 5000t it 9 Do R0OBE 119 088

Cakahﬁﬁich%@§0ﬁ§9 éé@@l thg %§£@|¥§tthﬂér55%%%ﬁ§¥bte
line 213 in an anount such at the Ti concentration

i nasheitcabstes tbnend78vaesraboP469% byrvei g . ¢ dhesrer
tenperature of the continuous 160
line 180 and the circulation line 181 via the reboiler
182 and the circulation line 183. The rest of the
concentrate was again fed to the multistage
distillation column 172 from the evaporator 179 via the
transfer line 180, the transfer line 184 and the supply
line 166 at 10 g/Hr. A part of the concentrate formed
at the evaporator 179 was extracted out of the system
from the extraction line 185 at 0.5 g/Hr. <Catalyst B
was fed from the catalyst introduction line 213 so that
the Ti concentration in a transfer line 178 was
maintained at 0.046% by weight. Meanwhile, distillate
from the evaporator 179 flowed through the low boiling
point component recovery line 186 for liguefaction at
the condenser 187. The resulting liquid flowed through

the transfer line 188 and the transfer line 189 for

reaction in the multistage distillation column 193



mul ti stage distillation colum 172 col um bottom was
203C, and the pressure at the colum top was 0.65 MPa-
G Gas distilled off fromthe colum top 173 fl owed

t hrough the | ow boiling point conponent recovery line
175 for liquefaction at the ondenser 176, and was
then extracted at 551 g/H fromthe |iquid-phase

recevestink BE 1780 Reaschhap Akxhukeexhrast edof pam
the colum ™ bottom 174 at 311 g/ H was introduced into

th@luamaméh@&ﬂrplZQeVb@l@mhr@ﬂ§Ee%ablBQulﬁFedFﬁEEh 8he
concentrate was forned contai ning the catalyst and an

asorsti @leaebopifc pestes. 2A. parteotolpbsicopaentr ahe

was circulated to the evaporator 179 fromthe transfer

| iligul80 iandhehérensculration [BAewd814%9i asthe webghteof
182 and the circulation line 183. The rest of the

coigenbivat cawksonagai n2fed®t byt Weighkt pét agenol, 28.1% by
distillation colum 172 fromthe evaporator 179 Vi a

t We19htapdf BEthyARNEBY! chEPPRARSf endl Ank% 184 wadghheot

[ine 166 at 10 g/ H. A part of the concentrate

GFEESHYétC?ﬁgoéééﬁora?g? @?Qa%é§te%@FaEF@df69@ df the

f h Li 185 0.5
%ﬁ%ﬁ?gﬁtr g%ggvgﬁg%gghﬁﬁe%gf sgat PRt s amett on
h h t f
fi S At A et A
N@@E@ﬂt'e’TH SEE% Etuﬁéog%tPﬁee¥899{§§8 s W fl Q%E%

t hrodgh the ol Nt conponen recovery

1a§sE9alhtggefes&hﬁﬂ ab3 &BEuﬁHnggﬂeéﬁ *8d - 1§§wt and_ the

resulting liquid flowed through e transfer |i'ne 188
apdetbartragstee Lbnemd89oh Oasr8@CtPON idadN@istilled

mul ti stage distillation colum 193 161

off from the column top 194 flowed through the low
boiling pecint component recovery line 196 for
liquefaction at the condenser 197. A part of the
resulting concentrate was returned to the column top
194 from the transfer line 199. The rest of the
concentrate was recirculated to the multistage
distillation column 173 from the transfer line 198 and
the transfer line 200 via the heat exchanger 167 and
the supply line 168. After this recirculation
operation was started, phenol was newly supplied from
the supply line 166 so that the composition in the
supply line 168 was the same. A part of the reaction
mixture of the multistage distillation column column
bottom 195 was recirculated to the column bottom 195

from the circulation line 190 via a reboiler 191 and a

circulation line 192. The rest of the reaction mixture



consisting of a 50 mm i nner dianeter and 1,000 mm
colum length plate colum that was equi pped with the
sieve plates of plates 20. The conposition of the
liquid in the transfer line 189 was 42. 1% by wei ght of
di methyl carbonate, 24.5% by qwei ght of phenol, 28.1%
by weight of nethyl phenyl carbonate and 4. 5% by

Weisghtr@f tdithhRerylaeanhenrate, Fhercatal ystinwes fed o

iy .

froma catalyst introduction line 212 such that the

Ti20lcenrcaYr at/iHen i Ata thkarshebrhite 20%,was -8n846%-hYye
wei ght. The tenperature of the continuous nultistage

divsts |flcatriean cool-amn 1193 teel wamabgstommwasnl986Gmaand

the pressure at the colum top was 38 kPa. Gas
dicstriddned: esfterf.r o thetcolfurhitopoh8éntravedwhbr ough
the low boiling point conponent recovery |line 196 for

| icduwefdettiedn tat thike cvepdenser 297. fAcpatheofrihefer line
resulting concentrate was returned to the colum top
1643 pom the ciapsfetibpnéinge920theipresheotebhéler 205
concentrate was recirculated to the nultistage

diegd [H1&t FamCEIRGAANL 3 Er 8Pt heTRRaRSFEr OFi ABS198 and
the transfer Iine 200 via the heat exchanger 167 and

t FETSEPHIG CFi HE8S18821hf £&F FRi SNPeBFLELPREFBN
o tarted h I w | ] f
R PR 2o kR B NSO bR T O ERDRTI AT E e & Ehe
[ .168 h ti
R e Lo e e R Re PR han b Ealt B Lo

bet-LamrLe51vas ﬁ@giaeub@tsﬁH%Q tRe ol ugp ppLtom 195

fron1the_0|rcylat|on line”190 via a reb0|ler 191_and a
ctbadkbatirabel EAEMd82at ThRer 85LpOFat BE P EACHE 9N P XL MF &

12it of the system from an extraction line 208 at 1
g/Hr. Catalyst B was fed from the catalyst
introduction line 212 so that the Ti concentratiocn in
the transfer line 201 was maintained at (.046% by
weight. The gas distilled off from the evaporator 202
was extracted at 682 g/Hr from the liguid-phase
recovery line 211 via the low boiling point constituent
recovery line 209 and the condenser 210. The recovered
liquid composition was 98% diphenyl carbonate. !'H-NMR
analysis showed that the methyl group impurities were
90 ppm.

[0086]

Comparative Example 15

(Obtaining hexamethylene diisocyanate from diphenyl

carbonate containing methyl group impurities)

A 500 mlL flask equipped with a stirring




was fed to the evaporator 202 fromthe transfer |ine
201 at 690 g/H. At the evaporator 202, a concentrate
was formed containing the catalyst and an aronatic
carbonic ester. A part of this concentrate was
circulated to the evaporatqgr,202 fromthe transfer
line 203 and the C|rculat|on line 204 via the

r ehidrer 1205 5 and e eGishC iinat Iaoeirbp@ein%%unﬁ@q Last
of the concentrate was again fed to the multistage

dicgtdddeat inarrcaleumy 193 7ir aont he revapotabeeng@2 c¥irBonate
the transfer line 203, the transfer line 207 and the

t riansfiered iime Cb89aat 2@ egkHampAcpant (atthhepvrapgn
concentrate formed at the evaporator 202 was extracted
outa rifortate sysittemtf bdmoan pexit r aati anzl gngé1208mat ) 1of
g/H. Catalyst B was fed fromthe catal yst

i mhreoddctimemulfiane u2t? by BhdricheChiem¢oncefitr at UoA. Rn,
the transfer line 201 was maintai ned at 0.046% by
wErgdisthd 1gals -di dfitereguastiingr sathhdregvapbraven, 20Re
was extracted at 682 g/H fromthe |iquid-phase

r EdGPer {alSi AEMeIEedi ANt Be SPow HF ¥ ngplpbi mnd stirring

constituent recovery line 209 and the condenser 210.
THE Sy §66¥&FEd 10 qui d conposition was 98% di phenyl

;?LSS”?LSW.% B Sher SB1YR' Bah Wgoée] "Bheg REaTEl YA
el (€01l g examst vhene. Ll speyanel LEgRL..
g[% et Ay

carbonat e contalnlh
Iléw%%r Is@te%)o £55080 %é'@é&&a;‘?ﬂ% pﬁ%éﬁ t&b&asltdéa g
(0.3 mol) of 1,6-hexamethylene diamine (manufactured by
Aldrich Chemical Co., pre-distilled) kept at a
temperature of between 45 to 50°C. Dropping was started
into the flask from this dropping funnel. While
adjusting the dropping rate so that the liquid
temperature in the flask remained between 50 to 60°C,
dropping was carried out over about 20 minutes. Once
dropping was finished, the water bath set temperature
was adjusted so that the liquid temperature in the
flask was 50°C, and stirring was continued for 1 hour.
The results of high performance liquid
chromatography and gel permeation chromatography showed
that the 1,6-hexamethylene diamine rate of reaction was
9%%, whereby 1, 6-hexamethylene phenyl dicarbamate was
generated with a yield of 99% and a selectivity of

99.6%. Urea compounds had a yield of about 0.5%.

The reacticn sclution produced in this manner




apparatus, a thernonmeter and a dropping funnel was
charged with 161 g (0.75 nol) of the di phenyl
carbonate obtained in Conparative Exanple 14
(et hyl phenyl carbonate content of 90 ppm) and 142 ¢
(1.5 nol) of phenol (nanuf%%tured by Al drich Chem ca
Co., US A, pre-distill e&) After purging with dry

nibsogen, vihe, fhask wagti m&@@d%hgoahﬁ%%%&fé bathe

and stirring was started. Once the so content In

tbe &l asknwasqdiepBtbknedyt 0ohaye dissehvedntthgowater
bath tenperature was set to 45C. Thé droppi ng funnel

contaiBedg35dgst(013tmeh) cof udnbphexanel hyhene-diani ne
(manufactured by Aldrich Chemcal Co., pre-distilled)

kpptkahga (6t enpenatur 8iehe betyeephdbetn 5066 opPhHY
was started into the flask fromthis dropping funnel.
Wibbeexadiusedngnt besdooppfogmr Atemsond hat st hel i gohd
tenperature in the flask remai ned between 50 to 60C,

dFeppitigupAS L capriedn pudndvier glabowot 1 20g npaiitescofmeesnt s
droppi ng was finished, the water bath set tenperature
WAST 8dfusteausBst Hatxt hect¢qul dom eiper &t ot L 1ot t die

fl aik was 50C, and stirring was continued for 1 hour.
THE FBEuf PECBf PRI BhOPer f DR frefie B gl e T bR BreRgraphy
agdb%el ggrﬂeatlon fhromato raphy showed that the
1762hERANEt hYl EECUT anPhe here' ™l Feattt on Was rgomiler
whenepy. 1,67 hexanet hyl ene phenyl di carbanate was

gener at Péd(’:(\g;)vll‘tnﬁn ag% e%/%lr% 0189%%%%1“? SERAFIHTYPY e
99p8d6 LbeRnconPoLIs, Al Al el 4 of, apout. 0, 506, T
reaction sofuti on pr 0 uced&? nécf TS manher (”186t4med ot by
feeding the liguid extracted from the column bottom via
a transfer line and a pump intec an area about 1 m from
the bottom of a 2 inch diameter 4 m column length
continuocus multistage distillation column packed with
Dickson packing (6 mm inner diameter). The column
lower portion was subjected to circulatory heating at
220°C by a reboiler, and the column top portion pressure
was adjusted to about 2.6 kPa.

A hexamethylene diisocyanate-containing
component was extracted in gaseous form from an area
about Z m from the upper portion of the column, and
phencl was extracted in gaseous form from the upper
portion of the column. The hexamethylene diisocyanate-
containing component was fed into the middle stage of a
2 inch diameter 4 m column length continuous multistage

distillation column packed with Dickson packing (6 mm

inner diameter), whereby the hexamethylene diisocyanate



was fed via a waste heat boiler into the m ddl e stage
of a 2 inch dianmeter 4 mcolum | ength conti nuous
mul ti stage distillation colum packed with D ckson
packing (6 nminner dianeter), wherein excess pheno
was extracted in gaseous qu fromthe distillation

col um upper portion, and hi boi I i ng poi nt
CQBRQ@@HH%ieW§reT%%nEbQ%%HSh$w%§tE@?#Egnf&?g]Enﬁ'ected
distillation colum |ower portion. e colum T oner

pert icaf @S toTebhecked ot archportatery heat ngr at; 130G ¢
by a reboiler, and the colum top portion pressure

was latinusted pbet iaboptr«28ukBawa Shapyak tdacespasbhi onzg
was carried out by feeding the liquid extracted from

te.col um bottomvia a transfer line and a punp into
an area about 1 mfrom the bottomof a 2 inch
di amet er 4 ffheokonpohengt bxteantedudusmnuhti sbagen top
distillation colum packed with Dickson packing (6 mm
i PREitignameserploThd bobwmm ahdwebtponédonawasy a 98%
subjected to circulatory heating at 220C by a
r B6GRreEhyareet Helearuanateprpottvon preaddieiomasthe
adj usted to about 2.6 _kPa. A hexanethyl ene .
diFPEBEY aR4At BEESAEAPRI AGOTcBRPoRBRTMNGRC EXPH atd@de  Arin
gaseous form.froman area . about 2 mfromthe upper

P PReOeBP

porFPERe8 SAGPCPABROI was extracted in

gﬁggﬁgi formfromthe upper portion of the colum.
The hexanet hyl ene di i socyanate- containi ng conponent

M@gm%ggagpyg EEgmgigdhg stage of a 2 inch dianeter 4
m col um [ ength continuous nultistage distillation

oISt o B AT LT o
containing methyl group impurities)

A vacuum reactor equipped with a stirring
apparatus was charged with 23.5 g of the diphenvyl
carbonate (methylphenyl carbonate content of 90 ppm),
and 22.8 g of bkisphenol A. While purging with nitrogen
gas, the resulting mixture was polymerized at 8 kPa for
30 minutes and at 4 kPa for 90 minutes, after which the
temperature was raised to 270°C and polymerization was
carried out at 0.07 kPa for 1 hour. The obtained
aromatic polycarbonate was colorless and transparent,
of good guality, and had a number average molecular
weight of 9,500.

[0088]
Comparative Example 17

(Obtalning dibutyltin dialkoxide using a horizontal

thin-film distillation apparatus)



was purified. The colum | ower portion was subjected
to circulatory heating at 120C by a reboiler, and the
colum top portion pressure was adjusted to about 130
Pa. The conponent extracted fromthe colum top
portion was col ored brown, jgnd obtained having a 98%
hexanet hyl ene dii socyanate purity. In addition, the

conponent extinae Q@lﬁrgﬁkaQdéobHQn Qeﬁhe@ahéﬁ g main
conponent of di phenyl carbonate. [0087] Conparative

Examlzentt1( Ebtiai-ming pekyeanbenaheabpamudi;gheny!
carbonate containing nethyl group inpurities) A

vidoanmfpeaatrer bguippedaw ERganskirihipngo.appafat uszpas,
charged with 23.5 g of the di phenyl carbonate

(®ethy| pnehykscanbonateuebnteatl oh 9fgppe), nadd 22. 8

g of bisphenol A Wile purging with nitrogen gas,

t hanegsdiemagem kndr é, W8 pol yotelzédngth8hkPazboral 30
m nutes and at 4 kPa for 90 mnutes, after which the

t ERpBrafdPedhas it ARSéant aPRPZOE UAd] pol FABE] £20I0RAUGAZLE
carried out at 0.07 kPa for_1 hour. The_ obtained
al'afat e paNGEarboRat et Was2 b6 FesSUBRYY  + ARS pat ént an

b BEECLT ALY RS, ST A T £ e

(L2 g UL DL 02, UPLID £ 072000
117, a low boiling point component storage tank 118, a
vent line 119, and a liquid-phase recovery line 120 on
a reactor upper porticn 114, and a generated product
extraction line 121 on a reactor lower porticn 115.
The temperature of the reactor was adjusted using a
heater set to 120°C, and the internal pressure was
adjusted to 54 kPa using a vacuum pump and a vacuum
controller.

A feed pump was used to start feeding the
starting material 1,1,3,3-tetrabutyl-1,3-di (butyloxy)-
distannoxane prepared in the same manner as in Example
12 from supply line 110 at 4,600 g/Hr and the reactant
l-butanol (manufactured by Wako Pure Chemical
Industries Ltd., Japan, dehydrated grade, water content
o0 ppm) from alcohol supply line 111 at 22,000 g/Hr.
The helding time in the reactor was 10 minutes. The

liquid temperature inside the reactor was adjusted to

100°C. Continuous supply was continued in this state

for 1 hour, after which the pressure in the system




D butyltin al koxi de was produced in a horizontal
thin-filmdistillation apparatus (manufactured by
Ni ti nan Engi neering Co., Ltd., Japan, PFDl) such as
that illustrated in Fig. 9. A 50 nm inner dianeter
and 1,100 mmtotal I|ength Rhgyizontal thin-film
dlstlllatlon apparatus 113 nade fromSUS 316 was

f ureRicslred awist-R aalyvt s aalkkoxipde supRk Y |b8§n%1@om§8nents
al cohol supply line 111, a heat exchanger 112, a | ow

bmdnengep@m@tedomm@memhere@emeby hpp@rléert@oﬁomdenaer
117, a low boiling point conponent storage tank 118, a
verdt A0iong /819, anctaelkimquied- phdseucecover y1kbnpedd20 on
a reactor upper portion 114, and a generated product
exrraetindngl ceepbpensnwasr eacbverkdwéroporhioneddbor
The tenperature of the reactor was adjusted using a
heéater pertien120€, aand, €AB prtler naknpiessarefwake
adj,usted to 54 kPa u5|ng a vacuum punp_and a vacuum
céﬁﬂPéFil é?co}-"(effééd f[ﬁeﬁ*p PasetsedctboBt At ref bedi plgovhe

3?& teri 3-tetrabutyl -1, 3- dlfbutyloxy)
i ané9prt pgﬂganF Fﬂ%t§éﬁeaﬁﬁnﬁéPU5§ Tn Exanpl e

18 AR rSL ?%apac?aﬁllghsﬁ CAV RIS AT S i B R
LE%F%%W%&LW 3-af 3830y, SEDYILELESREL20%e HEE Heen

Z%eQQQeQéHr ﬁ@elh ga”QeEbGEré& %PS%e tP{%Mﬁfdéﬁase

m nut es. IQUI tenperature i nsi
V\@éc@dbkl?t @an012 300 99@&5;?99@& Sé‘ﬂ@@' é’or\{\@§lr§@@t5@%

inthis state for 1 hour ter h the pressure in
tbé syskemrd67 A dehydration reactlon had not occurred.
[0089]

Example 24

(Obtaining dibutyltin dialkoxide using a column
reactor)

Dibutyltin alkoxide was produced in a column

reactor 219 such as that illustrated in Fig. 14. A 50
mm inner diameter 4,000 mm total length column reactor
219 made from SUS 316, which was furnished with a low
boiling point component recovery line 223, a condenser
224, a separator 225, a back pressure valve 226, a vent
line 227, an organic layver circulation line 228, and a
water layer recovery line 229 on a reactor upper
portion 221, a supply line 214, a supply line 215 and a
heat exchanger 216 on a reactor middle portion 220, and

a circulation line 217 for circulating reaction

solution that has accumulated at a reactor lower



reached a steady state. Low boiling point conponents
were recovered fromthe reactor upper portion 114 at
21,000 g/ H. Furthernore, a dibutyltin al koxi de-
cont ai ni ng conponent was recovered fromthe reactor

| ower portion 115 at 5, 600 { Anal ysis of the
liquid recovered fromthe ex ractlon line 121 showed

t hadritshg | iguigdirg not; BC%era'arﬁ iy di-hyty] 'llé;le 230 on a

di (butyloxy)tin, and that all of fhe unreact

1, dea¥t3r tietfabwWolon %2@'(Q%%yb%%%kddh%%ﬁnﬂ%&QE%aﬂad

been recovered. The I|qU|d recovered fromthe

| iTpuid-(phase r teearercy idae ,1201was tkaaspar eat and
cont ai ned 50 ppm of moi sture. A dehydration reaction

hackmpetraceaer ced.chel @82} obx anpl adld4st@at asAnfgga heater
di butyltin dial koxi de using a columm reactor)
Dissut yrct ild4 08Ckoxi de was produced in a columm reactor
219 such as that illustrated in Fig. 14. A 50 mm
i nner di amefef=4d0p0mpnivast asebengt kteolktumereéagt bhe
219 made from SUS 316, which was furnished with a | ow
b&iaTg "FoF Rt cEApoRent 3r Bcoesryolké-223-da (buhdénss! -
224, a separator 225, a back pressure valve 226, a
véﬁﬁ AR a§§7prsﬁaéeaaﬁpctFSyéemeumeaparuaﬁ innBxapgle
% % wat er l r. reégver %lne 29 on a reactor
T56r 8k 221 " 6pP§ ?Heg %ﬁ aﬁdsﬁﬁﬁlﬁeFFﬁ%nt 1-
2 h chang ctor
%%t%%glzéaaga%ag%grgﬁrgglﬁ gi$1F8E1gndustrles

CEE@“'athQnre@ﬁBhQEr§9hubE88uEE?tfpgﬁ aggumyl ated at g

ar eact or
at 1,330 g/Hr. The holding time in the reactor was 6

minutes. Reaction solution which accumulated in the
reactor lower portion was circulated at 6,000 g/Hr by
the circulaticn line 217 and the reboiler 218 while
heating at a temperature cf about 141°C. Low beiling
point compconents flowed from the reactor upper portion
221 and through the low boiling point component
recovery line 223 for liquefaction at the condenser
224, and were thereby recovered at 2,000 g/Hr. The
organic layer and the water later were slowly separated
at the separator 225. The organic layer in the
separator 225, i.e. l-butancl, was returned to the
reactor upper portion 221 at 1,994 g/Hr via the organic
layer circulation line 228, and the lower layer, which
contained a high concentration of water, was recovered
at 6 g/Hr from the water layer recovery line 229. From

the reactor lower portion 222, the dibutyltin alkoxide-



168 portion, a reboiler 218 and an extraction line
230 on a reactor |lower portion 222, was packed wth
Mel | apak 750Y (Sul zer Chentech Ltd., Switzerland).
The tenperature of the reactor was adjusted using a
heater set to 140C. A feed_punp was used to start
feeding the starting materi al

1cbnda3ntiahr abrbyhahte 3nds(bULYLOXY - oM ?E ahnoxane from
prepared in the sane manner as in Exanple 12 from

suppl ¥xkiraet244 atn28030/ HTaad1theiseaehaBlalure inside
but anol (manufactured by Wako Puré Chem cal I|ndustries

Ltde, rdapabyr whdustot@l 4HOdUE )pddomsuppt id ney 245
at 1,330 g/Hr. The holding tine in the reactor was 6
neometesreReattreon2 8ovati adjwbted ascunvpatiedz+a. t he
reactor |lower portion was circulated at 6,000 g/ H by
t Rentiirnoabat soprlinea2l7canintdée febohiers48ewhbt ell
heating at a tenperature of about 141C. Low boiling
poPHELSgompoREntBithowed fyohemhecacaed oz wppady poraten
221 and through the | ow boiling point conponent

r BEBVERY S| Phetho3ligrid| greteetednt an t hee corensiion

2&4, ang were thereby recovered at 2,000 g/ H . The
org4hi € Paiﬂé?wa%dt%ér Wit €79 | Gt b vkl B sPoity as 2
ted t he, t 225. The, ic | j
RBeeEaharat bpe 2osT T e oA et | AL DY LR b e oo
t - eag . ti 221 994 _qg/H via th
B L e LS LA
| Lvater,

| ' nt ai . hi congceft f
V\gg “3?2%%@,2%2& £Ig\t g%li g %'r}ao P%]?nh% 'hg’@v\ia%] e{réatf’ %%& ecovery

| ERepdeP1oky P $Nen A SRAGAOr | PMBSL PRIt PM1222ciddehad =
di butyl tin al koxi de

yield of 0.015%. Meanwhile, the liguid recovered from
the water layer recovery line 229 was transparent and
had a 90% by weight moisture content. The dehydration
rate in the column reactor was 0.33 mol/Hr, which was

greater than the value 0.00037 mol/Hr calculated from

expression (16).

[Brief Description of the Drawings]
[0080]

Fig. 1 is a view showing the production of
tributyl-(2-ethylhexyloxy)-tin when heating (at 180°C)
1,1,3,3-tetrabutyl-1,3-bis(2-ethylhexyloxy) -
distannoxane;

Fig. 2 is a schematic view of cone example of
column reacteors in accordance with the present

invention;



169 containing conponent was recovered at 1,604 g/Hr
from the extraction line 230. The liquid tenperature
inside the reactor was 140C, and the pressure of the
back pressure valve 226 was adjusted to 0.096 MPa-G
Conti nuous supply was contijpyed in this state for 10
hours, after which the systemreached a steady state.
Anal ysis of rtige hiquid cesemered frem bhecgxt baghib98 of
line 230 showed that, using dibutyltin oxide as a

r ebebenee, thhe bhguid1cant aknedoasdihubybbiA=akbkoyide
consisting of a yield of about 74.2% of dibutyl -
dicGbutykexy)t invandizh; 7% of 1,1, 3, 3-tetrabutyl -1, 3-

di (butyl oxy) -di stannoxane. Tributyltin butoxide had a
yield of 0.015% éMeanahsbbembéhéc! rgewvdof esnyehed &xomple
the water |ayer recovery line 229 was transparent and
had &od0g%byewstght mpi staredenntemith Thee dehydeati on
rate in the colum reactor was 0.33 nol/Hr, which was
gF-BEEBF1PRAN the val ue 0.00037 nol/H cal cul ated from
expr essi on %16). [Brief Description of the Draw ngs
[0090] Fig. F19is°aldi ewsSheMrhgct hiteproduetibh apother

tributyl-(2-ethyl hexyl -tin when heating, (at_180C
RO 7 RO L TRt o (B 2800

dE§E§Fng?H$én EE%: 2is a sphenatic vieM/of one
exanple o colfumm’reactors in accordance with the

present 'nyfat'@nissé schematic view of still another

example of column reactors in accordance with the
present invention;

Fig. 7 is a schematic view of another example
of celumn reactors in accordance with the present
invention;

Fig. 8 is a schematic view of still another
example of column reactors in accordance with the
present invention;

Fig. 9 is a schematic view of one example of
horizontal thin film distillation equipment in
accordance with the present invention;

Fig. 10 is a schematic view of one example of
continuous multistage distillation columns in
accerdance with the present invention;

Fig. 11 is a schematic view of another
example of continuous multistage distillation columns
in accordance with the present invention;

Fig. 12 is a schematic view ¢of still another



170 Fig. 3 is a schematic view of one exanpl e of

conbi ned tank and colum reactors in accordance with
the present invention; Fig. 4 is a schematic view of
anot her exanple of colum reactors in accordance with
the present invention; Fig5.5 is a schematic view of
still another exanple of colum reactors in
aegafrgancerWwebitt Roupr R8€0RE stAYENHE QR 1FEgi0f ES18mns
schematic view of still another  exanple of colum
reactersriAnaecaidaneBeWbtBsthe iptesenbnk nvention;
Fig. 7 is a schematic view of another exanple of

col um reactogs LB ascardanegzwithvtbe presenil another
invention; Fig. 8 is a schematic view of still another
exanpppéeobfcobumnneast nustiatageoddantel skibnt belumns
present invention; Fig. 9 is a schematic view of one
exanpkecsfianper wzbnt bhet hrasént midirsntibat i and

equi pment in accordance with the present invention;
Fig. 10 is HiSechefntfcaviehenat bnevesanpf eanpther
continuous nultistage distillation colums in
aB¢BTHARCBI WP hUTRel PRekeRt 1RVRREPBRANER gvi FRea
schematjc,view of another exanple of continuous
nﬁF?F?ngénﬁ?gF??Pation colums in accordance with
the present invention; Fig. 12 is a schematic view of
still another



171 exanple of continuous nultistage distillation
columms in accordance with the present invention;

Fig. 13 is a schematic view of still another exanple
of continuous nultistage distillation colums in
accordance with the presen&7bnvention; and Fig. 14 is
a schematic view of another “exanple of colum
reactors in accordance\Mé4Aﬂm@ present invention.
172 CLAIM5S 1. A process for production of alkyltin
ahkoxi des, gopppLakRgrsubjech,pgish Leagixone gl kyltin
conpound, as a starting material, which is selected

f eOmLiRE=gl OBBmERNSE B BALOE-OEHaNILT Ne§9RPOHAIS1RAEA I n
havi ng a tin-oxygen-tin bond and a hydroxy compound,

agomgonedact ast @ teadehydrattoni sBACKhOPht OspEOULELE=AN
al kyl tin al koxi de corresponding to the starting
matremi aheapdothecoeattantg wheseganthénstanpbiigds each
material and the reactant are continuously supplied to
ahpwgactor; tiowobpgenngipobotdcanponenydrcont abmpognd, as
water are taken out fromthe reactor; and a reaction
s8l GER6hanAs BocorppAcatiPn réecbber ohw of rodfece eatt or,
which contains the al kyltin al koxide is continuously
t akEKLEUE PEOATEAR FRAEEDPONDINTHEC pElbeessaretd? di ng
to Ialnﬁl, gheéein the at |east, one alkgltin
c@ﬁ%ﬁﬁha, 3895t 3F aF ER NG et e¥igFeing ghey starting
tetraal k I-diaégox - | g-distannoxane and/or a :
oFaF RSP ET o Be ghrar Bify 5T Stomg TROtheY foPRRbred tO
a reactor; low boiling point components containing
water are taken out from the reactor; and a reaction
solution, as a component in the bottom of the reactor,
which contains the alkyltin alkoxide is continuously
taken out from the reactor.
2. The process according to claim 1, wherein the
at least one alkyltin compound, as a starting material,
is a tetraalkyl-dialkoxy-1,3-distannoxane and/or a
dialkyltin oxide generally existing in the form of a
polymer resulting from polymerization via a tin-oxygen-
tin bond.
3. The process according to claim 2, wherein the
tetraalkyl-dialkoxy-1,3-distannoxane is a tetraalkyl-
dialkoxy-1, 3-distannoxane represented by the following

chemical formula (1):

[Formula 1]



pol ynmer resulting from pol ynerization via a

tin-oxygen- tin bond. 3. The process according to
claim2, wherein the

tetraal kyl -di al koxy-1, 3-di stannoxane is a tetraal kyl -

di al koxy- 1, 3-di st annoxane Eg%yesented by the foll ow ng
chemcal formula (1): [Fornmula 1] 173 14 21 al ¢ 5

R 15-S n-OSn-Rd (1) OR3 OR6 wherein Rl, R2, R4 and

R5 each independentI%1repr nt an al kyl group,

aral kyl group or ary| Froup; “R3 and R6 each represent

an al kyl group orp2aral KW droups a and b are integers

of 0to 2, a + b b&img g{ hd %‘bnd glére i nt egers of

0 to 2, c + d being gr34 process according to
claim?2, wherein the dialkyltin oxide is a polyner of

a dialkyltin oxide represented by the follow ng

chemcal formula (2): [Formula 2] R f 1 (2) R7 SnO
wherein R7_and R8 each independently represent an
alkglreigr Bup, Rar &’kyhdgRoupaon tmydpemdep;lanerreamnt an
are integers of 0 to 2, e + f being 2. 5. The process
aéébrdi AGOVD  cRARAKZ] @herei Art Reyl group; R° and R” each

represent an alkyl group or aralkyl group; a and b are
integers of 0 to 2, a + b being 2; and ¢ and d are
integers of 0 to 2, ¢ + d being 2.

4. The process according to claim 2, wherein the
dialkyltin oxide is a polymer of a dialkyltin oxide

represented by the following chemical formula (2):

R®
, | (2)
R'&5n0O

wherein R’ and R® each independently represent an alkyl

[Formula 2]

group, aralkyl group cor aryl group; and e and f are
integers of 0 to 2, e + f being 2.

5. The process according to claim 2, wherein the
starting material is any one selected from a monomer, a
dimer (aggregate of the same monomer or aggregate of
different monomers), an oligomer or a polymer.

6. The process according to claim 1, wherein the
hydroxy compound is an alcohol represented by the

following chemical formula (3):



starting material is any one selected froma nononer,
a diner (aggregate of the sane nononer or aggregate
of different nononers), an oligomer or a polymer. 6.
The process according to claim1, wherein the hydroxy
conpound is an al cohol repﬁqgented by the follow ng
chemcal formula (3): 174 [Formula 3] ROCH (3)

wiebenn1R93nepresents an n-butyl group, a
2-met hyl propyl group, a |linear or branched al kyl

group with 5 to 12 carbon atons, a cycloal kyl group
with 5 to 12 garbon atons, a linear or branched

al kenyl grodp@ilth 2 to 1¥’ carbon atons, a
substituted or unsubstituted aryl with 6 to 19 carbon
atons, or an aral kyl group with 7 to 20 carbon atons

t hat cqntagns an al kyl selected fromthe group
cBhsirsting oferrdsgrday aor brianchedadkyl avid-methytlpropyl
carbon atons and a cycloalkyl with 5 to 14 carbon
aBBRBP - 72 TheepFoebsBraecebedi agkvo eraim €ithherepnlZ
the alcohol is selected fromthe group consistin%%gf
1€2BEPRNBFOMD: ndt RYFLPa pFBpamibPuandl &l al kgl 14l edhepn
with 5 to 8 carbon atons. 8. The process according to
CREPRPY, S obIRFa 5 D DEONEEARoRLro  Lhapt oRgrEre £ o £2
S Lhg terial _and the reactant to a reactor 1o .
SRS T RaiRbs: L RcelEe: ho Sy Al aBMombPebet fn Fhvh it
| Equi,d;ph i gas: Liquj se_in th eact or

| Eaubphaseaor L0og. 0957 Lh ULy RpRse, bt 0e £ eRckorsc
reachbbANa bl UERat ! Bontains an alkyl selected from the

group consisting of a linear or branched alkyl with 1
to 14 carbon atoms and a cycloalkyl with 5 to 14 carbon
atoms.

7. The process according to c¢laim 6, wherein the
alcohecl is selected from the group consisting of 1-
butancl, Z-methyl-l-propanol and an alkyl alcochol with
5 to 8 carbon atoms.

8. The process according to claim 1, comprising
continuously supplying the starting material and the
reactant to a reactor to allow them to undergo a
dehydration reaction in a liquid phase or in a gas-
liquid phase in the reactor; and at the same time,
taking out a high beiling point reaction mixture, in
the form of a liquid, that contains the produced
alkyltin alkoxide or alkyltin alkoxide mixture from the
bottom of the reactor, while c¢ontinucusly removing,

from the reactor, the produced low boiling point




the formof a liquid, that contains the produced

al kyltin al koxide or al kyltin al koxi de m xture from
the bottom of the reactor, while continuously
renoving, fromthe reactor, the produced | ow boiling
point 175 reaction nixturﬁj%ontaining water in the
formof a gas by distillation. 9. The process

a6eARd:Rg 0 x¢hakM-10L 18 ngWhigEehn;Lhe Leactar o o gas
conprises: lines for supplying the starting nmateri al

apgd thetrreagtant, respectively, or a line for
supplying the m xed solution of the starting naterial

and the reaghanproaekknacterdr egovbng1bhe howr Boiling
point reaction m Xture contal ni ng water; and a |ine

f @hetrakinngheutetbeckhi gbmpei kebg pohBt Feackupplying the
m xture. 10. The process according to claim9, wherein
t b¢arking fererémdving the kewmcbehki ngeppentiveagti on a
m xture containing water is in a position where gas-
phase cowponepisiapethemmyzdd whilieithecki hkefetarting
taking out the high boiling point reaction mxture is
i R2&eTR8werNBosNEi 6Aa®heRe; t Aelingquidrphasevipapbhentow
is .taken out. 11. The process according to any one of
cPaidrg PpentoreqhtiernmMihbuF@agPoF2i81ATt HAKSF eaBhOr 2
or .a olu reactor. 12. The process ac¢ording to any
oné D6t TEFar fH-Ra ?Btli%emhéﬂaiﬁOfﬁénseae%eF Fs4attgpe
tﬁ@&tﬁggprises a stirring tank, a nultistage stirring
t , a distillation colum, a nultistage distillation
cobum,

The process according to claim 9, wherein the
line for removing the low koiling point reaction
mixture containing water is in a position where gas-
phase components are removed, while the line for taking
out the high boiling point reaction mixture is in a
lower position where the liquid-phase component is
taken out.

11. The process according to any one of claims 1
to 10, wherein the reactor i1s a tank reactor or a
column reactor.

12. The process according to any one of claims 1
to 11, wherein the reactor is a type that comprises a
stirring tank, a multistage stirring tank, a
distillation column, a multistage distillation column,
a continuous multistage distillation column, a packed
column, a thin film evaporator, a reactor with a
support in its inside, a forced circulation reactor, a

falling film evaporator, a falling drop evaporator, a



a continuous nultistage distillation colum, a packed
colum, a thin filmevaporator, a reactor with a
support in its inside, a forced circulation reactor, a
falling fil mevaporator, a falling drop evaporator, a
S 176 trickle bed reactor pf.a bubble colum. 13. The
process according to any one of clains 1 to 12,

WheTiei AlbddN8lda §a% aNd/0h, @gaseeysfeactant  and/ or
a gaseous inert organic conpound and/or ‘an organic

sdlazent t hatrHeOpe il 2 ZRAMIGRING M XLke Wit B Waters 1
are supplied to the reactor. 14.” The process accordi ng

t aocllad, b3 redhesel Anethe gareshdgas ks gsekeaked Lot
ni trogen, carbon di oxide and argon. g The process
aecor/dimg taselaismiterwhereianitheongehydr ahdigsr an
reaction is perforned at a tenperature in a range of
60CoER166C1vERt Thetprfocess aaceardingpte ebakmr?, with
wherein a ratio of the total nole nunber of tin atons
cHat&itnéde shrrhdest act thg maeetial to the nmol e number
of the reactant, as the ratio of the starting
meteri al toTPﬁePrpéﬁéﬁaﬁ?COK§lﬁﬁ acor angemof 33 wbetodn
1éb The process according to any one of clains 4 to
Ewief |ng@ﬁelaeﬁ§&F5F?§nfF@QcPF5ﬁ09§“peFﬁ6PﬁﬁddaPX1de
hgdratlon rate represented by the foll ow ng
expreSS|on (4): [Expression 1] Dehydration rate >
b@x+l OY

The preocess according to claim 1, wherein the
dehydration reaction is performed at a temperature in &
range of 60°C to 160°C.

le. The process according to claim 1, wherein a
ratio of the total mole number of tin atoms contained
in the starting material to the mole number of the
reactant, as the ratio of the starting material to the
reactant, is in a range of 3 to 100.

17. The process according to any one of claims 4
to 16, wherein the dehydration reaction is performed at
a dehydration rate represented by the following
expression (4):

[Expression 1]

60X +10Y
D —

{4)
B
A7 exp[R TJ

Dehydration rate

wherein the dehydration rate means the amocunt of the
water that is formed by the dehydration reacticn and

drawn out of the system per unit time [mol-hr ‘]; X



B (4) exp RT wherein the dehydration rate neans the
anount of the water that is forned by the dehydration
reaction and drawn out of the systemper unit tine
[mol hr-1]; X s 177 represents the total nole nunber
[mol] of tin atonms containegd-in the alkyltin conpound
represented by the general fornula (2) which is

contairaednit the %b@é&iﬂelenﬁhﬁEE§|{m¥1ﬁ68%¢§§gt§tbﬂﬁ
total nole nunber [npl] of tin atons contained In the

al kyhtifnnedmpaupde é@ﬁp@@@ﬁt@Qm?%uhﬁ?rgﬁﬁéﬁéht58r8¥|@he
(1) which is contained in the starting materi al;

representsfarmtéaperpt uhechKisatomwbhehetihendehydsahi-onng

reaction is performed; R represents a gas constant =

8. BanerJpdl - 1- Kepreandt A and Boane coetfhene8ES [ mol] of

depending on the kind of alkyltin compound, wherein

coetfi gtenfscanhatng®l inm the akbyessihonot@dudepend on

the kind of alkyltin conpound as the starting

mat 8PTafcahacape ot aimedrabasennohat hk) seiqni tary

standard substance; when the starting materi al

contRFALNan altkyhe i fit toraunee teebr bscht sebbysemes a

chgg%cgl {ornuL (1%, the coefficients A and B _

represent A Fr [ghe?'l YIREER orDandeh e alet v ok ¢ At Brer &y

of Qrngﬁé {ic reaction of the rimary standard

subst ance %hi%hr?%r%%e%?(ﬁt??ﬁ g%?ﬁ}%;% arbitrarily

selgehedxfr.om the kﬁy%tig compeunds represented b

the chenicalgbornu?a ( )aaﬁd e %1c1ents depending %n the
kind of alkyltin compound, wherein coefficients A and B
in the expression (4) depend on the kind of alkyltin
compound as the starting material and are obtained
based on the set primary standard substance; when the
starting material contains an alkyltin compound
represented by the chemical formula (1y, the
coefficients A and B represent a frequency factor and
an activation energy of a pyrolytic reaction of the
primary standard substance which is an alkyltin
compound arbitrarily selected from the alkyltin
compounds represented by the chemical formula (1) and
contained in the starting materizl, and are obtained
from the following equation (5); and when the starting
material does not contain an alkyltin compound
represented by the chemical formula (1), but contains
an alkyltin compound represented by the chemical

formula (2), the coefficients A and B represent a

frequency factor and an activation energy of a



contained in the starting material, and are obtained
fromthe follow ng equation (5); and when the starting
mat eri al does not contain an al kyltin conpound
represented by the chemcal fornmula (1), but contains
an al kyltin conpound represgnted by the chenica
formula (2), the coefficients A and B represent a

freguengy itactartana am aeki ¥athQn,eReLay.0f a,5:148.¢
pyrol ytic reaction of the primary dtandara  substance

whivahi chs ianaal kykiiinial koxbdeqar bibrarkky sebeetedsy from
from the alkyltin al koxi des represented by the

f othowengylechenttabxtaesukaptdyehioeaedyf £ the1owing
al kyltin conpounds represented by the chem ca

f orfralace2) foontdinéd) | Aorhbe stamting ABkeIiah @fdpounds
the reactant, and are obtained fromthe foll ow ng
equaPreacsyd PExphesshoni@il kedempl 8 (5) coduia et ein
k represents a first-order rate constant [hr-1]; A
repPesdhtst dngreabentylf aet okhg hredftal: r eprdsent s an
actjvation energy [Jnol-1]; R represents a gas
coﬂgF%ﬁ?ed:f§9@1%h9n%@li?WHﬁgTe%%®¢b%@nf%)a

tenper at ur e %k% at which the pyrolitic reaction is

pef FoPhed*8d°the k represents a first-order rate
constant of the pyrolitic reaction which is obtained
by the followi ng equation (6) : [Expression 3]

kt=-1n(1-X) (,6) [ B
k= d-expl ——0 (5)
R-T

wherein k represcucs a sirsi-vrusr rface couscant [hri];
A represents a frequency factor [hr™%]; B represents an
activation energy [Jmol™!]; R represents a gas constant
= 8.314 Jmol ™ K; T represents a temperature [K] at
which the pyrolitic reaction is performed, and the k
represents a first-order rate constant of the pyrolitic
reaction which is obtained by the following equation

{6} :

[Expression 3]
k-t=-In(1-X) (6)

wherein k represents a first-order rate constant [hrd];
t represents a heating time; and X [Hr) represents a
reduction ratio [mol/mol] with respect to the initial

concentration of a primary standard substance,

[Formula 9]



wherein k represents a first-order rate constant
[hr-1]; t represents a heating tine; and X [ Hr]
represents a reduction ratio [nol/nol] with respect

to the initial concentration of a primary standard
substance, [Formula 9] 179 ;R0 R13 9 | ' Rllh
Sn-0O-Sn-Rlaj (7) OR12 OR15 wherein R10, R11l, R13 and
R14 correspond to either R7 or R8 of the starting
material; g, h, iR1351d | R?E;rrespond to either e or f

of the starti nlateriall; at. | east one of R12 and R15
corresponds RosREnTfO 1‘1&15'; ant; g and p;y are
integers of 0 tof2,,9 +lh,= 2 and i and j are
integers of 0 t o R +OR'= 2. 18. A process for
production of a carbonate ester characterised by
using a dia DkyI tll n al koxi des, as a catalyst, produced
by"kfEe bE 0B €S Raccdr di agdt B ‘anyrorepoati ebaktshdrta’ or R°
17. _19. A carbonate ester produced using, as a

cabal 3¢, se B Bk yra F o bt koxy del producddi byothespond to
process according to any one of clains 1 to 17. 20.
ACTERTY adhat®e broduded 153 Rglrhenzee bionkht et detagt one of
according.to claim19. 21. A,pol ycarbonate produced
usL%ngaPﬁeRcarclS’otﬁgtsémngsstéjP dccBrdfFhg ¥eaefanhi 19.and h

are integers of 0 to 2, g+ h = 2; and i and j are
integers of 0 to 2, i + § = 2.

18. A process for production of a carbonate ester
characterised by using a dialkyltin alkoxides, as a
catalyst, produced by the process according to any one
of claims 1 fo 17.

18. A carbonate ester produced using, as a
catalyst, a dialkyltin alkoxide produced by the process
according to any one of claims 1 to 17.

20. An isocyanate produced using the carbonate
ester according to claim 109.

21. A polycarbonate produced using the carbonate

ester according to claim 19.



