1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF ALKYLTI N
ALKOXI DES [ Technical Field] [0001] The present
invention relates to a process for production of

al kyltin al koxi des, a process for production of
carbonate ester or isocyanatle using, as a catalyst, a
di al kyltin al koxi de obtai ned by the above described
producti on process andESARIFTHMN ester or i socyanate
produced by the above descri bed rocess Back roud
Art] [%@%%S%I R9Rt PROBY&B%PHeSF a éK%WNu& f<GP<I

catal ysts for the synthesis or transesterlflcatlon of
esters or the curing reaction of silicon polyner or
urethane. Currently used processes for production of

al kyltin alkoxides i nclude: for exanple, the process

vxqu.[%r& Lffi%%la yldichlorotin as a raw nateri al

or exanp , Patent Reference 1); and the
pr which uses a dialkyltin oxide as a raw
materi al (see, for exanple, Patent Reference 2) The

former proc I
a8 profielt Usheert il ésﬁlﬂﬁot% A

raw materi al, uses a hi gh-cost net

SQQQ”@@@ﬂdE&&%ﬂ@f aﬂﬁyﬂﬂﬁﬂtdIbe1de§ng%%ﬁbé§§)for
nol es of netal salt per 2 one nole of dialkyltin

alpeaxiudei oas ofn cairilthapfed@stiar &S iHWhidtd Nesing, as a
foll owi ng reaction equation (8), which
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 alkoxides are very useful as
catalysts for the synthesis or transesterification of
esters or the curing reaction of silicon polymer or
urethane.

Currently used processes for production of
alkyltin alkoxides 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 alcoholate as a secondary material.

In addition, it produces two moles of metal salt per



causes problens of wastes or the |like. Thus, use of

the former process as an industrial production process

still poses problens, including high production cost

and waste production. [Forrmula 1] Bu Al Bu sone + 2

NaOVe >n + 2 Nad (8 ) BU SZI Bu ~Owve [0003] The

| atter process, which uses a dialkyltin oxide as a

r GRS BT Cihsaﬁﬂélr%#rabmww%atw ta@o@smeﬁoproduct

produce a Iarq: anpunt of wastes.
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aIKOX|des u the_ |l atter proc ss.. One exanpl e of
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d| Iky aIkOX|de from di bu tln dee and.
alt?jo 0 oromer RSt hge raé'bc]tl?% r%’%d‘r"ﬁtfﬂré process
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wéﬁguuagyéiﬁg react in benzene or toluene at
a tenperatdre int e range of 80C to 110C, fol | owed

by Faremvaliof fornmed water by azeotropic
distillation, to produce
1,1,3,3-tetrabutyl -1, 3-di al koxy-di stannoxane. 1In the
second stage, the above described di stannoxane 3 is
subjected to dlsproportlonatlon at a tenperature in

the ranfegpf® 180G, ba 22QC, L/o‘%@d by @St '{:el ation,
to prodece idi butyltln dlat This process is
[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
alcohel by a two-stage reaction, as shéwn in the
following reaction equation (9) (see 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



superior in that it does not produce wastes; however,

t he di sproportionation in the second stage of the
process involves the distillation.of a high boiling
poi nt dial kyltin al koxi de under a high tenperature,

and therefore consum ng a sgzgnificant anount of
energy. Thus, use of the latter process as an

i ndustiubijelctepl dductisprqrecessnstidd Pposestempdt osre in
i ncluding high energy consunption. Further, the
pridcesangss of |180°Cptod@elre; t folléeedubn disBilBatirA,
~~ Sn aSi P= +tioation 2 +2ROH Bu | distillation R
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di al koxi de directly froma dial kyltin oxide and an
alStER3ILora gy ddeds lits dpecInfediarlugs (RSt es grhoweverf

b0|I|3ﬁﬁP0|nt al.cohal, is used, as shown in th
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anthal CARQY AS the latter process as an industrial
production process still poses problems, including high
energy consumption. Further, the process has a low

productivity.

[Formula 2]

+znmi—- Sn—0—Sn
& sz distillation
R

Bu \ I \ )Il disproportionation
D

DD o
[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



reactant. This process is superior to the above

descri bed process in that it does not require the heat

distillation of a high boiling point dialkyltin

di al koxi de. However, since the reaction tenperature is

the boiling point of the al céhol as a reactant, the

reaction rate is low for the alcohols with a snal

nuh%e?%fow%oﬁt atleasbanliiegepoint phethbcahobbowi 8 a

e nunber_of carbon atoms. Thus the process has
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the trialkyltin conmpound may forma conplex m ture 0
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di al koxi de ich the present invention is aimng at.
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i ndustrial production process.
number of carbon atoms and even for the alcohols with a
large number of carbon atoms. Thus the process has a

low productivity.

[Formula 3]

Big -HO “\F %/W Bu_ OR

=0 + —_— ——

B n ROH Sln—o Sln - Bu>sn\0R (10)
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 amount of
trialkyltin compound, which is probably produced in
accordance with the following reaction equation (11),
is actually produced. In 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



[Formula 4] Bu Bu Bu RO BuOn Si -0-8' n/Bu Bu >/
~Bu + ( Buno I (1 1) OR OR [0006] To increase the
productivity, which is one of the problens the above
descri bed processes have, there is disclosed a
process whi ch uses an al cohob and a carbonate ester
as _reactants, as shown in the reaction equation (12)
( Sea Pepeide pdtielenkke Hresent preertioni hoopiwénghat .
use of high cost carbonate ester as a reactant,

t Nty i NI FRERRRSS heS rollRkeFeEgbine abbher, as an
descri bed, ocesses have; thus, use of this process
st%Q4u ?ﬁ&éﬁ;ﬁ?ﬂﬁ%ﬁﬁ%oﬁrﬁﬁ?ﬁﬁ%@'high producti on cost.
[Fﬂinulgﬁ] u ORBu R/, n~+ ROR+ O~ "' + co, (12)
Bu [0007] [Patent Reference 1] US-2700675
[ Patent Reference 2] US-5545600 |[Patent Reference 3]
NL- 6612421 [ Non-Patent Reference 1] Journal of the 6
Soci etgy qﬂ egycal Industry, 72,7 (1989), 1543

[ Di scl od-e—@f t heLnyenttuglfpr op(errs\gng )be Sqd,usd
by the Igalenthon] [ 0008 “Bu By

[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
>n=0 +ROH + O=CL —— 4 + €O, (12)
B’ SOR ~OR

{0007]
[Patent Reference 1] US-2700675
[Patent Reference 2] US-~5545600
{Patent Reference 3] NL-6612421

{Non-Patent Reference 1] Journal of the



As described above, in conventional processes for
production of alkyltin al koxi des, when intending to

i ncrease the productivity, it is inevitable to use
high cost raw materials. In such circunstances, there
have been demands for a con@eni ent and highly
productive process for production of alkgltin
aldasdetes . ofadehre ¢ryl yIndpet vyj etd bf (1@ br ebohd
invention is to provide a process for industrially
produci ng al kyltin al koxi des, in particular, a process

for_ .industriall nd continuously producing al kyltin
al Cgle%s.uﬁq\/é%%sﬂf%rh%?’?/‘ﬂ@‘l he Probl ens] [0009]
After .directing tr ndoys research effor t owar d
oJﬁaErﬁrco glieﬁ[bs tife eod%’?‘ﬁee‘g Yb ;’Erb‘b?réfn’s‘?ni he present
ir?gq?éys have found that if a starting material,
which 1's selected fromthe group consisting of

organotin ¢ S I A YOS Torocesses

bond, and a hydroxy conpound, ‘as a reac

Coyr HIQURIE iHPRIE @ 101 135 f SOt 3D i bl d @i ng to

poi nt "conponents, which result fromthe reaction, are

CAmidraaies [the R i he f eaetitav IR tE®MNude high

solution that contains an alkyltin alkoxide

Cc @orses pandintag- drd 4138 Stiaf tdutth retefund t Ak d Nechere have

reactant can be continuously taken out fromthe

r beenodemands  fronEo mentvareingi thiargd i giiey mtddumofve

the reactor. Thus the inventors achieved the

cPEFIc@sisof oo pesiystdsantof iahkanttiion.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 frem-the reactor, a reacstien———




[0010] Specifically, the present invention is as
follows: [1] A process for production of alkyltin
al koxi des, including subjecting at |east one alkyltin
conmpound, as a starting material, which is sel ected
fromthe group consisting of7organoti n conpounds each
having a tin-oxygen-tin bond and a hydroxy conpound,
asSoHtion ttdmt eentrinigiran i obky Eabn | ahkenige oduce an
al kyltin al koxi de corresponding to the starting
AT SAPORA e ¢ deha atiarteing el andthae Feectant
starthgg mat eri al %gf the reactant are continuously
sUPH %0 SV RS of (LAkRR BRI i PO XRApEPENt @S @
containing water. are taken oyt fromthe reactor

ko SR

d
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conti nuou Kenout Tro e

PriQGARSSH jakcording to the above item[1],

characterized in that the above descri bed at | east one
alfeditgn conpound, as a starting material, is a

tetraal kyl - di al koxy- 1, 3-di st annoxane and/or dialkyltin
oxi de gener aldacigicding ithd hs-ddR ofnweol 3]s s

resulting frompolynerization via a tin-oxygen-tin
bdied.1dw3]: The process according to the above item][?2],
characterized in that the tetraal kyl -di al koxy-1, 3-
difdtlannoxan@ iprometset rfaal Ipdodlict dax ot ,a3kki st annoxane
represented by the follow ng chemcal forrmula (1):
alkoxides, including subjecting at least one alkyltin
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
& 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 compound, as a starting material, is a

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

oxide generally existing in the form of a polymer



[Formula 6] 14 21 al C5RDb Sn-O0Sn-Rd (i )
OR3 OR6 wherein R3, R2, R4 and R5 each i ndependently
represent an al kyl group, aral kyl group or aryl
group; R3 and R6 each represent an al kyl group or
aralkyl group; a and b are Bntegers of 0 to 2, a + b
being 2, and ¢ and d are integers of O to 2, ¢ + d
beitgpEinafmme pelweesi zrtbeni vip td tHe-abygenT & b
[2 characterized in that the above descri bed

{tin oxide is a polynmer of a dialkyltin oxide

re esent ed the followi ng chemcal fornula (2):
F@-{rlnm a 7] T%efprm%ﬁs FGROLHNRNER et e FOAFR FeeRabhl -
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d|ﬁﬁ5¥ﬁﬁma_mgnoners) an oligonmer or a polyner. [6]
The process accordlng to the above item][1],

R, R%
R%Sn—0—Sn—R5, (1)
OR®  ORS

wherein R}, R?, R! and R® each independently represent an
alkyl group, araikyl‘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 ¢ 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 following chemical formula (2):

R®
, | (2)
R’z-Sn0O

wherein R’ and R® each independently represent an alkyl

fFormula 7]

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



characterized in that the above described hydroxy
conpound is an al cohol represented by the follow ng
chem cal formula (3): [Formula 8] ROCH (3) wherein RO
represents an n-butyl group, a 2-nethyl propyl group,
a linear or branched al kyl gBoup with 5 to 12 carbon
atons, a cycloal kyl group with 5 to 12 carbon atons,
a IRHeSETHrobr AnkPed afkEny| PEBEP2wi th 2 to 12

ca gfn atons,. a substituted or  unsubstjtuted arg w th
19 car bbRE aPBRESSBr 2GFaFRyNIgEBuphGi #ROYer otel [2],

gr%fg%g%ﬂg%g?ﬁ% i °§§?%ﬂ§%??o?icg¥£ﬁeﬁeaaﬁg%,%imﬁnﬁﬁgﬁy
4 t th.5 to 14
R b S R W H S R
't§g%iEﬁonoﬁgﬁrgftgﬁégggaﬁ BEaBlEESrQHQVﬁ QSﬁQE%P?dan
sel ecte r m group consi S Ing O

1-but 5T§gy éipropanol and al kyl al cohol with
5to arbon 1 ons. [8] The process according to

thegpbove i teme [dtocebfChodbpdihet st €ReObbove item [1],
continuously supplying the starfing material and the

I ecied padt 4 01 fed eRCt Ofiat Othal hApwyé h@ﬁb&@lbédehgﬁraxy
dehydration reaction in a liquid phase or in a
gaseripound phase ahcodhel reaptesentaddbgat théefsbbewing
time, taking out a high boiling point reaction
mchenikcal nfermuiart@bf a liquid, that contains the

produced al kyltin al koxi de or alkyltin
[Formula 8

R°0OH (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 cyclecalkyl 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 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 the above item [6],
characterized in that the above described alcohol is
selected from the group consisting of l-butanol, 2-

methyl-1-propancl and alkyl alcohol with 5 to 8 carbon




al koxi de m xture fromthe bottomof the reactor, while
conti nuously renoving, fromthe reactor, a | ow boiling
poi nt reaction m xture containing the produced water
in the formof a gas by distillation. [9] The process
according to the above iteml]0l] or [81, wherein the
reactor includes: lines for supplying the above
dex®9MPed starting material and the above described
reactant, respectively, or a line for _supplying the
ni K&U sol ut i DI Bre¢RS RN TSRy | bedthet apeyagitem [11,
natg%ia._and t he above_descrijiped reactant;_a, |line for
r et TR POV 7R | Thy PORNFREREY oRUPRT X117 ethe
cont ai ni n ter., .and [.ine for taki out the _hjgh
boT 11 T R T EHEL | D 3T (FRECEAR) THie” prodeser o
ac [ e oye ite 9 rej I i ne_for
&Pi&': 8&%%{@ t?(g]ov\\/lrg%ﬁ/?onga p%'%}[rllyfé_ratl\./\@ J.eégc{:{](?rll”ieﬂ a

renovin reaction mxX

copf fﬁrﬁhgggf%rifhiglﬁ%éﬁ?%é%ﬁg ?Mggée%gaéﬁghﬁégctor:

conponent’s are tenoved, : Tine  Tor taking out
tgndli oh el |48 POIME, refeih ol X4 Uk Egh | Sol Di Ry | S¥BAL

position where the I quid-phase conponent 11 s taken

oUtead O Imi tthide,Then PFIQE e6SrRCEOT & Dg%ﬁﬂdﬁnt{h%e of
the above itens [1] to [10], wherein the above

desmit diats rgaetmproduced 4 oK £ BRACA DkoRid@ 60l aMAyltin
reactor. [12] The process according to any one of the
aboMexidemsi fthjrd of fd |thaeiesetom tHE cheveealeser ) beblile
reactor is a type that includes a stirring tank, a
maQnisiniys ky i remonginanki rem dilse i féacton, cal bowm, bailing
Inggi§¥z¥ggction mixture containing the produced water in
the form of a gas by distillation.
[9] The process according to the above item [1]
or [8], 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 removed, while the line

for taking out the high boiling point reaction mixture

is in a lower position where the ligquid-phase component



distillation colum, a continuous nultistage
distillation colum, a packed colum, a thin film
evaporator, a reactor with a support in its inside,
forced circulation reactor, a falling filmevaporator
a falling drop evaporator, dirickle bed reactor or a
bupbbl e colum. [13] The process according to any one
of 1§ Heale@dbveutitens [1] to [12], wherein an inert gas
anggﬁ{ a gaseous reactant and/or a gaseous inert

or i conmpound and/ or an organic solvent that forns

eotropL,c mxture with are supplied.to the

an Ier
rebttbr. [ 14/PSHREQTVIRRCERETHA nP t Y hAandh et e efiPove
1 ' [ t [ | ect f

ni vt L arbolt Pl o SR ot B GHhcTs TorSSREb B9 cheaetor
a%grglg%i%g?é%ﬁu?po&e étc?c%ﬁlgr&rl:reé(@%f' n the above

descri b ation reactrTon i's perforned at a

te rature 4 5gg§§o f@%& [

pr([)%gss accorj;rgllnf ?r)gfto t eé% oveir?% é'?n&%?y %@é (?A-ﬁg%ré?nagove
ragidndf [1hecd offl ) Mokige FHD O O abbe 3OS, 116081t B oCEor
in the starting material to the nole nunber of the
reactantypascidte 1adiwddd 4 het Bfpdrd ngamef edimhltiStage

the reactant, is in a range of 3 to 100. [17] The

prsiciassi rar codret N g tdi syl baei el ddPumbove mulehst fddé

to [16], characterized in that the dehydration

r edictti ol d i grerdoiuned, & comehydras itonl ¢ aseage

represented by the foll ow ng expression (4):

[ %ﬁ&%&ﬂqﬁiqﬁ column, a packed column, a thin film
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/or 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],



Dehydration rate > 60X+10P (4) ~- B RT wherein the
dehydration rate neans the anount of the water that

is formed by the dehydration reaction and drawn out

of the system per unit tine [nDI-hrl]; X represents
the total nole nunber [nol] I8f tin atons contained in
t he alkyltln coppound represented. by the genera

f YT e BRI R ¢ E%%t%?ﬁ%ﬁ mﬁl?h%u@?%FtPﬁgtln atoms
mat erj al represents the total nunb

t i ‘fﬁo%‘f %’n%e%/ ohit aF RSt A tHed a‘F%Ez‘Pf ’r*‘i’Hl cbipbhf dmLfg huRber
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the |nd of tin conpou erei n coe f|C|ents

ang dis | Eﬂt ht?o amﬁyd&%é@@rfﬁ’a essi ORaf 4ngdepend on

the 13 nd of alkyltin conmpound as the starting
Med&tiy@tattivh PE£cOdRi NebHAESEMON dHea S@hPAFrABIYn rate
standard substance. Wen the starting materi al

cardpi arserdied B Kytié NfaDIpoimg ¢epresended(Py: t he

chem cal formula (1), the above descri bed
codfpaaien Ahnd B represent a frequency factor and
an activation energy of a pyrolytic reaction of the
primary standard substance which is an alkyltin

conpound arbitrarily selectequnQQY the al kyltin

conpoundPehEdTAE R FARL t h f or mul #4X 1) and
contained in the starting eﬂﬂqﬁg: nd

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] 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 compound
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 fromthe foll ow ng equation (5). Wen the

starting material does not contain an alkyltin

conmpound represented by the chem cal formula (1), but

contains an al kyltin conmpound represented by the

chem cal formula (2), the above descri bed

coefficients A and B represent a frequency factor and

akiact iofataildrylerier gympofuna @pr ahygt istaredcty omtefr itdle and

primry standard substance which is an alkyltin

akkex oid admisid kasieldy ors élhectsed Prramatriye salalydarich

al koxi des represented by the follow ng chem ca

f stpStance). f sthead theo mterd Laigk petier 1 @@M@d@s an

represented by the follow ng chem cal formnula

coAtkailidd Fﬁ“@ﬁ@ngtéﬁpﬁﬁée F@rbﬁltﬁﬁdcpﬁ@-qaéaé¥é%ﬁ ula
ar e, obt ned fron1 he follow n uati on

[Eiﬁre deq/ desgri E(cgffégfl @ q1q<fgpresent

represents a

fi order rate, con tant L¥J
( BpFeBANFEY ffFé%& P A0 BEERALEPY SRR Sins an
a%&%%ﬁft% er%%ﬁﬁ oI 1l pm ol e%%%%a%cgas%bstance

nol - ; represents
ehalk “‘é 1t 5y %Hl U&gxdplé %'ﬁtﬂa‘ilflﬁ;a%tél%ﬂe% from
per or me ove ribed k represe

fiphat aqnc%rt 1hat<:%n1§)%'ik§kl%nt.re%fretslé%teﬁyw YihieC dHRARIHAN
whi ch i s obtained by the following equation (6):

[ EsRfmegsi QN )3ankt cohftGlin¥H (6) thehereirt ikg aRrRsar{lS and

first-order rate constant [hr 1]; t represents a

heatl optaimed @rdmXther Foldpwasenkesuation (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 a 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 cbtained from the following eguation
(5).

{Expression 2}

k=A-exp(~—%) (5)



reduction ratio [nol/nol] with respect to the initia
concentration of a primary standard substance,

[Formula 9] RIOQg R13 ' i Rlth Sn-O -Sn-R11 (7) OR12
OR1ls wherein R10, R11, R13 and R19 correspond to

either R or R8 of the starlding material; g, h, i and

] correspond to either e or f of the starting .
RGN Ktrerratenhne df LD At RIS treesports tor 17
R9 of the reactant; g and h. are integers of 0 to 2

+th EBECSETE S ankr§IusReyY ifrERr sl 07t B z?preﬁepfégan

2. %? 18] A rocesE fo _ﬂ[oduction of a carbonate

ed%rtY cﬁfgeﬁ $ed %"ﬂ?oﬁlsi rig Ra TEPAERRANTSh 2 9esk iGpEs tant
y1 d d,.by th di t

o s AR R VARl 1t IR sBh R TS c2RbEr SRR Tl at

ing,. t t

PR he I PR I A SR mnd apowe

t ; [ 7] .

b Qi 10y of %ﬁﬁ;ﬁ%%ﬁﬁ%&fﬁﬁg%idgqgf)ﬂéké coddUntVbe the

I socyanate pro e carbonate ester

aGRAIAIAG d & dNa ahioumidiemd Klcailded ¥y Ry casoRnAl Sy

produced using the carbonate ester according to the
akapaditem (6h9] . [Effect of the Invention] [0012] In
t he process for production of alkyltin alkoxides
ad@orpdigsgitom tIje present invention, a

k-t=—In{l-X) (6)

wherein k represents first-order rate constant [hrt); 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]

R1Dg R1 3i
R1 1ﬁ"SI’l—O-""SI"I—RM]' . (7)
0R12 0R15

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
R and R' corresponds to R® of the reactant; g and h
are integers of 0 to 2, g + h = 2; and i and j are

integers of 0 to 2, i + § = 2.



starting material and a reactant are continuously

subj ected to dehydration reaction, and at the sane

time, the fornmed water and products are continuously

bei ng drawn out of the system whereby alkyltin

al koxi des can be produced wls hi gh productivity.

Thus, the process is very useful for industrial

apptékation.? [Beate W deof dprcveyioy itaterbonate ester
Invention]  [0013] The present_invention is,

cHEh B e Lee bRy cont BRI FLEYbpl Y i dbkexidest iy 2
material that 16 contains a dialkyltin oxjde and/or a

t 3R XS - REFUCHE -RY st sQFRS ArRCEOF LR are , 2y one
oo1 (T O LobreRt SSaokE Bl ning vater from the -
Rl Comdb Rt T St P 1S RL velnd ot v o

S T o QA (SIS S0 0 FORREEL My Bhd Brocess
| e A shdavs A eeHed, # ht%e%h@oﬁj?&érhé’”[?}‘ fo [17].

di al kylti1n oxi de with an al cohol produces a

digddayl tin alkoxddleydrsahasgto@icddens By thdrédbonate

reactions represented by the followi ng reaction
epside Oscddd)imnctd the 4o tterd 01~ OR R 2
)'Sn=0 + 2 ROHR-Sn-O0Sn-R + H2O (1 3) R OR

[21] 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 continuously
subjected to dehydration reaction, and at the same
time, the formed water and products are continucusly
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 Mode for Carrying Out the Invention]
[0013]
The present invention is characterized by

continuously supplying a starting material that



[Formula 11] RI ORR-Sn-O-Sn-R+ 2 ROH 2 R Sn-OR +
H20 (1 4) R OR R [0014] Conventionally, the above
descri bed reaction has been carried out by batch
process, while distilling away the fornmed water at

at mospheric pressure or unddr6 reduced pressure. The
reason is that, since the 17 equilibriumin the

r RN FBHES ra i b bRy beimyotide amhwa@ tayaahlyl14)

i n¢lines to the left (reactants), IS necessary to
mafﬁlea o FFRRURRRD a%.@tr%c*%mtn@hlﬁy%mwuct s)
and t ake he fornmed water ut of the system so that

t HEPTRRIER »ont%r%g?eeas%fe%r 509 SHELRGMRNE e J@v boiling

|ncre se the re ctlon rate, the abov E re tlon has

bep FearF et satccmﬁ‘llqjerh%e‘llaa‘f Lhe (ERyftor to
| nb f b
Lot an‘g%ﬁ# G i i SRS B PR oo

seveﬁal hours &Lereagga% 5Peﬂ%§ﬁg§%$§§3 éﬁ#@ﬁS?ﬁnﬁglns
st lanupiaeln Q{ll&ﬁfﬂ%‘ & 9B S g | QY 00k | 4 09 PO ST

as a reactant so as to produce a dralkyltin al koxi de

C o tRSRICIIdi 4K tithd heeadtephol , the productivity is

significantly low It is known that the reaction
repr esent ed e thresaactimrediosrall batd Presuhed tlsat the
t he dehydration reaction of a dialkyltin oxide wth
. arresldoihol ab gprdichldey I tretoxaadkwich adikeadyeohol that
di stannoxane quantitatively progresses relatively

produces a dialkyltin alkoxide is based on the
equilibrium reactions represented by the following

reaction equations (13) and (14.)

[Formula 10]

ORrR’ R
>Sn=o + 2ROH R—Sn—O0—Sn—R  +H0 (13)
R ORI
{Formula 11]
OR’ R OR'
R—Sn—0—Sn—R + 2ROH =—= 2 R—§n—OR’ +H0 (14)
ke k

[0014)]

Conventionally, the above deécribed 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




easi ly even by conventional processes. However, in the

reaction represented by the reaction fornula (14),

since the equilibriuminclines significantly to the

| eft (reactants), the water forned by the reaction

rapidly reacts wth the foraed dial kyltin dial koxi de;

thus, a dialkyltin dial koxi de cannot be obtained wth

hieg idriddiemn \iirt \theT o esisttdion sarreprerssaged! dnodiite of

i nt ended product in the reaction represented by the

r deamudaef dill andL4)L4)i tinad inesedsariha dafde a | arge

18 anmount of hydroxy conpound. Use of a |arge anount

of ( LSRFHABEF ) c oo difd NESESHaNY beaakq tthso g ld g um to
ion of a tetraal kyl -di al koxy-1, 3-

enhance the convers

dPOEhmGeatEe & LT APEARIGT i ANor5ke ed water
requir huge .react or, and._noreover, a |arge anount
Ui PP SRS o ST & AR B PP P see - At
d't%%' lslaﬂite! %q.mecor@:%eq,%%{]rtéa%e IttheC q:%%()ct i rrezisée, ttrg‘lee above
producti Vi ty. After i ntensi ve exam nation o

c ntisgnal roce ‘ resent: | .
R e bk e L R
techni ques, a3 angeAMURherOfudifP Uy |41 dbHAMRAYE .4
which is not an intended conpound, is produced since

t hergeasiim®e ri & fC¥ariRph QtomsAtant @ HiWYANURRS pRITtht
for along tine, though this 1is not clearly described
I ast be reacta@nt 9n theeeibidvealdescriibed ereidtdoyy the
conventional batch process has a serious probl em of

c aesiciig oby progdestisieen 1nofs earetmailalhioprisn - edvgrewsd whaes
descri bed above (Fig. 1 shows the change with tine in
pyséngsiae gflcphpl3w3dth a small number of carbon atoms

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 alcohol to produce a tetraalkyl-dialkoxy-
distannoxane guantitatively 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 amount of
intended product in the reaction represented by the

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



tetrabutyl -1, 3-bis(2-ethyl hexyl oxy)-di stannoxane)

into a tributyltin conpound), because an alkyltin

al koxide as a starting material or as a product

resides in the reactor due to its lowreaction rate

and its batch reaction. [0GE1 After directing
trenmendous research effort toward solutjon of the
ab@Reuresef | BEdr propFeRPOER@. pYesenf #nb@REBraTARDE ©f
found that when enploying a 19 rocess that._inc
co%yﬁﬁ%%ms¢9mgquﬁy¢%ﬁt%4n%¥dvekga Hat B PEH lﬁhFehepﬁanCG

ox*;le?%éggre%i?%\%%rgi? r°“€%&§§ffa¥itaﬁa£%a%%§ I
%S”*E%i%%%eﬁee?%%h% oAt REL R Ch 2 bR Y G plipRETBE e
8°?@§ﬁf9%%a%[f?o : 9?5?‘?‘%%”an@{‘ﬂor&%%%%gﬁéﬁ?ﬂﬂéaﬁhggm

boifoahpéaébsdr d % ¥§ﬁ§ £@Nt Qi Ps r@ﬁo@é&Yb? n

oxi de correspon e starting materia

thgi §€8E1 APlon SUEPRESGRGhY1y | heL I €88hbONinkLEBsESthe
short and the productivity 1s high, conpared wth

copvedtucoMal tPat ch processes; noreover, the above

descri bed by-production of a tributyltin conpound i s

i nhi bited. Spfcefitatéysitdeepambeationvefit oosventrtoupl
with an idea that the rate of producing alkyltin

al kosteesedy Comventsentl ibeechops obagsefonad thageliy the
restricted by the rate of renoving the fornmed water,
angPehendepeyiped cconvemt 1padl stpebréggesasa algraéeéglount

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 serious 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-1l, 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



for overcom ng the problem which includes: rapidly
and continuously renoving the forned water fromthe
system and at the sane tine, rapidly and

conti nuously taking out the resultant product, an

al kyltin al koxide, from theagsystem nakes it possible
to produce a dialkyltin al koxide wth high
piRGFRFasSsyithat Tl udess alosd i 1t atprlheing coess

of the present invention enables the formation of an
ufitRiérided "edRFoudd, Waioh Bt yeliertasbfgsih g he @saap
reduced. 20 [0016] First, the raw materials used in

t nveErmtlikar tiin 1oRidledes iR 1 kHe Sl ka i
nghgrial is a conposition that contains a djalkyltin
0

F&3ARPRENes AR IRtk PLx ek ShRrdraiitk nd eamHant .
i . .
£ 3PS sPRACEIL Gitd BnerstoT SRR AVHE A8y
: ial kyl £ ide. which is the pr f
PR PR Vel e M el T RPRHSDC

t Re e @ rg%%g?%?g%% @ﬁet?%ﬁkﬁﬂgH @%ﬂHEfBH514§UQQf

whereby a te i al koxy stannoxane i's dbtal ne

f compdndngdl kW kine @utdernaRd kthe neadHan ReREse¥Rbins
by the reaction fornmula (14) whereby a dialkyltin

diaal kaxiyde ins aQKoxiiaed c%ﬁ:@@s%oh@tih@altbylﬁ@ PePeing

di st annoxane are the sane dehydration reaction;

t hatefrded, aaddithlek yeticn aaltk oxuede rdai nlkd ygbttdien ad asion

froma starting material that contains an arbitrary

admet isf sicattkpindi thexpdeduc®Av¥ilty is high, compared
with conventional batch processes; moreover, 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: rapidly and
continuously removing the formed water from the system;
and at the same time, rapidly and continuously 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.




Tetraal kyl - di al koxy-di stannoxanes used in the present

i nvention may be the tetraal kyl -di al koxy-

di st annoxanes represented by the follow ng chem ca
formula (1), and they may be nononers, aggregates,

ol i goners or polynmers havingOa structural fornula
rﬁPresented.by the chemcal fornmula (1). 21 [Formula
120002481 3 14c' 5 Rb Sn-OSn-R d (1) OR3 ORs wherein
Rl, R, R4 and R each independent|ly represent an

al kyl group,Figisfl kyihgyriap Mt eriagl gyrivigs] IRB il Ieesent
each represent. an al kyl group or aral kyl group; a and
b AEnthederls & ¢assrived+ b peing 2; and ¢ and d
are integerg of 0to 2, c + d heing 2. [0018] .
Exanpl es of Rf, %%irq%P%MWfqﬂfﬁéitqﬁaa ¢ mPOSJtlon that

L o o AR O U 4 S L e
4 & ' 0.1 b .
© RN - UGN O MR bt L ord R ML ain,

9&%&&%@Mﬂ&l-dié%%ﬁ%%Jaﬂé%ahdﬂéyﬂé éﬂﬁﬂgﬁ%%r%ﬁ[%?bitrary

et hyl , propyl, (Its 1somers),

| SaRnG) oM KyltSn IAMRY,ShhiREPIM tHd SASUBIS) of
octyl (its isoners), nonyl (its isoners), decyl (its

| sermaa)lkylrdaepikokdyi-gli steenRx@ne dodgradi flid#Sl 1y, both
i sonmers), 2-butenyl, cyclobutenyl, cyclobutyl,

C rtleo pemioyli onc yelpatemeyited dyclthpeMadction formula (13)
cycl opent adi enyl and cycl ohexenyl groups;
whereby a tetraalkyl-dialkoxy-distannoxane is obtained
from a dialkyltin oxide and the reaction represented by
the reaction formula (14) whereby a dialkyltin
dialkoxide is obtained from a tetraélkyl—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}.



aral kyl groups with 7 to 20 carbon atons, such as
benzyl and phenyl et hyl groups; and aryl groups with 6
to 20 carbon atoms, such as phenyl, tolyl and naphthyl
groups. They may contain an ether |inkage or may be
hal ogenat ed hydrocarbon groups in which all of or part
22 of hydrogen atons of each hydrocarbon group are
repFac@dlaylBhl ogen atons, such as nonafl uorobutyl and
hept af | uorobutyl (their isonmers); however, they are
not limted to thggse ex les. Preferably, R1, R2, R4
and R5 are |ower Xyl dups. More preferably, they

are linear or atiched ky?s roups with 1 to 8
carbon at ons. #ﬁb abgge es gbed WWnds of gr oups
with nmore carbon gRens thyge those described above can

al so be wused; however, they sonetines inpair the
flowability or the productivity of dialkyltin

| ' : pR2 na sl | n.
et TREPESi B oy Bt Anioher dihendentiy Fepresept an

tetraa - - di' St annoxanes

chem.cal rul t . fger .
O e B R R U R
W t8plesonid2afas PRP1 2§ P88 S¥CLPRL Kyl gEBUR;Wht Bnddkt Gre
12 carbon atons or  |linear or branched al kenyl group.

Wi ifit@géfs 12f carben2 at 9ne, b apsing 2f ahkyl c0aAuPa awvket h
7 to 20 carbon atons that includes a substituted or

unsnibsgetsitefl @aryd 2y tdh 6 ddbdOngakbon atons and an

al kyl group'selected fromthe group consisting of

| i be@k8br branched alkyls with 1 to 14 carbon atons

and cycloalkyls with 5 to 14 car bon at ons. They may
contain an eEXarplemkageRor Bray Rheand| BYekmtidhe

tetraalkyl-dialkoxy~distannoxanes represented by the
chemical formula (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),
nonyl (its isomers), decyl (its isomers), undecyl (its
isomers), dodecyl (its isomers), 2-butenyl,
cyclobutenyl, cyclobutyl, cyclopentyl, cyclchexyl,
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



hydr ocar bon groups in which all of or part of hydrogen
atons of each hydrocarbon group are replaced by

hal ogen atonms, such as nonafl uorobutyl and

hept af | uorobutyl (their isoners); however, they are
not limted to these exanpl2@s. Preferably, R3 and R6
are | ower al kyl groups. 23 More preferably, they are

n-dfuthpd mprasap, a@mtd@lq&@pwyd@mm gioiHara s
branched al kyl groups with 5 to carbon_atons. The

alie R aest A b & aﬁor@ﬁo@scm% nona RFyroRinperand
of carbon atons than t hose described above can al so

b -1 1t Heye SonkiomssS ) nﬁéﬁ‘fe"?% they are not

Y
flomablllny or t he rod ct|V|t in 4 5
ity el%%%éer ¥ d ko B and B
glsta noxane presented ﬁ{ n1q3 forﬁZla éé)
%ﬁvﬁorgm%ssere o1{ G el ey
t%? ky' e YT exanse w{eprfse@te d:L¥pdie

chen1c ornu

kylmgl 34},%)‘}@/ djéssct,laﬂﬂgd( angle t(ffc‘)'l.?é k¥lth more

dlar 'yl oxy- di st annoxanes, as 1,173

A It ords i (Ehdud Q%é@cﬂi@é@%@é‘?caﬁ 4150 3oe
tetranet hyl -1, 3-bis(2-nethyl propyl oxy)-di stannoxane,

1,uls e 3- Hcﬁié\ﬁéﬂ?t eyl Sorfk t RS yir@(alrﬁlﬁ’d@nﬂmmllitﬁ or
|soners) 1,1, 3 3-tetranet hyl - -di - hexyl oxy-
drﬁﬂéﬂpﬁbﬁﬁﬁtiviﬁyIdmﬂﬂﬂaﬁkyltln alkox1des rR!, R?, R!
1,1,3,3-tetranet hyl -1, 3-di - heptyl oxy-di stannoxane

(iarsi iRorer she tetraadkytletdiadkobyi-dli,stannoxanes

3-di -octyl oxy-di stannoxane (its isoner l

1, derZ e iey H;he Icteemi cabnfo eyl ali 6t hrirexdpe thessame

|sonereg 1,1,3,3-tetranet hyl -1, 3-di - decyl oxy-
or di feren

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

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



i st
, 1,
1

annoxane (its isoners),
3,3-tetranethyl -1, 3-di - bezyl oxy-di st annoxane,
,3,3-tetranet hyl -1, 3-di - phenyl et hoxy- di st annoxane,
di butyl -1, 3-di net hyl - 1,
I (n- butoxy) di st annoxane, 23, 3-di butyl -1, 3-
i met hyl -1, 3- bi s(2- net hyl propyl ) -di stannoxane, 1,3 24
i Marg| pueBetbbbyhythey3ade- pebtigvdxgrdiupt adnorshglpropyl
(|ts | sonmers),

1, gveRpLPY| 11Neagi ast hyangcheddplkeky borypsdiwsthnAokand
(|ts i soners), 1,3-dibutyl-1,3-dinethyl -
1, B2HPOReREPNBXy - Bh@tﬁﬁﬁﬁﬁaﬁ@SEFﬂéeﬁs heAg) of1ggoups with
di bu ¥I-1 3-dinethyl-1, 3-di oct%on% di st annoxane gItS
i sB 1n%mla?5u¥§|0ir§°a. ﬁEP §| thay. fhofgngrasyibed
d| tannoxane £ | SONEr,S) i, met h

ib
2T deBY1 BXY° %t%ﬁﬁﬂ h%w%v?§r gbéﬁr§?megl§es Yrpair
di - 0 h nzyl o stannox e
1,§“.*di %I%w%bfiig%. FouRoF-PLaBEPELKERY) BEnaEp TRy ERE,
i 81 e, 6 3 _
1 SEENE T B gnd RY ip the tetraalkgl-dialkoxy
di g1 paexSRened §eﬁf@§éﬂ£e& ﬁydtﬁéh¥he$13a9'§§gmula (1)
met hyl propyl ) - di stannoxane, 1, 3-di butyl-1, 3-diethyl -
1, ﬁaﬁlb@emal@dryedcbﬁt@ﬂﬂ@éa@ﬁt(lts i somers) 1 3-
di butyl -1, 3-di et hyl - 1, 3-di - hexyl oxy-di stannoxane (its
i sp@&r3%), 1, 3-dibutyl-1,3-diethyl-1,3-di-heptyl oxy-
di stannoxane (its isoners), 1,3-dibutyl-1,3-diethyl-
1, 3-di - oct yl txympll s% anfiokabeadikgldbakkekxy-distannoxanes
di butyl -1, 3-di et hyl -1, 3-di - nonyl oxy-di stannoxane (its
| SHPRFSIENtSR-iy bg| chemida bt hgrmala- ¢i) desgloss:
dlstannoxane its isoners 1, 3-di butyl -1, 3- dleth¥l-
1 %W%Yaﬁh% %%@oxanes and tetraalky
-1 3- dlet
%t¢k&53 %?%%%%xaﬁ%Chlaé i bubyP-1, 3-

tetramethyl—l,3—d1(n—butoxy)—dlstannoxane, 1,1,3,3-

d
1
1
1, 3-
3-d
d
d

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}, 1,1,3,3-tetramethyl-1,3-di-
heptyloxy-distannoxane (its isomers), 1,1,3, 3-
tetramethyl-1, 3-di~octyloxy-distannoxane {its isomers),
1,1,3,3-tetramethyl~1, 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—l,3—di—
phenylethoxy-distannoxane, 1,3-dibutyl-1,3-dimethyl-
1, 3-di (n-butoxy) -distannoxane, 1,3~dibutyl-1,3-

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



di propyl -1, 3-di (n-butoxy)-distannoxane, 1, 3-dibutyl -
1, 3-di propyl -1, 3-bi s(2-net hyl propyl ) -di stannoxane (its
i soners), 1,3-dibutyl-1, 3-di propyl -1, 3-di - pentyl oxy-

di stannoxane (its isoners), 1,3-dibutyl-1, 3-dipropyl -
1, 3-di - hexyl oxy-di stannoxang4(its isoners), 1,3 25

di butyl -1, 3-di propyl -1, 3-di - hept yl oxy-di st annoxane
(dibutiydodeBspimethyl-1, 3-di-pentyloxy-distannoxane (its
1, 3-di butyl -1, 3-di propyl -1, 3-di - octyl oxy- di stannoxane
(ieomeseer 3) 3-dibugyBuily B-digeghylopy3-di- hexyloxy~
1, 3-di - nonyl oxy-di st annoxane élts I soners),
dPBﬁFﬁPangnelﬁﬂ&ﬁyﬂsfmsréﬂ d eﬁréﬂpu&wgrénﬁcﬂam@thm%;
iogers) 1,3-dibutyl -1, 3-di propyl -1, 3-di - benz%loxy-
ditsafhoREREY Loy 9#56€9P°fa96dHﬁﬁép9§°@e§s -

O R R 505 a1 -patsorvaricsampearee (its
Sifgieshel 1094 bityd- D S Binetnya 1, a-dirnpnyloxy-
ta&5§9H§Xkaae 19% E§Bh¥k8§y ﬁ'%tQEBE{QEel(B %1methyl—

I soners
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|soners) , 3, 3-tetrabutyl -1, 3-di - heptyl oxy-

ddibaﬁpQXQHS ahhéth§gﬂer3>d11bén§y§ok?taa@%bhhn&a%eqI-
oct yl oxy- di st annoxane (|ts i somers) , 3-

t &f Balibykyl-3; di-dimayheiyidastarparane ethoxyi-soners),
1,1,3,3-tetrabuty|-1,3-di-decyloxy-distannoxane (its

i doatashpxdné, 3133tdtibabyfyll; B-8idichgézll, ®egi (n-butoxy) -
di stannoxane, 1,1, 3, 3-tetrabutyl -1, 3-di - phenyl et hoxy-
dfiéssanpREABe, 1113Sdgbﬂéyﬁa@hénﬂhethsldﬂQﬁ—buﬁdiy)

di st annoxane, 1,1, 3, 3- tetraphengl bISS
nﬁﬁﬁpwbpéayvilaﬁéﬁﬁﬁﬁagaﬁ@e: aibaty1215 3-diethyl-

hlsdagtetranhenyl 1,3 di pentyloxy distagnoyane

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-
1l,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(2-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-



tetraphenyl - 1, 3- di - hexyl oxy-di stannoxane (its

i soners),

1,1, 3,3-tetraphenyl -1, 3-di - heptyl oxy-di stannoxane (its
isoners), 1,1, 3,3-tetraphenyl -1, 3-di -octyl oxy-

di stannoxane (its isoners), 25

1,1, 3, 3-tetraphenyl -1, 3-di - nonyl oxy-di stannoxane (its

|g%MQgggl th;Qg§¢qmyl 1,3-di-heptyloxy-distannoxane {(its

tetraphenyl-l 3-di -decyl oxy-di stannoxane (its
i sbieys 3-dibutyl-1, 3-dipropyl-1, 3-di-octyloxy-

1%% 3, 3-tetraphenyl -1, 3-di - bez on - di st annoxane,
1 st annoaang hehyd - 1S @uer s hh Hob Y%I‘lst%\nﬂbR’é‘ﬂ%Yl'

d.@«i %otetlr ity ot o fiodads | ﬁ%l%%%r?%%’f LB s (2
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(its 1somers) ra tr uoro uty1 -1, 3-di

OGHEDXNe ﬁi&c&l%@ﬁ?&iﬁndﬁﬁe' sp/er$)3-tedrabodryl-1, 3-di (n-
tetra(trlfluorobutyl) |-nonyloxy di st annoxane

(IHutoxymﬁﬁﬂéﬁannoxane, 1 1,3,3-tetrabutyl-1, 3-bis (2~

1,1,3,3-tetra(f|uorobutyl)-1,3-d|-decyloxy-

dinst tdnynigoeasey 1) il s tsammesssgne 1(iE 8, somers), 1,1,3,3-

tetra(trifluorobutyl)-1, 3-di -bezyl oxy-di st annoxane,

1,te I adbutatk-al(t 31dd werdinik gt y~di Scatingtaeny | et hoxysomers) ,

dlstannoxane

1,4%.53,3-3 —é%qfaf(é&émsalﬁb&rﬁbﬁm@#%yllowﬁﬂ(mtannoxane (its

but%H¥ -di stannoxane, 1,1,3,3-tetra pentafluorobutyl)

S_ek i\l Drophe BrﬁﬁQﬁXQNﬂoké -—heptylaxy-
entafluo obut %g 1, 3-di-pe ¥£ di st anno

(YRR h ol et SRS Y e i

h%ié‘éﬁ’@’ yd'c?lts%!%% Qa%é [Sed S Sy 1 B, 3 3-
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) ~distannoxane, 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-



tetra(pentafl uorobutyl)-1, 3-di - heptyl oxy-di st annoxane
(its isonmers), 1,1,3,3-tetra(pentafluorobutyl)-1, 3-di-
octyl oxy-di stannoxane (its isoners), 1,1, 3, 3-
tetra(pentafl uorobutyl)-1, 3-di - nonyl oxy-di st annoxane
(its isomers), 1,1,3,3-tetr&fentafl uorobutyl)-1,3-d

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

t et glaygrmny ) vhr dbdit yigcul Syt dbebgnonyamne s{ dhdokapeers) ,

1,1,3,3-tetra(pentaf | uorobutyl)-1, 3-di - phenyl et hoxy-
di%q%m%(&gﬁﬁgraphenyl—l,3—d1—bezyioxy—d1stannoxane,

,3-tetra(heptaf] uorobutyl

ook AT GO 1, 3, 5L S oY LR e ur o BRP SRR
4 DS e Hant e
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(its 1somers), , 3-tetra(heptafluorobutyl)-

nOnN&QXﬂ56ﬂé£§PPOK§F§3§31§e&§$UEf§fluéréb§t§l)—1,3-di-
tetra(heptafl uorobutyl)-1, 3-di -decyl oxy-di st annoxane

(I Hexy Eowpr@)stdndosdarde t eit @ (hepheads upr opus y) 3-1, 3-di -
bezyl oxy- di st annoxane,

1, tlet3r Bttt et £ af{dvepbaf ¥ Lior DRt gl yheptyloxy-distannoxane

1, 3-di - phenyl et hoxy-di st annoxane, 1,1, 3, 3- ‘

t et ¥ noveie xor oblit il 3 - 3B ot bUf brgyolitky hhnbxandi-

1,1, 3,3-tetra(nonafl uorobutyl)-1, 3-bi s(2-net hyl propyl)

- e EroEhEtannaxana.- {59 a¥ SR $ Lor bohit 91 ¥=1, 3-di -

pent ongéfistannoxane (its isoners%é 1,1, 3, 3- .

{ Gt Db LR SRR 53 L 11 63 TR LHROY Loy AL E baRpaRRe (its
isomers), 1,1,3,3-tetra(fluorobutyl)-1,3-di-decyloxy-
distannoxane (its isomers), 1,1,3,3-
tetra(trifluorobutyl)-1, 3-di-bezyloxy-distannoxane,
1,1,3,3-tetra{trifluorcbutyl)-1,3-di-phenylethoxy-
distannoxane, 1,1,3,3-tetra(pentafluorobutyl)-1,3-di(n-
butoxy)-distannoxane, 1,1,3,3-tetra(pentaflucrobutyl)-
1,3-bis(2-methylpropyl)-distannoxane, 1,1,3,3-
tetra(pentafluorobutyl) -1, 3-di-pentyloxy-distannoxane
(its isomers), 1,1,3,3-tetra(pentafluorobutyl)-1,3-di-
hexyloxy-distannoxane ({(its isomers), 1,1,3,3-
tetra(pentafluorcbutyl)-1,3-di-heptyloxy-~distannoxane
(its isomers), 1,1,3,3-tetra(pentafluorcbutyl)-1,3-di-
octyloxy-distannoxane (its isomers), 1,1,3,3-

tetra({pentafluorobutyl) -1, 3-di-nonyloxy-distannoxane

{its isomers), 1,1,3,3-tetra({pentafluorcbutyl)-1,3-di-



(its isomers), 1,1,3,3-tetra(nonafluorobutyl)-1, 3-di-
hept yl oxy-di stannoxane (its isoners), 1,1, 3, 3-
tetra(nonaf ! uorobutyl)-1, 3-di -octyl oxy-di stannoxane
(its isomers), 1,1, 3,3-tetra(nonafluorobutyl)-1, 3-di-
nonyl oxy-di st annoxane (its ixpners), 1,1,3,3 28
tetra(nonaf| uorobutyl)-1, 3-di-decyl oxy- dlstannoxane
(i g8cysexerdistannogaget eita(nawaerabr obulyB) 34, 3-di -
bezyl oxy-di st annoxane, and 1,1, 3,
te*f%{%ga%&lt%ln%mwwl 3lgp- @heln?mmzsmydlstannoxane,
f fn o§ane As the tetraal kyl -di al koxy-di st annoxane,
vl ohes RSt b2 (ReTkef bgorelwt yhe- %ab%v‘éld@é%i’l%@ﬁhoxy‘

fo$h$ PihokIRaL Uk b § 0Bob L AR R SR EgPEFRORRY Bbst adegt (n-
' h d b

Rl S annd¥es:  Proutncereg thrataE ﬁagaﬁvtaf )-
o 05 SRl 2 b RO

d'?JﬁYﬁt3Ih@%fg?ﬁﬁge%ffﬁ%fé%§$¥£P—%?§ apr no%ygoxy-

nononer, Sl nce O ca

noiyed dondeimed( i @nds slomexs gt 1 thHesformof a pol yner
resul ting fron1po|yner|zat|on via a tin-oxygen-tin

botsk rachShoahl hdir St § D) + Y8 @i £19& 091 ex {181 st L mebREhe

13] R8f / (2) Rye Sn0O 1
(its isomers), 1,1,3,3-tetra(heptafluorcbutyl)-1,3-di-
heptyloxy-distannoxane (its isomers), 1,1,3,3-
tetra(heptafluorobutyl)-1, 3-di~octyloxy-distannoxane
(its isomers), 1,1,3,3~tetra(heptafluorobutyl)-1,3-di-
nonyloxy-distannoxane (its isomers), 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(heptaflucrobutyl)-
1, 3-di-phenylethoxy-distannoxane, 1,1, 3, 3-
tetra(nonafluorcbutyl)~1, 3-di {(n-butoxy)-distannoxane,
1,1,3,3-tetra(nonaflucrobutyl) -1, 3-bis(2-methylpropyl)-
distannoxane, 1,1,3,3-tetra(nonafluorobutyl)-1,3-di-
pentyloxy-distannoxane (its isomers), 1,1,3,3-
tetra(nonafluorobutyl) -1, 3-di-hexyloxy-distannoxane
(its isomers), 1,1,3,3-tetra(nonafluorcbutyl)-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(nonafluorocbutyl)-1,3-di-

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



wherein R7 and R8 each independently represent an

al kyl group, aral kyl group or aryl group; and e and f
are integers of 0 to 2, e + f being 2. [Formula 14]
29 R16 k Sn-O+ (1 s) R17 n wherein R16 and R17 each
represent the sane groups a8 defined above in
connection wwth R7 and R8; k and 1 represent the sane
astetefa frevhabiover ol ttyhhekt 3-omi wile dy Fox yrdi $ § anmekang s
an integer of 2 or nore. The structure of the end

gr O i ssamaariwn, 1 ahd3 « et et B2 (noma £ Heerobyiopbhil, 3-di-
Exanples of R7 and R8 in the dialkyltin oxides

r skt et ameesaneul 304 23, 1ndidde: al kyl groups
as aliphatic hydrocarbon groups with 1 to 12 carbon

at a A QERISE Y By Thipd~ &5 R AR FROFYdr ocar bon
groups with 5 to 12 carbon atons uch as th
SbiAEantiang (s 3 er ey S ERY L e TSR Tt ganoxane,
pentyl (its _isonmer hexy its isoners). h

(Y iy B eored Febhorny “Are | aqfiebl¥ea grou
IS , (. LS u i j ,
1SS (91 St g b “PFEEeq  HHE MGeq 17 LROTREAL of
cyglpbutyle cyclopentyl, cyclohexyl, cyclopentyl,

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

carbon at onsTheé Ufib Hsy Phmydxid®s yised 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).

2

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 + £ being 2.

[Formula 14]



and napht hyl groups. They may contain an ether |inkage
or may be hal ogenat ed hydrocarbon groups in which al

of or part of hydrogen atonms of each hydrocarbon group
30 are replaced by hal ogen atons, such as
nonaf | uorobutyl and hept af |2®robutyl (their isomers);
however, they are not limted to these exanples.
Preferably, R7 and RB are |ower al kyl groups. Mre
preferably, they aregifinear or branched al kyl groups

with 1 to 8 carbony gtons.y The above descri bed ki nds
of groups with a .éasgexon}mber of carggq atons than
t hose descri bed abhove canfal so be use however, they
sometimes inpair th®'Wlowdbility or the product|V|ty
of dialkyltin aIkOX|des Exanpl es of such dialkyltin

oxi des include: dialkyltin oxides, such as
dimethyltin oxide, diethyltin oxide, dipropyltin

g SRR AR RIS (15, D o
('&éfiﬁ@&%ﬁ%vediHed%Mhéé:Elo ohﬁ!@h(t{' Saﬂéoﬁﬂer%) and 1

di octyltin oxide, and dicyc exyltin oxid

di pepr&yéht R §8%e éénaéﬁﬁhe&“éﬁﬁo@tiﬁlé&ﬂﬁ%b@&&h with e
di phenyl ethyltin oxide; and diaryltin oxides, such as

di pheng} tandoxi de, abi sfLe§erdbiephyl- ﬁb@6y|)ThE g¥xkdeture
and di naphthyltin oxide. As the dialkyltin oxide,

ondy vne emg dHeosel estenkfiven t hed ahevefdescombeded.
groag or two or nore may be selected and used in the
fof@¥dkla m xture. As the starting material, either an

aggregate or pol ymer A
t et raal kyl - dB%R Sd@%t% ok 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),
2-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



represented by the fornmula (1) and a dial kyltin oxide
represented by the fornmula (2) may be used. The

t etraal kyl - di al koxy-di stannoxane 31 represented by

the formula (1), which is used as the starting

materi al, can be produced byoany known process. This

t et raal kyl - di al koxy-di stannoxane can al so be produced
byatchergponead kif hakogeressmms, riesh | ah niagludreobutyl
dial kyltin oxide represented by the fornula (2) as

stad i Pk e rebwhd t Heraii risgre sophbdipever, they are

represented by the formula (3) as reactant, [Op

HRd f 195 e X RRASSHH iwﬁ#WYS and R
hydr o%ﬁonpad;}()?%and é%ime:@obllf %tha%riy,[ F‘i}‘r%|%rel5]
Z%%ﬁﬂ p% prEEl eﬁfﬁi@fﬁosﬁs B D nhan,
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U L At L
Wlltanfg% a yf%%%téﬁ&%ﬁ&&tﬁ%% described

unsubstltute group wWth 6 to 19 carbon atonms,

Ofav kHn P Wid tdsddt howedr &l e Pt Red s impair
i ncl udes an al kyl selected from the group consi sting

oftHd NEaiwyi lbitan e lad kytodMd i vii t ¢ o f4d L bt it ons
and cycloalkyl with 5 to 12 carbon atonms. [0023]
Caxldtcetisdeaxanpl es of the above descri bed

.Examples of such dialkyltin oxides include:
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 exide. 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-distanncxane
represented by the formula (1) and a dialkyltin oxide’
represented by the formula (2) may be used.

The tetraalkyl-dialkoxy-distannoxane



hydr oxy conpounds include: aliphatic alcohols with
to 32 12 carbon atons and alicyclic alcohols wth
to 12 carbon atons, such as 1-butanol,

2-nmet hyl -1 -propanol, 2-nethyl-2-propanol,

cycl obut anol, 1-pentanol, 2-3entanol (its isoners),
3-pentanol, 3-nethyl-I-butanol, 2-nethyl-I-butanol,

2- FBPRGFeRtBdt ok hei fermydaels), whiabt hgl useguaanshe
(its isomers), 3-nethyl-2-butanol %its I somers),
cyéF%ﬁEhPﬁn@?ﬁeﬁlﬁ%th9Pn|beyEr@€a@a oPY @nysknevhers),

3-nmethyl -1 -cycl obutanol _(its
1-REPRGPSE - cié%abﬁ?sﬁaﬁl§Y%sdiééhﬁﬁgydlstannoxane can

cycl obut vyl net hanol soners hexanol , 2- hexano

(L8P P 8058 by %PQ(PFQC‘F%%n‘éFst‘(e4PF@?ﬁF 1

pe t ) I-I- ntanol

isg}ﬁgglgjsléé 35%}2@ hE A TIREL YD <% PES B8 ebthied by the

2- tano t I LLtS,,] rs),

-ﬁ%PM§143 Ee%?a%%?gi h%%%%%?%? g§§cF£% B H§$E§
%&una r@ﬁfé@@ﬁ@é@n9§ ﬁhésfbﬁﬁﬂ?ésk3) as reactant.

2 nmet hyl -1 - cycl opentanol™ (its |Isonmers)

cypbobrt yl met hanol (its isoners), 2- cyclobutylethano

(its isomers), 1l-cyclobutylethanol (its isoners),

(1- et hyl - cychobtkytdamethedo! ifithe HBOSERE)invention is

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

hept ayndtoxy t sompomsd synd qyct Héealyl yeahaabtofiol s

i somers), (nethyl-cyclohexyl)nmethanol (its isoners),

cy%?E#@ﬁ@@%@%dﬁblt%¢t§©lk@ﬂﬁ#@)f0(mmhql(Eyclobutyl)

nmet hanol _ (its isomers), (nethyl-cyclopropyl)ethano

(i tEOTRkRr Y] (et hyl - cycl opropyl ) net hanol (its

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

i soners), decanol (its isoners), undecanol (its

i sonmers), R°OH (3)

1
5

whereinrR9 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 carbon
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



dodecanol (its isoners), propenyl alcohol, butenyl 33
al cohol (its isoners), pentenyl alcohol (its isoners),
cycl opentenol (its isomers), cyclopentadienyl alcohol,
hexenol (its isoners), and cycl ohexenol (its isomers);
and aral kyl al cohols such as2benzyl al cohol and
phenyl et hyl al cohol . O _these hydroxy conpounds,
pri? ezamhben aaeompraniral iryskcomkeghobnoniih iz to 12
alcohols with 1 to 8 carbon atons, such as 1-butano
2- wmlawm@ | Sevkerag | L-ueansd - |2 preiganbt I -propanol,
2- et hy| - r opanol cyclobutanol 1- pent ano
2 é?ﬁ‘é‘hlb]r f.&%ori’%wfavr s‘}YC]SQ Lp*éﬂodwl-l?entanol 2-
but

198 oL LRenE T o gt Ay et shdputancl,
('fc‘r%%te‘?swfg‘e%%*f%rf'ny SR Sty EEF e
oy %‘y‘ﬁ% ?ybf&*?%“‘?@gﬁeﬁé')té%@% tmié’i*?g%E? Brftanol

'Sﬁi'@é B! Sdyclobutanol
exan&f (|ts |S&%%%¥?ﬁ£%ﬂ%%thyf&? pent ano C(?t% ane
| SPIES S)somer B! Ylmd cipent N0l c (B S ASOI B Ss isomers),

2- nethyl-l-pentanol (its isonmers), 2-ethyl-I-butanol,
3-TrRiidyhy P- pepyaisbutdidB | S9EISdmers),

3-nethy|-3-pentano| (its isomers), cyclohexanol,

1-aowat Iybut v oyet logresit aniot s (idamesoners)hexanol, 2-hexanol

2-met hyl - 1-cycl opentanol (its isomers),

cy &l wbut sdmeet hlanol -Héxand b ohier s ) i sCheys) obirtiye b hambt

(its isomers), 1-cyclobutylethanol (its isoners), (1-
mRentargk| biia yAgarmest lanof - r{@*tfsﬂ'sb‘rﬁﬁ@)an?h h%‘@ﬁyl

cycl obut vyl nethanol its isoners t ano
yisomerg )- 2-methyl-1 ( -pentanol (gts i omers), -ethyl—l—

butanol, 3-methyl-2-pentanol (its isomers)}, 3-methyl-3-
pentanol (its isomers), cyclohexanol, l-methyl-1-
cyclopentanol (its isomers), 2-methyl-l-cyclopentanol
(its isomers), cyclobutylmethanol (its isomers), 2-
cyclobutylethanol (its isomers), l-cyclobutylethanol
{(its isomers), (l-methyl-cyclobutyl)-methanel (its
isomers), (2-methyl-cyclobutyl)-methanol (its isomers),
heptanol (its isomers), cyclohexylmethanol (its
isomers), (methyl-cyclohexyl)methanol (its isomers),
cyclohexylethanol (its isomers), (ethyl-cyclobutyl)-
methanocl (its isomers), (methyl-cyclopropyl)ethanol
(its isomers), (ethyl-cyclopropyl)methanol (its
isomers), octanol (its isomers), nonanol (its isomers),
decanol (its isomers), undecanol (its isomers},

dodecanol (its isomers), propenyl alcohol, butenyl



i soners), cyclohexyl nethanol (its isomers), (nethyl 34
cycl ohexyl )nmet hanol (its isoners), cyclohexyl ethano
(its isomers), (ethyl-cyclobutyl)-nethanol (its

i soners), (nmethyl-cyclopropyl)ethanol (its isomers),
(et hyl -cycl opropyl ) net hanol 3@its isonmers), octano

(its _isoners) and hexenol; and primary or secondary

ar 9810l alidchdi SOnG RS 7 Renteredr RAeaidns! tsudsemrers) ,
benzyl alcohal. O the group of the above described
hﬁ%&?efe&%@un&]ﬂsﬁs oT e e AHORGNE astisRiy ahaghol,
al.cqohol d aral kyl .al cohpls with a bailjng point at
e | B Sl sl e iy pness) -
i ar.bon..at.omw t.h a hydroxyl_.grqup attached
t“%“ﬂ" ar{ag%é? tatkwléc?h}@rlrﬁ SHicas Jenak e ]%rog’fdg'r b
ak&gﬁgl a%?QHF nol, 2-nethyl-1-propanol and al kyl
alcohmﬁ?ﬁﬁga1 téﬁg carbon atons. These hydroxy
compounds MR RedtS 3 HRAY Actlpoutiiad N diftt Al dla fe

m xture of those seleéected fromthe above group. In

agdiinlaaty ot tRREMEE WMAbHRIAE 1o Gfith 1 to 8
reactants, other organonetallic or inorganonetallic

C aarwnd @ toms bewrtded a-btaelolgnt2 -pimamlls o e
added. [0024] In the follow ng, dialkytin al koxi des

pricduesd )hy 2-me thnydedsprafpariad , prresetth yilmseninopangdll |

be descri bed. The dial kytin al koxi des produced by the

preycdsdbusncle greserianoive-pentane ldi E@ideytisomers) , 3-
pentanol, 3-methyl-l-butancl, 2-methyl-l-butanol, 2-
methyl-2-butanol (its isomers), 2-methyl-2-butanol (its
isomers), 3-methyl-2-butanocl (its isomers},
cyclopentanocl, 2-methyl-l-cyclobutanol (its isomers),
3-methyl-l-cyclobutanocl (its isomers), l-methyl-1-
cyclobutanol (its isomers), cyclobutylmethanol (its
isomers), l-hexanol, 2-hexanol (its isomers), 3-hexanol
{its isomers), 4-methyl-l-pentanol (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),
cyclohexanol, l-methyl-l-cyclopentanol (its isomers),
2-methyl~l1-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-




al koxi des obt ai ned by subjecting the above descri bed

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

reaction. The dial kytin al koxi des produced by the

process of the present invention are tetraal kyl -

di al koxy-di stannoxanes haviig a structural fornula

represented by the following fornmula (22) and

dicatddydhtei®y Idimes tkoiae s( ey i inppree 153 )r uctywrladhefxyrlmtihanol

represented by the followng formula (16). These may

bel irith drime r sggr fdils  c st iduierls) wretdunaler its

[ Formul a 16] R22 R253 R23r Sn-O-Sn-Rt_  (22) OR24 OR27

[Iﬂcﬁ‘%ﬂra? 7] Rty L reporl qrrapie fherg)l (@i ipomers),
ﬁiy R22, R23, R25, R26, R 8 and R19 each

Qoﬁdql&p%ﬁyldﬁ@%ﬁrml RES REOMRF SIR7 At ofits
ItSMﬁHIn teH ( R24, R21, R20 and, R21 ar
RS R n%ldr@%fmwe o TR g ral kvl

star oh%qtsﬂ‘%}&rh a} %2 ct ant %Frow def]d th%tenZth

| eas one 0
and Jyapend on the startlng naterlal(s) and are
integers of 0 to 2, g +r being 2, s +t being 2, and

|ron gelnngelzng o thAYERAFE HHE WS Ueribdd pd 1y
compounds, more preferable are primary alkyl alcchols
and aralkyl alcohols with a boiling point at
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 alcchols are
l1-butanol, 2-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.

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

[0624]

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



[ 0025] The tetraal kyl -di al koxy-di st annoxanes
represented by the above fornula (22) are tetraal kyl -
di al koxy- di st annoxanes obtai ned froma starting
material (s) and a reactant(s). Wen the reactant(s)
cont ai ns conpounds represenBé&d by the formula (1)
and/or the formula (2), R22, R23, R25 and R26 each
cartraadpare megeriya lolise gindRtheRXeaRtamy(s)REameaRLion.
shown in the formula (1) and/or the fornmula (2) and

R29 and R27 TheadH addiwtddpardiad dafy momsdusiedRby Rdhaand

RO shown in the formula (1) and/or the fornula (3)

( FFRASRY Ahdthaarrasentt avendigha s teramidlr s
AR R AR Ates ATt SHRHE fomwla
R B e I R B e ke
gb %rlir%(tffno rcm'éll oé(ﬂj@esarh%xg.inﬂ gyl(s;ti)rnu&gle}}éaliogo%la

roma-s I ng mate an
r%g@%?(‘,&) d d ] Qs rﬁﬂ:%f} (&g contH
compounds erepl)g%z’%te &tlﬁlg or mu glt((?)é)and}lg{r t énay
f Pemdchcrs, rih tRE9 Qf {idmedialdyy Idd1ymiei des
represented by the Tformula (I6) each corréspond to
amFaanelef 1KY, R2, R4, R5, R7 and R8 shown in the
formula (1) and/or the formula (2) and R0 and R21
each correspond to any one of R3, R6 and RO shown in

the formula (1) and{xer thessfornula (3) (provided that
at least either ong of R2§ sand R21 is R9). 37

Exanpl es of su&tur_glégl_kél_ténLq_{@tl koxi des (22)

OR24 0R27

{Formula 17]

RS
'R’gn-Sn—ORmp (16)
0
OR?,

wherein R%*?, R?, R®, R%*®, R!'® and R'® each correspond to
1 2 4 5 7 g . '
any one of R, R R*, R’, R' and R’ of its starting
material(s); R**, R?’, R®*® and R? are selected from R®>, RS
and R® of the corresponding starting material and
reactant (provided that at least either one of R** and
R* is R%); g, 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



i ncl ude: dinethyl-di(n-butoxy)-tin, dinmethyl-bis(2-

nmet hyl propyl oxy)-tin, dinethyl-di-pentyloxy-tin (its

i soners), dinethyl-di-hexyloxy-tin (its isomers),

di met hyl - di - heptyl oxy-tin (its isoners), dinethyl-di-
octyloxy-tin (its isoners), 3§ nethyl-di-nonyl oxy-tin
(its isomers), dinethyl-di-decyloxy-tin (its isoners),
bue¥| 0 net hy} -ditrp bk bxy)2tin, butyl-nethyl-bis(2-

met h Igropyloxy)-tin (its isomers), butyl-nmethyl-di-
peh@&? ky-tin (its isoners), butyl-nethyl-di-hexyl oxy-
tin (its isoners), butfl-nethyl-di-hept | oxy-tin (its

i soners), bufye-wetryrliylodiglblyyrdhstaRROX3BRRr S) ,
et hyl - butyl -di (n-butoxy)-tin, ethyl-butyl-bis(2- ,
n&%mﬁ%%w%xw Ehe, a%%w f%wg di 2pbni§f oaét-f?ﬂl kyl-
(its .Jisoners), ethyl-butyl-di-hexyl oxy-ti its
SRtk titHene St iroar et re #athifrers)
ethyl-_Db | -di-octyloxy-tin, ({ts Lsone ,

oitenTah T iRt GiRavEaafs) 1S WREHPAL reactant ()
bu - yl. = hi XY - 144,

pur T EErEE T ST LR ORk Yy LA £ormula (1)
Propy)ofi e REXyd YT | o] ] 122, SRPEI 925 D yk3piearyl - di -
heptyl oxy-tin (its 1soners), butyl-propyl-di-octyl oxy-

ti fokkéSpbB@NES Sany dbRelt ¥ -1 ( RPHURGX YRS tIRT, adidb®fYshown
bi s(2- met hyl propyl oxy)-tin, dibutyl-di-pentyloxy-tin
(iis thonesspulai bul yhndyohexyd oRyrhiba ({25 hs@nki‘slnd R’
di butyl -di -heptyloxy-tin (its isone&&), di butyl -di -
octytloxyetiespond isoamysdneddobHuRYl -Rfi andnyf osewnnin the
(its isomers), dibutyl-di-decyloxy-tin (its isoners),

di bexynlali {beneydbosy-the, faibuly| (3] - phepyidedokiati at

38 di phenyl -di (n-buto -tin,  di phenyl - bi s(2-
leasg either éne of é%)and Rﬂjfé g%ﬁ Exgmples of such

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

The dialkyltin dialkoxides represented by the
above described formula (16) are dialkyltin dialkoxides
obtained from a starting material(s) and a reactant (s}.
[0026]

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 R!, R?), R%,
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 R*°

and R* is RY).




met hyl propyl oxy) -tin, diphenyl-di-pentyloxy-tin (its

i soners), diphenyl-di-hexyloxy-tin (its isoners),

di phenyl - di - heptyl oxy-tin (its isoners), diphenyl-di-
octyloxy-tin (its isomers), diphenyl-di-nonyloxy-tin
(its isoners), diphenyl-di-ggcyloxy-tin (its isoners),
di phenyl - di - benzyl oxy-tin, di phenyl-di-phenyl et hoxy-
tin, di(n-bBEmyplas -af iddalordialtkyttim,diak@zides
met hyl propyl oxy) -di -trifl uorobutyl-tin,

di pertudepx ydigiettyli-fduor-dbatoat v it thin(i tdinedmekRis (2-
di hexyl oxy-di- trifluorobutyl-tin (its isoners),
dinRigtyARBaRiax i Firuordbima shy ¥ i (perty kormersin  (its
di octyl oxy-di- trifluorobutyl-tin (its isoners),

d.lrﬁﬂﬂﬁfro%éy dima bRty T 0 ¢ 61§ % ohmegIs) |
SRR A Wik
‘fhc oSk Itestwltrlla‘%tc}r‘lﬁ?gﬁrsggﬂi m‘%’i*}Vr& b‘i"s(rbonylf’xi"tm

IsEolrr%Ar g)rsqmgdtoggénté}] oxy afépgnc[ Llfirltor% {})1” Itc's J(sc%mers) ;
eﬂgfﬁllﬂﬁ kgf%

t
|soners) Bne %y epty pentafluoro

l mﬁpro;gn%@ml% di lﬂserusafnkebk%obt&yé Iin'ibt(ﬂ_\}ﬁ-dl«-
i soners) i nonyl oxy-di - pentafluorobutyl-tln (i'ts

| gTRIE)oxy -cH ide CHAltaX Vi-sbmepant afd oy ol v X+ di {Hd By Loxy -
i soners), dibenzyl oxy-di-pentafluorobutyl-tin,

ditphvenliltet hicsomedis) ,penttafll-wertdipltd ttheptyloxy-tin (its

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

M¥ﬁqmanﬁrnﬂqnﬁx%ﬁmaq@ykhdﬂﬁqnuﬁIQxMTﬁmny(Ltsrmsqmess),

i somers), dipentyloxy-di-heptafluorobutyl-tin (its 39

i bt Utdi]h‘é%éy&/ roBRtdizHepdtraf [2robhry vk i g(3s
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-octyloxy-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—bufoxy)—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,



i soners), diheptyl oxy-di-heptafluorobutyl-tin (its

i soners), dioctyloxy-di-heptafluorobutyl-tin (its

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

i soners), didecyl oxy-di-heptafluorobutyl-tin (its

i soners), dibenzyl oxy-di-heggafl uorobutyl-tin,

di phenyl et hoxy-di - hept af | uor obutyl -ti n, di (n-butoxy)-
did-inreafyt luratdiofrutbyd tctxd wi, - thilrs ( 2pdtemyt lptioipy| Dxy) - di -
nonaf | uor obutyl -tin,

dimsaritwd rosopydicxo madfinso rddipted y i-di -genty ieunmet ) , (its
di hexyl oxy-di - nonaf | uorobutyl-tin (its isoners),
didrsman Oy -<Hirheavaf-diohemhax vt n i tists | isennes)

di octyl oxy-di -nonaf | uorobutyl-tin (its isongers), )
dicHatiarsd-Hi~heftatisordm Vit i Sqmers)isghgnyl-di-
di decyl oxy-di - ngnaf | uorobutyl-tin (its _jisoners), . .
di zlﬁ’igg‘;}’-ﬂd} - SafiS sty I 4RAE dl‘nonYlng ~tin

di | et h -di -, fl .0b l-tin. . [0027] Th
e R e e M B sl

t t. j t he,. . '

R R A D AR R R gt

t I eyl g [ : lﬁﬁﬁﬂ£§gr i

(%ll,rﬁ(%l,(tﬂ(%é% C}gﬁél_ 1?3h)t,1rl§1fpLr nmet ho eln'p lgg'sn%l()é:[ Qsﬁ?Nl\/R
Cafbthey 1l 16¥ LRad fio AWy 185 i TR Ish d Proxy-di-

143Rpy LUMyS RIS
anal yZi ng al’kyl tin al koxi des (seé, for exanple,

US55 60Qbu th1e-t 50 Si-tNVR shdrds ) ,val itee:0f1d:0e-di -
di al kyltin di al koxi des represented by the formula

( 94, f Ihhewesrert,y variire s igrse dtdomedepend itgepony Tdvey-di-
concentration of the organonetal conpounds represented
40 r ifl udmetfudiyhrta o 106)t sori stame nyas eticestof Led wohiot i n
atrifluorobutyl—tin (its isomers), dinonyloxy-di-
trifluorcbutyl-tin (its isomers), didecyloxy-di-
trifluorobutyl-tin (its isomers), dibenzyloxy-di-
trifluorobutyl-tin, diphenylethoxy-di-trifluorobutyil-
tin, di{n-butoxy)-di-pentafluorobutyl-tin, bis(2-
methylpropyloxy)-di-pentafluorobutyl-tin (its isomers),
dipentyloxy-di-pentafluorcobutyl-tin (its isomers),
dihexyloxy-di-pentafluorobutyl~tin (its isomers},
diheptyloxy-di-pentafluorcobutyl-tin (its isomers),
dioctyloxy—di—pentafluorobutyl—tiﬁ (its isomers),
dinonyloxy-di-pentafluorobutyl-tin (its isomers),
didecyloxy-di-pentafluorobutyl-tin (its isomers),
dibenzyloxy-di-pentafluorobutyl-tin, diphenylethoxy-di-
pentafluorcbutyl-tin, di{n-butoxy)-di-heptafluorcbutyl-
tin, bis(2~methylpropyloxy)-di-heptafluorobutyl-tin

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



sanpl e; thus, preferably the analysis is conducted
using 1H NVR and 13C-NWR together. The 119Sn- NVR shi ft
val ue is shown, as an exanple, in Table 1 which
corresponds to the structure of the al kyltin al koxi de
of the formula (16) synthesi3®ed using
2-ethyl -1 -hexanol as a reactant and dibutyltin oxide
ast PR A4 rihemtedwtdi fhengtafijugeidpet yl-tin (its
Concentration, in solution, of organonetallic .

C OSBRI lof FtaRi Bl ey - hanheRf B Puexelut vl -thiaxy (kg
group vs. 11 Sn-NVR shift value "9Sn-NVR data w.%
SppifieSlo -FR Ty Las-dijgieptafilyorebytyuln Apt e
The chemcal ,shift. val ue (8) .is_the frequency of, the
r eSOIEHEY e X EdE PN TQ%&ﬁ%ﬁﬁﬁPﬁqpuéﬁiT t S0 n

(S T A O S A PR o ARV |5

oo sinat oo O MU IS,

e T

PraaduE 0 W r Bl - | e desne gl gl supjeeid ng
nonafluorobutyl-tin, dipentyloxy-di-nonafluorobutyl-tin
(its isomers), dihexyloxy—di—nonafluorobutyl—tin (its
isomers), diheptyloxy-di-nonafluorobutyl-tin (its
isomers), dioctyloxy-di-nonafluorobutyl-tin (its
isomers), dinonyloxy-di-nonafluorcbutyl-tin (its
isomers), didecyloxy-di-nonaflucrobutyl-tin (its
isomers), dibenzyloxy-di-nonafluorobutyl-tin and
diphenylethoxy-di-nonafluorobutyl-tin.
{0027]

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 on the

concentration of the organometal compounds represented



a starting material, which is selected fromthe group
41 consisting of tetraal kyl -di al koxy-di stannoxanes
represented by the chemcal fornula (1), dialkyltin

oxi des represented by the chem cal forrmula (2), and

the mxture, aggregates or 4ol yners thereof, and a
reactant represented by the chemcal fornmula (3), a
hylely ofdye Eonpolad(16b dehike apreseneactfoaltohplodince
an alkyltin al koxi de refresented by the chemnica

f PP BE S (PYS arr of ek dlel ¥ hiehe canaipsia| &s(gepduated
corresponds to thesstarting naterial and the )

r 63213t HNRaad er $ 28R #O9pEReE he Tharti ng~NMReshaft
and fhe ,reactant are continuousl sugﬁlief to,aa

r e AL ; 1T he O dw Boi PR nTEPERHEr chipbrehtsti Kt Eli ng

wat, er. e taken ut fromthe reactor; d, I he .

r et r et T e S R dErrohente | ATERAE Bt RbPBICe
theer t [ C ni al I [ i de

one O30 Hrmit pL PR AR s LS Rha - SHAP K Pigancl
chegm 4l [ | y-tak rom

e ey or et b Roy EEIL SRPUE e B Ebathlny
Myaterisupplied to a reactor separately, or they may
be m xed wth each other before being supplied to a
reprdlle 1MWhen the starting material is a solid
material, it may be brought to the liquid state by
heating or brought to theebleuid or slurry state by
using a reactant and/or a solvent before being

suppl i etbricerst read0) . id ol st 86t ) NG "Bt ahahe 8T 1 Be
r eact antompyurne ebnformoles| Y16 orhaviegnat2eathyl-1-
suppl | eyl axy emotuw . v 002¥n-NMR shift value

19sn-NMR data

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

Note: The chemical shift wvalue (8) is the frequency of
the resonance expressed with reference to
tetramethyltin (SnMed4). The concentration of the
organometallic compound is the concentration by weight
(wt%) in deuterated chloroform (CDCls).

[0028]

In the following, the steps incluaed 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



The present inventors have presuned that the 42
reaction of a starting material with a reactant by the
process of the present invention is based on the

equi l i briumreactions represented by the follow ng
equations (17) and (18). [Forimula 18] R OR R 2 Sn~ +
2 RHRdAO-O3n-R + HZO (17) RROR OR ROR RS

n-@siisRrg 2R Gt ra2l rl+d Rl ko Pi{98nRoORIes
According to the present invention, a starting

mek R T et erA LY cddee aphenkert g@ﬂ@h&@lr at) ondlablaﬁtbn
in a reactor in accordance with the above fornu

( CHLGERITRPEvTeRIe (18) the cchenl ¢ty FRFmuly (%bq n@nd the

conponents contai ning water_ are renoved fr

A A i i R
o Brerasb it et (ot ere L el o e ey
e ﬁoa'ie%dy TP IERNE o e SO
qulgﬁno)?g'ﬂ%éﬁaé]er%ﬁég%gmgé%;% d ha, aboy formula

di st ne as a rea IS sone

f oraped dnu Adie BHK VHeRXEBNES-heast (‘P@) %ﬁ%ﬁ’ré%onds

accordance with the follow ng reaction fornula (

4% o [ty mdartliHg QRUR LI Rnd the reactant,
characterized in that the starting material and the
reactant are continuously supplied to a reactor: the
low boiling point components including water are taken
cut from the reactor; and the reaction solution, as the
compenent 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 out 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 to a reactor.
When the starting material is a solid material, it may
be brought to the liquid state by heating or brought to
the liquid 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 continuously
or intermittently supplied to a reactor.

[0029]

The present inventors have presumed that the



R-Sn-O-SIn-R+ 2 ROHo RSI -OSIn-R+ 2 ROH (1 9)

Rl OR R OR" [0030] In the present invention, the type
of the reactor used for dehydration reaction is not
limted to any specific one. Any known tank reactor

or columm reactor can be usied as |ong as the

resultant low boiling point conponents contai ning
wateacteken bef 7 etpdeiing omatéeciabaeibh dyreactant by the
distillation, while the resultant high boiling point

r G TE miktihe prewenti Mventhen pisdoeeed PkyFaen

al koxijde or alkyltin alkoxide m xture, can_be_ taken
olRIY L el U URRF ISR TEREATE M= der thdr P bhOBINE he
react or. Kno processe are used in which a reactor

of S H RN hw} cgdé]s,gq)a' stirring tank, nultistage
st@{({in&[é}alh , distillation colum, nultistage

di StTY 14 o col unm, nul titubular  reactor, continuous
mul ti stage distillation colum, packed columm, thin

fil mevaporator, reactor wth a sng.,ﬁ.por,it inits

i nside, forc circulation reactaqr fallin il m
evaporator,” f |n§gh§%p evaporagﬁiT{P%?ﬁEkgnged (17)
reactor or bubble colum or in whi & a “conbination of

t he above descri bed types of reactors can be used.
Fromthe viewpoint of allow ng the dehydration
equiIinlﬂnt$Wef?iciently shift tor products, it is
pref erabl e i-Ghusesharcolwgh Leactqr.d 44, And.gpeferably g
the colum rehctof.has a |arge gas-%l i quid contact
area which allows the forned water To rapidly nove to
the gas phase. Particularly preferable

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
reactor, whereby a tetraalkyl-dialkoxy-distannoxane
and/or a dialkyltin dialkoxide can be continuously
obtained from the bottom of the reactor.

When using a tetraalkyl-dialkoxy-distannoxane
as a starting material and a hydroxy compound different
from one corresponding 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).



IS a continuous process that uses a nultitubul ar
reactor, a nultistage distillation columm and a packed
colum. As the nmultistage distillation colum, any
mul ti stage distillation colum may be used as |ong as
its nunber of theoretical pld@tes is two or nore and it
enabl es conti nuous distillation. Any type of
milEeEtkfe If)stil | ation col uim can be used as |ong as
it is normally used as a nultistage distillation
colum, for exanple, tray columm type ones which

enpl oy plaﬁms sech as bubbl e cap ¢rray®, perforated
trays, valée éLsyg orseuntent low trads.. of,macked (g
col umm typelionegRin whi ch various|typés of packings
such as Raschig ring, Lessing rindy, P&l ring, Berl
saddl e, Interlock saddle, Dickson packing, MMahon
packi ng, Helipack, Sulzer packing or Mel |l apack are
Pa&leesh) Any packed colum can be used as long as it
is packed with the above described known filler.
Packings havimgra dehyinatiRn mardpr it & shde

used. [0031] For exanple, packings such as ecul ar

Sireses o eI Rrakioh iredich Het@ i U moacketed to
col um m xed type of columm reactors which include

bainy speayisiandneackinngs iarcwraltemipreleia b sedunn

Preferably, such colum reactors are provided with: 45

| ineesticar csup bley iusgd e doove adeddrd hedsHitarit rigw

material and the above descri bed reactant,

r &9iddmiov #loji ntocomploings tso cosusEinging wate micead be
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 out in the ligquid state
from the lower portion of the reactor. Known processes
are used in which a reactor of a type that includes a
stirring tank, multistage stirring tank, distillation
column, multistage distillation column, multitubular
reactor, continuocus multistage distillation column,
packed column, thin film evaporator, réactor with a
support in its_ihside, forced circulation reactor,
falling film evaporator, 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.



solution of the above described starting material and
reactant; a line for drawing out the | ow boiling point
reaction mxture containing water fromthe reactor

and a line for taking out the high boiling point
reaction mxture fromthe r4dactor. Particularly
preferablg, t he above described colum reactors are
suRpc tpeeferbly nehe feplumawrercoRt hae &ohaboe| 9ag-
poLg% gg onents containing water fromthe reactor is
providEd FArsich aredoshichre s chlpl Earpad water to

gas-phase conponents in the reactor top be drawn out
T roARTHEY TBQET ofO GG | 20% HPaFE ne FoFCTgRI AR bUPTERRTabLe

R S R = i DA W MRS A
r?ﬁ&&é% rJrht&ﬁif%%ﬁé#%“ﬁ%@tf&f%ﬁ?ﬁh ébfﬁﬁ%t$gg a packed
materi al and a r€acta are conti nuously or

indsimttently supplied to a reactor, where both the
starting material and the reactant are subjected

dehydrati on geaeid Gl th $theyd | € PIASEoR coltdfn, any
gas-liquid phase, and the resultant high boiling

pail t I ©ded of 1 X L5 onh NEd U tnd PeoPr@sbi@esls long as
alkyltin al koxide, is taken out in the liquid state

f rioms trhenbe Vel fHordran cdl thkateaciortwahot endhe and it
resultant low boiling point conponents containing
wegrsables qontimumus|distrialetowsni n Ale ggse sefte from
the reactor. Thus, alkyltin al koxides are produced.

THE dbloite gre st § il atol ammr o ledwt ozan ey wed &% lorg as

provi ded separately with a line for supplying an

| it t1Y ORI oF BOhSTOR Wlo?t%%ﬁhséeﬂa&%%ﬁnt 0

trE%fé%ﬁ?‘%é}féégagfg?rtgéngofﬁggiégbé”oégéiﬁﬁkéﬁremploy
plates such as bubble cap trays, pefforated 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 alsoc 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:




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, 4fuch as a distillation
columm, to recycle the azeotrope and/or the
ackpanfengSURRLY kg . the sbove cdsecrilbéd starting
materi al s. used take the formof a slurry or a solid at
ortR R 12t et relterab e gjespribry reaetanthi gh
VISCOSII%% therefore, the |lines are designed taking

| SRS R % | O DCEIRG efe %HPEibb@gn %rm%¥ﬁﬁllke

. ded |
ﬁé%%%lé%fﬁ%e 7 e e %ﬁ%@?%?io%i%%%sand
f t .
Peddt G QP ot A4 BESTRES ol W23 FAF point
t
e SR AT e d R g TR HECh (B A Setds ana

r eaCt Hea fd@'&h{ ISl Q:ch%] I?%f ;ﬁ‘%:gl{l%tf@act ion

pr esent i nvent | on and ot eact or I nation

t QniRFtaftic eF raah kotd Iféa?éwl d%rmuﬁgﬂwlﬁeﬁme%m

are also part of the enbodiments of the present
| ratesite afesdribdd odolinks trdad e § eaed | QRCch Stieapl eyedl ine

to allow a dialkyltin oxide and an al cohol to react

wifidr ebcElwing hart tidheprioshudes idninyg ool dothpoment s

al koxi des and then 47 a reactor, which satisfies the

r itaTems Witathe rqm egentréantant i ioh, pievided im such a

cause reaction in the reaction solution.
position that enables the gas-phase components in the
reactor to be drawn out from the reactor, while the
line for taking out the resultant high boiling point
reaction mixture from the reactor is provided in the
lower portion of the reactor. 1In the continuocus
process, a starting material and a reactant are
continuously or intermittently supplied to 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, is taken out in the liquid state from the
lower portion of the reactor, while the resultant low
boiling 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




[0032] Concrete exanples 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 tdé& hese exanpl es.

I nstrument systens such as flow instrunment and

t Heg npRRY Efed neekabdkre by ockisk aybirgsieucuprlying an
repoil er, punp, condenser and distillation colum can
al 5°he IR AL theIdTRUDrand fepehiawid ofedfeant to
situation. Heating can be perforned, by known peans

SUCH® aECRF T Hef B , LRI RV HP c2h &l sbPpetor
f d by k h t I [ .
COLTT T heR AT ) OF | FEL 35 gFN® BEOGHCS DAt P R T iRy

a(xﬁégn%éébctor seen_fromthe f{ont.iTh col um

r STt OF leo%fm%\xnﬁ/%et? Hat ™ F et et o p%c:]f(ee%Ctors

c Wi t ' . h ' '
GatTh ot e B BIRLRT HEL T h e d St P M8
COlAHBY MERCL0 A | hedl® HBSETdPEdE i dhy tEhdBr O cBo£O) URky
reactor including a packed colum. A m xed sol ution
ofpd SlAd £id HRBKdH medKk 2 Sieaetadta | §i st 1 DsuCed
froma supplying line 4 into a reactor 1, or a
stesimg, ned efé@ycls thg raiwetopd ramatde swepl yi ng
line 4 and a reactant froma supplying line 8 into

t hecomgrdargyily Feadtent. gakn i some ntagelkicechd roaw a gas
supplying line 7 into the reactor 48 1. The

i Mariticels suzed i takerdites | Bormmdf reastwrnty ape a solid at
di spersed in the inside of the reactor. The above

d 3 i SRRP BV RES o §1C0we Td e @ Vel éndrigh

pq&fgéggity; therefore, the lines are designed taking
into consideration occurrence of clogging or the like
or they may be provided with insulation, cooling or
heating eguipment.

When preoducing alkyltin alkoxides by the
process of the present invention, only cne 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 alcohol to react with each

other to produce only some alkyltin alkoxides and then



packed in the reactor while vaporizing water. The
inside of the reactor is controlled to be under
reduced pressure, atnospheric pressure or pressure,
and the inert gas supplied fromthe gas supplying
line 7 depending on the sita¥ati on and/or | ow boiling
poi nt conponents including the gas of the reactant
artl TRAEYOr f oftmeeh bsat el feacthoreq dremantoutof ridre
the upper  portion 2 of the reactor and discharged

f RRREVerilVentHers, Iherseddiq otruR uteart ion v dhe
the concentration of alkyltin al koxide, as a product,
hdsa iA@Y in the inside of the reactor is
taéﬁﬂ3 PUt fromthe |l ower portion 3 of the reactor and
di'sc éﬁged formthe take-out line 6. The packed col um

and t he Iin§§)%5§ heat ed qg (fe]0)

ed e endngggn tlhet
situation, by Knho T mEane such’ srefaa% S GPPHgalLe to
[Q%é? ' i . cti o of - A soriingd tank
an céjllll?rr%nrtgalc oe?“{s:leogr?l lrolm]:% elh%%co%tped;ﬁ}el%an{ ence
r t ' - ] b ARk cisncul atd
t g:ﬁf( i:q{‘)ar I@#yd%ré&q}ggn{gw%drdé&t he t zfn% r elaﬂ:c;Jl o&? ﬂV\cAp ﬁe be

degld b dd RIS Qictdb ifdtpgBad e it Ul Wrésent
stirring tank. The columm reactor nmay be a packed

C dlnvem tiidrh srePaid N miackedd ket tckangp gy i st age

distillation colum, or any other colunmm reactor.

Hdmes t rtumeendo layet areactuosh wid [£flvey desardurechtd rartder ns of

49 a packed columm with a packing packed thereinto. A

r dderamemneter @ndoducet fommnes s wyE bemsy sugie a nebailer,

stirring tank 9, while a starting nmaterial is
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 cooling, 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 distillation 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
into 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



i ntroduced froma supplying line 16 to the stirring

tank 9. The introduced starting nmaterial and reactant

are dispersed in the stirring tank. The above

descri bed m xed solution is heated while vapori zi ng

water. The inside of the sti48ing tank is controlled

to be under reduced pressure, atnospheric pressure or

prekssuflee Bmorediecétdhestapibngupdieeta ¥ ramd theagant are

sgsflying |l ine 18 depending on the situation and/ or

| W-SHRFISglpoie Hordment sStheicFeRF R « hel k2R Ve he

reactant. and water forned by the reaction is drawn out,

f r&T TR Jekxgdri9 bt jan o?vltf%% dYRYREY 3EMRI ahdPpacking

di scharged froma vent line 17. The, reacti on sol yi.ion

i rP‘WI}f ‘g Yhet e FRAME PGt TohL O f VAR R $179 T RKE de%ré@s a
he

d h b ' dint i nSi f
ST Tas TEn0T SOaG R T ret TR Thars gor (it o uced
t [ rrd . 4 h
R T e L R R SRS

¢ : ; . . -

ggil ut i 0:1 av%qjﬁgﬁg%%%ﬁ o%ﬁ%g%égﬁ%mﬁ eJé\Ic]It%%)r7 10
freepddiei g gt 1 Qe |4 N0 oMH 6dl/ 0 £ TG WRIBVS1 Bing point
di al'kyltin al koxide, is dispersed by the packing in
t heonpgtsidde: Ofindland Bagtithe die ebopee BesCtdmedand water

solution flows downward al ong a packing packed in the

r efxetnerd Wy | tehey apsaatziony deatdrawd heat | fistrdetiod wibper

reactor is controlled to be under reduced 50

Pressire) atgbsprerieagiessane drsghasgent efremada thent

inert gas supplied fromthe gas supplying |ine 20

delpiertlihg orhe Heeattinn i sl @Rl rin oW bt |ty poi nt
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 on 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, or any other column reactor.

Here, the column reactor will be described in terms of



conmponents including the gas of the reactant and water
formed by the reaction is drawn out fromthe upper
portion 13 of the reactor and di scharged froma vent
line 21. The reaction solution in which the
concentration of dialkyltind4& koxide, as a product,
has been increased in the inside of the reactor is

t akarpckad gelomin heltherradeinoracked thrreisicr or A
and di scharged fromthe take-out Iine 23. The
FRAGR el B repicad s & oHHRP kY igH y]rlrﬁ,)e 1}1hetp2

de ending on the situation. The stirring tank, the
%&&f AP ahd WiHEL G i bk tel b ARk 10k L oot ed,

nggrkn St A < R Hine A, o%rsl}”fl;—rel?nsg
BT ahs, G3n. be dsed a3 d ong 2 540, G Yo M

i‘ment’a on t

r t SU.
|ﬁ°2§épee&{1i3| ve and pretfr;}éo% %r%lgzémﬁwe t%l%e%bpen in
t Rfe AEMHH AN Q0 d @RAM1G/N RY THYIRA Ihihe xPJ;ﬁﬁeﬂmg

invention (in the case of continuous process,

r@%ﬁkﬂuxfﬁﬁdﬁidgldEWdﬁ|ﬁHé'§t1ﬁ¥ﬂﬁB“ﬂHﬁk'f%'EHntrolled
particularly limted, and usually it is 0.001 to 50

haury $e prefear aié@udbcﬂbrte!bslﬁ:dmlﬂmciﬂ;ﬂiem pressure or
preferably 0.1 to 2 hours. The reaction tenperature

v @resss weperdichg hen islertt g skisubpdfiddef raaw tted eya sl
conpounds used, but usually it is in the range of 50

t ¢UWES0G iae lpmea‘ difalflependinchern dige oftedian ol omolow

keep .t he reaction
boiling 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 solution 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 is controlled to be under reduced



tenperature constant, the above described reactors my
be provided with known cooling equi pnent or heating
equi pnent. The pressure under which the reaction is
performed varies depending on the kind of the raw

mat eri al conpounds used or tgge reaction tenperature,
but the reaction may be perforned under reduced
pressssere at aospdphé cipresssseroropressssere Usamd | yhet
isin the range of 0.1 to 2.0 x 107 Pa. In the present
i NV ofas asypRtiednfsoh velme ¢3S nouppkrirgaling 28ed;
however, to make the reaction operatjons easier, an
apiPRRRd RS ¢mekle soiventieycandboet hev sboblinkapeint
hydr ocar bons or aromatic hydrocarbons can be used as

r SRR ORERET vERE Sud i g dthe TS rebictiont ed ferRh PRt evater

re ctiqg tenperature Wi l] be described in re
AChORTEd 1 THOsERACT MRS GIE 70 CPAT ETR | Do BgPeT

[ | yi tarting. material, -which i
COPLLEHRNSLY SR 103 SL ARG TS Wl o L
0X1 fifa tetfﬁ?' Miégi@%kéé&i/ﬁﬂéﬁ a{‘rﬂ‘%@{‘& apgl t he
mi Xture thereof, and a hydroxy conpound as a reactant,

t ocﬁlé&?@fﬂi@r?do%a&i@k id he1 LW 8] 1 4 59 g;g{t'éﬁuct, has

conmponents fromthe reactor to continuously airn a

I e5dn OTh SR 44 @Min athd LRSNPNERt the tR€abedE 0D Of akdie
reactor, which contains an al kyltin al koxi de 52

c asuite spiasifli tige t Dowdre Séfiomal b Lriled pedctde and

reactant. According to the present invention, alkyltin

al dioxcleesgedi st rant ertte ot gk eamet sl ican?be plrlosluceakciaant may
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. SUS
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) is 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



very high production efficiency, unlike conventiona
processes. Further surprisingly, the present invention
enabl es the dehydration reaction, which is an
equi libriumreaction, to be pronoted, and besides it
enabl es the production of trgmlkyltin conpounds, due
to the pyrolytic reaction of alkyltin al koxides, to
bethgj fandi eénthe daermatedialfcohpodatiydnaedonbut
reaction is performed by the process of the present
i nY8RELbK Uhdés ihetheohangeont BBstei BEE Geimiyprdierably |
ampunt _of the tributyltin conpound produced as a
bylPr bAGcE2Rgei Af ©6¢ h%odlsﬁ%’ﬁ-at iTn kesrtilvn zeartieon
kept 1@6b¥ nole or less per 100% of tin atons

e e nAPeYF aflesrrihpdsrapchons may

cohtBPREFE RSt Rengtart+ ngh
ing_th the starti terial t ai ,
¢ BT PYEed RbBingrotheco b P e uhPREHE: PReBe NG

' | bed .. theref h
(TRt ConlE REERRAE wisb M LiauER HeadbindeTe
A needs Yo _
PR AR el o (e T b e R e B S

| tmd @1 Ba W EdiPoles b s L4Bb) e K ANEE, ot t?gﬁgeﬁégﬁfe

the production of a tributyltin conpoun r onot ed’

NopuONtlye desd i S emake el B F POrhERACEAQEr rdBhcHY the
pyrolytic reaction of an al kyltin al koxi de, when

| peesisuge  catnmbsdhidridepbyspiosdust i ®fedube. Usually it
tributyltin conpound, it is preferable to decrease the
53is rigsi themceangereo Hf0 ah @b k¥ @ i B 'k®@a.de Im thieperresent
and decrease the tenperature of the sanme. Equi pnent
ot HEFen§IRmy a2 deggeliien orp¥eent oks mgt beecsesarbly used;
chgﬁéie;fm%o make the reaction operations easier, an
appropriate inert solvent such as ethers, aliphatic
hydrocarbons or aromatic hydrocarbons éan be used as
reaction solvents.
[0035]

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

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

reaction solution, as a component in the bottom of the

reactor, which contains an alkyltin alkoxide



amount of the tributyltin conmpound produced. [0036]

When producing an al kyltin al koxide froma

t etraal kyl - di al koxy-di st annoxane represented by the

chemcal formula (1) and/or a dialkyltin oxide
represented by the chem cal 52ornmula (2), as a starting
material, and an al cohol represented by the chem cal

f THASSRB)Aing & rtdtHmting adodnial andxie

'rﬁg%fsented %ﬁFthe.chenical formula (22) and/or the ,
cHERTA Y or AAPRAERT thitdhe RBasEs igWentadarer alkyltin

sn%LI anmount of tributyl coppound, can be obtained by
et ]‘cﬂ’?ﬁ%'dé‘lﬁ/d‘rnéte}rtﬂf? St st @AY Rradused ate

defined .oy the foll.own uation (4),.. A mxed |

ST i S s e R Rho il S e onal

c ] for 2)._ an..al cohal .represented hy t.he X
A s i g A e G R “Hiespe ton
| a1 AUY U REAI [ 600V HANGE ( Afie m xed
solution, 1t is pre erabl € 1O Use ’a ¢ et aal )ﬁ-

diedfus Qe dintd BRNRAAG T &R %%eg;tr%%o%é "G Yo 1

formula (1) and an al cohol represented by the em ca

f @naples( Ihe [PPoRARESIRN A tRaRMKAL N dARuhR0%d U ¢
(4 A -ex~e P _T 54 wherein the)géﬁydration rate °

medes pyhre laduntreeictiilte ofatadkyiltdhn a3 Koximre by d hee
dehydration reacti on and
significantly decreased.

If the dehydration reaction is performed by
the process of the present invention under 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 contained 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 ﬁhe amount of the tributyltin
compound contained in the starting material needs to be-
adjusted so that it falls within the allowable iange.
Further, since the production of a tributyltin compound
is promoted not only during the dehydration reaction,
but by the pyrolytic reaction of an alkyltin alkoxide,
when intending to inhibit the by-production of a

tributyltin compound, it is preferable to decrease the



drawn out of the systemper unit time [nol-hr 1]; X
represents the total nole nunber [nol] of tin atons
contained in the alkyltin conmpound represented by the
general formula (2) which is contained in the starting
material; Y represents the 66tal nole nunber [nol] of
tin atons contained in the alkyltin conpound

r eFSEstEnasd tyne e ganarldty toirma kqddemdirc ipipes and
contained in the starting material; T represents a

t SfsreRSs s temparatare i ddy drams on FBHAMGH jather

ned; R represents a gas constant = 8.314

per.f or _
Jrhhan A deh T tA o FeRchar aput RiURS R FamhnR) dhe

the kind _of .alkyl.tin conpound, wherein the
c&@%%?gﬁéﬁfghﬁ Eé#?q§ﬁi¥%QN§9ﬂﬂﬂﬂ? W& equat i on
(ﬁ%uﬁﬁﬁend on the kind of alkyltin conmpound as the
starting material and are obtained based on the set

i t d . tant] i
pr Y 1 SRR ARG o TR LA
Chem Gal1 1har il A kded)-ditdie RS, rfhted by the
coefficients A an represent the frequency factor

anheintiRzaC tiowahl1an @nerhy Qfr the1i KAl GHieaet i on
of primary standard substance, which™ is an alkyltin

Carpawdntiedd bvardley cirintiGad faweittahe2)3l lgd td starting
conmpounds represented by the chemcal forrmula (1) and
carttaimed ,i mrndharstadrdohny. meEparesanteahdyarshe aiifemnireedl
fromthe follow ng equation (5). Wen the starting
mftcamiudia ddes met ac arseaitandl kyan ial kydrjjourdscoxide
represented by the chem cal fornula (1?, but contains
sEepzadEned Symidendhardmeds dnramlyy (2% anshicgalthe
fornul.a (%), t he ahove described coefficients A and B
r§%¢%§§ﬁ@ ormula (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
formula (1) and an alcohol represented by the chemical
formula ({3).

[Expression 4]

60X +10Y

Dehydration rate > 3 {4)
el 2)

R-T




the frequency factor and the activation energy of the
pyrolytic reaction of primry standard substances,
which is an alkyltin al koxide arbitrarily sel ected
from the alkyltin al koxi des represented by the
follow ng chemcal formulas@/) fornmed fromthe

al kyltin conpounds represented by the chem ca

f ormtrein{ Dhe cielgidisk ion tdiee steans ntherwrerust ahdihe
the reactant, and are obtained fromthe follow ng

eqiais L) . 1§ Bopmessikin Ble BlahydrmxiploR ngaq‘@on and

wherein k represents a first-order rate consta t
[ Hizamn oyt relhridiee it esteem rReju dieit ftavén%r[rmﬂr hx]*l;
represents an  activation energy [Jnol"1];
| ARSI  h Khk LS e TR € T b oms
re resents. a tenperature [K] at ch the rolytic

R och e (Y e st b o rbee%@{x a by che

resent s ¢ flrst rate const ant

G b A Josmca?fhte%ub%, in e SR HpS

e (B)y %ng%gﬁy )n
q#%gp‘érféi;belnt sY aﬁ( I'Ts -oré(jgzr etaclons la(%(t ‘{“ﬁg rl %“gj n?f
r 8D LSRN &diRadiduy ti rFBch@'Eﬂl]??/l[ﬂ FS. a
reductlonratlo[rmllrm respect to the initial

CaRgafddeitan gf éﬁéﬂaﬁtﬁfﬁmrb SUDShaiéh is
[Fornula 20] 09 Rthn Sn-O-Sn-R1 j (7) OR12 OR15

whesreti 2ni i), i iRlthe %mmgyiﬁpomdrém@iém 7

O%;ﬁierature [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 the coefficients 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 compounds represented by the chemicai formula
(1), the above described coefficients A and B represent
the frequency factor and the activation 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



of the starting material; g, h, i and j correspond to
either e or f of the starting material; at |east one

of R12 and R15 corresponds to RO of the reactant.

[0037] If the reaction is performed at a dehydration
rate hi gher than that provi &&d by the above descri bed
equation (4), an alkyltin al koxide that includes a

snal K ekt Hioterpennds | BeRye semtednpyubhie calneiécal formula
obtai ned. However, to obtain a nmuch |arger anount of

al k31 ¢ i Hhe ARe%E diesehilad nteri biciert e hentedl Bf bepupaent
(16), Lt is preferable to performthe reaction at _a
de%rfﬁ?%?ﬁn VPR YhedNd Hahe 13k L PR bieedneydY hef the
follow ng, equation (20): [Expression 7] Dehydration

r e el Wi JeRA g %ﬁp%aﬁw SURARF substancey R

and. .:T_.eac epresent. the same. thi.ngs as, descrjbed in
comice n 4 DALl B PR (g et B e gSen "exom

oy e e St 01k 1
I efdrit¥h ]l SEFmiBACE? PNENHED G T??éaségl?yi@ﬁ@té&ﬁpounds

shown by the followng formula (2

I efRsEid il dV S PNtheeH@byca t Neo APt (Pf contained in

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

chemd catlaftoirmy e el ifndird dhe rehermns) {od ata (7)

is decreased. Specifically, the change with tinme in

t o tosigresh sierbranhent f aif Ldvwetngpadduyd tion (5) .

di al koxy-di st annoxanes, represented by the chem ca
[Expression 5]

B
k:A-exp(—ﬁ) (5)
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™MK?; 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 obtained by the
fellowing equation (6):

[Expression 6]

k-t =—In(l-X) (6)

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



formula (1) and/or the chemcal formula (7), is
measured by 119Sn- NVR spectroscopy while stirring the
sol uti on containing tetraal kyl -di al koxy- di stannoxanes
represented by the chemcal formula (1) and/or the
chemcal formula (7) in a nistad ogen at nosphere and
keepi ng the tenperature of the solution constant, and

t He TRREQIVH-$ a2 hdat el v Bnd e Hbol erefpsesenesl a
equations (6) and (5). In the follow ng equation (21),
t STFIRAIAAN o 3l Ko xyuad Arainn oxidite sregre ele st i el Bzitial
nmononers; however, it goes w thout saying that they

mEPIB I H H QD oyt RYREEY Gt apsiand HOPARGRT s.

[F[cstrnul 2];](9:1R RRRS -OSh~RFOR RO\ I Rn +

R/ rﬂ5%@?ﬂ OR 58 [0038] The heating tenperature

in the above described pyrolytic reaction is any

tenperature in the range of 100C to 200C (e.g. 120C,

140C and 1600). RW,the RiBpve described pyrol ytic

reaction syst m {he content of the conpounds

repr esent ed ,rﬁm-eﬁbﬁSna+R“§ornula (1) anel/or the

chem cal formula {7 2is be or nore. The above

descri bed pyrol ytPB readRon is perforned, while

appl yi ng heating, under the conditions that prevent

the reaction frombeing affected by substances (e.g.

oxygen or mati;% cagﬁble of pronoting the

dedemedsi RN t RE ecop®Rihdsorepspsented dytkhde R’ or RP

chemcal formula (1) and/or the chemcal formula (7).
of the starting material; g, h, i and j correspond to

either e or f of the starting material; at least one of
R and R!® corresponds to R? of the reactant.
[6037]

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 ocbtained.
However, to obtain 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}

. 75X +25Y
Dehydration rate >————“*]rj (zo)

A% —_—
RT



The amount of the conmpounds, which are represented by
the chemcal fornmula (1) and/or the chem cal fornula
(7), decreased by heating due to the reaction
represented by the above described formula (21) is
measured with tinme by 119Sn-99VR spectroscopy. The
products of the pyrolytic reaction cannot be defined
clekerginplit Yt BanBbeR said T heach hegpreseéntethe same
trialkyltin al koxide. The alkyltin al koxi des produced
i ntted? danclesoribed hin prenrett joweni thnthadedrahion
dehydration rate  provided by the equation (4) or

hi @%;)e'r haard B Reipg rokbmingd | brpreorienedgsations (5) and
trial ky]rin conpounds and chl ori ne-cont ai ni ng

COL%O‘U ke pfeh eogh%h%r%‘é‘b%ﬂ%‘h (b} ocess does not

ioc oL T NSLET L0 T EOTPUECR, B51 o 1 £8c o 1 o
| nel bde; &, %%ﬂl & CAMA NLY f@J@PH@%? sﬁ%ﬁ"ﬁi}’ the
accor di ng to e present 1 nventil on, e anmount- of "Such

C%ﬁié@i&&r‘#@%rﬂﬂfg ePpand, ifeég%séﬁgéﬁfégdaﬁf?e\?ﬂg¥gby

t he anmount™ o e starting mater , fn princip

t hiend eard ), o ANCk £ FUisY kﬂlﬁdéiﬁb:@ﬁzk@ﬁ%ﬁnﬁzaﬁésh

purity can be obtai ned. t he anount of the reactant

usesbresdnte@XSeschdfcidipicof themsiar{indanayeri ghe

the chem cal equilibriumadvantageously shifts to
prauerct sgl hfowemers (Wheis idéernshisedt 0 $peceasealbe, the
concentration of alkyltin alkoxide in the alkyltin

al Ko g -wiorh af inegin sdieitderreaken aubuntooftbetraalkyl-
react or, an excess of hydroxy conpound renai ni ng

urft e esy TRkt e eanred tgpresented 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
monomers; however, it goes without saying that they may
be dimers, aggregates, oligomers or polymers.

[Formula 21]

R R . RO

~ \ R OR

Sh—0—8f  — = sl + >Sn0 (21)
| $ R R R
OR’ R



distillation. Thus the energy efficiency is low In
contrast, if the anount of the reactant used is too
low, a |arger anmount of starting nmaterial renaining
unreacted nust be recovered. Accordingly, the ratio of
the starting material to the&greactant is in the range
of 3 to 200, interns of the ratio of the total nole
nub&i8bf tin atons contained in the starting materia
to the nole nunber of the reactant. And to increase

t he concent rEtg dieatindeteMRekatiure B Kdhe rRPeERen out
fromthe bottomof the reactor, the ratio is )
pragerersd pyrehet ianiradiian 15 1Y dempRFature in the

f bl ' h f 3 . [0039 h
P T Toke 200G, e br i 238% n TERG A TERE)
|.kyl t.i I i d d by the 60. t]
o5 P RS T T Y Sy LY eh HACHef cRnt Pinare
th (o) né; : Venc%o } o&r?dse Jpé;?fc#@r?tecﬁ ﬁrFe chemical
conventiona 1%5%0 f OCESSES, e for med wat er

! ! -
r : ttli/lnéJgfjfE)[) %}gcg{&evé{éecﬁ%ﬁfééfnf&rﬁﬁ‘lé E7Pr pAuged or

al wher eby e productivity 1s

| Raid ed.THO RS S s & PVMSEd | 9 PI PVi dese 2P 8 €8S
whi ch ensures increased productivity by allow ng the

f rper fedrRdd f OFHELR | dpp Rl g acdd OTh$ ol widon tive reéphdiyions

shift to the gas phase and renoving the same fromthe

r etdtdtorpydvdrer tiche ngeddiel dror fissh abdcirh g | anf B ioaxdl diey out

of the system The inventors have presuned that the

f redostedrezed otereyl. i oxydEn abowea tescreapableaet i promoting

shifts fromthe reaction solution to the gas phase due
the decomposition of the compounds represented by the
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 chlorine-containing compounds as

the raw materials. Starting materials can sometimes



to the gas-liquid equilibriumin the system The
production process of the present invention ains at
inhibiting the reverse reaction, in which the
equilibriumreactions represented by the fornulae

(13) and/or (14) shifts to e left (products), by
increasing the specific surface area of the reaction
soinftliwte o dcdigrencontrining tcatpaurd; fhpwrsemat er

whi ch depends on the gas-liquid equilibrium while

t AEIF BI e ProRRRIEH Ky1ant 1 khitianwH (e such

in the above described tank-

syst.em, Accordlnl ,
rﬁsﬂlcﬂr i CW%%M H’}é’t HRTRRR IR &ro tapove
hi ft t he h bl I
o bl b P R A P e G
S 5355l S %ﬁa”da%@ad@fe&ffw

¥§ﬁgﬁ§ hefeidy %g%g S the |nS|de of reactors, of

pi pI ng or equi pment on the peri phery of reactors, or

of equi pMenty Ol HY Rinfirl off %@@’efé’aét}’aﬂte%edﬂh% tﬁ( m
“hi gh boiling point reaction nmxture" nmeans: a high

beiddes® RE Mha tS WIS e &G it ink 30l dit,| GTheS WY £h1
to reactors; a high boiling polnt

s@mﬁmim;imnmwmgeeﬁﬁuwrshlsﬁﬁytﬂcprpﬂdudcafepi Udiever,

hi gh boiling point substance- containing reaction

solhen dmteéinsidmar ged ifromarseadthe sjonaem tar adoinredfr at ed

sol ution containing an increased concentration of

hiadkyB&iln 2d keailste sabdthened Kyl t ey addeaatiidey- eorpariniofg

the reactant. Some high boiling
solution taken out 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 thé 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 ratioc is preferably
in the range of 3 to 100 and more preferably in the
range of 3 to 10.
[00392]

The present invention 1s characterized in

that the water and alkyltin alkoxide produced by the



poi nt reaction m xtures have high boiling point
subst ances di ssolved therein or sone high boiling
point reaction mxtures are in the formof a slurry
of high boiling point substances. Wien a high boiling
point reaction mxture is igpthe formof a slurry,
the indissoluble part of the. slurry is also included
i ntepetioni ghebovabidgypbakenr eatt Evommtkeusgstefhe As
term "high boiling point substances"” herein used
ne%ﬁ%r%mgahi@ngqbstgﬁcﬁsehavtngnaebbbrsngavgopnesamed
h| h as, or gher than that of alkyltin alkoxides.
%Rah%l%Onﬁ?@ﬁlﬁﬂﬁéchﬁﬁFhm@F@ﬁ@S§9S:ptb§u59§med water
producgf b% éhe reaction are also included in the
hi P HOTY i vy PHINES sTiBEEARR eESaThECR VTN | Ble bBEPHHGED

h d
PRATy FOIRD fﬁ%ﬁi%ﬁcgﬁﬁg%ﬁég?aﬁ%S%ﬂdaﬁéfkgﬁsgﬁ reans
b t h
por R ETESa, “TRER SR efent RN EOF £rn B aBinda s phhtess
'nwﬁf@hpé s! ﬁPé%QQd f@é 8§99P£20e% a%lovhng the

| ow nol ecul ar - wel ght ~by- pr Balet's prod

rea@ééoma@é@ B S & NEH Uehed f@a&@foﬁ°¥6P9£i+ﬂgtop95gid1y

substances. \Wen inert gases or organic solvents

ussithi fpagd e SEeh PRASE | £n@ OF&RHY Snd St b SQamé ngL&Heehe
in the | ow boiling point substances. [0041] Wen

proshuct ouy winl beé kyd kimg ot k@ Xf slemédy a Bk DY M0a Bk&k 28&i HGL
material and a reactant to react wth each other in
aczhbrimcey stiemh. t Eheroresstof s teve ppessmhed nileat | the
the reaction rate i s increased by
free water formed in the above described reaction
shifts from the reaction solution tc the gas phase due
to the gas-liquid equilibrium in the system.

The production process of the present
invention 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;liquid
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.



renoving fromthe reaction systemthe water forned
wWth the progress of the reaction. In this process,
the reaction is allowed to progress by supplying an
inert gas to the systemto efficiently decrease the
partial pressure of the praduced | ow boiling point
conponents including water. Accordingly, preferably
med&1G}s enpl oyed in which an inert gas that does not
have an adverse effect on the reaction, such as

ni trogen, dilgorietrelTim thardpstendxhecebn hoegrmeans
hydrocarbon gas, is introduced into the systemto

al thsy tidife fasrearterir v h pheing ceceduipwenbi ¢n nghe
poi nt, conponents including water so that they are

r VRIS RE Heeagkiem obrof red RPet heo ¥ RipENGfof

the systemis kept at_ . a suitaple pressure for,
GRS Y Y - [ TR T T HEThySoohi <D RAHRE ( he

f . . i.c. 63

SR oA RSO P50 ASEIRROSH o
t >, in .ot - ¢
TR T BLIGT BLAR Shc (O A VB o tode o

trﬁidﬂ‘Bgfiﬂﬂﬁﬁﬁ%fﬁktgﬁé: égmg%htéleégizﬂggygion

descri bed i nert gases, carbon TdIOXI can sonetines
r eaptutid itrhe-dyadiiced Aalkydy '%iﬂﬂf@(’}b&fmﬁ Os {194 A Rce -

carbon oxide-inserted al kyltin al koxide or further
f arontaisnmld amtitordfsclarbonat @i s @sd ffed r OFdh NEeactors;

carbon oxide-inserted al kyltin al koxi de. However,

siow e idordees: nedted asee et iRt | @brst v ean ef fecda oad

the reaction, it is also.included on the inert gases.

Asotte@at bat itdre afedcitgtorbdiorimg qee {1i8) sulssitioee (y) ,

the chem cal equilibriumis allowed to
evaporating a part of the reactant. Some high boiling
point reaction mixtures have high boiling point
substances dissolved 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 also 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
alkoxides. For example, high-molecular-weight by-
products produced by the reaction are also included in
the high boiling point substances.

The term "low boiling point components,

containing water” herein used means the water formed by



shi ft advantageously to products by increasing the
concentration of the hydroxy conpound as a reactant.
Specifically, in the inside of the above described
reactor, the hydroxy conpound as a reactant is
consuned as an al koxy groupgbor an al kyltin al koxi de
as the reaction progresses, and the concentration of

t Hdeh yrraasdi aoo el ek @ e [y radhual iyt e e aseyhnikhus,

the effect of renoving the produced | ow boiling point

@m’c@ws melvidiong Wetidringarpcsiortetliowss b dthaedf
supplyln the reactant or the reactant in the gas

stadtké( hdere Hoswbicashrin dfhe mresent oinyention.

i ncrease the concentration of the hydroxy conmpound_ as

a Fo&a S amP 1651 lw-ﬂ?&;ﬂ%lﬁgﬁwwd l?zmpr@ﬁﬁﬁﬁﬁwd)mtﬂuced

tEF S state from the |ower part of the reactor

t Rat e GRS A &5s 2l G ISt iy Tt ntov boiIing
nRonent | ncludln ter, to.the 64 outside ofsdgle

SYERE SRS e as liq, Nk Jane Cpadand TRkents

%r%oﬁ é@ t?%%& %%y u%h %h a&ﬂ? g¥q{ox 5 Gt %ﬂg or

roiy compound &gas organi c

CQ%@%@@%Q& heel ReLt bQﬁil %lrf'acndojtﬁfstlat}l%%sor ganl C

sol vent at forns an azeot I'C mxture wt
orfglolag jor gani ¢ solvent in the gas state nay be
supplied together with an inert gas fromthe | ower

part of th@hepagroducAsd ke GNGultatd R WdElde GRS Or
reactant gas, a gas containing the smallest possible
aadlowiohg axpgertisgprefrerdllly amed dHeaddirt aaseeact
such a gas may be circul ated through nol ecul ar sieves
oWigh| gapeh pabled ini Blcdoodagxehanidgd rdsl 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. In 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 boiling 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



deoxi di zer, and the gas having been cooled to an
extrene |low tenperature and in the dehydrated state

can also be used. The water content in the

circulating gas, in ternms of dew point, is preferably
-10C or less and nore prefegrably -40C or |ess. Wen
supplying an inert gas fromthe |ower part of the

r ezatpenerttiye inaringhiinfwatesr ilerd gasauppPregbsure ot the
particularly limted. It varies depending on the

k ined.ctsitonu dtemnpe rrt urss, z el rofotthesr eactor .thAhdiommsichgrater
distillation colum as a reactor, it is appropriately
c Ot e edesd napdc opmplanantfy dadilvfisth watetotcagr alrift
[0042] The al kyltin al koxi des produced by the process
off fofe theeddmiichwhaseot c dhepgagsahase t hey are, or
they can be used in_the diluted or concentrated 65

form or th&f &&F FPUSFFII R hdm

'S
55 AR AL o8 20 hnoin e eyt con
ISR B Sl Ll SBT3, e

POlYEALANL S 0 HE okt 1 AR QbieE e

process o the pr esent | nve_nt | o_n ar . puri ty
ARGt lrOW reas theARe ris JBHAIY dde RF NG MAn alkoxide.

industrially produce carbonate esters such as
diHahieyleagr Ranatee i teHoRisS nctl Mgl W G RS

and di aryl carbonate esters; isocyanates; and

pelfffeatbonatte Tenetiathyanftageouslss included on the
inert gases. As shown in the reaction formulae (13)
and/or (14), the chemical equilibrium is allowed to
shift advantageously to products by increasing the
concentration 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
compeonents 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 beoiling point components including water to the



Specifically, the alkyltin al koxi des produced by the

process of the present invention are characterized in

that they include only a very small anount of

tributyltin conmpounds and chl orine conpounds. Such

di al kyltin al koxi des are versd useful as catalysts for

producti on of carbonate esters such as

di atkgidarpbnthe svseen, hikglthgl casbsnanewbichr snant

di aryl carbonate esters; isocyanates; and

po¥3eRf bdvatesedfor s ynthesis of esters, for

transesterlflcatlon and for curing of S|I|con pol yner

or ur et hane. Tdﬁﬁ%ﬁ %b%@o?%s¥¢Y%$goﬁ%ahrﬁh?nbﬁgéﬂxbn
me of rial |n conmpounds because of the

to&?rax?wlém e SR R ot ofas State, an

‘% r| ne- cont al ni ounds_causes corrafl on

anlca%?%?%fe%rbnt%? IRRFUNE7E . SRR 1 ?rohla?
| d f b d
oA RENACS MY SRS Gl A d DB R TniREEFE O Een
3%?’@?&* vehe Sfihi® QPLYGRDAT BBt ol LEal o ahONE
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t he products have been contam nated wth such

canpaiiigsreictdom iE Gthe COMROMIEISE S¢CInELNt §aE NGE 1 on
has arisen. After directing trenendous research effort

t ovemakdrite g8 utd areOfcaucd ipiop| e, sthdel Psesphésible

i nventors have found that nost of trialkyltin

caEmppimd s £ arxygdrori shepmofa bl ngusedpouha st whs chase,

contam nate the
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 on the kind, structure or
size of the reactor. When using a distillation column
as a reactor, it is appropriately controlled so that
violent 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



products are contained in the dial kyltin al koxi des
used fromthe begi nning. The al kyltin al koxi des
produced by the process of the present invention are
of high purity, and therefore containing only a very
smal |l anount of trial kyti negonpounds or

chl orine-containing conpounds, whereby the problens
r ity fultody caradid iwsvad wal thy | dtie | o alesn tcana dded
sol ved. For exanple, as processes for production of
cdt6iRit%e esters, there are known a phosgene process
usi ng phosgene and an oxidative carbonyl ati on process
usi ng car borRiBRddH e L kgrd des iaradavarn g daieskysts
processes .use chl orine-contai ni ng conpounds as raw

& FHULION MHd P TR RIS St as
2%\%1 gﬁw& ?: g{r%n%&rdﬁu %qcce(b#?pgh ,rl%% Se%ctgtgqt.ﬁaeio?%st ers and
So\i%{: r C(;ch];]r];lieog‘gaﬁ:e\?;el SC %r}:UStS' 2‘3' oz? %?%%#ae(osg’ gag}%r S as raw
TR Do Jo5 AP IR THAed by cre

PRIHRIRORA 8%e ﬂ%@géH%WidMEﬂQi%§igggigﬁhgﬁgP?Q?ﬁéﬁty and

esters as additives for petrol or est
MiYw VEIE GAHd AT nRfkieRPi e S iINIY RG i duESenty

i nventors have already disclosed in W 03/055840 and
WO rd¢h®4 840 hartec @St drer supho GliC td i 161 it
esters and water alone from carbon dioxide and
alestkglss layl kydiamy ladirdlidopglttel s taldeoxnde dlarylwmsdonate
patents, the term"dialkyltin alkoxide" is used in a
WESELISéndsaqyanatiagde adal ppiltvioa rbainadya sd encared
tetraal kyl ti n-di al koxy-di st annoxane) .

advantageously.

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
poelycarbonates, for synthesis of esters, for
‘transesterification 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



These prior inventions are further inproved by the
present invention. And use of the process of the

present invention nakes it possible to effectively
produce dial kyltin al koxi des at a very hi gh speed and
with a high purity, and hencgs carbonate esters

containing a very small anount of tributyltin conpound
orcuponicge conpesindorifbeicesof tmatatasbodaterestetson of
can be easily converted into diaryl carbonate esters
wiRhl yree xS sndfther ht vadheicnal ealkpytin alkoxides were
transesterification or disproportionation. [0044] As

a PIt eker fighe proeitet dopcoibedr pahal vst ezppl scatiagsanthe

al kyltin al koxi de produced by the rocess of the
pr%g%cilﬂcfr%m*%%fhe d tpokRg d-?'é%lp oRakR fxas*m upsg 0*5«381%

and WD 04/014840, which are descri bed above, are
pr%?rétr%{mﬁfc%cgddlwr%%%t? %V%o%%%hb%cm%%@ a

ARSI e B R e
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di al kyl carbonate ester is treat known process

suﬁm;amﬁ@tsdémté&&&ﬁp@@@ﬁoﬁ%é@aériéeﬁs separ at ed
into conponents including dialkylcarbonate ester and

tin-contai niAfrdesdtect e £ Fem&id@s Nkdged £6h MiEfort
i ncl udes: conpounds represented by the chem ca

f aromdral g swludthisor hefn ©adh forshl @mg 2) thahpedsate

used as reactants in the process of the present

i ivemgriters draive found that most of trialkyltin compounds
cr 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 prbcesses for produétion 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 compounds, causing serious adverse effects



TS

a conmponent containing tin whose structure cannot be
clarified by the current anal ytical nethod.

Surprisingly, use of the process of the present

i nvention also nmakes it possible to produce alkyltin

al koxi des, which are the prgducts the present

invention ains at, fromthe tin-containing conponent
whos e hes tprnmdugtel drasohgro besarmdreatid s edvtyisth Y080815]

Al kyl aryl carbonate esters and diaryl carbonate esters
caR ORI SRIP 1Y a8 | AW M tterl albbvele dbscdddrdgivation
di al kyl carbonate ester and an aromatic hydroxy .

c GHp ARy rdddcitoTh yeat adniesifs prastleisi N0 I rdsteisiar Fokon
production of diaryl carbonate esters,, processes such
a&fgm%gféwefb& : e FMRbSRMY Siifdr carbonate

oxi dati ve carponyl ati on 69 racess, . whi ch uses carbon
g o AR Hhpmeatoll 82 il M3 SH P hay
ctgaq_{i ne- corrgsaiioqli n conmpound as their raw materials

or ca63f§% s, and 7 ?leqﬁﬁnﬁ¥t3ﬁﬁlQ$m_produced
di aryl car bongfe eSS QAL L K eoré%ébg}%%osed

and use of suc laryl carbonate esters nas Serl ous

f4f, i i
efifreqio U3 AdYS gUPdHT iR M/Olﬂqug Wﬁaﬁm

carbonate esters as raw materials vati on

Ofp Rl EIdZ A Qh RIrA DS teSs e P d REAtAr alone from
deterioration of polycarbonates). Further, when using

Sueirbear kiiradielee sirel Slasohdd thywes ifrf a REIIIHyIAin

di esel fuel, they may cause corrosion of engines or

piadikegidEhe ipr edese ipatentior,s they eceatnr atiya 1 kdi lsicilrosed

in WD 03/055840 and WD 04/014840 a process
alkoxide"™ is used in a wider sense to include dalkyltin
alkoxide and Eetraalkyltin—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 cafbonate 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,



for production of carbonate esters and water al one
from carbon dioxide and al cohols by using a

di al kyltin al koxi de. These prior inventions are
further inproved by the present invention. And use of
the process of the present dsnventi on nmakes it
possi bl e to produce diaryl carbonate esters of high
puie ywraifewibly vessd. srl feadt oon nee borpounthebrdbmy a
conveniently and efficiently. Further, use of the
diHrad kekrdnat et erer e dhabinek by cckkevibig a
the present invention makes _ it possible to produce

p S Ao IR 1 ITuE \ATh A ey o0 ol Ksakd i@ @R Jren

BT AR SR e PR o
i ERp e in S tag San s Borr BeRiesRAaTe Aygine form
qu_ﬁc%&on%% VMIELA b l'gee.sxce[[é 'dOn s%liad’é/:ﬂo C%.rrp 1eng a
esters "are known as naterials Tor pol ycar bonat es

ProdiG8A - B 4t PTAGESS -1 HOWRY A ed k%rorﬁlqmé&ﬂﬂg%rocess

di aryl "carbonate esters, ich are oduce ng

CHUH Nfy AN N 10 GO TRUBULS & Mkt MR 6fd A Spa P&
a | arge anount of chlorine conmpound remaining

t henel ontthaden frieEMadirgy siki 86t Bshdbnate ester and

transesterification with bisphenol A such chlorine

C dnipoede cloritrrg mesel due dedrtte aitri-arorafa iositred ywsdsidue

When using a | arge anmount of catal yst as a possible

appradaste sf:orcospmiungisni ndp s en toeshday watd orhentiml formula
(1) or the chemical formula (2), which are used as
reactants in the process of the present invention; and
a component contalning 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 obtained by allowing the above
described dialkylcarbonate ester and an aromatic
hydroxy compound to react by a known process.

As processes for production of diaryl

carbonate esters, processes such as phosgene process,

which uses phosgene, and oxidative carbonylation



weat hering resistance, hue, or physical properties of

the resul tant pol ycarbonates can sonetines be

adversely affected. In such a case, a step is needed

of removing the chlorine conpound fromthe diaryl

carbonate. Methods for copigg with the problemare

known, for exanple, in which chlorine conpounds are

r emoved shy whidlghe cisiesg calrbbon menceripiey néreo iknawmi.ng

di aryl carbonate esters to alkali cleaning or

diiovieveay | heger priocasises. useway @hloriisse coptthddd ng

still have serious problens. Alkali cleaning may cause

tﬁ@m@P§§§péér5ﬁ@éroﬁaHeW@@ﬁ5n@éﬁ o Geiaylystarbongt dt is
ters, since the nelting point of diaryl carbonate

e ong’ |EaFeFQ?lPéP?uﬁF&hd&ﬁﬁyﬂﬁ@fbgpét§uGF§@F§dCPGtaln

al_kal i lten state, Distillati

l,
plr Weiﬁsgﬂbﬁigoangeﬁpﬁo UsSr G| SHCHr dHPgHLCES oNgthce
7 hi ki nd
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CBORORaRLEnaRds "L nd Ok o B AR SEATROAR Ay TS erials
P i cation cos en usi ng suc rary carbonate

| I h
egkeys aggctQ@Q%&Bhaggagglgﬁ%%19ﬁt1b§ %%Eb@#%tf,n the

procéss for producti phenyl carbona rom

ebbybemﬁgca&beaebelo%GtQBnI%fpb@dyeszoﬁgteg)Carbﬁ&ther,
di oxide as a raw material, first dimethyl carbonate

i wheht asnag ﬁmen1ehhbbﬁaeecasb@matas hHgAtivekh¥br
phenyl carbonate is obtained, and finally diphenyl
chebondt eri diebedi fidl, | hhtki mapr caese, codiroatibyl of
carbonate is an indispensable internmediate to produce
depEéngs earbbdpang, dlbet prementednvieotpos bpve already

disclosed in WO 03/055840 and WO 04/014840 a process
for production of carbonate esters and water alone from
carbon dioxide and alcohols 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
obtained by the process of the present invention makes
it possible to produce polycarbonates, isocyanates or
polycarbonate diols. In this case, diphenyl carbonate
is preferably used as a diaryl carbonate ester.
{0046]

In the following, polycarbonates, isocyanates



boiling point (in the system the boiling point of

nmet hanol is the lowest, and to allow the equilibrium
to shift, it is necessary to form an aezotrope having
a mnimmboiling point with nmethanol). Methyl phenyl
carbonate, which is an inevi7pably derived
intermediate, 1is likely to cause secondary reaction
s g luscdrdmed aticly coithidigghery/ lalmardonat ke, bas a
final product, is contam nated with a slight anount
ofdesdyibest.oduct such as anisole, which includes a

met hyl group, even after the purifying step. This
cont anmi nat | drit %&dn RO rhonalas edislel thre described.
pol ynmerj zation rate during the production process of

pd AR bR atE R Ehela kit eaigls for
R Y LAY TR frtan b TV
G SRy SN SRS DA et s
e e, AU U B i S S
e o eV e J sy SRR B SRS SRR
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| ong-chai n al kyl group, which are derived from

altnehge stepriasienttad bwitthe a1l A ordudia dB)érine
t hus, di phenyl carbonate can be obtained which does

natongpentredsn dorrtpridouet & chaldarg: iavateitdrylof graoiel ysts ch

have an adverse effect on the production of

pdhararsomg s .labgenpimesindf off arada lgerthamtae psisitsle
approach for coping with this deactivation, the
weathering resistancé, hue, or physical properties of
the resultant polycarbonates can sometimes be adversely
affected. In 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 prcblems. Alkali cleaning may cause
the disappearance of dehydration of diaryl carbonate
ésters, since the melting point of diaryl carbonate
esters is relatively high and they are subiected to

alkali cleaning in the molten state. Distillation

purification has a serious problem of high cost. Since



preferably used as the raw materials for
pol ycarbonates are diaryl carbonate esters that
contain the above described organic conpounds havi ng
a methyl group (by- products) at 100 ppmor |ess and
nore preferably at 10 ppmarl |l ess. [00471 In the
fol low ng isocyanates will be described. |socyanates
caihdeClhvkoire dcdypodndstinel wdai var tows ekitdsavhonat e
ester (particularly diphenyl carbonate) produced
usF P B @t &3 #3 Hn Enk osemieounsds 4 hier e elbantoe inlieng i pmint
and a pol yam ne conpound to react with each other to
ot RPILINGY vaRY | NGt ek 19 RAUGH: ROMRORERTE Sy | die
di aryl .carbamate; and then subjecting the polyaryl
BB T PThyAHT t 1H1e] G 1 U A borfeR 1521 2
ec%;onicgéﬁgroc ss f.or, 73 _synthesis of isocyanates
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by the process © e presen
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compounds, thereby I ng ~ advant’ageous pro I on

Ofud iSRE YAHHAS - {CUNRNEd ONAl rav zﬁé@laile,s ﬂrl‘ﬁ}’oc‘cﬁi.%ethyl

from chl ori ne-cont ai ni ng conmpou such as sgenes

CeRiridhad Y RHICAMRANGSn iy IRnd R BsRtd, then
i socyanates are the production of urethane, and

catesihyslt phesed fayridraiteane poadiciddn ard] €inally

suscepti bl e to deactivation or denaturation by

cilighenyl Hegrbhmedeanast edbtarioduced oy thhies prmomesss ,of

the present invention, however, do not substantially
dimethyl carbonate is an indispensable intermediate to
prdduce diphenyl carbonate, due to the restriction by
boiling point (in the system, the boiling point of
methanol is the lowest, .and to allow the equilibrium to
shift, it is necessary to form an aezotrope having a
minimum beoiling point with methanol). Methyl phenyl
carbonate, which is an inevitably derived intermediate,
is likely to cause secondary reaction such as
decarboxylation, and diphenyl carbonate, as a final
product, 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
carbonate, cause variation in polymerization degree, or

affect the hue of the product.

In contrast, the process of the present



contain chlorine, and therefore not causing the above
descri bed problem In the follow ng pol ycarbonate
diols will be described. Polycarbonate diols of high
purity can be produced using diaryl carbonate esters
whi ch are produced using th&zal kyltin al koxi des of the
present invention. Polycarbonates, isocyanates and
pol e bionat korms oles hy-aeueductsi ngl di bs ydi EEkdohat o
esters, mhlch are produced by the process of the
praRes Ly rﬁ)@t@‘%ﬁf’%r@ﬂ%&g bt pEodg s e by 3 methyl
because they are of high purity conpared with those

d By Doriréhtdonared prode s, dinrihcarrabonate..

r’gduced convE‘E&ll en%(ac%é%ﬂ%%%at | ow ch’r%‘%h(ﬂcand
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are produced usi ng alning co
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conmpound remaining therein, and when they are

suljreailed (3 ; tHransesdi Héﬂﬂatda(lfbd@léﬁé Risphendbtained
such chlorine conpounds contribute to deactivation of

cathdlgts tdne SNrert uimGe ian [ar-geradmny lofvioaf &l yeitiasl a
possi bl e approach for coping with this deactivation,

t lrougpatwhdrdmavessiagt e r Sruesf frctphysitted production |
P ro(? %rot lI yecsarcl):}fonates .

Examples of diaryl carbonate esters
preferably used as the raw materials for polycarbonates
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
ppm or less.

[0047]

In the following isocyanates 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




the resul tant pol ycarbonates can sonetines be

adversely affected. In such a case, a step is needed
of renoving the chlorine conpound fromthe diaryl
carbonate. Methods for coping with the problemare
known, for exanple, in whighy chlorine conpounds are
renoved by subjecting chlorine conpound-containing

di syrythe <ios hohat soepdreatsed had Keden ctreswn Moutorone which
distillation purification. However, these nethods
stugds lphvasgare aus a praobimsserid kal i Hofesaenw ngd gy 1
cause the di sappearance of dehydration of diaryl
cdbdrenat estsrers grrducdt byeihe mrepuss of Wargresent
~carbonate esters is relatively high and they are
sub}ERRtePt R LE KB TY clamrant iand Heonthmpin ¢h EeRf esmall
Distillation purification has a seriqus prob] em of
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vg%éous ki nds of chl or.i ne-cont ai ni ng conpounds from

I
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sial | arfount of chlorine conpounds, ‘“thereby enabling

adyniageoUsar G 1 Wit Pfusd$ oyt &shandysrodleeion
production process which uses the alkyltin al koxides

praock ek dayp el pries efdad ivert idn o nddt 250 et D ab ¢
esters, isocyanates and
chlorine. The isocyanates produced by the process of
the present invention, however, do not substantially
contain chlorine, and therefore not causing the above
described problem.

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

Polycarbonates, isocyanates and polycarbonate
diols produced 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 conventional
processes, they can be produced conveniently

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

Isocyanates can be produced using the above



pol ycarbonates to be industrially produced at | ow cost
and with high purity, conpared with those produced by
conventional processes. [Exanples] [0048] The present
invention will now be described in nore detail wth
reference to the follow ng 7&xanples, which should not
be construed as limting the scope of the present

i Mgt Bred Ahibd Visy s dletibadst e 1¢s tNMRs Amad Yt Sthe above
Appar at us: JNM A400 FT- NVR system (manuf actured by
JE@sciibed Jdbpan) <dibdnaparesteons dy ' dhNVR o 30 OBESS .
and 119Sn- NVR anal ysis 76 sanples About 0.3 g of a
ti n conmpoundiEyhetapeena oy testems tdaen lorewmezs wi t h
about 0.7 g of deuterated chlorofornnénanufactured by
N%ﬁ%@ﬁenﬁ%lpwcar@m%%s anehdueed kv genl NRrocess.
i nt ernal reference about . 0. of tetranethyltin

( aFc’f’urceﬁ“EﬁP bﬁ@@kﬁ%@bﬁ%ﬁ##% LyRich
| t
un.ka?oi :rﬁ%f]?f-%{-g T‘J@éoﬁé&%wﬁeé&ﬁfﬁo%% agyraw
Mbi st ter
e Al SIS it artk ARG IR S arsoiia
WAk ity @*?é?éugt 215y ALY it ago%evx@?e&steod

for ing O
transesterlflcatlon with bisphenol A, such chlorine

compounds contribute to deactivation of catalysts.

When using a large amount of cetalyst as a possible
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, theselmethods still have serious
problems. Alkali cleaning may cause the disappearance
of dehydration of diaryl carbonate 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



the anal ysis sanpl e and wei ghed. The sanple was then
charged as-is into the noisture neter to assay the
wat er. The syringe was agai n wei ghed, whereby the
sanpl e injected anobunt was cal cul ated to determ ne the
noi sture content in the sanpie. 3) Gas Chronmat ography
Anal ysis of a Carbonic Ester Apparatus: GC- 2010
systeklnderandf bewsirketndy ShicmbzuinSCocpotainbng Jdappolnds,
(1% Anal ysi s Sanpl e Sol ution Preparation About 0.5 ni
of LR yERwtlell bi netpgd ioreemperents anetbih rbdel wege
charged into 0.4 g of a reaction solution. The .
r R FRPERANRT O Vihte fRIERECERBr oSt twhemoasing

t ol uene or di

Fit o] S P S 1
AT SR SR i, R eARGRE R P ISES &
pTy TSkt e Vo SRR e S Y the
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3 im 4 at f ] jeetd e : 4300C
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carried out on the
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 desc¢ribed
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



anal ysis sanpl e solutions based on a calibration curve
obt ai ned from anal ysis of a standard sanpl e of each
standard substance. 4) Calculation of the Dialkyltin
Al koxi de Yield The dial kyltin al koxi de yield was
calculated fromthe generat’i®éd nol e% of the nunber of
noles of tin atons of the obtained respective
di®dm84as n al koxi des (conpounds represented by
chemcal fornula (7) and/or chemcal fornmula (16))

Wi th respectfRadit e hihindr aft imsiampaind ivesitvoeghed
t he start'n%ﬁ%$teriau§£cqnpounds represented b

cHBthic AR £hemaethdigh @r#&ﬁtcaqﬂfq)rqﬁu@l(é%at@;
AL i B LG, Bl P
Pt Dihorst e noreiifr St e G argout 0.5
R R A A SRS AL AP IRSEL g Moo
e oL A e Sl g

Weicdfitt idhh b8 WHIGRNIG RALACATHRANAEL VAS AFfM %a{%’ysis
gel perneation chromatography (GPC). [0049 Exanpl e
1 s@mpdear ati on of a m xed solution of the starting
material 1,1,3,3-tetrabutyl-1, 3-bis(2-ethyl-
2) Water Analysis
Apparatus: CA-05 Trace Moisture Meter, manufactured by
Mitsubishi Chemicals Corporation, Japan.
(1) Quantitative Analysis |
A syringe was used for collecting 0.12 ml 5f
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
moisture content in the sample.
3) Gas Chromatography 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
solution. 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




but yl oxy) di stannoxane and the reactant 2-ethyl-]I-
butanol) A 1-liter recovery flask was charged with
24.9 g (0.1 nol) of dibutyltin oxide (manufactured by
Al drich Chemcal Co., US A, 98% and 208 g (2.0 nol)
of 2-ethyl-1-butanol (rmanufaggtured by Al drich Chem ca
Co., US A, 98%, whereby the flask contained the

r ALY S \ﬁrﬁfftle-%laﬂlﬂgﬁmrxture The flask was attached
to _an evaporator (manuf actured by Shibata Scientific
TedinSidsyFhranatogrephy dailetaied Ganditions

t ernnregulator- equipped oil bath nanufactured
w&ﬁ%&% fagiyned (§B‘I+J2®, n‘ﬂ}/ S.A.)
nuf.act red b VAC Inc Japan G—50A) and a
g.a E“PP é‘lDLdl%Qdﬂlﬂ‘ W51 19&RRE Wor ks Ltd.
VG-_10 e 79 oi | bath tenperature was set
?E%XHE qf#gékl § imersed in the oil bath,
V"@.%rl%%orin&graglggle% et t.he Rygporator vas st arted.

Rot at1 on was conti nued f or out 30 m nutes while

StEinkd % iR eRgat ingunder atnnspherlc pressure wth
the evaporator purge valve open. The evaporator purge

vablenine s ehipeia€h@eed t hand erdRe RIESS WS 1 e%i/ SRR
was gradually |l owered to about 60 kPa using t

vaotant puBPoEN i he MaciwE oovat/pall.er. This st ate was
mai ntai ned for 1 hour, after which the flask was

r éngeed ibnotetnperaichirkat B00°The reacti on sol uti on had
turned into a transparent liquid. The purge val ve was
gPadegitby Spmpedatureet 30Q°Ct he system pressure to

at nospheric pressure. The distillate was 9.9 g,
t PERSFALERt mghBoRadFEBpar at ed

{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 ebtained respective dialkfltin alkoxides
(compounds represented by chemical formula (7) and/or
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



into 2 layers. Analysis of the distillate showed a

wat er content of about 1 g. The flask was then renoved
fromthe oil bath and the purge val ve was gradual |y
opened to return the system pressure to atnospheric
pressure. The flask yielded 788 g of reaction

solution, Results of 119Sn, 'H and 13C- NMWR anal ysi s
shb@dvehelt ® ukh ngheli beRgtiom oxldeias, aorefasedetermined
thg]EJ reagtion solution contained an 11%yield of

di bty the) e R A -PREST o) Ehe elpbe ibedt abkyBaeyl

yi el

f .
1,‘1?%?%2“1‘%? rAt Sy B ek ayibut yeergst to the
i - {Obtaining dibutyltin dial koxide usi
R TR oo™ 1 7 19 PR R s iEa br bk L o

d
co
(xgégghﬁgk reactor 1 such as that illustrated in Fig.
2. Al lﬂﬁ)inner di aneter and 850 mmtotal |ength

(70 Nhpef f Y I[%]% rgﬁgto de, from SUS
31%), whi ch l%‘%faf{er nis e(!c]')lvé#ﬁ'seal uppcl)é ﬁ?engAﬁo%?‘l%l%n
exidiidd®Mbnatent line 5 on a reactor upper portion 2,
and a gas supply line 7 and an extraction line 6 on a

reactor | ovefe PRinfdedn a3 :\/@% Reckad, W4 RedRIiP
3 (Tokyo Tokushu Kanaarrie KK, Japan). TTifa B O

t empenzetiur eadfy e ricasie fwa@g@ammécprbpfgélhgséﬂ@@ation
reactor and the portion extending to about 60 nmm from
t s dr@tpg nepdhy d@®O)al | ed using a heater set to 160,
while the tenperature fromthe heating device upper
pd%4 to the upper flange of the tube reactor was
c%ptrolled using a heater set to 140.
Xample 1
(Preparation of a mixed solution of the starting
material 1,1,3,3~tetrabutyl—l,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-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., 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-50R), and a vacuum controller

(manufactured by Okano Works Ltd., Japan, VC-108). The



Ni trogen gas was fed fromthe gas supply line 7 at
0.04 NL/mn, and a feed punp was used to start

feeding fromthe supply line 4 the m xed sol ution of
the starting material and the reactant prepared as
descri bed above at 20 g/ Hr. 7Bhe holding time in the
reactor was about 16 m nutes. Low boiling point

subisk drrtds, temps rali ve et ersetheranl 4@ che Stter ddtaak iwas
gaseous formfromthe gas vent line 5 and high boiling
poiTe IsRthorE ke eigarbatdh £ |wWveraipdn omtdeiextefcthen
line 6. Continuous feeding and continuous extraction

&V@mtﬂt%gﬂwﬁqm1 n Rfeklamn waateotingedofes.
éh§Q? ?ﬁpf the |quld extracted fromthe extractlon
bR | Whishe gt ARA and digatelng upder
f the I| UId contai.ned a dibutyltin al koxide
o F S %s. 4 dﬁﬁm fﬂﬁ ee‘taraﬂrad{ﬂmw% i¥rlve
1% 3 i %%}a‘lﬂcﬁ'a%nd %QJO rge 6\%31(%}; was then closed, and

etra

et hyI butyI OXI X&Q_—;%% %Q@W%aﬂyg%%w Ez‘% [ ng of

t kcaas qehage exdimRftald fym é}tﬂi}s\ﬁgﬂgtarld e Facyum

two- | ayer transparent i qui al ne in I'ch

Maiositicd 18RS [ITESENta tEherade Ml i d A i Hch?r
col um reactor was 0.0033 nol/Hr, which was greater

t et erh@hiaihue hed G025 was /ddncsRIc Wrahe ke G501 bath.
expression (16). [0050] Example 2 (Preparation of the
sffaet imegavdtoer isgllution had turned into a transparent
1,1, 3,3-tetrabutyl -1, 3-bi s(2-ethyl -butyl oxy) -
dﬁggyﬁﬁoxaﬁ@p 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 removed
from the o0il bath and the pufge valve was gradually
opened to return the system pressure to atmospheric
pressure. The flask yielded 218 g of reaction
solution. Results of ™%sn, M 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



A 500 ml recovery flask was charged with 59.8 g (0.15
nol ) of dibutyltin oxide (manufactured by Aldrich
Chemical Co., US A, 989 and 122 g (1.2 nol) of
2-ethyl -1-butanol (manufactured by Al drich Chem ca

Co., U S A, 98%, whereby t&#k flask contained the
resulting white slurry mxture. The flask was attached

t OFSRCEApbr B EhR Q%ﬁ%@hcwl@atmt@ﬁi bat Bigei 2nti ki t5 mm
Technol ogy Ltd., Japan, R-144) connected to a

t VNG SRR 7L oo ppefd BF | tokeh Lemdith att o camby
(TR T Ity 0L ASDR ke cbap dhaces 853 SWRGSLs, which
. fact . D Vorks, Ltd.
SRR GANL AL S DL ety o B £ane 0TS Hdk o
18t Tihd |29, VBS L IOBOP O L0S 01 b PRL N p 82, gas
ereupon rotation o e e or or ‘was started:

R Op Mase cPAdued &8 2boKs 30; 13 neit &s é(‘hli:éa?ci%%r

stirring and heating under atnospheric pressure w

t Mo WA Y Al 8n B Gfa & 3 e &P SR t H e EMIROE A OF j’“g@@kyo
val ve was then closed, and the pressure In the system

welso st dtd na drower gd. | arahont . 7 OrkdPat difhdhgh e Ve UM

punp and the vacuum controller. This state was

melioweat fdchrfawr potaion af teie Whiltsh tdcfdasdkndashe

renmoved fromthe oil bath. The reactant had turned a

t R paremxtangling tkhealpeurty 6@ akw ef s readildige was

opened to return the system pressure to atnospheric
lethaiging g (hfatewmse: 69, 16¢%anypddenthend

p
had separated into 2 | ayers. Analysis of the ]
diatset"lH LIS MR Fhfatiaa o Srvigie HRRRT P gLOMH©

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 formrfrom 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 liquid extracted from the extraction
line 6 showed that, using dibutyltin oxide as a

reference, the liquid contained a dibutyltin alkoxide




flask was then renoved fromthe oil bath and the purge
val ve was gradually opened to return the system
pressure to atnospheric pressure. The flask yiel ded
175 g of reaction solution. Results of 119Sn, 'H and
13C- NMR anal ysi s showed that, using dibutyltin oxide
as a reference, the reaction solution contained about
arc Ok sting delbfdibutyl-bis (2-ethyl-butyloxy) tin in about
3-tetrabutyl -1, 3-bi s(2-et hyl - butyl oxy) - di stannoxane.
(GotH hiE I R 1akantdi ed ki bel ubi bet oodurni -1, 3-
rzgﬁéég) Di butyl tin al koxj de was produced in a col um
r “ethyileP iy ket 1disiannaens n H byt y 1t im( m

e VRO ) MRS et i fiom SR 0L ing of
j 3 f i shed wth ly line 4 and
R P SRS b S rnppi o i ofp 2l aves
Lyl 7 d.. / i.on line .6
st e A A e s

3 pridBi actiL 4 i ahalse, Toxl;al{iséqlﬁ.rf(a?]aéa'gol@nﬁi 'reactQr

Japan). The tenperature o ower ange portion o

t hast (e 0IPMIIYHABNGHIRE RS IPEAELnd| N9 Er%adﬁaolt{}e

60 mMmm from the flange was controlled using a heater
Sk, 000 2E66ho 1l AN loa 1 aftenp erdsnlife& e itdie heat i ng

devi ce upper portion to the upper flange of the tube

r ddéSdr] was controlled using a heater set to 1400.

Ni trogen gas was fed fromthe gas supply line 7 at

0 ExeampileniZn, and a feed punp was used to start

feeding fromthe supply line 4 a m xed solution of the
(Preparation of the 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 ChemicalVCO., U.S.A., 98%) and 122 g (1.2 mol)
of 2-ethyl-l-butanocl (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-50A), 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,



starting material and the reactant prepared as

descri bed above at 20 g/H. The holding tinme in the
react or was about 32 mnutes. Low boiling point
substances, including water, began to be extracted in
gaseous formfromthe extragdi on vent line 5 and high
boi I i ng point conponents began to flow out fromthe
exvhereipen | Fakatiotont i theusvipedaigr ands cebbrtheadus
extraction operation was continued in this state for 2
holtpsat emal yas scomt imeedefier atleoubr dduminekes achele
fromthe extraction |ine 6 showed that, using

di PrtF 1% G decdsing rende enznoshie HbacP e 2L HE OdlER
cogﬁained a di butyltin al koxi de consisting of about a
94%

Si VP2 R HULYFIDi ST VRt PRAD but ThoxgYePpraher purge
b 6% of
T Natre AT theR JFlasedni 1Y Hhe BTy RSy Bhe systen
di Trj but vl tin(2-et hyl s but yl oxi d d
S SRR Lo T A 10 ke pRabRd o8 saem
f ' ' - |
{ P i e A Eoni sy - TR B 1R e was

Prieseitaindie fehydrdion Jats: ighide gﬁé Uffriéfa& 9

r
was 0.0033 nol /Hr, which was greater an the val ue

0. 000 e £ i Gl Wb Bt Qsh i OM BT €58 Ofnd 18d {90dd a
Exanple 3 (Synthesis of 1,1, 3,3-tetrabutyl-1, 3-bis(2-

ettndieparanty) FidisidnnoxanQurde Ardit&rwd ir@eadeckegd
flask equipped with a noisture quantitative receiver
t heptengads tsonreEnted the ssydthe manedsaire atd hiteseswlyeric
stopcock and a Dinroth
pressure. The distillate was 3.6 g, transparent and
had separated into 2 layers. BAnalysis of 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 '*°sn, H and *c-
NMR analysis showed that, using dibutyltin oxide as a
reference, the reaction sclution contained about an 99%
yield of 1,1,3,3—tetrabutyl-1,3—bis(2—éthyl-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

inner diameter and 1,635 mm total length (1,450 mm

effective length) tube reactor made from SUS 316, which



condenser was charged with 199.8 g (0.80 nol) of

di butyltin oxide (manufactured by Aldrich Chem ca

Co., US A, 98%, 1,045 g (8.0 nol) of

2-ethyl -1-hexanol (manufactured by Al drich Chem cal
Co., US A, 99.6% dehydrat#&sl) and 500 g of tol uene
(manufactured by Wako Pure Chem cal |ndustries Ltd.,
Japad, frerishgdnvéthsgnsreBly) Livier ébgndhenf paskaction
contained the resulting white slurry mxture. The

f 1 3EREwad"® niePRed rﬁaahosiPppﬁatﬁoeﬁaﬁafaetanédabgas

Fige #ap n FZB-Z&O% set to 130C, _After 30 m nutes
of SHBR Ynglﬁﬁd 229 PP RYLTERELCRehpBRaPUPE Bf FRABTOT
' 119 d he . wat d.th
ToroHRE BRECeR s, PRe cBRRKRR vokn RO ERER NS "hagan.
Thi ' i ned h 85 ft
e ERTLEAELIBSg TRy N8k DE Mo Rl R KA dalE KTk - ngaBanf!

nDTﬁéUE@mﬂ@PQ{ﬁfét$fe?rf&ﬁé%e%%a%§§;85&5?8£h0ftEEe tube

tenperature was then [owere ana once

M X$4E€ot CANET BRI So PR Ar ORPEA i hH L BPLBLHEC60 mm from
quantitative receiver was renoved. The flask was

cothect Bahg® wa€opmRetsDledi RSN 0¥ Hedtvtt Bed BHaNEH,

pi pe, a Liebig condenser, a |ow pressure connection

pi plei badthewot elisératate feeovehy Nessehg. ddhecpreppare

in the systemwas |lowered to 29 kPa, and after toluene
hagobeken distthe ecopéf flamy¢ hef ftiasktubberpaessureasn
the systemwas further |owered to 0.6 kPa to distil
of@oré{%%%%e@-@nw-mmm: Tt 19 qLée’ anount

recovered through distillation was 1,420 g, and 295.6 -
g of gener HEFPFRILEES i3S yied gbEOM Nt P edds agkeply line

Resul .
e?QaESO.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 beoiling point
substances, including water, began to be extraéted in
gaseous form from the extraction 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 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)-



of 119Sn, 'H and 13C-NMR anal ysis showed that the
generated product was at |east 95% pure 1,1, 3, 3-
tetrabutyl -1, 3- bi s(2-et hyl hexyl oxy) - di st annoxane.
(Cbtaining dibutyltin dial koxide using a colum

reactor) Dibutyltin al koxi d8dvas produced in a colum
reactor 1 such as that illustrated in Fig. 2. A 15 mm

i et ANRERARE . anbr BIOt it inf 2t e tknhtbutyboxhde) had a
effectlve | engt h) tube reactor made from SUS 316,
thJc‘h d@&E §ufhi sHERPRM €PPBLRUpDF yEhe reas Poase extracted

ecti starting material, a supplg line 8 for
J’e%f{‘uﬁge ?’é‘é’&?%ﬁ'&"%n‘ﬁe’é‘h a9 a2t i DrEWRMEaYERe 5 on a

LB L T el e
g zﬁ;ﬁe& el Pap's 0By 3 (UL o B
Ofwds 0 V®33 fhANae gqgrgo:ﬂ? vg%s Itré%%f S5as ttﬂ'?aar?ttol{e and; f e

portion extending t | ange wWas

cantoed g %yﬁw%ﬂaﬁ%ﬁd%é\gw sl e be,

tenperature fromthe heating e upper portlon to

t heoguer flange of the tube reactor was controlled

using a heater set to 1400. Nitrogen gas was fed from

tExayp®E y3line 7 at 0.04 NL/mn, and a feed punp was

used to start feeding the starting material prepared

as( Waddrddies] ofaliovle B3 eg/ddbftrydmlt fe-tsipdy i ne 4,

and feedl n reactant 2-ethyl-I-hexanol

iﬁﬁ%ﬂrdﬂ&ﬁanﬂvxa@hénlcal Co., U S A,
anhydrous 99 6@@ at 17 g/H from
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 mol) of 2-ethyl-1-hexanol
(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 quantitative

receiver began.

This state was maintained for about 3 hours,




the supply line 8. The holding tine in the reactor was
15 m nutes. Low boiling point substances, including

wat er, began to be extracted in gaseous formfromthe
extraction vent line 5 and high boiling point

conmponents began to flow out8Sromthe extraction |ine

6. Continuous feeding and continuous extraction
opefberorhieB ebautnded Bh ofi wateat waforegomened. in the
Anal ysis of the |iquid extracted fromthe extraction

| iRRIBLYRBwEdcRhAtatikengeapbueyt t i Rhexpdd hath
reference, the liqujd contained a dibutyltin al koxi de

conSPREFAGUEE UpBuENan4borGFeAdter0°C, ‘and once the

0 RHAYLE 0! BLARELINL o TEXY' QRMAL, 20K AROKL 32" O

bi - r - di st . Tributyltin(2-

o Py LTyt SF by ShteR SHETERRPVEe 00s TEEGH 2561 Phg o
87, | j e,

o ieres PRI er 60 ot REs SR T aibanon

t
05 S84 Ca Ve 2 CSSMendbe, IENYGKAEORLAL Cobiin e on

um reactor “was 0.0018 nol was greater

t heipd hendyatwe dDs ©00058 NPhédte FAl o L EY. F IO pressure
expression (16). [0052] Exanple 4 (Obtaining

di bruttythe i s i erh koxs dbowist e o CPY URPa, &€t Hfder toluene

Di butyltin al koxi de was produced in a colum reactor

1 Fadhoesn tdidtilledtoff efirom Fhe. fRasky lShemprénsmere in

di ameter and 850 mmtotal length (750 mm effective

| it h9Y3tage vasictorthexel swonedUs 3066 kika cho advastill

furnished with a supply line 4 and an extraction
off excess 2-ethyl-héxanol. 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.
(Cbtaining 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 reactor 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 on a reactor

upper portion 2, and a gas supply line 7 and an

extraction line 6 on a reactor lower portion 3, was



vent line 5 on a reactor upper portion 2, and a gas
supply line 7 and an extraction |line 6 on a reactor
| oner portion 3, was packed with Helipack No. 3
(manuf actured by Tokyo Tokushu Kanaam K. K., Japan).
The tenperature of a | ower fg@nge portion of the tube
reactor and the portion extending to about 60 nm from
t heatkadgeitwhsHebnpaokl §d.usi ngaaulieataeredebyt Bok§o,
while the tenperature fromthe heating device upper
poFekvahuoKanaanppke Kf | adgpani -t hBheubenpeastuorewas a
controlled using a heater set to 140. N trogen gas was
f edOVeBn{ i ARIA| PPEEEANSAppERe tihe TeactoroanplLthen,
and a feed punp was used to start feeding a slurry
soPBFFbﬂnc%£§?§?Fﬁ§ bP about 60 (mmo8rasp| Fhef fipage was
tin oxide 88 _ (manufactured

BB TBLST o LA TL g 02 20, (B 2oty
oLl Bl RSch SRR ed AL Lol BHLRD' ol BEngLap bt
h | ] | di ' in th t
DenguBphy | 106nds Tbechol g LLIE;Lp Lhe cLressOice

inggyg%ng NeieLyr begap,tpspe extracted in gaseous form
fromthe extraction vent ?lne 5 and hi gh boiling point

conponents hegeroden oy Qat FLANTEHR extrachhbep Line 7
6. Continuous feeding and continuous extraction

opet ad | On NBAnTONtandes fded hbSmstRie f9Ed5tHovESEL

Anal ysis of the generated product extracted fromthe

exteadingnthe net Hrishogwedatdrtal ustagadedusy| déscoikbee

as a reference, the generated product contained a
above at 3 g/Hr from the supply line 4, and feeding the
reactant 2-ethyl-1-hexzanol {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 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. Continuous feeding and continuous extraction
operation was continued in this state for 2 hours.
Analysis of the liquid 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 about 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



di butyltin al koxi de consisting of about a 61%yield of

di but yl - bi s(2-et hyl -butyl oxy)tin and about 38% of
1,1,3,3-tetrabutyl -1, 3-bi s(2-ethyl -butyl oxy) -

di stannoxane. Tributyltin(2-ethyl-butyloxide) had a
yield of 0.1% Upon coolinggf the gas phase extracted
fromthe vent line 5 a two-layer transparent liquid
wash® by as nelda s¢ nexihr ottt @di Stom ethasvemeskine, Thetwo-layer
dehydration rate in the colum reactor was 0.00062

ot 73RsSPawRRh Wesuid eeaerobtainede imlwieich 0000Sture was
mol /Hr  cal cul ated from expression (16). (0053]
BEREPIENE. (Gheidehederbiey| fate dinl ik eel wet ngeactor
col um eactor) 89 Dibutyltin al koxi de was produced

i a8 c%1‘£9&19r e Wi s tHerat ey dehamt e i vabng.

2. [ r di er and 850 mmtotal |ength

(%@@@W%ﬁ}t}fwﬁ@%ﬁ%ef T SHRIGFS TR fHOm Sus
BIfboggich was furnished with a supply line 4 and an
extraction vent line 5 on a reactor upper portion 2,

and, Andas 4 supply line 7 and an extraction line 6 on a
reacté%' | ower portion 3, was packed with Helipack No.

3 (dwmnufaed Wigd i ok -I_E&Hfﬁlﬁé @%@1 :
Japan). ljIq'ril’%je tlen'péé%iatlure oa} a | ower a gaelépgoar‘%%n of
t he:ddthe-) reactor and the portion extending to about

60 nmfrom the flange was controlled using a heater
set to 170, Dikhitd tihe dlarpardd was fgaddel hieatd b lumn

devi ce upper portion to the upper flange of the tube

r g@aadromds 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 é 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 heatér set to 160°,
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°.

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) of the starting material dibutyltin oxide



controlled using a heater set to 150. Nitrogen gas was
fed fromthe gas supply line 7 at 0.04 NL/mn, and a
feed punp was used to start feeding a m xed sol ution
of the starting materi al
1,1, 3,3-tetrabutyl -1, 3- bi s(2&t hyl - butyl oxy) -
di stannoxane and the reactant 2-ethyl-I-butanol that
waslprepartdred brieAtdnbchufhernigslt fat, uded. An, 98%) and
Exanple 1 at_8 g/Hr_fromthe sugpl l'ine 4.
Su%glé qUeh® | §olb- Okt Bhye - tepgtansl \‘ﬂ%’hmlabt]@lﬁ‘é@n@%

was fed at 1

?Lgﬁ%ﬁﬁggggglégLB§§Al@?%%ﬁgékéﬁgggiIg?ng ¥iderin géggnat
e ARG ERRC RS BT BUR St riCe oo BiBlctbns th' the
pdigingle seqraaiion ves (e sl ballina,
CdSsiagns 4165 o OIS LECHLIALAT, LSS

2 104t Sthe Abad Y5661 Of +&e | 1 i ds ext g %d%%té(??ﬁ]ﬁ%i?%nt

extraction |ine 6 showed that, using

ascémp sredef £Ns&garh Neo 9Tk ad @ PFOHUChe CONE AL PELR 1ine
di butyltin al koxi de consisting of about a 48%yield

ofé6 di butyl - bi s(2-ethyl-butyloxy)tin and about 52% of
1,1,3,3- tetrabutyl-1,

3- bi s(2- et hydemuinioxy) fekdimpnxdneont inuous extraction
Tributyltin(2-ethyl-butyloxide) had a yield of 0.4%

U iol 9Thgvad  edret aisedhis et leks rapatesl foond theunent
line, a two-layer transparent |liquid was obtained, in

W i 1 EMpogirestird product extracted from the

extraction line & showed that, using dibutyltin oxide
as a reference, the generated product contained a
dibutyltin alkoxide consisting of about a 61% yield of
dibutyl-bis(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 ceooling of the gas phase extracted
from the vent line 5, a two-layer transparent liquid
was obtained, in which moisture was présent. 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)




[0054] Exanple 6 (Qbtaining dibutyltin dialkoxide

using a conbination of a tank reactor and a col um
reactor) Dialkyltin al koxi de was produced using the
conbi nation of a tank reactor and a col umm reactor

such as that illustrated i9ig. 3. Enployed were a
baffled 1-liter stirring tank 9 nmade from SUS 304,
conpri si ng PBupwltin eliexide wisjreoeduced ebictantglemn
supply line 16 for injecting starting material and an
exk?Hcionl viigh |ashethat ekigpeated tin Fidst24 | & i bh mm
colJumm on a stirring tank wupper_ portion a gas

11

sUPISF | st amnd §3Giie drotal n]eefl@tfbd%s%tm ring
AR i g ST, et
17 R R P et ird T e Shioy

i T T hu. K 1 KK,
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instrunmentation and valves for the operation of each

| i peanucfgacterd 4y T fRykdsaiik thaanil &3y, | IHAD .
for transferal fromthe buffer tank 24 to the columm

r et drempee rsutppley dfi re 128 efrorf lianj e tpox: Iacd Arntheandiise

relay line 25 which both were connected to the reactor

upfFECisar tansh the ey tebatr acttieonl imanttd il 6lyunnp placbm
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 of 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
1 at 8 g/Hr from the supply line 4. Subsequently, 2~
ethyl-l-butanol (manufactured by Aldrich Chemical Co.,
U.S.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 point




with a distillation colum, 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 nol) of reactant 2-

et hyl - 1- hexanol (rmanufacturexh by Al drich Chem cal Co.,
U.S. A, anhydrous 99.6% were introduced fromthe
SupPREONERES 1Begandta9blew goyd. Boomothe oéxsracting line
material dibutyltin oxide (manufactured by Al drich
Ch&mical Co., U.S. A 98% were introduced fromthe

supply line 16. Nltrogen gas was fed fromthe gas
supply line Q%ng}n@p@@ ReFd g ane 9%%%%%¥°%ﬁseﬁ%5@@610n

under_s |rr|n until.the. reaction solutl ched
1605 T %Jdo?h a%orétfﬁelf“é?%gl? oMt Rt RNE r ‘E¥| gah%:ﬁ?

oY 18 o R e F 1 d S et oS s TP encehgn
20 e o sc‘l?(!r)%grr&]lt e anst“(#n %4%@%(?&&9 & ghout
Si Falké AERORIS | h & O A DHOUSH Yo £ SRHLN G S 1E, n(%ébut%ltin

material and the reactant fromthe supp

Suppkyxidedecdds Bét End b€ MGk thatgd hes &ph eof adi1 Pu e
1:3.75 so that the reactor interior |ITquid surface

| evies ( Ivast Isg Baslyt y Wdhey ebiyn sdreb| goapersis osr Was1 s3 a4 ed
whil e continuously extracting gas energing fromthe
exte ot hwny Veht 3+b ine( 2-7e t Hine-buetael o :000) -sai it & 1omo Xérse .
transferred to the buffer tank 24 via the transfer

| i it y I8nin (&7 ethaf L -hutey Ik fde) thark 24yieldiaf af 1 4%.
2 hours showed that, u5|n di butyltin oxide as a
ré‘f%?%rﬁﬂ‘—? "¢ Te cpﬁ Qj gas ase extracted from the vent

line, a two—layerrtransparent 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 l-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 portion 11, a gas supply line 18 and a transfer

line 19 on a stirring tank lower portion 12, a stirring



contai ned primarily-generated di butyltin al koxi de

consi sting of about a 5%yield of dibutyl-bis(2-ethyl-
hexyl oxy)tin and about 95% of 1,1, 3, 3-tetrabutyl-1, 3-

bi s(2- et hyl - hexyl oxy) - di stannoxane. The dehydrati on

rate in the tank reactor waseil. 26 nol/Hr, which was
greater than the value 0.13 not/Hr cal cul ated from
expeesee ont¢mpBerahNeetcontieol equipment, and the

di butyl - bi s(2-et hyl -hexyloxy)tin yield in the reactor
10n9BBS FHEY ebRedr@yyentbkt hont &ied yalves yfgenehateperation
di butyltin_ al koxi de that had accunulated in the

buPf efa¢inking. t#d s? afel v Ferekonl 30 The whhekrielipack

of a fl ange portion of the reactor 10 and the
01?1?1 oimgl’i”é‘h%? ¥ dpoutolere nhekashy (Kanagml fKaIﬁge
controlled using a heater set, to 160, while th
PO TR FRarad o P ks oo, chyi%pwm%ﬂ 2R by 635

T Ty e
tfaeeaqa@ofm nfé’ 6.0 9% /vmé‘fﬁl%&é &'

punp was use eediny The Prinary generate
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starting material at

Vi gndtheurien @it 1 d i &, valife s tHSr Naact ration of each
2-et hyl -1-hexanol (manufactured by Al drich Chem ca

Cdl ind) Sdhneady dious NXEHH wind 24/ K feuy 1hee 25
supply line 22. The holding tine in the reactor was
35w mraass feuml biidn ndhepdut festibsdrainces, to i triod uth Ngnn
wat er, began to be extracted in gaseous form
reactor, a supply line 22 for injecting reactant and a
relay line 25 which both were connected to the reactoi
upper portion 13, an extraction vent line 21 equipped
with a distillation column, a gas suppl? line 20 on a
reactor lower portion 14 and an eﬁtraction line 23,
After the interior of the stirring tank 9 was
purged with nitrogén, 390 g (3.0 mol) of reactant 2-
ethyl-l-hexanol (manufactured by Aldrich Chemical Co.,
U.S5.A., anhydrous 99.6%) were introduced 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 sclution reached

160°C, and the gas emerging from the extraction vent

line 17 was extracted. The reaction was allowed to



fromthe extraction vent line 21 and high boiling

poi nt conponents began to flow out fromthe

extraction line 23. Continuous feeding and continuous
extraction operation was continued in this state for

2 hours. Analysis of the ligguid extracted fromthe
extraction line 23 showed that, using dibutyltin
oxPHecesd aln riefbs esioat e t Fer | 2Qunthcoes ai afden which the
di butyltin al koxi de consisting of about a 75%yvyield

of FeRPut ST - byien rms Prxyimxgsin excdrapbed 24%bdut

1,1 3 3-tetrabutyl -
bi 49 e - ey m)tm%%%ﬁmo&m 19wl e tin( 2-

et oxide) had a yield of 0.9% Upon coollng of
it ﬁ% 25 LR B i oh (FReding 1 Pcrarting

tvio- Ia arent i was,_.obt ai ned, h
ol s ur e ':84 Driecgntan Tffgt%h% a‘f‘ﬂQﬁﬁlY ’en‘? ni%h%nd

»thameﬁéfue“’ﬁo%z% gt ol e R ErFR L was
OXPIPSP Ol (e tt{@%ﬂc@&an&ﬂ{%ﬂ@%ﬂé&wgﬁuﬁaee

di butyltin d oxl de using a c

Di justanl ks adthed fle m&d\p%fmé %Z@efaq!wm wd £35L O red

1 such as that illustrated in Fig I nner

divérEtee redith nhi bl ymasttotadt i d (dnRPiAdN from the
effective | ength) tube reactéﬁﬁ%%de from SUS 316,

wextiraataisorf ureritsHeichenvith a supply line 4 and an
extraction vent line 5 on a reactor upper portion 2,
and a reactkhe mesdndar seupplon Iwae thanfarnred to the
(”ggé¥gg(¥gg£l¥1 via the transfer line 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
cbnsisting 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




6 on a reactor |lower portion 3, was packed wth

Di ckson packing 3 mm (Tokyo Tokushu Kanaam K. K.
Japan). The tenperature of a |ower flange portion of
the tube reactor and the portion extending to about
60 mMmm from the flange was amtrol |l ed using a heater
set to 170, while the tenperature fromthe heating
delfer tppeflapgetvan tonthel lppersit@ngehedtehesetibeo
reactor was controlled using a heater set to 150.

Ni }$®gevhjds vde framrfemahutee fgom sigplhedting dewitce
0.04 NL/mn, and a feed punp was used to start
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f e ited ramddier 83dd agid@n 44 N& Hir¢ & @trﬁaﬂ%@fﬁl at 5

feeding and continuous extraction operation was

CiHMUBbm R isu Sttt ec ol 4 RO Sthe ANRI ST 51 0 2519 and

liquid extracted fromthe extraction |ine 6 showe

t Matg nesigtgar BHagHYI- DXiedearasl amaraf SI@nesd the Aldrlch
liquid contained a dibutyltin al koxi de consisting of
alfdhamixa03%oyi el fA di buthptdduiey B%té9) -atbut ¥y | iy tfrom
and about 36% of 1,1, 3,3-tetrabutyl-1, 3-

bitd\e2-Seirmy: Bume 38) - dihst drmicliarge. tiTre bt yiite (actor

was 35 minutes. Low b01llng point substances,
including water, began to be extracted in gaseous form
from the extraction vent line 21 and high boiling point
cqmponents 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 axide as a
reference, the liquid contained a dibutyltin alkoxide
consisting of 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



et hyl - butyl oxi de) had a yield of 0.3% Upon cooling of

t he gas phase extracted fromthe vent line, a

two-l ayer transparent liquid was obtained, in which

noi sture was present. The dehydration rate in the

colum reactor was 0.0016 mpd/Hr, which was greater

than the value 0.00026 nol/Hr cal cul ated from

expFessnbn (1. deopdestieRanpte Sn(ﬁhepQOAUMDnre&cthe

starting materjal 1,1, 3,3- tetraoctyl-1

3-WRE bt U2 bxpel dis¢ awﬁlﬁbsﬂansea\smge@t@érth@@ovbe yvalask
of dioctyltin oxide

( n@n@&@%% ﬁg%lvdv} *Fbg %ﬁ%ug%% Eg%m LAPTEHBLRR T { £8) Lt d.

Ja 5% and 445 g (6 nol) of 1-butano
ngﬁg%%ﬁtured by Wako Pure chem cal 96 |Industries

Lt , Special grade), whereby the flask
é%%ﬁ%%%a?he resulting white slurry mxture. The

nf B AR PP AT P PROR P8 TS5 "R MER, o

t(kéhéfggpnregulator-eqU|pped oi | bath (manufactured
by Masuda Corporation, Japan, OBH 24). The oil bath

tenperat ure pEsusEit 8l 20k iad Nead | SskaNesd | (e S€dlumn
in the oil bath, and rotation of the evaporator was

sterdetbr ROtaidon sash oo I Nueer § 05d Bhoptg 150, M AUt $Smm
while stirring and heating under atnospheric pressure

Wi irme thed isveporatand plyr €5 warh vieot @pehendittie {1 a6%0 was

then renoved fromthe oil bath and allowed to cool

TR feckikve i laniidh 43uhe ofeactbsomde feamt$eh 316, which

solution. Results of 119Sn, 1H and 13C NWR
was furnished with a supply line 4 and an extraction

vent line 5 on a reactor upper portion 2, and a
reactant secondary supply line 7 and an extraction line
© on a reactor lower portion 3, was packed with Dickson
packing 3 mm (Tokyo Tokushu Kanaami K.K., Japan). The
temperature'of a lower flange portiocn 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 tubé 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 of 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



anal ysis showed that, using dioctyltin oxide as a
reference, the reaction solution contained a 96%yvyield
of 1,1,3,3-tetraoctyl -1, 3-di (butyl oxy)-di stannoxane,
and did not contain any dioctyl-di (butyloxy)tin.
(Cbtaining dioctyltin dialk®d de using a colum
reactor} Dioctyltin al koxi de was produced in a columm
rehc?bril 9(n Bsomhaheisupply al éoei 4. Fi Ghe 2holdisgnhime
i nper diameter and 850 mmtotal |ength (750 nm

ef FRct RS er P27 R) Wasibe0 ekt bes madko¥ rlbpd BUSY 3peint
which was furnpished with a supply line 4 and an i
ex?‘?%%’f?fb%esv&ﬁcw%@% WL r Reden tpper peEFaehRed, in

and as . supp line 7 and an, extraction line 6 on, a
r eAdtt o SI%%EE %%h?i F LEERCHEYRWENF t hinel P p2RrE Rbgh
3 ; d by Tok Tokush I K K
[ RELL R R et 1 (R i R S A
trg&gfggtiéﬁﬁiiﬁg @nd the portion extending to about

t he

60 mMm from | ange was control |l ed using a heater

set to 150, coi8.d0e f&(% t eaf. :
devi ce upper portion to t_gﬁﬁﬁﬁéf %ééﬁ%ﬁﬁé&gkégﬁ%%ﬁﬁﬁ°n
I efsd 1t Vs wahd A dRbdISiN G 1 Hedt e SR 1O HAMKs .

Car bon di oxi de gas was fed fromthe gas supply line 7

atArgl ydismoY, and 1o el aiyER Rsd USesh tithe S faction
feeding the reaction solution obtained as described

abloiree (Gristedvesbltitaton woimg) stiibgr Wit iheoxisdardd ng
material 1,1,3,3-tetraoctyl-1, 3-di (butyl oxy) -
dizrfatitncme tdrad Lilmirde amtrerati rlocb et ahiddyt ¥ Irtoim takoxide
S ué)o%l syi sltllr;)% %fatablcgtg /aHrG 3 %quei ehl(::{ doi fn gditl:imrrceyli —nbit sh(e 2-ethyl-
butyloxy)tin and about 36% of 1,1,3,3-tetrabutyl-1, 3-
bis (2-ethyl-butyloxy)-distannoxane. Tributyltin(2-
ethyl-butyloxide}) had a yield of 0.3%. Upon cooling of
the gas phase extracted from the vent line, a two-layer
transparent liguid was obtained, in which moisture was
present. The dehydration rate in the column reactor
was 0.0016 mol/Hr, which was greater than the value
0.00026 mol/Hr calculated from expression (16).
[0056] |
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 dioctyltin oxide {(manufactured by Wako
Pure chemical Industries Ltd., Japan, 95%) and 445 g (6

mol) of l-butanol (manufactured by Wako Pure chemical




reactor was 37 mnutes. The internal pressure of the
reactor was neasured at about 0.2 MPa-G using a
pressure gauge. Low boiling point substances,
i ncluding water, began to be extracted in gaseous form
fromthe extraction vent lims 5 and hi gh boiling point
conmponents began to flow out fromthe extraction line
6. Ihnt niwusltdedi fepamd spatialousadx) r actéoeby the
operation was continued in this state for 4 hours.

ek CHRtIed i ghe drexetabr@dviioen sherextmbgtaon-
line 6 showed that, using dioctyltin oxide as a
r erl'é‘? kS k t47S | 3 AR Dt 3o P LRRR ERESF t (PaR ket geed

LA A TG AT Yy conmectes
T SRR SR e ol athnBRuT e Setes by
f npm the dc?’{?%“ﬂﬁon a_&(_%%)a-ll aygly L4 anspar ent liquid was

[ I ch™ o

obt al ned, st'ure€ was present. The

dehydration 44N lwglj ‘ﬁﬁ% . 0014750
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Exanple 9 (Preparation of the starting nmateri al
1,the3, Sragataiaititids st arthd butRd ol v asn@i@led for

1-liter recovery flask was charged with 50 g (0.2

mabowf Idibutiridties awtiides (sminiae urredl Hyat Mgnicder

Chemcal Co., US A, 98% and 178 g (2.4 nol)
atmospheric pressure with the evaporator purge valve
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, M and *C-NMR
analysis showed that, using dioctyltin oxide as a
reference, the reaction solution 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 extraction
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



of 1-butanol (manufactured by Wako Pure chem ca
I ndustries Ltd., Japan, special grade), whereby the
flask contained the resulting white slurry m xture.
The flask was attached to an evaporator (manufactured
by Shibata Scientific Technddgy Ltd., Japan, R-144)
connected to a thernnregulator-eqU|pped oil bath
(rré%}"ééil‘amae@ybwazgﬁfao CBeloshei banagmpak, KoBHiaryn) -

ﬁ oi] bath tenperature was set at 127C, The f]| ask

e nhFReER AT e el of | Lpuer, Th#ge opat f dAnopt the tube

eva.(g?c t or s, Started, Rotation was continued fo

abb Chot? Em?lﬁpg?%??l%ﬁt%ﬂﬂlﬁﬂaF?n@bﬂHEeﬁo mn from
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L6, b el e ot Gt Hldgepnidy,

yiébtkr&fled using a heater set to 140°
1,1,3,3-tetrabutyl - 1 3-di (but yl oxy)-di st annoxane, and

di d not cont@drbemydthidy | g (e VESXYEEER. the gas
(Cbtaining dibutyltin dial koxide using a colum

resuply LidaitVldt rBlkoihie, véasd pd ofkse doinfip aws9| WBd to
reactor 1 such as that illustrated in Fig. 2. A 15 mm

i nfieardi terdiong drive 85aaim ¢t b1 behon holf74&nean as
effective |length) tube reactor nmade from SUS 316,
wigrrikad fapowe hawl x¢d e al wiien yc¢msmasmmdoanthe
extraction vent line 5 on a reactor portion 2,

ArREAEGHIS TAREHARY | Ik 73 ek St AT FRET o AT Houey bow) -

r%ﬂféégnnoxane and the reactant 1-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 to be extracted in gaseocus form
from the extraction vent line 5 and high boiling point
components began to flow out from the extraction line
. :

Continuous 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 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-



| oner portion 3, was packed with Helipack No. 3

(manuf actured by Tokyo Tokushu Kanaam K. K., Japan).

The tenperature of a | ower flange portion of the tube
reactor and the portion extending to about 60 nm from
the flange was control |l ed usithg a heater set to 1500,
mhil? the tenperature fromthe heating device upper

pofit {BRtY KK ‘ﬁbﬁE@HFPéﬁ@%-ofTFh@CFHgEl@%ﬁEPB%dﬁagad a
controlle 85' g a_heater set to_140. Carbon di oxi de
ga¥iGhd PEd f#gnwtH@°©a§°°%h%@|9f|F%% 9281 PRBSHL BHFRacted
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about 0.2 MPa-G using a pressure gauge. Low boi

PotANLcOLSEANELSm éRSLeE GnWai 6y, began to be
extracted in gaseous formfromthe extraction vent

i p@0%7Rand hi gh boiling point conponents began to flow

out fromthe extraction line 6. Continuous feeding and

coEampbeis® extraction operation was continued in this

state for 4 hours. Analysis of the liquid extracted

f r o eprRrakiorcef orhe | $hertingowetet bat |, 1 ubki Hg3-

di butyltin oxide as a reference, the |liquid contained

a R BRABMEY H b kodd tut vlery ktdhetamnemang) a 90% yi el d

of dibutyl- di buxylox gtin and_9% of ,

1,1,3,3-tet#§ T%}_qug covery 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 1-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-equipped oil bath
(manufactured by Masuda Corporation, Japan, OBH-24).

The o0il 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



di (butyl oxy) -di stannoxane. Tributyltin butoxide had a
yield of 0.06% Upon cooling of the gas phase
extracted fromthe vent line, a two-layer transparent
liquid was obtai ned, in which noisture was present.
The dehydration rate in the %l um reactor was 0.0033

mol / Hr,, which was greater than the val ye 0. 00025
nof 93510 I B R0 £ r IS B breset on §16) H pods58IC-NMR

Exanpl e 10 (Pre rﬂgion of the starting materia
1,3&lysig h yq_qg, using dibutyltin oxide as a
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m xture. The flask was attached to an eVvaporator

( eyadwactiured by Shibata Scientific Technol ogy Ltd.,
Japan, R-144) connected to a thernoregul ator-equi pped

oi | bath (moiswolyiad dykdvbisds avdHriasdide, in) apatt lumn
OBH-24). The oil bath tenperature was set at 118C.
Threddtagk Wwesidinmesy sgtht nilhestrdtduhtin Rirgl rot atA o mm
of the evaporator was started. Rotation was continued

f dmnegpshitane tegurandvfi 4G mo itratialy Jerdrteat5(y under

at nospheric pressure with the evaporator purge valve

offdifechig s lengtis tuhen rearfa Madsm fuam GUS bbb arhiich

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
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
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-butanol) from supply



all onwed to cool. The flask yielded 196 g of a viscous
reaction solution. Results of 119Sn, 1H and 13C NMWR

anal ysis showed that, using dibutyltin oxide as a
reference, the reaction solution contained a 76% yield

of 1,1, 3, 3-tetrabutyl -1, 3-bild02- net hyl - 1- pr opyl oxy) -

di stannoxane, and did not contain any dibutyl-bis(2-
neiﬁyﬁ-i-@FoE9|a£§ftin?hecbpéﬁhnagtamau@9|t g reactor was
di Zkoxide using a ¢colum _reactor) Di but%Itin
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t hat illugtr teg ig 5i . E' A 15, mm inner dianeter
and-1785% nﬁ‘?t% ol ngtlﬁ 2154891 1th 2ePFEEFPVE PRHEEN)

t SUS 316, which,.. f [ d

B 35100 BIRaL SRSVERELS:  REFasSa5LLER P o
5 00 8xEPACLON YRPELSBOLL! POrf £ARM Pn8AS( BURPLY,! LD,

7 and an extractio TRE 6 On a reactoF ~1ower portion
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2358 Seeket el kol Spndompytpckieh by o

of ot | over thanger poktion pinthe tube reactor and the
portion extending to about 60 mmfrom the flange was

control | ed usomgimubeat sedehigt ndS8OntiMbbhe ER€raction
tenperature fromthe heating device upper portion to

t hepemppeior | engecaitimeed ube tlebst otaw@asfocont hehted
using a heater set to 1400. Carbon di oxi de gas was fed

f riom irel gaat BuppliqeideeFtvaced niromnthanexardetion
punp was used to start feeding the reaction solution
obt et Shrowerksidrd bediaiboy ed i et b0l exide as a

consisting of the | , )
reference, the liquid 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

vield of 0.06%. Upon cooling of the gas phase

extracted from the vent line, a two-layer transparent

ligquid was obtained, in which moisture was present.

The dehydration rate in the column reactor was 0.0033

mol/Hr, which was greater than the value 0.00025 mol/Hr

calculated from expression (16). |
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Example 10

(Preparation of the starting material 1,1,3,3-

tetrabutyl-1, 3-bis (2-methyl-l-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)



starting material 1,1, 3,3-tetrabutyl-1, 3-bis(2-nethyl-

1- propyl oxy) - di stannoxane and the reactant 2-nethyl -

. propanol) fromsupply line 4 at 10 g/H . The hol di ng
time in the reactor was 22 mnutes. The interna

pressure of the reactor was Ifdasured at about 0.2

MPa-.G USIH a_pressure_gauge. Low boiling point

suBSt 4nkeL! Yllﬁcpﬁﬂpﬁﬁoﬁaﬂ@ﬁnugéﬁéﬁrﬁd by Wrkpabuae in

gag 8uscfg ﬁ]d gn1the extraction vent line 5 and high
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3- bi 5 (Batkt ménaf@(ﬁ@@yéaxy% dashaaney@perat I6hbUlY Iahn
but yl oxi de had a yield of 02% Upon cool i ng of

ga8Biphase. extracted fromthe vent line, a liquid mas
obt ai ned, in which noisture was present. The

dehydrati on Fla¢ecih lbaehcoémperacact onavased. 803818°C.

nmol /H, which was greater than the val ue 0.00051

mot ¢4 £ Llask cvrat tamer oed eipr e ohl (B&th, (8889 otation of

le 11 Step 1: (Preparation of the starting
,nﬁﬁgn%ﬁagpqagpg Wq%t$%@5ﬁ§¢ 1, Rotation was continued for

S BSEE IS GRI POYLOY) 1 S SLANTRXANE) . wnder
atmospheric pressure with the evaporator purge valve
open. The flask was then removed from the oil bath and
allowed to cool. The flask yielded 196 g of a viscous
reaction solution. Results of '°sn, 'H and 'PC-NMR
analysis showed that, using dibutyltin oxide as a
reference, the reaction solution contained a.76% vield
of 1,1,3,3—tetrabutyl—l,3—bis(2—methy1—1—propyloxy}—
distannoxane, and did not contain any dibutyl-bis{2-
methyl-l1-propyloxy)tin. |

 (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 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



A l1-liter recovery flask was charged with 50 g (0.2
nol ) of dibutyltin oxide (manufactured by Aldrich
Chemical Co., US A, 989 and 178 g (2.4 nol) of
2-met hyl - I - propanol (manufactured by Wako Pure
Chenical Industries Ltd., Ja&fan, special grade),
mhereby the flask contalned the resulting white slurry
mi ¥EQF el lﬁﬁe5fP%sR hHBachPrabRERTt BOAR1eDafor @RGra gas

( manuf [ ed ?y Shi bat a SC|ent|f| Tec nol ogy Ltd
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f Ofhe a@&%eﬁa@&iﬁé Sohh | EogLir ﬁigﬂgéngoi’?% ngt “EHSr tube

104 atnospheric pressure wt aporator purg

vapdgct &Pednd Thige | @%la@seibsndiﬁgvysdaﬁwm bbemg' krom
bath and allowed to cool. The flaSk yielded 196 of

a WheCchHLSngd 6ags | @d&h@@doylé@nusﬁegumﬁegfeﬁl%a téHL@@d
13C-NVR anal ysis showed that, using dibutyltin oxide

a_swl;'ma le etlgleaa etempe tdeure€att om ntsel Néh ng 08¢ Al B€ duppd 6%
yi e 0

1,091, Bon et ¢ athe yipde 8- Hl sf@e nef hyhe lephbepyéaaydr was
di stannoxane using a dibutyltin oxide standard, and
diePnterlkemtesingry heater set to 140°,

di butyl - bi s(2- et hyl - 1-propyl oxy)tin. Step 2

(Obt ai ni ng KRS tFIPHAEE kKIAT deuistag bram| bhe gas
Reactéi} but It|n |k0XIde was produced in a colum

r eui RRRAR L r%@%da.%eﬁigpur.@p %@asuwl to

'ngli.ea{rglf c‘ilng atqge 1r(§§’c:5t{g?1t§ct>fut gr?gct)gté ég 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 reactént 2-methyl-1~
propanol) 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 beiling point
components began to flow out from the extraction line
.

Continuous 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



effective length) tube reactor nmade 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 Iomer portionl83 was packed with

Fbllgack No. (manuf actured by Tokyo Tokushu Kanaam

kelfexgnen) th?hélﬂ%hﬁeFQFEaéneﬂ a Pohetyitingalkoxide
rtion of the reactor and the portion extending
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from supply line 4 at 10 g/Hr. The holding tine in
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the reactor was neasured at about 0.2 MPa-G using a
presblie, gevieh waw doedtey poimt tisebssanees, 00051 mol/Hr
i ncludi ng water, began to be distilled off in gaseous
f(ﬁ¢ﬁ¢¢kﬁﬁ¢¢mi§ﬁm expresshen 5(B@d. t he hi gh boiling

poi nt conponents began to flow out fromthe extraction

i He9%°! cont i nuous feedi ng and conti nuous extraction
cxﬁgéﬁﬁfg1c4 the liquid prepared in step 1 was

Step 1: (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 (manufactu;ed by
Aldrich Chemical Co., U.S.A., 98%) and 178 g (2.4 mol)
of Z-methyl-l-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 to a thermoregulator-equipped oil bath
(manufactured by Masuda Corporation, Japan, OBH-24).
The o0il 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 2 hours while stirring and heating under



continued in this state until the liquid ran out. The
liquid extracted fromthe extraction |ine 6 was

collected in a 1-liter relay tank nade from SUS.

Anal ysis of the collected |iquid showed that, using

di butyltin oxide as a referéfde, the |liquid contained

a dibutyltin al koxide consisting of a yield of about
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expressi on (16) Step 3: (Obtaining a carbonic este
fr@jmmajkyut@tréxblkwld@)ﬂmsr@%ﬁéﬂgp %&b loxy}

collected in the relay tank in Step
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feed punp ananufactured by Shi madzu Cor porati on,

Japer 4C Q#ﬂélnaneﬁﬁh@iylm&nv@d@&k¢&&¢@n@@n@mt@ Column
The non-vol atil e conponents were cool ed and

r , Whereby about 74 g of recovered I|iquid was

yi el ded. The recovered i quid was charged |nto a 200

mL aut ocl aveDJ(%ter RSP HATHAS kEtdiced 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 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




Co., Ltd., Japan) and the lid was cl osed. The

autocl ave interior was purged wth 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. TR&3val ve was then opened,

and_car bon %onige gas was jntrodyced into the .
au?B@Fév et vdr E?i?EPﬁa"FbFaiﬁe i AEREE1PReSPART&Tas
I The. t t th i sed 120C _und
ot PiEfsg "ORHAERPE BhHatethaal REcrhel SfretoponaretiaL
I ' j b I
Rt s T G R M R

re@ﬁ&f@ﬁn&@én%%%gﬁegﬂéOrQéQQ&SP bbby l§%?b?ﬂé8§8§) from

hours, after e Internal pressure

aus-.@fﬂmyelmé ﬂeéter@d%YQr?t ”’Pﬁ@hﬁéiﬁiﬂ eESHECiRY the

gently purging the carbon dioxide fromthe purge l1ne.

Theedd Gt dwh® 2hemanliOes averMasi QUbekhy SXLE36LEACFT PR
an extraction line attached to the bottom of the

autezttoe, wvakatehbyufed r abspBs €Ot 0 [ 2agbion golugi &n was
obt ai ned. Di (2-rmet hyl -propyl) carbonate was obtai ned

i niPeed9fyi@hugesi ngowi bot Yitg noekhtlesalssaaneéey ence.
The transparent reaction solution was fed at 3 g/mn

i tecleding ivater sthéegan i on leeguilpsehl 1¢dnofif ath ugasebys
Shi bata_Scientific Technol ogy Ltd., Japan, E-420) set

t ot A LMY R gassvent uking & ar@dthanpigh boiling
(manufactured b %pinadzu Cor por ati on, Japan, _
| BOGHT)CRPIRERNS PYERIAEP of EOfRHfent5oM neha P Rgract ton
diffhém%hyl-propyl) carbonate. The non-vol atile
coffponents were cool ed and

Continuous feeding and continuous extraction
operation of the liquid prepared in step 1 was
continued in this state until the liquid 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
dibufyltin 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-1,3-bis(2-methyl-1-propyloxy)-
distannoxane. Tributyltin{2-methyl-l-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
2-methyl-l-propanol. The dehydration rate in the

column reactor was 0.0168 mol/Hr, which was greater




recovered, whereby about 62 g of recovered liquid was
yi el ded. The vol atil e conponents including di(2-

net hyl - propyl) carbonate were cooled to forma liquid,
in which tributyltin(2-nethyl-1-propyl oxide) was not
detected. Chlorine was al sol@6t detected fromthe
results of chlorine analysis. 119Sn, 1H and 13C- NWR
anaP 3R Eh e va Hee r@ Ve 4l mel 4IF Cakenkatehafrehe

[iquid contaipfg 1,1,3,3- tetrabutyl -1,
3-BIRISEFE Py L4) propyl oxy) - di st annoxane, and did not

contai n, di putyl -bis(2-nethyl -1- propyloxy)tin.. Step. 4:
(B 7 ho Mhigias 7 T £1Y Eib el
KHéE&g%% @)using the recovered liquid as a starting

materi a 108 The recovered liquid recovered in Step

3 was charg i -det byl - - D r

by dehydrail.lmi})érﬂvI %%%ﬂlgoﬁuﬁ@[la%ljé %{%%‘?éa ilgrﬁoeérg% Egrr%lay

i Narfit o ls@So @ Neacts | 4itd Ay in £

2- et hyl - | -%f%pan"gal’aé: %%anﬁa%t%ﬁhf%tv%k%m%r%lm

Cheind il 1 d s td ottt © (maRed A uERdd) by

shortfall, such that, on a nolar basis, the propanols

wed el eatinilfi ¢ efedhinelSod®f Mtidl atdpan CEHAI ekt tdhel30°C

organic tin conpound, such as 1,1,3,3- tetrabutyl-1,

3-drick (abamt HBA -Ra prsoi;d ax Vieed ghanm oferas faconted red

inthe liquid recovered in step-3, to thereby prepare

a hdnad »p|Gauraradfiarhe Eiparnt,i A€ -#ASHi dlo arenoveheche

reactant. Operation was carried out in the sane :
9P QNeESiSep Lhenauptvalafil tehecummnnents were

descriQFd leed sol utjon was used for the liquid
cooled and recovered, whereby about 74 g of recovered

liquid was yielded. The recovered liquid was charged
into a 200 mL autoclave (manufactured by Toyoc Koatsu
Co., Ltd., Japan) and the lid was closed. The
autoclave 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



supplied fromsupply line 4. Continuous feeding and
conti nuous extraction operation was continued until
the mxed solution ran out. The liquid extracted from
the extraction ine 6 was collected in a 1-liter
relay tank made from SUS. Afdlysis of the collected
liquid showed that, using dibutyltin oxide as a
re?%F%ﬁi@YetﬂéslFﬁEPHnégnFﬁiﬁé@oaphﬁFBGtQF?FﬁuﬁﬁkBYide
el d of abou

consi #inﬁ of ,ay t 97% | i
d.%ﬁ?§ Yp %f%éﬁ%tEyﬁ-iéﬁpaayﬂba§zﬁrnfsﬂa saﬁupuegﬁo#lne- |
1, , 31 b -1, 3-bi s(2-net -1- -

a Bd B Y the ca PRISER Phe gadcRhiokxExEbtetefrom
19 ERerAERlobl B TBLEVUAELES LRIOUSE 45100 oo
”P£HH$ciaPé°p@HQ£ea%O§ t%@%%%aggﬁg §e§@gi§$egofu¥§§§ was

repeated 3 times, erein t olutton rInthere

t gkt @bk ad nedpi by-hbeny DL pHop e Lh PRoRL+ St @Q? 4obtai11%d

contai ned a dibutyltin al koxide consisting of a yie

of imboui095P iUl ¥ying bl st PRt iyl ok 14 ORY | HXY ¥L PeRRE.,
about 2% of 1,1, 3,3- tetrabutyl-1,

3-Phs(Cramspytendt propyt by ) sdl ot bamoxeseredsaNy3 g/min

di butyltin oxide as a reference. The dehydration rate

i nfinte thlynhiireadt ot ibst jora¢quiphent t heanafaetured by
cal cul ated fromexpression (16). Tributyltin(2-methyl-
1-Pr gt ox§egnthbiia Techrobdg D5de, [DOG1, E-420) set
Co arﬁgjve Exanpl e 1 (Continuous extraction nethod of
on‘?@ G D&y 6 pdintusdas @ tieast Pump (manufactured

by Shimadzu Corporation, Japan, LC-10AT) to remove
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, 'H and C-NMR analysis éf the recovered
liquid showed that the liquid contained 1,1,3,3-
tetrabutyl-1,3-bis(2-methyl-1-propyloxy)-distannoxane,
and did not contain dibutyl-bis(2-methyl-1-
propyloxy)tin.

Step 4: (Obtaining dialkyltin alkoxide after carbonic
ester production using the recovered liquid as a

starting material)




A l1-liter recovery flask was charged with 50 g (0.2
nmol) of a starting material dibutyltin oxide
(manufactured by Aldrich Chemcal Co., U S A, 98%

and 178 g (2.4 nol) of a reactant 2-nethyl-I-propano
(manuf actured by Wako Pure @®8m cal |ndustries Ltd.,
Japan, special grade), whereby the flask contained the
resul ti ng whirbe EPGPVRTRAxddABidATRECPVESRAVAE StERCRedas

to ﬁn ev ponabor éﬁgnufa tured by Shibata Scientific
TeERAGPSEy EER. thR 2285 tBYARdcPEgPARO4 recovered by

et x%%*#'ﬁfé‘%%%ﬁﬁgL@EEE&?%@E?EﬁﬁE%@%&”%E?H%din
: 1 . T [

| orRe oI T Euh ReSEkiBh, spARFaRh Rt 2 Bo kR LToP - aRenoL

oy e epCPR ey Rake ke 1 et “Tfubebra R Bea.

prepedE 81 Wt efgyappya e n. odh
flagk masm?hgﬁé?eﬁggegﬂgr%ﬁ?%ggé%? ggg¥ht§§g'afﬁo§e§01ar

tobes9k, The prapkn¥iel #ede18800tOteAd tYhESOHE tin atoms
reaction solution. Results of 119Sn, 1H and 13C NMR

anabysasnedi by theoubybihicoxifdecaspaunaf eseBheasshomed, 3-

that the reaction solution contained a 78%yield of

1, teBr3dbueyiabudybid (3-beshPl Abthybppiory) edyytannoxane,

di stannoxane, and did not contain any dibutyl-bis(2-

meEPYtained opy| bixg) tiauif ooedpveedpanastep-Exahpl thereby

(Continuous distillation method of only the | ow

boPF PRRTE pdi Pt xe@nzel e titpt sy Athe| ptartirgonergriahsand

equigped wth a , , ,
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 liquid
supplied from supply line 4. Continuous feeding and
continuous extraction operation was continued until the
mixed solution ran out.

The liquid extracted from the extraction line
€ was collected in a 1-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-1-propyloxy)-
distannoxane. Upon cooling of the gas phase extracted
from the vent line, moisture was removed using a

multistage distillation column for recovery of 2-

methyl-l-propanol.



condenser and a Dean-Stark trap was charged with a
starting material of 25 g (0.1 nol) of dibutyltin

oxi de (manufactured by Al drich Chemical Co., U S A)
and a reactant of 390 g (3.0 nol) of

2-et hyl -1 - hexanol (manuf ac@@Ped by Al drich Chenica
Co., US A, 99.6% anhydrous) and 300 nL of tol uene
( manuf act ur eiB- VaksP PurBdCRERPCAI "erREUSEPRaLedt d. |

Japan, special ,grade). _The resultjng m xture was )

reF IR ﬁﬁﬁﬁ?lgegF?n§°¥BFlﬁQ 1Rotks "rRlan sarkpabkained
st PP Fhe B ERRaE Eh et PP et PRk SoafRiFrdpe, AePaEyLE LD
et sRgrpas " s L RO T ol LBt 488 5r ) aippeva-

i T RenyTohy) o SOBRHOREeL oY 7o Het 21 €f ot sy >

11dat g =Pi $(2s - LoXy )44 0
Corpat &t | Ve Exanpl &5 (Fraphrat  Shobl-Thb starfTRgorane

mateih@l dilbdt Y1 8intetiddUiyl a lreference. The dehydration
3- bi s(2- et hyl - 1- pr opyl oxy) -di st annoxane) Using 1he
saneteretmothascse hatn of e £00@Arad s Vgr &xeapl €hdn 488 9adiie

a liquid containing 78% of starting materi al

1,daBoBlaeed abotwy | edpBedsbgR- B hyl -Tributyltin(2-methyl-

propyl oxy) - di stannoxane using dibutyltin oxide as a
r&'e?mz%%d%btfmﬁe@ Yiok b yP%%n oxi de and 2-

neuﬂ%l-l-propanol. (Conti nuous extraction of only the
l o ﬁﬁling point constituents using a tank reactor)

A 00, 241 o6k ave { eyt act ured by Toya

{Continuocus extraction method of only the low boiling
point constituents)

A 1l-liter recovery flask was charged with 50
g (0.2 mol) of a starting material dibutyltin oxide
{manufactured by Aldrich Chemical Co., U.S.A., 98%) and
178 g (2.4 mol) of a reactant 2—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 to a thermoregulator-
equipped oil bath (manufactured by Masuda éorporation,
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 8 hours while stirring and heating



Koatsu Co., Ltd., Japan) made from SUS and equi pped
wth a thernoregulator, a stirring apparatus, a
nitrogen line and a purge line, was charged with the
above-described liquid and 74 g (1 nol) of reactant 2-
nmet hyl - 1- propanol (manuf act uiéd by Wako Pure Cheni ca

I ndustries Ltd., Japan, special grade), and the lid
waldnder calo spie Bk t lee 3%t R | wieh | ther ¢ vaporat purpetge
with nitrogen gas, stirring was started. The

aufdtTavePeRont Bt st ht ke waat Bt remeeepdef Bemrehaepil

tq 125C und tirygi ith th | .
CRAT D oerad 16 kS her oS ok A e belGed oLad 19 09E 2
the rise in .t ture, d by distil|atian,
frEeage et TRr A5 O ST Y e fn b apo e
| i 1ing. s paint . ked_ t

wnp s i E Ui d R P T M e Snterance
aLQM@dq;I'Y?@ él’?&f treé)cii:ﬁ%)l 1) ! éo@éaf@%%gapﬁ%ﬂoyield

solution in the autoclave interior using

angk 113G NVR shawaduityaty, %wtzﬂmwii%&%% - a

reference, the reaction solution contal % 0

1,dikahietdrédUtald did not contain any dibutyl-bis(2-
1, 3-bi s(2-net hyl - 1- propyl oxy) - di st annoxane fromthe

dinmithat it + iIn-peope cang 2Zimet hyl - 1- propanol . No di but yl -

bi s(2-met hyl - 1- propyl oxy)tin was yiel ded. [0063]

ColffHralt i ve Exanpl e 4 (Continuous distillation nmethod

of only the low boiling point constituents) A 1-liter
& dotemmgifi phed with a condenser and a

t
Deen-SLark trap, was charged with 129 g
Continuous distillation method of only the low boiling

point constituents)

A l-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 Chemical Co., U.S8.A.) and a
reactant of 390 g (3.0 mol) of 2-ethyl-l-hexanol
(manufactured by Aldrich Chemical Co., U.S.A., 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 oil bath in which the temperature was
maintained at 120°C while stirring with a stirrer. The
Dean-Stark 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



(0.5 nol) of starting material dibutyltin oxide
(manufactured by Aldrich Chemcal Co., U S. A) and 510
g (5.0 nol) of reactant 2-ethyl-I-butanol
(manufactured by Aldrich Chemcal Co., US A, 98%.
. Di stillation was carried odtllwhile stirring with a
stirrer heating for 6 hours in an oil bath in
théPuFﬁé bﬂé#ﬁeﬁ&gdﬁéhﬁﬁylﬁﬁwﬁﬁépned at 160C, wherein
g ggqerated wat er and 2-ethyl -1-butanol were
OP8¢1 while being distilled off. After being

F med t%lvﬁggﬁpggilngodlbytyltin oxi de as a

ntained a yield of about 8%

gz?%gég ?b%&% 3%@ykfeb%%¥kgg¥é§hgterlai 1,1,3,3-

etra

bui¥k9§¥gt?isizgngfgqgragghgib&rE98h¥?hk§§eac%@%hnoxane)

butyl o tironrat or Wwas

113 0.045 npLkiHe, ¢Whi chmegelAYAr & Ehﬁﬁakhﬁgvébﬁgggfflve

0.273 nol/H ca culated from expression (

Copampleve, Exappheos éC@m&umaoaéneé&ﬁaﬁgl@@%n%Eh%%aQElng
only the IOM/b0|I|ng poi nt constituents, reacted

undetehiigh- L gnpay atveerabutyl -t ep- bm@1uem5eﬂ fil-ask
equi pped with a Liebig condenser and a sanpylng port
waprepyigew) wii htahi@®xané OuSinygl jibhtglaihi ngidet asi al
di butyltin oxide (mnufactured by Al drich Chem ca
Coreferenpe)wandobsaingd(fromndibubflténcvante and 2-
2-ethyl -1-hexanol (manufactured by Aldrich Chem ca
Comet %T%FPrQEaBQ’anhydrous) Distillation was

& e stirring with a stirrer X heat i ng
CoiCohiRteus nexbratt Lonrae  hn i e Low bolY1Rg bolhe

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 lid 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 open. 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



the tenperature was mai ntai ned at 190C, wherein the
generated water and 2-ethyl-I|-hexanol were reacted
while being distilled off. After being allowed to
cool, using dibutyltin oxide as a reference, the flask
contai ned a yield of about 4Q%i butyl -bi s(2-ethyl -

hexyl oxy)tin, 1% 1,1, 3, 3-tetrabutyl-1, 3-bis(2-ethyl-
he§9P§§§Ptéﬁ§ﬂHnﬁ§%§ﬁ@danéng9¢@ﬁrEbupyﬂﬁVﬂ(Eaétﬁ?ﬁt to
hex 9XIde The deh dration rate in_the reactor was

0. $98* nol APRLYRASCR fu&Be| BRBFEERRNSPRELYARLAN3 LS

| cul,ated f 16) . .} 0065
@%E?aigvéugﬁsﬁme?é%%ﬁt PaSna st oA ArOARE daverd

coffnavanheatl Qﬂt;’i %rgﬁé%g%?é?k? ssshRuntpe |
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(manuf actured by Azmax co., trib n conpound

cointenz- métﬂyﬁ—nDbﬁbpfth?)ﬂﬁna%9§1f@@l&@B.Of 7,600
ppm and 26.44 g (0.30 ) of 3-ne hyI-I-butano

(mb®sactured by Aldrich Chemcal Co., US A, > 99%

The flask was then shaken, to thereby uniformy mx

t HeompasativagEsahpiéoh. This mxed sol ution was
transferred using a syringe to a 150 nL pressure

veSs@ntingees f dbat SUE3 50N (Mekiuddcefir edl bytiseagevokoiling

égﬁn¥ constituents)

A l-liter two-necked flask equipped with a
condensex 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 2-ethyl-l-butanol were reacted
while being distilled off. After being allowed to
cocl, 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



316L- 50DF4- 150) equi pped with a val ve. The val ve was
cl osed and the vessel was sealed. A 200 niL hi gh-
pressure vessel (manufactured by Toyo Koatsu Co.
Ltd., Japan, FC Series Autoclave System equi pped
mﬁth a magnetic induction 3iBrrer, a mantle heater, a
ernoneter, a pressure gauge, two gas purge val ves
an% 0%5I$%h(%rsam%}¢%gwﬂﬁl%@W%Estb@ﬂnbbﬁeﬁal@eao 273
nlt%f I|nder equi pped with a _pressure
1%? 6L TPMbP R e THECR| {# 6gen gas
L@€€$£ pressure was set to 0.5 MPa using the
regul at or. The hi gh- pressure vessel gas

Y, ope and nitrogen was introduced
Fﬁ#éﬁh ét%$%FEkﬁé§{] The vessel ?eached 0. 5 NPa A
Y ere t.he
e 13%%2’2 &L ur nedorfo ?L{ll%gd at rmspf% 11_'}& p fmg
-”bé&ﬁ¥xﬁéﬁéﬂ¥hd@§t§epﬁ@ﬁéﬁ%& $§6Q?Sh1%ﬁ £§@ure

vessel interior was purged Wt nitr & 1 xed

sol uti on- cont aj 1 1\ PHESSLE EckE SPEL s WaSq VB ﬁgékg%th a
After connecting to the high- pressure veéesse iqu

S b g cEidkhsd N et 5 S3Hmpl Thg LS DI eSS URa ¥eS§akith
was raised to 0.5 MPa using nitrogen. The liquid

sar# igng( 0.l e Waso 5| sovd wt e el e r B r @iyu t J1BE 1 X&dlide

solution was introduced into the high-pressure

vegmgufaptairackdry soldrtian Ghruintal iQw r odiicedd i ntand hes1

hi gh- pressure vessel was determ ned fromthe change

ofg t e hregourad issasdianie) it hyHeal thrkanl t treanufactured
toclave was started, the stirrer was operated at a

olpt}tqro‘l? PofCheg Gam Camvd U - A x e3P <% (AT RRIES) -

h 2 A carbon di oxi | i nder
elf)itseclﬁ.tat]io%cwas Ccaa]:br(:)le c?u dw 1fl sglerrlng with a

stirrer by heating for 2 hours in an oil bath in which
the temperature was maintained at 190°C, wherein the
generated water and 2-ethyl-l1-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% tributyitin(2—ethyl~
hexyloxide). The dehydration rate in the reactor waé
0.175 mol/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



(manuf actured by Showa Tansan Co., Ltd., purity of

99.99 vol % equipped with a pressure regul ator was

then connected to a gas purge valve of the

hi gh- pressure vessel. The carbon dioxide cyli nder

secondary pressure was setlié 4.5 MPa by the pressure

regul ator. The gas, purge valve was opened, whereby

car bR HROXF et bRl ngscompevaduced i nto t he

hi gh- pressure, vessel. The pressure was adﬁusted to

4.0 MPa. AftRFEFRERR ngeandls?i ki) vee Plevedsthraegh a
romthe, vessel, ~and the vesse

h d
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three-way stopcock using regrstere
tr gelenBFdot i 40U N, ahex V@ ve Ve £ Hen g xed
sol uti on was t?g%sferred to the§?€gggs Cg€%%¢at?gh by

gresnnait Yoofl. 3 heoFd asdh Bhewesd 46eh nfdn® OF 1 566

solution had been collected. Next, the flask was
carpreictartt t26 244 apniec30 e i pef O3 -avé elepl Wi tusaksBnch

pi pe, a thernoneter, a Liebig condenser, a

| olrgrisstiruredt dnn ectd minctpi Greeraineia X o dj si 1 At g >99%.
recovery vessels. The flask was imersed in an.oi

bathe tilash s Hremishakerol Wtd orhersiperan ifermby 120C. the
Usi ng a vacuum. punp and a vacuumcontroller,. the

pr AR SO grtERm | Thigharietrd cs@beiionBWaPa. Thi s

stat e ) i nt.ai ned for, about 1.5 hours, whereb
tgﬁp%#a using a syringe to a 150 mL pressuré vessel

11°
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 liquid 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



fraction 1 having a steamtenperature of 96C was
obt ai ned. Pressure in the system was subsequently
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 steamtéiperature of from®64 to
80C was obtained. The results of GC-FID analysis for
f ralthe IAher shonedssuEent ehitlsf opepat fonfwas - Bepeated 3

nepgﬁlbut%# carbonate. In addition, the results of

cht s $re %JF%%Y stReovRes el chbRT Her a¥ds Rergedt waEh70

ppm, The resuylts of %%ESn-NNR anal ysis showed that a

£ rThUtSYE n oIt Qe e R aCH LRI TIPS PLRF JRTS
tiv

7 (P ' f -
088l CORe s EEORLE Y, LSRR O 0 i

CHAUNO oo 0% AN Lol dd | REIYR ] | Dhe SOPROVALE 1n
vagseIn oS HEr BB a2 20c0 (0. 675 Bl )uSlag

di butyl tin di met hoxi de (manufactured dric

Cheind 0. ,THé S Ayuid Id |
3.5 rrl:ﬂ)% and 33, olg%lc% o%%?yrjbrlg n‘ééf:P%@%g s E6 $réplhed,

meittetedy tHanol xddrassilact o agh Hyi i fbdede CNEMR S at he
Co., US A, 2199%in the sane nmanner as in

Cdvipr-ginassusxands=16. Haeat inngted ds STut ¥ ganieliet al so
carried out in the sane manner. After the m xed
sdinhiwshicadnipdratilre Hiagh{ees s wrerezss sell was bisttermined
di oxi de gas _renoved in the sane manner, 37.51 g of
MR SAeutomaanes dd19 euteebure tWRssh waight . Heating

t hree-necked fl ask equi pped wth a three-way
st9 gggkgqﬁga%aqquyqqzﬁﬂ@g&ﬁg, the stirrer was operated

at a 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 to 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 toc a 100



connected to a connection pipe provided with a branch
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 m xed solla&i on tenperature to 120C
Usi ng a vacuum punp and a vacuum controller, the
prekstheeamseckeddfinrby paweppEdt Widh mothZeRPHaYThI s
state was. maintained for about 1.5 hours, whereby
165B8PEOBK 551F9a3?féﬁnl(ﬁﬁgﬁﬁﬁeéegtééﬁﬁ?@ﬁﬁéﬁa?ﬂéén@f
8C was ohtained, Pressure in the system

ma@ﬁéuB@L&%eﬁ??yoP?ﬁ??héPdlBQ%r@HX?Q §odBtigno¥waskpa.
Thﬁagé??rae TFacErEntbafkoi ngrLo8lantehonpephatiBSbFY of
ans y;l? L0 B BRL 128707 foRb ot i e ne Bk EPP L Ped
oo e TR R ALY o' PRl EbhbBE ekl ¥OR,
Of connd et Dok Vb Lba 7;]998P9&é‘& M@h%xsgaheht pgpearjon! c

acid ester. Exanpl e 12 (Preparat

stiaérmgmene el | &l LileBi g, Sondehsabut ¥l 1dw-pressure
3-di (butyl oxy) -di stannoxane) A 2, 000 ni recovery fl ask

wasomher gocsh Wwibe SR gwd Zdi.stmglat@f rétbubylt vassxlge

(manufactured by Aldrich Chemical Co., U S A) and

1,709 fHi4d8. wasninmefsed- mtanodi [ neathatburetlsbythako

Pure Chem cal |Industries Ltd., Japan), whereby the

f 1 Biked ofp Hitien temperature to 120°C. Using a vacuum
pump and a vacuum controller, the pressure was
gradually lowered to about 32 kPa. This state was
maintained for about 1.5 hours, whereby 11.51 g of a
fraction 1 having a steam temperature of 96°C was
obtained. Pressure in the system was subsequently
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 of 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
chlorine 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.
[0066]

Comparative Example 7

(Preparation of a carbonic ester from dibutyltin



the resulting white slurry m xture. The flask was
attached to an evaporator (manufactured by Shi bata
Scientific Technology Ltd., R-144) connected to a
t her nor egul at or - equi pped oil bath (manufactured by
Masuda Cor poration, Japan, @BF24), a vacuum punp

(manuf act.ur ed E .U_VAC Inc., Japan, G50A), and a_ .
vatabRreaRt Fon %ﬁneﬁanafiefaﬁeausyfeﬁanefm&FR?uEwéF}n

J -10S),. T . | tl et
cobPliedfa 87 aREPsERCaRE inetnl arRgugel " o "

t heri .. Th t I

closed to theredl) PEsarUFReYBrEsturas] APRRESE) BTk 23-56
Th? RHT 8€9 M@h¥eofﬁgiEH€g19%3d8§%%¥h8g§88dmmgﬂﬂ ctured
ni frogen was | owed I'nto the Systemto return Fﬁe

SYEyeALERi cAl GRERNEE) CcBY £SEUEEa . Theroblichath
ten%erature was set 119 at 126C T g %Fggg mgscompound

| noBnBedti 8t Besohb19at hnaand, 0605t pongOhol heor 3-
evaporator was started. Rotation was continued for

aboeth@D-IihutasoWhihenstactingdapy AbeattAgcHafgEal Co.,

at nospheric pressure with the evaporator purge valve

opeéns-aher2dy% t e tleactame mahméi ofs chmeComapatheibeil ,

to thereby start distillation of the |low boiling

pobkxampbasti t udeatinghagdssbierivag weratalaedcatoied out

hours, after which the purge val ve was cl osed,

whe? b t FAMQ BARME T nt P FEPT phlee sk gedago bbby

| ower ed. The req;inin | ow boi | i ng point constituents

wey TRFEF FIFe aF rPeRR nl PHRT ey st eh FarRPRafiprédeuges

ound. 76_to 54 kPa. Once %?e £OM/b iling.point .

conelreintd RO P TN st 11768 oFT, MR} PalReion

‘r’]‘gbgas r@S‘Pi’&jtéé off, ttﬂ?e 01(50 brr% hthggg—ﬂggﬁééioglgg uttathggpped
with a three-way stopcock. Next, the flask was
connected to a connection pipe provided with a branch
pipe, a thermometer, a Liebig condenser, a low-pressure
connection pipe and two distillate recovery vessels.
The flask was immersed in an o0il bath to raise the
mixed solution temperature to 120°C. Using a vacuum
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. Pressure 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




tuned transparent. The distilled off liquid was 1,255

g, transparent and had separated into 2 | ayers.

Anal ysis of the distilled off liquid showed that it

cont ai ned about 19.6 g of water. The flask was then

removed fromthe oil bath add8 he purge val ve was

S|% clos§d§bo return the systeminternal pressure
r

ﬁﬁgﬁh oﬁﬁgséqunt?Hé P¢a§k59lélﬁédd68§ g of

t he t|o uIt of 119Sn, 1H an
|58 khRIBLEE, BRcBbnghaa ¢ b o SFigh bl JPe Roptiamed
as r efogr.e ener p

f?gm g@rggutyPa$¥g %B§t§|%§yﬁydﬁgﬁghﬁoﬁgn8 was
obt ak g I T p edur .
repeatggygg%ﬁnggﬁ%o§hgrggs §§§§?gﬁno%8§,%§6ggﬁgg acid
1, dg8e3-tetrabutyl -1, 3- di (butyl oxy)-di stannoxane was
obtai ned. 120 (Obtaining dibutyltin dial koxide using
a ¢obenm reactor) Dibutyltin al koxi de was produced in
a colum reactor 31 such as that illustrated in Fig.
4. ERamplenizi nner di aneter and 4,000 nmtotal |ength
colum reactor 31 made from SUS 316, which was
f u{Brepedatidh afstppl ytakthrg2batarsappliyll 3pe-27, a
heat exchanger 28, a low boiling point conponent
r eeobeabutyhel 33;-da (buhdbosei -dB5taangasnk) qui d

separator 36, a back pressure valve 37, a vent |ine
and a ||ﬁu?d099a@% r@@@very flnéksﬂasoﬂhargedcw@th

gﬁ% ion 32, and gas supply line 29, a
ge# 3H8 a‘ﬁ%lbnogx?li thlm%lzlg élﬁaEUfPQBEFSId by
on 33 s packed_w th Coodr 0l

(?%i%&?‘ratk SR Rahetn P08 A hoang Trh80  ariepaPurel) of

l-butanol (manufactured by Wako 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 ¢il bath (manufactured by
Masuda Corporation, Japan, OBH-24), a vacuum pump
(manufactured by ULVAC Inc., Japan, G-50A), and a
vacuum controller (manufactured by Okaﬁo Works Ltd.,
Japan, VC-10S). The evaporator purge valve outlet was
connected to a nitrogen gas line flowing at atmospheric
pressure. The evaporator 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




of the reactor was adjusted using a heater set to 140.
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/Hr.1API of the 1- butanol was
- vaporjzed by the heat exchanger 30 and fed to the

r eatt bf O TonerTorthagk 3ms AmmersediAn e widd batdr, and
start %eeding the_starting material 1,1, 3, 3- i
teFPEBLEOR-QT DR PBRPFakGT - vrst ahabkade fRORREIPPI yas
[ 6 at 210 g/H th ti | uti
1 BEREH R Chan et a0 BYnohes, WO LS ChbRFELpg and
| ' . i ndustri al f
SUBBT 5 88 nadde e BBEBRe D BRAE R B RENT Hig Fifbggator
0. mi nut Do o
o 88 VB el Meredy Joht TELEGE SR LI Pol ISARE o
bagie DEESEU €0 VEhYFe By g‘@ér‘@%i’éﬁfﬁla%?og' QP6chfa1 Gy
Conti nuous supply was” continued 1n this state tor 10

haws 51 1184 1861 N0 Ebnéber s¥st €M I'PREDES: 2 Be SELAUNa $4 84 Ened
Low boil i1 ng point conponents flowed fromthe reactor

upper @aidhes, 32feee W Ghighhé heut@w vHDYE | Wgs POl Béed,
conponent recovery line for liquefaction at the
corersey 3 systewrintdenebyprecoves edas robowlhe

| i qui d- phase recovery |ine 39 at 753 g/ Hr.

Fukewrrerr e, The orendininaclior bobhkingopeinn Gpsaituents
di butyl tin al koxi de-contai ni ng conponent was_ recovered
atweeT7 Yrikiikesh ehe when ddte orvstere oterpal presepre

t he recoven$d¥éiquid showed that, using dibutyltin
oxX13fe HEOUT eforlenc? kife- | iR Eodt PRSP HRE PRt

Al KRAAR LA SH DS B! & L PPN o £, SRS PHLYK "was
removed from the oil bath. The reaction solution 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.




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 noi sfldbe. The dehydration rate
in the ¢colum reactor was 0.144 nol/H, which was

gr §3PERLPLEE SRbuyNlténoddeikorbAeHSERDCAl &P&HMNr Om

expression (16). [0068] Exanple 13 (QObtaining
digﬁ?ﬁf?Fﬂ di al koxi de using a colum reactor)

Di butyltin alkoxjde, was oduced in a columm .reactor
31 such as tha$U#¥$E§PraEQBXF SFrgS Rrogusgdifigpcolumn

i ' d_.4, 000 t al th |

'rgﬁ%%?b? ﬁierrag'dgﬂf?%mgg‘?ﬁ ﬁ%?s@mkﬁ%g Figni dheg? 50 mm

gg%ﬁ%ﬁrs&fgégte£'gﬁd2€;o OSHHD£¥t%infe§%thaFg @hn reactor
ger 28, a low bbiling poi At~ conpénent Tecovery

lipe R4de aff&ﬁd%§e§»1635whfclga§é%! EHkgééﬁgﬁgég% 30sufply

back pressure valve 37, a vent line

| i Th&l- PhASE é‘gﬁﬁl/?rl/iﬂ)é N273% REa8 ELERARGeHPPE! a low
portion 32, and a gas supply line 29, a heat

exohihieg B6imndcatipexéfiactéoovéipel fle 0B al 8368H6hser

| ower portion 33, was packed with Metal Gauze CY

(St zex ChentbghidtsepaSntozedéana)badbepréssneeatal ee

of the reactor was adjusted using a heater set to

149G, Froent heinas38uppdd 4 i hieqedd-ghése anetovery line 39

(manuf actured by Wako Pure Chem cal Industries Ltd.,
on a reactor upper portion 32, and a gas supply line

29, a heat exchanger 30 and an extraction 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°.
From the gas supply line 29, 1-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 1-
butanol was vaporized by the heat exchanger 30 and fed
to the reactor lower peortion 33. A feéd 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 Wako 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



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 vapor.i zed by the heat exchanger 30 and fed

to the reactor |ower portion 33. A feed punp was used

to start supplying the startlizdg material 1,1, 3, 3-
tetﬂabutyl-l, 3-di£buté;oxy)-distannoxane prepared in

t hEN€ aRESREHREr C8sthR ErgkppeessuteonaduppBy Weraeaddusted
at,_ 280 g/H _and the reaction solution 1-butanol ]
(mafiu a%?ér%ﬁaf;?- VakBPPdRECBRe FHBRLY| HagsEPREdnEed. in

17888 ia’?%#it ERE' 181 vt %rég?mﬁsgﬁE%Qﬁ%ﬁgﬁ%ﬁ%tmeached
: T c  nei

ned 1550y 2i6etere BoucBRRLThY BrufbLermpPiettRetfarse

37 ' ] 6 3 [

STeses o6 Lot ch o B BERL IR, ANk SURPLY

t hgo SYSh q&éfﬁfhggm?énéﬁgag¥c§§é%g}l&ﬂ&'ngli?gu89§§£ion

conponents fl owed romthe reac upper portron
angle t fOUebnddies b AVW35 Dok hl NGe POI Eﬁefgﬁfoggé%v g&&VfJ’:éém
se , an

line for |iquefaction at the conden wer e

t henebyi qelovistiese f rosbvébe 1igei dephasessegpyery line
39 at 1,006 g/Hr. Furthernore, fromthe reactor |ower
poreitdreB3Bore, dibohythé nreddoxr deowent pbdpt Hign CBRPoaent
was recovered at 1,170 g/H fromthe extraction line

A ibyylisin afkoxidetdontiaintngvesmdofenm vhe recovered
gener ated product extraction |ine 40 showed that,
ust P YT HIARE tErrroxthie estrackbderbiwe, 4@ he Anglysis of
contained a dibutyltin al koxide consisting of a yield
of U RCH R LR ot A -Slbw%tw@&y)wm@rfglmmbm

1,1.3, 3-tetrabutyl -1, 3-
'oxide as a re%é%ende, 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 célculated 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 (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 0132 nol/Hr, which was

greater than the value 0.0015 nol/Hr cal culated from

expPREE| BhaPabsr f0d6d] 00&mmpretad lepghhnradumn reactor

d!g t I%in dialkpxigﬁéusing a colum reactor)

Di ﬁt%?? FniEPROXVHe hhs ProahicEasi AuanéshafnvitBagt 6PPPLY

46 h that i]lustrat in Fig, 5. I

¢ kB 285 Sty phtEFTn A Bedpl §erFaRSax. 28, 12410w
Ny 4 h h 43, .a | boi |

B ot Sollho S TPARORE 1 Bl oF Ebfneer

|°§5,h§ié£§mhfﬁ@£§ %?§%§§%¥E §éorggﬁaéﬁggfé%Sugegﬁégge

pressure” val ve I'ne 53, an rquird-

respyes Ywdhhel e i 98 2 £84CH Oiiiggﬁgpﬂgééi P8:8Ye gpﬁiﬁ‘e 39

circulation line 44 Tor circul reacti on so I on

that dasedceomumied Borai 6eass OrahQ@VEr g9 LhPP1y Al ine
reboiler 45 and an extraction |ine 55 on a reactor

| a3y pdrdabredthangeb030mandnes ekengteiorndise 500 oM a
total |ength downconer-equi pped sieve trays made from

SUS 8116 r Baae 1si ppviet toray3 Do sexs Seak ladd ut i ©h gMefahobguze
up. The trays were installed in 50 mmintervals. The
t npetBtirer Ghamtee ol Livch. + Rweittoze nWaanddj usThe usi ng a
heater set .to 1400.
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 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 éupply 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 liquid temperature inside the reactor was 140°C, and

the pressure of the back pressure valve 37 was adjusted

to 0.096 MPa-G. Continucus supply was continued in



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 WaR@3Pure Chemical |ndustries

Ltd. ., J .nd i al duct) f ly I'i 42
38800, FBOURAT Lol odveL) TLEmoURRlY LR 2,
"B ERag R TSI LR P I BLECLE Heo
th | | ' 44 dth il 45 whi

e AL L L Nty 8D SEOMLAT el e 1o

L epEf flyr oiﬁ§i%§@ég§eﬁ€a§é85va efggg;fggdﬁigg?g%cF%on

pressure” of the pressure v WasS a

0. H96¢ MPax C d 0L & NYIOUS, SYRPL Ye I%ﬁggiifgggvépeahffom

125 state for 10 hours, after e system

r egiedeTi Qui i SRaYe StStEve PW DRb | 38102901 NHoEOFPRRENT S
were flowed fromthe reactor upper portion 47 and

t hiferictie ti@re OVWErdifi thé Or SOE TG r COMPOREPSr £ £6QVEE Yal | ne
49 for .liquefaction at the condenser 50, and were
t habrimbyy 1 trioc vk exti de-omo el t 110l compbasen t eeay erycdiaeed
54 at 1,010 g/H. Furthernore, fromthe reactor |ower
paat i onl U8 g4 brey| the extoxdtionohime d0g chmpbyeis of
was recovered at 670 g/H fromthe extraction |ine 55.
ArfSy shiqwird trrRco e b | the derrwried arodest ng
dibutg%ﬁi,n oxjde as a reference, the |iquid contained
a SHHIARGAT nt ik 3G i iathg wiing ydHret pit EbgRxide
44 4% dj butyl -di (bytyloxy)tin and 55.0%of 1,1,3 3
oS Bsheenden (e P iR S B R  n
alkoxide 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



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 noisture. The
dehydration rate in the colum reactor was 0. 20
mol / Hr, which was greater tl¥dn the val ue 0. 0015

nol / Hr l.cul ated from expression (16) 50070
ExﬁﬁﬁpéylglPebﬁgvn?n&eéﬁbﬁﬁfpﬁpﬁeéléﬁkoﬁl ewySoidiag

reactor%ED butyltin_al koxi de was produced in a
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boi l i ng pdi nt conponent Storage t

pressuhea¥@bue193e 24VeBE biPeuDAt2A §e5bﬂ!bﬂ seﬁﬁgﬁon

recovery line 54 on a reactor upper portion 47,

Ci thétahk®nattORui4tEar agi ACubakiBg E@ﬁ@k'@ﬂrtiBhUtbon
that has accunul ated at a reactor |ower portion, a

r ebebbiies54andndnanxékaehcbiiohi Dend556N0A ar eagk@br

| ower portion 48, was packed with Mellapak 750Y

(Skbver phehienhdBtand Si hmeihnad)didheteenpadaByse0 mm

of the reactor was adjusted using a heater set to

14betah ierdthudpwnasmesedquippedr sitvedingysheade from
~starting material 1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)

di§?%nﬁg§aneEﬁF€p§%§ﬂelﬁr@hepgﬁﬁﬁsﬁﬁﬁnéboa§ PngEﬂén%péd‘

up. The trays were installed in 50 mm intervals. The
temperature of the column reéctor was adjusted using a
heater set to 140°. |
A feed pump was used to start feeding the
starting material l,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-
butanocl (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




12 fromsupply line 41 at 280 g/H and the reactant 1-
but anol (manufactured by Wako Pure Chem cal I|ndustries
Ltd., Japan, industrial product) fromsupply line 42
at 1,330 g/Hr. The holding tinme in the reactor was 13
m nutes. Reaction sol ution WRiSch accunul ated in the
reactor | ower portion was circulated at 6,000 g/ H by
t h&teFrchPat L8nhPRKE, 48ThRY whéchebbrl sysismwiiekghed a
he%%éng at _a tenperature_of about 140C. The |iquid

te

PEYUPEAFRsi dEOYhBOLLAREOPORAE T2UECNEAESt Were flowed
back pressure valve 52 was adjusted to

pressure, of the
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recovered fromthe [iqurd-phase recovery

1, 00619/ d¥ i FUr thee RBFRoré | OPY SR hEALLQELL PR wer
portion 48, a dibutyltin aTKOX|de-contaln|ng component

wasoretovet@d atdObdt gltinfiDpvkh@e X6k 081 H0Rg! ESBpSRent
Anal ysis of the liquid recovered fromthe extraction

| i wes SBecoroseed tdmat 67 Wsqg Migr df both ythé neokidlet 86naline 55.
reference, the liquid contained a dibutyltin al koxide
coMrkY$ig of thyix¢coofredoliquibd 38holvddit yhat, using
di (butyl oxy)tin and 53.6%of 1,1,3,3-tetrabutyl-1, 3-
di %RHSN%%@B-Qﬁ%ﬁ%ﬂﬁﬁ»@ﬂﬁﬁfﬂ¥¢mﬁﬁylth@ bigwikd deohbained a
yhg{d of 0, 022% Meanwhile, the |liquid recovered from
t 9?%%&%&?ﬂéi%9¥%§ﬁ»ﬁ9%ﬁ#$?kn$4o%a% Yieka paf ezouhd
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/Hre,
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. A 50 mm

inner diameter and 4,000 mm total length column reactor

46 made from SUS 316, which was furnished with a supply



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 nol/H cal cul ated from
expression (16). [0071] Exanple 16 (Cbtaining

di butyl tin dial koxi de usi ngldaécol um reactor)

Di butyltin al koxi de was produced in a columm reactor

61180Rnlhs naEPPiyusirat 84.ia Feat exchasgernt3; nﬁelow

di amaier and 4,000 mmtotal |ength colum reactor
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portion 62, and a circulation I|ine 59 for circulating
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| ower portion, a reboiler 60 and an extraction line
76ceacior chntear pomeionotd) ovtas Glacke@s wockadeWdbak 750Y
Mel | apak 750Y (Sul zer Chemtech Ltd., Switzerland).
TheSulaperChemtedi Lted. r o3l iorembsnd adj UBhed: empegetture
heater set to 140C. A feed punp was used to start

f

&oli e tTRactor 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 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 reboilér 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
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



starting material 1,1, 3,3-tetrabutyl-1, 3-di (butyl oxy)-

di stannoxane prepared in the sane nmanner as in Exanple

12 fromsupply line 56 at 280 g/H and the reactant 1-

but anol (nmanufactured by Wako Pure Chem cal |ndustries

Ltd., Japan, industrial produict) fromsupply line 57

at, 1,332 g/Hr. The holding tine in_the reactor was 13
R

mi ROt NIRBRERIE0 FORBPRENS TRECYS LY ddRgl 40edon t he

I ti i | d at. 6,000 g/Hr.b
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steady state. Low boiling point conpon
froms tBeoveaEHOALUBDE gPAL! F@BmOBnaNd xtPLRYEBNt HenkoYs .
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boi I i ng poi nt conponent recovery line 65 f

| i guelgsi soofathéhigqandenrsebvebedafdonetRet BREGAYtion
recovered fromthe |iquid-phase recovery line 70 at

512ing/ bb. showedothahg psing dobpeptnis wei&eah§oa
recovered at 496 g/H fromthe reaction mddle
pokefeneseeyi thehbiquiduednphisedr ecdibuyyltie ZEkoxide
Furthernore, fromthe reactor |ower portion 64, a

di BoRI EFENGI RExe deietdnofi aAbaygt céfpdhedibubyl-

rqgo ered at 603 g/H fromthe _extraction |line 76.
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hat, usin oxi de as

| d di | ti
T ATRISITE- 1 ShanRt e nelrabubi Duts) BRRORIRoxhad 2

Coyféf&igﬁ @f0f2¥jelﬁegﬁwﬁ£fgf 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
exXpression (16}.
[0071]
Example 16
(Obtaining dibutyltin dialkoxide using‘a column
reactor)

Dibutyltin alkoxide was produced in a column
reactor 61 such as that illustrated in Fig. 6. A 50 mm
inner diameter and 4,000 mm total length column reactor
6l 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




47. 5% di but yl -di (butyl oxy)tin and 52.4%of 1,1, 3, 3-
tetrabutyl -1, 3-di (butyl oxy)-distannoxane. Tributyltin
but oxi de had a yield of 0.021% Meanwhile, the liquid
recovered fromthe |iquid-phase recovery lines 70 and
75 was transparent and contdizged 2,200 ppm of

ture The .dehydration rate in the columm reactor
ma§ 0. 31 1oWpPPifl 1nfh PER Nia SORPEREBL @ﬁaﬁaaﬁet@akué7 a

goo 1 nmol/H calcul ged from expression (
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conponent recovery I ne enser
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pressure 8alvg 89, agveﬁtgﬁ?ng 6%3253 éh??gu?gegvﬁ gellne

regbvenyal regcbdromiadle %b@leHPGE Pehll 8Nc8%cudation
supply line 77, a supply lTine 78 and a heat exchanger

791 bneaSpeficrocintdibeingr téootB3n 88UuBi6hl €Hhat has
line 80 for circulating reaction solution that has
aceonuhalatiedt ath aemeadotorohewepopbibilona aebebbiieBl60
and an extraction line 92 on a reactor |ower portion
SanQa%np%%ké@Ch#©h Menée apakotsaYréSoteer 1Ghent pohtion

? Switzer]land), The tenperature of the reactor was
hst¥as (Remked Witk fellapaly 130¢, (Sulzer Chemtech

td., 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 accuﬁulated 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 thé reactor waé 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



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 77 at 280 g/H and the reactant 1-
butanol (manuf act ured by WaR@5Pure Chenical Industries

t apan, _i ndustri al Eroduct fromsupply line 78
ats ga §055PFF THEYhBPd h§9tpﬁénFn09ﬁ50néa gof lprgde from

tes. Reaction sol ut Hnulated in_the
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131 state for ours

regehed aLoﬁtB§§Y1§§ %Slnﬁoﬁbﬁﬁbhéﬁgspﬁéfé SQEBOP@85§ered
flowed from the reac upper” portion 84 and through

thet| 096 HoHEi DPoMOLRE £OAPODNERImiLEDYERYrting 88 §0h the
I i quefaction at the condenser 87, and were thereby

r etbyei dephasen theovényi Ui phad®. r cEQYEh¥rhbhe, 94rdh the
1,031 g/H. Furthernore, fromthe reactor | ower
po¥eaoreB5lowedi bottylion né4) kaxddea cpht ah nd hior bagenent

- was recovered at 602 g/H fromthe extraction |ine 92.
ArfePRERsning ¢omPoReRY cves recoveretoneds®hag/Husfngm the
dibutyltipn oxjde as_a reference, the |iquid contained
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dibutyltin oxide as a reference, the liquid contained a
dibutyltin alkoxide consisting of a yield of about
47.5% dibutyl-di(butyloxy)tin and 52.4% of 1,1, 3, 3-
tetrabuty1~1,3—di(butyloxy)—distannoxane. Tributyltin
butoxide had a yield of 0.021%. Meanwhile, the liquid
recovered from the liguid-phase recovery lines 70 and
75 was transparent and contained 2,200 ppm of moisture.
The dehydration rate in the column reactdr was 0.21
mol/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




but oxi de had a yield of 0.012% Meanwhile, the liquid
recovered fromthe |iquid-phase recovery line 91 was
transparent and contai ned 2,200 ppm of noisture. The
dehydration rate in the colum reactor was 0.21

nmol /Hr, which was greater &B&n the val ue 0.00037

nol, / Hr al cul ated fromexpression (16). [0073]
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colynmn_ .react or i yltin al koxi de was produced in a
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solvent supply line 96, a circulation line 97 for

ci TEubmta noeactonTth bddle rSaetioh $) Wndna @ifebDitEsn
98 and an extraction |line 109 on a reactor | ower
pokinend A 0Ror wakr pakikeithgv 1 dadiel drapekl FED (S 2 eias
Chentech Ltd., Switzerland). The tenperature of the

r g tuleiteddusa etkastion oweatprrsiint o2 146k iver 81

feed punp was used to start feeding the starting
metEF 13 SIS Bla kit -on 3 digatiigs okgyer 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 Examﬁle
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 8% was adjusted to

0.096 MPa-G. Continuous supply was continued in this




di stannoxane prepared in the same manner as in Exanple

12 fromsupply line 93 at 280 g/H and the reactant 1-

but anol (nmanufactured by Wako Pure Chem cal |ndustries

Ltd., Japan, industrial product) fromsupply line 94

at 1,330 g/H. The holdingi3ine in the reactor was 6
was used to supply hexane

?L% %$§é€§F23g390M£Eo PhFErCHBATRat hengustemesepched a
S0P o BREYeREArg -1 | hevoBOLbiRePPant: GPPORE tHotiraRd From
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apoot 189 ROk ioah CraEBLER0 Find, BETRRE™: cnct or

was j e e t b S ve
lopioePsceten mhehaersungiy, 07, POEK BRERSHRSLHRL S
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the systemreached a steady state. Low boiling point

colrpdBeny2HEL ovedrinesbhe, r eashothdPPeaCPBE! 1 8Re101
and through the | ow boiling point conponent recovery
| i pertOS8nf®b, | aqdebacyivinaslkbridendentginifg, camngonent
were thereby recovered fromthe |iquid-phase recovery
| | ¥i@s 108cavenedsat gb P . gFirt hremotlee éxvrathioneadher 92.
| ower portion 102, a dibutyltin al koxi de-contai ni ng
cotpdhedisvel Eeeoverevderned sPiqyidr shewedt heat, using
ex%rac%iﬂn, line 109. Analysis of the recovered liquid
shOWREEYhein ox1dg P baitJEEFeRGE dethe hideidreppbained a
the. liqguid. contained a diputyltin_al koxide consjsting
o SV Gin CRTAGHIRE Sotad ti Pk V9L oF (BeR bos) P ARG
464 P29 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 liquid
recovered from the liquid-phase recovery line 91 was
transparent and contained 2,200 ppm of moisture. The
dehydration rate in the column reactor was (.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




1,1,3,3-tetrabutyl -1, 3-di (but yl oxy) - di stannoxane.
Tributyltin butoxide had a yield of 0.013% Meanwhile,
the liquid recovered fromthe |iquid-phase recovery
line 108 was transparent and contai ned 2,500 ppm of
nmoi sture. The dehydration rdt3 in the col umm reactor

was 0.24 nol/H, which was greater than the val ue
0. BOO3 T HoPPLPCSPRRPREEA FRORVERr 448000167, CrpGsAper

Ex le_ 1 L Qi di.b [tin dialkoxid [

ot 2onfat OV RPALAPBRPRREE FPBPPBRNApSLPaRdS) Cank 105, a
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Ni L j ' 1nalid. 134 PFD1 h
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9, 3980015, | rSHBg 8y LBt Bl Buchanes

distillation apparatus 1 rom

fupbi shed weaBtarsHpabYel pAet1dA, 1805URRKYahi BEgahid,
a heat exchanger 112, a low boiling point conponent

r esoVeeyt | supplib6linecodfdenseirddlatachoWinboblhi Agr
poi nt component storage tank 118, a vent line 119,
andircll guing phasemukebeér yehttitod 2800t ohpagt ®e&boiler
upper portion 114, and an extraction line 121 on a

r ed@t dnd | dpeexporct bon 116ne The9t enper ataceonf Lower

reactor was_adjusted using a heater set to 120C. A
f RA P RS, usad pPackedrvithcMehyapak 780%r { Snyzer

material 1,1, 3,3-tetrabutyl-1, 3-di (butyl oxy) -
di *B%Tﬁ‘h%%rét%r ep%‘fﬂeHZ%l%/lh@ san%héraﬁﬁ%i?eﬁgg‘ilﬁe ERankhe

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 93 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industriai 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 Inaustries 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




12 fromsupply line 110 at 4,600 g/Hr and the reactant
1- butanol (manufactured by Wako Pure Chem ca

I ndustries Ltd., Japan, industrial product) from

al cohol supply line ill at 22,000 g/Hr. The hol di ng
time in the reactor was 6 nmilgdtes. The liquid
tenperatuyre inside the reactor was adjusted to 120C.
CoRE
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showed that, using dibutyltin oxide as a reéference,

t heerd i Ol bisp Ntk oesh &q dF Pork VERE N L NsL b
of a? yi el d 5? about 34.ZWfﬁ?bt%il%%#%%ﬁtgﬁ%gg)?%ﬁsgﬁgy

65li% DI8 at 1,088 g/Hr. Furthermore, from the reactor
1,1,3,3-tetrabutyl -1, 3-di (but yl oxy) - di st annoxane.
Tridey | portinn ckiZie datliisutyyet th 04101886 cdkeaihi hg,
the liquid recovered fromthe |iquid-phase recovery

| i SRERFEMaas arspeirertd atd &ht@d e df 2o00thepexotaction
nmoj sture. The dehydration rate in the reactor was 2.5
not ¥ LG c PRy fretfertheareeoree ned vkl @2 DO 63homwed Hehat

cal cul ateq fraom expression (16). [0075 Exanpl e 20
using é¥Lut§it1nl%x1de as(a geférencg, the liquid

contained a dibutyltin alkoxide consisting of a yield
of about 54.0% dibutyl-di(butyloxy)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 mel/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,



Step 1. (Preparation of the starting material 1,1, 3, 3-
tetrabutyl -1, 3-di(butyl oxy)-distannoxane) A 3,000 nL
recovery flask was charged with 759 g (3.05 nol) of
di butyltin oxide (manufactured by Al drich Chem ca

., US A) and 1,960 g (2683% nol) of 1-butano

Co
( ctured by Wako Pure Chem cal _Industries Ltd.,
Jgggﬁi, gge8§ thats tddRstsatarnés File PesuPt PRAgmm

ovibBrE: 8 “¥aEREr 268, cd0BymenFhed 18e0bh: pr perizontal

{h By SR aH5Pt b bb8R BPPaBath®( hhauPadeuFEam,SUS 316
(e Ser e, PEva Per THILERE, 1 Bo o5 BURRET L ine
VaPPPﬂ*&°Hé£9'é§%h§ﬂ8§ﬁfffﬁyr§dl %rﬁgfffngwégggkggiiet

136 Japan, VG 10S e evapora purge’v

WaSomSORaeEt B&-bPe By Nt {£O0EN6 08 LiNgefLOW Dg7at 4 10w
at mospheric pressure. The evaporator purge valve was

Clipseting pdiet ebympONEIit t CoPAGSSUERK | M & heaSYsh€Mine
The purge valve was then gradually opened, and

ni 1¥9gemaes 1idqoivephase tdbecsysyermi® 120 UsR &heeactor
systemto atnospheric pressure. The oil bath

t aiRRgatRe et s Eet, and 127CxOtectfiasklivwe i2nhesses

in the oil ‘bath, and rotation of the evaporator was
StERAIEPT RARY drPNiiEon cbhb i nuBe foempdoat udd of nubes
while stirring and heating under atnospheric ;ressure
Wit eEH AT BTt e HYNY A reaten, sehetebl2 e
reaction solug#on cane to the boil, to thereby start

distillatiof of*ThPY Ry “Hdi 155 i fitatonkeed tamt she
TS ALHF A% BN 3 tetrabutyi-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, 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 this 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




for 7 hours, after which the purge val ve was cl osed,

whereby the systeminternal pressure was slowy,

| onered. The renmi ning | ow boiling point constituents
were distilled off when the systeminternal pressure
was around 76 to 54 kPa. Ondeé’d ow boiling point

constituents stopped being distilled off, the flask
was "PEfsY deFoEFFHEGG?E B&t 8, ©PRe I/ Excifitom $deut i on

h : . The.distilled off Iiquid
195 AR Soh: RARRTIRT ARRLG=3s aarb aes T ersy daauid
Anghysi he distiLled. off .liquid showed i
conrarra habnc o540 WERefArap SHider AR radlnbie, the

rempyedaf EGAL ARG & B?Bpﬁgﬂgihhglﬁg§gg$x F%%}?%é&geof a

slow’y closed to return system it
t oyial fosphgpbGt PEESSHT Sibaﬁglthﬁ.’iﬁu}f%@%%ggﬁggi ﬁ%ggf 5.7%

the 137 reaction solution. Results o

136£NMVRL, apatyet sapheyedl | Baki (4ekPYodihubykibRngXhIe .
as a reference, the generated product

1, TrBpGeyet iabbiiybxide 3ndd(BUyYEORY bfdDSHABROXARBAWAR i 1 e,
obtained in a 99% vyield. The sanme procedures were

r epat tla@idi nesovendar Ebymathet af qot dSpK48egretovery
1,1,3,3-tetrabutyl -1, 3- di (butyl oxy)-di stannoxane was
obtBifeli20 Stap bragshaoent ngndi bangbinaddRabROxpde of
using a columm reactor) Dibutyltin al koxide was
prtREd ¢ n al2e| dehydrabienrratehiasthhareattast wased. 5

[ i nner dianeter and 4,000 nmtotal

in_ Fj 4. A 50 mm

| it P YRR SRt ST eate huloah b SUELBE 60 - ARF&hmaALHE

| LPLSDEL A L Bl e 28y @ supely Tine 27, 8
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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 Co., U.S.A.) and 1,960 g (26.5 mol) of
l1-butanol (manufactured by Wako Pure Chemical
Industries Ltd., Japan), whereby the fiask 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 wvacuum pump

(manufactured by ULVAC Inc., Japan, G-50A), and a

vacuum controller (manufactured by Okano Works Ltd.,




boi I i ng poi nt conponent 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 386and an extraction |ine
40_on_a aibor | ower portion 33, was packed with
GodaPahT ﬂ@p Sh- (TOR§oeYBROEALORaRAAAE Kakve Pupasf. was

of  the reactor, was_adj usted usi

Thg te rgt re ng a )
hea?re"rlggg? t 6° 1208 T @G §RE dhBeshppryngi A€ agmospheric
1- fact d Wako P Chemi

e e Re TS "SRR e e BV F Pal V= v Sdner) cuaseredo

t b L.oxj.d fed _at 3 NL/H

o AP0 o, EAERBEe gL QL ot 08 S o BbL e

0. ] 33.
A foo phas ehee (b Cop el ab AL BBEM o T5s

met e6wed Indoe 3¢S t £FSBAHI ¥ - deBafh (Pigél%égﬂf}fn tq

di stannoxane from supply |line 26 at and the

r eachoopheol ¢t ods sla Pl anphe (FBNUEREN UF 8HpBYa VEKE FYECset
Chem cal Industries Ltd., Japan, industrial product)

f ran B2pigl.y |Thee fAAsk Wkl ightdrsethe rhalih ngi 1 igEeH N and

the reactor was 30 mnutes. Step 3: (Cbtaining a

cafPort rorseertiie mwapatkydt i was askaxt de) ARSe£dipunpas

was used to feed the reaction solution obtained in

StenPiniedotoy/ahoutht 4D thimutes whilststinting and

eqﬁgpnent (manuf act ured by Kobel co Eco- Sol utions Co.,

Lt At g N defet2 i siite bie RERISUIR SvilkiPathe eempyrator

voI%;ilgﬁgpqgonents.kIhe non-vol atil e conponents were

cdoTelF At Fe e RSB Hh e 4483 Hon 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 reaction solution had
tuned transparent. The distilled off liquid was 1,737
g, transparent and had separated into 2 layers.
Analysis of 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




were fed into a 990 nL aut ocl ave (manufactured by Toyo
Koatsu Co., Ltd., Japan). Once the secondary pressure
of a carbon di oxide cylinder connected to the
aut ocl ave via-SUS tubing and a val ve had been set to
4 MPa, the valve was opened37whereby car bon di oxi de
was fed into _the autoclave at 28 usi ng a_nmass
fI bRAESAPPOFPERt ipAanuRasRLEEdOBY %Sab Torarst 40 oRMR
g i The  tenperature was raised to 120C. The
af §Sf‘Fm§hPHedt FlEa’éut BefagediRytubbin oxhder aSTﬁe
I|9ukd t hat gg ted with the carbon dioxi de wa
trans?ﬁ??ga t b8 g@ﬁ?@@ﬁgdCBFBGHcaléxﬂdé ﬁeﬁ8§§ﬁbﬁﬁﬁﬁ‘

o 53 SL PbET Lofy ) AT LALNoRRER  HaBuCPEoiBen tnea 998
/H hi

dlg%%+?2t?g%gé%§£% %Q%nanu%ac?3%2858$ai§6 K&bBREo

EConspbiv i QNsofR1 » okt 4. 7?§a§a8% $ei 5031§8$ %Egtyibgyg—

1.3 kPa to renove vol at onponeént s/ ~i A

di butiyhe $0 9724 €5 . AL %e Nl VOh e Lhgg component s

were cool and recovered. This uty car bonat e-

(xﬂtépr&ﬂg(@ﬁ%éﬁmi@gC@ﬂ@@@?ﬁﬁ1Mﬂélﬁﬁﬁoﬁidgogsgﬁ 'EBQumn
the mddle stage of a 50 mm i nner dianeter 2,00

cofemgtdengt h conti nuous nultistage distillation
colum that was packed with D ckson packing (6 mm
i nner  di ane?Erytythior eblkaok 5de | was | prodepad aihoa waSumn
carried out. The cooled liquid was a m xture of
A Stfeh a8 Hihat chkboneated 9B% Bigwhd ch ArS0 mm

1-1f#
d|q§%¥ dEarbonate No tributyltin butyl oxy was
1S 3% ety 0L 1T i et ahokengich cho bumereactor

Fbmeé%?P fﬁéﬁ%}éﬁ%{i;éytéhgﬁ Chlorégﬁaggggygigh a supply
line 26, a supply line 27, a heat exchanger 28, a low
boiling point component 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 extraction 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 vapérized by the
heat exchanger 30 and fed to the reactor lower portion

33. A feed pump was used to start feeding the starting




anal ysis of the non-volatile conponent did show that
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy) -di stannoxane was
present, while dibutyl-di(butyloxy)tin was not. The
1,1,3,3-tetrabutyl -1, 3-di (butyl oxy)- di stannoxane
contai ned in the non-vol atill&8onponent recovered in
Steg 3 mai returned using a feed punp to the colum

r eBet&F134, Lladd 3steperrakutvdpdatedl (P viliogyi) ¢
teggggature i nside the Step reactor was adjusted to
140C,

2
2RGOFABSp FESWUFEPBL Yt Adnepgk afr @3OuLd HFappd She
iusted to.0,09 -G ti | |

coReRAbaahT RopRe o8, rbufanolo (RABBEStareeh B HEK, Rure
dy, state. Low.bqili i nt
e e PR B3N R dapeDy  1OABEr Taak: PORdEST)
he- il int 14 : o
e nvar SUPPLLShRl ek BEIPE L. M CROR AN ER  Eape in

35thange M6 6rt REL Y fhfﬁeysg?d fromthe 1iquid-phase
recovery line 39 at 753 g/H. Furthernore, fromthe

rescépr3t ovehtpOhihgNa3darBon HELEEYLY Brom dialkyltin
al koxi de- cont ai ni ng conponent was recovered at §07

g/ #tkéxnde) he extraction |ine 40. Analysis of the

recovered liquid showed that using dibutyltin oxide

as a ref erenkefe¢tiephimpuivas castdi bedfaedi bHeéykrehBtion

al koxi de consisting of a yield of 41.3%dibutyl-

di e yioxyhtained 58 F06pf2 latl, 803- g irabotyl tAiR- film

diéfut%#oxy)-distannoxane. Tributyltin butoxide had a

yi & ook 1 35 1M, cQpbrRen F e{mamef 2¢gured ey okebeticéd r Bav—

t@ﬁ_gLﬂgid-qggse recovery |line 39 was transparent and

cont At meth 2, 500 peirifof YefpaRLreet The 8RHy anst iahwutate S
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 liguid 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



in the colum reactor was 0.144 nol/Hr, which was
greater than the value 0.0015 nol/Hr cal culated from
expression (16). In addition, the yield of the dibutyl
carbonate obtained from Step 3 was about 30 g/ H. The
obt ai ned dibutyl carbonat e di3® not contain any

chg E npounds or trlbutﬁ conpounds. [0076]
HBF c?lEFPr§8&€F98ﬁso§°dvp &ayl JapBonasetf teml30°C and

t he production

SL%@Sé% 3 Eggﬁ%ge%g%$%gggﬁﬁégggprSEQPQP?BﬁSPhéHGﬂUleG
hodiBusPT g epdady fﬁégs"ﬁg%bgﬁ-ﬁﬁer 1&; copmonents were
or So5redgaft, sBe8PLRA. B, BRSSP RER s Y1, ey Ponaner

fﬁégﬁﬁﬁ%ﬁ%95“%§?8?,ﬁg¥2°§ ?ﬁ%@% SRR Shen 3 RY dgto

anchaPRasai ¥ssexgh 88 Lhab hh'yﬁhéétg ggatékgz 880 Hhe

reaction was carfied out by using a

COﬁblHMQUSéM%fEegoﬂtﬂhKSGsSﬁbyﬁhgﬁagé gh?HiYﬁatlon column
car bonat e enol and catal yst A (adjusted so that the

wetight wasipacked heithxbueRsbet peeRi dybutykmcanhepat e
and phenol was 65/35, and the |ead concentration was
ab@u@mﬂﬂeby,mwhghebydeEtBlSapbby séperdfoni vad hedtied
exchanger 123 at 270 g/Hr to the mddle stage of a 50
mP®hner Tlae apee bed 21 b@0idnvas| annikeuge hofohtbntensl and
dibutyl carbonate, 98% of which was dibutyl carbonate.
No tributyltin butyloxy was detected in this mixed
solution, nor was chlorine detected from the results of
Chlorine analysis. However, %Sn, 'H and °C-NMR
analysis of the non-volatile component did show that
1,1,3,3-tetrabutyl—1,3-di(butyloxy)—distannoxane was
present, while dibutyl-di(butyloxy)tin was not.

The 1,1, 3,3-tetrabutyl-1, 3-di (butyloxy) -
distannoxane contained in the non-volatile component
recovered in Step 3 was returned using a feed pump to
the column reactor 31; and Step 2 was fepeated.

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




mul ti stage distillation colum 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 colum |ower portion via a
circulation line 131 and a rldifloi | er 130. The liquid
tenperature of the continuous nultistage distillation
cofuftRcaent csEGRICFBwe i nBoBti arwad angifastéant et28he
and tge res gre at. the colum top was adjusted to
abottS06%k Pa° hy2REalET 6 thepgbl pres¥aredvirem ths.

The. refl ti t . at t 2, _The | boi |
N S T )
th ' [t distillati 4
rEgen pieis PR shasee ol Lk enpesLum, 53¢

o e P a8 e R R RS PhebHERE A SaRhpvered

roug I'ng

COPOPENt g B LT ABEM Eﬁ@keﬁgZa%@Egngiig?tEﬁrebXn?ﬁgsﬁfngf

conti nuously extracted at about H “f rom

12the Fr o6 ¥ 8L @01 UM § O¥BbweBOEhhONus PhENaPBLE Y D8in oxide
poi nt conponents flowed through the high boiling

poasta cosponente) i tite 1BlquaddcyRt£inébese@ybutyltin
continuously extracted at the extraction line 132 at
abplko208e gtdinsiThingooPosi yiebdodbft he, B aaidutyl-
extracted fromthe |iquid-phase recovery |ine 129 was
alfbutbwred oy Mielyhanadf54. but afiol , 1 abpdit tFRpabyt wei yhs-
of _phenol and about 1% by weight of dibutyl carbonate,.
T Y brdbitameoxanei d Brilbutyrdinfiputenhdehkad a
extrac h&g h&f 132 was 33.0 ppm of  1-butanol, about
1164S iGitihe PiraRnileouthesti ayiderghevered from
[ l . n 219% i gh f | phen
c“éﬁg3&1qé§ﬁ£§h§g§’r§gg¢gry 1$£¥ y@'éﬁé é&aggggrgng znd
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). 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



carbonate, and about 1% by wei ght of di phenyl

carbonate, and had a Pb concentration of about 1% by

wei ght. (Production of di phenyl carbonate froma

di sproportionate reaction of butyl phenyl carbonate)

D phenyl carbonate was prodaééd usi ng an appar at us

such as.that illustrated in Fig. 11. The reaction was

caW??e lEEFlE?dugﬁﬁgaéoﬁéeﬂlﬁhnﬁhﬁophéﬁﬁﬂvn@@u§h§rﬁé§d
% ghenyl carb nate_froma supply line 133 via a

pr@ ERPEF 33925f XEBU% 203 g/H to the niddle stage

mul Pré? ;aééf‘a???% lig‘éé’g]ﬂﬁgalzgznﬁaiggnﬁﬁs °R;L,”“i°t“2ds}
I
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colum 135 colum | ower portion was justfed to 2

anged GL1 P e8S4IT €a Bt i deoeP| BPMuL PRy Hﬁ§e§QJF§ﬁ§dtB°
about 27 kPa by neans of a pressuré control valve

13%onTheuses l yxfead i ® mbsesesoblit abauUbE dibhewiboiling
poi nt conponents distilled off fromthe colum top of
t heaxopna teoushenbl i sndgeatabyst| At adjusoednuo18hat the
fl owed through the | ow boiling point conponent
r OLErYy rahko 136 the mbxtlensipgtweenhdibebntiensebonate
137, .then f] owed through the | ow boiling point
corfpdriRRrnel ofag et Ahks 138 aee wheed coprEambEat jon was
ext,racte about. 172_g/H fromthe_liquid-phase
about f&eky weight) g%m a supply llng 122pv1a 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
circulation line 131 and a reboiler 130. The liquid
temperature of the continuous multistage distillation
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 of a back pressure valve 128.
The reflux ratio 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 boiling point component recovery

line 125 for condensing at the condenser 126, then




recovery |line 140. Fromthe colum |ower portion, high
boi I i ng point conponents were continuously distilled

of f at about 31 g/Hr via the extraction |ine 143. The
conposition of the liquid distilled off fromthe

| i qui d- phase recovery |ine 14@ was 390 ppm of 1-

butanol , about 13% by wei ght of phenol, about 86% by

vef §predr trauel| thar bevabel hhag apoint 19pbponenghstotage
butglghigyl carbonate., The conposition of the |iquid
ext?RCt e’ f r ot HerextharebyncPnRENYges kisesbpaphatopt

O, 7" PE Bl "0, EPRCTHY R o PR Lover
R gREROR, B0, (B PIAR SRS bhmRedohEs BEPVeeRnaguon
(R0 BloR ARALELYE SUETs Aottty YEAS L FE, ' Fodifere

o aEeh PN I Yy B SHRRY 18 NN S BPE- 108 1
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colum 146 packed with Di ckson packing (6 nmm i nner

di exotett et e d Whssre byh &l Bi%dzicﬂ;ﬁtﬁ&bé%ﬂ@é@&é@ﬁ VBge CES 61 g8s
out. The heat required tfor the distillation separation
wesbdwtt 2Hy dug hwesi glotu| af arybltesio DY abohe? 29| bmwe ight
| ower portion via a circulation |ine 153 and a

r eboiphenalband Bieuti gl doy enpieglat we afbutel carbonate.
continuous multistage distillation colum 146 col um

| OV IR T Wais Ofgd-}h%t]eidiltti(ﬁ 24105t i ke tdEE pf s Ut ke
at the colum top _ was adjusted to about 1.5 kPa by

rnﬁﬁﬁfqﬁt%PQN%%ﬂﬁﬂkgz was 330 ppm of l-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



control valve 150. The reflux ratio was set at about

1. Low boiling point conponents distilled off fromthe
colum top of the continuous nultistage distillation
colum 146 fl owed through a | ow boiling point
component recovery |ine 14243condensed at the

ComRERRgh, g BERran b T P 5l B Bt s
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the liquid extracted fromt qul se recovery

| laag&é&ewaﬁoab@fﬂ*c,ZOQndPPéﬂé)fpldéMﬂé £ETHANAL S u@Rb O p
29% by wei ght of butyl phenyl ‘carbonate and about 71%
bywdd5adyesgbt 06 dbphenyt rasbppaheandher! hapkdssure
conti nuously extracted fromthe Iiquid-phase recovery

| i centibdlwaslvéetld3at 2BRegréiflukaraticansbeseti ae abbut
and a heat exchanger 156 to the mddle stage of a 5

cn? di ahev dpoiiling cpbimh temgbhenbst dbsbidledl bEst Agem the
distillation colum 157 packed with D ckson packi ng

( 6°PMNA PP @f ablpe e¢Pnt iepepymditisthgei dhstillation
sqgaiation was carried out. The heat required for the

di e+t dn Skpuedt toroughsthedletrbeghiegreaintory

heating of the colum, | owe ortion via a circul ati on

| i e%&dr%F?%%5¥|%+nﬂ6§36pﬁ%€ FopEeusiRgpat athife
f i | tist distillati | . 157
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pressure
exXtracted at about 172 g/Hr from the liquid-phase

recovery line 140. From the column lower portion, high
boiling point components were continuocusly distilled
off at about 31 g/Hr via the extraction line 143. The
composition of the liquid distilled off from the
liquid-phase recovery line 140 was 390 ppm of 1-
butanol, about 13% by weight of phenol, about 86% by
weight of dibutyl carbonate and about i% by weight of
butylphenyl carbonate. The composition of the liquid
extracted from the extraction line 143 was 500 ppm of
dibutyl carbonate, about 26% by weight of butylphencl
carbonate, and about 65% by weight of diphenyl
carbonate, and had a Pb concentration of about 8% by

weight.

Next, the diphenyl carbonate was purified




control valve 161. The reflux ratio was set at about

6. Low boiling point conponents distilled off fromthe
colum top of the continuous nultistage distillation

col um 157 fl owed through the | ow boiling point

conponent recovery |line 1581l4dere condensed at the
condenser 159, then flowed through the | ow boiling
po?ﬁ%ngoﬁﬁoﬂﬁﬂﬁréFBFa@%cbaﬁﬁ 1hat apdlusksatedt inublglyl2.

racted at about 90 H fromthe_|iquid-phase
cLb9EHY ¥oReSTBYLnEPY Yhée€of imil 509?'61%1 fram pBw
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liquid extracted fromthe extraction

(xﬂﬁﬁméﬁﬁkiﬁsﬁhéféﬁytﬁﬁ%ﬁﬁﬁﬁé$iﬁﬁE%eﬁéf%ﬁﬁoﬁfwas carried
but yl phenyl carbonate and 99% by wei ght of di phenyl

carbionatthe Thea e ht @i ved ofseNtHatd Dot i 11 dHEon I €864+ 8Pion
solution was bel ow neasurable Iimts. [0077] Exanple
2xdPripucthoongti driexanit thyt ereeak i rspoyfinatte & bt heower
di phenyl carbonate obtai ned from Exanple 21) A 500 nL

f IRRKE &Qui poed witcwlation e afphrandisa weboiler 152.
thermonet er and a dropping funnel was charged wth

16Tf19g J(Jtﬂuﬂsﬂ nePeRa e dipHdy | canlrivuirt e Mbbt b hrae

Ie 21 and 142 nol ). of pheno
atlon c(a umn fﬁé column)loweé)portlon 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 boiling point components distilled off from the
column top of the continuous multistage distillation
column 146 flowed through a low beiling point component
recovery line 147, condensed at the condenser 148, then
flowed through the low boiling point 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 boiling 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 liquid~phase recovery
line 151 was about 200 ppm of dibutyl carbonate, about

29% by weight of butylphenyl carbonate and about 71% by




(manufactured by Aldrich Chemcal Co., US. A, pre-
distilled). After purging with dry nitrogen, the flask
was i Mmersed in a 50C water bath, and stirring was
started. Once the solid content in the flask was
confirmed to have di ssol vedl46he water bath

tenperature was set to 45C. The droppi ng funne
cofita¥hkedoBsdgrhenyl Aarponste; 6- Regahbahjtenentinnpnely
(manuf act ureg b Al drich, Chem cal Co., pre-distilled)
kepttE#cEedy ﬁﬁ%r%?ﬁrélBFlBéPﬁééﬁ 28CO¥BEEPCL iDRoppPnyas

wirt8 Shf i PR KLS oF oERARBEPAL bie {hal ceReal Paakd
R e ot 3 PR S BETE A60er "B R purheTiehgker 4
i T P R ST
oo e T RRPRS o OB CEr P8 MERCER LB L8hed

c mmw)@p%e% 0@ s PET TRAL b0 s S PR 99N 3P Y carried

showed t hat the hexanet hyl ene diamne rate o

react i orThv@shdP%equhes@bord , Ehdexad®e! Vi €isn Phepytation
di carbamate was generated with a yield of 99.6% and a

setartiad thhwiugld L H86u Liresr ¢ tigpoties dack e Yé&l @of lower
about 0.4% The reaction solution produced in this
medriomasid ed od mowl giristreatiore i 160 4 ani tebbei bémge63.
of a 2 inch diameter 4 mcolum |ength continuous

mAhs diigged diepneratvysh bl qekstiavs i thkstage

i nner di aneter), wherein excess pheno

pagking (6 .nm
%&%r]é’&lé’d‘ iGP LS otk GRNURT ANl tskan 1was on

C%dﬁﬂéééj % 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 159, then flowed through the low boiling
point component storage tank 160 and wére continuously
extracted at about 90 g/Hr from the liquid-phase
recovery line 162. From the column bottom, the low
boiling point components were continuously extracted
cut 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



portion, and the high boiling point conponents were
continuously extracted fromthe distillation colum

| ower portion. The colum | ower portion was subjected

to circulatory heating at 130C by a reboiler, and the
colum top portion pressure & adjusted to about 20
kPa. Thernmal deconposition was carried out by feeding

t heasbpPaafenaag: rhevéd 7fr bin wWrdgbsl efndbpheomlvicarkonate.
traﬂsfer line and a punp into an area about 1 m from

t hENBofPBRPELLACR Pﬁcﬁheuéﬁﬁvéﬂ gxfrestesn fremgthe
conttnuo S nuht st?g§1d|stlllat|on col um Eacked W th

Di ER5DACPAGRI Ny E6 FRREF 18PEmiEEF) thaReths| BpAsurable

d I h
o0 Ehi b8 b B PP TpRER ﬁ “tREooBRt h%gﬁsﬁ % Pwﬁﬁéi@gt o
ﬁé§§%e5ﬁ§%2§§f§§§g§éf.SE§§2§§ brind, SPReagteafisnein the
ma§e§a££@ﬁtsglﬁelosaéseug?igﬁ"héggﬂkgﬂléfgfmﬁpgut 2 m

fromthe upper portion o e Co enodl was
extpagted in gaseous formfromthe upper portion of
the columm. The hexanet hyl ene dii socyanat e-contai ni ng
coppanedé »As fed into the mddle stage of a 2 inch

di aneter 4 mcolum |ength continuous nultistage
di$Pf¢dw¢tb®ncofunax@mékﬁﬁleméthiﬁkﬁ&ﬁaﬁa@éckkaﬂ {BeMm
i nner di aneter), whereby the hexanethyl ene

di ¢ tpeganht @a washaue | ¢braindtef cohubRampbae?l porti on
was subjected to circulatory heating at 120C by a
reb0|ler ard 0@ mbl fhask opapbppednwptiess useirnasg

usted to about 0.13 kPa. The conponents extracted
FREEH ImtRFPRBeEeBnaNera dbeRphed fwanehgwas

99 §§§£E§QQféﬁyigfe di 6S?§y£gf}eoguéﬂéydlphenyl 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 I1,6-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



addi tion, the conponents extracted fromthe colum
bott om had a mai n conponent of di phenyl carbonate.
[0078] Conparative Exanple 8 (Cbtaining hexanet hyl ene
di i socyanate froma chlorine conpound-containing

di phenyl carbonate) A 500 mil4f/l ask equi pped with a
stlrrlnaaggg aratus a therponmeter and a dropping

f ulfRgl @ efafgelhaft hhesiiguid, ?Smﬁﬁr?téﬁedﬂﬁhéﬁ?l

o REaRG  Hap SRR o S oAb eh o sEaipr et -
%ﬁﬁ%?c§% P8 dehaaR B eo hTRn ey Laots: ehropargiRgeny
Wi L hqd ¥lnbéf:xﬂggg%oﬁhShréJng%ogf:aﬁ{lggnﬁéiggo%gg%t ﬁgg 1,6-

wat er Dbath ng was

SOhbdonhglbnb oLl hlaskiuase cOOLLTURALLQ haYE,

di ssol ved, "t he wat er tenpera uré” was se

Thehdf eppi 106 HERShe ERP1 8h8CFn3RyY df Qa3 of,
1, 6- hexa?fet hyl ene d?am?ne (rrgnuf}eilcture% %émg{edr?gh

dwgmeﬁaté?@ wipheadiséld! 6f) obept ahdaa tenvperalucy 8F
bet ween 45 to 50C. Dropping was started into the

f1 23ké$r ot &a scomppphdy hadngl vidhil ef adpust pngzt he
dropping rate so that the liquid tenperature in the
fl ask renmai nBee be¢awehon0s¢butich pdodppédgimashis manner
carried out over about 20 m nutes. Once the dropping
vva‘sa%‘l?ﬁ%h‘ébla 2 herelearebaintgethe tpigdlat stageast a 2
ustncglthat the liquid tenperature in the flask was
FPEEET nf TeCCLYME | Heleth opontimgeus multistage

distillation column packed with Dickson packing (6 mm
‘inner diameter), wherein excess phenol 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 out 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




The results of high performance liquid chromatography
and gel perneation chromatography showed that the

1, 6- hexamet hyl ene di amine rate of reaction was 99%

wher eby 1, 6- hexanet hyl ene phenyl di carbamate was
generated wth a yield of 99%gand a selectivity of

99.6% Urea conpounds had a yield of about 0.5% The
redéiFoAYaDBRLEroanprddinedcempohestnuaneextwastbddini a

a waste heat boiler into the mddle stage of a 2 inch

di dReeersafarvofuam fBngrhacaheihudus front tbeageper
distillation colum_packed with D ckson packing (6 mm

i nRRFtuPanefefhe GRLFERN 2RdeBBeppénBRs qrsragtedciad
in_gaseous_formfromthe distillation colum ugper
poPEFBRYS ahtE i §ROBot PF nGPRBT nPOEbAPBNeht §heseCluBRe The
c ' |y extracted fromthe distillation colum
ok Ry L e AT SGF uheT Suern hoT PABH FESPORERF eRpgated
toscikc t at J at 130 I iler,, and the

col b Hhd Bdafeniiie e oo A Pef BFRRELEE 4080365

kPﬁen&@ﬁr@@ﬁtgﬁﬁgﬂggﬁéiffgtﬁgéC&?é%%f %€¥Bnb¥olﬁﬁﬁdﬁggked

the ITquid extracte romt ol u omvia a

t ransh enidkH6n apse i ”’PGirﬁl'ﬁoil@l'i‘e@rgﬁalﬁ@Qé‘Lf 1 ml%f@m, the

the bottomof a 2 inch dianeter 4 mcolum [ engt

C Otk Xk sMtuottsy Teth & | 1 BYSC fhisd té | wdd Opu£OF U8R, Patkedoyt tfin

D ckson packing (6 mminner dianeter). The colum

| olvewe papd £ iniomasa s ubjiletéetled ot ei ¢ Tot@l Ot yricvéavgngt at
220C by a reboiler, and the columm top portion

pres®iGr &y wagehdjidstad angl dtheutccd bk Rop Adortion pressure
hexanet hyl ene dii socyanat e-contai ni ng conponent was

ex{3actErsteddsecitkowiorin ¥3 defan afka components

extracted from the column top portion were obtained
having a 99.9% hexamethylene diisocyanate purity. 1In
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 chlorine
compound content of 15 ppm} 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




about 2 mfromthe upper portion of the colum, and
phenol was extracted in gaseous formfromthe upper
portion of the colum. The hexanet hyl ene dii socyanat e-
cont ai ni ng conponent was fed into the m ddl e stage of
a 2 inch dianmeter 4 m col uitm®l ength conti nuous
multistage distillation colum packed with D ckson
patkF nFTEBLH i nner dianeter), whereby the

hexanet hyl ene dllsocyanate was purified. The col umm

| ower porti or%&st %%b?%%%%dco@%e%?r%%l%@%r?lﬁébtWﬁg at

a repoil er nd t colunmm top port
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on1ha nponen

cag hop The; c,OePJ ed ﬁ@’@i@% 0 ate

C%‘lt alﬁée}g CSh ppm 3{':6‘ ol yza ?%i%ﬂfor % %%%ound

[ er&arP| & &%Kv?é&guﬁ oD fiedol yeayhanal & Hfd %rEarted
t he di phenyl carbonate obtained from Ex € 21

Valoisn 4180t I s 16 Otk dip ech W4 tdie SpSind Midehe BPPAGIRL LS WaS
charged with 23.5 g of the dipheny carbonate (NWR

aread ysstsirdi chhotd migdpeiotg arytd npairtHdtesshe | Dodwtd ng
nmet hyl groups (excluding nmethyl groups on al kyl group
erfdRperafthz? g ¢hef Misspharmia nedVd eveqrur 56 ngo W AT,
nitrogen gas, the resulting mxture was
dropping was carried out over about 20 minutes. Once
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 liguid
chromatography and gel permeation chromatography showed
that the 1, 6-hexamethylene 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 ébout 0.5%.

The reaction solution produced in this manner
was fed via a waste heat boiler ihto the middle stage
of a 2 inch diameter 4 m column length continuous
multistage distillation 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



pol ymeri zed at 8 kPa for 30 mnutes and at 4 kPa for
90 mnutes, after which the tenperature was raised to
270C and pol ynerization was carried out at 0.07 kPa
for 1 hour. The obtained aromatic pol ycarbonate was
colorless and transparent, dfs0good quality, and had a
nunber average nol ecul ar wei ght of 10,500. [0080]
CoWfSaPafPREIENEHEILE 9XLOBELEH] ﬁgomolty@adbgﬁaﬂéam@m a
cont ai ni ng di phen carbonate) A

Sg%ﬁﬁnhﬁﬁeiegg?uggapbaed wi bR a%vmmﬁayeraaea?capasw\ﬁ,Qs
?%Lu@ssi@“a%ﬂZagﬁglggyiétg' - Rakyihanper 1AG° G pchriehssier,
ouraingnd ?ﬁuﬁﬁnﬁaenpaaﬁm?hﬁr?agﬁrglo S npediiteito
pog%gﬁ{lé@dk@é : ¥ﬁ@ % %%e nperaazgeg%agaggiggdoPg by

m nut es,  after

27@éédﬁﬂg Qﬂéyﬂ?&ﬁfétéQ@rg@ée&af%%ﬁdtﬂgtcgﬁuﬁnogo%ggm via

for 1 hour pol ymer was not

noA- coamt £&Lel Yin& eagded ﬁﬁﬁ@ufﬁt$héﬁhafggtéﬁaﬁg %nm from

ol i goner having a nunber average nol ecul ar wei ght

80therbbessm\Wes aodt ohdleddidMO8dl 4 GRNBALahhVee eﬁpl e
10 (Synthesis of a carbonic ester froma dibutyl

al ot teucontmn bt hgt agé adPet JUbnt iy O6lambr pb@k&ht wilth

conpound) A hi gh- pressure vessel was charged with 120

g 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 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 diisocyanate-~
containing component was fed into the middle stage of a
2 inch diameter 4 m column length continuous multistage
distillation column packed with Dicksoﬁ 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



of the dibutyltin(2-ethyl-hexyloxide) (tributyltin(2-
et hyl - hexyl oxi de content of 29 nol %) obtained in
Conparative Exanple 5 in the sane manner as in

Conpar ative Exanple 6. Heating and stirring were al so
carried out in the same mani&xl. After the m xed
sol.ution tenperature had been | owered and carbon

di Gxid8cyaBatenBygdtivn t Be 38dé taanneithel gomgonentisxed

sol,utio re collected in a 200 mL t hree-necked fl ask
eqﬂ?ﬁ%égl§ﬁtﬁf§ £hPBe -Gy ClUPRoERE tRBX hadt ReMBRASK

magoﬁognec%ed tg.a co&iectign Eipe provided with a

br SRERCBFRE, ©4 PABPRBMHEt SRIP]NEEELI g TEEnABRSEREdS | ow
pr : ti;on_pipe and two, distillate recovery
e aHhee R TRaR RSB PR RAEe BHR R LRYoP: B ATt 8 153
" oh98:b0620bXEdcAPbUELANCLERBGEALUTe Lo 130C Using a
vacuum punp and a vacuum controller, the pressure was
gradoably lowered to 0.13 kPa, whereby 18 g of a
fraction having a steamtenperature of about 125C was

obERampUe FBe results of GC-FID analysis for the
fracti on showed a content of 55% by wei ght of di-2-

et bt dduyt i6Ar bonpbeych Abaldtéi ohomi th@/aaiﬁﬁ_eﬁkn med
from 119Sn- NMR anal ysi s that about 44% by wei ght of a
trépobghate coopbned fmsmnExatplie 2he carbonic acid
ester. [0082] Conparative Exanple 11 (Catal yst
Pr epar at i on)A Phamioim (dfaghoaneg@igped weod avavirdéng
were heated for 10 hours at 180C, and the generated
wedRparatus was charged with 23.5 g of the diphenyl
carbonate (NMR analysis 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 aromatic polycarbonate was
colorless and transparent, of good quality, and had a
numbex average molecular weight of 10,500.
[0080]
Comparative Example 9
(Obtaining polycarbonate from a chlofine 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




was distilled off along with the phenol, to thereby

prepare a catalyst A (Production of diphenyl

carbonate) A 1,000 ni autocl ave (manufactured by Toyo

Koatsu Co., Ltd., Japan) was charged with 110 g of (3-

met hyl - 1- butyl ) car bonat e obtlai2ned i n the sane manner

as_ that in C? arative Exanple 7, 490 of

pr8°8F§PtIPgd aﬁﬂmburPppeazpﬁeﬁopf(ﬁﬁﬁﬁhﬁ@@&réd byhile
dric and catal yst A &In an
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cobdrvmBLiEns SOTRCRER, soP .ol mAtuERs: SabsaButoklowteR 90
d and. 154 _
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at the | ower portion o e au ave at 5
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the total pressure in the autoclave was 1n a range o

beteeeted 0Pré@ueO0wkPan 858thOMeqOLhi BYi §8BE having a
constituents were distilled off for 4 holUrs. After 2

honumsbet hevé ndgodusl éonl 9f weigREesrWasosbeppeds »ad
t he autocl ave was allowed to cool. Analysis of the
coplplemiredhowed that about 0.28 nol of
dlé@@nﬁthyl 1-butyl), 0.21 nol of 3-nethyl-

§1 1 phenyl) carbonate, and 0.026 nol of di phenyl
carbonate had been obtai ned. The reaction sol ution was
tr Trar3etive Expmaleobd nl 3- necked flask equi pped

Eé&é%ﬁég%g”g a carbonic ester from a dibutyltin
alkoxide containing a large quantity 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 mol%)) obtained 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 énd 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 thermometer, a Liebig condenser, a low-
pressure connection pipe and two distillate recovery

vessels. The flask was immerséd in an oil bath to




whi ch was connected to a vacuum controller and a
vacuum punp, and a Dean-Stark trap. A stirrer was
added for stirring. The flask was inmersed in an oi
bath set to 150C, and stirring was started. Pressure
was gradually lowered to aB&3t 100 kPa. Unreacted

phenol a g (3; ngth i-11but | ) carbonate were, )
i SE1PPolnGf FLERC: RPLUELPH; bempraRBrepfoyiaPica Using a
: Lut | ot . ¢

s BEEHOR. POBH: SRHpReRor ) ubar BBhaPOI4Rd thepRERgFuTe was

I dj ust ed 50
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the reaction solution showed that

g) fpdct thRhehvled as bepat enhagds bese BenGEaLRE. o Fhgi o
flask was then connected to a glass pipe ~having about

a eShythéxykrcalfion®des. anth aad@0t 1oh £0i Mas | 888F Armed
filled with Helipack No. 2, a connection pipe

prwerded’ S tHMBR dmabedi pi pleat aabdet nooBtiey, waithebbg a
condenser, a | ow pressure connection pipe and two

di S¥ vy bt ke covmpouned sees suiged in ashe wasrbomee sadidn
an oil bath to raise the m xed solution tenperature to
1858 ®Usi ng a vacuum punp and a vacuum controller, the
prﬁﬁf was then gradually |lowered to distill off |ow
bo poi nt conponents, after which the pressure in

t stemwas.l| o e o about 2 kPa. About 50 g of a
DR Ll

f racty tenperature of 175C was
(Catalyst Preparation)

Phenol (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 phenol, to thereby
prepare a catalyst A.

(Production of diphenyl carbonate)

A 1,000 ml, autoclave (manufactured by Toyo
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 phencl (manufactured by Aldrich Chemical
Co., U.S.A., and catalyst A kin 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



obtai ned. The results of GC-FID analysis for the
fraction showed a di phenyl carbonate content of 98% by
weight. In addition, it was confirmed from 119Sn- NVR
anal ysis that 1.5% by weight of a tributyltin conmpound
was contained in the di phenyls4carbonate. [0083]
Cbngarat|ve Exangae 12 (Obtai ni ng hexanet hyl ene
di FSoEyaRdt Bafr SRREEBHenyThechepbraRSUcenpRsddrgthe
tributégtln conmpound- cont ai ni n i npurities) A 500 nL
f 1 88k° aVﬁpléaSwF@hSadsFPr?ﬁHgﬁg ad}bh‘?-’é@%ﬂ was introduced
t he a droppi ng funnel ed with
165£nP€§ %“ﬁ5|?OBFlaFpﬂén§hecaPBSHA9§elss gebmaVWéa
nmanner _as arative le 11
o a8 B TR hn 8 bR TRARer dcpupERTabGE So Chat
Al o resdistilled
pu?%%ngoﬁ??ﬂbggésﬁ? r%égﬁhetﬁug?Fﬁgﬁemﬁgs ﬁﬁe?séangﬁ gt

505 MRE &8s P&d hyo 2860 gFgr'gng@éwSL 5&%93 §B£ﬁ gthe

solid content I1nt ask was con irne

di 6604 ¥ EuchtS N\@f@fd@@ﬁﬁi@é{p@fét 5 4V‘ﬁ§u]§$t. tﬂféé?4

The droppi ng funnel contained 35

1, Bolexanehdyieneodiaei o &ﬂaﬁyfﬁsgaﬁeaagystebﬂéachand
Chenlcal Co., pre-distilled) kept at a tenperature of

bet lve eau e 1avd Oka s DiDppired vascsbarted into the

flask fromthis dropping funnel. Wiile adjusting the

dr oppi ng ratdnalysihatof hehe i gemdent enprowedr ehat dbeut

fl ask remai ned between 50 to 60C, dropping was

cat r3dulitoH v ( %rmthszb-h-rlmmxeh), Mc2l mol of 3-methyl-

l1-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 phenol and (3-
methyl-1-butyl) carbonate were distilled off in this
state, to thereby yield a reaction solution consisting
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 6 hours while distilling off di{3-methyl-~-



t he dropping was finished, the water bath set
tenperature was adjusted that the solution tenperature
in the flask was 50C, and stirring was continued for 1
hour. The results of high performance |iquid
chromat ogr aphy and gel pernmati on chromat ogr aphy

shgmgd iagt tge 1, 6- hexanet hyl ene di am ne rate of

r eact PEXL aS28894 L GheR BBy theB. RERARBENRY| ARalypésypf the
di mat e S, .Qgenerate ith a yield of 99% and a
se?%é??%??ysﬁiutéggGQéOYF a%%ﬁﬁpGB%HE Had6ampilell@bop) of
ab % reactio ol ution prodyced in the
abggghgﬁggh%%yﬁgga %dhegasgeﬂag?%egﬁg?gboiIer into the
mddle sta f [ ' r_ 4 olum length_,
cont i nuous gggg %gT%$s?%%eg%€£?%$P%ng%gc Puﬁnggﬁgﬁealpe
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excess phenol was extracted in gaseous rom-t

di Béhdtiat £ DN ed Ok LR BPPEEa PR b ONs anthHQchrD%Lﬁtgﬁg

poi nt conmponents were continuously extracted

di stoviddd onitic ol UFadEMEsiHo) ta OPhe FEmEOL HIMa | BYEE o
portion was subjected to circulatory heating at 130C

bycenderbmet era lanthidesnod WWIniePE PO t p.OPe PARESUHE

was adj usted to about 20 kPa. Thermal deconposition

wedi flak ki ate otrcdmery cexiswls he Bod uf l@sk diss | itedroéd in
fromthe colum bottomvia a transfer line and a punp
i A Al fatd thowaise e orixet $otuohonftemgerathre to
di er 4 m colum length continuous multistage

di I-at PEA"EoPu A CUMEC PEIPWRPR Bl Mesonnp seritrpllenymthe

is N nﬁeegs C%duier??n?v}&es(r: I)qh&-g{] gﬁr&?cﬁ.{ aLfl.rTy ! loovt\?e{ repc? rt'EciJ 0(51 i g\? f 11 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. 1In 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 mL flask equipped with a stirring

apparatus, a thermometer and a dropping funnel was

charged with 160 g (0.75 mol) of diphenyl carbonate




heating at 220C by a reboiler, and the colum top
portion pressure was adjusted to about 2.6 kPa. A
hexanet hyl ene dii socyanat e-contai ning conmponent was
extracted in gaseous formfroman area about 2 mfrom
t he upper portion of the colléén, and phenol was
extracted in gaseous formfromthe upper portion of

t h‘ébgﬁﬂrﬁﬁﬂ. 1¥hEheecRamet H9NRRE d@Fi §bejahnat EompanakiMeng

GTERGRSIS 57 AR MR CaGTE St st haren Sragebiiceuses
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WRIETH T En Boy BT bty  Hhach gk ar S 50migoad o
r ebygid g{ateaﬁnq)até?]e’ %‘%’S’ S&gd%eqt QR LY L, QN Pressure was

adj usted to about corfponent extract ed

fromthe colyude tORe HOTd WBoNBSHEOL QT e PEPYD, 304

obt ai ned having a 95% hexanet hyl ene dii socyanat e

[Mﬁ@ﬁﬁﬁrﬂédiﬁﬁ“Eé&&hdiéﬁbl&éﬁﬂxﬁﬁ%“wé%éfa&%@g fERPLERBure
colum bottom had a main conponent of di phenyl
cadborete. t¢ 0. CQorpArdppiedErme i@ty

pol ycar bonat e from di phenyl carbonate conpri sing

t riGbut yiadn ebnipdittecom iyl age | dipatiine esandf¥@EWHSY by
reactor equipped wth a stirring apparatus was charged
wiiflrichs Ghesticapeoy] mee-bbistiel lddy i kepty|at na

conpound content of about 1.5% by weight) obtained in

t HERGR ith et Retviran 4D °§t-i v®ropping was started

into the flask from this dropping funnel. While
adjusting the dropping rate so that the ligquid
temperature in the flask remained between 50 to 60°C,
dropping was carried out over about 20 minutes. Once
the dropping 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 of high performance liquid
chromatography and gel permeation chroﬁatography showed
that the 1, 6-hexamethylene 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 the above
manner was fed via a waste heat boiler into the middle

stage of a 2 inch diameter 4 m column length continuous



Exanpl e 11, and 23.2 g of bisphenol A VWhile purging
Wi th nitrogen gas, the resulting m xture was
pol ynmeri zed at 8 kPa for 30 m nutes and at 4 kPa for
90 mnutes, after which the tenperature was raised to .
270C and polynerization wad5@arried out at 0.07 kPa
for hour. The obtai ned aromati c pol ycarbonate was
brBWwht 1 5hA9R 81 &t AlkBEECAVEpAuBN nBREkEHaVi R BhEkebn
9, 000 &02551 Cb arative Exanple 14 (Production of
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ratlon Ti.t ani um t et r abut oxi de (34
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prepare a cata oductTon o

cagdmnat elowd PHSEY, rb CcdBSmP" in n
appar at us %ﬁ%ﬁ as %%@? i1Tustrate iggééfdpggtyﬁﬁ Wa8
ermw&@aﬁwﬂlern&&@iw@yﬂ g ddboiler,
liquid forma m xed sol utl on of dlnEthy r onat e,

pheerob| tFeen ch oty | (e s rE86h oo s @t e 3d2s gé us & 8o
supply line 166 via a heat exchanger 167 and a supply

| ighout6 @ kRae tTiperiddl adecomfodlint idmerasli @det B6d out by

2,000 nmm colum Il ength continuous multistage

difwading itgwe syl utrirer 7R ¢ thiak 1 evhiso £ uf pgre ok vé t dio Tren

S|eve trays of plates 40. The respective conponents

ofPAY ey G2 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 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 ffom 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 purified. The column lower portion was subjected

to circulatory heating at 120°C by a reboiler, and the



descri bed m xture were enpl oyed such that the
conposition of the liquid in the supply line 168

during operation was 50.1% by wei ght of dinethyl
carbonate, 44.6% by weight of phenol, and 5.0% by

wei ght of nethyl phenyl carbhéBate. At the bottom 174

of the continuous nultistage distillation colum,

di ARt WP teRrBeRhienvasesaureduasdatjuatetdetgasbouppl$o
liﬁ% 169 into the heat exchanger 170, whereby

di et hyl carbonate that had been changed into gas
form was feaﬁat 550 g/Hr via the gas supply line 171
Catal yst B %ef%ﬂm?g%ﬁ?ttﬁ%tﬁ%fE? s?r?ﬂt€B§u€916ﬁn top

| PERETh e CrSTPRES B85 68 HRSe byeehaREns The S
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AR Sl rd O d O LU u‘t’rrtn&)é)t%\%f‘fg%q??%%g ‘%‘ﬂ%u‘&%m
t heommmdiat | N &Ky CAPARSY & ecovery line 175 for

I i quefaction at the condenser 176, and was then
exto@esled at 551 g/H fromthe |iquid-phase recovery
line 177. Reaction m xture extracted fromthe colum
bdidngre retti v E3ddimpldri 3vas i ntroduced into the
evaporator 179 via a transfer line 178. Here, a
colfdrimaitng \wesl Yamrhesh atont S om i ghen wht@d sisénatnel an
aromatic carbonic ester. A part of this concentrate
WESPTIRFIE AN ddF H et igv agrmr wrd -1 a iom nd) el npenst 2es)
line 180 and the circulation line 181 via the reboiler
182 and t he %cifAGHUR iTHPT4 e aBBiPPRE Wi afstiering

caoncentr.ate was ain fed to the multistage
apparatius was é% rgeJ 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 g of bisphenol A. While purging
with nitrqgen 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 welght of 9,000.

[0085]
Comparative Example 14

(Production of diphenyl carbonate from dimethyl

carbonate)
(Catalyst Preparation)

Titanium tetrabutoxide (340 g (1 mol},



distillation colum 172 fromthe evaporator 179 via

the transfer line 180, the transfer |ine 184 and the
supply line 166 at 10 g/H . A part of the concentrate
formed at the evaporator 179 was extracted out of the
system fromthe extractionlbPne 185 at 0.5 g/ Hr.

Catalyst B was fed fromthe catal yst introduction

| I FRRYEaCtUreRapY TREYYi Kesnéehpau®i 6n- i nLa r adspan) and

Vb7 18, 120 To | aoE BRPGH.(HEr v ARRFAROFOT76 hpBREdat
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of plates 20. The ‘conposition of t qui

t repisd eitdd neudi8h yash 4. 104 bye Mok ot s Of pi i MEg hylphe
carbonate, 24.5% by wei ght of phenol, 28.1% by wei ght

of remst thiydrp hery | caar b ad et dvyl oD% Myowsl Yhtedfling in
di phenyl carbonate. The catal yst was fed froma
catigiuist form cducitsieh sohet DA sfichindiiyl headbonate,
concentration in a transfer line 201 was 0.046% by
wathgmel Bl maiderkpheny bfcaHeonsre | aiucik? ngHi sfage a
di stillation colum 193 colum bottom was 198C, and

t FPHIneddiiie H® tHe cblheat to-hanges kh.amsa supply

di,still.e off fromthe colum top 194 flowed through
t r%elﬂeov?zéj%dﬁq iWE fomtl CoforfemO mE VNSE |4 Freneosr {44000

! irrﬁ’d" %Ioei%nimo S ear}g tthh %O%anidneunosue sr rr:ll'u 7t' i spt\: gaer tdios]c t { lh f ation
column 172 that was equipped with the sieve trays of
plates 40. The respective components of 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 amount such
that the Ti concentration in the transfer line 178 was

0.046% by weight. The temperature of the continuous




resulting concentrate was returned to the colum top
194 fromthe transfer line 199. The rest of the
concentrate was recirculated to the nultistage
distillation colum 173 fromthe transfer |ine 198 and
the transfer line 200 via tHAé&bheat exchanger 167 and

t he line 16 After this recircul ation
op@?ggggkxﬂﬁsg§FEFiéaFlBHeﬁBFuWﬁs1H8wF91§WBpPPé§OmrUﬁﬁ
BP9 T e TR 458 Wl -
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wekine€i ITUl atRebd©idhen LYOROE ab2F r20¢2edr 8PbhNEhe column
transfer line 203 and the circulation line 204 via

t Heottehoi 1'8¢ 20531 hngl/ Hbhewss r tut addesedi DRt306he The
rest of the concentrate was again fed to the
mAvarQafeor di'st itlatd onransfen 1D3ef108n t hkere, a
evaporator 202 via the transfer line 203, the

t IRt I3t vy fonnedecontaining theecd8flwst 28nd an
g/ Hr. A part of the vapor concentrate formed at the

e Bt FPWEEL S8t ed® RREL 7L tHelsyeoreentonte

an extractioon line 2Q8 at 1 /H. Catalyst B was fed
fr'om ﬁ%erc&blt%‘%é% it(r)ﬂ‘? o?i‘iﬂ:&?%%t?# ne’ 2185 Qp theyit¥gpster

Ty GQGRYY 'Ad Yhe tirculation 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 ffom 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 liquefaction 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




the transfer line 201 was mai ntai ned at 0.046% by

wei ght. The gas distilled off fromthe evaporator 202
was extracted at 682 g/H fromthe |iquid-phase

recovery line 211 via the | ow boiling point

constituent recovery line 269 and the condenser 210.
The regcovered _|iquid conposition was 98% di phenyl
carBRFLE B N9 HPRVR S BnEmryinses ndivmct abt 2pdel nBOAymm

group inmpurities re 90 ppm_ [0086] Conparative
Ex%%ﬁr‘%“ 1@6‘6%%? ?hg Rekaret Byien¥adi peethRAdt Bithokhe
di phenyl_, carbonat e, cont aj ni ng_net hyl grou
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and stirring was started. Once the solid content in

t heatfd laskt viast raxudt Toredl i have sligisotved, thderyat er
bath tenperature was set to 45C. The dropping funne

comraderdtrs35ian i(10.8 mmAnsfdr 1 indeXxGiveidy | @ne4 6% apy ne
(manuf actured by Aldrich Chenmical Co., pre-distilled)
kéftighit -a TRhenpemparat wie bef wden it i bpis trage
was, started into the flask fromthis dropping funnel.
wiistillation column 193 column bottom was 198°C, and the
pressure at the column top was 38 kPa. Gas distilled
off from the column top 194 flowed through the low
boiling point component recovery line 196 for
liquefaction at the condenser 197. A part of the
resulting concentrate was returned to the column top
1834 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



adjusting the dropping rate so that the liquid
tenperature in the flask remai ned between 50 to 60C
droppi ng was carried out over about 20 m nutes. Once
droppi ng was finished, the water bath set tenperature
was adj usted so that the |idéld tenperature in the
flask was 50C, and stirring was continued for 1 hour.
Thea? eS8t 80 ofheii griaperfabrraAde fremi thechranafeyr pnhy

an el p ati on chromatography showed that the
1 %9 eagnﬁéﬁ‘i%wé- di Aki ReeravareratenciPdn amsongenfrate

mﬁereb 1, 6- hexanet hyl ene phenyl _di carbamate was
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I nner dianeter), ereln excess eno was  extrac
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portion, and high boiling polnt conponents were

Cardriderogisd e exdd agdLh fFain tdhec gl shild 8¢ HHe col um
| ower portion. The colum | ower portion was subjected

t alics riclil st iorry dielainmol 33 488K the sev4bOrd€sr 2@Ndvidethe
colum top portion pressure was adjusted to about 20

k P amea el i e ciihhostiie orrawmsfenaries 201 dyd fleedi ng
the liquid extracted fromthe colum bottomvia a
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the bottomof a 2 inch dianmeter 4 mcolum | ength
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out 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 concentration in
the transfer line 201 was maintained at 0.046% 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 mL flask eguipped with a stirring



Di ckson packing (6 nminner dianmeter). The col umm

| ower portion was subjected to circulatory heating at

220C by a reboiler, and the colum top portion

pressure was adjusted to about 2.6 kPa. A

hexamnet hyl ene dii socyanat e- &3t ai ni ng conponent was

extracted in gaseous formfroman area about 2 mfrom
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h'nﬁérfa AL eP e P Eoy: REmh eaaﬁéﬁgrgﬁii 5oLy 37
i T
'4???%%%%%@5 BEaPHE AL clEnCRILHT 815 u 5 0a.

‘prﬁeLSPQtified?nd ﬁP@ﬁgoﬁh#gfnégglggL%%geﬂ?E ?gﬁe t

was adj usted to' about raéte
fromshevss! WimetO8d PRT AT 998 QLA brayy, s@if ing

obt ai ned having a 98% hexanet hyl ene dii socyanat e

purasystapcaeddition, the conponent extracted fromthe

col um bottom had a main conponent of di phenyl

car bonate. [0R8F]th&osphiat tyet&ExanphetAé £htRi RhBY

pol ycarbonate from di phenyl carbonate contai ning

metdyf 1 ynedpt ¢ npave tdesyolvedc utine reacéorbaghi pprderature

with a stirrin apparatus was charged with 23.5 g of

t H&2gi pheny® 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
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
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 sclution produced in this manner




carbonat e (nethyl phenyl carbonate content of 90 ppm,
and 22.8 g of bisphenol A While purging with nitrogen
gas, the resulting m xture was polynerized at 8 kPa
for 30 mnutes and at 4 kPa for 90 m nutes, after
which the tenperature was iéised to 270C and

pqh¥ne§%éatlon was carried out at 0.07 kPa for 1
hotfS Bbt af nEStarbadt i ko pbeycinbonbie maddle stage

col prless. and transparent, of good quality, and had a

7 %vb?gﬁeéhﬁm% BF af MvEPHRRD oFemathoconbbRBpUS
PR e T P LE 1 o el Sna e PR TP PEphepan
S ontS] (i Pral AT Ton Spparal tecess phéndl
P ek S THAL 71T aaT: g, i Gt 1AF 2O
i e TR T T anpar i A5 PP o angnes

Ve ferdirshiaciom s 1y Gestt it 04 g0 SURP| ¥ 44 1€y 440y an

al cohol supply line 111, a heat exchanger 112, a | ow

baidliung poywdr QEITORAN!  MEROUES Murkr MEoWekS, per- €05 aRS ST
117, a low boiling point conponent storage tank 118, a

ventbjdated i andwdtic draptasey rac 3y byne 2edner,
a reactor upper portion 114, and a generated product
edhdtheordliymn 1P @ert icragioers Swve wgeorad prs s . to

The tenperature of the reactor was adjusted using a
h@gi%'rt & kg -120bemad decanpasitdopmess armasd out by

feeding the liquid 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 diisocyanate-containing
component was extracted in gasecus 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 column length continuous multistage
distillation column packed with Dickson packing (6 mm

inner diameter), whereby the hexamethylene diisocyanate




adjusted to 54 kPa using a vacuum punp and a vacuum
controller. 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 110 at 46600 g/ Hr and the reactant
1- but anol (manuf actured by Wako Pure Chem ca
| N"dRBtPRestied. | Dapanoldmhytioweedpgraiien wasesubjected
content 50 ppm) from al cohol supply line 111 at
22590 B atonheh et dndigati hR0Tth he rredwtidrevasarkd the
ninqges. The liquid tenperature inside the reactor
wa L A st S ROt 4P T eRREF AURS adppt edako capehubdo
irbghis state for 1 hour, after which the pressure in
the system 167 reached a steady state. Low boiling
were recovered f t he_react

Cober port s ofbd el GNP L R AR Rl <o
il dd Nyl K03 Sieaq GOPUGR ! ik COUPONCIE Wi ng o age

recovered fromthe reactor ' |'ower por

O/ Hdr s anfiad Wisd 4 | Ol er f

ext rxaa_ct i ony%%ﬁlzllgﬁ%%%% %%t t% e Iefljr}qu%éﬁﬁi(]&ﬁ’otthe
caimpohety ditrioted df fatHONITinh Btk ddatadld #fin

the unreacted 1,1, 3,3- tetrabutyl -1,
3-atin(dnrad Xy -diigHeamnfioxedehdratt been  recovered. The

liquid recovered fromthe |iquid-phase recovery |ine
120884 transparent and contai ned 50 ppm of noisture.
A dehydration reaction had not occurred. [0089]
EXamFied a4 veotzem ey 16 but yl tin di al koxi de using a

‘quﬂggining polycarbonate from diphenyl carbonate

containing methyl group impurities)
A vacuum reactor equipped with a stirring

- apparatus was charged with 23.5 g of the diphenyl
carbonate (methylphenyl carbonate content of 90 ppm),
and 22.8 g of bisphenol A. While purging with nitrogen
gas, the resulting mixture was poiymerized 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 quality, and had a number average molecular

weight of 9,500.

[0088]

Comparative Example 17

(Obtaining dibutyltin dialkoxide using a horizontal

thin-film distillation apparatus)



reactor) Dibutyltin al koxide was produced in a colum
reactor 219 such as that illustrated in Fig. 14. A 50
nm i nner diameter 4,000 mmtotal |ength columm reactor
219 made from SUS 316, which was furnished with a | ow
boi | i ng point conponent recagery |ine 223, a condenser
224, a separator 225, a back pressure valve 226, a
vent |ine ZQFbU@mlblgaﬂlEOXayerwesrpnbdﬂced ihne 228,
and a, water |ayer recovery line 229 on a reactor
up‘b%?lb%fﬂwbntfzm-f:al@ucépwllla‘elqmapaasappw l'ine
and_a heat exchanger 216 on a reactor mddle
T?%%faz%@lr%oby LT FRan EnghneepEN@ 170 pritd., Japan,

CI atln react.ion solutlon that has accunul ated at
éé@i& veF Ut pblesbretedrebofier 218 Andlamm

\i/)z;{sﬁrgeg%i(eganl\}ﬁl:{%er W1 abat?0 BBV ke oL n@ﬁ@%éﬁ%ﬁtﬁal

S

A taazﬁﬁsfeaczé3£5%sa533w
uSl%jS 10, St Ated ‘M‘ga ttgﬁ'{ (%)g'_%éjé%ailne 110, an

, 1,3, 3- tetrab nnhoxane

prﬂﬂﬁﬂﬁﬂ I fug %@ﬂfe Mery Q‘?‘eét‘f‘ EX D Ser 1@1§ FoMN 10w
supply line 214 at 280 g/Hr and the reactant 1-

buiainialnd et cddnRshdit Wdkeo ke 1Ghesn £pé, |é‘dé‘§ﬁcﬁé1?§er
Ltd., Japan, industrial product) fron1supp|y line 215

atl1l,330 IghHbo fThnd @Palinty donEonent herdeagd ofanes1B8, a
m nutes. Reaction solution which accunulated in the
r segsttorl Irenerl oraricora vidisywi d-piate dreatote HPO0L idr 1Dy on
the circulation line 217 and the reboiler 218 while
& reactor upper portion 114, and a generated product
extraction line 121 on a reactor lower portion 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
1-butanol (manufactured by Wako Pure Chemical
Industries Ltd., Japan, dehydrated grade, water content
50 ppm) from alcochol supply line 111 at 22,000 g/Hr.
The holding 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



heating at a tenperature of about 141C. Low boiling
poi nt conponents flowed fromthe reactor upper portion
221 and through the I ow boiling point conponent
recovery line 223 for liquefaction at the condenser
224, and were thereby recovéesgd at 2,000 g/Hr. The
organic layer and the water |ater were slowy

sepaR@iied aatteadysepatat orLowsboThéngrgahit tegeenegnts
the separator 225, i.e. 1l-butanol, was returned to

t HECTE cBREDY TPt r pBrEidnrozater uppen prFEionallfieat

or gani | ayer circul ation |ine 228, and the |ower

Ia€€}¢§QM$Z%r'co%?%ﬁ?@%W%F%igﬁ dopeerd t e ahkexidarer,
was recovered at 6 H fromthe t?r Iaégé recovery
i P SR P e Br TR ONET TR0 FTOR 92, Teagtor

oot PR AP EES v 5§80 S L ARERETon o neheso.

Thes 4. £ ldea&r@f-é@;fgﬁ% i {8 dee LD6 1 82CF OF e \é\?%Jzészllg\Ac&ged

and the pressure o ack  pressure valv

adinisd othd 0L 0080 RR-Ge Copldous, supplyyyes

continued in this state for 10 our

sysi @t Ershet o Staaddaterl Maysi snladheg!{ayi g, 3-
recovered fromthe .extraction I|ine 230 showed that,

usietgradibap i 1, 3 dixi sler yilSos8y) +&f Sf SkExaidiend d Qe sh
contained a dibutyltin al koxide consisting of a yield
ofreayorgretl. 2%ed 1didhuitd)/ | rechifdaad/ | fran) tie antqRbdidhase
of 1,1,3,3-tetrabutyl-1,3- di(butyl oxy)-di stannoxane.
TrASARvYa LY dling ddHevdmd menspastehtofadl GdG¥%ained 50 ppm
Meanwhi l e, the |iquid recovered from the water |ayer

r &oWstipiusfe 279 delydnainspar@actamn Tadl noosdyrred.
\M?éﬂggfnnsture content. The dehydration

Example 24
(Cbtaining 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 wvent
line 227, an organic layer 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



rate in the colum reactor was 0.33 nol/Hr, which was
greater than the value 0.00037 nol/Hr calculated from
expression (16). [Brief Description of the Draw ngs]
[0090] Fig. 1 is a view show ng the production of
tributyl-(2-ethyl hexyl oxy) -tliag when heating (at 180C)
1,1,3,3-tetrabutyl -1, 3-bi s(2-et hyl hexyl oxy)

di BP&RABRan8; rebpglez R48aandhemaert racéwonf lane 230 on a
exangle of . colum reactors in accordance with the

pr E88RECTI AOWREI BAXtivD 2PPg. wasi Pagkechwithi Mellewads
ac P anee aPEnCRERECEReLEf - | RvaherBAan) g, FhBs o
e FAaHEE APt HAENESBFESEnbbS, AJAHPEGH: UPAGS 8 hesser
;eaE ok A& or dance with the present i nvention:

Fig. 6 is a gcheggpt Q!@oﬁsé&ikgtﬁgg%ge%s?gigaPkge

LGy
of column reactors #n éccordance Wi

| nyeatt PG ﬁigerfai31913§p§n?é£faﬂh€gggﬁ §38§EBPE¥loxy)~

exanpl e ©of colum reac{ors_ln accor npé Wi
PrésefinnofyeaipEpaFed i8 tBe s8ABCHRAAEr VAEWI AT Example

still another

12 from supply line 214 at 280 g/Hr and the reactant 1-
butanol (manufactured by Wako Pure Chemical Industries
Ltd., Japan, industrial product) from supply line 215
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 217 and the reboiler 218 while
heating at a temperature of about 141°C. Low boiling
point components 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-butanol, 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-




exanpl e of columm reactors in accordance with the

present invention; Fig. 9 is a schematic view of one
exanple of horizontal thin filmdistillation

equi pnent in accordance with the present invention;

Fig. 10 is a schematic viewlé® one exanpl e of

continuous nultistage distillation colums in

actOr HARE LN CPMPPRERT cWaft I¢pueptednat Fl g6041g/¥rafrom
scﬁgnatic vi ew of another exanple of continuous
mub e sSERLER G £27 1 1326 08300l UFR liguid chemppEatwrehinside

th resent inventi : Fig. 12 is a schematic view of
st‘fefr TROTHRY "% %&Mlag‘%ftb@orﬂqw RA t5he Rpck
di st ' I ' d it h t
MRhstrOre OV £ MY wad SEEREERL G hy Oo diphrece”

t] | tist distil ti
o bt R R O O SY AR SR SERLs ofoE oED
Fikbudd, 19 oS SHAEH o/ | QN Aln ANOLAL G £XEDLE, OLrate.
colum reactors i n accordance W e presen

| ety O I A hLLAIPE db - r L PFOCEP SEL Eﬁéf%%%iéﬁkf%n

al kyl tin al koxi des, conprising subjecting a east one

al kiyrld i 2780 oyttt Hag @ W iad | iU il ox ¥ Chs | 3
sel ected fromthe group consisting of organotin
comfoureiegadthdadiiqud d dditaReege Ny td ib Rofk 80ta Bkoxide

hydroxy conmpound, as a reactant, to dehydration

r 6tH 16t ity miodugdiednd alfkydlddut alk®@é def ahisesypondi ng

to the starting material and the reactant, wherein

t KB Sustliary ddiredingl 2and % e rledctBarR-tarterabutyl-1, 3-

continuously supplied to a reactor; |ow boiling point

céﬁp‘&%ﬁ%x&drﬂ%sﬁ%m- arle itater ot Huyteide had a
yield of 0.015%. Meanwhile, the liquid 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 wvalue 0.00037 mol/Hr calculated from

expression (16).

[Brief Description of the Drawings]
[0090]

Fig. 1 is a view showing the production of
tributyl-(2-ethylhexyloxy)-tin when heating (at 180°C)
1,l,3,3—tetrabutyl—1,3—bis(2—ethylhexyloxy)—
distannoxane;

Fig. 2 is a schematic view of one example of
column reactors in accordance with the present

invention;



reactor; and a reaction solution, as a conponent in
the bottom of the reactor, which contains the

al kyltin al koxide is continuously taken out fromthe
reactor. 2. The process according to claim1, wherein
the at | east one alkyltin campound, as a starting

material, is_a tetraal kyl -di al koxy-1, 3-di stannoxane
and/ or a d|aFk?FtﬁnléxadéCQemetatlyleuxoﬁtong emampée of
formof a yner resulting from polynerization via a

t.ﬁo%‘%@%ﬂ F?ﬁkbéﬁ‘é CQlunperpREERES ABcargPRganceckaltin
’t ein e.tetraal kyl -di al koxy-1, 3- di stannoxane
i s %?t%f?%%? }nﬂ?%Fkﬁ%y 1, 3- dlstannoxane repr esent ed

by the foIIo¥n hen1ca| formul a % Fornula 1] 1

4 2 (r) | cHy- f}alﬁc%m@tfcl"}e TR RﬁEr@fKﬁmPle
c |nde endent | epresent an

aling%%éﬁ%?P§?§§§§$ g7 ot ?da%?§lgb{%p e pBrefgnke

eachydepf &sent an al kyl group or aral kyl group; a and
b are integers of 0 to 2, a + b being 2; and ¢ and d

are integersg O5t05 2, §cﬁerﬂlatﬁé n\glgv.r kéftggflf.rgég}?gier

according to claim?2, wherein I N oxi

a qodnyplE of Golwhndl dyddd s OXi Hlea £ Epresend agi By £he
follow ng chemcal formula (2): 173 (Fornula 2) RS

(Dredetst SnFaviieiein R7 and Re each | ndependently
represent an al kyl group, aral kyl group or aryl
group; and &Find § i e istlegertsi of vilew o, s€i 1] fahet Rer
2. 5. The process according to claim2, wherein the
StEHAHGE At 3¢ lainn sreantore i e eoimthice wat monioeer |
a di mer (aggre ate of the same nononmer or aggregate of
Iﬁﬁﬁgh%? an oligonmer or a polyner. 6. The
process accq;dln to claim11, wherein the hydroxy
conmpound i s ‘@ -al cotfol? schematlc view of another example
of column 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
accordance with the present invehtion;

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



represented by the follow ng chem cal formula (3):
[Formula 3) ROCH (s) wherein R represents an n-butyl
group, a 2-methyl propyl group, a linear or branched

al kyl group with 5 to 12 carbon atons, a cycl oal kyl
group with 5 to 12 carbon atdds, a |inear or branched
al kenyl group with 2 to 12 carbon atons, a substituted
oreXafRRba t ¢ f Leept Bryeus mpl 6isbage odtar bbhationscobumns
an, aral kyl group with 7 to 20 carbon atons that

cott AOEHARER VY 1| BRe cRire $ein meert baP/ consi st i ng
of a linear Qr branched alkyl with 1 to 14 carbon
atoms and a 1d§$k&§ i THYR LA 4V ERY pof BEbhE. apother

The process.according to claim8, wherejn the al coho

! SRS o A it qupl Lt ase  FRETHTatEef it amns
2-.et = an_al kyl alcohol wth to 8
cagﬁé%¥§?§¥§?&§3§ﬂhéﬁﬂgi Eﬁ%ﬁ% sl%ﬁﬁﬁﬁ{ﬁ%@ #%cl ai m
1, conprising; £ontjn I ying. t he st

mat eri al anﬁi’e%deggﬁtgﬁ%&g%%%c Jb%wt%éaﬁ%%vﬁgﬁem

| AT SO AR dRACH b ddrdadddUhfon PlRS
or in a gas-liquid phase in the reactor; and at the
Sgfeddnte, idwdtibmut a high boiling point reaction

m xture, in the formof a liquid, that contains the
produced al kyltin al koxi de or al kyltin al koxi de

m xture fromthe bottomof the reactor, while

conti nuously renoving, fromthe reactor, the produced
| ow boiling point reaction m xture containing water in
the formof a gas by distillation. 9. The process
according to claim1, wherein the reactor conprises:
lines for supplying the starting material and the
reactant, respectively, or a line for supplying the

m xed solution of the starting material and the
reactant; a line for renoving the | ow boiling point
reaction m xture containing water; and a line for
taking out the high boiling point reaction mxture.
10. The process according to claim9, wherein the line
for renoving the |low boiling point reaction mxture
containing water is in a position where gas-phase
conponents are renoved, while the line for taking out
the high boiling point reaction mxture is in a | ower
position where the |iquid-phase conponent is taken
out. 11. The process according to claim1, wherein the
reactor is a tank reactor or a




colum reactor. 12. The process according to claim 1,
wherein the reactor is a type that conprises a
stirring tank, a nultistage stirring tank, a
distillation colum, a nultistage distillation colum,
a continuous nultistage digbillation colum, a packed
colum, a thin filmevaporator, a reactor wwth a
support in its inside, a forced circulation reactor, a
* falling filmevaporator, @E%@+éing drop evaporator, a
trickle bed reactor or a colum. 13. The
process according to claim1l, wherein an inert gas
and/ or a gaseous reactant and/or a gaseous inert
organi ¢ conmpound and/or an organic solvent that forns
an azeotropic mxture with water are supplied to the
. reactor. 175 14, The process according to claim 13,
wherein the inert gas is selected from nitrogen,

par bON EﬁBc@%é £l p?éﬁi:cﬁérg@ﬂhlk fn all&)ddd @6 PAsIAG SABjEELMY dt Bast one
wherein the d %&gatlon reaction is perf or.med

alkyltin %gm%oqngn%g Starting mategal, I3 pelgeted from Hggro conpﬁgng of

organotmrc@ﬁmna@éé&riih%gt Qtutsioﬁtyganltm NI ida aydraky SorBpounacas a
of I N

umbe
reactanfs%oa%hvﬁgat'ﬁatrwgn t@ prodyee %P@vm ﬁﬁ@wdsfconﬁépwﬁza to,{pe starting

material®hdithe réattdr, Wherbitthe sfafth r?' MfteN@itaRdithé ré=ttdrit@re continuously
reactant, is.in a range o

to 100. 17. The ces
suppliedfociedrion 0w befliag point cqm@w@ntﬁ femaiaieawﬁ*%&arsﬁ&e@ from the
reactor; 'aﬁd %%Eé’cfdﬁ%lut@h @sQ@BM BiRrit Sthe HoBofPETTHRS RIHCRR, Which Béntains the
w ng expression (4): [Expression 11 Dehydratl on
alkyltin alb@)@de;asmmwswyke@ufﬂom Wﬁé@%‘?‘ﬂ' the dehydration
rate neans the anount of the, water that is forned by

t he ehydratl on reaction and drawn out of the Sﬁ@
Der uFhe Procaes aeRSrding 1o claimy bhesein the atlaast onglalky |Cé>mr>°und as

a stamnﬁtl'ﬁmﬁfial[ ge tletrgéiki(lldhlﬁ’éx?nﬁ% @!%wrﬁ\bﬂfr% ér‘itlfblh&dféi thtdxﬁje gneneraily

onmpound represent ed qenera formul a
existing .I@ﬂ@cfnmphe golymer r@uﬁmarfnqnhao yaedzatian viaa F'@'ﬁ?‘&%’hﬁ%bond
the total nole nunber [noll of tin atons contained in

the al kyltin conpound represented by the %ene_ral
3.or nuThe procesmhacaerding tocalaima?. vderein tmm@t@a yirdialoxy-1,3-

distanndgghs c# & etra-gl@?elraﬁéﬁm 3. &tﬁﬁﬁ?&h@?ﬁr@&éﬁﬁd 8y tI'Y&‘i'oﬁ&viEB @hemical

reaction is per represents a gas
fOFmU!a&ﬁnst ant = 8.314 J.nmof'K''; and A and B are

[Formula 1]
T“. R4
R%sS --0--Sln-—R5d (1)
JJRa OR®

wherein R", R?, R* and R® each independently represent an alkyl group, aralky! group or
ary! group; R® and R® each represent an alky! group or aralky! group; a and b are integers of 0 to
2, a+bbeing 2; and c and d are integers of 010 2, ¢ + d being 2.

4, The process according fo claim 2, wherein the dialkyltin oxide is a polymer of a
dialkyltin oxide represented by the following chemical formuila (2):




coefficients depending on the kind of alkyltin
conpound, wherein coefficients A and B in the
expression (4) depend on the kind of alkyltin conmpound
as the starting material and are obtained based on
the set primary standard supgj ance; when the starting
material contains an alkyltin 176 conpound
represented by the chemcal fornula (1), 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
conmpound arbitrarily selected fromthe alkyltin
conmpounds represented by the chem cal fornmula (1) and
contained In the starting material, and are obtai ned
fRroomutat® f ol | owi ng, equation (5); and when the
starting material does not contain an alkyltin
conmpound r epresent ed by the chem cal forrmula (1), but
contains an al kyltij conpound represented by the
chem cal formjla ( t e coeffl ients A and B
represent a fte ue ctor an activation energy
of a pyrolyti |on of the prlnary st andard
subst ance whi ch Is an alkyltin al koxide arbitrarily
sel ected fromthe al kyltin al koxi des represented by
oLt QW RO r
YRR RO a6 dehdl Bhtchebr dn SRYTRELE Bl hoyp or an
~ group; &) e anahf anien‘atégers dfldcto artfibeipgdt eri al and t he
reactant, and are obtained fromthe foll ow ng
equatlon (5). [Expression 2] k=Aexp - RB T (5)
gher eiThe lprcmps asenrtiing %o tiains 2; whetein thastaringatenal is any one
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tenperature [K] at which the pyrolltlc reaction Is

performed, and the k represents a first-order rate
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X [H] represents a reduction ratio (nmollmol] with
respect to the initial concentration of a primry
standard subst ance,

RP°OH ()
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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 an aralkyl group with 7 to 20 carbon atoms that contains 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 claim 8, wherein the aicohol is selected from the group
consisting of 1-butanol, 2-methyl-1-propanol and an alkyl alcohol with 5 to 8 carbon atoms.



[Formula 91 177 010 R13 R11lh Sn-O Sn-Rla (7) bR12
bR1s wherein R1D, RY1l, R13 and R14 correspond to

either R7 or Rof the starting material; g, h, I and
j correspond to either a or f of the starting
material; at |east one of and We corresponds to R
of the reactant; g and h are integers of 0 to 2, g + h
=2; and | and j are integers of 0 to 2, i + =2. 18.

A process for production of a carbonate ester

characterised by producing a dialkyltin al koxi des by

the process according to claim1 and then using the

obtai ned dial kyltin al koxide to produce the carbonate
ester. 19 The process according to claim8 wherein

the reactor conprises: lines for supplying the )
8t ar t The preeess acdordinglta ¢laim baomaising @Q%@WFW@WP'Y@E the starting
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distillatibaki ng out the high boiling point reaction mxture is
In a lower position where the liquid-phase conponent
Is taken out. 21. The process according to claim20
gher elThephacese actarding o elaimahkwherainitbe reastor copprigas lines for

supplylg\% @peeg(f%mp 17%@%&@? n]% r@é&%ﬁtgges?%&?feg)bglga hr‘i’e f%'r @hﬁﬁlﬁﬁg the mixed
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mixturecol um, a thin filmevaporator, a reactor with a
support in its inside, a forced circulation reactor, a
falling filmevaporator, a falling drop evaporator,
#0i ckiThelpescase actadingto alabmBbwhereti thetline for removing the low boiling

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 claim 1, wherein the reactor is a tank reactor or a
column reactor.

12.  The process according to claim 1, wherein the reactor is a type that comprises &
stirring tank, a multistage stirring tank, a distillation column, a multistage distillation column, &
continuous multistage distillation column, a packed column, & thin film evaporator, a reactor with
a support in its inside, a forced circulation reactor, a falling film evaporator, a faling drop
evaporator, a trickle bed reactor or a bubble column.

13.  The process according to claim 1, wherein an inert gas and/or a gaseous
reactant and/or a gaseous inert organic compound and/or an crganic solvent that forms an
azeotropic mixture with water are supplied to the reactor.



23. The process according to claim2 2 wherein an
Inert gas and/or a gaseous reactant and/or a gaseous
i nert organic conpound and/or an organi c sol vent that
forms an azeotropic mxture with water are supplied
to the reactor. 24. The proﬁg§s according to claim 23
wherein the inert gas is sel'écted from nitrogen,
carbon di oxi de and argon, 25. The process according to
claim 16, wherein the dehydration reaction is
performed at a dehydration rate represented by the
follow ng expression (4): [Expression 11 B
Dehydration rate > 60X+1 (4) T 1. BRT T wherein
t he dehydration rate neans the anmount of the water
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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] 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 compound 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 Aand B are
coefficients depending on 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




fromthe follow ng equation (5); and when the starting
mat eri al does not contain an alkyltin conpound
represented by the chemical fornula (1), but contains
an al kyltin conmpound represented by the cheni cal
formula (2), the coeffici en{fQ/A and B represent a
frequency factor and an ac ation energy of a
pyrolytic reaction of the primary standard substance
which is an alkyltin alkoxide arbitrarily selected
fromthe alkyltin al koxi des represented by the
followng chemcal formula (7) fornmed fromthe
al kyltin conmpounds represented by the chem cal formula
(2) contained in the starting material and the
reactant, and are obtained fromthe foll ow ng
compounduepresentéd by the eheprical farowla(1) dbaesefficients A a("'ES')B fResessEnha
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(2) contRInedin Reaftatihg neterial amd)theaeactast, and) arerpbtamedafmn-q the following
ti ggrespond to either a or f of the starting materi al;
equatioq )r east one of R 2 and R16 corresponds to RO of t he
[Eepodssion;2]g and h are integers of O to 2, g + h = 2;
and i and j are integers of O to 2, I +=2. 26. A
process for production of a carbonate ester
characteri sed by producjng a

k=A-exp(—--}-é--§;J (5)

wherein k represents a first-order rate constant [hr']; A represents a frequency factor [hr”
"1: B represents an activation energy [J-mol]; R represents a gas constant = 8.314 J-mol.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(l-X) (8)

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




di al kyltin al koxi des by the process according to claim
25 and then using the obtained dialkyitin alkoxide to
produce the carbonate ester.

177
ng R13;
R"—Sn—0—sn—R", (1)
R12 ' R15

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 f of the starting material; at least one of R*2 and R corresponds
to R® of the reactant; g and h are integers of 0 to 2,g+h=2 andiand]are integers of 0to 2, i

+j=2,

18. A process for production of a carbonate ester characterised by producing a
dialkyltin alkoxides by the process according to claim 1 and then using the obtained dialky!tin
alkoxide to produce the carbonate ester.

19. The process according to claim 8 wherein the reactor comprises: lines for
supplying the starting material and the reactant, respectively, or a iine for supplying the mixed
solution of the starting material and the reactant; a line for remoﬁing the low beiling point
reaction mixture containing water; and a line for taking out the high boiling point reaction
mixture.

20-  The process according to claim 19 whersin the line for removing the low
boiling 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 fower position
where the liquid-phase component is taken out.

21. The process according to ctaim 20 wherein the reactor is a tank reactor

or a column reactor.
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22. The process according to claim 21 wherein the reactor is a type that comprises a
stirring tank, a multistage stirring tank, a distillation column, a multistage distiliation 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 trickle bed reactor or a bubble column.

23. The process according to claim 22 wherein an inert gas and/or a gaseous
reactant and/or a gaseous inert organic compound and/or an organic soivent that forms an
azeotropic mixture with water are supplied to the reactor.

24. The process according to claim 23 wherein the inert gas is selected from
nitrogen, carbon dioxide and argon,

25. The process according to claim 18, wherein the dehydration reaction is
performed at a dehydration rate represented by the following expression (4):
{Expression 1)

60X +10Y
P .ﬁ.,

R.T

Dehydration rate > {4)

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] of tin atoms contained in the alkyltin compound represented by the general
formuia (2) which is contained in the starting material; Y represents the total mole number fmol)
of tin atoms contained in the alkylfin compound represented by the generai 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
cosfficients depending on 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
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compound represented by the chemical formula (1), 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 material, and are obtained
from the following equation (5); and when the starting m'ateria! 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 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 chemical formula
(2) contained in the starting material and the reactant, and are obtained from the following
equation (5).

.[Expression 2]

k=A-exp(——§§-%-) (5)

wherein k represents a first-order rate constant [hr'}; A represents a frequency factor [hr
'} B represents an activation energy [J-mol™}; R represénts a gas constant = 8.314 Jmol K" T
represents a temperature [K] at which the pyrolitic reaction is performed, and the k represents a
firsi;ordgr rate constant of the pyrolitic reaction which is obtained by the fo!lowiﬁg equation (6):
[Expression 3}

k-t=-In(l-X) (6)

wherein k represents a first-order rate constant [hr''}; t represents a heating time: and X
[Hr] represents a reduction ratio [mol/mof] with respect to the initial concentration of a primary
standard substance,

[Formula 9]
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ng R13I
RY-Sn—0—sp—R", N
R12 R15

wherein R'®, R™, R" and R™ eorrespond to either R7 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 R'? and R'® corresponds
to R® of the reactant; g and h are integers of 010 2, g + h = 2; and i and ] are integers of O to 2, |
+j=2.

26. Aprocess for production of a carbonate ester characterised by producing a
dialkyltin alkoxides by the process according to claim 25and then using the obtained dialkyltin
alkoxide to produce the carbonate ester.




