
DESCRIPTION 

Title of Invention 

ALKYL TIN COMPOUND 

	

5 	Technical Field 

[0001] The present invention relates to alkyl tin compounds. In 

particular, it relates to branched alkyl tin compounds and cyclic 

group-substituted alkyl tin compounds with excellent thermostability. 

[0002] The invention is an advancement from 2010 Innovation and 

	

10 	Development: "Project for Fostering of Practical Development of 

Industrial Technologies" by the New Energy and Industrial Technology 

Development Organization (NEDO). 

Background Art 

[0003] Alkyl tin compounds are widely used as a variety of organic 

	

15 	synthesis catalysts. The subset of dialkyl tin dialkoxides are highly 

useful as catalysts such as ester synthesis catalysts, carbonic acid ester 

synthesis catalysts, transesterification reaction catalysts and silicone 

polymer or urethane curing catalysts. Carbonic acid esters are used as 

additives, such as gasoline additives for the purpose of increasing 

	

20 	octane value, and diesel fuel additives to reduce particles in exhaust gas, 

while they are also useful compounds as alkylating agents, 

carbonylating agents, solvents and the like for synthesis of organic 

compounds such as polycarbonates and urethanes, drugs and 

agricultural chemicals, or as lithium battery electrolytes, lubricant oil 

	

25 	starting materials or starting materials for deoxidizers for rust 

prevention of boiler pipes, and the aforementioned dialkyl tin 
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dialkoxides are of particular interest as catalysts for their synthesis. 

[0004] In PTL 1 there is disclosed a method for producing carbonic acid 

esters by thermal decomposition of an addition product formed by 

reacting an organometallic compound comprising a dialkyl tin 

	

5 	dialkoxide with carbon dioxide. 

[0005] In the prior art there have been known methods for producing 

dialkyl tin dialkoxides by dehydrating reaction of dialkyl tin oxides and 

alcohols, and removal of the low boiling point components including 

the generated water from the reaction mixture (see PTLs 2 to 4 and 

	

10 	NPLs 1 to 2, for example). Methods for producing dialkyl tin 

dialkoxides by dehydrating reaction between dialkyl tin oxides and 

alcohols are assumed to be equilibrium reactions occurring with 

dehydration, represented by chemical equation (5). 

[0006] [Chemical Formula 1] 

OR' 

Rin-R + 2 R'OH   R-Sn-R + H2O 	(5) 

	

15 	 0 	 OR' 

[In the equation, R and R' represent alkyl groups.] 

[0007] The equilibrium reaction is overwhelmingly unbalanced toward 

the left, and is presumably often accompanied by successive 

dehydrating reaction via a tetraalkyldialkoxydistannoxane, as 

	

20 	represented by chemical equations (6) and (7). 

[0008] [Chemical Formula 2] 

R 	
R 

2 R- 
 II 
	+ 2 R'OH  	R-S

i
n-O-S

i
n-R + H2O 	(6) 

0 	 OR' 	OR' 
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[In the equation, R and R' represent alkyl groups.] 

[Chemical Formula 3] 

R 	R 

R-sn-o-Sn--R + 2 R'OH 

OR' 	OR' 

[In the equation, R and R' represent alkyl groups.] 

	

5 	[0009] In order to obtain a dialkyl tin dialkoxide at high yield, 

production is carried out while removing the water generated by the 

dehydrating reaction out of the system, but since this reaction is 

disadvantageous in terms of energy, the reaction must be carried out for 

a long period at high temperature (for example, 180°C). Even when 

	

10 	dialkyl tin dialkoxides are used as catalysts for other esterification 

reactions and urethanation reactions, they are often used at high 

temperatures exceeding 100°C. 

[0010] On the other hand, it is known that heating dialkyl tin alkoxide 

compounds (such as dialkyl tin dialkoxides) to about 180°C, for 

	

15 	example, generate modified forms such as trialkyl tin alkoxides having 

three alkyl groups on one tin atom (see NPL 2, for example). While it 

is not clear by what reaction the trialkyl tin alkoxides are generated, it is 

believed that alkyl groups are transferred within the molecule. For 

example, 	when 	the 	alkyl 	tin 	alkoxide 	is 	a 

	

20 	tetraalkyldialkoxydistannoxane, formation of modified compounds 

(trialkyl tin alkoxides and high boiling point tin components) by the 

disproportionation reaction represented by chemical equation (8) has 

been confirmed, and when the dialkyl tin alkoxide is a dialkyl tin 

dialkoxide, formation of modified compounds (trialkyl tin alkoxides and 

2 R—Sn—R + H2O 	(7) 

OR' 
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high boiling point tin components) by the disproportionation reaction 

represented by chemical equation (9) has been confirmed, while 

production of trialkyl tin alkoxides has also been confirmed with the 

passage of time during synthesis of dialkyl tin dialkoxides from dialkyl 

5 	tin oxides and alcohols and during synthesis of dialkyl tin dialkoxides 

from tetraalkyldialkoxydistannoxanes and alcohols. Throughout the 

present specification, "tin component" refers to a compound containing 

all of the tin atoms contained in a reaction mixture or composition. 

[0011] [Chemical Formula 4] 

R 	R 	 R 	 R 
I 	I 	 I  

R—Sn—O—Sn—R 	 R—Sn—R + ( 
I 
Sn=0) 

L' 	J,IR' 	 OR'OR' 
 

OR' 
et al. 

(8) 

 

OR' 

2 R—Sn—R 

oR. 

 

Ft 	 OR' 

R—Sn—R 	(R—  +n—OR) 

OR' et at. 
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(9) 

[0012] From Chemical Equation (8) it is inferred that a trialkyl tin 

alkoxide and a monoalkyl tin compound having one alkyl group on one 

tin atom are generated as modified forms of a 

tetraalkyldialkoxydistannoxane. The present inventors have in fact 

15 	confirmed that trialkyl tin alkoxides and high-boiling-point tin 

components are present among the modified forms of 

tetraalkyldialkoxydistannoxanes, and it is conjectured that the 

high-boiling-point tin components correspond to monoalkyl tin 

compounds. 

20 	[0013] However, the structures of the high-boiling-point tin 

components presumed to correspond to monoalkyl tin compounds have 
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not yet been elucidated. Modified compounds presumed to be trialkyl 

tin alkoxides and monoalkyl tin alkoxides are produced from dialkyl tin 

dialkoxides as well, but the structures of the modified compounds 

presumed to be monoalkyl tin alkoxides have not yet been elucidated. 

	

5 	[0014] Generation of such modified compounds has also been 

confirmed in the course of production of the dialkyl tin dialkoxides 

mentioned above, and in the course of production of carbonic acid esters 

by thermal decomposition of addition products formed by reacting 

carbon dioxide with organometallic compounds containing dialkyl tin 

	

10 	dialkoxides. 

[0015] Trialkyl tin alkoxides are known to have very low ability to 

produce carbonic acid esters, in production of carbonic acid esters by 

reaction of carbon dioxide with tin compounds (see NPL 3, for 

example). High-boiling-point tin components, which are present 

	

15 	among the aforementioned modified compounds and whose structures 

cannot be identified, also have very low ability to produce carbonic acid 

esters in production of carbonic acid esters by reaction between carbon 

dioxide and tin compounds (see PTL 4, for example). 

[0016] Thus, since modified compounds do not exhibit high reactivity 

	

20 	in production of carbonic acid esters by reaction between carbon 

dioxide and tin compounds, when such modified compounds are 

generated during production of such carbonic acid esters, repeated use 

of the alkyl tin alkoxide compounds will result in accumulation of 

modified forms of dialkyl tin alkoxide compounds with low activity and 

	

25 	decrease in the proportion of active dialkyl tin alkoxide compounds, 

often lowering the reaction rate and reducing carbonic acid ester yields. 
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In such cases, small amounts of fresh dialkyl tin alkoxide compound are 

added in order to maintain a constant reaction rate or yield for most 

reactions, but if fresh dialkyl tin alkoxide compounds are simply added 

and the modified compounds are left to remain, this results in the 

	

5 	problem of accumulation of large amounts of degradation products with 

low activity (modified compounds) in the reaction system. Even when 

some mixtures of alkyl tin alkoxide compounds containing modified 

products of dialkyl tin alkoxide compounds are extracted from the 

reaction system while fresh dialkyl tin alkoxide compounds are added to 

	

10 	maintain a constant concentration of dialkyl tin alkoxide compounds in 

the reaction system, the modified dialkyl tin alkoxide compounds that 

have been extracted not only constitute waste, but active dialkyl tin 

alkoxide compounds are also extracted at the same time as waste, and 

this results in major problems in terms of cost and disposal. 

	

15 	[0017] Several solutions have been presented to counter this problem 

(see PTLs 5 to 6, for example). Specifically, PTL 5 discloses a method 

in which, during production of carbonic acid esters using dialkyl tin 

alkoxide compounds containing modified forms of dialkyl tin alkoxide 

compounds, the trialkyl tin compound component is separated by 

	

20 	distillation from the dialkyl tin alkoxide compounds that include the 

modified compounds, thereby preventing their accumulation in the 

reaction system. However, high-boiling-point tin components whose 

structures cannot be identified, and which are present among the 

modified forms of dialkyl tin alkoxide compounds, cannot be removed 

	

25 	from the reaction system and therefore it is not possible to completely 

prevent accumulation of modified dialkyl tin alkoxide compounds by 
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this method. 

[0018] The present inventors have previously disclosed a method for 

separating and recovering products derived from dialkyl tin alkoxide 

compounds as dialkyl tin dialkoxides, by reacting alcohols and/or 

	

5 	carbonic acid esters with the mixtures of dialkyl tin alkoxide 

compounds and modified forms of dialkyl tin alkoxide compounds that 

have been extracted from the reaction system (see PTL 6). This 

method solved the problem in which the active dialkyl tin alkoxide 

compounds are disposed with the modified compounds, allowing 

	

10 	selective disposal of only the modified forms of the dialkyl tin alkoxide 

compounds. However, since modified dialkyl tin alkoxide compounds 

cannot be reused, the problems of cost and waste have remained. 

[0019] The present inventors have further disclosed a method of highly 

efficient regeneration of dialkyl tin dialkoxides, by subjecting tin 

	

15 	compounds obtained from disproportionation reaction, to redistribution 

reaction (see PTL 7). We have further disclosed a method of 

producing carbonic acid esters over long periods without loss of 

productivity, by incorporating the aforementioned redistribution 

reaction step as a step in carbonic acid ester synthesis processes (see 

	

20 	PTL 8). 

[0020] However, it has not been possible to prevent the inactivation of 

the dialkyl tin dialkoxide compounds themselves, and there is a need for 

development of dialkyl tin alkoxide compounds that are resistant to 

disproportionation reaction when used for ester synthesis, urethanation 

	

25 	reaction and the like and alkyl tin catalysts with high carbonic acid ester 

productivity, with minimal disproportionation inactivation particularly 
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during production of carbonic acid esters that have high practical 

industrial value, and a solution yet remains to be found. 
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Summary of Invention 

Technical Problem 

[0023] It is an object of the invention to provide alkyl tin compounds 

that have minimal production of modified compounds (inactivated 

	

5 	forms) even when used repeatedly at high temperatures. 

Solution to Problem 

[0024] As a result of diligent research directed toward this object, the 

present inventors have found that the problems described above can be 

overcome by alkyl tin compounds having specific branched alkyl or 

	

10 	cyclic group-substituted alkyl groups, and the present invention has thus 

been completed. Specifically, the invention provides the following. 

[0025] [1] An alkyl tin compound having an alkyl group bonded to a tin 

atom, wherein the alkyl group is a branched alkyl or cyclic 

group-substituted alkyl group, the branched alkyl group being an alkyl 

	

15 	group branched at at least one carbon atom of the first to third carbon 

atoms counting from the tin atom, and the cyclic group-substituted alkyl 

group being an alkyl group having a cyclic group bonded at at least one 

carbon atom of the first to third carbon atoms counting from the tin 

atom. 

	

20 	[2] An alkyl tin compound according to [1], which has one to three 

branched alkyl groups bonded to one tin atom, the valency of the tin 

atom being tetravalent. 

[3] An alkyl tin compound according to [2], wherein the branched alkyl 

group is a C4-18 branched alkyl group, and a C1-8 alkoxy group is 

	

25 	further bonded to the tin atom. 

[4] An alkyl tin compound according to [2] or [3], which is a dialkyl tin 
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alkoxide or a tetraalkyldialkoxydistannoxane. 

[5] An alkyl tin compound according to [4], which is a compound 

represented by the following formula (1) or a compound represented by 

formula (2). 

5 	[Chemical Formula 5] 

R4  
R5 	Er 
R6-• 	,R1 

R3 	CH 

R70-11n---OR7  

,CHN  
R1  

R2 c-R5 
R4 

(1)  

	

R4 	 R4  
R2 	....„..R6 R5-4 72  

RV 	6 	Ri R1 	 R$
R3*-- ACM ...---tH.-..  ‘......R3  

I 	I 
R70—Sn—O—Sn-0R7  

1 	I 
R3, CH 

- -- "' 	i 101-"CH 
	

.."
-R3 

R6 	... 	11 	 T......c..,,Re 

	

`:,-"C' 	
D rt 

R5  I 	
R 

R2 	 R2  I
4  R

5  
R4   

(2) 

[R', R2, R3,  R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5 and R6  are not all hydrogen, at least 

10 	one of R1, R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3, R4, R5  and R6  being 2 to 15.] 

[6] An alkyl tin compound according to [2] or [3], which is a trialkyl tin 

compound. 

15 	[7] An alkyl tin compound according to [6], which is a compound 

represented by formula (3). 

[Chemical Formula 6] 
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R4 R2 R1 

(Rh— --d:i-4)—Sn—OR-7  
3 

R6  R3  

(3) 

[R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

	

5 	one of R', R2  and R3  is an alkyl group, or all of R1, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R1, R2, R3, R4, R5  and R6  being 2 to 15.] 

[8] An alkyl tin compound according to [3], wherein the alkoxy group is 

an alkoxy group selected from among n-butyloxy, isobutyloxy, 

	

10 	sec-butyloxy and C5-8 alkoxy groups. 

[9] An alkyl tin compound according to [3] or [8], wherein the alkoxy 

group is a branched alkoxy group. 

[10] An alkyl tin compound according to any one of [3], [8] and [9], 

which is an alkyl tin alkoxide obtained from an alkyl tin carboxylate, 

	

15 	alkyl tin oxide, alkyl tin oxide polymer or alkyl tin halide. 

[11] An alkyl tin compound according to [2], which is an alkyl tin 

alkoxide having a C5-18 branched alkyl group and a C4-8 branched 

alkoxy group, and which is a compound represented by formula (1) or a 

compound represented by formula (2). 

	

20 	[Chemical Formula 7] 
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3 
Ri" 7  C c„ 

R2  I R5  
R4  

R4 

R5,, c1 , 72 
R6 	 ,Ri 

R3 	CH 

R70—Sn-0R7  

CH 	R 

(1) 

R4 	 R4  

6 
 

R 

R2  I R5 R5 	R2  7 I  
,C --- N,.. 1 	 ,,,,C----N,  

6 	C..,., 	R1 	1  ..- 	
RICH' 

 "..., 
R3; C

r 	
R3 

R 

R70-Sn-O-Sn-OR7 

CH R3, CH 	C 
Res___ ..„....

e N'• R1 
R1,  \C( 

*
R3 

9 I 	
1 c.---R8  

R5' I 	R2 R2  I N.NR5  
R4 	 R4  

(2) 

[RI, R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C4-8 branched alkyl group. 

This is with the proviso that R', R2, R3,  R4, tc. 7-.5  and R6  are not all 

	

5 	hydrogen, at least one of R1, R2  and. R3  is an alkyl group, or all of R1, R2  

and R3  are hydrogen, and at least two of R4, R5  and R6  are alkyl groups, 

the total number of carbon atoms of R', R2, R3, R4,  R5  and R6  being 2 to 

15.] 

[12] A composition comprising an alkyl tin compound according to any 

	

10 	one of [1] to [11]. 

[13] A composition according to [12], comprising an alkyl tin 

compound according to [4] or [5] and an alkyl tin compound according 

to [6] or [7]. 

[14] An alkyl tin compound according to [1], which is an alkyl tin 

	

15 	compound having a cyclic group-substituted alkyl group bonded to a tin 

atom, the cyclic group-substituted alkyl group being an alkyl group 

having a cyclic group selected from among alicyclic hydrocarbon 

groups and aromatic hydrocarbon groups bonded to at least one carbon 

12 



CH) 
m 

R-0—Sn---OR- 
I 

C H2) 
m 

CH) (H2C 
I m im 

R3O—n—O—n—OR3  
I 	Ni 	I 

CH2) I‘H2C 

atom among the first to third carbon atoms counting from the tin atom, 

and the valency of the tin atom being tetravalent. 

[15] An alkyl tin compound according to [14], wherein the alkyl tin 

compound further has a C1-8 alkoxy group, and the cyclic group is a 

	

5 	C4-18 cyclic group. 

[16] An alkyl tin compound according to [14] or [15], which is a 

di(cyclic group-substituted alkyl) tin dialkoxide or a tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxane. 

[17] An alkyl tin compound according to [16], which is a compound 

	

10 	represented by the following formula (1) or a compound represented by 

formula (2). 

[Chemical Formula 8] 

(1) 	 (2) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

15 	aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[18] An alkyl tin compound according to [14] or [15], which is a 

tri(cyclic group-substituted alkyl) tin compound. 

[19] An alkyl tin compound according to [18], which is a compound 

13 



represented by formula (3). 

[Chemical Formula 9] 

CH2) )  Sn-OR3  
m 3 

(3) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

	

5 	aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[20] An alkyl tin compound according to [15], wherein the alkoxy group 

is a C4-8 alkoxy group, and the alcohol corresponding to the alkoxy 

group is an alcohol having a boiling point of 100°C or higher at 

	

10 	ordinary pressure. 

[21] An alkyl tin compound according to [20], wherein the alcohol 

forms an azeotropic mixture with water. 

[22] An alkyl tin compound according to any one of [15], [20] and [21], 

wherein the alkoxy group is a branched alkoxy group. 

	

15 	[23] An alkyl tin compound according to any one of [15], [20], [21] and 

[22], which is an alkyl tin alkoxide obtained from a cyclic 

group-substituted alkyl tin carboxylate, a cyclic group-substituted alkyl 

tin oxide, a cyclic group-substituted alkyl tin oxide polymer or a 

halogenated (cyclic group-substituted alkyl) tin compound. 

	

20 	[24] A composition comprising an alkyl tin compound according to any 

one of [14] to [23]. 

[25] A composition according to [24], comprising an alkyl tin 

compound according to [16] or [17] and an alkyl tin compound 
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according to [18] or [19]. 

[25] A catalyst for a process for producing a carbonic acid ester from 

carbon dioxide and an alcohol, the catalyst comprising an alkyl tin 

compound according to any one of [1] to [11] and [14] to [23]. 

	

5 	[27] A method for producing a carbonic acid ester using an alkyl tin 

compound according to any one of [1] to [11] and [14] to [23], the 

method comprising the following steps (1) to (3). 

Step (1): A step of reacting the alkyl tin compound with carbon dioxide 

to obtain a reaction mixture containing a carbonic acid ester. 

	

10 	Step (2): A step of separating the carbonic acid ester from the reaction 

mixture to obtain a residual solution. 

Step (3): A step of reacting the residual solution with an alcohol and 

removing the water produced by the reaction, to obtain an alkyl tin 

alkoxide, and recycling it to step (1), 

	

15 	[28] The method according to [27], wherein the alkyl tin compound 

includes either or both a compound represented by formula (1) and/or a 

compound represented by formula (2). 

[Chemical Formula 10] 

R4  
R5  I R2  

R1  
R3  )1-1F- 

R70—Sn—OR7  

CH 
	

R 

R 	,„, 
._ 

R2 	- R5  
R4  

(1) 

R4 	 R4  
R5, I R2 	R2  I  -"--' R5  
R6  ,-• •,-.. 

	

# „, 7R1  R....„1 	7C,, 	R6  
R3  CH CH R6  

I 	I 
R7O-Sn-O-Sn-OR7  

R3 	 I  C
N  

;-I 	7CH
"C 

,....R3 
N'.. .#' 

REL ......-C 	W Ri  `.. -- 6  R 1 	9., -"C 	I  
R5  I R2 	R2  I R5  

R4 	 R4  
(2) 

3 
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{R) , R2, R3, R4,  R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R1 , R2, R3, R4, R5  and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

	

5 	hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

R3,  R4, tc.5 number of carbon atoms of R', R2, 	and R6  being 2 to 15.] 

[29] The method according to [28], wherein the alkyl tin compound 

further includes a compound represented by formula (3). 

[Chemical Formula 11] 

R4 R2 R1 

I 	I 	3 
Fe R3  
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(3) 

[R', R2, R3, R4, 	and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

	

15 	hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R.1, R2, R3, R4,  R5 and R6  being 2 to 15.] 

[30] The method according to [28] or [29], wherein the alkoxy group of 

the alkyl tin compound is selected from among n-butyloxy, isobutyloxy, 

sec-butyloxy and C5-8 alkoxy groups. 

	

20 	[31] The method according to any one of [28] to [30], wherein the 

alcohol is an alcohol selected from among n-butyl alcohol, isobutyl 

alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

[32] The method according to any one of [28] to [31], wherein the 
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cFI) (H2C 
m 	l m  

R30—Sn—O—Sn—OR3  
I 	I 

C 

CH) 
I m 

R3O—Sn—OR3  
I 

CH2) 

alkoxy group of the alkyl tin compound is a branched alkoxy group, and 

the alcohol is the branched alcohol corresponding to the branched 

alkoxy group. 

[33] The method according to [27], wherein the alkyl tin compound 

5 	includes either or both a compound represented by formula (1) and/or a 

compound represented by formula (2). 

[Chemical Formula 12] 

(1) 	 (2) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

10 	aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[34] The method according to [33], wherein the alkyl tin compound 

further includes a compound represented by formula (3). 

[Chemical Formula 13] 

15 

CHI 	Sn OR3  
m 3 

(3) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 
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aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[35] The method according to [33] or [34], wherein the alkoxy groups 

of the compound represented by formula (1) and the compound 

	

5 	represented by formula (2) are C4-8 alkoxy groups, the alcohols 

corresponding to the alkoxy groups are alcohols with boiling points of 

100°C or higher at ordinary pressure, and the alcohol used in step (3) is 

the alcohol corresponding to the alkoxy group. 

[36] The method according to [33] or [34], wherein the alcohol is a 

	

10 	C4-8 alcohol with a boiling point of 100°C or higher at ordinary 

pressure. 

[37] The method according to any one of [33] to [36], wherein the 

alcohol is an alcohol selected from among n-butyl alcohol, isobutyl 

alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

	

15 	[38] The method according to any one of [33] to [37], wherein the 

alkoxy group of the alkyl tin compound is a branched alkoxy group, and 

the alcohol is a branched alcohol. 

Advantageous Effects of Invention 

[0026] According to the invention there are provided alkyl tin 

	

20 	compounds that have minimal production of modified compounds 

(inactivated forms) even when used repeatedly at high temperatures. 

Since the alkyl tin compounds of the invention can minimize generation 

of inactivated forms even when used at high temperatures, and allow 

repeated and continuous production of esters in a stable manner, they 

	

25 	are highly useful in industrial fields for synthesis of esters. 

Brief Description of Drawings 
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[0027] [Fig. 1] Fig. 1 is a schematic diagram of a continuous circulating 

reactor in which an ester compound is produced by transesterification 

reaction using an alkyl tin compound according to one embodiment. 

[Fig. 2] Fig. 2 is a schematic diagram of a continuous circulating reactor 

	

5 	in which an ester compound is produced by transesterification reaction 

using an alkyl tin compound according to one embodiment. 

[Fig. 3] Fig. 3 is a schematic diagram of a continuous circulating reactor 

in which an ester compound is produced by transesterification reaction 

using an alkyl tin compound according to one embodiment. 

	

10 	[Fig. 4] Fig. 4 is a schematic diagram of a continuous circulating reactor 

in which a carbonic acid ester is produced using an alkyl tin compound 

according to one embodiment. 

[Fig. 5] Fig. 5 is a schematic diagram of a continuous circulating reactor 

in which a carbonic acid ester is produced using an alkyl tin compound 

	

15 	according to one embodiment. 

Description of Embodiments 

[0028] Preferred modes for carrying out the invention (hereunder, 

"embodiments") will now be described in detail. The invention is not 

limited to the described embodiments, and may be carried out with 

	

20 	various modifications such as are within the scope of the gist thereof. 

[0029] According to one aspect, the invention relates to alkyl tin 

compounds having an alkyl group bonded to a tin atom. In the alkyl 

tin compound, the alkyl group is a branched alkyl or cyclic 

group-substituted alkyl group, the branched alkyl group being an alkyl 

	

25 	group branched at at least one carbon atom of the first to third carbon 

atoms counting from the tin atom, and the cyclic group-substituted alkyl 
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group being an alkyl group having a cyclic group bonded at at least one 

carbon atom of the first to third carbon atoms counting from the tin 

atom. 

[0030] According to one embodiment, the alkyl tin compound may be 

	

5 	an alkyl tin compound having one to three branched alkyl groups 

bonded to one tin atom. The valency of the tin atom may be 

tetravalent. 

[0031] According to one embodiment, the branched alkyl groups may 

be C4-18 branched alkyl groups. The tin atom may also have a C1-8 

	

10 	alkoxy group bonded to it. 

[0032] According to one embodiment, the alkyl tin compound may be 

a dialkyl tin alkoxide or a tetraalkyldialkoxydistannoxane. 

[0033] According to one embodiment, the alkyl tin compound may be a 

compound represented by formula (1) or a compound represented by 

	

15 	formula (2). 

[Chemical Formula 14] 

4 	 4 	 R4  
R54 72 	 R5 	r 	R2 	R6 

).„ R6FC>.;,, 	 R6  
R3 -CH 	 R3  CH CH R3  

R70—Sn—OR7 	 R7O—Sn-0—Sn—OR7  

ERs 	 R F,CH.„ 	 F,R3  
R1"'OH4".C

1 
	 R 

R2 	R5 	R5  I R2 	 R2  I R5  
R4 	 Rn 

(1) 	 (2) 

[R', R2, 
 R3

, 
 R4, fc T'.5 and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

	

20 	the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 
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one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

R3, R4,  , lc5 number of carbon atoms of R', R2, 	and R6  being 2 to 15.] 

[0034] According to one embodiment, the alkyl tin compound may be a 

	

5 	trialkyl tin compound. 

[0035] According to one embodiment, the alkyl tin compound may be a 

compound represented by formula (3). 

[Chemical Formula 15] 

R4 R2 R1 

(R 5- 	(.1.; 	C Fit 	Sn--OR7  

I 	1 	3 
R6  R6  

(3) 

	

10 	[R', R2,  R3, R4,  R5 and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

R3, R4,  -1-, tc.5 the proviso that R', R2, 	and R6  are not all hydrogen, at least 

one of R1, R2  and R3  is an alkyl group, or all of R1, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

	

15 	number of carbon atoms of 12.1, R2, R3, R4, R5  and R6  being 2 to 15.] 

[0036] According to one embodiment, the tin atom may also have a 

C1-8 alkoxy group bonded to it. In that case, the alkoxy group may be 

an alkoxy group selected from among n-butyloxy, isobutyloxy, 

sec-butyloxy and C5-8 alkoxy groups. The alkoxy group may also be 

	

20 	a branched alkoxy group. 

[0037] According to one embodiment, the alkyl tin compound may be 

an alkyl tin alkoxide obtained from an alkyl tin carboxylate, alkyl tin 

oxide, alkyl tin oxide polymer or alkyl tin halide. 
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[0038] According to one embodiment, the alkyl tin compound may be 

an alkyl tin alkoxide having a C5-18 branched alkyl group and a C4-8 

branched alkoxy group, and it may be a compound represented by 

formula (1) or a compound represented by formula (2). 

	

5 	[Chemical Formula 16] 

R4 	 R4 

R5-4 72 ~2 R2 	
R5 

	

,R1 	 Ro' R1 Ri„ ,,C 	R$ 

	

R3 CH 	 R3 CH CH R3 

R7O—Sn—OR7 	 R70—Sn—O—Sn-0R7 

R3, CH 
R1-FC1 1-- e 

R3 
C"

H
'SC--FR3 --Re 	R C., 	e 	 R ~ R1

''`C„---R6 

	

R2 	I Rs 	R5 I 	R2 	 R2 1 
R4 

'R5 
4  

	

(1) 	 (2) 

[R', R2, R3, R4, R5 and R6 each independently represent hydrogen or a 

C1-15 alkyl group, and R7 represents a C4-8 branched alkyl group. 

This is with the proviso that R', R2, R3, R4, R5 and R6 are not all 

	

10 	hydrogen, at least one of 	R2 and R3 is an alkyl group, or all of R', R2 

and R3 are hydrogen, and at least two of R4, R5 and R6 are alkyl groups, 

the total number of carbon atoms of R', R2, R3, R4, R5 and R6 being 2 to 

15.] 

[0039] According to one embodiment, the alkyl tin compound may be 

	

15 	an alkyl tin compound having a cyclic group-substituted alkyl group 

bonded to a tin atom, the cyclic group-substituted alkyl group being an 

alkyl group having a cyclic group selected from among alicyclic 

hydrocarbon groups and aromatic hydrocarbon groups bonded to at least 

one carbon atom among the first to third carbon atoms counting from 

	

20 	the tin atom, and the valency of the tin atom being tetravalent. 
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(2) 

CH) (H2C 
m 	i m  Rap—Sn—O—Sn—OR3  

1 	/ 	I 

C H2) k H2c 

(1) 

CH) 
rn I 

R-n  0—Sn OR- 
1 
CH2) 

rn 

[0040] According to one embodiment, the alkyl tin compound may also 

have a C1-8 alkoxy group. 

[0041] According to one embodiment, the cyclic group may be a C4-18 

cyclic group. 

	

5 	[0042] According to one embodiment, the alkyl tin compound may be a 

di(cyclic group-substituted alkyl) tin dialkoxide or a tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxane. 

[0043] According to one embodiment, the alkyl tin compound may be a 

compound represented by formula (1) or a compound represented by 

	

10 	formula (2). 

[Chemical Formula 17] 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

15 	a C1-8 alkyl group.] 

[0044] According to one embodiment, the alkyl tin compound may be a 

tri(cyclic group-substituted alkyl) tin compound. 

[0045] According to one embodiment, the alkyl tin compound may be a 

compound represented by formula (3). 
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[Chemical Formula 18] 

CH2) )  Sn-OR3  
m 3 

(3) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

	

5 	a C1-8 alkyl group.] 

[0046] According to one embodiment, the alkyl tin compound may also 

have a C1-8 alkoxy group bonded to the tin atom. The alkoxy group 

may be a C4-8 alkoxy group. The alcohol corresponding to the alkoxy 

group is preferably an alcohol with a boiling point of 100°C or higher at 

	

10 	ordinary pressure. 

[0047] According to one embodiment, the alcohol is preferably one that 

forms an azeotropic mixture with water. 

[0048] According to one embodiment, the alkoxy group may be a 

branched alkoxy group. 

	

15 	[0049] According to one embodiment, the alkyl tin compound may be 

an alkyl tin alkoxide obtained from a cyclic group-substituted alkyl tin 

carboxylate, a cyclic group-substituted alkyl tin oxide, a cyclic 

group-substituted alkyl tin oxide polymer or a halogenated (cyclic 

group-substituted alkyl) tin compound. 

	

20 	[0050] According to another aspect, the invention relates to a 

composition comprising the alkyl tin compound. 

[0051] According to one embodiment, the composition may be a 

composition comprising one or more of the aforementioned alkyl tin 
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compounds. 

[0052] According to one embodiment, the composition may be one 

comprising at least one type of first alkyl tin compound selected from 

among dialkyl tin alkoxides and tetraalkyldialkoxydistannoxanes, and at 

	

5 	least one type of second alkyl tin compound selected from among 

trialkyl tin compounds. 

[0053] According to one embodiment, the first alkyl tin compound may 

be a compound represented by formula (1) or a compound represented 

by formula (2). 

	

10 	[Chemical Formula 19] 

R4 	 R4 	 R4  
R3-4 R2 	 R3---4 7 	 R22 	 __--- D. ,5 

	

RV 
R3- 

 ,.t.„,
CH 

 „..R1 	 R6  
R3  

,„ CH
./R1 RICH R3 FR6 

Ri
•, 
 O—Sn—OR7 	 R7O—Sln-0—Sic—OR7  

	

,CIH 	R3 	R3..,, ,.C-1  . 	/CH,,  "..R3  
R1 	"-C*. 	a 	 ' 	C *--,,-Re 

	

.":-R 	R5--..c ? 	-Ri  R 	I 

	

R2 	I -R5 	RV  I R2 	 R2  T.%-R5 
R4 	 R4 	 R4  

	

(1) 	 (2) 

[IV, R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

	

15 	one of R', R2  and R3  is an alkyl group, or all of R1, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

R3,  R4, lc5 number of carbon atoms of R1, R2, 	and R6  being 2 to 15.] 

[0054] According to one embodiment, the second alkyl tin compound 

may be a compound represented by formula (3). 

	

20 	[Chemical Formula 20] 
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R4  R2  R1  

(R6--- I  —4—Sn—OR7  
3 

R6  R3  

(3) 

[R', R2, R3,  R4, ic -rs5 and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3,  R4, lc  ,5 and R6  are not all hydrogen, at least 

	

5 	one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3, R4, lc  T,5 and R6  being 2 to 15.] 

[0055] According to one embodiment, the composition may comprise at 

least one type of third alkyl tin compound selected from among 

	

10 	di(cyclic group-substituted alkyl) tin dialkoxides and tetra (cyclic 

group-substituted alkyl)dialkoxydistannoxanes, and at least one type of 

fourth alkyl tin compound selected from among tri(cyclic 

group-substituted alkyl) tin compounds. 

[0056] According to one embodiment, the third alkyl tin compound 

	

15 	may be a compound represented by formula (1) or a compound 

represented by formula (2). 

[Chemical Formula 21] 
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CH) (H2C 
m 

R30—Sn—O—Sn--01R3  

CH2) 012C 
rr 

CH) 
I m 

R3O—Sn—OR3  
\ 

CH2) 

(1) 	 (2) 

[Ring A. represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

5 	[0057] According to one embodiment, the fourth alkyl tin compound 

may be a compound represented by formula (3), 

[Chemical Formula 22] 

 

Sn— OR3  
m 3 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

10 	aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a Cl-8 alkyl group.] 

[0058] According to yet another aspect, the invention relates to a 

catalyst for a process for producing a carbonic acid ester from a carbon 

dioxide and an alcohol. The catalyst comprises the aforementioned 

15 	alkyl, tin compound. 

[0059] According to yet another aspect, the invention relates to a 
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method for producing a carbonic acid ester using the alkyl tin 

compound. The production method has the following steps (1) to (3). 

Step (1): A step of reacting the alkyl tin compound with carbon dioxide 

to obtain a reaction mixture containing a carbonic acid ester. 

	

5 	Step (2): A step of separating the carbonic acid ester from the reaction 

mixture to obtain a residual solution. 

Step (3): A step of reacting the residual solution with an alcohol and 

removing the water produced by the reaction, to obtain an alkyl tin 

alkoxide, and recycling it to step (1). 

	

10 	[0060] According to one embodiment, the alkyl tin compound in the 

production method may include either or both a compound represented 

by formula (1) and/or a compound represented by formula (2). 

[Chemical Formula 23] 

R4  
R5--.4 

Re- 	R' 
R3"CH 

R7O—Sn—oR7  

R.V
CH 	R3 

---tz--R6  
R2  nR6  

R4  

R4 	 R4  
R6.--. I R2 	 R2  1 	n5 

	

I 	 I ,.0 r‘  
R5'  '``o, ,R1  R,,1  	6  

R3'..-  CH 	-CH 	133 R  
1 	I 

R7O—Sn—O—Sn—OR7  

R3 	C
I
H 	

I 
"... ...- •,.. 1 	1,-CHN. s'R3 

Rs ,......0 	R R 	C,, Re 

	

---...c  1 	 I C( 
R6  I R2 	 R2  I R6  

R4 	 R4  
(1) 	 (2) 

15 	[R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that RI, R2, R3, R4, R5  and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

20 	number of carbon atoms of R1, R2, R3, R4, R5  and R6  being 2 to 15.] 
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[0061] The alkyl tin compound used in the production method may 

further comprise a compound represented by formula (3). 

[Chemical Formula 24] 

R4 R2 R' 

RI3  113 	
3 

(3) 

	

5 	[RI, R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3,  R4, R5 and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

	

10 	number of carbon atoms of R', R2, R3,  R4, R5 and R6  being 2 to 15.] 

[0062] According to this embodiment, the alkoxy group of the alkyl tin 

compound used in the production method may be selected from among 

n-butyloxy, isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

[0063] According to one embodiment, the alcohol used in the 

	

15 	production method may be an alcohol selected from among n-butyl 

alcohol, isobutyl alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

[0064] According to one embodiment, the alkoxy group of the alkyl tin 

compound used in the production method may be a branched alkoxy 

group, in which case the alcohol may be a branched alcohol 

	

20 	corresponding to the branched alkoxy group. 

[0065] According to one embodiment, the alkyl tin compound used in 

the production method may include either or both a compound 

represented by formula (1) and/or a compound represented by formula 
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CH) (H2C 
I m I m  

R30—Sn—O—Sn—OR3  
I 	I 

CH2) (-12C 
m m 

CH) 
I m 

R30— In-0R3  
I 

CH2) 

(2). 

[Chemical Formula 25] 

(1) 	 (2) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

5 	aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[0066] The alkyl tin compound used in the production method may 

further comprise a compound represented by formula (3). 

[Chemical Formula 26] 

 

CH2) )  Sn-OR3  
m 3 

(3) 

 

10 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[0067] In the production method described above, the alkoxy groups of 

15 

	

	the compounds represented by formula (1) and the compounds 

represented by formula (2) may be C4-8 alkoxy groups, and the alcohols 
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corresponding to the alkoxy groups may be alcohols with boiling points 

of 100°C or higher at ordinary pressure, while the alcohol used in step 

(3) may be the alcohol corresponding to the alkoxy group. 

[0068] Also, the alcohol in the production method is a C4-8 alcohol 

	

5 	with a boiling point of 100°C or higher at ordinary pressure. 

[0069] In this production method, the alcohol may be an alcohol 

selected from among n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol 

and C5-8 alkyl alcohols. 

[0070] Furthermore, the alkoxy group of the alkyl tin compound used in 

	

10 	the production method may be a branched alkoxy group, and the alcohol 

may be a branched alcohol. 

[0071] (First embodiment) 

A first embodiment of the invention, as a preferred embodiment, will 

now be described. 

	

15 	[0072] The alkyl tin compound of this embodiment is an alkyl tin 

compound for ester synthesis, and specifically an alkyl tin compound 

having one to three branched alkyl groups bonded to a tin atom, the 

branched alkyl groups being alkyl groups branched at at least one 

carbon atom among the first to third carbon atoms counting from the tin 

	

20 	atom, and the valency of the tin atom being tetravalent. Furthermore, 

the alkyl tin compound is an alkyl tin compound that functions as a 

catalyst during ester synthesis. 

[0073] Synthesis reactions generally employ catalysts. They are used 

to more rapidly promote specific reactions. The catalysts themselves 

	

25 	are unaltered before and after the reaction, or even if consumed they can 

be regenerated for repeated use in the reaction. Ideally, therefore, the 
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catalyst is added initially and used perpetually and repeatedly in the 

reaction to produce a chemical product. 

[0074] However, catalyst degradation and inactivation is an often 

encountered phenomenon, and in order to maintain the reaction rate, 

	

5 	procedures are necessary for addition and replacement of fresh catalyst. 

With continued addition of catalyst, inactivated catalyst accumulates 

within the reaction system and replacement also results in removal and 

disposal of catalyst that still maintains its activity, together with the 

inactivated catalyst. The productivity is also impaired by carrying out 

	

10 	the aforementioned procedure. 

[0075] Inactivation of catalyst differs depending on the reaction and on 

the type (homogeneous system or non-homogeneous system) and 

structure of the catalyst, and therefore the method for dealing with it 

cannot be defined for all cases. 

	

15 	[0076] Among such synthesis reactions, the alkyl tin compound of this 

embodiment is a homogeneous catalyst for ester synthesis, the tin atom 

of the alkyl tin compound being tetravalent, and it is highly useful for 

industry. For the purpose of this embodiment, "ester synthesis 

reaction" refers to transesterification reaction, esterification reaction, 

	

20 	carbonic acid ester synthesis reaction or carbamic acid ester synthesis 

reaction, and it is synthesis of a neutral ester of a carboxylic acid or 

carbamic acid, or transesterification reaction. 

[0077] While very few examples exist of detailed research into 

inactivating reactions of the catalyst performance of alkyl tin 

	

25 	compounds, the results of our research have shown that the alkyl group 

disproportionation reactions represented by chemical equations (8) and 
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(9) occur very readily. 

[0078] [Chemical Formula 27] 

R 	R 

OR' 	OR' 

 

7 
frr•=0) 

OR' 	 OR' 
et al. 

(8) 

 

2 R—Sn—R 

 

?R' 

R—Sn—R 	(R—Sp—OR) 

OR' 
M al. 

(9) 

 

[0079] It was found that in these inactivation reactions, the number of 

	

5 	alkyl groups bonding to the tin atom in the alkyl tin compound changes, 

such that the initial catalytic activity can no longer be obtained. While 

the reason for the reduction in catalytic activity occurring with 

inactivation reaction is not clearly understood, it is possible that, for 

example, the distannoxane-type alkyl tin compound represented in 

	

10 	chemical equation (8) is structurally stabilized by adopting the ladder 

structure shown in formula (10) (or as has also been reported, forming a 

cyclic structure of two or more molecules when existing as a monomer), 

and the alkyl tin compound in equation (9) exhibits its catalytic action 

by forming a structure containing an aggregate such as the core 

	

15 	structure shown in formula (11). It is presumed that when this 

disproportionation reaction takes place, such structures are difficult to 

form, or that the catalytic activity is altered by electronic effects due to 

changes in the number of alkyl groups bonding to tin or by mutual 

effects between them. 

	

20 	[0080] [Chemical Formula 28] 
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/R 

R—iSn  Sn, - 
q \OR' R q 

R'0, Sn 
R
/ 

(10) 

R' 

R 	R 0 \,'\/
RO—Sr Sn—OR' 

R
/ \ 

R 

R' 

(11) 

[0081] The present invention has been completed in light of this 

situation, by specific alkyl tin compounds that inhibit these 

disproportionation reactions and function as homogeneous catalysts in 

	

5 	ester synthesis. 

[0082] The compounds to be used for this embodiment will now be 

described. 

[0083] The compound names used herein are in most cases names 

based on the rules of convention of Nomenclature (IUPAC 

	

10 	Nomenclature of Organic Chemistry) as established by the IUPAC (The 

International Union of Pure and Applied Chemistry). The term 

"organic" refers to the group of compounds that are the subject matter of 

the Nomenclature according to the aforementioned rules of convention. 

This subject matter may be the subject matter described in the 

	

15 	recommendations of 1993. However, "organic" compounds that are 

the subject matter of the aforementioned Nomenclature include 

organometallic compounds and metal complexes. 	For the 

embodiments described herein, "organic", "organic group" and/or 

"substituent", as well as other compounds used for the embodiments, are 

	

20 	composed of atoms that do not include metal atoms and/or metalloids, 

unless otherwise specified. More preferably, "organic compound", 
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"organic group" or "substituent" as used for the embodiments are 

composed of atoms selected from among H (hydrogen), C (carbon), N 

(nitrogen), 0 (oxygen), S (sulfur), Cl (chlorine), Br (bromine) and I 

(iodine). 

	

5 	[0084] The terms "aliphatic" and "aromatic" are also frequently used 

throughout the following explanation. According to IUPAC rules, 

organic compounds are classified as aliphatic compounds and aromatic 

compounds. Aliphatic compounds are defined as aliphatic compounds 

based on the IUPAC recommendations of 1995. The recommendations 

	

10 	define aliphatic compounds as "acyclic or cyclic, saturated or 

unsaturated carbon compounds, excluding aromatic compounds". 

Also, the term "aliphatic compounds" used for the embodiments 

includes saturated aliphatic compounds and unsaturated aliphatic 

compounds, as well as straight-chain aliphatic compounds and cyclic 

	

15 	aliphatic compounds, and it refers to "organic compounds", "organic 

groups" or "substituents" that are composed of atoms selected from 

among H (hydrogen), C (carbon), N (nitrogen), 0 (oxygen), S (sulfur), 

Si (silicon) and halogen atoms such as Cl (chlorine), Br (bromine) and I 

(iodine). 

	

20 	[0085] Also, when an aromatic group is bonded to an aliphatic group, 

as in an "aralkyl group", this will often be referred to as an "aliphatic 

group substituted with an aromatic group", an "aromatic aliphatic 

group" or a "group comprising an aliphatic group to which an aromatic 

group is bonded". This is based on the reactivity in the embodiments, 

	

25 	as the property relating to reaction of groups such as aralkyl groups is 

very similar to aliphatic reactivity instead of aromaticity. Furthermore, 
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non-aromatic reactive groups that include aralkyl and alkyl groups are 

often referred to as "aliphatic groups optionally substituted with 

aromatic groups", "aromatic-substituted aliphatic groups" or "aromatic 

group-bonded aliphatic groups", and these are also included among 

	

5 	"aliphatic groups". 

[0086] When explaining a general formula for a compound used herein, 

the definition according to the rules of Nomenclature established by the 

IUPAC are used, but common names will often be used for the specific 

group names and exemplary compound names. Moreover, numbers of 

	

10 	atoms and numbers of substituents are often mentioned herein, and 

these are all integers. 

[0087] When the substituents or compounds mentioned herein have 

structural isomers, they include the structural isomers unless otherwise 

specified. 

	

15 	[0088] The alkyl tin compounds of the invention will be described first. 

[0089] The alkyl tin compound of one embodiment is an alkyl tin 

compound having one to three branched alkyl groups bonded to a tin 

atom, the branched alkyl groups being alkyl groups branched at at least 

one carbon atom among the first to third carbon atoms counting from 

	

20 	the tin atom, and the valency of the tin atom being tetravalent. While 

an effect will sometimes be exhibited even if the branched alkyl group 

includes a heteroatom (for example, oxygen), as with an ether bond, 

alkenyl tin compounds or alkyl tin compounds are preferred, among 

which alkyl tin compounds with branched alkyl groups composed of 

	

25 	carbon and hydrogen are more preferred. 

[0090] As a result of diligent research on the problems of the prior art, 
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it was found, surprisingly, that the placement of the carbon atom near 

the tin atom of the alkyl tin compound has a notable effect on formation 

of the inactivated form. It is unclear whether this effect is an electron 

effect or a steric effect, but it is presumed to be less than an effect of 

	

5 	steric hindrance. Regardless of the manner of the effect, a notable 

effect is exhibited by alkyl groups with certain specific branching. An 

effect has been found when using alkyl tin compounds in which the 

alkyl groups are branched at a carbon atom of the alkyl tin compound 

that is near tin (within the first to third carbon atoms counting from the 

	

10 	tin atom). On the other hand, in a structure wherein an aromatic group 

is directly substituted on the tin atom, the original catalytic action and 

reactivity are reduced. In order to obtain an effect of both preventing 

inactivation and maintaining activity, an alkyl group with specific 

branching is preferred. 

	

15 	[0091] From the viewpoint of activity, in an alkyl group having the 

aforementioned specific branching, preferably the first carbon atom 

counting from the tin atom is a secondary or tertiary carbon atom 

bonded to at least one hydrogen. 

[0092] A specific example where one branched alkyl group is bonded to 

	

20 	a tin atom is shown in formula (13) (where the tin atom is tetravalent, 

and the other groups are omitted). 

[0093] [Chemical Formula 29] 
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R1 

T2 

 R4 

Sn CH--C—C--R5  
1) 	1 2)  I 3)  

R3  R6  

(13) 

[R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R1, R2, R3, R4, R5  and R6  are not all hydrogen, at least 

	

5 	one of R', R2  and R3  is an alkyl group, or all of R1, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2,  R3
, 

 R4, R5  and R6  being 2 to 15. 

The numerals 1), 2) and 3) represent the ordering of carbon atoms from 

the tin atom, being the primary, secondary and tertiary carbon atoms, 

	

10 	respectively.] 

[0094] Of these, C4-18 alkyl tin compounds with branched alkyl groups 

are preferred from the viewpoint of flow properties and solubility in 

solvents, when used as a homogeneous catalysts. 

[0095] Examples of such branched alkyl groups include 

	

15 	1 -methyl-propyl, 	1-methyl-butyl, 	1,2-dimethyl-butyl, 

1,3-dimethyl-butyl, 1-ethyl-butyl, 1-propyl-butyl, 1,3-dimethyl-pentyl, 

1 -methy1-2,2-dimethyl -butyl, 	1 -ethyl-pentyl, 	1,2-dimethyl-hexyl, 

1 -methyl-hexyl, 	1-ethyl-hexyl, 	1 -propyl-hexyl, 	1-butyl-hexyl, 

1,2-diethyl-hexyl, 1,2-dimethyl-heptyl, 1-ethyl-heptyl, 1-propyl-hexyl, 

	

20 	1 -butyl-hexyl, 	1,2-dimethyl-octyl, 	1-ethyl-octyl, 	1 -propyl-hexyl, 

1-butyl-hexyl, 1,2-dimethyl-nonyl, 1-ethyl-nonyl, 1,2-dimethyl-decyl, 

1-ethyl-decyl, 	1,2-dimethyl-undecyl, 	1-ethyl-undecyl, 
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1,2-dimethyl-dodecyl, 	1-ethyl-dodecyl, 	1,2-dimethyl-tridecyl, 

1 -ethyl-tridecyl, 	1 ,2-dimethyl-tetradecyl, 	1 - ethyl-tetrad e cyl, 

1,2-dimethyl-pentadecyl, 	2-ethyl-pentadecyl, 	2-methyl-propyl, 

2-methyl-butyl, 3-methyl-butyl, 2,3-dimethyl-butyl, 3,3-dimethyl-butyl, 

	

5 	2-ethyl-butyl, 2-propyl-butyl, 2-methyl-butyl, 2,3-dimethyl-pentyl, 

2-methyl-3 ,3 -dimethyl-butyl, 	2-ethyl-pentyl, 	3-ethyl-pentyl, 

2,2-dimethyl-hexyl, 2-methyl-hexyl, 2-ethyl-hexyl, 3-ethyl-hexyl, 

2-propyl-hexyl, 2-butyl-hexyl, 2,2-diethyl-hexyl, 2,2-dimethyl-heptyl, 

2-ethyl-heptyl, 2-propyl-hexyl, 2-butyl-hexyl, 2,2-dimethyl-octyl, 

	

10 	2-ethyl-octyl, 2-propyl-hexyl, 2-butyl-hexyl, 2,2-dimethyl-nonyl, 

2-ethyl-nonyl, 2,2-dimethyl-decyl, 2-ethyl-decyl, 2,2-dimethyl-undecyl, 

2-ethyl-undecyl, 	2,2-dimethyl-dodecyl, 	2-ethyl-dodecyl, 

2,2-dimethyl-tridecyl, 	2-ethyl-tridecyl, 	2,2-dimethyl-tetradecyl, 

2-ethyl-tetradecyl, 2,2-dimethyl-pentadecyl and 2-ethyl-pentadecyl. 

	

15 	More effective branched alkyl groups that are preferred for maintaining 

catalytic activity are branched alkyl groups wherein the carbon atom at 

the first position (adjacent to the tin atom) is a secondary or tertiary 

carbon atom having at least one hydrogen bonded thereto. More 

preferably, it is a branched alkyl group in which a C1-4 alkyl group is 

	

20 	substituted at the second or third position counting from the tin atom. 

Examples of such branched alkyl groups include 2,2-dimethyl-butyl, 

2,2-dimethyl-hexyl, 2,2-dimethyl-octyl, 2-propyl-butyl, 2-ethyl-butyl, 

2-methyl-pentyl, 2-ethyl-pentyl, 2-propyl-pentyl, 2-butyl-pentyl, 

2-methyl-hexyl, 	2-propyl-hexyl, 	2-butyl-hexyl, 	2-ethyl-heptyl, 

	

25 	2-ethyl-octyl, 2-ethyl-decyl, 2-ethyl-dodecyl, 2,3-dimethyl-butyl, 

2,3 -dimethyl-hexyl, 2,3 -dimethyl-octyl, 3 -propyl-butyl, 3 -ethyl-butyl, 
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3 -methyl-pentyl , 	3 -ethyl-pentyl , 3 -propyl -pentyl, 	3 -butyl-pentyl , 

3 -methyl-hexyl , 	3-propyl-hexyl, 	3 -butyl-hexyl, 	3 -ethyl-heptyl , 

3-ethyl-octyl, 3-ethyl-decyl and 3-ethyl-dodecyl. 

[0096] As mentioned above, the degree of inactivation is higher when 

	

5 	the alkyl tin compound is an alkyl tin alkoxide. Therefore, the effect 

of the invention is greater when the alkyl tin compounds in the 

embodiments are alkyl tin alkoxides. Also, the alkoxy group is more 

preferably C1-8 in consideration of catalytic action and reactivity. 

[0097] Examples of preferred alkoxy groups include methyloxy, 

	

10 	ethyloxy, propyloxy (all isomers), butyloxy (all isomers), pentyloxy (all 

isomers), hexyloxy (all isomers), heptyloxy (all isomers), and octyloxy 

(all isomers). 

[0098] Although it will depend on the purpose of use of the alkyl tin 

compound, in consideration of regeneration of the alkyl tin compound, 

	

15 	more preferably the number of carbon atoms of the alkoxy group is 4 to 

8, and the alcohol corresponding to the alkoxy group is an alcohol with 

a boiling point of 100°C or higher at ordinary pressure, when it is to be 

used as a catalyst for carbonic acid ester synthesis. 

[0099] Examples of such alkoxy groups include n-butyloxy, 

	

20 	isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

[0100] For use at high temperature, branched alkoxy groups are 

preferred as alkoxy groups with an effect of further inhibiting 

disproportionation reaction of the alkyl groups. More preferably, it is a 

group in which a C1-3 alkyl group is substituted at the secondary or 

	

25 	tertiary position (the position of the carbon in the alkoxy group, which 

is the position from the oxygen bonded to the tin atom). Examples of 
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such alkyl groups include 2-methyl-propyloxy, 2-methyl-butyloxy, 

2-ethyl-butyl oxy, 	2-propyl-butyloxy, 	2-methyl-pentyl oxy, 

2-ethyl-pentyloxy, 	2-propyl-pentyloxy, 	2-methyl-hexyloxy, 

2-ethyl-hexyloxy, 	3 -methyl-butyl oxy, 	3 -ethyl-butyl oxy, 

	

5 	3 -propyl-butyl oxy, 	3 -methyl-p entyl oxy, 	3 -ethyl-p entyloxy, 

3 -propyl-p enty loxy, 3 -methyl-hexyl oxy and 3 -ethyl-hexyl oxy. 

[0101] In light of the above, the alkoxy group of the alkyl tin alkoxide 

is most preferably an alkoxy group selected from the group consisting 

of isobutyloxy and C5-8 alkoxy groups, and an alkoxy group in which a 

	

10 	C1-3 alkyl group is substituted at the secondary or tertiary position (as 

the position of the carbon in the alkoxy group, which is the position 

from the oxygen bonded to the tin atom). 

[0102] Preferred for use as alkyl tin compounds are compositions 

containing either or both a dialkyl tin dialkoxide and/or 

	

15 	tetraalkyldialkoxydistannoxane (hereunder also referred to as "dialkyl 

tin dialkoxide composition"), which are useful as catalysts. The 

expression "active component" as used herein refers to, rather than alkyl 

tin compounds in general, alkyl tin compounds having two alkyl groups 

bonded to a tin atom, and specifically they include dialkyl tin alkoxides, 

	

20 	tetraalkylalkoxydistannoxanes and/or dialkyl tin oxides. When the 

composition is used, the molar ratio of tin atoms composing the dialkyl 

tin dialkoxide and tetraalkyldialkoxydistannoxane in the composition is 

not particularly restricted but is usually preferred to be in the range of 

1:99 to 99:1 (1:49.5 to 99:0.5, represented as the molar ratio of dialkyl 

	

25 	tin dialkoxide molecules and tetraalkyldialkoxydistannoxane 

molecules). When it is to be used at high temperature (for example, 
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100°C or higher), a higher proportion of the more stable dialkyl tin 

dialkoxide is preferred, with introduction into the reactor at a proportion 

of 99:1 to 50:50 (99:0.5 to 50:25 in terms of the molecular molar ratio). 

[0103] The dialkyl tin dialkoxide is preferably a compound represented 

5 	by formula (1). The tetraalkyldialkoxydistannoxane is preferably a 

compound represented by formula (2). 

[0104] [Chemical Formula 30] 

R4  
R5 	R

6
7  

-;;;C„,  I R1  
R3 	CH' 

R'
, 
 0- Sn-OR7  

,C H 	R3  
R1 	

c, 
,-R6 

R2 I -R5 
R4  

R4  
R2  1 R6 

	

1 	7CZ:: 
.,C„,  R6  

RICH R3  

R70-Sn-O-
I

Sn-OR7  
I 	I 

R, CHN  CH R3  

	

-, .. 	I 	ye* 	".... ..---" 

	

Rik...  ...„....0 	R R 	c ,„... ....,Re 

	

R5  -T R2 	 R2 TIRS 
R4 	 R4  

R4  
R5  I R2  

I 
R6 	,R1  

R3 	CH  

(1) 	 (2) 

[R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

10 	C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, 	and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3,  R4, R5  and R6  being 2 to 15.] 

15 	[0105] As used herein, the tetraalkyldialkoxydistannoxane structure is 

the structure represented by formula (2) as the canonical structure. 

However, as with the dialkyl tin oxides described below, it may be 

present as the hydroxy structure represented by formula (14). Since 

the presence and content of hydroxy structures cannot be defined by 

20 	analysis at the current time, the structures represented by formulas (2) 
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and (14) mentioned herein are included among 

tetraalkyldialkoxydistannoxanes. 

[0106] [Chemical Formula 31] 

R 4 	 Fe 
i 

R64 R 	
R2 

6 1 2 	 1 	R5  

RV 'N6-,,. 	RI  fil 	a'' 'R6 
R3' clic "c) "R3  

I R7o—sn—o—se—oR7 
R3 	C

IH 	I 

s 	'...."C"..  -"Ft1  RI'014-sC ...R3 R ::::c..---  [ 	 -, .c..—R6  

R5  4, Fe 	 H2 c- R5 
H4 

Rs I 112  

R- 	,R1  
R3 	CH 

1120-1n—CH 
+H20   2 

R3 	CH 

R5'1 R2  
R 4  

(2) (14) 

	

5 	[R', R2, R3,  R4, R5,  R6  and R7  have the same definitions as above.] 

[0107] In order to increase analysis precision for production control, 

preferably the alkyl groups of the dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxane are the same alkyl groups, and the 

alkoxy groups are also the same alkoxy groups. 

	

10 	[0108] According to one embodiment of the invention, the alkyl tin 

compound may be a trialkyl tin compound, so that the composition 

contains a trialkyl tin compound. When the composition containing a 

dialkyl tin dialkoxide and/or tetraalkyldialkoxydistannoxane further 

includes a trialkyl tin compound, the number of moles of tin atoms 

	

15 	composing the trialkyl tin compound is preferably in the range of 1 to 

50 mol% with respect to the number of moles of tin atoms in the entire 

composition (the total number of moles of tin atoms composing the 

dialkyl tin dialkoxide, tetraalkyldialkoxydistannoxane and trialkyl tin 

compound in the composition). The thermostability can sometimes be 

	

20 	increased if the trialkyl tin compound is present within this range. 

While the chemical reason for this is not completely understood, it is 
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conjectured that the disproportionation equilibrium of alkyl groups may 

be shifted in the desired direction by heating. The catalytic activity 

and reactivity of the trialkyl tin compound is low compared to the 

dialkyl tin dialkoxide and tetraalkyldialkoxydistannoxane, and if the 

	

5 	trialkyl tin compound content is greater than 50 mol%, it becomes 

necessary to increase the amount of composition in order to obtain 

desirable reaction results. The trialkyl tin compound content is more 

preferably 1 to 30 mol%. 

[0109] Examples of such trialkyl tin compounds include compounds 

	

10 	represented by formula (3). 

[0110] [Chemical Formula 32] 

R4 R2 R1 

(R6—C --CH)—Sn—OR7  
I 	1 
R6  R3 	

3 

(3) 

[RI, R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

	

15 	the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of RI, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3,  R4, R5 and R6  being 2 to 15.] 

[0111] The 	alkyl 	tin 	alkoxides 	(dialkyl 	tin 	dialkoxide, 

	

20 	tetraalkyldialkoxydistannoxane and/or trialkyl tin alkoxide) may be 

obtained by known methods. The preferred starting materials are alkyl 

tin carboxylates, alkyl tin oxides, alkyl tin oxide polymers or alkyl tin 

halides. Publicly known synthesis methods for these starting materials 
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are preferably employed. The production conditions may modified for 

optimal performance (for example, Wilhelm P. Neumann et al., Justus 

Liebigs Annalen der Chemie, Vol. 663, pp 11-21 (1963), Egmond, J. C. 

van et al., Journal of Applied Chemistry (London), vol.12, pp17-27 

	

5 	(1962), Seyferth et al., Journal of Organic Chemistry, vol.26, p2934 

(1961), Kerk, G. J. van der; Luijten et al., Journal of Applied Chemistry 

(London), vol.7, pp369-374(1957), P. Fostein et al., Journal of 

Organometallic Chemistry, vol.114, pp C7-C10 (1976)). Methods for 

producing alkyl tin alkoxides from starting materials may be any 

	

10 	publicly known methods. The composition containing the alkyl tin 

alkoxide may also include an alkyl tin oxide and/or alkyl tin oxide 

polymer, but the alkyl tin carboxylate and alkyl tin halide contents are 

preferably as low as possible. For example, they are preferably used 

with purification to no greater than 20 mol%, as expressed in mol% of 

	

15 	tin atoms. 	A publicly known method is preferably used for 

purification. A trialkyl tin alkoxide can also be obtained by heat 

degradation 	of 	a 	dialkyl 	tin 	dialkoxide 	or 

tetraalkyldialkoxydistannoxane. The method for producing an alkyl 

tin oxide or alkyl tin oxide polymer as a starting material is also 

	

20 	preferably a known method. 

[0112] In order to increase analysis precision for production control, 

preferably the alkyl groups of the dialkyl tin dialkoxide, 

tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide are the same 

alkyl groups, and the alkoxy groups are also the same alkoxy groups. 

	

25 	[0113] The alkyl tin compound is preferably used as a homogeneous 

catalyst for ester synthesis, among other synthesis reactions. For the 

45 



purpose of this disclosure, "ester synthesis reaction" refers to 

transesterifi cation reaction, esterification reaction, carbonic acid ester 

synthesis reaction or carbamic acid ester synthesis reaction, and it is 

synthesis of a neutral ester of a carboxylic acid or carbamic acid, or 

	

5 	transesteri fi cati on reaction. 

[0114] There are no particular restrictions on the reaction temperature, 

but the range is preferably 0°C to 250°C. There are no restrictions on 

the use of reaction solvents, but preferred examples are hydroxy 

hydrocarbons such as alcohols and phenols; hydrocarbons; and ethers 

	

10 	such as THF, and any solvents that do not notably impair the structure of 

the alkyl tin compound by oxidation reaction, reduction reaction or 

alkyl group dissociation reaction may be selected as appropriate. 

Undesirable secondary reactions often occur with strongly acidic 

solvents or strong alkali solvents, and preferably the reaction solvent 

	

15 	and reaction temperature are selected in consideration of the appropriate 

secondary reaction rate. 

[0115] Ester synthesis reaction is preferably conducted with the alkyl 

tin compound in a dissolved or molten state, and the temperature and 

solvent are preferably selected as appropriate for this. 

	

20 	[0116] An inert gas may be used for the ester synthesis reaction. 

Examples of inert gases include nitrogen, argon and helium. Carbon 

dioxide may be used as it has no adverse effects. Oxygen, hydrogen, 

hydrogen sulfide, carbon monoxide and the like may be included in 

ranges that do not notably impair the structure of the alkyl tin compound 

	

25 	or the reaction results, and they are purified and controlled by known 

methods so that consistent, desired reaction results are obtained. 
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[0117] A method for producing a carbonic acid ester will now be 

described as a preferred method for the invention. 

[0118] According to one embodiment, the alkyl tin compound is a 

catalyst for a process of producing a carbonic acid ester by reaction with 

	

5 	carbon dioxide. The alkyl tin compound is preferably an alkyl tin 

alkoxide. 

[0119] The production method for this embodiment is a method for 

producing a carbonic acid ester using an alkyl tin alkoxide, wherein the 

alkyl tin alkoxide includes either or both a compound represented by 

	

10 	formula (1) and/or a compound represented by formula (2), and the 

method for producing a carbonic acid ester comprises the following 

steps (1) to (3). 

Step (1): A step of reacting an alkyl tin alkoxide with carbon dioxide to 

obtain a reaction mixture containing a carbonic acid ester. 

	

15 	Step (2): A step of separating the carbonic acid ester from the reaction 

mixture to obtain a residual solution. 

Step (3): A step of reacting the residual solution with an alcohol and 

removing the water produced by the reaction, to obtain an alkyl tin 

alkoxide, and recycling it to step (1). 

	

20 	[0120] [Chemical Formula 33] 

R4 	 R4 	 R4  
R2 	 R2  CSR' R5  I  R5 	R2  

1 	 ,,• 
R6 	.,...C„R1 	 R6 	C.,. 	R1  R.:, 	R6  

R3  CH 	 CH'"  CH R3  
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C
I 	

R3 
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R2 	 R2 	-R5  
R R4 	 4 	 IR4  

(1) 	 (2) 
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[R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

one of R', R2  and R3  is an alkyl group, or all of R', R2  and R3  are 

	

5 	hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3, R4, R5  and R6  being 2 to 15.] 

[0121] The dialkyl tin dialkoxide and tetraalkyldialkoxydistannoxane to 

be used in the method for producing a carbonic acid ester may be the 

dialkyl tin dialkoxide and tetraalkyldialkoxydistannoxane mentioned 

	

10 	above, preferably as a composition comprising either or both the dialkyl 

tin dialkoxide and/or tetraalkyldialkoxydistannoxane. In the case of a 

composition, the molar ratio of tin atoms composing the dialkyl tin 

dialkoxide and tetraalkyldialkoxydistannoxane in the composition is not 

particularly restricted but is preferred to be in the range of 1:99 to 99:1 

	

15 	(1:49.5 to 99:0.5, represented as the molar ratio of dialkyl tin dialkoxide 

molecules and tetraalkyldialkoxydistannoxane molecules). When it is 

to be used at high temperature (for example, 100°C or higher), a higher 

proportion of the more stable dialkyl tin dialkoxide is preferred, with 

introduction into the reactor so that the proportion is 99:1 to 50:50 

	

20 	(99:0.5 to 50:25 in terms of the molecular molar ratio). 

[0122] In order to carry out step (3) in a desirable manner, in 

consideration of recycling of the alkyl tin compound, more preferably 

the alkoxy group of the alkyl tin alkoxide is a C4-8 alkoxy group, and 

the alcohol corresponding to the alkoxy group has a boiling point of 

	

25 	100°C or higher at ordinary pressure. 

[0123] Examples of such alkoxy groups include n-butyloxy, 
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isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

[0124] In order to increase analysis precision for production control, 

preferably the alkyl groups of the dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxane are the same alkyl groups, and the 

	

5 	alkoxy groups are also the same alkoxy groups. 

[0125] In the production method for this embodiment, the composition 

preferably includes a trialkyl tin compound as the alkyl tin compound. 

The thermostability will sometimes be improved if the composition 

contains a trialkyl tin compound in a range such that the number of 

	

10 	moles of tin atoms in the trialkyl tin compound with respect to the 

number of moles of tin atoms in the composition is 1 to 50 mol%. 

While the chemical reason for this is not completely understood, it is 

conjectured that the disproportionation equilibrium of alkyl groups may 

be shifted in the desired direction by heating. The catalytic action or 

	

15 	reactivity of the trialkyl tin compound is low compared to the dialkyl tin 

dialkoxide or tetraalkyldialkoxydistannoxane. 	If the trialkyl tin 

compound content is greater than 50 mol% with respect to the number 

of moles of tin atoms in the composition, it will be necessary to increase 

the amount of composition to obtain the desired reaction results, and 

	

20 	therefore the composition more preferably contains the trialkyl tin 

compound in a range of 1 to 30 mol%. 

[0126] Preferred examples of trialkyl tin compounds include 

compounds represented by formula (3). 

[0127] [Chemical Formula 34] 
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R4 R2 R1 

R6  R3 	
3 

(3) 

[IV, R2, R3, R4, R5  and R6  each independently represent hydrogen or a 

C1-15 alkyl group, and R7  represents a C1-8 alkyl group. This is with 

the proviso that R', R2, R3, R4, R5  and R6  are not all hydrogen, at least 

	

5 	one of IV, R2  and R3  is an alkyl group, or all of RI, R2  and R3  are 

hydrogen, and at least two of R4, R5  and R6  are alkyl groups, the total 

number of carbon atoms of R', R2, R3, R4, R5  and R6  being 2 to 15.] 

[0128] In order to increase analysis precision for production control, 

preferably the alkyl groups of the dialkyl tin dialkoxide, 

	

10 	tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide are the same 

alkyl groups, and the alkoxy groups are also the same alkoxy groups. 

[0129] The alcohol used in step (3) will now be described. 

[0130] The alcohol to be used in step (3) is preferably a C4-8 alcohol 

and an alcohol having a boiling point of 100°C or higher at ordinary 

	

15 	pressure, in consideration of recycling of the alkyl tin compound. 

[0131] Examples of such alcohols include n-butyl alcohol, isobutyl 

alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

[0132] Through step (3), the alcohol is incorporated as the alkoxy group 

of the alkyl tin alkoxide. For use at high temperatures, the alcohol 

	

20 	used in step (3) is preferably an alcohol having a C1-3 alkyl group 

substituting on the 2nd or 3rd carbon atom from the hydroxyl group, 

from the viewpoint of preventing alkyl group disproportionation 

reaction. Examples of such alcohols include 2-methyl-propyl alcohol, 
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2-methyl-butyl alcohol, 2-ethyl-butyl alcohol, 2-propyl-butyl alcohol, 

2-methyl-pentyl alcohol, 2-ethyl-pentyl alcohol, 2-propyl-pentyl 

alcohol, 2-methyl-hexyl alcohol, 2-ethyl-hexyl alcohol, 3-methylbutyl 

alcohol, 3-ethyl-butyl alcohol, 3-propyl-butyl alcohol, 3-methyl-pentyl 

	

5 	alcohol, 3-ethyl-pentyl alcohol, 3-propyl-pentyl alcohol, 3-methyl-hexyl 

alcohol and 3-ethyl-hexyl alcohol. 

[0133] In order to increase the analysis precision for production control 

and increase the purity of the carbonic acid ester that is produced, the 

alkoxy 	groups 	of 	the 	dialkyl 	tin 	di alkoxi de, 

	

10 	tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide are preferably 

the same alkoxy groups, and the alcohol used in step (3) is preferably 

the alcohol corresponding to the alkoxy groups. 

[0134] (Method for producing carbonic acid ester) 

A method for producing carbonic acid esters using alkyl tin alkoxides 

	

15 	will now be explained in detail. 

[0135] Methods previously disclosed by the present inventors are 

preferably used (for example, International Patent Publication No. 

W003/055840, International Patent Publication No. W02004/014840, 

International Patent Publication No. W02005/000783, International 

	

20 	Patent Publication No. W02005/111049 and International Patent 

Publication No. W02007/114130). 

[0136] (i) Alkyl tin alkoxide synthesis step (continuous operation 

start-up step) 

The alkyl tin alkoxide to be used for this embodiment may be an alkyl 

	

25 	tin alkoxide obtained by a known method, as described above. The 

alkyl tin alkoxide may be obtained, for example, from an alkyl tin 
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carboxylate, alkyl tin oxide, alkyl tin oxide polymer or alkyl tin halide. 

It is preferred to use the previously disclosed method for producing 

alkyl tin alkoxides (International Patent Publication No. 

W02005/111049 and elsewhere). This process produces an alkyl tin 

	

5 	alkoxide from preferably a dialkyl tin oxide and an alcohol. The 

alcohol used may be any of the aforementioned alcohols, 

[0137] The alkyl tin oxide used in this process may be a compound 

represented by formula (15). 

[0138] [Chemical Formula 35] 

GH 
Rr 	CH2  

R2 	
1.1
11-12 

	

10 
	 (15) 

[Here, R' and R2  each independently represent hydrogen or a C1-15 

alkyl group, and R3  represents a C1-8 alkyl group. This is with the 

proviso that R' and R2  are not both hydrogen, and the total number of 

carbon atoms of R1  and R2  is 2 to 16, with n representing a positive 

	

15 	integer.] 

[0139] The structures of dialkyl tin oxides have not been fully 

elucidatable by current analysis methods. In this process, the dialkyl 

tin oxide may be one having the monomer structure represented by 

formula (16) or the hydroxy structure represented by formula (17), 

	

20 	instead of the polymer structure represented by formula (15). The 
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hydroxy structure represented by formula (17) is not usually referred to 

as a dialkyl tin dioxide, but because it is difficult to confirm its presence 

and content by current methods of analysis, and the invention may be 

carried out under the conditions for this process with either structure, for 

5 	the sake of convenience it will be described herein as having the same 

definition as a dialkyl tin oxide. 

[Chemical Formula 36] 

CH 

T
H2 

fn=0 

R2„,.cri
,CH2  

(16) 

Ri  

Ra 	
I 
H2 

HO— In—OH 

Ri 

(17) 

[Here, R1  and R2  each independently represent hydrogen or a C1-15 

10 	alkyl group, and R3  represents a C1-8 alkyl group. This is with the 

proviso that R' and R2  are not both hydrogen, and the total number of 

carbon atoms of R' and R2  is 2 to 16.] 

[0140] The alcohol and the dialkyl tin oxide are used for dehydrating 

reaction to obtain a tetraalkyldialkoxydistannoxane and/or a dialkyl tin 

15 	dialkoxide, while removing the generated water out of the reaction 

system. During this time, the alcohol used is converted to an alkoxy 

group to form the alkyl tin alkoxide. The temperature for carrying out 

the reaction may be in the range of 80°C to 180°C, for example, and 

from the viewpoint of easier distillation removal of the generated water 

20 	out of the reaction system, it is more preferably in the range of 60°C to 
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180°C, although this will depend on the reaction pressure, while from 

the viewpoint of increasing the reaction rate the reaction temperature is 

even more preferably a high temperature. On the other hand, since 

undesirable secondary reactions such as decomposition take place at 

	

5 	high temperatures, thus lowering yields, the temperature is more 

preferably in the range of 80°C to 160°C. The pressure in the reactor 

for the reaction is a pressure that allows the generated water to be 

removed out of the system, and although it will depend on the reaction 

temperature it may be between 20 and 1 x 106  Pa. The reaction time is 

	

10 	not particularly restricted but will usually be 0.001 hour to 50 hours, 

preferably 0.01 hour to 10 hours and more preferably 0.1 hour to 2 

hours. The reaction may be completed when the desired alkyl tin 

alkoxide has been obtained. Progress of the reaction can be confirmed 

by a method of measuring the amount of water removed out of the 

	

15 	reaction system or a method of sampling the reaction mixture to 

measure the 119Sn-NMR spectrum. For production of an alkyl tin 

alkoxide in step (1), the reaction is completed upon confirming 

production of an alkyl tin alkoxide with a molar ratio in the range of 

0:100 to 80:20 and preferably 1:99 to 70:30 for the 

	

20 	tetraalkyldialkoxydistannoxane and dialkyl tin dialkoxide in the alkyl 

tin alkoxide obtained by the reaction. The used alcohol may continue 

to be used while copresent, or in some cases the alcohol may be distilled 

off and then used. It is preferred to remove the alcohol as much as 

possible since this will allow the reactor to be reduced in size for the 

	

25 	other steps. The method of removal is preferably by a known 

distillation process, and the distiller used for distillation may be a 
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known distilling apparatus. A thin-film distillation apparatus may be 

used as a preferred distilling apparatus, since it allows removal within a 

short period of time. There are no particular restrictions on the form of 

the reactor used, and a known type of tank or tower reactor may be 

	

5 	used. The low-boiling-point reaction mixture containing water is 

gaseous and can be removed from the reactor by distillation, and the 

produced alkyl tin alkoxide or the high boiling point reaction mixture 

containing the alkyl tin alkoxide may be extracted as liquid from the 

bottom of the reactor. Examples for such a reactor include reactors 

	

10 	comprising a stirring tank, a multistage stirring tank, a distillation 

column, a multistage distillation column, a multitube reactor, a 

continuous multistage distillation column, a packed tower, a thin-film 

evaporator, a reactor provided with an interior support, a forced 

circulation reactor, a falling film evaporator, a falling drop evaporator, a 

	

15 	trickle phase reactor or a bubble tower, and known methods may be 

used that employ systems of these in combination. A method using a 

tower-type reactor is preferred from the viewpoint of efficiently shifting 

the equilibrium of the dehydrating reaction toward the alkyl tin alkoxide 

(product), or a method using a reactor with a large gas-liquid contact 

	

20 	area is used so that the formed water rapidly migrates to the gas phase. 

This step may be carried out by a continuous method using a multitube 

reactor, multistage distillation column or a filler-packed tower, but when 

the dialkyl tin oxide used is solid, it is more preferred to use a method of 

carrying out the reaction in a tank reactor and then increasing the dialkyl 

	

25 	tin dialkoxide content with a tower reactor. The materials of the 

reactor and line may be any publicly known materials that do not 
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adversely affect the reaction, and since SUS304, SUS316, SUS316L 

and the like are inexpensive they are preferred for use. If necessary, 

there may be further included measuring devices such as a flowmeter 

and thermometer, and known processing equipment such as a reboiler, 

	

5 	pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. 

[0141] Step (1): A step of reacting an alkyl tin alkoxide with carbon 

	

10 	dioxide to obtain a reaction mixture containing a carbonic acid ester. 

[0142] In this step, the alkyl tin alkoxide is reacted with gaseous carbon 

dioxide to produce a carbonic acid ester. The step is preferably carried 

out using a previously disclosed method for producing carbonic acid 

esters (International Patent Publication No. W003/055840, International 

	

15 	Patent Publication No. W004/014840 or elsewhere). 

[0143] The alkyl tin alkoxide supplied to this step will sometimes be 

supplied from the alkyl tin alkoxide synthesis step during start-up, or it 

will sometimes be supplied from the alkyl tin alkoxide production step 

(3) during continuous production. 

	

20 	[0144] For this step, first the alkyl tin alkoxide and gaseous carbon 

dioxide are reacted to obtain a mixture comprising a carbon dioxide 

conjugate of the alkyl tin alkoxide. 

[0145] During the chemical reaction, preferably either the alkyl tin 

alkoxide is heated to melting, or it is mixed with the solvent as a 

	

25 	solution for reaction as a liquid. The pressure in the reactor for this 

reaction will depend on the reaction temperature, but it is preferably in 
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the range from ordinary pressure to 1 MPa, and more preferably in the 

range from ordinary pressure to 0.6 MPa. The reaction temperature 

will depend on the pressure of the reaction, but it is preferably -40°C to 

80°C, and in consideration of the flow property during transport, it is 

	

5 	more preferably 0°C to 80°C, and most preferably in the range of 

ordinary temperature (for example, 20°C) to 80°C. The term "ordinary 

temperature" as used herein means the range of 1°C to 30°C. The 

reaction time may be in a range from a few seconds to 100 hours, and is 

preferably from a few seconds to 10 hours in consideration of 

	

10 	productivity. The reactor used may be a known tank reactor or tower 

reactor. Several different reactors may also be used in combination. 

Since the reaction is between carbon dioxide (gas) and a solution 

containing alkyl tin alkoxide or alkyl tin alkoxide (liquid), for efficient 

reaction it is preferred to increase the gas-liquid contact surface area, in 

	

15 	order to increase the contact area between the carbon dioxide and the 

alkyl tin alkoxide. The method for conducting reaction with increased 

gas-liquid contact surface area may take advantage of known 

observations, and preferred methods are those that involve increasing 

the stirring speed in an tank reactor or generating air bubbles in the 

	

20 	liquid, or for a tower reactor, utilizing a packed tower or utilizing a tray 

tower. Examples of such tower reactors include tray tower systems 

using trays, such as a bubble-cap tray, porous plate tray, valve tray or 

counterflow tray; and packed tower systems packed with various types 

of packing agents such as Raschig rings, Lessing rings, pall rings, Berl 

	

25 	saddles, Intalox saddles, Dixon packing, McMahon packing, Heli-Pak, 

Sulzer packing or Mellapak. The materials of the reactor and line may 
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be any publicly known materials that do not adversely affect the 

reaction, and since SUS304, SUS316, SUS316L and the like are 

inexpensive they are preferred for use. If necessary, there may be 

further included measuring devices such as a flowmeter and 

	

5 	thermometer, and known processing equipment such as a reboiler, 

pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. The reaction will usually be an 

	

10 	exothermic reaction, and cooling may be accomplished by heat radiation 

from the reactor, for example. Heating may be performed when 

production of a carbonic acid ester is to be carried out simultaneously. 

Cooling or heating of the reactor may employ a publicly known method, 

such as a method using a jacket, or a method using an internal coil. 

	

15 	The carbon dioxide and alkyl tin alkoxide supplied to the reactor may be 

supplied separately, or they may be combined before being supplied to 

the reactor. The carbon dioxide and alkyl tin alkoxide may also be 

supplied to the reactor from several different sections of the reactor. 

Completion of the reaction can be confirmed by 119Sn-N1VIR spectral 

	

20 	analysis, for example. A step of obtaining a carbon dioxide conjugate 

of the alkyl tin alkoxide is not essential, and in some cases, depending 

on equipment operation and the like, the alkyl tin alkoxide may be 

transported directly to the subsequent step to obtain a reaction mixture 

containing a carbonic acid ester. 

	

25 	[0146] The following method may be used to obtain a reaction mixture 

containing a carbonic acid ester from the carbon dioxide conjugate of 
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the alkyl tin alkoxide that is obtained. 

[0147] The reaction conditions are preferably a high reaction 

temperature in the range of 40°C to 200°C to increase the reaction rate, 

but since undesirable secondary reactions such as decomposition may 

	

5 	take place at high temperatures, potentially lowering the yield, the 

preferred range is 60°C to 180°C, for a reaction time of 0.05 hour to 10 

hours, and the reaction pressure is preferably in the range of ordinary 

pressure to 20 MPa and more preferably in the range of 2.0 MPa to 10 

MPa. The reaction may be completed after the desired carbonic acid 

	

10 	ester has been produced in the reactor. Progress of the reaction can be 

confirmed by sampling the reaction mixture in the reactor and analyzing 

the generated carbonic acid ester by 1H-NJVIR spectrum or gas 

chromatography. For example, the reaction may be completed after 

production of at least 10 mol% with respect to the number of moles of 

	

15 	the carbon dioxide conjugate of the alkyl tin alkoxide and/or alkyl tin 

alkoxide in the carbon dioxide conjugate of the alkyl tin alkoxide and/or 

alkyl tin alkoxide, and if a higher carbonic acid ester yield is desired, the 

reaction may be continued to a reaction yield of 90% or greater and then 

terminated. The reactor used may be a known type of reactor, and is 

	

20 	preferably a tower reactor or tank reactor. The materials of the reactor 

and line may be any publicly known materials that do not adversely 

affect the reaction, and since SUS304, SUS316, SUS316L and the like 

are inexpensive they are preferred for use. If necessary, there may be 

further included measuring devices such as a flowmeter and 

	

25 	thermometer, and known processing equipment such as a reboiler, 

pump, condenser, heating means, cooling means and the like, while the 
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heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. 

[0148] Step (2): A step of separating the carbonic acid ester from the 

	

5 	reaction mixture to obtain a residual solution. 

[0149] In this step,the carbonic acid ester is separated from the reaction 

mixture containing the carbonic acid ester obtained in step (1), and a 

residual solution is obtained. The separation process may employ any 

known method or apparatus, but is preferably distillation. 

	

10 	[0150] The reaction mixture transported from step (1) is subjected to a 

batch or semi-batch process or continuous distillation, to obtain a 

carbonic acid ester and a residual solution. The preferred distillation 

method is one in which the reaction mixture is supplied to a distiller and 

the carbonic acid ester is separated out of the system from the top of the 

	

15 	distiller as a gas phase component, while the residual solution is 

removed from the bottom of the distiller as a liquid component. The 

temperature for this step will depend on the boiling point or pressure of 

the carbonic acid ester, but it may be carried out in a range from 

ordinary temperature (for example, 20°C) to 200°C, and since the tin 

	

20 	compound in the residual solution is sometimes degraded at high 

temperature, or the carbonic acid ester may decrease due to reverse 

reaction, the reaction is preferably carried out in a range from ordinary 

temperature (for example, 20°C) to 150°C. The pressure in the reactor 

for the reaction will depend on the type of carbonic acid ester and the 

	

25 	temperature at which it is carried out, but it will usually be conducted 

from ordinary pressure to reduced pressure conditions, and in 
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consideration of productivity the pressure is preferably in the range of 

100 Pa to 801(Pa and more preferably 100 Pa to 50KPa. The reaction 

time may be in the range of 0.01 hour to 10 hours, but because the tin 

component in the reaction mixture may degrade during long periods at 

	

5 	high temperature, or the carbonic acid ester may decrease due to reverse 

reaction, the time is preferably in the range of 0.01 hour to 0.5 hour and 

more preferably 0.01 hour to 0.3 hour. The distiller used may be a 

known one, and is preferably a tower distiller or a tank distiller, which 

may also be used in combination. A thin-film evaporator or thin-film 

	

10 	distiller is even more preferred, and a thin-film evaporator or thin-film 

distiller equipped with a distillation column is most preferred. The 

materials of the distiller and line may be any publicly known materials 

that do not adversely affect the reaction, and since SUS304, SUS316, 

SUS316L and the like are inexpensive they are preferred for use. If 

	

15 	necessary, there may be further included measuring devices such as a 

flowmeter and thermometer, and known processing equipment such as a 

reboiler, pump, condenser, heating means, cooling means and the like, 

while the heating means may be a known heating means such as steam 

or a heater, and the cooling means may be known cooling means such as 

	

20 	natural cooling, cooling water or brine. In step (2), when unreacted 

carbon dioxide is present in the reaction mixture transported from step 

(1), or when carbon dioxide is incorporated into the alkyl tin alkoxide 

molecule, preferably the carbonic acid ester is separated after removal 

of the carbon dioxide from the reaction mixture. The method for 

	

25 	removing the carbon dioxide may be according to the method for 

separating the carbonic acid ester. It is preferably carried out at a 
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lower temperature and at a higher pressure than for separation of the 

carbonic acid ester. The conditions are selected depending on the 

physical properties of the carbonic acid ester to be produced, as 

conditions having a low vapor pressure of the carbonic acid ester and 

	

5 	allowing removal of carbon dioxide. The carbon dioxide that is 

removed is preferably recycled to step (1). For recycling, it is 

preferably returned after pressurization with a compressor or the like. 

When a compressor is used, inclusion of the alkyl tin alkoxide can 

potentially clog the compressor or reactor, so it is therefore preferably 

	

10 	separated out beforehand. In this case, separation may be carried out 

by a known method with a distillation column or the like. 

[0151] Step (3): A step of reacting the residual solution with an alcohol 

and removing the water produced by the reaction, to obtain an alkyl tin 

alkoxide, and recycling it to step (1). 

	

15 	[0152] This step is carried out after obtaining the residual solution in 

step 2, but it is similar to the alkyl tin alkoxide synthesis step described 

above. This step accomplishes dehydrating reaction of the residual 

solution and alcohol obtained in step (2) to regenerate the alkyl tin 

alkoxide. The residual solution also contains the alkyl tin alkoxide, 

	

20 	but in this step recycling (regeneration) is conducted to the ratio of the 

alkyl tin alkoxide for carrying out step (1). Since the carbonic acid 

ester is generated preferentially from the dialkyl tin alkoxide and the 

proportion of the tetraalkyldialkoxydistannoxane increases in step (2), 

this step regenerates alkyl tin alkoxide with an increased proportion of 

	

25 	dialkyl tin dialkoxide. 

[0153] The alcohol used may be any of the aforementioned alcohols. 
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The dehydrating reaction conditions are also preferably the same as for 

the alkyl tin alkoxide synthesis step described above. The reaction 

may be completed if the desired alkyl tin alkoxide has been obtained. 

Progress of the reaction can be confirmed by a method of measuring the 

	

5 	amount of water removed out of the reaction system or a method of 

sampling the reaction mixture to measure the 119Sn-NMR spectrum. 

For production of the alkyl tin alkoxide of this embodiment in step (1), 

the reaction is completed upon confirming that the molar ratio of the 

tetraalkyldialkoxydistannoxane and dialkyl tin dialkoxide in the alkyl 

	

10 	tin alkoxide obtained by the previous reaction is in the range of 0:100 to 

80:20 and more preferably 1:99 to 70:30. The alcohol may be used 

directly as a copresent component, or depending on the case the alcohol 

may be used after being distilled off. It is preferred to remove the 

alcohol as much as possible as this will allow the reactor to be reduced 

	

15 	in size for the other steps. The method of removal is preferably by a 

known distillation process, and the distiller used for distillation may be 

a known distilling apparatus. A thin-film distillation apparatus may be 

used as a preferred distilling apparatus, since it allows removal within a 

short period of time. Because solid dialkyl tin oxide is generally not 

	

20 	used in this step, unlike the alkyl tin alkoxide synthesis step, there are 

no particular restrictions on the form of the reactor used for the 

dehydrating reaction, and any known tank or tower reactor may be used. 

The low-boiling-point reaction mixture containing water is gaseous and 

can be removed from the reactor by distillation, and the high boiling 

	

25 	point reaction mixture containing the alkyl tin alkoxide may be 

extracted as liquid from the bottom of the reactor. Examples of such a 
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reactor include reactors comprising a stirring tank, a multistage stirring 

tank, a distillation column, a multistage distillation column, a multitube 

reactor, a continuous multistage distillation column, a packed tower, a 

thin-film evaporator, a reactor provided with an interior support, a 

	

5 	forced circulation reactor, a falling film evaporator, a falling drop 

evaporator, a trickle phase reactor or a bubble tower, and known 

methods may be used that employ systems of these in combination. A 

method using a tower-type reactor is preferred from the viewpoint of 

efficiently shifting the equilibrium of the dehydrating reaction toward 

	

10 	the alkyl tin alkoxide, or a method using a reactor with a large 

gas-liquid contact area is used so that the formed water rapidly migrates 

to the gas phase. For this step it is especially preferred to employ a 

continuous method with a multitube reactor, a multistage distillation 

column or a packed tower packed with a filler. The materials of the 

	

15 	distiller and line may be any publicly known materials that do not 

adversely affect the reaction, and since SUS304, SUS316, SUS316L 

and the like are inexpensive they are preferred for use. If necessary, 

there may be further included measuring devices such as a flowmeter 

and thermometer, and known processing equipment such as a reboiler, 

	

20 	pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. 

[0154] The above is an example of producing a carbonic acid ester 

	

25 	using an alkyl tin alkoxide. 

[0155] By using an alkyl tin compound for this embodiment, it is 
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possible to notably improve accumulation of the inactivated forms of 

alkyl tin alkoxides that occurs during carbonic acid ester production 

processes in the prior art, and to produce carbonic acid esters at very 

high efficiency. 

	

5 	[0156] The carbonic acid ester obtained in this step can be suitably used 

as a polycarbonate starting material, isocyanate starting material or 

other chemical product starting material, or as a battery electrolyte for a 

lithium ion battery. Using this method it is possible to solve the 

problems of cost and waste in the production of carbonic acid esters. 

	

10 	The invention is therefore of extremely high industrial importance. 

[0157] [Examples] 

A first embodiment of the invention will now be explained in greater 

detail through examples and comparative examples, with the 

understanding that the invention is not limited to the examples. 

	

15 	[0158] The analysis methods applied in the examples and comparative 

examples will be described first. 

[0159] <Analysis methods> 

1) NMR spectral analysis 

Apparatus: JNM-A400 FT-NMR System by JEOL Corp. 

	

20 	(1) Preparation of 'H-NMR, '3C-NIVIR and 119Sn-NMR spectral analysis 

samples 

After weighing out 0.3 g of liquid containing an alkyl tin alkoxide or 

alkyl tin alkoxide, there were added approximately 0.7 g of heavy 

chloroform (99.8% purity, Aldrich Co.) and 0.08 g of tetramethyltin 

	

25 	(Wako Grade A, Wako Pure Chemical Industries, Ltd.) as an internal 

standard for 119Sn-NMR spectroscopy, and the uniformly mixed solution 
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was used as a sample for NMR spectral analysis. 

(2) Quantitative analysis 

The 	alkyl 	tin 	alkoxides 	(di alkyl 	tin 	dialkoxides, 

tetraalkyldialkoxydistannoxanes and/or trialkyl tin alkoxides) were 

	

5 	analyzed and a calibration curve was drawn based on the internal 

standard. Quantitative analysis was conducted for the analysis sample 

solution based on the resulting calibration curve. 

[0160] 2) Water analysis 

Apparatus: CA-05 Micro Moisture Analyzer, product of Mitsubishi 

	

10 	Chemical Corp. 

An analysis sample was taken using a syringe and weighed, and then 

directly injected into the moisture analyzer for quantitation of the 

moisture. The mass of the syringe was again measured and the 

difference used to calculate the weight of injected sample, to determine 

	

15 	the moisture content in the sample. 

[0161] 3) Gas chromatographic analysis of carbonic acid ester 

compounds and ester compounds 

Apparatus: GC-2010 System by Shimadzu Corp. 

(1) Preparation of sample solution for analysis 

	

20 	After weighing out 0.2 g of reaction mixture, approximately 1.5 g of 

dehydrated acetone (product of Wako Pure Chemical Industries, water 

content: <50 ppm). After further adding approximately 0.05 g of 

dehydrated toluene (product of Wako Pure Chemical Industries, water 

content: <50 ppm) or diphenyl ether (special grade, product of Wako 

	

25 	Pure Chemical Industries) as an internal standard, the mixture was used 

as a sample solution for gas chromatographic analysis. 
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(2) Gas chromatographic analysis conditions 

Column: DB-1 (product of J&W Scientific) 

Liquid phase: 100% dimethylpolysiloxane 

Length: 30 m 

	

5 	Inner diameter: 0.25 mm 

Film thickness: 1µm 

Column temperature: After holding at 50°C for 5 minutes, the 

temperature was raised to 300°C at a temperature-elevating rate of 

10°C/min. 

	

10 	Injection temperature: 300°C 

Detector temperature: 300°C 

Detector: FID 

[01621 (3) Quantitative analysis 

The ester compound or carbonic acid ester compound was analyzed and 

	

15 	a calibration curve was drawn based on an internal standard. 

Quantitative analysis was conducted for the analysis sample solution 

based on the resulting calibration curve. 

[0163] 4) Analysis of dialkyl tin oxide compounds 

Apparatus: Spectrum One/l00 FT-IR system (ATR method), product of 

	

20 	Perkin Elmer 

Placing approximately 5 mg of dialkyl tin oxide on an ATR plate and 

applying pressure with a pressure arm, the IR spectrum was measured. 

[0164] <Calculation of tin atom concentration (in active component)> 

The active component for this embodiment was an alkyl tin alkoxide 

	

25 	that effectively functions in the reaction, and specifically a dialkyl tin 

dialkoxide and/or tetraalkyldialkoxydistannoxane. 	The tin atom 
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concentration (in the active component) will now be defined for 

expressing the change in amount of active component. 

[0165] The tin atom concentration (in the active component) for dialkyl 

tin dialkoxides was calculated by the following equation (1). For 

	

5 	example, the tin atom concentration (in the active component) of the 

dialkyl tin dialkoxide composition obtained by Synthesis Example 1 

below was calculated by the following mathematical formula (1). 

[Mathematical Formula 1] 

(Tin atom concentration (in active component) = Ci 	(1) 

	

10 	[In the formula, "tin atom concentration (in active component)" 

represents the concentration [mol/kg] of tin atoms in the dialkyl tin 

dialkoxide in the dialkyl tin dialkoxide composition, and C1  represents 

the concentration [mol/kg] of the dialkyl tin dialkoxide in the dialkyl tin 

dialkoxide composition. C1  can be determined by 119Sn-NMR spectral 

	

15 	analysis of the composition.] 

[0166] The tin atom concentration (in the active component) for 

tetraalkyldialkoxydistannoxane compositions was calculated by 

mathematical formula (2). For example, the tin atom concentration (in 

the active component) of the tetraalkyldialkoxydistannoxane 

	

20 	composition obtained by Synthesis Example 2 below was calculated by 

mathematical formula (2). 

[Mathematical Formula 2] 

Tin atom concentration (in active component) = 2 • C2 	(2) 

[In the formula, "tin atom concentration (in active component)" 

	

25 	represents the concentration [mol/kg] of tin atoms in the 

tetraalkyldialkoxydistannoxane in the tetraalkyldialkoxydistannoxane 
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composition, and C2 represents the concentration [mol/kg] of the 

tetraalkyldialkoxydistannoxane in the tetraalkyldialkoxydistannoxane 

composition. C2 can be determined by 119Sn-NMR spectral analysis of 

the tetraalkyldialkoxydistannoxane composition.] 

	

5 	[0167] The concentration of tin atoms (in the active component) in 

compositions comprising a dialkyl tin dialkoxide and/or 

tetraalkyldialkoxydistannoxane or compositions further containing a 

trialkyl tin alkoxide was calculated by formula (3). 

[Mathematical Formula 3] 

	

10 	Tin atom concentration (in active component) = C1  + 2 C2 	(3) 

[In the formula, "tin atom concentration (in active component)" 

represents the concentration [mol/kg] of tin atoms composing the 

dialkyl tin dialkoxide and/or tetraalkyldialkoxydistannoxane in the 

composition, CI  represents the concentration [mol/kg] of the dialkyl tin 

	

15 	dialkoxide in the composition, and C2 represents the concentration 

[mol/kg] of the tetraalkyldialkoxydistannoxane in the composition. Ci  

and C2 can be determined by 119Sn-NIVIR spectral analysis of the 

composition.] 

[0168] [Synthesis 	Example 	1] 	Synthesis 	of 

	

20 	bis(3-methylbutyl)diethoxytin composition 

(Synthesis of bi s (3 -m ethylbutyl)dichl orotin) 

After placing 26.52 g (0.1 mol) of tetrachlorotin (99.995% purity, 

product of Aldrich) and 150 mL of cyclopentyl methyl ether 

(dehydration grade, product of Aldrich) in a 500 mL-volume 

	

25 	four-necked round bottom flask connected to a thermometer, a 

three-way cock and a Dimroth condenser, in a nitrogen box under a 

69 



nitrogen atmosphere, a stirring bar was added and a magnetic stirrer was 

used for stirring at room temperature to form a homogeneous solution. 

Next, after placing 200 mL of a 2M diethyl ether solution of 

isopentylmagnesium bromide (product of Aldrich) in a 300 mL 

	

5 	dropping funnel, the dropping funnel was connected to the four-necked 

flask. The flask was removed from the nitrogen box and immersed in 

an ice bath while under a nitrogen atmosphere, and stirring was 

commenced. Dropping of the solution from the dropping funnel was 

then commenced, adjusting the dropping rate so that the temperature of 

	

10 	the liquid mixture in the flask did not exceed 30°C. A white solid 

formed in the flask as dropping proceeded. Upon completion of the 

dropping, stirring of the mixture in the flask was continued for 

approximately 3 hours. The flask was then transferred to the nitrogen 

box, and a suction filter was used to filter the white solid under a 

	

15 	nitrogen atmosphere. 	Distilling separation of diethyl ether and 

cyclopentyl methyl ether was performed from the collected filtrate. 

Following distilling separation, further distillation of the high boiling 

point components was performed, and 38.7 g of 

tetrakis(3-methylbuty1)-tin was obtained from the collected fraction. 

	

20 	Next, the tetrakis(3-methylbutyl)tin was placed in a 100 mL-volume 

three-necked round bottom flask equipped with a thermometer, 

three-way cock and branch pipe connecting tube (the branch pipe 

connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

	

25 	collecting vessels linked together), and 25.19 g (0.095 mol) of 

tetrachlorotin (99.995% purity, product of Aldrich) was added. The 
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flask was immersed in an oil bath, and stirring and heating of the liquid 

mixture was initiated. The temperature of the oil bath was adjusted so 

that the temperature of the liquid mixture was 120°C, and after stirring 

arid heating continuously for about 2 hours, the temperature of the oil 

	

5 	bath was adjusted so that the temperature of the liquid mixture was 

200°C, and stirring and heating were continued for about 4 hours. 

Next, the flask was gradually reduced in pressure and the 

low-boiling-point components were distilled off, and upon reducing the 

pressure of the flask for distilling separation of 

	

10 	bis(3-methylbutyl)dichlorotin, 56.4 g of bis(3-methylbutyl)dichlorotin 

was recovered. 

[0169] (Synthesis of bis(3-methylbutyl)diethoxytin composition) 

After placing 53.1 g (0.16 mol) of bis(3-methylbutyl)dichlorotin and 50 

mL of cyclopentyl methyl ether (dehydration grade, product of Aldrich) 

	

15 	in a 500 mL-volume four-necked round bottom flask connected to a 

thermometer, a three-way cock and a Dimroth condenser, under a 

nitrogen atmosphere, a stirring bar was added and a magnetic stirrer was 

used for stirring at room temperature to foam a homogeneous solution. 

Next, 160 mL of a 2M ethanol solution of sodium ethoxide (prepared 

	

20 	from an ethanol solution with 21 mass% sodium ethoxide, product of 

Aldrich) was placed in a 200 mL dropping funnel, and the dropping 

funnel was connected to the four-necked flask. The flask was removed 

from the nitrogen box and immersed in an ice bath while under a 

nitrogen atmosphere, and stirring was commenced. Dropping of the 

	

25 	solution from the dropping funnel was then commenced, adjusting the 

dropping rate so that the temperature of the liquid mixture in the flask 
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did not exceed 40°C. A white solid formed in the flask as dropping 

proceeded. Upon completion of the dropping, stirring of the mixture 

in the flask was continued for about 3 hours, and the flask was 

transferred to the nitrogen box. A suction filter was used to filter the 

	

5 	white solid under a nitrogen atmosphere. The collected filtrate was 

subjected to vacuum distillation, and after distillation 54.1 g of the high 

boiling 	point 	component 	(composition) 	containing 

bis(3-methylbutyl)diethoxytin was collected. 	The amount of 

bis(3-methylbutyl)diethoxytin in the composition was determined by 

	

10 	119Sn-NMR spectral analysis to be 53.3 g. In other words, the 

bis(3-methylbutyl)diethoxytin concentration in the composition was 

2.81 mol/kg, and the tin atom concentration (in the active component) 

of the composition was 2.81 mol/kg. 

[0170] [Synthesis 	Example 	2] 	Synthesis 	of 

	

15 	1,1 ,3,3-tetraki s (3 -methylbuty1)-1,3-di ethoxy-distannoxane composition 

After placing 17.5 g (0.05 mol) of the bis(3-methylbutyl)diethoxytin 

obtained in Synthesis Example 1 in a 300 mL-volume four-necked 

round bottom flask equipped with a thermometer, three-way cock, 

dropping funnel and branch pipe connecting tube (the branch pipe 

	

20 	connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels linked together), 80 g of ethanol (dehydration grade, 

product of Wako Pure Chemical Industries) was added. Next, 85 g of 

ethanol and 0.45 g (0.025 mol) of ion-exchanged water were mixed in a 

	

25 	200 mL beaker, and upon forming a homogeneous solution it was 

placed in a dropping funnel. The flask was immersed in an oil bath, 
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and stirring and heating was initiated. Dropping was initiated after 

adjusting the temperature of the oil bath so that the temperature of the 

liquid mixture was approximately 40°C. Upon completion of the 

dropping, the liquid mixture was kept at 40°C and stirring was 

	

5 	continued for 2 hours. The flask was then gradually reduced in 

pressure and the ethanol was distilled off, after which 15.9 g of the high 

boiling 	point 	component 	(composition) 	containing 

1,1,3,3-tetrakis(3-methylbutyl)-1,3-diethoxy-distannoxane 	was 

collected. 	 The 	amount 	of 

	

10 	 -tetraki s(3 -methylbuty1)-1,3 -di ethoxy-di stannoxane 	in 	the 

composition was determined by 119Sn-NNIR spectral analysis to be 15.6 

g. 	 In 	other 	words, 	the 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 -di ethoxy-di stannoxane 

concentration in the composition was 1.56 mol/kg, and the tin atom 

	

15 	concentration (in the active component) of the composition was 3.12 

mol/kg. 

[0171] [Synthesis 	Example 	3] 	Synthesis 	of tri alkyl tin 

alkoxide-containing composition 

After 	 placing 	 15 	 g 	of 

	

20 	1,1,3 ,3 -tetrakis(3 -methylbuty1)-1,3 -di ethoxydistannoxane produced by 

the method of Synthesis Example 2 in a 50 mL-volume three-necked 

flask equipped with a three-way cock-connected Dimroth condenser, a 

silicon cap and a thermometer, using a gas-tight syringe (1050TLL by 

Hamilton), 10 g of bis(3-methylbutyl)diethoxytin produced by the 

	

25 	method of Synthesis Example 1 was subsequently added in the same 

manner, 	to 	prepare 	a 	composition 	comprising 
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1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 - di ethoxydi stannoxane 	and 

bis(3-methylbutyl)diethoxytin. The flask was immersed in an oil bath 

that had been heated to 186°C. After stirring and heating for about 15 

minutes, the temperature of the composition in the flask reached 180°C. 

	

5 	Stirring and heating were continued while periodically sampling, and 

19Sn-NMR spectral analysis was performed, and upon confirming 

production of 0.0053 mol of tris(3-methylbutyl)ethoxytin in the 

composition, the heating was suspended. The post-heating component 

ratio was expressed as follows in terms of tin atoms. The tin atom 

	

10 	concentration (in the active component) of the composition comprising 

bis (3 -m ethyl butyl)diethoxytin 	 and 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3-diethoxydi stannoxane before heating 

was calculated by mathematical formula (3) to be 3.05 mol/kg, while 

the tin atom concentration derived from the starting materials in the 

	

15 	composition after heating (the tin atom concentrations determined from 

the 	 bis(3-methylbutyl)diethoxytin 	 and 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 -di ethoxydi stannoxane 	contents) 

changed to 2.62 mol/kg (reduced by about 14% compared to before 

heating), and the tin atom concentration derived from 

	

20 	tris(3-methylbutyl)ethoxytin was 0.21 mol/kg. In other words, a 

trialkyl tin alkoxide-containing composition was obtained, of which 

approximately 7% had been converted to tris(3-methylbutyl)ethoxytin, 

with respect to the tin atom concentration (in the active component) of 

the composition before heating. 

	

25 	[0172] [ Synthesis 	Example 	4] 	Synthesis 	of 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition 
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After placing 48.0 g (0.13 mol) of bis(3-methylbutyl)dichlorotin 

obtained by the method of Synthesis Example 1 and 50 mL of 

cyclopentyl methyl ether (dehydration grade, product of Aldrich) in a 

500 mL-volume four-necked round bottom flask connected to a 

	

5 	thermometer, a three-way cock and a Dimroth condenser, in a nitrogen 

box, a stirring bar was added and a magnetic stirrer was used for stirring 

at room temperature to form a homogeneous solution. Next, 130 mL 

of a 2M ethanol solution of potassium hydroxide (product of Wako Pure 

Chemical Industries) was placed in a 200 mL dropping funnel, and the 

	

10 	dropping funnel was connected to the four-necked flask. The flask 

was removed from the nitrogen box and immersed in an ice bath while 

under a nitrogen atmosphere, and stirring was commenced. Dropping 

of the solution from the dropping funnel was then commenced, 

adjusting the dropping rate so that the temperature of the liquid mixture 

	

15 	in the flask did not exceed 40°C. A white solid formed in the flask as 

dropping proceeded. Upon completion of the dropping, stirring of the 

mixture in the flask was continued for about 3 hours, and a suction filter 

was used in a nitrogen box for filtration of the white solid. The 

collected solid was rinsed 3 times with ion-exchanged water and two 

	

20 	times with acetone, and then vacuum dried. Upon drying, 32.5 g of a 

solid was collected. Measurement of the IR spectrum of the solid 

revealed a bis(3-methylbutyl)tin oxide content of approximately 99% in 

the solid. 

[0173] (Synthesis 	of 	bis(3-methylbuty1)-bis(3-methylbutoxy)tin 

	

25 	composition) 

In a 1 L-volume round bottom flask there were placed 30.5 g (0.1 mol) 
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of bis(3-methylbutyl)tin oxide and 881.5 g (10 mol) of 3-methyl-1-butyl 

alcohol (product of Aldrich). 	The flask containing the white 

slurry-like mixture was mounted on an evaporator connected to an oil 

bath with a temperature regulator, and a vacuum pump and vacuum 

	

5 	controller. The oil bath temperature was set to 140°C, the flask was 

immersed in the oil bath, and rotation of the evaporator was 

commenced. After rotated stirring and heating for about 20 minutes at 

ordinary pressure with the purge valve of the evaporator left open, a 

distillate containing mainly 3-methyl-1-butyl alcohol began to be 

	

10 	collected. This state was maintained for 5 hours, and then the flask 

was raised out of the oil bath. The reaction mixture at this time was a 

transparent liquid. The total amount of the obtained distillate was 

620.5 g, and analysis of the distillate with a micro moisture analyzer 

revealed a moisture content of 1.8 g (0.1 mol). The temperature of the 

	

15 	oil bath was then set to 120°C, the flask was again immersed in an oil 

bath and stirred while rotating for about 20 minutes at ordinary pressure, 

and then in order to remove the excess 3-methyl-1-butyl alcohol, the 

purge valve of the evaporator was closed and the vacuum pump and 

vacuum controller were used to gradually reduce the pressure in the 

	

20 	reactor to 1.8 to 2.5 kPa. This state was maintained for 3 hours, and 

then the flask was raised out of the oil bath, the purge valve was slowly 

opened and dry nitrogen gas was introduced into the reactor interior to 

restore it to ordinary pressure. 

After distillation, 46.5 g of the high boiling point component 

	

25 	(composition) containing bis(3-methylbuty1)-bis(3-methylbutoxy)tin 

was collected. As a result of '19Sn-NMR spectral analysis of the 
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composition, 	it 	was 	found 	to 	have 	a 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin content of 45.8 g. In other 

words, the bis(3-methylbuty1)-bis(3-methylbutoxy)tin concentration in 

the composition was 2.26 mol/kg, and the tin atom concentration (in the 

	

5 	active component) of the composition was 2.26 mol/kg. 

[0174] [ Synthesis 	Example 	5] 	Synthesis 	of 

1,1,3,3 -tetraki s(3 -methyl buty1)-1,3-b i s(3 -methyl butoxy)di stannoxane 

composition 

After 	placing 	21.8 	g 	(0.05 	mol) 	of 	the 

	

10 	bis(3-methylbutyl)bis(3-methylbutoxy)tin obtained in Synthesis 

Example 4 in a 300 mL-volume four-necked round bottom flask 

equipped with a thermometer, three-way cock, dropping funnel and 

branch pipe connecting tube (the branch pipe connecting tube being 

connected to an apparatus having a Liebig condenser, reduced pressure 

	

15 	connecting tube and two distillate collecting vessels linked together), 80 

g of 3-methyl-1-butyl alcohol (product of Wako Pure Chemical 

Industries) was added. Next, 85 g of 3-methyl-1-butyl alcohol and 

0.45 g (0.025 mol) of ion-exchanged water were mixed in a 200 mL 

beaker, and upon forming a homogeneous solution it was placed in a 

	

20 	dropping funnel. The flask was immersed in an oil bath, and stirring 

and heating was initiated. Dropping was initiated after adjusting the 

temperature of the oil bath so that the temperature of the liquid mixture 

was approximately 60°C. Upon completion of the dropping, the liquid 

mixture was kept at 60°C and stirring was continued for 2 hours. The 

	

25 	flask was then gradually reduced in pressure, and distilling separation of 

the 3-methyl-1-butyl alcohol was performed. After distillation, 17.9 g 

77 



of the high boiling point component (composition) containing 

1,1,3,3 -tetraki s (3 -m ethylbuty1)-1,3 -bi s (3 -methyl b u toxy)di stannoxan e 

was collected. As a result of 119Sn-NMR analysis of the composition, 

the 

	

5 	1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylb utoxy)distannoxane 

content of the composition was found to be 17.6 g. In other words, the 

1,1 ,3,3 -tetrakis(3 -m ethylbuty1)-1,3-b is(3 -methylbutoxy)distannox ane 

concentration in the composition was 1.38 mol/kg, and the tin atom 

concentration (in the active component) of the composition was 2.76 

	

10 	mollkg. 

[0175] [Synthesis Example 	6] 	Synthesis of trialkyl 	tin 

alkoxide-containing composition 

After 	placing 15 	 g 	 of 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

15 	produced by the method of Synthesis Example 5 in a 50 mL-volume 

three-necked flask equipped with a three-way cock-connected Dimroth 

condenser, a silicon cap and a thermometer, using a gas-tight syringe 

(1050TLL 	by 	Hamilton), 	10 	g 	of 

bis(3-methylbutyl)-bis(3-methylbutoxy)tin produced by the method of 

20 	Synthesis Example 4 was subsequently added in the same manner, to 

prepare 	a 	composition 	 comprising 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

and bis(3-methylbuty1)-bis(3-methylbutoxy)tin. 	The flask was 

immersed in an oil bath that had been heated to 186°C. After stirring 

25 	and heating for about 15 minutes, the temperature of the composition in 

the flask reached 180°C. Stirring and heating were continued while 
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periodically sampling, 119SrFNMR analysis was performed, and upon 

confirming 	production 	of 	0.0023 
	

mol 	of 

tris(3-methylbuty1)-(3-methylbutoxy)tin in the composition, the heating 

was suspended. 

	

5 	The post-heating component ratio was expressed as follows in terms of 

tin atoms. The tin atom concentration (in the active component) of the 

composition comprising bis(3-methylbuty1)-bis(3-methylbutoxy)tin and 

1,1,3,3 -tetraki s (3 -m ethylbuty1)-1,3 -bis (3 -m ethylbutoxy)di starmoxane 

before heating was calculated by mathematical formula (3) to be 2.60 

	

10 	mol/kg, while the tin atom concentration derived from the starting 

materials in the composition after heating (the tin atom concentrations 

calculated from the bis(3-methylbuty1)-bis(3-methylbutoxy)tin and 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 -bi s (3 -methylbutoxy)di stannoxane 

contents using mathematical formula (7)) changed to 2.24 mol/kg 

	

15 	(reduced by about 14% compared to before heating), and the tin atom 

concentration derived from tris(3-methylbutyl)(3-methylbutoxy)tin was 

0.18 mol/kg. In other words, a trialkyl tin alkoxide-containing 

composition was obtained, of which approximately 7% had been 

converted to tris(3-methylbutyl)(3-methylbutoxy)tin, with respect to the 

	

20 	tin atom concentration (in the active component) of the alkyl tin 

alkoxide composition before heating. 

[0176] [Synthesis 	Example 	7] 
	

Synthesis 	of 

diisopropyl-bis(2-ethylbutoxy)tin composition 

(Synthesis of diisopropyldiiodotin) 

	

25 	After placing 17.81 g (0.15 mol) of metal tin powder (99.9% purity, 

product of Wako Pure Chemical Industries), 51.0 g (0.3 mol) of 
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2-iodopropane (product of Aldrich) and 0.75 g of magnesium iodide 

(product of Wako Pure Chemical Industries) in a 200 mL-volume 

three-necked round bottom flask equipped with a thermometer, 

three-way cock and branch pipe connecting tube (the branch pipe 

	

5 	connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels linked together), a stirring bar was added and a 

magnetic stirrer was used for stirring. The flask was immersed in an 

oil bath, and stirring and heating of the reaction mixture was initiated. 

	

10 	The temperature of the oil bath was adjusted so that the temperature of 

the reaction mixture was 140°C, and after continuing stirring and 

heating for about 3 hours, the reaction mixture changed to a 

homogeneous solution. The flask was then gradually reduced in 

pressure, and distillation purification of the diisopropyldiiodotin product 

	

15 	was performed. The amount of collected diisopropyldiiodotin was 

31.3 g. 

[0177] (Synthesis of diisopropyltin oxide) 

After placing 45.9 g (0.1 mot) of the diisopropyldiiodotin and 50 mL of 

cyclopentyl methyl ether (dehydration grade, product of Aldrich) in a 

	

20 	500 mL-volume four-necked round bottom flask connected to a 

thermometer, a three-way cock and a Dimroth condenser, in a nitrogen 

box, a stirring bar was added and a magnetic stirrer was used for stirring 

at room temperature to form a homogeneous solution. Next, 130 mL 

of a 2M ethanol solution of potassium hydroxide (product of Wako Pure 

	

25 	Chemical Industries) was placed in a 200 mL dropping funnel, and the 

dropping funnel was connected to the four-necked flask. The flask 
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was removed from the nitrogen box and immersed in an ice bath while 

under a nitrogen atmosphere, and stirring was commenced. Dropping 

of the solution from the dropping funnel was then commenced, 

adjusting the dropping rate so that the temperature of the liquid mixture 

	

5 	in the flask did not exceed 40°C. A white solid formed in the flask as 

dropping proceeded. Upon completion of the dropping, stirring of the 

mixture in the flask was continued for about 3 hours, and a suction filter 

was used in a nitrogen box for filtration of the white solid. The 

collected solid was rinsed 3 times with ion-exchanged water and two 

	

10 	times with acetone, and then vacuum dried. Upon drying, 19.5 g of a 

solid was collected. As a result of IR spectrum measurement of the 

solid, the diisopropyltin oxide content of the solid was found to be 

approximately 99%. 

[0178] (Synthesis of diisopropyl-bis(2-ethylbutoxy)tin composition) 

	

15 	After placing 17.7g (0,08 mol) of diisopropyltin oxide in a 1 L-volume 

three-necked round bottom flask equipped with a thermometer, 

three-way cock, and branch pipe connecting tube (the branch pipe 

connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

	

20 	collecting vessels linked together), 552.8 g (2.4 mol) of 

bis(2-ethylbutyl) carbonate (product of Tosco) was added. The flask 

was immersed in an oil bath, and stirring and heating of the liquid 

mixture was initiated. The temperature of the oil bath was adjusted so 

that the temperature of the liquid mixture was approximately 130°C, 

	

25 	and stirring and heating were continued for about 3 hours. The flask 

was then gradually reduced in pressure, and distilling separation of the 

81 



excess bis(2-ethylbutyl) carbonate was performed. After distillation, 

14.0 g of the high boiling point component (composition) containing the 

diisopropyl-bis(2-ethylbutoxy)tin was collected. 	As a result of 

119Sn-NMR spectral analysis of the composition, the 

	

5 	diisopropyl-bis(2-ethylbutoxy)tin content was found to be 13.5 g. In 

other words, the diisopropyl-bis(2-ethylbutoxy)tin concentration of the 

composition was 2.37 mol/kg, and the tin atom concentration (in the 

active component) of the composition was 2.37 mol/kg. 

[0179] [ Synthesis 	Example 	8] 	Synthesis 	of 

	

10 	1,1,3,3 -tetrai s opropyl-1,3 -bi s(2-ethy lbutoxy) distannoxane composition 

After placing 32.6 g (0.08 mol) of the diisopropyl-bis(2-ethylbutoxy)tin 

obtained in Synthesis Example 7 in a 300 mL-volume four-necked 

round bottom flask equipped with a thermometer, three-way cock, 

dropping funnel and branch pipe connecting tube (the branch pipe 

	

15 	connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels linked together), 100 g of 2-ethyl- 1 -butyl alcohol 

(product of Aldrich) that had been purified by distillation was added. 

Next, 100 g of 2-ethyl-1-butyl alcohol and 0.72 g (0.04 mol) of 

	

20 	ion-exchanged water were mixed in a 200 mL beaker, and upon forming 

a homogeneous solution it was placed in a dropping funnel. The flask 

was immersed in an oil bath, and stirring and heating was initiated. 

Dropping was initiated after adjusting the temperature of the oil bath so 

that the temperature of the liquid mixture was approximately 45°C. 

	

25 	Upon completion of the dropping, the liquid mixture was kept at 45°C 

and stirring was continued for 2 hours. The flask was then gradually 
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reduced in pressure, and distilling separation of the 2-ethyl- 1-butyl 

alcohol was performed. After distillation, 23.5 g of the high boiling 

point 	component 	(composition) 	containing 

1,1,3 ,3-tetraisopropy1-1,3 -bis(2-ethylbutoxy)-distannoxane 	was 

	

5 	collected. 	As a result of 119Sn-NMR spectral analysis of the 

composition, 	 the 

1,1,3,3 -tetraisopropyl-1,3 -bi s(2-ethylbutoxy)di stannoxane content was 

found to be 22.9 g. 	In other words, the 

1,1,3,3 -tetraisopropyl-1,3 -bis(2-ethyl butoxy)distannoxane concentration 

	

10 	in the composition was 1.55 mol/kg, and the tin atom concentration (in 

the active component) of the composition was 3.10 mol/kg. 

[0180] [Synthesis 	Example 	9] 	Synthesis 	of 

1,1,3,3 -tetrabuty1-1,3-bis(2-ethylbutyloxy)distannoxane composition 

In a 2 L-volume three-necked flask equipped with a thermometer, a 

	

15 	three-way cock, and a water measuring receptacle connected to a 

Dimroth condenser there were placed 199.8 g (0.80 mol) of dibutyltin 

oxide (product of Aldrich), 1045 g (8.0 mol) of 2-ethyl-l-butyl alcohol 

(product of Aldrich) and 500 g of toluene (for organic synthesis, product 

of Wako Pure Chemical Industries). The flask containing the white 

	

20 	slurry-like mixture was immersed in an oil bath set to 130°C. After 

stirring and heating for about 30 minutes, the mixture began to boil and 

thus water and toluene began to be collected in the water measuring 

receptacle. 

After maintaining this state for about 3 hours, approximately 7.2 mL of 

	

25 	water was collected in the water measuring receptacle. 	The 

temperature of the oil bath was then lowered to 90°C, and once the 
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mixture temperature fell, the water measuring receptacle was removed 

and the flask was connected to a branch pipe connecting tube, Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels. The reactor interior was reduced to a pressure of 29 

	

5 	kPa and toluene was distilled from the flask, after which the reactor 

interior was reduced in pressure to distill off the excess 2-ethyl-1 -butyl 

alcohol. After distillation, 300 g of the high boiling point component 

(composition) was collected from the flask. As a result of 119Sn-NMR. 

spectral analysis of the composition, the composition was found to 

	

10 	contain 
	

295 	 g 	 of 

1,1 ,3,3-tetrabuty1-1,3-bis(2-ethylbutyloxy)distannoxane. 

[0181] [Synthesis 	Example 	10] 	Synthesis 	of 

dibutyl-bis(2-ethylbutoxy)tin composition 

In a 1 L-volume round bottom flask there were placed 20.1 g (0.081 

	

15 	mol) of dibutyltin oxide (product of Aldrich) and 835 g (8.2 mol) of 

2-ethyl-1-butyl alcohol (product of Aldrich). The flask containing the 

white slurry-like mixture was mounted on an evaporator connected to an 

oil bath with a temperature regulator, and a vacuum pump and vacuum 

controller. The oil bath temperature was set to 150°C, the flask was 

	

20 	immersed in the oil bath, and rotation of the evaporator was 

commenced. After rotated stirring and heating for about 20 minutes at 

ordinary pressure with the purge valve of the evaporator left open, the 

evaporator purge valve was closed and the reactor interior was gradually 

reduced in pressure using a vacuum pump and vacuum controller to 54 

	

25 	to 75 kPa. This state was maintained for 1.5 hours, and then the flask 

was raised out of the oil bath. The reaction mixture at this time was a 
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transparent liquid. The purge valve was gradually opened to introduce 

dry nitrogen gas into the reactor, restoring the pressure in the reactor to 

ordinary pressure. The distilled liquid amount was 99.2 g, and it was 

transparent and separated into 2 layers. Analysis of the distilled liquid 

	

5 	with a micro moisture analyzer revealed a moisture content of 1.5 g 

(0.083 mol). The temperature of the oil bath was then lowered to 

100°C, the flask was again immersed in an oil bath and stirred while 

rotating and stirred normally, for about 20 minutes at ordinary pressure, 

and then in order to remove the excess 2-ethyl-1-butyl alcohol, the 

	

10 	purge valve of the evaporator was closed and the vacuum pump and 

vacuum controller were used to gradually reduce the pressure in the 

reactor to 1.8 to 2.5 kPa. This state was maintained for 3 hours, and 

then the flask was raised out of the oil bath, and the purge valve was 

slowly opened to restore the reactor interior to ordinary pressure. 

	

15 	After distillation, 36 g of the high boiling point component 

(composition) was collected from the flask. As a result of ''Sn-NMR 

spectral analysis of the composition, the dibutyl-bis(2-ethylbutoxy)tin 

content of the composition was found to be 35.5 g. 

[0182] [Example 1] 

	

20 	Fig. 1 shows a continuous circulating reactor comprising a tank reactor, 

tube reactor and tower reactor for transesterification reaction. The 

tetraalkyldialkoxydistannoxane composition was introduced into the 

continuous circulating reactor and circulated for test operation. 

Approximately 	50 	kg 	of 	a 

	

25 	1,1,3,3 -tetraki s(3 -methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

composition produced by the method of Synthesis Example 5 (tin atom 
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concentration (in the active component) of the composition: 2.76 

mol/kg) was introduced into a SUS316 catalyst tank 130, equipped with 

a heating jacket and a liquid conveyance pump, through a supply line 

15. The composition was circulated in the catalyst tank 130 for about 

	

5 	10 hours. Next, using a chemical gear pump, the composition was 

conveyed from the catalyst tank 130 to a tank reactor 140 at 12 kg/hr, 

via a transport line 14, an inline mixer 141 equipped with a heating 

jacket, and a transport line 5. The tank reactor 140 was a 15 L-volume 

reactor, comprising a stirrer, heating jacket and liquid conveyance 

	

10 	pump, and the heating jacket was heated with steam at about 155°C. A 

tube reactor 150 with an outer diameter of 200 mm and a length of 1000 

mm also comprised a heating jacket, and the heating jacket was heated 

with steam at about 160°C. A SUS316 tower reactor 160 with an inner 

diameter of 75 mm and an effective length of 4500 mm, equipped with 

	

15 	30 sieve trays, was heated and thermally insulated with a heater around 

the entire tower reactor to prevent radiated heat loss, the heater being set 

to about 150°C. A liquid conveyance pump and reboiler 163 were 

provided at the bottom of the tower reactor 160, and the reboiler 163 

was heated with steam at about 160°C. A thin-film vaporizer 170 with 

	

20 	a heat transfer area of 0.1 m2  was equipped with a heating jacket and a 

chemical gear pump for liquid conveyance of the high boiling point 

component, the heating jacket being heated with steam at 160°C and the 

pressure of the thin-film vaporizer 170 being set to 115 kPaA. The 

tank and pipes were steam traced to maintain the flow property. The 

	

25 	composition conveyed to the tank reactor 140 was then conveyed to the 

tube reactor 150 through a transport line 6, subsequently conveyed to 
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the tower reactor 160 through a transport line 7, and then conveyed to 

the thin-film vaporizer 170 through a transport line 9, after which it was 

conveyed to the catalyst tank 130 through a transport line 11. The 

composition was thus continuously circulated through the tank reactor 

	

5 	140, tube reactor 150, tower reactor 160, thin-film vaporizer 170 and 

catalyst tank 130 via the transport line 14, inline mixer 141, transport 

line 5, transport line 6, transport line 7, transport line 9 and transport 

line 11, and this was continued for about 5 days. Next, the solution in 

the catalyst tank 130 was sampled from an extraction line 16, and as a 

	

10 	result of 119Sn-NMR spectral analysis it was confirmed that 

1,1,3,3 -tetraki s (3 -methylbuty1)-1,3 -bi s(3 -methylbutoxy)di stannoxane 

and tris(3-methylbutyl)(3-methylbutoxy)tin were present after the test 

operation. Upon calculating the tin atom concentration (in the active 

component) 
	

from 	 the 

	

15 	1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

concentration of the composition in the catalyst tank 130 after test 

operation based on the analysis results, it was found to be 2.55 mol/kg, 

which was a reduction of 7.6% compared to before start of the test 

operation. On the other hand, tris(3-methylbutyl)(3-methylbutoxy)tin 

	

20 	was produced at 5.1 mol, which was 3.7% of the number of moles of tin 

atoms (in the active component) of the composition introduced into the 

catalyst tank before starting the test operation. 

[0183] [Example 2] 

Fig. 2 shows a continuous circulating reactor comprising a tube reactor 

	

25 	and tower reactor for transesterification reaction. The dialkyl tin 

dialkoxide composition was introduced into the continuous circulating 
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reactor and circulated for test operation. After placing approximately 

45 kg of a bis(3-methylbutyl)-bis(3-methylbutoxy)tin composition 

produced by the method of Synthesis Example 4 (tin atom concentration 

(in the active component) of composition: 2.26 mol/kg) in a SUS316 

	

5 	catalyst tank 230 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 33, the composition was circulated 

in the catalyst tank 230 for about 10 hours. Next, using a chemical 

gear pump, the composition was conveyed from the catalyst tank 230 to 

a tube reactor 240 at 8 kg/hr, via a transport line 34, an inline mixer 241 

	

10 	equipped with a heating jacket, and a transport line 25. The tube 

reactor 240 with an outer diameter of 250 mm and a length of 1500 mm 

also comprised a heating jacket, which was heated with steam at about 

140°C. A SUS316 tower reactor 250 with an inner diameter of 75 mm 

and an effective length of 4500 mm, equipped with 30 sieve trays, was 

	

15 	heated and thermally insulated with a heater around the entire tower 

reactor to prevent radiated heat loss, the heater being set to about 150°C. 

A liquid conveyance pump and reboiler 253 were provided at the 

bottom of the tower reactor 250, and the reboiler 253 was heated with 

steam at about 160°C. Also, a thin-film vaporizer 260 (heat transfer 

	

20 	area: 0.1 m2), equipped with a heating jacket and a chemical gear pump 

for liquid conveyance of the high boiling point component, was heated 

to 170°C, and the pressure was set to 115 kPaA. The tank and pipes 

were steam traced to maintain the flow property. The composition 

conveyed to the tube reactor 240 was then conveyed to the tower reactor 

	

25 	250 through a transport line 26, subsequently conveyed to the thin-film 

vaporizer 260 through a transport line 28, and then conveyed to the 
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catalyst tank 230 through a transport line 30. The composition was 

thus continuously circulated through the tube reactor 240, tower reactor 

250, thin-film vaporizer 260 and catalyst tank 230 via the transport line 

34, inline mixer 241, transport line 25, transport line 26, transport line 

	

5 	28 and transport line 30, and this was continued for about 6 days. 

Next, the liquid in the catalyst tank 230 was sampled from an extraction 

line 35, and as a result of 119Sn-NMR spectral analysis it was confirmed 

that 	b i s (3 -methylbuty1)-bis(3 -methylbutoxy)tin 	and 

tris(3-methylbutyl)(3-methylbutoxy)tin were present after the test 

	

10 	operation. Upon calculating the concentration of tin atoms from the 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin concentration of the 

composition in the catalyst tank 230 after test operation, as determined 

by the analysis results, it was found to be 2.11 mol/kg, which was a 

reduction of 6.6% compared to before start of the test operation. On 

	

15 	the other hand, tris(3-methylbutyl)(3-methylbutoxy)tin was produced at 

3.3 mol, which was 3.2% of the number of moles of tin atoms (in the 

active component) of the composition introduced into the catalyst tank 

before starting the test operation. 

[0184] [Example 3] 

	

20 	Fig. 3 shows a continuous circulating reactor comprising a tank reactor 

and tower reactor for transesterification reaction. The alkyl tin 

alkoxide composition was introduced into the continuous circulating 

reactor and circulated for test operation. A composition was prepared 

by 	mixing 	bis(3-methylbuty1)-bis(3-methylbutoxy)tin 	and 

	

25 	1,1,3 ,3 -tetrakis (3 -methylbuty1)-1,3 -b i s (3 -methylbutoxy)di stann oxane 

produced by the methods of Synthesis Example 4 and Synthesis 
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Example 5. The mixture was prepared so that the molar ratio of the tin 

atoms of the bis(3-methylbuty1)-bis(3-methylbutoxy)tin and 

1,1,3,3 -tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distann ox an e 

with respect to the number of moles of tin atoms in the composition was 

	

5 	65:35. The tin atom concentration (in the active component) of the 

alkyl tin alkoxide composition calculated by mathematical formula (3) 

was 2.44 mol/kg. Approximately 60 kg of the composition was 

introduced into a SUS316 catalyst tank 330 equipped with a heating 

jacket and liquid conveyance pump, through a supply line 53. The 

	

10 	composition was first circulated in the catalyst tank 330 for about 10 

hours. Next, using a chemical gear pump, the composition was 

conveyed from the catalyst tank 330 to a tank reactor 340 at 10 kg/hr, 

via a transport line 54, an inline mixer 341 and a transport line 45. The 

tank reactor 340 was a 15 L-volume reactor, comprising a stirrer, 

	

15 	heating jacket and liquid conveyance pump, and the heating jacket was 

heated with steam at about 150°C. A SUS316 tower reactor 350 with 

an inner diameter of 76 mm and an effective length of 3500 mm, 

equipped with 25 sieve trays, was heated and thermally insulated with a 

heater around the entire tower reactor to prevent radiated heat loss, the 

	

20 	heater being set to about 150°C. A liquid conveyance pump and 

reboiler 353 were provided at the bottom of the tower reactor 350, and 

the reboiler 353 was heated with steam at about 160°C. Also, a 

thin-film vaporizer 360 (heat transfer area: 0.1 m2), equipped with a 

heating jacket and a liquid conveyance pump for conveyance of the high 

	

25 	boiling point component, was heated to 165°C, and the pressure was set 

to 115 kPaA. The tank and pipes were steam traced to maintain the 
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flow property. The composition conveyed to the tank reactor 340 was 

then conveyed to the tower reactor 350 through a transport line 46, 

subsequently conveyed to the thin-film vaporizer 360 through a 

transport line 48, and then conveyed to the catalyst tank 330 through a 

	

5 	transport line 50. The alkyl tin alkoxide composition was thus 

continuously circulated through the tank reactor 340, tower reactor 350, 

thin-film vaporizer 360 and catalyst tank 330 via the transport line 54, 

inline mixer 341, transport line 45, transport line 46, transport line 48 

and transport line 50, and this was continued for about 5 days. Next, 

	

10 	the solution in the catalyst tank 330 was sampled from an extraction line 

55, and as a result of 119Sn-NMR spectral analysis it was confirmed that 

b i s (3-m ethylbuty1)-bis (3-methylbutoxy)tin, 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3-b is (3 -methylbutoxy)di stannoxane 

and tris(3-methylbutyl)(3-methylbutoxy)tin were present after the test 

	

15 	operation. 	 Upon 	determining 	the 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin 	concentration 	and 

1,1,3 ,3-tetraki s (3-methylbuty1)-1,3-bis (3 -m ethylbutoxy)di stannoxane 

concentration in the catalyst tank 330 after test operation based on the 

analysis results, and calculating the tin atom concentration of the 

	

20 	composition, it was found to be 2.29 mol/kg, which was a reduction of 

6.1% compared to before start of the test operation. On the other hand, 

tris(3-methylbutyl)(3-methylbutoxy)tin was produced at 4.4 mol, which 

was 3.0% of the number of moles of tin atoms (in the active component) 

of the alkyl tin alkoxide composition before starting the test operation. 

	

25 	[0185] [Example 4] 

Fig. 4 shows a continuous circulating reactor for carbonic acid ester 
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synthesis using an alkyl tin alkoxide composition. The alkyl tin 

alkoxide composition was introduced into the continuous circulating 

reactor and circulated for test operation. A composition containing a 

trialkyl tin alkoxide (an alkyl tin alkoxide composition comprising 

	

5 	1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane, 

bis(3-methylbutyl)bis(3-methylbutoxy)tin 	 and 

tris(3-methylbutyl)(3-methylbutoxy)tin) was produced by the method of 

Synthesis Example 6. Upon calculating the tin atom concentration (in 

the active component) in the composition from the 

	

10 	1,1,3 ,3 -tetraki s(3 -methylbuty1)-1,3 -b is(3 -methylbutoxy)di stannoxane 

concentration 	and 	bis(3-methylbutyl)bi s(3-methylbutoxy)tin 

concentration determined from the analysis results, it was found to be 

2.24 mol/kg. 	The tris(3-methylbutyl)(3-methylbutoxy)tin 

concentration was 0.17 mol/kg. 	Approximately 60 kg of the 

	

15 	composition was introduced into a SUS316 catalyst tank 660 equipped 

with a heating jacket and liquid conveyance pump, through a supply line 

78. The composition was first circulated in the catalyst tank 660 for 

about 12 hours. Next, using a chemical gear pump, the composition 

was conveyed from the catalyst tank 660 to a tower reactor 620 at 10 

	

20 	kg/hr, via a transport line 74, an inline mixer 621 equipped with a 

heating jacket, and a transport line 65. A SUS316 tower reactor 620 

with an inner diameter of 76 mm and an effective length of 4500 mm, 

equipped with 30 sieve trays, was heated and thermally insulated with a 

heater around the entire tower reactor to prevent radiated heat loss, the 

	

25 	heater temperature being set to about 150°C. A liquid conveyance 

pump and reboiler 622 were provided at the bottom of the tower reactor 
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620, and the reboiler 622 was heated with steam at about 155°C. An 

autoclave 630 was used which was a 15 L-volume reactor, comprising a 

stirrer, heating jacket and liquid conveyance pump, and the heating 

jacket was heated with steam at about 150°C. A thin-film vaporizer 

	

5 	640 (heat transfer area: 0.1 m2) and a thin-film vaporizer 650 (heat 

transfer area: 0.2 m2) set to 115 kPaA pressure were equipped with a 

heating jacket and a liquid conveyance pump for conveyance of the high 

boiling point component, and steam at about 160°C was used for 

heating. The tank and pipes were steam traced to maintain the flow 

	

10 	property. The alkyl tin alkoxide composition that had been conveyed 

to the tower reactor 620 was conveyed to the autoclave 630 through a 

transport line 67, and then conveyed to the thin-film vaporizer 640 

through a transport line 69 and further conveyed to the thin-film 

vaporizer 650 through a transport line 71, after which it was conveyed 

	

15 	to the catalyst tank 660 through a transport line 73. The alkyl tin 

alkoxide composition was thus continuously circulated through the 

tower reactor 620, autoclave 630, thin-film vaporizer 640, thin-film 

vaporizer 650 and catalyst tank 660 via the transport line 74, inline 

mixer 621, transport line 65, transport line 67, transport line 69, 

	

20 	transport line 71 and transport line 73, and this was continued for about 

5 days. Next, the liquid in the catalyst tank 660 was sampled from an 

extraction line 79 and 119Sn-NMR spectral analysis was performed. 

Upon calculating the concentration of tin atoms in the composition from 

the 

	

25 	1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -b i s(3 -methylbutoxy)distannoxane 

concentration 	and 	bi s (3 -methylbuty1)-bis (3 -methylbutoxy)tin 
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concentration in the catalyst tank 660 after test operation based on the 

analysis results, it was found to be 2.11 mol/kg, which was a reduction 

of 5.8% compared to before start of the test operation. On the other 

hand, tris(3-methylbutyl)-(3-methylbutoxy)tin was produced at 3.8 mol, 

	

5 	which was 2.8% with respect to the number of moles of tin atoms (in 

the active component), as calculated from the amount added to the 

catalyst tank before the start of test operation and from the 

1,1,3,3 -tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

concentration 	and 	bi s (3 -methylbutyl)bis(3 -methylbutoxy)tin 

	

10 	concentration in the composition. 

[0186] [Example 5] 

Fig. 5 shows a continuous circulating reactor for carbonic acid ester 

synthesis using an alkyl tin alkoxide composition. The dialkyl tin 

dialkoxide composition was introduced into the continuous circulating 

	

15 	reactor and circulated for test operation. Approximately 60 kg of a 

bis(3-methylbutyl)dibutoxytin composition obtained by the same 

method as Synthesis Example 1 (tin atom concentration (in the active 

component) of the composition: 2.42 mol/kg) was introduced into a 

SUS316 catalyst tank 770 equipped with a heating jacket and liquid 

	

20 	conveyance pump, via a supply line 107. The composition was first 

circulated in the catalyst tank 770 for about 12 hours. Next, the 

composition was conveyed from the catalyst tank 770 to a tank reactor 

710 at 10 kg/hr, via a transport line 109, an inline mixer 711 equipped 

with a heating jacket, and a transport line 110. The tank reactor 710 

	

25 	was a 10 L-volume reactor, comprising a stirrer, heating jacket and 

liquid conveyance pump, and the heating jacket was heated with steam 
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at about 150°C. A SUS316 tower reactor 730 with an inner diameter 

of 76 mm and an effective length of 3500 mm, equipped with 25 sieve 

trays, was heated and thermally insulated with a heater around the entire 

tower reactor to prevent radiated heat loss, the heater being set to about 

	

5 	150°C. A liquid conveyance pump and reboiler 733 were provided at 

the bottom of the tower reactor 730, and the reboiler 733 was heated 

with steam at about 160°C. An autoclave 740 was used which was a 

15 L-volume reactor, comprising a stirrer, heating jacket and liquid 

conveyance pump, and the heating jacket was heated with steam at 

	

10 	about 140°C. A thin-film vaporizer 750 (heat transfer area: 0,1 m2) 

and a thin-film vaporizer 760 (heat transfer area: 0.2 m2) set to 85 kPaA 

pressure were equipped with a heating jacket and a liquid conveyance 

pump for conveyance of the high boiling point component, and steam at 

160°C was used for heating. The composition conveyed to the tank 

	

15 	reactor 710 was then conveyed to the tower reactor 730 through a 

transport line 95, subsequently conveyed to the autoclave 740 through a 

transport line 97, then conveyed to the thin-film vaporizer 750 through a 

transport line 99 and further conveyed to the thin-film vaporizer 760 

through a transport line 101, after which it was conveyed to the catalyst 

	

20 	tank 770 through a transport line 103. The composition was thus 

continuously circulated through the tank reactor 710, tower reactor 730, 

autoclave 740, thin-film vaporizer 750, thin-film vaporizer 760 and 

catalyst tank 770 via the transport line 109, inline mixer 711, transport 

line 110, transport line 95, transport line 97, transport line 99, transport 

	

25 	line 101 and transport line 103, and this was continued for about 5 days. 

Next, the liquid in the catalyst tank 770 was sampled from an extraction 

95 



line 108, and as a result of 119Sn-NMR spectral analysis it was 

confirmed 	that 	bis(3-methylbutyl)dibutoxytin 	and 

tris(3-methylbutyl)butoxytin were present after the test operation. 

Upon calculating the concentration of tin atoms in the composition from 

	

5 	the bis(3-methylbutyl)dibutoxytin concentration of the composition in 

the catalyst tank after test operation, as determined by the analysis 

results, it was found to be 2.23 mol/kg, which was a reduction of 7.8% 

compared to before start of the test operation. On the other hand, 

tris(3-methylbutyl)butoxytin was produced at 5.7 mol, which was 3.9% 

	

10 	of the number of moles of tin atoms (in the active component) of the 

composition before starting the test operation. 

[0187] [Examples 6 to 80] 

The tetraalkyldialkoxydistannoxanes listed in Tables 1 and 2 were 

produced by the same methods as in Synthesis Examples 2, 5 and 8, and 

	

15 	test operation of the continuous circulating reactor was conducted by the 

same method as Example 1, confirming modification reaction during 

heated circulation. Of these tetraalkyldialkoxydistannoxanes, some 

have a low flow property at the environmental temperature at the start of 

the reaction (about 15°C to 35°C), and in these cases tetralin (product of 

	

20 	Wako Pure Chemical Industries), diphenyl ether (product of Wako Pure 

Chemical Industries) or undecane (product of Wako Pure Chemical 

Industries) was added as a diluent to prepare a liquid mixture with a 

diluent concentration of 10 to 35 mass%, and this was introduced into 

the catalyst tank before conducting test operation (circulating operation) 

	

25 	using a continuous circulating reactor as shown in Fig. 1 in the same 

manner as Example 1. 	The mass of the 
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tetraalkyldialkoxydistannoxane composition introduced into the catalyst 

tank was about 50 kg, similar to Example 1, whether or not a diluent 

was used. The tetraalkyldialkoxydistannoxane concentration in the 

composition was determined by 119Sn-NIVIR spectral analysis, and the 

	

5 	tin atom concentration (in the active component) of the composition 

before circulating operation was calculated. A sampling solution was 

taken from the catalyst tank after circulating operation and subjected to 

l 'Sn-NMR spectral analysis. The tin atom concentration (in the active 

component) of the composition was calculated from the 

	

10 	tetraalkyldialkoxydistannoxane concentration after test operation as 

determined from the analysis results, and the percentage reduction from 

before the start of test operation was calculated. The number of moles 

of trialkyl tin alkoxide was also determined from the analysis results, 

and the amount produced with respect to the number of moles of tin 

	

15 	atoms (in the active component) of the composition before the start of 

test operation was calculated. The percentage reductions in the tin 

atom concentration (in the active component) of the compositions and 

the trialkyl tin alkoxide production amounts are shown in Tables 1 and 

2. 

	

20 	[Table 1] 
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Example 

Tetraalkyldiallagdistannoxane 

Continuous 

operation 

time [days] 

Percentage reduction 

in tin atom 

concentration (in 

actiyo component) 

rAl •1) 

Trialkyl tin 

alkoxide 

production 

amount 

IN *2) 

IV (alkyl group) OW (alkoxy group) 

6 Isopentyl Ethoxy 5 8.2 4.3 

7 Nonan-3-y1 2-Ethylhexyloxy 6 11.0 5.4 

8 3-Propylhexyl 14,0ctyloxy 5 7.3 3.8 

9 Nonan-3-yl 2-Methylpropyloxy 5 11.0 5.4 

I0 3-Propylhexyl 2-Methylpropyloxy 6 7.0 3.6 

11 Pentan-3-y1 N-Pentoxy 5 10.7 5.2 

12 Pentan-3-y1 Methoxy 6 11.2 5.8 

13 3-Ethylheptyl 2-Ethylhexyloxy 6 6.7 3.5 

14 Pcntan-3-y1 Elhoxy 5 11.4 5.6 

15 Isobutyl N-Butoxy 5 6.2 3.2 

16 3-Propylhexyl Ethoxy 5 7.6 3.6 

17 Pentan-3-y1 2-Methylpropyloxy 5 11.3 5.5 

18 2-ButyloctyI N-Octyloxy 6 5.0 2.4 

19 3-Ethylheptyl Methoxy 6 7.6 3.8 

20 2-Butyloctyl N-Pentoxy 5 5.1 2.5 

21 3-Ethylheptyl N-Pcntoxy 6 7.4 3.7 

22 Nonan-3-y/ 3-Methylbutyloxy 6 10.4 5.4 

23 3-Bulyllieptyl N-Pentoxy 6 7.4 3.8 

24 3-Ethylheptyl N-Butoxy 5 7.4 4.0 

25 3-Ethylheptyl 2-Ethylbutyloxy 6 6.6 3.3 

26 Pentan-3-y1 3-Methylbulyloxy 6 10.6 5.1 

27 Isobutyl Ethoxy 5 6.5 3.3 

28 3-Butylnonyl 3-Methylbutyloxy 6 7.0 3.6 

29 Nonan-3-14 Ethoxy 6 11.0 5.5 

30 3-Propylhexyl 3-Methvlbutyloxy 5 7.0 3.7 

31 Nonan-3-y1 N-Pentoxy 6 10,6 5.6 

32 Isopropyl 3-Methylbutyloxy 5 11.5 5.8 

33 Isopentyl N-Oclyloxy 5 7.4 3.8 

34 3-Propylhexyl 2-Ethylbutyloxy 5 6.5 3.3 

35 IsopentY1 Methoxy 6 8.2 4.4 

36 Isopropyl N-Butoxy 6 12.2 6.1 

37 3-Ethylpentyl 2-Ethylbutyloxy 6 7.2 3.5 

38 Isopentyl N-Butoxy 6 7.8 4.2 

39 3-Propylhcxyl N-Pentoxy 6 7.2 3.5 

40 3-Ethylpentyl 2-/vlethylpropyloxy 5 7.9 3.8 

41 Pentan-3-y1 N-Butoxy 5 11.3 6.0 

42 3-Butylnonyl N-Pcntoxy 5 7.0 3.4 

*1) The percentage reduction in the tin atom concentration (in the active 

component) of the tetraalkyldialkoxydistannoxane composition was 

determined by the following mathematical formula (4). 

*2) The trialkyl tin alkoxide production amount was determined by 

5 	mathematical formula (5). 

98 



[Mathematical Formula 4] 

(Percentage reduction in tin atom concentration (in active component) = 

(S2°  - S2`)/S2°  x 100% 	(4) 

[In the formula, "percentage reduction in tin atom concentration (in 

	

5 	active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S2°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Set  is the tin atom concentration (in the active component) [mol/kg] 

	

10 	of the composition after circulating operation. S2°  and Set were 

calculated from the tetraalkyldialkoxydistannoxane concentration of the 

composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 5] 

Trialkyl tin alkoxide production amount = (T/W2°  x S2°) x 100% 	(5) 

	

15 	[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W2°  is the mass [kg] of the composition introduced into the 

catalyst tank before circulating operation, and S20: is the tin atom 

	

20 	concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 	S2°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration of the composition, as 

determined by 119Sn-NMR spectral analysis.] 

[0188] Structural formula of tetraalkyldialkoxydistannoxane 

	

25 	[Chemical Formula 37] 
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R' R'‘ 	0 / 

R'—gn

uo 0 
R" 	R" 

[R' represents a C1-15 alkyl group and Rn represents a C1-8 alkyl 

group.] 

[Table 2] 
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Example 

,.. Tetraalkyldialkoxydistannoxane 

OR" (alkoxy group) 

Continuous 

operation 

lime [days) 

Percentage reduction 

in tin atom 

concentration (in 

active component) 

(%1*1) 

Trialkyl tin 

alkoxide 

production 

amount 

1%1 *2) 

R' (alkyl group) 

43 Nonan-3-y1 N-Octyloxy 5 11,1 5,8 

44 2-Butylnetyl 3 -1VIethyl butyloxy 5 4.7 2.4 

45 3-Propylhexyl 2-Ethylhexyloxy 6 6.5 3.2 

46 3-Butylnonyl N-Octyloxy 6 7.0 3.6 

47 3-Propylhcxyl N-Butoxy 5 7.3 3.9 

48 3-Ethylheptyl Ethoxy 6 7.8 4.2 

49 Pentan-3-y1 N-OetyloXy 6 11.8 6.3 

50 3-Ethylheptyl 3-Methylbutyloxy 5 7.1 3.8 

51 3-P.thylpcntyl Ethoxy 5 8.5 4,5 

52 3-Ethylpentyl 3-Methylbutyloxy 5 7.9 4.2 

53 3-Butylnonyt 2-1vtethylpropyloxy 5 6.9 3.6 

54 Isopcntyl 2-Ethylhexyloxy 5 7,0 3.6 

55 Pentan-3-y1 2-Ethylhexyloxy 5 11.2 5.7 

56 2-Butyloctyl 2-Ethylbutyloxy 5 4.4 2.3 

57 Isopentyl 2-Melhylpropyloxy 5 7.5 4.0 

58 3 -Butylnony1 2-Ethylbutyloxy 6 6.5 3,5 

59 3-Butylhcptyl Methoxy 5 8.2 4.0 

60 Isopentyl 2-Ethylbutyloxy 5 7.0 3.6 

61 2-Ethylhexyl 2-Ethylbutyloxy 6 4.3 2.2 

62 Isopropyl N-Pcntoxy 5 11.7 6.1 

63 Nonan-3-y1 N-Ilutoxy 6 11.0 5.5 

64 2-Butylociy1 2-Ethylhexyloxy 6 4,4 2.2 

65 3-Butylnonyl 2-Ethylhexyloxy 6 6.5 3.4 

66 Pen tan-3-y1 2-Ethylbutyloxy 6 11.3 6.0 

67 Nonan-3-v1 2-F.thylbutyloxy 6 11.0 5.9 

68 3-Butylheptyl 3-Meth_ylbutyloxy 5 7.4 3.7 

69 3-Ethylpentyl 2-Ethylhexyloxy 5 7.2 3.9 

70 Isopropyl Ethoxy 6 12.3 6.6 

71 Isobutyl Methoxy 6 6.3 3.3 

72 3-Ethvlpentyl N-Octyloxy 6 7.8 4.1 

73 2-13utyloctyl N-Butoxy 6 4.9 2.4 

74 3-Ethylpentyl N-Butoxy 5 8.2 4.3 

75 2„2-Dimethylpropyl Ethoxy 6 5.8 2.9 

76 3-Ethylhotyl N-Octyloxy 6 7.6 3.8 

77 Isobutyl 2-Methylpropyloxy 6 5.9 3.1 

78 Nonan-3:y1 Methoxy 5 11.2 5.7 

79 3-Ethylpentvl Methoxy 5 8.6 4.4 

80 3-Ethylpentyl N-Pentoxy 6 8.2  4.3 

*1) The percentage reduction in the tin atom concentration (in the active 

component) of the tetraalkyldialkoxydistannoxane composition was 

determined by the following mathematical formula (4). 

*2) The trialkyl tin alkoxide production amount was determined by 
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mathematical formula (5). 

[Mathematical Formula 6] 

Percentage reduction in tin atom concentration (in active component) = 

(S2°  - S2`) /S2°  / 	x 100% 	(4) 

	

5 	[In the formula, "percentage reduction in tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S2°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

10 	and S2t  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S2°  and Set  were 

calculated from the tetraalkyldialkoxydistannoxane concentration of the 

composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 7] 

	

15 	Trialkyl tin alkoxide production amount = T/(W2°  x S2°) x 100% 	(5) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W2°  is the mass [kg] of the composition introduced into the 

	

20 	catalyst tank before circulating operation, and S2°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 	S2°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration of the composition, as 

determined by I I9Sn-NMR spectral analysis.] 

	

25 	[0189] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 38] 
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R\ 	
R' 

 
R1 —Sn 

0 
R" 	R" 

[W represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0190] [Examples 81 to 142] 

	

5 	The dialkyl tin dialkoxides listed in Tables 3 and 4 were produced by 

the same methods as in Synthesis Examples 1, 4 and 7, and test 

operation of the continuous circulating reactor was conducted by the 

same method as Example 2, confirming modification reaction during 

heated circulation. After introducing about 45 kg of the dialkyl tin 

	

10 	dialkoxide into a catalyst tank, a continuous circulating reactor as 

shown in Fig. 2 was used for test operation (circulating operation) in the 

same manner as Example 2. A sampling solution was taken from the 

catalyst tank after circulating operation and subjected to 119Sn-NMR 

spectral analysis. 	The tin atom concentration (in the active 

	

15 	component) of the composition was calculated from the dialkyl tin 

dialkoxide concentration after test operation as determined from the 

analysis results, and the percentage reduction from before the start of 

test operation was calculated. The number of moles of trialkyl tin 

alkoxide was also determined from the analysis results, and the amount 

	

20 	produced with respect to the number of moles of tin atoms (in the active 

component) of the composition before the start of test operation was 

calculated. The percentage reductions in the tin atom concentration (in 

the active component) of the compositions and the trialkyl tin alkoxide 
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production amounts are shown in Tables 3 and 4. 

[Table 3] 

Example 

Dialkyl t.  n dialkoxide 
Continuous 

operation 

time ['days] 

Percentage reduction 

in tin atom 

concentration (in 

active component) 
jom .3) 

Trialkyl lin 

alkoxide 

production amount 

[Vol "4) 
R.' (alkyl group) OW (tilkoxy group) 

81 3-Ethyl pentyl 3-Methylbutyloxy 5 6.5 33 

82 3-Ethylheptyl 3-Methylhutyloxy 5 6.1 3.0 

83 2-Butyloctyl Ethoxy 5 4.2 2.2 

84 3-Propylhexyl 2-Ethylbutyloxy 5 5.7 2.8 

85 3-Butylnortyl Methoxy 5 7.2 3.5 

86 3-Ethylhcptyl N-Pentoxy 5 6.8 3.6 

87 Pentan-3-y.1 2-Ethylbutyl oxv 6 11.1 6.0 

88 3-Propylhexyl N-Hexyloxy 5 6.4 3.3 

89 Pentan-3-y1 3-Methylbutyloxy 6 10.5 5.1 

90 3-But yl nonyl N-Perttoxy 5 6.7 3.4 

91 isopropyl Ethoxy 5 12.0 6.4 

92 3-Et hylpentyl Methoxy 5 7.2 3.8 

93 Isobutyl N-Butoxy 5 5.0 2.6 

94 3-Ethylpentyl Ethoxy 6 7.4 3.7 

95 Perim-3-y1 N-Butoxy 6 I 1 .0 5.8 

96 3-Butylnonyl N-licxylOxy 5 6,2 3.0 

97 2-Butyloctyl N-Pentoxy 6 4.1 2.1 

98 Nonan-3-y1 2-Ethylbutyloxv 5 11.0 5.8 

99 2-1f exyl decyl 2-Ethylltexyloxy 5 3.9 2.0 

100 Nonan-3-yl 2-Ethylhexyloxy 6 11.0 5.8 

101 3-Et hyl hoptyl Methoxy 6 7,0 3.4 

102 Isobutyl N-Pentoxy 5 5.1 2,5 

103 3-Butylnonyl 2-Ethylhexyloxy 6 6.2 32 

104 Pentan-3-y1 Methoxy 6 11.2 5.4 

105 Pentan-3-yl N-Pentoxy 6 11.1 5.8 

106 3-Ethylhcptyl 2-Ethylhexyloxy 5 6.2 3.2 

107 2-Hexyldecyl N‘Hexyloxy 6 4.1 2.0 

108 Isopropyl N-Hexyloxy 5 12.9 6.4 

109 Norian-3-y1 N-Butoxy 6 10.7 5.7 

110 2-B utvloctyl 3-Methylbutyloxy 5 3,7 1.9 

111 Isopentyl 2-Ethylhexyloxy 6 6.3 3.2 

112 3-Butylheptyl N-Butoxy 5 6.7 3,5 

*3) The percentage reduction in the tin atom concentration (in the active 

component) of the dialkyl tin dialkoxide composition was determined 

5 	by the following mathematical formula (6). 

*4) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (7). 
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[Mathematical Formula 8] 

Percentage reduction in tin atom concentration (in active component) = 

(Si°  - Si`)/Si°  x 100% 	(6) 

[In the formula, "percentage reduction in tin atom concentration (in 

	

5 	active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, SI°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Si t is the tin atom concentration (in the active component) [mol/kg] 

	

10 	of the composition after circulating operation. S1°  and Si t  were 

calculated from the dialkyl tin dialkoxide concentration of the 

composition, as determined by 1195n-NMR spectral analysis.] 

[Mathematical Formula 9] 

Trialkyl tin alkoxide production amount = T/(W1 °  x S1 °) x 100% 	(7) 

	

15 	[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, WI°  is the mass [kg] of the composition introduced into the 

catalyst tank before circulating operation, and SI° is the tin atom 

	

20 	concentration (in the active component) [mol/kg] of the composition 

before circulating operation. S1°  was calculated from the dialkyl tin 

dialkoxide concentration of the composition, as determined by 

119Sn-NMIR spectral analysis.] 

[0191] Structural formula of dialkyl tin dialkoxide 

	

25 	[Chemical Formula 39] 

105 



[IZ' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[Table 4] 
Dialkyl tin dialkoxide 

Continuous 

operation 

time Idaysi 

Percentage reduction 

in tin atom 

cOncentration (in 

active component) 

IN •3;1 

Trialkyl tin 

alkoxidc 

production 

amount 

I Vo1 *4) 

Example 
12' (alkyl group) OR" (alkoxy group) 

113  3-Ethylpentyl N-Butoxy 5 6.9 3,6 

114 3-Propylhcxyl N-Butoxy 5 6.5 3.4 

115 3-Propylhexyl 2-Ethylhexyloxv 6 6.0 2.9 

116 Pentan-3 yl Ethoxy 5 11.1 6.0 

117  3-Propylhexyl Methoxy 5 6.7 3.5 

118 3-Ethylheptyl 2-Ethylbutyloxy 5 5.7 2.8 

119 3-Butyinonyl 2-Ethytbutyloxy 5 5.7 3.1 

120 Isopentyl 2-Ethylbutyloxy 6 6.0 3.0 

121  2-14exyldecyl N-Butoxy 5 4.2 2.1 

122  Nonan-3-yl 3-Methylbutyloxy 6 10.1 5.2 

123 Isobutyl 3-Methylbutyloxy 6 4.8 2.4 

124 3-Propylhexyl N-Pcntoxy 6 6.8 3.4 

125 3-Propylhexyl 3-Methylbutyloxy 5 6.1 3.2 

126 3-Ethylpentyl N-PentoXy 5 7.2 3.7 

127 Isopentyl N-Hexyloxv 5 6.4 3.4 

128 Nomm-3-y1 N-Penloxy 5 11.0 5.4 

129 3-Propylhexyl Ethoxy 5 6.9 3.7 

130 2-Butyloctyl Methoxy 5 4.3 2.2 

131 lsopentyl Ethoxy 6 7,3 3,8 

132 3-Ethylheptyl Ethoxy 5 7.0 3.6 

133 Nonan-3-y1 Ethoxy 6 10.8 5.6 

134 Isopropyl Methoxy 5 12.0 6.5 

135 Nonan-3-y1 N-tlexytoxy 5 11.3 5,7 

136 3-Ethylheptyl N-llexyloxy 5 6.3 3.2 

137  2-1-lexyldecyl 2-Ethylbutyloxy 5 3.7 1.8 

138  3-Butylnonyl N-Butoxy 6 6.6 3.3 

139 3-Butylnonvl 3-Methylbutyloxy 6 6.2 3 2 

140 Pentan-3-yl 2-Ethylhexyloxy 5 11.3 5.8 

141 Isopentyl Methoxy 6 7.5 3.8 

142 Isopropyl 2-Ethylbutyloxy 6 12.0 6.1 

5 	*3) The percentage reduction in the tin atom concentration (in the active 

component) of the dialkyl tin dialkoxide composition was determined 

106 



by the following mathematical formula (6). 

*4) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (7). 

[Mathematical Formula 10] 

	

5 	Percentage reduction in tin atom concentration (in active component) — 

(Si° - Si t)/Si°  x 100% 	(6) 

[In the formula, "percentage reduction in tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

	

10 	circulating operation, Si°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Sit  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. Si°  and Sit  were 

calculated from the dialkyl tin dialkoxide concentration of the 

	

15 	composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 11] 

Trialkyl tin alkoxide production amount = T/(Wi°  x S1°) x 100% 	(7) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [Vo] after circulating operation, T is the 

	

20 	number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, Wi° is the mass [kg] of the composition introduced into the 

catalyst tank before circulating operation, and S i°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 

before circulating operation. Si° was calculated from the dialkyl tin 

	

25 	dialkoxide concentration of the composition, as determined by 

119Sn-NMR spectral analysis.] 
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[0192] Structural formula of dialkyl tin dialkoxide 

[Chemical Formula 40] 

Sn 
R'""-  "'u—R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

5 	group.] 

[0193] [Examples 143 to 194] 

The compositions comprising dialkyl tin dialkoxides and 

tetraalkyldialkoxydistannoxanes listed in Tables 5 and 6 produced by 

the same methods as in Synthesis Examples 1, 2, 4, 5, 7 and 8 were 

	

10 	prepared, and test operation of the continuous circulating reactor was 

conducted by the same method as Example 3, confirming modification 

reaction during heated circulation. They were prepared so that the 

molar ratios of tin atoms of the dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxane with respect to the number of moles of 

	

15 	tin atoms (in the active component) of the compositions comprising the 

dialkyl tin dialkoxides and tetraalkyldialkoxydistannoxanes having the 

structures listed in Tables 5 and 6 were 65:35, and approximately 60 kg 

was introduced into the catalyst tank. The tin atom concentration (in 

the active component) of each composition was determined by 

	

20 	mathematical formula (3). Test operation (circulating operation) of the 

composition was conducted in the same manner as Example 3, using a 

continuous circulating reactor as shown in Fig. 3. A sampling solution 

was taken from the catalyst tank after circulating operation and 

subjected to 119Sn-NMR spectral analysis. The tin atom concentration 
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(in the active component) of the composition was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration of the composition after test operation as determined from 

the analysis results, and the percentage reduction from before the start 

	

5 	of test operation was calculated. The number of moles of trialkyl tin 

alkoxide produced after test operation was also determined from the 

analysis results, and the amount produced with respect to the number of 

moles of tin atoms (in the active component) of the composition before 

the start of test operation was calculated. The percentage reductions in 

	

10 	the tin atom concentration (in the active component) of the 

compositions and the trialkyl tin alkoxide production amounts are 

shown in Tables 5 and 6. 

[Table 5] 
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Example 

Alkyl tin alkoxide 

Continuous 

operation 

time 1days] 

Percentage reduction 

in tin atom 

concentration (in 

active component) 

1%1 *5) 

'Frialkyl tin 

alkoxide 

production 

amount 

[%1 *6) 

R' (alkyl group) OR" (alkoxy group) 

143 3-Butylnonyl N-Pcntoxy 6 6.4 3.3 

144 Nonan-3-yl Ethoxy 6 10.4 5.5 

145 Isopropyl Methoxy 5 11.9 6.2 

146 3-Ethylpentvl N-Hexyloxy 5 6.2 3.3 

147 Isopentyl N-Flexyloxv 6 6.5 3.2 

148 Isopropyl Ethoxy 6 11.7 5.9 

149 Pentan-3-y1 N-Pentoxy 5 10.5 5.1 

150 3-Ethylheptyl Ethoxy 6 6.5 3.3 

151 Pentan-3-y1 2-Methylpropyloxy 5 10.8 5.5 

152 lsobutyl 3-Methylbutyloxy 5 4.6 2.5 

153 Isopentyl Methoxy 5 7.2 3.8 

154 2-Butyloctyl 2-Methylpropyloxy 6 3.6 1.8 

155 Isopropyl 3-Methyltnityloxy 5 I 1.0 5.5 

156 3-Ethylpentyl 2-Ethylbutyloxy 5 5.9 3.2 

157 Isobutyl N-Pentoxy 5 4,9 2.6 

158 3.-Butyitionyl 3-Methylbutyloxy 5 6,0 3.0 

159 Nonan-3-v1 2-Methytpropyloxy 5 10.5 5.4 

160 Pentan-3-y1 3-Methylbutyloxy 6 10.3 5.0 

161 Nonan-3-y1 3-Methylbutyloxy 6 10,0 5.4 

162 3-Ethylpentyl N-Pentoxy 6 6.8 3.7 

163 Nontui-3.11 Methoxy 6 10.8 5.2 

164 lsobutyl Methoxy 6 5,5 2.8 

165 2-Butyloetyl 2-Ethvlbutyloxy 6 3.3 1.7 

166 3-Ethylheptyl 2-Ethylbutyloxy 5 5,6 2.9 

167 Isopentyl 2-Methylpropyloxy 5 6.2 3.3 

168 Isopropyl N-Hexyloxy 5 I L9 6.2 

169 Isopropyl N-Pentoxy 5 11.6 6,2 

170 3-Bulylnonyl N-F1cKyloxy 5 6.1 2.9 

*5) The percentage reduction in the tin atom concentration (in the active 

component) of each alkyl tin alkoxide composition was determined by 

mathematical formula (8). 

*6) The trialkyl tin alkoxide production amount was determined by 

5 	mathematical formula (9). 

[Mathematical Formula 12] 

Percentage reduction in tin atom concentration (in active component) -=-- 

(S3°  - Sat)/S3°  x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 
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active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

5 	and S3t  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3°  and S3t  were 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 13] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 	(9) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

	

15 	operation, W3°  is the mass [kg] of the composition introduced into the 

catalyst tank before circulating operation, and S3°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 	S3° was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

	

20 	concentration of the composition, as determined by 119Sn-NMR spectral 

analysis.] 

[0194] Structural formulas of tetraalkyldialkoxydistannoxane and 

dialkyl tin dialkoxide in alkyl tin alkoxide composition 

[Chemical Formula 41] 
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Sn 
w--R" 

[Chemical Formula 42] 

	

IT 	
R' 

 0 	/ 

RT—Sn 

	

R'' 	R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

5 	group.] 

[Table 6] 
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Example 

Alkyl tin alkoxide 

Continuous 

operation 

time [days] 

Percentage reduction 

in tin atom 

concenlration (in 

active component) 

%J *5) 

Trialkyl tin 

alkoxide 

production 

amount 

(%] •6) 

R' (alkyl group) OR" (alkoxy group) 

171 Isopropyl 2-Methylpropyloxy 6 11.7 5.6 

172 Pentan-3-yl 2-Ethylbutyloxy 6 11.0 5.6 

173 N on an-3-y1 N-I lexyloxy 6 '1.5 6.1 

174 2-Butyloctyl 3-Methylbutyloxy 6 3.6 1.8 

175 Isopentyl Ethoxy 6 6,8 3.3 

176 3-ButvInonyl 2-Ethylbutyloxy 5 5.6 2.9 

177 Isopentyl 2-Ethyl butyl oxy 5 5.8 2.8 

178 3-Butylnonyl 2-Methylpropyloxy 6 6.0 3.0 

179 Nonan-3-yl N-Pentoxy 5 10.1 5.4 

180 3-Ethylpentyl 3-Methylbutyloxy 5 6,3 3,3 

181 3-Ethylheptyl 2-Methylpropyloxy 6 5.9 2.8 

182 3 -Ethylheptyl Melhoxy 5 7.0 3.5 

183 3-Ethylheptyl N-Hexyloxy 6 5.9 3.1 

184 Nonan-3-yl 2-Ethylbutyloxy 6 10.9 5.4 

185 Isobtavl Ethoxy 5 5.0 2.5 

186 3-Propylhexyl N-Pentoxy 5 6.1 3.2 

187 Isopropyl 2-Ethyl butyloxy 5 11.7 5.7 

188 2-Butyloctvl N-Hexyloxy 5 3.6 1.9 

189 3-Propylhexyl 2-EthylbutylOxy 6 5.3 2.6 

190 Isobutyl 2-Methylpropyloxy 5 4.6 2.3 

191 3-Ethylpenlyl 2-Methylpropyloxy 6 6.4 3.4 

192 3-EthyIheptyl N-Pcntoxy 5 6,5 3.2 

193 3-Ethyllteptyl 3-Methylbutyloxy 5 5.9 2.9 

194 3-Propylhexyl 3-Methylbutyloxy 6 5.8 2.9 

*5) The percentage reduction in the tin atom concentration (in the active 

component) of each alkyl tin alkoxide composition was determined by 

mathematical formula (8). 

*6) The trialkyl tin alkoxide production amount was determined by 

	

5 	mathematical formula (9). 

[Mathematical Formula 14] 

Percentage reduction in tin atom concentration (in active component) - 

(S3°  - S3')/S3°  x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 

	

10 	active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

113 



circulating operation, S3°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Sat  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3° and Sat  were 

	

5 	calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition, as determined 

by n'Sn-NMR spectral analysis.] 

[Mathematical Formula 15] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 	(9) 

	

10 	[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W3°  is the mass [kg] of the composition introduced into the 

catalyst tank before circulating operation, and S3° is the tin atom 

	

15 	concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 	S3°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration of the composition, as determined by 119Sn-NMR spectral 

analysis.] 

	

20 	[0195] Structural formulas of tetraalkyldialkoxydistannoxane and 

dialkyl tin dialkoxide in alkyl tin alkoxide composition 

[Chemical Formula 43] 

Sn 

[Chemical Formula 44] 
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R\ 
	 R' 

\ 
1 
R" 	R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0196] [Examples 195 to 257] 

5 The compositions comprising dialkyl tin dialkoxides, 

tetraalkyldialkoxydistannoxanes and trialkyl tin alkoxides listed in 

Tables 7 and 8 produced by the same methods as in Synthesis Examples 

3 and 6 were used for test operation (circulating operation) of the 

continuous circulating reactor as shown in Fig. 4 by the same method as 

10 	Example 4, confirming modification reaction during heated circulation. 

Approximately 60 kg of each composition comprising a dialkyl tin 

dialkoxide, tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide 

produced by the same methods as Synthesis Examples 3 and 6 was 

introduced into a catalyst tank, and circulated in the continuous 

15 	circulating reactor. A sampling solution was taken from the catalyst 

tank after circulating operation and subjected to 119Sn-NMR spectral 

analysis. The tin atom concentration (in the active component) of the 

composition was calculated from the tetraalkyldialkoxydistannoxane 

concentration and dialkyl tin dialkoxide concentration of the 

20 	composition after test operation as determined from the analysis results, 

and the percentage reduction from before the start of test operation was 

calculated. The number of moles of trialkyl tin alkoxide was also 
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determined from the analysis results, and the amount produced with 

respect to the number of moles of tin atoms (in the active component) of 

the composition before the start of test operation was calculated. The 

percentage reductions in the tin atom concentration (in the active 

5 	component) of the compositions and the trialkyl tin alkoxide production 

amounts are shown in Tables 7 and 8. 

[Table 7] 
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Example 

Alkyl lin alkoxide 

'Frialkyl tin 

alkoxide 

concentration 

firtol%1 

Continuous 

operation 

time [days] 

Percentage 

reduction in tin 

atom 

concentration (in 

active 

component) 

(Vol •7) 

Trialkyl tin 

alkoxide 

production 

amount 

[Vo] *8) 

IV (alkyl group) OR" (alkoxy group) 

195 Isopropyl 2-Methylpropyloxy 9 6 11,5 6,1 

196 2-Butyloctyl N-Penloxy 8 6 3.4 1,8 

197 Nonan-311 2-Ethylhexyloxy 8 6 10.7 5.7 

198 3-Ethylheptyl Ethoxy 9 5 6.0 34 

199 3-Butylnonyl N-Butoxy 10 5 5.7 2.9 

200 Isobutyl N-Butoxy l0 6 4.5 2.3 

201 Nonan-3-y1 N-Hexyloxy 10 6 11.1 5,7 

202 3-Ethylpentyl 2-Ethylbutyloxy 7 5 5.3 2.8 

203 Isppentyl N-Butoxy 8 5 6.0 3.0 

204 3-13utyllieptyl N-Pentoxy 7 5 5.7 2.9 

205 3-Butylhcptyl 3-Methylbutyloxy 9 5 5.5 2.9 

206 Isopropyl Ethoxy 7 6 11.8 6.0 

207 3-Propylhexyl 2-Ethylhexyloxy 10 5 5A 2.9 

208 3-130tylnottyl N-Hexyloxy 10 5 5.6 2,8 

209 3-Ethylheptyl 2-Ethylbutyloxy 8 6 5.0 2.6 

210 Nonan-3-y1 N-Pentoxy 9 5 10.1 4.8 

211 Pentan-3-yl 3-Methylbutyluxy 9 6 10.2 5.5 

212 Pentan-3-yl Ethoxy 9 5 10.8 5.6 

213 Pentan-3-y1 N-Butoxy 8 5 10.6 5.1 

214 Pentan-3-yl 2-Mcthylpropyloxy 9 5 10.7 5.4 

215 3-Propylhexyl 2-Methylpropyloxy 7 6 5.4 2.7 

216 Pentan-3-vl 2-Ethylhexyloxy 9 6 10.7 5.7 

217 Isopentvl Ethoxy 7 5 6.4 3.3 

218 Isobutyl 2-Ethylhexyloxy 7 5 4.3 23 

219 Nonan-3-yl 2-Methylpropyloxy 9 5 10.3 5.1 

220 3-Butylnonyl 2-Methvlpropyloxy 9 5 5.4 2.8 

221 2-Hexyldecyl N-Butoxy 7 5 3.6 1.9 

222 Isobutyl Ethoxy 6 5 4.7 2.3 

223 lsopentyl 2-Methylpropyloxy 9 6 5.7 2,8 

224 3-Propylhexyl 3-Methylbutyloxy 8 5 5.3 2.8 

225 3-Propylhexyl N-Hexyloxy 6 6 5.6 2.8 

*7) The percentage reduction in the tin atom concentration (in the active 

component) of each alkyl tin alkoxide composition was determined by 

mathematical formula (8). 

*8) The trialkyl tin alkoxide production amount was determined by 

5 	mathematical formula (9). 

[Mathematical Formula 16] 

Percentage reduction of tin atom concentration (in active component) = 
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(S3°  - S3`)/S3°  x 100% 	(8) 

[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] in the tin atom 

concentration (in the active component) of the composition after 

	

5 	circulating operation, S3° is the tin atom concentration (in the active 

component) [mot/kg] of the composition before circulating operation, 

and Sat  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3° and Sat were 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

	

10 	dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 17] 

Trialkyl tin alkoxide production amount = T/(W3° x S3°) x 100% 	(9) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

	

15 	of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W3°  is the mass [kg] of the alkyl tin alkoxide composition 

introduced into the catalyst tank before circulating operation, and S3°  is 

the tin atom concentration (in the active component) [mol/kg] of the 

	

20 	composition before circulating operation. S3°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration of the composition, as determined by 119Sn-NIVIR spectral 

analysis.] 

[0197] Structural formulas of tetraalkyldialkoxydistannoxane and 

	

25 	dialkyl tin dialkoxide in alkyl tin alkoxide composition 

[Chemical Formula 45] 
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Sn 

[Chemical Formula 46] 

R' 	
R' 

 

R' 
—Sn 

0 	0 

R" 

[Chemical Formula 47] 

#„R` 
Sn 

[R' represents a C1,1:5 alkyl group and R" represents -a 01-8alkyl 

group:] 

[Table 8] 

5 
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Example 

Alkyl tin alkoxide 

Trialkyl tin 

alkoxide 

concentration 

[morK1 

Continuous 

opemlion 

timeidays] 

Percentage 

reduction in tin 

atom 

coneentmlion (in 

active 

component) 

1%19) 

Trialkyl tin 

alkoxidc 

production 

amount 

IN *8) 

R' (alkyl group) OR" (alkoxy group) 

226 2-Butyloety1 2-Ethvlbutyloxy 7 6 3.1 1,5 

227 Isopentyl  N-HexvIoxy 6 6 5.6 2,7 

228 3-Ftthylheptyl N-Pentoxy 9 6 5.6 2.9 

229 Isopropyl 3-Methylbutyloxy 8 6 11.1 5.4 

230 2-Butyloctyl 3-Methylbutyloxy 9 6 3.3 1,7 

231 3.12,thylhoptyl N-Hexyloxy 9 6 5:4 28 

232 2-Hexyldecyl 2-Methylpropyloxy 9 6 3.4 1.7 

233 Isopropyl N-Butoxy 10 6 11.3 5.9 

234 3-Ethylpenty1 N-licxyloxy 9 6 5,8 2.9 

235 3-F.thyllterityl N-Butoxy 8 6 5.6 2.8 

236 Nonan-3-y1 2-Ethylbutyloxy 8 5 10.7 5.4 

237 3-Ethylpenty1 2-Methylpropyloxy 10 6 5.6 2.7 

238 3-Propylhexyl 2-Ethylbutyloxy 7 6 5.0 2A 

239 3-EIhylpentyl N-Butoxy 8 5 5.9 2.9 

240 Noinut-3-y1 3-Methylbutyloxy 10 6 9.9 4.9 

241 3-Butylnonyl 2-Ethylbutyloxy 7 5 5.1 2.6 

242 Isopentyl 2-Ethylbutyloxy 10 5 5.2 2.6 

243 3-Ethylpentyl 2-Ethylhexyloxy 9 5 5.6 2.8 

244 3-Elltylpentyl Ethoxv 7 5 6.4 3.1 

245 Nonan-3-vl N-Butoxy 7 6 10.2 5.4 

246 3-Butylnonyl 2-Ethylhexyloxy 9 5 5.4 2.8 

247 3-Ethylheptyl 2-Methylpropyloxy 7 5 5.4 2.8 

248 3-Propylhexyl N-Pentoxy 10 5 5.5 2.7 

249 Pent n-3-y1 N-Hexyloxy 9 5 11.4 5,6 

250 3-Ethylheplyl 3-Mcthylbutyloxy 8 6 5.4 2.8 

251 Pentan-3-yl 2-Ethylbutyloxy 7 6 10.8 5.2 

252 Isobutyl 2-Ethylbutyloxv 8 6 4.0 2.0 

253 lsopcntyl 2-Elhylhexyloxy 8 6 5.5 2.9 

254 3-Propylhexyl Elhoxy 6 6 5.8 2.8 

255 3-Propylhexyl N-Butoxy 9 5 5.6 2,8 

256 2-Butyloctvl N-Hexyloxy 10 5 3.2 1.6 

257 Isopropyl N-Pentoxy 9 6 11.4 6,0 

*7) The percentage reduction in the tin atom concentration (in the active 

component) of each alkyl tin alkoxide composition was determined by 

mathematical formula (8). 

*8) The trialkyl tin alkoxide production amount was determined by 

5 	mathematical formula (9). 

[Mathematical Formula 18] 
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Percentage reduction in tin atom concentration (in active component) = 

(S3°  - S3`)/S3°  x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 

active component)" is the percentage reduction [%] in the tin atom 

	

5 	concentration (in the active component) of the composition after 

circulating operation, S3° is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and S3t is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3°  and S3t  were 

	

10 	calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 19] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100 	(9) 

	

15 	[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W3°  is the mass [kg] of the alkyl tin alkoxide composition 

introduced into the catalyst tank before circulating operation, and S3° is 

	

20 	the tin atom concentration (in the active component) [mol/kg] of the 

composition before circulating operation. S3° was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration of the composition, as determined by 119Sn-NMR spectral 

analysis.] 

	

25 	[0198] Structural formulas of tetraalkyldialkoxydistannoxane, dialkyl 

tin dialkoxide and trialkyl tin alkoxide in alkyl tin alkoxide composition 
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[Chemical Formula 48] 

Rt.,,, ,„0---R" 
Sn 

R"."' 	
`-..,

1/4)
., 

-----R" 

[Chemical Formula 49] 

R' 
IT\ 	0  
\ / -------Sn—R' 

R' Sn 
\

o 	\ 
0 
\ 

R" 	R" 

	

5 	[Chemical Formula 50] 

R's., ...,,R' 
Sn 

R"---' 	-'`.0-.--Rii 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0199] [Examples 258 to 273] 

	

10 	Dialkyl tin dialkoxides and tetraalkyl dialkoxydistannoxanes with the 

structures listed in Table 9 were produced by the same methods as 

Synthesis Examples 1, 2, 4, 5, 7 and 8, and compositions comprising the 

dialkyl tin dialkoxides and tetraalkyl dialkoxydistannoxanes were 

prepared. 	Compositions comprising dialkyl tin dialkoxides and 

	

15 	tetraalkyl dialkoxydistannoxanes were prepared so that the molar ratios 

of tin atoms of the dialkyl tin dialkoxides and tetraalkyl 

dialkoxydistannoxanes with respect to the number of moles of tin atoms 

(in the active component) of the composition were 5:95 to 50:50. The 
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compositions were used by the same method as Example 5 for test 

operation (circulating operation) in a continuous circulating reactor as 

shown in Fig. 5, confirming modification reaction during heated 

circulation. Approximately 60 kg of each prepared composition was 

	

5 	introduced into the catalyst tank and circulated in a continuous 

circulating reactor as shown in Fig. 5 by the same method. The alkyl 

tin alkoxide composition was sampled from the catalyst tank after 

circulating operation and subjected to 119Sn-NMR spectral analysis. 

The tin atom concentration (in the active component) of the composition 

	

10 	was calculated from the tetraalkyldialkoxydistannoxane concentration 

and dialkyl tin dialkoxide concentration of the composition after test 

operation as determined from the analysis results, and the percentage 

reduction from before the start of test operation was calculated. The 

number of moles of trialkyl tin alkoxide was also determined from the 

	

15 	analysis results, and the amount produced with respect to the number of 

moles of tin atoms (in the active component) of the composition before 

the start of test operation was calculated. The percentage reductions in 

the tin atom concentration (in the active component) of the 

compositions and the trialkyl tin alkoxide production amounts are 

	

20 	shown in Table 9. 

[Table 9] 
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Example 

Alkyl tin alkoxidc 

Molar ratio of tin atoms of 

dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxa 

ne 

Continuous 

operation 

time 

[hr] 

Percentage 

reduction in tin 

atom 

concentration of 

alkyl tin 

alkoxide 

composition 

PAl *9) 

Trialkyl tin 

alkoxidc 

production 

amount 

[Yo] •l0) 

IV (alkyl 

group) 
OR" (alkoxy group) 

258 Isopropyl 3-Methylbutyloxy 5:95 5 13.4 6.6 

259 Isopentyl 3-Methylbutyloxy 5:95 5 7.5 3.8 

260 Isopropyl 3-Methylbutyloxy 15:85 5 12.8 6.3 

261 Isopentyl 3-Methylbutyloxy 15:85 5 7.3 3.5 

262 Isopropyl 3-Methylbutyloxy 35:65 5 12.0 5.9 

263 Isopentyl 3-Methylbutyloxy 35:65 5 7.0 3.8 

264 Isopropyl 3-MelhYlbutyloxy 50:50 6 11.2 5.7 

265 Isopentyl 3-Methylbutyloxy 50:50 6 6.8 3,6 

266 Isopropyl N-Butoxy 5:95 5 13.5 6.7 

267 Esopentyl N-Butoxy 5:95 5 7,5 3,6 

268 Isopropyl N-Butoxy 15:85 6 13.2 6.7 

269 Isopentvl N-Butoxy 15:85 6 7.4 4.0 

270 Isopropyl N-Butoxy 35:65 6 13.1 6.6 

271 Isopentyl N-Butoxy 35:65 6 7.3 3.9 

272 Isopropyl N-Hutoxy 50:50 6 13.0 6:6 

273 Isopentyl N-Birtmly 50:50 6 7.2 3.7 

*9) The percentage redaction in the tin atom concentration (in the active 

component) of each alkyl tin alkoxide composition was determined by 

mathematical formula (8). 

*10) The trialkyl tin alkoxide production amount was determined by 

	

5 	mathematical formula (9). 

[Mathematical Formula 20] 

Percentage reduction in tin atom concentration (in active component) -- 

(S3°  - S3')/S3°  x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 

	

10 	active component)" is the percentage reduction [%] in the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Sat  is the tin atom concentration (in the active component) [mol/kg] 
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of the composition after circulating operation. S3°  and S3t  were 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

	

5 	[Mathematical Formula 21] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 	(9) 

[In the formula, "trialkyl tin alkoxide 'production amount" is the amount 

of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

	

10 	operation, W3° is the mass [kg] of the alkyl tin alkoxide composition 

introduced into the catalyst tank before circulating operation, and S3° is 

the tin atom concentration (in the active component) [mol/kg] of the 

composition before circulating operation: S3°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

	

15 	concentration of the composition, as deterthined by 119SA-NMIR spectral 

analysis.] 

[0200] Structural formulas of tetraalkyldialkoxydistannoxane and 

dialkyl tin dialkoxide in alkyl tin alkoxide composition 

[Chemical Formula 51] 

Sn 

20 

[Chemical Formula 52] 
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R' 
	 R' 

Sn 
\
oo 

R" 	R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0201] [Examples 274 to 293] 

	

5 	Dialkyl tin dialkoxides and tetraalkyl dialkoxydistannoxanes with the 

structures listed in Table 10 were produced by the same methods as 

Synthesis Examples 1, 2, 4, 5, 7 and 8, and first compositions 

comprising 	the 	dialkyl 	tin 	dialkoxides 	and 

tetraalkyldialkoxydistannoxanes were prepared. The compositions 

	

10 	comprising dialkyl tin dialkoxides and tetraalkyldialkoxydistannoxanes 

were prepared so that the molar ratios of tin atoms of the dialkyl tin 

dialkoxides and tetraalkyldialkoxydistannoxanes with respect to the 

number of moles of tin atoms (in the active component) of the 

composition were 65:35. Next, the trialkyl tin alkoxides having the 

	

15 	structures listed in Table 10 were added to the compositions to prepare 

compositions containing trialkyl tin alkoxides. The compositions were 

prepared so that the number of moles of tin atoms in the trialkyl tin 

alkoxides with respect to the number of moles of tin atoms of the 

compositions containing the trialkyl tin alkoxides were 11 to 13 mol%. 

	

20 	The compositions were used by the same method as Example 5 for test 

operation (circulating operation) in a continuous circulating reactor as 

shown in Fig. 5, confirming modification reaction during heated 
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circulation. Approximately 60 kg of each prepared composition was 

introduced into the catalyst tank and circulated in a continuous 

circulating reactor as shown in Fig. 5 by the same method. Each 

composition was sampled from the catalyst tank after circulating 

	

5 	operation and subjected to 119Sn-NMR spectral analysis. The tin atom 

concentration (in the active component) of the composition was 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition after test 

operation as dctcnnincd from the analysis results, and the percentage 

	

10 	reduction from before the start of test operation was calculated. The 

number of moles of trialkyl tin alkoxide was also determined from the 

analysis results, and the amount produced with respect to the number of 

moles of tin atoms (in the active component) of the composition before 

the start of test operation was calculated. The percentage reductions in 

	

15 	the tin atom concentration (in the active component) of the 

compositions and the trialkyl tin alkoxide production amounts are 

shown in Table 10. 

[Table 10] 
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Example 

Dialkyl tin alkoxide Trialkyl tin alkoxide 

Continuous 

operation 

time [days) 

Percentage 

reduction in tin 

atom 

COOCCI I Iration of 

alkyl tin alkoxide 

composition 

r/o] '11) 

Trialkyl tin 

alkoxide 

production 

amount 
[%] *12) 

R' (alkyl group) 
OR" (alkoxy 

group) 

R'" (alkyl 

group) 

Concentra-tion 

[tin atom 

moIN 

274 Pentan-3-yl N-Pentoxy N-Octyl II 5 10_4 5.6 

275 2-Butyloctyl N-Pentoxy N-Octyl 12 5 3.4 1.7 

276 2-1-Iexyl key! N-Pentoxy N-Oetyl I1 6 3.5 1.7 

277 3-Ethylheplyl N-Pentoxy N-O atyl 13 5 '.6 3.0 

278 3-B u tylliepty1 N-Pentoxy N-Octyl 13 6 5.7 2.9 

279 Penton-3 -yl N-Pentoxy Pentan-3-y1 13 6 10.4 5.6 

280 2-B utyl octyl N-Pcntoxy Penton-3 -yl 12 5 3.5 1.7 

281 2-Hexyldecyl N-Pentoxy Pentan-3 -y1 12 6 3.5 1.7 

282 3-Ethylheplyl N-Pcntoxy Penton-3-y' 13 5 5.6 2.8 

283 343uylheptyl N-Pentoxy Pentan-3-yl 12 5 5.7 2.8 

284 Pcntah-3-y! N-Pentoxy 2-8 utyl octyl 12 5 10.4 5:2 

285 2-Butyloctyl N-Pentoxy 2-Butyloctyl I 1 6 3.4 1.7 

286 2-1-lexyldecyl N-Pcntoxy 2-Butyl octyl 12 5 3.5 1.7 

287 3-Ethylheptyl N-Pentoicy 2-Butylbcty1 12 5 5.5 2.9 

288 3 -Butyl heptY1 N-Pcntoxy 2-Butyloctyl 13 6 5.6 2.9 

289 Penton-3-y! N-Pentoxy 3-Ethylbuty1 12 5 10.3 5.4 

290 , 	2-Butyloctyl N-Pentoxy 3-Ethylbutyl 11 6 3.5 1.8 

291 2-Heicyldecyl N-PctitOxy 	- 3-Ethylbutyl 12 5 3.6 1.9 

292 3 Etltylheptyl N-Pentoxy 3-EthyIbutyI 12 6 5.5: 2.7 

293 3,13ittyllieptyl NrPentOxy 3-EthylbUtyl 13 5 5,6 3,0 

*11) The percentage reduction in the tin atom concentration (in the 

active component) of each alkyl tin alkoxide composition was 

determined by mathematical formula (8). 

*12) The trialkyl tin alkoxide production amount was determined by 

	

5 	mathematical formula (9). 

[Mathematical Formula 22] 

Percentage reduction in tin atom concentration (in active component) = 

(S3°  - Sat)/S3°  ) 	x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 

	

10 	active component)" is the percentage reduction [%] in the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3°  is the tin atom concentration (in the active 
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component) [mol/kg] of the composition before circulating operation, 

and S3(  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3°  and Sat  were 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

	

5 	dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 23] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 	(9) 

[In the formula, "trialkyl tin alkoxide production amount' is the amount 

	

10 	of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W3°  is the mass [kg] of the alkyl tin alkoxide .composition 

introduced into the catalyst tank before circulating operation, and %() is 

the tin atom concentration (in the active component) [mol/kg] of the 

	

15 	composition before circulating operation. S3°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration of the composition, as determined by 119Sn-NIVIR spectral 

analysis.] 

[0202] Structural formulas of tetraalkyldialkoxydistannoxane, dialkyl 

	

20 	tin dialkoxide and trialkyl tin alkoxide in alkyl tin alkoxide composition 

[Chemical Formula 53] 

Sn 

[Chemical Formula 54] 
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0 	0 
R" 	R" 

[Chemical Formula 55] 

[R' and R"' each represent a C1-15 alkyl group, and R" represents a 

	

5 	C1-8 alkyl group.] 

[0203] [Examples 294 to 305] 

Compositions comprising the dialkyl tin dialkoxides, tetraalkyl 

dialkoxydistannoxanes and trialkyl tin alkoxides with the structures 

listed in Table 11 were produced by the same methods as Synthesis 

	

10 	Examples 3 and 6. The heating time for production of each 

composition was adjusted so that the trialkyl tin alkoxide concentration 

of the composition was as listed in Table 11. Next, the compositions 

comprising dialkyl tin dialkoxides, tetraalkyl dialkoxydistannoxanes 

and trialkyl tin alkoxides were used for test operation (circulating 

	

15 	operation) of a continuous circulating reactor as shown in Fig. 5 by the 

same method as Example 5, confirming modification reaction during 

heated circulation. Approximately 60 kg of the alkyl tin alkoxide 

composition was introduced into the catalyst tank and circulated in a 

continuous circulating reactor as shown in Fig. 5 by the same method. 

	

20 	Each composition was sampled from the catalyst tank after circulating 
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operation and subjected to 119Sn-NMR spectral analysis. The tin atom 

concentration (in the active component) of the composition was 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition after test 

	

5 	operation as determined from the analysis results, and the percentage 

reduction from before the start of test operation was calculated. The 

number of moles of trialkyl tin alkoxide was also determined from the 

analysis results, and the amount produced with respect to the number of 

moles of tin atoms (in the active component) of the composition before 

	

10 	the start of test operation was calculated. The percentage reductions in 

the tin atom concentration (in the active component) of the 

compositions and the trialkyl tin alkoxide production amounts are 

shown in Table 11. 

[Table 11] 

'Example 

Dialkyl tin alkoxide Trialky tin alkoxide 

Continuous 

time 

[days] 

operation
concentration 

Percentage 

reduction in tin 

atom 
or 

alkyl tin alkoxide 

composition 

liklil +13) 

Trialkyl tin 

alkoxide 

production 

amount 

[%] *14) 

TV (alkyl 

group) 
OR" (alkoxy group) 

R"' (alkyl 

group) 

Concentration in 

alkyl tin alkoxide 

composition 

Din atom rnul%J 

294 Pentan-3-y1 N-Butoxy Pentan-3-y1 12 5 10.4 5.0 

295 Isopentyl N-Butoxy Isopentyl 12 5 5.9 2.9 

296 Pentan-3-yI N-Butoxy Penton-3-y! 25 6 10.1 5.1 

297 Isopentyl N-Butoxy Isopentyl 26 5 5.7 3.0 

298 Penton-3-y! N-Butoxy Pentan-3-yI 45 6 10.0 5.2 

299 Isopentyl N-Butoxy Isopentyl 46 6 5.6 2.9 

300 Penton-3-y! 3-Methylbutyloxy Pentan-3-y1 12 5 10.1 4.9 

301 lsopentyl 3-Methylbutyloxy Isopentyl 12 5 5.6 2.9 

302 Penton-3-y! 3-Methylbutyloxy Pentan-3-yI 25 6 10.0 5.3 

303 Isopentyl 3-Methylbutyloxy Isopentyl 26 5 5.5 2.9 

304 Pentan-3-y1 3-Methylbutyloxy Pentan-3-yl_ 	46 6 9.7 4.8 

305 	_ Isopentyl 3-Methylbutyloxy Isopentyl 	45 5 5.4 2.7 

15 	*13) The percentage reduction in the tin atom concentration (in the 

active component) of each alkyl tin alkoxide composition was 
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determined by mathematical formula (8). 

*14) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (9). 

[Mathematical Formula 24] 

	

5 	Percentage reduction in tin atom concentration (in active component) -- 

(S3°  - S3')/S3°  x 100% 	(8) 

[In the formula, "percentage reduction in tin atom concentration (in 

active component)" is the percentage reduction [%] in the tin atom 

concentration (in the active component) of the composition after 

	

10 	circulating operation, S3° is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and S3t  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3°  and S31  were 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

	

15 	dialkyl tin dialkoxide concentration of the composition, as determined 

by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 25] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 	(9) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

	

20 	of trialkyl tin alkoxide produced [%] after circulating operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after circulating 

operation, W3°  is the mass [kg] of the alkyl tin alkoxide composition 

introduced into the catalyst tank before circulating operation, and S3°  is 

the tin atom concentration (in the active component) [mol/kg] of the 

	

25 	composition before circulating operation. S3°  was calculated from the 

tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 
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concentration of the composition, as determined by 1198n-NMR spectral 

analysis.] 

[0204] Structural formulas of tetraalkyldialkoxydistannoxane, dialkyl 

tin dialkoxide and trialkyl tin alkoxide in alkyl tin alkoxide composition 

	

5 	[Chemical Formula 56] 

Sn 

[Chemical Formula 57] 

R‘ 	
R'  / 

R'—Sn 

0 	0 
R" 	R" 

[Chemical Formula 58] 

	

10 
	Rih' 

 

[R1  and R"' each represent a C1-15 alkyl group, and R" represents a 

C1-8 alkyl group.] 

[0205] [Example 306] 

A continuous circulating reactor comprising a tank reactor, a tube 

	

15 	reactor and a tower reactor such as shown in Fig. 1 was used for 

transesterification reaction. 	Approximately 20 kg of a 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition produced by the 

method of Synthesis Example 4 (tin atom concentration (in the active 
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component) of composition: 2.26 mol/kg) was introduced into a 

SUS316 catalyst tank 130 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 15. 	Next, n-propyl 

2-ethylhexanoate ester (product of Wako Pure Chemical Industries) was 

	

5 	introduced into a starting material tank 110 via a supply line 1, and 

3-methyl- 1-butyl alcohol (product of Kuraray Co., Ltd.) was introduced 

into a starting material tank 120 via a supply line 2. The tank and 

pipes were steam traced to maintain the flow property. To the tank 

reactor 140 there were conveyed n-propyl 2-ethylhexanoate ester at a 

	

10 	flow rate of about 10 kg/hr via a transport line 3, inline mixer 141 and 

transport line 5, and 3-methyl-1-butyl alcohol at a flow rate of about 12 

kg/hr via a transport line 4, inline mixer 141 and transport line 5. The 

composition was conveyed from the catalyst tank 130 to the tank reactor 

140 at 1.6 kg/hr, via a transport line 14, an inline mixer 141 equipped 

	

15 	with a heating jacket, and a transport line 5. At the inline mixer 141, 

the bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition, n-propyl 

2-ethylhexanoate ester and 3-methyl- 1-butyl alcohol were mixed and 

heated. The concentration of tin atoms in the mixture in the tank 

reactor was 1.7 mol%. The tank reactor 140 was a 15 L-volume 

	

20 	reactor, comprising a stirrer, heating jacket and liquid conveyance 

pump, and the heating jacked was heated with steam to control the 

mixture in the reactor to about 160°C. The tube reactor 150 with an 

outer diameter of 200 mm and a length of 1000 mm also comprised a 

heating jacket, which was heated with steam at about 160°C. The 

	

25 	n-propyl 2-ethylhexanoate ester and 3-methyl-l-butyl alcohol that had 

been conveyed to the tank reactor 140 were subjected to 

134 



transesterification 	 reaction 	using 	a 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition as the catalyst, 

and then it was conveyed to a tube reactor 150 via a transport line 6 for 

reaction and further conveyed to a tower reactor 160 via a transport line 

	

5 	7 for reaction. 

A SUS316 tower reactor 160 with an inner diameter of 75 mm and an 

effective length of 4500 mm, equipped with 30 sieve trays, was heated 

and thermally insulated with a heater around the entire tower reactor to 

prevent radiated heat loss, the heater being set to about 160°C. A 

	

10 	liquid conveyance pump and reboiler 163 were provided at the bottom 

of the tower reactor 160, and the reboiler 163 was heated with steam at 

about 165°C. 

As further transesterification reaction proceeded in the tower reactor 

160, the n-propyl alcohol and 3-methyl-1-butyl alcohol produced by the 

	

15 	reaction were separated off by distillation, and the fraction composed 

mainly of n-propyl alcohol was collected from a collecting line 8. The 

mixture containing the 3-methylbutyl 2-ethylhexanoate ester reaction 

product was conveyed from the tower reactor 160 through a transport 

line 9 to a thin-film vaporizer 170 set to a temperature of 180°C and a 

	

20 	pressure of about 40 kPaA, and then the low-boiling-point component 

including 3-methylbutyl 2-ethylhexanoate ester was conveyed through a 

transport line 10 to a distillation column 180 (column packed with 

MetalGauze CY filler, inner diameter: 83 mm, effective length: 2800 

mm), and purified. Separately, the high boiling point component 

	

25 	including the bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition 

was conveyed to the catalyst tank 130 through a transport line 11, and 

135 



then circulated to a continuous circulating reactor through the transport 

line 14, inline mixer 141 and transport line 5. When necessary, supply 

from the starting material tank and catalyst tank to the tank reactor was 

reduced or interrupted until the reactor interior reached a steady state. 

	

5 	Operation was continued, and after the reactor interior reached a steady 

state, the mixture was sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 

yield of 3-methylbutyl 2-ethylhexanoate ester was found to be 19.7% 

based on n-propyl 2-ethylhexanoate ester groups. This state was 

	

10 	continued for about 15 days, after which the mixture was again sampled 

from the bottom of the tower reactor 160 and subjected to quantitative 

analysis by gas chromatography, and the yield of 3-methylbutyl 

2-ethylhexanoate ester was found to be 19.3%. It was possible to 

stably obtain 3-methylbutyl 2-ethylhexanoate ester at about 2.1 kg/hr 

	

15 	from the collecting line 13 during continuous operation. The high 

boiling 	point 	component 	containing 	the 

bi s(3 -methylbuty1)-bi s(3 -methyl butoxy)tin 	composition 	in 	the 

continuous circulating reactor after continuous operation was separated 

using the thin-film vaporizer 170, and collected in a catalyst tank 130, 

	

20 	and the mass was measured. A sample was taken from the catalyst 

tank 130 through an extraction line 16, and as a result of 119Sn-NMR 

spectral 	analysis 	it 	was 	confirmed 	that 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin 	 and 

tris(3-methylbutyl)(3-methylbutoxy)tin were present after continuous 

	

25 	operation. 	Based 	on 	the 	analysis 	results, 

tris(3-methylbutyl)(3-methylbutoxy)tin was produced at approximately 
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0.27 mol after 15 days of continuous operation, an amount that was 

approximately 0.6% with respect to the number of moles of tin atoms 

(in the active component) of the composition introduced into the 

catalyst tank 130 before the start of continuous operation. 

	

5 	[0206] [Example 307] 

A continuous circulating reactor comprising a tank reactor, a tube 

reactor and a tower reactor such as shown in Fig. 1 was used for 

transesterification reaction. 	Approximately 20 kg of a 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition produced by the 

	

10 	same method as Synthesis Example 4 (tin atom concentration (in the 

active component) of composition: 2.26 mol/kg) was introduced into a 

SUS316 catalyst tank 130 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 15. 	The 3-methylbutyl 

2-ethylhexanoate ester obtained from Example 306 was then introduced 

	

15 	into a starting material tank 110 through a supply line 1, and ethyl 

2-methylpropanoate ester (product of Aldrich) was introduced into a 

starting material tank 120 through a supply line 2. The tank and pipes 

were steam traced to maintain the flow property. The 3-methylbutyl 

2-ethylhexanoate ester was conveyed at a flow rate of about 12 kg/hr 

	

20 	through a transport line 3, inline mixer 141 and transport line 5, and the 

ethyl 2-methylpropanoate ester was conveyed to a tank reactor 140 at a 

flow rate of about 10 kg/hr through a transport line 4, inline mixer 141 

and transport line 5. Also, the catalyst tank 130 was heated by steam 

to maintain the flow property of the contents, and the 

	

25 	bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition in this state was 

conveyed at 1.2 kg/hr through a transport line 14, an inline mixer 141 
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equipped with a heating jacket, and the transport line 5. At the inline 

mixer 141, the bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition, 

3-methylbutyl 2-ethylhexanoate ester and ethyl 2-methylpropanoate 

ester were mixed and heated. The concentration of tin atoms in the 

	

5 	mixture in the tank reactor 140 was 1.9 mol%. The tank reactor 140 

was a 15 L-volume reactor, comprising a stirrer, heating jacket and 

liquid conveyance pump, and the heating jacket was heated with steam 

to control the mixture in the reactor to about 160°C. The tube reactor 

150 also comprised a heating jacket, which was heated with steam at 

	

10 	about 160°C. The 3-methylbutyl 2-ethylhexanoate ester and ethyl 

2-methylpropanoate ester that had been conveyed to the tank reactor 

140 were subjected to transesterification reaction using a 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition as the catalyst, 

and then it was conveyed to the tube reactor 150 via a transport line 6 

	

15 	for reaction and subsequently conveyed to a tower reactor 160 via a 

transport line 7 for reaction. 

A SUS316 tower reactor 160 with an inner diameter of 75 mm and an 

effective length of 4500 mm, equipped with 30 sieve trays, was heated 

and thermally insulated with a heater around the entire tower reactor to 

	

20 	prevent radiated heat loss, the heater being set to about 160°C. A 

liquid conveyance pump and reboiler 163 were provided at the bottom 

of the tower reactor 160, and the reboiler 163 was heated with steam at 

about 165°C. 

As further transesterification reaction proceeded in the tower reactor 

	

25 	160, the 3-methylbutyl 2-methylpropanoate ester generated by the 

reaction and the unreacted ethyl 2-methylpropanoate ester were 
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separated out by distillation, and the fraction containing the ethyl 

2-methylpropanoate ester and 3-methylbutyl 2-methylpropanoate ester 

was collected from a collecting line 8. 

The mixture containing the ethyl 2-ethylhexanoate ester reaction 

	

5 	product and unreacted 3-methylbutyl 2-ethylhexanoate ester was 

conveyed from the tower reactor 160 through a transport line 9 to a 

thin-film vaporizer 170 set to a temperature of 180°C and a pressure of 

about 30 kPaA, and then the low-boiling-point component including 

ethyl 2-ethylhexanoate ester and 3-methylbutyl 2-ethylhexanoate ester 

	

10 	was conveyed through a transport line 11 to a distillation column 180 

(column packed with MetalGauze CY filler, inner diameter: 83 mm, 

effective length: 2800 mm), and purified. Separately, the high boiling 

point 	 component 	 including 	 the 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition was conveyed 

	

15 	to the catalyst tank 130 through a transport line 11, and then circulated 

to a continuous circulating reactor through the transport line 14, inline 

mixer 141 and transport line 5. When necessary, supply from the 

starting material tank and catalyst tank to the tank reactor was reduced 

or interrupted until the reactor interior reached a steady state. 

	

20 	Operation was continued, and after the reactor interior reached a steady 

state, the mixture was sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 

yield of ethyl 2-ethylhexanoate ester was found to be 39.2% (based on 

3-methylbutyl 2-ethylhexanoate ester groups). 	This state was 

	

25 	continued for about 15 days, after which the mixture was again sampled 

from the bottom of the tower reactor 160 and subjected to quantitative 
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analysis by gas chromatography, and the yield of ethyl 2-ethylhexanoate 

ester was found to be 38.5%. It was possible to stably obtain ethyl 

2-ethylhexanoate ester in the collected fraction at about 3.5 kg/hr from 

the collecting line 12 during continuous operation. The high boiling 

	

5 	point 	 component 
	 containing 	 the 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin composition in the 

continuous circulating reactor after continuous operation was separated 

using the thin-film vaporizer 170, and collected in a catalyst tank 130, 

and the mass was measured. A sample was taken from the catalyst 

	

10 	tank 130 through an extraction line 16, and as a result of 119Sn-NMR 

spectral 	analysis 	it 	was 	confirmed 	that 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin, 

bis(3-methylbutyl)diethoxytin, tris(3-methylbutyl)(3-methylbutoxy)tin 

and tris(3-methylbutyl)ethoxytin were present. Based on the analysis 

	

15 	results, 	tri s(3 -methylbutyl)(3 -methyl butoxy)tin 	and 

tris(3-methylbutyl)ethoxytin were produced at a total of 0.32 mol after 

15 days of continuous operation, an amount that was approximately 

0.7% with respect to the number of moles of tin atoms (in the active 

component) of the composition introduced into the catalyst tank 130 

	

20 	before the start of continuous operation. 

[0207] [Example 308] 

A continuous circulating reactor comprising a tank reactor, a tube 

reactor and a tower reactor such as shown in Fig. 1 was used for 

tran s esteri fi c ati on reaction. 	Approximately 20 kg of a 

	

25 	1,1,3 ,3-tetrakis(3 -methylbuty1)-1,3-di ethoxydi stannoxane composition 

produced by the same method as Synthesis Example 2 (tin atom 
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concentration (in the active component) of the composition: 3.14 

mol/kg) was introduced into a SUS316 catalyst tank 130, equipped with 

a heating jacket and a liquid conveyance pump, through a supply line 

15. The 3-methylbutyl 2-ethylhexanoate ester was then introduced 

	

5 	into a starting material tank 110 through a supply line 1, and ethyl 

2-methylpropanoate ester (product of Aldrich) was introduced into a 

starting material tank 120 through a supply line 2. The tank and pipes 

were steam traced to maintain the flow property. The 3-methylbutyl 

2-ethylhexanoate ester was conveyed at a flow rate of about 12 kg/hr 

	

10 	through a transport line 3, inline mixer 141 and transport line 5, and the 

ethyl 2-methylpropanoate ester was conveyed to a tank reactor 140 at a 

flow rate of about 10 kg/hr through a transport line 4, inline mixer 141 

and transport line 5. Also, the catalyst tank 130 was heated with steam 

to maintain the flow property of the contents, and the 

	

15 	1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 -diethoxydistannoxane composition 

in this state was conveyed at 0.8 kg/hr through a transport line 14, the 

inline mixer 141 equipped with a heating jacket, and the transport line 5. 

At 	the 	inline 	mixer 	141, 	the 

1,1,3 ,3 -tetrakis(3 -methylbuty1)-1,3 -diethoxydi stannoxane composition, 

	

20 	3-methylbutyl 2-ethylhexanoate ester and ethyl 2-methylpropanoate 

ester were mixed and heated. The concentration of tin atoms in the 

mixture in the tank reactor 140 was 1.8 mol%. The tank reactor 140 

was a 15 L-volume reactor, comprising a stirrer, heating jacket and 

liquid conveyance pump, and the heating jacket was heated with steam 

	

25 	to control the mixture in the reactor to about 160°C. The tube reactor 

150 also comprised a heating jacket, which was heated with steam at 
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about 160°C. 

The 3-methylbutyl 2-ethylhexanoate ester and ethyl 2-methylpropanoate 

ester conveyed to the tank reactor 140 were subjected to 

transesterification 	 reaction 	 using 

	

5 	1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -diethoxydistannoxane 	as 	the 

catalyst, and then conveyed to the tube reactor 150 through a transport 

line 6 for reaction, and further conveyed to a tower reactor 160 through 

a transport line 7 for reaction. The SUS316 tower reactor 160 with an 

inner diameter of 75 mm and an effective length of 4500 mm, equipped 

	

10 	with 30 sieve trays, was heated and thermally insulated with a heater 

around the entire tower reactor to prevent radiated heat loss, the heater 

being set to about 160°C. A liquid conveyance pump and reboiler 163 

were provided at the bottom of the tower reactor 160, and the reboiler 

163 was heated with steam at about 165°C. 	As further 

	

15 	transesterification reaction proceeded in the tower reactor 160, the 

3-methylbutyl 2-methylpropanoate ester generated by the reaction and 

the unreacted ethyl 2-methylpropanoate ester were separated out by 

distillation, and the fraction containing the ethyl 2-methylpropanoate 

ester and 3-methylbutyl 2-methylpropanoate ester was collected from a 

	

20 	collecting line 8. The mixture containing the ethyl 2-ethylhexanoate 

ester reaction product and unreacted 3-methylbutyl 2-ethylhexanoate 

ester was conveyed from the tower reactor 160 through a transport line 

9 to a thin-film vaporizer 170 set to a temperature of 180°C and a 

pressure of about 30 kPaA, and then the low-boiling-point component 

	

25 	including ethyl 2-ethylhexanoate ester and 3-methylbutyl 

2-ethylhexanoate ester was conveyed through a transport line 10 to a 
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distillation column 180 (column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm), and purified. 

Separately, the high boiling point component including the 

1, ,3,3 -tetrakis (3 -methylbuty1)-1,3 -d i etho xydi stannoxane composition 

	

5 	was conveyed to the catalyst tank 130 through a transport line 11, and 

then circulated to the continuous circulating reactor through the 

transport line 14, inline mixer 141 and transport line 5. When 

necessary, supply from the starting material tank and catalyst tank to the 

tank reactor was reduced or interrupted until the reactor interior reached 

	

10 	a steady state. Operation was continued, and after the reactor interior 

reached a steady state, the mixture was sampled from the bottom of the 

tower reactor 160 and subjected to quantitative analysis by gas 

chromatography, and the yield of ethyl 2-ethylhexanoate ester was 

found to be 31.5% (based on 3-methylbutyl 2-ethylhexanoate ester 

	

15 	groups). This state was continued for about 15 days, after which the 

mixture was again sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 

yield of ethyl 2-ethylhexanoate ester was found to be 30.9%. It was 

possible to stably obtain ethyl 2-ethylhexanoate ester in the collected 

	

20 	fraction at about 2.8 kg/hr from the collecting line 12 during continuous 

operation. 	The high boiling point component including the 

1,1,3 ,3 -tetraki s(3 -methylbuty1)-1,3 -diethoxy di stannoxane composition 

in the continuous circulating reactor after continuous operation was 

separated using a thin-film vaporizer 170 and collected in the catalyst 

	

25 	tank 130, and the mass was measured. A sample was taken from the 

extraction line 16 of the catalyst tank 130, and as a result of 119Sn-NMR 
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spectral analysis the catalyst tank 130 was found to contain 

1,1,3 ,3 -tetraki s(3 -methyl buty1)-1,3 -bi s (3 -m ethylbutoxy)di stannoxane, 

1,1,3,3 -tetraki s(3 -m ethylbuty1)-1,3-diethoxydistannoxane, 

tris(3-methylbutyl)(3-methylbutoxy)tin 	 and 

	

5 	tris(3-methylbutyl)ethoxytin. 	Based on the analysis results, 

tris(3-methylbutyl)(3-methylbutoxy)tin and tri s (3 -m ethyl butyl)ethoxytin 

were produced at a total of approximately 0.57 mol after 15 days of 

continuous operation, an amount that was approximately 0.9% with 

respect to the number of moles of tin atoms (in the active component) 

	

10 	introduced into the catalyst tank 130 before the start of continuous 

operation. 

[0208] [Example 309] 

A continuous circulating reactor comprising a tube reactor and a tower 

reactor such as shown in Fig. 2 was used for transesterification reaction. 

	

15 	Approximately 	20 	kg 	of 	a 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3-bi s (3 -m ethy lbutoxy)di stann oxan e 

composition produced by the same method as Synthesis Example 5 (tin 

atom concentration (in the active component) of the composition: 2.76 

mol/kg) was placed in a SUS316 catalyst tank 230, equipped with a 

	

20 	heating jacket and a liquid conveyance pump, through a supply line 33. 

The 3-methylbutyl 2-ethylhexanoate ester was then introduced into a 

starting material tank 210 through a supply line 21, and ethyl 

2-methylpropanoate ester was introduced into a starting material tank 

220 through a supply line 22. The tank and pipes were steam traced to 

	

25 	maintain the flow property. The 3-methylbutyl 2-ethylhexanoate ester 

was conveyed through a transport line 23, inline mixer 241 and 
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transport line 25 at a flow rate of about 12 kg/hr, and the ethyl 

2-methylpropanoate ester was conveyed to a tube reactor 240 equipped 

with a heating jacket, through a transport line 24, inline mixer 241 and 

transport line 25 at a flow rate of about 10 kg/hr. Also, the catalyst 

	

5 	tank 230 was heated with steam to maintain the flow property of the 

contents, 	 and 	 the 

1,1 ,3,3 -tetraki s(3 -methylbuty1)-1,3-b i s(3-methylbutoxy)distannoxane 

composition in this state was conveyed at 0.9 kg/hr through a transport 

line 34, the inline mixer 241 and the transport line 25. At the inline 

	

10 	mixer 	 241, 	 the 

1,1 ,3 ,3-tetraki s(3 -methylbuty1)-1,3 -bis(3 -methylbutoxy)distannoxane 

composition, 3-methylbutyl 2-ethylhexanoate ester and ethyl 

2-methylpropanoate ester were mixed and heated. The 3-methylbutyl 

2-ethylhexanoate ester and ethyl 2-methylpropanoate ester that had been 

	

15 	conveyed to the tube reactor 240 were subjected to transesterification 

reaction 	 using 

1,1 ,3,3 -tetrakis(3 -methylbuty1)-1,3 -bi s(3 -m ethylbutoxy)di stannoxane as 

the catalyst, and were conveyed to the tower reactor 250 through a 

transport line 26 for further reaction. The SUS316 tower reactor 250 

	

20 	with an inner diameter of 130 mm and an effective length of 4500 mm, 

equipped with 30 sieve trays, was provided with a heater, reboiler 253 

and liquid conveyance pump, and the reactor interior was controlled to 

approximately 160°C with the heater and reboiler 253. At the top of 

the tower reactor 250, the fraction containing the 3-methylbutyl 

	

25 	2-methylpropanoate ester produced by the transesterification reaction 

and the unreacted ethyl 2-methylpropanoate ester was condensed with a 
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condenser 251, and collected by a collecting line 27 via a condensate 

tank 252. The mixture containing the ethyl 2-ethylhexanoate ester 

reaction product and unreacted 3-methylbutyl 2-ethylhexanoate ester 

was conveyed from the bottom of the tower reactor 250 through a 

	

5 	transport line 28 to a thin-film vaporizer 260 set to a temperature of 

180°C and a pressure of about 30 kPaA, and then the low-boiling-point 

component including ethyl 2-ethylhexanoate ester and the unreacted 

3-methylbutyl 2-ethylhexanoate ester was conveyed through a transport 

line 29 to a distillation column 270 (column packed with MetalGauze 

	

10 	CY filler, inner diameter: 83 mm, effective length: 2800 mm), and 

purified. Separately, the high boiling point component including 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

composition was conveyed to the catalyst tank 230 through a transport 

line 30, and then circulated to the continuous circulating reactor through 

	

15 	the transport line 34, inline mixer 241 and transport line 25. When 

necessary, supply from the starting material tank and catalyst tank to the 

tube reactor was reduced or interrupted until the reactor interior reached 

a steady state. Operation was continued, and after the reactor interior 

reached a steady state, the mixture was sampled from the bottom of the 

	

20 	tower reactor 250 and subjected to quantitative analysis by gas 

chromatography, and the yield of ethyl 2-ethylhexanoate ester was 

found to be 35.1% (based on 3-methylbutyl 2-ethylhexanoate ester 

groups). This state was continued for about 15 days, after which the 

mixture was again sampled from the bottom of the tower reactor 250 

	

25 	and subjected to quantitative analysis by gas chromatography, and the 

yield of 2-ethyl 2-ethylhexanoate ester was found to be 34.1%. 
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It was possible to stably obtain ethyl 2-ethylhexanoate ester in the 

collected fraction at about 3.1 kg/hr from the collecting line 31 during 

continuous operation. The high boiling point component including the 

1,1,3,3 -tetraki s(3 -methylbutyl)- l ,3-bi s(3-methylbutoxy)distannoxane 

	

5 	composition in the continuous circulating reactor after continuous 

operation was separated using a thin-film vaporizer 260 and collected in 

the catalyst tank 230, and the mass was measured. A sample was taken 

from the extraction line 35 of the catalyst tank 230, and as a result of 

119Sn-NMR spectral analysis the catalyst tank was found to contain 

	

10 	1,1,3,3 -tetraki s(3 -methylbuty1)-1,3 -b i s(3-methylbutoxy)distannoxane, 

1,1,3,3 -tetraki s(3 -methylbuty1)-1,3-di ethoxydistannoxane, 

tri s (3 -methylbutyl)(3-methylbutoxy)tin 	 and 

tris(3-methylbutyl)ethoxytin. 	Based on the analysis results, 

tri s (3 -methylbutyl)(3 -methylbutoxy)tin and tri s (3 -m ethylbutyl)ethoxytin 

	

15 	were produced at a total of approximately 0.5 mol after 15 days of 

continuous operation, an amount that was approximately 0.9% with 

respect to the number of moles of tin atoms (in the active component) 

introduced into the catalyst tank 230 before the start of continuous 

operation. 

	

20 	[0209] [Example 310] 

A continuous circulating reactor comprising a tank reactor and a tower 

reactor such as shown in Fig. 3 was used for transesterification reaction. 

The 	 b i s (3 -methylbutyl)d i ethoxytin 	 and 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-diethoxydistannoxane produced by 

	

25 	the same methods as Synthesis Example 1 and Synthesis Example 2 

were mixed to prepare an alkyl tin alkoxide composition. The 
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composition was prepared so that the molar ratio of tin atoms of the 

bis(3-methylbutyl)diethoxytin 	 and 

tetrakis(3-methylbutyl)diethoxydistannoxane with respect to the number 

of moles of tin atoms (in the active component) of the alkyl tin alkoxide 

	

5 	composition was 65:35. The tin atom concentration (in the active 

component) of the alkyl tin alkoxide composition was 2.93 mol/kg as 

determined from the bis(3-methylbutyl)diethoxytin concentration and 

1,1,3 ,3 -tetraki s(3 -methylbuty1)-1,3 -diethoxydi stannoxane concentration 

in the composition. Approximately 20 kg of the composition was 

	

10 	introduced into a SUS316 catalyst tank 330 equipped with a heating 

jacket and liquid conveyance pump, through a supply line 53. The 

3-methylbutyl 2-ethylhexanoate ester was then introduced into a starting 

material tank 310 through a supply line 41, and ethyl 

2-methylpropanoate ester was introduced into a starting material tank 

	

15 	320 through a supply line 42. The tank and pipes were steam traced to 

maintain the flow property. The 3-methylbutyl 2-ethylhexanoate ester 

was conveyed at a flow rate of about 12 kg/hr through a transport line 

43, inline mixer 341 and transport line 45, and the ethyl 

2-methylpropanoate ester was conveyed to a tank reactor 340 at a flow 

	

20 	rate of about 10 kg/hr through a transport line 44, inline mixer 341 and 

transport line 45. Also, the catalyst tank 330 was heated by steam to 

maintain the flow property of the contents, and the alkyl tin alkoxide 

composition in this state was conveyed at 0.9 kg/hr through a transport 

line 54, an inline mixer 341 equipped with a heating jacket, and the 

	

25 	transport line 45. At the inline mixer 341, the alkyl tin alkoxide 

composition, 3-methylbutyl 2-ethylhexanoate ester and ethyl 
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2-methylpropanoate ester were mixed and heated. The tank reactor 

340 was a 15 L-volume reactor, comprising a stirrer, heating jacket and 

liquid conveyance pump, and the heating jacket was heated with steam 

to control the mixture in the reactor to about 160°C. 	The 

	

5 	3-methylbutyl 2-ethylhexanoate ester and ethyl 2-methylpropanoate 

ester that had been conveyed to the tank reactor 340 were subjected to 

transesterification reaction using the alkyl tin alkoxide composition as 

the catalyst, and then it was conveyed to the tower reactor 350 via a 

transport line 46 for reaction. The SUS316 tower reactor 350 with an 

	

10 	inner diameter of 130 mm and an effective length of 4500 mm, 

equipped with 25 sieve trays, was provided with a heater, reboiler 353 

and liquid conveyance pump, and the reactor interior was controlled to 

approximately 160°C with the heater and reboiler 353. At the top of 

the tower reactor 350, the fraction containing the 3-methylbutyl 

	

15 	2-methylpropanoate ester produced by the transesterification reaction 

and the unreacted ethyl 2-methylpropanoate ester was condensed with a 

condenser 351, and collected from a collecting line 47 via a condensate 

tank 352. The mixture containing the ethyl 2-ethylhexanoate ester 

reaction product and unreacted 3-methylbutyl 2-ethylhexanoate ester 

	

20 	was conveyed from the bottom of the tower reactor 350 through a 

transport line 48 to a thin-film vaporizer 360 set to a temperature of 

180°C and a pressure of about 30 kPaA, and then the low-boiling-point 

component including ethyl 2-ethylhexanoate ester and 3-methylbutyl 

2-ethylhexanoate ester was conveyed through a transport line 49 to a 

	

25 	distillation column 370 (column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm), and purified. 
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Separately, the high boiling point component including the alkyl tin 

alkoxide composition comprising the bis(3-methylbutyl)diethoxytin and 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -diethoxydistannoxane was conveyed 

to the catalyst tank 330 through a transport line 50, and then circulated 

	

5 	to the continuous circulating reactor through the transport line 54, inline 

mixer 341 and transport line 45. When necessary, supply from the 

starting material tank and catalyst tank to the tank reactor was reduced 

or interrupted until the reactor interior reached a steady state. 

Operation was continued, and after the reactor interior reached a steady 

	

10 	state, the mixture was sampled from the bottom of the tower reactor 350 

and subjected to quantitative analysis by gas chromatography, and the 

yield of ethyl 2-ethylhexanoate ester was found to be 36.5% (based on 

3-methylbutyl 2-ethylhexanoate ester groups). 	This state was 

continued for about 15 days, after which the mixture was again sampled 

	

15 	from the bottom of the tower reactor 350 and subjected to quantitative 

analysis by gas chromatography, and the yield of 2-methylpropyl 

2-ethylhexanoate ester was found to be 35.7%. 

It was possible to stably obtain ethyl 2-ethylhexanoate ester in the 

collected fraction at about 3.3 kg/hr from the collecting line 51 during 

	

20 	continuous operation. The high boiling point component including the 

alkyl tin alkoxide composition in the continuous circulating reactor after 

continuous operation was separated using the thin-film vaporizer 360 

and collected in the catalyst tank 330, and the mass was measured. A 

sample was taken from the extraction line 55 of the catalyst tank 330, 

	

25 	and as a result of 119Sn-NMR spectral analysis the catalyst tank 330 was 

found 	to 	contain 	bis(3-methylbuty1)-bis(3-methylbutoxy)tin, 
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bi s(3 -methyl butypdiethoxytin, 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -bis(3 -methylbutoxy)di stannoxane, 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3-diethoxydi stannoxane, 

tris(3-methylbutyl)(3-methylbutoxy)tin 	 and 

	

5 	tris(3-methylbutyl)ethoxytin. 	Based on the analysis results, 

tris(3-methylbutyl)(3-methylbutoxy)tin and tris(3-methylbutypethoxytin 

were produced at a total of approximately 0.47 mol after 15 days of 

continuous operation, an amount that was approximately 0.8% with 

respect to the number of moles of tin atoms (in the active component) of 

	

10 	the alkyl tin alkoxide composition introduced into the catalyst tank 330 

before the start of continuous operation. 

[0210] [Examples 311 to 332] 

The dialkyl tin dialkoxide compositions listed in Table 12, obtained by 

the same methods as Synthesis Examples 1, 4 and 7, were used for 

	

15 	transesterification reaction with a continuous circulating reactor by the 

same method as Example 306. The carboxylic acid esters and alcohols 

used as starting materials for transesterification reaction, listed in Table 

12, were each introduced into a starting material tank and conveyed to a 

tank reactor, and transesterification reaction was carried out with a 

	

20 	dialkyl tin dialkoxide as the catalyst. The flow rate of the dialkyl tin 

dialkoxide composition conveyed from the catalyst tank was adjusted so 

that the concentration of tin atoms in the reaction mixture in the tank 

reactor was 1.5 to 2.5 mol%, and transesterification reaction was carried 

out at the temperatures listed in Table 12. Table 12 shows the reaction 

	

25 	yields (initial yields) immediately after reaching a steady state and the 

reaction yields and trialkyl tin alkoxide production amounts (production 
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amounts with respect to the number of moles of tin atoms (in the active 

component) introduced into the catalyst tank before continuous 

operation), after 15 days of continuous operation. 

[Table 12] 

Ekamplc 

Alkyl Ile alkoxide Startina materials for transeste ilication reaction 

Irmhria4048 

1°C) 

Initial 

yield 

[mol%] 

Yield (mol%) 

(after 15 days 

of continuous 

operaiion) 

Trialkyl tin 

alkoxide 

production 

amount Imol%) 

'15) 

(slier 15 days of 

continuous 

operation) 

R' (alkyl group) OR" (elkory scoop) Carboxylic acid ester Alcohol 

111 Pentan-3-y1 Eilmay M41412-1S11040euncnic calm Ethanol 150 172 16 1 2 9 

312 Nonan-3-y1 EU hoxy Mclhvl 2-EtItylhcranuate ester Elhanol 150 178 165 3 2 

313 2-ificthylbutyl Eilioxv methyl 2-Ethythexanoate ester Ethanol 150 106 294 1.8 

.314 3-Ethylpentyl Ethnic.,  Methyl 2-10hYllieskan"lo ester Ethanol 150 39 1 37 it 14 

315 3-13tuylhoptyl Ertioxy Methyl 2-Eihylheranoate osier Ethanol 150 313 369 1 6 

316 P86186-3-14 2-Melhylpropyloxy Propyl 2-Plhythekatinate ester 2-methyl-1-propanol 170 176 164 30 

317 Nonan-3-y1 2-Mathylpropyloxy Propyl 2-Eihylhexanoate osier 2-methyl-I -propanol 170 180 167 33 

318 2-Butvioctyl 2-Met hylpropyloxy leromil 2-EthvIhexanoate osier 2-methyl- I -propatiol 170 385 372 L6 

319 Isopentyl 2-MeilivIpmpvlexv Propvl 2-Elitylhekanoate ester 2-inethyl-l-propartol 170 28 9 278 19 

320 3-Et hylpentvl 2-Met hylpmpylnky Picipvl 2-Ethvlhcxanoate ester 2-methyl-l-pmpanol 17U 430 415 1 6 

321 3-flutylheptyl 2-611C1hylptnytyl9xy Proov12-EthvIhexanoale es.ier 2-methyl-1-propanol 170 41 4 403 (.2 

322 Penton-2-y! 3-1sleth7lbulyloxv 0!0pyl 2-11110,111000m0,- ,  3-methyl-1-butartol 170 176 164 31 

323 Nonan-3-y1 3-Methyllautylpity Proovl 2-Et hylhexanoate ester 3-methyl-I-butane,' 170 180 ITO 24 

124 2-Bniyloclal 3-Mal hylbuty1oxy Proovl 2-EthvIhexannate ester 3etittaiY14-1341an01  170 372 355 1.9 

325 341111ylponly1 3-Methylhoivinxy Propyl 2-Elltylhisenoale cse_er 3-184141-1-6614801 170 39.9 384 16 

326 3-Butyllteptyl 1-Mohyll_nrtyloxy Proovl 2-Ellivlitexanoate esker 3-methyl-1-13001801 170 30 2 381 1.] 

327 Paulen-Ill 2-Ethylbuti/loxy Propel 2-EthvIllexannate ester 2-Ethyl- 1 -VA4001 170 18 8 17 7 2. 6 

32_8 Nonan-3-y1 2-Ethylhutylory Propel 2-Ethylhexatioate ester 2-P.thy1-1-bulanol 170 182 17.,1 26 

329 2-13ulyludyl 2-Eihylbulvloxv Propyl 2-Elhvlhosanuaie ester 2-Ethy1-1-bulaeol 170 353 319 18 

330 koputtyl. 2-FahvIhinylox-y Prnpyl 2-1-0hylhesancoio ester 2,(1,1tryk-ethyl  170 265 256 14 

331 3-Ethylpentyl 2-Ethylhotytory Propyl 2-Eilivlitexanonic ester 2-Ethyl-l-hoianot 170 383 376 I.5 

332 3-131itylherayl 2-Pthythulvloxv Prsyl 2-Ethylhexanoate ester ?..-FAhA-1-bulanol 170 370 360 12 

	

5 	*15) The trialkyl tin alkoxide production amount was calculated by the 

following mathematical formula (10). 

[Mathematical Formula 26] 

Trialkyl tin alkoxide production amount = T/(Wi°  x S(') x 100% 

(10) 

	

10 	[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

152 



number of moles [mol] of trialkyl tin alkoxide produced after 

continuous operation, W1 °  is the mass [kg] of the dialkyl tin dialkoxide 

composition introduced into the catalyst tank before continuous 

operation, and S1°  is the tin atom concentration (in the active 

	

5 	component) [mol/kg] of the composition before continuous operation. 

The number of moles of trialkyl tin alkoxide T is calculated from the 

trialkyl tin alkoxide concentration determined by 119Sn-NMR spectral 

analysis of the composition collected after continuous operation and the 

mass of the dialkyl tin dialkoxide composition collected after 

	

10 	continuous operation.] 

[0211] Structural formula of dialkyl tin dialkoxide 

[Chemical Formula 59] 

Sn 
0—R- 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

15 	group.] 

[0212] [Examples 333 to 351] 

The dialkyl tin dialkoxide compositions listed in Table 13, obtained by 

the same methods as Synthesis Examples 1, 4 and 7, were used for 

transesterification reaction with a continuous circulating reactor by the 

	

20 	same method as Example 307. The flow rate of the dialkyl tin 

dialkoxide composition conveyed from the catalyst tank was adjusted so 

that the concentration of tin atoms in the reaction mixture in the tank 

reactor was 1.5 to 2.5 mol%, and transesterification reaction was carried 

out at the temperatures listed in Table 13, using the dialkyl tin 
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dialkoxide as catalyst. Table 13 shows the reaction yields (initial 

yields) immediately after reaching a steady state and the reaction yields 

and trialkyl tin alkoxide production amounts (production amounts with 

respect to the number of moles of tin atoms (in the active component) 

5 	introduced into the catalyst tank before continuous operation), after 15 

days of continuous operation. 

[Table 13] 

Example 

Alkan alkoxidc 

Temperature 
1°C] 

In
i
tial 

yield 

[mo IN 

Yield [ttiol%] 

taller 15 days of 

continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[mol%] "16) 

(after 15 days of 

continuous 

operation) 

1.2 

R' (alkyl group) OW (alkoxy group) 

333 3-Butylheptyl 3-Mcthylbutyloxy 170 33.1 32.2 

334 3-Butylheptyl Ethoxy 150 32.4 31.2 1.6 

335 3-Butylheptyl N-Butoxy 160 30.0 29,0 1.5 

336 2-Butvloctyl N-Pentoxy 170 32.5 31.4 1.5 

337 3-Ethylpentyl 3-Methvlbutyloxy 170 33.8 32.5 1.7 

338 3-Ethylpentyl N-Pentoxy 170 36.4 35.1 1.5 

339 Isopcntyl N-Pentoxy 170 24.4 23.3 20 

340 Nonan-3-vl rt-rtut 	y 170 15.4 14.1 3.7 

341 lsopentyl N-Ilutoxy 160 21.6 21.0 1.3 

342 3-Eihylpentyl Ethoxy 150 33.1 32,0 1.5 

343 Pentan-3-y1 N-Butoxy 160 15.0 13.9 3.3 

344 Pentan-3-yl N-Pentoxy 170 14.7 13,6 3.1 

345 243utyloctyl 3-Mcthylbutyloxy 170 31.4 30.1 1.9 

346 Pentan-3-y1 3-Methylbutyloxy 170 14.9 13.8 3.1 

347 Pentan-3-yl Ethoxy 150 14.6 13.6 2.9 

348 lsopentyl 3-Methvlbutyloxy 170 22.8 22,2 1.1 

349 3-Ethylpentyl N-Butoxy 160 30.9 29.6 2,0 

350 Nonan-3-y1 3-Methylbutyloxv 170 15.2 14.4 2.6 

351 Nonan-3-vl N-Butoxy 160 15.2 14.1 3.1 

*16) The trialkyl tin alkoxide production amount was calculated by the 

following mathematical formula (10). 

10 	[Mathematical Formula 27] 

Trialkyl tin alkoxide production amount = T/(Wi°  x S1 0) x 100% 

(10) 
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[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

total number of moles of trialkyl tin alkoxide [mol] produced after 

continuous operation, Wi°  is the mass [kg] of the composition 

	

5 	introduced into the catalyst tank before continuous operation, and Si°  is 

the tin atom concentration (in the active component) [mol/kg] of the 

composition before continuous operation. The total number of moles 

of trialkyl tin alkoxide T is calculated from each trialkyl tin alkoxide 

concentration determined by 119Sn-NMR spectral analysis and the mass 

	

10 	of the dialkyl tin dialkoxide composition collected after continuous 

operation.] 

[0213] Structural formula of dialkyl tin dialkoxide 

[Chemical Formula 60] 

Sn 

	

15 	[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0214] [Examples 352 to 374] 

The compositions listed in Table 14, obtained by the same methods as 

Synthesis Examples 2, 5 and 8, were used as catalysts for 

	

20 	transesterification reaction with a continuous circulating reactor by the 

same method as Example 309. 	The flow rate of each 

tetraalkyldialkoxydistannoxane composition liquid conveyed from the 

catalyst tank was adjusted so that the concentration of tin atoms in the 

reaction mixture in the tube reactor was 1.5 to 2.5 mol%, and 
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transesterification reaction was carried out at the temperatures listed in 

Table 14. 	Table 14 shows the reaction yields (initial yields) 

immediately after reaching a steady state and the reaction yields and 

trialkyl tin alkoxide production amounts (production amounts with 

5 	respect to the number of moles of tin atoms (in the active component) 

introduced into the catalyst tank before continuous operation), after 15 

days of continuous operation. 

[Table 14] 

Exam ple 

Alkyl tin alkoxide 

Temperature 

[°C] 

Initial 

yi
.
eld 

[na31%] 

Yield [mot%) 

(after 15 days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[molq * 17) 

(after 15 days of 

continuous 

operation) 

12' (alkyl group) OW (alkoxy group) 

352 3-Ethylpentyl 3-Methylbutyloxy 170 36.5 35.1 1.7 

353 Penian-3-34 Ethoxy 160 16.6 15.4 3.2 

354 3-Butylheptyl Ethoxy 160 34.8 33.8 1.3 

355 Nonan-3-y1 3-Methylbutyloxy 170 17.7 16.6 2.9 

356 2-13utylocLy1 2-Methylpropyloxy 160 35.7 34.4 1.6 

357 3-Butylhepty 2-Methylpropyloxy 160 37.1 35,8 1.7 

358 2-13utyloctyl Ethoxy 160 33.3 31.9 1.9 

359 Nonan-3-yl N-Butoxy 160 17.6 16.3  3.1 

360 Pentan-3-y1 3-Methylbutyloxy 170 17,2 16.3 2.4 

361 2-Butyloctyl N-Butoxv 160 34.0 32.6 1.8 

362 3-Ethylpentyl Ethoxy 160 35.9 34.8 1.4 

363 3-Ethylpentyl 2-Methylpropyloxy 160 39.2 38.1 1.3 

364 Nonan-3-yl Ethoxv 160 17.2 15.9 3.2 

365 Isopentyl 2-Methylpropyloxy 160 27.1 26.2 1.5 

366 Pcntan-3-y1 N-Butoxy 160 17.4 16.2 3.0 

367 Isopentyl N-Butoxy 160 25.4 24.4 1.7 

368 Nonan-3-y1 2-Methylpropyloxy 160 17.5 16.4 2.8 

369 2-13utyloctyl 3-Mcthylbutyloxy 170 33.8 32.8 1.4 

370 3-Ethylpentyl N-Butoxy 160 36.6 35.6 1.2 

371 Isopentyl 3-Methylbutyloxy 170 25.5 24.4 1.9 

372 3-Butylheptyl N-Butoxy 160 35.5 34.3 1.5 

373 Pentan-3-y1 2 -Methylpropyloxy 160 16.9 15.9 2.7 

374 3-Butvlheptyl 3-Methylbutyloxy 170 35.4 34.1 1.8 

*17) The trialkyl tin alkoxide production amount was determined by 

10 	mathematical formula (11). 
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[Mathematical Formula 28] 

Trialkyl tin alkoxide production amount = T/(W2°  x S2°) x 100% 

(11) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

	

5 	of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

total number of moles of trialkyl tin alkoxide [mol] produced after 

continuous operation, W2°  is the mass [kg] of the 

tetraalkyldialkoxydistannoxane composition introduced into the catalyst 

tank before continuous operation, and S2°  is the tin atom concentration 

	

10 	(in the active component) [mol/kg] of the composition before 

continuous operation. The total number of moles of trialkyl tin 

alkoxide T is calculated from each trialkyl tin alkoxide concentration 

determined by 119Sn-NMR spectral analysis and the mass of the 

tetraalkyldialkoxydistannoxane composition collected after continuous 

	

15 	operation.] 

[0215] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 61] 

R\ 	
R' 

 0 	/ 
_R.  RI—Sn 

0 	0 
R" 	R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

20 	group.] 

[0216] [Examples 375 to 396] 

Compositions comprising the dialkyl tin dialkoxides and 
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tetraalkyldialkoxydistannoxanes listed in Table 15, produced by the 

same methods as in Synthesis Examples 1, 2, 4, 5, 7 and 8, were 

prepared and the compositions were used as catalysts for 

transesterification reaction in a continuous circulating reactor by the 

	

5 	same method as Example 310. Each composition was prepared so that 

the molar ratio of tin atoms of the dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxane with respect to the number of moles of 

tin atoms (in the active component) in the composition used for the 

transesterification reaction was 65:35, and was introduced into a catalyst 

	

10 	tank. The flow rate of the composition conveyed from the catalyst 

tank was adjusted so that the concentration of tin atoms in the tank 

reactor was 1.5 to 2.0 mol%, and transesterification reaction was carried 

out at the temperatures listed in Table 15. Table 15 shows the reaction 

yields (initial yields) immediately after reaching a steady state and the 

	

15 	reaction yields and trialkyl tin alkoxide production amounts (production 

amounts with respect to the number of moles of tin atoms (in the active 

component) introduced into the catalyst tank before continuous 

operation), after 15 days of continuous operation. 

[Table 15] 
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Example 

Alkyl tin 

R' (alkyl group) 

alkoxide 

Temperature 

l'Cl 

Initial 

yield 

[mol%] 

Yield [rnol%] 

(alter IS days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[mo1%] *18) 

(aflet 15 days or 

continuous 

operation) 

1.2 

OR" (alkoxy group) 

375 3-Butylheptyl 2-Methylpropyloxy 170 43.2 42.1 

376 3-Ethylpentyl 2-Methylprouloxy 170 43.6 42,5 1.2 

377 Nonan-3-y1 3-Methylbutyloxy 170 18.0 17.0 2.5 

378 2-methylbutyl 2-Methylpropyloxy 170 34.9 33.5 1.8 

379 3-Butylheptyl N-Butoxy 160 39.1 37.8 1.6 

380 Pentan-3-y1 Ethoxy 160 18.0 16.9 2.6 

381 Pentan-3-y1 2-Methylpropyloxy 170 17,2 16.0 3.0 

382 Nnnan-311 2-Methylpropyloxy 1'O 17.8 16.7 2.7 
3. 3 -thityllteply1 Ellroxy 160 40.9 39.4 1.7 

384 Nonan-3-yl N-Butoxy 160 18.6 17.4 2.9 

385 2-Butyloctyl Ethoxy 160 39.0 	_ 38.0 1.1 

386 Pentan-3-y1 3-Methylbutyloxy 170 17.6 16.4 3.1 

387 2-Ethylbutyl 3-Methylbutyloxy 170 41.4 40.3 1.1 

388 Isopentyl 3-Methylbulyloxy 170 28.8 27.8 1.5 

389 3-Ethylpentyl N-Butoxy 160 40.0 383 1.8 

390 Nonan-3-y1 El hoxy 160 18.2 17.] 2.8 

39] 3-Ethylpentyl Ethoxy 160 41.3 39,5 1.9 

392 Lwpcntyl 2-Methylpropyloxy 170 30.1 28.8 L9 

393 Pen tan-3-y1 N-Bvtoxy 160 18.7 17.5 3.0 

394 2-Butyl octyl N-13u1oxy 160 36.9 35.7 1.5 

395 I sopen tyl N-13ntoxy 160 27.1 26.2 1.4 

396 3-Ethvlpentvl 3-Methylbutvloxy 170 41.9 40,2 1.8 

*18) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (12). 

[Mathematical Formula 29] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 

	

5 	 (12) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

total number of moles of trialkyl tin alkoxide [mol] produced after 

continuous operation, W3° is the mass [kg] of the alkyl tin alkoxide 

	

10 	composition introduced into the catalyst tank before continuous 

operation, and S3° is the tin atom concentration (in the active 
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component) [mol/kg] of the composition before continuous operation 

(calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration in the composition). The total 

number of moles of trialkyl tin alkoxide T is calculated from each 

	

5 	trialkyl tin alkoxide concentration determined by 119Sn-NMR spectral 

analysis and the mass of the alkyl tin alkoxide composition collected 

after continuous operation.] 

[0217] Structural formulas of dialkyl tin dialkoxide and 

tetraalkyldialkoxydistannoxane in alkyl tin alkoxide composition 

	

10 	[Chemical Formula 62] 

Sn 

[Chemical Formula 63] 

R' 
R\ 

,,,,,,0____
S
(
1,R, 

 

R' Sn 
\ 	\ 

0 
\ 

R" 	R" 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

15 	group.] 

[0218] [Examples 397 to 416] 

The compositions comprising the dialkyl tin dialkoxides, 

tetraalkyldialkoxydistannoxanes and trialkyl tin alkoxides listed in Table 

16, produced by the same methods as in Synthesis Examples 3 and 6, 

	

20 	were used as catalysts for transesterification reaction in a continuous 
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circulating reactor by the same method as Example 310. The tin atom 

concentration (in the active component) of the composition was 

calculated from the tetraalkyldialkoxydistannoxane concentration and 

dialkyl tin dialkoxide concentration of the composition. The flow rate 

	

5 	of the composition conveyed from the catalyst tank was adjusted so that 

the concentration of tin atoms in the tank reactor was 1.5 to 2.0 mol%, 

and transesterification reaction was carried out at the temperatures listed 

in Table 16. Table 16 shows the reaction yields (initial yields) 

immediately after reaching a steady state and the reaction yields and 

	

10 	trialkyl tin alkoxide production amounts (production amounts with 

respect to the number of moles of tin atoms (in the active component) 

introduced into the catalyst tank before continuous operation), after 15 

days of continuous operation. 

[Table 16] 
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Example 

Alkyl tin alkoxide 

Temperature 

I'Cl 

Initial 

yield 

[mol%] 

Yield [flied%) 

Mier 15 days Of 

continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[mol%1 *19) 

(after 15 days of 

continuous 

operation) 

R' (alkyl group) OW (alkoxy group) 

397 3-Butylheptyl 3-Methylbutyloxy 170 44.2 42.7 1.6 

398 Isopentyl 3-Methylbutyloxv 170 30.6 29.6 1.4 

399 2-Ethylbutyl N-ButOxy 160 41.4 39.8 1.7 

400 Nonan-3-v1 N-Pentoxy 160 18.5 17.0 3.7 

401 2-Butyloetyl 3-Methyl butyloxy 170 42,2 40.8 1.4 

402 Isopentyl N-Butoxy 160 28.8 27.8 1.4 

403 Pcntan-3-y1 N-Butoxy l60 19.4 18.0  3.3 

404 2-methvlbutyl N-Butoxy 160 33.5 32.5 1.3 

405 2-Ethylbutyl 3-Methylbutvloxy 170 44.5 42.5 1.9 

406 Isopen1 N-Pcntoxy 160 31.6 30.8 1.1 

407 Pentan-3-y1 3-Methylbutyloxy 170 17.6 16.5 2.7 

408 Nonan-3-y1 3-Methylbutyloxy _ 170 18.0 16.8 2.8 

409 3-131yllteptvl N-Pentoxv 160 46.2 45.1 1.1 

410 3-EthvIpentyl N-Butoxy 160 42.1 40.4 1.8 

411 Pentan-3-y1 N-Pentoxy 160 18.1 16.7 3.6 

412 2-Ethylbutyl N-Pentoxy 160 46,7 45.3 1.2 

413 Nonan-3-y1 N-13utoxy 160 19.1 17.8 3.1 

414 3-Ethylpentyl 3-Methvlbutvloxy 170 45.2 43.9 1.3 

415 3-Butvlheptyl N-Butoxy 160 41.8 40,2 1.7 

416 2-Butvloctvl N-Pentoxv 160 439 42.4 1.5 

*19) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (12). 

[Mathematical Formula 30] 

Trialkyl tin alkoxide production amount = T/(W3°  x S3°) x 100% 

	

5 	 (12) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

total number of moles of trialkyl tin alkoxide [mol] produced after 

continuous operation, W3° is the mass [kg] of the composition 

	

10 	introduced into the catalyst tank before continuous operation, and S3° is 

the tin atom concentration (in the active component) [mol/kg] of the 

composition before continuous operation (calculated from the 

162 



tetraalkyldialkoxydistannoxane concentration and dialkyl tin dialkoxide 

concentration in the composition). The total number of moles of 

trialkyl tin alkoxide T is calculated from each trialkyl tin alkoxide 

concentration determined by 119Sn-NMR spectral analysis and the mass 

	

5 	of the alkyl tin alkoxide composition collected after continuous 

operation.] 

[0219] Structural 	formulas 	of 	dialkyl 	tin 	dialkoxide, 

tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide in alkyl tin 

alkoxide composition 

	

10 	[Chemical Formula 64] 

Sn 
R' 

[Chemical Formula 65] 

R; 	
R' 

 0 	i 
\ ,---". -------Sn---R1  

RI—Sn 
\ 	\ 

0 

	

R" 	
\

R" 

[Chemical Formula 66] 

R' 
Sn 

	

15 
	R` 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0220] [Example 417] 
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A continuous circulating reactor comprising a tank reactor and tower 

reactor as shown in Fig. 4 was used for carbonic acid ester synthesis. 

Approximately 	30 	kg 	of 	a 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3-bis(3-methylbutoxy)distannoxane 

	

5 	composition obtained by the method of Synthesis Example 5 (tin atom 

concentration (in the active component) of the composition: 2.76 

mol/kg) was placed in a SUS316 catalyst tank 660, equipped with a 

heating jacket and a liquid conveyance pump, through a supply line 78. 

The catalyst tank 660 was heated with steam to maintain the flow 

	

10 	property of the contents. The tank and pipes were also steam traced to 

maintain the flow property as well. A SUS316 tower reactor 620 with 

an inner diameter of 76 mm and an effective length of 4500 mm, 

equipped with 30 sieve trays, was heated and thermally insulated with a 

heater around the entire tower reactor to prevent radiated heat loss, the 

	

15 	heater being set to about 150°C. A liquid conveyance pump and 

reboiler 622 were provided at the bottom of the tower reactor 620, and 

the reboiler 622 was heated with steam at 155°C to 160°C. 

The 

1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -bis(3 -m ethylbutoxy)distannoxane 

	

20 	composition was conveyed to the tower reactor 620 from the catalyst 

tank 660 through a transport line 74, an inline mixer 621 equipped with 

a heating jacket and a transport line 65 at 6.5 kg/hr, and the 

3-methyl-l-butyl alcohol purified at the distillation column 610 was 

conveyed at 25 kg/hr through a transport line 63 and transport line 64. 

	

25 	The fraction containing water and 3-methyl-1-butyl alcohol was 

conveyed from the top of the tower reactor 620 to a distillation column 
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610 (distillation column packed with MetalGauze CY filler, inner 

diameter: 83 mm, effective length: 3000 mm) through a transport line 

66 at about 22 kg/hr, and the water was separated out. The water was 

collected from a collecting line 62 via a condenser 611. An alkyl tin 

	

5 	alkoxide 	 composition 	 containing 

bis(3 -methylbutyl)-bis(3 -methylbutoxy)tin 	 and 

1,1,3,3 -tetraki s (3 -methylbuty1)-1,3 -b is(3 -methylbutoxy)-distannoxane 

was obtained from the bottom of the tower reactor, and as a result of 

analyzing the alkyl tin alkoxide composition sampled from a transport 

	

10 	line 67, the bis(3-methylbutyl)-bis(3-methylbutoxy)tin content was 

found to be 89 mass%. 

[0221] Step (1) (Obtaining carbonic acid ester from reaction between 

alkyl tin alkoxide composition and carbon dioxide) 

The 	alkyl 	tin 	alkoxide 	composition 	containing 

	

15 	bis(3-methylbutyl)-bis(3-methylbutoxy)tin 	 and 

1,1,3,3 -tetrakis(3 -methy lbuty1)-1,3 -bis(3 -methylbutoxy)distannox ane 

was conveyed to an autoclave 630 having a 15 L volume and equipped 

with a heating jacket and liquid conveyance pump, through the transport 

line 67, and reacted with carbon dioxide supplied through a supply line 

	

20 	68, at a temperature of 120°C and a pressure of 4 MPa-G. The reaction 

mixture sampled from the autoclave 630 was transparent, and as a result 

of analyzing the reaction mixture, the bis(3-methylbutyl) carbonate 

yield 	was 	found 	to 	be 	43% 	based 	on 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin. 

	

25 	[0222] Step (2) (Separating carbonic acid ester from reaction mixture to 

obtain a residual solution) 
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A thin-film vaporizer 640 and thin-film vaporizer 650 equipped with a 

heating jacket and a liquid conveyance pump for conveying the high 

boiling point component were heated using steam at 150°C. The 

reaction mixture obtained from step (1) was conveyed through a 

	

5 	transport line 71 to the thin-film vaporizer 640 set to a pressure of 26 

kPaA, and first the excess carbon dioxide was separated out and 

collected from a purge line 70. The reaction mixture was conveyed 

through the transport line 71 to the thin-film vaporizer 650 that had been 

set to a pressure of 1.3 kPaA, the fraction containing bis(3-methylbutyl) 

	

10 	carbonate was collected through a transport line 72, and the 

bis(3-methylbutyl) carbonate was further purified by a distillation 

column 670 (distillation column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm). Separately, the 

residual 	 solution 	 containing 

	

15 	1,1,3,3 -tetrakis(3 -methylbuty1)-1,3-bis(3 -methylbutoxy)distannoxane 

was collected from a transport line 73 and conveyed to the catalyst tank 

660. 

[0223] Step (3) (Obtaining alkyl tin alkoxide from reaction between 

residual solution and alcohol) 

	

20 	The residual solution obtained from step (2) was again conveyed to the 

tower reactor 620 through the transport line 74, inline mixer 621 and 

transport line 65, and reacted with the 3-methyl-l-butyl alcohol 

conveyed through the transport line 63 and transport line 64. The 

fraction containing water and 3-methyl- 1-butyl alcohol was conveyed 

	

25 	from the top of the tower reactor 620 to a distillation column 610 

through a transport line 66 at about 22 kg/hr, and the water was 
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separated out. The water was collected from a collecting line 62 via a 

condenser 611. 	An alkyl tin alkoxide composition containing 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin 	 and 

1,1 ,3 ,3 -tetrakis(3 -methylbuty1)-1,3 -bis(3 -methylbutoxy)di stannoxane 

	

5 	was obtained from the bottom of the tower reactor 620, and as a result 

of analyzing the alkyl tin alkoxide composition sampled from a 

transport line 67, the bis(3-methylbutyl)-bis(3-methylbutoxy)tin content 

was found to be 90 mass%. 

When necessary, supply from the transport line 63 and transport line 65 

	

10 	to the tower reactor 620 was reduced or interrupted until the reactor 

interior reached a steady state. Steps (1), (2) and (3) above were 

carried out continuously, and after the reactor reached a steady state, the 

steps were further continued for 15 days. As a result of subsequently 

analyzing the reaction mixture sampled from the autoclave 630, the 

	

15 	bis(3-methylbutyl) carbonate yield was found to be 42% based on 

bis(3-methylbuty1)-bis(3-methylbutoxy)tin. 	During the continuous 

operation period, bis(3-methylbutyl) carbonate was stably obtained from 

the collecting line 76 at about 1.2 kg/hr. The high boiling point 

component including the alkyl tin alkoxide composition in the 

	

20 	continuous circulating reactor after continuous operation was separated 

using the thin-film vaporizer 640 and thin-film vaporizer 650, and 

collected in the catalyst tank 660. 

Next, the alkyl tin alkoxide composition in the catalyst tank 660 was 

sampled from an extraction line 79, and as a result of 119Sn-NMR 

	

25 	spectral 	analysis 	it 	was 	confirmed 	that 

b is(3-methylbuty1)-bi s(3 -methyl butoxy)tin, 
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1,1,3,3 -tetrakis(3 -methylbuty1)-1,3 -bis(3 -methylbutoxy)distannoxane 

and tris(3-methylbutyl)(3-methylbutoxy)tin were present after the 

continuous operation. Based on the analysis results, 

tris(3-methylbutyl)(3-methylbutoxy)tin was produced at approximately 

	

5 	0.37 mol after 15 days of continuous operation, an amount that was 

approximately 0.9 mol% with respect to the number of moles of tin 

atoms (in the active component) of the composition introduced into the 

catalyst tank before continuous operation. 

[0224] [Example 418] 

	

10 	A continuous circulating reactor comprising a tank reactor and tower 

reactor as shown in Fig. 5 was used for carbonic acid ester synthesis. 

Approximately 	35 	kg 	of 	a 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-dibutoxydistannoxane composition 

obtained by the same method as Synthesis Example 2 (tin atom 

	

15 	concentration (in the active component) of the composition: 2.88 

mol/kg) was introduced into a SUS316 catalyst tank 770, equipped with 

a heating jacket and a liquid conveyance pump, through a supply line 

107. The catalyst tank 770 was heated with steam to maintain the flow 

property of the contents. The tank and pipes were also steam traced to 

	

20 	maintain the flow property as well. 

The tank reactor 710 was a 10 L-volume reactor equipped with a 

heating jacket and liquid conveyance pump, and the 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-dibutoxydistannoxane composition 

was conveyed to the tank reactor 710 through the transport line 109, 

	

25 	inline mixer 711 and transport line 110 at 6.5 kg/hr, and n-butyl alcohol 

purified at the distillation column 720 was conveyed at 25 kg/hr through 
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a transport line 93, collecting tank 724, transport line 94, inline mixer 

711 and transport line 110. The reaction mixture was conveyed from 

the bottom of the tank reactor 710 through a transport line 95 to a tower 

reactor 730 and further reacted while simultaneously distilling off the 

	

5 	fraction containing water and n-butyl alcohol at the top of the tower 

reactor. The fraction was conveyed through the transport line 96 to a 

distillation column 720 (distillation column packed with MetalGauze 

CY filler, inner diameter: 83 mm, effective length: 3000 mm) at 

approximately 23 kg/hr, and the water and n-butyl alcohol were 

	

10 	separated out. The water was collected from a collecting line 92 via a 

condenser 721. An alkyl tin alkoxide composition containing 

bis(3 -methyl butyl)dibutoxytin 	 and 

1,1,3,3-tetrakis(3-methylbuty1)-1,3-dibutoxydistannoxane was obtained 

from the bottom of the tower reactor 730, and as a result of analyzing 

	

15 	the alkyl tin alkoxide composition sampled from a transport line 97, the 

bis(3-methylbutyl)dibutoxytin content was found to be 83 mass%. 

[0225] Step (1) (Obtaining carbonic acid ester from reaction between 

alkyl tin alkoxide composition and carbon dioxide) 

The 	alkyl 	tin 	alkoxide 	composition 	containing 

	

20 	bis(3-methylbutyl)dibutoxytin 	 and 

1,1,3 ,3 -tetrakis(3 -methylbuty1)-1,3 -dibutoxydistannoxane was conveyed 

to an autoclave 740 having a 15 L volume and equipped with a heating 

jacket and liquid conveyance pump, through the transport line 97, and 

reacted with carbon dioxide supplied through a supply line 98, at a 

	

25 	temperature of 140°C and a pressure of 4 MPa-G The reaction 

mixture sampled from the autoclave 740 was transparent, and as a result 
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of analyzing the reaction mixture, the obtained dibutyl carbonate yield 

was found to be 43% based on bis(3-methylbutyl)dibutoxytin. 

[0226] Step (2) (Separating carbonic acid ester from reaction mixture to 

obtain a residual solution) 

	

5 	Thin-film vaporizers 750 and 760 equipped with a heating jacket and a 

liquid conveyance pump for conveying the high boiling point 

component were heated using steam at 140°C. The reaction mixture 

obtained from step (1) was conveyed through a transport line 99 to the 

thin-film vaporizer 750 set to a pressure of 26 kPaA, and first the excess 

	

10 	carbon dioxide was separated out and collected from a purge line 100. 

The reaction mixture was conveyed through the transport line 101 to the 

thin-film vaporizer 760 that had been set to a pressure of 2.6 kPaA, the 

fraction containing dibutyl carbonate was collected through a transport 

line 102, and the dibutyl carbonate was further purified by a distillation 

	

15 	column 780 (distillation column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm). Separately, the 

residual 	 solution 	 containing 

1,1,3,3 -tetraki s(3-methylbuty1)-1,3-dibutoxydistannoxane was collected 

from a transport line 103 and conveyed to the catalyst tank 770. 

	

20 	[0227] Step (3) (Obtaining alkyl tin alkoxide from reaction between 

residual solution and alcohol) 

The residual solution obtained from step (2) was again conveyed to the 

tank reactor 710 through the transport line 109 at 6.5 kg/hr, and reacted 

with n-butyl alcohol being conveyed through the transport line 94, 

	

25 	inline mixer 711 and transport line 110. 

The reaction mixture was conveyed from the bottom of the tank reactor 
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710 through a transport line 95 to a tower reactor 730 and further 

reacted while simultaneously distilling off the fraction containing water 

and n-butyl alcohol at the top of the tower reactor. The fraction was 

conveyed to the distillation column 720 through the transport line 96 at 

	

5 	approximately 23 kg/hr, and the water and n-butyl alcohol were 

separated. The water was collected from a collecting line 92 via a 

condenser 721. 	An alkyl tin alkoxide composition containing 

bi s (3 -methylbutyl)di butoxy-tin 	 and 

1,1,3,3 -tetrakis(3-methylbuty1)-1,3-dibutoxydistannoxane was obtained 

	

10 	from the bottom of the tower reactor 730, and as a result of analyzing 

the alkyl tin alkoxide composition sampled from a transport line 97, the 

bis(3-methylbutyl)dibutoxy-tin content was found to be 82 mass%. 

When necessary, supply from the transport line 109 and transport line 

94 to the tank reactor 710 was reduced or interrupted until the reactor 

	

15 	interior reached a steady state. Steps (1), (2) and (3) above were 

carried out continuously, and after the reactor reached a steady state, the 

steps were further continued for 15 days. As a result of subsequently 

analyzing the reaction mixture sampled from the autoclave 740, the 

obtained dibutyl carbonate yield was found to be 42% based on 

	

20 	bis(3-methylbutyl)dibutoxytin. Dibutyl carbonate was stably obtained 

from the collecting line 105 at approximately 1 kg/hr. The high 

boiling point component including the alkyl tin alkoxide composition in 

the continuous circulating reactor after continuous operation was 

separated using the thin-film vaporizer 750 and thin-film vaporizer 760, 

	

25 	and collected in the catalyst tank 770. Next, the alkyl tin alkoxide 

composition in the catalyst tank 770 was sampled from an extraction 
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line 108, and as a result of 119Sn-NMR spectral analysis it was 

confirmed 	 that 	 bis(3-methylbutyl)dibutoxytin, 

1,1,3,3 -tetraki s(3-methylbuty1)-1,3-dibutoxydistannoxane 	and 

tris(3-methylbutyl)butoxytin were present after the continuous 

	

5 	operation. Based on the analysis results, tris(3-methylbutyl)butoxytin 

was produced at approximately 0.91 mol after 15 days of continuous 

operation, an amount that was approximately 0.9 mol% with respect to 

the number of moles of tin atoms (in the active component) of the 

composition introduced into the catalyst tank before continuous 

	

10 	operation. 

[0228] [Examples 419 to 429] 

Carbonic acid ester synthesis was carried out with a continuous 

circulating reactor by the same method as Example 417. The 

tetraalkyldialkoxydistannoxanes listed in Table 17 were obtained by the 

	

15 	same methods as in Synthesis Examples 2, 5 and 8, and approximately 

30 kg of each was introduced into a catalyst tank. An alcohol with the 

same alkoxy group as the alkoxy group of the alkyl tin alkoxide was 

used for carbonic acid ester synthesis with an autoclave 630, under the 

temperature and pressure conditions listed in Table 17. Steps (1), (2) 

	

20 	and (3) were continuously carried out for 15 days in the same manner as 

Example 417. Table 17 shows the carbonic acid ester initial yields 

immediately after reaching a steady state and the carbonic acid ester 

yields and trialkyl tin alkoxide production amounts (production amounts 

with respect to the number of moles of tin atoms (in the active 

	

25 	component) of the composition introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 
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[Table 17] 

Example 

Alkyl tin alkoxide 

Tempera-lure 

[-C] 

CO2 
pressure 

[MPa-G] 

Carbonic 

acid ester 

initial yield 

[innIN 

Carbonic acid 

ester yield 

ImoIN 

(after 15 days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[mol°4] *20) 

(after 15 days 

of continuous 

operation) 

R' (alkyl group) R" (alkoxy group) 

419 3-Butylnonyl N-Butoxy 125 4.0 40,6 40.2 0.8 

420 Isopentyl N-Pentoxy 110 4.5 40.9 40.2 0.8 

42] 3-Ethylheptyl 2-Mcthylpropyloxy 110 4.5 41.6 41.2 0.7 

422 2-Butyloctyl N-Pentoxy 125 4.0 42.1 41.8 0.5 

423 Isopropyl 2-Methylpropyloxy 110 4.5 
r 

42.9 42.2 1.5 

424 3-Ethylheptyl N-Butoxy 125 4.0 42,6 42.1 0.9 

425 Isopropyl N-Butoxy 125 4.0 44.8 44.0 1.7 

426 Nonan-3-y1 N-Pentoxy 110 4.5 42.6 42.1 1.5 

427 3-Butylnonyl N-Pentoxy 110 4.5 40.1 39.7 0.7 

428 2-Ethylhexyl 2-Methylpropyloxy 110 4.5 40.6 40.3 0,5 

429 Nonort-311 N-Pentoxy 125 4.0 44.1 43.4 1.5 

*20) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (11). 

[Mathematical Formula 31] 

	

5 	Trialkyl tin alkoxide production amount = T/(W2°  x S2°) x 100% 

(11) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after 

	

10 	continuous operation, W2°  is the mass [kg] of 	The 

tetraalkyldialkoxydistannoxane composition introduced into the catalyst 

tank before continuous operation, and S2° is the tin atom concentration 

(in the active component) [mol/kg] of the composition before 

continuous operation. The number of moles of trialkyl tin alkoxide T 

	

15 	is calculated from the trialkyl tin alkoxide concentration determined by 

119Sn-NMR spectral analysis and the mass of the composition collected 

173 



after continuous operation.] 

[0229] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 67] 

R' 	0 	/
Ru 

0 	0 

	

R" 	R" 

	

5 	[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

group.] 

[0230] [Examples 430 to 440] 

Carbonic acid ester synthesis was carried out with a continuous 

circulating reactor by the same method as Example 418. The alkyl tin 

	

10 	alkoxides listed in Table 18 were obtained by the same methods as 

Synthesis Examples 2, 5 and 8 and introduced into a catalyst tank. An 

alcohol with the same alkoxy group as the alkoxy group of the alkyl tin 

alkoxide was used for carbonic acid ester synthesis under the 

temperature and pressure conditions listed in Table 18, and steps (1), (2) 

	

15 	and (3) were carried out continuously for 15 days in the same manner as 

Example 418. Table 18 shows the carbonic acid ester initial yields 

immediately after reaching a steady state and the carbonic acid ester 

yields and trialkyl tin alkoxide production amounts (production amounts 

with respect to the number of moles of tin atoms (in the active 

	

20 	component) of the composition introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 

[Table 18] 
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Example 

Alkyl tin alkoxide 

Tempera-ture 

[°C] 

CO2 

pressure 

[MPa-G] 

Carbonic 

acid osier 

iniiinl yield 

irrial%] 

Carbonic acid 

ester yield 

[mo1%] 

(after 15 days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

finolVd 4'21) 

(after 15 days 

of continuous 

operation) 

R' (alkyl group) R" (alkoxy group) 

430 3-Ethylheptyl 2-Ethylbutyloxy 105 4.5 40.I 39.5 1.3 

431 Isopropyl 3-Methylbutvloxy 120 4.0 44.3 43.3 1.8 

432 3-Butylnonyl 3-Methylbutyloxy 120 4.0 41.1 40.5 1.1 

433 Isopropyl 2-Ethylbutyloxy 105 4.5 37.8 37,0 2.1 

434 3-Butylnonyl 2-Ethylbutyloxy 105 4.5 38.5 38.0 1.2 

435 2.-Butyloctyl 2-Ethylbutyloxy 105 4.5 40.2 39.7 0.8 	, 

436 3-Ethylbcptyl 3-Methylbutyloxy 120 4,0 42,5 42.0 
1 

1.1 

437 Nonan-3-yl 3-Methylbutyloxy 120 4.0 44.2 43.3 1.9 

438 Nonan-3-yl 2-Ethylbutyloxy 105 4.5  37.4 36.6 2.0 

439 2-Ethylhexyl 3-Methylbutyloxy 120 4,0 40.6 40.2 0.7 

440 Isopentyl 3-Methylbutyloxy 120 4.0 42,1 41.5 12 

*21) The trialkyl tin alkoxide production amount was determined by 

mathematical formula (11). 

[Mathematical Formula 32] 

Trialkyl tin alkoxide production amount = T/(W2°  x S2) x 100% 

	

5 	 (11) 

[In the formula, "trialkyl tin alkoxide production amount" is the amount 

of trialkyl tin alkoxide produced [%] after continuous operation, T is the 

number of moles [mol] of trialkyl tin alkoxide produced after 

continuous operation, W2°  is the mass [kg] of the 

	

10 	tetraalkyldialkoxydistannoxane composition introduced into the catalyst 

tank before continuous operation, and S2°  is the tin atom concentration 

(in the active component) [mol/kg] of the composition before 

continuous operation. The number of moles of trialkyl tin alkoxide T 

is calculated from the trialkyl tin alkoxide concentration determined by 

	

15 	119Sn-NMR spectral analysis and the mass of the composition collected 

after continuous operation.] 
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[0231] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 68] 

R' R\
—  R. n 

0 	0 
R" 	R" 

[11! represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

5 	group.] 

[0232] [Examples 441 to 467] 

Compositions comprising mixtures of the dialkyl tin dialkoxides, 

tetraalkyldialkoxydistannoxanes and trialkyl tin alkoxides with the 

structures listed in Table 19 were synthesized by the same methods as 

	

10 	Synthesis Examples 3 and 6. The alkyl tin alkoxide compositions 

were used for carbonic acid ester synthesis with a continuous circulating 

reactor by the same method as Example 417. An alcohol with the 

same alkoxy group as the alkoxy group of the alkyl tin alkoxide was 

used for carbonic acid ester synthesis with an autoclave 630, under the 

	

15 	temperature and pressure conditions listed in Table 19. Steps (1), (2) 

and (3) were continuously carried out for 15 days in the same manner as 

Example 417. The carbonic acid ester yields after continuous 

operation are shown in Table 19. 

[Table 19] 
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Exam le p 

Dialkyl tin alkoxide Initial 

concenti ation 

of trialkyl tin 

alkoxide 

[tin atom 

moIN 

Tempera-tore 

in 

CO, 

pressure 

[MPa-G] 

Carbonic 

acid ester 

yield 

[mol%] 

Carbonic acid 

ester yield 

[mol%] 

(after 15 days 

of continuous 

operation) 

R' (alkyl group) OW (alkoxy group) 

441 Nonan-3-y1 N-Bu toxy 12 125 4.0 38.8 38.3 

442 Isobutyl N-Butoxv 13 125 4.0 36.8 36.5 

443 3-Ethylheptyl N-Butoxy 11 125 4.0 37.9 37.5 

444 Nonan-3-yl 3-Methylbutyloxy 11 120 4.0 39.3 38.6 

445 lsobutyl 3-Methylbutyloxy 11 120 4.0 36.4 35.7 

446 3-Ethyllieptyl 3-Methylbutyloxy 12 120 4.0 37.4 37.0 

447 Nonan-3-yl 2-Ethylbutyloxy 11 105 4.5 33.2 32.6 

448 Isobutyl 2-Ethylbutyloxy 12 105 4.5 34.0 33.5 

449 3-Ethylheptyl 2-Ethylbutyloxy 12 105 4,5 35.3 34.8 

450 Nonan-3-yl N-Butoxy 26 125 4.0 32.6 32.2 

451 lsobutyl N-Butoxy 25 125 4.0 30.7 30.4 

452 3-Ethylheptyl N-Butoxy 25 125 4.0 31.9 31.6 

453 Nonan-3-yl 3-Methylbutyloxy 26 120 4.0 32.7 32.1 

454 lsobutyl 3-Methylbutyloxy 25 120 4.0 30.6 30,1 

455 3-Ethylheptyl 3-Methylbutyloxy 25 120 4,0 31.9 31.5 

456 Nonan-3-yl 2-Ethylbutyloxy 25 105 4,5 28.0 27.5 

457 lsobutyl 2-Ethylbutyloxy 26 105 4.5 28.6 28.2 

458 3-Ethylheptyl 2-Ethylbutyloxy 26 105 4.5 29.7 29.3 

459 Nonan-3-yl N-Butoxy 44 125 4.0 24.7 24.4 

460 Isobutyl N-llutoxy 45 125 4.0 22.6 22.3 

461 3-altylheply1 N-Butoxy 44 125 4.0 23.8 23.6 

462 Nonan-3-yl 3-Methylbutyloxy 45 120 4.0 24.3 23.9 

463 Isobutyl 3-Methylbutyloxy 46 120 4.0 21.9 21.7 

464 3-Ethylheptyl 3-Methylbutyloxv 45 120 4.0 23.4 23.1 

465 Nonan-3-y1 2-Ethylbutyloxy 46 105 4.5 20.2 19.8 

466 lsobutyl 2-Ethylbutvloxy 45 105 4.5 21.3 21.0 

467 3-Ethylheptyl 2-Ethylbutyloxy 45 105 4.5 22.1 21.8 

[0233] 

Structural 
	

formulas 	of 	dialkyl 	tin 	dialkoxide, 

tetraalkyldialkoxydistannoxane and trialkyl tin alkoxide in alkyl tin 

alkoxide composition 

5 	[Chemical Formula 69] 

Sn 

[Chemical Formula 70] 
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R\ 
	 R' 

R'—Sn 

0 

R" 	R" 

[Chemical Formula 71] 

Sri  
R' 

[R' represents a C1-15 alkyl group and R" represents a C1-8 alkyl 

	

5 	group.] 

[0234] [Comparative Examples 1 to 8] 

Tetraalkyldialkoxydistannoxane compositions with the structures listed 

in Table 20 were synthesized by the same method as Synthesis Example 

9. The compositions were then used by the same method as Example 

	

10 	3 for test operation in a continuous circulating reactor. 	Each 

composition was introduced into the catalyst tank of the continuous 

circulating reactor shown in Fig. 3, and circulating operation was 

carried out. Table 20 shows the percentage reductions in tin atom 

concentration in the compositions after circulating operation and 

	

15 	production amounts of trialkyl tin alkoxide (production amounts with 

respect to tin atom concentrations of tetraalkyldialkoxydistannoxane 

compositions introduced into the catalyst tank before continuous 

operation). 

[Table 20] 
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Comparative 

Example 

Alkyl tin alkoxide 

Continuous 

time 

[days] 

Percentage reduction in tin 

atom concentration of 

tetraalkyldialkoxy-distannoxanc 

composition solution 

[Vo] 

Trialkyl tin 

alkoxide 

production 

amount 

[mol%] 

R' (alkyl 

group) 
OR" (alkoxy group) 

1 Methyl Ethoxy L 	 95 47 

2 Phenyl Ethoxy 3 82 41 

3 N-hutyl Ethoxy 5 35 19 

4 N-Octyl Ethoxy 5 23 12 

5 Methyl 2-Methylpropyloxy 3 90 44 

6 Phenyl 2-Methylpropyloxy 3 76 3.9 

7 N-Butyl 2-Methylpropyloxy 5 30 15 

8 N-Octyl 2-Methylpropyloxy 5 21 10 

[0235] 

Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 72] 

R' 
R' 

R'—sn 

0 
a\ 

R" 	R" 

	

5 	[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

[0236] [Comparative Examples 9 to 16] 

Dialkyl tin dialkoxide compositions having the structures listed in Table 

21 were synthesized by the same method as Synthesis Example 10. 

	

10 	The dialkyl tin dialkoxide compositions were then used for test 

operation of a continuous circulating reactor by the same method as 

Example 5. Each dialkyl tin dialkoxide composition was introduced 

into the catalyst tank of the continuous circulating reactor shown in Fig. 

5 for circulating operation. Table 21 shows the percentage reductions 

	

15 	in tin atom concentrations in the compositions after circulating 

operation and the trialkyl tin alkoxide production amounts (production 
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amounts with respect to tin atom concentrations of the dialkyl tin 

dialkoxide compositions introduced into the catalyst tank before 

continuous operation). 

[Table 21] 
Alkyltin alkoxide 

Continuous 

time 

[days] 

Percentage reduction 

in dialkyl tin 

dialkoxide 

concentration I%1 

Trinikyl tin alkoxide 

production amount 

Imol%1 
P. (alkyl group) OR" (alkoxy group) 

Methyl Ethoxy 4 78 41 

Phenyl Ethoxy 4 68 36 

N-butyl Ethoxv 5 27 14 

N-Octyl Ethoxy 5 17 8.8 

Methyl 2-Methylpropyloxy 4 68 37 

Phenyl 2-Methvlpropvloxt  4 57 31 

N-Butyl 2-Methylpropvloxy 5 23 12 

N-Octyl 2-Methylpropyloxy 5 15 7.5 

Comparative 

Example 

9  

10  

11 

12 

13 

14  

15 

16 

	

5 	[0237] Structural formula of dialkyl tin dialkoxide 

[Chemical Formula 73] 

Sn 
O—R" 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

	

10 	[0238] [Comparative Examples 17 to 24] 

Dialkyl tin dialkoxide compositions having the structures listed in Table 

22 were synthesized by the same method as Synthesis Example 10. 

Each dialkyl tin dialkoxide composition was used for transesterification 

reaction by the same method as Example 306, with adjustment so that 

	

15 	the tin atom concentration of the reaction mixture was approximately 

1.5 to 2.5 mol%. Table 22 shows the initial yields and reaction yields 

after continuous operation for the transesterification reaction and the 

production amounts of trialkyl tin alkoxide (production amounts with 

180 



respect to the number of moles of tin atoms of the dialkyl tin dialkoxide 

compositions introduced into the catalyst tank before continuous 

operation). 

[Table 22] 

Comperetive 

(sample 

Alky 	tin alkreride Starting, materials for transesterilication reaction 

TrittprdeLlstre 

rcl 

'Initial 

yield 

(molt:) 

Yell I ritolltd 

(15 days of 

coriliouoda 

orterat1611) 

Trielky1 	It 

elkos Ide 

prodortion 

mmour6 Irgoltq 

1611at 15 deysof 

currlithuous 

o_pLotitiora_ 

32 

It' (alkyl 

group) 
OW (alkoxy group) Carboxylic acid ester Alcohol 

17 Methyl Pthoxy Methyl 2-Eihelhexannahr ester Ethanol 130 20 7 

18 Phenyl EllioXY Mdhyl 2-E.thylhe.xanorde ester Ethanol 150 20 8 29 

19 N-Butyl Etluory Methyl 2-fithylbt% 21111i10 Char Ethanol 1S9 11 13 11 

20 N-Or1y1 Ethoey Methyl 2-Elhylhexanoatc ester Ethanol 150 21 18 Id 

21 Methyl 2,5lerhylpropyrOxY Propel 2-Ethylhexanoate ester 2-840hyl-i -propercl 160 18 8 211 

22 Phenyl 2-Maylpropyloxy Propyl 2-Ethylhoxanoate ester 2-Methyl-l-propanol 160 14 7 23 

23 N-Bulvl 2-Melhylpropvioxy Propyl 2-13thylhexanoate ester 2.. Mcity1-1-p ropanpl 160 20 16 9 

24 N-Octyl 2-Methylpropyloxv Propyl 2-Ethylhexanoate ester 2-Isferhyl-1-propatsol 160 19 16 9 

	

5 	[0239] Structural formula of dialkyl tin dialkoxide 

[Chemical Formula 74] 

Sn 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

	

10 	[0240] [Comparative Examples 25 to 32] 

Tetraalkyldialkoxydistannoxane compositions with the structures listed 

in Table 23 were synthesized by the same method as Synthesis Example 

9. 	Each tetraalkyldialkoxydistannoxane composition was then used for 

transesterification reaction by the same method as Example 309, with 

	

15 	adjustment so that the tin atom concentration in the reaction mixture 

was approximately 1.5 to 2.5 mol%. Table 23 shows the initial yields 
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and reaction yields after continuous operation for the transesterification 

reaction, and the trialkyl tin alkoxide production amounts (the 

production amounts with respect to the number of moles of tin atoms of 

the tetraalkyldialkoxydistannoxane compositions introduced into the 

5 	catalyst tank before continuous operation). 

[Table 23] 
Allo4 tin alkoxide 

Tempera-um 

[0(.1.  

Initial yield 

I trtollYa] 

Yield [tnnl%) 

(15 days or 

continuous 

operation) 

Trialkyl tin 

nlIcoxide 

production 

amount [mol%] 

(der 15 days of 

continuous 

operation) 

R (alkyl group) OR (alkoxy group) 

Methyl Ethoxy 150 16 3 40 

Phenyl Ethoxy 150 19 6 33 

N-Butyl Ethoxy 150 18 13 14 

N-Octyl Ethoxy 150 14 12 10 

Methyl 2-Methylpropyloxy 160 20 5 37 

Phenyl 2-Mdhylpropyloxy 160 15 5 31 

N-Butyl 2-Methylpropyloxy 160 21 16 13 

N-Oetv1 2-Methylpropyloxy 160 21 18 10 

Comparative 

Example 

25 

26 

27 

28 

29 

30 

31 

32 

[0241] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 75] 

R'\ 	0 	/ 
R' 

R' Sn 	

ci 

	

R" 	R" 

10 	[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

[0242] [Comparative Examples 33 to 41] 

Tetraalkyldialkoxydistannoxane compositions with the structures listed 

in Table 24 were synthesized by the same method as Synthesis Example 
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9. 	Each tetraalkyldialkoxydistannoxane composition was then used for 

carbonic acid ester synthesis by the same method as Example 417. 

Table 24 shows the carbonic acid ester initial yields and the carbonic 

acid ester yields after continuous operation, and the trialkyl tin alkoxide 

5 	production amounts (the production amounts with respect to the number 

of moles of tin atoms of the tetraalkyldialkoxydistannoxane 

compositions introduced into the catalyst tank of the continuous 

circulating reactor). 

[Table 24] 

ComparatIve 

Example 

Alky
f 
 l tin alkoxide 

Tempera-ture 

1T.1 

COI 

pressure 

IMPa-Ci] 

Carbonic 

acid ester 

initial yield 

[ino1141] 

Carbonic acid 

cater yield 

111101%1 

(after 15 days 

of continuous 

operation) 

'l'rialkyl tin 

alkoxidc 

production 

amount 

[moIN 

(after 15 days 

of continuous 

operation) 

R' (alkyl 

group) 
OR" (alkoxy group) 

33 Methyl N-Butoxy 120 4.5 47.6 35.5 13.6 

34 Phenyl N-Butoxv 120 4.5 32.8 25.6 12.0 

35 N-Butyl N-Butoxy 120 4.5 48.2 41.3 7.5 

36 N-Oetyl N-Butoxy 120 4.5 48.4 42,7 6.3 

37 Methyl 2-Methylpropyloxy 120 4.5 471 343 13.8 

38 Phenyl 2-Methylpropyloxy 120 4.5 3].8 245 12.2 

39 N-Butyl 2-Methylpropy1oxy 120 4,5 47.6 41.7 6.5 

40 N-Octyl 2-Methylpropyloxy 120 4.5 47.9 42,1 6.2 

41 N-Octyl 2-Methylnropyloxy 110 4.5 42.5 37,4 6.1 

10 	[0243] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 76] 

R' 
R' 

R' Sn 

0 	0 
R" 	R" 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 
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alkyl group.] 

[0244] (Second embodiment) 

A second embodiment of the invention, as a preferred embodiment, will 

now be described. 

	

5 	[0245] The alkyl tin compound of this embodiment is an alkyl tin 

compound for ester synthesis, wherein the cyclic group-substituted alkyl 

group is an alkyl group having a cyclic group selected from among 

alicyclic hydrocarbon groups and aromatic hydrocarbon groups bonded 

to at least one carbon atom among the first to third carbon atoms 

	

10 	counting from the tin atom, and the valency of the tin atom is 

tetravalent. The alkyl tin compound functions as a catalyst during 

ester synthesis. 

[0246] Synthesis reactions generally employ catalysts. They are used 

to more rapidly promote specific reactions. The catalysts themselves 

	

15 	are unaltered before and after the reaction, or even if consumed they can 

be regenerated for repeated use in the reaction. Ideally, therefore, the 

catalyst is added initially and used perpetually and repeatedly in the 

reaction to produce a chemical product. 

[0247] However, catalyst degradation and inactivation is an often 

	

20 	encountered phenomenon, and in order to maintain the reaction rate, 

procedures are necessary for addition and replacement of fresh catalyst. 

With continued addition of catalyst, inactivated catalyst accumulates 

within the reaction system and replacement also results in removal and 

disposal of catalyst that still maintains its activity, together with the 

	

25 	inactivated catalyst. The productivity is also impaired by carrying out 

the aforementioned procedure. 
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[0248] Inactivation of catalyst differs depending on the reaction and on 

the type (homogeneous system or non-homogeneous system) and 

structure of the catalyst, and therefore the method for dealing with it 

cannot be defined for all cases. 

	

5 	[0249] Among such synthesis reactions, the alkyl tin compound of this 

embodiment is a homogeneous catalyst for ester synthesis, the tin atom 

of the alkyl tin compound being tetravalent, and it is highly useful for 

industry. For the purpose of this embodiment, "ester synthesis 

reaction" refers to transesterification reaction, esterification reaction, 

	

10 	carbonic acid ester synthesis reaction or carbamic acid ester synthesis 

reaction, and it is synthesis of a neutral ester of a carboxylic acid or 

carbamic acid, or transesterification reaction. 

[0250] While very few examples exist of detailed research into the 

reactions of catalyst performance inactivation of alkyl tin compounds, 

	

15 	the results of our research have shown that the alkyl group 

disproportionation reactions represented by chemical equations (8) and 

(9) occur very readily. 

[Chemical Formula 77] 

R—Sn—RR—En—O—En—R 	
r 
	 Sn=0) 	 (8) 

O OR' 	OR' 	 R' 	 OR' 
et al, 

OR' 

2 R—Sn—R 

OR' 

 

TR* 

R—Sn—R 	(R—Sn—OR) 

O  OR' 	 OR' 
et at. 

(9) 

 

20 	[0251] It was found that in these inactivation reactions, the number of 

alkyl groups bonding to the tin atom in the alkyl tin compound changes, 

185 



such that the initial catalytic activity can no longer be obtained. While 

the reason for the reduction in catalytic activity occurring with 

inactivation reaction is not clearly understood, it is possible that, for 

example, the distannoxane-type alkyl tin compound represented in 

	

5 	chemical equation (8) is structurally stabilized by adopting the ladder 

structure shown in formula (10) (or as has also been reported, forming a 

cyclic structure of two or more molecules when existing as a monomer), 

and the alkyl tin compound in equation (9) exhibits its catalytic action 

by forming a structure containing an aggregate such as the core 

	

10 	structure shown in formula (11). It is presumed that when this 

disproportionation reaction takes place, such structures are difficult to 

form, or that the catalytic activity is altered by electron effects due to 

changes in the number of alkyl groups bonding to tin or by mutual 

effects between them. 

	

15 	[Chemical Formula 78] 

	

R 	\ /R  
Sn, IR-, / OR.  

Sti, 	, 
Rip/ 4', 9., bRi 

,n,R  / S R10 \ 

	

Sn 	\ 

	

/ 
\ 	R 

R R  
(10) 

R' 

R 	R 

RO—Sti Sn—OR' 
/ 

R 
\O,' 

 R 

[0252] The invention has been completed in light of this situation, with 

specific cyclic group-substituted alkyl tin compounds that inhibit these 

disproportionation reactions and function as homogeneous catalysts in 

20 	ester synthesis. 
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[0253] The compounds to be used for this embodiment will now be 

described. 

[0254] The compound names used herein are in most cases names 

based on the rules of convention of Nomenclature (IUPAC 

	

5 	Nomenclature of Organic Chemistry) as established by the IUPAC (The 

International Union of Pure and Applied Chemistry). The term 

"organic" refers to the group of compounds that are the subject matter of 

the Nomenclature according to the aforementioned rules of convention. 

This subject matter may be the subject matter described in the 

	

10 	recommendations of 1993. However, "organic" compounds that are 

the subject matter of the aforementioned Nomenclature include 

organometallic compounds and metal complexes. 	For the 

embodiments described herein, "organic", "organic group" and/or 

"substituent", as well as other compounds used for the embodiments, are 

	

15 	composed of atoms that do not include metal atoms and/or metalloids, 

unless otherwise specified. More preferably, "organic compound", 

"organic group" or "substituent" as used for the embodiment are 

composed of atoms selected from among H (hydrogen), C (carbon), N 

(nitrogen), 0 (oxygen), S (sulfur), Cl (chlorine), Br (bromine) and I 

	

20 	(iodine). 

[0255] The terms "aliphatic" and "aromatic" are also frequently used 

throughout the following explanation. According to IUPAC rules, 

organic compounds are classified as aliphatic compounds and aromatic 

compounds. Aliphatic compounds are defined as aliphatic compounds 

	

25 	based on the IUPAC recommendations of 1995. The recommendations 

define aliphatic compounds as "acyclic or cyclic, saturated or 
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unsaturated carbon compounds, excluding aromatic compounds". 

Also, the term "aliphatic compounds" used for the embodiments 

includes saturated aliphatic compounds and unsaturated aliphatic 

compounds, as well as straight-chain aliphatic compounds and cyclic 

	

5 	aliphatic compounds, and it refers to "organic compounds", "organic 

groups" or "substituents" that are composed of atoms selected from 

among H (hydrogen), C (carbon), N (nitrogen), 0 (oxygen), S (sulfur), 

Si (silicon), and halogen atoms such as Cl (chlorine), Br (bromine) and I 

(iodine). 

	

10 	[0256] Also, when an aromatic group is bonded to an aliphatic group, 

as in an "aralkyl group", this is often referred to as an "aliphatic group 

substituted with an aromatic group", an "aromatic aliphatic group" or a 

"group comprising an aliphatic group to which an aromatic group is 

bonded". This is based on the reactivity in the embodiments, as the 

	

15 	property relating to reaction of groups such as aralkyl groups is very 

similar to aliphatic reactivity instead of aromaticity. Furthermore, 

non-aromatic reactive groups that include aralkyl and alkyl groups are 

often referred to as "aliphatic groups optionally substituted with 

aromatic groups", "aromatic-substituted aliphatic groups" or "aromatic 

	

20 	group-bonded aliphatic groups", and these are also included among 

"aliphatic groups". 

[0257] When explaining a general formula for a compound used herein, 

the definition according to the rules of Nomenclature established by the 

IUPAC are used, but common names will often be used for the specific 

	

25 	group names and exemplary compound names. Moreover, numbers of 

atoms and numbers of substituents are often mentioned herein, and 
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these are all integers. 

[0258] When the substituents or compounds mentioned herein have 

structural isomers, they include the structural isomers unless otherwise 

specified. 

	

5 	[0259] The alkyl tin compounds of the invention will be described first. 

[0260] The alkyl tin compound according to one embodiment is a 

cyclic group-substituted alkyl tin compound, wherein the alkyl group is 

an alkyl group having a cyclic group selected from among alicyclic 

hydrocarbon groups and aromatic hydrocarbon groups bonded to at least 

	

10 	one carbon atom among the first to third carbon atoms counting from 

the tin atom, and the valency of the tin atom is tetravalent. Although 

an effect may be exhibited even when the alkyl group contains a 

heteroatom (for example, oxygen), as in an ether bond, alkyl tin 

compounds substituted with cyclic groups selected from among 

	

15 	saturated or unsaturated alicyclic hydrocarbon groups or aromatic 

hydrocarbon groups are preferred. Saturated cyclic hydrocarbon 

groups may be cycloalkyl groups. 

[0261] As a result of diligent research on the problems of the prior art, 

it was found, surprisingly, that the placement of the carbon atom near 

	

20 	the tin atom of the alkyl tin compound has a notable effect on formation 

of the inactivated form. It is unclear whether this effect is an electron 

effect or a steric effect, but it is presumed to be less than an effect of 

steric hindrance. Regardless of the manner of the effect, a notable 

effect is exhibited by alkyl groups substituted with specific cyclic 

	

25 	groups. An effect was exhibited when using a compound in which 

carbon atoms near the tin in the alkyl tin compound (at least one of the 
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first to third carbon atoms counting from the tin atom) were substituted 

with an alicyclic hydrocarbon group or an aromatic hydrocarbon group. 

On the other hand, in a structure wherein a cyclic group is directly 

bonded to the tin atom, the original catalytic action and reactivity are 

	

5 	reduced. In order to obtain an effect of both preventing inactivation 

and maintaining activity, alkyl groups substituted with specific cyclic 

groups are preferred. 

[0262] A cyclic group-substituted alkyl group is, for example, an alkyl 

tin compound wherein the carbon atom adjacent to the tin atom (the 1st 

	

10 	carbon counting from the tin atom) is methylene (-CH2-). 

[0263] Specific examples where one alkyl group substituted with a 

cyclic group is bonded to a tin atom are shown in formulas (12) to (14) 

(where the tin atoms are tetravalent, and the other groups are omitted). 

[Chemical Formula 79] 

15 

	

Sri-M.12 	 Sn-CH2-CH7 	A 	Sn-CH2-C1-12--CH2  

	

1) 	 1) 2) 	 1) 2) 3) 

(12) 	 (13) 	 (14) 

[In the formulas, ring A represents a C3-16 alicyclic hydrocarbon group 

or a C6-16 aromatic hydrocarbon group. The numerals 1), 2) and 3) 

represent the ordering of carbon atoms from the tin atom, being the 

primary, secondary and tertiary carbon atoms, respectively.] 

20 

	

	[0264] Ring A represents a cyclic group which is a C3-16 alicyclic 

hydrocarbon group or C6-16 aromatic hydrocarbon group, ring A being 

further optionally substituted with a straight-chain or cyclic group. 

The cyclic group forming ring A is bonded to at least one carbon atom 

among the first to third carbon atoms from the tin atom, forming a 
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cyclic group-substituted alkyl group. 

[0265] Examples of alkyl groups substituted with such alicyclic 

hydrocarbon groups include cyclopropylmethyl, cyclobutylmethyl, 

cycl op entylmethyl, 	cyclohexylmethyl, 	2-cycl opropyl ethyl, 

	

5 	2-cyclobutylethyl, 	2-cyclopentyl ethyl, 	2-cyclohexylethyl, 

3 -cyclopropylpropyl, 	3 -cycl obutylpropyl, 	3 -cycl opentylpropyl, 

3 -cyc lohexylpropyl, 	 1-(2,3-dihydro-1H-inden-l-yl)methyl, 

1 -(2,3-dihydro-1H-inden-2-yl)methyl, 

1-(1,2,3 ,4-tetrahydronaphthal en-1 -yl)methyl, 

	

10 	1 -(1,2,3 ,4-tetrahydronaphthal en-2-yl)methyl, 

1-(1,2,3 ,4-tetrahydronaphthal en-3 -yl )methyl, 

2-(2,3-dihydro-1H-inden-l-yl)ethyl, 

2-(2,3-dihydro-1H-inden-2-yl)ethyl, 

2- (1,2 ,3 ,4-tetrahydronaphthalen-l-yl)ethyl, 

	

15 	2 -(1,2,3 ,4-tetrahydronaphthal en-2 -yl)ethyl, 

2-(1,2,3 ,4-tetrahydronaphthal en-3 -yl)ethyl, 

2-(9,10-dimethy1-1,2,3 ,4-tetrahydroanthracen-l-yl)ethyl, 

3 -(2,3 -dihydro-1H-inden-l-yl)propyl, 

3 -(2,3 -dihydro-1H-inden-2-yl)propyl, 

	

20 	3-(1,2,3 ,4-tetrahydronaphthal en -1-yl)propyl, 

3 -(1,2,3 ,4-tetrahydronaphthal en-2-y1 )propyl, 

3 -(1,2,3 ,4-tetrahydronaphthal en-3 -yl)propyl 	 and 

3-(9,10-dimethy1-1 ,2,3,4-tetrahydroanthracen-l-yl)propyl. 	Examples 

of alkyl groups substituted with aromatic hydrocarbon groups include 

	

25 	benzyl, 	(2-methylphenyl)methyl, 	(4-methylphenyl)methyl, 

(2, 6-dim ethylphenyl)methyl, 	(2,4,6-trimethylphenyl)methyl, 
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(1-methyln aphthal en-2 -yOmethyl , 	(1-methylanthracen-2-yl)methyl, 

2-phenylethyl, 2-(2-methylphenyl)ethyl, 2-(4-methylphenyl)ethyl, 

2-(2,6-dimethylphenyl)ethyl, 	 2-(2,4-dimethylphenyl)ethyl, 

2-(2,4,6-trimethylphenyl)ethyl, 	2-(1-methylnaphthalen-2-yl)ethyl, 

	

5 	2-(1-methylanthracen-2-ypethyl, 	 3-phenylpropyl, 

3 -(2-methy 1phenyl)propyl, 	 3 -(4-methylphenyl)propyl, 

3 -(2,6-dimethylpheny 1)propyl, 	3-(2,4-dimethylphenyl)propyl, 

3 -(2,4 ,6-trimethy 1phenyl)propyl, 	3 -(1-methylnaphthalen-2-yl)propyl 

and 3-(1-methylanthracen-2-yl)propyl. 

	

10 	From the viewpoint of maintaining catalytic activity, among the cyclic 

group-substituted alkyl groups mentioned above there are more 

preferred, as cyclic group-substituted alkyl groups that can produce a 

greater effect, alkyl groups having cyclic groups selected from among 

alicyclic hydrocarbon groups and aromatic hydrocarbon groups bonded 

	

15 	to the 1st or 2nd carbon atom counting from the tin atom. 

[0266] As mentioned above, the degree of inactivation is higher when 

the alkyl tin compound is an alkyl tin alkoxide. Therefore, the effect 

of the invention is greater when the alkyl tin compound for this 

embodiment is an alkyl tin alkoxide. Also, the alkoxy group is more 

	

20 	preferably C1-8 in consideration of catalytic action and reactivity. 

[0267] Examples of preferred alkoxy groups include methyloxy, 

ethyloxy, propyloxy (all isomers), butyloxy (all isomers), pentyloxy (all 

isomers), hexyloxy (all isomers), heptyloxy (all isomers), and octyloxy 

(all isomers). 

	

25 	[0268] In consideration of regeneration of the cyclic group-substituted 

alkyl tin compound, more preferably the number of carbon atoms of the 
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alkoxy group is 4 to 8, and the alcohol corresponding to the alkoxy 

group is an alcohol with a boiling point of 100°C or higher at ordinary 

pressure. 

[0269] Examples of such alkoxy groups include n-butyloxy, 

	

5 	isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

[0270] For use at high temperature, branched alkoxy groups are 

preferred as alkoxy groups, from the viewpoint of obtaining an effect of 

further inhibiting disproportionation reaction of the alkyl groups. 

More preferably, it is a group in which a C1-3 alkyl group is substituted 

	

10 	at the secondary or tertiary position (the position of the carbon in the 

alkoxy group, which is the position from the oxygen bonded to the tin 

atom). Examples of such alkyl groups include 2-methyl-propyloxy, 

2-methyl-butyl oxy, 	2-ethyl-butyloxy, 	2-propyl-butyloxy, 

2-methyl-pentyloxy, 	2-ethyl-pentyloxy, 	2-propyl-pentyloxy, 

	

15 	2-methyl-hexyloxy, 	2-ethyl-hexyloxy, 	3 -methyl-butyl oxy, 

3 -ethyl-butyl oxy, 	3 -propyl-butyloxy, 	3 -methy 1-pentyl oxy, 

3 -ethyl-pentyl oxy, 	3 -propyl -pentyl oxy, 	3 -methyl-hexyl oxy 	and 

3 -ethyl-hexyl oxy. 

[0271] In light of the above, the alkoxy group of the alkyl tin alkoxide 

	

20 	is most preferably an alkoxy group selected from the group consisting 

of isobutyloxy and C5-8 alkoxy groups, and an alkoxy group in which a 

C1-3 alkyl group is substituted at the secondary or tertiary position (as 

the position of the carbon in the alkoxy group, which is the position 

from the oxygen bonded to the tin atom). 

	

25 	[0272] As alkyl tin compounds there are preferably used compositions 

that contain either or both a di(cyclic group-substituted alkyl) tin 
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dialkoxide 	and/or 	tetra(cyclic 	group-substituted 

alkyl)dialkoxydistannoxane (hereunder referred to as "di(cyclic 

group-substituted alkyl) tin dialkoxide composition"), that is useful as a 

catalyst. The expression "active component" as used herein refers to, 

	

5 	rather than alkyl tin compounds in general, alkyl tin compounds having 

two alkyl groups bonded to a tin atom, and specifically they include 

dialkyl tin alkoxides, tetraalkylalkoxydistannoxanes and/or dialkyl tin 

oxides. When the aforementioned composition is used, usually the 

molar ratio of tin atoms composing the di(cyclic group-substituted 

10 alkyl) tin dialkoxide and tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane in the composition is preferably in the range 

of 1:99 to 99:1 (or 1:49.5 to 99:0.5, represented as the molar ratio of 

di(cyclic group-substituted alkyl) tin dialkoxide molecules and 

tetra(cyclic group-substituted alkyl)dialkoxydistannoxane molecules), 

	

15 	although this is not particularly restricted. When it is to be used at 

high temperature (for example, 100°C or higher), a higher proportion of 

the more stable di(cyclic group-substituted alkyl) tin dialkoxide is 

preferred, with introduction into the reactor at a proportion of 99:1 to 

50:50 (99:0.5 to 50:25 in terms of the molecular molar ratio). 

	

20 	[0273] The di(cyclic group-substituted alkyl) tin dialkoxide is 

preferably a compound represented by formula (1). The tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxane is preferably a compound 

represented by formula (2). 

[Chemical Formula 80] 
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, I m 
R-O—Sn 	OR- 

I 
CH2) 

CH) (H2C 
m 	I m  

R3O—Sn—O—Sn—OR' 

1-12) 	H 

(1) 	 (2) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

	

5 	[0274] As 	used 	herein, 	the 	tetra(cyclic 	group-substituted 

alkyl)dialkoxydistannoxane structure is the structure represented by 

formula (2) as the canonical structure. However, as with the di(cyclic 

group-substituted alkyl) tin oxide described below, it may be present as 

the hydroxy structure represented by formula (4) below. Since the 

	

10 	presence and content of hydroxy structures cannot be defined by 

analysis at the current time, the structures represented by formulas (2) 

and (4) mentioned herein are included among tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxanes. 

[Chemical Formula 81] 
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CH) (I-17C 
RI . 	 m  

IVID—Srr—O—Sn—OR3  

b12) (Flz(, 
m m 

CH) 
I m 

R30—Sn---011 
4 H2O   2 	 ki2) 

m 

(2) 	 (4) 

[In the formula, ring A, m and R3  have the same definitions as above.] 

[0275] According to one embodiment of the invention, the alkyl tin 

compound may be a tri(cyclic group-substituted alkyl) tin compound, or 

	

5 	a composition containing a tri(cyclic group-substituted alkyl) tin 

compound. 	When the composition containing a di(cyclic 

group-substituted alkyl) tin dialkoxide and/or tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxane further contains a 

tri(cyclic group-substituted alkyl) tin compound, the number of moles of 

	

10 	tin atoms of the trialkyl tin compound with respect to the number of 

moles of tin atoms in the entire composition (the total number of moles 

of tin atoms of the di(cyclic group-substituted alkyl) tin dialkoxide, 

tetra(cyclic group-substituted alkyl)dialkoxydistannoxane and tri(cyclic 

group-substituted alkyl) tin compound in the composition), is preferably 

	

15 	in the range of 1 to 50 mol%. The thermostability will sometimes be 

improved by including a tri(cyclic group-substituted alkyl) tin 

compound within this range. While the chemical reason for this is not 

completely understood, it is conjectured that the disproportionation 

equilibrium of alkyl groups may be shifted in the desired direction by 

	

20 	heating. 	The catalytic activity and reactivity of tri(cyclic 

group-substituted alkyl) tin compounds is lower than that of di(cyclic 
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group-substituted alkyl) tin dialkoxides and tetra(cyclic 

group-substituted alkyl)dialkoxydistannoxanes, and if the content of the 

tri(cyclic group-substituted alkyl) tin compound is greater than 50 mol% 

it may be necessary to increase the amount of composition to obtain 

	

5 	desirable reaction results. The tri(cyclic group-substituted alkyl) tin 

compound content is more preferably 1 to 30 mol%. 

[0276] Preferred examples of such tri(cyclic group-substituted alkyl) tin 

compounds include compounds represented by the following formula 

(3). 

	

10 	[Chemical Formula 82] 

CH2)- 	Sn-OR3  
m 3 

(3) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

15 	[0277] The alkyl tin alkoxide (di(cyclic group-substituted alkyl) tin 

dialkoxide 	and/or 	tetra(cyclic 	group-substituted 

alkyl)dialkoxydistannoxane and tri(cyclic group-substituted alkyl) tin 

alkoxide) can be obtained by known processes. Preferred starting 

materials include cyclic group-substituted alkyl tin carboxylates, cyclic 

20 	group-substituted alkyl tin oxides, cyclic group-substituted alkyl tin 

oxide polymers and alkyl tin halides. Publicly known synthesis 

methods for these starting materials are preferably employed. The 

production conditions may modified for optimal performance (for 
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example, Wilhelm P. Neumann et al., Justus Liebigs Annalen der 

Chemie, Vol. 663, pp11-21 (1963), Egmond, J. C. van et al., Journal of 

Applied Chemistry (London), vol.12, pp17-27 (1962), Seyferth et al., 

Journal of Organic Chemistry, vol.26, p2934 (1961), Kerk, G. J. van der; 

	

5 	Luijten et al., Journal of Applied Chemistry (London), vol.7, pp369-374 

(1957), P. Fostein et al., Journal of Organometallic Chemistry, vol.114, 

pp C7-C10 (1976)). Methods for producing alkyl tin alkoxides from 

starting materials may be any publicly known methods. 	The 

composition containing the alkyl tin alkoxide may include an alkyl tin 

	

10 	oxide and/or alkyl tin oxide polymer for this purpose, but the alkyl tin 

carboxylate and halogenated (cyclic group-substituted alkyl) tin content 

is preferably as low as possible. For example, they are preferably used 

purified to no greater than 20 mol%, as expressed in mol% of tin atoms. 

A publicly known method is preferably used for purification. The 

	

15 	method for producing an alkyl tin oxide or alkyl tin oxide polymer as a 

starting material is also preferably a known method. 

[0278] In order to increase the analysis precision for production control, 

the cyclic group-substituted alkyl groups of the di(cyclic 

group-substituted alkyl) tin dialkoxide, tetra(cyclic group-substituted 

	

20 	alkyl)dialkoxydistannoxane and tri(cyclic group-substituted alkyl) tin 

alkoxide are preferably the same group, and each of the alkoxy groups 

are also preferably the same alkoxy group. 

[0279] The alkyl tin compound is preferably used as a homogeneous 

catalyst for ester synthesis, among other synthesis reactions. For the 

	

25 	purpose of this disclosure, "ester synthesis reaction" refers to 

transesterification reaction, esterification reaction, carbonic acid ester 
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synthesis reaction or carbamic acid ester synthesis reaction, and it is 

synthesis of a neutral ester of a carboxylic acid or carbamic acid, or 

transesterificati on reaction. 

[0280] There are no particular restrictions on the reaction temperature, 

	

5 	but the range is preferably 0°C to 250°C. There are no restrictions on 

the use of reaction solvents, but preferred examples are 

hydroxyhydrocarbons such as alcohols and phenols; hydrocarbons; and 

ethers such as THF, and any solvents that do not notably impair the 

structure of the alkyl tin compound by oxidation reaction, reduction 

	

10 	reaction or the like may be selected as appropriate. Undesirable 

secondary reactions often occur with strongly acidic solvents or strong 

alkali solvents, and preferably the reaction solvent and reaction 

temperature are selected in consideration of the appropriate secondary 

reaction rate. 

	

15 	[0281] Ester synthesis reaction is preferably conducted with the alkyl 

tin compound in a dissolved or molten state, and the temperature and 

solvent are preferably selected as appropriate for this purpose. 

[0282] An inert gas may be used for the ester synthesis reaction. 

Examples of inert gases include nitrogen, argon and helium. Carbon 

	

20 	dioxide may be used as it has no adverse effects. Oxygen, hydrogen, 

hydrogen sulfide, carbon monoxide and the like may be included in 

ranges that do not notably impair the structure of the cyclic 

group-substituted alkyl tin compound or the reaction results, and they 

are purified and controlled by known methods so that consistent, desired 

	

25 	reaction results are obtained. 

[0283] A method for producing a carbonic acid ester will now be 
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described as a preferred method for the invention. 

[0284] According to one embodiment, the alkyl tin compound is a 

catalyst for a process of producing a carbonic acid ester by reaction with 

carbon dioxide. The alkyl tin compound is preferably a cyclic 

	

5 	group-substituted alkyl tin alkoxide. 

[0285] The production method for this embodiment is a method for 

producing a carbonic acid ester using an alkyl tin alkoxide, wherein the 

alkyl tin alkoxide includes either or both a compound represented by 

formula (1) and/or a compound represented by formula (2), and the 

	

10 	method for producing a carbonic acid ester includes the following steps 

(1) to (3). 

Step (1): A step in which the cyclic group-substituted alkyl tin alkoxide 

and carbon dioxide are reacted to obtain a reaction mixture containing a 

carbonic acid ester. 

	

15 	Step (2): A step of separating the carbonic acid ester from the reaction 

mixture to obtain a residual solution. 

Step (3): A step of reacting the residual solution with an alcohol and 

removing the water produced by the reaction, to obtain a cyclic 

group-substituted alkyl tin alkoxide, and recycling it to step (1). 

	

20 	[Chemical Formula 83] 
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(2) (1) 

CH) (H2C 
m 	I m  

R3O-Sn-O-Sn-OR3  

CH2) (1-12  

CH) 
m  

R30-Sn-OR3  

CH2) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

	

5 	[0286] Examples for the di(cyclic group-substituted alkyl) tin 

dialkoxide 	and 	tetra(cyclic 	group-substituted 

alkyl)dialkoxydistannoxane to be used in the carbonic acid ester 

production method include the di(cyclic group-substituted alkyl) tin 

dialkoxides 	and 	tetra(cyclic 	group-substituted 

	

10 	alkyl)dialkoxydistannoxanes mentioned above, it being preferred to use 

a composition containing either or both the di(cyclic group-substituted 

alkyl) tin dialkoxide and tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane. When a composition is used, the molar 

ratio of tin atoms composing the di(cyclic group-substituted alkyl) tin 

	

15 	dialkoxide 	and 	tetra(cyclic 	group-substituted 

alkyl)dialkoxydistannoxane in the composition is preferably in the range 

of 1:99 to 99:1 (or 1:49.5 to 99:0.5, represented as the molar ratio of 

di(cyclic group-substituted alkyl) tin dialkoxide molecules and 

tetra(cyclic group-substituted alkyl)dialkoxydistannoxane molecules), 
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although this is not particularly restricted. When it is to be used at 

high temperature (for example, 100°C or higher), a higher proportion of 

the more stable di(cyclic group-substituted alkyl) tin dialkoxide is 

preferred, with introduction into the reactor so that the proportion is 

	

5 	99:1 to 50:50 (99:0.5 to 50:25 in terms of the molecular molar ratio). 

[0287] In order to carry out step (3) in a desirable manner, in 

consideration of recycling of the alkyl tin compound, more preferably 

the alkoxy group of the alkyl tin alkoxide is a C4-8 alkoxy group, and 

the alcohol corresponding to the alkoxy group has a boiling point of 

	

10 	100°C or higher at ordinary pressure. 

[0288] Examples of such alkoxy groups include n-butyloxy, 

isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

[0289] In order to increase the analysis precision for production control, 

the cyclic group-substituted alkyl groups of the di(cyclic 

	

15 	group-substituted alkyl) tin dialkoxide and tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane are preferably the same group, and each of 

the alkoxy groups are also preferably the same alkoxy group. 

[0290] For the production method for this embodiment it is preferred to 

use a composition further containing a tri(cyclic group-substituted alkyl) 

	

20 	tin compound as the alkyl tin compound. The thermostability will 

sometimes be improved if it contains a tri(cyclic group-substituted 

alkyl) tin compound in a range such that the number of moles of tin 

atoms in the tri(cyclic group-substituted alkyl) tin compound with 

respect to the number of moles of tin atoms in the composition is 1 to 50 

	

25 	mol%. While the chemical reason for this is not completely 

understood, it is conjectured that the disproportionation equilibrium of 
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alkyl groups may be shifted in the desired direction by heating. The 

catalytic action and reactivity of the tri(cyclic group-substituted alkyl) 

tin compound are lower than the di(cyclic group-substituted alkyl) tin 

dialkoxide or tetra(cyclic group-substituted alkyl)dialkoxydistannoxane. 

	

5 	If the tri(cyclic group-substituted alkyl) tin compound content is high it 

may be necessary to increase the amount of composition to obtain the 

desired reaction results, and therefore it is more preferred to use a 

composition containing the tri(cyclic group-substituted alkyl) tin 

compound in a range of 1 to 30 mol%. 

	

10 	[0291] Preferred examples of such tri(cyclic group-substituted alkyl) tin 

compounds include compounds represented by the following formula 

(3). 

[Chemical Formula 84] 

CH) ) Sn-OR3  
m 3 

(3) 

15 	[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and R3  represents 

a C1-8 alkyl group.] 

[0292] In order to increase the analysis precision for production control, 

the cyclic group-substituted alkyl groups of the di(cyclic 

20 	group-substituted alkyl) tin dialkoxide, tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane and tri(cyclic group-substituted alkyl) tin 

alkoxide are preferably the same group, and each of the alkoxy groups 

are also preferably the same alkoxy group. 
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[0293] The alcohol used in step (3) will now be described. 

[0294] The alcohol to be used in step (3) is preferably a C4-8 alcohol 

and an alcohol having a boiling point of 100°C or higher at ordinary 

pressure, in consideration of recycling of the alkyl tin compound. 

	

5 	[0295] Examples of such alcohols include n-butyl alcohol, isobutyl 

alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

[0296] Through step (3), the alcohol is incorporated as the alkoxy group 

of the alkyl tin alkoxide. For use at high temperatures, the alcohol 

used in step (3) is preferably an alcohol having a C1-3 alkyl group 

	

10 	bonded at the 2nd or 3rd carbon atom from the hydroxyl group, from the 

viewpoint of preventing alkyl group disproportionation reaction. 

Examples of such alcohols include 2-methyl-propyl alcohol, 

2-methyl-butyl alcohol, 2-ethyl-butyl alcohol, 2-propyl-butyl alcohol, 

2-methyl-pentyl alcohol, 2-ethyl-pentyl alcohol, 2-propyl-pentyl 

	

15 	alcohol, 2-methyl-hexyl alcohol, 2-ethyl-hexyl alcohol, 3-methylbutyl 

alcohol, 3-ethyl-butyl alcohol, 3-propyl-butyl alcohol, 3-methyl-pentyl 

alcohol, 3-ethyl-pentyl alcohol, 3-propyl-pentyl alcohol, 3-methyl-hexyl 

alcohol and 3-ethyl-hexyl alcohol. 

[0297] In order to increase analysis precision for production control and 

	

20 	purity of the carbonic acid ester, the alkoxy groups of the di(cyclic 

group-substituted alkyl) tin dialkoxide, tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane and tri(cyclic group-substituted alkyl) tin 

alkoxide are preferably the same alkoxy group, and the alcohol used in 

step (3) is preferably the alcohol corresponding to the alkoxy group. 

	

25 	[0298] (Method for producing carbonic acid ester) 

A method for producing carbonic acid esters using alkyl tin alkoxides 
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will now be explained in detail. 

[0299] Methods disclosed by the present inventors are preferably used 

(for example, International Patent Publication No. W003/055840, 

International Patent Publication No. W02004/014840, International 

	

5 	Patent Publication No. W02005/000783, International Patent 

Publication No. W02005/111049 and International Patent Publication 

No. W02007/114130). 

[0300] (i) Alkyl tin alkoxide synthesis step (continuous operation 

start-up step) 

	

0 	The alkyl tin alkoxide to be used for this embodiment may be an alkyl 

tin alkoxide obtained by a known method, as described above. The 

alkyl tin alkoxide can be obtained, for example, from an alkyl tin 

carboxylate, a cyclic group-substituted alkyl tin oxide, a cyclic 

group-substituted alkyl tin oxide polymer or a halogenated (cyclic 

	

15 	group-substituted alkyl) tin compound. It is preferred to use the 

previously disclosed method for producing alkyl tin alkoxides 

(International Patent Publication No. W02005/111049 and elsewhere). 

This step produces a cyclic group-substituted alkyl tin alkoxide 

preferably from a di(cyclic group-substituted alkyl) tin oxide and an 

	

20 	alcohol. The alcohol used may be any of the aforementioned alcohols. 

[0301] The di(cyclic group-substituted alkyl) tin oxide used in this 

process may be a compound represented by the following formula (15). 

[Chemical Formula 85] 
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( A 
(CH2 )rn 

-4-Sn-0-)71  

C
l
yCH2

m  

(15) 

[Ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 

aromatic hydrocarbon group, m is an integer of 1 to 3, and n is a 

positive integer.] 

	

5 	[0302] The structure of the di(cyclic group-substituted alkyl) tin oxide 

has not been fully elucidatable by current analysis methods. In this 

process, the di(cyclic group-substituted alkyl) tin oxide may be one 

having the monomer structure represented by formula (16) or the 

hydroxy structure represented by formula (17), instead of the polymer 

	

10 	structure represented by formula (15). 	The hydroxy structure 

represented by formula (17) is not usually referred to as a di(cyclic 

group-substituted alkyl) tin oxide, but because it is difficult to confirm 

its presence and content by current methods of analysis, and the 

invention may be carried out under the conditions for this process with 

	

15 	either structure, for the sake of convenience it will be described herein 

as having the same definition as a di(cyclic group-substituted alkyl) tin 

oxide. 

[0303] [Chemical Formula 86] 

206 



	

l'CH2  )rn 	 CH2  ) 
I 	m  

Sn=0 	 HO—Sn—OH 
I
H2  ) CH2 ) 	 C 

	

m 	 m 

(16) 
	

(17) 

[In the formulas, ring A represents a C3-16 alicyclic hydrocarbon group 

or a C6-16 aromatic hydrocarbon group, and m represents an integer of 

1-3.] 

	

5 	[0304] The alcohol and the di(cyclic group-substituted alkyl) tin oxide 

are used for dehydrating reaction, while removing the generated water 

out of the reaction system, to obtain a tetra(cyclic group-substituted 

alkyl)di(alkoxy)distannoxane and/or di(cyclic group-substituted alkyl) 

tin dialkoxide. During this time, the alcohol used is converted to an 

	

10 	alkoxy group to form the alkyl tin alkoxide. The temperature for 

carrying out the reaction may be in the range of 80°C to 180°C, for 

example, and from the viewpoint of easier distillation removal of the 

generated water out of the reaction system, it is more preferably in the 

range of 60°C to 180°C, although this will depend on the reaction 

	

15 	pressure, while from the viewpoint of increasing the reaction rate the 

reaction temperature is even more preferably a high temperature. On 

the other hand, since undesirable secondary reactions such as 

decomposition take place at high temperatures, thus lowering yields, the 

temperature is more preferably in the range of 80°C to 160°C. The 

	

20 	pressure in the reactor for the reaction is a pressure that allows the 
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generated water to be removed out of the system, and although it will 

depend on the reaction temperature it may be between 20 and 1 x 106  

Pa. The reaction time is not particularly restricted but will usually be 

0.001 hour to 50 hours, preferably 0.01 hour to 10 hours and more 

	

5 	preferably 0.1 hour to 2 hours. The reaction may be completed when 

the desired alkyl tin alkoxide has been obtained. Progress of the 

reaction can be confirmed by a method of measuring the amount of 

water removed out of the reaction system or a method of sampling the 

reaction mixture to measure the 119Sn-NMR spectrum. For production 

	

10 	of an alkyl tin alkoxide in step (1), the reaction is completed upon 

confirming production of an alkyl tin alkoxide with a molar ratio in the 

range of 0:100 to 80:20 and preferably 1:99 to 70:30 for the tetra(cyclic 

group-substituted 	alkyl)dialkoxydistannoxane 	and 	di(cyclic 

group-substituted alkyl) tin dialkoxide in the cyclic group-substituted 

	

15 	alkyl tin alkoxide obtained by the reaction. The used alcohol may 

continue to be used while copresent, or in some cases the alcohol may 

be distilled off and then used. It is preferred to remove the alcohol as 

much as possible since this will allow the reactor to be reduced in size 

for the other steps. The method of removal is preferably by a known 

	

20 	distillation process, and the distiller used for distillation may be a 

known distilling apparatus. A thin-film distillation apparatus may be 

used as a preferred distilling apparatus, since it allows removal within a 

short period of time. There are no particular restrictions on the form of 

the reactor used, and a known type of tank or tower reactor may be 

	

25 	used. The low-boiling-point reaction mixture containing water is 

gaseous and can be removed from the reactor by distillation, and the 

208 



produced alkyl tin alkoxide or the high boiling point reaction mixture 

containing the alkyl tin alkoxide may be extracted as liquid from the 

bottom of the reactor. Examples of such a reactor include reactors 

comprising a stirring tank, a multistage stirring tank, a distillation 

	

5 	column, a multistage distillation column, a multitube reactor, a 

continuous multistage distillation column, a packed tower, a thin-film 

evaporator, a reactor provided with an interior support, a forced 

circulation reactor, a falling film evaporator, a falling drop evaporator, a 

trickle phase reactor or a bubble tower, and known methods may be 

	

10 	used that employ systems of these in combination. A method using a 

tower-type reactor is preferred from the viewpoint of efficiently shifting 

the equilibrium of the dehydrating reaction toward the alkyl tin alkoxide 

(product), or a method using a reactor with a large gas-liquid contact 

area is used so that the formed water rapidly migrates to the gas phase. 

	

15 	This step may be carried out by a continuous method using a multitube 

reactor, multistage distillation column or a filler-packed tower, but when 

the di(cyclic group-substituted alkyl) tin oxide used is solid, it is more 

preferred to use a method of carrying out the reaction in a tank reactor 

and then increasing the di(cyclic group-substituted alkyl) tin dialkoxide 

	

20 	content with a tower reactor. The materials of the reactor and line may 

be any publicly known materials that do not adversely affect the 

reaction, and since SUS304, SUS316, SUS316L and the like are 

inexpensive they are preferred for use. If necessary, there may be 

further included measuring devices such as a flowmeter and 

	

25 	thermometer, and known processing equipment such as a reboiler, 

pump, condenser, heating means, cooling means and the like, while the 
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heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. 

[0305] Step (1): A step of reacting an alkyl tin alkoxide with carbon 

	

5 	dioxide to obtain a reaction mixture containing a carbonic acid ester. 

In this step, the alkyl tin alkoxide is reacted with gaseous carbon 

dioxide to produce a carbonic acid ester. The step is preferably carried 

out using a previously disclosed method for producing carbonic acid 

esters (International Patent Publication No. W003/055840, International 

	

10 	Patent Publication No. W004/014840 or elsewhere). 

[0306] The alkyl tin alkoxide supplied to this step will sometimes be 

supplied from the cyclic group-substituted alkyl tin alkoxide synthesis 

step during start-up, or it will sometimes be supplied from the cyclic 

group-substituted alkyl tin alkoxide production step (3) during 

	

15 	continuous production. 

For this step, first the alkyl tin alkoxide and gaseous carbon dioxide are 

reacted to obtain a mixture comprising a carbon dioxide conjugate of 

the alkyl tin alkoxide. 

[0307] During the chemical reaction, preferably either the alkyl tin 

	

20 	alkoxide is heated to melting, or it is mixed with the solvent as a 

solution for reaction as a liquid. The pressure in the reactor for this 

reaction will depend on the reaction temperature, but it is preferably in 

the range from ordinary pressure to 1 MPa, and more preferably in the 

range of from ordinary pressure to 0.6 MPa. The reaction temperature 

	

25 	will depend on the pressure of the reaction, but it is preferably -40°C to 

80°C, and in consideration of the flow property during transport, it is 
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more preferably 0°C to 80°C, and most preferably in the range of 

ordinary temperature (for example, 20°C) to 80°C. The term "ordinary 

temperature" as used herein means the range of 1°C to 30°C. The 

reaction time may be in a range from a few seconds to 100 hours, and is 

	

5 	preferably from a few seconds to 10 hours in consideration of 

productivity. The reactor used may be a known tank reactor or tower 

reactor. Several different reactors may also be used combination. 

Since the reaction is between carbon dioxide (gas) and a solution 

containing alkyl tin alkoxide or alkyl tin alkoxide (liquid), for efficient 

	

10 	reaction it is preferred to increase the gas-liquid contact surface area, in 

order to increase the contact area between the carbon dioxide and the 

alkyl tin alkoxide. The method for conducting reaction with increased 

gas-liquid contact surface area may take advantage of known 

observations, and preferred methods are those that involve increasing 

	

15 	the stirring speed in an tank reactor or generating air bubbles in the 

liquid, or for a tower reactor, utilizing a packed tower or utilizing a tray 

tower. Examples of such tower reactors include tray tower systems 

using trays, such as a bubble-cap tray, porous plate tray, valve tray or 

counterflow tray; and packed tower systems packed with various types 

	

20 	of packing agents such as Raschig rings, Lessing rings, pall rings, Berl 

saddles, Intalox saddles, Dixon packing, McMahon packing, Heli-Pak, 

Sulzer packing or Mellapak. The materials of the reactor and line may 

be any publicly known materials that do not adversely affect the 

reaction, and since SUS304, SUS316, SUS316L and the like are 

	

25 	inexpensive they are preferred for use. If necessary, there may be 

further included measuring devices such as a flowmeter and 
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thermometer, and known processing equipment such as a reboiler, 

pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

	

5 	cooling, cooling water or brine. The reaction will usually be an 

exothermic reaction, and cooling may be accomplished by heat radiation 

from the reactor, for example. Heating may be performed when 

production of a carbonic acid ester is to be carried out simultaneously. 

Cooling or heating of the reactor may employ a publicly known method, 

	

10 	such as a method using a jacket, or a method using an internal coil. 

The carbon dioxide and alkyl tin alkoxide supplied to the reactor may be 

supplied separately, or they may be combined before being supplied to 

the reactor. The carbon dioxide and alkyl tin alkoxide may also be 

supplied to the reactor from several different sections of the reactor. 

	

15 	Completion of the reaction can be confirmed by 19Sn-NMR spectral 

analysis, for example. A step of obtaining a carbon dioxide conjugate 

of the alkyl tin alkoxide is not essential, and in some cases, depending 

on equipment operation and the like, the cyclic group-substituted alkyl 

tin alkoxide may be transported directly to the subsequent step to obtain 

	

20 	a reaction mixture containing a carbonic acid ester. 

[0308] The following method may be used to obtain a reaction mixture 

containing a carbonic acid ester from the carbon dioxide conjugate of 

the cyclic group-substituted alkyl tin alkoxide that is obtained. 

[0309] The reaction conditions are preferably a high reaction 

	

25 	temperature in the range of 40°C to 200°C to increase the reaction rate, 

but since undesirable secondary reactions such as decomposition may 
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take place at high temperatures, potentially lowering the yield, the 

preferred range is 60°C to 180°C, for a reaction time of 0.05 hour to 10 

hours, and the reaction pressure is in the range of preferably ordinary 

pressure to 20 MPa and more preferably 2.0 MPa to 10 MPa. The 

	

5 	reaction may be completed after the desired carbonic acid ester has been 

produced in the reactor. Progress of the reaction can be confirmed by 

sampling the reaction mixture in the reactor and analyzing the generated 

carbonic acid ester by 'H-NMR spectrum or gas chromatography. For 

example, the reaction may be completed after production of at least 10 

	

10 	mol% with respect to the number of moles of the carbon dioxide 

conjugate of the alkyl tin alkoxide and/or alkyl tin alkoxide in the 

carbon dioxide conjugate of the alkyl tin alkoxide and/or alkyl tin 

alkoxide, and if a higher carbonic acid ester yield is desired, the reaction 

may be continued to a reaction yield of 90% or greater and then 

	

15 	terminated. The reactor used may be a known type of reactor, and is 

preferably a tower reactor or tank reactor. The materials of the reactor 

and line may be any publicly known materials that do not adversely 

affect the reaction, and since SUS304, SUS316, SUS316L and the like 

are inexpensive they are preferred for use. If necessary, there may be 

	

20 	further included measuring devices such as a flowmeter and 

thermometer, and known processing equipment such as a reboiler, 

pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

	

25 	cooling, cooling water or brine. 

[0310] Step (2): A step of separating the carbonic acid ester from the 
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reaction mixture to obtain a residual solution. 

In this step,the carbonic acid ester is separated from the reaction mixture 

containing the carbonic acid ester obtained in step (1), and a residual 

solution is obtained. The separation process may employ any known 

	

5 	method or apparatus, but is preferably distillation. 

[0311] The reaction mixture transported from step (1) is subjected to a 

batch or semi-batch process or continuous distillation, to obtain a 

carbonic acid ester and a residual solution. The preferred distillation 

method is one in which the reaction mixture is supplied to a distiller and 

	

10 	the carbonic acid ester is separated out of the system from the top of the 

distiller as a gas phase component, while the residual solution is 

removed from the bottom of the distiller as a liquid component. The 

temperature for this step will depend on the boiling point or pressure of 

the carbonic acid ester, but it may be carried out in a range from 

	

15 	ordinary temperature (for example, 20°C) to 200°C, and since the tin 

compound in the residual solution is sometimes degraded at high 

temperature, or the carbonic acid ester may decrease due to reverse 

reaction, the reaction is preferably carried out in a range from ordinary 

temperature (for example, 20°C) to 150°C. The pressure in the reactor 

	

20 	for the reaction will depend on the type of carbonic acid ester and the 

temperature at which it is carried out, but it will usually be conducted 

from ordinary pressure to reduced pressure conditions, and in 

consideration of productivity the pressure is preferably in the range of 

100 Pa to 80KPa and more preferably 100 Pa to 50KPa. The reaction 

	

25 	time may be in the range of 0.01 hour to 10 hours, but because the tin 

component in the reaction mixture may degrade during long periods at 
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high temperature, or the carbonic acid ester may decrease due to reverse 

reaction, the time is preferably in the range of 0.01 hour to 0.5 hour and 

more preferably 0.01 hour to 0.3 hour. The distiller used may be a 

known one, and is preferably a tower distiller or a tank distiller, which 

	

5 	may also be used in combination. A thin-film evaporator or thin-film 

distiller is even more preferred, and a thin-film evaporator or thin-film 

distiller equipped with a distillation column is most preferred. The 

materials of the distiller and line may be any publicly known materials 

that do not adversely affect the reaction, and since SUS304, SUS316, 

	

10 	SUS316L and the like are inexpensive they are preferred for use. If 

necessary, there may be further included measuring devices such as a 

flowmeter and thermometer, and known processing equipment such as a 

reboiler, pump, condenser, heating means, cooling means and the like, 

while the heating means may be a known heating means such as steam 

	

15 	or a heater, and the cooling means may be known cooling means such as 

natural cooling, cooling water or brine. In step (2), when unreacted 

carbon dioxide is present in the reaction mixture transported from step 

(1), or when carbon dioxide is incorporated into the alkyl tin alkoxide 

molecule, preferably the carbonic acid ester is separated after removal 

	

20 	of the carbon dioxide from the reaction mixture. The method for 

removing the carbon dioxide may follow the method for separating the 

carbonic acid ester. It is preferably carried out at a lower temperature 

and at a higher pressure than for separation of the carbonic acid ester. 

The conditions are selected depending on the physical properties of the 

	

25 	carbonic acid ester to be produced, as conditions having a low vapor 

pressure of the carbonic acid ester and allowing removal of carbon 
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dioxide. The carbon dioxide that is removed is preferably recycled to 

step (1). For recycling, it is preferably returned after pressurization 

with a compressor or the like. When a compressor is used, inclusion 

of the cyclic group-substituted alkyl tin alkoxide can potentially clog the 

	

5 	compressor or reactor, so it is therefore preferably separated out 

beforehand. In this case, separation may be carried out by a known 

method with a distillation column or the like. 

[0312] Step (3): A step of reacting the residual solution with an alcohol 

and removing the water produced by the reaction, to obtain a cyclic 

	

10 	group-substituted alkyl tin alkoxide, and recycling it to step (1). 

[0313] This step is carried out after obtaining the residual solution in 

step 2, but it is similar to the alkyl tin alkoxide synthesis step described 

above. This step accomplishes dehydrating reaction of the residual 

solution and alcohol obtained in step (2) to regenerate the cyclic 

	

15 	group-substituted alkyl tin alkoxide. 	The residual solution also 

contains the alkyl tin alkoxide, but in this step recycling (regeneration) 

is conducted to the ratio of the alkyl tin alkoxide for carrying out step 

(1). In other words, since in step (2) the carbonic acid ester is 

preferentially produced from the di(cyclic group-substituted alkyl tin 

	

20 	alkoxide, 	increasing 	the 	proportion 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane, the purpose in this step is 

to regenerate alkyl tin alkoxide with an increased proportion of the 

di(cyclic group-substituted alkyl) tin dialkoxide. 

[0314] The alcohol used may be any of the aforementioned alcohols. 

	

25 	The dehydrating reaction conditions are also preferably the same as for 

the alkyl tin alkoxide synthesis step described above. The reaction 
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may be completed when the desired cyclic group-substituted alkyl tin 

alkoxide has been obtained. Progress of the reaction can be confirmed 

by a method of measuring the amount of water removed out of the 

reaction system or a method of sampling the reaction mixture to 

	

5 	measure the 19Sn-NNIR spectrum. In order to produce the alkyl tin 

alkoxide of this embodiment in step (1), the reaction is completed upon 

confirming that the molar ratio of the tetra(cyclic group-substituted 

alkyl)dialkoxydistannoxane and di(cyclic group-substituted alkyl) tin 

dialkoxide in the alkyl tin alkoxide obtained by the previous reaction is 

	

10 	in the range of 0:100 to 80:20 and more preferably 1:99 to 70:30. The 

alcohol may be used directly as a copresent component, or depending on 

the case the alcohol may be used after being distilled off. It is 

preferred to remove the alcohol in order to allow the reactor to be 

reduced in size for the other steps. The method of removal is 

	

15 	preferably by a known distillation process, and the distiller used for 

distillation may be a known distilling apparatus. 	A thin-film 

distillation apparatus may be used as a preferred distilling apparatus, 

since it allows removal within a short period of time. Because a solid 

di(cyclic group-substituted alkyl) tin oxide is generally not used in this 

	

20 	step, unlike the alkyl tin alkoxide synthesis step, there are no particular 

restrictions on the form of the reactor used for the dehydrating reaction, 

and any known tank or tower reactor may be used. 	The 

low-boiling-point reaction mixture containing water is gaseous and can 

be removed from the reactor by distillation, and the high boiling point 

	

25 	reaction mixture containing the alkyl tin alkoxide may be extracted as 

liquid from the bottom of the reactor. Examples of such a reactor 
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include reactors comprising a stirring tank, a multistage stirring tank, a 

distillation column, a multistage distillation column, a multitube reactor, 

a continuous multistage distillation column, a packed tower, a thin-film 

evaporator, a reactor provided with an interior support, a forced 

	

5 	circulation reactor, a falling film evaporator, a falling drop evaporator, a 

trickle phase reactor or a bubble tower, and known methods may be 

used that employ systems of these in combination. A method using a 

tower-type reactor is preferred from the viewpoint of efficiently shifting 

the equilibrium of the dehydrating reaction toward the alkyl tin 

	

10 	alkoxide, or a method using a reactor with a large gas-liquid contact 

area is used so that the formed water rapidly migrates to the gas phase. 

For this step it is especially preferred to employ a continuous method 

with a multitube reactor, a multistage distillation column or a packed 

tower packed with a filler. The materials of the distiller and line may 

	

15 	be any publicly known materials that do not adversely affect the 

reaction, and since SUS304, SUS316, SUS316L and the like are 

inexpensive they are preferred for use. If necessary, there may be 

further included measuring devices such as a flowmeter and 

thermometer, and known processing equipment such as a reboiler, 

	

20 	pump, condenser, heating means, cooling means and the like, while the 

heating means may be a known heating means such as steam or a heater, 

and the cooling means may be known cooling means such as natural 

cooling, cooling water or brine. 

[0315] The above is an example of producing a carbonic acid ester 

	

25 	using an alkyl tin alkoxide. 

[0316] By using an alkyl tin compound for this embodiment, it is 
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possible to notably improve accumulation of the inactivated forms of 

alkyl tin alkoxides that occurs during carbonic acid ester production 

processes in the prior art, and to produce carbonic acid esters at very 

high efficiency. 

	

5 	[0317] The carbonic acid ester obtained in this step can be suitably used 

as a polycarbonate starting material, isocyanate starting material or 

other chemical product starting material, or as a battery electrolyte for a 

lithium ion battery. Using this method it is possible to solve the 

problems of cost and waste in the production of carbonic acid esters. 

	

10 	The invention is therefore of extreme industrial importance. 

[0318] A second embodiment of the invention will now be explained in 

greater detail through examples and comparative examples, with the 

understanding that the invention is not limited to the examples. 

[0319] The analysis methods applied in the examples and comparative 

	

15 	examples will be described first. 

[0320] <Analysis methods> 

1) NMR spectral analysis 

Apparatus: JNM-A400 FT-NMR System by JEOL Corp. 

(1) Preparation of 'II-NMR, 13C-NMR and 119Sn-NMR spectral analysis 

	

20 	samples 

After measuring out 0.3 g of liquid containing an alkyl tin alkoxide or 

alkyl tin alkoxide, there were added approximately 0.7 g of heavy 

chloroform (99.8% purity, Aldrich Co.) and 0.08 g of tetramethyltin 

(Wako Grade A, product of Wako Pure Chemical Industries) as an 

	

25 	internal standard for 119Sn-NMR spectroscopy, and the uniformly mixed 

solution was used as a sample for NMR spectral analysis. 
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(2) Quantitative analysis 

The alkyl tin alkoxide (di(cyclic group-substituted)alkyl tin dialkoxide, 

tetra(cyclic 	group-su bstituted)alkyldialkoxydistannoxane 	and/or 

tri(cyclic group-substituted)alkyl tin alkoxide) content was analyzed and 

	

5 	a calibration curve was drawn based on an internal standard. 

Quantitative analysis was conducted for the analysis sample solution 

based on the resulting calibration curve. 

[0321] 2) Water analysis 

Apparatus: CA-05 Micro Moisture Analyzer, product of Mitsubishi 

	

10 	Chemical Corp. 

An analysis sample was taken using a syringe and its mass measured, 

and was then directly injected into the moisture analyzer for quantitation 

of the moisture. The mass of the syringe was again measured and the 

difference used to calculate the weight of injected sample, to determine 

	

15 	the moisture content in the sample. 

[0322] 3) Gas chromatographic analysis of carbonic acid ester 

compounds and ester compounds 

Apparatus: GC-2010 System by Shimadzu Corp. 

(1) Preparation of sample solution for analysis 

	

20 	After weighing out 0.2 g of reaction mixture, approximately 1.5 g of 

dehydrated acetone (product of Wako Pure Chemical Industries, water 

content: <50 ppm) was added. After further adding approximately 

0.05 g of dehydrated toluene (product of Wako Pure Chemical 

Industries, water content: <50 ppm) or diphenyl ether (special grade, 

	

25 	product of Wako Pure Chemical Industries) as an internal standard, the 

mixture was used as a sample solution for gas chromatographic 
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analysis. 

(2) Gas chromatographic analysis conditions 

Column: DB-1 (product of J&W Scientific) 

Liquid phase: 100% dimethylpolysiloxane 

	

5 	Length: 30 m 

Inner diameter: 0.25 mm 

Film thickness: 1 gm 

Column temperature: After holding at 50°C for 5 minutes, the 

temperature was raised to 300°C at a temperature-elevating rate of 

	

10 	10°C/min. 

Injection temperature: 300°C 

Detector temperature: 3 00°C 

Detector: FID 

(3) Quantitative analysis 

	

15 	The ester compound or carbonic acid ester compound was analyzed and 

a calibration curve was drawn based on an internal standard. 

Quantitative analysis was conducted for the analysis sample solution 

based on the resulting calibration curve. 

[0323] 4) Analysis of di(cyclic group-substituted)alkyl tin oxide 

	

20 	compounds 

Apparatus: Spectrum One/100 FT-IR system (ATR method), product of 

Perkin Elmer 

Placing approximately 5 mg of di(cyclic group-substituted)alkyl tin 

oxide on an ATR plate and applying pressure with a pressure arm, the IR 

	

25 	spectrum was measured. 

[0324] <Calculation of tin atom concentration (in active component)> 
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The active component for this embodiment is an alkyl tin alkoxide that 

effectively functions in the reaction, and specifically it is a di(cyclic 

group-substituted)alkyl 	tin 	dialkoxide 	and/or 	tetra(cyclic 

group- sub stitute d)alkyldialkoxydistann oxan e . 	The 	tin 	atom 

	

5 	concentration (in the active component) will now be defined for 

expressing the change in amount of active component. 

[0325] The tin atom concentration (in the active component) of the 

di(cyclic group-substituted)alkyl tin dialkoxide was calculated by 

mathematical formula (1). For example, the tin atom concentration of 

	

10 	the di(cyclic group-substituted)alkyl tin dialkoxide composition 

obtained by Synthesis Example 1 below was calculated by mathematical 

formula (1). 

[Mathematical Formula 33] 

Tin atom concentration (in active component) = C1 	(1) 

	

15 	[In the formula, "tin atom concentration (in active component)" is the 

concentration [mol/kg] of tin atoms (in the active component) in the 

di(cyclic group-substituted)alkyl tin dialkoxide composition, and CI : is 

the concentration [mol/kg] of di(cyclic group-substituted)alkyl tin 

dialkoxide in the di(cyclic group-substituted)alkyl tin dialkoxide 

	

20 	composition. C1  can be determined from 119Sn-NMR spectral analysis 

of the di(cyclic group-substituted)alkyl tin dialkoxide composition.] 

[0326] The tin atom concentrations (in the active component) for the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane compositions 

were calculated by mathematical formula (2). For example, the tin 

	

25 	atom concentration (in the active component) of the tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane composition obtained by 
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Synthesis Example 2 below was calculated by mathematical formula 

(2). 

[Mathematical Formula 34] 

Tin atom concentration (in active component) = 2 • C2 	(2) 

	

5 	[In the formula, "tin atom concentration (in active component)" is the 

concentration [mol/kg] of tin atoms (in the active component) in the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane composition, 

and C2  is the concentration [mol/kg] of tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane in the tetra(cyclic 

	

10 	group-substituted)alkyldialkoxydistannoxane composition. C2  can be 

determined from 119Sn-NMR spectral analysis of the tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane composition.] 

[0327] The concentration of tin atoms (in the active component) in the 

composition comprising a di(cyclic group-substituted)alkyl tin 

	

15 	di alkoxide 	 and/or 	 tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane or the composition further 

containing a ti (cyclic group-substituted)alkyl tin alkoxide, was 

calculated by mathematical formula (3). 

[Mathematical Formula 35] 

	

20 	Tin atom concentration (in active component) = C1  + 2 • C2 	(3) 

[In the formula, "tin atom concentration (in active component)" is the 

concentration [mol/kg] of tin atoms of the di(cyclic 

group-substituted)allcyl 	tin 	dialkoxide 	and/or 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane in the composition, C1  is 

	

25 	the concentration [mol/kg] of di(cyclic group-substituted)alkyl tin 

dialkoxide in the composition, and C2  is the concentration [mol/kg] of 
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tetra(cyclic group-substituted)alkyldialkoxydistannoxane in the 

composition. C1  and C2 can be determined by 119Sn-NMR spectral 

analysis of the composition.] 

[0328] [Synthesis 	Example 	1] 	Synthesis 	of 

	

5 	di(cyclohexylmethyl)diethoxytin composition 

(Synthesis of di(cyclohexylmethyl)diacetoxytin) 

After placing 34.38 g (0.1 mol) of diphenyldichlorotin (99% purity, 

product of Wako Pure Chemical Industries) and 150 mL of cyclopentyl 

methyl ether (dehydration grade, product of Aldrich) in a 1 L-volume 

	

10 	four-necked round bottom flask connected to a thermometer, a 

three-way cock and a Dimroth condenser, in a nitrogen box under a 

nitrogen atmosphere, a stirring bar was added and a magnetic stirrer was 

used for stirring at room temperature to form a homogeneous solution. 

Next, 400 mL of a 0.5 M tetrahydrofuran solution of 

	

15 	cyclohexylmethylmagnesium bromide (product of Aldrich) was added 

to a 500 mL dropping funnel, and the dropping funnel was connected to 

a four-necked flask. The flask was removed from the nitrogen box and 

immersed in an ice bath while under a nitrogen gas atmosphere, and 

stirring was commenced. Dropping of the solution from the dropping 

	

20 	funnel was then commenced, adjusting the dropping rate so that the 

temperature of the liquid mixture in the flask did not exceed 40°C. A 

white solid formed in the flask as dropping proceeded. Upon 

completion of the dropping, stirring of the mixture in the flask was 

continued for approximately 3 hours. The flask was then transferred to 

	

25 	the nitrogen box, and a suction filter was used to filter the white solid 

under a nitrogen atmosphere. Distilling separation of diethyl ether and 
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cyclopentyl methyl ether was performed from the collected filtrate. 

The high boiling point component after distilling separation was further 

subjected to distillation, and 45.5 g of di(cyclohexylmethyl)diphenyltin 

was obtained from the collected fraction. 

	

5 	The di(cyclohexylmethyl)diphenyltin was then introduced into a 300 

mL-volume three-necked round bottom flask equipped with a 

thermometer, three-way cock and branch pipe connecting tube (the 

branch pipe connecting tube being connected to an apparatus having a 

Liebig condenser, reduced pressure connecting tube and two distillate 

	

10 	collecting vessels linked together), and then 166.4 g (2.8 mol) of acetic 

acid (special grade, product of Wako Pure Chemical Industries) was 

added. The flask was immersed in an oil bath, and stirring and heating 

of the liquid mixture was initiated. The temperature of the oil bath was 

adjusted so that the temperature of the liquid mixture was approximately 

	

15 	100°C, and stirring and heating were continued for about 2 hours, after 

which the liquid mixture was sampled. Production of benzene in the 

mixture was confirmed as a result of gas chromatographic analysis. 

Production of benzene in the mixture was confirmed as a result of gas 

chromatographic analysis. The flask was then gradually reduced in 

	

20 	pressure, and the excess acetic acid and benzene were separated by 

distillation. 	 After 	distilling 	separation, 

di(cyclohexylmethyl)diacetoxytin was obtained from the high boiling 

point component. 

[0329] (Synthesis of di(cyclohexylmethyl)diethoxytin) 

	

25 	The di(cyclohexylmethyl)diacetoxytin was introduced into a 300 

mL-volume three-necked round bottom flask equipped with a 
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thermometer, three-way cock and branch pipe connecting tube (the 

branch pipe connecting tube being connected to an apparatus having a 

Liebig condenser, reduced pressure connecting tube and two distillate 

collecting vessels linked together), under a nitrogen atmosphere, and 

	

5 	then 295 g (2.5 mol) of diethyl carbonate (dehydration grade, product of 

Aldrich) was added. The flask was immersed in an oil bath, and 

stirring and heating of the liquid mixture was initiated. 	The 

temperature of the oil bath was adjusted so that the temperature of the 

liquid mixture was approximately 130°C, and stirring and heating were 

	

10 	continued for about 8 hours, after which the liquid mixture was 

sampled. Production of ethyl acetate in the mixture was confirmed as 

a result of gas chromatographic analysis. The flask was then gradually 

reduced in pressure and the excess diethyl carbonate and ethyl acetate 

were separated out by distillation, after which 35.1 g of the high boiling 

	

15 	point 	component 	(composition) 	containing 

di(cyclohexylmethyl)diethoxytin was collected. 	As a result of 

119Sn-NMR 	spectral 	analysis, 	the 	amount 	of 

di(cyclohexylmethyl)diethoxytin in the composition was found to be 

34.5 g. 	In other words, the di(cyclohexylmethyl)diethoxytin 

	

20 	concentration in the composition was 2.44 mol/kg, and the tin atom 

concentration (in the active component) of the composition was 2.44 

mol/kg. 

[0330] [ Synthesis 	Example 	2] 	Synthesis 	of 

1,1,3 ,3-tetra(cyclohexylmethyl)-1,3-diethoxydistannoxane composition 

	

25 	After placing 20.2 g (0.05 mol) of the di(cyclohexylmethyl)diethoxytin 

obtained from Synthesis Example 1 in a 300 mL-volume four-necked 
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round bottom flask equipped with a thermometer, three-way cock, 

dropping funnel and branch pipe connecting tube (the branch pipe 

connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

	

5 	collecting vessels linked together), 80 g of ethanol (dehydration grade, 

product of Wako Pure Chemical Industries) was added. Next, 85 g of 

ethanol and 0.45 g (0.025 mol) of ion-exchanged water were mixed in a 

200 mL beaker, and upon forming a homogeneous solution it was 

placed in a dropping funnel. The flask was immersed in an oil bath, 

	

10 	and stirring and heating was initiated. Dropping was initiated after 

adjusting the temperature of the oil bath so that the temperature of the 

liquid mixture was approximately 40°C. Upon completion of the 

dropping, the liquid mixture was kept at 40°C and stirring was 

continued for 2 hours. The flask was then gradually reduced in 

	

15 	pressure and the ethanol was distilled off, after which 18.6 g of the high 

boiling 	point 	component 	(composition) 	containing 

1,1,3,3 -tetra(cyclohexylmethyl)- 1,3-diethoxydistannoxane 	was 

collected. 	 The 	amount 	of 

1,1,3 ,3 -tetra(cyclohexylmethyl)- 1,3-diethoxydistannoxane 	in 	the 

	

20 	composition was determined by 119Sn-NMR spectral analysis to be 18.3 

g. 	 In 	other 	words, 	the 

1,1,3,3-tetra(cyclohexylmethyl)-1,3-diethoxydistannoxane 

concentration in the composition was 1.34 mol/kg, and the tin atom 

concentration (in the active component) of the composition was 2.68 

	

25 	mol/kg. 

[0331] [Synthesis 	Example 	3] 	Synthesis 	of 	tri(cyclic 
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group-substituted)alkyl tin alkoxide-containing composition 

After 	introducing 	15 	g 	of 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 -di ethoxydi stannoxane produced by 

the method of Synthesis Example 2 into a 50 mL-volume three-necked 

	

5 	flask equipped with a Dimroth condenser, silicon cap and thermometer 

connected with a three-way cock, using a gas-tight syringe (1050TLL, 

product of Hamilton), 10 g of di(cyclohexylmethyl)diethoxytin 

produced by the method of Synthesis Example 1 was then subsequently 

introduced, to prepare a cyclic group-substituted alkyl tin alkoxide 

	

10 	composition 	 comprising 

1,1,3,3 -tetra(cycl oh exylmethyl)-1,3 -diethoxydistannoxane 	and 

di(cyclohexylmethyl)diethoxytin. The flask was immersed in an oil 

bath that had been heated to 186°C. Upon stirring and heating for 

approximately 15 minutes, the liquid temperature of the cyclic 

	

15 	group-substituted alkyl tin alkoxide composition in the flask had 

reached 180°C. Stirring and heating were continued while periodically 

sampling and 119Sn-NMR spectral analysis was performed, and upon 

confirming production of 0.0045 mol of tri(cyclohexylmethyl)ethoxytin 

in the composition, the heating was suspended. The post-heating 

	

20 	component ratio was expressed as follows in terms of tin atoms. The 

tin atom concentration (in the active component) of the composition 

comprising 	di(cyclohexylmethyl)diethoxytin 	and 

1,1,3,3-tetra(cyclohexylmethyl)-1,3-diethoxy-distannoxane 	before 

heating was 2.58 mol/kg as calculated by mathematical formula (3), and 

	

25 	the concentration of tin atoms derived from the starting materials in the 

composition after heating (the concentration of tin atoms determined 
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from the contents of the di(cyclohexylmethyDdiethoxytin and 

1,1,3 ,3 -tetra(cycl ohexylmethyl)- l ,3 -diethoxydistannox ane) changed to 

2.22 mol/kg (reduction of approximately 14% compared to before 

heating), while the concentration of tri(cyclohexylmethyl)ethoxytin was 

	

5 	0.18 mol/kg. In other words, the tri(cyclic group-substituted)alkyl tin 

alkoxide-containing composition that was obtained had approximately 

7% modified to tri(cyclohexylmethyl)ethoxytin with respect to the tin 

atom concentration (in the active component) of the cyclic 

group-substituted alkyl tin alkoxide composition before heating. 

	

10 	[0332] [Synthesis 	Example 	4] 	Synthesis 	of 

di benzylbi s(3 -methylbutyloxy)tin composition 

(Synthesis of dibenzyldichlorotin) 

After introducing 17.81 g (0.15 mol) of metal tin powder (99.9% purity, 

product of Wako Pure Chemical Industries), 100 mL of toluene 

	

15 	(dehydration grade, product of Wako Pure Chemical Industries) and 

38.9 g (0.31 mol) of benzyl chloride (99.5% purity, product of Aldrich) 

into a 500 mL-volume four-necked round bottom flask connected to a 

thermometer, three-way cock and Dimroth condenser in a nitrogen box, 

a stirring bar was added. The flask was removed from the nitrogen 

	

20 	box and immersed in an oil bath while kept under a nitrogen gas 

atmosphere, and stirring and heating of the liquid mixture was initiated. 

The temperature of the oil bath was adjusted to a state with the liquid 

mixture boiling and toluene in stable reflux, and stirring and heating 

were continued for about 3 hours. 

	

25 	The liquid mixture was then introduced into a 300 mL-volume 

three-necked round bottom flask equipped with a thermometer, 
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three-way cock and branch pipe connecting tube (the branch pipe 

connecting tube being connected to an apparatus having a Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels linked together). The flask was immersed in an oil 

	

5 	bath, and stirring and heating of the liquid mixture was initiated. The 

temperature of the oil bath was adjusted so that the temperature of the 

liquid mixture was 100°C, and then the flask was gradually reduced in 

pressure and toluene was distilled off 	Dibenzyldichlorotin 

composition was obtained from the high boiling point component after 

	

10 	distilling separation. 	The dibenzyldichlorotin composition was 

recrystallized using ethyl acetate, and the dibenzyldichlorotin was 

purified. The amount of dibenzyldichlorotin collected was 33.5 g. 

[0333] (Synthesis of dibenzyltin oxide) 

After placing 33.0 g (0.089 mol) of the dibenzyldichlorotin and 50 mL 

	

15 	of cyclopentyl methyl ether (dehydration grade, product of Aldrich) in a 

500 mL-volume four-necked round bottom flask connected to a 

thermometer, a three-way cock and a Dimroth condenser, in a nitrogen 

box, a stirring bar was added and a magnetic stirrer was used for stirring 

at room temperature to form a homogeneous solution. Next, 180 mL 

	

20 	of a 1M ethanol solution of potassium hydroxide (product of Wako Pure 

Chemical Industries) was placed in a 200 mL dropping funnel, and the 

dropping funnel was connected to the four-necked flask. The flask 

was removed from the nitrogen box and immersed in an ice bath while 

under a nitrogen gas atmosphere, and stirring was commenced. 

	

25 	Dropping of the solution from the dropping funnel was then 

commenced, adjusting the dropping rate so that the temperature of the 
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liquid mixture in the flask did not exceed 40°C. A white solid formed 

in the flask as dropping proceeded. Upon completion of the dropping, 

stirring of the mixture in the flask was continued for about 3 hours, and 

a suction filter was used in a nitrogen box for filtration of the white 

	

5 	solid. The collected solid was rinsed 3 times with ion-exchanged 

water and two times with acetone, and then vacuum dried. The 

amount of dried solid was 24.5 g, and as a result of measuring the IR 

spectrum of the solid, it was found to have a dibenzyltin oxide content 

of approximately 98.7%. 

	

10 	[0334] (Synthesis of dibenzylbis(3-methylbutyloxy)tin composition) 

Into a 1 L-volume round bottom flask there were introduced 25.4g (0.08 

mol) of dibenzyltin oxide and 881.5 g (10 mol) of 3-methyl- 1 -butyl 

alcohol (product of Aldrich). 	The flask containing the white 

slurry-like mixture was mounted on an evaporator connected to an oil 

	

15 	bath with a temperature regulator, and a vacuum pump and vacuum 

controller. The oil bath temperature was set to 140°C, the flask was 

immersed in the oil bath, and rotation of the evaporator was 

commenced. After rotated stirring and heating for about 20 minutes at 

ordinary pressure with the purge valve of the evaporator left open, a 

	

20 	distillate containing mainly 3-methyl-1-butyl alcohol began to be 

collected. This state was maintained for 5 hours, and then the flask 

was raised out of the oil bath. The reaction mixture was a transparent 

liquid. The total amount of the distillate was 620.5 g, and analysis of 

the distillate with a micro moisture analyzer revealed a moisture content 

	

25 	of 1.48 g (0.08 mol). The temperature of the oil bath was then set to 

120°C, the flask was again immersed in an oil bath and stirred while 
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rotating for about 20 minutes at ordinary pressure, and then in order to 

remove the excess 3-methyl-l-butyl alcohol, the purge valve of the 

evaporator was closed and the vacuum pump and vacuum controller 

were used to gradually reduce the pressure in the system to 1.8 to 2.5 

	

5 	kPa. This state was maintained for 3 hours, and then the flask was 

raised out of the oil bath, the purge valve was slowly opened and dry 

nitrogen gas was introduced into the system to restore it to ordinary 

pressure. After distillation, 38.7 g of the high boiling point component 

(composition) containing dibenzylbis(3-methylbutyloxy)tin was 

	

10 	collected. 	As a result of 119Sn-NIVIR spectral analysis of the 

composition, it was found to contain 38.1 g of 

dibenzylbis(3-methylbutyloxy)tin. 	In other words, the 

dibenzylbis(3-methylbutyloxy)tin concentration in the composition was 

2.07 mol/kg, and the tin atom concentration (in the active component) 

	

15 	of the composition was 2.07 mol/kg. 

[0335] [Synthesis 	Example 	5] 	Synthesis 	of 

1,1,3,3 -tetrabenzyl-1,3 -bis(3-methylbutyloxy)-distannoxane 

composition 

After 	introducing 	38.0 	g 	(0.08 	mol) 	of 	the 

	

20 	dibenzylbis(3-methylbutyloxy)tin obtained from Synthesis Example 4 

into a 300 mL-volume four-necked round bottom flask equipped with a 

thermometer, three-way cock, dropping funnel and branch pipe 

connecting tube (the branch pipe connecting tube being connected to an 

apparatus having a Liebig condenser, reduced pressure connecting tube 

25 

	

	and two distillate collecting vessels linked together), 100 g of isoamyl 

alcohol (special grade, product of Wako Pure Chemical Industries) that 

232 



had been purified by distillation was added. Next, 100 g of isoamyl 

alcohol and 0.72 g (0.04 mol) of ion-exchanged water were mixed in a 

200 mL beaker, and upon forming a homogeneous solution it was 

placed in a dropping funnel. The flask was immersed in an oil bath, 

	

5 	and stirring and heating were initiated. Dropping was initiated after 

adjusting the temperature of the oil bath so that the temperature of the 

liquid mixture was approximately 45°C. Upon completion of the 

dropping, the liquid mixture was kept at 45°C and stirring was 

continued for 2 hours. The flask was then gradually reduced in 

	

10 	pressure, and distilling separation of the isoamyl alcohol was 

performed. 	After distillation, 31.8 g of the high boiling point 

component 	 (composition) 	 containing 

1,1,3 ,3 -tetrab enzyl-1,3 -bi s(3 -rnethylbutyl oxy)distannoxane 	was 

collected. 	As a result of 119Sn-NIVIR spectral analysis of the 

	

15 	composition, it was found to contain 31.4 g of 

1,1,3,3 -tetrab enzyl-1,3 -b is(3 -methylbutyl oxy)distannoxane. 	In other 

words, the 1,1,3,3 -tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 

concentration in the composition was 1.25 mol/kg, and the tin atom 

concentration (in the active component) of the composition was 2.50 

	

20 	mol/kg. 

[0336] [ Synthesis 	Example 	6] 	Synthesis 	of 	tri(cyclic 

group-substituted)alkyl tin alkoxide-containing composition 

A gas-tight syringe (1050TLL, product of Hamilton) was used to 

introduce 	 15 
	

of 

	

25 	1,1,3,3-tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane produced by 

the method of Synthesis Example 2 into a 50 mL-volume three-necked 
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flask equipped with a Dimroth condenser, silicon cap and thermometer 

connected with a three-way cock, and then 10 g of 

dibenzylbis(3-methylbutyloxy)tin produced by the method of Synthesis 

Example 1 was introduced in the same manner, to prepare a cyclic 

	

5 	group-substituted alkyl tin alkoxide composition comprising 

1,1,3,3 -tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	and 

dibenzylbis(3-methylbutyloxy)tin. The flask was immersed in an oil 

bath that had been heated to 186°C. Upon stirring and heating for 

approximately 15 minutes, the liquid temperature of the cyclic 

	

10 	group-substituted alkyl tin alkoxide composition in the flask had 

reached 180°C. Stirring and heating were continued while periodically 

sampling and 119Sn-NMR. spectral analysis was performed, and upon 

confirming production of 0.0041 mol of tribenzyl(3-methylbutyloxy)tin 

in the composition, the heating was suspended. The post-heating 

	

15 	component ratio was expressed as follows in terms of tin atoms. The 

tin atom concentration (in the active component) of the composition 

comprising 	dibenzylbis(3-methylbutyloxy)tin 	and 

1,1,3,3-tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	before 

heating was 2.33 mol/kg, as calculated by mathematical formula (3), 

	

20 	and the concentration of tin atoms derived from the starting material in 

the composition after heating (the concentration of tin atoms determined 

from 	the 	dibenzylbis(3-methylbutyloxy)tin 	and 

1,1,3,3-tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	contents) 

changed to 2.03 mol/kg (reduction of approximately 13% compared to 

	

25 	before heating), while the concentration of tin atoms derived from 

tribenzyl (3-methylbutyloxy)tin was 0.16 mol/kg. In other words, the 
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tri(cyclic group-substituted)alkyl tin alkoxide-containing composition 

that was obtained had approximately 7% modified to 

tribenzyl(3-methylbutyloxy)tin with respect to the tin atom 

concentration (in the active component) of the cyclic group-substituted 

	

5 	alkyl tin alkoxide composition before heating. 

[0337] [Synthesis 	Example 	7] 	Synthesis 	of 

bis(2-phenylethyl)bis(3-methylbutyloxy)tin composition 

(Synthesis of bis(2-phenylethyl)dichlorotin) 

After introducing 1 7.8 1 g (0.15 mol) of metal tin powder (99.9% purity, 

	

10 	product of Wako Pure Chemical Industries), 100 mL of toluene 

(dehydration grade, product of Wako Pure Chemical Industries) and 

43.6 g (0.31 mol) of 2-chloroethylbenzene (99% purity, product of 

Aldrich) into a 500 mL-volume four-necked round bottom flask 

connected to a thermometer, three-way cock and Dimroth condenser in 

	

15 	a nitrogen box, a stirring bar was added. The flask was removed from 

the nitrogen box and immersed in an oil bath while kept under a 

nitrogen gas atmosphere, and stirring and heating of the liquid mixture 

was initiated. The temperature of the oil bath was adjusted to a state 

with the liquid mixture boiling and toluene in stable reflux, and stirring 

	

20 	and heating were continued for about 5 hours. 

The liquid mixture was then introduced into a 300 mL-volume 

three-necked round bottom flask equipped with a thermometer, 

three-way cock, branch pipe connecting tube, Liebig condenser, reduced 

pressure connecting tube and two distillate collecting vessels. The 

	

25 	flask was immersed in an oil bath, and stirring and heating of the liquid 

mixture were initiated. The temperature of the oil bath was adjusted so 
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that the temperature of the liquid mixture was 100°C, and then the flask 

was gradually reduced in pressure and toluene was distilled off After 

distillation, a bis(2-phenylethyl)dichlorotin composition was obtained 

from the high boiling point component. 	The 

	

5 	bis(2-phenylethyl)dichlorotin composition was recrystallized using 

ethyl acetate to purify the bis(2-phenylethyl)dichlorotin. The amount 

of bis(2-phenylethyl)dichlorotin collected was 35.5 g. 

[0338] (Synthesis of bis(2-phenylethyl)tin oxide) 

After placing 34.5 g (0.086 mol) of the bis(2-phenylethyl)dichlorotin 

	

10 	and 50 mL of cyclopentyl methyl ether (dehydration grade, product of 

Aldrich) in a 500 mL-volume four-necked round bottom flask 

connected to a thermometer, a three-way cock and a Dimroth condenser, 

in a nitrogen box, a stirring bar was added and a magnetic stirrer was 

used for stirring at room temperature to form a homogeneous solution. 

	

15 	Next, 172 mL of a 1M ethanol solution of potassium hydroxide (product 

of Wako Pure Chemical Industries) was placed in a 200 mL dropping 

funnel, and the dropping funnel was connected to the four-necked flask. 

The flask was removed from the nitrogen box and immersed in an ice 

bath while under a nitrogen gas atmosphere, and stirring was 

	

20 	commenced. Dropping of the solution from the dropping funnel was 

then commenced, adjusting the dropping rate so that the temperature of 

the liquid mixture in the flask did not exceed 40°C. A white solid 

formed in the flask as dropping proceeded. Upon completion of the 

dropping, stirring of the mixture in the flask was continued for about 3 

	

25 	hours, and a suction filter was used in a nitrogen box for filtration of the 

white solid. 	The collected solid was rinsed 3 times with 

236 



ion-exchanged water and two times with acetone, and then vacuum 

dried. The amount of dried solid was 26.1 g, and as a result of 

measuring the IR spectrum of the solid, it was found to have a 

bis(2-phenylethyl)tin oxide content of approximately 25.8 g. 

	

5 	[0339] (Synthesis 	of 	bis(2-phenylethyl)bis(3-methylbutyloxy)tin 

composition) 

Into a 1 L-volume round bottom flask there were introduced 24.1 g 

(0.07 mol) of bis(2-phenylethyl)tin oxide and 881.5 g (10 mol) of 

3-methyl- 1 -butyl alcohol (product of Aldrich). The flask containing 

	

10 	the white slurry-like mixture was mounted on an evaporator connected 

to an oil bath with a temperature regulator, and a vacuum pump and 

vacuum controller. The oil bath temperature was set to 140°C, the 

flask was immersed in the oil bath, and rotation of the evaporator was 

commenced. After rotated stirring and heating for about 20 minutes at 

	

15 	ordinary pressure with the purge valve of the evaporator left open, a 

distillate containing mainly 3-methyl-1-butyl alcohol began to be 

collected. This state was maintained for 5 hours, and then the flask 

was raised out of the oil bath. The reaction mixture was a transparent 

liquid. The total amount of the obtained distillate was 630.5 g, and 

	

20 	analysis of the distillate with a micro moisture analyzer revealed a 

moisture content of 1.27 g (0.07 mol). The temperature of the oil bath 

was then set to 120°C, the flask was again immersed in an oil bath and 

stirred while rotating for about 20 minutes at ordinary pressure, and then 

in order to remove the excess 3-methyl- 1 -butyl alcohol, the purge valve 

	

25 	of the evaporator was closed and the vacuum pump and vacuum 

controller were used to gradually reduce the pressure in the system to 

1.8 to 2.5 kPa. This state was maintained for 3 hours, and then the 



flask was raised out of the oil bath, the purge valve was slowly opened 

and dry nitrogen gas was introduced into the system to restore it to 

ordinary pressure. After distillation, 35.8 g of the high boiling point 

component 
	

(composition) 	 containing 

	

5 	bis(2-phenylethyl)bis(3-methylbutyloxy)tin was collected. As a result 

of 119Sn-NMR spectral analysis of the composition, it was found to 

contain 35.3 g of bis(2-phenylethyl)bis(3-methylbutyloxy)tin. In other 

words, the bis(2-phenylethyl)bis(3-methylbutyloxy)tin concentration in 

the composition was 1.96 mol/kg, and the tin atom concentration (in the 

	

10 	active component) of the composition was 1.96 mol/kg. 

[0340] [Synthesis 	Example 	8] 	Synthesis 	of 

1,1,3,3-tetrakis(2-phenylethyl)-1,3-bis(3-methylbutyloxy)distannoxane 

composition 

After 	introducing 	30.2 	g 	(0.06 	mol) 	of 	the 

	

15 	bis(2-phenylethyl)bis(3-methylbutyloxy)tin obtained from Synthesis 

Example 4 into a 300 mL-volume four-necked round bottom flask 

equipped with a thermometer, three-way cock, dropping funnel, branch 

pipe connecting tube, Liebig condenser, reduced pressure connecting 

tube and two distillate collecting vessels), 100 g of isoamyl alcohol 

	

20 	(special grade, product of Wako Pure Chemical Industries) that had been 

purified by distillation was added. Next, 100 g of isoamyl alcohol and 

0.54 g (0.03 mol) of ion-exchanged water were mixed in a 200 mL 

beaker, and upon forming a homogeneous solution it was placed in a 

dropping funnel. The flask was immersed in an oil bath, and stirring 

	

25 	and heating were initiated. Dropping was initiated after adjusting the 

temperature of the oil bath so that the temperature of the liquid mixture 
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was approximately 45°C. Upon completion of the dropping, the liquid 

mixture was kept at 45°C and stirring was continued for 2 hours. The 

flask was then gradually reduced in pressure, and distilling separation of 

the isoamyl alcohol was performed. After distillation, 25.5 g of the 

	

5 	high boiling point component (composition) containing 

1,1,3,3 -tetraki s(2-phenylethyl)-1,3-bis(3 -methyl butyloxy)di stannoxane 

was collected. As a result of 119Sn-NNIR spectral analysis of the 

composition, the composition was found to contain 25.1 g of 

1,1,3,3 -tetraki s(2 -phenyl ethyl)-1,3 -b i s(3 -methylbutyl oxy)di stannoxane. 

	

10 	In 	 other 	 words, 	 the 

1,1,3,3 -tetraki s (2-phenylethyl)-1 ,3 -b i s(3-methylbutyloxy)distannoxane 

concentration in the composition was 1.16 mol/kg, and the tin atom 

concentration (in the active component) of the composition was 2.32 

mol/kg. 

	

15 	[0341] [Synthesis 	Example 	9] 	Synthesis 	of 	tri (cyclic 

group-substituted)alkyl tin alkoxide-containing composition 

A gas-tight syringe (1050TLL, product of Hamilton) was used to 

introduce 	 15 	 g 	 of 

1,1,3 ,3-tetraki s(2-phenylethyl)-1,3-bis(3-methylbutyloxy)distannoxane 

	

20 	produced by the method of Synthesis Example 2 into a 50 mL-volume 

three-necked flask equipped with a Dimroth condenser, silicon cap and 

thermometer connected with a three-way cock, and then 10 g of 

bis(2-phenylethyl)bis(3-methylbutyloxy)tin produced by the method of 

Synthesis Example 1 was introduced in the same manner, to prepare a 

	

25 	cyclic group-substituted alkyl tin alkoxide composition comprising 

1 ,1,3 ,3 -tetraki s (2-phenyl ethyl)-1,3 -b s(3-methylbutyl oxy)distannoxan e 
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and bis(2-phenylethyl)bis(3-methylbutyloxy)tin. 	The flask was 

immersed in an oil bath that had been heated to 186°C. Upon stirring 

and heating for approximately 15 minutes, the liquid temperature of the 

cyclic group-substituted alkyl tin alkoxide composition in the flask had 

	

5 	reached 180°C. Stirring and heating were continued while periodically 

sampling, 119Sn-NMR spectral analysis was performed, and upon 

confirming 	production 	of 	0.0038 	mol 	of 

tris(2-phenylethyl)(3-methylbutyloxy)tin in the composition, the heating 

was suspended. The post-heating component ratio was expressed as 

	

10 	follows in terms of tin atoms. The tin atom concentration (in the active 

component) 	of 	the 	composition 	comprising 

bis(2-phenylethyl)bis(3 -methylbutyloxy)tin 	 and 

1,1,3,3 -tetrakis(2-phenylethyl)-1,3-bis(3 -methylbutyloxy)distannoxane 

before heating was 2.18 mol/kg, as calculated by mathematical formula 

	

15 	(3), and the concentration of tin atoms derived from the starting material 

in the composition after heating (the concentration of tin atoms 

determined from the bis(2-phenylethyl)bis(3-methylbutyloxy)tin and 

1,1,3 ,3 -tetraki s(2-phenylethyl)-1,3 -bis(3 -methylbutyloxy)distannoxane 

contents) changed to 1.87 mol/kg (reduction of approximately 14% 

	

20 	compared to before heating), while the concentration of tin atoms 

derived from tris(2-phenylethyl)(3-methylbutyloxy)tin was 0.15 mol/kg. 

In other words, the tri(cyclic group-substituted)alkyl tin 

alkoxide-containing composition that was obtained had approximately 

7% modified to tris(2-phenylethyl)(3-methylbutyloxy)tin with respect to 

	

25 	the tin atom concentration (in the active component) of the cyclic 

group-substituted alkyl tin alkoxide composition before heating. 
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[0342] [Synthesis 	Example 	10] 	Synthesis 	of 

1,1,3 ,3 -tetrabu tyl-1,3 -bis(2-ethylbutyloxy)di stannoxane composition 

In a 2 L-volume three-necked flask equipped with a thermometer, a 

three-way cock, and a water measuring receptacle connected to a 

	

5 	Dimroth condenser there were placed 199.8 g (0.80 mol) of dibutyltin 

oxide (product of Aldrich), 1045 g (8.0 mol) of 2-ethyl-1-butyl alcohol 

(product of Aldrich) and 500 g of toluene (for organic synthesis, product 

of Wako Pure Chemical Industries). The flask containing the white 

slurry-like mixture was immersed in an oil bath set to 130°C. After 

	

10 	stirring and heating for about 30 minutes, the mixture began to boil and 

thus water and toluene began to be collected in the water measuring 

receptacle. 

After maintaining this state for about 3 hours, approximately 7.2 mL of 

water was collected in the water measuring receptacle. 	The 

	

15 	temperature of the oil bath was then lowered to 90°C, and once the 

mixture temperature fell, the water measuring receptacle was removed 

and the flask was connected to a branch pipe connecting tube, Liebig 

condenser, reduced pressure connecting tube and two distillate 

collecting vessels. The system interior was reduced to a pressure of 29 

	

20 	kPa and toluene was distilled from the flask, after which the system 

interior was reduced in pressure to distill off the excess 2-ethyl- 1-butyl 

alcohol. After distillation, 300 g of the high boiling point component 

(composition) was collected from the flask. As a result of "9Sn-NMR 

spectral analysis of the composition, the composition was found to 

	

25 	contain 
	

295 	 g 	 of 

1,1,3,3 -tetrabutyl-1,3 -bi s(2-ethylbutyloxy)distan noxane, 
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[0343] [Synthesis 	Example 	11] 	Synthesis 	of 

dibutyl-bis(2-ethylbutoxy)tin composition 

In a 1 L-volume round bottom flask there were placed 20.1 g (0.081 

mol) of dibutyltin oxide (product of Aldrich) and 835 g (8.2 mol) of 

	

5 	2-ethyl- l -butyl alcohol (product of Aldrich). The flask containing the 

white slurry-like mixture was mounted on an evaporator connected to an 

oil bath with a temperature regulator, and a vacuum pump and vacuum 

controller. The oil bath temperature was set to 150°C, the flask was 

immersed in the oil bath, and rotation of the evaporator was 

	

10 	commenced. After rotated stirring and heating for about 20 minutes at 

ordinary pressure with the purge valve of the evaporator left open, the 

evaporator purge valve was closed and the system interior was gradually 

reduced in pressure using a vacuum pump and vacuum controller to 54 

to 75 kPa. This state was maintained for 1.5 hours, and then the flask 

	

15 	was raised out of the oil bath. The reaction mixture was a transparent 

liquid. The purge valve was gradually opened to introduce dry 

nitrogen gas into the system, restoring the pressure in the system to 

ordinary pressure. The distilled liquid amount was 99.2 g, and it was 

transparent and separated into 2 layers. Analysis of the distilled liquid 

	

20 	with a micro moisture analyzer revealed a moisture content of 1.5 g 

(0.083 mol). The temperature of the oil bath was then lowered to 

100°C, the flask was again immersed in an oil bath and stirred while 

rotating and stirred normally, for about 20 minutes at ordinary pressure, 

and then in order to remove the excess 2-ethyl-1-butyl alcohol, the 

	

25 	purge valve of the evaporator was closed and the vacuum pump and 

vacuum controller were used to gradually reduce the pressure in the 
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system to 1.8 to 2.5 kPa. This state was maintained for 3 hours, and 

then the flask was raised out of the oil bath and the purge valve was 

slowly opened to restore the system interior to ordinary pressure. 

After distillation, 36 g of the high boiling point component 

	

5 	(composition) was collected from the flask. As a result of 119Sn-NMR 

spectral analysis of the composition, the dibutyl-bis(2-ethylbutoxy)tin 

content of the composition was found to be 35.5 g. 

[0344] [Example 1] 

Fig. 1 shows a continuous circulating reactor comprising a tank reactor, 

	

10 	tube reactor and tower reactor for transesterification reaction. The 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane composition 

was introduced into the continuous circulating reactor and circulated for 

test operation. 	Approximately 50 kg of a 

1,1,3,3 -tetrabenzyl-1,3 -bi s(3 -methylhutyloxy)distannoxane composition 

	

15 	produced by the method of Synthesis Example 5 (tin atom concentration 

(in the active component) of the composition: 2.49 mol/kg) was placed 

in a SUS316 catalyst tank 130, equipped with a heating jacket and a 

liquid conveyance pump, through a supply line 15. The composition 

was circulated in the catalyst tank 130 for about 10 hours. Next, using 

	

20 	a 	chemical 	gear 	pump, 	the 

1,1,3,3 -tetrabenzy1-1,3-bis(3-methylbutyloxy)-distannoxane 

composition was conveyed from the catalyst tank 130 to a tank reactor 

140 at 15 kg/hr, via a transport line 14, an inline mixer 141 equipped 

with a heating jacket, and a transport line 5. The tank reactor 140 was 

	

25 	a 15 L-volume reactor, comprising a stirrer, heating jacket and liquid 

conveyance pump, and the heating jacket was heated with steam at 
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about 155°C. The tube reactor 150 with an outer diameter of 200 mm 

and a length of 1000 mm also comprised a heating jacket, which was 

heated with steam at about 160°C. A SUS316 tower reactor 160 with 

an inner diameter of 75 mm and an effective length of 4500 mm, 

	

5 	equipped with 30 sieve trays, was heated and thermally insulated with a 

heater around the entire tower reactor to prevent radiated heat loss, the 

heater being set to about 150°C. A liquid conveyance pump and 

reboiler 163 were provided at the bottom of the tower reactor 160, and 

the reboiler 163 was heated with steam at about 160°C. A thin-film 

	

10 	vaporizer 170 with a heat transfer area of 0.1 m2  was equipped with a 

heating jacket and a chemical gear pump for liquid conveyance of the 

high boiling point component, the heating jacket being heated with 

steam at 160°C and the pressure of the thin-film vaporizer 170 being set 

to 115 kPaA. The tank and pipe were steam traced to maintain the 

	

15 	flow property. The composition conveyed to the tank reactor 140 was 

then conveyed to the tube reactor 150 through a transport line 6, 

subsequently conveyed to the tower reactor 160 through a transport line 

7, and then conveyed to the thin-film vaporizer 170 through a transport 

line 9, after which it was conveyed to the catalyst tank 130 through a 

	

20 	transport line 11. The composition was thus continuously circulated 

through the tank reactor 140, tube reactor 150, tower reactor 160, 

thin-film vaporizer 170 and catalyst tank 130 via the transport line 14, 

inline mixer 141, transport line 5, transport line 6, transport line 7, 

transport line 9 and transport line 11, and this was continued for about 5 

	

25 	days. Next, the solution in the catalyst tank 130 was sampled from an 

extraction line 16, and as a result of 119Sn-NMR spectral analysis, 
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1,1,3 ,3-tetrab enzyl -1,3 -bis(3 -methylbutyloxy)d i stannoxane 	and 

tribenzyl-(3-methylbutoxy)tin were confirmed to be present after the 

test operation. Upon calculating the concentration of tin atoms from 

the 	1,1,3,3 -tetrabenzyl-1,3 -bis (3-methyl butyloxy)distannoxane 

	

5 	concentration in the composition in the catalyst tank 130 after test 

operation determined by the analysis results, it was found to be 2.33 

mol/kg, which was a 6.4% reduction compared to before start of the test 

operation. On the other hand, tribenzyl-(3-methylbutoxy)tin was 

produced at 3.9 mol, which was 3.1% of the number of moles of tin 

	

10 	atoms (in the active component) of the composition placed in the 

catalyst tank before starting the test operation. 

[0345] [Example 2] 

Fig. 2 shows a continuous circulating reactor comprising a tube reactor 

for transesterification reaction and a tower reactor. The di(cyclic 

	

15 	group-substituted)alkyl tin dialkoxide composition was placed in the 

continuous circulating reactor and circulated for test operation. After 

placing approximately 45 kg of a dibenzyl-bis(3-methylbutyloxy)tin 

composition produced by the method of Synthesis Example 4 (tin atom 

concentration (in the active component) of composition: 2.07 mol/kg) in 

	

20 	a SUS316 catalyst tank 230 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 33, the composition was circulated 

in the catalyst tank 230 for about 10 hours. Next, using a chemical 

gear pump, the composition was conveyed from the catalyst tank 230 to 

a tube reactor 240 at 8.5 kg/hr, via a transport line 34, an inline mixer 

	

25 	241 equipped with a heating jacket, and a transport line 25. The tube 

reactor 240 with an outer diameter of 250 mm and a length of 1500 mm 
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also comprised a heating jacket, which was heated with steam at about 

140°C. A SUS316 tower reactor 250 with an inner diameter of 75 mm 

and an effective length of 4500 mm, equipped with 30 sieve trays, was 

heated and thermally insulated with a heater around the entire tower 

	

5 	reactor to prevent radiated heat loss, the heater being set to about 150°C. 

At the bottom of the tower reactor 250 there were provided a liquid 

conveyance pump and reboiler 253, and the reboiler 253 was heated 

with steam at about 160°C. Also, a thin-film vaporizer 260 (heat 

transfer area: 0.1 m2), equipped with a heating jacket and a chemical 

	

10 	gear pump for liquid conveyance of the high boiling point component, 

was heated to 170°C, and the pressure was set to 115 kPaA. The tank 

and pipe were steam traced to maintain the flow property. The 

composition conveyed to the tube reactor 240 was then conveyed to the 

tower reactor 250 through a transport line 26, subsequently conveyed to 

	

15 	the thin-film vaporizer 260 through a transport line 28, and then 

conveyed to the catalyst tank 230 through a transport line 30. The 

composition was thus continuously circulated through the tube reactor 

240, tower reactor 250, thin-film vaporizer 260 and catalyst tank 230 

via the transport line 34, inline mixer 241, transport line 25, transport 

	

20 	line 26, transport line 28 and transport line 30, and this was continued 

for about 6 days. Next, the liquid in the catalyst tank 230 was sampled 

from an extraction line 35, and as a result of 119Sn-NIVIR spectral 

analysis it was confirmed that dibenzyl-bis(3-methylbutyloxy)tin and 

tribenzyl-(3-methylbutoxy)tin were present after the test operation. 

	

25 	Upon calculating the concentration of tin atoms from the 

dibenzyl-bis(3-methylbutyloxy)tin concentration of the composition in 
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the catalyst tank 230 after test operation, as determined by the analysis 

results, it was found to be 1.95 mol/kg, which was a reduction of 5.9% 

compared to before start of the test operation. On the other hand, 

tribenzyl-(3-methylbutoxy)tin was produced at 2.6 mol, which was 

	

5 	2.8% of the number of moles of tin atoms (in the active component) of 

the composition placed in the catalyst tank before starting the test 

operation. 

[0346] [Example 3] 

Fig. 3 shows a continuous circulating reactor comprising a tank reactor 

	

10 	and tower reactor for transesterification reaction. 	The cyclic 

group-substituted alkyl tin alkoxide composition was placed in the 

continuous circulating reactor and circulated for test operation. 

Dibenzyl-bis(3-methylbutyloxy)tin 	 and 

1,1,3,3 -tetrabenzyl-1,3 -bis(3-methylbutyloxy)distannoxane produced by 

	

15 	the methods of Synthesis Example 4 and Synthesis Example 5 were 

mixed to prepare a cyclic group-substituted alkyl tin alkoxide 

composition. It was prepared so that the molar ratio of tin atoms of the 

di benzyl-bis(3-methylbutyloxy)tin 	 and 

1,1,3 ,3 -tetrabenzy1-1 ,3-bi s(3 -methylbutyloxy)distannoxane with respect 

	

20 	to the number of moles of tin atoms (in the active component) in the 

cyclic group-substituted alkyl tin alkoxide composition was 65:35. 

The tin atom concentration (in the active component) of the cyclic 

group-substituted alkyl tin alkoxide composition calculated by 

mathematical formula (3) was 2.22 mol/kg. Approximately 60 kg of 

	

25 	the cyclic group-substituted alkyl tin alkoxide composition was 

introduced into a SUS316 catalyst tank 330 equipped with a heating 
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jacket and liquid conveyance pump, through a supply line 53. The 

cyclic group-substituted alkyl tin alkoxide composition was first 

circulated in the catalyst tank 330 for about 10 hours. Next, using a 

chemical gear pump, the cyclic group-substituted alkyl tin alkoxide 

	

5 	composition was conveyed from the catalyst tank 330 to a tank reactor 

340 at 11 kg/hr, via a transport line 54, an inline mixer 341 and a 

transport line 45. The tank reactor 340 was a 15 L-volume reactor, 

comprising a stirrer, heating jacket and liquid conveyance pump, and 

the heating jacket was heated with steam at about 150°C. A SUS316 

	

10 	tower reactor 350 with an inner diameter of 76 mm and an effective 

length of 3500 mm, equipped with 25 sieve trays, was heated and 

thermally insulated with a heater around the entire tower reactor to 

prevent radiated heat loss, the heater being set to about 150°C. A 

liquid conveyance pump and reboiler 353 were provided at the bottom 

	

15 	of the tower reactor 350, and the reboiler 353 was heated with steam at 

about 160°C. Also, a thin-film vaporizer 360 (heat transfer area: 0.1 

m2), equipped with a heating jacket and a liquid conveyance pump for 

conveyance of the high boiling point component, was heated to 165°C, 

and the pressure was set to 115 kPaA. The tank and pipe were steam 

	

20 	traced to maintain the flow property. The cyclic group-substituted 

alkyl tin alkoxide composition conveyed to the tank reactor 340 was 

then conveyed to the tower reactor 350 through a transport line 46, 

subsequently conveyed to the thin-film vaporizer 360 through a 

transport line 48, and then conveyed to the catalyst tank 330 through a 

	

25 	transport line 50. The cyclic group-substituted alkyl tin alkoxide 

composition was thus continuously circulated through the tank reactor 

248 



340, tower reactor 350, thin-film vaporizer 360 and catalyst tank 330 

via the transport line 54, inline mixer 341, transport line 45, transport 

line 46, transport line 48 and transport line 50, and this was continued 

for about 5 days. Next, the solution in the catalyst tank 330 was 

	

5 	sampled from an extraction line 55, and as a result of 119Sn-NMR 

spectral 	analysis, 	dibenzyl -b i s (3 -m ethylbutyl oxy)tin, 

1,1,3,3 -tetrab enzyl-1,3 -bi s(3 -methylbutyl oxy)distannoxane 	and 

tribenzyl-(3-methylbutoxy)-tin were confirmed to be present after the 

test operation. Upon calculating the concentration of tin atoms of the 

10 composition after test operation, by determining the 

dibenzyl-bis(3-methylbutyloxy)tin 	concentration 	and 

1,1,3,3 -tetrabenzy1-1,3-bis(3-methylbutyloxy)di stannoxane 

concentration in the catalyst tank 330 after test operation, based on the 

analysis results, it was found to be 2.09 mol/kg, which was a 5.8% 

	

15 	reduction compared to before start of the test operation. On the other 

hand, tribenzyl-(3-methylbutoxy)tin was produced at 3.9 mol, which 

was 2.9% of the number of moles of tin atoms (in the active component) 

of the cyclic group-substituted alkyl tin alkoxide composition before 

starting the test operation. 

	

20 	[0347] [Example 4] 

Fig. 4 shows a continuous circulating reactor for carbonic acid ester 

synthesis using a cyclic group-substituted alkyl tin alkoxide 

composition. 	The cyclic group-substituted alkyl tin alkoxide 

composition was placed in the continuous circulating reactor and 

	

25 	circulated for test operation. 

A tri(cyclic group-substituted)alkyl tin alkoxide-containing composition 
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(cyclic group-substituted alkyl tin alkoxide composition comprising 

1,1 ,3,3 -tetrakis(2-phenylethyl)-1,3-bis(3-methyl butyloxy)di stannoxane, 

bis(2-phenylethyl)bis(3-methylbutyloxy)tin 	 and 

tris(2-phenylethyl)(3-methylbutyloxy)tin) was produced by the method 

	

5 	of Synthesis Example 9. As a result of calculating the tin atom 

concentration (in the active component) of the composition from the 

1,1,3,3 -tetraki s(2-phenylethyl)-1,3-bis(3-methylbutyloxy)distannoxane 

concentration 	and 	bis(2-phenylethyl)bis(3-methylbutyloxy)tin 

concentration determined from the analysis results, it was found to be 

	

10 	1.91 mol/kg. 	The tris(2-phenylethyl)(3-methylbutyloxy)tin 

concentration was 0.13 mol/kg. Approximately 60 kg of the cyclic 

group-substituted alkyl tin alkoxide composition was introduced into a 

SUS316 catalyst tank 660 equipped with a heating jacket and liquid 

conveyance pump, through a supply line 78. The composition was 

	

15 	first circulated in the catalyst tank 660 for about 10 hours. Next, using 

a chemical gear pump, the composition was conveyed from the catalyst 

tank 660 to a tower reactor 620 at 11 kg/hr, via a transport line 74, an 

inline mixer 621 equipped with a heating jacket, and a transport line 65. 

A SUS316 tower reactor 620 with an inner diameter of 76 mm and an 

	

20 	effective length of 4500 mm, equipped with 30 sieve trays, was heated 

and thermally insulated with a heater around the entire tower reactor to 

prevent radiated heat loss, the heater being set to about 150°C. A 

liquid conveyance pump and reboiler 622 were provided at the bottom 

of the tower reactor 620, and the reboiler 622 was heated with steam at 

	

25 	about 155°C. An autoclave 630 was used which was a 15 L-volume 

reactor, comprising a stirrer, heating jacket and liquid conveyance 
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pump, and the heating jacket was heated with steam at about 150°C. A 

thin-film vaporizer 640 (heat transfer area: 0.1 m2) and a thin-film 

vaporizer 650 (heat transfer area: 0.2 m2) set to 115 kPaA pressure were 

equipped with a heating jacket and a liquid conveyance pump for 

	

5 	conveyance of the high boiling point component, and steam at about 

160°C was used for heating. The tank and pipe were steam traced to 

maintain the flow property. The composition that had been conveyed 

to the tower reactor 620 was conveyed to the autoclave 630 through a 

transport line 67, and then conveyed to the thin-film vaporizer 640 

	

10 	through a transport line 69 and further conveyed to the thin-film 

vaporizer 650 through a transport line 71, after which it was conveyed 

to the catalyst tank 660 through a transport line 73. The composition 

was thus continuously circulated through the tower reactor 620, 

autoclave 630, thin-film vaporizer 640, thin-film vaporizer 650 and 

	

15 	catalyst tank 660 via the transport line 74, inline mixer 621, transport 

line 65, transport line 67, transport line 69, transport line 71 and 

transport line 73, and this was continued for about 5 days. Next, the 

liquid in the catalyst tank 660 was sampled from an extraction line 79 

and 119Sn-NIVIR spectral analysis was performed. Upon calculating the 

	

20 	tin atom concentration (in the active component) in the composition 

from 	 the 

1,1,3 ,3 -tetrakis (2-phenylethyl)-1,3-bis(3-methylbutyloxy)di stann oxane 

concentration 	and 	bis (2-phenylethyl)bi s(3 -methyl butyloxy)tin 

concentration in the catalyst tank 660 after test operation, determined 

	

25 	from the analysis results, it was found to be 1.79 mol/kg, which was a 

6.2% reduction compared to before start of the test operation. On the 
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other hand, the tris(2-phenylethyl)(3-methylbutyloxy)tin was produced 

at 3.4 mol, which was approximately 3% with respect to the number of 

moles of tin atoms (in the active component), calculated from the 

amount introduced into the catalyst tank before start of the test 

	

5 	operation 	 and 	 the 

1,1,3,3 -tetrakis(2-phenylethyl)-1,3 -bi s(3 -methylbutyloxy)distannoxane 

concentration 	and 	bis(2-phenylethyl)bis(3-methylbutyloxy)tin 

concentration in the composition. 

[0348] [Example 5] 

	

10 	Fig. 5 shows a continuous circulating reactor for carbonic acid ester 

synthesis using a cyclic group-substituted alkyl tin alkoxide 

composition. 	The di(cyclic group-substituted)alkyl tin dialkoxide 

composition was placed in the continuous circulating reactor and 

circulated for test operation. 	Approximately 60 kg of a 

	

15 	di(cyclohexylmethyl)diethoxytin composition obtained by the method 

as Synthesis Example 1 (tin atom concentration (in the active 

component) of the composition: 2.44 mol/kg) was introduced into a 

SUS316 catalyst tank 770 equipped with a heating jacket and liquid 

conveyance pump, via a supply line 107. The composition was first 

	

20 	circulated in the catalyst tank 770 for about 12 hours. Next, the 

composition was conveyed from the catalyst tank 770 to a tank reactor 

710 at 12 kg/hr, via a transport line 109, an inline mixer 711 equipped 

with a heating jacket, and a transport line 110. The tank reactor 710 

was a 10 L-volume reactor, comprising a stirrer, heating jacket and 

	

25 	liquid conveyance pump, and the heating jacket was heated with steam 

at about 150°C. A SUS316 tower reactor 730 with an inner diameter 
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of 76 mm and an effective length of 3500 mm, equipped with 25 sieve 

trays, was heated and thermally insulated with a heater around the entire 

tower reactor to prevent radiated heat loss, the heater being set to about 

150°C. A liquid conveyance pump and reboiler 733 were provided at 

	

5 	the bottom of the tower reactor 730, and the reboiler 733 was heated 

with steam at about 160°C. An autoclave 740 was used which was a 

15 L-volume reactor, comprising a stirrer, heating jacket and liquid 

conveyance pump, and the heating jacket was heated with steam at 

about 140°C. A thin-film vaporizer 750 (heat transfer area: 0.1 m2) 

	

10 	and a thin-film vaporizer 760 (heat transfer area: 0.2 m2) set to 85 kPaA 

pressure were equipped with a heating jacket and a liquid conveyance 

pump for conveyance of the high boiling point component, and steam at 

160°C was used for heating. The composition conveyed to the tank 

reactor 710 was then conveyed to the tower reactor 730 through a 

	

15 	transport line 95, subsequently conveyed to the autoclave 740 through a 

transport line 97, then conveyed to the thin-film vaporizer 750 through a 

transport line 99 and further conveyed to the thin-film vaporizer 760 

through a transport line 101, after which it was conveyed to the catalyst 

tank 770 through a transport line 103. The composition was thus 

	

20 	continuously circulated through the tank reactor 710, tower reactor 730, 

autoclave 740, thin-film vaporizer 750, thin-film vaporizer 760 and 

catalyst tank 770 via the transport line 109, inline mixer 711, transport 

line 110, transport line 95, transport line 97, transport line 99, transport 

line 101 and transport line 103, and this was continued for about 5 days. 

	

25 	Next, the solution in the catalyst tank 770 was sampled from an 

extraction line 108, and as a result of 119Sn-NMR spectral analysis, 
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di(cyclohexylmethyl)diethoxytin and tri(cyclohexylmethyl)ethoxytin 

were confirmed to be present after test operation. Upon calculating the 

tin atom concentration (in the active component) in the composition 

from the di(cyclohexylmethyl)diethoxytin concentration of the 

	

5 	composition in the catalyst tank after test operation, as determined by 

the analysis results, it was found to be 2.32 mol/kg, which was a 

reduction of 5.1% compared to before start of the test operation. On 

the other hand, tris(cyclohexylmethyl)ethoxytin was produced at 3.7 

mol, which was 2.5% of the number of moles of tin atoms (in the active 

	

10 	component) of the composition before starting the test operation. 

[0349] [Examples 6 to 38] 

The 	tetra(cyclic 	group-substituted)alkyldialkoxydistannoxane 

compositions listed in Table 1 were produced by the same methods as in 

Synthesis Examples 2, 5 and 8, and test operation of the continuous 

	

15 	circulating reactor was conducted by the same method as Example 1, 

confirming modification reaction during heated circulation. Of these 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane compositions, 

some have a low flow property at the environmental temperature at the 

start of the reaction (about 15°C to 35°C), in which case tetralin 

	

20 	(product of Wako Pure Chemical Industries), diphenyl ether (product of 

Wako Pure Chemical Industries) or undecane (product of Wako Pure 

Chemical Industries) was added as a diluent to prepare a liquid mixture 

with a diluent concentration of 10 to 35 mass%, and this was introduced 

into the catalyst tank and test operation (circulating operation) was 

	

25 	conducted using a continuous circulating reactor as shown in Fig. 1 in 

the same manner as Example 1. The mass of the composition charged 
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into the catalyst tank was about 50 kg, similar to Example 1, whether or 

not 	a 	diluent 	was 	used. 	The 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane concentration in the 

composition was determined by n 'Sn-NMR spectral analysis, and the 

	

5 	tin atom concentration (in the active component) of the composition 

before circulating operation was calculated. A sampling solution was 

taken from the catalyst tank after circulating operation and subjected to 

119Sn-NMR spectral analysis. The tin atom concentration (in the active 

component) of the composition was calculated from the tetra(cyclic 

	

10 	group-substituted)alkyldialkoxydistannoxane concentration after test 

operation as determined from the analysis results, and the percentage 

reduction from before the start of test operation was calculated. The 

number of moles of tri(cyclic group-substituted)alkyl tin alkoxide was 

also determined from the analysis results, and the amount produced with 

	

15 	respect to the number of moles of tin atoms (in the active component) of 

the composition before the start of test operation was calculated. The 

percentage reductions in the tin atom concentration (in the active 

component) of the compositions and the tri(cyclic 

group-substituted)alkyl tin alkoxide production amounts are shown in 

	

20 	Table 1. 

[Table 25] 
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[Table I] 

Example 

Tetraalkyldialkoxvdistannoxane 

Continuous 

operation 

time [days] 

Percentage 

reduction in lin 

atom concentration 

(in active 

component) 

[N*1) 

Trialkyl tin 

alkoxide 

production 

amount 

[%]'2) 

R' (alkyl group) OR" (alkoxy group) 

6 Cyclohexylniethyl 3-Methylbutyloxy 5 5.6 2.8 

7 2-Cydlohexylethyl 3-Methylbutyloxy 5 6.7 3.4 

8 Cyclopentylmethyl Elhoxy 5 5.3 2.6 

9 3-Cyclopcntylpropyl 3-Methyl.butyloxy 5 7.0 3.5 

10 Phenethyl 2-Methylpropyloxy 4 6.8 3A 

11 Benzyl 2-Ethylbutyloxy 6 6.3 3.2 

12 2-Cyclohexylethyl Ethoxy 4 6.8 3.3 

13 2-Cyclohexylethyl 2-Ethylbutyloxy 5 6.7 3.4 

14 3-Phenylpropyl 2-Ethylbutyloxy 6 7.0 3.5 

15 Cycloliekylmethyl N-Butoxy 4 5.4 2.7 

16 Cyclohexylinerhyl 2-Ethylbutyloxy 6 5.3 2.7 

17 Phenethyl 2-Ethylbutyloky 5 6.7 3.3 

18 Cyclohexylmethyt Ethoxy 5 5.5 2.7 

19. 3 -CycloPentyl_prOpyl N-Butoxy 5 7.1 3,5 

20 3-Phenylpropyl 2-Methylpropyloxy 5 	
---1 

7.0 3,5 

21 Cyclohoxylrilethyl 2-MethylpMpyloxy 5 5.3 2.7 

22 Benzyl N-Butoxy 4 6.6 3.3 

23 Cycloperitylmethyl 2-Ethylbutyloxy 5 5.2 2.6 

24 Phenethyl N-Butoxy 5 6.9 3.5 

25 3.Phenylpropyl 3-Methylbutyloxy 6 7.3 3.6 

26 3-Phettylpropyl N-13utoxy .5 7.1 3.5 

27 Cyclopentylmethyl 2-Methylpropyloxy 5 5.2 2,6 

28 CyelOpenly! Methyl 34 Aditiylbutyloxy 5 5.3 2.6 

29 3-Phertylpropyt Ethoxy 5 7.2 3:6 

30. 1-Cyelopentylpropyl 2-Ethylbutyloxy 5 6.9 3.5 

31 Phenethyl Ethoxy 4 6.9 3.4 

32 Benzyl EthOxy 5 6,5 3.2 

33 2-CyclohexvIethyl 2-Methylpropyloxy 5 6.7 3.4 

34 3-Cyclopentylpropyl 2-Methylpropyloxy 5 6.9 3.4 

35 Benzvl 2-Methylpropyloxy 5 6.3 3.1 

36 Phenethyl 3-Melhylbutyloxy 5 6.9 3.5 

37 Cyclopentylmethyl N-Butoxy 4 5,3 2.7 

38 3-Cyclopentylpropyl Ethoxy 4 7.1 3.5 

*1) The percentage reduction in the tin atom concentrations (in the 

active 	component) 	for 	the 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane compositions were 

5 	calculated by mathematical formula (4). 

*2) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 
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production was calculated by mathematical formula (5). 

[Mathematical Formula 36] 

Percentage reduction in tin atom concentration (in active component) = 

(S2°  - S21)/S2° x 100% 	(4) 

	

5 	[In the formula, "percentage reduction in tin atom concentration (in 

active component)" is the percentage reduction [%] in the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S2°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

10 	and S' is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S2° and Set were 

calculated 	 from 	 the 	 tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane concentration of the 

composition, gas determined by 119SnNIAR spectral analysis.] 

	

15 	[Mathematical Formula 37] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T./(W2°  x S2°) x 1:00% 	(5) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

	

20 	tin alkoxide produced [%] after circulating operation, T is the number of 

moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

after circulating operation, W2°  is the mass [kg] of the composition 

introduced into the catalyst tank before circulating operation, and S2° is 

the tin atom concentration (in the active component) [mol/kg] of the 

	

25 	composition before circulating operation. 

[0350] Structural 	formula 	of 	tetra(cyclic 
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group-substituted)alkyl di alkoxydistannoxane 

[Chemical Formula 87] 

R\ 
RI—Sn 

0 	0 
R" 	R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

	

5 	hydrocarbon group, and R' represents a C1-8 alkyl group.] 

[0351] [Examples 39 to 71] 

The di(cyclic group-substituted)alkyl tin dialkoxide compositions listed 

in Table 2 were produced by the same methods as in Synthesis 

Examples 1, 4 and 7, and test operation of the continuous circulating 

	

10 	reactor was conducted by the same method as Example 2, confirming 

modification reaction during heated circulation. Approximately 45 kg 

of the composition was introduced into the catalyst tank, and test 

operation (circulating operation) of the composition was conducted in 

the same manner as Example 2, using a continuous circulating reactor as 

	

15 	shown in Fig. 2. A sampling solution was taken from the catalyst tank 

after circulating operation and subjected to 119Sn-NMR spectral 

analysis. The tin atom concentration (in the active component) of the 

composition was calculated from the di(cyclic group-substituted)alkyl 

tin dialkoxide concentration of the composition after test operation as 

	

20 	determined from the analysis results, and the percentage reduction from 

before the start of test operation was calculated. The number of moles 

of tri(cyclic group-substituted)alkyl tin alkoxide was also determined 

from the analysis results, and the amount produced with respect to the 
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number of moles of tin atoms (in the active component) of the 

composition before the start of test operation was calculated. The 

percentage reductions in the tin atom concentration (in the active 

component) of the compositions and the tri(cyclic 

5 	group-substituted)alkyl tin alkoxide production amounts are shown in 

Table 2. 

[Table 26] 
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[Table 2] 

- 

Example 

Diatkyl tin dialkoxide 

Continuous 

operation 

time 

(days) 

Percentage 

reduction in tin 

atom concentration 

(in active 

component) 

l%1 *3) 

Trialkyl tin 

alkoxide 

production 

amount 

[%] $4) 

R' (alkyl group) OW (alkoxy group) 

39 3-Phenylpropyl Ethoxy 4 6.6 6.7 

40 Cyclohexylinethyl N-Butoxy 5 5.1 5.0 

41 Phenethyl N-Butoxy 5 6,4 6.3 

42 Cyclohexylcthyl 2-Ethylbutyloxy 5 6.2 6.2 

43 Benzyl Ethoxy 5 5,9 6,0 

44  Cyclohexylmethyt 3-Methylbutyloxy 5 5.1 5.1 

45 3-Cyclopentylpropyl 2-Ethylbutyloxy 4 6.5 6.5 

46 3-Phenylpropyl 2-Methylpropyloxy 4 6.4 6.5 

47 3-Pitenylpropyl 

CyCloPentylmethyl 

2-Ethylbutyloxy 

3-Meth_ylbu_tyloxy 

4 

S 

6.6 

4.9 

6.6 

4.8 48 

49 Phenethyl 2-Methylpropyloxy 5 6.2 6.2 	_ 

50 Cyclohexylmethyl 2-Methylpropyloxy 4 4.9 4.9 

51 Cyotopcntylmethyl N-Butoxy 5 4.8 4.8 

52 Phenethyl 3-Methylbutyloxy 5 6.3 6,3 

53 3-Cyclopentylpropyl N,Butoxy 4 6.5 6.5 

54 Benzyl 2-Ethylbutyloxy 4 6.0 5.9 

55 Cyolopentylmethyl Ethoxy 5 4.9 5.0 

56 Cyclohexylethyl N-Butoxy 5 6.3 6.3 

57 CycloiteXytethyl 2rMethylpropyloxy 5 6.2 6.3 

58 Phenethyl. 2-Ethylbutyloxy 4 6.4_ 	_ 63 

59 Benzyl N43utoxy 5 6.0 6.0 

60 CvclonenlylmethvI 2-Methylnropyloxy 4 4.7 4.8 

61 Cvclohexylethyl 3-MethYlhulyloxy 5 6.2 6.2 

62 .Cyclopentylmethyl 2-Ethylbutylity 5 4.9 4.8 

63 34thenylpropyl 34v1ethylbutyl OXV 5 6.7 6.7 

64 CyclohekvIrnethyl 2-EthylbutyloXy 5 5.1 5.2 

65 Phenethyl Ethoxv 4 6.4 6.3 

66 3-Cyclopentylpropyl Ethoxy 4 6.5 6.6 

67 3-Cyclopentylpropyl 2-Methylpropyloxy 4 6.4 6.5 

68 CV_ cloliexylethyl Ethoxy 5 6.3 6.1 

69 , Benzyl 2-Methylpropyloxy 5 5.7 5.8 

70 3-Cyclopentylpropvl 3-Methylbutyloxv 4 6.5 6.6 

71 3-Phenylpropyl N-Butoxy 4 6.6 6.5 

*3) The percentage reduction in the tin atom concentration (in the active 

component) of the di(cyclic group-substituted)alkyl tin dialkoxide 

composition was determined by the following mathematical formula 

5 	(6). 

*4) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 
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production was calculated by mathematical formula (7). 

[Mathematical Formula 38] 

Percentage reduction in tin atom concentration (in active component) = 

(S1°  - Si t)/S I°  x 100% 	(6) 

	

5 	[In the formula, "percentage reduction in tin atom concentration" is the 

percentage reduction [%] in the tin atom concentration (in the active 

component) of the composition after circulating operation, S1° is the tin 

atom concentration (in the active component) [mol/kg] of the 

composition before circulating operation, and Sit is the tin atom 

	

10 	concentration (in the active component) [mol/kg] of the composition 

after circulating operation. Si°  and Sit were calculated from the 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition, as determined by 1 I9Sn-NMR spectral analysis.] 

[0352] [Mathematical Formula 39] 

	

15 	Tri(cyclic group-substituted)allgl tin alkoxide production amount = 

T/(W1° x S1°) x 100% 	(7) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 

	

20 	moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

after circulating operation, W1°  is the mass [kg] of the composition 

introduced into the catalyst tank before circulating operation, and SI °  is 

the tin atom concentration (in the active component) [mol/kg] of the 

composition before circulating operation. 

	

25 	[0353] Structural formula of di(cyclic group-substituted)alkyl tin 

dialkoxide 

261 



[Chemical Formula 88] 

R` 
Sn 

R' 	0 R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

	

5 	[0354] [Examples 72 to 105] 

Cyclic group-substituted alkyl tin alkoxide compositions comprising the 

di(cyclic group-substituted)alkyl tin dialkoxides and tetra(cyclic 

group-substituted)alkyldialkoxydistannoxanes listed in Table 3 

produced by the same method as in Synthesis Examples 1, 2, 4, 5, 7 and 

	

10 	8 were prepared, and test operation of the continuous circulating reactor 

was conducted by the same method as Example 3, confirming 

modification reaction during heated circulation, The compositions 

were prepared so that the. molar ratios of tin atoms 'of the di(cyclic. 

group-substituted)alkyl 	tin 	dialkoxides 	and 	tetra(cyclic 

	

15 	group-Substituted)alkylclialkoxydistannoxanes with respect to the 

number of moles of tin atoms (in the active components of the cyclic 

group-substituted alkyl tin alkoxide compositions comprising the 

di(cyclic group-substituted)alkyl tin dialkoxides and tetra(cyclic 

group-substituted)alkyldialkoxydistannoxanes with the structures listed 

	

20 	in Table 3 were 65:35, and approximately 60 kg was introduced into the 

catalyst tank. The tin atom concentration (in the active component) of 

each composition was determined by mathematical formula (3). Test 

operation (circulating operation) of the composition was conducted in 

the same manner as Example 3, using a continuous circulating reactor as 
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shown in Fig. 3. A sampling solution was taken from the catalyst tank 

after circulating operation and subjected to 119Sn-NMR spectral 

analysis. The concentration of tin atoms in the composition was 

calculated 	 from 	 the 	 tetra(cyclic 

	

5 	group-substituted)alkyldi alkoxydistanrioxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition after test operation as determined from the analysis results, 

and the percentage reduction from before the start of test operation was 

calculated. The number of moles of tri(cyclic group-substituted)alkyl 

	

10 	tin alkoxide produced after test operation was also determined from the 

analysis results, and the amount produced with respect to the number of 

moles of tin atoms (in the active component) of the composition before 

the start of test operation was calculated. The percentage reductions in 

the tin atom concentration (in the active component) of the 

	

15 	compositions and the tri(cyclic group-substituted)alkyl tin alkoxide 

production amounts are shown in Table 3. 

[Table 27] 
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[Table 3] 

Example 

AIyI iiii alkoxide 
Continuous 

operation 

time 

[days] 

Percentage 

reduction in tin 

atom concentration 

(in active 

component) 

MI *5) 

Trialkyl tin 

alkoxide 

production 

amount 

['Vol 	i5) 

IV (alkyl group) OW (alkoxy group) 

72 Phenethyl 3-Methylbutyloxy 6 63 6.3 

73 Cyclohexylmethyl 3-Methylbutyloxy 5 4.9 5.0 

74 Cyclohexylethyl Ethoxy 5 6.2 6.2 

75 Cyclohexylethyl 2-Methylpropyloxy 5 6.0 5.8 

76 3-Phenylpropyl 3-Methylbutyloxy 5 6.4 6.5 

77 Phenethyl 2-Methylpropyloxy 5 6.0 6.1 

78 3-Phenylpropyl 2-Methylpropyloxy 6 6.3 6.2 

79 3-Cyclopentylpropy1 2-Ethytbutyloxy_ 5 6.3 6.3 

80 Phenethyl N-Butoxy 4 6.3 6.1 

81 3-Cyclopentylpropyl 2-Mcthytpropyloxy 5 6.2 6.3 

82 3-Cyclopentylpropyl 3-Methylbutyloxy 5 6.3 6.3 

83 Benzyl 2-Ethylbutyloxy 6 5.8 5.8 

84 Cyclohexylethyl 2-Ethylbutyloxy 6 6.0 6.1 

85 3-Cyclopentylprouyl N-Butoxy 5 6.3 6.2 

86 Cyclohexylmethyl N-Butoxy 5 5.0 4.9 

87 3-Cyclopentylpropyl Ethoxy 4 6.4 6.3 

88 C_yotobexylethyl N-Butoxy 5 6.2 6.2 

89 ,Cyclopentylmethyl Ethoxy 5 4:8 4.7 

90 Cyclopentylmethyl N-ButokY 5 4.7 4.8 

91 Cyclohexylmethyl 2-Methylpropyloxy 6 4.7 4.8 

92 Phenethyl Ethoxy 5 6.3 6.4 

93 Benzyl Ethoxy 5 5.8 5.9 

94 Benzy1 N-Butoxy 4 5.9 6.0 

95 Benzyl 2-MethylpropyloxY 6 5.5 5.6 

96 Cyclohexylmethyl 2-Ethylbutyloxy 5 5.0 4.9 

97 Phenethyl 2-Ethylbutyloxy 5 6.2 6,1 

98 3-Phenylpropyl Ethoxy 4 6.5 6.5 

99 Cyclohexylmethyl Ethoxy 4 5.0 4.9 

100 3-Phenylpropyl N-Butoxy 4 6.4 6.4 

101 3-Phenylpropyl 2-Ethylbutyloxy 5 6.5 6.5 

102 Cyclopentylmethyl 3-Methylbutyloxy 6 4.7 4.7 

103 Cyclohexylethyl 3-Methylbutyloxy 5 6.2 6.1 

104 Cyclopentylmethyl 2-Ethylbutyloxy 6 4.7 4.7 

105 Cyelopentylmethyl 2-Methylpropyloxy 6 4.6  4.6 

* 5) The percentage reduction in the tin atom concentration (in the active 

component) of the cyclic group-substituted alkyl tin alkoxide 

composition was determined by the following mathematical formula 

5 	(8)- 

*6) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 
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production was calculated by mathematical formula (9). 

[Mathematical Formula 40] 

Percentage reduction of tin atom concentration (in active component) — 

(S3°  - S31)/S3°  x 100% 	(8) 

	

5 	[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3° is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

10 	and S3t  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3° and S31  were 

calculated 	 from 	 the 	 tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

	

15 	composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 41] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W3°  x S3°) x 100% 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

	

20 	production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 

moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

after circulating operation, W3°  is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

	

25 	catalyst tank before circulating operation, and S1° is the tin atom 

concentration (in the active component) [mol/kg] of the composition 
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before circulating operation. 

[0355] Structural 	formulas 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	and 	di(cyclic 

group-substituted)alkyl tin dialkoxide in cyclic group-substituted alkyl 

	

5 	tin alkoxide composition 

[Chemical Formula 89] 

Sn 

[Chemical Formula 90] 

R' 

RI  Sn 
	Sn--R' 

0 	0 
R" 	R" 

	

10 	[R' represents. a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0356] [Examples 106 to 139] 

Cyclic group-substituted alkyl tin alkoxide compositions comprising the 

di(cyclic 	group-sub stituted)alkyl 	tin 	di al koxi des, 	tetra(cyclic 

	

15 	group-substituted)alkyldialkoxydistannoxanes 	and 	tri(cyclic 

group-substituted)alkyl tin alkoxides listed in Table 4 produced by the 

same method as in Synthesis Examples 3, 6 and 9 were used, and test 

operation (circulating operation) of the continuous circulating reactor 

shown in Fig. 4 was conducted by the same method as Example 4, 

	

20 	confirming modification reaction during heated circulation. 
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Approximately 60 kg of each of the cyclic group-substituted alkyl tin 

alkoxide compositions comprising the di(cyclic group-substituted)alkyl 

tin 	 dialkoxides, 	 tetra(cyclic 

group- s ub stituted)alky I di alkoxydi stannoxan es 	and 	tri(cyclic 

	

5 	group-substituted)alkyl tin alkoxides listed in Table 4, produced by the 

same method as in Synthesis Examples 3, 6 and 9, was introduced into 

the catalyst tank and circulated in the continuous circulating reactor. A 

sampling solution was taken from the catalyst tank after circulating 

operation and subjected to 119Sn-1\11VIR spectral analysis. The tin atom 

	

10 	concentration (in the active component) of the composition was 

calculated 
	

from 	 the 
	

tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition after test operation as determined from the analysis results, 

	

15 	and the percentage reduction :from before the start of test operation was 

calculated. The number of moles of tri(cyclic group-substituted)alkyl 

tin alkoxide was also determined from the analysis results, and the 

amount produced with respect to number of moles of tin atoms (in the 

active component) of the composition before the start of test operation 

	

20 	was calculated. 	The percentage reductions in the tin atom 

concentration (in the active component) of the compositions and the 

tri(cyclic group-substituted)alkyl tin alkoxide production amounts are 

shown in Table 4. 

[Table 28] 
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[Table 4] 

Example 

Alkyl tin alkoxide 
Continuous 

operation 

time 

[days] 

Percentage 

reduction in tin 

atom concentration 

(in active 

component) 

[Vol *7) 

Trialkyl tin 

alkoxidc 

production 

amount 

[r%.1 «8) 

R' (alkyl group) OR" (alkoxy group) 

106 Cyclohexylmethyl 2-Methylpropyloxy 5 4.6 4.7 

107 3-PhcnylproQyl 2-Methylpropytoxy 5 6.2 6.0 

108 Cyclopentylmethyl 3-Methyl bulyloxy 6 4.5 4.4 

109 Cyclohexylmethyl 3-Methyl butyloxy 6 4.8 4.6 

110 Cyclopentylmethyl 2-Ethylbutyloxy 6 4.6 4.6 

111 Cyclohexylmethyl Ethoxy 5 4.9 4.8 

112 3-Phenylpropyl 3-Methylbutyloxy 6 6.3 6.1 

113 Phenethyl 2-Ethyl butyloxy 5 6.0 6.1 

114 Cyclohexylethyl N-Butoxy 5 6.1 6.2 

115 Cyclopentyl methyl 2-Methylpropyloxy 6 4.4 4.5 

116 Cyclopentylmethyl N-Butoxy 6 4.6 4.6 

117 3-Cyclopentylpropyl 3-Methylbutyloxy 5 6.1 6.2 

118 Phenethyl Ethoxy 6 6.1 6.2 

119 Benzyl N-Butoxy 5 5.7 5.6 

120 Cyclohexylethyl 2-Methylpmpyloxy 5 5.8 6.0 

121 Cyclopentylmethyl Ethoxy 6 4.7 4.8 

122 3-Phenylpropyl Ethoxy 6 6.3 6.2 

123 Cyclohexylmethyl N-Butoxy 5 4.8 4.8 

124 Benzyl 2-Ethylbutyloxy 5 5.7 5.7 

125 3-Cyclopentylpropyl 2-Ethylbutvloxv 5 6,1 6.1 

126 Cyclohexylethyl Ethoxy 6 6.1 6.2 

127 Benzyl 2-Methylpropyloxy 5 5.5 5.5 

128 Phenethyl N-Butoxy 5 6.1 6.0 

129 Cyclohexylmethvl 2-Ethylbutyloxy 6 4.9 4.9 

130 Benzyl Ethoxy 5 5.7 5.7 

131 3-Cyclooentylpropy I Ethoxy 5 6.2 6.2 

132 3-Cyclopentylpropyl 2-Methylpropyloxy 6 6.1 6.0 

133 3-Phenylpropyl N-Butoxy 5 6.3 6.4 

134 Cyclohexylethyl 3-Methyl butyloxy 6 6.0 6.1 

135 3-Cyc I opentylpropvl N-Butoxy 5 6.3 6.4 

136 Benzyl 3-Methylbutyloxy 5 5.9 5.9 

137 Cyclohexylethyl  2-Ethylbutyloxy 5 5.9 6.0 

138 3-Phenylpropyl 2-Ethyl butyloxv 6 6.2 6.2 

139 Phenethyl 2-Methyl propyloxy 6 6.0 5.9 

*7) The percentage reduction in the tin atom concentration (in the active 

component) of the cyclic group-substituted alkyl tin alkoxide 

composition was determined by the following mathematical formula 

5 	(8)- 

* 8) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 
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production was calculated by mathematical formula (9). 

[Mathematical Formula 42] 

Percentage reduction of tin atom concentration (in active component) = 

(S3°  - S `)/S3°  x 100% 	(8) 

	

5 	[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3°  is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

10 	and S3 E  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3°  and S3(  were 

calculated 	 from 	 the 	 tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

	

15 	composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 43] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W3°  x S3°) x 100% (9) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

	

20 	production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 

moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

after circulating operation, W3°  is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

25 

	

	catalyst tank before circulating operation, and S3°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 
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before circulating operation. 

[0357] Structural 	formulas 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	and 	di(cyclic 

group-substituted)alkyl tin dialkoxide in cyclic group-substituted alkyl 

	

5 	tin alkoxide composition 

[Chemical Formula 91] 

R'...,... 	..,...0---R" 
Sn 

R' 
,
Os---R,. 

[Chemical Formula 92] 

R' 
Rk 	0 

\ .----"' -----"Sn R' 
R' Sn 

ato 
 

\ 

	

R" 	R" 

	

10 	[Chemical Formula 93] 

IR' 	R' 
Sn 

R' 	----Lo ---- 	„,-, 
-----R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0358] [Examples 140 to 187] 

	

15 	Di(cyclic group-substituted)alkyl tin dialkoxides and tetraalkyl 

dialkoxydistannoxanes having the structures listed in Table 5 were 

produced by the same methods as Synthesis Examples 1, 2, 4, 5, 7 and 

8, and cyclic group-substituted alkyl tin alkoxide compositions 
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comprising the di(cyclic group-substituted)alkyl tin dialkoxides and 

tetraalkyldialkoxydistannoxanes 	were 	prepared. 	Cyclic 

group-substituted alkyl tin alkoxide compositions comprising di(cyclic 

group-substituted)alkyl 
	

tin 	dialkoxides 	and 
	

tetraalkyl 

	

5 	dialkoxydistannoxanes were prepared so that the molar ratios of tin 

atoms of the di(cyclic group-substituted)alkyl tin dialkoxides and 

tetraalkyl dialkoxydistannoxanes with respect to the number of moles of 

tin atoms (in the active component) of the compositions were 5:95 to 

50:50. The compositions were used by the same method as Example 5 

	

10 	for test operation (circulating operation) in a continuous circulating 

reactor as shown in Fig. 5, confirming modification reaction during 

heated circulation. Approximately 60 kg of each composition was 

introduced into the catalyst tank and circulated in a continuous 

circulating reactor as shown in Fig. 5 by the same method. Each 

	

15 	composition was sampled from the catalyst tank after circulating 

operation and subjected to 119Sn-NMR spectral analysis. The tin atom 

concentration (in the active component) of the composition was 

calculated 	 from 	 the 	 tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

	

20 	di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition after test operation as determined from the analysis results, 

and the percentage reduction from before the start of test operation was 

calculated. The number of moles of tri(cyclic group-substituted)alkyl 

tin alkoxide was also determined from the analysis results, and the 

	

25 	amount produced with respect to number of moles of tin atoms (in the 

active component) of the composition before the start of test operation 

was calculated. 	The percentage reductions in the tin atom 

271 



concentration (in the active component) of the compositions and the 

trialkyl tin alkoxide production amounts are shown in Table 5. 

[Table 29] 
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[Table 5] 

Iuainple 

Alkyl lin alkoxide composition 

Molar tali° of tin atoms of 

dialkyl lin dialkoxide and 

tetraalkyldialkoxy-dishinnoxa 

RC 

Continuous 

operation 

lime 

[days] 

Percentage 

reduction in lin 

atom 

concettlnilion 

(ill active 

component) 

IN '9) 

Trialkyl tin 

alkoxide 

production 

amount 

[91.] *10) 

W (ulkyl group) OR' (alkoxy group) 

140 Cyclopentylmethyl N-Butoxy 5:95 6 5.2 5.1 

141 2-Cyclohexy !ethyl N-Butoxy 5;95 5 6.5 6.5 

142 3 -Cyclopentyluropy.1 N-Butoxy 5:95 5 6.9 7.0 

143 Benzyl N-Butoxy 5;95 5 6,4 6.4 

144 Phenethyl N-Buto 5:95 6 6,8 6.6 

145 3-Plienylpropyl N-Butoxy 5:95 6 7,0 6,9 

146 Cyclopentyknethyl 2-E1MbuU4oxy 5:95 5 5.1 4.9 

147 2-Cyckhexylethyl 2-Elhbulyloxy 5:95 6 6.6 6.5 

148 3-Cyclopentylpropyl 2-Ethylbulvloxy 5:95 6 6.8 6,9 

149 Benzyl 2-E1hylbulyloxy 5:95 6 6.2 6.1 

150 Phenethyl 2-Ethylbutyloxy 5:95 6 6,6 6.6 

-151 3-Phenylpropyl 2-lithylbulylexy 5:95 5 6.8 7.0 

152 ,Cyclopentylinelly1 N-Blitoxy 15:85 6 5.1 5,1 

153 2-Cyclohexylelhyl N-Butoxy 15:85 6 6.4 6,2 

154 
. 	. 

3-CYclOPortlY1PrOPY1  N-Butoxy 15:85 5 6.8 6,9 

155 Benzyl N-Butoxy 15:85 5 63 6.4 

156 Phenethyl N-BUtoxy 15:85 5 6_7 6.7 

157 3-PhenvIpropyl 1443utoxy 15:85 5 68 6.9 

158 Crlopentylinethyl 2-Ethylbutylaity 15:85 6 5.0 4.9 

159 2-Cyckhexylethyl 2:-Ellivlbutvloxy 15:85 6 6.4 63 

160 3-Cyclopeotylpropvl 2-Ethylbutyloxy 15:85 5 6,6 6.4 

161 Benzyl Mthylbutyloxy 1515 6 6.0 6:0 

162 Phenethyl 2-Ethylbutyloxy 15:85 6 6.4 6.3 

163 3-PhenylPrOpyl 2-Ethylbutyloxy 150 5 6,7 6.6 

164 Cyclopentylmethyl N-Butoxy 35:65 5 5.1 5.0 

165 nyefolmcylethyl N-Butoxy 35:65 6 63 6.3 

166 3-Cvelopentylpropyl N-Butoxy 35;65 5 6,7 6.6 

167 Benzyl N-Butoxy 35:65 5 6.2 6.1 

168 Phenethyl N-13utoxy 35:65 5 6.6 6.4 

169 3-Phenylpropyl N-Buloxy 35:65 6 6.7 6.6 

170 Cyclopentyl methyl 2-Ettrylbulvloxy 35:65 6 4.9 5.0 

171 2-Cyclohexylethyl 2-Ethylbutyloxy 35:65 6 6.3 6.2 

172 3-Cyclopentylpropyl 2-Ethylbutyloxy 35:65 6 6i4 6.4 

173 Benzyl 2-Ethylbutyloxv 35:65 6 5.9 5.8 

174 Phenethyl 2-E1hylbutyloxy 35:65 5 63 6,3 

175 3-Phenylpropvl 2-EdwIbulylwcy 35:65 5 6.6 6.4 

176 cyclopentylmethyl N-Bitioxy 50:50 5 4.8 4.8 

177 2-Cyclohcxylethvl N-Butoxy 50:50 5 6.1 62 

178 3-Cyclopentylpropvl N-Butoxy 50:50 6 6.4 6.6 

179 Benzyl N-Buloxy 50;50 6 6,0 5.9 

180 Phenethyl N-B ataxy 50:50 5 6,3 6,3 

181 3-Phenylpropyl N-Butoxy 50:50 6 6.4 6.2 
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182 Cyclopentylmethyl 2-Ethylhittyloxy 50:50 6 4.2 4 6 

183 2-Cyclohcxylcthyl 2-E1hylhnlyloxy 50:50 5 6 0 61 

184 3-Cyclopentylpropyl 2-BlItYlintylaxy 50:50 5 6 2 61 

185 Benzyl 2-EtliyIbutyloxy 50:50 6 5.6 5.6 

186 Phenethyl 2-Elhylbutyloxy 50:50 6 6.0 6.1 

187 3-Phenylprqpyl 2-Ethylbutylozy 50:50 6 6.7 62 

*9) The percentage reduction in the tin atom concentration (in the active 

component) of the cyclic group-substituted alkyl tin alkoxide 

composition was determined by the following mathematical formula 

(8). 

	

5 	*10) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (9). 

[Mathematical Formula 44] 

Percentage reduction of tin atom concentration (in active component) = 

(S3°  - S3WS3°  x 100% 	(8) 

	

10 	[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3°  is the tin atom concentration (in the active 

component) [rnol/kg] of the composition before circulating operation, 

	

15 	and S3t  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3° and S3t  were 

calculated 	 from 	 the 	 tetra(cyclic 

group-sub stituted)allcyl di alkoxydi stannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

	

20 	composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 45] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W3°  x S3°) x 100% 	(9) 
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[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 

moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

	

5 	after circulating operation, W3°  is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

catalyst tank before circulating operation, and S3°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 

	

10 	[0359] Structural 	 formulas 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	and 	di(cyclic 

group-substituted)alkyl tin dialkoxide in cyclic group-substituted alkyl tin 

alkoxide composition 

[Chemical Formula 94] 

Sn- 
11 

	

15 	iv 

[Chemical Formula 95] 

R' 
R's 	0 

RI —Sn 
	 Sri/ 
	

Ri 

0 

	

	0 
1 

	

R" 
	

R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

	

20 	[0360] [Examples 188 to 229] 
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Di(cyclic group-substituted)alkyl tin dialkoxides and tetraalkyl 

dialkoxydistannoxanes having the structures listed in Table 6 were 

produced by the same methods as Synthesis Examples 1, 2, 4, 5, 7 and 

8, and cyclic group-substituted alkyl tin alkoxide compositions 

	

5 	comprising the di(cyclic group-substituted)alkyl tin dialkoxides and 

tetra(cyclic 	group-substituted)alkyldialkoxydistannoxanes 	were 

prepared. The compositions were prepared so that the molar ratios of 

tin atoms of the di(cyclic group-substituted)alkyl tin dialkoxides and 

tetra(cyclic group-substituted)alkyldialkoxydistannoxanes with respect 

	

10 	to the number of moles of tin atoms (in the active component) were 

65:35. Trialkyl tin alkoxides having the structures listed in Table 6 

were then added to the cyclic group-substituted alkyl tin alkoxide 

compositions, to prepare cyclic group-substituted alkyl tin alkoxide 

compositions containing trialkyl tin alkoxides. The compositions were 

	

15 	prepared so that the number of moles of tin atoms in the trialkyl tin 

alkoxides with respect to the number of moles of tin atoms of the cyclic 

group-substituted alkyl tin alkoxide compositions containing the trialkyl 

tin alkoxides were 11 to 13 mol%. 

[0361] The compositions were used by the same method as Example 5 

	

20 	for test operation (circulating operation) in a continuous circulating 

reactor as shown in Fig. 5, confirming modification reaction during 

heated circulation. Approximately 60 kg of each composition was 

introduced into the catalyst tank and circulated in a continuous 

circulating reactor as shown in Fig. 5 by the same method. Each 

	

25 	composition was sampled from the catalyst tank after circulating 

operation and subjected to 119Sn-NMR spectral analysis. 	The 
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concentration of tin atoms in the composition was calculated from the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane concentration 

and di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition after test operation as determined from the analysis results, 

	

5 	and the percentage reduction from before the start of test operation was 

calculated. The number of moles of tri(cyclic group-substituted)alkyl 

tin alkoxide was also determined from the analysis results, and the 

amount produced with respect to number of moles of tin atoms (in the 

active component) of the composition before the start of test operation 

	

10 	was calculated. The percentage reductions in the tin atom 

concentration (in the active component) of the compositions and the 

tri(cyclic group-substituted)alkyl tin alkoxide production amounts are 

shown in Table 6. 

[Table 30] 
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[Table 6] 

Example 

Alkyl till alkoxide composifirm Ti talky' an alkoxide 

Continuous 

operation 

lime 

[days] 

PCI cent age 

reduction in tin 

atom 

concentration 

(ill active 

component) 

1Y)•Il) 

Trialkyl tin 

alkoxide 

production 

amount 

[%)'12) 

R' (alkyl group) OR" (alkoxy group) R"' (alkyl group) 

Concentra-lion 

[tin 

atom moluAr.) 

188 Cyclopentylinethy I 3-Methylbutyloxy. N-Oclyl 12 5 4.5 4 6 

189 2-Cyclohexylethyl 3-MethylbutyloXY N-Octyl 11 5 5.9 6,1 

190 3Cyclopcntylpropy) 3-Methylbutyloxy N-Ocityl 12 4 6.0 5 A 

191 Benzyl 3-Merhylbtaylaxy N-Ociy1 13 4 5.8 5.9 

192 Pheoethyl 1,- Methylbutyloxy N-Octyl 12 5 6.1 63 

193 3-Pherrylpropyl 3-MethylbtileoXY N-Oetyl 11 5 6,2 6,0 

194 Cyclopenty1methyl 3-Methylbutloxy cyclopentyl madly' 11 5 4.2 42 

195 2-CyclblreXy let hyl 3-MethylbOtylOXY Cyclopentylmethyl 12 5 5.4 5,2 

196 3-Cyclopentylpropyl 3-MethylbutylOxy Cyclopentylmethyl 11 4 5.5 5.2 

197 Benzyl 3-Mellrylbutyloxy Cyclopentyl methyl 12 5 5.4 5.4 

198 Phenethyl 3-Methvlbutyloxy Cycloperitylmethyl 12 4 5.6 5.5 

199 1-PhenylprOpyl 3-Methylbutyloxy Cyclopentylmelhyl 12 5 5,7 5.7 

200 Cyclopentylmethyl 3-Mcdrylbutylorir Benzyl 12 4 4.1 4.2 

201 , 
24;yelollexylethyl 3-Methyl butyloxy 13cuzxl 13 5 5.5 5.5 

202 3-0yelopentylpropyl 3-Mothylbulyloxy Benzyl 11 5 5.5 5A 

203 Benzyl 34dOlhylbutyloxy, Benzyl 12 5 5.3 5.3 

204 PhenearY1 3-Methylbutylotry,  Benzyl 12 5 5.6 5.7 

205 3,Phenylnropyl 3‘Methylbutyloxy Bctrzyl 12 5 5.7 5,6 

206 Cyolopentylinethvl 3A4ethylbutyloxy 2-Cy:clohexyl et hy! 12 5 1.2 4,1 

207 2-Cyclohexylethyl 34.4ethylbutyltotv 4  2-Cwlohexylethyl II 5 5.5 5.5 

208 3Cyclopentylpropyl 3-84Athylbuty, foxy 2-CvelohexYleiltyl 12 4 5_5 5,4 

209 Benzyl 3-114othylbutyloxy 2-Cvelohexylethyl 12 5 5A 5.4 

210 Plienethy I 3-MethyllArtvloxy 2-Cyclohexylethyl II 5 5.7 5.7 

211 3-Phenylpronvl 3-Mel Itylbutyloxy 2-Cyclollexylerhyl II 4 5,7 5,8 

212 Cyclopentylinethyl 3-Mothylbutyloxy Phenethyl 12 5 4.1 4,1 

213 2-Cyclohexylethyl 3-MeOrdbulyloxy Phenethyl 12 4 5.4 5,1 

214 3-Cyclopentylpropyl 3-Methylbutyloxy Phenethyl 11 4 5,6 5,7 

215 Betray! 3-Methylbutyloxy PhenethYI 13 4 5.3 5,2 

216 Phenethyl 3-Methylbulyloxy Phenethyl 12 5 5,6 5,8 

217 3-1'herlylpropyl 3-/Y1ethylbutyloxv l'henethvl 12 5 5.7 5.6 

218 Cyclopentylmethyl 3-Methyl butvloxy 3-Cyclopcntylpropyl 12 5 4.1 4,2 

219 2-Cydohexylethyl 3-Methyl butyloxy 1-Cyclopenry)Kopyl 11 5 5,4 55 

220 3-Cyclopentylpropyl 3-Methylbutyloxv 3-Cyclopentyloropyl 12 4 5.6 5.5 

221 Boozy! 3-Methylbutyloxy 3-CyclopentylpropY1 12 4 5.3 5.3 

222 Phenethyl 3-Methylbulyloxy 3-Cycloperaylpropvi 12 5 5,6 5,7 

223 3-Phenyloroovl 3-Merhylbutyloxy 3-Cycloperaylpropyl 11 4 5,7 5.6 

224 Cyclopentylmethyl 344eChylbutyloxy 3-Phenylpropyl 12 4 4.1 4.2 

225 2-Cyclohexylethyl 3-Methylbutyloxy 3-Phenylpropyl 12 5 5.5 5,6 

226 3-Cyclopentylpropyl 3-Methylbutyloxy 3 -Pltenyloropyl 11 4 5.6 5.7 

227 Boozy! 3-Methylbulyloxy 3-Phenylpropyl 11 5 5.3 5.3 

228 Phenethyl 3-Mellrylbutyfoxy 3-Phenylptopyl 12 4 5.6 5.4 

229 3-Plicnylpropyl 3-Methylbutyloxy 3-Plicnylpropyl 12 5 5.8 6.0 
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*11) The percentage reduction in the tin atom concentration (in the 

active component) of the cyclic group-substituted alkyl tin alkoxide 

composition was determined by the following mathematical formula 

(8). 

	

5 	*12) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (9). 

[Mathematical Formula 46] 

Percentage reduction of tin atom concentration (in active component) = 

(S3°  - S3t)/S3°  x 100% 	(8) 

	

10 	[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

circulating operation, S3° is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

	

15 	and Sat  is the tin atom concentration (in the active component) [mol/kg] 

group-substituted)alkyldialkoxydistannoxane  

S3°  and S31  were 

tetra(cyclic 

concentration 	and 

of the composition after circulating operation. 

calculated 
	

from 
	

the 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

'20 	composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 47] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W3° x S3°) x 100% 	(9) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

25 	production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 
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moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

after circulating operation, W3°  is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

catalyst tank before circulating operation, and S3°  is the tin atom 

	

5 	concentration (in the active component) [mol/kg] of the composition 

before circulating operation. 

[0362] Structural 	formulas 	of 	tetra(cyclic 

group-substituta)allcyldialkoxydistannoxane, 	 di(cyclic 

group-substituted)alkyl 	tin 	dialkoxide 	and 	tri(cyclic 

	

10 	group-substituted)alkyl tin alkoxide in cyclic group-substituted alkyl tin 

alkoxide composition 

[Chemical Formula 96] 

Sn 
R' 

[Chemical Formula 97] 

R\ 

Sn 

0 

15 R" 	R" 

[Chemical Formula 98] 

Sn 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 
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hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0363] [Examples 230 to 265] 

Cyclic group-substituted alkyl tin alkoxide compositions comprising the 

di(cyclic group-substituted)alkyl tin dialkoxides, tetraalkyl 

	

5 	dialkoxydistannoxanes and tri(cyclic group-substituted)alkyl tin 

alkoxides having the structures listed in Table 7 were produced by the 

same methods as Synthesis Examples 3, 6 and 9. Next, using cyclic 

group-substituted alkyl tin alkoxide compositions comprising di(cyclic 

group-substituted)alkyl 	tin 	dialkoxides, 	tetraalkyl 

	

10 	dialkoxydistannoxanes and tri(cyclic group-substituted)alkyl tin 

alkoxides were used according to the same method as in Example 1, and 

test operation (circulating operation) of the continuous circulating 

reactor shown in Fig. 1 was conducted, confirming modification 

reaction during heated circulation. Approximately 50 kg of each 

	

15 	composition was introduced into the catalyst tank and circulated in a 

continuous circulating reactor as shown in Fig. 1 by the same method. 

Each composition was sampled from the catalyst tank after circulating 

operation and subjected to "9Sn-NMR spectral analysis. 	The 

concentration of tin atoms in the composition was calculated from the 

	

20 	tetra(cyclic group-substituted)alkyldialkoxydistannoxane concentration 

and di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition after test operation as determined from the analysis results, 

and the percentage reduction from before the start of test operation was 

calculated. The number of moles of tri(cyclic group-substituted)alkyl 

	

25 	tin alkoxide was also determined from the analysis results, and the 

amount produced with respect to number of moles of tin atoms (in the 
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active component) of the composition before the start of test operation 

was calculated. 	The percentage reductions in the tin atom 

concentration (in the active component) of the compositions and the 

tri(cyclic group-substituted)alkyl tin alkoxide production amounts are 

5 	shown in Table 7. 

[Table 31] 
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[Table 7] 

Example 

Alkyl tin alkoxid 	composition Trialkyl tin alkoxide 

Contiounirs 

operation 

time [days] 

Percentage 

reduction in tin 

atom 

concentration 

(in active 

component) 

iN1, *13) 

Trialkyl tin 

alkoxide 

production 

amount 

[%] •14) 

R.' (alkyl group) 
or (alkoxy 

lgoitP) 
IV" (alkyl group) 

Concentia-lion 

fait 

atom inol%1 

230 Cyclopentylmethyl N-Buloxy_ Cyclopentylincilly1 12 5 4.4 4 4 

231 Cyelohe*yielltyI N-Butoxy Cyclohexylethyl 11 5 5.9 6,0 

232 3-Cyclopentylpropyl N-Butoxy 3-Cyclopentylpropyl 12 4 6.1 6 2 

233 Benzyl N-Butoxy Benzyl 12 5 5.5 5 3 

234 Phonathyl N-Butoxy Phenethyl 12 A 5.9 5.9 

235 3-Phenylpropyl N-Butoxv 3-Phenylpropyl 12 4 6.1 6 I 

236 Cyelopentylmethyl N-./Itit my CyclopentvImettivl 24 4 4.3 43 

217 Cyclohexylethyl N,Butoxy Cyclohexylethyl 25 4 5 7 5.6 

238 3-Cyclopentylpropyl N-Iliamcv 3-Cyclopenlylpropyl 25 4 5 8 57 

239 Benzyl N-Burrpty Benzyl 25 5 5,3 5 2 

240 Phenethyl N-Butoxy Phenethyl 25 4 5.7 5.6 

241 3-Phuylpropyl N-Butoxy 3-Phenylpropyl 25 5 5,8 5 8 

242 CyClopentylmetliv1 N-13utoxy Cyelopentylniethyl 45 5 4.1 4.1 

243 Cycloltexylethyl 1.4.1311toxy Cyclohexylethyl 46 4 5 5 5 3 

244 3-Cyclopentylpropyl H-Butonty 3-Cyclopentvlpropvl 45 5 5.6 5.4 

245 Benzyl N-Butatcy Benzyl 45 4 5.] 5.1 

246 Ph eneillyi N-Butoxy Phenethyl 45 5 54 54 

247 .97Phehyl 	py I N-Butoxy 3-Pltelvtpropyl 45 4 5.6 5.5 

248 Cyclopentylmethll 2-Ethvlhutvloxv Cyclopentylmethyl 12 5 4 4 45 

249 .Cyelohexylothyl 2-Ethythutylocy Cyclohexylethyl 12 s 5.6 5.6 

250 3-Cyclonentylpropyl 2-Ethylbutyloxy 3-Cyclonentylnromot 12 4 5 9 6.0 

251 Benzyl  2-lithylbtology Benzvl 11 5 5.5 5,4 

252 Phenethyl 2-Ethvdbutyloxy Phenethyl 11 4 5,7 5.7 

253 3-Phenylpropyl 2-Ethylbutyloxy 3-Phenylpropyl 12 5 6 0 5 8 

254 Cyclopentylinethyl 2-Elltylbutylotty Cyclopentylmethyl 25 5 4.2 42 

255 Cyclohexylcihvl 2-EthylhubvIoxy Cyclohexylethyl 24 4 5.4 5 2 

256 1-Cyclopenlylpmpy1 2-Ethylbutyloxy 3-CyclopentylprOpyl 24 4 5.6 5.4 

257 Benzyl 7-F4hylhutyloxy Benzyl 25 5 5.3 5 3 

258 Phenethvl 2-Etbzlhatlylroty Phenethyl 24 5 5A 5 4 

259 3-Phcpylpropyl 2-Ethylbulyloxy 3-Phenylpropyl 25 4 5,9 6,0 

260 Cyclopentylmethyl 2,Ethylbutyloxy Cyclopentylmethyl 46 4 4,1 40 

261 Cychaltexyletlrel 2-Ethylbutyloxy Cyclohexylethyl 46 4 5 1 5,0 

262 3-Cyclopcntvlpropvl 2-Ethklbtitylony 3-Cyclopentylpropyl 45 4 53 5 2 

263 Benzyl 2-Ethylbutyloxy Benzyl 45 4 5.1 5,0 

264 Phenethvl 2-Ethvlbulyloxv Phenethvl 45 5 5.2 5.3 

265 3-PhenvIpropyl 2-Ethvlbutvloxy 3-Plienvlpropyl 46 5 5.5 5.6 

* 7) The percentage reduction in the tin atom concentration (in the active 

component) of the cyclic group-substituted alkyl tin alkoxide 

composition was determined by the following mathematical formula 
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(8). 

*8) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (9). 

[Mathematical Formula 48] 

	

5 	Percentage reduction of tin atom concentration (in active component) = 

(S3°  - S3t)/S3°  x 100% 	(8) 

[In the formula, "percentage reduction of tin atom concentration (in 

active component)" is the percentage reduction [%] of the tin atom 

concentration (in the active component) of the composition after 

	

10 	circulating operation, S3° is the tin atom concentration (in the active 

component) [mol/kg] of the composition before circulating operation, 

and Sat  is the tin atom concentration (in the active component) [mol/kg] 

of the composition after circulating operation. S3° and Sat  were 

calculated 	 from 	 the 	 tetra(cyclic 

	

15 	group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition, as determined by 119Sn-NMR spectral analysis.] 

[Mathematical Formula 49] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

	

20 	T/(W3°  x S3°) x 100% 	(9) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after circulating operation, T is the number of 

moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide produced 

	

25 	after circulating operation, W3° is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 
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catalyst tank before circulating operation, and S3°  is the tin atom 

concentration (in the active component) [mal/kg] of the composition 

before circulating operation. 

[0364] Structural 	formulas 	of 	tetra(cyclic 

5 	group-substituted)alkyldialkoxydistannoxane, 	 di(cyclic 

group-substituted)alkyl 	tin 	dialkoxide 	and 	tricyclic 

group-substituted)alkyl tin alkoxide in cyclic group-substituted alkyl tin 

alkoxide composition 

[Chemical Formula 99] 

Sn 

10 

[Chemical Formula 100] 

R' 

'R.---5\  ii---"-- --------Sn—R 

\ 0 ID 
 

1 	\ 
R" 	R" 

[Chemical Formula 101] 

Sn 
R"' 

15 	[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0365] [Example 266] 

A continuous circulating reactor comprising a tank reactor, a tube 

285 



reactor and a tower reactor such as shown in Fig. 1 was used for 

transesterification reaction. 	Approximately 20 kg of a 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition produced by 

the same method as Synthesis Example 1 (tin atom concentration (in the 

	

5 	active component) of composition: 2.02 mol/kg) was introduced into a 

SUS316 catalyst tank 130 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 15. 	Next, n-propyl 

2-ethylhexanoate ester (product of Wako Pure Chemical Industries) was 

introduced into a starting material tank 110 via a supply line 1, and 

	

10 	3-methyl-1-butyl alcohol (product of Kuraray Co., Ltd.) was introduced 

into a starting material tank 120 via a supply line 2. The tank and pipe 

were steam traced to maintain the flow property. To the tank reactor 

140 there were conveyed n-propyl 2-ethylhexanoate ester at a flow rate 

of about 10 kg/hr via a transport line 3, inline mixer 141 and transport 

	

15 	line 5, and 3-methyl-1-butyl alcohol at a flow rate of about 12 kg/hr via 

a transport line 4, inline mixer 141 and transport line 5. The 

composition was conveyed from the catalyst tank 130 to the tank reactor 

140 at 1.6 kg/hr, via a transport line 14, an inline mixer 141 equipped 

with a heating jacket, and a transport line 5. At the inline mixer 141, 

	

20 	the di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition, n-propyl 

2-ethylhexanoate ester and 3-methyl- 1 -butyl alcohol were mixed and 

heated. The concentration of tin atoms in the mixture in the tank 

reactor was 1.8 mol%. The tank reactor 140 was a 15 L-volume 

reactor, comprising a stirrer, heating jacket and liquid conveyance 

	

25 	pump, and the heating jacket was heated with steam to control the 

mixture in the reactor to about 160°C. The tube reactor 150 with an 
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outer diameter of 200 mm and a length of 1000 mm also comprised a 

heating jacket, which was heated with steam at about 160°C. The 

n-propyl 2-ethylhexanoate ester and 3-methyl-1-butyl alcohol that had 

been conveyed to the tank reactor 140 were subjected to 

	

5 	transesterification 	reaction 	using 	a 

di (cyclohexylmethyl )-b s (3 -methyl butoxy)tin composition as the 

catalyst, and then it was conveyed to a tube reactor 150 via a transport 

line 6 for reaction and further conveyed to a tower reactor 160 via a 

transport line 7 for reaction. 

	

10 	A SUS316 tower reactor 160 with an inner diameter of 75 mm and an 

effective length of 4500 mm, equipped with 30 sieve trays, was heated 

and thermally insulated with a heater around the entire tower reactor to 

prevent radiated heat loss, the heater being set to about 160°C. A 

liquid conveyance pump and reboiler 163 were provided at the bottom 

	

15 	of the tower reactor 160, and the reboiler 163 was heated with steam at 

about 165°C. As further transesterification reaction proceeded in the 

tower reactor 160, the n-propanol and 3-methyl-l-butyl alcohol 

produced by the reaction were separated off by distillation, and the 

fraction composed mainly of n-propanol was collected from a collecting 

	

20 	line 8. The mixture containing the 3-methylbutyl 2-ethylhexanoate 

ester reaction product was conveyed from the tower reactor 160 through 

a transport line 9 to a thin-film vaporizer 170 set to a temperature of 

180°C and a pressure of about 40 kPaA, and then the low-boiling-point 

component including 3-methylbutyl 2-ethylhexanoate ester was 

	

25 	conveyed through a transport line 10 to a distillation column 180 

(column packed with MetalGauze CY filler, inner diameter: 83 mm, 
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effective length: 2800 mm), and purified. Separately, the high boiling 

point 	 component 	 including 	 the 

di (cycl ohexylmethyl)-bis (3 -m ethyl butoxy)tin 	composition 	was 

conveyed to the catalyst tank 130 through a transport line 11, and then 

	

5 	circulated to a continuous circulating reactor through the transport line 

14, inline mixer 141 and transport line 5. When necessary, supply 

from the starting material tank and catalyst tank to the tank reactor was 

reduced or interrupted until the system interior reached a steady state. 

Operation was continued, and after the system interior reached a steady 

	

10 	state, the mixture was sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 

yield of 3-methylbutyl 2-ethylhexanoate ester was found to be 18.8% 

based on n-propyl 2-ethylhexanoate ester groups. This state was 

continued for about 15 days, after which the mixture was again sampled 

	

15 	from the bottom of the tower reactor 160 and subjected to quantitative 

analysis by gas chromatography, and the yield of 3-methylbutyl 

2-ethylhexanoate ester was found to be 18.3%. It was possible to 

stably obtain 3-methylbutyl 2-ethylhexanoate ester at about 1.9 kg/hr 

from the collecting line 13 during continuous operation. The high 

	

20 	boiling 	point 	component 	containing 	the 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition in the 

continuous circulating reactor after continuous operation was separated 

using the thin-film vaporizer 170, and collected in a catalyst tank 130, 

and the mass was measured. A sample was taken from the catalyst 

	

25 	tank 130 through an extraction line 16, and as a result of 119Sn-NMR 

spectral 	analysis 	it 	was 	confirmed 	that 
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di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)(3-methylbutoxy)tin were present after continuous 

operation. 	Based 	on 	the 	analysis 	results, 

tri(cyclohexylmethyl)(3-methylbutoxy)tin 	was 	produced 	at 

	

5 	approximately 0.34 mol after 15 days of continuous operation, an 

amount that was approximately 0.7% with respect to the number of 

moles of tin atoms (in the active component) of the composition 

introduced into the catalyst tank 130 before the start of continuous 

operation. 

	

10 	[0366] [Example 267] 

A continuous circulating reactor comprising a tank reactor, a tube 

reactor and a tower reactor such as shown in Fig. 1 was used for 

transesterification reaction. 	Approximately 20 kg of a 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition produced by 

	

15 	the same method as Synthesis Example 1 (tin atom concentration (in the 

active component) of composition: 2.26 mol/kg) was introduced into a 

SUS316 catalyst tank 130 equipped with a heating jacket and a liquid 

conveyance pump, via a supply line 15. 	The 3-methylbutyl 

2-ethylhexanoate ester obtained from Example 306 was then introduced 

	

20 	into a starting material tank 110 through a supply line 1, and ethyl 

2-methylpropanoate ester (product of Aldrich) was introduced into a 

starting material tank 120 through a supply line 2. The tank and pipe 

were steam traced to maintain the flow property. The 3-methylbutyl 

2-ethylhexanoate ester was conveyed at a flow rate of about 12 kg/hr 

	

25 	through a transport line 3, inline mixer 141 and transport line 5, and the 

ethyl 2-methylpropanoate ester was conveyed to a tank reactor 140 at a 
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flow rate of about 10 kg/hr through a transport line 4, inline mixer 141 

and transport line 5. Separately, the catalyst tank 130 was heated by 

steam to maintain the flow property of the contents, and the 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition in this state 

	

5 	was conveyed at 1.3 kg/hr through a transport line 14, an inline mixer 

141 equipped with a heating jacket, and the transport line 5. At the 

inline mixer 141, the di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 

composition, 3-methylbutyl 2-ethylhexanoate ester and ethyl 

2-methylpropanoate ester were mixed and heated. The concentration 

	

10 	of tin atoms in the mixture in the tank reactor 140 was 1.9 mol%. The 

tank reactor 140 was a 15 L-volume reactor, comprising a stirrer, 

heating jacket and liquid conveyance pump, and the heating jacket was 

heated with steam to control the mixture in the reactor to about 160°C. 

The tube reactor 150 also comprised a heating jacket, which was heated 

	

15 	with steam at about 160°C. The 3-methylbutyl 2-ethylhexanoate ester 

and ethyl 2-methylpropanoate ester that had been conveyed to the tank 

reactor 140 were subjected to transesterification reaction using a 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition as the 

catalyst, and then it was conveyed to the tube reactor 150 via a transport 

	

20 	line 6 for reaction and subsequently conveyed to a tower reactor 160 via 

a transport line 7 for reaction. 

A SUS316 tower reactor 160 with an inner diameter of 75 mm and an 

effective length of 4500 mm, equipped with 30 sieve trays, was heated 

and thermally insulated with a heater around the entire tower reactor to 

	

25 	prevent radiated heat loss, the heater being set to about 160°C. A 

liquid conveyance pump and reboiler 163 were provided at the bottom 
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of the tower reactor 160, and the reboiler 163 was heated with steam at 

about 165°C. As further transesterification reaction proceeded in the 

tower reactor 160, the 3-methylbutyl 2-methylpropanoate ester 

generated by the reaction and the unreacted ethyl 2-methylpropanoate 

	

5 	ester were separated out by distillation, and the fraction containing the 

ethyl 2-methylpropanoate ester and 3-methylbutyl 2-methylpropanoate 

ester was collected from a collecting line 8. 

The mixture containing the ethyl 2-ethylhexanoate ester reaction 

product and unreacted 3-methylbutyl 2-ethylhexanoate ester was 

	

10 	conveyed from the tower reactor 160 through a transport line 9 to a 

thin-film vaporizer 170 set to a temperature of 180°C and a pressure of 

about 30 kPaA, and then the low-boiling-point component including 

ethyl 2-ethylhexanoate ester and 3-methylbutyl 2-ethylhexanoate ester 

was conveyed through a transport line 11 to a distillation column 180 

	

15 	(column packed with MetalGauze CY filler, inner diameter: 83 mm, 

effective length: 2800 mm), and purified. Separately, the high boiling 

point 	 component 	 including 	 the 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	composition 	was 

conveyed to the catalyst tank 130 through a transport line 11, and then 

	

20 	circulated to a continuous circulating reactor through the transport line 

14, inline mixer 141 and transport line 5. When necessary, supply 

from the starting material tank and catalyst tank to the tank reactor was 

reduced or interrupted until the system interior reached a steady state. 

Operation was continued, and after the system interior reached a steady 

	

25 	state, the mixture was sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 
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yield of ethyl 2-ethylhexanoate ester was found to be 31.1% (based on 

3-methylbutyl 2-ethylhexanoate ester groups). 	This state was 

continued for about 15 days, after which the mixture was again sampled 

from the bottom of the tower reactor 160 and subjected to quantitative 

	

5 	analysis by gas chromatography, and the yield of ethyl 2-ethylhexanoate 

ester was found to be 30.5%. It was possible to stably obtain ethyl 

2-ethylhexanoate ester in the collected fraction at about 2.6 kg/hr from 

the collecting line 12 during continuous operation. The high boiling 

point 	 component 	 containing 	 the 

	

10 	di(cyclohexylmethyl)-bis(3-methylbutoxy)tin composition in the 

continuous circulating reactor after continuous operation was separated 

using the thin-film vaporizer 170, and collected in a catalyst tank 130, 

and the mass was measured. A sample was taken from the catalyst 

tank 130 through an extraction line 16, and as a result of 119Sn-NMR 

	

15 	spectral 	analysis 	it 	was 	confirmed 	that 

di (cycl ohexylmethyl)-bi s(3 -methylbutoxy)tin, 

di(cyclohexylmethyl)diethoxytin, 

tri(cyclohexylmethyl)(3-methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin were present after continuous operation. 

	

20 	Based on the analysis results, tri(cyclohexylmethyl)(3-methylbutoxy)tin 

and tri(cyclohexylmethyl)ethoxytin were produced at a total of 0.36 mol 

after 15 days of continuous operation, an amount that was 

approximately 0.9% with respect to the number of moles of tin atoms 

(in the active component) of the composition introduced into the 

	

25 	catalyst tank 130 before the start of continuous operation. 

[0367] [Example 268] 
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A continuous circulating reactor comprising a tank reactor, a tube 

reactor and a tower reactor such as shown in Fig. 1 was used for 

transesterification reaction. 	Approximately 20 kg of a 

1,1,3,3-tetra(cyclohexylmethyl)-1,3-diethoxydistannoxane composition 

	

5 	produced by the same method as Synthesis Example 2 (tin atom 

concentration (in the active component) of the composition: 2.68 

mol/kg) was introduced into a SUS316 catalyst tank 130, equipped with 

a heating jacket and a liquid conveyance pump, through a supply line 

15. The 3-methylbutyl 2-ethylhexanoate ester was then introduced 

	

10 	into a starting material tank 110 through a supply line 1, and ethyl 

2-methylpropanoate ester (product of Aldrich) was introduced into a 

starting material tank 120 through a supply line 2. The tank and pipe 

were steam traced to maintain the flow property. The 3-methylbutyl 

2-ethylhexanoate ester was conveyed at a flow rate of about 12 kg/hr 

	

15 	through a transport line 3, inline mixer 141 and transport line 5, and the 

ethyl 2-methylpropanoate ester was conveyed to a tank reactor 140 at a 

flow rate of about 10 kg/hr through a transport line 4, inline mixer 141 

and transport line 5. Also, the catalyst tank 130 was heated by steam 

to maintain the flow property of the contents, and the composition in 

	

20 	this state was conveyed at 0.9 kg/hr through a transport line 14, an 

inline mixer 141 equipped with a heating jacket, and the transport line 5. 

At the inline mixer 141, the composition, 3-methylbutyl 

2-ethylhexanoate ester and ethyl 2-methylpropanoate ester were mixed 

and heated. The concentration of tin atoms in the mixture in the tank 

	

25 	reactor 140 was 1.8 mol%. The tank reactor 140 was a 15 L-volume 

reactor, comprising a stirrer, heating jacket and liquid conveyance 
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pump, and the heating jacket was heated with steam to control the 

mixture in the reactor to about 160°C. The tube reactor 150 also 

comprised a heating jacket, which was heated with steam at about 

160°C. The 3-methylbutyl 2-ethylhexanoate ester and ethyl 

	

5 	2-methylpropanoate ester conveyed to the tank reactor 140 were 

subjected 	to 	transesterification 	reaction 	using 

1,1,3 ,3 -tetra(cyclohexylm ethyl)-1,3 -diethoxydistannoxane 	as 	the 

catalyst, and then conveyed to the tube reactor 150 through a transport 

line 6 for reaction, and further conveyed to a tower reactor 160 through 

	

10 	a transport line 7 for reaction. A SUS316 tower reactor 160 with an 

inner diameter of 75 mm and an effective length of 4500 mm, equipped 

with 30 sieve trays, was heated and thermally insulated with a heater 

around the entire tower reactor to prevent radiated heat loss, the heater 

being set to about 160°C. A liquid conveyance pump and reboiler 163 

	

15 	were provided at the bottom of the tower reactor 160, and the reboiler 

163 was heated with steam at about 165°C. 	As further 

transesterification reaction proceeded in the tower reactor 160, the 

3-methylbutyl 2-methylpropanoate ester generated by the reaction and 

the unreacted ethyl 2-methylpropanoate ester were separated out by 

	

20 	distillation, and the fraction containing the ethyl 2-methylpropanoate 

ester and 3-methylbutyl 2-methylpropanoate ester was collected from a 

collecting line 8. The mixture containing the ethyl 2-ethylhexanoate 

ester reaction product and unreacted 3-methylbutyl 2-ethylhexanoate 

ester was conveyed from the tower reactor 160 through a transport line 

	

25 	9 to a thin-film vaporizer 170 set to a temperature of 180°C and a 

pressure of about 30 kPaA, and then the low-boiling-point component 
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including ethyl 2-ethylhexanoate ester and 3-methylbutyl 

2-ethylhexanoate ester was conveyed through a transport line 10 to a 

distillation column 180 (column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm), and purified. 

	

5 	Separately, the high boiling point component including the 

1,1,3 ,3 -tetra(cyclohexylmethyl)-1,3-diethoxydistannoxane composition 

was conveyed to the catalyst tank 130 through a transport line 11, and 

then circulated to the continuous circulating reactor through the 

transport line 14, inline mixer 141 and transport line 5. When 

	

10 	necessary, supply from the starting material tank and catalyst tank to the 

tank reactor was reduced or interrupted until the system interior reached 

a steady state. Operation was continued, and after the system interior 

reached a steady state, the mixture was sampled from the bottom of the 

tower reactor 160 and subjected to quantitative analysis by gas 

	

15 	chromatography, and the yield of ethyl 2-ethylhexanoate ester was 

found to be 27.5% (based on 3-methylbutyl 2-ethylhexanoate ester 

groups). This state was continued for about 15 days, after which the 

mixture was again sampled from the bottom of the tower reactor 160 

and subjected to quantitative analysis by gas chromatography, and the 

	

20 	yield of ethyl 2-ethylhexanoate ester was found to be 26.9%. It was 

possible to stably obtain ethyl 2-ethylhexanoate ester in the collected 

fraction at about 2.3 kg/hr from the collecting line 12 during continuous 

operation. 	The high boiling point component including the 

,1,3,3-tetra(cyclohexylmethy0-1,3-diethoxydistannoxane composition 

	

25 	in the continuous circulating reactor after continuous operation was 

separated using a thin-film vaporizer 170 and collected in the catalyst 
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tank 130, and the mass was measured. A sample was taken from the 

extraction line 16 of the catalyst tank 130, and as a result of 19Sn-NMR 

spectral analysis the catalyst tank 130 was found to contain 

1,1,3,3 -tetra(cycl ohexylmethyl)-1,3 -bis(3 -methylbutoxy)distannoxane, 

	

5 	1,1,3,3 -tetra(cycl ohexylmethyl)-1,3 -diethoxydi stannoxane, 

tri (cyclohexylmethyl)(3-methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin. 	Based on the analysis results, 

tri(cycl ohexylmethyl)(3 -methyl butoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin were produced at a total of 0.59 mol 

	

10 	after 15 days of continuous operation, an amount that was 

approximately 1.1% with respect to the number of moles of tin atoms 

(in the active component) introduced into the catalyst tank 130 before 

the start of continuous operation. 

[0368] [Example 269] 

	

15 	A continuous circulating reactor comprising a tube reactor and a tower 

reactor such as shown in Fig. 2 was used for transesterification reaction. 

Approximately 	20 	kg 	of 	a 

1,1,3 ,3-tetra(cyclohexylmethyl)-1,3-bis(3-methyl butyl oxy)di stannoxane 

composition produced by the same method as Synthesis Example 2 (tin 

	

20 	atom concentration (in the active component) of the composition: 2.41 

mol/kg) was introduced into a SUS316 catalyst tank 230, equipped with 

a heating jacket and a liquid conveyance pump, through a supply line 

33. The 3-methylbutyl 2-ethylhexanoate ester was then introduced 

into a starting material tank 210 through a supply line 21, and ethyl 

	

25 	2-methylpropanoate ester was introduced into a starting material tank 

220 through a supply line 22. The tank and pipe were steam traced to 
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maintain the flow property. The 3-methylbutyl 2-ethylhexanoate ester 

was conveyed through a transport line 23, inline mixer 241 and 

transport line 25 at a flow rate of about 12 kg/hr, and the ethyl 

2-methylpropanoate ester was conveyed to a tube reactor 240 equipped 

	

5 	with a heating jacket, through a transport line 24, inline mixer 241 and 

transport line 25 at a flow rate of about 10 kg/hr. Also, the catalyst 

tank 230 was heated by steam to maintain the flow property of the 

contents, and the composition in this state was conveyed at 1.0 kg/hr 

through a transport line 34, an inline mixer 241 and the transport line 

	

10 	25. 	At the inline mixer 241, the composition, 3-methylbutyl 

2-ethylhexanoate ester and ethyl 2-methylpropanoate ester were mixed 

and heated. The 3-methylbutyl 2-ethylhexanoate ester and ethyl 

2-methylpropanoate ester that had been conveyed to the tube reactor 

240 were subjected to transesterification reaction using 

	

15 	1,1,3 ,3 -tetra(cyclohexylmethyl)-1,3 -b is(3 -methylbutyloxy)di stannoxane 

as the catalyst, and were conveyed to the tower reactor 250 through a 

transport line 26 for further reaction. The SUS316 tower reactor 250 

with an inner diameter of 130 mm and an effective length of 4500 mm, 

equipped with 30 sieve trays, was provided with a heater, reboiler 253 

	

20 	and liquid conveyance pump, and the reactor interior was controlled to 

approximately 160°C with the heater and reboiler 253. At the top of 

the tower reactor 250, the fraction containing the 3-methylbutyl 

2-methylpropanoate ester produced by the transesterification reaction 

and the unreacted ethyl 2-methylpropanoate ester was condensed with a 

	

25 	condenser 251, and collected by a collecting line 27 via a condensate 

tank 252. The mixture containing the ethyl 2-ethylhexanoate ester 
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reaction product and unreacted 3-methylbutyl 2-ethylhexanoate ester 

was conveyed from the bottom of the tower reactor 250 through a 

transport line 28 to a thin-film vaporizer 260 set to a temperature of 

180°C and a pressure of about 30 kPaA, and then the low-boiling-point 

	

5 	component including ethyl 2-ethylhexanoate ester and the unreacted 

3-methylbutyl 2-ethylhexanoate ester was conveyed through a transport 

line 29 to a distillation column 270 (column packed with MetalGauze 

CY filler, inner diameter: 83 mm, effective length: 2800 mm), and 

purified. Separately, the high boiling point component including the 

	

10 	1,1,3,3 -tetra(cyclohexylmethyl)-1,3 -bis(3 -m ethylbutyloxy)distannoxan e 

composition was conveyed to the catalyst tank 230 through a transport 

line 30, and then circulated to the continuous circulating reactor through 

the transport line 34, inline mixer 241 and transport line 25. When 

necessary, supply from the starting material tank and catalyst tank to the 

	

15 	tube reactor was reduced or interrupted until the system interior reached 

a steady state. Operation was continued, and after the system interior 

reached a steady state, the mixture was sampled from the bottom of the 

tower reactor 250 and subjected to quantitative analysis by gas 

chromatography, and the yield of ethyl 2-ethylhexanoate ester was 

	

20 	found to be 27.1% based on 3-methylbutyl 2-ethylhexanoate ester 

groups. This state was continued for about 15 days, after which the 

mixture was again sampled from the bottom of the tower reactor 250 

and subjected to quantitative analysis by gas chromatography, and the 

yield of ethyl 2-ethylhexanoate ester was found to be 26.5%. 

	

25 	It was possible to stably obtain ethyl 2-ethylhexanoate ester in the 

collected fraction at about 2.6 kg/hr from the collecting line 31 during 
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continuous operation. The high boiling point component including the 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 - bis(3 -methylbutyl oxy)di stannoxane 

composition in the continuous circulating reactor after continuous 

operation was separated using a thin-film vaporizer 260 and collected in 

	

5 	the catalyst tank 230, and the mass was measured. A sample was taken 

from the extraction line 35 of the catalyst tank 230, and as a result of 

119Sn-NMR spectral analysis the catalyst tank was found to contain 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 -bi s (3 -methylbutyl oxy)di stannoxane 

1,1,3,3-tetra(cycl ohexylmethyl)-1,3-d iethoxy- di stannoxane, 

	

10 	tri(cyclohexylmethyl)(3-methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin. 	Based on the analysis results, 

tri(cyclohexylmethyl)(3 -methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin were produced at a total of 0.58 mol 

after 15 days of continuous operation, an amount that was 

	

15 	approximately 1.2% with respect to the number of moles of tin atoms 

(in the active component) introduced into the catalyst tank 230 before 

the start of continuous operation. 

[0369] [Example 270] 

A continuous circulating reactor comprising a tank reactor and a tower 

	

20 	reactor such as shown in Fig. 3 was used for transesterification reaction. 

Di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	 and 

1,1 ,3,3 -tetra(cy cl ohexy lmethyl)-1,3 -b i s(3 -methylbutoxy)di stannoxane 

produced by the same method as Synthesis Example 1 and Synthesis 

Example 2 were mixed to prepare a cyclic group-substituted alkyl tin 

	

25 	alkoxide composition. The composition was prepared so that the 

molar 	ratio 	of 	tin 	atoms 	of 	the 
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di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	 and 

1,1,3,3 -tetra(cyclohexy lmethyl)-1,3 -bis(3 -methylbutoxy)di stannoxane 

with respect to the number of moles of tin atoms (in the active 

component) in the composition was 65:35. The tin atom concentration 

	

5 	(in the active component) of the composition was 2.31 mol/kg, as 

determined from the di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 

concentration 	 and 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 -bis(3 -methylbutoxy)di stannoxane 

concentration of the composition. Approximately 20 kg of the 

	

10 	composition was introduced into a SUS316 catalyst tank 330 equipped 

with a heating jacket and liquid conveyance pump, through a supply line 

53. The 3-methylbutyl 2-ethylhexanoate ester was then introduced 

into a starting material tank 310 through a supply line 41, and ethyl 

2-methylpropanoate ester was introduced into a starting material tank 

	

15 	320 through a supply line 42. The tank and pipe were steam traced to 

maintain the flow property. The 3-methylbutyl 2-ethylhexanoate ester 

was conveyed at a flow rate of about 12 kg/hr through a transport line 

43, inline mixer 341 and transport line 45, and the ethyl 

2-methylpropanoate ester was conveyed to a tank reactor 340 at a flow 

	

20 	rate of about 10 kg/hr through a transport line 44, inline mixer 341 and 

transport line 45. Also, the catalyst tank 330 was heated by steam to 

maintain the flow property of the contents, and the composition in this 

state was conveyed at 1.3 kg/hr through a transport line 54, an inline 

mixer 341 equipped with a heating jacket, and the transport line 45. At 

	

25 	the inline mixer 341, the cyclic group-substituted alkyl tin alkoxide 

composition 	comprising 	bis(3-methylbutyl)diethoxytin 	and 
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tetrakis(3-methylbutyl)diethoxydistannoxane was mixed with 

3-methylbutyl 2-ethylhexanoate ester and ethyl 2-methylpropanoate 

ester, and the mixture was heated. The tank reactor 340 was a 15 

L-volume reactor, comprising a stirrer, heating jacket and liquid 

	

5 	conveyance pump, and the heating jacket was heated with steam to 

control the mixture in the reactor to about 160°C. The 3-methylbutyl 

2-ethylhexanoate ester and ethyl 2-methylpropanoate ester that had been 

conveyed to the tank reactor 340 were subjected to transesterification 

reaction using the composition as the catalyst, and then it was conveyed 

	

10 	to the tower reactor 350 via a transport line 46 for reaction. The 

SUS316 tower reactor 350 with an inner diameter of 130 mm and an 

effective length of 4500 mm, equipped with 25 sieve trays, was 

provided with a heater, reboiler 353 and liquid conveyance pump, and 

the reactor interior was controlled to approximately 160°C with the 

	

15 	heater and reboiler 353. At the top of the tower reactor 350, the 

fraction containing the 3-methylbutyl 2-methylpropanoate ester 

produced by the transesterification reaction and the unreacted ethyl 

2-methylpropanoate ester was condensed with a condenser 351, and 

collected from a collecting line 47 via a condensate tank 352. The 

	

20 	mixture containing the ethyl 2-ethylhexanoate ester reaction product and 

unreacted 3-methylbutyl 2-ethylhexanoate ester was conveyed from the 

bottom of the tower reactor 350 through a transport line 48 to a 

thin-film vaporizer 360 set to a temperature of 180°C and a pressure of 

about 30 kPaA, and then the low-boiling-point component including 

	

25 	ethyl 2-ethylhexanoate ester and 3-methylbutyl 2-ethylhexanoate ester 

was conveyed through a transport line 49 to a distillation column 370 
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(column packed with MetalGauze CY filler, inner diameter: 83 mm, 

effective length: 2800 mm), and purified. Separately, the high boiling 

point component including the composition was conveyed to the 

catalyst tank 330 through a transport line 50, and then circulated to the 

	

5 	continuous circulating reactor through the transport line 54, inline mixer 

341 and transport line 45. When necessary, supply from the starting 

material tank and catalyst tank to the tank reactor was reduced or 

interrupted until the system interior reached a steady state. Operation 

was continued, and after the system interior reached a steady state, the 

	

10 	mixture was sampled from the bottom of the tower reactor 350 and 

subjected to quantitative analysis by gas chromatography, and the yield 

of ethyl 2-ethylhexanoate ester was found to be 30.5% based on 

3-methylbutyl 2-ethylhexanoate ester groups. This state was continued 

for about 15 days, after which the mixture was again sampled from the 

	

15 	bottom of the tower reactor 350 and subjected to quantitative analysis 

by gas chromatography, and the yield of 2-methylpropyl 

2-ethylhexanoate ester was found to be 29.7%. 

It was possible to stably obtain ethyl 2-ethylhexanoate ester in the 

collected fraction at about 2.6 kg/hr from the collecting line 51 during 

	

20 	continuous operation. The high boiling point component including the 

composition in the continuous circulating reactor after continuous 

operation was separated using the thin-film vaporizer 360 and collected 

in the catalyst tank 330, and the mass was measured. A sample was 

taken from the extraction line 55 of the catalyst tank 330, and as a result 

	

25 	of "Sn-NMR spectral analysis the catalyst tank 330 was found to 

contain 	 di(cyclohexylmethyl)-bis(3-methylbutoxy)tin, 
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di(cycl ohexylmethyDdiethoxytin, 

1,1 ,3 ,3 -tetra(cyclohexylmethyl)-1,3 -bis(3 -methylbutoxy)distannoxane, 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 - diethoxydi stannoxane, 

tri(cyclohexylmethyl)(3-methylbutoxy)tin 	 and 

	

5 	tri(cyclohexylmethyl)ethoxytin. 	Based on the analysis results, 

tri(cyclohexylmethyl)(3-methylbutoxy)tin 	 and 

tri(cyclohexylmethyl)ethoxytin were produced at a total of 0.46 mol 

after 15 days of continuous operation, an amount that was 

approximately 1% with respect to the number of moles of tin atoms (in 

	

10 	the active component) of the composition introduced into the catalyst 

tank 330 before the start of continuous operation. 

[0370] [Examples 271 to 304] 

The di(cyclic group-substituted)alkyl tin dialkoxide compositions listed 

in Table 8, obtained by the same methods as Synthesis Examples 1, 4 

	

15 	and 7, were used for transesterification reaction with a continuous 

circulating reactor by the same method as Example 269. The 

carboxylic acid esters and alcohols used as starting materials for 

transesterification reaction, listed in Table 8, were each introduced into a 

starting material tank and conveyed to a tank reactor, and 

	

20 	transesterification reaction was carried out with a di(cyclic 

group-substituted)alkyl tin dialkoxide as the catalyst. The flow rate of 

the composition conveyed from the catalyst tank was adjusted so that 

the concentration of tin atoms in the reaction mixture in the tank reactor 

was 1.5 to 2.5 mol%, and transesterification reaction was carried out at 

	

25 	the temperatures listed in Table 8. Table 8 shows the reaction yields 

(initial yields) immediately after reaching a steady state and the reaction 
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yields and tri(cyclic group-substituted)alkyl tin alkoxide production 

amounts (production amounts with respect to the number of moles of tin 

atoms (in the active component) introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 

5 	[Table 32] 
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[Table 81 

Exanefle 

Dialkyl tin dialkoxide Starting !materials for transester ification f caul inn 

Terup-e 

rature 

[°c] 

leldal 

yield 

[Inol%] 

Yield 1mol%1 

(oiler IS days 

of coin innous 

operation) 

Trialkyl tin 

alkoxide concentration 

[not%) 

(811c- 15 days of 

continuous opera) ion) 

• I0) 

It' (alkyl group) OR (a lkoxy group) Carboxylic acid sour Alcohol 

271 Cyclopunlylmethyl Elhoxy Methyl 2-ethylhexanoatc Ethanol 150 333 323 14 

272 Cyclohexylethyl Ethan. Methyl 2-ethyllefanoatu Ethanol 150 239 23 1 16 

273 1-Cyclopentvlpropyl Eihoey Methyl 2-ethylhaecanoatc Ethanol 150 234 224 22 

274 Berthyl lithoxy Methyl 2-cthylhosanoate Ethanol 150 .2116 249 I4 

275 Pheneihyl 11.1hoXy Methyl 2-ethylltesanoate Ethanol 150 23 4 223 25 

276 3,11hertylpropyl Ethosy Methyl 2-ethylhexanoate Ethanol 150 231 22.5 I4 

277 Cyclopentylmethyl N-Butoxy Methyl 2-cthylhexannate Ethanol ISO 13 0 31 8 1.9 

278 (4r-Inhutylmetbyt N-ButoxY Methyl 2-elhylhexanoale Ethanol 150 313 3U0 12 

279 CrInhexylelhyl N-Flutney Methyl 2-ethylhexanoate Ethanol 150 23 7 23 1 13 

280 3-Cyclopentylpmpal N-Butoxy Methyl 2.-uthylhexanoate Ethanol 150 225 222 0.7 

281 Bunayl N-Huioxy Methyl 2-cfhylhezanoate Ethanol ISO 252 242 22 

282 Phenethyl N-1391.0xy Methyl 2-ethythevanoste Ethanol 150 229 223 15 

283 3-Phunylpropyl , 14-Buthay Methyl 2-ethylltexanoate Ethanol 150 02.7 218 2,1 

284 Cyclopuntylmothyl 2-Methypropylney Propyl 2-tahylhexanoatc 2-Methyl-]-0rpanol tort 329 3 I 	11 I7 

205 Cyoloheavl methyl 2-Mdaylpropylm Propyl 2-ethylhexanuate 2-Methyl-,  I -propanol 160 31,9 30.5 2.3 

286 Cyclohexylethyl 2-Mfithylpropyloxy Propyl 2-cithylhexanoatc 2-Methyl-l-propanol 160 235 23 1 09 

267 3-Cyclopentylpropyl 2-Methylegyloxy Propyl 2-ethylhocanoale 2-Mithyl-lipropanol 160 229 21 9 24 

288 Benavl 2-Muthirlpropyloxy Propyl 2-et hylhexanoate 2-Methyl- I -prupanol 160 254 248 I2 

289 Plienethyl 2-Methylpropylney Propyl 2-ethyllietranoate 2-Methyl- I-propanol 160 22 7 22 1 1 4 

290 3-Pltranylpropyl 2-adethylpropyloity Propyl 2-ethylit.-tmte 2 -Mothy1-1 tit ropanok 16U 22.8 221 17 

291 Cyclopenodmethvl 3-Methylbuiyloxy Propyl 2-ethylhexanorne 1-methyl-I.,1)thinul 160 12 8 31 2 2 4 

292 Cyclnhexylmethyl 3-Melhy11)121Ylon Propyl 2-othylitotoo 3,tiothyt- I -Fitp.oni 160 11 7 30 6 1.8 

293 _ Diclobetrylethvl 3-Methylholybay Pmpvl 2-ethylhexanoaie 3-melbyl-1-bobinol 160 234 223 22 

294 .3‘.(:yelopenlylpropyl 3-1,40 hythuly1Oxy Propyl 2-ohylheioothetc 3-methyl.' -Immo' 160 23.1 2.23 I9 

395 Henry) 2thlothy117,44ruty Propyl 2-tallithatranooto 3 4neilsyl-linuancil 160 252 34 5 1 5 

296 Phenethvl 3-Methylbutyloxy Proovl 2-ethylhexanoale 3 -methyl-I -butanol 160 228 22 1 17 

297 3-Phenylpropyl 3.14e1hylbutyleity Propyl 2-ethylliotrmio 3-methyl- I ..bmtaml 160 22 8 219 21 

298 Cyclooentylmethyl 2-Elhvlbuivloxy Propyl 2-et htdlhextt num e 3-methyl-I -butartol 160 327 31 6 19 

299 Cyclohezyl methyl 2-Hthylbutyloxy Propel 2-ethylhexanciale 3 -rnelhvl- I -huienol 168 31 8 304 24 

300 Cvclohexvlelhyl 2-13thylbutvloxv Propyl Zothylhexanoata 3-methyl-1-bulanol 160 23 5 22 8  1 7 

301 3-Cyclo2entylpropvl 2-Fihelhutyloxv Propyl 2-el livlbeza home 3-methyl-1-hula nal 160 22 9 224 1,1 

302 Heney1 2-111hylht 1 ty !nay Propyl 2-ethy I hcautmt e 3-mot hyl- I -1102 not 160 254 24 1 2 8 

303 Phenethyl 3-Et hyleutylusy Propyl 2-ethv Mena nogie 3-mal hyl-l-ho (awl 160 229 221 17 

394 3-Phonylpropyl 2-laaylbutyloxy Pt opyl 2-othythexame 2-nt. 	hyi-l-buianot 160 22. a 22.5 0.0 

*15) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (10). 

[Mathematical Formula 50] 

5 	Tri(cyclic group-substituted)alkyl tin alkoxide production amount 

T/(Wi°  x Si°) x 100% 	(10) 
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[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the number 

of moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide 

	

5 	produced after continuous operation, W1°  is the mass [kg] of the 

di(cyclic group-substituted)alkyl tin dialkoxide composition introduced 

into the catalyst tank before continuous operation, and S1°  is the tin 

atom concentration (in the active component) [rnol/kg] of the 

composition before continuous operation. The number of moles of 

	

10 	tri(cyclic group-substituted)alkyl tin alkoxide T is calculated from the 

tri(cyclic group-substituted)alkyl tin alkoxide concentration determined 

by 119Sn-NMR spectral analysis of the composition collected after 

continuous operation, and the mass of the di(cyclic 

group-substituted)alkyl tin 

15 	continuous operation.] 

[0371] Structural formula 

dialkoxide 

[Chemical Formula 102] 

dialkoxide composition collected after 

of di(cyclic group-substituted)alkyl tin 

Sn 
LI—R" 

20 	[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0372] [Examples 305 to 331] 

The di(cyclic group-substituted)alkyl tin dialkoxide compositions listed 

in Table 9, obtained by the same methods as Synthesis Examples 1, 4 
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and 7, were used for transesterification reaction with a continuous 

circulating reactor by the same method as Example 267. The flow rate 

of the composition conveyed from the catalyst tank was adjusted so that 

the concentration of tin atoms in the reaction mixture in the tank reactor 

	

5 	was 1.5 to 2.5 mol%, and transesterification reaction was carried out at 

the temperatures listed in Table 9, using the composition as the catalyst. 

Table 9 shows the reaction yields (initial yields) immediately after 

reaching a steady state and the reaction yields and tri(cyclic 

group-substituted)alkyl tin alkoxide production amounts (production 

	

10 	amounts with respect to the number of moles of tin atoms (in the active 

component) introduced into the catalyst tank before continuous 

operation), after 15 days of continuous operation. 

[0373] [Table 33] 
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rii1 lc 9 i 	- 	 

Example 

Dialkyl tin dialkoxide 

Temperature 

1°C] 

Initial 

yield 

[Rio IN 

Yield Imol%1 

(allot 15 days 

Ocontinuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount ry,4  
(after 15 days of 

continuous 

operation) .16) 

R.' (alkyl group) OW (nikoxy group) 

305 CyclopentvImethyl Ethoxy 160 30.3 29.5 1.5 

306 Cyclohexylcthyl Ethoxy 160 21.8 21.1 1.6 

307 3-Cyclopentvlpropyl Ethoxy 160 21.3 20.5 2.1 

308 Benzyl Ethoxy 160 233 22.7 1.4 

309 Phoncthyl Ethoxy 1.60 21.3 20,3 2.5 

310 3-Phenylpropyl Ethoxy 160 21.0 20.5 1.4 

311 Cyclopen tyl methyl N-Butoxy 160 30.1 29.0 1.9 

312 Cyclohexylmethyl N-Butoxy 160 28.5 27,9 1.1 

313 Cyclohexylcthyl N-Butoxy 160 21.6 21.1 1.3 

314 3-Cyclopentylpropyl N-Butoxy 160 20.5 20,3 0.6 

315 Benzyl N-Butoxy 160 23.0 22.0 2.2 

316 Phenethyl N-Butoxy 160 20.9 20.3 1.5 

317 3-Phenylpropyl N-flutoxy 160 20.7 19.9 2.1 

318 Cyclopentyl methyl 2-Methylpropyloxy 170 30.0 29.0 1.7 

319 Cyclohexylmethyl 2-Methylpropyloxy_ 170 29.1 27.8 2.3 

320 Cyclohexylcthyl 2-Methylpropyloxy 170 21.4 21_0 0.9 

321 3-Cyclopentylpropyl 2-Methylpropyloxy 170 20.9 20.0 2.3 

322 Benzyl 2-Mciltylpropyloxy 170 23.2 22,6 1.2 

323 Phenethvl 2-Methylpropyloxy 170 20.7 20.2 1.5 

324 3-Phenylpropyl 2-Methylpropyloxy 170 20.8 20.2 1.7 

325 Cvelopentylmothyl 3-Methy I hutyloxy 170 29.8 28.5 2.4 

326 Cyclohexylmethyl 3-Methylbutyloxy 170 28.9 27.9 1.8 

327 Cyclohexylethyl 3-Methyl butyloxv 170 21.4 20.5 2.2 

328 3-Cyclopentylpropyl 3-Methylbutyloxy 170 21.0 20.3 2.0 

329 Benzyl 3-MethY1  hit tyloxy 170 23.0 22.3 1.5 

330 Phenethyl 3-Methylbutyloxy 170 20.8 20.2 1.8 

331 3-Phenyl propvl 3-Methyl b utyloxy 170 20,8 20.0 2.0 

*16) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (10). 

[Mathematical Formula 51] 

5 	Tri(cyclic group-substituted)alkyl tin alkoxide production amount --- 

T/(Wi °  x S1°) x 100% 	(10) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the number 
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of moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide 

produced after continuous operation, WI°  is the mass [kg] of the 

di(cyclic group-substituted)alkyl tin dialkoxide composition introduced 

into the catalyst tank before continuous operation, and S 1 ° is the tin 

	

5 	atom concentration (in the active component) [mol/kg] of the 

composition before continuous operation. The number of moles of 

tri(cyclic group-substituted)alkyl tin alkoxide T is calculated from the 

tri(cyclic group-substituted)alkyl tin alkoxide concentration determined 

by 119Sn-NMR spectral analysis of the composition collected after 

	

10 	continuous operation, and the mass of the di(cyclic 

group-substituted)alkyl tin dialkoxide composition collected after 

continuous operation.] 

[0374] Structural formula of di(cyclic group-substituted)alkyl tin 

dialkoxide 

	

15 	[Chemical Formula 103] 

0--R- 
Sn 

R' 
	

LEI—R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0375] [Examples 332 to 359] 

	

20 	The 	tetra(cyclic 	group-substituted)alkyldialkoxydistannoxane 

compositions listed in Table 10, obtained by the same methods as 

Synthesis Examples 2, 5 and 8, were used as catalysts for 

transesterification reaction with a continuous circulating reactor by the 

same method as Example 270. The flow rate of the composition 
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conveyed from the catalyst tank was adjusted so that the concentration 

of tin atoms in the reaction mixture in the tube reactor was 1.5 to 2.5 

mol%, and transesterification reaction was carried out at the 

temperatures listed in Table 10. Table 10 shows the reaction yields 

	

5 	(initial yields) immediately after reaching a steady state and the reaction 

yields and tri(cyclic group-substituted)alkyl tin alkoxide production 

amounts (production amounts with respect to the number of moles of tin 

atoms (in the active component) introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 

	

10 	[0376] [Table 34] 
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[Table 10] 

Example 

Tctraalkyldialkoxydistannoxane 

rq 
Tem pera-ture 

 
Initial 

yield 

[moPX11 

Vicki [molVti] 

(after 15 days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount [51,] 

(after 15 days 

of continuous 

operation) *17) 

R' (alkyl group) OW (alkoxy group) 

332 Cyclopentylmethyl Ethoxy 160 27.3 26.1 2.3 

334 Cyclohexylethyl Ethoxy 160 19.5 18,5 2.7 

335 3-Cyclopentylpropyl Ethoxy 160 19.0 18.5 1.4 

336 Benzyl Ethoxy 160 21.0 19.9 2.9 

337 Phenethyl Ethoxy 160 19.0 18,5 1.4 

338 3-Ph enyl propyl Ethoxy 160 18.9 18.4 1.7 

339 Cyclopentylmethyl N-Butoxy 170 27.1 26.2 2.0 

340 Cyclohexyl methyl N-13utoxy 170 25.7 25.3 0.7 

341 Cyclohexylethyl N-Butoxy 170 19,4 18.8 1.6 

342 3-Cyelopcntylpropyl N-Butoxy 170 18,6 182 1.1 

343 Benzyl N-Butoxy 170 20.8 20,1 L6 

344 Phenethyl N-Butoxy 170 18,6 18.0 1.6 

345 3-Phcnylpropyl N-Butoxy 170 18.5 18.1 1.2 

346 Cyclopentylmethyl 2-Methylpropyloxy 170 26.8 26.3 1.0 

347 CyclollexvImethyl 2-Methylpropyloxy 170 25.9 25.0 2.0 

348 Cyclohexylethyl 2-Methylpropyloxy 170 19.3 18.6 2.1 

349 3-Cyclopentylpropyl 2-Methylpropyloxy 170 18.6 17.9 2.2 

350 Benzyl 2 -Methylpropyloxy 170 20.8 19.8 2.5 

351 Phencthyl 2-Methyl propvloxy 170 18.6 18.1 1.4 

352 3-Phenylpropyl 2-Methyl propyloxy 170 18.8 18.2 1.8 

353 Cyclopentylmethyl 3-Methylbulyloxy 170 26.8 26.1 1.3 

354 Cyclohexvlmethyl 3 -Methylbutyloxy 170 25.7 24.8 2.0 

355 Cyclohexylethyl 3-Methyl butyloxv 170 19.0 18.7 0.9 

356 3-Cyclopentylpropyl 3 -Methylbutyloxy 170 18.7 18.3 1.3 

357 Benzyl 3 -Methyl butyloxy 170 20.6 20.4 0.5 

358 Phenethyl 3-Methylbutvloxv 170 18.7 18.3 1.3 

359 3-Phenylpropyl 3-Methylbutyloxy 170 18.7 18,1 1.7 

*17) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (11). 

[Mathematical Formula 52] 

5 	Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W2°  x S2) x 100% 	(11) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the total 
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number of moles of tri(cyclic group-substituted)alkyl tin alkoxide [mol] 

produced after continuous operation, W2°  is the mass [kg] of the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane composition 

introduced into the catalyst tank before continuous operation, and S2°  is 

5 

	

	the tin atom concentration (in the active component) [cool/kg] of the 

composition before continuous operation. The total number of moles 

of tri(cyclic group-substituted)alkyl tin alkoxide T is calculated from 

each tri(cyclic group-substituted)alkyl tin alkoxide concentration 

determined by "9Sn-NMR spectral analysis and the mass of the 

composition 10 	tetra(cyclic group-substituted)alkyldialkoxydistannoxane 

collected after continuous operation.] 

[0377] Structural 	formula 	of 

group-substituted)allcyldialkoxydistannoxane 

[Chemical Formula 104] 

R 
R\ 	

' 
 0.______ 

'RE—in------- 	-Sn—R 

\ 	\
o 0 

1 	\ 
R" 	R" 15 

tetra(cyclic 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0378] [Examples 360 to 387] 

Cyclic group-substituted alkyl tin alkoxide compositions comprising the 

20 

	

	di(cyclic group-substituted)alkyl tin dialkoxides and tetra(cyclic 

group-substituted)alkyldialkoxydistannoxanes listed in Table 11, 

produced by the same method as in Synthesis Examples 1, 2, 4, 5, 7 and 
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8, were prepared and used as catalysts for transesterification reaction 

with the continuous circulating reactor by the same method as Example 

270. The compositions were prepared so that the molar ratios of tin 

atoms of the di(cyclic group-substituted)alkyl tin dialkoxides and 

	

5 	tetra(cyclic group-substituted)alkyldialkoxydistannoxanes with respect 

to the number of moles of tin atoms (in the active component)s of 

compositions used for transesterification reaction (the tin atoms derived 

from the di(cyclic group-substituted)alkyl tin dialkoxides and 

tetra(cyclic group-substituted)alkyldialkoxydistannoxanes) were 65:35, 

	

10 	and were introduced into the catalyst tank. The flow rate of the 

composition conveyed from the catalyst tank was adjusted so that the 

concentration of tin atoms in the tank reactor was 1.5 to 2.0 mol%, and 

transesterification reaction was carried out at the temperatures listed in 

Table 11. 	Table 11 shows the reaction yields (initial yields) 

	

15 	immediately after reaching a steady state and the reaction yields and 

tri(cyclic group-substituted)alkyl tin alkoxide production amounts 

(production amounts with respect to the number of moles of tin atoms 

(in the active component) introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 

	

20 	[Table 35] 
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[Table 1 

Example 

Alkyl tin alkoxidc composition 

Tempera-ture 

[°C] 

initial 

yield 

[rnolVo] 

Yield (mol%1 

(after IS days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount [A] 

(after 15 days 

of continuous 

operation) •18) 

W (alkyl group) OR (alkoxy group) 

360 Cyclopentylmcdtyl Ethoxy 160 29.8 29.0 1.4 

362 Cyclohexylethyl Ethoxy 160 21.2 20.8 1.1 

363 3-Cyclopentylpropyl Filioxv 160 20.9 20.1 2.0 

364 Benzyl Etlioxy 160 22,7 22.2 1/ 

365 Phenethvl Ethoxv 160 20.9 20.4 12 

366 3-Phenylpropyl F.thoxy 160 20.7 20.1 1.4 

367 Cyclopcntylinethyl N-Butoxy 160 29.5 28/ 2.4 

368 Cyclohexylmethyl N-Butoxv 160 29.0 27.1 3.6 

369 Cyclohexylethyl N-Butoxy 160 21,4 20,6 1.9 

370 3-Cyclopentylpropyl N-13iitoxy 160 21.0 19,4 4.1 

371 Benzyl N-Butoxy 160 22.9 22.2 1.5 

372 Phenethyl N-Butoxy 160 20.9 19,7 3.2 

373 3-Phenylpropyl N-Butoxy 160 20.7 19.6 2.8 

374 Cyclopentylmethyl 2-Methylpropyloxy 170 29.5 28.1 2.4 

375 Cyclohexylmethyl 2-Methylpropyloxy 170 28.5 28.0 0.9 

376 Cyclohexylethyl 2-Methylpropyloxy 170 21.2 20.1 2.8 

377 3-Cyclopentylpropyl 2-Methylpropyloxy  170 20.1 19.7 1.0 

378 Benzyl 2-Methylpropyloxy 170 22.6 22.3 0.8 

379 Phenethyl 2-Methyloronvloxv 170 20.5 19.4 2.8 

380 3-Phenylpmpyl 2-Methylpropyloxy 170 20.3 19,5 2.1 

381 Cyclopentylmethyl 3-Methylbutvloxy 170 29.3 28.6 1.3 

382 Cyclohexylmethyl 3-Methvlbutyloxy 170 28.7 27.5 2.2 

383 Cyclohexylethyl 3-Methylbutyloxy 170 21.1 20.5 1.4 

384 3-Cyclopentylproovl 3-Methylbutyloxy 170 20.3 19.7 1.7 

385 Benzyl 3-Methylbutyloxy 170 22,6 21.7 2.1 

386 Pheneihvl 3-Methylbutyloxv 170 20.3 19.8 1.2 

387 3-Phenvlpropyl 3-Methylbutyloxy 170 20.3 19.9 1,0 

*18) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (12). 

[Mathematical Formula 53] 

5 	Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W3°  x S30) x 100% 	(12) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the total 
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number of moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide 

produced after continuous operation, W3° is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

catalyst tank before continuous operation, and S3°  is the tin atom 

	

5 	concentration (in the active component) [mol/kg] of the composition 

before continuous operation (calculated from the tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition). 	The total number of moles of tri(cyclic 

	

10 	group-substituted)alkyl tin alkoxide T is calculated from each tri(cyclic 

group-substituted)alkyl tin alkoxide concentration determined by 

l 'Sn-NMR spectral analysis, and the mass of the cyclic 

group-substituted alkyl tin alkoxide composition collected after 

continuous operation.] 

	

15 	[0379] Structural formulas of di(cyclic group-substituted)alkyl tin 

dialkoxide and tetra(cyclic group-substituted)alkyldialkoxydistannoxane 

in cyclic group-substituted alkyl tin alkoxide composition 

[Chemical Formula 105] 

Sn 

	

20 	[Chemical Formula 106] 
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R' 

R' 

	

R.\ 	0 

	

'` 	..---"" 	------Sn—R 
Sn 

0 \
o 

\ \ 
R" Rrr 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0380] [Examples 388 to 415] 

	

5 	Cyclic group-substituted alkyl tin alkoxide compositions comprising the 

di(cyclic group-substituted)alkyl tin dialkoxides, tetra(cyclic 

group-substituted)alkyldialkoxydistannoxanes 	and 	tri(cyclic 

group-substituted)alkyl tin alkoxides listed in Table 12 obtained by the 

same method as in Synthesis Examples 3, 6 and 9 were used as catalysts 

	

10 	for transesterification reaction with the continuous circulating reactor by 

the same method as Example 269. The tin atom concentration (in the 

active component) of each composition was calculated from the 

di(cyclic group-substituted)alkyl tin dialkoxide concentration and 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane concentration 

	

15 	of the composition. The flow rate of the composition conveyed from 

the catalyst tank was adjusted so that the concentration of tin atoms in 

the tank reactor was 1.5 to 2.0 mol%, and transesterification reaction 

was carried out at the temperatures listed in Table 12. Table 12 shows 

the reaction yields (initial yields) immediately after reaching a steady 

	

20 	state and the reaction yields and tri(cyclic group-substituted)alkyl tin 

alkoxide production amounts (production amounts with respect to the 

number of moles of tin atoms (in the active component) introduced into 
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the catalyst tank before continuous operation), after 15 days of 

continuous operation. 

[Table 36] 

[Table 12] 

Example 

Alkyl tin alkoxide composition 

Tempera-ture 

[°C] 
Yield 

[mot   N 

Yield imolVoi 

(after 15 days 

of continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount MI 

(after 15 days 

of conti n arms 

operation) *19) 

1.5 

R (alkyl group) OR" (alkoxy group) 

388 Cyclopentylmethyl Ethoxy 170 26.3 25,6 

389 Cyclohexylmethvl Ethoxy 170 25.2 24.9 0.8 

390 Cyclohexylethyl Elhoxy 170 18.7 18.3 1.2 

391 3-Cyclopentylpropyl Elhoxy 170 18.2 17.7 1.4 

392 Benzyl Ethoxy 170 20.2 19.7 1.5 

393 Phenethyl Elhoxy 170 18.1 17.7 1.2 

394 3 -Phenylpropyl Ethoxy 170 18.3 17.5 2.4 

395 Cyclopentylmethyl N-Butoxy 170 26.4 25.2 2.4 

396 Cyclohexylmethvl N-Butov 170 25.4 24.9 1.0 

397 Cyclohexylethyl N-Butoxy 170 18.7 18,4 0.8 

398 3-Cyclopentylpropyl N-Butoxy 170 18.2 17.5 2.0 

399 Benzyl N-Butoxy 170 20.1 19.7 1,1 

400 Phenethyl N-Hutoxy 170 18.2 17.6 1.5 

401 3-Phenylpropyl N-Butoxy 170 18.1 17.8 1.1 

402 Cyclopentylmethyl 2-Methylpropyloxy 170 26.7 26.4 0,7 

403 Cyclohexylmethvl 2-Methylpropyloxy 170 26.6 24.6 4.1 

404 Cyclohexylethyl 2-Methyl propy loxy 170 19.5 18.6 2.3 

405 3-Cyclopentylpropyl 2-Methylpropyloxy 170 19.1 18.1 2.8 

406 Benzyl 2-Methylpropyloxy 170 20.9 20.3 1.7 

407 Phenethyl 2-Methylpropyloxy 170 19.0 18.3 2.0 

408 3-Phenylpropyl 2-Methylpropyloxy 170 18.8 18.1 1.9 

409 Cyclopentylmethyl 3 -Methyl butyl oxy 170 26.7 25.4 2.6 

410 Cyclohexylmethyl 3-Mcthylbutyloxy 170 26.0 25.4 1.1 

411 Cyclohexylethyl 3-Mcthylbutyloxy 170 19.2 18.4 2.4 

412 3-Cyclopentylpropyl 3-Methylbutyloxy 170 18.4 18.0 1.1 

413 Benzyl 3-Methy! buty loxy 170 20.7 19.6 2.9 

414 Ph methyl 3-Methyl butyloxy 170 18.8 18.0 2.2 

415 3-Phenylpropyl 3-Methylbutyloxy 170 18.5 17.9 1.8 

5 	*19) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (12). 

[Mathematical Formula 54] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 
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T/(W3°  x S3°) x 100% 	(12) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the total 

	

5 	number of moles [mol] of tri(cyclic group-substituted)alkyl tin alkoxide 

produced after continuous operation, W3° is the mass [kg] of the cyclic 

group-substituted alkyl tin alkoxide composition introduced into the 

catalyst tank before continuous operation, and S3°  is the tin atom 

concentration (in the active component) [mol/kg] of the composition 

	

10 	before continuous operation (calculated from the tetra(cyclic 

group-substituted)alicyldialkoxydistannoxane 	concentration 	and 

di(cyclic group-substituted)alkyl tin dialkoxide concentration of the 

composition). 	The total number of moles of tri(cyclic 

group-substituted)alkyl tin alkoxide T is calculated from each tri(cyclic 

	

15 	group-substituted)alkyl tin alkoxide concentration determined by 

119Sn-NMR spectral analysis, and the mass of the cyclic 

group-substituted alkyl tin alkoxide composition collected after 

continuous operation.] 

[0381] Structural formulas of di(cyclic group-substituted)alkyl tin 

	

20 	dialkoxide, tetra(cyclic group-substituted)alkyldialkoxydistannoxane 

and tri(cyclic group-substituted)alkyl tin alkoxide in cyclic 

group-substituted alkyl tin alkoxide composition 

[Chemical Formula 107] 

R' 	„0----R" 
Sn 
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[Chemical Formula 108] 

R 
R% 	

' 
 0 

------ -------Sn—R" 

\ 
0 

\ 
R" 	R" 

[Chemical Formula 109] 

#„.11' 
Sn 

	

5 	[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0382] [Example 416] 

A continuous circulating reactor comprising a tank reactor and tower 

reactor as shown in Fig. 4 was used for carbonic acid ester synthesis. 

	

10 	Approximately 	30 	kg 	of 
	

a 

1,1,3,3 -tetrabenzyl-1,3 -bi s(3 -methylbutyloxy)distann oxane composition 

obtained by the method of Synthesis Example 5 (tin atom concentration 

(in the active component) of the composition: 2.49 mol/kg) was 

introduced into a SUS316 catalyst tank 660, equipped with a heating 

	

15 	jacket and a liquid conveyance pump, through a supply line 78. The 

catalyst tank 660 was heated with steam to maintain the flow property 

of the contents. The tank and pipes were also steam traced to maintain 

the flow property as well. A SUS316 tower reactor 620 with an inner 

diameter of 76 mm and an effective length of 4500 mm, equipped with 

	

20 	30 sieve trays, was heated and thermally insulated with a heater to 
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prevent radiated heat loss, the heater being set to about 150°C. A 

liquid conveyance pump and reboiler 622 were provided at the bottom 

of the tower reactor 620, and the reboiler 622 was heated with steam at 

155°C to 160°C. 

	

5 	The composition was conveyed to the tower reactor 620 from the 

catalyst tank 660 through a transport line 74, an inline mixer 621 

equipped with a heating jacket and a transport line 65 at 6.5 kg/hr, and 

the 3-methyl-l-butyl alcohol purified at the distillation column 610 was 

conveyed at 25 kg/hr through a transport line 63 and transport line 64. 

	

10 	The fraction containing water and 3-methyl-l-butyl alcohol was 

conveyed from the top of the tower reactor 620 to a distillation column 

610 (distillation column packed with MetalGauze CY filler, inner 

diameter: 83 mm, effective length: 3000 mm) through a transport line 

66 at about 22 kg/hr, and the water was separated out. The water was 

	

15 	collected from a collecting line 62 via a condenser 611. A cyclic 

group-substituted alkyl tin alkoxide composition containing 

dibenzyl-bis(3-methylbutoxy)tin 	 and 

1,1,3,3-tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	was 

obtained from the bottom of the tower reactor, and as a result of 

	

20 	analyzing the composition sampled from the transport line 67, the 

dibenzyl-bis(3-methylbutoxy)tin content was found to be 78 mass%. 

[0383] Step (1) (Obtaining carbonic acid ester from reaction between 

cyclic group-substituted alkyl tin alkoxide composition and carbon 

dioxide) 

	

25 	The cyclic group-substituted alkyl tin alkoxide composition containing 

dibenzyl-bis(3-methylbutoxy)tin 	 and 
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1,1,3,3 -tetrabenzyl-1,3 -b i s(3 -m ethyl butyl oxy)distannoxane 	was 

conveyed to an autoclave 630 having a 15 L volume and equipped with 

a heating jacket and liquid conveyance pump, through the transport line 

67, and reacted with carbon dioxide supplied through a supply line 68, 

	

5 	at a temperature of 120°C and a pressure of 4 MPa-G. The reaction 

mixture sampled from the autoclave 630 was transparent, and as a result 

of analyzing the reaction mixture, the bis(3-methylbutyl) carbonate 

yield was found to be 37% based on dibenzyl-bis(3-methylbutoxy)tin. 

[0384] Step (2) (Separating carbonic acid ester from reaction mixture to 

	

10 	obtain residual solution) 

A thin-film vaporizer 640 and thin-film vaporizer 650 equipped with a 

heating jacket and a liquid conveyance pump for conveying the high 

boiling point component were heated using steam at 150°C. The 

reaction mixture obtained from step (1) was conveyed through a 

	

15 	transport line 71 to the thin-film vaporizer 640 set to a pressure of 26 

kPaA, and first the excess carbon dioxide was separated out and 

collected from a purge line 70. The reaction mixture was conveyed 

through the transport line 71 to the thin-film vaporizer 650 that had been 

set to a pressure of 1.3 kPaA, the fraction containing bis(3-methylbutyl) 

	

20 	carbonate was collected through a transport line 72, and the 

bis(3-methylbutyl) carbonate was further purified by a distillation 

column 670 (distillation column packed with MetalGauze CY filler, 

inner diameter: 83 mm, effective length: 2800 mm). Separately, a 

residual 	 solution 	 containing 

	

25 	1,1,3,3-tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	was 

collected from the transport line 73 and conveyed to the catalyst tank 
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660. 

[0385] Step (3) (Obtaining cyclic group-substituted alkyl tin alkoxide 

from reaction between residual solution and alcohol) 

The residual solution obtained from step (2) was again conveyed to the 

	

5 	tower reactor 620 through the transport line 74, inline mixer 621 and 

transport line 65, and reacted with the 3-methyl-1-butyl alcohol 

conveyed through the transport line 63 and transport line 64. The 

fraction containing water and 3-methyl-1-butyl alcohol was conveyed 

from the top of the tower reactor 620 to a distillation column 610 

	

10 	through a transport line 66 at about 22 kg/hr, and the water was 

separated out. The water was collected from a collecting line 62 via a 

condenser 611. 	A cyclic group-substituted alkyl tin alkoxide 

composition containing dibenzyl-bis(3-methylbutoxy)tin and 

1,1,3,3 -tetrabenzy1-1,3-bis(3-methylbutyloxy)distannoxane 	was 

	

15 	obtained from the bottom of the tower reactor 620, and as a result of 

analyzing the composition sampled from the transport line 67, the 

dibenzyl-bis(3-methylbutoxy)tin content was found to be 77 mass%. 

[03 86] When necessary, supply from the transport line 63 and transport 

line 65 to the tower reactor 620 was reduced or interrupted until the 

	

20 	system interior reached a steady state. Steps (1), (2) and (3) above 

were carried out continuously, and after the system reached a steady 

state, the steps were further continued for 15 days. As a result of 

subsequently analyzing the reaction mixture sampled from the autoclave 

630, the bis(3-methylbutyl) carbonate yield was found to be 37% based 

	

25 	on dibenzyl-bis(3-methylbutoxy)tin. During the continuous operation 

period, bis(3-methylbutyl) carbonate was stably obtained from the 
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collecting line 76 at about 0.9 kg/hr. 	The high boiling point 

component including the cyclic group-substituted alkyl tin alkoxide 

composition in the continuous circulating reactor after continuous 

operation was separated using the thin-film vaporizer 640 and thin-film 

	

5 	vaporizer 650, and collected in the catalyst tank 660. 

Next, the composition in the catalyst tank 660 was sampled from an 

extraction line 79, and as a result of 119Sn-NMR spectral analysis, 

dibenzyl-bis(3-methylbutoxy)tin, 

1,1,3,3 -tetrabenzy1-1,3-b i s(3 -methylbutyloxy)distannoxane 	and 

	

10 	tribenzyl-(3-methylbutoxy)tin were found to be present after continuous 

operation. Based on the analysis results, tribenzyl-(3-methylbutoxy)tin 

was produced at approximately 0.75 mol after 15 days of continuous 

operation, an amount that was approximately 1.0% with respect to the 

number of moles of tin atoms (in the active component) of the 

	

15 	composition introduced into the catalyst tank before continuous 

operation. 

[0387] [Example 417] 

A continuous circulating reactor comprising a tank reactor and tower 

reactor as shown in Fig. 5 was used for carbonic acid ester synthesis. 

	

20 	Approximately 	35 	kg 	of 	a 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3-bis(3-methylbutoxy)distannoxane 

composition obtained by the same method as Synthesis Example 2 (tin 

atom concentration (in the active component) of the composition: 2.41 

mol/kg) was introduced into a SUS316 catalyst tank 770, equipped with 

	

25 	a heating jacket and a liquid conveyance pump, through a supply line 

107. The catalyst tank 770 was heated with steam to maintain the flow 
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property of the contents. The tank and pipes were also steam traced to 

maintain the flow property as well. 

The tank reactor 710 was a 10 L-volume reactor equipped with a 

heating jacket and liquid conveyance pump, the composition was 

	

5 	conveyed to the tank reactor 710 through the transport line 109, inline 

mixer 711 and transport line 110 at 6.7 kg/hr, and 3-methyl-1-butyl 

alcohol purified at the distillation column 720 was conveyed at 28 kg/hr 

through a transport line 93, collecting tank 724, transport line 94, inline 

mixer 711 and transport line 110. The reaction mixture was conveyed 

	

10 	from the bottom of the tank reactor 710 through a transport line 95 to a 

tower reactor 730 and further reacted while simultaneously distilling off 

the fraction containing water and 3-methyl-1-butyl alcohol at the top of 

the tower reactor. The fraction was conveyed through the transport 

line 96 to a distillation column 720 (distillation column packed with 

	

15 	MetalGauze CY filler, inner diameter: 83 mm, effective length: 3000 

mm) at approximately 26 kg/hr, and the water and 3-methyl-1-butyl 

alcohol were separated out. The water was collected from a collecting 

line 92 via a condenser 721. A cyclic group-substituted alkyl tin 

alkoxide 	 composition 	 containing 

	

20 	di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	 and 

1,1,3 ,3 -tetra(cyclohexylmethyl)-1,3 -bi s (3 -methyl butoxy)di stannoxane 

was obtained from the bottom of the tower reactor 730, and as a result 

of analyzing the composition sampled from the transport line 97, the 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin content was found to be 

	

25 	approximately 80 mass%. 

[0388] Step (1) (Obtaining carbonic acid ester from reaction between 
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cyclic group-substituted alkyl tin alkoxide composition and carbon 

dioxide) 

The cyclic group-substituted alkyl tin alkoxide composition containing 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 	 and 

	

5 	1,1,3,3 -tetra(cycl ohexylmethyl)-1,3 -b i s(3-methylbutoxy)distannoxane 

was conveyed to an autoclave 740, having a 15 L volume and equipped 

with a heating jacket and liquid conveyance pump, through the transport 

line 97, and reacted with carbon dioxide supplied through a supply line 

98, at a temperature of 140°C and a pressure of 4 MPa-G The reaction 

	

10 	mixture sampled from the autoclave 740 was transparent, and as a result 

of analyzing the reaction mixture, the bis(3-methylbutyl) carbonate 

yield 	was 	found 	to 	be 	41% 	based 	on 

di(cyclohexylmethyl)-bis(3 -methylbutoxy)tin. 

[0389] Step (2) (Separating carbonic acid ester from reaction mixture to 

	

15 	obtain residual solution) 

Thin-film vaporizers 750 and 760 equipped with a heating jacket and a 

liquid conveyance pump for conveying the high boiling point 

component were heated using steam at 140°C. The reaction mixture 

obtained from step (1) was conveyed through a transport line 99 to the 

	

20 	thin-film vaporizer 750 set to a pressure of 26 kPaA, and first the excess 

carbon dioxide was separated out and collected from a purge line 100. 

The reaction mixture was conveyed through the transport line 101 to the 

thin-film vaporizer 760 that had been set to a pressure of 2.6 kPaA, the 

fraction containing dibutyl carbonate was collected through a transport 

	

25 	line 102, and the dibutyl carbonate was further purified by a distillation 

column 780 (distillation column packed with MetalGauze CY filler, 
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inner diameter: 83 mm, effective length: 2800 mm). Separately, the 

residual 
	

solution 	 containing 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3-bis(3-methylbutoxy)distannoxane 

was collected from a transport line 103 and conveyed to the catalyst 

	

5 	tank 770. 

[0390] Step (3) (Obtaining cyclic group-substituted alkyl tin alkoxide 

from reaction between residual solution and alcohol) 

The residual solution obtained from step (2) was again conveyed to the 

tank reactor 710 through the transport line 109 at 6.5 kg/hr, and reacted 

	

10 	with n-butyl alcohol being conveyed through the transport line 94, 

inline mixer 711 and transport line 110. 

The reaction mixture was conveyed from the bottom of the tank reactor 

710 through a transport line 95 to a tower reactor 730 and further 

reacted while simultaneously distilling off the fraction containing water 

	

15 	and n-butyl alcohol at the top of the tower reactor. The fraction was 

conveyed to the distillation column 720 through the transport line 96 at 

approximately 28 kg/hr, and the water and n-butyl alcohol were 

separated. The water was collected from a collecting line 92 via a 

condenser 721. 	A cyclic group-substituted alkyl tin alkoxide 

	

20 	composition containing di(cyclohexylmethyl)-bis(3-methylbutoxy)tin 

and 

1,1,3,3 -tetra(cyclohexylmethyl)-1,3 -bis(3 -methylbutoxy)distannoxane 

was obtained from the bottom of the tower reactor 730, and as a result 

of analyzing the composition sampled from the transport line 97, the 

	

25 	di(cyclohexylmethyl)-bis(3-methylbutoxy)tin content was found to be 

approximately 80 mass%. 
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[0391] When necessary, supply from the transport line 109 and 

transport line 94 to the tank reactor 710 was reduced or interrupted until 

the system interior reached a steady state. Steps (1), (2) and (3) above 

were carried out continuously, and after the system reached a steady 

	

5 	state, the steps were further continued for 15 days. When the reaction 

mixture sampled from the autoclave 740 was then analyzed, the 

bis(3-methylbutyl) carbonate yield was found to be 41 % based on 

di(cyclohexylmethyl)-bis(3-methylbutoxy)tin. 	 Also, 

bis(3-methylbutyl) carbonate was stably obtained from the collecting 

	

10 	line 105 at about 0.9 kg/hr. The high boiling point component 

including the cyclic group-substituted alkyl tin alkoxide composition in 

the continuous circulating reactor after continuous operation was 

separated using the thin-film vaporizer 750 and thin-film vaporizer 760, 

and collected in the catalyst tank 770. Next, the alkyl tin alkoxide 

	

15 	composition in the catalyst tank 770 was sampled from an extraction 

line 108, and as a result of 119Sn-N1VIR spectral analysis it was 

confirmed 	that 	di(cycl ohexylmethyl)-bis(3-methylbutoxy)tin, 

1,1,3,3 -tetra(cycl ohexylmethyl)-1,3 -bis(3 -methylbutoxy)distannoxane 

and tri(cyclohexylmethyl)-(3-methylbutoxy)tin were present after the 

	

20 	continuous operation. 	Based on the analysis results, 

tri(cyclohexylmethyl)-(3-methylbutoxy)tin 	was 	produced 	at 

approximately 0.87 mol after 15 days of continuous operation, an 

amount that was approximately 1.2% with respect to the number of 

moles of tin atoms (in the active component) of the composition 

	

25 	introduced into the catalyst tank before continuous operation. 

[0392] [Examples 418 to 431] 
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Carbonic acid ester synthesis was canied out with a continuous 

circulating reactor by the same method as Example 416. The 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane compositions 

listed in Table 13 were obtained by the same methods as in Synthesis 

	

5 	Examples 2, 5 and 8, and approximately 30 kg of each was introduced 

into a catalyst tank. An alcohol with the same alkoxy group as the 

alkoxy 	group 	of 	the 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane was used for carbonic acid 

ester synthesis with an autoclave 630, under the temperature and 

	

10 	pressure conditions listed in Table 13. Steps (1), (2) and (3) were 

continuously carried out for 15 days in the same manner as Example 

416. Table 13 shows the carbonic acid ester initial yields immediately 

after reaching a steady state and the carbonic acid ester yields and 

tri(cyclic group-substituted)alkyl tin alkoxide production amounts 

	

15 	(production amounts with respect to the number of moles of tin atoms 

(in the active component) of the composition introduced into the 

catalyst tank before continuous operation), after 15 days of continuous 

operation. 

[Table 37] 
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[Table 13] 

Example 

Tetraalkyldialkoxvdistannoxanc 

'Tempera-lure 

[°C] 

CO, 

pressure 

[MPa-G] 

Carbonic 

acid ester 

initial 

yield 

[moIN 

Carbonic 

acid ester 

yield 

[mot%] 

(after 15 

days of 

continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount [%] 

(after 15 

days of 

continuous 

operation) 

•201 

R' (alkyl group) OR" (alkoxy group) 

418 Cycl opentyl methyl N-Butoxy 125 4 40.3 39.6 0.7 

419 :'.yAoltc2vlmethyl N-Butoxy 125 4 41.7 40.5 0.8 

420 Cyclohexylethyl N-Butoxy 125 4 42.6 41.6 0.9 

421 3-Cyclopentylpropyl N-Butoxy 125 4 42.7 41.5 1.1 

422 Benzyl N-Butoxy 125 4 41.7 41.1 0.9 

423 Phenethyl N-Butoxy 125 4 40.1 39.1 1.0 

424 3-Phenyipropyl N-Butoxi 125 4 39,9 39.0 1.2 

425 Cyclopentylmethyl 2-Methylpropyloxy 110 4.5 39.3 38.7 0.5 

426 Cyclohexylmethvl 

Cyclohexvlethvl 

2-Methylpropyloxv 

2-Methylpropyloxy 

110 4.5 40.0 39.0 0.5 

427 110 4.5 40.8 40.0 0.6 

428 3-Cyclopentylpropvl 2-Methylpropyloxy 110 4 5 40.7 40-2 0,8 

429 Benzvl 2-Methylpropyloxy 110 4.5 40.1 39.2 0.6 

430 Phenethyl 2-Methylpropyloxy 110 4.5 40.8 40.0 0.7 

431 3-Phcnylpropyl 2-Methylpropyloxy 110 4.5 41.0 40.2 0.8 

*20) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

production was calculated by mathematical formula (11). 

[Mathematical Formula 55] 

	

5 	Tri(cyclic group-substituted)alkyl tin alkoxide production amount = 

T/(W2°  x S2°) x 100% 	 (11) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

production amount" is the amount of tri(cyclic group-substituted)alkyl 

tin alkoxide produced [%] after continuous operation, T is the number 

	

10 	of moles of tri(cyclic group-substituted)alkyl tin alkoxide [mol] 

produced after continuous operation, W2°  is the mass [kg] of the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane composition 

introduced into the catalyst tank before continuous operation, and S2° is 

the tin atom concentration (in the active component) [mol/kg] of the 
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composition before continuous operation. The number of moles of 

tri(cyclic group-substituted)alkyl tin alkoxide T is calculated from the 

tri(cyclic group-substituted)alkyl tin alkoxide concentration determined 

by H9Sn-NMR spectral analysis and the mass of the composition 

	

5 	collected after continuous operation.] 

[0393] Structural 	formula 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 

[Chemical Formula 110] 

R\ 
Ri----Sn 

\
o 

1" 	
O\

R" R 

	

10 	[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0394] [Examples 432 to 443] 

Carbonic acid ester synthesis was carried out with a continuous 

circulating reactor by the same method as Example 417. The 

	

15 	tetra(cyclic group-substituted)alkyldialkoxydistannoxane compositions 

listed in Table 14 were obtained by the same methods as in Synthesis 

Examples 2, 5 and 8, and approximately 35 kg of each was introduced 

into a catalyst tank. An alcohol with the same alkoxy group as the 

alkoxy 	group 	of 	the 	tetra(cyclic 

	

20 	group-substituted)alkyldialkoxydistannoxane composition was used for 

carbonic acid ester synthesis, and steps (1), (2) and (3) were carried out 

continuously for 15 days in the same manner as Example 417. Table 
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14 shows the carbonic acid ester initial yields immediately after 

reaching a steady state and the carbonic acid ester yields and tri(cyclic 

group-substituted)alkyl tin alkoxide production amounts (production 

amounts with respect to the number of moles of tin atoms (in the active 

5 	component) of the composition introduced into the catalyst tank before 

continuous operation), after 15 days of continuous operation. 

[Table 38] 

[Table 14] 

Example 

Tetraalkyldialkoxydistannoxane 

OW (alkoxy group) 

Tempera-ture 

[°C] 

CO2  

pressure 

[MPa-G] 

Carbonic 

acid ester 

initial 

yield 

[mol%] 

Carbonic 

acid ester 

yield 

[mol%] 

(after 15 

days of 

continuous 

operation) 

Trialkyl tin 

alkoxide 

production 

amount [%] 

(after 15 

days of 

continuous 

operation) 

*21) 

R' (alkyl group) 

432 Cyclopentylmethyl 3-M ethylbutyloxy 120 4 40.1 39.0 0.7 

433 Cyclohexy1ethyl 3-Methylbutyloxy 120 4 41.7 40.7 0.9 

434 3-Cyclopentvlpropyl 3-klethvlbutvloxy 120 4 41.4 40.6 1.1 

435 Phenethvl 3-Methylbutyloxy 120 4 42.1 41.1 1.0 

436 3-Phenvloropvl 3-Methylbutyloxy 120 4 40.6 39.6 1.1 

437 Cvelonentvlmethvl 2-Ethvlbutvloxv 105 4.5 38.6 37.6 0.7 

438 Cyclohexylmethyl 2-Ethylbutyloxy 105 4.5 37.8 37.3 0,7 

439 Cyclohexylethyl 2-Ethylbutyloxy 105 4.5 39.8 38.6 0,9 

440 3-Cyclopentylpropvl 2-Ethylbutyloxy 105 4.5 39.6 38.8 1.0 

441 Benzyl 2-Ethylbutyloxy 105 4.5 38.4 37.6 0.9 

442 Phenethvl 2-Ethylbutyloxy 105 4.5 38.8 37.6 1.0 

443 3-Phenvinronvl 2-Ethylbutyloxy 105 4.5 39.7 38.8 1.2 

*21) The amount of tri(cyclic group-substituted)alkyl tin alkoxide 

10 	production was calculated by mathematical formula (11). 

[Mathematical Formula 56] 

Tri(cyclic group-substituted)alkyl tin alkoxide production amount -- 

T/(W2°  x S2°) x 100% 	(11) 

[In the formula, "tri(cyclic group-substituted)alkyl tin alkoxide 

15 	production amount" is the amount of tri(cyclic group-substituted)alkyl 
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tin alkoxide produced [%] after continuous operation, T is the number 

of moles of tri(cyclic group-substituted)alkyl tin alkoxide [mol] 

produced after continuous operation, W2°  is the mass [kg] of the 

tetra(cyclic group-substituted)alkyldialkoxydistannoxane composition 

	

5 	introduced into the catalyst tank before continuous operation, and S2°  is 

the tin atom concentration (in the active component) [mol/kg] of the 

composition before continuous operation. The number of moles of 

tri(cyclic group-substituted)alkyl tin alkoxide T is calculated from the 

tri(cyclic group-substituted)alkyl tin alkoxide concentration determined 

	

10 	by 119Sn-NIVIR spectral analysis and the mass of the composition 

collected after continuous operation.] 

[0395] Structural 	formula 	of 	tetra(cyclic 

group-substituted)alkyldialkoxydistannoxane 

[Chemical Formula 111] 

15 

R' 
R 	 / 
\ 	 n 

R' Sn 
\ 
	\ 

0 1 	\ 
R" 	R" 

[R' represents a C3-16 alicyclic hydrocarbon group or C6-16 aromatic 

hydrocarbon group, and R" represents a C1-8 alkyl group.] 

[0396] [Comparative Examples 1 to 8] 

Tetraalkyldialkoxydistannoxane compositions with the structures listed 

20 

	

	in Table 15 were synthesized by the same method as Synthesis Example 

10. The tetraalkyldialkoxydistannoxane compositions were then used 

for test operation in a continuous circulating reactor by the same method 
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as Example 3. The tetraalkyldialkoxydistannoxane composition was 

placed in the catalyst tank of the continuous circulating reactor shown in 

Fig. 3 and circulating operation was conducted. Table 15 shows the 

percentage reductions in tin atom concentration of the compositions 

	

5 	after circulating operation and production amounts of tri(cyclic 

group-substituted)alkyl tin alkoxide (production amounts with respect to 

tin atom concentrations of tetraalkyldialkoxydistannoxane compositions 

introduced into the catalyst tank before continuous operation). 

[Table 39] 

	

10 	Table 15 --. 

Comparative 

Example 

Alkyl tin alkoxide 

Continuous 

time 

[days) 

Percentage reduction in tin atom 

concentration of 

tetraalkyldialkoxydistannoxane 

composition [%] 

Trialkyl tin 

alkoxide 

production 

amount 

trool'Al 

IV (alkyl 

group) 
OR (alkoxy group) 

1 Methyl Ethoxy 2 95 47 

2 Phenyl Ethoxy 3 82 41 

3 N-Butyl Ethoxy 5 35 19 

4 N-Octyl Ethoxy 5 23 12 

5 Methyl 2-Methylpropyloxy 3 90 44 

6 Phenyl 2-Methylpropvloxv 3 76 39 

7 Nauty1 2-M ethyl propyloxy S 30 15 

8 N-Octyl 2-Methvlpropyloxy 5 21 10 

[0397] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 112] 

R' R\ 0  / 

1 	0 
R" 	R" 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

15 	alkyl group.] 

[0398] [Comparative Examples 9 to 16] 

Di(cyclic group-substituted)alkyl tin dialkoxide compositions having 
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the structures listed in Table 16 were synthesized by the same method as 

Synthesis Example 11. 	The di(cyclic group-substituted)alkyl tin 

dialkoxide compositions were then used for test operation of a 

continuous circulating reactor by the same method as Example 2. 

	

5 	Each di(cyclic group-substituted)alkyl tin dialkoxide composition was 

introduced into the catalyst tank of the continuous circulating reactor 

shown in Fig. 2 for circulating operation. Table 16 shows the 

percentage reductions in tin atom concentrations in the compositions 

after circulating operation and the tri(cyclic group-substituted)alkyl tin 

	

10 	alkoxide amounts (production amounts with respect to tin atom 

concentrations of the di(cyclic group-substituted)alkyl tin dialkoxide 

compositions introduced into the catalyst tank before continuous 

operation). 

[Table 40] 

	

15 	Table 16 

Comparative 

Example 

Alkyl tin alkoxide 
Continuous 

time 

[days.] 

Percentage reduction 

In chalky! tin 

dialkoxide 

concentration 1%1 

Triallcyl tin 

alkox idc 

production amount 

fmol%1 
W (alkyl group) OR" (alkoxy group) 

9 Methyl Ethoxy 4 78 41 

10 Phenyl Ethoxy 4 68 36 

11 N-Butyl Ethoxy 5 27 14 

12 N-Octy! Ethoxy 5 17 8.8 

13 Methyl 2-Methylnropyloxy 4 68 37 

14 Phenyl 2-Methylpropyloxy 4 57 31 

15 N-Butyl 2-Methylpropvloxv 5 23 12 

16 N-Octyl 2-Methylptopyloxy 5 15 7.5 

[0399] 

Structural formula of di(cyclic group-substituted)alkyl tin dialkoxide 

[Chemical Formula 113] 

334 



Sn 
R" 

[Z' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

[0400] [Comparative Examples 17 to 24] 

	

5 	Di(cyclic group-substituted)alkyl tin dialkoxide compositions having 

the structures listed in Table 17 were synthesized by the same method as 

Synthesis Example 11. Each di(cyclic group-substituted)alkyl tin 

dialkoxide composition was used for transesterification reaction by the 

same method as Example 266, with adjustment so that the tin atom 

	

10 	concentration of the reaction mixture was approximately 1,5 to 2.5 

mol%. Table 17 shows the initial yields and reaction yields after 

continuous operation for the transesterification reaction and the 

production amounts of tri(cyclic group-substituted)alkyl tin alkoxide 

(production amounts with respect to the number of moles of tin atoms of 

	

15 	the di(cyclic group-substituted)alkyl tin dialkoxide compositions 

introduced into the catalyst tank before continuous operation). 

[Table 41] 
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Table 17 

Compai alive 

Example 

Alkyl tio alkoxide _ StartintmaRaials for Rausesterification 'tactical 

T014111. turf, 

[CC] 

luitial 

ImoOkl 

yield amount 

Yield (uut%) 

t 15 days nr 

COMIIIILious 

nperatirml 

Triulkyl tin 

alkoxidc 

production 

loto131J 

(aller 15 days of 

continuous 

ripirration) 

le (alkyl 

stoup) 
OR" (alkoxy group) Cal boxylic acid ester Alcohol 

17 hlrrhyl Ethoxy Methyl 2-Et by Iltecannare ester Phanot 15n 20 7 12 

101 Phenyl Ethoxy Methyl 2-Elliylhexanoatc ester Ethanol ISO 2(1 8 29 

19 N-Butyl Elhoxy Methyl 2-Eihyllsexanuate ester rt banal 150 17 II 11 

20 N.tkayl Ethoxy Methyll-Ethylhexanotuc colts Ethanol ISO 21 18 10 

21 Methyl 2-M ethylpropylox y Propyi 2.Ethy therm float c ester 2-M ethyl.] -pi °palm! 160 18 8 28 

22 Phenyl 2.Mothylpropyloty Propy12-Ethylliennoate ester 2-Methyl- 1 -pt opaool 160 14 7 25 

27 N-Butyl 2-Methylppaey1oay Prop] 2-Ethylhexanoate ester 2-Methy1.1-ptopanol 160 20 16 9 

24 N.Octyl 2-Methelplopyloxy Propyl 2-Ethylhournoate ester 2-Metliv1-1-pmpanol 160 19 16 9 

[0401] Structural formula of di(cyclic group-substituted)alkyl tin 

dialkoxide 

[Chemical Formula 114] 

Sn 

	

5 
	

Lr'""RW  

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

[0402] [Comparative Examples 25 to 32] 

Tetraallcyldialkoxydistannoxane compositions with the structures listed 

	

10 	in Table 18 were synthesized by the same method as Synthesis Example 

10. Each tetraalkyldialkoxydistannoxane composition was then used 

for transesterification reaction by the same method as Example 269, 

with adjustment so that the tin atom concentration in the reaction 

mixture was approximately 1.5 to 2.5 mol%. Table 18 shows the 

	

15 	initial yields and reaction yields after continuous operation for the 

transesterification reaction, and the tri(cyclic group-substituted)alkyl tin 

alkoxide production amounts (the production amounts with respect to 
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the number of moles of tin atoms of the tetraalkyldialkoxydistannoxane 

compositions introduced into the catalyst tank before continuous 

operation). 

[Table 42] 
5 	Fable i 8 

Comparative 

Example 

Alio I tin alkoxide 

Tempera-cure 

rOl 

Initial 

yield 
Imo194,1 

Yield 1.mo1"41 
( 15 days of 
eontintrous 
operation) 

Irialkyl lin 
a lkox We 

production 
amount [mar/0] 

(after 15 days of 
continuous 

op eralion) 

It' (alkyl group) OR" (alkoxy group) 

25 Methyl .Ethoxy 150 16 3 40 
26 Phenyl Ethoxy 150 19 6 33 
27 N-Butyl Ethoxy 150 18 13 14 

28 N-Octyl Ethoxy 150 14 12 10 
29 Methyl 2-Methylpropyloxy 160 20 5 37 
30 Phenyl 2-Methylpropyloxy 160 15 5 31 
31 N-Butyl 2-Methylpropyloxy 160 21 16 13 
32 N-Octyl 2-Methylpropyloxy 160 21 18 10 

[0403] Structural formula of tetraalkyldialkoxydistannoxane 

[Chemical Formula 115] 

R' 
R% 	0 	/ 

R1—Sn 

I  
0 	0 
R 	R" 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

10 	alkyl group.] 

[0404] [Comparative Examples 33 to 40] 

Tetraalkyldialkoxydistannoxane compositions with the structures listed 

in Table 19 were synthesized by the same method as Synthesis Example 

10. Each tetraalkyldialkoxydistannoxane composition was then used 

15 	for carbonic acid ester synthesis by the same method as Example 416. 
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Table 19 shows the carbonic acid ester initial yields and the carbonic 

acid ester yields after continuous operation, and the tri(cyclic 

group-substituted)alkyl tin alkoxide production amounts (the production 

amounts with respect to the number of moles of tin atoms of the 

5 	tetraalkyldialkoxydistannoxane compositions introduced into the 

catalyst tank of the continuous circulating reactor). 

[Table 43] 
Toble 191  

Comparative 

Example 

Alkyl tin alkoxide 

Tempera-ture 

[°C] 

CO2 

pressure 

[MPii-G] 

Carbonic 

acid ester 
 . 

initial yield 

linol%1 

Carbonic acid 

ester yield 

Imo1%1 

(after 15 days or 

conlitium 

operation) 

Trialkyl tin 

alkoxide 

production 

amount 

[inol%] 

(after 15 days 

of continuous 

operation) 

RI  (alkyl 

grollP) 
OR" (alkoxy group) 

33 Methyl N-13utoxy 120 4.5 47.6 35.5 13,6 

34 Phenyl N-ButoxY 120 4.5 32.8 25.6 12.0 

35 N-Butyl N-Butoxy 120 4.5 48.2 41.3 7,5 

36 N-Octyl N-Butoxy 120 4.5 48.4 42.7 6.3 

37 Methyl 2-Methylpropyloxy 120 4,5 47,3 34.7 13.8 

38 Phenyl 2-Methyloroovloxy 120 4.5 31.8 24.5 12,2 

39 N-Butvl 2-Methylpronyloxy 120 4.5 47.6 41.7 6,5 

40 N-Qely1 2-Methylpropyloxy 120 4,5 47.9 42.] 6.2 

[0405] Structural formula of tetraalkyldialkoxydistannoxane 

10 	[Chemical Formula 116] 

RI R\ O` 
R' 	

iss  li. 	Sn—R 

	

\
o 	\ 

	

1 	\ R" 	
o 

R" 

[R' represents a C1-8 alkyl or phenyl group, and R" represents a C1-8 

alkyl group.] 

Reference Signs List 
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[0406] 110, 120: Starting material tanks, 130: catalyst tank, 140: tank 

reactor, 150: tube reactor, 160: tower reactor, 170: thin-film vaporizer, 

180: distillation column, 141: inline mixer, 161, 181: condensers, 162, 

182: condensate tanks, 163, 183: reboilers, 1, 2, 15: supply lines, 3, 4, 5, 

	

5 	6, 7, 9, 10, 11, 14: transport lines, 8, 12, 13: collecting lines, 16: 

extraction line. 

[0407] 210, 220: Starting material tanks, 230: catalyst tank, 240: tube 

reactor, 250: tower reactor, 260: thin-film vaporizer, 270: distillation 

column, 241: inline mixer, 251, 271: condensers, 252, 272: condensate 

	

10 	tanks, 253, 273: reboilers, 21, 22, 33: supply lines, 23, 24, 25, 26, 28, 

29, 30, 34: transport lines, 27, 31, 32: collecting lines, 35: extraction 

line. 

[0408] 310, 320: Starting material tanks, 330: catalyst tank, 340: tank 

reactor, 350: tower reactor, 360: thin-film vaporizer, 370: distillation 

	

15 	column, 341: inline mixer, 351, 371: condensers, 352, 372: condensate 

tanks, 353, 373: reboilers, 41, 42, 53: supply lines, 43, 44, 45, 46, 48, 

49, 50, 54: transport lines, 47, 51, 52: collecting lines, 55: extraction 

line. 

[0409] 610, 670: Distillation columns, 620: tower reactor, 630: 

	

20 	autoclave, 640, 650: thin-film vaporizers, 660: catalyst tank, 621: inline 

mixer, 611, 671, 673: condensers, 612, 672: condensate tanks, 613, 622, 

674: reboilers, 614: collecting tank, 61, 68, 78: supply lines, 63, 64, 65, 

66, 67, 69, 71, 72, 73, 74: transport lines, 62, 75, 76, 77: collecting lines, 

70: purge line, 79: extraction line. 

	

25 	[0410] 710: Tank reactor, 720, 780: distillation columns, 730: tower 

reactor, 740: autoclave, 750, 760: thin-film vaporizers, 770: catalyst 
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tank, 711: inline mixer, 721, 731, 781, 783: condensers, 722, 732, 782: 

condensate tanks, 723, 733, 784: reboilers, 724: collecting tank, 91, 98, 

107: supply lines, 93, 94, 95, 96, 97, 99, 101, 102, 103, 109, 110: 

transport lines, 92, 104, 105, 106: collecting lines, 100: purge line, 108: 

5 	extraction line. 
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CLAIMS 

1. An alkyl tin compound having an alkyl group bonded to a tin atom and a C2-8 alkoxy 

group bonded to the tin atom, 

	

5 	 wherein the alkyl group is a C5-18 branched alkyl or cyclic group-substituted alkyl 

group, 

the C5-C18 branched alkyl group being an alkyl group branched at at least one carbon 

atom of the first to third carbon atoms counting from the tin atom, and 

the cyclic group-substituted alkyl group being an alkyl group having a cyclic group 

	

10 	bonded at at least one carbon atom of the first to third carbon atoms counting from the tin 

atom. 

2. The alkyl tin compound according to claim 1, which is an alkyl tin compound having 

one to three branched alkyl groups bonded to one tin atom, 

	

15 	 the valency of the tin atom being tetravalent. 

3. The alkyl tin compound according to claim 2, wherein a C2-8 alkoxy group is further 

bonded to the tin atom. 

	

20 	4. 	The alkyl tin compound according to claim 2, which is a dialkyl tin alkoxide or a 

tetraalkyldialkoxydistannoxane. 

5. 	The alkyl tin compound according to claim 4, which is a compound represented by 

formula (1) or a compound represented by formula (2); 

{2) 
2 	

4 	
4 

2 
'"•.. . 	t 	

R ' 	1 

	

I 	 ilR33 I .0  

	

..., %, 2 	 ,.....^ .".-.. , 
K'V. 	,rt 	 le 	,t.',... ,le RI...,  , ... 3  R Kra 'In 	 R' 	yii 	CH 	a 

I 
le0—Ses—O—Ru—OR 

,tri _JO 	 10„111 	)11 ,R3  /V-  'Cc ,,.14! 

	

IIV 	R6 	
le 	̀C-  'RI  XI-  y 	R6  

	

"...1.,,  1 	 "-...,,./ 
RS'T RI 	 RI  1.--' R6  wi 

25 	 R+ 	 R4  

wherein (i) R', R2, R3, R4, R5  and R6  each independently represent hydrogen or a Cl- 

15 alkyl group, and R7  represents a C2-8 alkyl group, 

(ii-1) at least one of RI, R2  and R3  is an alkyl group, or 

(1) 

Rta —. —Cie 

341 



(ii-2) all of R', R2  and R3  are hydrogens, and at least two of R4, R5  and R6  are alkyl 

groups, and 

(iii) the total number of carbon atoms of RI R2, R3
, 
 R4, R5 and R6  is 2-15. 

5 	6. 	The alkyl tin compound according to claim 2, which is a trialkyl tin compound. 

7. The alkyl tin compound according to claim 6, which is a compound represented by 

formula (3); 

r  
(g.5—c_c_CW"YrSii OR7  

I 

R6  R3  

(3) 

, 
R3, R4

, 
 — K5 10 	wherein (i) R', R2 	and R6  each independently represent hydrogen or a Cl- 

15 alkyl group, and R7  represents a C2-8 alkyl group, 

(ii-1) at least one of R', R2  and R3  is an alkyl group, or 

(ii-2) all of R', R2  and R3  are hydrogens, and at least two of R4, R5  and R6  are alkyl 

groups, and 

15 	 (iii) the total number of carbon atoms of R I, R2, R3, R4, R5  and R6  is 2-15. 

8. The alkyl tin compound according to claim 3, wherein the alkoxy group is an alkoxy 

group selected from among n-butyloxy, isobutyloxy, sec-butyloxy and C5-8 alkoxy groups. 

20 	9. 	The alkyl tin compound according to claim 3, wherein the alkoxy group is a branched 

alkoxy group. 

10. The alkyl tin compound according to claim 3, which is an alkyl tin alkoxide obtained 

from an alkyl tin carboxylate, alkyl tin oxide, alkyl tin oxide polymer or alkyl tin halide. 

25 

11. The alkyl tin compound according to claim 2, 

which is an alkyl tin alkoxide having a C5-18 branched alkyl group and a C4-8 

branched alkoxy group, and 

which is a compound represented by formula (1) or a compound represented by 

30 	formula (2); 
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RI  
v  a 

RS 	1 '1
...1

. 1 	 11.' 1 	RS 

RS )1(3C' 	'CI(  0  

Rb—i 0---U —r—OR;  

R-1,_ 	qi 	4,.ell 	RI 

...;c7"  RI 	i 	le 	 R2  i '.... RS4 	 R. 

wherein (i) R I, R2, R3, R4, R5  and R6  each independently represent hydrogen or a C1- 

15 alkyl group, and R7  represents a C4-8 branched alkyl group, 

(ii-1) at least one of R', R2  and R3  is an alkyl group, or 

	

5 	(ii-2) all of R', R2  and R3  are hydrogens, and at least two of R4, R5  and R6 are alkyl 

groups, and 

(iii) the total number of carbon atoms of R1, R2, R3, R4, R5  and Rf3 is 2-15. 

12. The alkyl tin compound according to claim 1, 

	

10 	which is an alkyl tin compound having a cyclic group4Ubstituted alkyl group bonded 

to a:titi atom, 

the cyclic group-substituted alkyl group being an alkyl group having.0 cyOlic group 

selected from among alicyclic hydrocarbon groups and aromatiehydrocarbon:groups bonded 

to at least one carbon atom among the first to third carbon atoms counting from the tin atom, 

15 and 

the valency of the tin atom being tetravalent. 

13. The alkyl tin compound according to claim 12, wherein 

the alkyl tin compound further has a C2-8 alkoxy group, and 

	

20 	the cyclic group is a C4-18 cyclic group. 

14. The alkyl tin compound according to claim 12, which is a di(oyelio group-substituted 

alkyl): tin dialkoxide or a tetra(cyclic group-substituted alkyDdialkoxydistannoxane. 

(I) 

(2) 
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15. 	The alkyl tin compound according to claim 14, which is a compound represented by 

the following formula (1) or a compound represented by formula (2); 

(1) 

5 	wherein ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 aromatic 

hydrocarbon group, m 1s an integer of 1 to 3, and R3  represents a C24 alkyl group. 

16, 	The alkyl tin compound according to claim 12, which is a tri(cyelic group-substituted 

alkyl) tin compound, 

10 

17. The alkyl tin compound according to claim 16, which is a compound represented by 

formula (3); 

(3) 

    

(.112 	) 

  

Sn OR3  

  

    

3 

wherein ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 aromatic 

15 	hydrocarbon group, in is an integer of 1 to 3, and R3  represents a C2-8 alkyl group. 

18. The alkyl tin compound,  ccording to claim 13,, wherein the alkoxy group is a. C4-8 

alkoxy group, and the alcohol corresponding to the alkoxy group is an alcohol having a 

boiling point of 100°C. or higher at ordinary pressure. 

344 



19. 	The alkyl tin compound according to claim 18, wherein the alcohol forms an 

azeotropic mixture with water. 

	

5 	20. 	The alkyl tin compound according to claim 13, wherein the alkoxy group is a 

branched alkoxy group. 

21. The alkyl tin compound according to claim 13, which is an alkyl tin alkoxide obtained 

from a cyclic group-substituted alkyl tin carboxylate, a cyclic group-substituted alkyl tin 

	

10 	oxide, a cyclic group-substituted alkyl tin oxide polymer or a halogenated (cyclic group- 

substituted alkyl) tin compound. 

22. A composition comprising an alkyl tin compound according to claim 1. 

	

15 	23. 	The composition according to claim 22, wherein the alkyl tin compound comprises; 

a dialkyl tin alkoxide and a trialkyl tin compound; 

a tetraalkyldialkoxydistannoxane and a trialkyl tin compound; 

a di(cyclic group-substituted alkyl) tin dialkoxide and a tri(cyclic group-substituted 

alkyl) tin compound; or 

	

20 	 a tetra(cyclic group-substituted alkyl)dialkoxydistannoxane and a tri(cyclic group- 

substituted alkyl) tin compound. 

24. A catalyst for a process for producing a carbonic acid ester from carbon dioxide and 

an alcohol, 

	

25 	 the catalyst comprising an alkyl tin compound according to claim 1. 

25. A method for producing a carbonic acid ester using an alkyl tin compound according 

to claim 1, the method comprising steps (1) to (3); 

Step (1): A step of reacting the alkyl tin compound with carbon dioxide to obtain a 

	

30 	reaction mixture containing a carbonic acid ester; 

Step (2): A step of separating the carbonic acid ester from the reaction mixture to 

obtain a residual solution; 

Step (3): A step of reacting the residual solution with an alcohol and removing the 

water produced by the reaction, to obtain an alkyl tin alkoxide, and recycling it to step (1). 
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26. 	The method according to claim 25, wherein the alkyl tin compound includes either or 

both a compound represented by formula (1) and/or a compound represented by formula (2); 

(I) 

Rt.,. I 	II.' 
---'°••••....), 

100 	—OR' 

ICH 

R1  I R5  
R4 

(2) 
R4 

R1  1 R2  •--,
c. 
 1 	

7 Ile  

7. ,!--R 4 	'-...,..---" 	el ..... 	
..." -"--. C 	R‘ R 	 RI 	R I....... 	..-0 ---... it, 

R''''. -"r 	 s.'11 
1 R.70—Mt 	0 	IP' OR7  

R 	jcii 	 R1  
It 	----c---- 	'- R ± 	Rs,- ..0Fil  •-.. ..--- 

'---c..." 	R6  
R5-"-- 	R? 	 R2  1 ....` R-5  

RI 	 11.4  

	

5 	 wherein (i) RI, R2, R3, R4, R5  and R6  each independently represent hydrogen or a Cl- 

15 alkyl group, and R7  represents a C2-8 alkyl group, 

(ii-1) at least one of R', R2  and R3  is an alkyl group, or 

(ii-2) all of R I , R2  and R3  are hydrogens, and at least two of R4, R5  and R6  are alkyl 

groups, and 

	

10 	(iii) the total number of carbon atoms of R', R2, R3, R4, R5  and R6  is 2-15. 

27. 	The method according to claim 26, wherein the alkyl tin compound further includes a 

compound represented by formula (3); 

(3) 

I 2 

R

r

i 

(Rs-- - C - CH -)-3- Sn 
I 	I 
e R.3  

	

15 	wherein (i) R1, R2, R3, R4, R5  and R6  each independently represent hydrogen or a Cl - 

15 alkyl group, and R7  represents a C2-8 alkyl group, 

(ii-1) at least one of R', R2  and R3  is an alkyl group, or 

(ii-2) all of R', R2  and R3  are hydrogens, and at least two of R4, R5  and R6  are alkyl 

groups, and 

	

20 	(iii) the total number of carbon atoms of R', R2, R3, R4, R5  and R6  is 2-15. 
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28, 	The method according to claim 26, wherein the alkoxy group of the alkyl tin 

compound is selected from among n-butyloxy, isobutyloxy, sec-butyloxy and C5-8 alkoxy 

groups. 

	

5 	29. 	The method according to claim 26, wherein the alcohol is an alcohol selected from 

among n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

30. The method according to claim 26, wherein 

the alkoxy group of the alkyl tin compound is a branched alkoxy group, and 

	

10 	the alcohol is the branched alcohol corresponding to the branched alkoxy group. 

31. The method according to claim 25, wherein the alkyl tin compound includes either or 

both a compound represented by formula (1) and/or a compound represented by formula (2); 

15 

CH1) 	12C 
I 'Pr  

R1  O-  

1T2C 
't 

wherein ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 aromatic 

hydrocarbon group, m is an integer of 1 to 3, and R3  represents a C2-8 alkyl group. 

32. 	The method according to claim 31, wherein the alkyl tin compound further includes a 

20 	compound represented by formula (3); 

(3) 

CR2  ) , 	Sn 	01t3  )  

3 
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wherein ring A represents a C3-16 alicyclic hydrocarbon group or a C6-16 aromatic 

hydrocarbon group, m is an integer of 1 to 3, and R3  represents a C2-8 alkyl group. 

33. The method according to claim 31, wherein 

	

5 	the alkoxy groups of the compound represented by formula (1) and the compound 

represented by formula (2) are C4-8 alkoxy groups, 

the alcohols corresponding to the alkoxy groups are alcohols with boiling points of 

100°C. or higher at ordinary pressure, and 

the alcohol used in step (3) is the alcohol corresponding to the alkoxy group. 

10 

34. The method according to claim 31, wherein the alcohol is a C4-8 alcohol with a 

boiling point of 100°C. or higher at ordinary pressure. 

35. The method according to claim 31, wherein the alcohol is an alcohol selected from 

	

15 	among n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol and C5-8 alkyl alcohols. 

36. The method according to claim 31, wherein 

the alkoxy group of the alkyl tin compound is a branched alkoxy group, and 

the alcohol is a branched alcohol. 


