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Recent studies of Anderson (1, 2) have shown that bis-(trialkylgermanium) 
oxides react with various weak acids such as acetic, mercaptoacetic, and hydro- 
cyanic to form the corresponding esters. Because of the relative position of tin 
with respect to germanium in the periodic table, it was expected that bis- 
(trialkyltin) oxides are more basic than bis-(trialkylgermanium) oxides, and 
therefore, capable of reacting with a variety of weak acids. 

This study was undertaken to demonstrate the basicity of bis-(triethyltin) 
oxide by allowing it to react vith acids whose ionization constants range between 
IOv1 and lO-". Bis-(triethyltin) oxide is suffciently basic to react with tri- 
fluoroacetic, aceiic, propionic, butyric, and benzoic acids; ethyl, isopropyl, 
n-butyl, isobutyl, lert-butyl, isoamyl, and benzyl mercaptans; o-thiocresol, 
m-thiocresol, p-thiocresol, phenol, p-cresol, and hydrogen sulfide to form the 
corresponding esters. The properties of the esters prepared are summarized in 
Table I. 

The method of preparing trialkyltin phenoxides by treating bis-(triethyltin) 
oxide with phenol or p-cresol appears to be more convenient than the one previ- 
ously reported (3) which involves the reaction of trimethyltin bromide with 
sodium phenoxide. Bis-(triethyltin) oxide reacts readily with mercaptans and 
thiocresols to form, in quantitative yields, triethyltin mercaptides. The author 
believes that this is the first synthesis of trialkyltin mercaptides. 

Kulmiz had previously shown (4) that hydrogen sulfide reacts with bis- 
(triethyltin) oxide, but he did not succeed in isolating the product. The product 
of this reaction was isolated by distillation at 1 mm. and found to be bis-(tri- 
ethyltin) sulfide. The following is suggested as a plausible mechanism for the 
formation of the sulfide. 

Triethyltin benzoate mas previously prepared by Kulmiz ( 5 )  by treating 
triethyltin iodide with silver benzoate. The melting point of the benzoate 
reported by Kulmiz is 80"; the melting point of our sample of triethyltin 
benzoate is 71". This discrepancy is undoubtedly due to  the difference in the 
methods used in determining the melting poinis. All melting points in this 
study were determined by stirring a bulb thermometer immersed in the cooling 
molten compounds, and recording that temperature for melting points at which 
the compound partially solidified. Triethyltin acetate and butyrate were 
previously prepared (6) by treating the oxide with acetic and butyric acids 
respectively, but since little physical data were reported on these compounds, it 
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seemed advisable to  prepare them and to measure their boiling and melting 
points to facilitate their futurg identification. 

EXPERIMENTAL 

All melting points are corrected, and were determined by stirring a bulb thermometer 
immersed in the cooling molten compounds, recording that  temperature for molting points 
a t  which the compound partially solidified. All boiling points a t  760 mm. p-essure are cor- 
rected and --ere measured by the dynamic method. A11 compounds, unless otherwise stated, 
were distilled at  the lomest pressure listed in Table I. 

B i s - ( l r i e t h y l t i n )  ozidr. Three liters of 1.85 molar ethyl magnesium broniide (5.55 moles) 
were added over a 3-hour period, with occasional shaking, to  482 g. of stannic chloride 
(1.85 moles) dissolved in 500 ml. of dry benzene immersed in an ice-water bath. The reaction 
mixture was allowed to  stand overnight. Bfter gradual aqueous decomposition of the un- 
reacted ethylmagnesium bromide, the organotin layer was separated and shaken with 
400 ml. of 3 M sodium hydroxide solution for 30 minutes to  convert triethyltin chloride to  
bis-(triethyltin) oxide. The ether-benzene layer was separated from the aqueous layer, 
and to  complete the recovery of organotin, the aqueous layer was extracted with hexane. 
The organotin solution was then dried overnight over sodium sulfate. The solvent was 
removed by distillation a t  atmospheric pressure; further distillation under 100 mm. pressure 
yielded 80 g. of crude tetraethyltin a t  110-118". Distillation under 1 muz. pressure yielded 
102 g. of bis-(triethyltir,) oxide at  ;00-102" [boiling point a t  760 mm. reported (6), 272'1; 
boiling point a t  760 mm. obtained was 27'0". Thus only 25.5% of stannic chloride was con- 
verted t o  bia-(triethyltin) oxide. A solid residue, presumably polymeric diethyltin oxide, 
rernained in the distilling flask; it  was discarded. 

T r i e t h y l t i n  acetate,  p rop iona te ,  bu ty ra te ,  and t r i j horouce tu t e .  When 4.3 g. (0.01 mole) 
of bis-(triethyltin) oxide was mixed with 0.02 mole of the appropriate acid heat was evolved, 
aad the esters precipitatcd almost immediately. After gentle heating under reflux for ten 
minutes, water and the excess acid were removed by distillation. The esters were then dis- 
tilled; all of the esters solidified. The yields were essentially quantitative. 

T r i e t h y l t i n  e thy l ,  i sopropy l ,  n - b u t y l ,  i sobu ty l ,  ter t -butyl ,  and  i s o a m y l  mercepf ides  When 
4.3 g. (0.01 mole) of bis-(triethyltin) oxide was mixed with 0.03 mole of the appropriate 
mercaptan heat was evolved and an emulsion formed. The r e a d o n  mixture was heated 
under reflux for ten minutes. After the removal of rsater and excess mercaptan by distills- 
tion, the esters wcre distilled. The yields were essentially quantitative. 

T r i e t h y l t i n  benzoate ,  phenox ide ,  a n d  p-cresozide and benzy l ,  o-folyl, m-tolyl ,  a n d  p- to lg l  
mercapt ides .  When 4.3 g. (0.01 mole) of bis-(triethylth) oxide was mixed with 0.0105 mole 
of benzoic acid or the appropriate phenol or thiocresol heat was evolved and an emulsion 
formed. After gentla heating under reflux for ten minutes, water and the excess reactant 
were removed by- distillation under 100 mni. pressure. The esters were then distilled under 
1 mm. pressure; the yields were essentially quantitative. 

B i s - ( t r i e t h y l t i n )  sul$de. Wheri excess hydrogen sulfide was bubbled into -1.3 g. (0.01 mole) 
of bis-(triethgltin) oxide, the reaction mixture became quite warm. After the removal of 
water by distillation under 100 nim. pressure, bis-(triethyltin) sulfide was distilled at, 1 
mm. The yield w a s  essentially quantitstire. 

A n a l y s e s  and  propert ies  of the esters.  Triethyltin acetate, propionate, butyrate, benzoate 
and trifluoroacetate are wbite solids; all the other esters pre2ared %re colorless liquids. 
Sulfur, in all of thp memaptides exrept in t e d - b u t y l  mercaptide, e as determined by the 
titration with standard iodine solution of a n  alcoholic solution of the aercaptide which 
was acidified with hydrochloric acid. Tin was determined as SnOz b y  the method of Kulmiz 
( 5 )  * 

SUMMARY 

1. The basicity of bis-(triethyltin) oxide was studied. 
2. Trialkyltin mercaptides were prepared. 
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3. Tridkyltin propionate, trifluoroacetate, phenoxide, p-cresoxide, and sulfide; 
and e thy 1 , isopropyl, n- bu t yl, isobutyl, te r t-bu tyl , isoamyl, benzyl, 0- thiocresyl, 
and p-thiocresyl mercaptides were prepared. 
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