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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 with acids whose ionization constants range between
10* and 10-'°, Bis-(triethyltin) oxide is sufficiently basic to react with tri-
fluoroacetic, acetic, propionic, butyric, and benzoie acids; ethyl, isopropyl,
n-butyl, isobutyl, fert-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 1.

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 te be bis-{tri-
ethyltin) sulfide. The following is suggested as a plausible mechanism for the
formation of the sulfide.

(RsSn)s O + 2 HoS — 2 RySnSH + H,0
(RsSI’l)z O + 2 RsSnSI‘I — 2 (RsSI])zS + Hzo

Triethyltin benzoate was 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 points. 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 future 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 melting points
at which the compound partially solidified. All boiling points at 760 mm. pressure are cor-
rected and were measured by the dynamic method. All compounds, unless otherwise stated,
were distilled at the lowest pressure listed in Table 1.

Bis-(triethyliin) oxide. Three liters of 1.85 molar ethyl magnesium bromide (5.55 moles)
were added over a 3-hour period, with occasional ghaking, 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 wag allowed to stand overnight. After 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 at atmospheric pressure; further distillation under 100 mm, pressure
yielded 50 g. of crude tetraethyltin at 110-118°. Distillation under 1 mm. pressure vielded
102 g. of bis-{(triethyltin) oxide at 100-102° {boiling point at 760 mm. reported (6), 272°];
boiling point at 760 mm. obtained was 270°. Thus only 25.6% of stannic chloride was con-
verted to bis-(triethyltin) oxide. A solid residue, presumably polymeric diethyltin oxide,
remained in the distilling flask; it was discarded.

Triethyltin acetate, propionats, buiyrate, and trifluoroacetate, When 4.3 g. (0.01 mole)
of bis-(triethyltin) oxide was mixed with 0.02 mole of the appropriate acid heat was evolved,
and the esters precipitated 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.

Triethyltin ethyl, isopropyl, n-butyl, (sobutyl, teri-butyl, and isoamyl mercapiides. 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 reaction mixture was heated
under reflux for ten minutes. After the removal of water and excess mercaptan by distilla-
tion, the esters were distilled. The yields were essentially quantitative.

Triethyltin benzoate, phenoxide, and p-cresoxide and benzyl, o-tolyl, m-iolyl, and p-tolyl
mercaptides. When 4.3 g. (0.01 mole) of bis-{triethyltin) oxide wag mixed with 0.0105 mole
of benzoic acid or the appropriate phenol or thiocresol heat was evolved and an emulsion
formed. After gentle beating under reflux for ten minutes, water and the excess reactant
were removed by distillation under 100 mm. pressure. The esters were then distilled under
1 mm. pressure; the yields were essentially quantitative.

Bis-(triethyltin) sulfide. When excess hydrogen sulfide was bubbled into 4.3 g. (0.01 mole)
of bis-(triethyltin) oxide, the reaction mixture became quite warm. After the removsl of
water by distillation under 100 mm. pressure, bis-(triethyltin) sulfide was distilied at 1
mm. The yield was essentially quantitative.

Analyses and properties of the esters. Triethyltin acetate, propionate, butyrate, benzoate
and trifluoroacetate are wkite solids; all the other esters prepared arve colorless liquids.
Sulfur, in all of the mercaptides except in teri-butyl mercaptide, was determined by the
titration with standard iodine solution of an alcoholic solution of the mercaptide which
was acidified with hydrochlorie acid. Tin was determined as SnO; by the method of Kulmiz
4).

SUMMARY

1. The basicity of bis-(triethyltin) oxide was studied.
2. Trialkyltin mercaptides were prepared.
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3. Trialkyltin propionate, trifluoroacetate, phenoxide, p-cresoxide, and sulfide;
and ethyl, isopropyl, n-butyl, isobutyl, feri-butyl, isoamyl, benzyl, o-thiocresyl,
and p-thiocresyl mercaptides were prepared.
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