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Silicoorganic derivatives of boron containing the Si-O-B bond have attracted the attention of a number 
of investigators in very recent times [1-20]. This interest is due above all to the possibility of utilization of boro- 
silicoorganic compounds, for example as water-resistant [1], electrically insulating [2], and heat-resistant [3-4] 
coatings. Boric oxide [5], trialkyl borates [6, 7] and boric acid [8] are widely known as catalysts for polymeriza- 
tion of polysiloxanes based on the intermediate formation of compounds containing Si-O-B bonds. The  use of boron 
compounds in syntheses of arylhalosilanes is also probably associated with the formation of silicoorganic derivatives 
of boron [9], aM this theory is supported by the ability of tris(trimethylsilyl) borate to catalyze the arylation of 
hydrochlorosilanes [10, 11]. 

During the development of methods of synthesis of various silicoheteroorganic compounds (see for example 
[12, 13]) it seemed of interest to us to supplement the previously developed methods of preparation of triorgano- 
silylesters of boric acid-tris(triorganosilyl) borates-[14-16]-by new methods. Krieble's patented claim [14, 15] of 
the possibility of synthesis of tris(trimethylsilyl) borate by reaction of boric acid with trimethylethoxysilane was 
not subsequently confirmed although a similar method had been used successfully [16] for preparation of higher 
tris(trialkylsilyl) borates. One of us has described [16] methods of preparation of tris(trialkylsilyl)borates by reac- 
tion of hexaalkyldisiloxanes with boron trioxide, by reaction of trialkylchlorosilanes with boric acid or with tri- 
alkyl borates, or by transesterification of triakkyt borates with trialkylsilanols. These methods give rather poor 
yields (20-30%)~ We developed new methods of synthesis of tris (triorganosilyl) borates that were notabie for the 
exce!lent yields of 80-95% [12, 17]. The first two of these were based on reactions of triorganosilanols with boron 
trioxide or boric acid 

3RaSiOH ~- B (OH)a - - ~  (R~SiO)3 B + 3H~O (1) 

6RaSiOH -~- BeO3 ----* 2 (R3SiO)3 B ~- 3H~O (2) 

A third method of synthesis of tris(triorganosilyl) borates was based on reaction of triorganosilanes with boric acid 
in presence of colloidal nickel [12] 

3R3SiH q- B (OH)a ~ (RaSiO)3 B -~ 3H2 (3) 

Reactions (1) and (2) were realized by continuous azeotropic distillation of water from the mixture or tri- 
organosilanols with boric acid or boron trioxide containing an inert solvent (benzene).* It is interesting that under 
these conditions there was no sign of the competing reaction of condensation of triorganosilanois to hexaorganodi- 
siloxanes 

*After the main results of the present work had been published [12], references appeared in the literature to the 
possibility of effeeting reactions (t) [t8], (2) [19], and (3) [20]. Contrary to our procedure, the water of reaction 
in the synthesis of tris(triethylsilyl) borate by reaction (2) was removed by binding with anhydrous CuSO 4. More- 
over the yield of [(C2Hs)sSiO]sB was onty 40%. 
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2RsSiOH ~ R~SiOSiRs + H~O, (4) 
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which might have been expected to take place. Tris(triorgano- 
silyl) borates were obtained in accordance with reaction (3) by 
heating of a mixture of triorganosilane and boric acid in presence 
of colloidal nickel, formed by reaction of nickel chloride, with 
triorganosilane. 

By the three methods mentioned, we prepared six tris(tri- 
organosilyl) borates (see table), four of which were previously 
unknown. 

EX PERIMEN TA L 

Triorganosilanols were prepared by the method described 
earlier [21]; their constants agree closely with the literature data; 
boric acid and boron trioxide ( 'pure for analysis") were used with- 
out further purification. Triethylsilane was synthesized by reac- 
tion of ethyldichlorosllane with ethylmagnesium bromide. It had 
b.p. 108"(757 mm) ,n~  1.4113; d~4 0.7311. 

The silicon in tris(triorganosilyl) borates was determined 
by mineralization with a mixture of oleum and nitric acid. The 
precipitated silicic acid was filtered and calcined at 900". The 
boron content was found by titration of a weighed sample in 
aqueous dioxane with 0.1 N NaOH solution in presence of manni- 
tol (phenolphthalein as indicator). 

In illustration of the three new methods of synthesis we shall 
describe the preparation of tris(triethylsilyl) borate by schemes 
(1), (2), and (3). All of the remaining tris(triorganosilyl) borates 
were synthesized by the same methods. The physical constants 
of the substances after further purification, their yields, and 
analyses are set forth in the table. 

Synthesis of [(C2Hb)sSiOJ.~B by  reaction (1): A mixture of 
3.1 g of HsBO a (0.06 mole), 19.8 g (0.15 mole) of triethylsilanol 
and 70 ml of benzene was refluxed for an hour (the condenser 
was attached to a water collecting trap). After this operation, 
2.4 ml of water had separated. The solvent was distilled from 
the reaction mixture and the residue fractionated in vacuo. There 
was obtained 17.0 g (84.07o) of tris(triethylsilyl) borate with b.p. 
172-174" (6 ram), n~ 1.4378. 

Synthesis of [(C~H~)~SiO]sB.by reaction (2), A mixture of 
3.5 g of B203 (0.05 mole), 39.6 g (0.3 mole) of triethytsilanol, 
and 80 ml of benzene was heated for 2 hr as indicated in the 
preceding experiment. After separation of 2.65 ml of water, the 
benzene was distilled, and the residue distilled in vacuo to give 
37.0 g (92.070) of tris(triethylsilyl) borate with b.p. 165-167" 
(5 ram), n~ 1.4377. 

synthesis of [(CzH~)sSiO]sB by reaction (3). A mixture of 
4,32 g (0.07 mole) of HsBO 3, 2.8 g (0.24 mole) oftriethyl- ] 
silane, and 0.01 g of  colloidal nickel was refluxed for 14 hr. 
After this period the temperature of the reaction mixture had 
risen to 148" and 4.5 liters of hydrogen had been released. Frac- 
tional distillation in vacuo gave 27.0 g (61.0%) of tris(triethyl- 
silyl) borate with b.p. 154-155" (4 ram); n~ 1.4373. 
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SUMMARY 

Three new methods were developed for synthesis of tris(triorganosilyl) borates, based on reaction of triorgano- 
silanols with boron trioxide or with boric acid, and on reaction of H3BOz with triorganosilanes. These methods were 
employed for preparation of six compounds of this type, of which four were previously unknown. 
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