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Summary: Tris(trimethylsily1)silane reacts spontaneously 
at  ambient temperature with molecular oxygen to form 
(Me,SiO)$i(H)SiMe, in high yield. The reaction proceeds 
via a free-radical chain mechanism and probably involves 
three consecutive unimolecular processes which are un- 
known in the literature. 

The reactions of silanes with molecular oxygen, under 
free radical conditions, have been studied in some detail.3 
These oxidation processes, which proceed via chain 
mechanisms, gave silanols as the major products, and no 
species corresponding to a hydroperoxide or peroxide was 
isolated, in contrast with the oxidation of carbon analogues. 
Possible reaction schemes for such behavior have been 
proposed in the literature.' However, electron spin res- 
onance studies indicate that alkyl- and aryl-substituted 
silylperoxyl radicals behave like alkyl peroxyl a t  low tem- 
peratures (below 233 K) and exist in equilibrium with a 
te t r~xide .~  The latter studies also indicate that the two 
oxygen nuclei in silylperoxyl radicals are magnetically non 
equivalent and that them radicals have more ?r spin density 
on the terminal oxygen than alkylperoxyl radicals. 

Recently, we have shown that tris(trimethylsilyl)silane, 
TTMSS, functions as a free-radical reducing agent and is 
an attractive alternative to tributyltin hydride for the 
majority of ita uses? In this paper we report our prelim- 
inary work on the autoxidation' of tris(trimethylsily1)silane. 
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During our initial work on TTMSP as a radical-based 
reducing agent we noticed that this silane reacts sponta- 
neously and slowly at ambient temperature with air to 
form a major product together with other minor ones. 
Isolation of the major product by preparative GC (purity 
>95% by analytical GC) followed by spectroscopic in- 
vestigation based on NMR, Et, and mass spectrometry led 
to the following e q ~ a t i o n : ~  

(Me3Si)3SiH + O2 - (Me3SiO)2Si(H)SiMe3 (1) 
Several experimental procedures were employed to study 
the reaction of molecular oxygen with TTMSS, for exam- 
ple, exposure to air or O2 bubbled into the pure material 
or ita solutions. The percentages of conversion and yield 
depend upon the experimental conditions. For example, 
after 1 h of air bubbled into 1 mL of pure silane, GC 
analysis showed that the consumption of 'M'MSS reached 
about 50% , whereas the yield of (Me,SiO)#i(H)SiMe, was 
almost quantitative. The fact that the reaction is retarded 
by common inhibitors, e.g., 2,6-tert-butyl-4methylphenol, 
suggests a free-radical chain reaction. Tetrakis(tri- 
methylsilyl)silane* cannot be oxidized under the same 
conditions. This also suggests that reaction 1 occurs by 

(7) The term autoxidation actually applies to any slow oxidation with 
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(9) Bis(trimethylsilosy)methylrilane: NMR spectroscopy was 

carried out on a Varian XL 300 spectrometer at 300,75.429, and 59.591 
MHz for 'H, I3C, and "Si, respectively. For all nuclei the chemical shif'ta 
(in ppm) are given with respect to TMS as internal standard 'H NMR 

[OSi(CHJ3], -3.06 [SiSi(CH3),]; "SI NMR (CDCl3) 6 25.44 (lSi), 23.68 
(lSi), 21.58 (2Si); MS m / r  280 (M?, 279 (M+ - l), 265 (M+ - 15), 207 (M.* 
- 73), 191 (M+ - 89); IR uSi+ 2095 cm-'. Anal. Calcd for CJ-i2sO#~4 
(280.66): C, 38.52; H, 10.06; Found: C, 38.66; H, 10.12. 

(c&) 6 5.46 (1 H), 0.18 (18 H), 0.15 (9 H); '3C NMR (CDCl3) b 1.68 
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Scheme I. Intramolecular Mechanism 
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\ (MetSi)?Si* f O2 

Me3Si&(OSiMe3)2 " \  
1 \ (Me3Si)2bOSiMe3 

\ 
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a free-radical mechanism rather than by direct insertion 
of any oxygen molecule to the Si-Si bond followed by a 
molecular rearrangement. When the SiH function in 
TTMSS is replaced by SiD,8 (Me3SiO)2Si(D)SiMe3 is 
formed exclusively. 

The mechanisms that we conceive for reaction 1, fol- 
lowing the fundamental concepts of free-radical chemistry, 
are two and are called intermolecular and intramolecular, 
respectively. By intermolecular mechanism we intend that 
the two oxygen atoms in the final product arise from two 
different oxygen molecules whereas in the intramolecular 
mechanism the two oxygen atoms arise from the same 
oxygen molecule. 

Oxygen-labeling experiments were carried out to dis- 
tinguish between intramolecular and intermolecular 
mechanisms. The tris(trimethylsily1)silane was treated 
with a mixture of IeO2 and lSOz (ca. 60/40 ratio).1° The 
crude products were analyzed by mass spectrometry to 
determine the isotopic distribution. From the E1 mass 
spectrum recorded by GC/MS analysis of the reaction 
mixture," the relative amounts of the coeluting isoto- 
pomers (Me3Si160)zSi(H)SiMe3, (Me3Sils0)(Me3Si1BO)Si- 
(H)SiMe3, and (Me3Si180)zSi(H)SiMe3 could be deter- 
mined by measuring the relative abundance of the corre- 
sponding [M - 15]+ (and [M - 17]+) ions. A completely 
intramolecular mechanism would result in the same label 
distribution in the products as in the reactants whereas 
an intermolecular mechanism would lead to a statistical 

(10) The molar ratio of the 1602/1602 gas mixture was detennitled from 
the intensities of 1602*+ and molecular ion peaks, recorded by 
electron impact ionization of the gas mixture. 

(11) GC/MS was performed by using a Varian 3600 CC linked to a 
Finnigan MAT 8400 double-focusing instrument. The maas spectrometer 
was operated in E1 ionization (70 eV) and at resolution of 1O00, while the 
magnet was scanned from m / z  33 to 500 in 0.8 a. 

distribution of the labels in the products. The mass 
spectrometric results are reported in the following equa- 
tion: 
(Me3Si)3SiH + (ca. 60% '60-'60/40% 1sO-180) - 

(Me3Si160)2Si(H)SiMe3 + (Me3Si180hSi(H)SiMe3 (2) 

Therefore, an intramolecular free-radical chain process is 
responsible for such behavior. 

The reaction sequence shown in Scheme I would agree 
with the above experimental data. That is, silyl radical 
1 adds to molecular oxygen to form the peroxyl2 which 
may rearrange to 3 by means of an unusual l,&shift of the 
Me3Si group which then undergoes a homolytic internal 
substitution to form the silyloxyl radical 4. The latter 
could rearrange to 5 by a 1,a-shift of the Me3& g r o ~ p . ' ~ J ~  
Hydrogen abstraction from the silane by radical 5 gives 
the desired product and the (Me3Si)3Si' radical, thus 
completing the cycle of this chain rea~t i0n. l~ To our 
knowledge the unimolecular steps 2 - 3 (1,3-shift), 3 - 
4 (SHi), and 4 - 5 (1,pshift) in Scheme I are unknown 
rea~ti0ns.l~ We believe that the strength of the silicon- 
oxygen bond is a potent driving force in these novel re- 
arrangements. Further work on the mechanism of reaction 
1 as well as on the autoxidation of other silanes is in 
progress." 
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Summary: Bromination of dehydroamino acid derivatives 
with NBS or Br2/2,6-lutidine yields (E)-  or (Z)-d-bromo- 
dehydroamino acid derivatives selectively. Subsequent 
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intramolecular Michael addition-elimination of an aziri- 
dine proceeds with complete retention of olefin geometry 
to provide the l-azabicyclo[3.1.0]hex-2-ylidene ring system 


