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Abstract 

Tris(trimethylsilyl)silanethiol is an effective and useful reducing agent for some organic substrates. 

The reduction involves free-radical chain reactions. 

In organic synthesis the most useful types of free radical reactions are (i) 
reductions of a variety of functional groups (eqs. 1 and 2 represent the propagation 
steps) and (ii) the formation of carbon-carbon bonds, either inter- or intra-molecu- 
larly [l]. Such chain processes have been carried out by using tributyltin [2] and 
tributylgermanium [3] hydrides and, more recently, tris(trimethylsilyl)silane [4], and 
tris(alkylthio)silanes [5]. 

R.+X,MH+RH+X,M. (1) 

RZ+X,M. 5 [RiMX,] % R. +X,MZ (2) 
c 

The most important consideration in selecting different reducing agents for these 
processes concerns the relative hydrogen-donor abilities of the hydrides [6 *]. It is 
well known that alkanethiols are rather good H-atom donors towards alkyl radicals 
[7] and that silyl radicals are amongst the most reactive species known for halogen 
abstraction [8,9] and for addition to double and triple bonds [lo]. This suggests that 
any class of compounds with an appropriate molecular arrangement which allows 
the transformation of a thiyl to a silyl radical via a fast intramolecular rearrange- 
ment will potentially be a good radical-based reducing agent [ll*]. In continuation 
of our exploration of the use of organosilanes as radical-based reducing agents, 
aimed at obtaining compounds with increased selectivity and/or reactivity, we 
decided to examine the compounds (Me,Si),Si(CH,),SH (1). We report here our 
preliminary work on the compound with n = 0, i.e. tris(trimethylsilyl)silanethiol, 2. 
We expected that this new reagent might be an important tool for organic chemists. 

* Reference number with asterisk indicates a note in the list of references. 
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Table 1 

Reduction of some cyclohexyl derivatives by silane 3 and thiol 2 0 

Substrate, RZ (Me,Si),Si(H)SSiMes (Me,Si),Si(H)SSiMes (Me,Si),SiSH 

yield t conv. yield f conv. yield 

(W (mm) (W (W (mm) (5%) (W 

cycle-GH,,Br 30 100 97 5 74 98 5 100 94 

cycle-C,H,,I 30 100 99 5 78 98 5 100 99 

cycle-C,H,,NC 30 100 98 5 89 97 5 100 85 

cycle-C,H,,GC(S)SMe 30 100 99 5 47 99 5 48 88 

cycle-GH,,SePh 30 72 99 5 13 99 5 4 99 

u General procedure: a solution containing 0.30 M organic substrate, the appropriate reducing agent 

(0.36 M) and a catalytic amount of AIBN (5-7%) in toluene was heated at 85 o C and then analysed by 

GC. Conversions and yields were quantified by GC using decane as an internal standard. Conversions 

are based on disappearance of the starting material. Yields are based on the formation of cyclohexane 

and on the amount of substrate converted. 

Tris(trimethylsilyl)silanethiol was prepared in a one-pot reaction from the corre- 
sponding commercially available silane in 95% overall yield [12*]: 

(Me,Si),SiH % (Me,Si),SiCl 3 (Me,Si),SiNH, % (Me,Si),SiSH (3) 

(2) 

When heated at 80” C in toluene containing AIBN (azobisisobutyronitrile) com- 
pound 2 rearranges to an isomer& form (74% yield) in about 15 minutes (eq. 4). The 
identity of the rearranged product 3 [12*] and the observation that the reaction was 
retarded by duroquinone (an excellent spin-trap for tris(trimethylsilyl)silyl radicals) 
[13] are consistent with a chain reaction in which the key step is the 1,2-shift shown 
in eq. 5 [14 *]. 

(Me,Si),SiSH A’~~~/~e0c ) (Me,Si),Si(H)SSiMe, 

(2) (3) 
(4) 

(Me,Si),SiS . 1’2-shift ) (Me,Si),SiSSiMe, 

(4) (5) 

(5) 

The rearranged product 3 was expected to be a good hydrogen-atom donor in the 
light of our recent observations on the behaviour of on (Me,Si),SiH [4] and 
(RS),SiH [5] as reducing agents, and this turned out to be the case. The reduction 
yields are shown in column 2 of Table 1 and refer to a reaction time of 30 min. The 
reductions were efficient for a variety of alkyl derivatives. Evidence for a free 
radical chain mechanism (eq. 1 and 2) was provided by the observations that the 
reactions were catalysed by light and by thermal sources of free radicals such as 
AIBN and dibenzoyl peroxide. Furthermore the reactions were retarded by 2,6-tert- 
butyl-4-methylphenol and duroquinone, which are inhibitors for steps 1 and 2, 
respectively. 

Similarly, good to excellent yields of reduction products from a variety of organic 
substrates were also obtained when tris(trimethylsilyl)silanethiol was used under the 
same experimental conditions and so it might be argued that thiol 2 rearranges to 
silane 3 (eq. 4) prior to the reduction process. However, when we ran the two sets of 
reactions for 5 min (see the data in columns 3 and 4, respectively of Table l), it 
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Table 2 

Data referring to the reaction 6 a 

H-donor t (min) conv. (W) yield (a) ratio 

6:7:8 

(Me,Si),Si(H)SSiMes 5 10 100 2:34:1 

(Me,Si),Si(H)SSiMeA 30 II 96 3:36:1 

(Me,Si),SiSH 5 51 99 62:35:1 

Bu ,SnH 5 31 100 32:33:1 

(Me$i),SiH 5 35 99 2.5 : 31: 1 

’ General procedure: a solution containing 0.1 M of 5-hexenyl bromide, the appropriate reducing agent 

(0.12 M) and a catalytic amount of AIBN when necessary in toluene was heated at 85O C and then 

analysed by GC. Conversions and yields were quantified by GC using decane as an internal standard and 

refer to average values of multiple runs. Conversions are based on disappearance of the starting material. 

Yields are based on total hydrocarbon formation and on the amount of substrate converted. 

became evident that the behaviours of the two reducing agents are different, at least 
for reduction of cyclohexyl bromide and iodide. In view of the relevance of 
mechanistic knowledge for planning synthetic applications, we carried out the 
reduction of 5-hexenyl bromide; in particular, the ratios of cyclized/uncyclized 
products (cf. eq. 6) were determined under various conditions using both 2 and 3, as 
well as Bu,SnH and (Me,Si),SiH for comparison. The data in Table 2 indicate that 
thiol 2 is an excellent hydrogen-atom donor towards alkyl radicals and so we 
suggest for the reduction of alkyl bromides and iodides the mechanism outlined in 
Scheme 1. 

(6) (7) (8) 

We have recently shown [4] that in the reduction of alkyl isocyanides, xanthates, 
selenides with (Me,Si),SiH, the key steps of the chain reactions are the fragmenta- 
tions of intermediate radicals derived from the fast addition of (Me,Si),Si * radicals 
to the specific substrates (cf. eq. 2, where &MX, represent a radical adduct). 
Whereas for isocyanides the reverse of the addition (eq. 2c) is unimportant, for 

(Me,Si),Si(X)SSiMes (MesSi)$iSH 

(MesSi)&SSiMe, (MesSi),SiS’ 

Scheme 1 
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x a n t h a t e s  and  se lenides  such  a p roces s  is e f f ic ien t  [4]. I f  we  m a k e  the  r e a s o n a b l e  

a s s u m p t i o n  tha t  the  b e h a v i o u r  o f  (Me3Si )3Si -  a n d  ( M e 3 S i ) 2 S i S S i M e  3 r ad ica l s  to-  

wa rds  o rgan i c  f u n c t i o n s  a re  s imilar ,  t hen  on  the  bas is  o f  the  d a t a  o f  T a b l e  1 we  can  

sugges t  tha t  the  r e d u c t i o n  of  cyc lohexy l  i s o c y a n i d e  p r o c e e d s  v ia  the  m e c h a n i s m  

r e p o r t e d  in  S c h e m e  1, whe reas  for  cyc lohexy l  x a n t h a t e  o r  se len ide  such  a m e c h a -  
n i s m  is e i the r  u n i m p o r t a n t  o r  does  n o t  o c c u r  at all. 

I n  conc lus ion ,  t r i s ( t r ime thy l s i ly l ) s i l ane th io l  f u n c t i o n s  as a f r ee - r ad i ca l  r e d u c i n g  

agen t  for s o m e  o rgan i c  subs t ra tes ,  a n d  its m a i n  f ea tu r e  is tha t  i t  is an  exce l l en t  

h y d r o g e n  donor .  F u r t h e r  w o r k  is in p rog res s  on  this m a t e r i a l  a n d  on  

( M e 3 S i ) 3 S i ( C H 2 ) , S H  c o m p o u n d s  w i t h  n = 1, 2, 3, 4 as r a d i c a l - b a s e d  r e d u c i n g  
agents .  

A c k n o w l e d g e m e n t .  W e  t h a n k  Dr .  B M a i l l a r d  for  s t i m u l a t i n g  d i scuss ions  o f  an  

o r ig ina l  p a p e r  by  Pi t t  and  F o w l e r  [14]. F i n a n c i a l  s u p p o r t  f r o m  the  " P r o g e t t o  

F i n a l i z z a t o  C h i m i c a  F i n e  I I "  ( C N R - - R o m e )  is g ra t e fu l ly  a c k n o w l e d g e d .  
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