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Mechanism of Addition of Silanediyls (Silylenes) to Buta-1,S-diene 
Michael P. Clarke and lain M. T. Davidson" 
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From experiments on the addition of :SiMeX (X = H, CI, Me) to buta-1,3-diene, it is concluded that the main cyclic 
adduct in each case results from initial 1,2-addition to form a vinylsilacyclopropane followed by a 1,3-silyl shift, 
rather than Si-C bond rupture. 

The mechanism of addition of silanediyls (silylenes) to dienes 
is of topical interest. From an ingenious series of studies of the 
addition of dimethylsilanediyl, :SiMe2, to substituted dienes, 
Gaspar and his co-workers deduced from product composi- 
tion, including the degree of stereospecificity, that the initial 
step is 1,2-addition to form a vinylsilacyclopropane which then 
rearranges to form products, as illustrated in Scheme 1 for 
hexa-2,4-dienes. 1.2 They envisaged the acyclic vinylpropenyl- 
silane as being formed mainly by a 1,5 sigmatropic H-shift,z 
with C-C and Si-C bond rupture as the routes to the 
silacyclopent-2-ene and silacyclopent-3-ene, respectively; the 
former was the major cyclic product.' 

However, addition of :SiMe2 to buta-1,3-diene gives mainly 
dimethylsilacyclopent-3-ene, with little of the silacyclopent-2- 
ene;' Gaspar and Lei have recently3 obtained good evidence 
that the latter minor product results from C-C bond rupture in 
a vinylsilacyclopropane, as in Scheme 1, but the route to the 
silacyclopent-3-ene, the major product, is not obvious, 
especially as the evidence from acyclic compounds is that the 
Si-C bond would be stronger than C-C.4.5 Whilst direct 
1,4-addition cannot be ruled out, there are good indications 
that it is no more than a minor pathway.1 We have sought to 
shed some light on this intriguing mechanistic question by 
studying the addition of :%Me2, :SiMeCl, and :SiMeH to 
buta-l,3-diene. 

The silanediyls were generated by pyrolysis of the appro- 
priate disilane, Me3SiSiMe2H, Me3SiSiMeC12, and MeH2Si- 
SiMeH2, generally with a 10: 1 excess of buta-1,3-diene, in a 
stirred-flow apparatus with analysis by g.c./mass spectrometry 
(HP 5995C). Under these conditions, :SiMe2 gave dimethyl- 
silacyclopent-3-ene and dimethylsilacyclopent-2-ene in the 
ratio of 9.5 : 1 at 436 "C, decreasing to 7.7 : 1 at 470 "C; the 
trisilane resulting from the competing insertion of :SiMe2 into 
the disilane precursor amounted to less than 2% of the cyclic 
products. Reducing the ratio of butadiene to disilane from 
10 : 1 to 1 : 1 increased the relative amount of trisilane, but did 
not affect the ratios quoted above for the two cyclic products. 
As these could not be distinguished from each other by mass 
spectrometry, structural assignment was based on separate 
sealed-tube pyrolyses analysed by 300 MHz 1H n.m.r. 
spectroscopy. 

In pyrolyses between 458 and 520 "C, :SiMeCl likewise gave 
two isomeric cyclic products. G.c. traces were less clean, 
because of the presence of minor hydrolysis products, but the 
ratio of the two products was about 6 : 1, with little depen- 
dence on the butadiene : disilane ratio; the major product had 
the shorter retention time, the opposite of the :SiMe2 result, 
but was nevertheless shown by 500 MHz 1H n.m.r. spectro- 
scopy still to be the symmetrical silacyclopent-3-ene. 

Significantly different results were obtained with :SiMeH 
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between 398 and 435 "C. With a 10: 1 butadiene-disilane 
mixture, only one silacyclopentene was observed, shown by 
300 MHz 1H n.m.r. spectroscopy to be methylsilacyclopent-3- 
ene, but there were two other prominent products corre- 
sponding to the addition of one unit of :SiMeH to two of 
butadiene; each was preceded on the g.c. trace by a minor 
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isomer. The trisilane product amounted to about 4% of the 
combined butadiene adducts. Reducing the butadiene : 
disilane ratio to 1 : 1 increased the complexity of the product 
composition; more trisilane was produced, as were two 
isomeric tetrasilanes, and there was a considerable increase in 
three other products, very minor in the 1O:l mixture, 
corresponding to addition of two units of :SiMeH to one of 
butadiene. 

We believe that these results are entirely consistent with 
initial 1,2-addition, as suggested by Gaspar, but with the 
silacyclopent-3-enes being formed by 1,3-silyl shifts rather 
than by Si-C bond rupture, the explanation previously 
favoured on balance.' 1,3-Silyl shifts have been invoked in two 
rearrangements in allylic systems related to this work, of 
allylsilanes6 and of butenylsilylenes.7 The significant differ- 
ence between :SiMeH and the other two silanediyls is that it 
gives a vinylsilacyclopropane which can undergo silanediyl- 
forming ring-opening by a 1,2-hydrogen shift from silicon to 
carbon, known to be an important reaction of cyclic hydrido- 
silanes,8 and facilitated in this case by the high strain in the 
silacyclopropane ring. Our mechanism for the reactions of 
:SiMeH with excess of butadiene is shown in Scheme 2. 

No products resulting from C-C bond rupture (reaction 5 )  
were observed because that process was too slow to compete 
with the 1,2-hydrogen shifts8 (reactions 2 and 3). Both of these 
reactions would be expected to occur more or less equally 
because the allylic bond-weakening effects are self-cancelling. 
If the Si-C bond is at least as strong as C-C,4,5 it follows that 
reaction (6) was not an important route to the main product 
( 5 ) ,  which would be formed by one or both of the 1,3-silyl 
shifts, reactions (4) and (7). Reactions (-2) and (4) were 
suggested by Barton7 to account for the exclusive formation of 
( 5 )  from the butenylsilanediyl (2), while reaction (7) is 
analogous to the rearrangement of allylsilanes;6 there is a 
precedent7 for ring-closure of a silanediyl like (4) to form the 
product ( 5 ) .  In view of the reversibility of reactions (2) and 
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(3), reactions (4) and (7) leading to the main product ( 5 )  are 
the only unimolecular sink reactions for either of the 
alkenylsilanediyls (2) and (3). Easier orbital overlap may 
favour reaction (7) over reaction (4). 

With :SiMe2 and :SiMeCl, where hydrogen-shifts corre- 
sponding to reactions (2) and (3) cannot occur, C-C bond 
breaking analogous to reaction (5) can compete, albeit as a 
minor process, with the 1,3-silyl shifts analogous to reaction 
(4). The alkenylsilanediyls (2) and (3) in Scheme 2 would 
behave similarly to :!%Me2, each giving a silacyclopent-3-ene 
as the main product of reaction with butadiene with a 
silacyclopent-2-ene as minor product, giving a total of four 
products, two prominent and two minor, just as we found 
experimentally. 

With the hexadienes in Scheme 1, we suggest that the 
silacyclopent-3-enes are likewise formed directly from vinyl 
silacyclopropanes by 1 , 3 4 1 ~ 1  shifts, but silacyclopent-2-enes 
are now the main products because the C-C bond in the 
silacyclopropane is weakened by methyl-substitution, thus 
enhancing C-C bond breaking. In support of that explanation, 
we note that in the addition of :SiMez to the trans,trans-hexa- 
2,4-diene at 460 "C, the ratio of silacyclopent-Zenes to 
silacyclopent-3-enes was1 about 3 : 1; comparing that with the 
ratios found by us, and assuming that the rate constant for the 
1,3-silyl shift was the same in each case, we calculate that the 
methyl substituent would have to lower the activation energy 
for C-C bond breaking by 13-19 kJ mol-1, which is entirely 
reasonable.5 Further evidence in support of the 1,3-silyl shift 
comes from the temperature-dependence of product yields in 
our own experiments with :SiMe2. The change from 9.5 : 1 at 
436 "C to 7.7 : 1 at 470 "C corresponds to an activation energy 
difference of 27 kJ mol-1; the Si-C bond is unlikely to be 27 
kJ mol-1 weaker than C-C, even if the ring strain is more 
acute at silicon than at carbon, whereas the 1,3-silyl shift could 
well have an activation energy that much lower than the C-C 
bond strength. 

In the experiments with a 1 : 1 mixture of butadiene and the 
disilane precursor to :MeSiH, we cannot identify the new 
products corresponding to two units of :SiMeH and one of 
butadiene, but they were probably cyclic rearrangement 
products of disilenes resulting from the addition of :SiMeH to 
the :SiMeC4H7 silanediyls.9 
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