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Abstract – The reaction of overcrowded aryldichloromethylsilane 1 bearing a 

2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl]phenyl (Bbt) group 

with an excess amount of XylLi or MesLi (Xyl = 2,6-xylyl, Mes = mesityl) 

unexpectedly afforded the corresponding dihydrobenzosilole derivative 2 together 

with silyl-migrated olefin 3.  The generation of 2 in this reaction is most likely 

interpreted in terms of intermediacy of 1,2-dihydro-2-chlorosilene 4.    

# Dedicated to Prof. Dr. Albert Eschenmoser on the occasion of his 85th birthday. 

 

There has been much interest in low-coordinated species of heavier group 14 elements such as silylenes 

(R2Si:), silenes (R2Si=CR2), and disilenes (R2Si=SiR2).
1  Generally, such species are too reactive to be 

synthesized and isolated as stable, monomeric compounds, but they can be isolated as stable species when 

they are well kinetically stabilized with using bulky substituents.  Since these species are highly active 

toward addition reaction even in the case that they are well protected by the bulky substituents, they are 

good building blocks of heterocyclic compounds containing heavier group 14 elements.  From this point 

of view, low-coordinated organosilicon compounds bearing a reactive site such as an Si–H bond or a 

halogen atom should be a potentially good precursor of heterocyclic compounds bearing further reactive 

site.  Thus, we have focused our interest on silenes (Si=C) bearing a reactive site such as an Si–H, Si–Cl, 

or C–Cl bond.  From this point of view, we have reported the synthesis of 1-hydrosilene derivative 5, 

which underwent slow dimerization giving the corresponding [6+6] dimer 6.2  In this paper, we present 

the attempted synthesis of 1,2-dihydro-2-chlorosilene derivative 4 bearing 
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2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl]phenyl (Bbt) group as a steric protection 

group by the expected intramolecular migration of a hydrogen atom of chlorodihydrosilylcarbene 7.  As 

a result, the reactions of Bbt-substituted dichloromethyldihydrosilane 1 with ArLi (Ar = Xyl, Mes; Xyl = 

2,6-xylyl, Mes = mesityl) resulted in the unexpected formation of cyclic products, dihydrobenzosiloles 2. 
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When BbtSiH3 (657 mg, 1.00 mmol)3 was treated with Cl3COONa (1.85 g, 10 mmol) in toluene in the 

presence of 18-crown-6 (27.4 mg, 0.100 mmol) and heated under the reflux conditions, 

dichloromethyldihydrosilane 1 was obtained as colorless crystals in 87% yield (641 mg, 0.868 mmol).4  

The structure of 1 was definitively characterized by the spectroscopic and X-ray crystallographic analyses 

as shown in Figure 1(a).5 It was shown that it has a space around the Si–C moiety enough to react with 

external reagents, even though the Bbt group is very bulky and may suppress the self dimerization of the 

resulting molecules.  Compound 1 was treated with an excess amount (2.5 eq.) of XylLi as a base in 

THF at –80 ºC in the expectation of generating chlorosilylcarbene 7, which further undergoes 

intramolecular 1,2-hydrogen shift giving 2-chloro-1,2-dihydrosilene 4.6,7  However, instead of expected 

silene 4, dihydrobenzosilole 2a (20%) and olefin 3a (20%) were isolated as stable crystalline 

compounds.8  In the case of using MesLi instead of XylLi under the same conditions, similar products of 

2b and 3b were obtained in 32 and 16% yields, respectively (estimated by 1H NMR spectrum).9  The 

obtained products, 2a,b and 3a,b, were characterized by the spectroscopic analysis, and the molecular 

structures of 2a and 3a were revealed by the X-ray crystallographic analysis (Figure 1).5  Unexpected 

product 2a is a unique, overcrowded dihydrobenzosilole derivative bearing trimethylsilyl groups. 
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Scheme 3. Reaction of 1 with an excess amount of ArLi (Ar = Xyl, Mes) 
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Scheme 4. Plausible mechanism for the formation of 2 and 3 
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Figure 1. Molecular structures of compounds 1 (a), 2a (b), and 3a (c). Displacement ellipsoids were 
drawn at the 30% probability level5 

 

The formation of compounds 2a,b and 3a,b is interesting and important from the viewpoints of the 

reactivity of extremely hindered chlorosilylcarbene 7 and a unique synthetic method for a dihydro-

benzosilole derivative, although the detailed reaction mechanism leading to the formation of 2 and 3 is 

unclear at present.  The plausible reaction mechanism for the formation of 2 and 3 is shown in Scheme 4.  

At the first stage of the reaction of 1 with ArLi (Ar = Mes or Xyl), deprotonation reaction would possibly 

occur at the CH moiety of the CHCl2 unit of 1 to afford chlorosilylcarbene 7.6,7  Attempted 

intermolecular trapping reaction of 7 using an excess amount of 2,3-dimethyl-1,3-butadiene was 

unsuccessful, indicating the intramolecular rearrangement reaction of 7 would proceed faster than the 

intermolecular reaction.  Simply thinking, two types of intramolecular rearrangement may be possible 

for carbene 7, i. e., the 1,2-hydrogen shift to afford expected silene 4 and the C–H insertion at the benzyl 

position of the Bbt group giving 8.6,7  Since the obtained products, 2 and 3, were found to have an 

additional aryl group (Mes or Xyl) on the ring silicon atom, excess ArLi would react with the reactive 

intermediate 4 or 8.  In the path through silene 4, ArLi would attack the silicon atom of the Si=C moiety 

giving carbenoid 9 due to the following reason.7  The LUMO of silene 4 exhibits large contribution of 

the p-orbital of the Si atom on the basis of the results of theoretical calculations on model compound 4’ 

(Figure 2).10  In addition, the resulting anionic species of 9 would be stabilized by the -effect of a 

silicon atom.  Carbenoid 9 thus generated would readily afford silylcarbene 10 along with the 

elimination of LiCl, and then silylcarbene 10 would undergo intramolecular cyclization via the C–H 

insertion at the benzyl position of the Bbt group to give compound 2.  Thus, the formation of compound 

2 is interpreted in terms of the intermediacy of silene 4.  Although the formation of compound 3 cannot 

be reasonably explained by the reaction mechanism via 4, detailed theoretical calculations on the model 

molecules10 having 2,6-[(CH(SiMe3)2]2-C6H3 group instead of the Bbt group suggested another reaction 

mechanism for the formation of both 2 and 3.  Since the LUMO of dihydrobenzosilole 8, which consists 

1106 HETEROCYCLES, Vol. 82, No. 2, 2011



 

of a  orbital containing an Si moiety with Si–H * orbital, would lie in relatively low energy (that of 

model compound 8’ is computed as –0.59 eV), ArLi can attack 8 at the Si atom to give the corresponding 

silicate (Figure 2).  In the theoretical calculations, silicate 11’– (model compound of 11–) was optimized 

as a local minimum, indicating that silicate 11– can exist as a meta-stable species (Figure 3).  Two 

pseudo-rotational isomers of silicate 11’ – were found as the optimized structures, 11’A– (trigonal 

bipyramidal structure; H, C(Cl): axial, aryl groups and H: equatrial) and 11’B– (pseudo pyramidal), which 

would be transformed to each other via pseudo-rotation due to the small energy difference (0.57 kcal/mol).  

When a Li+ was located around each Cl atom (2.20 Å from the Cl atom) of 11’A– and 11’B–, their 

structural optimization resulted in the structures of products 2’ and 3’, respectively, along with the 

elimination of LiCl without energy-barrier (Figure 4).11  That is, Li+[11–] generated by the reaction of 8 

with ArLi would undergo elimination of LiCl followed by the Si–H insertion and 1,2-migration of the 

SiMe3 group to give 2 and 3, respectively.  Although the reaction mechanism for the formation of 2 and 

3 is unclear at present, these theoretical investigations indicated that silene 4 and/or dihydrobenzosilole 8 

generated from chlorosilylcarbene 7 would be a key intermediate in this reaction.  Especially, it is of 

great interest that the possible reaction pathway via the intermediacy of silicate species of Li+[11–] giving 

2 and 3 was suggested by theoretical calculations.    
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Figure 2. LUMO of compounds 4’ and 8’ 
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Figure 4. Structural optimization of silicate 11’– in the presence of Li+ 

 

In the expectation of obtaining 4 and/or 8, the reaction of 1 (50.3 mg, 0.068 mmol) with an equimolar 

amount of MesLi was examined.  As a result, a complicated mixture containing a small amount of 1 was 
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obtained, indicating the possible intermediates would be highly reactive under these conditions.  The 

crude mixture was subjected to column chromatography (SiO2, n-hexane) to give starting material 1 (11.5 

mg, 15.5 mol, 22%) together with some unidentifiable products.12   

In summary, a unique heterocyclic compound, dihydrobenzosilole 2, was unexpectedly obtained together 

with olefin 3 by the reaction of 1 with an excess amount of ArLi (Ar = Mes or Xyl).  Although we have 

examined the reaction of 1 with an equimolar amount of MesLi in the expectation of obtaining possible 

intermediates, it was unsuccessful and no useful information was obtained for the formation of 2 and 3.  

Theoretical calculations using model compounds indicated that the possible key intermediates would be 

silene 4 and/or silicate 11–.  This unique reactivity of 1 is of great importance in view of the construction 

of novel Si-containing heterocyclic compounds. 
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–5.39, –9.10, 56.6HRMS(FAB) m/z: Calcd for C40H80Si8 ([M
+]) 784.4414, found 784.4427. 

10. All of the theoretical calculations described in this paper were performed at the B3LYP/6-31G(d) 

level using Gaussian 03 program.  Since the calculations using real molecules related to our work 

using extremely large substituents cost extremely long time, model compounds bearing 

2,6-[(CH(SiMe3)2]2-C6H3 group instead of the Bbt group were used and Xyl group was chosen as Ar 

group for the calculations. 

11. At present, the transition state was not found in the calculations of IRC and detailed structural 

optimization.  Accordingly, it can be thought that these isomerization reactions would proceed 

without energy-barrier.  However, the possibility of the existence of the transition state with very 

small energy-barrier cannot be completely excluded at this stage. 

12. It was found that one of the unidentified products is silene-dimer 12 on the basis of the preliminary 

results of the X-ray crystallographic analysis of a single crystal obtained by the recrystallization of 

the mixture of unidentified products.  Accordingly, another reaction pathway giving 2 and 3 via 

silene 13 may be taken into account in the reaction of 1 with ArLi.  The data set of 12 was collected 

at beamline BL38B1 (Spring-8 Japan). 
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Si

C Si
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Hydrogen atoms other than those on the Si–C–Si–C
f our-membered ring systems were omitted f or clarity.
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