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In 1966, Atwell and Weyenberg reported the first example 
of pyrolytic generation of a silylene (silanediyl) species from 
alkoxydisilanes such as 1,2-dimethoxytetramethyldisilane.1 The 
reaction, however, occurs only at high temperatures around 
220-250 0C (eq 1). We now report a remarkably enhanced 
reactivity of a "pentacoordinate" alkoxydisilane, which under
goes a similar thermal silylene formation at 90 0C (eq 2). The 
silylene species has been trapped with an acetylene as a 1,2-
disilacyclobut-3-ene containing a pentacoordinate silicon atom. 
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Pentacoordinate ethoxydisilane 1, which contains the 8-(di-
methylamino)-l-naphthyl group and the ethoxy group on the 
same silicon atom, and the tetracoordinate counterpart 2 were 
prepared in high yields, as shown in Scheme I.2'3 

The X-ray structure and selected interatomic distances and 
angles of 1 are shown in Figure 1. The geometry of SiI is 
deformed considerably from tetrahedral to pseudotrigonal bi-
pyramidal (TBP), with the ethoxy group and the amino group 
at the two pseudoapical positions, having the Nl - • -SiI distance 
2.969(3) A and the Nl- • -SiI-Ol angle 171.36(9)°.4 The 
N- • -Si distance is somewhat larger than the normal "coordina
tion distances" of <2.8 A,5 but the nearly linear N- • -Si -O 
arrangement and the deformation angles around silicon imply 
attractive interaction between nitrogen and silicon, making the 
silicon center slightly pentacoordinated: the sum of the three 
pseudoequatorial angles is 347.0°. The naphthalene ring is, 
however, highly deformed from planarity. While the Sil—Si2 
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Figure 1. X-ray structure of 1. Selected distances (A) and angles 
(deg): Nl- • -SiI, 2.969(3); 01—SiI, 1.665(2); Sil—Si2, 2.368(1); 
Nl- • - S i I - O l , 171.36(9); 01—Sil—Si2, 97.35(8); 0 1 - S i I - C l ( N p ) , 
103.1(1); O l - S i l - C 13(Me), 106.4(1); S i l - C l - C 8 / N l - C l - C 8 , 
31.32; C 1 - C 2 - C 3 / C 6 - C 7 - C 8 , 9.78. 
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distance, 2.368(1) A, is normal,6 the SiI-Ol length, 1.665(2) 
A, is among the longest so far observed for ordinary tetraco
ordinate alkoxysilanes.7 This slightly elongated Si-O bond and 
the unusually small O—Si—Si bond angle (~97°) may be partly 
responsible for the high thermolability of 1, which will be 
discussed below. 

Coordination of the amino group to silicon in solution has 
been supported by the NMR spectroscopy. Thus, at room 
temperature in C^De, the two aminomethyl groups in 1 appear 
as diastereotopic two separate signals at d 2.21 and 2.26 in 1H 
and d 46.77 and 47.70 in 13C NMR spectroscopy. The data 
indicate that the coordination of the amino group to silicon is 
strong enough to prevent equilibration of the two methyl groups 
via rotation about the amino—naphthyl bond on the NMR time 
scales. In the 29Si NMR spectra, the aminonaphthyl-containing 
silicon atom in 1 (-7.32 ppm) resonates ~13 ppm upfield in 
comparison with the naphthyl-containing silicon atom in the 
tetracoordinate counterpart 2 (+6.08 ppm). The upfield shift 
strongly supports the pentacoordination of the particular silicon 
atom.8 

The pentacoordinate ethoxydisilane 1 undergoes thermal 
degradation readily, as shown in Scheme 2. Thus, when a 
solution of 1 in toluene was heated at 110 0C for 16 h under 
nitrogen, ethoxymethyldiphenylsilane 3 was obtained as the sole 
volatile product in 79% yield. The thermal decomposition was 
complete within 20 h at 90 0C in DMF. In contrast, the 
tetracoordinate analogue 2 was stable under similar conditions: 
even under forced conditions at 200 0C in toluene or DMF in 
a sealed tube for 48 h, only 20% yield decomposition of 2 was 
observed. Addition of triethylamine to 2 showed no effect on 
the thermal stability, indicative of the importance of the 
intramolecular coordination in 1. 

The silylene species 4, which should be formed in the 
thermolysis, appeared to have ended up as an oligomeric mixture 
as judged by the NMR spectra; we have been trying to isolate 
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any characterizable oligomer but without success so far, 
unfortunately. However, in the presence of a 1,3-diene or an 
acetylene, the silylene 4 was trapped efficiently, as shown in 
Scheme 2. Thus, reaction of 1 in the presence of 5 equiv of 
2,3-dimethyl-l,3-butadiene in toluene at 110 0C for 15 h gave 
the expected adduct 5 in 85% yield,3 together with 3 in 89% 
yield. In the presence of 0.5 equiv of diphenylacetylene, a 
silylene/acetylene 2:1 adduct, l,2-disilacyclobut-3-ene 6, was 
isolated as a crystalline trans isomer in 16% yield by workup 
and recrystallization under argon.9 

The X-ray structure of 6 is shown in Figure 2.10 In the solid 
state, 6 involves two different conformations of the amino-
naphthyl groups on silicon atoms. Thus, the geometry of SiI 
is pseudo-TBP, with Nl and the ring carbon atom Cl at the 
two apical positions and the short Nl- • -SiI distance, 2.789(3) 
A, within the normal "coordination distance" of <2.8 A,5 the 
large Nl- • - S i I - C l angle 167.7(1)°, and the high planarity of 
the equatorial groups, the sum of the equatorial angles being 
356.8°. Deformation of the naphthalene ring is relatively small. 
AU the data demonstrate that the geometry of the SiI is highly 
pentacoordinate. This is quite unusual for a tetraorganosilicon 
center without an electronegative group on silicon and might 
be ascribed to the release of the endocyclic angle strain of the 
four-membered ring.11 In contrast, on Si2, the amino group 
interacts very weakly with the Si2 atom from the region anti to 
the SiI atom with a rather long N2- • -Si2 distance, 3.039(3) 
A, the N2- • -Si2—SiI angle 170.42(7)°, the sum of pseu-
doequatorial angles 348.4°, and the highly distorted naphthalene 
ring. The unsymmetrical nitrogen coordination (interaction) 
makes the l,2-disilacyclobut-3-ene ring also unsymmetical, 
having a longer apical S i I - C l bond, 1.932(3) A, than the 
normal Si2-C2 bond, 1.891(3) A, together with the normal 
Sil—Si2 and C1=C2 bonds. 

The unsymmetrical nature of the structure of 6 can also be 
observed by solid state CP/MAS 29Si NMR spectroscopy, which 
shows two singlets at 6 +5.349 and -9.558 at room temper
ature. In solution, however, the structure is symmetrical, as 
observed by NMR at room temperature: a 29Si singlet is 
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Figure 2. X-ray structure of 6. Selected distances (A) and angles 
(deg): Nl- • -SiI, 2.789(3); N2- • -Si2, 3.039(3); Sil—Si2, 2.344(1); 
C1-C2, 1.356(4); Cl-SiI, 1.932(3); C2-Si2,1.891(3); Nl- • -SiI-Cl, 
167.7(1); N2-•-Si2-Sil, 170.42(7); Sil-C3-C10/Nl-C3-C10, 
14.30; C3-C4-C5/C8-C9-C10, 6.41; Si2-C16-C23/N2-C16-C23, 
39.80; C16-C17-C18/C21-C22-C23, 14.67. 

observed for two silicon atoms at 6 —3.456, being around the 
middle of the two signals observed in the solid state, as well as 
a singlet for Si—Me (1H, 6 0.95) and two singlets for the 
diastereomeric NMe2 (1H, d 2.169, 2.185). 

Compound 6 is the first l,2-disilacyclobut-3-ene containing 
a pentacoordinate silicon atom, which may exhibit interesting 
reactivities different from those of its ordinary tetracoordinate 
counterparts. The purified 6 was quite stable to O2 oxidation 
in CeD6 at room temperature for 6 h, whereas it was readily 
converted into the corresponding five-membered cyclic disi
loxane9 upon stirring with silica gel in the air for 2 h. Other 
reactivities are now under investigation in our laboratory. 

AU the results described herein demonstrate that the intramo
lecular coordination by the amino group enhances the thermo-
lability of the alkoxydisilane with respect to the a-elimination,12 

suggesting new designs for readily degradable polysilanes under 
thermal conditions13 and a new access to "pentacoordinate" 
oligosilanes. 
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