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Summary: The intermediate formed during the addition
of an alkyne to tetramesityldisilene has been determined
to be a biradical by the use of a newly developed
mechanistic probe, designed to discriminate among vinyl
radicals, cations, and anions.

The addition of alkynes to disilenes to give 1,2-
disilacyclobutenes is a well-known reaction of disilenes.1
It was one of the first addition reactions examined after
the synthesis of the first stable derivatives of disilenes2

and alkynes continue to serve as important trapping

reagents, particularly in systems where both the dis-
ilene and the silylene may be present.3 However, despite
the critical role of this reaction in disilene chemistry,
little is known about the mechanism by which it
proceeds. Only two studies have been reported which
provide some insight into the mechanism of the addi-
tion. Sakurai found that when trans-1,2-dimethyl-1,2-
diphenyldisilene was generated by thermolysis of the
appropriate disilabicyclooctadiene in the presence of
diphenylacetylene, a mixture of diastereomeric 2,5-
dimethyl-2,3,4,5-tetraphenyl-1-oxa-2,5-disilacyclopen-
tenes (from the stereoselective oxidation of the disila-
cyclobutenes) was formed after exposure of the reaction
mixture to the ambient atmosphere.1m A similar result
was obtained when diphenylacetylene was added to cis-
1,2-dimethyl-1,2-diphenyldisilene. The stereochemical
scrambling implies the formation of an intermediate
that allows for rotation about the Si-Si bond. The
authors suggested the formation of a biradical inter-
mediate, although no experimental evidence for one was
provided. West et al.1j,k reported that when tetramesi-
tyldisilene was allowed to react with a variety of
alkynes, disilacyclobutene adducts were only obtained
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with polar alkynes such as carbomethoxy-, phenyl-,
trimethylsilyl-, and ethoxyacetylene. Less polar alkynes
such as 1-hexyne, diphenylacetylene, propyne, acety-
lene, phenyl(trimethylsilyl)acetylene, and dimethyl acet-
ylenedicarboxylate did not react with the disilene, even
after several hours of heating. The cycloaddition prod-
ucts were isolated as air-stable solids. When trans-1,2-
di-tert-butyl-1,2-dimesityldisilene was allowed to react
with alkynes, scrambling of the stereochemistry about
the silicon atoms in the disilacyclobutene products was
observed,1j,k similar to Sakurai’s results. These observa-
tions led West to postulate that an intermediate was
formed and, since only polar alkynes were observed to
react with the disilenes, the intermediate might be
zwitterionic in nature. These two studies have clearly
established the formation of an intermediate during the
addition of alkynes to disilenes; however, the type of
intermediate is unclear.

We have recently developed a new mechanistic probe
for the discrimination between vinyl radical and ionic
intermediates based on cyclopropyl-substituted alkynes
such as 1 (Scheme 1).4 We have shown that the vinyl
radical 2 undergoes a fast and regioselective rearrange-
ment toward the phenyl substituent, whereas the cor-
responding vinyl cation, 3, undergoes a fast and regi-
oselective rearrangement toward the methoxy substi-
tuent. In contrast, an analogous vinyl anion (without
the methyl and methoxy substituents), as modeled by
the lithium derivative, did not show any evidence for
ring-opening rearrangement. Herein, we report on the
addition of alkyne 1 to tetramesityldisilene (4). We
believe that the structure of the addition products will
provide unambiguous information regarding the nature
of the intermediates formed during the addition of
alkynes to disilenes.

Alkyne 1 was added to the deep yellow solution of 4,
generated by photolysis of bis(trimethylsilyl)dimesityl-
silane (5). The mixture was stirred for 18 h at room
temperature. Analysis of the crude product by 1H NMR

spectroscopy revealed a mixture of 6-9 (44:21:14:21,
respectively; Scheme 2) and the starting alkyne; very
few signals remain unassigned. Although 6 and 9 could
be isolated from the mixture, compounds 7 and 8 could
not be separated from one another.

The presence of two different 29Si signals in the 1H-
29Si gHMBC spectrum of disilacyclobutene 9 as well as
signals corresponding to four different mesityl groups
in the 1H NMR spectrum of 9 are consistent with a lack
of symmetry in the molecule. Signals at 173.98 and
155.25 ppm were observed in the 13C NMR spectrum of
9 and were assigned to the vinyl ring carbon atoms of a
dimetallacyclobutene ring. The chemical shifts are
comparable to the chemical shifts of the analogous
carbons in other dimetallacyclobutenes.1a,b,5 The relative
stereochemistry of the phenyl, methoxy, and methyl
substituents on the cyclopropyl ring was difficult to
assign unambiguously using the coupling constant of
the vicinal ring 1H’s (4.7 Hz).6

The structure of 6 was determined by NMR and IR
spectroscopy and mass spectrometry7 and unambigu-
ously confirmed by X-ray crystallography.8 Both enan-
tiomers were present in the unit cell. The molecular
structure of one enantiomer of 6 is presented in Figure
1. The Si-Si bond length of 2.5428(18) Å is significantly
longer than an average Si-Si bond (2.35 Å). This is
likely due to the high steric congestion of the bulky
mesityl groups and the high degree of ring strain
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Scheme 1. Reactivity of Vinylic Intermediates
Derived from Cyclopropyl Alkyne 1

Scheme 2. Addition of Alkyne 1 to Disilene 4
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present in 6. The strain is also evidenced by the
distorted CdCdC bond angle (162.5(5)°) as well as
distortion about the silicon atom (C(1A)-Si(1A)-
C(11A), 117.01(18)°; C(1A)-Si(1A)-C(31A), 101.31(18)°;
C(31A)-Si(1A)-Si(2A), 127.04(11)°) and about the
allene moiety (Si(1A)-C(1A)-[C(2A)]-C(3A)-C(4A),
101.1°; Si(1A)-C(1A)-[C(2A)]-C(3A)-C(5A), -60.0°).
The metrics for the second independent molecule are
comparable.

The formation of the strained cyclohepta-1,2-diene is,
in itself, interesting. Chemists have long been fascinated
by strained organic compounds, including cyclic allenes.9
The unstrained allenic moiety adopts a linear arrange-
ment of the three unsaturated carbons and an orthogo-
nal relationship for the substituents at each end of the
allene. Incorporation of the allenic group into a small
ring imparts significant strain on the molecule. To
alleviate the strain, bending at the central carbon and
twisting of the substituent planes is commonly observed.

In general, cyclohepta-1,2-dienes exist as transient
intermediates;9c however, they can be stabilized by
complexation to metals.10 A limited number of isolable
seven-membered cyclic allenes have been reported to
date; in each case, a 1,2,3,4-tetrasilacyclohepta-5,6-diene
ring system has been reported.11 Sila substitution is a
common strategy that has been employed for the isola-
tion of other strained ring systems such as small-ring
trans-alkenes and alkynes.9b,12 The longer Si-C and Si-
Si bond lengths undoubtedly decrease the strain associ-
ated with small-ring allenes and permit the isolation
of such compounds. The structure of compound 6 il-
lustrates that a stable compound containing a cyclo-
hepta-1,2-diene can be achieved with only two carbon
atoms in the ring substituted by silicon. Accordingly,
the bending at the allene is more severe in compound 6
compared to the 1,2,3,4-tetrasilacyclohepta-5,6-dienes
(163° versus ∼174° 11a,b) and the Si-Si bond length is
elongated (Si-Si: 2.54 Å versus 2.34 Å11a,b). Elongation
of the Si-Si bond, however, may also be a consequence
of the bulky substituents.

From the spectroscopic data of 7 and 8, it is clear that
these compounds are isomers of 6.7 A detailed examina-
tion of the data revealed that both 7 and 8 have the
same regiochemistry as 6; that is, the phenyl group is
attached to the carbon adjacent to the silicon atom in
the seven-membered ring. We were unable to unequivo-
cally determine the stereochemistry of these isomers.

The cyclopropyl ring is no longer intact in disilacy-
cloheptadienes 6-8. Cyclopropyl ring opening is con-
sistent with the formation of a reactive intermediate
during the course of the reaction. The relative position
of the phenyl substituent within disilacycloheptadienes
6-8 has been determined to be adjacent to the silicon
atom in all isomers by NMR spectroscopy and confirmed
by X-ray crystallography for 6. This regiochemistry is
only consistent with rearrangement of a cyclopropylvi-
nyl radical toward the phenyl group and provides
unambiguous evidence that the addition of alkyne 1 to
tetramesityldisilene occurs through a stepwise reaction
mechanism via the formation of a biradical intermedi-
ate, as shown in Scheme 3. The 1,4-biradical intermedi-
ate can then either cyclize to form disilacyclobutene 9
or regioselectively rearrange toward the phenyl sub-
stituent to form a new 1,7-biradical, which can then
close to yield the observed disilacycloheptadienes 6-8.

The formation of 6-8 is not consistent with a mech-
anism in which a zwitterionic intermediate is formed:
if a cation were generated adjacent to the cyclopropyl
ring, the evidence indicates that the rearrangement
would occur toward the methoxy substituent, and if an
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Figure 1. Core structure of 6. Thermal ellipsoids are
drawn at the 50% probability level. Only ipso carbons of
the mesityl and phenyl substituents are shown for clarity.
Selected bond lengths (Å) and angles (deg): Si(1A)-Si(2A)
) 2.5428(18), Si(1A)-C(1A) ) 1.879(5), C(1A)-C(2A) )
1.307(6), C(2A)-C(3A) ) 1.293(6), Si(2A)-C(8A) ) 1.997-
(5); C(1A)-Si(1A)-Si(2A) ) 102.12(16), C(8A)-Si(2A)-Si-
(1A) ) 112.18(14), C(3A)-C(2A)-C(1A) ) 162.5(5).
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anion were generated adjacent to the cyclopropyl ring,
the evidence indicates that no rearrangement would
occur. The formation of disilacyclobutene 9 indicates
that ring closure (kC) of the intermediate 1,4-biradical
effectively competes with the ring-opening rearrange-
ment.

While these results initially appear to contradict
West’s report that tetramesityldisilene (4) was only
found to react with polar alkynes such as phenyl-,
carbomethoxy-, trimethylsilyl-, and ethoxyacetylene,1j,k

a biradical mechanism is, in fact, consistent with the
experimental results. While the aforementioned alkynes
are polar in nature, the substituents on the triple bond
are also capable of stabilizing an R-radical.

The addition of acetylene13 and, more recently,
butadiyne14 to the silicon dimers of a reconstructed Si-
(100) 2 × 1 surface has attracted much attention.15

Although the bonding in molecular disilenes and the
silicon dimers of the reconstructed Si(100) 2 × 1 surface
may not be the same, it is surprising that few compari-
sons have been made between the reactivity of molec-
ular disilenes and the surface disilenes. We believe that
such a comparison may be instructive. Of particular
relevance to this work are two theoretical studies
concerning the details of the addition of acetylene and

butadiyne to the Si(100) 2 × 1 surface.14b,16 In both
reports, the [2 + 2] cycloaddition was found to proceed
through a biradical intermediate. Our results suggest
that the reactivities of both molecular and surface
disilenes may indeed be comparable.

In summary, by examination of the structure of the
products obtained upon addition of the mechanistic
probe 1 to tetramesityldisilene, we have provided strong
evidence for the formation of a biradical intermediate.
Furthermore, we were able to isolate a relatively rare
example of a stable cyclohepta-1,2-diene. We continue
to explore the generality of these findings.
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Scheme 3. Mechanism for the Formation of 6-9
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