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Since the first isolation of a disilene (Mes,Si=SiMes,; Mes =
2,4,6-trimethylphenyl) in 1981 by West et al.,*® there have been
many investigations of the chemistry of multiply bonded silicon
compounds.® In 2004, Sekiguchi’s and Wiberg's groups indepen-
dently reported two types of disilynes (RS=SR: R =
SIPr[CH(SIMe3),]5,%2 |; R = SiMe(SiBu'y),,?” 11), both of which
are stabilized by bulky silyl substituents. As for the stabilization
of the reactive Si—Si triple bond, theoretical calculations showed
that significant stabilizing effects with the electropositive silyl group
might be of great importance in addition to steric protection.®
Recently, we reported the synthesis and structure of a stable 1,2-
diaryldisilyne, BbtSi=SiBbt (1, Bbt = 2,6-bis[bis(trimethylsilyl-
ymethyl]-4-[tris(trimethylsilyl)methyl]phenyl).* The triple-bond char-
acter of 1 was evaluated on the basis of the experimental results
with the aid of detailed theoretical calculations, and it was suggested
that the Si—Si triple bond in aryl-substituted disilyne 1 is weaker
than those the silyl-substituted disilynes | and 11.* In order to
understand the chemistry of the fascinating triply bonded organo-
silicon species, it is very important to investigate the unexplored
reactivity of disilynesin detail. However, only afew reactions have
been reported to date, probably because of the difficulty of
synthesizing disilynes.2>®~7 Because 1 is the first aryl-substituted
disilyne, it will provide us with valuable information about how
the substituent affects the reactivity of disilynes. In this paper, we
describe unique results obtained from the reactions of bulky, aryl-
subgtituted disilyne 1 with ethylene, cyclohexene, and 2,3-dimethyl-
1,3-butadiene.

Scheme 1

\W4
H,C=CH, (1 atm) N i
Bbt\SiESi 2 2 Bbt Si/\/SI‘Bbt

“Bbt n-hexane, rt/ 10 min VAN
1 2 63%

L. }J

Si=Si = —Si i—
Bbt” “Bbt Bbt—Si. .Si—Bbt

2-i 2-ii

————————————————————————

Bot, H . ; .

@ (4eq) i | CH(SiMeg); |

1 n-hexane §i ' Bbt =§—©*C(SiMe3)3:
H i

4
nt/5h Bbt CH(SiMey),

When a hexane solution of 1 was treated with 1 atm ethylene
gas at room temperature, the dark-yellow color of 1 immediately
disappeared and a colorless solid started to precipitate. An almost
colorless solution with a large amount of precipitate was obtained
after 10 min. Recrystallization of the precipitate using tetrahydro-
furan (THF) gave 2 as colorless crystals in 63% yield. Interestingly,
1 was found to react with 3 equiv of ethylene to give an ethylene-
bridged bis(silacyclopropane) product 2 (Scheme 1). A 2Si NMR
signa characteristic of the silacyclopropane skel etons was observed
in the highly negative region at —81.9 ppm (THF-ds).
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Wiberg et al.?® reported that the reaction of disilyne 11 with
excess ethylene afforded the corresponding 1,2-disilacyclobutene
via[2 + 2] cycloaddition. Similar products were obtained in the
reaction of disilyne | with excess 2-butene.>® Although they used
excess alkene, no further reaction occurred. Very recently, Power
and co-workers” reported the reversible reactions of ethylene with
distannynes (ArSn=SnAr, Ar = bulky m-terphenyl group) to give
the corresponding 1,4-distannabicylo[2.2.0]butanes, which spon-
taneously undergo retro-cycloaddition in solution, giving the original
distannynes. On the other hand, the reaction of their kinetically
stabilized digermyne analogue (ArGe=GeAr) with ethylene was
found to give the corresponding 1:2 adduct, but no retro-cyclization
could be observed.”

The formation of 2 is most likely interpreted in terms of initial
formation of the 1,2-disilacyclobutene 2-i via[2 + 2] cycloaddition
with ethylene followed by homolytic cleavage of the Si=Si bond
to give the bis(silylene) intermediate 2-ii, which further reacts with
ethylene to give 2. We have previously shown that an extremely
hindered disilene smoothly undergoes thermal dissociation into the
corresponding silylenes.® Accordingly, if 2-i were generated initially
in this reaction, it would readily undergo dissociation into bis(si-
lylene) 2-ii because of the severe steric congestion of the cis-
bis(Bbt) configuration, where the large ring strain further promotes
the dissociation.

Figure 1. Therma ellipsoid (50%) drawing of 3. Hydrogen atoms and
methyl groups on the Bbt groups have been omitted for clarity.

In order to find evidence for the formation of 1,2-disilacy-
clobutene species in the reaction of diaryldisilyne 1 with akene,
we examined the reaction with cyclohexene as the alkene, since
the two ring Si atoms of the expected 1,2-disilacyclobutene would
be held close to each other by the fused cyclohexane unit and thus
keepthe S=Si bond structure. Asexpected, 7,8-disilabicyclo[4.2.0]oct-
7-ene 3 was obtained from the reaction of 1 with 4 equiv of
cyclohexene as orange-red crystals in 65% yield (Scheme 1). The
reaction proceeded exclusively in syn-addition mode, and the
molecular structure of 3 is shown in Figure 1. Highly crowded 3
adopts a puckered 1,2-disilacyclobutene ring, to which the cyclo-
hexane ring was found to fuse with achair conformation. The Si—Si
bond distance is 2.213(3) A, which is consistent with those reported
for hindered disilenes.® The most prominent structural feature of 3
is the geometry around the Si=S moiety, which has a twisted,
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trans-bent structure with a bend angle of 26.4° and a Bbt—Si=Si—Bbt
dihedral angle of 103.3(8)°.%° Previously reported 1,2-bis(silyl)-
1,2-disilacyclobutenes were reported to have an amost planar Si,C,
ring, and the sums of the bond angles around the skeletal Si atoms
arevirtually 360°.%2 A characteristically downfield-shifted 2Si NMR
signal at 92.3 ppm (CgDg) of 3 aso confirms its Si=Si character.
This result shows that diaryl-substituted disilyne 2 has intrinsic
reactivity toward alkene similar to those of the previously reported
silyl-substituted disilynes | and 11.2
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On the other hand, dimetallyne species are known to show
different reactivities with conjugated dienes. For example, the
reaction of 11 with 1,3-butadiene gave a 1,2-disilacyclohexa-1,4-
diene product, which was suggested to be a[2 + 4] cycloadduct.?®
In the reaction of Power’s diaryldigermyne with 2,3-dimethyl-1,3-
butadiene, a trans-2,3-dimethyl-2-butene-bridged bis(3,4-dimeth-
ylgermacyclopent-3-ene) derivative was obtained.”® In contrast, the
reaction of BbtGe=GeBbht with 2,3-dimethyl-1,3-butadiene was
found to give a bis(3,4-dimethylgermacyclopent-3-ene) derivative
without the Ge—Ge bond cleavage.” These differences in the
reactivity of dimetallynes with dienes prompted us to investigate
the same reaction with diaryl-substituted disilyne 1.

Figure 2. Therma ellipsoid (50%) drawing of 4. Hydrogen atoms and
methyl groups on the Bbt groups have been omitted for clarity.

When a hexane solution of 1 was treated with an excess of 2,3-
dimethyl-1,3-butadiene at room temperature, alight-yellow solution
was obtained after 24 h. NMR analysis of the reaction mixture
suggested the formation of a somewhat complex product mixture,
but the most intense *Si signal was detected at —88.8 ppm,
suggesting the formation of a silicon-containing three-membered-
ring skeleton. When the concentrated reaction mixture was cooled,
colorless crystals of 4 were obtained in 27% yield (Scheme 2).
The main product 4 was finally characterized by X-ray crystal-
lographic analysis, and the unexpected molecular structure of 4 is
shown in Figure 2. The anti-tricyclo[3.1.0.0%%]1,2-disilahexane
structure of 4 has highly distorted skeletal Si atoms, and the sums
of the bond angles around the Si1—C3 and Si2—C2 axes are 359.6
and 359.8°, respectively.’® In the ®Si NMR spectrum of the reaction
mixture, all of the signals except those of the trimethylsilyl groups

were observed in the negative region, which means neither a 1,2-
disilacyclohexa-1,4-diene nor a 1,2-disilacyclobutene was produced.

Sekiguchi, Nagase, and co-workers> proposed that the reaction
of a disilyne with an akene involves a [1 + 2] cycloaddition
between the LUMO (7i,*) of the disilyne and the HOMO of the
akene as the initial step instead of a direct [2 + 2] cycloaddition.
The reaction of our diaryl-substituted disilyne 1 with 2,3-dimethyl-
1,3-butadiene can also be reasonably explained by the mechanism
mentioned above. Thus, theinitia [1 + 2] cycloaddition transforms
1 into the silacyclopropylsilylene intermediate 4-i, and the subse-
quent intramolecular addition of the silylene center to the remaining
C—C double bond gives the fina product 4. In other words, our
results might be good supporting evidence for the mechanism
proposed by Sekiguchi, Nagase, and co-workers.

In summary, the reactivity of 1,2-diaryldisilyne 1 was systemati-
cally compared with those of silyl-substituted disilynes. In most
cases, 1 behaves as well as the silyl-substituted disilynes do, but it
showed a unique reactivity toward conjugated dienes.
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