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Abstract

Reaction of 9,10-dimethyl-9,10-dihydro-9,10-disilaanthracene (1) with alkynes in the presence of palladium catalyst was
examined. The formal Diels–Alder adduct was isolated from the reaction mixture, indicating the possibility of the intermediacy
of 9,10-disilaanthracene, a novel silaaromatic compound. It was found that the [4+2] adduct was obtained only from the cis
isomer of the 9,10-dihydro-9,10-disilaanthracene. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The chemistry of aromatic compounds containing
sp2-silicon atoms has been a major research theme in
organosilicon chemistry for over 20 years [1]. Recently,
the first isolation of stable silaaromatic compounds was
reported [2]. 9,10-Dihydro-9,10-disilaanthracene deriva-
tives have often utilized as precursors of organosilicon
reactive intermediates such as silyl radicals [3] and silyl
anions [4]. However, generation of 9,10-disilaan-
thracenes, novel silaaromatic species, from the precur-
sor has not been reported. There have been some
reports on the transient generation of the related 9-
silaanthracene [5] and 1,4-disilabenzene [6,7] from the
corresponding dihydro derivatives. In this paper, we
would like to report the reaction of 9,10-dimethyl-9,10-
dihydro-9,10-disilaanthracene (1) under the dehydro-
genative conditions.

2. Experimental

2.1. General

GC measurements were performed on a Shimadzu
GC-18A gas chromatograph using a 50 m×0.25 mm
methyl silicone capillary column (Quadrex). TLC was
carried out on Merck silica gel 60 F254. Flash column
chromatography was performed on Merck silica gel 60
(230–400 mesh). 1H-, 13C- and 29Si-NMR spectra were
measured in CDCl3 solution on a Varian UNITY-400
spectrometer. All chemical shifts are reported as �-val-
ues (ppm) relative to residual chloroform (�H 7.26), the
central peak of deuteriochloroform (�C 77.0) or te-
tramethylsilane �Si 0.0). J-Values are given in Hz. GC-
MS (EI) was measured with the direct combination of
GC (Hewlett–Packard GC 5890 series II with a 25
m×0.25 mm methyl silicone capillary column) and a
JEOL JMS-AX-500 spectrometer with DA7000 data
system.

Preparation and separation of the cis- and trans-1
were performed according to the literature [8,9]. All
other reagents were of commercial grade.
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2.2. Reaction of 9,10-dimethyl-9,10-dihydro-9,10-disi-
laanthracene (1) with alkyne

A degassed mixture of cis-1 (200 mg, 0.83 mmol) and
2-butyne (2 ml) in the presence of 10% palladium on
carbon (300 mg) was stirred at room temperature (r.t.)
for 72 h. After removal of the catalyst using a Celite
pad, the concentrated reaction mixture was chro-
matographed on silica gel. Elution with hexane gave
adduct 4 (25 mg, 10%) as a colorless powder, m.p.
218–219°C. 1H-NMR � 0.97 (s, 6H), 1.90 (s, 6H), 7.18
(m, 4H), 7.61 (m, 4H). 13C-NMR � −12.69, 16.64,
126.66, 130.77, 146.42, 151.39. 29Si-NMR � −33.3.
HRMS m/z 292.1080 (M+, Calc. for C18H20Si2
292.1104).

A similar treatment of the cis-1 (200 mg, 0.83 mmol)
with 3-hexyne (2 ml) afforded the adduct 5 (15 mg, 6%)
as a colorless powder, m.p. 123–125°C. 1H-NMR �

0.87 (t, J=7 Hz, 6H), 0.97 (s, 6H), 2.36 (q, J=7Hz,
4H), 7.16 (m, 4H), 7.59 (m, 4H). 13C-NMR � −12.53,
14.95, 24.01, 126.51, 130.53, 146.59, 156.38. 29Si-NMR
� −33.7. HRMS m/z 320.1398 (M+, Calc. for
C20H24Si2 320.1417).

2.3. 9,9 �,10,10 �-Dioxy-9,9 �,10,10 �-tetrahydro-9,9 �,10,10 �-
tetramethyl-9,9 �,10,10,-tetrasiladianthracene (6)

A cis/trans (44/56) mixture of 1 (260 mg, 1.08 mmol)
and 10% palladium on carbon (260 mg) was stirred at
r.t. for 24 h. After removal of the catalyst using a Celite
pad, the concentrated reaction mixture was triturated
with acetone to give a dimer 6 (10.0 mg, 8%) as a
colorless powder, m.p.�320°C. 1H-NMR � 0.67 (s,
12H), 7.11 (m, 8H), 7.44 (m, 8H). 13C-NMR � −2.90,
128.57, 132.98, 143.28. 29Si-NMR � −19.7. HRMS
m/z 508.1143 (M+, Calc. for C28H28O2Si4 508.1166).

The filtrate was concentrated and the residue was
chromatographed on silica gel. Elution with hexane
gave trans-1 (120 mg, 46%).

3. Results and discussion

First of all, we carried out the flow thermolysis of a
cis/trans (44/56) mixture of 9,10-dimethyl-9,10-dihydro-
9,10-disilaanthracene (1) in the presence of various
trapping reagents, since the thermal generation of the
related 1,4-disilabenzene from the corresponding dihy-
dro derivative was reported [7]. However, we were
unable to isolate the products which would indicate the
formation of the expected silaaromatics. Therefore, our
attention was next denoted to the catalytic dehydro-
genation reactions.

When a degassed mixture of the 9,10-dihydro-9,10-
disilaanthracene (1) (cis/trans=44/56) and 2-butyne in
the presence of 10% palladium on carbon was stirred at
r.t. for 72 h, the starting material was completely
consumed and an adduct 4 was isolated from the
complex reaction mixture in 4% yield along with a trace
amount of a dimeric product 6. Most of the product
was polymeric material and could not be characterized.
The adduct 4 can be explained as arising from the
Diels–Alder reaction of the generated 9,10-dimethyl-
9,10-disilaanthracene (2) with 2-butyne as shown in
Scheme 1. Elevated temperatures or the use of solvent
did not improve the yield of the adduct 4. In the
absence of 2-butyne, the dimer 6 was the only volatile
and isolable product.

To investigate the difference in the reactivity between
the cis and trans isomers, we examined the isolation of
both isomers in pure form. The trans-1 was obtained as
colorless needles by repeated recrystallizations from
ethanol, while the cis-1 was isolated by the Corey’s
procedure [9]. Then, the palladium catalyzed dehydro-

Scheme 1.
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genation reactions of both isomers were separately per-
formed under the similar reaction conditions as de-
scribed above. It was found that the formal
Diels–Alder adduct 4 was obtained in 10% yield only
from the cis isomer, indicating the elimination of the
hydrogen atoms was a concerted process.

Further trapping of the intermediate 2 was accom-
plished by the reaction of the cis-1 with 3-hexyne to
give the corresponding [4+2] adduct 5 in 6% yield. The
only trace amount of the adduct 5 was detected when
the reaction was carried out with the cis/trans mixture
of 1.

For the formation of the adduct 4 or 5, an alternative
reaction pathway, the palladium catalyzed dehydro-
genative double silylation of alkyne via a bis(si-
lyl)palladium complex 3, cannot be ruled out at the
present stage. Because Tanaka and coworkers reported
a similar reaction of alkynes with bis(hydrosilane) spe-
cies in the presence of platinum complex catalysts to
give disilacyclic compounds [10]. Although we tried to
obtain the adduct 4 using various platinum catalysts,
we could not ascertain the formation of the adduct.

Finally, we also carried out the copyrolysis of the
adduct 4 with methanol or 3-hexyne, however, any
expected trapping products could not be detected in the
reaction mixture. Further investigations on the genera-
tion of 9,10-disilaanthracene are currently under way.
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