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Arynes have been recognized as useful reactive intermediatesTable 1.

in organic synthesis, undergoing a wide variety of reactions such
as electrophilic coupling, cycloaddition, and the ene readtiimese

transient molecules have been known to be stabilized by coordina-

tion to transition metals, and their reactivities are thereby altered
remarkably? Consequently, considerable attention has been paid
to the synthetic applications of transition metaryne complexes.
Although stoichiometric reactions of zirconiurd®bP and nicket-

arynéd complexes were extensively studied, there have been a

limited number of reports on catalytic transformations of arynes.
Recently, P&a reported palladium-catalyzed trimerization of arynes
and cocyclization of arynes with alkyné<atalytic reactions of
arynes with alkynes and/or allyl chlorides in the presence of a
palladium complex were found also by Yamamaétehile Murai

and co-workers developed catalytic carbonylation of arfn@s.

the other hand, no report has been published on the transition meta
catalyzed addition of an elemerglement-bond to arynesexcept

for the carbostannylation of aryn&diVe report herein the first
demonstration of metalmetal o-bond addition to arynes, that is,
palladium-catalyzed bissilylation of arynes (ec?1).

Si
7 . Pd =
30 -0 ) o
X Si N Si

First, we investigated the reaction of 1,1,2,2-tetramethyl-1,2-(1,8-
naphthylene)disilanel@) and an aryne, generated in situ from
2-(trimethylsilyl)aryl triflate @) and a fluoride ion (KF/18-crown-
6),1° in the presence of a palladiunat-OcNC (1,1,3,3-tetrameth-
ylbutyl isocyanide) complex (Scheme 1), which is an excellent

catalyst for bissilylations of alkynes and alkenes as reported by (-

Ito and co-workerg?9e9 As described in Table 1, the silicen
silicon bond ofla was found to readily add to the triple bond of
benzyne (fronRa) to afford the seven-membered disilacarbocycle,
7,7,12,12-tetramethyl-7,12-dihydro-7,12-disilapleiadedag), in
66% vyield (entry 1). The use of cesium fluoride in acetonitrile in
lieu of KF/18-crown-6 in THF resulted in the formation 8&ain
78% yield, although the reaction required 2 days to be completed
The catalysis of the palladium complex is apparently crucial in the
present reaction, because no trace of the insertion product wa
observed in the absence of the palladium compl@esides simple
benzyne, 4-substituted benzyne (fr@m-2d) and 4,5-disubstituted
benzyne (from2e or 2f) also gave good to high yields of the
corresponding bissilylation products (entries®). On the other
hand, the reaction of 3-substituted benzyne (fizgn2i) and 1,2-
naphthalyne (fron2j) was rather sluggish to provide the products
in 30—40% yields, probably due to the steric hindrance around the
triple bond of the arynes (entries-70). It should be noted that
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entry Rin2 precursor time (h) yield (%)° product

1 H 2a 15 66 3aa
2 5-Me 2b 15 72 3ab
3 4-MeO 2c 15 75 3ac
4 4-Ph 2d 3 54 3ad
5 4,5-Me 2e 15 77 3ae
6 4,5-—(CHy)s— 2f 15 76 3af
7 6-Me 29 3 40 3ag
8 3-MeO 2h 3 37 3ah
9 6-Ph 2i 3 30 3ai

10 3,4-—(CH)s— 2j 3 33 3aj

11 3,4-(MeO) 2k 24 63 3ak

12 3,6-(MeO) 2l 3 72 3al

aThe reaction was carried out in THF (1.0 mL) at 2D usingla (0.40
mmol), an aryne precursor (0.60 mmol), KF (1.2 mmol), and 18-crown-6
(1.2 mmol) in the presence of Pd(OAdB.0 umol) andt-OcNC (0.12

Immol). bIsolated yield based oha.

Scheme 1
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3,4-dimethoxybenzyne (fror2k) and 3,6-dimethoxybenzyne (from

2l) reacted smoothly withato give the insertion products in 63%
and 72% yields, despite their steric congestion (entries 11 and 12),
which may be attributed to the enhanced kinetic stability of the
aryne induced by the two electron-withdrawing methoxy groups
| effect)!? although examples to support this stabilizing effect
remain to be found.

Furthermore, the present reaction was also applicable to a six-
membered cyclic disilane (1,1,2,2-tetramethyl-1,2*(Bighenylene)-
disilane, 1b) and 1,1,2,2-tetramethyl-1,2-disilacyclopentade),
giving an eight-membered disilacarbocycle, 1,6-dihydrotribenzo-
[1,4]disilocine Bb), and benzodisilepine¢a), respectively (Scheme

*2). In the case oflb, the yields of the insertion products were
relatively higher irrespective of the substitution patterns of the
Sarynes employed. In marked contrast to the reactiohasflc, a
four-membered cyclic disilane (1,1,2,2-tetraethyl-1,2-(1,2-phe-
nylene)disilane) decomposed in the reaction vdththrough the
fluoride ion attack on the disilane. No insertion product was
generated in the reaction of 1,1,2,2-tetramethyl-1,2-disilacyclohex-
ane or an acyclic disilane (hexamethyldisilane or 1,2-diphenyltet-
ramethyldisilane) witt2a, where the starting disilane was recovered
intact.

Although details of the reaction mechanism remain unclear at

Me,Si—-SiMe,

+

1 equiv 1.5 equiv

2

T Present address: Institute for Fundamental Research of Organic Chemistry,present' a plausible catalytic cycle is depicted in Scheme 3. First,
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complex4 is formed through oxidative addition of the silicen
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Scheme 2
KF (3 equiv)
18-Crown-6 (3 equiv) R-Z \
Qi Pd(OAc), (2 mol%) _
Me,Si-SiMe, TMS 2
+©j +OcNC (30 mol%) \1e Si SiMe,
LN meme
1 equiv 1.5 equiv O O
1b 2
2a(R=H) 3ba: 81% yleld (1h)
2g (R =6-Me) 3bg: 70% yield (1.5 h)
2h (R = 3-MeO) 3bh: 72% yield (1.5 h)
2m (R = 4-Me) 3bm: 63% yield (1.5 h)
Me,
Me,Si—SiMe. Si
T ——— ()
. . Si
1 equiv 1.5 equiv Me,
1c 3ca: 55% yield (1.5 h)
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silicon bond of1 to the palladium(0) complex, which is widely
accepted as the initiation step of catalytic bissilylations of unsatur-
ated organic compound$.Subsequent insertion of an in situ-
generated aryne into the silicepalladium bond of4 produces
arylpalladium comple, which then undergoes reductive elimina-
tion to provide bissilylation producB with regeneration of the
palladium(0) complex.

In conclusion, we have disclosed that the palladium-catalyzed
bissilylation of arynes with cyclic disilanes offered diverse benzo-
annulated disilacarbocycles, which would be potentially valuable
as a new functionality molecule such as sildiégurther studies
on synthetic applications to various organodisilanes and other
interelement linkagé8 as well as on the reaction mechanism are
in progress.
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