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Carbon—carbon bond-forming reaction from diorganometal 
compounds has been well known for transition metals (eq I).2 
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However, this type of reaction has been very rare for diorga-
nosilicon compounds, to the best of our knowledge.3 

Recently we investigated the selective stoichiometric or 
catalytic reactions of the zirconocene-ethylene complex Cp2-
Zr(CH2=CH2) (1) formed in situ from Cp2ZrEt2.

4'5 During the 
course of our study on the reaction of 1 with silylacetylenes, 
we found an interesting coupling reaction of alkynyl groups of 
bis(alkynyl)silanes. In this paper we report a novel intramo
lecular coupling reaction of bis(alkynyl)silane and a formation 
of silacyclobutene derivatives. 

Treatment of bis(alkynyl)silane 2 (R = Ph, R' = Me (2a), 
Et (2b), Ph (2c)) with Cp2ZrEt2 and iodine in this order gave 
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diphenyldiyne 3 in high yields (eq 2). We recently reported that 
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the reaction of 1 with a silylacetylene such as l-(trimethylsi-
lyl)-l-propyne produced a coupling product of the acetylene 
with an ethylene as a zirconacyclopentene derivative.51 How
ever, no incorporation of ethylene was observed in the reaction 
product of 1 with 2a-c as shown in eq 2. When a mixture of 
a phenyl-substituted bis(alkynyl)silane 2a and a tolyl-substituted 
4 was used, only /nframolecular coupling diynes 3 and 5 were 
observed. Formation of an intermolecular coupling product 6 
was not detected. 

(toh -I2SlMe2 tol — tol P h - = - = - t o l 

In order to understand the mechanism, we investigated the 
reaction mixture of 2a-c with Cp2ZrEt2. Very interestingly, 
silacyclobutene derivatives 7 were formed in high yields after 
hydrolysis (Scheme 1). The 1H NMR spectrum of 7a indicated 
two singlets at 6.70 and 7.70 ppm assignable to PhCzY=C and 
-CzY=C(Ph)Si, respectively. Its 13C NMR spectrum showed 
two trisubstituted olefinic carbons at 146.15 and 158.51 ppm 
assignable to two ring carbons, PhCSi and =CSi, respectively, 
and two methine carbons at 128.86 and 149.02 ppm assignable 
to PhCH= and a ring carbon -CH=C, respectively. The two 
trisubstituted olefinic carbons had a satellite due to 29Si. Long-
rahge coupling study also indicated the coupling of the two 
trisubstituted olefinic carbons with methyl protons on silicon. 
These data were reasonable compared with those of silacy-
clobutenes reported so far, which showed a proton -CZY=CSi 
in the ring system at 7.12—7.16 ppm in their 1H NMR spectra, 
an olefin carbon attached to Si at 132—142 ppm, and a signal 
for -CH= at 152-157 ppm in their 13C NMR spectra.6 

Deuterolysis of the reaction mixture afforded deuterated 
compounds 8a in 86% yield with >99% of deuterium incor
poration. This result strongly suggested that the zirconium-
containing intermediate was the fused ring compounds 9. In 
fact, the NMR spectra of the reaction mixtures of 2a and 2c 
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with Cp2ZrEt2 indicated a clean formation of 9a and 9c, 
respectively. Their 1H NMR showed one Cp signal at 5.74 ppm 
for 9a and at 5.81 ppm for 9c. The 13C NMR spectra revealed 
four trisubstituted olefinic carbons at 203.46, 162.41, 143.00, 
and 141.26 ppm for 9a and at 204.00, 160.70, 145.00, and 
142.52 ppm for 9c. Iodination of these complexes gave 
diphenyldiyne 3 in a high yield. A 4,4 fused bicyclic complex 
with two Ti metal atoms similar to 9 has been prepared by the 
reaction of (MeCsH^TiCl with sodium phenylacetylide or the 
reaction of (MeCsH^Ti with 1,4-diphenylbutadiyne.7 

A plausible mechanism is shown in Scheme 2 which involves 
(i) a replacement of an ethylene ligand of 1 by an alkynyl group 
of 2a-c to form a zirconacyclopropene compound, (ii) an 
insertion of the second alkynyl group of 2a—c into a Zr-C 
bond of the zirconacyclopropene to form l l ,8 and (iii) Im
migration of a silyl group from 12 to 13 leading to 9. Finally, 
(iv) iodination of 9 affords a diiodide species as an intermediate 
followed by an elimination of silyl and iodine groups to give 
diphenyldiyne 3. 

For alkyl-substituted bis(alkynyl)silanes 2e—g, the reaction 
with Cp2ZrEt2 at room temperature afforded zirconacyclo-
pentenes 15e—g as expected (Scheme 3). Hydrolysis or 
deuterolysis of 15e-g afforded 16e-g in high yields. In this 
reaction, only one of two alkynyl groups of 2e—g reacted with 
nigh regioselectivity (>98%) as usual. Interestingly, after the 
treatment of 15e—g in the reaction mixture at 50 0C for 3 h, 
hydrolysis of the mixture gave silacyclobutene derivatives 
18e-g in 74%, 75%, and 70% yields, respectively. 1H NMR 
spectrum of 18e showed one singlet at 7.22 ppm assignable to 
-CW=CSiR' in the ring. Its 13C NMR spectrum showed three 
trisubstituted olefinic carbons at 160.10,138.17, and 137.27 ppm 
assignable to =CSi, Et(Hex)C=C, and HexCSi, respectively. 
First and third trisubstituted olefinic carbons had a satellite due 
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to 29Si. One signal assigned to a methine carbon in a ring 
appeared at 147.37 ppm in its 13C NMR spectrum. These data 
were consistent with those of silacyclobutene derivatives 
described above. Deuterolysis of the reaction mixture afforded 
only a monodeuterated compound at the methyl carbon of the 
ethyl group in 74% yield with >99% deuterium incorporation. 
Dideuterated compounds were not obtained. The zirconium-
containing intermediate 17 might have one zirconium—carbon 
bond. Iodination of 17 did not give diynes. Unfortunately, 
NMR spectra of the mixture after heating were not clean; 
however, a similar insertion reaction of an alkynyl group of 15 
into a Zr-C bond of a zirconacyclopentene moiety might 
proceed along with 1,2-migration of the silyl group, as shown 
in Scheme 4. 

Further investigation in this area is in progress to elucidate 
the reaction mechanism. 
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