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Intermolecular coupling reaction of two molecules with < A \ ¢ N\ No /\/ \/>
skeletal rearrangement is a very attractive area which remains ZrCp2 I |
to be studied in organic synthegis. In this paper, we report a Br 6a: 73% 7a: 88% 8a
novel type of zirconium-mediated coupling reaction of alkynes 5 6b: 76% 7b: 80% sb
with vinyl bromide to give 2,3-disubstituted diene derivatives a: R=Ph
and a structure of a zirconium-containing intermediate. This b: R=1-cyclohexenyl
reaction involves a selective carbecarbon bond cleavage of
vinyl derivatives as shown in eq 1. Similar type of diene formation was observed for diphenyl-
. RO acetylene and \_/inyl bromide l_Jsing SZvEt, instea_d of Cpr
R—— 2, = Mr L ) ZrBuy (eq 2). Itis known that zirconacyclopentedies formed
X 72\ in the reaction of diphenylacetylene with £pEt,.6 When9
Treatment of bis(trimethylsilyl)acetylen&)(with Cp,ZrBu, ™ o
(Negishi reagenf)in THF at room temperature and then with o, _— p, _P#Et_ szf{j A B HO
vinyl bromide at 50°C for 3 h selectively gave 2,3-bis-
(trimethylsilyl)-1,3-butadiene)® in 95% yield after hydrolysis. 9
This reaction product indicated that the carb@arbon bond Ph. Ph Ph_ Ph
of vinyl bromide was selectively cleaved during the reaction. M + \_—‘& @

Deuterolysis and iodinolysis of the same reaction mixture
afforded the monodeuterated compouith 92% with >98%
deuterium incorporation and the monoiodinated produat
90% vyield, respectively. The deuterium and iodine3cemd4
are all in atransposition to one of the two trimethylsilyl groups
as shown in Scheme 1. The formation 3find 4 indicated
that the zirconium containing compléxwas formed in the
reaction mixture as a product.

Not only symmetrical alkynes but also unsymmetrical alkynes
such as (trimethylsilyl)phenylacetylene and (trimethylsilyl)-

cyclohexenylacetylene showed similar reactions. Treatmentof 1€ reactions described above clearly indicated that the
a mixture of the alkyne, GrBu,, and PMg with vinyl bromide carbon-carbon bond of vinyl bromide was selectively cleaved.

at 50°C for 15 h affordedsa and6b in 73% and 76% yields In order to investigat_e the_mechanism of this novel and selective
respectively. lodinolysis of the reaction mixture led to the mterrnolegulr:;;lr couphlng with qzar]rqu?rtt:on pgndbcltfavage, we
monoiodinated compound& and7b in 88% and 80% yields, mogltore t Ie reaction o wit vmyd rogl" € y”H NMR q
respectively. The carbon of diene close to the trimethylsilyl SUdy- Results are given in eq 3 and Table 1. All compounds
group was iodinated. No formation 8& or 8b was observed.
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was treated with vinyl bromide at 5@ for 15 h, hydrolysis of
the mixture gave 2,3-diphenyl-1,3-butadied)(in 76% yield.

It is interesting that 1,2-diphenyl-1,3-butadiedd)(was formed
in 12% as a byproduct. Compoudd was a coupling product
of diphenylacetylene with vinyl bromide without skeletal
rearrangement. The formation dfl can be explained by
vinylzirconation which we have already reported.
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Table 1. Observation of Intermediates of the Intermolecular
Coupling of Diphenylacetylene with Vinyl Bromide

reaction conditions ratio df6:17:10:11
combined

T(°C) time (h) 16 17 10 11 vyield (%)
rt 1 98 tr tr tr 84
rt 3 95 1 2 1 93
50 1 36 38 21 5 93
50 3 25 17 48 10 90
50 6 18 3 66 13 89
50 15 1 1 84 13 90
50 24 tr tr 86 13 87

aThe reaction was followed byH NMR spectroscopy. The reaction

was carried out at room temperature for 3 h, and then the mixture was

warmed to 50°C and stirred for 24 h. Yields of all intermediates were
determined by GC after hydrolysis of an aliquot of the mixture using
hydrocarbons as an internal standard.
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Figure 1. Structure of the intermediati9. Selected bond distances
(A): C(1)—-C(2)= 1.53(1); C(2)-C(3)=1.39(1); C(3y-C(4)= 1.50-
(1); C(4y-C(1) = 1.59(2).

were obtained after hydrolysis of the reaction mixture. Atroom
temperaturel6 was first formed after 1 h. Deuterolysis of the
mixture gavel6D. Its derivativel8was characterized by X-ray
study, since the NMR spectra @B revealed thafl8 has the
same ring structure as that @2 and 16. The derivativel8
was obtained by the reaction &® with benzaldehyde.

Treatment of the reaction mixture containidg at 50 °C
caused the gradual decreaseléf With decrease ol6, 17
appeared and increased. After 11, was obtained in 38%
yield. Deuterolysis instead of hydrolysis gat&@D. When
trimethylsilyl group was introduced into cyclopentadienyl
ligands, the zirconium-containing intermedidt® which had
the same ring system d3 was obtained as crystals (eq 4).
The structure ofl9 was determined by X-ray study and it is
shown in Figure 1.
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When the reaction mixture was further heated af6Qthe
amount of17, in turn, gradually decreased. Then the final
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via 22 and23. iii) At 50°C, 24 is converted int@5. (iv) Heat
treatment of25 opens the four-membered ring to give a diene
derivative 26.

The key intermediate leading to a cyclobutene rind2@s
which has a bromide at-position of zirconacyclopentene ring
and is in equilibrium with21.2 Elimination of the bromide at
[B-position of zirconacyclopenterizl gives a vinylzirconation
product of alkynes without bond cleavage of a double bond of
vinyl bromide as we reported. However, the elimination of
the bromide fromoi-position of20 leads to the bond cleavage
products.

In order to check this point haloenyng&8a—c were prepared
to fix a bromide ato—position of zirconacyclopentenes.
Cyclization of30 on zirconocene give31 which has a bromide
at o position. As shown in eq 5, the reaction3fa—c with a
zirconocene butene complex gave skeletal rearranged product
32a—cin high yields. This clearly showed that the elimination
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/4 Br 32a: R=Ph, 84%
30a: R=Ph 31 32b: R=ﬂ'C5H17, 82%
30b: R=n-CgH;7 32¢: R=SiEt;, 87%
30c: R=SiEt,

R

) =9
33: R:n-CgHﬂ, 84% 34: R:EtQSi, 87%

of a bromide fromo-position is a key step for this skeletal
rearrangement. For thiatramolecular coupling with skeletal
rearrangement of haloenynes, similar intermedi&®and 34
were detected in 84% and 87% yields, respectively.

We are now investigating this type of reactions using other
metals including late transition metal complexes.

Supporting Information Available: Details of the experimental
procedure and analytical data and X-ray analysis data for 18 and 19

product10 was formed and became the major product at the (25 pages). See any current masthead page for ordering and Internet

end, as shown in Table 1.
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From the results obtained here, we propose the following JA970055+

mechanism, shown in Scheme 2, although we must await further

investigations to clarify the formation &4 from 20. This

mechanism involves (i) the formation of a zirconacyclopentene

with a bromide atr-position 0) and (ii) the formation oR4
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