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The [2+ 2 + 2] cycloaddition of alkyne segments to produce ¢ wnl
the arene nucleus is one of the most ubiquitous and studied vBu
reactions in organo-transition-metal chemistfy.In contrast
there are only scattered reports of the stoichiometric conversionScheme 2
of three alkyne units into the fulvene nucleus via a formal B
[2+241] cycloaddition®# In this paper, we report on our initial No’i’?‘ ~ _ B
synthetic and mechanistic studies of a titanium aryloxide catalyst A Cl' Ny T e \j
system which selectively convertsrt-butylacetylene into the b Bt B
corresponding fulvene. B 2HC=C—Bd
The titanacyclopentadiene compound [(2,6@30),Ti- l*”CEC—B“‘
(C4H2BUY)] 1 (Table 1; 2,6-PCsH30 = 2,6-diphenylphenox- Bd Bu
ide) has been demonstrated to be a catalyst for the slow o BN B
cyclotrimerization of tert-butylacetylene into 1,3,5-tritgrt- B :'/3 _C/T'\H ‘
butyl)benzeneZ).> When one or more equivalents of HCBU B b B
is mixed with1l in benzene solution the resulting system causes Bl

the catalytic production of 1,3,6-tt&rt-butyl)fulvene @) along
with dimer 4 and smaller amounts of an as yet unidentified
alkyne oligomer %) (Table 1)® This catalysis can be more .
conveniently carried out without isolation df by activating
one of the dichlorides [(ArQJiCl;] 6 (ArO = 2,6-diphenylphe-
noxide? a; 2,6-diisopropylphenoxidé? b; 2,6-dimethylphe- .
noxide® c) with >2 equiv of LIC=CBU (Table 1). The result

of heating (100C sealed vessel) a mixture of these components
with HC=CBU in benzene can be monitored by GC to show
the catalytic buildup of products over time (Figure 1). Although
a small amount of aren2 is initially produced, it is rapidly
exceeded by fulven® The ratio 0f3:4:5 produced throughout 5 ) . .

the reaction remains almost constant. The purification of dimer . .

4 can be achieved by vacuum distillation, while bright yellow . . N . . . .
fulvene3 can be separated by chromatography. The potential oatd 2 hd : hd : * R
utility of fulvene 3 is demonstrated by its reaction with alkylating 0 2 “°TIMEIH°URS 60 8 100
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Table 1. Product Distribution (%) from the Oligomerization of BCBU
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using Various Titanium Catalys$ts

Ru' Bu' H
H H | Bu' H
_ catalyst H Bu' x (HC=CBU )
HC=CBd " . ' 7 H
Bu Bu B
H Bu'
2 3 4 5
catalyst
Bu'
H
@yt 100 0 0 0
But
H 1
1+ LiC=CBu 5 75 16 4
[Ti(OC¢H;Ph,-2,6),Cl,] / 6 65 19 10
3LiC=CBu'
[Ti(OCsHJPriz‘zﬁ)zClz] / 3 71 17 9
3LiC=CBu'
[Ti(OC¢H;Me,-2,6),CL,] / 3 63 22 12
3LiC=CBu'
10 10 78 8 4
By R_ _Bu R_ _Bd followed by liberation of fulvene by CH bond activation (either
| o-bond metathesis or insertion) on an alkyne unit (Scheme 2).
BY 1. LR Bu B In the case of the [(ArQYiCl,)/3LIiC=CBU systems, initial
u —_—— u (0] . . . . .
) H coupling of acetylides to a diyne preceed titanacyclopentadiene
3 B ' a - - formation. The production of dimed can be similarly
u U u

R = CH,SiMej; 7a (34%), Tb (66%

R ; 82 (100%)

OMe

lithium/titanium ate specie$0 (Scheme 1§. The formulation

of 10is based upon structural studies well as its hydrolysis

to yield the phenolll. The production ofLlO may arise via

initial coupling of acetylide units to a diyne followed by

cyclometalation and reductive coupling. Compoudfdhcts as

a single component catalyst producing a similar blend of

products as produced by [(Arel)iCl,])/LiC =CBU mixtures.
These observations lead us to propose that the catalytic

reaction proceeds via titanacyclopentadiene/acetylide coupling

accounted for byy?-alkyne/acetylide coupling. Attempts to
utilize less bulky terminal alkynes has been found to lead to
oligomeric products. Further studies of this reactivity are
underway.
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