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Abstract: A series of novel azazirconacyclopentenes have been prepared by the thermolysis of
diphenylzirconocene in the presence of one equivalent of a wide variety of nitriles. An X-ray crystal structure
shows these metallacycles to be dimeric in the solid state.
Diphenylzirconocene has previously been shown to generate the nascent zirconocene-benzyne complex 1

on gentle thermolysis in benzene (80°C).1 1 had been trapped by several olefins, but these reactions required a
large excess of trapping reagents.] We have found that if the thermolysis is carried out in the presence of one
equivalent of any of a wide variety of nitriles, the unique metallacycles 2 (figure 1) are formed as highly
crystalline solids in good to excellent yields.2 We have previously shown that the trimethylphosphine adduct of 1
also reacts with nitriles to form 2.3 An X-ray crystal structure for 2, R=n-propy! (a dimer in
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the solid state) is shown in figure 2. This dimer posesses a center of symmetry located midway between the two
zirconium atoms. Included, as well, are the most important bond lengths and angles.

In table 1 are shown a few of the many examples of the metallacycles prepared so far.42 Also shown are
the yields of ketones produced from hydrolyses of metallacycles 2. Of special note is that the reaction seems
unperturbed by the presence of common functional groups such as olefins (even conjugated) or a ketal. The
yields of this hydrolysis procedure range from good to excellent. The overall transformation for this reaction
sequence is equivalent to a Friedel-Crafts acylation.5 In simple cases standard Friedel-Crafts chemistry provides
a facile route to the phenone products. Our method, however, should prove superior in instances where the
substrates or products are acid sensitive (e.g., entries 7-9).

A few nitriles react with 1 to give "abnormal” products. These fall into two classes. The first, shown in
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figure 3, is the formation of the enamino metallacycles, isomers of the imine metallacycles. These are formed if

Zr1-N1 2290(2) (A)
N1-C1 1.290(4)
c1-C2 1.485(4)
c2C3 1.398(4)
C3-zrl 2.361(3)
N1-z12 2.368(2)
Zr1-Z12 3.817(1)

ZIN1Z2  110.12) ()
NI-Zrl-N2  69.9(1)
Zr1-C3-C2 1149Q2)
Z11-N1-C1 119.0(2)
C1-C2-C3 115.12)
N1-C1-C2 119.5(3)

another cyano group is present in the molecule. These metallacycles, which are the only products observed,

Figure 3
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appear to be formed as only one of the two possible geometric isomers (1H, 13C NMR) but we have yet to prove
the stereochemical disposition of R”. These two examples are the only ones in which we sce any of the enamino
regioisomer. In addition we have been unable to find conditions to convert one isomer into the other.

The second class of "abnormal” products is observed when there is a @-halo substituent on the R group. In
figure 4 are shown the products obtained from the reaction of the zirconocene-benzyne complex with nitriles of

this type. In each instance the initially formed metallacycle is converted to a new product. Of special note
Cl

Figure 4 o
N SN N cly
o] 2! | v w2zl | +epd
mW
: 1 3

3
e CpZre 16 :
CouePhy Cpulr IO o .
N, Br
BHCHON oz’ I’
Pz CpaZr + other products

major ( %)
is the case R=(CH?2)2CH2Cl where intramolecular alkylation occurs to form dihydropyrrole 37
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In summary, we have demonstrated the generality of the zirconocene-induced coupling of an alkyne
(benzyne) with nitriles. The initially formed metallacycles have been characterized structurally and have been
shown to have interesting and synthetically useful chemistry. We are currently investigating the synthesis and
reactions of substituted analogues of 1 as well as continuing our efforts to devise novel transformations based on

these metallacycles.
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