Journal of Organometallic Chemistry, 454 (1993) C5-C7

JOM 23718PC

Preliminary Communication

C5

Formation of [cp,Zr(C=C-SiMe,)],
from the reaction of zirconocene
with trimethylsilylacetylene

Nils Metzler and Heinrich Noth

Institut  fiir Anorganische Chemie der Universitat Miinchen,
Meiserstrafle 1, W-8000 Miinchen 2 (Germany)

(Received March 1, 1993)

Abstract

Zirconocene, generated in situ, reacts with trimethylsilylacetylene to
form the dimeric complex [cp,Zr{(C = C-SiMe,)], as a byproduct.
This compound has been fully characterized and its solid-state struc-
ture established by an X-ray single crystal structure analysis.

Since Negishi and coworkers [1] devised an easy
experimental procedure for the in situ generation of
zirconocene, “cp,Zr” (1), there has been a consider-
able synthetic interest in its reactions. It has proved to
be useful not only for organic synthesis [2], but also for
the formation of new Main Group heterocycles [3] as
well as for the bicyclization of phosphaalkynes [4].
Although the reaction tolerates many functional groups
(R,Si, R;Sn, amino, ether and sulfoxy groups have
been employed) and can be carried out in various
solvents (hydrocarbons and ethers give very similar
yields) [2,5], and (by use of ‘BuLi [6]) can be applied to
alkenes as successfully as to alkynes RC=CR’, no iden-
tifiable products have ever been isolated from the
reaction of “cp,Zr” with 1-H-alkynes, so that it has
been stated that “it is therefore necessary to use termi-
nally substituted alkyne derivatives” [2a].

However, when we treated zirconocene 1 with two
equivalents of trimethylsilylacetylene following stan-
dard procedures, we were able to isolate 1.1% of the
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dimeric complex [cp,Zr(C=C-SiMe,)],, as dark-brown
crystals after recrystallization of the product mixture at
—78°C from toluene /hexane (1:1) [7*]. The dimeric
nature of the complex was established by an X-ray
single crystal structure analysis [8*] (see Fig. 1).

The two zirconium atoms and the atoms C1, C2, C6,
C7 form a plane (maximum deviation 2.4 pm), and the
Zr2—-C6-C7 plane is folded by 5.4° relative to the
Zr1-C1-C2 plane. The zirconium atoms lie almost
symmetrically over their 7-bonded alkyne moiety, with
Zr-C bond lengths ranging from 239.9(5) to 242.6(5)
pm. This is in sharp contrast with the analogous Ti
compound [cp,Ti(C=C-SiMe,)], [9], in which the Ti-C2
bond is more than 7 pm shorter than the Ti-Cl bond.
However, most of the other features, including bond
angles and the C=C triple bond length, are fairly simi-
lar in the two structures. Erker and coworkers reported
the first example of a dimeric phenylethinyl-zircono-
cene complex 3 in 1986 [10]. Their compound, which

* References with asterisk indicates a note in the list of references.

Fig. 1. orTEP plot of 1. Selected bond lengths (A) and angles (°) are:
Zr1-C2 2.399(5), Zrl-C1 2.420(5), Zr1-C6 2.191(5), Zr2-C7
2.407(5), Zr2-C6 2.426(5), Zr2-C1 2.191(5), Si1-C2 1.846(5), Si1-C4
1.852(7), Si2-C7 1.845(5), Sil-C2 1.846(6), Zr1-Zr2 3.522(2), C1-C2
1.249(7), C6-C7 1.260(7); Zr1-C2-C1 75.9(3), C1-Zr1-C2 30.0(2),
Zr1-C2-Sil 141.4(3), Sil-C2-Cl1 142.5(4), Zr2-C1-C2 172.7(4),
Zr1-C1-Zr2 99.5(2).
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was prepared in 60% yield by the reaction of a bistal-
kynyDzirconocene with the zirconocenc-butadienc
complex has essentially the same structural parameters
as 2.

When the structural parameters of 2 are compared
with those of the zirconocene-1-hexyne-trimethylphos-
phine adduct 4 [11] it is obvious that 2 is better
described as an alkyne-mw-complex with fairly long Zr-C
m-bonds and a C=C triple bond length of about 125
pm, whereas 4 shows a tonger C=C bond (128.6(5) pm)
and shorter Zr-C bond lengths (221.1(3) and 224.43)
pm). These arc even shorter than the Zr-C distances
in I,1-bis(n -cyclopentadienyl)-2,3.4,3-(ctraphenyl-zir-
conacyclopentadiene [12].

The conclusion that 2 should be described as a
dimeric zirconium-alkyne m-complex rather than as a
zirconacyelopropene is further supported by a compari-
son of the infrared data for 2 and 4: The C=C triple
bond stretching frequency is lowered. 1751 em !
([ep,THC=C-SiMe )],: 1798 em ™ '), from that for the
free alkyne, but is 1660 ¢cm ' in the trimethylphos-
phine-zirconacyclopropene adduct 4 (expected for C=C
double bonds: 16801620 cm ™).

Although the mechanism of the formation of 2 re-
mains unclear, the isolation and characterization of
this [cp,Zr(C=C-SiMe,)], complex from the reaction
of zirconocene with trimethylsilylacetylenc is of consid-
erable interest, since to our knowledge the product is
the first characterized compound trom the zir-
conocene-mediated reaction with unsubstituted 1-H-al-
kynes.
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