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Reactions of alkynes with polynuclear complexes remain an
active field of investigation owing to the large variety of molecules
characterized from these reactions.! The metals frequently act
as templates, promoting carbon-carbon bond formation with high
specificity in many cases. In addition to bridging alkyne species,?
complexes containing two,? three,* or four’ linked alkynes have
been isolated. Cyclopentadienone,*®¢ quinone,’ tropone ? and
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metallacyclic species formed by alkyne—carbonyl linkage reactions®
have also been observed. The new organic ring or chain can exhibit
diverse bonding modes to the metal framework, depending on the
particular alkyne/metal combination and the reaction conditions.

Our group has been investigating the chemistry of the complexes
NiM(CO),(n*-CsHs)(n>-CsH,R) [M = Mo, Wi R = H,
Me].2291011  Dimetallatetrahedrane species are formed when
these complexes are treated with alkynes; nickel-molybdenum
complexes also yield nickelacyclobutenone species w-coordinated
to a molybdenum atom, resulting from alkyne—carbonyl linkage
reactions.?% As pentamethylcyclopentadienyl (Cp*) complexes
exhibit significant reactivity differences from their cyclopentadienyl
(Cp) congeners, reactions of analogous Cp* species with alkynes
were of interest. This communication presents a remarkable
molecule containing eight new carbon—carbon bonds, isolated from
the reaction of PhC,H simultaneously with a nickel and a tungsten
species.

Ni(CO)(n*-CsMes)I'? reacts with [W(CO),(n*-CsHs)]™ af-
fording the thermally unstable, pyrophoric species NiW (CQO),-
(n°-CsHs)(n°-CsMes) (1).13 The nickelacyclobutenone complex
NiW (CO),{u-n%72-C(O)C(H)C(Ph)}(n>-CsHs) (n*-CsMes) (2)'
and the alkyne species NiW (CO),(u-PhC,H) (7°-CsHs) (1°-CsMes)
(3)% were isolated from the reaction of PhC,H with 1 (see Scheme
I). 2 decarbonylates to 3 when heated.?%

Treatment of a suspension of Ni(CO)(n*-CsMes)I and [W-
(CO);(n*-CsHs)]~ with PhC,H also afforded 2 and 3 but yielded
small amounts (<5%) of a purple grey product (4). 'H NMR
data indicated that 4 contained an n°-Cp ligand and four PhC,H
moieties.!® Five distinct methyl signals suggested that an 5!-Cp*
ligand was present. MS of 4 exhibited a parent ion with an isotopic
envelope consistent with a monotungsten species. As its structure
could not be ascertained, an X-ray diffraction study was carried
out on a crystal of 4.7 Figure 1 shows a plot of the structure.'®

4 contains a single tungsten atom embedded in a complex
organic framework. Three PhC,H groups have linked in head-
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Flgure 1. Plot showing the structure of 4. Only the ipso carbon atoms
of the four phenyl groups (C301, C501, C701, and C611) are shown, for
clarity. Pertinent bond lengths (A) and angles (deg) are as follows:
W-0(8) = 1.957 (5); W-0(20) = 1.975 (5); W=C(6) = 2.199 (8);
W-C(7) =2.170 (8); W—C(8) = 2.090 (8); C(8)-O(8) = 1.395 (9);
C(20)-0(20) = 1.363 (9); C(6)-C(7) = 1.46 (1); O(8)-W-0(20) =
95.1 (2); O(8)-W-C(6) = 107.7 (3); O(8)-W—-C(7) = 87.7 (3); O-
(8)-W-C(8) = 40.2 (2); W-C(8)-O(8) = 64.8 (5); O(20)-W-C(6) =
101.9 (3); O20)-W-C(7) = 138.3 (3); O(20)-W—-C(8) = 78.7 (3);
C(8)-W-C(6) = 75.6 (3): C(8)-W-C(7) = 77.1 (3).

to-tail fashion with a CO ligand, forming a triphenyltropone ring
that binds in its enol form to the metal, via the oxygen atom. An
adjacent carbon in this ring is attached to a CO ligand which is
side-bound to the tungsten atom. The carbon atom is also bonded
to the 7-carbon of a substituted norbornadiene ligand, derived from
a Diels-Alder 47 + 27 cycloaddition of a fourth PhC,H group
to a pentamethylcyclopentadiene group. The PhC,H derived
C=C bond in this ligand is n*bonded to the tungsten atom, which
is also linked to a 4°-Cp ligand.

The short W-O bonds in 4 [W-O(8) = 1.957 (5) A: W-0(20)
= 1.975 (5) A} indicate partial oxygen to metal 7-bonding!® and
are substantially shorter than the side-bound carbony! tungsten-
carbon bond [W-C(8) = 2.090 (8) A].® C-O distances of 1.395
(9) and 1.363 (9) A for C(8)-O(8) and C(20)-O(20), respectively,
are indicative of single bonds. Carbon—carbon bonds in the
seven-membered ring are not delocalized but are single [C-C-
(mean) = 1.49 A] or double [C=C (mean) = 1.35 A}]. The C-C
bond of the tungsten-coordinated PhC,H moiety [C(6)-C(7) =
1.46 (1) A] lies in the range found for coordinated alkenes.
Tungsten—carbon bond lengths are 2.199 (8) A [to C(6)] and 2.170
(8) A [to C(7)].

Highly unusual features about this molecule include the com-
plex’s formation at low to ambient temperatures, the transfer of
a Cp* ligand from nickel to tungsten, and the formally 16-electron
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tungsten at its core. Side-bound ketonic ligands are recognized
but are uncommon.2%2!  While tropone derivatives have been
observed® and Diels—Alder cycloaddition reactions of alkynes with
n'-Cp ligands have been noted,? the simultaneous combination
of these reactions in the formation of a single molecule is un-
precedented.

Our understanding of how 4 forms is primitive. 4 is not formed
when 1 is isolated and reacted with PhC,H. Activation of the
Cp* ligand and transfer to the tungsten atom may occur from
the complex Ni(CO)(n’-CsMes)I or from an intermediate species
formed in situ. Excess PhC,H does not increase the yields of 4.
Thermal or photochemical reactions of 1 with PhC,H afford new
species that are currently under investigation; 4 is not formed under
these conditions.

A transient #!-Cp* species may eventually afford 4. Stable
n'-Cp* complexes are virtually unknown, reflecting the steric
demands of such species.?* Carbonyl insertion into an »!-Cp*-W
bond may well be facile. In an attempt to form a W-acyl species,
W(CO);(n*-CsH;)1 was reacted with Cp*Lj under a CO atmo-
sphere. IR evidence suggested that an acyl species was obtained,
but the product resisted isolation and was unreactive to PhC,H.
As experiments to date with tungsten species have not generated
4, the presence of nickel appears necessary to form the tropone
unit, %

Reactions of NiM(CO)4(n*-CsHs)(n*-CsH Me) [M = Mo, W]
with various alkynes do not afford mononuclear species %1° and
other alkynes do not form species analogous to 4 when reacted
with 1. However small amounts of the Mo analogue of 4 were
isolated and characterized by 'H NMR spectroscopy, following
parallel synthetic procedures. Further studies aimed at increasing
the yield of 4 and understanding the mechanism of its formation
are in progress.
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