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Abstract

The first spectrally characterized example of a stable dinitrosylmetal ethylidene
complex, [(AIC],),(p-O-1-Pr), Mo(NO),(=CHMe)], is reported. This complex is the
product of transformation of the adduct [(EtAICl,),(p-O-i-Pr),Mo(NO),} to a
dialkyl complex followed by a-hydrogen elimination, The ethylidene complex is an
active catalyst for olefin metathesis.

Among the many synthesized and characterized transition-metal carbene com-
plexes (hetero-atom-stabilized and non-hetero-atom-stabilized), only a few nitro-
sylmetal carbene complexes have been reported [1]. They are mostly (cyclopenta-
dienyl)metal mononitrosyl complexes. Only one example of a group 6 metal
dinitrosyl complex possessing carbene-type ligands has been obtained and described
in the literature to date [2] — a dinitrosylchromium complex with the heteroatom-
stabilized carbene ligands: [Cp(NO),)Cr=C(OR)NHMe]" (R = Me, Et). The other
transition-metal carbene complexes recognized possess only heteroatom-stabilized
carbene ligands, too [3].

The dinitrosyl complexes of group 6 metals (especially Mo) with alkylaluminiums
form highly active catalysts for olefin metathesis [4]. Quite recently it was dis-
covered that the intermediates and carbene catalysts preserve the cis-{Mo(NO), }°
fragment [5]. In this paper we describe the synthesis of the first example of a
dinitrosylmolybdenum non-hetero-atom-stabilized carbene complex [(AICI, ),-(u-O-
i-Pr),Mo(NO),(=CHMe)] together with its spectroscopic ('H NMR, IR) characteri-
zation and metathesis activity. This carbene complex results from the sequential
reaction of {Mo(NQ),(0-i-Pr), }, with EtAlCl, followed by intramolecular trans-
formations:

EtAICH,

{Mo(NO),(0-i-Pr),}, [(EtAICY, ),( p-O-i-Pr),Mo(NO),] (1)

(1) (2)
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—EtH
>

2 = [(AICI, ), ( #-O-i-Pr);Mo(NO),(Et),]
(3)
[(AICI,),{ p-O-i-Pr);Mo(NO),(=CHMe)] (2)
(4)

Both complexes, 2 and 4, previously determined by IR in solution [5], were
isolated as analytically pure precipitates [6*]. 2 [7a*] is a green precipitate reacting
with oxygen and moisture. Its IR spectrum [7b*] displays two »{NO) bands typical
for ¢is-{Mo(NO), }. The character of this spectrum in the »(OR) region indicates
bridge coordination of the alkoxy ligands. Its 'H MNR spectrum [7¢*] exhibits CH,
and CH resonances of alkoxy ligands and CH, and CH, resonances of joined
aluminium alkyl ethyl groups. The interaction between EtAICl, and 1 (tetramer
[4c]) is followed by cleavage of the Mo—O-Mo bridge bonding of the alkoxy ligands
and the formation of new Mo-O-Al bond (also realized by the uptake of EtAlCI,
to the terminal alkoxy ligands). The bond breaking most likely occurs in the rrans
positions towards the NO groups. In the known moenonitrosyl-alkoxy complexes. the
M-O distances in the bridge alkoxy ligands are much longer in these posttions [8].
The following structure of 2 seems to be the most probable:

Cl

Transformation of 2 into 3 and a-hydrogen elimination lead to the formation of
4 (reaction 2). This complex was isolated as a green precipitate [9a*]. It appears
moderately stable to dry air in the solid state for a short time, but is sensitive to air
and moisture in solution. In the solid state, it may be stored indefinitely at room
temperature in an inert atmosphere. 4 is soluble in PhCl and CH,Cl,, but after
some time a brown precipitate of the same quantitative composition separated out.
It could be regarded as the polymeric form of 4, i.e. {(AICl,),(p#-O-i-Pr);Mo(NO),
(=CHMe)}, (4a). The IR spectra of 4 [9b*] and 4a [10*] in the #(NO) region are
characteristic for a cis-dinitrosyl molybdenum complex of electronic structure
{Mo(NO), }®, i.e. the same as that of complexes 1 and 2. Hence the carbene ligand
in complex 4 is nucleophilic in nature. The a-hydrogen atoms of the alkyl ligand
could be quite acidic and removal of one of them left a nucleophilic carbene ligand
[11]. The carbene a-proton in the 'H NMR spectrum of 4 (in CD,Cl, at 25°C)
gives a quartet at 7.15 ppm (1H). This spectrum also exhibits a doublet at § 1.00
ppm (3H) for the methyl protons of the carbene ligand and methyl (6 1.16 ppm, d.

* Reference number with asterisk indicates a note in the list of references,
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12H) and methyne (8§ 4.22 ppm, q, 2H) resonances of the isopropoxy ligands. The
nucleophilicity of the carbene a-carbon was preserved only for high-oxidation-state
carbene complexes [12]. 4 is the first example of a carbene-metal complex in a low
oxidation state with a nucleophilic carbene group. Coordination of such a group is
possible owing to the presence of strong w-acceptor NO ligands in the coordination
sphere. Investigations of the electronic structure of this model complex, carried out
by the extended Hiickel method [5], revealed that the coordination of the carbene
ligand in the Mo—NO bonding plane (xy), realized from the side opposite to the
NO ligands, required the smallest amount of activation energy. The conditions most
favourable for the formation of #C_,...—>Mo bonding are also present. The
calculations revealed that the H--C—Me plane of the carbene ligand lies horizontally
in the plane of the cis-{Mo(NQ), } fragment [13]. The strong electron-withdrawing
effect due to the presence of NO ligands could stop rotation around the Mo-carbene
bond in 4. This rotation could also be inhibited by the bulky structure of the
isopropoxy ligands.

4 in PhCl is an active catalyst for olefin metathesis. It converts 10° mol.equiv. of
pent-2-ene into but-2-ene and hex-3-ene after about 2 h. The activity of 4 declines
with time, because of the precipitation of 4a.

Complex 2 also displayed moderate catalytic activity in PhCl solution, un-
doubtedly because of its intramolecular transformation into 4 at room temperature.
The 'H NMR spectrum of 2 (in CD,Cl, at 25°C) confirmed this transformation.
Addition of AICl; in PhCl to a solution of 2 in PhCl makes the activity of this
system comparable to that of 4.
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