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Summary

In the catalyst mixture W(CO)sL,C, H;s AICI,,0, the organoaluminium com-
pound acts as a Lewis acid to promote formation of an active zerovalent tungsten

species.

Since the first report on homogeneous metathesis of olefins by Calderon et
al. [1] a great variety of precursor complexes associated with many kinds of
cocatalysts have been shown to be active in this reaction [2].

We now propose a2 mechanism (Scheme 1) for the initial steps of activation
of a zero valent precursor complex of tungsten of the type W(CO); L. where L is
CO, a phosphine or a phosphite, after confirming some of the intermediates by
spectroscopic studies and chemical analysis.

Olefin meiathesis is possible with the precursor complexes W(CO); L (L = CO,
PPh;, P-n-Bu,, P(OPh),) when they are associated with C,H; AIC]l. and molecular
oxygen [3]. Each component is necessary for catalytic activity and O, has a
strong promoting effect; thus after introduction of O, into W(CO);L + C.H; AlCl, +
olefin, the thermodynamic equilibrium is reached in a few minutes with cis-2-
pentene at 25°C whereas in the absence of oxygen, only 5% conversion occuzs in
about 22 hours. We have established that the effect of O, is to increase the Lewis
acidity of the zlkylaluminium compound [4]: it is an intermediate compound
(AE) produced during the oxydation of EtAICI, to Et—OAICI, which is
responsible for this enhanced Lewis acidity. Al= also catalyses cationic oligomeriza-
tion of olefins [4], and also with naphthalene gives the corresponding radical
cation naphthalene +° [4]. In the absence of any base or metal carbonyl capable
of acid—base complexation, Al==reacts further with O, to give C.H;—0—AICl,
which was found to be inactive as a cocatalyst with W(CO); L. in olefin meta-
thesis [3]- The presence of O, is unnecessary if one uses AlCl; as cocatalyst with
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SCHEME 1

W(CO); L: in this case thermodynamic equilibrium for metathesis of cis-2-pentene
is reached in 5 minutes at room temperature.

In contrast to C,H; AICI, alone, Al= gives an adduct with W(CO);L and this
adduct has been identified by IR spectroscopy for L. = PPh; {3], P-n-Bu; and
P(OPh);. The aluminium atom is probably bound to the terminal oxygen of the
carbonyl group trans to the ligand L. For such adducts, the v(CO) vibration of
the carbonyl group complexed to Al= appears at about 1667 cm™', whereas the
(CO) vibrations corresponding to the £ mode appear at 1993, 1998 and
2011 em™! for L = P-n-Bus, PPh; [3] and P(OPh),, respectively. This acid—base
complexation leads to considerable increase in the back-donation (d;—pg) of
tungsten d electrons into #* orbitals of the CO group complexed to Al<and a
decrease of the (dy—pq) or (dy—dz) back-donation to the other carbonyl groups
of the square plane (shift of 61 £ 2 cm™ of the E mode towards higher wave
numbers), and to the ligand L. The adducts are in equilibrium with the starting
complex and the Lewis acid, since they are observed for Al/W ratios higher than
ca. 7 for L = PPh;. Destruction of the adduct by butanol as soon as it is formed
reforms the starting complex W(CO); L.

The adducts are not very stable and decompose in a few minutes at room
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temperature into W(CO), (characterized by IR speciroscopy and chemical ana-

lysis for L = P-n-Bu;, PPh; and P(OPh),) and carbon monoxide. W(CO); is neces-
sarily an intermediate in this decomposition which involves the loss of the ligand
L, probably complezed to the Lewis acid AI< in excess in the medium. When the

approximately two molecules of CO per starting complex are evolved. This sug-
gests either the formation of a highly unsaturated zerovalent tungsten or a
further reaction of a subcarbonyl complex with the organoaluminium compound.

In the case of L = CO the adduct could not be identified by IR spectro-
scopy. This is probably due to the low basicity of the carbonyl groups which
leads to a low concentration of the adduct. However, decompacsition of W(CO),
into carbon monoxide and a tungsten subcarbonyl was observed, but with a
much slower rate than with L. = PPh;, P(OPh); or P-n-Bu;.

Formation of W(CO). L has not been confirmed spectroscopically, but the
destruction of the (phosphine = Al<) complexation by butanol in the course of
the decomposition of the adduct compound, with liberation of the phosphine
PPh;, produced W(CO);(PPh;); (cis and trans), which was identified by chem-
ical analysis, and IR spectroscopy.

With AICl; instead of C,;H; AICL; + O;, the adduct was not identified, prob-
ably because the low solubility of AICI; leads to a low ratio Al/W. However, a fast
decomposition of the starting complex W(CO)sL into W(CO), + CO + un-
identified W compound was observed with L. = P(OPh); and PPh,.

Our results indicate that the role of the organoaluminium compound is that
of a Lewis acid, at least for the initial step of activation of W(CO)s L. We have no
experimental evidence so far to show at which stage of the decomposition the
olefins become coordinated: (LW(CO);, W).

The mechanism we propose for formation of a zerovalent active tungsten
species also explains results obtained with other precursor complexes. Starting
from the zerovalent molybdenum complex Mo(CO)sCl”NR;* associated with
C.H; AICl,, Doyle [7] isolated Mo(CO)s and concluded that the active
molybdenum species is zerovalent molybdenum, the role of the alkylaluminium
compound being only that of a Lewlis acid. Bencze [9] found that CO had a
promoting effect on olefin metathesis with the catalytic components WCl,,
C.Hs AICI,. He also found [9] that WOCIL; (or WCl,) can be reduced to zero-
valent tungsten by C,H; AICl, in the presence of carbon monoxide with forma-
tion of W(CO)s. Finally Lewandos and Pettit [5, 6] found that toluene—W(CO),
is active on its own in olefin metathesis by loss of the toluene ligand and of at

least one CO group.
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