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ABSTRACT

Grubbs catalyst, Cl2(Cy3P)2RudCHPh, was found to catalyze the cross-metathesis of monosubstituted allenes to 1,3-disubstituted allenes in
varying yields.

The olefin metathesis reaction,1 catalyzed by well-defined
transition metal alkylidene complexes12 and 2,3 has been
known for more than a decade now and has been extensively
explored. These metathesis catalysts are routinely employed
for the generation of carbon-carbon double bonds, either
by cross-metathesis of two acyclic alkenes or by ring-closing
metathesis (RCM) of a diene.4 More recently, the combina-
tion of alkene and alkyne metathesis has provided a very
powerful technique for generating 1,3-dienes (enyne me-
tathesis).5

In our efforts to expand the scope of metathesis chemistry
mediated by carbenes1 and2, we now wish to report the
action of Grubbs catalyst1 on monosubstituted allenes. To
the best of our knowledge, exposure of the allene moiety to
metathesis catalyst1 or 2 has not been previously reported.

Prior to carrying out this reaction, and based upon the
known mode of action of ruthenium catalyst1,6 we postulated

a number of outcomes. It was expected that the product
mixture might consist of variously substituted cumulenes, a
1,3-disubstituted allene (with elimination of allene gas), or
a 1,2-disubstituted olefin.

To this end, allene3a7 was allowed to react with Grubbs
catalyst1 (Scheme 1), giving 1,3-disubstituted allene4a as

the major product, together with a small amount of unidenti-
fied organic material5a.

Encouraged by this result, other monosubstituted allenes
were prepared7,8 and allowed to react with Grubbs carbene
1 (Table 1).9 In many cases we were surprised to find that
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the 1,3-disubstituted product was in fact the minor compo-
nent, along with a second major product of unknown identity.
It was suspected that the unknown compound might be
polymeric in nature as indicated by the relatively broad nature

of the signals in the1H NMR spectra.10 Following isolation
by column chromatography, the unknown product was
analyzed by gel permeation chromatography (GPC) which
clearly showed that the unknown material was polymeric,
with a value forMW ranging between 3600 and 5700 (PDI
20). The structure of polymer5 was supported by comparison
of its IR and1H NMR data to that reported in the literature,
where R) Me.11

That polymer5 was not formed from disubstituted allene
4 was demonstrated by re-exposure of isolated allene4 to
Grubbs carbene1. Polymer5 was also found to be unaffected
by reexposure to catalyst1.

The possibility that minor ruthenium catalyst decomposi-
tion products were responsible for polymerization was
eliminated by allowing carbene1 to stand in nondegassed
dichloromethane for 1 h, followed by addition of allene3.
No polymerization (nor allene metathesis) was observed.

The reactions conducted for entries a-i (Table 1) led to a
mixture of disubstituted allene4a-i and polymer5a-i. In
contrast, 4-(acetamido)benzyl allenyl ether (3j) gave only
disubstituted allene4j (entry j).

To probe further the steric and electronic effects of the
allene substituent (R), a series of phenylallenes were prepared
and treated with ruthenium carbene1 (entries k-p). This
revealed that phenyl-,m-tolyl-, and p-tolylallene undergo
almost complete conversion to the polymer (entries k, m,
and n). For entry l,o-tolylallene3l was completely consumed
in the reaction but no identifiable product could be detected.
Electron-deficient phenylallenes3o and3p did not react to
give the corresponding disubstituted allene nor polymer.

Alternative metathesis catalysts2 and7-9 were examined
in their reaction with monosubstituted allenes3g and 3j.
When 5 mol % of molybdenum catalyst2 was employed,
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Table 1

a All reactions conducted with 5 mol % of1 in CH2Cl2 at 20°C. b On
the basis of1H NMR data.c Numbers in parentheses represents isolated
yield (for entry e, polymer4e constitutes approximately 10% of isolated
yield). d Starting material consumed.e Starting material recovered.
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no reaction was observed, even after 48 h. There was no
apparent catalyst decomposition; the color of the reaction
mixture remained deep orange. Treating the two monosub-
stituted allenes with ruthenium vinylidene712 (5 mol %) led
to essentially the same product distribution as obtained using
Grubbs carbene1, over a similar time period. In reactions
employing allenylidene complex813(5 mol %) and ruthenium
carbene914(5 mol %, 45°C), the rate of reaction was found
to be very slow, but the reaction mixture still consisted of
polymer and disubstituted allene (as observed with Grubbs
catalyst1).

A mechanistic pathway leading to the formation of the
observed allene is proposed in Scheme 2. Reaction of
ruthenium carbene10 and the monosubstituted allene could

provide three productive metallocyclobutane derivatives,11,
14, and15 (adduct16 is nonproductive since it can only
fragment to give the starting allene and catalyst10). Collapse
of adduct11, with loss of allene gas, would yield ruthenium
alkylidene12 which could give metallocycle13, through
interaction with another molecule of monosubstituted allene.
The catalytic cycle is completed with metallocycle13
collapsing to give the observed 1,3-disubstituted allene
together with ruthenium carbene10. Metallocycles14 and
15 can conceivably give productive metathesis adducts via
19-24; however, these species have a common motif in that
they are all bis(exo-methylene)metallocyclobutanes. In con-
trast, adduct12 can react via a mono(exo-methylene)-
metallocyclobutane (13) to give an allene and carbene10.
Hence, we feel that due to the greater steric demands of other
adducts, the catalytic cycle proceeds via the relatively less
energetically demanding metallocycles11and13 to provide
the reported allene. At this stage it is not clear how the
polymeric material is generated.

In conclusion, we have reported the first interaction of
ruthenium carbene1 with monosubstituted allenes. The
products of the reaction are either 1,3-disubstituted allene
or polyallenes. Further applications of ruthenium carbene1
to allenes will be reported in due course.
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