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Many assertions in an article titled “The metathesis reactions:
from a historical perspective to recent developments” by Didier
Astruc (New J. Chem., 2005, 29, 42) are incorrect and mis-
represent the history of the olefin metathesis reaction. Despite the
availability of differing accounts, the errors in Astruc’s article
have not been recognized. I point to some of them here.

Introduction

Many assertions in an article titled ‘““The metathesis reactions:
from a historical perspective to recent developments” by Didier
Astruc' are incorrect and misrepresent the history of the olefin
metathesis reaction. Despite the availability of differing ac-
counts,> the errors in Astruc’s article have not been recog-
nized.* T point to some of them here.

Metal-carbene initiators of olefin metathesis
Tantalum and niobium initiators

With respect to initiations of olefin metathesis by tantalum-
carbenes, Astruc states (on page 46) that “it was in 1980 that
Dick Schrock’s group at MIT reported a tantalum-alkylidene
complex, [Ta(=CH-#-Bu)(Cl)(PMe;)(O—#-Bu),], which cata-
lyzed the metathesis of cis-2-pentene.... The reason that this
complex catalyzes the metathesis reaction, whereas the other
members of the family of niobium- and tantalum-alkylidene
complexes failed to do so, was the presence of alkoxide
ligands.” However, the facts are that neither this tantalum-
carbene nor any other tantalum-carbene, whether possessing
alkoxide ligands or not, has ever been reported to initiate (or
catalyze) the metathesis of cis-2-pentene or any other simple
alkene. The experiments cannot be found in the literature
Astruc cites, and they cannot be found anywhere else either.*
Because they are nonexistent, the experiments could not have
involved “‘transition-metal-alkylidene complexes ... that [are]
those really involved in metathesis catalysis” (page 44), could
not “have provided the very first proof for Chauvin’s mechan-
ism of olefin metathesis™ (page 46), and could not have “clearly
established the validity of the Chauvin mechanism” (page 44).

Astruc claims two different metal-carbenes to have been the
“1"™! [isolated] unimolecular metal-alkylidene metathesis cata-
lyst.” Neither of them was, even if ““‘unimolecular” is taken to be
a misnomer® for “single component.” One of these metal-
carbenes, in Astruc’s Fig. 1, is the tantalum-derivative
[Ta(=CH-t-Bu)(Cl)(PMe3)(O—t-Bu),], whose claimed efficacy
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is nullified by the considerations in the paragraph above. The
other, in Fig. 4, is a niobium-carbene (reproduced here as
structure 1) that is not a known substance.® The closest
approach to published fact is that a material said to be an
isomer of niobium-carbene 1 (there was no evidence for its
purity), when mixed with unspecified amounts of trimethylpho-
sphine, initiated metathesis of cis-2-pentene.® But the mixture
cannot be said to be a single component, and the role of the
trimethylphosphine has not been explained. (Is it a reducing
agent?) The first single-component initiator of olefin meta-
theses, [(C¢Hs),C—W(CO)s], a metal-carbene that had been
synthesized by Casey and Burkhardt,” was reported by Katz
and his students in 1976.%°
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Tungsten initiators

Although the experiments of Katz ef al. demonstrated for the
first time that olefin metatheses of a number of alkenes could be
initiated by pure well-characterized tungsten-carbenes, Astruc
alludes to them only vaguely and states (on page 46) that “‘these
experiments cannot be considered as really significant” because
“as we know ... almost any tungsten-containing molecular
compound catalyzes alkene metathesis, eventually after decom-
position of the precursor.” Besides, “the complexes that were
used by Katz [for which experiments is not said] contained
particular carbenes that were different from alkylidenes” (page
44). No evidence is provided—nor is there any—to support the
assertion that almost any decomposed tungsten-containing
compound catalyzes olefin metathesis. Neither the inadequacy
of “particular carbenes” nor the difference between the syno-
nyms “carbenes” and “alkylidenes”'? is explained.

Although Astruc’s criticisms could have been applied to
other experiments involving tungsten-carbenes, they were not.
At the same time, deficiencies of these other experiments were
overlooked. Thus, a ““search for stable molecular alkylidene ...
complexes . .. that would catalyze the metathesis of unsaturated
hydrocarbons,” conducted long after the experiments above
turned some up, is declared by Astruc to have been “‘successful”
(page 46) when this search resulted in the publication of the
statement that the tungsten-carbene [W(CHBu)(O)CL(PEt;)]
in unspecified amounts initiated unspecified short-lived metath-
eses of unspecified terminal and internal olefins.!! Similarly,
“Chauvin himself,” we are told (on page 44), “reported in 1976
that even some Fischer-type carbene could promote metath-
esis”—a misleading statement considering that what Chauvin
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showed was that tungsten-carbenes are effective only if they are
first combined with 150 moles of titanium tetrachloride (!), then
heated or photoirradiated, and that such recipes work even with
tungsten compounds that do not have carbene ligands.'>!?

The importance of metallacyclobutanes

Astruc repeatedly stresses Chauvin’s recognition of the impor-
tance of metallacyclobutanes in organometallic reactions. His
abstract points out how “the Chauvin metathesis mechanism,
with formation of a metallacyclobutane, has been generalized to
many organometallic reactions.” Page 42 emphasizes “‘the little
known implication of [Chauvin’s] metallo-squares in most
organometallic catalysis mechanisms.” Page 53 asserts that
“Chauvin[’s] ... metallo-square mechanistic schemes are not
only important in the olefin metathesis reaction, but for most
organometallic reactions involved in catalysis.” Page 44 states
that “‘the intermediacy of the metallacyclobutane™ is a “‘very
important aspect of the Chauvin mechanism,” and the legend to
Scheme 1 says that the scheme shows “Chauvin’s mechanism,
proposed in 1971, for the catalyzed olefin metathesis involving
metal alkylidene and metallacyclobutane intermediates.”

However, the magnitude of these claims appears unjustified
considering that in Chauvin’s papers metallacyclobutanes were
at best implied intermediates. None of his papers either shows
or mentions them. None shows the mechanism displayed in
Astruc’s Scheme 1.

Early history of olefin metathesis

The early history of olefin metathesis is misrepresented. Pages
42-43 say that “‘the first polymerization of norbornene by the
system WClg/AlEt,Cl was independently reported in 1960 by
Eleuterio and by Truett ef al.” However, neither Eleuterio nor
Truett reported using WClg/AIEt,Cl. Eleuterio used molyb-
denum oxide on alumina treated with hydrogen and lithium
aluminium hydride.'* Truett used LiAl(heptyl); + TiCl,,'* a
variant of a procedure (employing LiAlBuy; + TiCly) that
Anderson and Merckling had described in 1955 for the poly-
merization of norbornene.'® The use of WClg combined with
AIEt,Cl as an initiator for cycloolefin polymerization was first
reported by Natta et al. in 1966."

Substrates for olefin metathesis

The kinds of molecules that undergo useful metatheses are
misrepresented. Although page 43 states that “in fine chemical
synthesis . . . metathesis of a terminal ... alkyne . .. displaces the
reaction towards the product ... [so] terminal bis-alkynes ...
selectively lead to cycloalkynes,” the fact is that metathesis
cannot be applied usefully to terminal alkynes.'®

Stereoselectivity of olefin metathesis

The stercoselectivity achieved by metal-carbene initiators is
misrepresented. Page 49 says that “one advantage of Schrock-
type catalysts, also developed by Basset’s group, ... is the
extremely high stereoselectivity (up to 99%).” However, the

stereoselectivities achieved with Schrock metal-carbenes have
usually been poor.'”* A tungsten-carbene made by Basset
induced high stereoselectivity in metatheses of cis-2-pentene
and one (but not another) derivative of norbornene,?! and a
tungsten-carbene made by Schrock induced high stereoselectiv-
ity in the metathesis of 2,3—dicarbomethoxynorbomadiene.22
But neither of these initiators is a derivative of the so-called
“Schrock catalyst.” By contrast, more than fifteen years before
the earliest of these experiments, Katz et al. showed that high
stereoselectivities are achieved in metatheses of many olefins
when the metal-carbene initiator is pentacarbonyl(diphenyl-

methylene)tungsten. >

Evidence for the mechanism of olefin metathesis

The evidence for the mechanism of olefin metathesis is mis-
represented. According to Astruc, “Chauvin and Heérisson ...
published several experiments to confirm it. For instance, the
reaction of a mixture of cyclopentene and 2-pentene led to C-9,
C-10 and C-11 dienes in the ratio 1 : 2 : 1 (page 44). Astruc is
wrong to say that this experiment confirms the mechanism. It
has been known for three decades that, contrary to Hérisson
and Chauvin’s assertions,”® a 1 : 2 : 1 ratio should be obtained
only at thermodynamic equilibrium and therefore has no
mechanistic implication.”?*

Astruc adds that, unlike the reaction of cyclopentene with
2-pentene, “‘the reaction of a mixture of cyclooctene and
2-pentene led almost exclusively to the C-13 product.” But it
is not the substitution of cyclooctene for cyclopentene that leads
to one product in place of three. It is the substitution of a
terminal alkene for an internal alkene. Contrary to what Astruc
says, 2-pentene does not give this result; 1-pentene does. And
although Hérisson and Chauvin stated that the result was
incompatible with the metal-carbene-propagated mechanism,”
it is in fact compatible with this mechanism.***

Astruc reports that another of Chauvin’s experiments con-
firmed the mechanism: “In 1973, Chauvin [showed] that the
WClg + MeLi mixture catalyzes [sic*’] the formation of
propene by reaction of 2-butene, which was proposed to
proceed [by forming] W—CH,(H).” What he does not mention
is that Chauvin also reported that the same experiments, while
giving similar results when Me,Sn was used in place of MeLi,
failed when the organometallic compound was either Et,Sn or
Bu,Sn.?® All these tin compounds in combination with WClg
initiate olefin metatheses.?’ Astruc also fails to tell the reader
about later studies that call into question the significance of
these results: one shows that, in an experiment like Chauvin’s,
olefin metathesis starts only long after the propene forms;*®
another shows that in such experiments a W=—CH, derivative
forms only slowly and is not an efficient initiator of olefin
metatheses.”

Scientific process

Astruc’s history appears to be faulty. The following is from
page 43. “In the process of thinking about the metathesis
mechanism, Yves Chauvin from the Institut Frangais du Pét-
role, had taken into account the report of E. O. Fischer on the
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synthesis of a tungsten-carbene complex, that of Natta on the
polymerization of cyclopentene by ring opening catalyzed by a
mixture of WClg and AlEt; and that of R. L. Banks and G. C.
Bailey on the formation of ethylene and 2-butene from propene
catalyzed by [W(CO)g] on alumina. Consequently, Yves Chau-
vin and his student Jean-Louis Hérisson published their pro-
position of metathesis mechanism in 1971 (Scheme 1).” No
record of Chauvin’s thinking is cited, but in his paper with
Hérisson> he did not mention E. O. Fischer’s tungsten-carbene
complexes.

There are other historical inaccuracies. On page 47: ““Grubbs
... had noticed Natta’s 1965 publication on the catalysis by
RuCl;y” (the evidence is that he had not®®); and further, “this
process (in butanol) had been developed by Norsorex.” (Nor-
sorex is the brand name of a polynorbornenamer made by the
procedure of Michelotti and Keaveney,*'*> who were the first
to polymerize norbornene with RuCl; in ethanol.) And on page
53: “Dick Schrock combined these two essential aspects of
inorganic chemistry [Wilkinson’s ideas about organometallic
synthesis and Osborn’s on homogeneous catalysis] to bring to
the chemical community the first stable metal-methylene,
-alkylidene and -alkylidene [sic; -alkylidyne ?] complexes.”
Schrock did indeed synthesize the first stable metal-methylene
(the metal was tantalum and the year was 1975).%* However, it
was E. O. Fischer who synthesized the first stable metal-carbene
(the metal was tungsten and the year was 1964)** and the first
stable metal-carbynes (the metals were chromium, molybde-
num, and tungsten and the year was 1973).%
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