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ABSTRACT

Addition of a very modest amount of lead tetraacetate (1.50 equiv relative to the amount of Grubbs catalyst) to ring-closing metathesis
reaction mixtures effectively removes all colored ruthenium and phosphine impurities to deliver colorless reaction products.

The olefin metathesis reactions, in their cross-coupling, ring-
opening, and particularly ring-closing modes,1,2 have devel-
oped into processes that are of considerable value to organic
synthesis.3 The striking advances that have materialized in
recent years stem largely from the availability of efficient
molybdenum4 and ruthenium5 precatalysts having well-
balanced electronic and coordinative unsaturation such that
high turnover performance is manifested. Due to its increased
stability, the Grubbs catalyst16 has been most widely

employed, although its general ineffectiveness for producing
trisubstituted alkenes is generally recognized.7

Despite the major advantages offered by this group of
reactions, they share the same complication. Removal of the
darkly colored, metal-containing byproducts upon completion
of the metathesis step is often very difficult, frequently
requiring three to four chromatographic purifications to arrive
at adequately metal-free final material. Failure to remove
these impurities can induce later problems. These potentially
include double bond migration and/or decomposition. Where
drug candidates are concerned, residual toxicity is a major
consideration.
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To resolve such issues, Maynard and Grubbs have recently
introduced the technique of adding tris(hydroxymethyl)-
phosphine, a water-soluble ligand, for removing unwanted
ruthenium.8 However, at least 10 equiv of this phosphine
are necessary to be effective, and the reagent is extremely
expensive9 and only moderately stable.

We have investigated the feasibility of using readily
available lead tetraacetate in very modest quantities for
facilitating product purification after ring-closing metathesis
(RCM) and here report our widespread success with this
technology. Pb(OAc)4 has long been recognized to be an
oxidant having a broad range of uses.10 Notwithstanding, its
reactions with organometallics have largely been limited to
the liberation of cyclobutadienes from their Fe(CO)3 com-

plexes.11 Although standard electrode potentials vary con-
siderably as a function of ligand and solvent, the magnitude
of the Pb(OAc)4-Pb(OAc)2 couple (1.67 V in 1.1 N
HClO4)12 is known to exceed those values recorded for
various oxides of Ru (1.12-1.6 V).13
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Table 1. Ring Closing Metathesis Results
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The RCM transformations defined in Table 1 were carried
out under conditions considered most effective for the
particular substrate at hand. For runs 1-3, ring closure is
especially facile (complete in 30 min) when performed in
CH2Cl2 at room temperature with periodic evacuation of the
flask to expedite removal of the ethylene. In contrast, runs
4 and 5 were performed in refluxing benzene for several
days. The reaction times for runs 6 and 7 in refluxing CH2-
Cl2 were 36 and 12 h, respectively. Once these reaction
mixtures were returned to 20°C, Pb(OAc)4 (1.5 equiv relative
to 1) was introduced with maintenance of an inert atmosphere
and stirring was continued overnight at room temperature.
Simple filtration of the reaction mixture through a pad of
silica gel (10 g/0.05 mmol of catalyst) and washing with
CH2Cl2 gave clear colorless filtrates that were directly
evaporated to yield white solids in the reported yields.14

To quantify matters, the series of experiments reported in
Table 2 were undertaken. The levels of ruthenium and lead

in accurately weighed 5-10 mg samples were determined
by inductive-coupled plasma mass spectrometry (ICPMS).15

Since no Pb(OAc)4 was used in entry A, this sample was
very darkly colored. Although treatment with either 1.25 or
1.50 equiv of Pb(OAc)4 strikingly reduced the levels of
ruthenium, entry C was more effective at guaranteeing the
absence of color and this level of Pb(OAc)4 was therefore
used throughout Table 1. The amount of Pb in the product
samples never increased above background levels.

Several additional features of this useful means for
removing unwanted ruthenium deserve mention. The data
in Table 2 are more favorable than those provided for the
purification with tris(hydroxymethyl)phosphine.8 Yields are
unaffected, the presence of sensitive functionality such as a
furan ring (run 6) notwithstanding. Chromatographic puri-
fication is no longer mandated unless, of course, multiple
metathesis products result (run 7).

In summary, the removal of residual ruthenium and other
highly colored impurities from RCM reaction mixtures can
be readily achieved by overnight stirring with 1.50 equiv of
lead tetraacetate as the key workup maneuver.16 Subsequent
filtration through a pad of silica gel and solvent evaporation
from the filtrate affords colorless products adequately pure
for further chemical utilization.
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Table 2. Quantities of Ruthenium and Lead (µg per mg)
Present in Various Samples

entry Pb(OAc)4 added, equiv Ru level Pb level

A none 16.9 ( 0.1 0.007 ( 0.004
B 1.25 0.30 ( 0.01 0.005 ( 0.001
C 1.50 0.31 ( 0.04 0.001 ( 0.004
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