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ABSTRACT

Ruthenium carbene complexes 9 with a closo -1,2-C2B10H11 tag and 10 with an ionic [ nido -7,8-C2B9H11]- tag were synthesized. Both 9 and 10
are highly reactive catalysts for olefin metathesis reactions. Importantly, 10 is a robust and recyclable anion-appended catalyst that was
suitable for noncovalent binding with many cationic resins. At least ten recycles were achieved for RCM of the selected substrate using 10
as the catalyst in ionic liquids.

Immobilization of homogeneous catalysts on support materi-
als is very attractive, as it could offer more practical
advantages for such types of catalysts.1 Compared to the
traditional covalent-binding immobilizations, the recently
developed noncovalent method via electrostatic interactions
is simpler, is more convenient for recycling and reuse of
the support materials, and is quite apt for industrial continu-
ous-flow processes.2 However, it requires cation- or anion-
appended homogeneous catalysts or catalysts with precursors
for appending anions or cations.

Since the discovery of well-defined modern ruthenium
catalysts1-4,3 olefin metathesis has gained a position of
interesting significance.4 Various strategies have been em-
ployed to reuse and recycle these catalysts.5 One such
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strategy is to introduce a cation-appended ligand on the
ruthenium metal center, which is being intensively used for
immobilization of transition metal catalysts.6 For example,
Ru carbene complexes can be made soluble in the aqueous
phase using cationic phosphine ligands.7 Introduction of a
cationic imidazolium to Hoveyda’s boomerang ligand to
make the catalyst suitable for use in ionic liquids (ILs)8 and
binding the ammonium-substituted Hoveyda-Grubbs cata-
lyst to commercial resins9 are the other methods adopted for
reuse and recycle. However, reports on anion-appended Ru
carbene complexes are rare. In view of the fact that many
polymers are cationic resins, there is a strong desire for
synthesizing Ru carbene complexes incorporating anion-
appended ligands for anchoring the complexes to such
cationic resins through noncovalent binding. But, this
remained a challenging issue, partially due to the high
sensitivity of the ruthenium carbene to many different anions
via ligand exchange protocol.10

Carborane of formulao-C2B10H12, a commercially avail-
able derivative of boron hydrides, has been intensively used
for pharmaceutical purposes,11 in material chemistry,12 and
in metallocarborane chemistry.13 Under strong basic condi-
tions or in the presence ofn-Bu4N+F-, a formal {BH}-

vertex can be removed selectively from the neutralo-C2B10H12

to form [nido-7,8-C2B9H12]- (named the carbollide anion).14

It is thought worthwhile to make use of this stable anion for
the noncovalent immobilization of the ruthenium carbene
catalyst to the cationic supports.

With this objective in mind, we have designed and
synthesized a carborane-tagged isopropoxy styrene ligand,
which on binding to the Ru carbene complex would render
it with some different and useful properties, and more
importantly, it may potentially offer a robust and recyclable
catalyst incorporating anion-appended ligands suitable for
noncovalent binding to cationic support materials. Herein,
we report the synthesis and the activity of carborane-tagged
ruthenium catalyst9 and the carbollide-tagged ruthenium
catalyst10 in the ring-closing metathesis reaction (Scheme
1).

As illustrated in Scheme 1, commenced from the com-
mercially available 2,4-dihydroxybenzaldehyde5, the syn-
thesis ofcloso-1,2-carborane-tagged ligand8 was prepared
in a straightforward manner in good yield. Treatment of8
with 2 in the presence of CuCl in CH2Cl2 at 40 °C, as
described by Hoveyda and co-workers,4c resulted in the
exchange of the styrene group to give neutralcloso-1,2-
carborane-tagged ruthenium complex9 in good yield (78%).
Reaction of8 with tetrabutylammonium fluoride (TBAF) in
mixture solvents of THF and water opens the carborane cage
to give an intermediate, followed by ligand exchange with
2 which afforded the anionic [nido-7,8-C2B9H11]--tagged
ruthenium complex10 in 64% yield as greenish crystalline
solid.

Interestingly,9 and10 have very different solubility due
to the different properties of the carborane tag, which could
be used for different tasks. Compound9 exhibits very good
solubility in nonpolar solvents, such as benzene, toluene, and
hexanes, while10 is very soluble in polar solvents, such as
alcoholic solvents, acetone, and acetyl acetate.
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Scheme 1. Synthesis of Ruthenium Catalysts9 and10

4264 Org. Lett., Vol. 9, No. 21, 2007



Both thecloso-1,2-carborane-tagged Ru carbene9 and the
anionic [nido-7,8-C2B9H11]--tagged 10 are highly active
catalysts for ring-closing metathesis (RCM) reactions. Diethyl
diallymalonate11was chosen as the test diene to investigate
the catalytic activity of9 and10 in its RCM. The relative
conversion rates for RCM by9 and 10 under different
conditions are illustrated in Figure 1. At 0°C, 9 exhibits

better performance than10, showing that thecloso-1,2-
carborane motif has less effect on the Ru metal center than
[nido-7,8-C2B9H11]-. This could be due to the competitive
coordination to the nearby Ru center of the anionic [nido-
7,8-C2B9H11]- tag with the vinyl group of11. Nevertheless,
at 30 °C the RCM activity of9 and10 was enhanced and
high conversions were achieved (>98%) after 2 h, which is
comparable with those of4 under similar reaction condi-
tions.15

Although the Ru carbene complex bearing an anionic
phosphine ligand has been reported,7a to the best of our
knowledge, 10 is the first anion-appended Ru carbene
catalyst that possesses high actiVity to RCM reaction.Further
study showed that ring closure of N-protected substrates or
oxygen-containing substrates leading to either a five-, six-,
or seven-membered structure with a di- or trisubstituted
double bond was obtained in high conversions (>95%) by
either 9 or 10. Even the cross metathesis of steric bulk-
substituted vinyl phenol25 was also achieved in good
conversion for both9 and10 (see Table 1).

Moreover, the anionic [nido-7,8-C2B9H11]--tagged10 is
a robust and recyclable RCM catalyst. Both9 and10 were

evaluated for their performance toward the RCM of13 in
1-butyl-3-methylimidazolium hexafluorophosphate (BMI·
PF6) ionic liquids (ILs). As shown in Table 2, with low
catalyst loading (2.5%), the anionic [nido-7,8-C2B9H11]--
tagged catalyst10 can be recycled and reused at least 10
times with only a slight decrease in activity with respect to
the activity for the first run, which is comparable to those
of the cation-appended ruthenium carbene catalysts. In
contrast, a dramatic decrease in the conversion of13 was
found after the first run when9 was used to promote RCM
in ILs. The result clearly indicates that10 was binding into
the ILs via electrostatic interactions though the anionic [nido-
7,8-C2B9H11]- tag and thus solves the leaching problem that
has happened for9 during the recycle and reuse of the
catalyst.

In summary, we have developedcloso-1,2-carborane-
tagged Ru carbene9 and robust and recyclable [nido-7,8-
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Figure 1. Relative conversion rates of9 and10 using 1 mol % of
catalyst in CH2Cl2: (a) at 0°C; (b) at 30°C.

Table 1. Application of Catalyst9 and10 on Different
Substratesa

a Reactions were conducted at 30°C using 0.5 mol % of catalyst in
CH2Cl2.
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C2B9H11]--tagged10 which is suitable for the noncovalent
binding concept. Given the growing interest in the develop-

ment of immobilization of catalyst via electrostatic interac-
tions for different tasks in organic synthesis, the anionic
[nido-7,8-C2B9H11]- tagging strategy described here could
be applied to design other transition-metal-based catalysts.
Studies on the application of10 with other cationic support
materials are currently underway in this lab.
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Table 2. Comparative Recycling and Reuse of9 and10 in
BMI ‚PF6

cycle (% convn.)

catalyst 1 2 3 4 5 6 7 8 9 10

9 >98 30 - - - - - - - -
10 >98a >98a >98a >98a >97a >97a >97a >97a >97b >95c

Reaction time for each run:a 1 h; b 2 h; c 4 h.
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