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With the advent of well-defined and stable catalysts, olefin
metathesis has become a versatile synthetic tool for carbamon
double bond constructioh.Among reported olefin metathesis
catalysts,1? and 22 have received significant attention from and
widespread use by synthetic chemists due to their activity, functional
group tolerance, and commercial availability.

The general mechanism for transition-metal-catalyzed olefin
metathesis, as proposed by Chauvin and co-workers, involves olefin
binding to a metal alkylidene species, metallacyclobutane formation,
and subsequent generation of another olefin and metal alkylidene
species. Previous mechanistic studies df and 27 in olefin
metathesis reactions have focused on catalyst initiation and
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Scheme 1. Initial Steps of the Mechanism of Olefin Metathesis
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demonstrated that phosphine dissociates to generate coordinatively

unsaturated ruthenium alkylidene specgwhich can then bind

an olefin and enter the catalytic cycle (Scheme 1). These studies
enabled the design and synthesis of catalysts with higher initiation
rates for use in living polymerizatioriddowever, few experimental
studie§ have been performed to provide an understanding of olefin
binding geometry and metallacyclobutane formafibthese steps

in the catalytic cycle are essential to the rational design of
diastereoselective and enantioseledfivmatalysts.

Postulated olefin binding scenarios include intermedagher
binding olefin preferentially trans4@) or cis @b) to the L-type
ligand or binding olefin nonpreferentially through a mixture of
intermediates4a and 4b (Scheme 1). Snapper and co-workers
isolated comple in which a chelating olefin is tethered through
the alkylidene and coordinates trans to the Pi@yand (bottom-
bound)!2 Additional evidence for a bottom-bound mechanism was
provided by Piers and co-workers who observethbasymmetric
ruthenacyclobutane byH NMR spectroscopy® Complex6 was
isolated by our group from the reactionénd diphenylacetyleng.
Although the bonding i6 lies between a ruthenacyclopropane and
a ruthenium-olefin complex, it is suggestive of a side-bound olefin
intermediate. However, no studies have synthesized ruthenium
olefin adducts bearinly-heterocyclic carbenes (NHCs), ligands that
enable the high activity, stability, and selectivity observed for chiral
and achiral olefin metathesis catalysts.

To study olefin binding in NHC-based ruthenium catalysts, we
chose to explore 1,2-divinylbenzen8) (as a chelating ligand
precursor due to its inability to undergo ring-closing metathesis
and expected slow homodimerizatithUpon addition of8 to a
solution of 7 in benzene, two new species in a ratio of 2:3 are
initially observed by*H NMR spectroscopy (eq 1). In GDlI,, both
reaction products display six magnetically inequivalent Me groups

4a and 4b: one isomer featuring a bottom-bound olefi@a), a
geometry similar to that of previously synthesized chelatiiy
ether catalyst and two side-bound isomers in which the terminal
methylene can either point away fro®bj or toward ©c) the NHC
ligand (Figure 1).
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Figure 1. Structural isomers o9.

X-ray crystallographic analysis of crystals grown from slow
diffusion of pentane into a C}I, solution of9 showed a single
compound9b, in which the olefin is coordinated to ruthenium cis
to the NHC (Figure 2). The C(29)C(30) olefin bond length i®b
(1.331(4) A¥ is close to that of free styrene (1.3245(16)4),
suggesting a weak Rtolefin interaction. However, the RtC(29)
and Ru-C(30) bond lengths 08b (2.228(4) and 2.185(3) A) are
shorter than those found i& (2.362(5) and 2.339(5) A) ané
(2.356(4) and 2.221(4) A).

A series of NMR spectroscopy experiments was performed to
elucidate the geometry of the two compounds formed in eq 1. In
2D NOESY experiments, cross-peaks are observed for the olefinic

and geminal olefinic protons that are significantly shifted upfield Protons of each complex with Me groups on the mesityl rings
to 3.37-3.59 ppm in théH NMR spectrum. These complexes were (Figure 3). From consideration of internuclear distances in DFT-
found to be competent metathesis catalysts at elevated tempera®Ptimized structures; these NOEs are consistent with side-bound

tures!® We envisioned three possible structural isomers based on ¢0mplexesdb and9c but not bottom-bound compour@h. NOEs
are observed for both isomers betweenadd a Me group on the

mesityl ring. Comple»@b would be expected to have NOESs between
Ha and two Me groups on the mesityl rings; these are experimentally
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In summary, we have developed a model system to study
rutheniunr-olefin complexes relevant to the mechanism of olefin
metathesis. Our studies of the reaction between 1,2-divinylbenzene
(8) and catalys? have shown that two rutheniunolefin adducts
are formed and undergo dynamic interconversion. On the basis of
observed NOEs and a low-temperature crystal dissolution experi-
ment, we assign the two isomers as side-bound olefin ad@bcts
and 9c. No evidence for a bottom-bound Rolefin adduct has
been observed thus far; however, further experiments must be
conducted to examine the implications and generality of these results
for the mechanism of olefin metathesis. Investigations of chiral and
achiral ruthenium catalysts with substituted 1,2-divinylbenzenes and
other dienes are currently underway.
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Figure 2. X-ray crystal structure o®b. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids are shown at 50% probability.
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