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The generation of olefins with electron-withdrawing functional-
ity, such asa,f-unsaturated aldehydes, ketones, and esters,
remains a difficult task in organic chemistry. A practical method
to approach this problem would involve olefin metathésis,
utilizing well-defined alkylidenes such as ((§fMeCO)(ArN)-
Mo=CH(t-Bu) (1)? and (PCy),Cl,Ru=CHPh @).2 However, the
generation of olefins with vinylic functionality through the use
of cross-metathesigCM) has met with limited success. In one
of the few reports of this reaction, Crowe and GoldBelgmon-
strated that acrylonitrile participated in cross-metathesis reactions
with a variety of terminal olefins. Othet-conjugated olefins,
such as enones and enoic esters, were not functional group com
patible with alkylidenel and failed to react witl2 in cross-
metathesis. Recently, the highly active ruthenium-based olefin
metathesis cataly8® which contains a 1,3-dimesityl-4,5-dihydro-
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imidazol-2-ylidene ligand, was found to efficiently catalyze the

cross-metathesis of 1,1-geminally disubstituted olefiBscause
ruthenium alkylidene3 displayed unique activity toward previ-
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Table 1. Cross-Metathesis Reactions with Esters, Aldehydes and
Ketones
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a Reactions with 5 mol% d8. Reactions with geminally disubstituted
olefins utilize the same stoichiometry as those reported in reRatio
based on NMR spectra.

intermolecular cross-metathesis and intramolecular ring-closing
metathesis using ruthenium alkylideBe
In the exploration of a variety of 1,1-geminally disubstituted

olefins as substrates for CM, we discovered that methyl meth-
acrylate7 participates in CM with terminal olefid to generate
the trisubstituted enoic est&Bin moderate yield with excellent
stereoselectivity (Table 1, entry 1). This positive result led us to
examine the cross-metathesis of vari@usarbonyl containing

ously metathesis-inactive substrates, we decided to investigatecompounds (Table 1). Particularly noteworthy are the generally

the metathesis af-functionalized olefins. In this communication,
we report the single-step synthesisoefunctionalized olefins by
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excellent yields attained with ketones and aldehydes (Table 1,
entries 3-6). Extended reaction times were necessary in order to
ensure these high yields.

Additionally, the efficiency of the reactions suggest that the
highly unstables-carbonyl-carbene species [ReGCH(CO)R is
not involved in the cross-metathesis. It was recently shown that
ester-carbene complexes decompose within a few hours at room
temperature, in contrast to the long lifetime of cataB/st cross
metathesi8.The typically low degree of conversion to an ester-
carbene, coupled with its instability, strongly suggests that
pB-carbonyl-carbenes are not responsible for the bulk of product
formation©

Overall, the stereoselectivities of the reactions are excellent,
making them synthetically practical. Although numerous factors
control the stereochemistry of the ultimate products, simple steric
arguments provide a first level of analysis. Presumably the alkyl
chain (from the unfunctionalized olefin) and the carbonyl group

(8) In entry 3 (Table 1), productive CM was still observéd NMR) to
be occurring after 8 hours. As previously reported in a related CM system
using Ru catalys2, productive cross-metathesis continues to be observed after
10 hours¥ This result is also consistent with previous experiments which
indicate that the propagating species, the methylidene derivatigehafs a
lifetime in excess of 12 hours: Ulman, M.; Grubbs, R. H. Unpublished results.

(9) Ulman, M.; Belderrain, T. R.; Grubbs, R. H. Manuscript in preparation.

(10) NMR scale experiments were performed in J. Young valve NMR tubes
under an N atmosphere, with 20 equivalents of functionalized olefin to 1
equivalent of3 in CD,Cl,. After 1 hour at 45C, the reaction 08 and methyl
acrylate forms less than 7% of the ester carbene, which decomposes rapidly
(4 hours). Characteristitd NMR shifts include: 17.87 ppm (methylidene of
3); 17.33 ppm (ester-carbene, RGHCOMe).
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Table 2. Cross-Metathesis Reactions with Substrates Containing
Non-Carbonyl Functional Groups

terminal o-functionalized isolated
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aReactions with 5 mol% of3. ® Ratio based on
¢ Added over a 12 h period.

NMR spectra.

are well separated in the metathesis intermediates leading to
product formation. Adding a geminal methyl group (entries 1 and
3) radically amplifies thidrans tendency. Various ketones also
appear to contain bulk close enough to the metal center to
overwhelmingly favor théransorientation in the products (entries

5 and 6). Replacing the ketone with an aldehyde group evidently
removes this steric interaction, allowing tlés/trans ratio to
approach unity. Alternatively, in light of the long lifetime of these
catalysts, the ratios could also result from subsequent isomer-
ization of the initial products.

Other functional groups at the vinylic position were also
investigated in cross-metathesis, and the results are summarize
in Table 2. Butadiene monoxidE and electron-deficient fluo-
rinated alken0 participate in cross-metathesis in moderate yields
(entries 1-3). The slow addition of four equivalents of epoxide
19 over 12 h increased the yield of cross-prod@2twith the
balance of as its homodimer. Similar to the successful CM of
highly oxygenated vinyl boronic estetisjinyl siloxanes are also
very good cross-metathesis partners usn@able 2, entry 4),
but yielded only 36% of cross-produ@4 with ruthenium
benzylidene2.!! These siloxanes provide useful synthons for fur-
ther reactions, such as Suzuki-type aryl halide cross-coupifngs.

It should be noted that vinylic halides, pthalimides, sulfones,
silanes, acetates, ethers, alkyltins, and acrylonitriles were not
reactive in cross-metathesis usiBgSome homodimerization of
terminal olefins4—6 were observed in these reactions, but no
significant CM products were formed. This lack of reactivity may
result from the sequestering of the catalyst in a stabilized Fischer-
type carbene complex, which either rapidly decomposes or fails
to react furthef?

To compare reactivities of intra- and intermolecular metathesis,
RCM reactions of substrates bearing vinyl functional groups were
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Table 3. Ring-Closing Metathesis of Functionalized Diehes
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aUsing 5 mol % of3.

{nixed ether25 proceeded in moderate yield to give the cyclic

adduct31 (Table 3, entry 1). Interestingly, substrates bearing both
a vinyl ether and allylic ether were previously found to be inactive
for ring-closing metathesis using ruthenium benzylid2ieHow-
ever, with 3, formation of unreactive Fischer-type carbenes is
reduced if3 reacts preferentially with the allylic ether. Consistent
with this suggestion is the inability & to ring-close substrate
26 where both alkenes are vinyl ethers (Table 3, entry 2).
Substrate27—30underwent RCM cleanly and in excellent yield.
Six, seven and eight memberegs-unstaturated lactones (Table
3, entries 3-5) and cyclopentenon®t were formed in excellent
yields, including a notable trisubstituted cs&&®

In conclusion, the cross-metathesis and ring-closing metathesis
of a variety of electron-deficient olefins employing ruthenium
alkylidene3 has been described. These findings further demon-
strate the high activity and functional group compatibility3f
which significantly expands the range of olefins that can
participate in the olefin metathesis reaction.
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