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Ruthenium-Catalyzed Addition of Aromatic Esters at the ortho C-H Bonds to Olefins
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A ruthenium complex, Ru(H),(CO)(PPh;);, can catalyze the
addition of aromatic and heteroaromatic esters at the ortho carbon-
hydrogen bonds to olefinic double bonds. While un-substituted
alkyl benzoate did not react, those substituted with CF, or F
underwent smooth catalytic addition. A heteroaromatic ester and
a benzo-d-lactone also reacted.

Since we reported efficient methods for cleavage and
addition of sp? carbon-hydrogen bonds in unsaturated ketones to
olefins™® and acetylenes’ using ruthenium complexes as the
catalysts, the use of a carbon-hydrogen bond for synthesis has
become a focus of intensive research activity.® During the course
of our ongoing research program centered on ruthenium-catalyzed
C-H/olefin coupling reactions, we have now found that aromatic
and heteroaromatic esters are also applicable to the ruthenium
catalyzed C-H/olefin coupling reaction. Here we disclose the
results of the addition of aromatic and heteroaromatic esters to
olefins.

To begin with, we carried out reaction of methyl benzoate
with triethoxyvinylsilane in the presence of a catalytic amount of
Ru(H),(CO)(PPh,), (6 mol%), however the desired coupling
reaction did not take place. Other aromatic esters, e.g., CHs-
CO,Bv', C,H,CO,CH,CF,, CH,CO,Ph, 0-MeCH,CO,Me, p-
MeCH,CO,Me, and p-MeOCH,CO,Me also did not give any
coupling products.

We were pleased to observe, however, that the reaction of
methyl 2-trifluoromethylbenzoate (1) with triethoxyvinylsilane
(2) occurred smoothly to give 1:1 coupling product 3 in 97% GC
yield® under the reaction conditions depicted in Eq. 1. The 'H
NMR spectrum of 3 showed that carbon-carbon bond formation
had occurred exclusively to the position ortho to the ester group
as in the case of aromatic ketones'™ and aromatic imines.®
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Methyl 3-trifluoromethylbenzoate (4) reacted with 2 to give
the corresponding coupling product 5 in 95% GC yield as the
sole product (Eq. 2). The carbon-carbon bond formation took
place at the less congested position (6 position) with complete
selectivity, and no positional isomer (i.e. at the 2 position) was
detected. In the case of methyl 4-trifluoromethylbenzoate (6), a
mixture of 1:1 coupling product 7 (48% GC yield) and 1:2
coupling product 8 (28% isolated yield) was obtained (Eq. 3).
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Similarly, the reaction of ethyl 3-fluorobenzoate (9) with 2
gave the coupling products 10 (42% GC yield) predominantly
along with a small amount (1% GC yield) of the isomer 11 (Eq.
4). In this case the carbon-carbon bond is formed at 2 position
and contrasts to that observed in the case of 4 (Eq. 2). The site
selectivity of these reactions may be attributable to both steric
factors and the electronic properties of the substituents."! The
unshared electron pairs on the fluorine in 9 may have a weak
interaction with the ruthenium directing it to the adjacent position.
Ethyl 4-fluorobenzoate (12) also reacted to give a mixture of 1:1
coupling product 13 (48% GC yield) and 1:2 coupling product
14 (8% GC yield) (Eq.5).
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We examined the reactions of other benzoates having
electron-withdrawing groups, such as 0-CO,Me, 0-CN, o0-NO,,
and, p-NO,, but no coupling product was obtained at all. The
role of the CF, and F groups in the catalytic C-H/olefin coupling
reaction is not clear at the present time.'?

Ethyl 2-thiophenecarboxylate (15) also underwent coupling
with 2 to afford the corresponding coupling product 16 in
moderate yield (Eq. 6). The reaction with methyl 2-furan-
carboxylate also took place but gave a complicated mixture of
products.
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The coupling reaction of five-membered lactone 17 with 2
did not proceed at all. In contrast, six-membered lactone 18
reacted with 2 slowly to give 19 in 77% GC yield (Eq. 7). A
similar reactivity dependence on the ring size has been observed
in the reaction of aromatic ketones, where indanone, a five-
membered ketone, did not react with 2 but a six-membered
ketone, o-tetralone, did. This may be attributed to the instability
of the postulated strained cyclometalated intermediate 20.**
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The reaction of 1 with trimethylvinylsilane gave 21 in
quantitative yield (Eq. 8). In the case of the reaction with
ethylene, 22 was obtained in 26% GC yield (Eq. 9). Other
olefins such as allyltrimethylsilane, 1-hexene, and styrene were
unreactive in the present reaction, indicating a different reactivity
pattern from that observed in the reaction of aromatic ketones."**
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In summary, a novel ruthenium catalyzed addition of the
ortho carbon-hydrogen bonds of aromatic and heteroaromatic
esters to olefinic double bonds has been demonstrated. The
reaction, in addition to our previous work,'” offers an entirely
new methodology for aromatic substitution. Further studies are
underway to explore mechanistic factors including the role of the
CF, and F groups, as well as further applications of the chelation-
assisted C-H/olefin coupling reaction to other catalytic systems.’
During the course of the present work, Trost and co-workers
reported® a similar catalytic reaction of o, B-unsaturated acid
esters. We are also studying this reaction and the results will be
reported in due course. A formally similar catalytic dimerization
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of acrylic esters has also been reported'® but this reaction seems to
proceed by a different mechanism.

Supporting Information Available (6 pages) including
spectral data of new compounds are available on request to the
author by telefax (+81-6-879-7396).
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