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The Ruthenium-Catalyzed Addition of C-H Bonds in Aromatic Nitriles to Olefins
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The reaction of aromatic nitriles with triethoxyvinylsilane
proceeded in the presence of a Ru(H),(CO)(PPh,),-catalyst to
give the corresponding C-H/olefin coupling products in high
yields. The nitrile group is capable of directing the ruthenium to
the ortho C-H bond via n-bonded mode.

Two types of coordination modes are possible during the
interaction of organonitriles with transition metals, namely the
formation of o-bonded nitriles' and m-bonded nitriles.* The
former type of nitrile complexes has been well documented in the
literature,” while, in the case of the latter, considerably less is
known.* Tt is interesting to note that, in spite of a limited number
of studies on ®-bonded nitrile complexes, the participation of &-
bonded nitriles in a C-H bond cleavage step during the transition
metal-catalyzed dimerization of acrylonitrile has been proposed by
several groups,™ even though the question remains as to whether
the dimerization reaction proceeds through the mt-bonded nitrile or
not. Relative to the above issues, it would be of interest to
examine the reactivity of benzonitriles in the ruthenium-catalyzed
addition of aromatic compounds to olefins.” If the nitrile group
participates as the catalyst directing group, it would be expected to
do so in a m-bonded manner. In this communication, we wish to
report the ruthenium-catalyzed addition of ortho C-H bonds in
aromatic nitriles to olefins.

We examined the reaction of benzonitrile (1) with
triethoxyvinylsilane (2) using Ru(H),(CO)(PPh,); (3) as the
catalyst (Eq. 1). The addition of a C-H bond at the position ortho
to the nitrile group took place to give the corresponding 1:2
coupling product 5 in 22% yield as the predominant product (Eq.
I, Run 1). This exclusive ortho selectivity implies that a nitrile
group is able to direct the ruthenium to the ortho C-H bond, very
likely in a m-bonded manner. Higher catalyst loading (10 mol%
relative to 1) increased the yield of the coupling product to 97%
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(Eq. 1, Run 2). In both runs, a 1:2 addition product was formed
predominantly throughout the reaction. When the reaction was
conducted using an equivalent amount of olefin 2 in the presence
of 10 mol% catalyst, the 1:1 addition product 4 and 1:2 addition
product 5 were obtained in 18% and 19% yields based on 1,
respectively, after 24 h. This result suggests that even when a
large amount of the starting nitrile remains, the 1:2 addition
product 5 is favorable to form. From these observations, we
proposed that 5 seem to be formed without dissociation of the 1:1
adduct 4 from the ruthenium center during the catalytic reaction to
a great extent. The favorable formation of the 1:2 adduct may be
attributed to the stability of the 1:1 adduct complex, such as 6, as
the result of a larger binding constant or a decrease in steric
congestion (while a ketonic carbon has two substituents, a nitrile
carbon has only one) compared with the cases of aromatic ketone
coupling.®

This C-H/olefin coupling can be applied to a variety of aromatic
nitriles. In the case of the reaction of o-tolunitrile 7 with 2, even
when the reaction was carried out under lower catalyst loading
conditions (6 mol%), the coupling product was obtained in 86%
yield (Eq. 2).° The aromatic nitrile 9, which contains a sterically
bulky isopropyl group at the ortho position showed good
reactivity. The reaction of o-phenylbenzonitrile 11 also gave the
corresponding coupling product in 81% yield while the reaction
was sluggish (216 h). Even in the case of the reaction of a nitrile
13 having an electron-withdrawing group, the desired coupling
reaction proceeded. Unfortunately, however, the reactions of o-
fluoro-, o-methoxy-, and o-cyanobenzonitriles with 2 gave no
coupling product.
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In the cases of the reaction of m-substituted benzonitriles, two
different reaction sites are available at the ortho position. When
m-methylbenzonitrile 15 was tested, C-C bond formation
occurred at less the congested ortho position (Eq. 4). This
siteselectivity is similar to that for the reaction of m-methyl
acetophenone with 2.7® The reaction of m-trifluoromethylbenzo-
nitrile 18 gave the coupling product 19 in 30% yield after 24 h.
Prolonged reaction time (72 h) failed to improve the yield. In the
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cases of the reactions of Eq. 4, 1:1 adducts were obtained as the
major product. This product selectivity is different from that of
reaction 1, probably because of steric considerations not
electronic ones. In fact, in the reactions of p-methyl- and p-
trifluoromethylbenzonitrile, the corresponding 1:2 adducts were
obtained in quantitative and 20% yields, respectively, after 24 h
as the predominant product.

R CN
©/ cat. 3 0.2 mmol
+ 7 ——
toluene 3 cm®

R=Me 15 135 °C (bath temp.)  Si(OEt);
CF; 18 24 h
R CN R CN
\©E/\ + (4)
Si(OEt)3 Si(OEY)
R=Me 16 72% 17 13% ¢
CF3 19 30% 20 0%

We examined the reactivity of some phenyl acetonitriles (e.g.,
Ph,CHCN, o-CH,C,H,CH,CN, and PhCH(CN)CH,) in which
the m-electrons of the nitrile group are not conjugated with the
aromatic electrons. None of these reacted with olefin 2, even
after 24 h, suggesting that the nt-conjugation between the directing
group and the aromatic ring is essential for the desired C-H/olefin
coupling. In this context, we examined the reaction of 1-
cyanonaphthalene (21), which has two different C-H bonds, i.e.,
one, a C-H bond adjacent to the nitrile group and the other, a C-H
bond at the peri position. The C-H bond at the peri position
appears to be much suitable for the nitrile group directed C-H
bond cleavage because of less strain in the cyclometallated
intermediate 24 than in the ortho intermediate 23. Interestingly,
however, C-C bond formation occurred exclusively at the B
position (Eq. 5). This observation also suggests the importance
of m-conjugation.
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The reaction of o-methylbenzonitrile 7 with several olefins
(e.g., styrene, ethylene, tert-butylethylene, 1-hexene, methyl
methacrylate, and acrylonitrile) was also examined using 10
mol% of the ruthenium catalyst. Unfortunately, however, no
coupling product was obtained in all runs.

In summary, we have demonstrated that a ruthenium-complex
is capable of catalyzing the addition of the C-H bond in an
aromatic nitrile to an olefin. Since this'coupling reaction occurred
predominantly at the position ortho to the nitrile group, the -
coordination of the nitrile to the ruthenium appears to be important
in the progress of this catalytic reaction.
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