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Addition of C-H bonds in a,f-enones to olefins were
attained by Ru(H)2(CO)(PPh3)3 catalyst. The reactions of
acylated heterocyclic olefins with triethoxyvinylsilane in the
presence of the ruthenium catalyst afforded the coupling product
in good to excellent yields. The reactions of 3,4-dihydro-6-
pivaloyl-2H-pyran with several olefins were also catalyzed by
the ruthenium complex to give the corresponding coupling
products.

Recently we have reported that the addition of aromatic C-H
bonds in aromatic ketones to olefins can be attained by using

ruthenium complexes as the catalyst (eq 1).1-3 This catalytic

reaction is so efficient that it should find practical uses in organic
synthesis, representing a rare example of a catalytic reaction
involving cleavage of unreactive C-H bonds.4 We have
examined whether aromatic ketones in eq 1 can be replaced by

enones (eq 2) leading to a new method of olefin-olefin coupling.9
" This paper describes that the B C-H bonds in o,B-enones can be
added to olefins in a catalytic manner according to eq 2.
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We first studied the reaction of l-acetylcyclohexene (1a),
which is structurally similar to acetyl benzene (eq 1), with
triethoxyvinylsilane (2)14 in the presence of
Ru(H)2(CO)(PPh3)31-3.15 as the catalyst (eq 3). The reaction
gave the expected product 3a but in only moderate yield.16
Interestingly, however, the reaction of 1-pivaloylcyclohexene 1b
gave an almost quantitative yield of the coupling product 3b in a
short reaction period (eq 3 ).

Ru(H)2(CO)(PPhg)3 Si(OEY)

~ 0.12 mmol 3
O\fo *+ 7 "Si(OEY)s toluene 3 cm® O;\O/ @)

R 135 °C (bath temp.) R
1 (2 mmol) 2 (4 mmol)

1a:R=CHjy 48h 3a ca.50%
1b:R="Bu 05h 3b 96%

Next the catalytic reactions of some heterocyclic enones were
examined. As shown in Table 1, 1:1 coupling products were
obtained from heterocyclic enones and the olefin 2 in good to
excellent yields.17 The oxygen substitution can be either at o of
the enone moiety (4-6, 9, and 10) or at B (7), or at both
positions (8). As the catalyst, the use of Ru(CO)2(PPh3)318 for
the reaction of 6 gave the almost same result.

The observed order of the reactivity of 4, 5, and 6 is
interesting. Supposing the catalytic reaction proceeds through an
s-cis conformation for the enone and complexation of Ru syn to
the ene group on the carbonyl double bond,!9 the larger R group
would favor the s-cis conformation like 11 because larger allylic
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Table 1. Catalytic Addition of Heterocyclic Enones to
Triethoxyvinylsilane (2)?
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#Reaction conditions: enone (2 mmol), tricthoxyvinylsilane
(4 mmol), Ru(H),(CO)(PPh3)3 (0.12 mmol), toluene
(3 cm?), 135 °C (oil bath tempereature). *GC yield based on
the enone. “Isolated by bulb-to-bulb distillation.
strain would disfavor the s-trans isomer 13. This seems

however not always to be true since decrease in the reactivity was
observed neither in the case of 1b (compared with 6) nor in the
case of 7 (even faster than 4) where steric repulsion between the
ketone alkyl group and the ring CHy group also exists in the s-cis
conformation. The faster reaction rates observed with the larger
R group may be attributed to an increase in the population of syn
Ru configuration species (like 11) rather than the sterically
crowded anti form (not shown).20

svlecgad

11 s- c:s syn 12 13 s-trans

Catalytic reactions of various acyclic enones have been
examined. These proceeded only sluggishly in most cases. This
may suggest the importance of conformational rigidity of enones.

The new enone/olefin coupling can be applied to various
terminal olefins. Selected results of the catalytic reaction using 6
as the enone are given in Table 2. From a-methylstyrene, o-
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Table 2. Products of the Catalytic Reaction of 6 with Olefins®

SiM63
| |
o~ ¢° o~ ¢°
Bu! Bu'
(96%, 15h)  (96%, 1 h) (96%, 1 h)
98% 12 h 30%, 24 h (30%, 48 h

#Reaction conditions: 6 (2 mmol), olefin (4 mmol),
Ru(H),(CO)(PPhs); (0.12 mmol), toluene (3 cma), 135°C
(oil bath tempereature). bOlefin: 10 mmol.

methylstyrene, trimethylvinylsilane, and vinylcyclohexane, the
coupling products were obtained in excellent yields. The yields
were moderate in the case of #-butylethylene and methyl
methacrylate. It is interesting to note that o-methylstyrene and
methyl methacrylate are the olefins that do not undergo coupling

with aromatic ketones (eq 1). In contrast, r-butylethylene, which

reacted very nicely with aromatic ketones, underwent coupling
with enone 6 only in a low yield. These facts suggest that the
catalytic reactions of eq 1 and eq 2 are not straightforwardly
similar to each other.

We have also found that olefins in eq 1 can be replaced with
acetylenes, which is the subject of the accompanying paper.

Supplementary Material (7 pages) including spectral data
of new compounds are available on request to the author by
telefax (+81-6-879-7396).
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