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The reaction of a-tetralone with various internal acetylenes
can be catalyzed by Ru(H)(CO)(PPh3)3 and gives 1:1 addition
products. Symmetrically substituted dialkyl- and diarylacetylenes
gave an E/Z mixture of 1:1 coupling products in good yields. 1-
Phenyl-1-butyne afforded all four possible regio- and
stereoisomers. 1-Trimethylsilyl-1-propyne gave only E-isomer
with C-C bond formation exclusively at the carbon atom
substituted with the silyl group. Other internal acetylenes having
a trimethylsilyl group also proceeded regioselectively although
mixtures of stereoisomers were obtained.

We have reported recently that Ru(H),(CO)(PPh3)s can
bring about catalytic addition of C-H bonds at the ortho position
of aromatic ketones to olefins (eq 1).1-3 These catalytic reactions
are entirely new and promising as a practical synthetic tool. The
catalytic reaction is also applicable to enone/olefin coupling.4 In
the efforts to extend further the scope of the new reaction, we
have examined the possibility of replacing the olefins in eq 1 with
acetylenes as the acceptor of the C-H bonds (eq 2).
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Acetylenes have been known to react with transition-metal
complexes in various ways. Terminal acetylenes undergo
oxidative addition by their C-H bonds6 or form vinylidene
complex with migration of hydrogen.” Via acetylene =
complexes, formation of metalacyclopentadiene®  and
trimerization of acetylenes? are also known. It was interesting to
see whether the desired reaction (eq 2) competes successfully
over these known reactions.6-10

To begin with we examined the reaction of phenylacetylene
with acetophenone (and with other aromatic ketones as well)
using Ru(H)2(CO)(PPh3)3ll as the catalyst under various
reaction conditions including those that will be described later.

No reaction took place. Other terminal acetylenes such as
trimethylsilylacetylene, 1-hexyne, and methyl propiolate did not
react at all. This was not unexpected since many reaction
courses, undesirable for present our purpose, of terminal
acetylenes have been reported.6-10

We were pleased to see that internal acetylenes did
participate in the reaction of eq 2, even though the internal
acetylenes are rather sterically crowded. This contrasts to the
case of the reaction 1 where internal olefins did not react or
reacted only sluggishly.3 Since o-tetralone (1) was the most

reactive aromatic ketone in reaction 1,1-3 substituted acetylenes
were subjected to the catalytic reaction using 1. A typical
reaction was carried out by heating 1 (2 mmol), an internal
acetylene (4 mmol), and the catalyst Ru(H)2(CO)(PPh3)3 (0.12
mmol) in 3 cm3 of toluene under vigorous reflux (bath
temperature was 135 °C). The selected examples of the results of
catalytic addition of the C-H bond in o-tetralone to acetylenes are
give in Table 1.12

Symmetrically  substituted diatkkyl- (run 1) and
diarylacetylenes (run 2) gave 1:1 coupling products in good
yields. The addition was highly cis selective The reactivity of
diphenylacetylene was the highest among those examined so far
and one third (i.e., 0.04 mmol) of the catalyst was enough in this
case (run 2). In contrast, the yield in run 1 decreased to 48%
with the smaller amount of catalyst. All four possible regio- and
stereoisomers were formed from an alkylarylacetylene (run 3).

Table 1. Addition of a-Tetralone (1) to Acetylenes Catalyzed
by Ru(H),(CO)(PPhs);*

Run Acetylene  Timeth Product Yield®%
Pr
Pr
o)
— 72%
T Pre=pr 4 &j (E1Z=16/1)
Ph
Ph ~ o
¢  Ph-=—Ph 1 85%
(971)°
Ph
Et A o 73%
3 Et—=-Ph 4 (5/1)d
Et
Ph ~ o
27%
(5/1)
SiMeg
Me A o
o 83%
4 Me—=-SiMe; 3 EE j (only E-isomer)
SiMes
Hex A o
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/
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#Reaction conditions: 1 (2 mmol), acetylene (4 mmol), Ru(H),(CO)(PPh3);
(0.12 mmol), toluene (3 em?), 135 °C (oil bath tempereature). YIsolated
yield. “Catalyst: 0.04 mmol. %The stereochemistry could not be
determined.
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In contrast, virtually complete regio- and stereoselections were
attained when 1-trimethylsilyl-1-propyne was used as the
acetylene. Only the E-isomer was formed in 83% yield with the
regiochemistry shown in run 4 of Table 1. In the case of other
trimethylsilylacetylenes, the regioselectivities were exclusive
(runs 5-7) although mixtures of stereoisomers were obtained.

Substituted vinylsilanes are known to be highly versatile
synthetic bulding blocks.13 The present catalytic reaction (e.g.,
runs 4-7) provides an entirely new entry to vinylsilanes, i.e.,
addition of C-H bonds to silylacetylenes and seems promising as
a synthetic reaction. Further examples, shown in eqs 3 and 4
illustrate that heteroaromatic ketones also undergo the 1:1
coupling reaction with a silylacetylene.

7 \__O . ph—=—SiMes
o

2 mmol 4 mmol Ph SiM
iMeg
Ru(H)2(CO)(PPhg)s —
0.12 mmol J o\ 0 @
toluene 3 cm® o]
135 °C (bath temp.) o _
oah 83% (E/Z=5/1)
(@]
(/—g; + Ph———SiMej3
S
2 mmol 4 mmol O,
Ru(H)(CO)(PPhg)s
0.12 mmol N\
toluene 3 cm® s 7 “SiMes
135 °C (bath temp.) Ph
24 h 90% (E/1Z=T711)

The findings described above represent the first examples of
direct, catalytic addition of otherwise inactive C-H bonds in
aromatics across carbon-carbon triple bonds. Much works will
be needed to answer the interesting mechanistic questions!4 that
have been raised. Right now, however, we are concerning our
efforts on expanding the scope of the new catalytic reactions.

Supplementary Material (4 pages) including spectral
data of new compounds are available on request to the author by
telefax (+81-6-879-7396).

References and Notes

1 S. Murai, F. Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani,
M. Sonoda, and N. Chatani, Nature(London), 366, 529
(1993).

2 S. Murai, F. Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani,
M. Sonoda, and N. Chatani, Pure Appl. Chem., 66, 1257
(1994).

3 For the full details of refs. 1 and 2, see: F. Kakiuchi, S.
Sekine, Y. Tanaka, A. Kamatani, M. Sonoda, N. Chatani,
and S. Murai, Bull. Chem. Soc., Jpn, 68, 62 (1995). See
also a personal account: Murai, S. J. Synth. Org. Chem.,
Jpn, 54, 992 (1994) (in English).

4 F. Kakiuchi, Y. Tanaka, T. Sato, N. Chatani, and S. Murai,
Chem. Lett., in press (accompanying paper).

Chemistry Letters 1995

5 A few examples involving the catalytic addition of aromatic
C-H bond to acetylenes have been reported. In these catalytic
reactions, however, the use of a large excess amount of the
substrate (often as the solvent) was required. P. Hong, B.-
R. Cho, and H. Yamazaki, Chem. Ler., 1979, 339; P.
Hong, B.-R. Cho, and H. Yamazaki, Chem. Lett., 1980,
507; Y. Tokunaga, T. Sakakura, and M. Tanaka, J. Mol.
Catal., 56, 305 (1989); W. T. Boese and A. S. Goldman,
Organometallics, 10, 782 (1991).

6 T. B. Marder, D. Zargarian, J. C. Calabrese, T. H.
Herskovitz, and D. Milstein, J. Chem. Soc., Chem.
Commun., 1987, 1484; H. Wermer and U. Z. Brekau,
Naturforsch 448, 1438 (1989); Y. Wakatsuki, H. Yamazaki,
N. Kumegawa, T. Satoh, and J. Y. Satoh, J. Am. Chem.
Soc., 113, 9604 (1991); J. Espuelas, M. A. Esteruelas, F. J.
Lahoz, L. A. Oro, and C. Valero, Organometallics, 12, 663
(1993); T. Rappert, O. Nirnberg, and H. Werrner,
Organometallics, 12, 1359 (1993).

7 Recent reviews, see: S. G. Davies, J. P. McNally, and A. J.
Smallridge, Adv. Organomer. Chem., 30, 1 (1990); M. 1.
Bruce, Chem. Rev., 91, 197 (1991).

8 J. P. Collman, L. S. Hegedus, J. R. Norton, and R. G.
Finke, "Principle and Applications of Organotransition Metal
Chemistry," University Science Books, Mill Valley, U.S.A.
(1987), pp 509-512; N. E. Schore, Chem. Rev., 88, 1081
(1988).

9 K. Ito, K. Murai, H. Nagashima, and H. Nishiyama, Chem.
Lerr.,, 1983, 499; K. Jonas, E. Deffense, and D.
Habermann, Angew. Chem., Int. Ed. Engl., 22, 716 (1983),
K. Masuda, H. Ohkita, S. Kurumatani, and K. Itoh,
Organometallics, 12, 2221 (1993).

10 For recent examples of the Ru-catalyzed reactions of
acetylenes, see: R. Mahé, Y. Sasaki, C. Bruneau, and P. H.
Dixneuf, J. Org. Chem., 54, 1518 (1989); B. M. Trost, G.
Dyker, and R. J. Kulawiec, J. Am. Chem. Soc., 112, 7809
(1990); T. Mitsudo, S.-W. Zhang, M. Nagao, and Y.
Watanabe, J. Chem. Soc., Chem. Commun., 1991, 598; B.
M. Trost and R. J. Kulawiec, J. Am. Chem. Soc., 114,
5579 (1992); B. M. Trost and A. Indolese, J. Am. Chem.
Soc., 115, 4361 (1993); B. M. Trost, J. A. Martinez, R. J.
Kulawiec, and A. F. Indolese, J. Am. Chem. Soc., 115,
10402 (1993); N. Chatani, Y. Fukumoto, T. Ida, and S.
Murai, J. Am. Chem. Soc., 115, 11614 (1993); B. M. Trost
and T. J. J. Miiller, J. Am. Chem. Soc., 116, 4985 (1994),
N. Chatani, T. Morimoto, T. Muto, and S. Murai, J. Am.
Chem. Soc., 116, 6049 (1994); B. Seiller, C. Bruneau, and
P. H. Dixneuf, J. Chem. Soc., Chem. Commun., 1994,
493,

11 N. Ahmad, J. J. Levison, S. D. Robinson, and M. F. Uttley,
Inorg Synth., 15, 48 (1974).

12 The corresponding reaction of acetophenone with an acetylene
gave a mixture of 1:1 and 1:2 coupling products.

13 E. W. Colvin, "Silicon in Organic Synthesis," Butterworths,
London (1981), Chapter 7; W. P. Weber, "Silicon Reagents
for Organic Synthesis," Springer-Verlag, Berlin (1983),
Chapter 7.

14 Intervention of a cyclometalated intermediate, as suggested in
previous papers (refs. 1 and 2) is also likely in the present
reaction.



