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Rhodium-catalyzed asymmetric conjugate addition of organo-
metallic reagents to electron-deficient alkenes has attracted increas-
ing attention owing to its high catalytic activity and high enantio-
selectivity for a wide range of substrates.1 One drawback of the
rhodium-catalyzed asymmetric addition is that the organic groups
successfully installed have been limited to aryl and alkenyl groups,
and any alkynyl groups have not been applied to the rhodium-
catalyzed asymmetric addition. There have been a few reports on
the catalytic asymmetric alkynyl conjugate addition using a catalytic
amount of chiral ligands for copper2 and nickel3 catalysts or
alkynylboron reagents,4 but the existing systems are still limited in
terms of substrate’s scope, thus a new method is certainly highly
desirable. Although it has been reported that conjugate addition of
terminal alkynes is catalyzed by rhodium complexes5 as well as
ruthenium6 and palladium complexes,7 high yielding addition has
been reported only forâ-unsubstituted enones such as methyl vinyl
ketone. It follows that new methodology is required for the
realization of rhodium-catalyzed asymmetric conjugate alkynylation
because the use ofâ-substituted enones is essential for the creation
of new stereogenic carbon centers at theâ-position in the asym-
metric conjugate addition.

Under one of the standard reaction conditions for the rhodium-
catalyzed asymmetric addition,8 the reaction of 1-phenyl-2-buten-
1-one (1a) with (tert-butyldimethylsilyl)ethyne (1.0 equiv to1a)
was examined (eq 1), which gave a very low yield of the conjugate
alkynylation product2a as expected from the results reported so
far.5b Thus, the reaction in the presence of a Rh/binap catalyst (5
mol % of Rh), generated from [Rh(OH)(cod)]2 and (R)-binap, in
toluene at 60°C for 3 h gave 68% yield9 of head-to-head dimers
of the silylacetylene together with 6% yield of2a, indicating that
the major problem is competing dimerization of the terminal alkyne.
Assuming that the reaction proceeds by way of an alkynylrhodium
speciesA which undergoes insertion of alkyne or enone, leading
to an acetylene dimer or conjugate alkynylation product, respec-
tively (Scheme 1), the wrong reaction pathway is caused by the
presence of a terminal alkyne as a stoichiometric reagent,10 which
is more reactive than theâ-substituted enone toward the insertion.

Our new approach is the asymmetric 1,3-rearrangement of an

alkynyl group from alkynyl alkenyl carbinols3 (Scheme 2), which
involves the â-alkynyl elimination11 as a key step. Thus, an
alkoxyrhodium speciesB generated from the alkynyl alkenyl
carbinol3 undergoesâ-alkynyl elimination to give alkynylrhodium
complexC, which is coordinated with an enone released by the
elimination. Conjugate addition of the alkynylrhodium to the enone

will produce theâ-alkynylketone2 by way of an oxa-π-allyl-
rhodium intermediate.8 This rearrangement should proceed much
more efficiently than the intermolecular alkynylation because the
free terminal alkynes, which are responsible for the low yield of
the conjugate addition, do not exist in the reaction media. In
addition, the enone generated by theâ-elimination is located close
to rhodium, being ready to react with the alkynylrhodium species.

The asymmetric rearrangement took place very successfully.

Treatment of racemic (E)-1-(tert-butyldimethylsilyl)-3-phenyl-4-
hexen-1-yn-3-ol (3a), which is readily accessible by 1,2-addition
of (tert-butyldimethylsilyl)ethynyllithium to enone1a, with the Rh/
(R)-binap catalyst in toluene at 60°C for 3 h gave 88% yield of
â-alkynylketone2a in 94% ee (eq 2).12 The absolute configuration
of 2awas determined to beS-(-) by correlation with (R)-3-methyl-
1-phenyl-1-pentanone (4),13 which was obtained by deprotection
of the silyl group followed by hydrogenation of the triple bond.

The absolute configuration of the product (S)-2a is in good
agreement with the stereochemical pathway proposed for the
asymmetric conjugate addition reactions catalyzed by Rh/binap,14

the enone intermediate being attacked by the alkynylrhodium on
its R-re face in the present reaction (Scheme 3).

The results obtained for the rhodium-catalyzed 1,3-alkynyl
rearrangement of several types of alkynyl alkenyl carbinols are
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Scheme 2
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summarized in Table 1. The reaction of alcohol3b having a
1-butenyl group produced the correspondingâ-ethynylketone2b
in high yield (91%) and high enantioselectivity (98% ee) (entry
2). The 1,3-rearrangement was also observed on the carbinol3c,
which is substituted with a 2-furyl group (entry 3). The carbinols
3d and3e, which have a methyl substituent on the alcohol carbon,
are another type of good substrates for the rearrangement (entries
4 and 5). It should be noted that the alkynyl migration took place
exclusively to the 1-propenyl group in the reaction of3f where the
enone intermediate is 2-phenylethenyl 1-propenylketone (entries 6
and 7). The absolute configuration of the alkynylation product2f
was opposite in the reaction of (E)- and (Z)-propenyl isomers3f,
which is as expected from the results observed for the asymmetric
conjugate addition of phenylboronic acid.15 In the reaction of cyclic
allylic alcohol3gderived from indenone, the enantioselectivity was
moderate under the standard conditions (71% ee, entry 8), but the
use of chiral diene ligand, (S,S)-Ph-bod*,16 for triisopropylsilyl-
ethynyl analogue3h resulted in a great increase of enantioselectivity
(97% ee) (eq 3).

In summary, we found a new method of introducing alkynyl
groups to theâ-position of R,â-unsaturated ketones with high
enantioselectivity, which was realized by rhodium-catalyzed asym-
metric 1,3-migration of alkynyl groups from 1 position to 3 in
alkynyl alkenyl carbinols. The catalytic cycle presumably involves
the â-alkynyl elimination from an alkoxyrhodium intermediate as
a key step.
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O. V. Chem. Commun. 2006, 197. (b) Lee, C.-C.; Lin, Y.-C.; Liu, Y.-H.;
Wang, Y.Organometallics2005, 24, 136 and references therein.

(11) (a) Chow, H.-F.; Wan, C.-W.; Low, K.-H.; Yeung, Y.-Y.J. Org. Chem.
2001, 66, 1910. (b) Nishimura, T.; Araki, H.; Maeda, Y.; Uemura, S.
Org. Lett. 2003, 5, 2997. (c) Funayama, A.; Satoh, T.; Miura, M.J. Am.
Chem. Soc.2005, 127, 15354. (d) Horita, A.; Tsurugi, H.; Funayama, A.;
Satoh, T.; Miura, M.Org. Lett. 2007, 9, 2231.

(12) The reaction of the trimethylsilyl analogue of3aunder the same conditions
gave the correspondingâ-ethynylketone in 11% yield.

(13) Soai, K.; Okudo, M.; Okamoto, M.Tetrahedron Lett.1991, 32, 95.
(14) Takaya, Y.; Ogasawara, M.; Hayashi, T.; Sakai, M.; Miyaura, N.J. Am.

Chem. Soc. 1998, 120, 5579.
(15) Hayashi, T.; Senda, T.; Takaya, Y.; Ogasawara, M.J. Am. Chem. Soc.

1999, 121, 11591.
(16) (a) Tokunaga, N.; Otomaru, Y.; Okamoto, K.; Yoshida, K.J. Am. Chem.

Soc. 2004, 126, 13584. (b) Shintani, R.; Okamoto, K.; Otomaru, Y.;
Ueyama, K.; Hayashi, T.J. Am. Chem. Soc. 2005, 127, 54. (c) Otomaru,
Y.; Okamoto, K.; Shintani, R.; Hayashi, T.J. Org. Chem.2005, 70, 2503.
(d) Chen, F.-X.; Kina, A.; Hayashi, T.Org. Lett. 2006, 8, 341. For other
chiral dienes, see: (e) Hayashi, T.; Ueyama, K.; Tokunaga, N.; Yoshida,
K. J. Am. Chem. Soc. 2003, 125, 11508. (f) Otomaru, Y.; Kina, A.;
Shintani, R.; Hayashi, T.Tetrahedron: Asymmetry2005, 16, 1673. (g)
Kina, A.; Ueyama, K.; Hayashi, T.Org. Lett.2005, 7, 5889. (h) Fischer,
C.; Defieber, C.; Suzuki, T.; Carreira, E. M.J. Am. Chem. Soc.2004,
126, 1628. (i) Defieber, C.; Paquin, J.-F.; Serna, S.; Carreira, E. M.Org.
Lett. 2004, 6, 3873. (j) Läng, F.; Breher, F.; Stein, D.; Gru¨tzmacher, H.
Organometallics2005, 24, 2997. (k) Wang, Z.-Q.; Feng, C.-G.; Xu, M.-
H.; Lin, G.-Q. J. Am. Chem. Soc. 2007, 129, 5336.

JA076346S

Scheme 3

Table 1. Asymmetric Rearrangement of Alkynyl Alkenyl
Carbinolsa

a Reaction conditions: alcohol3 (0.20 mmol), [Rh(OH)(cod)]2 (5 mol
% of Rh), (R)-binap (6 mol %), toluene (1.0 mL) at 60°C for 3 h.
Enantiomeric excess values were determined by HPLC analysis. The
absolute configuration of2b-g were assigned by consideration of the
stereochemical pathway.b At 50 °C for 12 h.c For 6 h.d For 24 h.
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