
Subscriber access provided by ISTANBUL TEKNIK UNIV

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

Enantioselective Iridium-Catalyzed Imine Vinylation:  Optically Enriched
Allylic Amines via Alkyne−Imine Reductive Coupling Mediated by Hydrogen

Ming-Yu Ngai, Andriy Barchuk, and Michael J. Krische
J. Am. Chem. Soc., 2007, 129 (42), 12644-12645• DOI: 10.1021/ja075438e • Publication Date (Web): 03 October 2007

Downloaded from http://pubs.acs.org on February 14, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 8 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja075438e


Enantioselective Iridium-Catalyzed Imine Vinylation: Optically Enriched
Allylic Amines via Alkyne -Imine Reductive Coupling Mediated by Hydrogen

Ming-Yu Ngai, Andriy Barchuk, and Michael J. Krische*
Department of Chemistry and Biochemistry, UniVersity of Texas at Austin, Austin, Texas 78712

Received July 20, 2007; E-mail: mkrische@mail.utexas.edu

R-Chiral allylic amines are valuable synthetic intermediates en
route to therapeutic agents and bioactive natural products.1 Highly
effective protocols for their preparation based on metal-catalyzed
asymmetric allylic substitution have been devised.2-4 An alternate
approach toR-chiral allylic amines, though far less advanced,
resides in catalytic asymmetric imine vinylation.5-10 The catalyzed
addition of vinylzirconocenes to imines is described by Taguchi
and Wipf,5,6 yet enantioselective variants remain undeveloped. Fol-
lowing alkyne-carbonyl reductive couplings developed by Mont-
gomery,7 enantioselective (51-89% ee) nickel-catalyzed three-
component couplings of alkynes, imines, and triethylborane were
reported by Jamison.8 Finally, asymmetric alkyne-imine reductive
couplings promoted by stoichiometric quantities of low-valent
zirconocene complexes modified by Brintzinger’s ligand are
described by Buchwald.10

We have demonstrated that organometallics arising transiently
in the course of catalytic hydrogenation may be diverted to products
of C-C coupling, thus providing a byproduct-free alternative to
the use of preformed organometallic reagents in diverse CdX (X
) O, NR) addition processes.11,12 In the case of hydrogenative
alkyne-imine coupling, conjugated enynes and diynes were found
to combine with ethyl (N-sulfinyl)iminoacetates12a to furnish
R-amino esters, and gaseous acetylene was found to combine with
N-arylsulfonyl aldimines12b to furnish (Z)-butadienyl allylic amines.
These asymmetric imine additions employ rhodium catalysts and
provide access to dienyl allylic amines. Attempted vinylation
employing 1,2-dialkylsubstituted alkynes using rhodium catalysts
led to conventional alkyne hydrogenation.

Recently, we found that unactivated 1,2-dialkylsubstituted alkynes
couple toR-ketoesters12c and N-arylsulfonyl imines12d under the
conditions of iridium-catalyzed hydrogenation.13 The ability of
iridium-based catalysts to activate nonconjugated alkynes may be
due to the fact that iridium appears to be a strongerπ-donor than
rhodium,14,15 which may facilitate alkyne-CdX (X ) O, NR)
oxidative coupling. In this account, we demonstrate that hydrogena-
tion of simple nonconjugated alkynes in the presence ofN-
arylsulfonyl aldimines using chirally modified iridium catalysts
enables formation of trisubstituted allylic amines with complete
levels ofE:Z selectivity (g99:1) and exceptional levels of enanti-
oselection (92-99% ee).

Initial studies focused on the coupling of 2-butyne to aldimine
8a using chirally modified iridium catalysts prepared in situ from
[Ir(cod)2]BARF. Gratifyingly, using (R)-Cl,MeO-BIPHEP as ligand,
excellent levels of asymmetric induction were observed. As
indicated in Table 1, 2-butyne couples to aromatic imines (1b-
6b), R,â-unsaturated imines (7b), heteroaromatic imines (8b, 9b),
and aliphatic imines (10b-16b) with consistently outstanding levels
of asymmetric induction (92-99% ee). Nonsymmetric alkynes
participate in highly regio- and enantioselective coupling. 2-Hexyne
couples to imines8a and 12a to furnish adducts17b and 18b.
Coupling proximal to the more highly substituted alkyne terminus
is observed with a 10:1 regioisomeric ratio in each case. For

4-methyl-2-pentyne, wherein steric differentiation of the propargylic
positions is more pronounced, adducts19b and20b are produced
as single regioisomers, again in highly optically enriched form.
Finally, 1-(tert-butyldimethylsilyloxy)-3-pentyne couples to imine
8a to furnish adduct21b as a 10:1 ratio of regioisomers. As
exemplified by the coupling of 4-methyl-2-pentyne to aldimine8a,
uniformly high levels of asymmetric induction are observed across
a range of commercially available chiral atropisomeric chelating
phosphines: (R)-Cl,MeO-BIPHEP, 80% yield, 97% ee; (R)-
BIPHEMP, 80% yield, 97% ee; (R)-SOLPHOS, 67% yield, 97%
ee; (R)-SYNPHOS, 76% yield, 97% ee; (R)-cyclohexyl-SONIPHOS,
77% yield, 97% ee.

The absolute stereochemical assignment of allylic amines1b-
21b is based upon single-crystal X-ray diffraction analysis of22b,
the p-bromophenylsulfonyl analogue of adduct1b, using the
anomalous dispersion method. A plausible stereochemical model
accounting for the observed sense of absolute stereoinduction and
regioselectivity is indicated in Figure 1. The alkyne and imine are
complexed at adjacent coordination sites by iridium(I), which
possesses a square planar geometry. As explained by the Dewar-
Chatt-Duncanson model,16 and as borne out by single-crystal X-ray
diffraction analysis of iridium(I) alkyne complexes,15 coordination
of the alkyne should confer iridacyclopropene character. Complex-
ation of the N-arylsulfonyl imine is anticipated to occur in a
bidentate fashion, wherein one of the sulfoxide oxygens is bound
at the apical coordination site of iridium.17 Enantiodetermining
insertion of the imine into the iridium-carbon bond of the
iridacyclopropene delivers the indicated aza-iridacyclopentene,
which is converted to the allylic amine as previously described.12d

Whereas nonbonded interactions of the arylsulfonyl moiety with
the phenyl groups of (R)-Cl,MeO-BIPHEP disfavor insertion onto
thepro-(R) imineπ-face, such interactions are absent in the alternate
mode of approach involving insertion into thepro-(S) imineπ-face.
Regioselective coupling requires the larger propargylic position of
the alkyne to reside distal to the metal center at the stage of the
alkyne complex and incipient metallacycle.

To conclude, we report the first asymmetric iridium-catalyzed
C-C bond forming hydrogenations, which, in turn, have enabled

Figure 1. Stereochemical models accounting for the observed sense of
absolute stereoinduction.
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the first catalytic enantioselective alkyne-imine reductive cou-
plings. By simply hydrogenating alkynes in the presence of
N-arylsulfonyl imines using a chirally modified iridium catalyst,
one obtains the corresponding allylic amines in highly optically
enriched form without stoichiometric generation of byproducts.
Future studies will focus on the development of related hydroge-

native C-C coupling reactions, in particular those applicable to
basic chemical feedstocks.
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Table 1. Enantioselective Hydrogenative Coupling of Alkynes to
Aromatic and Aliphatic N-Arylsulfonyl Aldiminesa

a Cited yields are of isolated material (Bs) benzenesulfonyl, Ts)
p-toluenesulfonyl). Enantiomeric excess was determined by chiral stationary
phase HPLC analysis. See Supporting Information for detailed experimental
procedures.b Benzene was used as solvent.c Reaction was conducted at
80 °C.
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