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Catalytic asymmetric carbonyl addition reactions are among the
most studied and useful methods of enantioselective carbon-carbon
bond formation,1 but very few are catalyzed by complexes of group
10 metals. Examples include Pd(II)- and Pt(II)-catalyzed aldol2 and
ene3 processes, as well as Ni(II)-catalyzed Nozaki-Hiyama-Kishi
reactions4 and Ni(0)-catalyzed 1,3-dien-ω-al cyclizations.5,6 Herein
we describe a new member of this unusual class of reactions, the
first highly enantioselective method for catalytic reductive coupling
of alkynes and aldehydes (eq 1).

Allylic alcohols are useful starting materials7 and are prevalent
in complex natural products.8 Enantioselective methods for their
preparation from alkynes and aldehydes that use stoichiometric
amounts of transition metals include those of Oppolzer9 and Wipf,10

which are particularly effective for preparing (E)-disubstituted allylic
alcohols from terminal alkynes, and that of Sato, which utilizes a
chiral titanium-alkyne complex.11 Nickel-catalyzed intramolecular12

and intermolecular13 reductive coupling of alkynes and aldehydes
has been reported, yet asymmetric catalysis has been limited to
only a few cases, all of which utilize “alkyl-alkyl” alkynes (alkyl-
CtC-alkyl′) and are of low to moderate regioselectivity and
enantioselectivity.14

Although (+)-(neomenthyl)diphenylphosphine (NMDPP) was
first prepared by Morrison over 30 years ago and is commercially
available, this chiral monophosphine has thus far found only limited
utility in asymmetric catalysis.15 Nevertheless, in extensive evalu-
ations of chiral ligands, transition metals, and reducing agents,
NMDPP, Ni(cod)2, and triethylborane (Et3B) consistently provided
superior results.16 Yield and enantioselectivity were improved
further by using a solvent composed of equal volumes of ethyl
acetate and 1,3-dimethylimidazolidinone (DMI) in conjunction with
slow addition of the aldehyde (see Supporting Information). All
other solvents and additives reduced efficacy and/or selectivity, as
did varying the mode of addition of other components.

This catalytic system affords trisubstituted allylic alcohols
corresponding to exclusive cis addition to the alkyne in excellent
regioselectivity and in up to 96% ee (Table 1). Branched aldehydes
provide high enantioselectivities in reductive couplings with
1-phenyl-1-propyne, and variation of the alkyne aromatic group
(R1) is tolerated, with 1-naphthyl-1-propyne being particularly
effective (entries 5-7). The other alkyne substituent (R2) can also
be varied considerably (entries 8-14), and protected alcohols,
protected amines, and SiMe3 groups are accommodated.17 In

contrast to our recent studies with chiral ferrocenyl monophos-
phines, enantioselectivities are significantly lower using NMDPP
in couplings involving alkyl-CtC-alkyl alkynes (entry 15).14

To illustrate the utility of this method further, allylic alcohols9
and 13 were converted toR-hydroxy ketones via ozonolysis.
Enantiomeric purity was preserved in both cases, giving16 (89%
ee), whose TBS ether was developed by Masamune for asymmetric
aldol reactions,18 and 17 (96% ee), whoseR-amino-R′-hydroxy
pattern is found in molecules targeted against trypanosomes,
parasites that cause African sleeping sickness upon transmission
from tsetse flies,19 and in aerothionin natural products with anti-
tuberculosis activity.20 Common methods ofR-hydroxy ketone

synthesis via asymmetric catalysis involve dihydroxylation or
epoxidation of ketone enolate derivatives.21 The reductive coupling/
ozonolysis approach obviates a regioselective ketone enolization
that would be required (and difficult) for cases represented by16
and17 and is therefore complementary.22

Table 1. Catalytic Asymmetric Reductive Alkyne/Aldehyde
Couplingsa

entry/
product R1 R2 R3

yield (%),
regioselectivity

ee
(%)

1 Ph Me i-Pr 95 (>95:5) 90
2 Ph Me c-C6H11 97 (>95:5) 90
3 Ph Me Ph 79 (91:9) 73
4 Ph Me n-Pr 82 (>95:5) 65
5 (p-MeO)Ph Me i-Pr 80 (>95:5) 88
6 (p-Cl)Ph Me i-Pr 75 (>95:5) 83
7 1-naphthyl Me i-Pr 93 (>95:5) 90
8 Ph Et i-Pr 81 (>95:5) 93
9b Ph Et c-C6H11 78 (>95:5) 89

10 Ph n-Pr i-Pr 74 (>95:5) 92
11 Ph i-Pr i-Pr 58c (>95:5) 92
12 Ph CH2OTBS i-Pr 59 (>95:5) 85
13 Ph CH2NHBoc i-Pr 60 (>95:5) 96
14 Ph SiMe3 n-Pr 43c (>95:5) 92
15 n-Pr n-Pr i-Pr 35c (-) 42

a See eq 1. Experimental procedure (see Supporting Information): A
solution of Ni(cod)2 (0.05 mmol), (+)-NMDPP (0.10 mmol), and Et3B (1.0
mmol) in EtOAc/DMI (1:1, total volume 0.50 mL) was cooled to-25 °C.
An alkyne (0.50 mmol) was added via syringe, and then an aldehyde (1.0
mmol) was added via syringe over 8 h. The solution was allowed to stir 36
h, and silica gel chromatography afforded allylic alcohols1-15. Regiose-
lectivity was determined by1H NMR; enantioselectivity was determined
by chiral GC or HPLC analysis.b Performed on 5.0 mmol scale.c Some
alkylative coupling was observed (transfer of Et group (instead of H) from
Et3B).
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The sense of asymmetric induction in these couplings is
consistent with the model in Scheme 1. Several lines of evidence
point to an oxametallocyclopentene intermediate, arising from
complexes such asA-D.23 Both the axial placement and the
orientation of a metal-PPh2 group over the cyclohexyl ring of
NMDPP have been observed in the solid state.24 Rotation of one
of the phenyl groups to avoid interaction with the isopropyl group
places a C-H bond in the ligand plane on one side, disfavoring
aldehyde complexation (A and B). Coordination of the aldehyde
to the less encumbered side (C or D) by way of the electron pair
cis to the aldehyde H and placement of the aldehyde R group away
from the metal center appear to minimize steric interactions.

The high enantioselectivity uniquely provided by NMDPP in
these couplings can thus be explained by a cooperative effect
between steric properties of the ligand and electronic differences
of the alkyne substituents. Two of four modes of aldehyde
coordination (A andC) are inconsistent with the sense and degree
of regioselectivity, and one of the remaining two is more accessible
(D) and leads to the major enantiomer observed. This framework
suggests that increased steric differentiation of the two aldehyde
coordination sites might further enhance enantioselectivity. Finally,
the general strategy of tandem electronic and steric control of
enantioselectivity presented here may be applicable to related
reactions involving alkynes, such as those described by our group
and others.4-6,12a,23,25
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Scheme 1. Proposed Steric and Electronic Control in Catalytic
Asymmetric Reductive Couplings
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