JIAIC[S

COMMUNICATIONS

Published on Web 03/04/2003

Catalytic Asymmetric Reductive Coupling of Alkynes and Aldehydes:
Enantioselective Synthesis of Allylic Alcohols and o-Hydroxy Ketones

Karen M. Miller, Wei-Sheng Huang, and Timothy F. Jamison*
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Received January 27, 2003; E-mail: tfi@mit.edu

Catalytic asymmetric carbonyl addition reactions are among the Table 1. Catalytic Asymmetric Reductive Alkyne/Aldehyde

most studied and useful methods of enantioselective cartamyon Couplings?
bond formatior}, but very few are catalyzed by complexes of group  entry/ yield (%), ee
10 metals. Examples include Pd(l1)- and Pt(ll)-catalyzed &leint product R! R? R® regioselectivity (%)
ené processes, as well as Ni(ll)-catalyzed Nozakiyama—Kishi 1 Ph Me i-Pr 95 (-95:5) 90
reaction$ and Ni(0)-catalyzed 1,3-dien-al cyclizations®® Herein 2 Ph Me c-CeHix 97 (>95:5) 90
we describe a new member of this unusual class of reactions, the 2 EE mg nl?gr 8729(%15-'95)) 6;3
first highly enantioselective method for catalytic reductive coupling 5 (-MeO)Ph  Me i-Pr 80 (>95;5) 88
of alkynes and aldehydes (eq 1). 6 (p-Cl)Ph Me i-Pr 75 ¢95:5) 83
) N 7 1-naphthyl Me i-Pr 93 (>95:5) 90
0 (e tNDRS 20 make) OH 8  Ph Et i-Pr 81(-955) 93
Rl-=—r2 + J_ : op Ph Et c-CeHin  78(>955) 89
H”R®  EtgB (200 moi%) 10 Ph n-Pr i-Pr 74 (>955) 92
EtOAC:DMI (1:1) 11 Ph i-Pr i-Pr 58 (>95:5) 92
) . 12 Ph CHOTBS  i-Pr 59 (-95:5) 85
R T My 100%cis additon 13 Ph CHNHBoc  i-Pr 60 -95:5) 96
" CHOTBS ’ ;;g,;gg;e;gg,:g 14 Ph SiMe n-Pr 43 (>95:55) 92
CH,NHBoc - up to 96% ee 15 n-Pr n-Pr i-Pr 35 (-) 42
SiMe3

aSee eq 1. Experimental procedure (see Supporting Information): A

; ; ; solution of Ni(cod) (0.05 mmol), ¢-)-NMDPP (0.10 mmol), and &B (1.0
Allylic alcohols are useful starting materidland are prevalent mmol) in EtOAG/DMI (1-1, total volume 0.50 mL) was cooled-1@5 °C.

in compliex natural productsEnantioselective methods for.their ~ An alkyne (0.50 mmol) was added via syringe, and then an aldehyde (1.0
preparation from alkynes and aldehydes that use stoichiometric mmol) was added via syringe over 8 h. The solution was allowed to stir 36

amounts of transition metals include those of Opp8laad Wipf10 h, and silica gel chromatography afforded allylic alcohbisl5. Regiose-

. - . . . . . lectivity was determined byH NMR; enantioselectivity was determined
which are particularly effective for preparing)¢disubstituted allylic by chiral GC or HPLC analysig.Performed on 5.0 mmol scaleSome

alcohols from terminal alkynes, and that of Sato, which utilizes a alkylative coupling was observed (transfer of Et group (instead of H) from
chiral titanium-alkyne comple¥ Nickel-catalyzed intramolecul&r EtsB).

and intermoleculd®? reductive coupling of alkynes and aldehydes ) ) ]

has been reported, yet asymmetric catalysis has been limited tocontrast to our recent studies with chiral ferrocenyl monophos-

only a few cases, all of which utilize “alkylalkyl” alkynes (alkyl- phines, _enan_tioselt_ectivities are significantly lower using NMDPP
C=C—alkyl') and are of low to moderate regioselectivity and N couplings involving alkyt C=C—alkyl alkynes (entry 15)4
enantioselectivity4 To illustrate the utility of this method further, allylic alcohds

Although (+)-(neomenthyl)diphenylphosphine (NMDPP) was and 13 were cor_werted tcxx-hydrox_y ketones via _oz_onolysis.
first prepared by Morrison over 30 years ago and is commercially Enantiomeric purity was preserved in both cases, giti6g89%
available, this chiral monophosphine has thus far found only limited €€), whose TBS ether was developed by Masamune for asymmetric
utility in asymmetric catalysis Nevertheless, in extensive evaly- ldol reactions? and 17 (96% ee), whosex-aminoo'-hydroxy
ations of chiral ligands, transition metals, and reducing agents, Pattern is found in molecules targeted against trypanosomes,
NMDPP, Ni(cod), and triethylborane (BB) consistently provided parasites that cause African sleeping sickness upon transmission
superior resultd® Yield and enantioselectivity were improved from tsetse flied? and in aerothionin natural products with anti-
further by using a solvent composed of equal volumes of ethyl tuberculosis activity® Common methods ofx-hydroxy ketone

acetate and 1,3-dimethylimidazolidinone (DMI) in conjunction with

slow addition of the aldehyde (see Supporting Information). All o
other solvents and additives reduced efficacy and/or selectivity, as Me
did varying the mode of addition of other components. 16 OH

This catalytic system affords trisubstituted allylic alcohols O  Me
corresponding to exclusive cis addition to the alkyne in excellent BOCHNQj\l/kMe
regioselectivity and in up to 96% ee (Table 1). Branched aldehydes 17 OH

provide high enantioselectivities in reductive couplings with
1-phenyl-1-propyne, and variation of the alkyne aromatic group synthesis via asymmetric catalysis involve dihydroxylation or
(RY is tolerated, with 1-naphthyl-1-propyne being particularly epoxidation of ketone enolate derivativéJhe reductive coupling/

effective (entries 57). The other alkyne substituentqRan also ozonolysis approach obviates a regioselective ketone enolization
be varied considerably (entries-84), and protected alcohols, that would be required (and difficult) for cases represented &y
protected amines, and SiMeyroups are accommodat&d.n and17 and is therefore complementaiy.
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Scheme 1. Proposed Steric and Electronic Control in Catalytic
Asymmetric Reductive Couplings
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The sense of asymmetric induction in these couplings is

consistent with the model in Scheme 1. Several lines of evidence (g

point to an oxametallocyclopentene intermediate, arising from (10)
complexes such a&—D.?® Both the axial placement and the an
orientation of a metal-PBhgroup over the cyclohexyl ring of (12)
NMDPP have been observed in the solid stAtRotation of one

of the phenyl groups to avoid interaction with the isopropyl group  (13)
places a &H bond in the ligand plane on one side, disfavoring 8‘51;

aldehyde complexationA(and B). Coordination of the aldehyde

to the less encumbered side ¢r 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 otherg:612a23.25
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