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The importance of nitroalkanes in organic synthesis is tied to after 48 h. Further increase of the concentratior5tM allowed
their propensity to undergo faciler-alkylation reactions and generation of Michael addu@a in 83% yield and 99% ee using
interconversions to other important organic functional grdups. only a small excess of acetophenone (1.1 equiv).
Conjugate addition of carbon-centered nucleophiles to nitroalkenes With optimized conditions established for the model reaction of
represents a direct and most appealing approach to chiral nitroal-acetophenone with nitrostyrene, we explored the scope of useful
kanes, and development of asymmetric catalysts for such processesitroalkene substrates using acetone as a more challenging reacting
has been the focus of important recent research éffamong the partner?®-f Although reaction of acetone with nitrostyrene afforded
variants of this strategy, direct Michael addition of carbonyl the desired Michael addudgin 99% ee, yield was compromised
compounds to nitroalkenes offers a particularly attractive approach, due to formation of bisalkylation byproduct (40% yield). However,
affording versatile difunctional products in an atom-economical this side reaction was suppressed completely and without erosion
manner (eq 1). Impressive progress has been made recently in thef enantioselectivity by the addition of catalytic amounts of weak
development of bifunctional organic catalysts for the enantiose- acids, such as benzoic acid. Under these conditions, a wide range
lective addition of malonate derivativiesr simple aldehydes and  of aromatic and heteroaromatic nitroalkenes underwent reaction with
ketones to nitroalkengdNonetheless, identification of new catalyst acetone in high yields and enantioselectivities (Table 1, entrie3.a
systems with broad substrate scope with respect to both nucleophilic
and electrophilic reacting partners remains an important challenge. 7able 1. Enantioselective Addition of Acetone to Nitroalkenes

Herein, we describe a new cataly4) or asymmetric conjugate 0 1 (10 mol%)

o . . NO > Me
additions of ketones to nitroalkenes. The notable features of this R X" 7 * Me)J\Me PhcoH (omoey. ON Y Y
system include high epantigselectivities across a b.ro.z?d rangelof 2a-h (5.0 equiv) tol, rt 4§-h °
substrates, as well as high diastereo- and regioselectivities resulting
directly from the unusual structural features of the catdlyst. entry R yield (%)? ee (%)°

o R a Ph 93 99

o catalyst . b 4-MeOGH, 88 99

R R ¢ RNNO ——— RﬂM/NOZ M c 4-MeGHq 87 97
R? d 2-furyl 88 99

e 2-thienyl 94 96

Inspired by the proven ability of thiourea derivatives to serve as fe Me 70 98
g° n-Bu 78 95

effective general acid catalysts in asymmetric addition reacfions,
we undertook a systematic investigation of members of this
compound class as potential catalysts for the model reaction of  a|gojated yield of purified4. ® Determined by HPLC analysis (see

acetophenone with nitrostyrene (Scheme 1). In particular, we Supporting Information)¢ Results obtained using 15 mol % @fand 2
mol % of PhCQH.

he i-Bu 81 94

Scheme 1. Model Reaction!t

Me tBu S Perhaps more significant, nitroalkenes bearing aliph&sabstit-
Bn/Nj]/\N)kN“‘Q uents proved to be viable electrophilic reacting partners in the

° o M H \n presence of added benzoic atidighly reactive 1-E)-nitropropene
o SN0 Me)LPh 1(10 mol%) ON Ph provided the Michael adduct with excellent enantioselectivity (98%
" (11 squi) toluene, rt, 48h Ph O ee, entry f). Nitroalkenes bearing more sterically demanding

aliphatic substituents underwent reaction in high enantiomeric
excesses along with improved yields (entries g and h).
performed an extensive screen of chiral thiourea frameworks Catalystl displayed a marked bias toward activation of ethyl
incorporating additional amine functionality for cooperative enamine ketones, allowing regio- and diastereoselective formation of a
generation, and this led to the identification of primary anfires variety of branched products bearing contiguous tertiary stereo-
a promising catalyst® Among the standard reaction parameters, centers $a—e, Chart 1). Methyl ethyl ketone underwent reaction
solvent choice and reagent concentration proved particularly with nitrostyrene with modest 2:1 regioselectivity, favoring branched
important. While reactions carried out in highly polar and/or protic product5aover its chromatographically separable regioisomer, with
solvents were impractically slow, those run in nonpolar solvents, both generated with high enantioselectivities (97 and 95% ee,
such as toluene or Gil,, proceeded with useful rates along with  respectively). Furthermore, the branched prodizoivas generated
high enantioselectivity (up to 99% ee). Reactions carried out at with high (15:1) selectivity favoring the anti diastereork&igher
[2a]p = 0.3 M in dichloromethane required use of 2-fold excess n-alkyl ethyl ketones afforded Michael adducts with complete
acetophenone and stalled at 40% conversion after 96 h. However regioselectivity, high enantiomeric excess {3% ee), and

at higher concentration (2 M), complete conversion was achieved diastereoselectivity favoring the anti isomers {2D:1 dr). No

3a
83% yield, 99% ee
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Chart 1.

Diastereo- and/or Regioselective Asymmetric Additions

of Ketones to Nitroalkenes?

8]

analysis of racemic and enantiomerically enriched products. This
material is available free of charge via the Internet at http://pubs.acs.org.
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5g Me s Me g
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arr = regioisomer ratio. Method A: 20 mol % @f 2 mol % of PhCGH,
1.5-5.0 equiv of ketone. Method B: 10 mol % &f 1.5 equiv of ketone.
Method C: 20 mol % ofl, 2.0 equiv of ketone.
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soluble byproducts were detected, and the moderate product yields (6) For recent reviews, see: (a) Taylor, M. S.; Jacobsen, Brigew. Chem.,

(50—65%) appear to reflect formation of small amounts of insoluble
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Early View (DOI: 10.1002/chem.200501076).

polymeric materials. The observed sense of relative stereoinduction (7) For examples of asymmetric catalysis based on the primary amine

stands in contrast to results obtained with secondary amine catalysts,

which lead to selective formation of the syn diastereorfiét#\s
might be anticipated from the results leadingte-¢e, additions of
methyl propyl ketone provided linear produci, Gh) with modest
(4:1) regioselectivity and excellent enantioselectivity, while the more
sterically demanding methyl isopropyl ketone afforded linear
products §g, 5i) exclusively. However, branched produci$, 6k)
were obtained with methoxyacetone as the Michael donor.

A bifunctional mechanism involving enamine catalysis is clearly
indicated in Michael reactions promoted by catalysthe observed
anti diastereoselectivity suggests participation oZ-gnamine

intermediate (Figure 1), given the complementary diastereoselec-

Figure 1. Proposed intermediates in Michael reactions catalyzed b)
FavoredZ-enamine. (B) Disfavoreé-enamine.

tivity obtained in analogous reactions involviggenamines gener-
ated from secondary amine catalyst$° The utility of bifunctional

primary amine catalysts in other valuable organic transformations

is under active investigatiols.
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