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Here we describe the proline-catalyzed Michael addition of unmodified ketones to nitro olefins. This novel reaction provides y-nitro ketones
in modest enantioselectivity yet excellent yields.

Aminocatalysis has recently gained considerable attention,electrophiles or engage in pericyclic transformatibAsaly-
particularly in asymmetric synthesisThere are two ami-  sis of the Michael reaction reveals potential for both forms
nocatalytic pathways. Iminium catalysis proceeds via conver- of aminocatalysis (Scheme 4).

sion of a carbonyl compound into an iminium ion, facilitating

Knoevenagel-type condensations, cyclo- and nucleophilic_
addlthns, and Clgavage otbonds adjace_nt to thecarbonz: Scheme 1. Iminium- and Enamine-Catalytic Michael Reactions
Enamine catalysis on the other hand involves catalytically
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to nitro olefines. This new reaction is only modestly || GTGTGTNGNGGEGEGEEEEE
enantioselective, yet highly efficient. It furthermore serves 1 p1e 1. Proline-Catalyzed Michael Addition of Unmodified
as proof of principle for enamine catalysis of the Michael ketones to Nitroolefins

reaction, a strategy that may ultimately lead to novel highly o R no, LProine o &

enantioselective catalysts. HH (15 mol%) NO,

Previous aminocatalytic Michael reactions include the + | ?so» H]\KK(
asymmetric conjugate addition of nitroacetate, malonates, R R R t2-24n R R R"

. 20 vol% 1eq
nitroalkanes, and recently pyrroles ¢gS-unsaturated car-
bonyl compounds.It is likely that these reactions involve entry product yield selectivity®
iminium ion intermediates according to path a in Scheme 1,
although definite conclusions have to await further mecha- 1 97% ee=7%
nistic studies.

The stoichiometric use of enamines as nucleophiles in the
Michael reaction has been pioneered by Stork et ahd r>20:1
several examples, including asymmetric varidritaye been 2 85% dr =3:1
described in the literature since then. Michael reactions of o0=10%°
preformed enamines with nitro olefins have been thoroughly
studied by Seebach et 8IEnaminecatalysis, however, has 3 949% dr>20:1
been rarely used so far, and no intermolecular examples are 6e=23%
known$

We have recently described proline-catalyzed intermo- dr>20 1
lecular aldol and Mannich reactions and postulated the  * 92% oo =10%
involvement of nucleophilic ketone enamiriéé It became
an apparent question if Michael acceptors may be used as
electrophile. We found.,f-unsaturated ketones, esters, and 5 95% &
amides to give the Michael products in only low yields and U
enantioselectivities upon reacting with acetone and a catalytic
amount of proline under our standard reaction conditffs. not
However, if the more reactivg-nitrostyrene was subjected 6 87% determined
to the same conditions, crystalline nitro ketodewas
obtained in excellent yield (Table 1). Although the enantio-
selectivity of this process was low (7% ee), the high yield 7 85% dete?ﬁfined
and exceptional simplicity of the process prompted us to 7

investigate the scope of this novel aminocatalytic reaction.

We studied the Michael reaction of four different nitro ~_ *For ee, dr, and rr determination, see Supporting Informatiors;: rr
. . . . regioisomeric ratio® ee of majorsyndiastereomer Ten equivalents of the
olefins with four different ketones (Table 1). All reactions crystaliine ketone tetrahydro-thiopyran-4-one was used.
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Actal1982 65, 16(33)7—1654- (c) Martens, J.; Lu?bben,ﬁetrah?drom%l serve as useful precursors for various functionalized organic

47,1205-1214. (d) Using imine precursors: Pfau, M.; Revial, G.; Guingant, 15 ; P 2 ; ;

A d"Angelo. J.J. Am. Chem. Sod985 107, 273-274. Review: dAngelo, ~ COMPOUNds;: including pyrrolidines:® As an illustration,

J.; Desmaele, D.; Dumas, F.; Guingant,etrahedron: Asymmet}992, nitroketonel was hydrogenated to give pyrrolidi®en 87%

3, 459-505. yield as a mixture of diastereomers (Scheme 2). Pyrrolidines

(10) See, for example: Seebach, D.; GolinskKélv. Chim. Actal981,
64, 1413—1423.

1-18.

(12) Svensson, K. A. |. et al. PCT Int. Appl. WO 9218475, 1992. Scheme 2

(13) Guided by the concept of considering the Michael reaction as a H., (60 psi
vinylogous aldol reaction, we have used “vinylogous” prolin@)((Grison, O Ph 2 (60 psi), HN
C.; Geneve, S.; Halbin, E.; Coutrot, Petrahedror2001,57, 4903—4923) )]\/:\/NOQ Pd(OH),, MeOH NVQ‘
as the catalyst. 87% S Ph
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Remarkably, ifl0 was used in the1r?eacti0n BEnitrostyrene with acetone, such as3 a_re pharm{;\cologlcally active and SeleCtlver block
productl was obtained in 40% ee (68% yield). presynaptic dopamine receptdfs.
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_The reactions are operationally 3'”7'0'9 a_md do not require cedures, characterizations, chiral-phase HPLC data, and
inert atmosphere, temperature manipulations, metal salts, or

preformed enolate equivalents stereochemistry. This material is available free of charge via
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