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Catalytic asymmetric reactions provide one of the most powerful SPacer | ewis base unit
approaches to a variety of enantiomerically pure and useful O (\LB/
compounds. In particular, the design and development of catalysts OH
possessing two or more reaction-promoting functionalities are of OH.__Brénsted acid units
ongoing interest in asymmetric synthesis.synergistic activation OO

by the functionalities on the catalyst can lead to specific control of BINOL ot

the transition state structure, resulting in products with high fgigure 1. Concept of novel chiral bifunctional organocatalysts for an aza-
enantioselectivity. Bifunctional organometallic catalysts, developed MBH reaction.
by the present authors, are representative examples of thi$aype.

The immobilized bifunctional catalysts have also been investigated

by several research groupslowever, in general, the practical use \/N /j
of immobilized organometallic catalysts is difficult due to the ~
leaching of the metal, which results in the deactivation of the OH o

catalyst and/or contamination of the product resulting from the OH

catalytic reaction. Therefore, the development of asymmetric sys-

tems without using any metal salt has been of great importance for

MezN

organic chemists. In this study, we report a new class of bifunctional 1a: (S)-3-[4-(dimethylamino)pyridin-2-yl]BINOL
metal-free catalysts for enantioselective aza-Morita-Baylis-Hillman 1b: (S)-3-[4-(dimethylamino)pyridin-3-yl]BINOL
-MBH i b - turated b | d ith 2a: (S)-3-(N-methyl-N-3-pyridinylaminomethyl)BINOL
(aza ! _) reaction ofx,5-unsa urated carbonyl compounds wi 2b: (S)-3-(N-methyl-N-2-pyridinylaminomethyl)BINOL
N-tosylimines. The aza-MBH reaction is a—€ bond-forming 2¢: (S)-3-(N-methyl-N-4-pyridinylaminomethyl)BINOL

reaction of activated alkenes with imines catalyzed by Lewis bases, Figure 2. Chiral bifunctional organocatalysts for an aza-MBH reaction.
such as amines, to form highly functionalized allylic amines, which g peme 1. Proposed Catalytic Cycle for the Bifunctional

are valuable building blocks for medicinal chemist®yTo date, Organocatalyst-Mediated aza-MBH Reaction
excellent systems utilizing the quinidine-derived catalyst have been o o NHR?
reported independently by Stii Adolfsson? and Hatakeyanta NR
for this asymmetric process. Shi also reported a chiral phosphinyl R! J\ —_— R! R2
BINOL to promote aza-MBH reactioff. Obtaining efficient
catalysts for an aza-MBH reaction has been a challenge in organic ¢ -Unsaturated Imine Alyl Amine
synthesig. We designed a catalyst in which chiral Brensted acid ~ Carbonyl Compound
units are connected with a Lewis base unit via spacer (Figure 1).

If both Brgnsted acid and Lewis base units could be appropriately Bifuctional Organocatalyst retro-Michael
positioned on one chiral molecule, the acid unit could activate a ' ﬁ Reaction

ichael

carbonyl group ofy,f-unsaturated carbonyl compounds, and subse- Reaction (B-Elimination)
quently, the Lewis base unit would react with {hposition of the
substrate to facilitate the Michael addition of the base (Scheme 1). ‘ .
The chiral Michael intermediatd generated by cooperative O ‘ o RN -H‘o O
interaction between each component on the organocatalyst could o OH RJ\(LRz HO, Q
furnish the product through the aldol angtro-Michael reaction. NR® HO@ E% OQ

. - ®
In our own work directed toward the development of efficient  J|_ NN\ LB
bifunctional organocatalysts for the reactio8)-BINOLs bearing H U Aldol

4-(dimethylamino)pyridine were first designed (Figure 2, compound Reaction  LB:Lewis base

1). Although a mixed reagent,S-BINOL (10 mol %) and I

4-(dimethylamino)pyridine (4-DMAP; 10 mol %) promoted the

reaction of methyl vinyl ketone3@) with phenylN-tosylimine @a) ridine unit was ineffective, the cataly8a bearing 3-aminopyridine
quite smoothly to give the produbg;® the organocatalysts which unit afforded5ain 41% yield with 73% ee. In contrast, the reaction

attached the pyridine ring directly to the 3-position of BINOL, mediated by a mixed reageng§){BINOL (10 mol %) and 3-(di-
resulted in no or low activities. The catalytic deficiencylofould methylamino)pyridine (3-DMAP; 10 mol %), producéd in 48%

be attributable to the inappropriate position of Lewis base on the yield with low enantioselectivity (3% ee). The organocataBsst
catalyst. Next, the organocatalys?s which attached 3-, 2-, or  with 4-aminopyridine unit, for which the facilitation of the Michael
4-aminopyridine derivatives through methylene spacer, were syn- addition of the attached base in an intramolecular manner would be
thesized. Although organocataly& which possesses 2-aminopy-  impossible, did not promote the reaction. These results obviously
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Table 1. Enantioselective aza-MBH Reaction of 3 with 4 3 Me — Me 7\
Catalyzed by 6a O O <
(e O L,
R = N
\ ) OR! OH OH
OO \_ OR? OH OH
o CF Q) 99
OO OH 6a (R = i-Pr)
O 10 mol % O NHTs 7a: R'=H, R%=Me 8 9a: X=CH,
’ c: X=
R | HTR? toluene:CPME (1:9), -15°C R R _ =
of the Lewis base attached to BINOL. The atlthse-mediated
3 4 5 functionalities for the activation of the substrate and the fixing of
entry 3 R 4; R? time (h) yield (%)? ee (%)° conformation of the organocatalyst are harmoniously performed to
1 Me (38) Ph @a) 168  5a 93 87 promote the reaction with high enantiocontrol.
2 Me 33  p-Cl—CgHa(4b) 60 5h, 96 95 Acknowledgment. This work was supported by a Grant-in-Aid
3 Me 3a) m-Cl—CgHy4(40) 72 5¢, 93 93 for Scientific Research from the Ministry of Education, Culture,
g me (ga) P'“BAV—OC6H4}S4(‘21 lgg gd- ;’g gi Sports, Science and Technology, Japan. We thank the technical
6 Mg 533 ngu‘: |E4(f:)6 4(49) 18 5?” sant 88 staff of the Materials Analysis Center of ISIR, Osaka University.
7 Me (33) 2-naghthyl 9 108 Sd %4 01 Supporting Information Available: A complete description of
8 Me (33  p-NOz—CgHa (4h) 12 5h 01 91 experimental details and product characterization. This material is
9 Et (3b) p-NO,—CgHg (4h) 96 5i, 88 88 available free of charge via the Internet at http://pubs.acs.org.
10 H (30 p-NO,—CgHa (4h) 36  5j,95 94
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