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Asymmetric Mannich reactions provide a powerful method for Scheme 1

synthesizing optically activg-amino carbonyl units, which are
useful chiral building blocks for a number of biologically active

and pharmaceutically important compounids. particular, direct o PMP~y

asymmetric Mannich reactions between carbonyl compounds and g + U S

certain imines would be most desirable for this purpbse. R 4 COEt

Accordingly, small organic molecules, such iaproline and its

derivatives, were recently found to catalyze the reaction between | MR COE | L HRCoEY

aldehydes and imines to furnisiin or anti-g-amino aldehydes as \ L-proline anti-en;amine syn-en?mine B

a major product, depending on the choice of catal§%uvhile a H H

p_rollne-catalyzed_dlrect asymmetric Mannlch reac_tlon of imine Y o _PMP _PMP

gives thesyn8-amino aldehydesyn5, preferentially with excellent PMP. N o . ?Ki’;‘\ Q HN

enantioselectivity through trenti-enamine intermediaté (Scheme Y~ “CO,Et H/\cozEt

1),%¢a general and selective method for obtaining the oppasiie H R COEt R R

B-amino aldehydeanti-5, remains unattainabR.In this context, anti-enamine A syn-5 anti-5

we are interested in the possibility of obtainiagti-5 via thesyn

enamine intermediat® by using a certain amino acid which has a CO,H NHSO,R

longer spatial distance between the amino and carboxyl groups than OO OO

L-proline catalyst. Our recently designed axially chiral amino acid NH NH

(9-1,°> which catalyzes the direct asymmetric aldol reaction between OO OO

acetone and aldehydes, seems to be an appropriate candidate to

achieve the hitherto difficubynenamine intermediat® resulting (S-1 (S)-2R=Me

from a decrease of the steric repulsion between the enamine and (S)y-3:R=CF;

acid mqletles. In addition, the imine act.|vated .by the remotg acidic Table 1. anti-Selective Mannich Reactions between

proton is expected to react preferentially with tegnenamine Isovaleraldehyde and o-Imino Ester 4 Catalyzed by (S)-1—32

intermediateB to give a desirednti-isomer,anti-5. Our hypothesis

has been verified by designing an axially chiral organocatalyst of o PMP\N o) HN’PMP fo) HN’PMP

type 3 that allows a highlyanti-selective direct asymmetric Mannich 1, _ O k‘R/?\ + Ls A

reaction between aldehyde and imidavith excellent enantio- . COEL  soivent, rt S COEt T S COEt

selectivity. Pr 4 Pr Pr

First, we examined the direct Mannich reaction between iso- mol time

valeraldehyde and-imino ester4 derived fromp-anisidine and enty  catalyst (%) () solvent  %yield”  antisyn® % ee?

ethyl glyoxylate. Thus, in the presence of 5 mol % 6f-, the 1 S-1 5 20 dioxane 60 111 86

reaction between isovaleraldehyde (3 equiv) arithino ester4 2 (92 2 24  doxane 11 381 72

in dioxane at room temperature afforded the correspongiagino 2 82 g 2'5 .?'ﬁéane 3%3 zggﬁ >%%

aldehyde5 in 60% vyield with theanti/syn ratio of 1:1.1 and 5 9-3 2 6 EtOAC 72 8.3/1 90

enantiomeric excess of 86% for thati-isomer (Table 1, entry 1). 6 (9-3 2 6 DMSO 20 6.3/1 97

This low anti/syn selectivity prompted us to modifyS-1 and 7 93 2 6 CHCk 70 9.1/1 98
8 9-3 2 0.5 toluene 98 9.1/1 >99

develop new axially chiral amino sulfonamides of ty|®-2 and
(-3 with a more remote aCIdlc_proton from the secondary amino a2The reaction of isovaleraldehyde (3 equiv) amdmino ester4 was
group than the carboxyl group irg)¢1. carried out in a solvent in the presence of cataly®t1-3 at room

The efficiency of these new catalyst§){2 and -3 was temperature® Isolated yield © Determined byH NMR. ¢ The enantiomeric
evaluated under the identical conditions, except for the use of lower €X¢ess of thenti-isomer was determined by HPLC analysis using chiral

. column (Chiralpak AS-H, Daicel Chemical Industries, Ltd.).

catalyst loadings (2 mol %). Unfortunately, attempted useSp®2(
resulted in a significant loss of reactivity and enantioselectivity, by using §-3 in the direct asymmetric Mannich reaction. Other
although moderatanti-selectivity was observed (Table 1, entry solvents, such as THF, EtOAc, DMSO, or CHGNere found to
2). In marked contrast, however, switching the catalysts fi§a2 be less satisfactory in terms of the chemical yield and stereoselec-
to (9-3, which contains a more acidic trifluoromethanesulfonamide tivities (entries 4-7). Whereas the reaction in toluene solvent
group, dramatically enhanced both reactivity and stereoselectivitiesproceeded smoothly with excellent enantioselectivity, a slight
in this system (93% yieldanti/syn= >20:1; >99% ee for the decrease iranti-selectivity was observed (entry 8). Accordingly,
major anti-isomer) (entry 3). We then examined the solvent effect dioxane was determined to be the solvent of choice.
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Table 2. anti-Selective Mannich Reactions between Various
Aldehydes and o-Imino Ester 4 Catalyzed by (S)-32

Ol PMP\"Ill\ (593 OI HI;I'PMP Oll\i’;iPMP
+ 2 KR(.\ 2+ NS 2
\R1 CO;R dioxane, rt ¢ S"COzR §1 S"COLR
catalyst time
entry R! R? (mol %) (h) % yield® antilsyn® % ee?
1 Me Et 1 0.5 93 13/1 >99
2 Me Et 0.2 22 82 111 97
3 Bu Et 1 4 93 >20/1 99
4 Bu Et 0.5 8 92 >20/1 97
5 Bn Et 1 4 92 11/1 >99
6 i-Pr Et 2 0.5 93 >20/1 >99
7 t-Bu Et 5 16 42 >20/1 >99
8 i-Pr allyl 2 0.5 99 16/1 >99
9 i-Pr t-Bu 2 0.5 99 16/1 >99

a2The reaction between aldehydes (3 equiv) animino esters was
carried out in dioxane in the presence 88 at room temperaturéd.lsolated
yield. ¢ Determined by'H NMR. 9 The enantiomeric excess of thati-
isomer was determined by HPLC analysis using chiral column. Details are
given in Supporting Information.

syn-enamine anti-enamine

Figure 1. Possible transition states for the direct asymmetric Mannich
reaction catalyzed byg-3 (left) and ©-1 (right).

The reaction between other aldehydes arichino esters in the
presence of a catalytic amount &-3 was carried out in dioxane

(9-1, the C-C bond forming reaction catalyzed b§){1 takes place
not only on theSiface of thesynenamine but also on thReface
of the anti-enamine in the reaction catalyzed §)-Q (Figure 1,
right). As a result, bottanti- andsyrrisomers are obtained.

In summary, we have developed a higlalgti-selective direct
asymmetric Mannich reaction between aldehydes andutimino
ester catalyzed by the novel axially chiral amino sulfonamfgje (

3. The procedure converts theimino ester to functiongs-amino
aldehydes with significantly higheanti/syn ratio and enantio-
selectivity than previously possible. We are currently working to
expand the scope of this methodology and to apply the novel
sulfonamide catalyst for other organocatalytic asymmetric reactions.
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