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Abstract: Organocatalytic direct asymmetric anti-aldol reaction
was developed in aqueous medium using a BINOL-derived di-
amine/protic acid bifunctional catalyst. The catalytic protocol could
offer the opportunity to access anti-aldol products with high level of
enantioselectivities with moderate diastereoselectivities.

Key words: aldol reaction, aqueous medium, organocatalyst, di-
amine, protic acid, enantioselectivity

Stereoselective construction of C—C bond through orga-
nocatalytic direct aldol reaction is currently one of the
most promising areas of research which has drawn a great
deal of attention from synthetic standpoint.! Since the pi-
oneering discovery of L-proline-catalyzed intermolecular
aldol reactions involving enamine intermediates in 2000,
L-proline and its derivatives have been found to serve as
excellent catalytic systems for a direct asymmetric aldol
reaction.

Among all the three types of asymmetric ways to carry out
aldol reactions viz biocatalysis,® metal-catalyzed proce-
dures,* and the asymmetric organocatalytic direct meth-
ods,’ the third approach has become the most vital and
fancy. Recent literature has witnessed many highly effi-
cient small organic molecules as organocatalysts,® which
have successfully been applied for asymmetric aldol reac-
tion. The advantages of organocatalysis have been dem-
onstrated by the facile preparation of the catalysts, the
mild reaction conditions, and by their environmentally be-
nign aspects as compared to metal catalysis.” From a
green chemistry perspective, performing these organocat-
alytic reactions in aqueous media gains further impor-
tance as it is safe to use and environmentally friendly.®

To perform asymmetric transformations in aqueous me-
dia, a special design of catalyst is always required to have
sufficient hydrophobic effect to facilitate the reaction.
Water imposes strong ionic interactions through its hydro-
gen bonding abilities which can often alter the enantio-
selectivity and thus it is not easy to access high level of
enantioselection in most of such asymmetric catalytic pro-
cesses.’ Inspired by the principle of the action of aldolase
antibodies' which contain a hydrophobic active site,
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Barbas, Takabe and co-workers in 2006 developed an el-
egant highly enantioselective catalytic anti-aldol reaction
that could be performed in water using diamine 1 as a cat-
alyst having appropriate hydrophobic groups (Figure 1).
According to them, the diamine 1 with nonpolar hydro-
phobic groups along with hydrophobic reactant molecules
keep themselves away and assemble in small volume
when water is the medium carrying out the reaction via a
compact transition state.'!
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Figure 1 Selected organocatalysts in asymmetric aldol reactions

In the year 2007, we disclosed the organocatalytic direct
asymmetric Michael reaction of unmasked ketones with
B-nitrostyrenes in the presence of a BINOL-derived di-
amine/protic acid bifunctional organocatalyst.!> We were
especially interested in BINOL-derived diamine 3
(Figure 1), based on our belief, that the presence of substi-
tuted nonpolar dibenzylic-type hydrophobic groups in the
tertiary amine part, would facilitate the reaction in aque-
ous medium and should also work in organic medium due
to the aromatic nature of the binaphthyl part.'> We found
that our catalytic protocol was compatible with water as
well as with various other conventional organic solvents
providing high enantio- and diastereoselectivities in the
asymmetric Michael reaction of ketones with both aryl
and alkyl nitroolefins.

For the last few years, our group has been engaged in the
development of L-prolinamide-type organocatalysts (2,
Figure 1), which have successfully been applied to highly
enantioselective direct asymmetric aldol reactions by us'*
and others.'*> Encouraged by Barbas and Takabe’s work,
herein, we wish to report an efficient enamine-based orga-
nocatalytic direct asymmetric aldol reaction using our
BINOL-derived diamine 3 in conjunction with 2,4-dini-
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trobenzenesulfonic acid (DNBSA) as a bifunctional cata-
lyst in the presence of water. These reactions afforded the
desired anti-aldol products in high enantioselectivities
with reasonably good level of diastereoselectivities and
high yields.!® Optimized conditions revealed that the or-
ganocatalyst 3 in the presence of DNBSA or TFA is the
best catalytic system to carry out asymmetric aldol reac-
tions in analogy with our earlier work.'?

At the outset, the preliminary experiments were conduct-
ed by taking cyclohexanone as a donor and benzaldehyde
as an acceptor using 10 mol% of the diamine 3 in the pres-
ence of 10 mol% of DNBSA in different solvents
(Table 1). It was found that almost all organic solvents af-
forded high level of enantioselection (74-84% ee, entries
1-6, Table 1) and very high diastereoselectivities (dr up to
98:2, entries 3 and 5, Table 1) in good yields. The enantio-
selectivities of the aldol reaction were equally good on
switching to water as medium. Further, we found that, us-
ing brine instead of water led to accelerated reactions with
comparatively high enantioselectivity (83% ee) and dia-
stereoselectivity (95:5), in good yield (85%) under opti-
mized conditions (entries 8 and 9, Table 1).

Table 1 Solvent Study for Organocatalytic Direct Aldol Reaction

GO
EVN
0

(0] (8,5,9)-3

)OJ\ 3 (10 mol%), DNBSA (10 mol%)

4 r.t., solvent

P H

Entry Solvent Time (h) Yield (%)* Ratio syn/anti® ee (%)°

1 DMSO 16 71 94:6 78
2 DMF 18 65 94:6 79
3 MeCN 15 87 98:2 74
4 CHCl, 18 48 97:3 76
5 DME! 18 80 98:2 78
6 MeOH 20 71 96:4 84
7 THF 18 48 97:3 75
8 H,0 15 80 98:2 71
9 brine 12 85 95:5 83

2 Yields are reported after column chromatography.

b Diastereoselectivities were determined by 'H NMR analysis of the
products.

¢ The ee values were determined by HPLC using chiral columns.

4 DME = dimethoxyethane.

With the optimized conditions in hand for asymmetric al-
dol reaction, we looked forward to examine the possible
substrate scope (Table 2). It was found that aromatic alde-
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hydes having an electron-withdrawing group at the para
position were proved to be good substrates yielding aldol
products in high enantioselectivities (entries 2 and 4,
Table 2) but with moderate diastereoselectivities. In addi-
tion to electron-withdrawing substrates, furfural and f-
naphthaldehyde were also found to be good substrates in
terms of achieving very high level of enantioselectivities
(entries 6 and 7, Table 2). However, aromatic aldehydes
having halogen and electron-donating groups gave enan-
tioselectivity in the range of 86-87% (entries 3 and 5,
Table 2). Unfortunately, except benzaldehyde, in all the
cases diastereoselectivities were found to be moderate.!”

Table 2 Aldehyde Scope in Asymmetric Direct Aldol Reaction
o}

o 0} OH

. Ar)I\H 3 (10 mol /O?'tDEEr?eA (10 mol%) "
12-24 h
4a—g
Entry Ar Product Yield (%)* Ratio anti/syn® % ee®

1 Ph 4a 85 95:5 83
2 4-O,NC¢H, 4b 89 78:22 94
4-MeOC4H, 4c 83 75:25 87
4 4-F,CCcH, 4d 82 69:31 95
5 4-CIC¢H, 4e 91 71:29 86
6 2-furyl 4f 80 88:12 96
7 2-naphthyl 4g 88 88:12 96

*Yields are reported after column chromatography.

b Diastereoselectivities were determined by 'H NMR analysis of the
products.

¢ The ee values were determined by HPLC using chiral columns.

The reaction was extended to other donors and the results
are summarized in Scheme 1. Only 36% ee was obtained
when acetone was used as a donor (5a, Scheme 1). The
asymmetric aldol reaction was extended to other six-
membered ketones as well (5b and 5¢, Scheme 1) where
excellent enantioselectivities were observed with moder-
ate level of diastereoselection.

(0]
O 3(10 mol%), DNBSA (10 mol%), G §H
‘ + )J\ r.t., brine )J\/'\Ph
w ) P 12-24 h N
5a—c
(0] OH 0} OH
(0] OH
)I\/k : Ph : P
Ph : :
s~ o~
5a 5b 5c
67% 76%, 98% ee 77%, 95% ee
36% ee 70:30 dr 69:31 dr

Scheme 1 Scope of ketones as donors in asymmetric direct aldol
reaction
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The faster reaction rates and the excellent level of enanti-
oselectivity in brine could be explained by the hydropho-
bic environment created by the binaphthyl group and
salting out effect'®® which leads to volume constriction
bringing the reactant molecules in close vicinity thus fa-
cilitating the reaction via a compact transition state.'8>6d
The stereochemical outcome could be explained on the basis
of similar type of transition state as given by Yamamoto
et al.'” in which attack from Re-face of aldehyde gives rise
to anti-aldol product (Figure 2).

N (0] OH
Re—r=] PSS
Ar 1/07"Hl\ —_—> : Ar

R? N*X- N
H R -
R’ i-
anti-aldol product

Figure 2 Proposed transition state for asymmetric induction in
asymmetric aldol reaction

In conclusion, we have developed an efficient catalytic
protocol using the diamine 3 derived from BINOL, in con-
junction with DNBSA as a bifunctional catalyst, which
has successfully been applied to the asymmetric anti-
selective aldol reaction of ketones with aromatic alde-
hydes.?’ The sense of asymmetric induction was ex-
plained by invoking a similar kind of transition state
proposed earlier in the literature.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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