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ABSTRACT

Two new organocatalysts 3a and 3b, derived from L-leucine and ( S)-â-amino alcohols that were prepared from L-valine, were designed and
afforded the direct syn-aldol reactions of a wide scope of aldehydes with various ketones with an excellent diastereomeric ratio of up to >20/1
and enantioselectivities of up to 99% ee.

Direct asymmetric aldol reactions, which provide straight-
forward access to optically activeâ-hydroxy carbonyls, are
highly useful in organic synthesis1,2 and thus have received
much research interest.2 As a result, great advances have been
made in asymmetric direct aldol reactions, in particular, in
those using organic molecules as catalysts.3,4 Of diastereo-
and enantioselective organocatalytic direct aldol reactions,

anti-selective variants have been obtained with impressive
results.3,4 However, there have been a limited number of syn-
selective organocatalytic asymmetric direct aldol reactions
available for a spectrum of aromatic aldehdye acceptors and
highly activated aldehydes.5 The design of new organocata-
lysts with high enantio- and diastereoselectivities for a wide
scope of substrates to serve as donors and acceptors of syn-
direct aldol reactions therefore remains an important chal-
lenge. Herein, we will report a new type of organocatalyst
(Figure 1) for highly enantioselective syn-direct aldol reac-
tions.

Our previous studies6 have shown that the direct aldol
reaction using a butanone donor catalyzed by proline amides
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1 provided anti-selective aldol adducts with an excellent
diasetereomeric ratio (>99:1 dr).6c The high diastereoselec-
tivity can be explained by transition states, shown inTS-1a
andTS-1b (Scheme 1).TS-1a, which adopts a Z-enamine

structure and principally generates syn-aldol adducts, is less
favorably formed thanTS-1b, which adopts an E-enamine
structure and generates anti-aldol products, because of the
steric repulsion between R2 and the pyrrolidine ring in the
Z-enamine ofTS-1a. To achieve a syn-aldol reaction, the
reaction should proceed via a transition state similar to type
TS-1a, and thus the Z-enamine should be predominately
formed.5a Antibodies and primary amine-based organic
molecules may catalyze the nucleophilic addition of an
acyclic ketone by forming a Z-enamine in some cases,5,7

resulting in a diastereoselectivity distinct from that observed
with secondary amine catalysts.5 According to the model that
Barbas proposed for a primary amino acid-catalyzed syn-
aldol reaction5a and the mode of carbonyl activation by
double hydrogen bonds,6 we think that the direct aldol
reactions involving acyclic ketone donors catalyzed by2 and
3 probably proceed via transition stateTS-2b to give syn-
aldol products5 because the steric interaction between R2

and R3 makesTS-2a, which generates an anti-aldol adduct,
less favorable thanTS-2b.

We first examined a direct aldol reaction of hydroxy-
acetone withp-nitrobenzaldehyde catalyzed by 20 mol %
2a in CH2Cl2. To our delight, the reaction proceeded
smoothly at 25°C to givesyn-5ain high yield (89%) with
fairly good diastereo- and enantioselectivities (4/1 dr, 67%

ee for syn-5a, Table 1, entry 1). Under these conditions,
organic molecules3a and 3b, which are derived from
L-leucine and (S)-â-amino alcohols that are prepared from
L-valine,10 afforded superior diastereo- and enantioselectivi-
ties to their structural analogues (entries 4 and 5).11 A survey
of solvents indicated that THF was a suitable solvent for
the aldol reaction catalyzed by3a. In THF,3adelivered 96%
ee and 19/1 dr for aldol adduct5a (entry 6). The enantio-
selectivity could be further improved to 98% ee at 0°C (entry
7). Interestingly,m-xylene is the solvent of choice for the
3b-catalyzed reaction (entries 8-10). Notably, the presence
of 5 mol % 3b is sufficient to afford the reaction in high
yield (92%), with an excellent stereochemical outcome (19/1
dr, 96% ee, entry 10).

The optimal protocol was expanded to aldol reactions of
hydroxyacetone with a variety of aromatic and aliphatic
aldehydes (Table 2). The aldol reactions promoted by 5 mol
% 3b afforded syn-diols in high yields (80-97%) with high
diastereomeric ratios (10/1->20/1 dr) and excellent enantio-
selectivities (91-98% ee). Generally, the electron-withdraw-
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Figure 1. Organocatalysts in this study.

Scheme 1. General Strategy for the Design of New
Organocatalysts for Syn-Aldol Reactions

Table 1. Screening of Catalysts and Optimization of Reaction
Conditionsa

entry
cat.

(mol %) solvent
temp
(°C)

yield
(%)b

dr
(syn/anti)c

ee
(%)d

1 2a (20) CH2Cl2 25 89 4/1 67
2 2b (20) CH2Cl2 25 77 4/1 61
3 2c (20) CH2Cl2 25 91 4/1 71
4 3a (20) CH2Cl2 25 95 5/1 86
5 3b (20) CH2Cl2 25 99 7/1 89
6 3a (20) THF 25 95 19/1 96e

7 3a (20) THF 0 82 19/1 98f

8 3b (20) m-xylene 25 92 12/1 94g

9 3b (20) m-xylene 0 96 19/1 96h

10 3b (5) m-xylene 25 92 19/1 96

a The reaction mixture ofp-nitrobenzadehyde (6a), hydroxyacetone (7a),
and catalytic amounts of catalyst was stirred for 12 h unless indicated
otherwise.b Isolated yield.c Determined by1H NMR. d The ee of the syn
diastereomer was determined by HPLC.e Stirred for 36 h.f Stirred for 96
h. g Stirred for 24 h.h Stirred for 48 h.

4248 Org. Lett., Vol. 9, No. 21, 2007



ing group on the aldehyde facilitates the reaction proceeding
to completion. Interestingly, the substituents of benzalde-
hydes, regardless of their size and electron nature, have little
effect on the enantioselectivity (entries 1-13). Importantly,
aliphatic aldehydes smoothly underwent reactions to give
syn-aldol adducts5o and 5p with excellent diastereo- and
enantioselectivities (entries 15 and 16).

The aldol reactions of various ketones such as fluoro-
acetone, chloroacetone, and 3-pentanone were examined in
the presence of 20 mol %3a (Table 3). Fluoroacetone
underwent the direct aldol reaction to afford predominantly
syn-R-fluoro-â-hydroxy ketones5q-s, which so far have been
reached only by antibody catalysis,7 with diastereomeric
ratios ranging from 5/1 to>15/1 and excellent enantio-
selectivities (entries 1-4). In contrast, the secondary amine-
based organocatalysts provided predominantly anti diaster-
eomers.12 The aldol reactions involving chloroacetone also
favorably generated syn-aldol adducts13 with enantioselec-
tivities of up to 93% ee (entries 5-7). Notably, 3-pentanone,
a much less reactive donor, smoothly underwent the aldol
reaction to afford the syn product with 4/1 dr and 80% ee
(entry 8).

In summary, we have designed a type of organocatalyst,
which was prepared from primary amino acids andâ-amino
alcohols, for the catalytic syn-selective direct aldol reactions
of aldehydes with hydroxy-, fluoro-, and chloroacetones and
3-pentanone. We found that organic molecules3a and3b,
derived fromL-leucine and (S)-â-amino alcohols that were
prepared fromL-valine, offered superior diastereo- and
enantioselectivities. The presence of 5 mol % catalyst3b
significantly catalyzes the direct aldol reactions of a wide
range of aromatic and aliphatic aldehydes with hydroxy-
acetone to give syn-diols with excellent dr (10/1->20/1) and
enantioselectivities ranging from 91 to 98% ee. The direct
aldol reactions of aldehydes with either fluoro- and chloro-
acetones or 3-pentanone proceeded in the presence of 20 mol
% 3a to afford predominantly syn products with high
enantioselectivities.
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Table 3. Asymmetric Syn-Aldol Reactions of Acyclic Ketones
with Aldehydesa

entry 5 R 7
time
(h)

yield
(%)b

dr
(syn/anti)c

ee
(%)d

1 5q 4-NO2C6H4 7b 48 76 5/1 94e

2 5q 4-NO2C6H4 7b 120 45 13/1 99f

3 5r 2-NO2C6H4 7b 72 82 >15/1 98e

4 5s 3-NO2C6H4 7b 48 79 6/1 93e

5 5t 4-NO2C6H4 7c 40 81 2.5/1 89g

6 5u 4-CO2MeC6H4 7c 72 61 2/1 93g

7 5v 4-CNC6H4 7c 72 64 2/1 88
8 5w 3-NO2C6H4 7d 48 82 4/1 80h

a See Supporting Information for the exact reaction procedure.b Isolated
yield. c Determined by1H NMR. d The ee of the syn diastereomer was
determined by HPLC.e The reaction was performed in CH2Cl2 (0.5 mL).
f Catalyzed by 5 mol %3b in m-xylene (1 mL).g The reaction was
performed in Et2O (0.5 mL) with chloroacetone (0.5 mL).h Reaction with
20 equiv of ketones under neat conditions.

Table 2. Asymmetric Syn-Aldol Reactions of Hydroxyacetone
with Aldehydesa

entry 5 R
time
(h)

yield
(%)b

dr
(syn/anti)c

ee
(%)d

1 5a 4-NO2C6H4 12 92 19/1 96
2 5b 4-CNC6H4 36 86 19/1 96
3 5c 4-MeO2CC6H4 36 95 13/1 95
4 5d 3-NO2C6H4 24 97 16/1 96
5 5e 3-BrC6H4 48 95 13/1 96
6 5f 2-NO2C6H4 24 92 >20/1 98
7 5g 2-ClC6H4 48 91 16/1 97
8 5h 2-FC6H4 36 90 10/1 94
9 5i 2-BrC6H4 36 91 19/1 96
10 5j 3,5-F2C6H3 48 90 13/1 95
11 5k 3,5-Br2C6H3 48 82 16/1 94
12 5l 3,5-(CF3)2C6H3 48 97 10/1 96
13 5m 3-Cl-4-FC6H3 60 86 10/1 94
14 5n 1-BrC10H6 48 80 16/1 91
15 5o c-C6H11 60 68 >20/1 98e

16 5p i-Pr 60 45 >20/1 98e

a See Supporting Information for the exact reaction procedure.b Isolated
yield. c Determined by1H NMR. d The ee of the syn diastereomer was
determined by HPLC.e Catalyzed by 20 mol %3b.
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