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Direct asymmetric aldol reactions catalyzed by a siloxy serine
organocatalyst in water
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Abstract—A siloxy-LL-serine organocatalyst has been developed to catalyze direct asymmetric aldol reactions in the presence of water,
furnishing the b-hydroxy carbonyl scaffold in high enantio- and diastereoselectivities. The direct aldol reaction between a selection of
aromatic aldehydes and cyclohexanone resulted in good yields and high enantioselectivities.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Catalytic enantioselective reactions using water as a solvent
have attracted a great deal of attention mainly due to the
low cost, safety and environmentally benign nature of
water.1 The synthesis of enantiopure molecules via enantio-
selective reactions in water is an extensively investigated
topic, which entails the additional challenges of water tol-
erance for a catalyst.2 Organocatalysis has recently experi-
enced a renaissance3 in asymmetric synthesis and excellent
progress has been achieved following the discovery of the
proline-catalyzed aldol reaction reported by List and Bar-
bas et al.4 Thus, the development of small organic mole-
cules that catalyze enantioselective reactions in water is
currently an important goal amongst today’s synthetic
community. The organocatalytic asymmetric direct aldol
reaction via enamine intermediates generated in situ is
one of the most useful carbon–carbon bond forming reac-
tions, furnishing the b-hydroxyl carbonyl scaffold with
excellent enantioselectivities.5 As a step towards the devel-
opment of enzyme mimics, extensive effort has been direc-
ted towards the development of catalytic asymmetric direct
aldol in water,6 which continues to pose a challenge to syn-
thetic chemists.

Herein, we report the first efficient and highly enantioselec-
tive organocatalytic system for the direct enamine-based
aldol reaction catalyzed by an acyclic silyl-protected serine
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derivative organocatalyst in the presence of water, via a
two-phase system.
2. Results and discussion

In an initial experiment, the LL-serine 1-catalyzed reaction
between cyclohexanone and p-nitrobenzaldehyde in water
was investigated. However, no reaction progress was de-
tected after 2 days in water (Table 1, entry 1). In previously
reported studies,6,7 appropriate hydrophobic interactions
between the catalyst and substrates in water were proposed
to assemble the hydrophobic reactants and sequester the
transition state from water, thus channelling the aldol
reaction in an enantiocontrolled fashion. Herein, such an
approach was achieved by protecting the hydroxyl group
of commercially available LL-serine with tert-butyldiphenyl-
chlorosilane (TBDPSCl) to form TBDPS-LL-serine 2.

Remarkably, the direct aldol reaction catalyzed by
20 mol % of the TBDPS-LL-serine 2 organocatalyst in the
presence of water (7.2 equiv) afforded the product in an
excellent yield of 95% and good enantiomeric excess of
86% (entry 2). Henceforth, the hydrophobic effects of the
serine-derived organocatalyst were essential for the forma-
tion of a reaction core in aqua and subsequent catalytic
function of the organocatalyst in the presence of water.
Moreover, the reactions carried out either with no solvent
or in dimethyl sulfoxide (DMSO) resulted in lower enanti-
oselectivities and anti:syn diastereomeric ratios (entries 3
and 4). These results illustrated that water is important
for the high induction of diastereo- and enantiocontrol
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Table 1. Optimization studies on the siloxy-LL-serine 2 catalyzed enantioselective direct aldol reactiona
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RO
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Entry Catalyst Cat. loading (mmol %) Yieldb (%) anti:sync eed (%)

1 1 20 — — —
2 2 20 95 85:15 86
3 2 10 89 75:25 84e

4 2 10 91 78:22 60f

5 2 10 95 87:13 98
6 2 5 92 88:12 92
7 2 10 90 85:15 90g

8 2 10 88 84:16 97h

a Unless otherwise specified, the reaction was performed with aldehyde (0.5 mmol), ketone (2.5 mmol) and catalyst (0.05 mmol) in water (7.2 equiv) at
room temperature for 16 h.

b Combined yield of isolated diastereomers.
c Diastereoselectivity was determined by 1H NMR analysis of the reaction mixture.
d Enantiomeric excess refers to the anti-isomer and was determined by HPLC analysis on a chiral phase.
e The reaction was performed neat.
f The reaction was performed in 0.1 mL DMSO.
g The reaction was performed with 3.3 equiv of water.
h The reaction was performed with 16.6 equiv of water.
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with the reaction proceeding in a two-phase system.
The optimum reaction conditions were achieved with
10 mol % catalyst loading whereupon the aldol product
was isolated in an excellent yield of 95% and enantiomeric
excess of 98% (entry 5). It is also noteworthy that the sil-
oxy-LL-serine organocatalyst 2 can also operate at 5 mol %
catalyst loading to afford the product in excellent yield,
albeit with a slight decrease in enantioselectivity (entry 6).
In addition, it was noted that the addition of a lesser
amount of water (3.3 equiv) to the reaction leads to a slight
decrease in enantioselectivity, affording the product in 90%
ee (entry 7). On the contrary, the addition of excess water
Table 2. The catalytic asymmetric direct aldol reactiona catalyzed by siloxy-LL
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20
(16.6 equiv) relative to the optimum water concentration
(7.2 equiv) does not have any significant effect on both
the diastereo- and enantioselectivities of the aldol product
(entry 8).

A series of aldehydes was used to explore the generality of
this catalytic system and the results are summarized in
Table 2. In most cases, the b-hydroxy carbonyl compounds
were obtained in good yields and high enantioselectivities.

The more reactive aldehydes underwent the catalytic pro-
cess to afford the products in excellent enantioselectivities
-serine organocatalyst 2

R1 R2

O

R3

OH
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OH

3a-j

Yieldb (%) anti:sync eed (%)

95 87:13 98

90 86:14 92

87 87:13 90



Table 2 (continued)

Entry Product t (h) Yieldb (%) anti:sync eed (%)

4

                  3d 
O OH

Br

20 70 87:13 91

5

                  3eO OH

22 63 86:14 92

6

3fO OH
22 70 83:17 91

7

                    3gO OH

OMe

26 41 81:19 90

8

                    3hOH

NO2

O

6 78 55:45 84

9

                   3iOHO
18 62 52:48 82

10

                   3jO OH

NO2

42 51 — 38

a Unless otherwise specified, the reaction was performed with aldehyde (0.5 mmol), ketone (2.5 mmol) and catalyst 2 (0.05 mmol) in water (7.2 equiv) at
room temperature.

b Combined yield of isolated diastereomers.
c Diastereoselectivity was determined by 1H NMR analysis of the reaction mixture.
d Enantiomeric excess refers to the anti-isomer and was determined by HPLC analysis on a chiral phase.
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Figure 1. Plausible transition state for the siloxyserine catalyzed asym-
metric aldol reaction.
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and good anti-selectivity (Table 2, entries 1–4). The direct
aldol reaction of neutral aldehydes catalyzed by the sil-
oxy-LL-serine catalyst also afforded the products in high
enantio- and diastereoselectivities (entries 5 and 6). More-
over, the enantioselectivity obtained for a representative
electron rich aldehyde gave good enantioselectivity,
although the yield was moderate (entry 7). Good enantio-
selectivities were also obtained when cyclopentanone was
employed as the donor albeit with low diastereoselectivities
(entries 8 and 9). Although the aldol reaction of acetone
and p-nitrobenzaldehyde proceeded in water, the enantio-
selectivity and yield obtained were only moderate (entry
10).

The stereochemistry of the b-hydroxy group of the aldol
adducts 3 derived from the acyclic siloxy-LL-serine 2 cataly-
sis was determined to have an (S)-configuration by chiral-
phase HPLC analysis and comparison with the literature.6

The absolute stereochemical course catalyzed by the siloxy-
LL-serine 2 can be envisaged in terms of the plausible
six-membered chair-like transition state,8 4 whereby the
catalytically generated enamine favoured a si-facial attack
on the arylaldehyde (Fig. 1).
3. Conclusions

In conclusion, we have demonstrated the first efficient
asymmetric direct aldol reaction catalyzed by a siloxy-LL-
serine organocatalyst in the presence of water, via a two-
phase system.9 Noteworthy features in this system include:
(1) the direct aldol reaction proceeding in the presence of
water via a two-phase system and with simple procedures;
(2) high enantioselectivities being attained with most alde-
hydes; (3) siloxyserine catalyst 2 being easily prepared, eco-
nomically from commercially available sources, with both
enantiomers readily available; and (4) a 5 mol % catalyst
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being sufficient enough to furnish the aldol products in
excellent yields and enantioselectivities. Further expansion
on broadening the scope of the siloxyserine organocatalyst
is currently in progress in our laboratory and will be
reported in due course.
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