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A practical and convenient organocatalytic strategy is developed to provide a direct route to syn-selective
aldol products in the presence of water. The siloxy serine organocatalyst mediates the direct aldol reac-
tion of TBSO-protected hydroxyacetone with a variety of aldehydes to provide the aldol products in good
yields and enantioselectivities up to 92%.

� 2009 Elsevier Ltd. All rights reserved.
Table 1
Optimization studies on the siloxy-L-serine-catalyzed asymmetric direct aldol
reactiona
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Entry Cat. loading (mmol %) H2O (mL) Yieldb (%) syn:antic eed (%)

1 10 0.1 82 91:9 84
2 10 0.3 83 92:8 88
3 10 0.3 70 91:9 86e

4 5 0.3 74 88:12 84

a Unless otherwise shown, the reaction was performed with aldehyde
(0.5 mmol), ketone (1.0 mmol) and catalyst (0.05 mmol) in H2O at room tempera-
ture for 20 h.

b Combined yield of isolated diastereomers.
c Diastereoselectivity was determined by 1H NMR analysis of the reaction
Enantioselective organocatalysis has emerged as a powerful
strategy in organic synthesis since it employs small organic mole-
cules that are relatively non-toxic, inexpensive and stable to both
air and moisture.1 The organocatalytic asymmetric direct aldol reac-
tion via enamine intermediates generated in situ is one of the most
effective carbon–carbon bond-forming reactions for synthesizing
enantiomerically enriched b-hydroxy carbonyl compounds.2 The
potential of this reaction to generate diversity and to construct use-
ful building blocks for pharmaceuticals and natural products has at-
tracted attention from synthetic chemists and the pharmaceutical
industry.3

Organic reactions in water have attracted significant attention,
not only because unique reactivity is often observed in water, but
also due to its low-cost, safety and environmentally benign nature.4

The synthesis of organic molecules via organocatalytic reactions in
water5 is an extensively investigated topic which entails the addi-
tional challenges of water tolerance for the catalyst6 and the associ-
ated problem of substrate solubilities and reactivities. Barbas
reported the direct asymmetric aldol reaction of ketones and aryl
aldehydes in water catalyzed by proline-derived hydrophobic
organocatalysts7 and an amide catalyst derived from threonine that
mediated the synthesis of syn-aldol products from protected dihy-
droxyacetone in aqueous media.8 Hayashi reported that siloxypro-
line catalyzes effectively the highly diastereo- and enantioselective
aldol reaction of ketones and aldehydes in the presence of water,9

and that a combined proline-surfactant organocatalyst promotes
the asymmetric aqueous direct cross-aldol reaction of two different
aldehydes.10 Numerous examples of organocatalytic direct aldol
reactions utilizing amino acid derivatives and polymer-supported
organocatalysts in the presence of water have been reported.11,12

Recently, we reported a siloxy serine organocatalyst that uses a
cyclic ketone, predominantly cyclohexanone as the aldol donor, in
the presence of water to facilitate the synthesis of anti-configured
ll rights reserved.
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o).
b-hydroxy carbonyl scaffolds.13 The reaction proceeded via a bi-
phasic system, furnishing a wide variety of aldol products in good
yields and excellent enantioselectivities. Based on this precedent
and as part of our programme to develop organocatalytic direct al-
dol reactions to install syn-configured 1,2-diols, we investigated
protected forms of hydroxyketones as donors. Herein, we report
on efficient syn-selective syntheses of aldol products based on
the protected monohydroxy acetone donors catalyzed by the siloxy
serine organocatalyst in the presence of water.

In our initial study, tert-butyldimethylsiloxy hydroxyacetone
and 4-nitrobenzaldehyde were chosen as model substrates. Using
the optimized conditions developed for the previous protocol,13a
mixture.
d Enantiomeric excess refers to the syn isomer and was determined by HPLC

analysis on a chiral phase.
e The reaction was performed with 1.1 equiv of ketone donor.
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Table 2
The asymmetric direct aldol reactiona catalyzed by siloxy-L-serine organocatalyst in
water
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a Unless otherwise noted, the reaction was performed with aldehyde (0.5 mmol),
ketone (1.0 mmol) and siloxy serine organocatalyst (0.05 mmol) in H2O (0.3 mL) 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 syn isomer and was determined by HPLC

analysis on a chiral phase.
e Reaction was carried out using 20 mol % catalyst loading.
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the direct aldol reaction catalyzed by 10 mol % of the TBDPS-L-ser-
ine organocatalyst proceeded in the presence of water to afford the
product in a good yield of 82% and enantiomeric excess of 84% (Ta-
ble 1, entry 1). With an increased amount of water in the reaction
mixture, the aldol product was isolated in a comparable yield of
83% and higher enantiomeric excess of 88% (entry 2). To enhance
the atom economical value of the current synthetic approach, the
reaction was repeated using a reduced amount of the aldol donor.
In this experiment, the aldol product was obtained in a good yield
of 70% and enantiomeric excess of 86% (entry 3). It is worth noting
that the siloxy-L-serine organocatalyst can also catalyze the reac-
tion at 5 mol % catalyst loading, affording the aldol product in good
enantiomeric excess, albeit with a slight decrease in yield (entry 4).
In summary, the optimum conditions required the use of 10 mol %
of the siloxy serine organocatalyst, ketone donor (2 equiv) and
water (0.6 ml mmol�1) at room temperature for 20 h (entry 2).

A series of aromatic aldehydes were used to explore the general-
ity of this catalytic system and the results are summarized in Table 2.
In most cases, the expected b-hydroxy carbonyl compounds were
obtained in good yields and high diastereo- and enantioselectivities.
The more reactive aldehydes afforded the aldol products in good to
excellent enantioselectivities and high syn-selectivities (Table 2, en-
tries 1–3). Aldehyde substrates with a para-substituted halogen
moiety underwent the catalytic process to afford the aldol products
in moderate yields and good enantioselectivities (entries 4 and 5).
The direct aldol reaction between benzaldehyde and tert-butyldim-
ethylsiloxy hydroxyacetone catalyzed by the siloxy-L-serine organo-
catalyst gave the corresponding product in high enantio- and
diastereoselectivity (entry 6). However, only moderate enantiose-
lectivity was obtained in the case of 2-naphthaldehyde as the aldol
acceptor (entry 7). The catalytic process was also efficient for a rep-
resentative aldehyde with a para-electron-donating group, affording
the product in good yield and enantioselectivity (entry 8). Currently,
the catalytic system is limited only to aryl aldehydes as acceptors as
we were unable to obtain satisfactory results with aliphatic alde-
hydes. The stereochemistry of the b-hydroxy group of the aldol ad-
ducts derived from the acyclic siloxy-L-serine catalysis was
determined as S by chiral-phase HPLC analysis and by comparison
with the literature.11

In conclusion, we have demonstrated an efficient direct asym-
metric syn-selective aldol reaction between a variety of aromatic
aldehydes and tert-butyldimethylsiloxy hydroxyacetone as donor
in the presence of water, catalyzed by a siloxy-L-serine organocat-
alyst.14 Features worth noting include (1) the direct aldol reaction
proceeded efficiently in the presence of water to afford a variety of
valuable compounds from commercially available substrates; (2)
the procedure is simple to perform and requires mild conditions;
(3) the siloxy-L-serine organocatalyst is prepared easily and eco-
nomically from commercially available sources, with both enanti-
omers readily available; (4) a 5 mol % catalyst loading is sufficient
to furnish the aldol products in good yields and enantioselectivi-
ties. Further extension of the siloxy serine organocatalyst to other
asymmetric reactions is ongoing in our laboratory and the results
will be reported in due course.
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the aldehyde (0.5 mmol, 1.0 equiv), tert-butyldimethyl-siloxyhydroxyacetone
(1.0 mmol, 2.0 equiv) and water (0.3 mL) under air in a closed system. The
reaction mixture was stirred at room temperature for 20 h and subsequently
poured into an extraction funnel containing brine (5 mL) and water (5 mL). The
reaction vial was also washed with ethyl acetate (5 mL). The aqueous phase
was extracted with ethyl acetate (3 � 15 mL). The combined organic extracts
were dried with anhydrous MgSO4 and the solvent was removed under
reduced pressure. The crude aldol product was purified by silica gel column
chromatography (hexane–ethyl acetate, 9:1) to afford the product. The
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