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We extended the proline-catalyzed asymmetric direct aldol reac-

tions to the TBDMS protected hydroxyacetone. This important

donor provides a ready access to optically active monoprotected

1,2-diol units simultaneously accompanied by stereoselective car-

bon-carbon bond formation in 40–90% yield and in up to 95% ee.

The construction of C–C bonds with complete control of the
stereochemical course of a reaction is of utmost importance
in organic synthesis. Study of the catalytic asymmetric aldol
reaction, which efficiently and effectively transfers chirality
information, has become a major effort in synthetic organic
chemistry.1 Mukaiyama and cowaorkers2 have shown that
aldehydes and ketene silyl acetals prepared from either esters
or thioesters afford the corresponding aldol adduct with high
ee values using chiral tin(II) complexes (Scheme 1). In recent
years, the groups of Shibasaki,3 Trost4 and List5,6 have
reported catalytic asymmetric direct aldol reactions of alde-
hydes with unmodified ketones using a heterobimetallic, a
chiral semi-crown Zn complex or L-proline as the chiral cata-
lyst to give anti-1,2-diols in excellent diastereo- and enantio-
selectivities.
We became interested in investigating the asymmetric direct

aldol reactions between the TBDMS protected hydroxyace-
tone 1 and aldehydes 2 using L-proline as the catalyst (Scheme
2). Similarly to catalytic asymmetric aldol reactions using
hydroxyacetone,5c this aldol reaction does not require the
pregeneration of enolates or enolate equivalents. Most impor-
tantly, the optically active monoprotected 1,2-diol units allow
easy manipulation of the functional groups in the subsequent
chemical transformations of the aldol adducts. Due to its sim-
plicity and its mild reaction conditions, this reaction will find
wide applications in organic synthesis.
We initiated our study on the proline catalyzed asymmetric

direct aldol reactions using TBDMS protected hydroxyacetone
1 and p-nitrophenyl aldehyde (entry 7). This was challenging
work since three different regio- and diastereomeric products
and their enantiomers were obtained. The corresponding
anti-aldol product was obtained in 77% yield, with a diastereo-
meic ratio (dr) of > 10 : 1 and in 90% ee. With the success of
the above reaction, we continued our study by exploring the
aldol reaction with nine different aldehydes (Table 1). The
aldol products were prepared in good yields (except for entry
10) and the ee were moderate. In all cases, formation of regio-
isomeric products was observed with yields ranging from 5%

to 10% (except for entry 10) and with ee values of around
10%. Some of the reactions listed in Table 1 provided high
enantioselectivity of > 90% ee for the electron-withdrawing
aromatic (e.g., entry 7) and aliphatic (e.g., entry 9) aldehydes.
It is important to note that the regioisomeric product 5 was the
primary aldol product in the reaction of the TBDMS protected
hydroxyacetone with unsaturated aldehydes (entries 10–12).7

Scheme 1

Scheme 2

Table 1 Aldol reaction of 1 with various aldehydes catalyzed by
L-proline

Entry R % Yielda 3 : 4 : 5 % eeb (3/4)

1 C6H5 90 75 : 20 : 5 40/41

2 p-CH3–C6H4 82 83 : 15 : 2 56/45

3 p-CH3O–C6H4 84 62 : 32 : 6 28/41

4 m-CH3O–C6H4 74 67 : 27 : 6 65/65

5 o-CH3O–C6H4 80 60 : 30 : 10 62/72

6 p-Cl–C6H4 77 53 : 40 : 7 72/48

7 p-NO2–C6H4 86 90 : 7 : 3 90/15

8 68 80 : 15 : 5 84/75

9 60 80 : 10 : 10 95/95

10 40 0 : 0 : 100 < 10c

11 54 12 : 8 : 80 95c

12 83 20 : 10 : 70 43c

13 No reaction – –

14 No reaction – –

a The yield was estimated by weighing or/and HPLC analysis. b The ee

was determined by chiral-phase HPLC analysis using Chiralpak OD col-

umns (Daicel Chemical Industries, Ltd.) with 10% 2-propanol–hexane mix-

ture as eluent. c The ee value of 5 was measured by 400 MHz 1H NMR

analysis of its MTPA ester.
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Unfortunately, other unsaturated aldehydes including trans-
crotonaldehyde (entry 13) and geranial (entry 14) failed in
these reactions.
In summary, we have demonstrated that L-proline catalyzes

the direct aldol reaction between the TBDMS protected hydro-
xyacetone 1 and various aldehydes to give the monoprotected
1,2-diol units in good yield and regioselectivities. Although the
diastereomeric ratios are not always very high, we believe that
this reaction will find wide applications in organic synthesis on
the basis of its operational simplicity, good yields, and high
regioselectivities. Furthermore, the monoprotected 1,2-diols
allow easy manipulations of functional groups in the following
chemical transformations of the aldol adducts. This distin-
guishes our procedure from that reported in the literature

Experimental

To a solution of 1 (1 mL) in anhydrous DMSO (4 mL) and)
was added p-methylbenzaldehyde aldehyde (60 mg, 0.5 mmol),
followed by L-proline (17 mg, 30% mol). The resultant mixture
was stirred at room temperature for 12 h. The reaction was
quenched with a saturated ammonium chloride solution, the
organic layer was separated and the aqueous layer was
extracted with ethyl acetate (3� 25 mL). The combined
organic layers were dried over anhydrous MgSO4 and con-
densed under reduced pressure. The residue was purified by
flash column chromatography (silica gel, 7% EtOAc in
hexane) to give (3R, 4S)-3-(t-butyldimethylsiloxy)-4-hydroxy-
4-(40-methylphenyl)-butan-2-one (syn-4, 19 mg, 12%) and (3S,
4S)-3-(t-butyldimethyl-siloxy)-4-hydroxy-4-(40-methylphenyl)-
butan-2-one (anti-3, 106 mg, 68%) (entry 2, Table 1).
syn-4: [a]20D �14 (c 1.0, CHCl3); IR (film): 1726 cm�1; 1H

NMR (400 MHz, CDCl3) d 7.20 (d, J ¼ 8.4 Hz, 1 H), 7.16
(d, J ¼ 8.4 Hz, 1 H), 4.87 (dd, J ¼ 8.0, 3.0 Hz, 1 H), 4.12
(d, J ¼ 3.0 Hz, 1 H), 2.93 (d, J ¼ 8.0 Hz, 1 H), 2.33 (s, 3
H), 2.17 (s, 3 H), 0.89 (s, 9 H), �0.04 (s, 3 H), �0.31 (s, 3
H); 13C NMR (100 MHz, CDCl3) d 211.3, 137.4, 137.2,
128.9, 125.9, 82.7, 75.2, 27.3, 25.7, 21.1, �5.3, �5.8; EI-MS
m/z 308 (M+, 5), 188 (100); anal. calcd for C17H28O3Si: C,
66.19; H, 9.15; found: C, 66.18; H, 9.14.
anti-3: [a]20D +7 (c 1.0, CHCl3); IR (film): 1715 cm�1; 1H

NMR (400 MHz, CDCl3) d 7.25 (d, J ¼ 8.0 Hz, 1 H), 7.15
(d, J ¼ 8.0 Hz, 1 H), 4.74 (dd, J ¼ 6.0, 3.6 Hz, 1 H), 4.12
(d, J ¼ 6.0 Hz, 1 H), 2.56 (d, J ¼ 3.6 Hz, 1 H), 2.35 (s, 3
H), 2.07 (s, 3 H), 0.87 (s, 9 H), �0.03 (s, 3 H), �0.17 (s, 3

H); 13C NMR(100 MHz, CDCl3) d 201.5, 137.9, 136.6,
128.9, 126.9, 82.4, 75.6, 26.4, 25.7, 21.1, �5.2, �5.5; EI-MS
m/z 308 (M+, 6), 188 (100); anal. calcd for C17H28O3Si: C,
66.19; H, 9.15; found: C, 66.15; H, 9.16.
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