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Amino alcohol catalyzed direct asymmetric aldol reactions:
enantioselective synthesis of anti-a-fluoro-b-hydroxy ketonesq
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Abstract—Prolinol but not proline-(a recently established catalyst of simple intermolecular aldol reactions) was found to be an
efficient catalyst for fluoroaldol reactions providing anti-a-fluoro-b-hydroxy ketones with good regio-, diasterio-, and enantio-
selectivities.
� 2004 Elsevier Ltd. All rights reserved.
The replacement of hydroxy groups or hydrogen atoms
in drug molecules with fluorine has long been a strategy
for modifying their pharmacological activity.1 Due to
fluorine’s strongly electron withdrawing nature, incor-
poration of fluorine into organic molecules alters their
chemical and physiological properties often leading to
unpredictable yet interesting products.2 From this point
of view, a-hydroxyaldol (a,b-dihydroxy ketone) moiety,
which is widely found in the important naturally
occurring bioactive substances, would be one of the
most intriguing targets for the fluorine modification. In
particular a-fluoro carbonyl compounds are of signifi-
cant utility in glycobiology research.2c;d Provided this
unique potential of fluorine in pharmaceutical chemis-
try, there is an unmet demand for catalytic synthetic
methodologies that provide for the synthesis of fluori-
nated stereogenic centers. Despite recent advances3 in
the area of catalytic asymmetric aldol reactions, enan-
tioselective synthesis of a-fluoroaldols (a-fluoro-b-hy-
droxy ketones) remains a major challenge. To address
this problem, we have studied the aldol reaction of flu-
oroacetone. The aldol reaction of fluoroacetone with an
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aldehyde acceptor presents significant demands on the
catalyst since the reaction can lead to the formation of
three different regio- and diastereomeric products and
their enantiomers (Scheme 1). Indeed, indirect regio-
selective routes to the synthesis of racemic fluoroadols
have only recently been reported.4a In this communica-
tion, we report the first amino alcohol catalyzed direct
asymmetric aldol reactions5 of unmodified fluoroace-
tone with aldehydes using chiral prolinol as catalyst,
providing anti-a-fluoro-b-hydroxy ketones with good
regio-, diasterio-, and enantioselectivities.

Encouraged by our studies concerning amino acid and
amino acid derived catalysts of aldol, Mannich, and
Michael reactions5a we sought to extend this strategy to
the asymmetric synthesis of a-fluoro-b-hydroxy ketones
A. The fluoroaldol product B can be synthesized in
racemic form via a tributylboron enolate strategy and
one of its enantiomers may be addressed by enzymatic
catalysis.4b However, the syn/anti A product has only
been obtained via antibody catalysis.6e;7 Provided the
amine-based catalysis of the antibody approach6;8 we
anticipated that organocatalysis might also provide a
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Scheme 1. Aldol reaction of an aldehyde and fluoroacetone.
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solution to this synthetic challenge. Initial studies of the
aldol reaction of 4-nitrobenzaldhyde and fluoroacetone
mediated by LL-proline or 5,5-dimethyl thiazolidinium-4-
carboxylate (DMTC) catalyst, the most promising
amino acids described for the aldol reaction, were dis-
appointing and yielded a complex mixture of products.
Catalyst screening was then performed. Following the
screening method used in the search for class I aldolase
antibodies,6;8 a mechanism-based simple b-diketone
(2,4-pentanedione) was employed to report on a cata-
lysts ability to form enamines via an enaminone reporter
group. Of the amines tested, those that produced the
characteristic enaminone absorption maximum at
316 nm after incubation with 2,4-pentanedione in
DMSO, were shown to possess aldolase activity. Among
the catalysts identified was LL-prolinol, which demon-
strated strong enaminone absorption after mixing with
2,4-pentanedione in DMSO. Catalysts were then studied
for their ability to catalyze the fluoroaldol addition
reaction. When a solution of 4-nitrobenzaldhyde
(1.0mmol) and LL-prolinol (35mol%) in fluoroacetone/
DMSO (2.0mL/10mL) was maintained at room tem-
perature for 2 days, the three-fluoroaldol products, anti-
1, syn-1, and regioisomer-1 (B, when R¼ 4-nitrophenyl
in Scheme 1), were cleanly formed in 82% yield. The
products were formed with promising diastereoselecti-
vity dr (anti-1/syn-1) 7:39 and excellent regioselectivity,
94%. Significantly the ee of the major product anti-1 was
determined by chiral-phase HPLC to be 84% (Eq. 1).
Solvent screening showed that DMSO and 1,4-dioxane
were optimal solvents with respect to the enantioselec-
tivity of the reaction.
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Table 1. anti-a-Fluoroaldols prepared from prolinol catalyzed aldol reaction
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Entry R Dra (anti/syn)

1 p-O2N-Phenyl 7:3

2 Phenyl 9:1
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9:1

4
S

N
10:1

5 Cyclohexyl 5:1

6 iso-Butyl 3:1

aDetermined by 1H NMR spectroscopy.
bOverall yield.
c The ratio (A/B) is that of the diastereomers/regioisomer (see Scheme 1).
d The ee of the anti-isomer was determined by chiral phase HPLC.
This result prompted us to study the generality of the
prolinol catalyzed fluoroaldol reaction. As shown in
Table 1, a-fluoroaldols could be prepared using aliphatic
aldehydes as acceptors in moderate yields (entry 5 and 6:
34% and 29%) and with increased yields in cases
involving aromatic aldehydes (entries 1–4: 50–72%). The
diastereoselectivity of the reactions were typically good,
dr (anti/syn) from 7:3 to 10:1. In most cases, the prod-
ucts were formed with very high regioselectivities (over
20:1) and with the anti-a-fluoro-b-hydroxy ketones as
the major products. An exception is entry 3 were reg-
ioisomer-B was obtained as main product (A/B¼ 1:4).
Most significantly the anti-a-fluoroaldols (1–6) were
consistently obtained with good enantioselectivities (79–
87% ee).

The absolute configurations of anti-a-fluoroaldols 3–6
were assigned based on the X-ray crystal structure of
anti-a-fluoroaldol 1 (Fig. 1) and assignment of anti-a-
fluoroaldol 2.10 The observed enantioselectivities of the
reactions can be rationalized by invoking an enamine
mechanism operating through a chair transition state
where the si-face of an E-enamine of fluoroacetone and
LL-prolinol attacks the re-face of the aldehyde to provide
the anti-a-fluoroaldol product (Fig. 2).

The availability of both LL- and DD-prolinol provides for
the enantioselective synthesis of both enantiomers of
anti-a-fluoroaldols with good ee. Further, the b-dike-
tone 2,4-pentanedione can be used for screening small
molecule aldol catalysts that use an enamine mecha-
nism. Studies addressing the synthetic scope of prolinol
catalysis in asymmetric reactions are ongoing.11

Typical experimental procedure: To a solution of the
aldehyde (1.0mmol) and fluoroacetone (2.0mL) in
anhydrous DMSO (10mL), LL-prolinol (35mol%) or DD-
prolinol was added. The resulting homogeneous reac-
tion mixture was kept at room temperature for 1–4 days.
s of aldehydes and fluoroacetone
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82 47:3 84

72 >20:1 87

51 1:4 83
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Figure 2. Proposed transition state of the LL-prolinol catalyzed fluo-

roaldol reaction.

Figure 1. The ORTEP plot of X-ray structure of anti-a-fluoroaldol 1.
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Then saturated NH4Cl was added. The reaction mixture
was extracted with ethyl acetate. The extracts were dried
over MgSO4. Evaporation of solvent followed by flash
column chromatography on silica gel to give regio- and
diastereo-products separately. Enantiomeric excesses
and diastereoselectivities of the anti-fluoroaldols were
measured by chiral phase HPLC and 1H NMR analysis.
Racemic fluoroaldol products were prepared similarly
using DLDL-prolinol as catalyst. The ee was determined by
chiral-phase HPLC with hexane/iso-propanol.

(3S,4S)-3-Fluoro-4-hydroxy-4-(40-nitrophenyl)-butan-2-
one (anti-1) from LL-prolinol catalysis: 1H NMR
(300MHz, CDCl3): d 8.23 (2H, d, J 8.8), 7.57 (2H, d, J
8.8), 5.19 (1H, dd, J 14.3, 5.7), 4.84 (1H, dd, J 48.8, 5.7),
2.22 (3H, d, J 5.3); 13C NMR (400MHz, CDCl3): d
207.3, 148.0, 144.7, 127.9, 123.7, 94.8, 72.7, 27.4; HPLC
(Daicel Chiralpak AS, i-propanol/hexane¼ 15:85, flow
rate 1.0mL/min, k ¼ 254 nm): tminor ¼ 12:7min, tmajor ¼
15:4min, ee 84%; HR-MS (MALDI-FTMS): 250.0489;
C10H10FNO4Naþ (calcd 250.0486).
Supplementary material

Complete analytical data for all new compounds, data
from solvent screen, and X-ray structure data. The
supplementary data is available online in ScienceDirect.
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