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Abstract: The aldol coupling of ketene silyl acetal 2
derived from the glycinate Schiff base with alde-
hydes can be efficiently catalyzed by an in situ gener-
ated, chiral quaternary ammonium fluoride of type 1
under mild, neutral conditions, affording the corre-
sponding anti-b-hydroxy-a-amino esters predomi-
nantly with excellent enantioselectivities.

Keywords: aldol reaction; asymmetric synthesis; chi-
ral quaternary ammonium salt; diastereoselectivity;
b-hydroxy-a-amino acid; potassium fluoride

The occurrence of optically active b-hydroxy-a-amino
acids as natural products as well as components of
more complex biologically active cyclic peptides has
made their synthesis of great importance, especially
from the pharmaceutical viewpoint.[1] They have also
been used as useful chiral building blocks in organic syn-
thesis.[2–5] Accordingly, numerous studies on the asym-
metric synthesis of this class of compounds have been
made using different strategies.[6,7] However, the asym-
metric aldol strategy employing catalytic amounts of
chiral sources is still limited,[8,9] despite its obvious ad-
vantage for the simultaneous construction of the pri-
mary structure and the stereochemical integrity of b-hy-
droxy-a-amino acids. In connection with our recent
study on the in situ generation of the chiral quaternary
ammonium fluoride of type 1 from the corresponding
hydrogen sulfate and its utilization for the fluoride
ion-catalyzed asymmetric carbon–carbon bond forma-
tion reactions,[10] we have been interested in its applica-
tion to the aldol reaction of the glycine-derived ketene
silyl acetal 2 with aldehydes under mild, neutral condi-
tions.[11,12]Herewe report the anti-selective, highly enan-
tioselective synthesis of various b-hydroxy-a-amino
acid esters based on this approach.
As shown in Scheme 1, amixture of chiral ammonium

hydrogen sulfate 1a[10] (2 mol %) and commercially
available potassium fluoride (KF, 1 equiv.) in THF was
well stirred at room temperature for 1 h. Then, 3-phe-

nylpropanal (2 equivs.) and a toluene solution of ketene
silyl acetal 2a[11] were added sequentially at �78 8C and
continued stirring at �78 8C for 13 h and at �40 8C for
5 h followed by acidic hydrolysis with 1 N HCl afforded
the corresponding b-hydroxy-a-amino ester 3a in 51%
yield with an anti/syn ratio of 1.2 :1. The enantiomeric
excess of the anti isomer was determined to be 85% ee
after conversion to its N-benzoate. It is of interest that
the introduction of electron-withdrawing substituents
at the para-position of the benzophenone moiety of 2
affected the diastereo- and enantioselectivities,[12c] and
that anti-3a was obtained with 90% ee in the reaction
with the fluoro-substituted ketene silyl acetal 2c (64%
yield, anti/syn¼3.3 :1).
Based on these results, we examined the effect of the

3,3’-aryl substituents of the catalyst precursor 1 on the
stereoselectivity in the reaction of 2c with 3-phenylpro-
panal. Although the use of 1b[10,13] having a 3,4,5-trifluoro-
phenyl group led to a slight decrease of both diastereo-
and enantioselectivities (entry 1 in Table 1), an im-
provement of anti selectivitywas achieved by employing
1c[12b] (77% yield, anti/syn¼8.3 :1) with preservation of
the excellent enantioselectivity (92% ee for anti isomer)
(entry 2). The results of this Mukaiyama-type aldol re-
action of ketene silyl acetal 2cwith other representative
aldehydes under the optimized conditions are summar-
ized in Table 1. The high preference for the formation
of anti-3 was consistently observed with unbranched as
well as branched aldehydes, and the enantioselectivities
generally exceeded 90% ee; this is in sharp contrast to
the cinchonidine-derived ammonium bifluoride-cata-
lyzed system.[11] In particular, the reactionwith isobutyr-
aldehyde proceeded with rigorous relative and absolute
stereochemical control, providing a facile entry to
(2R,3R)-b-hydroxyleucine (entry 6).[14]

In summary, we have successfully demonstrated that
the in situ generated chiral C2-symmetrical quaternary
ammonium fluoride of type 1 efficiently catalyzes the
Mukaiyama-type aldol reaction of glycine-derived ke-
tene silyl acetal 2with various aldehydes, giving the cor-
responding anti-b-hydroxy-a-amino esters predomi-
nantlywith excellent enantioselectivity. Thepresent cat-
alytic asymmetric aldol strategy is complementary to the
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CoreyKs procedure,[11] certainly revealing the unique fea-
ture of our approach based on the use of designer chiral
quaternary ammonium salts.

Experimental Section

Representative Procedure for the Aldol Reaction
(Entry 2 in Table 1)

Amixture of (S,S)-1c (16.7 mg, 0.01 mmol) and potassium flu-
oride (KF, 19.3 mg, 0.5 mmol) in THF (1.0 mL) was stirred for
1 h at room temperature under an argon atmosphere and then

cooled to �78 8C.To thismixturewas added 3-phenylpropanal
(132 mL, 1.0 mmol) followedbydropwise introductionof fresh-
ly prepared ketene silyl acetal 2c[11] (0.5 mmol) in toluene
(1.0 mL). The reaction mixture was stirred at �78 8C for 12 h
and at �40 8C for additional 3 h. As the yellow color disap-
peared, the whole mixture was diluted with water and ether.
The ether phase was separated and washed with brine. The or-
ganic phase was dried over Na2SO4 and concentrated. The re-
sulting crude products were dissolved into THF (8.0 mL) and
treated with 1.0 N HCl (1.0 mL) at 0 8C for 1 h. After removal
of THF under vacuum, the aqueous solution was washed with
ether three times and neutralized with NaHCO3. The mixture
was then extracted with CH2Cl2 three times. The combined ex-
tracts were dried over Na2SO4 and concentrated. Purification

Table 1. Asymmetric aldol reactions of 2c with aldehydes catalyzed by chiral ammonium fluoride generated from 1 and KF.[a]

Entry Aldehyde (R) Catalyst
precursor

Conditions
[ 8C, h]

Yield [%][b]

(anti/syn) [c]
% ee[d]

1 Ph(CH2)2 1b �78, 12; �40, 3 76 (3.1 : 1) 82
2 1c �78, 12; �40, 3 77 (8.3 : 1) 92
3 CH3(CH2)4 1c �78, 12; �40, 3 58 (8.4 : 1) 91
4 CH3(CH2)5 1c �78, 12; �40, 2 72 (11 : 1) 90
5 i-Bu 1c �78, 16; �40, 3 70 (7.2 : 1) 90
6 i-Pr 1c �78, 11; �40, 1 65 (6.7 : 1) 97

[a] The reaction was carried out with 2 equivs. of aldehyde in the presence of 2 mol % of (S,S)-1 and 1 equiv. of KF in THF-
toluene under the given reaction conditions.

[b] Yield of isolated product.
[c] Determined by 1H NMR analysis.
[d] Enantiomeric excess of the major anti-3, which was determined by HPLC analysis of its N-benzoate using a chiral column

(DAICEL Chiralcel OD-H) with hexane-2-propanol or hexane-ethanol as solvent.

Scheme 1.
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of the residueby column chromatographyon silica gel (MeOH/
CH2Cl2¼1 :15 as eluent) afforded the corresponding
b-hydroxy-a-amino ester 3a as a mixture of diastereomers;
yield: 102 mg (0.385 mmol; 77%, anti/syn¼8.3 :1); anti-3a:[11]
1H NMR (400 MHz, CDCl3): d¼7.26–7.29 (2H, m, Ph),
7.16–7.20 (3H, m, Ph), 3.77 (1H, ddd, J¼7.6, 4.4, 3.2 Hz,
CHOH), 3.47 (1H, d, J¼4.4 Hz, CHNH2), 2.84–2.91 (1H,
ddd, J¼14.0, 9.2, 4.8 Hz, PhCH), 2.65–2.73 (1H, dt, J¼14.0,
8.0 Hz, PhCH), 1.85 (3H, br, OH and NH2), 1.65–1.75
(1H, m, PhCH2CH), 1.53–1.62 (1H, m, PhCH2CH), 1.41 (9H,
s, t-Bu); 13C NMR (100 MHz, CDCl3): d¼172.8, 141.8, 128.4,
128.3, 125.7, 81.7, 71.0, 59.0, 33.8, 32.0, 28.1; IR (neat): n¼
3373, 2977, 2934, 1730, 1602, 1456, 1367, 1252, 1153, 1051,
849, 748, 700 cm�1; syn-3a:[11] 1H NMR (400 MHz, CDCl3):
d¼7.26–7.29 (2H, m, Ph), 7.16–7.22 (3H, m, Ph), 3.70 (1H,
ddd, J¼7.6, 5.2, 4.8 Hz, CHOH), 3.24 (1H, d, J¼5.2 Hz,
CHNH2), 2.82–2.90 (1H, ddd, J¼13.6, 9.0, 6.2 Hz, PhCH),
2.67–2.74 (1H, ddd, J¼13.6, 8.8, 7.2 Hz, PhCH), 2.17 (3H,
br, OH and NH2), 1.78–1.85 (2H, m, PhCCH2), 1.46 (9H, s, t-
Bu); 13C NMR (100 MHz, CDCl3): d¼173.2, 141.9, 128.3,
128.2, 125.7, 81.8, 71.4, 58.8, 36.0, 32.0, 28.1; IR (neat): n¼
3377, 2977, 2934, 1730, 1603, 1456, 1393, 1369, 1250, 1155,
847, 750, 700 cm�1. The enantiomeric excess of the major anti
isomer was determined to be 92% ee after conversion to its
N-benzoate with benzoyl chloride and pyridine in CH2Cl2.
HPLC conditions: DAICEL Chiralcel OD-H, hexane/2-prop-
anol¼12 :1, flow rate¼1.0 mL/min, retention time; 8.8 min
(minor isomer) and 15.5 min (major isomer).
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