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ENANTIOSELECTIVE DARZENS REACTION : ASYMMETRIC SYNTHESIS
OF trans-GLYCIDIC ESTERS MEDIATED BY CHIRAL LITHIUM AMIDES
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Enantioselective and diastereoselective Darzens reaction mediated by
chiral lithium amides was achieved between rert-butyl chloroacetate and
aromatic aldehydes to give the corresponding trans-glycidic esters in up to
84% enantiomeric excess.
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The Darzens reaction!) involves condensation of an aldehyde or ketone with an o-halo ester in
the presence of a base to afford a glycidic ester (o,B-epoxy ester). Since chiral glycidic esters can
serve as chiral building blocks in organic synthesis, various methods2) involving Darzens reaction!»3)
have been developed to obtain them in optically active forms.

We previously reported enantioselective aldol reaction between some methylketones and
aldehydes mediated by chiral lithium amides.#) We intended to apply this reaction condition to
enantioselective Darzens reaction between tert-butyl chloroacetate and aromatic aldehydes by using
chiral lithium amides ((R)-1), because the initial step of the reaction should be the formation of the
corresponding aldol-type intermedites (2) as shown below, which then undergo intramolecular ring
closure to form the glycidic esters (3). Some results under optimized conditions are summarized in
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Table 1. Enantioselective Darzens Reaction?

Ar-CHO Product
Entry (R)-1 (An) (2R3S)-3  Chem.y. (%) E.e. (%)
1 1a CgHs 3a 77 67
2 1b CeHs 3a 74 79
3 ic CsHs 3a 74 76
4 1d CgHs 3a 78 77
5 1e CeHs 3a 76 81
6 1f CeHs 3a 73 80
7 1g CgHs 3a 62 58
8 1h CgHs 3a 54 78
9 1i CsHs 3a 75 76
10 1j CeHs 3a 75 72
11 1k CeHs 3a 69 80
12 1l CeHs 3a 62 84
13 1e p-MeO-CeH, 3b 532 80
14 1e p-Cl-CgH, 3c 69 72

a) For procedure, see text. b) The corresponding diol was isolated in 15% yield.

A typical experimental procedure (Table 1, entry 5) is as follows. A solution of lithium amide
((R)-1e) was prepared under argon atmosphere by adding a solution of a-butyllithium (1.2 mmol) in
hexane (1.64 M solution) to a solution of the corresponding chiral amine (1.1 mmol) in THF (10 ml)
under stirring at -45°C. A solution of terz-butyl chloroacetate (1.0 mmol) in THF (5 ml) was added,
and the whole was stirred at -45°C for 10 min. A solution of n-butyllithium (1.2 mmol) in hexane
(1.64 M solution) was added, and the resulting solution was warmed to -20°C and stirred for 20
min. The mixture was cooled to -100°C, and then a cooled solution of benzaldehyde (1.2 mmol) in
THF (8 ml) was added. The mixture was stirred at -100°C for 5 min. After addition of methanol (6
ml), the reaction mixture was stirred at -20°C for 30 min, and then at 0°C for 2 h. After addition of
saturated aqueous ammonium chloride (20 ml) and water (20 ml), the mixture was extracted with
chloroform. The organic extracts were combined, washed with saturated aqueous sodium chloride,
dried over sodium sulfate, and evaporated to dryness to give a pale yellow oil,%) which was purified
by column chromatography (silica gel, hexane-ethyl acetate (20:1)) to give (2R,35)-367 (76% yield)
as a colorless oil. Enantiomeric excess (81%) of this product was determined by HPLC using a
chiral column (OD-H, Daicel Co.).

Using (R)-1, it is shown that the reaction gives (2R,35)-3 enantioselectively and
diastereoselectively. It should be noted that the reaction is highly dependent on reaction conditions.
Thus, after deprotonation of tert-butyl chloroacetate, addition of one equivalent of n-butyllithium is
essential to get effective asymmetric induction.8) Without addition of n-butyllithium at this stage in
entry 1, racemic product was obtained in almost the same chemical yield. Itis also essential to use
THF as a solvent, because the degree of asymmetric induction is very low in toluene, ether, or
DME.9 As was observed in aldol reaction reported previously, warming the reaction mixture
before addition of aldehyde raised the enantiomeric excess of the product.10) These facts suggest that
the complex formation in solution between the lithium enolate of tert-butyl chloroacetate and chiral
lithium amide is crucial for the present enantioselective Darzens reaction.

Further studies on the stereochemical mechanisms are underway.
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