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ABSTRACT

The butane-2,3-diacetal (BDA) desymmetrized glycolic acid building block undergoes efficient and highly diastereoselective lithium enolate
Michael additions to r,â-unsaturated ketones, lactones, and nitro olefins. Subsequent deprotection of these Michael adducts gives r-hydroxy
acids in very high yield. Hydrogenation of the nitro group in some of the adducts leads to γ-lactams, which can be easily converted into
r-hydroxy-γ-amino acid derivatives.

The biological importance ofR-hydroxy acids has been
clearly demonstrated over the past few years.1 Equally,
γ-lactams andγ-amino acids have found wide pharmaceuti-
cal applications.2 Moreover, recent studies concerning the
secondary structure of oligomers ofR-hydroxy-γ-amino acids
have shown very interesting results.3

An attractive approach to chiralR-hydroxy andR-hydroxy-
γ-amino acid derivatives involves the Michael addition of a
chiral glycolic acid derived enolate to the correspondingR,â-
unsaturated carbonyl compound or nitro olefin.4 Like the

related aldol reaction, this process leads to the generation of
up to three new stereogenic centers in the product, and
clearly, when high levels of control are observed, these
reactions are of considerable importance.

Recently, we have described butane-2,3-diacetal5 desym-
metrized glycolic acid1 as a new cyclic chiral glycolate
equivalent and have shown that it can be used for enantio-
selective preparation ofR-hydroxy acid derivatives2 and3
through alkylation or aldol reactions of its corresponding
lithium enolate (Figure 1).6 Here we report the use of this
building block in Michael addition reactions.
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Figure 1. Butane-2,3-diacetal desymmetrized glycolic acid1 and
alkylated derivatives2 and3.
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Multigram quantities of both enantiomers of the butane
diacetal (BDA) desymmetrized glycolic acid1 are readily
prepared in three high yielding steps from commercially
available (R)- or (S)-3-chloro-propan-1,2-diol4 following a
chiral memory protocol(Scheme 1).6b,7

BDA desymmetrized glycolic acid1 was then treated with
1.05 equiv of lithium hexamethyldisilazide (LHMDS) in THF
at -78 °C. After 10 min at this temperature, a THF solution
of the corresponding Michael acceptor was added dropwise
via syringe. Stirring was maintained for 20 min before 2.0
equiv of acetic acid was added in one portion to quench the
reaction. On warming to room temperature, diethyl ether was
added, and the mixture was filtered through a short (1-2
cm) plug of silica, eluting with diethyl ether. Evaporation
of solvents gave the corresponding crude product5, which
was purified by silica gel column chromatography (Table
1).8

It is important to note that the yields of the reaction were
from good to excellent in all experiments except for the case
of 2(5H)-furanone (Table 1, entry 2), where only a 35% yield
was obtained together with a 33% yield of the starting
material. This low yield may be due to a competitive reaction
between the desired Michael addition and the enolate
quenching reaction with the acidic protons of 2(5H)-furanone.

In all of the cases attempted, the selectivity of the reaction
was very high, with the worst case being again 2(5H)-
furanone (Table 1, entry 2, 10:1 dr). The structures of
compounds5 were unequivocally determined by X-ray
structure analysis in the cases of5c, 5e, and5g.

The product stereochemistry is consistent with the Michael
acceptor approaching the lithium enolate from the face
opposite the axial 1,3-related methoxy group (seeA in Figure
2).9 Moreover, the configurational assignment of the products
is compatible with a combination of the two trigonal centers
involved in the reaction according to the model shown inB
(Figure 2).10 It is important to note that the enolate ap-
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Scheme 1

Table 1. Asymmetric Michael Addition Reactions of1

a Determined by1H NMR of the crude reaction product.b Racemic
starting material1 was used.c Thirty-three percent of starting BDA-protected
glycolic acid is recovered.d Mixture at theR-position to the nitro group.
The dr of each diastereoisomer was found to be>20:1.
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proaches always the same face of the Michael acceptor
independently of its geometry (Zor E).

Removal of the BDA protecting group was achieved by
repeated dissolution of compounds5 in methanolic hydro-
chloric acid, followed by evaporation in vacuo. This gave
the correspondingR-hydroxy esters6 in good yields (Table
2). Interestingly, when compound5d was treated under the

standard deprotection conditions described above, the lactone
ring was opened to give diester6b in good yield (Table 2,
entry 2).

To illustrate the synthetic utility of the Michael adducts,
we decided to transform compound5einto the functionalized

γ-lactam7 andR-hydroxy-γ-amino acid derivative8 (Scheme
2). Compounds with these key structural features exhibit

interesting biological properties.2,3 Thus, catalytic hydrogena-
tion of nitro compound5e, using Raney nickel in ethyl
acetate at room temperature led, after partial deprotection
of the BDA moiety, to theγ-lactam7.

Treatment of this lactam with di(tert-butyl)dicarbonate
followed by reaction with sodium methoxide in methanol
gave, after complete removal of the BDA protecting group
using a catalytic amount of triphenylphosphine hydrobromide
in methanol, theR-hydroxy-γ-amino ester8 in high yield.

In summary, the butane-2,3-diacetal (BDA) desymmetrized
glycolic acid building block undergoes efficient and highly
diastereoselective lithium enolate Michael additions toR,â-
unsaturated ketones, lactones, and nitro olefins. Subsequent
deprotection of these Michael adducts givesR-hydroxy acids
derivatives in very high yield. Hydrogenation of the nitro
group in some of the adducts leads toγ-lactams, which can
be easily converted intoR-hydroxy-γ-amino acid derivatives.
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Figure 2. Approaching models of the two trigonal centers in the
reaction of lithium enolates derived from BDA desymmetrized
glycolic acid1 and Michael acceptors.

Table 2. R-Hydroxy Acid Derivatives6 from Glycolates5

Scheme 2a

a Reagents and conditions: (i) H2, Raney Ni, ethyl acetate, rt;
(ii) silica gel; (iii) (Boc)2O, Et3N, DMAP (cat.), DCM, rt; (iv)
MeONa, MeOH; (v) PPh3‚HBr (cat.), MeOH, rt.
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