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Tetra-n-butylammonium fluoride: an efficient base for
aza-Michael addition—synthesis of glycosyl �-amino acid esters†
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Abstract—A mild and efficient route to glycosyl �-amino acid esters, exploiting the stereoselective Michael addition of
benzylamine, in the presence of tetra-n-butylammonium fluoride, to sugar derived �-alkoxy �,�-unsaturated esters is described.
© 2002 Published by Elsevier Science Ltd.

The synthesis of �-amino acids,1–3 which are con-
stituents of several natural products and useful starting
materials for the synthesis of several classes of bioactive
compounds, has received much attention in the recent
past. �-Peptides,4,5 the non-natural oligomers of �-
amino acids, have been targeted as potential pepti-
domimetics, since unlike �-amino acid peptides they are
stable to peptidases and are more conformationally
rigid.6 The structure can also be tuned by altering the
side chain position in the monomer, hence, the synthe-
sis of �-amino acids has attracted much attention. Even
though glycosyl �-amino acids are fragments of several
natural products,7 the same is not generally true of
glycosyl �-amino acids.

In continuation of our interest in the conversion of
monosaccharides into new glyco substances,8–13 we
herein report the development of TBAF as an efficient
reagent in the aza-Michael addition for the synthesis of
new glycosyl �-amino esters (Eq. (1)).

Of the many methods for the synthesis of �-amino
esters, the addition of nitrogen nucleophiles14–18 to �,�-
unsaturated esters is one of the most elegant and
flexible. Conjugate addition of chiral amines or amine
addition to chiral esters is a well-studied pathway,

however, aza-Michael addition onto �-alkoxy �,�-
unsaturated esters19 is a much less adopted protocol. In
the present study of the synthesis of glycosyl �-amino
esters through aza-Michael addition, the requisite sugar
based Michael acceptors 1–4, 11–13 and 20 were pre-
pared from the corresponding sugar aldehydes by Wit-
tig olefination reaction. Treatment of 1 (Scheme 1) with
benzylamide (prepared by treatment of BnNH2 with
n-BuLi) at −40°C in THF for 25 min gave the ester 5,
but in very poor yield (15%), the major product being
the amide 6 (Table 1). Similarly, ester 2 under the
above reaction conditions gave 7 in 10% yield and the
amide 8. However, the conjugate esters 3 and 4 gave
amides 9 and 10 as exclusive products with low yields.

The poor results obtained using benzylamine and n-
BuLi prompted us to look for a different base to
achieve more successful C�N bond formation. A litera-
ture survey revealed that the fluoride ion20 in TBAF is
a strong base and different from conventional bases in
many respects, in particular it requires no special prepa-
ration and the use of other strong bases prior to the
reaction is not necessary. Hence, TBAF was investi-
gated as an alternative base to enhance the reactivity of
the nitrogen nucleophile for the aza-Michael addition.

(1)
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1 R = Me
11 R = Bn
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Scheme 1.

Table 1. Michael addition of BnNH2 in the presence of n-BuLi at −40°C

Accordingly, the reaction of ester 1 (Scheme 2) with
benzylamine in the presence of TBAF (1N solution in
THF, 1 equiv.) at room temperature indeed afforded
the �-amino ester 5 (75%). The glycosyl �-amino ester 5
was fully characterised by spectral analysis and the
diastereomeric excess was ascertained via chiral HPLC
analysis. (Chiral-OD column; mobile phase: 15% iso-
propanol in n-hexane.)

The syn-stereoselectivity in the TBAF-mediated
Michael addition and stereochemical assignment in the
present study is in accordance with the literature
precedence21 and was experimentally proven. Accord-
ingly, ester 11 on aza-Michael addition gave 1422 (Chi-
ral HPLC, 88.8:6.4) in 68% yield, [� ]D −25.4 (c 0.32,
CHCl3), which was comparable with the reported23

value of [� ]D −26.25 (c 0.32, CHCl3). Extension of

Scheme 2.
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TBAF methodology to the Michael acceptors 2, 3, 12 and
13 (Table 2) gave the corresponding �-amino esters 7 and
15–17, respectively, in good yields.24

Having developed TBAF for the first time as an efficient
base for aza-Michael addition and successfully synthe-
sised glycosyl �-amino esters for the first time, the method-

ology was extended to anomerically linked�-amino esters.
Accordingly, the requisite ester 20 (Scheme 3) was pre-
pared from the known alcohol 1825 in two steps viz. (a) oxi-
dation of 18 with IBX in DMSO and (b) Wittig olefination
of aldehyde 19. The thus prepared ester 20 on reaction
with benzylamine and TBAF in THF at room tempera-
ture over 24 h gave the �-amino ester 21 in 70% yield.26

Table 2. Michael addition of BnNH2 in the presence of TBAF in THF

Scheme 3.
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Thus, in conclusion the initial drawback of glycosyl
�-amino ester synthesis using amides derived from pri-
mary amines and n-BuLi was successfully countered by
the application of TBAF as an efficient base for the
aza-Michael addition to synthesize glycosyl �-amino
esters for the first time. The main drawback of 1,2-addi-
tion with the amides of primary amines is thus solved
efficiently by the use of TBAF as an alternative and
excellent base. Further, the syn-stereoselectivity of the
aza-Michael addition was proven unambiguously by
comparing the spectral properties of the products with
reported data.
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