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Abstract—The Schmidt rearrangement using trimethylsilyl azide with various �-dialkylated �-keto esters affords a convenient
synthesis of tetrazole, precursors of �-dialkylated �-amino acids. © 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

Recently, several papers and reviews have been pub-
lished concerning the important role that �,�-disubsti-
tuted amino acids can play in the design of peptides
with enhanced properties.1 Georg et al.2 have demon-
strated that the Schmidt rearrangement of optically
active �,�-disubstituted �-keto esters is a convenient
method to generate �,�-disubstituted amino acids in
high yields and excellent purity.

Sodium azide and methanesulfonic acid are the usual
reagents for such Schmidt rearrangements,3 but they
generate in situ free hydrazoic acid, which can be highly
dangerous.

That is the reason why we tried to develop a new
method for the Schmidt rearrangement, using
trimethylsilyl azide (TMSA) with various �-dialkylated

�-keto esters, to afford a convenient synthesis of tetra-
zole, precursors of �-dialkylated �-amino acids, with
better safety.

2. Results and discussion

It has been shown that silyl azides react with aldehydes
and ketones, but no example is described in the litera-
ture with �-keto esters.

The reaction of TMSA with various aldehydes were
found to be a procedure for the synthesis of gem- and
1,3-diazides, tetrazoles, and nitriles, whose formation
was determined by controlling the quantities of TMSA,
the nature of catalyst, and the reaction conditions.4

With ketones, TMSA gave 1:1- or 1:2-adducts, which
reacted with Lewis acid to afford tetrazoles.5

Scheme 1. Schmidt rearrangement with TMSA.
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Table 1. Optimization of the conditions for Schmidt rearrangement of �-dialkylated �-keto ester

Entry TimeTemp. (°C) Isolated yield of 2 (%)SolventCo-reagentTMSA (equiv.)

NaN3, 5% mol. 024 h201.1 –1
2.1 ZnBr2, 1 equiv. CHCl32 Reflux 24 h 5
2.5 ZnBr2, 1 equiv. CH2Cl23 Reflux 18 h 30

3 days 70
65 90– 24 hZnBr2, 1 equiv.4 2.5

At first we chose compound 1a (R2=Et) as substrate
(Scheme 1) to optimize the conditions for the Schmidt
rearrangement of �-dialkylated �-keto ester. �-Dialky-
lated �-keto ester 1a was treated with TMSA under
various conditions and the results are summarized in
the Table 1. The most satisfactory results were obtained
with 2.5 equiv. of TMSA for 1 equiv. of ZnBr2, at 60°C
for 18 h without any solvent. In this case, the reaction
is highly regioselective and provides 2a as the only
compound, isolated in 90% yield (Table 1).

From the mechanistic point of view, we assume that the
tetrazole formation takes place via a �-diazidoester
shown below, reported also by Yamamoto et al.6 and
Nishiyama et al.7

Various �-dialkylated �-keto esters (1a–d) were treated
with TMSA and ZnBr2 under the same conditions, the
results are listed in Table 2. The tetrazoles 2 were
obtained in good yields.8

The next step of this synthesis is the transformation of
the tetrazole 2a in dialkylated aminoacids or esters.
AlLiH4 at 60°C, one the most useful reagent for this
reaction2 cannot be used in our case, owing to the ester
function. However, the transformation of the tetrazole
moiety, by quaternization with methyliodide, was per-
formed in 65% yield.9,10 Basic hydrolysis of the tetra-
zolium ring 3, described by by Duffin et al.,11 using
concentrated KOH afforded the �-azido acid 4 in 70%
yield (Scheme 2). Reduction of the �-azido acid in

Table 2. Schmidt rearrangement using TMSA with vari-
ous �-dialkylated �-keto esters

Entry R2 Yield (%)

2a Et 90
70Bn2b

iBu2c 78
Ph2d 40

classical ways should provide the corresponding amino
acid.12

3. Conclusion

In conclusion, we have developed a new simple method
for the synthesis of tetrazole precursors of �-dialkylated
�-amino acids, using trimethylsilyl azide with various
�-dialkylated �-keto esters. Quaternization of the tetra-
zole heterocycle with methyliodide, followed by basic
hydrolysis with concentrated KOH affords the �-azido
acid, direct precursor of the �-amino acids.
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Scheme 2. Formation of the �-azido acid 4.
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