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Abstract—The reductive amination of glyoxylic acid, with a protected Fmoc hydrazine, has been developed as a simple and efficient
method for the preparation of Fmoc-aza-b3-amino acid residues (aza-b3-aa). Anchoring on resin of these residues will be described
as well as the synthesis of hybrid peptide.
� 2005 Elsevier Ltd. All rights reserved.
Solid-phase synthesis (SPS) is one of the most promising
methods in automated synthesis, which allows rapid
access to peptides. However, peptides are not ideal
candidates for pharmaceutical development as their
bioavailabilities are not high, mainly due to proteolytic
degradation. Due to their enhanced metabolic stability,
bioavailability and biological absorption, peptido-
mimetics have been the focus of research interests.1–4

As part of our research program aimed at obtaining new
peptide analogues with potentially useful biological
properties, we have been developing a synthetic strategy
for aza-b3-peptides.5 The synthesis of the required build-
ing blocks is as important as the construction of the oligo-
meric structure. Aza-b3-amino acids are a particularly
attractive class of amino acid analogues since they can
be incorporated in peptide syntheses leading to the for-
mation of supported hybrid peptides or oligomers with a
defined sequence.6 The Fmoc (fluorenylmethyloxycar-
bonyl)/tert-butyl strategy is attractive to achieve these
new analogues, since Fmoc groups can easily be
removed under mild basic conditions.
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Scheme 1. Synthesis of unfunctionalized Fmoc-aza-b3-amino acid.
We have previously reported a method to prepare
aza-b3-amino esters starting from Na-substituted-Nb-
protected hydrazines and esters of bromoacetate (Scheme
1).7 Then, the required monomers 3 were obtained by
deprotection of the carboxy protecting group.

For the synthesis of functionalized monomers, the most
commonly used acid-labile protections, reported for
solid-phase synthesis using the Fmoc strategy, are Boc
(tert-butyloxy carbonyl), t-Bu or Trt (trityl) groups.
Due to the acid-lability of these groups, a protecting
group for the carboxylic function requiring acid depro-
tection could not be used. Also, the use of a benzylic
protecting group was restricted due to the poor nucleo-
philicity of substituted Fmoc-hydrazines against benzyl
bromoacetate as well as partial cleavage of the Fmoc
protecting group during the catalytic hydrogenation
step. Therefore, an alternative approach to obtain
Fmoc-aza-b3-amino acid was studied. This approach
relied on reductive amination of glyoxylic acid and
Nb-Fmoc protected-Na-substituted hydrazine 1, itself
prepared by reductive amination of Fmoc carbazate
ading resin; Reductive amination.
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1a R =  (CH2)4NHBoc                  
1b R = CH2C6H4O t-Bu                
1c R = CH2SMe                            
1d R =  CH3                                            
1e R = i -Bu                                   
1f  R = i-Pr                                    
1g R = CH2Ph

Fmoc-aza-β3Lys(Boc)-OH  3a 59%
Fmoc-aza-β3Tyr(t-Bu)-OH 3b 60%
Fmoc-aza-β3Met-OH          3c 72%
Fmoc-aza-β3Ala-OH           3d 93%
Fmoc-aza-β3Leu-OH          3e 64%
Fmoc-aza-β3Val-OH           3f  71%
Fmoc-aza-β3Phe-OH          3g 76%

Scheme 2. Synthesis of Fmoc-aza-b3-amino acid.
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with the corresponding aldehyde, as previously described8

(Scheme 2).

This convenient reductive amination allows a simplifica-
tion of the synthesis of the required Fmoc-aza-b3-amino
acids. Thus, by employing glyoxylic acid these Fmoc-
aza-b3-amino acids are accessible in one step from Fmoc
substituted hydrazine 1 in good yields (59–93%).

For example, Fmoc-aza-b3-Lys (Boc)-OH was prepared
starting from the commercially available 4-aminobutyl-
aldehyde diethyl acetal.9 The required aldehyde
obtained from Boc-protected diethyl acetal exists in
equilibrium with Na-Boc-pyrrolidin-2-ol. Reaction
between Fmoc hydrazine and the mixture in DCM
(dichloromethane) gave the hydrazone as a mixture of
geometrical isomers in 90% yield. Reduction of this
crude mixture with sodium cyanoborohydride gave the
required N,N 0-disubstituted hydrazine 1a in 56% yield
and subsequent reductive amination of glyoxylic acid
led to the final product Fmoc-aza-b3-Lys(Boc)-OH 3a
in 59% yield (Scheme 3).10

To use the Fmoc-aza-b3-amino acids in the preparation
of oligomers, attaching the prepared monomers on resin
is necessary. Anchoring the first monomer Fmoc-aza-b3-
aa-OH could be achieved by esterification of the Fmoc-
aza-b3-aa-OH (5 equiv with respect to the resin loading)
to the hydroxyl group of the resin with activation by
DIC (diisopropylcarbodiimide) at room temperature in
DMF (dimethylformamide) for 2 h. Completion of the
coupling was confirmed by a TNBS (2,4,6-trinitro-benz-
enesulfonic acid) test and the loading was determined
by Fmoc cleavage from a resin simply by measuring
the UV absorption of the dibenzofulvene–piperidine
adduct, which is formed after cleavage.11,12
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Scheme 3. Synthesis of Fmoc-aza-b3-Lys(Boc)-OH.
RGD mimetic (H-Aza-b3 Val-Arg-Aza-b3Asp-Gly-Aza-
b3Phe-OH) was synthesized as an example by coupling
aza b3-amino acids or a-amino acids on the preloaded
resin. Deprotection cycles, cleavage from the resin and
removal of the protecting groups are identical to those
for peptides.13

In conclusion, we have shown that Fmoc-aza-b3-amino
acids, with chemically diverse side chains, can be con-
veniently prepared by reductive amination of glyoxylic
acid. Moreover, these monomers could easily be
anchored to a resin, allowing the preparation of oligo-
mers or mixed peptides on solid-phase support.
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