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Original and efficient method for the preparation of
N-aminoamide pseudodipeptides in high optical purity
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Abstract—N-Aminoamide pseudodipeptides ZAA�[CO-N(NPht)]-AAOR can be easily obtained via the Mitsunobu protocol by
using �-hydroxyesters as alcohol partners and aminoacid phthaloyl hydrazide derivatives as acidic partners. The direct conversion
of the phthaloyl group into tert-butyloxycarbonyl can be performed in a three-stage one-pot protocol. © 2002 Elsevier Science
Ltd. All rights reserved.

Among the large variety of pseudopeptide structures
currently investigated in organic and medicinal chem-
istry, little attention has been devoted to N-
aminoamide pseudopeptides in which the nitrogen of
the amide link bears an amino group (Fig. 1).

The first method of preparation was described by
Niedrich in 1965 and enabled the formation of the
simplest N-aminoamide pseudodipeptide ZGly�[CO-
N(NH2)]-GlyOH1 by coupling the corresponding N�-
protected �-hydrazinoester with a N-protected glycine.2

During the past decade only a few other N-aminoamide
pseudopeptides have been prepared because of the
difficulties in obtaining the chiral �-hydrazinoester pre-
cursor in pure form and in coupling the hydrazine
nitrogen regioselectively.3 A variation of Ugi’s reaction
can also be used but leads to the formation of a racemic
mixture.4 However, from a structural point of view, it
has been demonstrated that the amination of the amide
nitrogen in a peptide chain has little influence on the
local geometry but affects the hydrogen-bonding net-
work and therefore the conformational properties of
the modified peptide.3a,5 In recent publications, we
demonstrated that some N-acyl or N-alkyloxycarbonyl
aminophthalimides can be efficiently used for incorpo-
rating a hydrazino group into a molecule. Because of
their low steric hindrance and the presence of an acidic
proton it was possible to use this kind of compound as
an acidic partner in the Mitsunobu protocol, which
allowed the replacement of a hydroxyl group by a

protected hydrazine one.6,7 For example, optically pure
N�- and/or N�-protected hydrazinoester derivatives
have been prepared using this method resulting in very
good yields (Scheme 1).6b On the other hand, we
showed that a large variety of substituted N-aminoph-
talimide derivatives can be obtained very easily in one-
pot starting from phthalic anhydride and hydrazine
derivatives. In one case, we demonstrated that this
procedure can lead to the formation of an aminoacid
phthaloyl hydrazide derivative (Scheme 2).6a We rea-
soned that this kind of compound bearing three elec-
tron withdrawing groups could also be used in the
Mitsunobu reaction as acidic partners. Moreover, we
thought that by using �-hydroxyesters as alcohol part-
ners, this reaction pathway could prove an efficient and

Figure 1. N-Amino amide.

Scheme 1. Pht=phthaloyl, P=Z or Boc, for R and R � values
and conditions see Ref. 6b.
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Scheme 2.

of these starting materials led to the formation of seven
different N-phthalimidoamide pseudodipeptides with
very good yields. First of all, it is possible to notice that
the steric hindrance due to the presence of an
aminoacid side chain did not affect the yield of the
reaction. Furthermore, and as expected, this Mitsunobu
reaction occurred with a total inversion of configura-
tion of the carbon bearing the hydroxyl group. This
stereospecificity enabled the formation of (L,D)-
diastereoisomers 7 in high optical purity starting from
the corresponding (S)-�-hydroxyesters and (S)-
aminoacid phthaloyl hydrazide derivatives.9 The optical
purity of the formed compounds was checked in one
case by 1H NMR (diastereoisomeric excess >95% for
7e).10 In comparison with the protocol previously used
for the synthesis of N-aminoamide pseudopeptides, this
reaction pathway does not require the formation and
the regioselective coupling of chiral �-hydrazinoester
derivatives. Furthermore, the N-aminoamide pseu-
dodipeptides thus obtained can be introduced in pep-
tide chain by using conventional peptide coupling
reactions. As demonstrated previously, the presence of
the phthaloyl group is essential for the success of this
reaction.6 Unfortunately, this protecting group is not
suitable in peptide synthesis and furthermore it is
difficult to find gentle and general methods to remove
it. We recently published a very mild and efficient
one-pot conversion of N-aminopthalimide derivatives
into the corresponding N-amino-di-tert-butylimidodi-
carbonates.11 Applied to compounds 7 this three-stage
one-pot procedure led to the formation of the corre-
sponding N-amino di-tert-butylimidodicarbonates 8.12

In the specific cases of the less hindered compounds 7a,
7b, 7c, this conversion was accompanied by the fixation
of a supplementary Boc group onto the nitrogen bear-
ing the Z protection producing the corresponding com-
pounds 9.13 The mechanism of this reaction has
previously been described.11 Finally, we have demon-
strated that the selective removal of one Boc group
from the diprotected nitrogen(s) occurred in the pres-
ence of a catalytic amount of Mg(ClO4)2, leading to the
formation of orthogonally protected N-aminoamide
pseudodipeptides 10.14 Structural analyses and the
incorporation of these pseudodipeptide synthons in the
peptide chain are under active investigation.

original method of producing N-aminoamide deriva-
tives. So, in this paper, we will show that the synthesis
of N-phthalimidoamide pseudodipeptides 7 can be per-
formed by condensing �-hydroxyesters via the Mit-
sunobu protocol onto aminoacid phthaloyl hydrazide
derivatives. Furthermore, we will demonstrate that
compounds 7 can be efficiently converted into the cor-
responding N-(bis or N-(mono tert-butyloxycarbonyl-
amino) amide pseudodipeptides 8, 9 or 10. The results
are reported in Scheme 3 and Table 1.

Three N-protected phthaloylhydrazide aminoacids
obtained by using a procedure previously described6,7

were used as acidic partners and condensed with four
optically pure (S)-�-hydroxyesters.8 The combination

Scheme 3. (a) DBAD, PPh3, THF; (b) MeNH2, THF, rt, 3 h;
evaporation; (Boc)2O, DMAP cat., THF, rt; (b) Mg(ClO4)2

cat., CH3CN.

Table 1. Formation of N-aminoamide pseudodipeptide derivatives 7, 8 and 9

8 or 976

Yield (%)bYield (%)aYield (%) R3R2 R2R1

MeH 7a: 90H87H 9a: 87
87 H MeH Me 7b: 84 9b: 79

H 87 H iPr Bn 7c: 79 9c: 74
7d: 85 8d: 77Me HMe Me89
7e: 86 8e: 83Me 89 Me Me Me
7f: 77c 8f: 74Me iPrMe Bn89

HiPr iPr 8g: 787g: 79Me72

a Yields calculated from 6.
b Yields calculated from 7.
c Reaction time: 4 h.
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