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Novel route in the synthesis of w[CH2NH] amide bond surrogate
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Abstract

An alternative method for the synthesis of pseudopeptides containing a w[CH2NH] amide bond surrogate is reported. The synthetic
approach is based on a nucleophilic displacement of the chiral N-protected b-iodoamines with conveniently protected amino acid esters.
The compatibility of this method with both conventional and microwave-assisted peptide synthesis should increase the potentiality of the
w[CH2NH] peptide bond isostere in peptide chemistry.
� 2007 Elsevier Ltd. All rights reserved.
Peptides are involved in many important biological pro-
cesses but only very few are used today as pharmaceutical
agents.1 The amide bond is extremely polar and it is a natural
target of many enzymes causing a rapid degradation of pep-
tides. To transform a bioactive peptide into a useful molecule
with potential pharmacological properties, with enhanced
bioavailability and improved transfer rate across cell mem-
branes, modifications of the peptide backbone are applied.
Among the modifications necessary for rendering peptides
more stable are described cyclization,2 unnatural amino
acids insertion,3 and backbone replacements by amide bond
surrogates.4 In particular, the substitution of amide bond by
an aminomethylene group, [–CONH–?–CH2NH–] pro-
duces a reduction of polarity and strengthens resistance
against protease degradation when compared to natural pep-
tides. Pseudopeptides containing w[CH2NH] amide bond
surrogates have been used in design of enzyme inhibitors,5

in the development of antagonists against several receptors,6

and recently as potential agents for gene delivery.7

Currently, the reductive alkylation of an a-amino group
by a protected amino acid aldehyde is the main methodol-
ogy to get a w[CH2NH] surrogate in both solution and
solid-phase synthesis.8,9 This methodology is limited for
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some negative features relative to the preparation of conve-
niently protected amino aldehydes.10–13 Racemization
through keto–enol tautomerism,14 and undesirable side
reaction as the double alkylation9,15 are often been
observed. An alternative approach, recently described by
Kirillova et al. consists in the formation of an aminomethyl-
ene pseudodipeptide via Mitsunobu condensation of an
alcohol with an acidic component. The reaction proceeds
under a mild condition without racemization.16

We present herein an alternative method for the synthe-
sis of w[CH2NH] amide bond surrogate based on a synthetic
approach involving a nucleophilic displacement of the
chiral N-protected b-iodoamines (1) with conveniently
protected amino acid esters. The N-protected b-iodoamines
represent a potential source of molecular diversity, recently
reported in several communications. In fact, N-Fmoc-b-
iodoamines have been recently used in solid-phase synthesis
of w[CH2S] pseudopeptides,17 in the synthesis of S-Glycoa-
mino acids through their reaction with anchored thioglyco-
sides,18 while N-Boc-protected analogues were used in total
synthesis of efrapeptin C.19

The w[CH2NH] pseudodipetides of general formula 2
were synthesized according to the synthetic pathway
showed in Scheme 1. Initially, the enantiomeric pure N-
protected-b-iodoamines used in this work were obtained
from the corresponding N-protected b-amino alcohols by
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Scheme 1. General procedure for the synthesis of w[CH2NH] pseudo-dipetides 2.

Table 2
N-Alkylation of H-Phe-OMe with 1a utilizing different bases

Compound Yield (%)

Cs2CO3 K2CO3 TEA DBU

2a 85 35 15 >5
3 Not detected 15 8 0

Table 3
Use of various solvents in cesium base promoted N-alkylation of H-
Phe-OMe

Compound Yield (%)
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Scheme 2. Reaction of 1a with H-Phe-OMe.
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means of polymer bound triphenylphosphine-iodine com-
plex, or by soluble triphenylphosphine, according to the
previously described method.17,20

Following this synthetic procedure, a series of Fmoc,
Boc and ZN-protected b-iodoamines derived from Ala,
Val, Phe and a,b-diaminopropionic acid were synthesized
(Table 1, 1a–i). The nature of side chains was chosen as a
representative example of aliphatic, aromatic and polar
amino acid residues to address their reactivity.

A preliminary study of the influence of different bases
(Cs2CO3, K2CO3, triethylamine, and DBU) and solvents
(DMF, NMP, DMSO, CH2Cl2, THF, and acetone) on
nucleophilic displacement of the iodine group by a-amino
acid esters was performed using the iodo-derivative 1a

and H-Phe-OMe (Scheme 2).
As showed in Table 2, after 16 h Cs2CO3 gave the high-

est yields and better selectivity in the formation of pseud-
odipeptide 2a using dimethylformamide as the solvent,
and no byproducts of dialkylation 3 were detected.21

K2CO3 and triethylamine gave low yields with a little per-
centile of dialkylation product, while DBU was ineffective
in degrading the starting iodo-derivates (Table 2).

When various solvents were examinated (Table 3), N,N-
dimethylformamide was found to be the better solvent for
the reaction. N-Methylpyrrolidinone and dimethylsulf-
oxide gave lower yields while other solvents like dichloro-
methane, tetrahydrofuran or acetone were demonstrated
unsuitable for this type of reaction.
Table 1
N-Protected b-iodoamine derivatives used in this study

ZHN I

H3C H
1a

ZHN (S) I
H 1b

FmocHN (S) I

H3C H
1c

FmocHN (R) I

H3C H
1d

FmocHN (S) I
H

BocHN

1e

BocHN (S) I

H3C H

1f

BocHN (S) I
H

1g

BocHN (S) I
H

MeOOC

1h

(S) IN
Boc

1iH

DMF NMP DMSO CH2Cl2, THF, acetone

2a 80 70 60 5
3 0 6 0 0
According to these results the reaction of 1a with H-
Phe-OMe in DMF at room temperature using Cs2CO3 as
the base22 generated the Z-Ala-w[CH2NH]Phe-OMe (2a)
in 80% of yield after a flash chromatography purification.
Product of dialkylation of amine (3) or pseudopeptide dia-
stereomers owing to racemization were not detected by
HPLC and 1H NMR analysis of crude product. Based on
these preliminary experiments, which optimized the
synthetic parameters, various N-protected b-iodoamines
(1a–i) and amino acid esters (H-Phe-OMe, H-Pro-OBz,
and H-Pro-OMe) were subjected to N-alkylation to vali-
date this new synthetic route. As shown in Table 4 the
new method developed was compatible with all b-iodo-
amines used in this study. The corresponding w[CH2NH]
pseudodipetides (2aa–2i) were obtained in yields in the
range of 65–86%. Variations of reactivity were not detected
using different N-protecting groups, such as Fmoc, Boc,
and Z (entries 1, 4, and 8).



Table 4
Reactivity of b-iodoamines with different amino acid esters

Entry b-
Iodoamines

Amine 2 Yield
(%)

1 1a H-Phe-
OMe

2a Z-Ala-w[CH2NH]Phe-
OMe

80

2 H-Pro-
OBz

2aa Z-Ala-w[CH2NH]Pro-
OBz

75

3 1b H-Phe-
OMe

2b Z-Val-w[CH2NH]Phe-
OMe

75

4 1c H-Phe-
OMe

2c Fmoc-Ala-
w[CH2NH]Phe-OMe

86

5 H-Pro-
OBz

2cc Fmoc-Ala-
w[CH2NH]Pro-OBz

70

6 1d H-Phe-
OMe

2d Fmoc-DAla-
w[CH2NH]Phe-OMe

83

7 1e H-Phe-
OMe

2e Fmoc-
Lys(Boc)w[CH2NH]Phe-
OMe

70

8 1f H-Phe-
OMe

2f Boc-Ala-w[CH2NH]Phe-
OMe

75

9 1g H-Pro-
OMe

2g Boc-Phe-w[CH2NH]Pro-
OMe

75

10 1h H-Phe-
OMe

2h Boc-
Asp(OMe)w[CH2NH]Pre-
OMe

83

11 1i H-Pro-
OBz

2i Boc-Prow[CH2NH]Pro-
OMe

70
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Fig. 1. Superimposition of chromatograms relate of crude products Fmoc-LAl
is showed compound Fmoc-LAla-w[CH2NH]Phe-OMe and in black compoun

Table 5
Analytical data of the P-Xaa w[CH2NH] Yaa-OR derivatives 2

Compound P Xaa Yaa R Formula

2a Z Ala Phe Me C22H28N2O4

2aa Z Ala Pro Bz C24H28N2O5

2b Z Val Phe Me C24H32N2O4

2c Fmoc Ala Phe Me C29H32N2O4

2cc Fmoc Ala Pro Bz C31H32N2O5

2d Fmoc D-Ala Phe Me C29H32N2O4

2e Fmoc Lys(Boc) Phe Me C37H47N3O6

2f Boc Ala Phe Me C19H30N2O4

2g Boc Phe Pro Me C21H32N2O4

2h Boc Glu(OMe) Phe Me C22H34N2O6

2i Boc Pro Pro Me C16H28N2O4

a Analytical RP HPLC of final products was performed on a C18 (Vydac 218T
1 mL/min.
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The use of b-iodoamine derived from the hindered Val
(1b) afforded the corresponding w[CH2NH] analogue 2b

in good yield (75%, entry 3). Since we were also interested
in demonstrating the compatibility of the optimized
w[CH2NH] procedure with different side chain-functional-
ized building blocks, we performed the N-alkylation using
as substrates, H-Pro-OBz and H-Pro-OMe. It has been
shown that the introduction of a reduced amide linkage
between Phe and Pro residues, by reductive alkylation of
the Pro nitrogen with Boc-Phe-H using NaBH3CN under
acidic conditions leads to epimerization of the Phe
residue.23 Under the same conditions described above,
the pseudodipeptides Fmoc-Ala-w[CH2NH]Pro-OBz (2cc),
Boc-Phew[CH2NH]Pro-OMe (2g), and Boc-Prow[CH2NH]
Pro-OMe (2i) were obtained in 70%, 75%, and 70% yields,
respectively (entries 5, 9, and 11).

Finally, the chirality of starting b-iodoamine derivatives
had no influence on N-alkylation reaction (entries 4 and 6).
No racemization was observed under the conditions shown
as evidenced by analytical HPLC (Fig. 1) for compounds
2c and 2d.24 The physicochemical properties and purities
of the final compounds were assessed by TLC, FAB-MS,
analytical RP-HPLC (Table 5), and 1H NMR.25 Subse-
quently, aiming both to reduce the reaction times and to
Minutes

16 18 20 22 24 26 28 30

Minutes
75 18.00 18.25 18.50 18.75 19

Iodo-amine  
derivatives 1C
and 1D

2C and 2D

a-w[CH2NH]Phe-OMe 2c and Fmoc-DAla-w[CH2NH]Phe-OMe 2d. In red
d Fmoc-DAla-w[CH2NH]Phe-OMe.24

FAB-MS found ½a�20
D RP HPLCa tR(min)

384.32 �1.8 (c 0.1, MeOH) 14.87
424.39 �15.1 (c 0.1, MeOH) 11.38
412.37 +3.7 (c 0.2, MeOH) 14.68
472.72 �6.8 (c 0.2, MeOH) 11.91
512.43 �15.1 (c 0.1, MeOH) 12.32
472.69 +24.6 (c 0.1, MeOH) 12.26
629.52 �12.9 (c 0.3, MeOH) 15.89
350.43 �20.0 (c 0.1, MeOH) 13.67
376.49 �32.9 (c 0.2, MeOH) 13.65
422.41 �22.6 (c 0.2, MeOH) 14.69
312.38 �62.16 (c 0.1, MeOH) 12.26

P54) column using the gradient 10–90% acetonitrile/0.05% TFA in H2O at
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improve the yields we performed the syntheses in a micro-
wave dedicated oven (Milestone, CombiChem) and com-
pared the results with the conventional procedure.26 This
further study demonstrated that the microwave-assisted
reaction resulted in a clear advantage only in reduction
on reaction time, being reduced to 1 h from 16 h, without
appreciable variation in yield.

A simple and convenient optimized procedure is
described for the preparation of w[CH2NH] surrogate in
solution. We have demonstrated the feasibility of our
strategy by conventional and microwave synthesis of the
aminomethylene surrogate bond. Every step of the proce-
dure was optimized with respect to time and economy.

The compatibility of this method with conventional
solid phase synthesis is currently under investigation in
our laboratory. Achieving this objective will facilitate the
routine introduction of a w[CH2NH] peptide bond surro-
gate into various biologically active peptides leading to
the synthesis of many important compounds and interest-
ing structure activity relationship studies.
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