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Imidazoline Pseudodipeptides as Mimics of Reverse Turn
Structures
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Abstract: The synthesis of an imidazoline dipeptide mimetic (a 4,5-dihydroimidazole-4-carboxylic acid) is
reported that displays an intramolecular hydrogen-bond consistent with a turn conformation in solution.
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Reverse turns (including b-turns) 1 (Figure 1) are
significant elements in protein conformation, and
are often associated with regions of a protein se-
quence associated with biological activity. For this
reason, many molecules have been designed and
synthesized as mimics of the b-turn sub-unit struc-
ture [1,2]. The four-residue set of amino acids (i to
i+3) that constitute a reverse turn is characterized
by a hydrogen bond between the amide carbonyl
oxygen of residue i and the NH hydrogen of residue
i+3, and often contains the cyclic amino acid pro-
line at residues i+1 or i+2, and a glycine residue.
Specific types of b-turn have been classified [3]. As
part of a programme of synthesis of heterocycles, a
peptide bond replacements in pseudopeptides hav-
ing restricted conformations [4], we have reported
the cyclic amidines 2 as pseudodipeptides (Figure 2)
[5–7]. Their relationship with cyclic amino acids
led us to propose suitable derivatives 3 of the imi-
dazolines 2 containing the backbone framework
necessary to form the same 10-membered ring
hydrogen-bonded framework as reverse turn 1, to
examine their potential for enforcing turn struc-
tures on (peptide) chain segments. We report here
the preparation of two glycyl pseudopeptides 3 and
nuclear magnetic resonance (NMR) studies that
show intramolecular hydrogen-bonding.

Our retrosynthetic analysis of 3 proposed a
glycine-based imidate and a 2,3-diaminopro-
panamide as precursors (Scheme 1). Initial target
3a was, therefore, assembled from aminoacetoni-
trile hydrogen sulphate, which was acylated with
4-bromobenzoyl chloride (toluene, aq. NaOH, 0°C)
to give the nitrile 4 (88%), Scheme 2. This was
converted to the imidate salt 5 (87%) using a Pinner
reaction (2 mol equiv. EtOH, CH3COCl, 0°C). The
imidate was not stored, but reacted directly with
the anilide 6a of 2,3-diaminopropanoic acid.
This was prepared by treatment of (R,S)-2,3-
diaminopropanoic acid1 with benzyl chloroformate
(aq. NaOH, 0°C) to afford the bis-carbamate 7. Cou-
pling with aniline was accomplished via the
pentafluorophenyl ester; reaction of 7 with
pentafluorophenol (DCCI, CH2Cl2, 0°C) gave the ac-
tive ester (69% after column chromatography2) that
was treated with aniline (CH2Cl2, 20°C) to afford
amide 8a (86%). Finally, deprotection of bis-carba-
mate 8a by hydrogenolysis (H2, Pd(OH)2-C, MeOH,
20°C) afforded the N-phenyl-2,3-diaminopro-
panamide 6a (quantitative). Condensation of this
diamine with the imidate 5 (MeOH, reflux) produced
the first target imidazoline 3a (64%).

We had hoped that the diaryl derivative 3a would
allow investigation in the solid state via an X-ray
crystal structure, but it did not prove possible to
obtain suitable crystals. Studies to probe for
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Figure 1 A peptide reverse turn.

mimics have been reported in this solvent [10], it
was felt prudent to avoid this hydrogen-bond accep-
tor solvent, capable of disrupting any intramolecu-
lar hydrogen-bond. We thus proceeded to modify
our target imidazoline to improve CHCl3 solubility.

This was achieved by replacement of the phenyl
amide by a butyl amide, which was easily accom-
plished by coupling of the bis-carbamate 7 with
butylamine. The pentafluorophenyl ester of acid 7
was again employed, and its reaction with buty-
lamine gave the protected N-butylamide 8b (76%).
Hydrogenolysis as before led to the N-butyl-2,3-
diaminopropanamide 6b (88%), and condensation
of this diamine with the imidate 5 (MeOH, reflux)
produced the second generation target imidazoline
3b (47%, unoptimized). In an alternative approach
to more hydrophobic imidazolines, and for compari-
son purposes, the carbamates 9a,b were prepared
from the anilide 3a (for 9a: Boc2O, NaHCO3, 1:1
THF:H2O v/v, 20°C; 65%; for 9b: CH3OCOCl,
NaHCO3, 1:1 THF:H2O v/v, 20°C; 60%) (Figure 3).3

intramolecular hydrogen-bonds in solution as an
indicator of a turn conformation, have used mea-
surement of amide NH chemical shifts and their
changes with temperature in the 1H-NMR spectrum
in non-polar solvents [8,9], but the low solubility of
3a in CH2Cl2 or CHCl3 precluded such experiments.
Amide 3a is soluble in dimethylsulfoxide (DMSO),
but although conformational studies on b-turn

Figure 2 Cyclic amidine pseudodipeptides.

Scheme 1 Retrosynthetic analysis of pseudodipeptides 3.

Scheme 2 Synthesis of pseudopeptides 3.
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Figure 3 Carbamoylated pseudodipeptides 9.

In contrast, the carbamates 9a,b had anilide NH
proton resonances in the range d 8.4–9.0, but with
temperature coefficients of −8.27 and −9.46 ppb
K−1, respectively, effectively excluding the possibil-
ity of an intramolecular hydrogen-bond. Infrared
(IR) spectra of 3b in dilute CDCl3 solution (1 mM)
reveal two strong overlapping peaks, at 3450 cm−1

and 3406 cm−1, which can be assigned to non-
hydrogen-bonded NH and a weakly intramolecularly
hydrogen-bonded NH, respectively.

We have thus shown that the imidazoline pseu-
dodipeptide 3b displays an intramolecular hydro-
gen-bond consistent with adoption of a turn-like
conformation. Studies to refine this conformational
constraint are under way.
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NOTES

1. No other chiral centres were to be present in com-
pounds 3, hence no problems with diastereoisomers
would arise, so use of racemic diaminopropanoic acid
was considered acceptable.

2. Purification of the pentafluorophenyl ester, to remove
contaminant dicyclohexylurea (DCHU), proved neces-
sary for efficient formation of clean amide.

3. The carbamates 9 are drawn (as we have done else-
where, [5]) as N−1 substituted on steric grounds, al-
though definitive location must await further evidence.
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Figure 4 Variation with temperature of the butylamide
NH chemical shift for imidazoline 3b.
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