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A series of cyclic compounds with dimethyl-substituted 3-(aminoethoxy)propionic acid linkers have
been prepared as potential â-turn mimics. The desired linkers were prepared from disubstituted
pyrones, which were coupled with dipeptides and then subjected to macrocyclization using
diethylcyanophosphonate to furnish cyclic compounds 1-5. Conformational analysis was carried
out using NMR and X-ray crystallography. All of the five cyclic compounds were found to exist in
type I or type II â-turn conformations.

Peptidomimetics based on â-turns are important, as
many peptides are required to adopt such a conformation
while effecting a biological response. A variety of struc-
tural motifs have been utilized as turn mimics, ranging
from substituted heterocycles to scaffolds derived from
steroids or carbohydrates.1,2 More recent work has em-
phasized the generation of libraries for â-turn models
using solid-phase synthesis, in which a linker is attached

to a solid support.3 The use of 6-aminocaproic acid (Aca)
as a dipeptide linker was introduced by Woody and
Scheraga, who showed that such macrocycles adopt a
â-turn around the dipeptide unit.4 They also established
that the type of â-turn formed (type I or type II) depended
on the stereochemistry of the dipeptide used. Our labora-
tory has studied the design and synthesis of dipeptides
constrained by substituted Aca linkers.5 These studies
showed that the position and stereochemistry of Aca
linker substitution had an effect on the conformation of
the macrocycles.

As a part of ongoing research in this area, we were
interested in designing more effective linkers able to
constrain simple dipeptides into particular subtypes of
â-turn conformations. X-ray analysis of cyclic compounds
prepared using a variety of all-carbon Aca linkers showed
that one of the C-H bonds of the C4-methylene group
occupies an inside position in the macrocycle (Figure 1c),
disrupting a potential hydrogen bond between the Aca
carbonyl and its amide nitrogen. We hypothesized that
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this space might be freed up by replacement of the C4-
methylene group with an oxygen atom or, alternatively,
with an NH group containing an additional hydrogen-
bonding partner. In so doing, it seemed possible that
tighter macrocycles might be obtained, leading to better
conformational control by the hetero-Aca linkers. In this
paper, we describe the synthesis and conformational
analysis of a set of ether-containing â-turn mimics
(Figure 2). In this study, we concentrated on linkers
bearing 1,3-dimethyl substitution as a conformational
controlling feature.6

Synthesis

Retrosynthetically, our target macrocycles 1-5 were
envisioned to arise from the corresponding acyclic pre-
cursors, obtained from coupling the linkers with com-
mercially available dipeptides (Scheme 1).

A synthetic route for the enantiopure syn-dimethyl
linkers was devised on the basis of a ring-expansion
method recently developed in our laboratory. Thus, the
Lewis acid-mediated azido-Schmidt reaction7 of chiral
azido alcohol 7 with ketone 6 furnished a 9:1 diastereo-
meric mixture of ring-expanded lactams 8a and 8b in
75% yield (Scheme 2). The lactams were separated
cleanly using chromatography, and the major product
was converted to lactam (+)-9 by reductive removal of
the phenethyl group using metal ammonia. The absolute

configuration of (+)-9 was confirmed by comparing its
rotation with the literature value.8 Hydrolysis of the
amide bond of (+)-9 using 6 N HCl followed by esterifi-
cation with SOCl2-MeOH resulted in the desired syn-
dimethyl linker in 95% yield. The crude syn-dimethyl
linker was condensed with commercially available Boc-
Ala-Gly-OH under standard peptide coupling conditions9

to give 10. Ester hydrolysis and deprotection of the Boc
group was followed by macrocyclization under dilute
conditions with diethylcyanophosphonate (DECP)10 to
furnish the target macrocycle 1 in 51% yield. The spectral
data of 1 were consistent with its assigned structure.

For the synthesis of an anti-dimethyl oxa linker, we
prepared trans-2,6-dimethyl tetrahydropyrone (12) from
the known dihydropyrone 1111 via methylcuprate addi-
tion. However, when we subjected 12 to asymmetric
azido-Schmidt conditions, the same mixture of lactams
8a and 8b as obtained above was exclusively isolated.
Control experiments showed that BF3 promoted the
conversion of trans-dimethyl pyrone 12 into the thermo-
dynamically more stable cis-isomer 6 prior to ring expan-
sion (Scheme 3). The use of the more reactive three-
carbon tethered chiral azido alcohol was also unsuccessful
and resulted in several diastereomers resulting from both
cis- and trans-dimethyl groups.
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FIGURE 1. (a) A generalized â-turn. (b) Dipeptides con-
strained with Aca linkers. (c) Ball-and-stick model showing
the location of the “inside” proton.

FIGURE 2. Cyclic compounds with oxa-Aca linkers.

SCHEME 1

SCHEME 2
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crystalline lactams (()-9 and (()-13 were prepared from
6 and 12, respectively, using the standard Beckmann
rearrangement of the corresponding oximes. With lac-
tams in hand, hydrolysis of the amide bond in (()-9
followed by esterification resulted in the desired linker.
The crude linker was reacted with Boc-Ala-Gly-OH under
standard peptide coupling conditions to give the corre-
sponding 1:1 diastereomeric mixture of 14 and 10; no
attempt was made to separate the diastereomers at this
stage (Scheme 4). Removal of the methyl ester and Boc
groups followed by macrocyclization produced the desired
target macrocycles 1 and 2 in an ∼1:1 ratio. Compounds
1 and 2 were separated chromatographically. The spec-
tral data of 1 showed this compound to be identical with
that prepared in Scheme 2 using the asymmetric azido-
Schmidt reaction. Similarly, we prepared the anti series
comprised of 3 and 4 from (()-13 (Scheme 4). Tentatively,
we have assigned the stereochemistry of dimethyl groups
for compounds 3 and 4, as drawn on the basis of high-
field 2D NMR and molecular modeling.

For comparison purposes, we also synthesized the
parent macrocycle 5 (Scheme 5). In this case, linker 18
was obtained by the treatment of Boc-protected ethanol-
amine 17 with ethyl acrylate in the presence of a catalytic
amount of Na in THF.12 After the successful synthesis
of five new cyclic compounds containing an oxygen
heteroatom, we explored several ways of introducing an
NH unit in place of oxygen, but none succeeded. Some of
the unsuccessful routes explored for the synthesis of aza-

Aca cyclic compounds are disclosed in the Supporting
Information.

Conformational Analysis

The systematic conformational analysis of the cyclic
peptidomimetics was carried out in solution phase using
nuclear magnetic resonance (NMR) and in the solid state
using X-ray crystallography. All of the protons in the
NMR spectra of each cyclic compound were assigned
using 1H-1H COSY and ROESY experiments. It is well-
established in these systems that a strong rotating-frame
(nuclear) Overhauser enhancement (ROE) between the
glycine NH and the linker NH indicates that a compound
can exist in either a type I or a type II â-turn, and ROE
between the alanine NH and the glycine NH is charac-
teristic for type I turns.5 Similarly, a cross-peak between
the alanine R-hydrogen and the glycine NH indicates a
type II â-turn (Figure 3). On the basis of these charac-
teristics, it appears that compounds 1, 4, and 5 take up
substantial type II conformations. On the other hand,
compound 2 showed significant type I character in the
NMR. We were unable to further analyze compound 3
using NMR because of overlapping proton signals.

In addition, we obtained X-ray crystal structures for
compounds 1 and 2, both of which indicate type I â-turn
conformers (Figure 4). We also note the crystallographic
observation of hydrogen bonding between the linker
carbonyl and Gly-NH units in these structures. We had
anticipated that the oxygen atom present in the linker
would occupy an inside position, and perhaps engage in
hydrogen bonding, but an examination of the two crystal
structures showed that this simplistic situation did not
apply. In fact, neither compound 1 nor 2 took up this
expected conformation; rather, the plane containing the
C-O-C atoms of the ethereal linkage is essentially
perpendicular to the plane approximately defined by the
macrocycle in both cases. Overall, no drastic structural
changes were observed in this series of structures in
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(13) X-ray analysis of compound 2 showed the presence of two closely
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FIGURE 3. Characteristic ROEs in predicting type I vs type
II â-turns.
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comparison to the all-carbon series previously reported.
In part, we attribute the different conformations observed
in solution versus solid state to crystal packing forces.
However, it is also clear that these compounds have a
fair degree of conformational mobility. The bottom line
is that the tether substituents in this series are unlikely

to control subtype populations. The upside of this is that
these positions can be freed up to accommodate ad-
ditional side chain proxies for potential binding interac-
tions.

Summary

We have accomplished the synthesis of macrocycles
1-5 constrained with dimethyl-substituted 3-(amino-
ethoxy)propionic acid linkers which were, in turn, gener-
ated from the readily available dimethyl tetrahydro-
pyrones. Conformational analysis showed that com-
pounds 1-5 all adopt â-turn conformations but with
complex results with respect to subtypes. Despite our
original design hypothesis, there appears to be no con-
formational benefit to including the oxygen in the linker
relative to the all-carbon case.
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FIGURE 4. Ball-and-stick representations of the X-ray
structures and their dihedral angles of 1 and 2.13
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