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Abstract: With an increasing number of folding and heli-
cal structures available, chemists have begun to pay great-
er attention to the functions of this family of structurally
unique oligomers. Hydrogen-bonding-mediated aromatic
oligoamide foldamers have the features of good structural
predictability, synthetic facility, and structural modifica-
tion, which make them very promising as scaffolds or plat-
forms for supramolecular chemistry. Recent advances in

the applications of this class of shape-persistent oligomers
in the promoted synthesis of macrocycles, design of new
nonring receptors, supramolecular self-assembly, molecu-
lar encapsulation, and reaction acceleration, are highlight-
ed in this Focus Review.

Keywords: amides · foldamers · hydrogen bonds · molec-
ular recognition · self-assembly

1. Introduction

Nature is a master in the use of noncovalent forces to con-
trol the folding and self-assembly of biological macromole-
cules. In peptides and proteins, the combination of noncova-
lent forces, such as hydrogen bonding and hydrophobic,
electrostatic, and van der Waals interactions, is encoded in
the primary structure, the sequence of amino acids. As a
result, thermodynamically and kinetically stable secondary
and/or tertiary structures can be produced, and sophisticated
chemical operations or functions, such as catalysis, selective
binding or recognition, controlled flow of electrons, directed
crystallization of inorganic phases, and so on, can be realiz-
ed.

In the last decade, chemists have been actively engaged in
developing foldamers, the artificial systems that are induced
by noncovalent forces to adopt specific compact conforma-
tions.[1–6] Among other noncovalent interactions such as
metal–ligand coordination and donor–acceptor and solvo-
phobic interactions, the hydrogen-bonding motif has proven
to be a highly efficient tool in inducing the formation of
folding or helical patterns owing to its directionality and
strength.[6a] Examples of folded aliphatic b-peptides, g-pep-
tides, d-peptides, and many other nonnatural backbones
were reported.[2] With an increasing number of folding pat-
terns available, the functions or applications of synthetic fol-
damers were investigated in recent years. For example,
Cheng, Gellman, and DeGrado extensively investigated the

antibacterial and antimicrobial activity of b-peptides,[7]

whereas Hamilton and co-workers used aromatic oligoamide
foldamers to mimic the binding surface of protein helices.[8]

Since 1996, a large number of aromatic amide-based foldam-
ers have been reported.[9–11] This Focus Review focuses on
the design and functions of hydrogen-bonding-mediated aro-
matic oligoamide secondary structures in the direction of
molecular recognition and supramolecular self-assembly.
Other systems induced by non-covalent forces are also brief-
ly discussed in the related sections.

2. Intramolecular Hydrogen-Bonding Patterns

For any stable secondary structure to be formed from aro-
matic oligoamides, rotation about the Ar�CONHAr and
Ar�NHCOAr bonds have to be restricted. Intramolecular
hydrogen bonding provides the most-simple, efficient, and
reliable approach for this purpose.[5,6a] Figure 1 shows the
typical intramolecular hydrogen-bonding patterns that have
been used to restrict the rotation of the Ar�CONHAr bond
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Figure 1. Typical intramolecular hydrogen-bonding patterns for restricting
the rotation of the Ar�CONHAr bond.
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in folding oligomers. The six- and five-membered rings
formed by O···H�N and N···H�N hydrogen bonding (Fig-
ure 1a–e) are well-established.[9a,11a] Replacement of the OR
(Figure 1a) with an OH group lowers the stability of the
conformation shown because the OH proton can also form
a six-membered hydrogen bond with the neighboring car-
bonyl oxygen atom.[5] On the other hand, a phenoxide salt
(Figure 1d, M=K) was reported to form the expected intra-
molecular hydrogen bonding that is used to induce the for-
mation of ionic foldamers.[12] It is well-established that fluo-
ride ion is a very strong proton acceptor. However, cova-
lently bound fluorine is considered a very weak hydrogen-
bond acceptor.[13] Our recent studies demonstrated that this
is not the case; intramolecular F···H�N hydrogen bonding,
as shown in Figure 1 f, can be readily formed.[14,15]

Figure 2 presents representative examples of intramolecu-
lar hydrogen-bonding patterns that restrict the rotation of
the Ar�NHCOAr bond in foldamers.[9a,11a,16] These hydro-

gen-bonding patterns combine with those shown in Figure 1
to lead to the construction of a variety of well-defined sec-
ondary structures. Notably, although intramolecular hydro-
gen bonding has always been proposed and evidenced to
stabilize the conformations shown in Figures 1 and 2, the re-
pulsive interactions between the proton acceptor and the
amide oxygen atom should also make a contribution. A
four-membered hydrogen-bonding mode was also observed
in 2-aminopyridine-derived amides and related folding or
helical structures (Figure 2g).[5]

3. Extended Secondary Structures

A foldamer is defined as “any oligomer that folds into a
conformationally ordered state in solution, the structures of
which are stabilized by a collection of noncovalent interac-
tions between nonadjacent monomer units”.[2] Although
most of the synthetic secondary structures reported have a

Abstract in Chinese:

Figure 2. Typical intramolecular hydrogen-bonding patterns for restricting
the rotation of the Ar�NHCOAr bond.
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folding or helical conformation, there are a number of “fol-
damers” that adopt other types of extended conformations.
Such extended secondary structures not only provide struc-
tural diversity for this rapidly expanding family, more impor-
tantly, as we will demonstrate in the following sections, they
also represent new unique assembled scaffolds for the con-
struction of a new generation of functional molecular archi-
tectures. Therefore, representative examples of such extend-
ed secondary structures are summarized below.

The first class of extended secondary structures are those
with a relatively straight planar conformation (Figure 3).
The linear motif 1, which consists of 3,3’-diamino-2,2’-bipyri-

dine and 2,5-bis(2-aminophenylene)pyrazine units, was re-
ported by Meijer and co-workers.[17] The backbone of this
motif is not made from amides, which are instead utilized to
stabilize the planar conformation through intramolecular hy-
drogen bonding and to provide solubility in organic solvents.
Another series of straight secondary structures 2, oligo-
ACHTUNGTRENNUNGamides of 6-iso-proxy-5-aminopicolinic acid, were developed
by Hamilton and co-workers.[8] The amide protons in these
molecules form intramolecular hydrogen bonding with both
the oxygen and nitrogen atoms of the neighboring ether and
endocyclic pyridine units. This series of oligomers have been
used as a-helix mimetic scaffolds to recognize protein surfa-
ces because the distance between the neighboring iso-proxy
residues in the oligomers is close to that between the side-
chains along one face of the polyalanine a-helix. More re-
cently, we found that anthranilamide oligomers 3a and 3b

can be readily prepared from dialkoxylated p-phenylenedi-
ACHTUNGTRENNUNGamine and p-phthalic acid derivatives.[18] Due to strong in-
tramolecular three-centered hydrogen bonding, these
oligomers self-assemble into highly stable straight and
planar molecular ribbons, which have been characterized by
X-ray crystallography and 1H NMR, IR, and UV/Vis spec-
troscopy.

The second class of extended secondary structures are
those that have a rigid planar conformation but a zigzag
skeleton (Figure 4). The first example of this type of struc-

ture, oligoamide 4 of anthranilic acid, was reported by Ham-
ilton and co-workers.[9a] X-ray diffraction analysis of a di-
meric analogue of 4 revealed the formation of the expected
six-membered rings through hydrogen bonding in these
oligomers. The rotation of the Ph�NHCOPh bond is re-
stricted by the inherent co-planarity of the aromatic amide
and the repulsion between the neighboring benzene units.
Recently, this hydrogen-bonding-free conformational prefer-
ence of aromatic amides were successfully used to construct
two series of oligoamide foldamers.[19,20] With continual
three-centered intramolecular hydrogen bonding as the driv-
ing force, we recently constructed another series of planar
zigzag structures 5 (Figure 4),[21] which have found applica-
tions in the self-assembly of new macrocyclophanes and syn-
thetic receptors for fullerene guests (see below).

Branched oligomers can also be induced by intramolecu-
lar hydrogen bonding to adopt extended flat conformations.
For example, Parquette and co-workers utilized this driving
force to rigidify pyridine-2,6-dicarboxy-linked anthranil-
ACHTUNGTRENNUNGamide dendron 6 (Figure 5).[22] Well-defined folded dendrim-
ers were assembled based on this structurally unique build-
ing block. Meijer and co-workers reported that branched
oligomers 7 can form a rigid flat conformation that is also
stabilized by intramolecular hydrogen bonding (Figure 5).[23]

Such rigidified extended structures can stack to generate hi-
erarchical columnal aggregates, and chiral peripheral chains
can transfer their chirality to the entire columnal aggregate
by efficient stacking of the rigid branched structures.[24]

Figure 4. Examples of zigzag conformations induced by intramolecular
hydrogen bonding.

Figure 3. Rigidified, straight, and planar conformations induced by
ACHTUNGTRENNUNGintramolecular hydrogen bonding.
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4. Self-Assembly of Macrocyclophanes Promoted
by Preorganization

In the last few decades, macrocycles have received intense
interest because of their widespread occurrence in nature
and their versatile properties and applications. The synthesis
of macrocyclic molecules is usually of low efficiency owing
to the disfavored entropic effect and frequently needs high-
dilution or template techniques. Advances in foldamer re-
search have brought a new approach to the synthesis of
macrocylic architectures by preorganizing the conformation
of monomeric or oligomeric precursors. For example, Gong
and co-workers reported that the one-step reactions of
diacid chlorides 8a and 8b with diamine 9 in dichloro-
ACHTUNGTRENNUNGmethane at �20 8C, at the relatively high concentration of
0.98 mm, afforded the corresponding macrocyclic products
11a and 11b in 69% and 82% yields, respectively
(Figure 6).[25] In contrast, even under conditions of high dilu-
tion and in the presence of calcium chloride as template, the
reaction of isophthaloyl chloride and m-phenylenediamine
produced the corresponding cyclic hexamer product, similar
to 11, in only 4–11% yield.[26] The folding induced by intra-
molecular hydrogen bonding and preorganization of the
noncyclic intermediates 10 are clearly responsible for the
abundant formation of macrocyles 11.

The synthesis of metallomacrocyclophanes can also be fa-
cilitated by preorganization of the precursor ligands directed
by intramolecular hydrogen bonding. For example, metallo-
cyclophanes 15 and 16 were assembled from the reactions of
12 with hydrogen-bonding-mediated diacetylenes 13 and 14
(Figure 7).[27] The yields were moderate. However, in the ab-
sence of three-centered hydrogen bonding, no similar mac-
rocycles were produced from the reaction of 12 with a di-
ACHTUNGTRENNUNGacetylene derivative similar to 13. Therefore, the intramolec-
ular hydrogen bonds in 13 and 14 are required to force the
two terminal acetylene units to orientate to one side of the
backbone and promote the formation of the metallocyclo-
phanes. On the basis of similar approaches, metallocyclo-
phanes 17–19 were also prepared in moderate yields from
the corresponding hydrogen-bonding-mediated preorganized
precursors (Figure 8).[21,28] With rigidified backbones and
controllable size, these new shape-persistent cyclophanes
may serve as building blocks for the construction of nano-
scale supramolecular architectures or new synthetic recep-
tors. Fluorescence studies revealed that cyclophanes 15 and
16, with amide oxygen atoms located on the inside of the
macrocyclic ring, are able to complex alkylated sugars in
chloroform.[27]

Huc and co-workers found that, even in highly polar
media, intramolecular hydrogen bonding can still direct the
formation of macrocyclic compounds by inducing the folding
conformation of intermediates.[29] Thus, heating a solution of
20 in the highly polar solvent of NMP/pyridine resulted in
the formation of cyclic trimer 21 in 20% yield (Figure 9).

Figure 6. One-step synthesis of macrocycles 11 promoted by intramolecu-
lar hydrogen bonding.

Figure 5. Examples of rigidified branched structures stabilized by
ACHTUNGTRENNUNGintramolecular hydrogen bonding.
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Given the tough reaction conditions and the very high sol-
vent polarity, this yield is quite impressive. X-ray diffraction
analysis showed that the curvature of 21 is close to that of a
noncyclic trimer analogue. Thus, it is proposed that the in-
termediates of the cyclization reaction also adopt a folding
conformation driven by intramolecular hydrogen bonding.

Recently, Gong and co-workers also found that treatment
of 22 with triphosgene in hot toluene affords macrocycles 24
in very high yields (Figure 10).[30] In this system, the rigidi-
fied folding conformation of intermediate 23 was achieved
by the combination of the six-membered rings from hydro-
gen bonding and the preference of the urea units to adopt a
cis conformation. This conformational feature of aromatic
ureas was also used to assemble a series of urea foldamers
with larger cavities.[31] Figure 8. Structures of metallomacrocyclophanes 17, 18, and 19, which

were assembled from preorganized rodlike precursors.

Figure 7. Synthesis of metallomacrocycles 15 and 16 promoted by
ACHTUNGTRENNUNGintramolecular hydrogen bonding.
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5. Foldamers as Synthetic Receptors for Molecular
Recognition

For a long time, cyclophane-based molecular recognition
has been one of the central topics in supramolecular chemis-
try. Foldamers that are long enough may produce a well-es-
tablished cavity with defined shape and size. Such rigidified
nonring cyclic architectures are new ideal receptors for spe-
cific guests. Moore and co-workers and Inouye et al. investi-
gated the binding properties of m-phenylene and m-pyri-

ACHTUNGTRENNUNGdylene ethynylene foldamers.[32,33] Other series of helical
structures for binding ionic guests were also reported.[34,35]

Owing to their high structural diversity and adaptability, hy-
drogen-bonding-mediated rigidified systems are particularly
useful as synthetic receptors or as scaffolds for constructing
more-advanced assembled architectures for molecular rec-
ognition.

Oligomers 25a–c represent the first class of hydrazide-
based foldamers, the folding or helical conformations of
which are stabilized by consecutive intramolecular hydrogen
bonding (Figure 11).[36] Molecular-mechanics calculations re-

vealed that this series of foldamers have rigid cavities of
about 1 nm in diameter, and half of the hydrazide carbonyl
groups are orientated inwards. 1H NMR, fluorescence, and
CD spectroscopic studies revealed that in chloroform these
foldamers are good receptors for alkylated saccharides 26–
29. The stoichiometry of the complexes was established to
be 1:1, and an association constant (Ka) of 6.9P106

m
�1, the

largest obtained, was determined for complex 25c·29 in
chloroform. Intermolecular NOE interactions were also ob-
served, based on which a binding mode for complex 25b·28
was proposed (Figure 12). The strong binding affinity clearly
originated from the well-ordered arrangement of the
inward-facing carbonyl groups, which combine to bind sac-
charides strongly through intermolecular hydrogen bonding.

Another series of foldamers 30 is closely related to mac-
rocycles 11 in that both structures contain identical repeat-
ing units.[37] The cavities of this family of foldamers are very
much smaller than those of 25 (Figure 13). 1H NMR and
fluorescence spectroscopic studies showed that 30 also com-
plex the above saccharides and 31, but the stability of the
resulting complexes is remarkably decreased. A largest Ka

Figure 11. Structures of aromatic-hydrazide-based foldamers 25a–c and
saccharide guests 26–29.

Figure 9. Synthesis of macrocycle 21 in highly polar solvent directed by
intramolecular hydrogen bonding. NMP=N-methyl-2-pyrrolidone.

Figure 10. Formation of urea macrocycles 24 assisted by intramolecular
hydrogen bonding.

772 www.chemasianj.org � 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Asian J. 2006, 1, 766 – 778

FOCUS REVIEWS
Z.-T. Li et al.



value of 7.2P103
m

�1 was estimated for the complex of 30
and 29 in chloroform. The decrease in binding stability sug-
gests that the saccharide guest cannot enter the smaller
cavity of 30 completely without denaturation of the folding
conformation of the latter and, consequently, can only ap-
proach 30 from one side of the folding oligomer. However,
intermolecular NOE interactions were still observed for
these complexes (Figure 13).

Foldamers 32 were assembled from one repeated aromatic
amino acid unit (Figure 14).[38] Unlike foldamers 25 and 30,
oligomers 32 have a one-way sequence, which is typical for
the backbone of peptides. Fluorescence experiments re-
vealed that this series of foldamers display no binding affini-
ty to saccharide derivatives but can bind alkylated ammoni-
um compounds 33 and 34 in a 1:1 stoichiometry. Complex
32b·34 exhibited the highest binding stability with a Ka

value of 3.6P102
m

�1 in chloroform. Because all the ether
oxygen atoms are involved in intramolecular hydrogen
bonding, it was proposed that the complexation is driven by
a combination of intermolecular hydrogen bonding and
cation–p interactions.

The centrally orientated methyl groups in foldamers 32
not only decrease the effective size of the cavity of the skel-

etons, but also impose great spatial repulsion, which is detri-
mental to the formation of complexes with any other molec-
ular or ionic guest. It was expected that, if the intramolecu-
lar hydrogen bonds remain and the spatial repulsion of the
methyl groups is eliminated, more-compact and efficient
binding might be achieved. This was actually proved with
the fluorine-containing foldamers.[14b] Pentamer 35 and hep-
tamer 36 represent the first family of foldamers, whose com-
pact conformations are stabilized by F···H�N hydrogen
bonding (Figure 15). The pattern of five- and six-membered
rings due to F···H�N hydrogen bonding was established with

Figure 14. Structures of foldamers 32 and guest ammonium compounds
33 and 34.

Figure 15. Structures of F···H�N hydrogen-bonding-induced foldamers 35
and 36 and ammonium guests 37 and 38, and the intermolecular NOE
ACHTUNGTRENNUNGinteractions observed in complexes 35·37 and 36·37.

Figure 13. Intermolecular NOE interactions observed in the complex of
heptamer 30 with triol 31 in [D]chloroform.

Figure 12. Observed intermolecular NOE interactions within complex
25b·28 in [D]chloroform.
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XRD analysis and 1H NMR spectroscopic studies. In this
family of foldamers, all the fluorine atoms are converged to-
wards the center of the backbones to create a polar internal
cavity of about 0.7 nm in diameter. ESI MS and 1H NMR
and fluorescence spectroscopic investigations revealed that
in chloroform both foldamers strongly bind dialkylated am-
monium compounds 37 and 38. Induced circular dichroism
was also displayed for the complexes of chiral guest 38. On
the basis of the fluorescence titration experiments
(Figure 16), the Ka values of complexes 35·37, 35·38, 36·37,

and 36·38 in chloroform were estimated to be 4.9P106, 2.4P
105, 8.1P106, and 7.3P105

m
�1, respectively. These values are

significantly larger than those of the complexes between di-
benzo[24]crown-8 and dialkylammonium ions (�2.7P
104

m
�1) in the same solvent.[39] These results suggest that

highly efficient intermolecular electrostatic interactions or
F···H�N hydrogen bonding are formed as a result of the hy-
drogen-bonding-mediated rigidified conformation of the
oligomers.

6. Preorganized Scaffolds for Supramolecular
Self-Assembly

In Section 4, we demonstrated the great utility of shape-per-
sistent aromatic amide oligomers as building blocks for the
construction of new macrocylic structures. Based on rational
molecular design, well-defined functionalized supramolec-
ular architectures can also be assembled from different
types of rigidified backbones.

Covalently bonded molecular tweezers are efficient recep-
tors for the complexation of discrete guests.[40] However,
their syntheses are usually time-consuming and/or of low ef-
ficiency. Folding aromatic amide oligomers provide new
building blocks for the construction of new assembled supra-

molecular tweezers. Thus, incorporation of two zinc porphy-
rin units into the terminal benzene rings of shape-persistent
amide trimers gives rise to assembled zinc porphyrin dimer
39 and trimer 40 (Figure 17).[41] Owing to the presence of in-

tramolecular hydrogen bonding, the porphyrin units in 39
are arranged roughly parallel to each other and therefore
produce noncovalently bonded molecular tweezers. Trimer
40 may be regarded as a combination of two molecules of
39, and its three porphyrins produce two tweezer units.
1H NMR, 13C NMR, UV/Vis, and fluorescence spectroscopy
revealed that these assembled tweezers are good receptors
for C60, C70, and C60 derivatives. The Ka value of complexes
39·C60 in toluene was determined to be 1.0P105

m
�1 by UV/

Vis titration. This value is much larger than those of com-
plexes of C60 with palladium-linked bisporphyrin “jaws”.[42]

This increased binding affinity is ascribed to the preorgan-
ized conformation of the foldamer tweezers. As expected,
trimer 40 can encapsulate two C60 molecules with an appar-
ent Ka value of 1.5P104

m
�1 in toluene.[43] Quantitative stud-

ies also revealed that C70 forms even more stable complexes
with the foldamer tweezers owing to its increased stacking

Figure 17. Binding patterns between hydrogen-bonded zinc porphyrin
tweezers 39 and 40 and C60 and structure of chiral C60 derivative 41.

Figure 16. Fluorescence spectra of 36 (1.5P10�5
m, lex=330 nm) in chloro-

form at 25 8C, the concentration of which was decreased gradually with
the incremental addition of 37·HCl (0!4.0P10�5

m).[14b] Inset: Plot of
emission intensity of 36 at 438 nm versus [37·HCl].
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region.[42a] Supramolecular chiral induction was also ob-
served through the complexation of 39 with chiral C60 deriv-
ative 41 (Figure 18),[44] although the binding stability of the
resulting complexes is markedly decreased.

Another series of zinc porphyrin appended tweezers 42
were developed by incorporating zinc porphyrin units into
the skeletons of foldamers 32 (Figure 19).[45] The 1H NMR
spectra of 42 in [D]chloroform show that all the signals of

the amide protons appear in the downfield region, which
supports the existence of intramolecular hydrogen bonding
and the folding conformation of the oligoamide skeleton.
1H NMR and UV/Vis spectroscopic studies also revealed
that 42a–c form 1:2, 1:3, and 1:6 complexes with C60-incor-
porated nitrogen ligands 43, 44, and 45, respectively. These
observations imply that each zinc porphyrin unit of the
ACHTUNGTRENNUNGfoldamers coordinates one nitrogen ligand. However, the
apparent Ka value of complexes of the same C60-incorporat-
ed ligand with the foldamers is increased markedly with the
elongation of the foldamers. Furthermore, CD experiments
showed that solutions of the longer foldamers and chiral
ligand 45, at identical concentrations of the zinc porphyrin
unit and 45, exhibit increased induced CD signals of identi-
cal shape (Figure 20). On the basis of the spectral investiga-

tions, a clockwise or anticlockwise one-direction binding
mode is proposed (Figure 21).

7. Unimolecular Encapsulation

Oligoamide foldamers 46 (Figure 22) contain a small polar
hollow.[46] XRD analysis revealed that this small hollow can
include polar water molecules. This observation led to the
development of the concept of “molecular apple peel” 47
(Figure 22),[47] which represents the first example of capsules
generated from a single linear molecule. Owing to intramo-
lecular hydrogen bonding, this foldamer has a large diame-
ter at the center and reduced diameter at the ends. XRD
analysis (Figure 23) and 1H NMR spectroscopic studies in
[D]chloroform indicate that this hollowed foldamer can en-
capsulate a water molecule. Variable temperature 1H NMR
spectroscopic experiments revealed that at low tempera-
tures, the trapped and free water molecules outside are in
slow exchange on the NMR spectroscopic timescale. Al-

Figure 20. CD spectra of 42c (3.3P10�6
m) in the presence of a) (R)-45

and f) (S)-45, 42b (6.7P10�6
m) in the presence of b) (R)-45 and e) (S)-45,

and 42a (1.0P10�5
m) in the presence of c) (R)-42 and d) (S)-45 in chloro-

form at 25 8C ([(R)-45]= [(S)-45]=5.0P10�3
m).[45]

Figure 18. Induced CD spectra of a solution of foldamer tweezer 39 (3.3P
10�4

m) in the presence of a) (S)-41 (3.3P10�3
m), b) (R)-41 (3.3P10�3

m),
and c) (R)-41 (6.6P10�3

m) in chloroform.[41]

Figure 19. Structures of zinc porphyrin appended foldamers 42 and
C60-incorporated nitrogen ligands 43–45.
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though what is trapped in the cavity of this foldamer is
simply a water molecule, the principle provided by entrap-
ment may present a general approach in the field of molecu-
lar encapsulation.[48]

8. Oxidation Promotion

Folding or helical backbones of enzymes provide specific
active sites for selective catalysis of various reactions. Syn-

thetic foldamers may produce
special spaces with comparable
catalytic function.[32] Huc and
co-workers reported that the
oxidation of the terminal pyri-
dine units of 48 by m-chloroper-
benzoic acid (m-CPBA) can be
promoted by its folding confor-
mation (Figure 24).[49] Although
no kinetic studies have been
carried out, comparing the oxi-
dation of fragment analogues
50 and 51 to 52 and 53, respec-
tively, with the oxidation of 48
to 49 shows that the oxidation
of 48 is remarkably faster
(Figure 25). The fact that the
terminal pyridines instead of
the central one of 48 are selec-
tively oxidized can be ascribed
to the large steric hindrance at
the central position, but the
exact mechanism of accelera-
tion of the oxidation reaction is
yet unclear. It is assumed that

dipolar interaction within the helical conformation plays a
role, and the preassociation of the oxidative reagent in the
polar cavity is also envisaged. The development of biomim-
etic catalysts is one of the important topics in supramolec-
ular chemistry.[50] Owing to their structural similarity to bio-
macromolecules, especially enzymes, hydrogen-bonded fold-
ing structures appear to be particularly promising for this
purpose.

Figure 23. Views of the structure of encapsulated complex 47�H2O in the
crystal. The Corey–Pauling–Koltun (CPK) views show that the water
molecule is completely isolated from the surrounding medium.[47]

Figure 21. Proposed propeller-style binding mode for the 1:6 complex between foldamer 42c and chiral
(R)-45.[45]

Figure 22. Structures of helical oligomers 46 and 47. Bn=benzyl.
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9. Future Prospects

In the last decade, the amazing structural and functional di-
versity of biological macromolecules has inspired chemists
to design a large number of synthetic foldamers with well-
defined structures. In a review in 2004, it was pointed out
that “[a]nother essential development is the endowment of
these structures with functions”.[5] Two years later, we have
seen that important progress has been made in different di-
rections.[51] The directionality and strength of hydrogen
bonding, the intrinsic planarity and rigidity of aromatic
amides, their synthetic facility and structural adaptability all
make shape-persistent aromatic amide oligomers one of the

most-promising assembled scaffolds for the design of new
functionalized architectures and materials.

It is expected that future developments in the research of
aromatic amide foldamers and related structures will be in
multiple directions. New design principles, new families of
backbones, and structures of larger size and complexity will
certainly be reported. Their applications in supramolecular
catalysis and enzyme mimetics, self-assembly of organic
nanotubes and related structures, design of synthetic recep-
tors for molecular recognition and encapsulation, single mo-
lecular devices with advanced and tunable functions, tem-
plate synthesis, molecular and ion transport, and modifica-
tions of polymer structures and properties should receive in-
creasing attention.
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