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Abstract: The highly selective peptide-binding properties of A4Bg macrotricyclic receptors are
not limited to previous structures where B = frans-1 ,2-diaminocyclohexane as we demonstrate by
preparation and study of new A4B'g receptors derived from acyclic diamines.

We recently described the preparation and properties of a novel receptor for peptides.1
This molecule, the A4Bg macrotricycle shown below, is remarkable for several reasons. First, it
self-assembles in a single step from two commercially available materials, the acid chloride A
and the diamine B. Though the yield of this extraordinary reaction is only 13%, the receptor is
readily isolated because it is the most chromatographically mobile of the products formed.
Second, A4Be is a highly selective receptor for neutral peptides. For example, it binds
derivatives of L amino acids with enantioselectivities as high as 99% ee and can also distinguish
between peptides based on the steric requirements of their sidechains. In some cases, this
sidechain selectivity can be quite large and exceed 3 kcal/mol even when the peptides being
compared differ only by a single methylene (e.g. phenyiglycine vs phenylalanine). When we
designed the A4Bg receptor, we chose the conformationally rigid building blocks A and B to
minimize its flexibility. In this Letter, we describe the synthesis and properties of two related
A4Bg cyclooligomers which are constructed from more conformationally flexible acyclic diamines
B1 and B2. As we will show, binding properties in this series of receptors are sensitive to
structure of the components used to assemble them, but rigid cyclic building blocks need not be
used to obtain high binding selectivity.
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To prepare the new receptors, we carried out the simple one-step coupling of the amines
shown and the triacid chloride A as described for A4Bg.1 With B1, the A4B1g receptor was
obtained in 10% yield when the coupling was carried out at a concentration corresponding to 6
mM in receptor.2 With B2, we had to use a more ditute 1 mM concentration and were able to
prepare A4B2g in 7% Yyield. Both products were readily isolated as the most mobile reaction
product on silica gel and were identified by mass spectroscopy and by their symmetry as
revealed by 13C and TH NMR.

Binding energies were measured by titrating 0.5 mM solutions of receptor in CDCl3 with
various N-acetyl amino acid methylamides and monitoring the receptor protons by 400 MHz
NMR. In general, signals which showed the largest shifts upon binding were certain aromatic
(H-C) and amide (H-N) protons. The binding energies we found are given in the Table and all
represent averages of at least two different binding measurements. Scatchard treatment of
binding data indicated 1:1 complexes in all cases.

Table. Peptide-Binding Properties of Macrotricyclic Receptors in CDCla.

AsBg A4Ble A4B2g

Peptide Substrate ~ -AGP  AAGS -AGP  AAG® -AGP  AAGS
GLY 1.9d 1.4 1.5
L-ALA 354 1.3d(80%ee) 4.1 1.8(90 %es) 3.7 1.7 (89 %ee)
D-ALA 2.2d 23 2.0
L-VAL 50d 2.69(98%ee) 4.5 2.4 (96 %ee) 3.8 1.5(84 %ee)
D-VAL 2.4d 2.1 23
L-ILE 43d 199(92%ee) 4.2 2.2(95%ee) 26 0.4 (32 %ee)
D-ILE 2.4d 2.0 22
L-LEU 34d 1.0d(68%ee) 3.6 1.5(84 %es) 25 0.3 (24 %es)
D-LEU 2.4d 2.1 22
L-PHE NCd - NC - NC -
D-PHE 2.0d 1.5 1.4
L-Phenyliglycine 599 3.09(>99%ee) 57 39(>99%ee) 34 1.6 (87 %ee)
D-Phenyiglycine 2.9d 1.8 1.8
L-Ethylglycine 57 33(>99%ee) 55 34(>99%ee) 55 3.3(>99 %ee)
D-Ethylglycine 2.1 2
L-Propyiglycine 3.5 (>99 %ee) 3.5 (>99 %es) 2.5 (97 %ee)

D-Propylglycine

L-Butylglycine 0.2 (16 %ee)

D-Butylglycine
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a. All peptides are N-acetyl, methylamides; b. binding energy (kcal/mol); c. enantioselectivity
(kcal/mol); d. from reference 1. NC = no complexation observed.
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The binding results obtained with all three receptors support the general picture of the
complex suggested previously! and illustrated above. in the diagram, ‘+' and *-* represent
receptor hydrogen bond donors (H-N) and acceptors (O=C) respectively. We believe these
functionalities not only bind the peptidic substrate by hydrogen bonds but also associate to close
the other end of the receptor to create a conical binding cavity which can encapsulate the
sidechain (R) of a bound L amino acid.

The binding data in the Table reveals a number of notable trends. First, all receptors bind
all D amino acid substrates with roughly the same binding energy (2.0-2.5 kcal/mol). Thus the
high enantioselectivities observed originate from especially favorable binding to L peptide
substrates, not by destabilization of binding to D substrates. Second, both the original A4Bg
receptor and the new A4B1g analog have similar binding selectivities despite the construction of
the latter from an acyclic diamine. Indeed, A4B1g binds six of the eight substrates studied with
higher enantioselectivity than does A4Bg.

Both A4Be and A4B1g show surprisingly high selectivity among L amino acids which are
distinguished only by the size and shape of their unfunctionalized, hydrocarbon sidechains.
Amino acids having branched sidechains bind well only when the branch occurs at the substrate
p-carbon. Thus valine and isolsucine (R = +~Pr, s-Bu) bind well but leucine (R = #Bu) does not.
The receptors also distinguish substrates by sidechain length. Thus while alanine and
butylglycine (R = Me, n-Bu) are rather poorly bound, sthylglycine and propylglycine (R = Et, n-Pr)
are among the best substrates. All three receptors distinguish phenylglycine and phenylalanine
by >3 kcal/mol. These observations are compatible with the conical-cavity model which favors
substratas having more steric bulk near the enlarged, open end of the binding cavity. Substrates
with sidechains that are either too small to fill the cavity or too long to be accommodated are
poorly bound. While binding selectivity based on steric effects is known,3 the subtle differences
in sidechain bulk which our receptors are able to distinguish energetically by 1-2 kcal/mol is
unusual with synthetic receptors. The key to such high steric selectivity appears to coincide with
the receptor's ability to fully encapsulate the chemical substructure being distinguished.

Like A4Bg and A4B1g which bind L-peptides based on the steric requirements of their
sidechains, receptor A4B2g also distinguishes peptide sidechains sterically but with different
selectivity. In particular, A4B2g selects for L-peptides whose sidechains are small and compact:
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thus alanine, valine and ethylglycine are well-bound while isoleucine, leucine, phenylglycine,
propyiglycine and butylglycine are more weakly bound relative to the other receptors. Thus
A4B2g appears to have a smaller binding cavity, a property which may follow from cavity
occupancy by benzyloxymethyl substituents or from partial cavity collapse due to the flexible
nature of the B2 fragment.

These findings suggest that the highly selective binding we found with the original A4Bg
receptor may be general to cyclooligomeric molecules of this class and that binding selectivity
can be altered by starting with different A and B fragments. Thus it should not be difficult to
prepare a wide range of interesting receptors by similar routes. it may also be noted that these
receptors incorporate B fragments in two different structural environments: the upper and lower
macrocycles include four equivalent B's while two other B's link those macrocycles together. By
varying these distinct B fragments independently, even more receptor diversity can be
generated. We will be reporting on the properties of such receptors in the near future.4
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