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Abstract. A conformationally homogeneous synthetic host molecule binds proline-derived
dipeptidic guests both enantioselectively and diastereoselectively.

Many naturally occurring receptors bind peptides with high sequence and
stereoselectivity. Vancomycin, a clinically useful glycopeptide antibiotic, is one such receptor
which associates both with bacterial cell wall intermediates and simple peptides terminating in
D-Alanyl-D-Alanine.! While vancomycin binds Ac-D-Ala-D-Ala with an association free energy
of -6.2 keal/mol, substitution of either D-Ala residue by L-Ala decreases the binding energy by
more than 3 kcal/mol. While we have yet to produce a synthetic receptor which is as
sequence-selective as vancomycin, we recently described a sulfone-based podand ionophore,
1, which bound certain monopeptidic ammonium ions with enantioselectivity as high as 1.5
kcal/mol.2 Here we show that its stereoselective binding properties extend to dipeptide-like
substrates. High enantioselectivity for the N-terminal substrate residue is always observed but
selectivity for next residue is significant only with real dipeptides.
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In previous studies, we found that podand 1 selectively bound ammonium salts of L-amino
acid derivatives. Among the amino acids we studied, derivatives of proline showed the most
pronounced enantioselective binding (AAG ~ 1.5 kcal/mol, 85% ee for L). Consequentially we
studied the binding of 1 with dipeptide-like substrates derived from proline. When a D20
solution of excess 1:1 L-Pro-L-AlaNHMe+-PFg- and L-Pro-D-AlaNHMe*-PF4- was shaken with
~10 mM 1 in CDClj, we found that the podand extracted primarily L-Pro-L-AlaNHMe into the
organic phase.3 Selectivity for the LL diastereomer was 50% de which corresponds to AAG
0.65 kcal/mol. In this extraction, enough peptide was transfered to the organic phase to bind
approximately 45% of the podand 1 in CDCl3. Parenthetically, 18-crown-6 is a relatively poor
host for our peptidic ammonium salts and extracts no observable guest from D20 under the
conditions of our experiments.

To study the origin of this selectivity, we measured the affinity of 1 for sterecisomeric
proline derivatives* having two chiral centers. In these studies, we measured binding energies
directly by TH NMR titrations in CDCl3 to eliminate any effects due to differential hydration
energies of diastereomeric substrates. To promote the solubility of our ammonium ions in
CDCis, we chose hydrophobic substrates and triflucroacetate (TFA") as the counterion. C-
terminal substrate residues included an aminoacid ester (phenylalanine methyl ester) and
analogs having no C-terminal functionality (a-phenethylamine) and no central amide bond
(lactate methyl ester). Our results are summarized in Tables 1 and 2.

Table 1. Binding energies (kcal/mol) of stereocisomeric ammonium ions in CDClz?

Entry  Guest -AGS (sa)b Entry Guest -AGS(sab  AAGH
1 L-Pro-L-PheOMe*TFA- 321 87%) 2 D-Pro-D-PheOMe*TFA- 2.20 (64%) 1.0

3 L-Pro-D-PheOMe*TFA-  2.67 (65%) 4 D-Pro-L-PheOMe*TFA-  1.85 (42%) 0.8
S L-Pro-L-PEAYTFA- 3.64 (92%) 6 D-Pro-D-PEA*TFA- 224 (64%) 14
7 L-Pro-D-PEA*TFA- 3.72 (94%) 8 D-Pro-L-PEA*TFA- 224 (61%) 1.5
9 L-Pro-L-LacOMe*TFA" 3.57 (94%) 10 D-Pro-D-LacOMe*TFA* 2.58 (711%) 1.0

—
P

L-Pro-D-LacOMe*TFA-~ 3.48 (94%) 12 D-Pro-L-LacOMe*TFA- 2.59 (711%) 0.9

a. NMR titrations were carried out at 250C by adding the guest to the podand sulfone host [1.5 mM] in CDCla.
Binding energies were established by carrying out a nonlinear fit of the data to an ideal bimolecular binding equation
of the form A + B <-> AB; b Percentage of total saturation achieved by the end of the titration; c. Free energy of
association in kcal/mol, d Enantioselectivity in kcal/mol where AAG=(AG | -AGnp) or (AGLp-AGpL).

As shown by the AAG column in Table 1, podand 1 shows enantioselective binding
corresponding to 0.8-1.5 kcal/mol for all substrates derived from L-proline. Similar
enantioselectivity (~1.5 kcal/mol) was found for simple L-proline methyl esters and amides.2
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This observation supports the notion that the geometrical mode of binding is similar for all
substrates examined to that observed previously in x-ray structures of the complexes of 1.

Comparing entries 1 and 3, we find diastereoselectivity corresponding to ~0.5 kcal/mol
for the L-Pro-L-Phe methyl ester diastereomer which is similar to the above-mentioned
diastereoselective extraction of the L-Pro-L-Ala methyl amide. Other comparisons are shown
in Table 2 which summarizes all diastereoselectivities observed.

Table 2. Diastereomeric binding of ammonium ions in CDCl3

Varying N-Terminal Varying C-Terminal
Entries AAG Entries AAG
1-4 1.4 1-3 0.5
2-3 -0.5 2-4 0.4
5-8 1.4 5-7 -0.1
6-7 -1.5 6-8 0.0
9-12 1.0 9-11 0.1
10-11 -0.9 10-12 0.0

From Table 2, it may be seen that only in the case of the ProPhe substrates does the
binding with 1 show any measurable sensitivity to the C-terminal stereochemistry. Selectivity
observed with the ProPEA and Prol.acOMe substrates derives almost totally from the chirality
of proline. Thus the 0.4-0.6 kcal/mol diastereoselectivity observed with ProPheOMe and
ProAlaNHMe substrates does not appear to originate solely from the properties of the C-
terminal chiral center nor from its carboxylic substituent. Instead, a peptide link and a
carboxylic chiral center substituent both seem necessary in order for 1 to sense the chirality of
the C-terminal residue. It is interesting that the relatively subtle difference between ProAlaOMe
and ProLacOMe is sufficient to give a measuable difference in diastereoselectivity.

While it is difficult to provide an convincing explanation of the ~0.5 kcal/mol
diastereoselectivity with the dipeptidic substrates relative to the ProLac substrates, several
differences between these structures may be important. First of all, the ProAla-derived
substrates are composed of functional groups having the largest dipole moments and these
may align favorably with the polar host functionality only in certain diastereomers. Another
explanation for the different selectivity of Pr~PheOMe and Prol.acOMe is the difference in the
inherent conformational preferences for a-amido esters (e.g. preferred rotomers of bonds a
and b in the Scheme) and a-ethero esters.6 In any case, it is clear that subtle differences
between guests can have significant effects on stereoselective binding properties and it may
be difficult to quantify these without sophisticated computations.
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During our binding measurements, we found that binding energies increased with the
concentration of free trifluoroacetic acid (TFA) in the sample. With our ProPheOMe substrates
and one equivalent of excess TFA, the binding energies with 1 were ~1 kcal/mot higher than
those reported in Table 1. Since the binding energies of all substrates increased by
approximately the same amount, we think it unlikely that the TFA is involved in a specific,
stabilizing interaction with the complex. Instead, the TFA may be functioning by raising the
energy of one of the unbound materials. Thus, TFA may associate with TFA- and favor
dissociation of the organoammonium trifluoroacetate ion pair leaving the substrate ammonium
ion substrate more free for association with 1.7
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