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Rigid amino acid surrogates can be used to reduce the
conformational space available to peptidomimetics.!-> Unlike
a- or B-methyl amino acids,*® 2,3-methano amino acids® (e.g.,
2S5,35-2,3-methanomethionine, 2S5,35-cyclo-Met) have rigidly
defined x' orientations. Consequently, 2,3-methano amino acids
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should have marked effects on secondary structures. For a few
of these “methanologs”, Ramachandran plots have been calculated
to visualize the local ¢ and y restrictions,'®!2 and solid-state
structures of some simple derivatives have been deduced via
crystallography.!314 Nevertheless, the effects of substituted 2,3-
methano amino acids on solution secondary structures remain
almost'’ completely unexplored. This paper describes favored
solution-phase conformations of mimics of the anti-opiate!s:!?
peptide Phe-Met-Arg-Phe-NH,, wherein methionine has been
substituted by 25,3S-cyclo-Met. FMOC-protected 2.5,3S-cyclo-
Met was prepared via a modification!8 of our original synthesis,!®
and incorporated into peptidomimetic 1 using a solid-phase
approach. NMR studies were performed at 400 MHz, at 10 mM
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concentration in DMSOQ-ds.2° Proton signals were assigned via
DQF-COSY and ROESY spectra obtained with the usual?!-23
precautions to detect and avoid NMR artifacts.2® Temperature
coefficients for the amide protons were measured in the 25-60
°C range via 1D experiments. The Arg® NH proton had a
conspicuously low temperature coefficient (-2.2 ppb K-') com-
pared with the other backbone N H resonances (-3.9 to-5.5 ppb
K-'), indicative of hydrogen bonding and/or solvent shielding.24
Moreover, at ambient conditions the Arg® NH resonated sig-
nificantly upfield of the other amide protons (7.43 ppm as
compared with 8.07-9.12 ppm). These observations suggested
that this particular NH wasinvolved in intramolecular H-bonding
which was weaker than the intermolecular H-bonding between
thesolvent-exposed NH protonsand DMSQ.2% Allthe sequential
aNH(i,i) and aNH(i,i + 1) ROEs were observed as expected,
but there was also a NH-NH cross-peak corresponding to close
contact of the cyclo-Met? NH and the Arg® NH protons. These
data implicate a significant population of one or more turn
structures centered around the cyclo-Met? residue, since this would
account for the atypical Arg? NH proton and the close proximity
of the Arg? NH and cyclo-Met? NH atoms. A weak ROE was
also observed between the Phe! aromatic protons and the cyclo-
Met? 8 and/or 8 protons. Consequently, any ensemble of
conformational structures should also accommodate the bias to
the Phe! side chain to be close to the cyclopropane ring.

A quenched molecular dynamics (QMD)?$?” study was used
to probe the conformational space available to Phe-cyclo-Met-
Arg-Phe-NH,. Empirical parameters®® were developed to ac-
commodate the 25,3S-cyclo-Met residue into CHARMm. In
the dynamics study,” an extended conformation of the peptide
was built using the same charge (2+) as the NMR sample; a
dielectric continuum of 45 was used, and no conformational
constraints were applied. A totalof 600structures were generated
and thoroughly minimized. The 62 structures within 4 kcal mol-!
of the minimum energy were further analyzed. With respect to
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Table 1. Comparison of ROE Intensities and Distances Calculated for the Corresponding Contacts and Characteristics of Each Family

Generated in the QMD Study

distances calculated in the QMD study (A)4

ROE
contacts/characteristic intensities F1 F2 F3 F4 F5

Phela-cyclo-Met?N H S 2.05 3.45 3.57 2.06 2.43
cyclo-Met?NH-Arg3NH w 4.08 3.61 3.88 4.31 4.08
Arg3’NH-a M 2.92 2.87 293 2.88 2.92
Argla-Phe!NH S 3.44 3.48 3,51 1.91 3.39
Phe?N H-Phe‘a M 2.89 2.26 2.89 1.90 293
Phea-CONH,? M 3.27 3.75 3.55 2.38 3.56
Phe*a-CONH,? S 2.41 3.76 3.98 3.28 4.09
Phe'aromaticH-cyclo-Met?3 we 4.32 >5.00 >5.00 >5.00 >5.00
Phe'aromaticH-cyclo-Met28’ ;s We 3.62 >5.00 >5.00 >5.00 >5.00
¢,¥4 of 25,3S-cyclo-Met? 64,-82 84,-61 75,-75 —-68,101 -68,90
no. in family 39 4 4 4 5

energy® -17.75 -16.34 -15.17 -14.82 -14.70

2 Distances shown for minimum energy structure in each family. ® Contact to just one of the carboxyamide protons, i.e., CONHH. ¢ Only one ROE
observed for two possible close contacts due to overlapping resonances for a 8 and a 8’ (either cis or trans) proton. 4 Dihedral angles in degrees for
minimum energy structure in each family. ¢ Lowest energy structure in each family, reported in kcal mol-'.

the ¢,y distribution for the 25,3S-cyclo-Met residue in these 62
structures, most (43) were within ¢ = 62 to 90° and Yy = —45 to
-89°, corresponding to the y-turn region (i.e., ¢ = 70°, ¢ =
—70°), and the lowest energy structure had ¢ = 64°, y = -82°.
Three other regions of conformational space were populated (¢,¢
centered at —70°,95°; -70°,-70°; and, 74°,112°), but the most
populated region was the y-turn region (¢,J centered at 70°,—
70°;see supplementary material). The 62 structures were further
sorted into families based on RMS differences of the Ce—C(O)
backbone fragments of each residue such that structures with an
RMS deviation of <0.6 A were grouped in the same family (Table
1). The lowest energy structure was a member of the most
populated family (F1, 39 members).

Itisimpossible that a singlestructure generated in the molecular
dynamics study could exactly account for the ROE data due to
conformational averaging.3 However, it is reasonable to assume
that the tetrapeptide participates in an equilibrium favoring one
major conformation about the methanolog since the ¢,y values
associated with this residue were confined to one major region
in the QMD study (which did not use NMR constraints).
Consequently, the lowest energy structure for each family was
compared with ROE data from the NMR studies. Table 1 gives
a qualitative fit of the observed ROEs with interproton distances
for the minimum energy structure from each family. The lowest
energy structure of F1 had a hydrogen bond between the Phe!
carbonyl oxygen and the Arg®> NH proton and a vy-turn centered
at the methanolog residue (Figure 1). The lowest energy
structures of the families F2 and F3 also had ¢,y values within
they-turnregion. Furthermore, the observed strong Phe!a-cyclo-
Met?N H, weak cyclo-Met?NH-Arg*NH, and medium Arg?NH-
Arg3a ROEs match well with the F1 minimum energy structure
(2.05, 4.08, and 2.92 A, respectively). The aromatic side chain
of Phe! was within 5 A of the cyclo-Met? 8 and/or 8 protons,
consistent with the weak ROE observed (vide supra); for the
other families, this distance was greater than 5 A. Less
correspondence was observed for the Arg3a-Phe*NH, presumably
because Phe* plays no role in the putative turn structure.

Other studies, to be described in the full account of this work,
indicate that the parent peptide Phe-Met-Arg-Phe-NH, has no
preference for a vy-turn structure under the same conditions (as
expected); hence the induction of this rare secondary structure
element can be attributed to the 2,3-methanomethionine residue
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Figure 1. Truncated version of the y-turn region centered at cyclo-Met?
and the close proximity of the cyclopropane ring and the aromatic nucleus
(double arrow). The contact at 2.27 A corresponds to a H-bond between
the Arg? NH and the Phe! CO.

alone. As far as we are aware, this is the first observation of an
element of solution secondary structure induced by a 2,3-methano
aminoacid. Moreover, apolar solvents are more inclined to foster
v-turn conformations than polar ones, so the observation of a
y-turn in DMSO is particularly noteworthy. If this conforma-
tional effect is general for other methanologs, it could be exploited
to prepare other conformationally rigid peptides such as RGD
peptidomimetics constrained into y-turn configurations.!
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