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Side-Chain Conformational Changes of Some Amino
Acids and Dipeptides Having Aromatic Side Chains
Induced by Complexation with Cycloamyloses
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Cycloamyloses, well-known also as cyclodextrins, are a series
of cyclic oligosaccharides constructed from at least six units of
a-(1—4)-linked D-glucose. The most important property of cy-
cloamylose is its ability to admit a variety of guest molecules into
its hydrophobic cavity without any covalent bonds being formed.!-
Because of this property the cycloamyloses serve as models for
studying topochemical aspects and catalytic reactions of enzymes.
There seem to be no severe restrictions, other than size matching
and polarity, on the type of guest molecule to be included into
the cycloamylose cavity, although some examples of stereospecific
interactions have been reported.? There has been no experimental
evidence which indicates a conformational change of guest
molecule when it forms an inclusion complex with cycloamylose.

We report here the first observation of a conformational change
of a guest compound on the occasion of complexation with cy-
cloamylose by measurements of 200-MHz 'H NMR spectra. We
have chosen cyclohexaamylose (a-CD) and cycloheptaamylose
(8-CD) as hosts and p- and L-phenylalanines (Phe), L-tyrosine
(Tyr), L-phenylalanylglycine (L-Phe-Gly), and glycyl-L-phenyl-
alanine (Gly-L-Phe) as guests.* The 200-MHz 'H resonances
of the «-CH and 8-CH, protons of the Phe, Tyr, and Phe residues
in both dipeptides are analyzable as ABX-type spin systems. The
coupling constants are given in Table 1.6 The rotamer populations
for the side chain, estimated with the use of the recent approach
of Feeney’ and the Pachler approximation,® are also given in Table
I, with notation as given in Figure 1. In the free state the most

7393
R1 RZ Hx
Hy Hy Hy Hy H, Hy
Ry x 1R Ry
R R R
gt tg 99

Figure 1, Rotamer notation. L-Phe; R = CHs, Ry = COOH, R, =
NH,; p-Phe; R = C¢H;, R| = NH,, R, = COOH; L-Tyr; R = CH,OH,
R, = COOH, R, = NH,; Gly-L-Phe; R = CH;, R; = COOH, R, =
NHCOCH,;NH,; L-Phe-Gly; R = C¢H;, Ry = CONHCH,COOH, R,
= NH,. For pD-Phe, the namings of gt and tg are inverted.

stable rotamer is the gt one with the aromatic ring trans to the
carboxyl (Phe, Tyr, and Gly-L-Phe) or carbonyl groups (L-Phe-
Gly). These results are generally in agreement with the general
observations that the aromatic side chain has a tendency to orient
itself toward the amino terminal or to the NH group of the peptide
backbone.’

The complexation of the guest with 8-CD effects considerable
changes on the conformation of the side chain, The most stable
rotamer, gt, in the free state is still the one in the complexed state.
However, upon complexation, the gt rotamer becomes more
dominant and the tg and gg rotamers contribute less to the
side-chain conformation. The increase of gt rotamer population
is large in Tyr, Phe, and L-Phe-Gly but not large in Gly-L-Phe,
in which the gt rotamer is essentially the most stable one. The
complexation with a-CD induces a slight and negligible change
in the side-chain rotamer population of Phe. These findings can
be explained by using space-filling (CPK) models. When the guest
molecule forms an inclusion complex with 8-CD by insertion of
its aromatic ring into the CD’s cavity from the secondary hydroxyl
side,!3 the tg and gg rotamers become more and more unfavorable
because the bulky carboxylate anion approaches and severely
touches the rim of the 8-CD torus. The repulsive electrostatic
interactions between the ionized secondary hydroxyl groups and
the guest’s carboxylate keep the latter away from the former; ie.,

Table I. 'H Coupling Constants and Rotamer Populations for the Side Chains of Amino Acids and Dipeptides and Their Complexes
with Cycloamyloses®
coupling constnats, Hz rotamer populations®
guest, host JaB Jax JBx gt tg gg

L-Tyr, none 13.8 7.2 5.2 0.45(0.42) 0.23 (0.24) 0.32(0.34)
L-Tyr, g-CD 13.8 9.2 4.4 0.69 (0.60) 0.20 (0.16) 0.11(0.24)
D-Phe, none 13.6 7.5 5.6 0.48 (0.45) 0.30 (0.27) 0.22(0.28)
D-Phe, o-CD 13.6 7.5 5.5 048 (0.45) 0.28 (0.26) 0.24 (0.29)
D-Phe, §-CD 13.3 8.9 4.6 0.65 (0.57) 0.22 (0.18) 0.13 (0.25)
L-Phe, none 13.5 7.4 5.6 0.47 (0.44) 0.29 (0.27) 0.24 (0.29)
L-Phe, o-CD 13.6 7.5 5.5 0.48 (0.45) 0.28 (0.26) 0.24 (0.29)
L-Phe, g-CD 13.3 8.9 4.6 0.65 (0.57) 0.22 (0.18) 0.13 (0.25)
L-Phe-Gly, none 13.3 7.1 6.3 0.42(0.41) 0.37 (0.34) 0.21 (0.25)
L-Phe-Gly, §-CD 13.4 8.4 4.8 0.59 (0.53) 0.23 (0.20) 0.18 (0.27)
Gly-L-Phe, none 13.9 8.7 4.9 0.62 (0.55) 0.25 (0.21) 0.13 (0.24)
Gly-L-Phe, §-CD 14.0 9.1 4.6 0.67 (0.59) 0.23 (0.18) 0.10 (0.23)

% The notation is given in Figure 1. b The rotamer populations were obtained by the Feeney’ and Pachler® (in parentheses) approxima-
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the gt rotamer becomes more probable. The introduction of the
Gly residue to the amino or carboxyl side of L-Phe does not seem
to affect the complexation-induced conformational change of the
side chain, which provides additional confirmation that electrostatic
interactions rather than steric ones play the dominant role.

In the case of complexation with «-CD, the penetration of the
phenyl ring into the cavity is shallow® and the carboxyl group is
sufficiently far away from the CD rim to avoid severe contact even
in the tg and gg rotamers. We cannot find any enantiomeric
differences for the complexation of L- and D-Phe with a- and
B-CDs. This seems reasonable from examination of molecular
models since no differences in structural features other than
chirality are found. From this standpoint, it can be said that
cycloamylose is a better, but not the best, model for enzymes.!®
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An oligonucleotide derivative possessing a structural feature
that enhances binding of the oligomer to complementary sequences
in a polynucleotide has interest as a potential site-specific inhibitor
(or promoter) of enzymatic processes involving the polynucleotide.
We describe in this Communication a model compound, 1, de-
signed to test the concept that a fragment capable of intercalating
in the base pair pockets of DNA can serve as such a structural
feature.

Selection of 1 for study was stimulated by the observations that
the “melting temperature”, Ty, of a double-stranded poly-
nucleotide is increased when ethidium or related substances in-
tercalate,! that ethidium intercalates even in dinucleotide pockets
at sufficiently high concentrations,? and that an intercalator with
two binding sites (i.e., a bis-intercalator) forms a much tighter
complex with DNA than one with a single binding site (a
mono-intercalator).? Molecular models indicate that the linker
arm in 1 should permit the phenanthridinium moiety to fold back
and insert into the pocket formed by the adjoined nucleoside bases
and the complementary bases in a polynucleotide (see 2 for a
schematic representation). In effect, the local concentration of
the ethidium-like group is alway high in the vicinity of the di-
nucleotide. Compound 1 may therefore be viewed as a simple
representative of an oligonucleotide derivative with two types of
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binding sites that could act cooperatively, the phenanthridinium
ring and the pyrimidine bases. Alternatively, 1 is of interest as
a model for a biologically active substance (the diamino-
phenanthridinium ring) with a covalently attached recognition
system that could direct the active agent to a given nucleotide
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As outlined in Scheme I, compound 1 was obtained by con-
structing the nucleotide portion (5) and the phenanthridinium unit
(8) and then linking these two fragments via an amide bond. For
synthesis of 5, 2-chlorophenyl phosphorodichloridite (0.9 equiv)
in 2:1 THF-CsH N was treated successively with triazole (3 equiv,
5 min), 5-O-(phenoxyacetyl)thymidine (1 equiv, =78 °C, 20 min),
and 3’-0-(di-p-methoxytrityl)thymidine (0.5 equiv, =78 to 0 °C,
30 min).* The resulting phosphite was converted without isolation®
to phosphoramidate 4 by reaction with excess ethyl azidoacetate
and water in THF (room temperature, 40 h)’, and 4 was converted
to § by treatment with excess 1,4-diaminobutane in dioxane (40
°C, 40 h). The phenanthridinium unit was prepared from 2-
aminobiphenyl by adaptation of reported procedures.’*® Nitration
(H,S0, and KNO;, 5 °C, 4 h), aroylation with 4-cyanobenzoyl
chloride (90 min in refluxing C;HCl), and cyclization (POCl;,
2 h in refluxing CsHsNO,) gave phenanthridine 7. Methylation
(Me,S0O,, 180 °C in CgHsNO, for 1 h), hydrolysis of the nitrile
(75% aqueous H,SOy, 130 °C, 90 min), reduction of the nitro
groups (Fe-0.03M HBr, 3 h at reflux), and esterification with
nitrophenol (DCC in 3:1 DMF-CH;N, 6 h) yielded the active
ester 8. Compound 12 was then obtained by reaction of equimolar
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