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While topologically chiral motifs are commonly observed in
nucleic acids, there are hardly any examples of proteins and
polypeptides that exhibit knots or links in their structufés\
recent survelyof the X-ray structures deposited in the Brookhaven
Protein Data Bank has brought out the significance of the
presence of multiple disulfide bonds in proteins and polypeptides
with topologically important features. Our recent repatfta
family of novel macrocyclic membrane ion carriers containing
cyclic repeats of adamantane and cystine units in 26-, 39-, 52-,
and 65-membered rings and the presence of increasingly large
number of disulfide linkages in the rings suggested that the
higher members of this family may exhibit topologically
significant feature§.

In this paper, we report the “figure-eight” (double-helical
arrangement) motif in the solid state structure of cyclo(Adm-
Cystk, [Adm = 1,3 adamantane dicarbonyl unit and Cyst
L-cystine dimethyl ester] where the 39-membered-[3] cyclic
peptidel contains three SS linkages. Moderate and large
macrocycles formed by cyclization of peptides have rarely been
observed to form large open porfesMuch more frequently,
the interior space in the macrocycle collapses to some minimum
space, accompanied by folding of the backbone and formation
of intracyclic NH--OC hydrogen bond!® The present
moleculel assumes the topologically defined, “figure-eight”
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cystine units adopted a collapsed open ring structure, as shown
by its single crystal X-ray structufé.

It is of interest to note that the “figure-eight” motif could
have a left or a right disposition of the intercrossing helices,
Figure 3. The fact that only one arrangement is seed in
suggests control by the chirality of the cystine in the macrocycle
formation. The choice of a over b (Figure 3) is analogous to
the choice of right- or left-handed helices in linear peptides.
The backbone atoms form a right-handed helix when the side
chains have the-configuration at the € atoms and a left-
handed helix when the side chains have ttheonfiguration at

43 the C* atoms. In cases where thé &oms are rendered achiral
S3a by the presence of two GHjroups, both right- and left-handed
Figure 2. View of 1 down thez axis. Only the most prevalent of the  helices occur as shown, for example, in crystal structure analysis
disordered sites for S(3)S(3a) and the bonded GH (at the bottom of X-(Aib) -Y peptidest? Similarly, in the present case, there
of the macrocycle) are shown in all the diagrams. are six chiral @ atoms, two for each-cystine residue, that
predispose the figure-eight backbone to assume the conformation
a in Figure 3, rather than conformation b. Conformation b is
S, not favored, if not impossible, because the six COQE€lIdieties
that extend outward (Figure 1) would have to turn inward for
b and cause considerable steric interference.

g The demonstrated ion transport through a model bilayer
membrane suggests that should either form a complex by
()] encapsulating a Kion or aggregate to form an ion channel.
Figure 3. The presence of-substituents on the chiral “Catoms Thus far, a K complex has not been crystallized. _
(designated byD) results in the preference of (a) for the figure-eight In summary, the present work provides conclusive evidence

conformation of the backbone rather than (b). The heavy lines are abovefor the novel figure-eight motif that occurs only in one antipodal

the plane of the paper. If there were no chiral atoms in the macrocycle, form in a cyclic peptide. The present findings should prove

then conformation (a) could be twisted into (b). useful in the design of biologically important receptors with

predefined shapes. A detailed study pertaining to the design

N(3)H---O(1a) and N(3a)H-O(1) have N--O = 3.027 (-0.025) of conformationally constrained templated cyclic peptides

Aand H+-O=2.21 A. These are the only two hydrogen bonds containing multiple cystine units and a host of other amino acids

within the macrocycle. There also is only one pair of symmetric is in progress in our laboratories.
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The torsion angle around S@¥p(2) is +102. The third i i ) .

disulfide S(3)-S(3a) has a different environment than the other __SUPPorting Information Available:  *H NMR and 2-D ROESY

two. There is considerable space about the G{SI[B)-S(3a)- spectra ofl in CDCl;, CD spectra ofl in trifluroethanol, and structural

. details, including coordinates, bond lengths, bond angles, anisotropic
C(31a) moiety that allows these atoms to occupy a number of thermal parameters, and torsional angles for crykta3 pages). See

disordered sites. For the most prevalent position (occupancy any current masthead page for ordering and Internet access instructions.
about 0.4), the torsion angle for S{3%3(a) is neart+84°.
Disordered S'S moieties in crystals are not uncommnién. JA961741W

The need for maintaining a near orthogonal value for th&S (13) The appearance of only a single set of resonances for cystine and

dihedral angle and the ring size of the macrocycle, or in other adamantane protons in thél and 13C NMR spectra coupled with the
words the number of SS linkages in the ring, appear to be observation that these remain unaffected in the temperature range-of 20

: ; wfi aiqht” if i 90 °C indicated that the molecule has a single conformation in solution.
crucial factors for the attainment of a *figure-eight” motif in a The anti arrangement for the 1,3 adamanty! dicarbonyl functions seen for

cystine-containing cyclic peptide. The macrocythwith three the two symmetry equivalent adamantane units in the crystal structdre of
cystine units may have the optimum ring size required for the was also suggested by the enhanced ROE between the NH and the

adoption of this double-helical arrangement. This notion was @damantane methylene protons in the 2D ROESY spectrunfSifpporting
Information). The occurrence of a strong positive band at 213 nm in the

supported by the_ Qbservatior! that the 26-membered- [2] CD spectrum ofl (Supporting Information) indicated the presence of type
macrocycle containing alternating repeatsneftaphenylene and Il B-turng* which augurs well with the figure-eight conformation in the
solid state.
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(Comba, P.; Fath, A.; Hambley, T. W.; Richens, D.Ahgew. Chem., Int. (16) Karle, 1. L.; Ranganathan, D.; Haridas, V. Unpublished results.
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