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During the course of recent efforts to explore the scope and
limitations of rigid-rod molecules as versatile biomimetiose
have observed giant ion channels formed at high voltages in planar
lipid bilayers with a lifetime of less than 0.1 ms (Figure 1'A).
The proposed structure of this voltage-dependent ion channel, i.e.,
self-assemblyl", could not be further studied because of its
transient nature, and design and synthesis of more stable analogues
was essential to determine structure and activity of toroidal rigid-
rod supramolecules. The use of interdigitating peptidic side chains
to establishB-sheets between rigid-rod scaffolds (e2j,,Figure
1A) was particularly inviting because many biological toroidal
supramolecules have been shown to consist-barrels? and
cylindrical 5-barrels formed by self-assembly of synthetic circular 7
peptides have been studied extensivelost importantly, the )
feasibility to create supramolecular, antiparalfgisheets by 2" = NHyleu-Ac-O- oo
interdigitation has been demonstrated in an elegant model $tudy, T -O-Ac-Leu-NH, (@ = Na*)
ar_1d th_e formation ()_;B_-sheets in, €.92" is further Ilk_el_y to oceur Figure 1. (A) Hypotheticatoroidal rigid-rod supramolecules with lateral
with high cooperativity because of the preorganizing rigid-rod  gige chains containing vicinal dioldc or peptides 27). (B) Self-
scaffold. Itis further interesting to note that despite their functional ;gsembled dimez2.
versatility in biological systemss-barrels have attracted little
attention for biomimetic modeling of complex biomolecules such Scheme %
as ion channel proteiris: Here we wish to report a model study Ro

i - - S Ry Ry Ry
to define the minimal requirements f@rsheet formation inbe-
tween rigid-rod scaffolds, focusing on self-assembled, presumably Q O O O Q O O Q
dimeric rigid-rod ionophore? (Figure 1B)’ Ro R, R, Ry

The rigid-rod octamer& and3 were prepared from octa- and
tetraanisolesgt? and 5, respectively (Scheme 1). While tetra-

2% == NHpleu-Ac-O-
-O-Ac-Leu-NH,

Leu 3 was readily prepared from tetraanisdeby aryl ether a[_ 5: Ry =Me, Ry = OMe 4: Ry =Rp=OMe ] e)
cleavage, conversion of tetrapherto tetraglycolate7, ester o[ 6: Ry =Me, Ry = OH 11: Ry =R, =OH )
hydrolysis, and amide formation of the resulting tetra@gisevere ol 7: Ry = Me, Ry = O-Ac-OMe 9: Ry = Ry = O-Ac-OMe <—II )
solubility problems with octamethylglycolagerequired modifica- p 8: R; = Me, Ry = O-Ac-OH 10: Ry = Ry = 0-Ac-O-Bu n
tions of this sequence to prepare octa-2eln sharp contrast to )E_» 3: Ry =Me, Ry = O-Ac-Leu-NH, 12: Ry =R, = 0-Ac-OH )
methylglycolated, the correspondintgert-butyl esterl0 (obtained 2:R; =Ry =0- Ac_Leu_ND H
from octaphenol1l and tert-butyl bromoacetate) exhibited 1: Ry = Ry = OCH,CHOHCH,0H
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Figure 3. Change in fluorescent intensity of EYPGUV entrapped
— HPTS as a function of time after the additiondfsolid; curve a: uM,
21234 curve b: 500 nM, curve c: 100 nM} (dotted; curve d: 3@&M), and
%‘ 1073 2122122316 | 2|122142~24 melittin (dashed; curve e: 30 nM) followed by 20 of 0.5 M NaOH
< 11\ 21250 (PHowt = 7.4, pHy = 6.4; 10 mM NaHPQy/NaH,PQ,, 100 mM NaCl).
£ 2125.6 Intravesicular pH was monitored ratiometrically ¥ 15 (1em = 510 nm,
-~ 2126.0 Aex= 460 nmM)l, (Aem= 510 nM,Aex = 405 nm)] and normalizeg(l; —
[6 N;+]6+ 10)/(le — 10)] x 10098 . |, was determined by adding S of 1.2%
| —— Triton X-100.
723 1423 J
e - L | Ij r concentrationsvere sufficient to mediate rapid intravesicular pH
900 1500 2100 2700 char!ges (Figure 3.).. lon transport Bywas > 75-times more gnd
m/z (amu) ~3-times less efficienthan that by3 and the pore forming

melittin, respectively. The linear dependence of transport rates
with respect to the concentration @fis consistent with the
incorporation of preformed dimé® as indicated by the spectro-

independent circular dichroism (CD) spectr@diirther supported ~ SCopic data. _ o
B-sheet formation and thus self-assembly in, e.g., water as well ~ The ionophoric properties & implied by ESI-MS as well as
as egg yolk phosphatidylcholine (EYPC) bilay@Bisignate CEs transport experiments, were further corroborated by picrate

Figure 2. (A) CD spectra of octa-Led (solid) and tetra-Le3 (dashed).
(B) ESI-MS of 2 (MeOH/0.1% HCOOH).

centered around thé_ /'L, absorptions at 312 nihimplied extraction’ Comparison of the relative concentrations of picrate
exciton coupling, i.e., stereoselective organization of the rigid- and oligophenylen2 after extraction of solid sodium picrate into
rod chromophore (Figure 2AY. CDCl; containing 3.8 mM2 revealed a N&2 ratio of 1.2+ 0.1.

In light of mounting evidence for the identity of gas-phase This indicates that 2 to 3 cations are bound within fharrel
complexes seen in ESI-MS with those in solutithe four major of dimer2?, which thus may represent an intriguing self-assembled
peaks for2 strongly supported the presence of ionophoric dimers “cation-wire™? capable of spanning the hydrophobic core of
(2) and the absence of trimeric or higher oligomers in solution EYPC bilayers.

(2", Figure 2B). The increasingly poor resolution of the isotopic  In summary, the above results imply that, in sharp contrast to
patterns with multiple charges, shown for the doubly charged peak tetra-Leu3, rigid-rod octa-Leu2 forms stable, mainly (or even
aroundm/z2123.4, is in full agreement with this conclusion. Tetra- exclusively) dimeric rigid-rogg-barrels with ionophoric properties
Leu 3 was only measurable as monomer with negative detection (22), capable of mediating efficient ion transport across lipid
mode. bilayers. Studies toward larger toroidal rigid-rod supramolecules

Consistent with ESI-MS results, the absence of toroidal Similar to2" are ongoing.
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