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Abstract: Studies on the usefulness of rigid-rod molecules to address pertinent questions of biological rele-
vance are summarized. Emphasis is placed on (a) the supramolecular functional plasticity of p-octiphenyl
B-barrels expressed in molecular recognition (adaptable synthetic hosts), molecular translocation (adaptable
synthetic ion channels) and molecular transformation (esterases, RNases), (b) molecular recognition of po-
larized membranes by rigid push-pull rods, as well as (c) the synthetic organic chemistry of rigid-rod mole-

cules.
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The research theme dfie Matile group form antiparallelp-sheets and cylindrical
is to explore the usefulness of rigidself-assembly directed by the non-planar
rod molecules in bioorganic chemistryarene-arene torsions in tipeoligophenyl
p-Oligophenyls were selected as modéstave’yields rigid-rod3-barrelsl.
rods to initially limit the overwhelming The discovery of this versatile synthetic
scope of this novel theme in bioorganicoute to the otherwise poorly accessible
chemistry. Thesp-oligophenyls were syn- 3-barrel tertiary structure was the starting
thesized to verify, in many variations, thgoint to exploit the inherenfunctional
captivating promise of bioorganic chemplasticity[2] of this motif beyond pure pep-
istry of rigid-rod molecules,e. that mini- tide chemistry [8-23] (Fig. 2). Thstruc-
mized molar entropy with regard to axiatural plasticity of rigid-rod p-barrels with
deflection and compression will maximizeregard to both barrel length and barrel di-
the preorganization of supramolecular aameter has been reviewed in an earlier spe-
chitecture in complex systems. Several asial issue of CHIMIA [3].
pects of bioorganic chemistry of rigid-rod The functional plasticity of rigid-rod
molecules have been reviewed previousf-barrelsl is designed based on a very sim-
[1-4]. ple, general and reliable correlation be-
Rigid-rod B-barrels have evolved as anween the chemical nature of barrel interior
important research topic from early studand exterior on the one hand and peptide
ies on one-dimensional hydrogen-bondegrimary structureABCDEF on the other.
chains [5] and catiome ‘slides’ [6] estab- Namely, the formation of antiparallel
lished alongp-oligophenyl scaffolds to se- (3-sheets firmly orients the amino acid side
lectively transport protons and potassiurnhainsBDF andCE in opposite directions.
cations across bilayer membranes [1][7]The graphical illustration of this rigid
The general structuteof these barrel-stave topology in Fig. 2 exemplifies the HL-
supramolecules [2] is shown in Fig. 1.  repeat in rigid-rog3-barrellc. Preferential
Rigid-rodB-barrelsl are synthesized by peripheral crowding during cylindrical self-
conventional coupling of the N-terminus ofassembly off3-sheets intop-oligophenyl
short peptides with lateral carboxylate§-barrels finally places residuB®F at the
placed along the rigid scaffold ip-oc- outer and residue€E at the inner barrel
tiphenyl 2. The yield of this reaction variessurface.
as the physical properties of theoc- All functions of rigid-rod B-barrels
tiphenyl octapeptide3vary with each pep- known today have been designed according
tide sequence. Intermolecular interdigitato this binary correlation between primary
tion of the peptide strands in monom@te and tertiary structure. In general, water-sol-
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Fig. 1. Synthesis of rigid-rod p-barrels from p-octiphenyl rods (peptide synthesis, protection-deprotection steps and other details are omitted
for clarity). Details on B-barrel suprastructure are specified in Fig. 2.

uble barrels with internal hydrophobicrigid-rod 3-barrel1c with ion channel, es- not the negative 4i) dipole terminus
channels 1h+) require external hydro-terase, RNase, and fibrillogenic activityshows that a subtle combination of charge
philic residuesBD) and internal hydropho- The first practical sensing applications wiltranslocation plus dipole—potential interac-
bic residues €). Reversed amphiphilicity be reported soon [15]. tion rather than overall rod asymmetry gov-
(BDF = hydrophobic,CE = hydrophilic) Another important topic within the gen-erns the recognition of weakly polarized
gives artificial ion channelsl&-g) with eral theme of the Matile group focuses omembranes. This difference in activity of
high, indeed remarkable reliability, also bethe recognition of polarized bilayer memstructural isomerdv and4vi helps to better
cause the length of theoctiphenyl stave branes by rigid push-pull rods [4]. This isunderstand why melittin (a pore-forming
matches the thickness of common lipid bief interest because plasma membranes amfhelical peptide from bee venom) is a
layer membranes very well [5][24]. Gram-positive and -negative bacteria havexin, whereas the very similar magainin
The possibility to install active sitesunusually high, inside-negative membran2 (isolated from frog skin) is a natural an-
within the ion-conducting pathway by vari-potentials and today’s level of antibiotic retibiotic. In the more recent push-p@Hbar-
ation of internal residueS andE is so far sistance calls for new antibacterials on theel 4vii, high cell membrane recognition
unigue for synthetic ion channels. It attractane hand and a better understanding of ioprovided by push-pull rodgt-4vi, Fig. 3)
ed our interest because it made the fundehannel forming natural antibiotics on thés supramolecularly amplifiech(= 4) and
mental shift of attention from biomimickry other. unified with the high activity of rigid-rod
toward practical applications of ‘multifunc-  Rigid push-pull rods are exceptionallyB3-barrel ion channelg (Fig. 2).
tional’ synthetic ion channels as drugs, senvell suited to explore membrane recogni- Another important topic in the Matile
sors and catalysts envisionable, also on ttien mechanisms (Fig. 3). Their axial digroup is synthetic organic chemistry of
single-molecule level. Realized examplepole, created with terminaft acceptors rigid-rod molecules. To exemplify these
in these directions include binding of 8-X-Y andttdonors X, is not subject to confor-studies, the general route to asymmetric
pyrenyl-1,3,6-trisulfonates by interndld mational changes. Also unlika-helical p-octiphenyl rods4 (Fig. 3) developed in
or peripheral1b) histidinesa-helical pep- dipoles, it can be ‘switched-off’ withoutthe Geneva labs is shown in the Scheme.
tides by internal arginine—histidine dyadglobal structural changes. Recognition ant@he synthesis begins with bipherdd, a
(1d, 1¢), and oligonucleotide duplexes bydepolarization of polarized bilayer memversatile (and therefore cheap) stain known
internal lysines1g) with nanomolar disso- branes by rigid push-pull rods with differ-as ‘Fast Blue B salt’. Key steps in the syn-
ciation constants. lon channels with aniorent combinations of cyandij and sulfone thesis of asymmetric rodkare a ‘Suzuki-
ic interior (Lf) bind inorganic cations, (4iii, 4v-vii) acceptors and methoxyt{ oligomerization’ of biphenylglb and4cto
whereas the resulting metallopores with indvii) and sulfide 4iii, 4v, 4vi) donors ‘jump’ directly to the diiodinatedp-sexi-
ternal M¢*-aspartate complexes bind ordemonstrate irrelevance of the chemical nghenyl4d, and more Suzuki-couplings with
ganic anions such as ATP, phytate, heparityre of the axial rod dipole for operationabcceptoddf and dono#ig to reach am-oc-
thiamine pyrophosphate and poly((4-phodipole—potential interactions. Loss in celtiphenyl level with quite complex substitu-
phonophenyl)acetylene). Maximal funcmembrane recognition with an additionalion pattern. Attachment of the lateral side
tional plasticity was so far realized forpositive charge near the positivév) but chains in the last step of the multisfepc-
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Fig. 2. Functional plasticity of rigid-rod B-barrels. Rational design is based on translation of peptide primary structures (or sequences) ABCDEF
into antiparallel 3-sheet secondary structures (exemplified with ABCDEF = GLHLHL) and p-octiphenyl B-barrel tertiary structures. The B-barrel
structure shown is an axial view of the side view in Fig. 1 with distances as in molecular models. n = number of p-octiphenyls per barrel [3]. One-

letter abbreviations are used for amino acids; G = -OCH,CO-.
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Fig. 3. Molecular recognition of polarized (host-guest complex 5) compared to unpolarized (host-guest complex 6) by rigid push-pull rods 4 but
not their symmetric analogs together with their respective ion channel activity. n = number of p-octiphenyls per ion channel. G and LKL as in

Fig. 2.
R Pd(PPhg)4 | Y Y
/O N32003 RO
D o ® J , O
O > O 4-Y-Ph-B(OR), (4f) RO @ RHNZN-O 0
o oR 4*-Ph-B(OR); (4g)
Pd(PPhs),
R RO
O NazCOs O O NHR
OR R-NH, o] oY
—_—
4a: R = N,CI RO HBTU, TEA g0 ©
K1 (70%) : 2
ab:R=1 (20-70%)
OR =
4,4,5 5 tetramethyl- RO Q O O
[1,3,2]-dioxaborolane OR 1) o’\rNHR
PdCl,(dppf) (69%) O RO O RHNJK’O O 0
4c:R= | OR
o] 0 O NHR
%-B. - 4d: R =CH;, OR o™
e} 1. BBrg . 4e: R = CH,COOt-Bu o
2. BICH,CO0Bu O O
082003
(84%) X X
TFA 4h: R = CH,COO-Bu
(quant) = 4j: R— CH.COOH Afii-viii

Scheme. Synthesis of push-pull p-octiphenyls 4 from commercial biphenyl 4a. The step p-sexiphenyl 4e to p-octiphenyl 4h is a simplifying gen-
eralization of several different approaches specified in the corresponding references; some protection-deprotection steps are omitted for clarity.
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tiphenyl synthesis4]j — (4iii—viii)] is the [11] A. Som, S. Matile,Eur. J. Org. Chem.
most important advantage of the employed 2002 3874-3883.
strategy because it secures full flexibility(12] B. Baumeister, S. Matilélacromolecules

) ; . 2002 35, 1549-1555.
for bioorganic studies. [13] G. Das, L. Ouali, M. Adrian, B. Baumeis-

p-Octiphenyl2 (Fig. 1) is another ex- ter, K.J. Wilkinson, S. Matile Angew.

ample for the synthesis of rigid-rod mole- Chem., Int. Ed2001 40, 4657—4661.
cules developed and refined in the Matilg14] N. Sordé, S. MatileJ. Supramol. Chem
group [10]. These examples may (re)con-  in press.
firm that it is the ability to maken princi-  [15] G. Das, P. Talukdar, S. Matil8ciencein
ple, any desired molecule from scratch th press. .
will always be the distinguishing character1°] l’?s'hggm' P. Talukdar, S. Matile, unpub-
i_StiCS Qf bjoorgani_c Chemis_ts Compare_d 1917] G. Daé, S. MatileProc. Natl. Acad. Sci.
life scientists relying on biotechnological USA2002 99, 5183-5188.
means. In other words, the purpose ofi8] G. Das, H. Onouchi, E. Yashima, N. Sakai,
bioorganic chemistry is to strengthen, ex- S. Matile, ChemBioChem 2002 3,
pand, and enrich (rather than weaken or  1089-1096. _ _
even change) the field of organic chemistryl19] B- Baumeister, N. Sakai, S. Matifngew.
This ‘mini-account’ was, in part, written Chem., Int. £d200Q 39, 1955-1958.

. o . [20] N. Sakai, B. Baumeister, S. Matilehem-
Wl_th the specific aim to _|Ilustrate our com- BioChem200Q 1, 123-125.
mitment to and enthusiasm for such intef21] B, Baumeister, S. MatileChem. Eur. J.
grating educational philosophy. Namely, 200Q 6, 1739-1749; G. Das, S. Matile,
that undergraduate students, graduate stu- Chirality 2001, 13, 170-176.
dents, and postdoctoral fellows in bio{22] B. Baumeister, S. Matil&hem. Commun.
organic chemistry have the chance to gain _ 2004 913-914. o
expertiseto make and to studyew mole- [23] G. Das, N. Sakai, S. MatileChirality

. 2002 14, 18-24.
cules (here: rods) and SuPramOIeCUIeﬁq B. Ghebremariam, V. Sidorov, S. Matile,

(here: barrels) of biological relevance. Tetrahedron Lett1999 40, 1445—1448.
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