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Self-assembly of molecular building blocks — from structures to

functions

Arne Litzen*

Rheinische Friedrich-Wilhelms-Universitat Bonn, Kekulé-Institut fir Organische Chemie und
Biochemie, Gerhard-Domagk-Str. 1, D-53121 Bonn

e-mail: arne.luetzen@uni-bonn.de

Nature uses hierarchical self-self-assembly processes of (macro-)molecular building blocks
in order to generate sophisticated molecular architectures that can fulfil complex functions
and so do supramolecular chemists. Interactions that have been extensively used in
supramolecular chemistry are hydrogen bonds and 1r-1r-stacking but also the coordination to
metal centres and C-H-tr-interactions. The use of the latter two interactions to create artificial

assemblies will be the focus of this talk illustrating some examples from our work.

X,Y = OMe, Cl, CN, NH,, NMe,, NO,

Starting from the formation of discrete aggregates like metallosupramolecular macrocycles
and capsules from dissymmetrical ligands which have been found to have interesting

stereochemical properties! we will make a journey all the way up to organic materials.

The latter are e.g. well defined and mutually aligned fiber-like nanoaggregates with
interesting optical properties that are formed in dipole-assisted self-assembly processes

upon vapour deposition of T-conjugated oligomers on muscovite mica surfaces.”

[1] a) T.Weilandt, U. Kiehne, J. Bunzen, G. Schnakenburg, A. Litzen, Chem. Eur. J. 2010, 16, 2418;
b) N. Dalla Favera, U. Kiehne, J. Bunzen, S. Hytteballe, A. Litzen, C. Piguet, Angew. Chem. Int.
Ed. 2010, 49, 125.

[2] a) M. Schiek, F. Balzer, K. Al-Shamery, A. Litzen, H.-G. Rubahn, Soft Matter 2008, 4, 277;
b) M. Schiek, F. Balzer, K. Al-Shamery, J. Brewer, A. Litzen, H.-G. Rubahn, Small 2008, 4, 176.



Gas-Phase H/D-Exchange Reactions for the Examination of

Supramolecular Structure and Reactivity

Christoph Schalley*

Freie Universitat Berlin, Institut fiir Chemie und Biochemie, Takustr. 3, 14195 Berlin
e-mail: c.schalley@schalley-lab.de

Inside ESI-FTICR mass spectrometers, bimolecular reactions with mass-selected non-
covalent complex ions can be conducted. One prominent example is the exchange of labile
hydrogen atoms by deuterium in reactions with exchange reagents such as ND3;, CH;0D, or
CH3;COOD.

The talk will provide two examples. The first one discusses gas-phase H/D-exchange
experiments that show crown ethers to directly walk along the periphery of oligolysine
peptide chains or dendrimers. The second example provides not only mechanistic
information, but also structural insight: Resorcinarene dimers are closed capsules in the gas
phase as long as the guest cation is small enough. In H/D-exchange experiments, they show
a quite unexpected behavior, which can be explained by a concerted Grotthuss-type

mechanism reminiscent of proton transport through water.

18C6

NV\VNHZ :
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Figure 1. "Spacewalk" of 18-crown-6 on a dendrimer (left) and HDX on a resorcinarene dimer (right).

[1] D.P. Weimann, H.D.F. Winkler, J.A. Falenski, B. Koksch, C.A. Schalley, Nat. Chem. 2009, 1 573
[2] H.D.F. Winkler, D.P. Weimann, A. Springer, C.A.S., Angew. Chem. Int. Ed. 2009, 48, 7246-7250
[3] H.D.F. Winkler, E.V. Dzyuba, J.A.W. Sklorz, N.K. Beyeh, K. Rissanen, C.A.S., Chem. Sci., subm.



Strong Binding of Hydrocarbons to Cucurbiturils in Aqueous
Solution Probed by Fluorescent Dye Displacement:
A Supramolecular Gas-Sensing Ensemble

Werner M. Nau and Mara Florea

Jacobs University Bremen, School of Engineering and Science,

Campus Ring 1, 28759 Bremen
e-mail: w.nau@jacobs-university.de

There is an increasing interest in the development of supramolecular chemistry
methodologies for gas sensing. Macrocyclic molecules, such as calixarenes, cyclodextrins,
and cucurbiturils can be perceived as attractive receptors for gas recognition due to their
spherical cavity of well-defined size, which should result in a sizable selectivity towards the
gases of interest. The cucurbituril family stands out in this context due to its rigid and
hydrophobic cavity.”? The hexamer and original macrocycle, cucurbit[6]uril (CB6), is the most
attractive for gas sensing due to its intermediary size, which should be capable of sensing
gas molecules up to 7 heavy atoms or 110 A® volume in its inner cavity. Unfortunately, CB6
displays ver?/ poor water solubility (30 uM or less), which limits the routine investigation of
gas binding.?

We have recently developed a strategy for the design of fluorescent dyes, which bind to CB6
and generate a readily detectable fluorescence response.” This allows us now to monitor
gas binding with high sensitivity at low (uM) CB6 concentrations in neat aqueous solution
(Scheme 1). Particularly, we employed our system to investigate the complexation of low-
molecular-weight hydrocarbons and inert gases with CB6. Additionally, the sensing
methodology could be transferred and implemented for a systematic investigation of higher
hydrocarbons with the larger analogue cucurbit[7]uril (CB7). We observe strong, highly
selective binding.

/
~ -
- -~
/i\
- %
NH
+ Gas = +
*N
Dye - CB6 Gas « CB6 "

Scheme 1. Gas sensing in aqueous solution using CB6 and a fluorescent dye derivative.

[1] (@) D. M. Rudkevich, Angew. Chem. Int. Ed. 2004, 43, 558-571. (b) D. M. Rudkevich, Eur.
J. Org. Chem. 2007, 3255-3270. [2] (a) K. Kim, N. Selvapalam, D. H. Oh, J. Incl. Phenom.
Macro. 2004, 50, 31-36. (b) J. Lagona, P. Mukhopadhyay, S. Chakrabati, L. Isaacs, Angew.
Chem. Int. Ed. 2005, 44, 4844-4870. [3] C. Marquez, R. R. Hudgins, W. M. Nau, J. Am.
Chem. Soc. 2004, 126, 5806-5816. [4] A. Praetorius, D. M. Bailey, T. Schwarzlose, W. M.
Nau, Org. Lett. 2008, 10, 4089-4092.



Control of Coordination and Covalent Self-assembly

Evgeny A. Katayev,* Markus B. Schmid, Grigory V. Kolesnikov

University of Regensburg, Universitaetsstr. 31, 93040 Regensburg
e-mail: evgeny.katayev@chemie.uni-regensburg,de

One of the biggest challenges in supramolecular chemistry is the control of self-assembly in
order to obtain desired structures with desired properties.! Nature can easily perform this
with the help of templates, it builds functional molecules in response to external stimuli or
environmental factors. The self-assembly of building blocks using reversible covalent bonds
under thermodynamic conditions in the presence of a template has proven to be an excellent
method to generate molecules with desired structures and new properties.”” In our work we
explore the control of self-assembly using coordination and covalent bonds. The access to
molecules 1 and 2 (Fig.1) were gained only using templates - amines and hydrogensulfate
anion, respectively. Different analytical tools were used to evaluate major driving forces for
selective formation of a product, binding properties of new molecules, and the influence of

the amount of a template and sequence of addition of reagents on the reaction yields."
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Figure 1. The structures of compounds which were prepared using templated self-assembly.

[1] G. M. Whitesides, M. Boncheva, Proc. Nat. Acad. Sci. 2002, 99, 4769..

[2] S.J. Rowan, S. J. Cantrill, G. R. L. Cousins, J. K. M. Sanders, J. F. Stoddart, Angew. Chem. Int.
Ed. 2002, 41, 898.

[3] E. A. Katayev, M. B. Schmid, Dalton Trans., 2011, in press



Chiral Concave N-Heterocyclic Carbenes
Tim Reimers?, Ulrich LUning®*
Christian-Albrechts-Universitat, Olshausenstrale 40, 24098 Kiel
e-mail: treimers@oc.uni-kiel.de, luening@oc.uni-kiel.de

In the last two decades, N-heterocyclic carbenes (NHC) have gained large interest. They are
widely applied in organocatalysis and also as ligands in transition metal catalyzed reactions,
e.g. Grubbs’ Second Generation Catalyst.™) Due to their versatility, a control of their reactivity

and selectivity is desirable.

For example, the incorporation of an NHC in a concave bimacrocycle was realized by
Winkelmann (for precursor see structure A). The influence of the concave shape of the
catalyst in respective reactions has already been shown.”? In order to achieve enantio-
selectivity, axial chirality was created by exchanging a phenyl bridgehead for a naphthyl unit

(structure B).
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Figure 1. Three concave NHC precursors: A is achiral, B and C are axially chiral, but only C is
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configurationally stable.

If the backbone of the NHC precursor is not modified, a rotation of the N-heterocycle along
the Ca-N bond is observed. This leads to an equilibrium of the two enantiomers at room

temperature and separation is not possible.®?

This contribution shows an approach to avoid the rotation by adequate substitution to reach
configurational stability. The synthesis of a respective axially chiral bimacrocycle has been
accomplished (structure C).P! The stabilization of the configuration has been proven by NMR
experiments and by chiral HPLC. The application of axially chiral bimacrocyclic N-hetero-

cyclic carbenes in asymmetric supramolecular catalysis is the final goal.

[1] M. Scholl, S. Ding, C. W. Lee, R. H. Grubbs, Org. Lett. 1999, 1, 953-956.
[2] O.Winkelmann, U. Liining, Supramol. Chem. 2009, 21, 223-229.
[3] T.Reimers, C. Nather, U. Luning, Eur. J. Org. Chem., DOI: 10.1002/ejoc.201001367.
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Rational design of heteroleptic complexes as small models

for large supramolecular coordination compounds

A. C. Schulze1, |. M. Oppel1

Institute for Inorganic Chemistry, Rheinisch-Westfaelische Technische Hochschule Aachen,
Landoltweg 1, 52074 Aachen, Germany

e-mail: Carina.Schulze@ac.rwth-aachen.de

We are interested in the coordination chemistry of differently modified derivatives of the C; symmetric
ligand Tris(2-hydroxybenzylidene) triaminoguanidinium chloride (Figure and Table), which can exist in
four different conformations (aaa, aas, ass, sss). In the aaa conformation the ligand is able to
coordinate three metal centres in tris-chelating manner forming in this way building blocks which cover
nearly completely a triangular face " 2.

Discrete coordination cages with the outer shape of tetrahedra , an octahedron !, a trigonal
bipyramid  and a double-walled tetrahedron ! could already be formed using different metal ions as
Pd~, Zn*" or Cd*". In addition to these compounds, several ‘unexpected’ complexes with quite flexible
coordination modes at the metal centres were observed during the reaction of the ligand with e.g.
Ga*, zn** or Sn** ions ©.

[3, 4] 5]

Ry +
R4 R3

R, R, R3 abbreviations

“~ O H H H  [Hell
N

Br H H  [HeBrsl]

| H
HN N A R1
O N Br H Br  [HeBreL]"
N/NH HO RZ +
OH ’ | Br OMe Br [He(OMe)sBrel]
Ro O ’ Br H  OMe [H¢(OMe)sBrsL]"

Ry
R4

In order to learn more about the favoured types of connectivity in these systems and to simplify the
sometimes very complex results we decided to block one or two coordination sites of the ligand with
MPR,-fragments (M = Pd**, Pt**; R = Et, Ph) leaving two or only one site(s) vacant for the coordination
of a different metal centre like Cd** or Zn**. The resulting complexes and their characterisation is topic
of talk and the corresponding poster.

Acknowledgements: We would like to thank W. S. Sheldrick, C. Dietz and R. W. Seidel for support
and helpful discussions

[7]
(8]

. Oppel (neé Muller), K. Fécker, Angew. Chem. Int. Ed. 2008, 47, 402.
. Muller, D. Mdller, K. Focker, Chem. Eur. J. 2005, 11, 3318.

[11 1. M. Mdller, R. Robson, Angew. Chem. Int. Ed. 2000, 39, 4357.
[2] I. M. Mdller, D. Méller; Eur. J. Inorg. Chem. 2005, 257.
[3] I. M. Miiller, R. Robson, F. Separovic; Angew. Chem. Int. Ed. 2001, 40, 4385.
[4] I. M. Mdller, D. Mdller, C. A. Schalley, Angew. Chem. Int. Ed. 2005, 44, 480.
[5] I. M. Miller, S. Spillmann, H. Franck, R. Pietschnig, Chem. Eur. J. 2004, 10, 2207.
[6] I. M. Miller, D. Méller, Angew. Chem. Int. Ed. 2005, 44, 2969.
.M
.M
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Synthetic Receptors for Selective Molecular Recognition and Catalysis

Burkhard Kénig

Institut fir Organische Chemie, Fakultdt flir Chemie und Pharmazie, Universitdt Regensburg,
Germany

e-mail: burkhard.koenig@chemie.uni-regensburg.de

Gaining control over intermolecular interactions is essential for the development of selective
chemosensors and catalysts. We use reversible coordinative bonds, hydrophobic interactions and
hydrogen bonds to assemble chemosensors and sensory nanoparticles for the specific interaction
with peptides, protein surfaces and nucleotides. The combination of a binding site with a reporter
dye allows direct monitoring of recognition events, but conjugates of substrate binding sites and
chromophores are likewise useful as chemical photocatalysts mediating selective reactions under
visible light irradiation. The lecture will review some principles using coordinative bonds in
molecular recognition and discuss recent results from our laboratory in protein recognition, self-
assembly and chemical photocatalysis.

Functionalized liposomes as chemosensors

]

/
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o CO,Et N)'utBu O CO,Et
+ )\ 20 mol% H o
> H CO,Et
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hv =530 nm (LED), 18h

Asymmetric organophotocatalysis Guided self-assembly at surfaces

|
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D. A. Jose, B. Konig, Org. Biomol. Chem. 2010, 655-662. Polydiacetylene Vesicles Functionalized with N-
Heterocyclic Ligands for Metal Cation Binding

D. Amilan Jose, S. Stadlbauer, B. Konig, Chem. Eur. J., 2009, 15, 7404 — 7412. Polydiacetylene based
colorimetric self assembled vesicular receptors for biological phosphate ion recognition

D. Vomasta, C. Hogner, N. R. Branda, B. Kénig, Angew. Chem. Int. Ed. 2008, 47, 7644 - 7647. Requlation
of Human Carbonic Anhydrase | (hCAl) Activity by Using a Photochromic Inhibitor

B. Gruber, S. Stadlbauer, A. Spath, S. Weiss, M. Kalinina, B. Kénig, Angew. Chem. Int. Ed. 2010, DOI:
10.1002/ange.201001101. Luminescent Vesicular Chemosensors by Self-assembly of Amphiphilic Binding
Sites and Reporter Dyes

A. Riechers, F. Schmidt, S. Stadlbauer, B. Konig, Bioconjugate Chem. 2009, 20, 804-807.

Detection of protein phosphorylation on SDS-PAGE using probes with a phosphate-sensitive emission
response

M. Neumann, S. Flldner, B. Kénig, K. Zeitler, Angew. Chem. 2010, in print.

Metal-Free, Visible Light Cooperative Asymmetric Organophotoredox Catalysis

I. C. Rosnizeck, T. Graf, M. Spoerner, J. Trankle, D. Filchtinski, C. Herrmann, L. Gremer, I. Vetter, A.
Wittinghofer, B. Kénig, H. R. Kalbitzer, Angew. Chem. 2010, 122, 3918 — 3922.

Stabilizing a weak binding state for effectors in the human Ras-protein by small compounds

12



Switchable zwitterion induced self-assemblies
Schmuck, C. Essen/D

Carsten Schmuck, Universitat Duisburg-Essen, Universitatsstrasse 7,
45141 Essen, Germany

Our research focuses on the development, synthesis and evaluation of new
supramolecular systems which function in polar solvents and thus might have prospect
for applications. Currently our work mainly involves ionic interactions as a key non-
covalent bond." We have introduced guanidiniocarbonyl pyrroles as one of the most
efficient oxoanion binding motifs known so far relying on H-bond assisted ion pair
formation.? We study self-assembling zwitterions which form soft materials such as
vesicles, polymers or monolayers in polar solvents and on surfaces. For example,
recently we developed a supramolecular polymer based on a monomer with two
orthogonal self-complementary binding sites using either metal-ligand or ionic
interactions. In a hierarchical self-assembly process this molecule first forms ion paired
dimers which can be polymerized by the addition of metal ions.? Due to the necessity of
the zwitterionic protonation state for self-complementarity, self-assembly can be
switched on and off by addition of acid or base. Using similar principles we have also
constructed self-assembling dendrimers, based on a functionalized polyglycerol
dendron which form stable and monodispers dimers in water.* We also found that even
simple zwitterionic amino acid derivatives self-assemble in polar solution into vesicles
which again respond to an external stimulus (pH).° The lecture will discuss the
synthesis and study of such switchable zwitterionic self-assemblies.

Self-assembling dendrimers

self-assembly is switchable via the pH

HO OH

{
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- /
Ho M o 0
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C. Schmuck, Th. Rehm Chem.Commun. 2008, 801-813; Chem. Soc. Rev. 2010, 39, 35997-3611.
C. Schmuck, W. Wienand J. Am. Chem. Soc. 2003, 125, 452-459.

G. Groger, C. Schmuck et al. Chem. Commun. 2009, 698-700.

M. Merschky, C. Schmuck et al. Chem. Eur. J. 2010, 16, 14242-14246.

C. Schmuck, C. Mayer et al. Angew. Chem. Int. Ed. 2010, 49, 8747-8750.

AP ON -
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Hierarchical self-assembly of dinuclear helicates

Markus Albrecht

Institut fur Organische Chemie, RWTH Aachen University, Landoltweg 1, 52074 Aachen.
Markus.albrecht@oc.rwth-aachen.de

Helicate —type complexes with lithium ions as spacers are obtained in hierarchical self-
assembly processes from carbonyl substituted catechol ligands and titanium(lV), gallium(lll),
cis-dioxomolybdenum(VI) or boron(lll) in the presence of lithium ions. In solution the
“dimeric” compounds are in equilibrium with the monomers. The thermodynamics of the
dimerization process were investigated and the complexes were modified to introduce e.g.
chiral groups or dendritic side chains.
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(a) M. Albrecht, S. Mirtschin, M. de Groot, |. Janser, J. Runsink, G. Raabe, M. Kogej, C. A.
Schalley, R. Frohlich, 3. Am. Chem. Soc. 2005, 127, 10371; (b) M. Albrecht, M. Baumert, J.
Klankermayer, M. Kogej, C. A. Schalley, R. Frohlich, Dalton Trans. 2006, 4395; (c) M.
Albrecht, M. Fiege, M. Baumert, M. de Groot, R. Fréhlich, L. Russo, K. Rissanen, Eur. J.
Inorg. Chem. 2007, 609-616.
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Recognition requires structural constraint, requires low entropy! Right?

Andrei Ursu, Ashish Tiwari, Franz P. Schmidtchen

Department Chemie, Technische Universitat Mlnchen

Molecular associations do not necessarily furnish structurally well-defined host-guest com-
plexes. In fact, many instrumental methods currently in use to detect and quantify intermolec-
ular stickiness report on time- and position-averaged ensembles, thus preventing the immedi-
ate experimental assessment of the structural integrity. The distinction whether host-guest
binding results in a unique and exclusively populated complex or rather represents a rapidly
interconverting series of possibly quite different structures, however, is of utmost importance
for the function and use of the host-guest pair and therefore plays the leading role in the de-
sign of artificial receptors. For instance, the success of supramolecular applications like self-
assembly or organocatalysis depends on the unperturbed spatial arrangement of the host-guest
pair, whereas two-phase extractions or carrier-mediated transport across membranes have

more relaxed requirements in the positional correspondence of the binding partners.

N
S/f ):jfs
AP HORA A

N7 N N

o O

A B

One way to learn more about the structural fuzziness in supramolecular interactions takes the
global energetics as determined by calorimetry as a guide. Modern isothermal microcalorime-
try (ITC) allows the convenient and accurate, rapid and destructionless determination of ther-
modynamic state functions opening the door to inspect the role of entropy in host-guest com-
plexations. Guided by cases taken from the complexation of anions by abiotic receptors, e.g.
A and B, the magnitude, origin and influence of the entropy component in molecular recogni-
tion are evaluated. Special emphasis is placed on the assessment of entropy as the dominant
driving force in ionic interactions, the distinction of intrinsic versus solvent contributions, and
on efforts to create a singular host-guest binding mode as required in the enantio-recognition

of chiral anions in a special example of ion pairing.
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Adaptive Supramolecular Nanostructures in Aqueous Medium

Boris Rybtchinski

Weizmann Institute

Self-assembled systems, whose structure and function can be reversibly controlled in situ are of
primary importance for creating multifunctional adaptive materials. We will present our work on
design, synthesis, fundamental properties and functionality of supramolecular polymeric systems and
porous nanoscale networks in aqueous media. These systems are robust, yet adaptive, showing
multiple stimuli-responsiveness, accompanied by switching of optical functions and mechanical

properties. We will also present our work on recyclable supramolecular membranes.
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Cyclopeptide-Derived Anion Receptors
Stefan Kubik

Fachbereich Chemie - Organische Chemie, Technische Universitat Kaiserslautern, Erwin-

Schrédinger-StralRe, D-67663 Kaiserslautern
e-mail: kubik@chemie.uni-kl.de

Anion recognition in agueous solution was for a long time the domain of receptors containing
multiple positive charges and/or metal ions while interactions of neutral receptors with anions
were believed to be too weak to be efficient in water.™ Independent work in several groups

g/f\ﬂ\ has shown, however, that even neutral receptors which
’/\ N N0 interact with anions only by hydrogen bond formation can
I \\Nj possess considerable anion affinity in agueous media. One
H

o
o , example is cyclic hexapeptide 1 containing L-proline and 6-

N
{
C\J\,\ﬂ\ N\’I aminopicolinic acid, which binds inorganic anions (halides,
X . . .

S N\_/(NH sulfate) in 80% water/methanol by sandwiching the guests

Q/ O between two interdigitating cyclopeptide moieties.

To elucidate the reasons for the unusual properties of 1 we systematically varied the
structure of this cyclopeptide, for example, by replacing proline with hydroxyproline subunits
or amide groups with triazole rings.”¥ In addition, we converted the 2:1 complexes into 1:1
complexes by covalently linking two cyclopeptide rings together.”! Systematic variation of the
linker then showed that while affinities of bis(cyclopeptides) toward a given anion are not
significantly affected by linker structure, there are profound differences in the
thermodynamics of anion complexation.” Finally, we also studied the influence of the
number of linkers on anion affinity. Introduction of a second and a third linker was expected
to cause a substantial increase in anion affinity. While this has indeed been observed in
some cases, there are exceptions.® This presentation summarizes our different approaches

to study and improve the anion binding properties of 1 and related derivatives.

[1] S. Kubik, Chem. Soc. Rev. 2010, 39, 3648-3663.

[2] S. Kubik, R. Goddard, R. Kirchner, D. Nolting, J. Seidel, Angew. Chem. 2001, 113, 2722-2725.

[3] S. Kubik, R. Goddard, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 5127-5132.

[4] S. Kubik, R. Kirchner, D. Nolting, J. Seidel, J. Am. Chem. Soc. 2002, 124, 12752-12760. S. Otto,
S. Kubik, J. Am. Chem. Soc. 2003, 125, 7804-7805.

[5] C. Reyheller, B. P. Hay, S. Kubik, New. J. Chem. 2007, 31, 2095-2102.

[6] T.Fiehn, R. Goddard, R. W. Seidel, S. Kubik, Chem. Eur. J. 2010, 16, 7241-7255.
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Dynamic peptides as biomimetic receptors

Melanie Rauschenberg®*, Dr. Susanne Bomke®, Uwe Karst®, Bart Jan Ravoo?

4University of Muenster, Organic Chemistry Insitute, Corrensstrasse 40, 48149 Minster

®University of Muenster, Inorganic and Analytical Chemistry, Corrensstrasse 30, 48149

Minster

e-mail: Melanie.rauschenberg@uni-muenster.de

A dynamic combinatorial library (DCL) of peptides was created using the disulfide-exchange
reaction of cysteines. Three cyclic peptides were found to be selective receptors for
carbohydrates in water. One of these, HisHis, formed preferentially in a DCL in the presence
of the neurotransmitter NANA, while TyrTyr was identified to interact with trehalose. When
adding a-Methylfucopyranoside into a library of tripeptides, the oligomer ThrThr was
amplified. Upon identifying the amplification with HPLC-MS, NMR titrations and ITC titrations
were done to obtain the stochiometry of the complex and the binding constants. In case of
the HisHis, this oligomer forms a 2:1 complex with the NANA, while the other two oligomers
form a 1:1 complex with the introduced sugars. The interaction is also highly selective

because other sugars did not show any interactions with the oligomers. ["!
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Figure 1. Schematic overview of the DCL-concept.

[11 Rauschenberg, M.; Bomke, S.; Karst, U.; Ravoo, B.J., Angew. Chem. Int Ed. 2010, 49, 7340-
7345.
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Via Dynamic Formation of Covalent Bonds to Functionalized Cage

Compounds - From Molecules to Materials

M. Mastalerz (UIm/D), M. W. Schneider (UIm/D), S. Sieste (UIm/D), I. M. Oppel (Aachen/D),
O. Presley (Yarnton/UK).

Dr. Michael Mastalerz, Institut fir Organische Chemie Il & Neue Materialien, Universitat Ulm,
Albert-Einstein-Allee 11, 89081 Ulm.

e-mail: michael.mastalerz@uni-ulm.de

In comparison to extended polymeric structures, porous organic materials deriving from self-
assembling discrete organic molecules are quite rare.™™ This can usually be attributed to two
major facts: 1% it is still difficult to predict the self-assembling process just by the structural
information molecules are giving and therefore it is not easy to create crystalline porous
compounds by the self-assembling of small molecules.? 2": those porous organic
assemblies often collapse, when solvent is removed in vacuo and no accessible pores are
remaining after the evacuating process.” Those obstacles can be circumvented by
synthesizing shape-persistent cage compounds with cavites that remain even after removing

inclathrated solvent molecules in vacuo.®
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Recently we introduced the synthesis of a rigid shape-persistent cage compound by dynamic

covalent bond formation.” These cage compounds show extraordinary high specific surface
areas (BET: 1375 m?/g) and good selectivities for gas adsorption (CO,: 9.4 wt%, CH,: 0.98
wt%).®! Here, the synthesis and material properties of various functional organic porous

cages based on Schiff base condensations are presented.

[1] J. R. Holst, A. Trewin, A. | Cooper, Nature Chem. 2010, 2, 915-920. [2] a) G. R. Desiraju, Angew. Chem. Int. Ed. 2007, 46,
8342-56; b) G. M. Day et al., Acta Cryst. B 2009, 65, 107-125. [3] a) M. Mastalerz, Angew. Chem. Int. Ed. 2010, 49, 5042-5053,
see for instance: b) J. Tian, P. K. Thallapally, S. J. Dalgarno, P. B. McGrail, J. L. Atwood, Angew. Chem. Int. Ed. 2009, 48,
5492-5495; c) T. Tozawa et al., Nature Mater. 2009, 8, 973-978. [4] M. Mastalerz, Chem. Commun. 2008, 4756-4758. [5] M.
Mastalerz, M. W. Schneider, I. M. Oppel, O. Presly, Angew. Chem. Int. Ed. 2011, 124, DOI: 10.1002/anie.201005301.
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Self-assembled paramagnetic dendrimer mimics:
a new class of nano-sized MRI contrast agents

P. Besenius,! J. Heynens,? G. Portale,? P.H.H. Bomans,* H.M. Janssen,® G.J. Strijkers,? K. Nicolay,?
A.R.A. Palmans,! E.-W. Meijer.!

" Laboratory of Macromolecular and Organic Chemistry and Institute of Complex Molecular Systems, Eindhoven University of
Technology ; > Biomedical NMR, Department of Biomedical Engineering, Eindhoven University of Technology,” BM26 -
DUBBLE, Eurgpean Synchrotron Radiation Facility, Grenoble, France; * Laboratory of Materials and Interface Chemistry and
Soft Matter CryoTEM Research Unit; Eindboven University of Technology; ’ SyMO-Chem, Eindhoven, The Netherlands.

p-besenius@tue.nl

A challenging target in the non-covalent synthesis of nanostructured functional materials is the
formation of uniform features that exhibit well-defined properties, e¢g. precise control over the size,
spatial resolution and the degree of functionalisation.

We have developed a strategy based on self-assembling discotic amphiphiles that leads to the control
over stack length and shape of ordered, chiral columnar aggregates in water. By balancing out
attractive non covalent forces with electrostatic repulsive interactions, we are able to switch from
elongated, rod-like assemblies to small and discrete objects. [1, 2] Analogous to many systems found
in biology, mechanistic details of the self-assembly pathways emphasise the importance of
cooperativity as a key feature that dictates the physical properties of the produced supramolecular
polymers.

By controlling the size of one dimensional columnar assemblies with diameters in the range of 6 nm,
we obtained the supramolecular equivalent of a dendritic polymer. Applications of these scaffolds as
contrast agents in magnetic resonance imaging (MRI) have revealed superior properties compared to
traditional covalent macromolecules. Some recent developments and in vivo experiments will be
discussed.

[1]  P. Besenius, G. Portale, P.H.H. Bomans, H.M. Janssen, A.R.A. Palmans, E.W. Meijer, Proc. Natl.
Acad. Sci. U.S.A. 2010, 707, 17888-17893.

[2]  P.Besenius, K.P. van den Hout, HM.H.G. Albers, T.F.A. de Greef, L.L.C. Olijve, T.M.
Hermans, B.F.M. de Waal, P.H.H. Bomans, N.A.J.M. Sommerdijk, G. Portale, A.R.A. Palmans,
M. H.P. van Genderen, J.A.J.M. Vekemans, E.W. Meijer, Chem. Eur. J. 2011, in press.
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Molecular Recognition of Cyclodextrin Vesicles

J. Voskuhl?, S. K. M. Nalluri?, M. C. A. Stuart®, and B. J. Ravoo*?

a) Organic Chemistry Institute, Westfalische Wilhelms-Universitat Miinster, Corrensstralie 40,
48149 Minster, Germany.
b) Biophysical Chemistry, Groningen Biomolecular Sciences and Biotechnology Institute, University of
Groningen, Nijenborgh 4, 9747 AG, Groningen, The Netherlands.
E-Mail: jens.voskuhl@uni-muenster.de

Cyclodextrin vesicles are dynamic chemical systems that respond to multivalent molecular
recognition M we report here the formation of an artificial glycocalix based on unilamellar
bilayer vesicles of amphiphilic B-cyclodextrins which were decorated with maltose and lactose at
their surface via host-guest interactions. To this end, maltose and lactose were conjugated with
adamantane . The carbohydrate — adamantane conjugates strongly bind to B-cyclodextrin (Ka~ 4
x 10% M+). The maltose decorated vesicles agglutinate in the presence of the lectin Conacavalin A,
whereas the lactose decorated vesicles agglutinate in the presence of Peanut Agglutinin. The
agglutination depends on the surface density of guest carbohydrates. The orthogonal multivalent
interaction in the ternary system of host vesicles, guest carbohydrates and lectins was investigated
by using isothermal titration calorimetry (ITC), dynamic light scattering (DLS), UV-Vis
spectroscopy and cryo-transmission electron microscopy (cryo-TEM). It was shown that the
agglutination is reversible and the non-covalent interaction can be broken by the addition of
competitive inhibitors such as glucose or p-cyclodextrin.

Furthermore we investigated the interaction of cyclodextrin vesicles with DNA. It was observed,
that cyclodextrin vesicles decorated with spermine aggregate in the presence of DNA. The
aggregates were investigated with cryo-TEM, UV-Vis and DLS measurements.

Fig.1: Schematic representation of the DNA induced aggregation of CD vesicles in the presence of a spermine
guest molecule (top) and Concanavalin A induced aggregation of CD vesicles in the presence of a maltose guest
molecule.(bottom)

References

1. J. Voskuhl, B.J. Ravoo, Chem. Soc. Rev., 2009, 38, 495-505.
2. J. Voskuhl, M.C.A Stuart, B.J. Ravoo., Chem. Eur. J. 2010, 9, 2790-2796
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Molecular Recognition of Nucleotides and Nucleic Acids

Hannes Y. Kuchelmeister® and Prof. Carsten Schmuck*?

#University of Duisburg-Essen, Universitatsstr. 7, 45117 Essen, Germany. Fax: +49 201
183 4259; Tel: +49 201 183-3097; E-mail: carsten.schmuck@uni-due.de

Many physiological functions of life, are controlled by the interplay between natural or
synthetic agents with their correspondlng receptors in the human body. This process
of molecular recognltlon is achieved by the combination of many weak non-covalent
interactions.'” Our work concentrates on the recognition of mononucleotides as well
as RNA and DNA in aqueous solution. Nucleotides are ubiquitously present in
biological systems and exercise key roles in many cellular functions like the transport
across membranes, energy and electron transfer processes, DNA synthesis and cell
signaling.® Since these complex events are not entirely understood to this date, the
synthesis of artificial nucleotide receptors as model systems is worthwhile.
Furthermore, current challenges in diagnostics and emerging therapies for the
treatment of genetic diseases call for new and improved technologies for the targeting
of nucleic acids. Although it is essential for e.g. replication, transcription or regulation
processes, RNA has only recently come to focus as an attractive target for
therapeutic uses.”” Therefore, smali artificial molecules that are able to specifically
interact with DNA or RNA are of great interest as they open new pathways for the
development of diagnostic probes, drug design and delivery.®
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Figure 1: llustration of the dipodal (1) and tripodal receptor (2)

By means of microwave assisted SPPS we developed receptors 1 and 2, which are
able to effectively bind their substrates at physiological conditions. They consist of
two or three peptidic arms that include the guanidinium carbonyl pyrrole moiety as
efficient binding motif for oxoanions.’ The positions AA' and AA? are variable,
allowing for the introduction of structural and functional diversity by integrating
different amino acids into the two arms. The binding studies we conducted show that
1 selectively binds to nucleotldes Both molecules bind very strongly to DNA with
binding constants up to 10" M and show promising abilities for the transfection of
cells with plasmid DNA.

[1] C. Schmuck, H. Wennemers, Highlights in Bioorganic Chemistry: Methods and Applications,
Wiley-VCH, Weinheim, 2000.

[2] J. W. Steed, D. R. Turner, K. J. Wallace, Core Concepts in Supramolecular chemistry and
Nanochemistry, Wiley-VCH, West Sussex, 2007.

[3] D. Voet, J. G. Voet, C. W. Pratt, Fundamentals of Biochemistry, Wiley-VCH, Weinheim, 2002.

[4] E. H. Blackburn, The RNA World, Cold Spring Harbor Laboratory Press, New York, 1999; E. H.
Bayne, R. C. Allshire, Trends Genet. 2005, 21, 370; M. Jovanovic, M. O. Hengartner, Oncogene
2006, 25, 6176.

[5] Y. Ito, E. Fukusaki, J. Mol. Catal. B: Enzym. 2004, 28, 155; T. Hermann, Angew. Chem., Int. Ed.
2000, 39, 1890.

[6] C.Schmuck, M. Heil, K. Baumann, J. Scheiber, Angew. Chem., Int. Ed. 2005, 44, 7208.

22



Switching and Reactivity inside Coordination Cages and Rings
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Supramolecular coordination cages are promising systems for the application as tailor-made
cavities for the rate-enhancement and selective control of chemical reactions in their
interior.! We recently prepared the new cages 1 - 3 quantitatively in solution (as
characterized by NMR, DOSY, ESI-MS, X-Ray and AFM methods).”! The two Pd(ll) or Pt(ll)
centers are surrounded by four rigid and concave bis-monodentate pyridyl-donor ligands.
Due to their position and charge, the metals can act as anchors for the quantitative binding of
bis-anionic guests of appropriate size. Based on these findings, we managed to develop a
new method for making rotaxanes® and a system capable of light-initiated crystallization.™
Towards the immobilization of potentially catalytic centers in the center of molecular cage 3,
we were able to incorporate a variety of metal complexes and clusters inside the cavity. So
far, we succeeded in the encapsulation of one Fe(ll) (ferrocene-bis-sulfonate), three Pt(ll)
(Magnus’ Salt: {[PtR4][PtXs]2}*, R = NH,Bu, Py; X = Cl, Br) and six Mo(VI) (hexamolybdate)
inside cage 3. Furthermore, we synthesized cage 2 which displays four trityl groups pointing

inside the cavity that can be used as acid cleavable tethers or Lewis acidic reagents.
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Figure 1. Coordination cages 1 — 3 and a selection of our most welcome guests

[1]1a) D. M. Vriezema, M. C. Aragones, J. A. A. W. Elemans, J. J. L. M. Cornelissen, A. E. Rowan, R.
J. M. Nolte, Chem. Rev. 2005, 105, 1445-1490; b) M. Yoshizawa, J. K. Klosterman, M. Fujita,
Angew. Chem. Int. Ed. 2009, 48, 3418.

[2] G. H. Clever, S. Tashiro, M. Shionoya, Angew. Chem. Int. Ed. 2009, 48, 7010.

[3] G. H. Clever, M. Shionoya, Chem. Eu. J. 2010, 16, 11792.
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Supramolecular Chemical Biology:

Controlling Protein Assembly with Supramolecular Chemistry

Luc Brunsveld

Department of Biomedical Engineering, Technische Universiteit Eindhoven

Supramolecular chemistry has primarily found its inspiration in biological molecules, such as
proteins and lipids, and their interactions. Currently the supramolecular assembly of
designed compounds can be controlled to great extent. This provides the opportunity to
combine these synthetic supramolecular elements with biomolecules for the study of
biological phenomena. Supramolecular elements can for example be ideal platforms for the
recognition and modulation of proteins and cells. This lecture will focus on two concepts in

this respect.

Synthetic host-guest systems can be applied for the controlled and reversible dimerization of
proteins. Host-guest elements can for example be appended to proteins to induce or stabilize
weak protein heterodimerization. Other supramolecular host molecules can be used to
recognize specific protein elements and applied as supramolecular inducers of protein
homodimerization. As an example, caspase homodimerization is a key step in the activation
of their enzymatic activity. Control over this protein homodimerization allows investigating the
molecular processes underlying the activation mechanism. We have generated a so-called
supramolecular inducer of dimerization that can act as an allosteric modulator of caspase-9

dimerization and allows highly efficient and reversible activation of caspase activity.

Self-assembling supramolecular architectures provide attractive scaffolds for the organized
display of biological ligands. Their dynamic nature allows for simple non-covalent synthesis
of multivalent structures and for the introduction of multiple different functionalities. As an
example, columnar supramolecular polymers can be decorated with biological ligands such
as sugars and peptides for the recognition of cells or for the assembly of proteins along the

supramolecular framework.
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Supramolecular Nanostructures through Electrostatic

Self-Assembly of Macroions and Organic Counterions

Franziska Grohn

University of Erlangen, Department of Chemistry and Pharmacy,
Egerlandstr. 3, 91058 Erlangen

The design of supramolecular nanostructures holds high promise, as self-assembly allows
the production of a variety of structures for applications for example as carrier systems or
sensors. Particular potential lies in assemblies that can respond to external triggers while a
macromolecular component can provide stability and processability of the supramolecular
objects. In this talk the recently developed concept to “electrostatic self-assembly” for the
formation of supramolecular structures in solution will be presented. In this approach,
polyelectrolytes and multivalent organic ions build well-defined and stable nanoassemblies.
Aggregates with narrow size distribution and varying shape such as spheres, cylinders,
vesicles and networks can result."”! For assemblies of weak polyelectrolytes, aggregation
can be repeatedly switched “on” and “off’ through pH.?* A particular challenge in this area is
the formation of “nano-objects” with a controllable size. Recently we were able to build
supramolecular particles the size of which can be triggered by light.”® Detailed
characterization by static and dynamic light scattering, AFM and small-angle neutron
scattering as well as zeta-potential measurements and centrifugation experiments yield
insight into driving forces and structural control in the self-assembly process. In addition,

quantitative measurements of thermodynamic parameters will be considered.

[11 F. Gréhn, F.; Klein, K.; Brand, S. Chem. Eur. J. 2008, 14, 6866.

[2] Willerich, I.; Gréhn, F. Chem. Eur. J. 2008, 14, 9083.

[4] Willerich, I.; Ritter, H.; Grohn, F. J. Phys. Chem. B 2009, 113, 3339.

[5] Grohn, F.; Klein, K.; Koynov, K. Macrom. Rap. Comm. 2010, 31, 75.

[6] Ruthard, C.; Maskos, M.; Kolb, U.; Gréhn, F. Macromolecules 2009, 42, 830.
[7] review: Grohn, F. Soft Matter 2010, 6, 4296.

[8] Willerich, I.; Gréhn, F. Angewandte Chemie Int. Ed. 2010, 44, 8104.
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Detection of Explosives by Supramolecular Interaction

Siegfried R. Waldvogel

Johannes Gutenberg-University Mainz, Institute for Organic Chemistry, Duesbergweg 10-14,
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e-mail: waldvogel@uni-mainz.de

Inexpensive and mass producible sensors represent one of the keys to affordable security
applications. We develop and apply high fundamental frequency quartz microbalances (HFF-
QMB) as technology platform. The high frequency combined with appropriate supramolecular
affinity coatings on these QMBs allow a fast and direct determination of airborne analytes. In
particular, the tracing of home-made peroxides like TATP and HMTD is usually challenging
but can be performed with our HFF-QMB system. The advantages are an on-line
measurement of the desired analytes. Identification of the peroxides explosives is achieved
by an array of at least three micro balances equipped with orthogonal affinities. Most
remarkably, the system operates not only in a closed laboratory system but can be exploited
for an application close scenario as an open system. With appropriate supramolecular affinity
coatings on the QMBs the scope of the method can be expanded to the continuous and
direct detection of 2,4,6-trintrotoluene (TNT).

In addition, a novel way for the safe handling of authentic material of peroxide explosives will
be demonstrated representing the key for the evaluation of novel detection systems such

peroxide explosives.

[1] D. Lubczyk, C. Siering, J. Loergen, Z. Shifrina, K. Muellen, S. R. Waldvogel, Sensors Actuators B
2010, 143, 561-566.

[2] R. Orghici, P. Luetzow, J. Burgmeier, J. Koch, H. Heidrich, W. Schade, N. Welschoff, S.
Waldvogel, Sensors 2010, 10, 6788-6795.

[3] S.Waldvogel, C. Siering, D. Lubczyk, J. Loebau, A. Hahma, WO 2010146170, 2010.
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Self-Assembly of Linear and Discotic Molecules. Mechanisms and
Amplification of Chirality

Fatima Garcia,? Fatima Aparicio,? Luis Sdnchez**

®Departamento de Quimica Organica |, Facultad de Ciencias Quimicas, Universidad
Complutense de Madrid, Ciudad Universitaria s/n, 28040-Madrid (Spain)

e-mail: lusamar@quim.ucm.es

In this communication, we present the investigations carried out in our research group to
elucidate the mechanisms, isodesmic or cooperative,™ followed by a number of linear and
discotic molecules to self-assemble. In addition, we will also present the amplification of
chirality observed in the studied molecules.*?
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Figure 1. (a) Chemical structure, circular dichroism and melting curve of the Trextended trisamide

(S)-1; (b) Chemical structure of bisamides 2a and 2b and SEM images of the pristine 2a and the
mixture of 2a with 5% of 2b.

[1] a) T. F. A. De Greef, M .M. J. Smulders, M. Wolffs, A. P. H. J. Schenning, R. P. Sijbesma, E. W.
Meijer, Chem. Rev. 2009, 109, 5687-5754; b) Z. Chen, A. Lohr, C. R. Saha-Mdller, F. Wdrthner,
Chem. Soc. Rev. 2009, 38, 564-584.

[2] F. Garcia, P. M. Viruela, E. Matesanz, E. Orti, L. Sdnchez, unpublished results.

[3] F. Aparicio, F. Vicente, L. Sanchez, Chem. Commun. 2010, 46, 8536-8538.
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Triple-stranded Dinuclear Complexes of Rare Earth Metals
Thomas Abel®™®, Markus Albrecht®®, Roland Frohlich!™
[a] Institut fir Organische Chemie, RWTH Aachen University, Landoltweg 1, 52074 Aachen

[b] Organisch-Chemisches Institut Universitat Miinster, Corrensstral3e 40, 48189 Mdnster
e-mail: Thomas.abel@rwth-aachen.de

Helicates are of particular interest in supramolecular chemistry and can be obtained by coordination of
two or more ligands to at least two metal centres. Helicates with trivalent lanthanides possess unigque
properties. Highly efficient near-infrared emission is observed due to indirect excitation by the ligands
and energy transfer processes to the metal centre. Among other things NIR-emitters of that kind are
attractive to optical devices.

. OH OH '\}’@ p e & -
O N\ N\ (@] K :I _(__0_4 '

(a) (b)

A new hexadentate ligand based on 8-quinolinol is prepared (a). The building block as well as the
hexadentate ligand were applied to complexation studies with lanthanide ions, resulting in the
expected 3 : 1 and 3 : 2 complexes, respectively. A crystal structure of the Nd(l11)-complex shows that
the ligand may form helical structures in the corresponding triple-stranded dinuclear complexes (b).

References:

[1] J.-C. G. Bunzli, C. Piguet, Chem. Soc. Rev. 2005, 34, 1048.

[2] M. Albrecht, O. Osetska, R. Frohlich, J.-C. G. Bunzli, A. Aebischer, F. Gumy, J. Hamacek, J. Am. Chem.
Soc. 2007, 129, 14178.

[3] K. Hiratani, T,. Takahashi, K. Kasuga, H. Sugihara, K. Fujiwara, L. Ohashi, Tetrahedron Lett. 1995, 36,
5567.

29



Synthesis of porphyrin based coordination cages
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The supramolecular chemistry can be divided by the products formed into two domains: coordination
polymers and discrete molecules. Both of them can be used for host guest chemistry. Our research
group mainly focuses on discrete molecules, which are less investigated up to now. The symmetry
and the geometry of the building blocks define the topology and shape of the coordination cages
formed. Various modified derivatives of a Cs-symmetric ligand combined with diverse metal ions such
as Pd**, Zn** or Cd®* have been successfully implemented [1, 2]. In the supramolecular coordination
chemistry of porphyrin-based ligands, the formation of polymers is the dominant topic in the literature.
The focus of interest of our research group is again on the formation of coordination cages with
C4-symmetric porphyrin derivatives (Fig.1). The combination of square-planar palladium-complexes
and porphyrin derivatives results in coordination cages. One of these completely analyzed compounds
is shown in Fig. 2. The host-guest chemistry behavior of such a trigonal prism is an important part of
our research [3, 4]. Single crystal structure analysis and a large variety of NMR spectroscopic
experiments give insight into changes of symmetry, dynamic processes and host guest interactions.

The poster presents coordination cages based on meso-tetrapyridyl porphyrin and their host-guest
chemistry.

— H;
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R= _<\:N Pd=[ ‘pd/
= NN
— N

Figure 1: C4-symmetric meso-tetrapyridylporphyrin ligand Figure 2: Trigonal prism [4].

Literatur:

[1] I. M. Muller, R. Robson, Angew. Chem. Int. Ed. 2000, 39, 4357

[2] 1. M. Muller, D. Méller; Eur. J. Inorg. Chem. 2005, 257

[3] R. W. Seidel, Dissertation, Ruhr Universitat Bochum, 2010

[4] M. Fuijita, K. Biradha, S. Sakamoto, K. Yamaguchi; Angew. Chem. Int. Ed. 2001, 40, 1718-1721
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FRET based distance measurements on vesicle surfaces - Towards

the dynamic recognition of multivalent target molecules

Stefan Balk?, Benjamin Gruber®, Tobias Lang® Burkhard Konig®*
4University of Regensburg, UniversitatsstraRe 31, 93053 Regensburg
e-mail: burkhard.koenig@chemie.uni-regensburg.de

Mimicking recognition processes at natural cell membranes we recently reported synthetic
vesicles with multi-receptor surfaces as chemosensors for small biomolecules.™ Based on
these results we want to develop a simple model system for the dynamic recognition of
multivalent target molecules by multiple membrane-embedded receptors equipped with
FRET labels.
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Figure 1. A multivalent biomolecule with two different ligands binding to two fluorescent labeled
receptor molecules, embedded in a membrane and detected via FRET.
For preliminary studies the metal complex coupled donor-dye was combined with an
acceptor-dye that was not tethered with a second charged metal complex. The influence of
analyte binding towards the FRET distances was investigated by emission titrations.
Increasing amounts of analyte (PP;) cause separation of receptor bound dyes and their FRET
partners due to sterical enhancement of the metal-complex binding sites and interruption of
attractive interactions between receptors and dyes. As a result dye displacement is shown by

a lower value of energy transfer.

[1] B. Gruber, S. Stadlbauer, A. Spath, S. Weiss, M. Kalinina, B. Koénig, Ang. Chem. Int. Ed. 2010,
49, 7125.
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Synthesis of Highly Fluorinated Cyclodextrins and their Host-Guest
Interactions with Fluorinated and Non-Fluorinated Guests

Maria M. Becker, Prof. Dr. Bart Jan Ravoo

Organic Chemistry Institute, Westfélische Wilhelms-Universitéat Minster, Correnstr. 40,
48149 Munster

e-mail: m_beck11@uni-muenster.de

Cyclodextrins are one of the most investigated host molecules in supramolecular chemistry.
Besides the hydrophobic effect, various non covalent bonds (hydrogen bonding, electrostatic
interaction, van der Waals forces) between host and guest molecules can contribute to the
formation of an inclusion complex. So far, the role of fluorine-fluorine interactions in host-
guest binding of cyclodextrins has not been investigated because of the difficulty to make
fluorinated cyclodextrins watersoluble.!" % ® Here we report the synthesis of water-soluble
trifluoroethanethiol substituted cyclodextrins.”! The primary side of a-, B- and y-cyclodextrin
was chlorinated at the C-6 position and substituted with trifluoroethanethiol. To make the
cyclodextrins water-soluble, the secondary side was functionalized with triethyleneglycol. The
cyclodextrins were obtained in good yields and purity. The host-guest interactions were
investigated by ITC and NMR-titration. The log K, values show a stronger host-guest
interaction between fluorinated cyclodextrins and fluorinated guests than with non-fluorinated
guests.

In addition, we intend to inverstigate host-guest interactions in fluorinated phases. For this
aim highly fluorinated cyclodextrins where synthesized by thiol-ene click chemistry, which
should be soluble in fluorinated phase.

5\/\/\\/“\/\”‘;‘

Figure 1. Enhanced host-guest interaction between fluorinated guest and fluorinated cyclodextrin.

[1] M. Skiba, M. Skiba-Lahiani, P. Arnaud, J. Incl. Phenom. Macrocyclic Chem., 2002,

44,151 — 154,

[2] S. Peroche, H. Parrot-Lopez, Tetr. Lett., 2003, 44, 241 — 245,

[3] B. B. Ghera, F. Perret, A. Baudouin, A. W. Coleman, H. Parrot-Lopez, N. J. Chem., 2007, 31,
1899 — 1906.

[4] M.M. Becker, B.J. Ravoo, Chem. Commun. 2010, 46, 4369 — 4371.
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Membrane bound amphiphilic peptides as Carbohydrate receptors

Sebastian A. Berg?, Prof. Dr. Bart Jan Ravoo?®

#0Organisch-Chemisches Institut der Universitat Minster, CorrensstraRe 40, 48149 Minster
e-mail: sebastian.berg@wwu.de

Carbohydrates play a crucial role in various recognition processes in nature and are present
in form of the glycocalix on all mammalian cells. They are, for example, involved in the
inflammatory process, they determine the blood type, mediate cell-cell adhesion and
recognition and are involved in cell-cell communication. Furthermore the glycocalix is subject
to various dynamic processes due to cell growth and function and different infections or

malign transformation of cells lead to a change in its structure."

Thus artificial carbohydrate receptors are of great interest. In a previous work it could be
shown that dimers of cyclic tripeptides are able to specifically bind different carbohydrates.?
In this project amphiphilic peptides are utilized to introduce carbohydrate binding peptides to
the surface of Lecithin vesicles. These are able to specifically interact with different
carbohydrates and could be used as drug delivery systems or model systems for biology.
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Figure 1. Scheme for the incorporation of amphiphilic peptides into liposomes and the interaction with

carbohydrates.

[1] a) T. K. Lindhorst, in Essentials of Carbohydrate Chemistry and Biochemistry, Wiley-VCH, Kiel,
2006; b) H. E. Murrey, L. C. Hsieh-Wilson, Chem. Rev. 2008, 108, 1709
[2] M. Rauschenberg, S. Bomke, S. Karst, B.J. Ravoo, Angew. Chem. Int. Ed. 2010, 49, 7340-7345
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Entirely Artificial Signal Transduction with a Primary Messenger

Kai Bernitzki®, Prof. Dr. Thomas Schrader®*
4University of Duisburg-Essen (Germany), Universitatsstr. 5, 45117 Essen
e-mail: kai.bernitzki@uni-due.de

An artificial system has been devised for messenger-induced transmembrane signaling.
External addition of a primary messenger molecule (DET, Figure 1a) thus leads to formation
of a heterodimeric complex of two transmembrane units bearing tryptophan—dansyl (Trp—
Dan) donor—acceptor pairs, which, in turn, stimulates a strong FRET effect on the opposite
intracellular side of the membrane. The readout can be enhanced and transferred into the
visible range by external eosin addition, thus producing a multi-FRET system. Spectral
changes on DET addition demonstrate intracellular FRET with unaltered eosin emission
intensity (Figure 1b), which is an experimental evidence for true signal transduction.
Signaling can thus be visible to the naked eye (Figure 2c).™
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Figure 1. a) Induced FRET signal (inside) and permanent multi-FRET (outside); b) Fluorescence

emission spectra before and after addition of DET; ¢) Cuvettes before and after addition of DET

The intention in our current work is the exchange of the signaling sites, in order to synthesize
transmembrane units, which are able to trigger a chemical reaction with the release of a
second messenger. A further challenge is the pre-orientation of the transmembrane units for

inherent unidirectionality.

[1] K. Bernitzki, T. Schrader, Angew. Chem. Int. Ed. 2009, 48, 8001-8005.
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Coupling of self-assembly and metabolism to protocells
Ralph Bosmans, Prof. L. Brunsveld

Getting a better understanding of the structural and functional complexity of the
cellular environment is one of the key interests of molecular researchers. In the field of
chemical biology researchers try to mimic parts of these cells. In particular, because the
development of a synthetic cell gives inside in its functioning but also directly relates to the
crucial questions regarding to the definition and the origin of life.

The building of synthetic cells is still in its conceptual stage and the focus of this
research is on the cellular membranes. The permanent nature of the supramolecular
membranes developed so far do not compare well to the extensive dynamic
compartmentalization seen in natural systems. Natural self-assembled structures such as the
phospholipids membranes are continuously formed and disassembled. Crucial in natural
systems is the existence of feedback loops controlling the self-assembly of these
supramolecular membranes, which are essential in self-healing and self-replication. So far, it
remains a challenge to integrate feedback to the self-assembly process.

The introduction of such a feedback mechanism requires the regulation of chemical
reactivity, controlled by the formation of self-assembled structures. In this research we try to
develop a self-organizing system that shows how feedback loops triggered by molecular
assembly can lead to macroscopic self-organization. The way we want to introduce feedback
mechanisms upon molecular assembly is by using protein dimerization on the membrane
surface. This controlled dimerization could lead to the activation of an enzymatic pathway,
which in turn has either a positive or negative influence on the initial membrane formation.

In initial experiments we are working on the enzyme caspase-9. This protease is able
to cleave a specific peptide motif, which could be incorporated in a membrane building block.
So far, we successfully expressed and purified caspase-9 containing an N-terminal cysteine.
For incorporation of the caspase-9 into the membrane, we are currently working on the
coupling of the caspase-9 to a hydrophobic tail using the N-terminal cysteine.
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Cucurbit[8]uril mediated supramolecular protein dimerization
D. T. Dang, H. D. Nguyen, and L. Brunsveld

Protein-protein interactions control nearly all biological process. Most proteins have
multiple interaction partners and external control over these interactions is only possible
in very limited cases. For most protein-protein interactions a molecular understanding is
missing and concomitantly the molecular tools to control them are not available.
Selective induction and control over protein dimerization is therefore an important goal in
the field of chemical biology, but the number of successful small molecule approaches is
however highly limited. Supramolecular approaches and molecules, could provide strong
entries to fill this gap. The supramolecular host cucurbit[8]uril (Q8) is known to
selectively recognize and dimerize the aromatic tripeptide Phe-Gly-Gly in aqueous
solution[1]. In this study, we designed proteins with N-terminal phenylalanine-glycine-
glycine motifs whose induced dimerization is under control by cucurbit[8]uril (Figure 1).

FGG-mYFP FGG-mYFP cucurbit[8]uril

Figure 1. Dimerization of proteins mediated by cucurbit[8]uril (Q8).

Reference
1) L. M. Heitmann, A. B. Taylor, P. J. Hart, and A. R. Urbach, J. Am.Chem.Soc. 2006,
128, 12574-12581.
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Orthogonal Recognition Domains for Supramolecular Structures

Jens Eckelmann?®, Christiane Dethlefs?, Ulrich Lining®*

aChristian-Albrechts-Universitat zu Kiel, Olshausenstr. 40, 24098 Kiel
e-mail: luening@oc.uni-kiel.de

Supramolecular chemistry allows molecular recognition by non-covalent binding. To design
supramolecular structures via multiple hydrogen bonds it is necessary to use complementary
acceptor and donor patterns. Well defined structures should be obtained if these binding
motifs are orthogonal to each other. An example for a molecular receptor was developed by
Hamilton which is able to bind barbituric acid by forming six hydrogen bonds in a well defined

sequence of acceptors and donors.™

Here different Hamilton receptors have been synthesized and used for binding studies with
derivatives of barbituric and cyanuric acid. In addition to this angulate molecule also linear
orthogonal receptors and donors with four hydrogen bonds have been synthesized and their
association constants investigated.”* Several different functional groups X have been

attached to the recognition domains to allow a supramolecular assembly.
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A comparison of association constants determined by *H NMR titrations, *H NMR diffusion
experiments, isothermal titration calorimetry (ITC) and osmometry will be presented and
discussed. By mixing non complementary recognition domains, the concept of orthogonality
was tested, which is fundamental to use these buildings blocks in more complex
supramolecular architectures.

[1] S. K. Chang, A. D. Hamilton, J. Am. Chem. Soc. 1988, 110, 1318-1319.
[2] S. Brammer, U. Lining, C. Kuhl, Eur. J. Org. Chem. 2002, 4054-4062.
[3] U. Lining, C. Kuhl, Tetrahedron Lett. 1998, 39, 5735-5738.

[4] U. Lining, C. Kihl, A. Uphoff, Eur. J. Org. Chem. 2002, 4063-4070.
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Kinetic studies of the host-guest chemistry

of a supramolecular container molecule

Wulf Engelen, Gebhard Haberhauer
University Duisburg-Essen, Universitatsstralle 7, 45127 Essen

e-mail: wulf.engelen@uni-due.de

We present the synthesis of a supramolecular container molecule, built up by a
triarylphophinoxide spanning over a planar molecular scaffold.!! The enclosed cavity

provides sufficient space for the inclusion of molecules, like e.g. chloroform.”!
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Figure 1. Scheme of the CHCl; inclusion in the container molecule.

The kinetics of the inclusion and exclusion of chloroform were analyzed by the acquisition of
'H-NMR spectra at different temperatures. A specific NMR signal was used as indicator for

the reaction progress, as it is shifted during the reaction.™

For further characterization the rate constants and half-lives for the inclusion and exclusion
reaction were calculated. Furthermore the thermodynamic quantites AG”, AH” and

AS” were calculated and analyzed.

The results suggest that reaction entropy is the driving force for this reaction.

[1] A. Pinter, Chiralitatsinduktion mittels  azolhaltiger =~ Cz-symmetrischer  Cyclopeptide,
dissertation, University Duisburg-Essen, 2008.

[2] G. Haberhauer, Semiquantitative preliminary test of Inclusion and Exclusion, oral communication,
2008.

[3] W. Engelen, Konfigurationsstabile propellerartige Triarylphosphine; Synthese und Eigenschaften,
diploma thesis, University Duisburg-Essen, 2009.
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The self-assembly of calcium phosphate hollow spheres as an

indication for the supramolecular assembly of amino acids

Daniel Hagmeyer, Johannes Ruesing, Matthias Epple*

Inorganic Chemistry, University of Duisburg Essen, Universitaetsstr. 7, 45117 Essen

Germany; e-mail: matthias.epple@uni-due.de

Calcium phosphate is the inorganic mineral of bone and teeth. Hollow calcium phosphate
microspheres and nanospheres can be prepared by hard-templating synthesis*? or
template-free-synthesis.®! We have discovered a self-assembly of primary nanoparticles of
calcium phosphate into hollow by precipitation of calcium phosphate in water in the presence
of amino acids or dipeptides. Then the nanoparticles were mixed immediately with an
agueous solution of the amino acids or dipeptides. The dispersions of the calcium phosphate
hollow spheres were analyzed with dynamic light scattering (DLS), nanoparticle tracking
analysis (NTA), scanning electron microscopy (SEM), transmission electron microscopy
(TEM) and atomic force microscopy (AFM). The size of the hollow capsules was of the order
of of 100 to 250 nm.

a) SEM and b) cryo-TEM image of the calcium phosphate hollow spheres (Recorded by
N.A.J.M. Sommerdijk and A. Dey, Eindhoven).
We propose that the formation of the hollow spheres involves a template of the amino acids
or dipeptides around which the calcium phosphate nanoparticles assemble. Such
supramolecular aggregates were detected by NTA, and atomic force microscopy with a
diameter of 100 to 150 nm.
We thank Dr. K. Ganesan, Prof. Dr. N.A.J.M. Sommerdijk, Dr. A. Day, Dr. D. Schunk, Prof.
Dr. C. Mayer, T. Fenske, Prof. Dr. C. Schmuck, and PD Dr. W. Schrader for experimental
assistance.
[1] T. Kawai, H. Sekikawa, H. Unuma, J. Ceram. Soc. Jpn., 2009, 117, 340.
[2] Q. Wang, W.H. Huang, D.P. Wang, B.W. Darvell, D.E. Day, M.N. Rahaman, J. Mater.
Sci.-Mater. Med. 2006, 17, 641.

[3] K.Kandori, Y.Noguchi, M. Kukusumi, Y.Morisada, J. Phys. Chem. C, 2010, 114, 6440.
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Metal lon-Driven Molecular Hinges with Adjustable Amplitude
Silvia Ernst, Gebhard Haberhauer
Universitat Duisburg-Essen, Universitatsstr.7, D - 45117 Essen, Germany
email: silvia.ernst@uni-due.de

A basic requirement for each molecular system which is supposed to perform work is a
synchronized and unidirectional movement which can be achieved by a change of
configuration or conformation which is controllable by external stimluation.! Molecular
hinges based on a bipyridine unit work unidirectionally and are able to reach an amplitude of
motion which amounts to about 180°./ To analyze if it is possible to adjust the height of the
unidirectional amplitude of motion, several molecular hinge systems with a 2,2’-bipyridine
unit as functional element were designed and stimulated with various divalent metal ions in
different solvents.®! The configurations of the hinges were determined by DFT calculations
using B3LYP and the 6-31G* basis set and experimentally verified by 2D NMR NOESY. The

stimulation processes were monitored by CD and UV spectra.
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Scheme 1: lllustration of a chiral hinge with unidirectional open-close motion.

[1] E. R. Kay, D. A. Leigh, F. Zerbetto, Angew. Chem. 2007, 46, 72-191.
[2] G. Haberhauer, Angew. Chem. 2008, 120, 3635-3638.
[3] S. Ernst, G. Haberhauer, Chem. Eur. J. 2009, 15, 13406-13416.
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Supramolecular rod formation based on guanidiniocarbonyl pyrrole

carboxylate zwitterions

Tassilo Fenske? and Carsten Schmuck®*

#Universitat Duisburg-Essen, Universitatsstrale 7, 45117 Essen

e-mail: tassilo.fenske@uni-due.de, carsten.schmuck@uni-due.de

Rods are one — dimensional structures that are widely used in nature like for example in
collagen fibrils, connective tissues or actin filaments in muscles. In the last few decades it
has become increasingly clear that nature often forms complex structures by self — assembly
of smaller components. Inspired by nature many artificial self complementary rod like
structures have been investigated.! We developed a self — complementary binding motive
based on guanidiniocarbonyl pyrrole carboxylate zwitterions. Zwitterion 1 ¢ 1 associates with
a dimerization constant of ca. 10'° — 10" M in DMSO and is able to form stable dimers even
in water.”? Additional amide bonds at the 3 position of the pyrrole lead to the formation of rod

like structures that bundle together on surface.

surface

Figure 1. Configuration of zwitterion 1 and schematic formation of rod like structures.

NMR —and UV —dilution studies revealed that the formed aggregates are stable in a
concentration range between 40 and 0.1 mM. Below that concentration the aggregates start
to dissociate into the zwitterionic dimers. Further studies with AFM and SEM proved the
existence of the rod like structures that bundles together to even bigger aggregates on
surface.

[1] H. M. Keizer, R. P. Sijbesma, Chem. Soc. Rev. 2005, 34, 226-234.
[2] C. Schmuck, W. Wienand, J. Am. Chem. Soc. 2003, 125, 452-459.
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Supramolecular metal complexes: anion encapsulation and DNA binding

Anzhela Galstyan." Pablo J. Sanz Miguel,*" Eva Freisinger,® Bernhard Lippert®

& Technische Universitat Dortmund, Fakultat Chemie, Otto-Hahn-Str. 6, 44227 Dortmund, Germany.
e-mail: anzhela.galstyan@uni-dortmund.de
"Departmento de Quimica Inorganica, Universidad de Zaragoza, 50009 Zaragoza, Spain
¢ University of Zurich, Institute of Inorganic Chemistry, Winterthurerstrasse 190, Zurich CH-8057,
Switzerland

Positively charged discrete supramolecular structures, which are constructed by using
organic ligands and metals centres, have recently attracted curiosity in view of their potential to
interact non-covalently with DNA [1]. This class of compounds are good alternative to classical
DNA binders, since in some cases these interactions are very selective [2].

A series of Pt, Pd and mixed-metal complexes of the N-heterocyclic ligand 2,2’-
bipyrazine have been prepared and characterised in our group [3]. Based on our previous work,
size and shape of the molecules have been modified by combining different structural units. Two
aspects of such complexes were of specific interest: anion binding properties and interactions
with double-stranded DNA. Both the high positive charges of complexes and the presence of the
n-electron deficient 2,2"-bpz heterocyclic rings facilitate anion binding [4]. Non-covalent
binding interactions of metal complexes with linearized plasmid DNA 3.1 (5428 bp) were
studied using the AFM technique. It was found that upon interaction dsDNA starts to bend and
coil and the long fibres of free DNA are no longer visible.

metal complex

The synthesis, crystal structures, solution studies concerning the interactions of anions
with cyclic homo- and heterometallic complexes and non-covalent interactions with dsDNA of
the new self-assembled compounds will be described.

References:

[1] See, e.g M. A. Galindo et al., Chem. Eur. J., 2007, 13, 5075; M. J. Hannon, Chem. Soc. Rev.,
2007, 36, 280.

[2] A. Oleksy, A.G. Blanco, R. Boer, 1. Uson, J. Aymami, A. Rodger, M.J. Hannon, M. Coll,
Angew. Chem., Intl. Ed., 2005, 45, 1227. Yu et al. Nucleic Acids Research, 2008, 36, 5695.

[3] R. D. Schnebeck et al. J. Am. Chem. Soc. 2000, 122, 1381

[4] A. Galstyan, P. J. Sanz Miguel, B. Lippert; Dalton Trans. 2010, 39, 6386; A. Galstyan, P. J.
Sanz Miguel, B. Lippert; Chem. Eur. J. 2010, 16, 5577.

Acknowledgement: Financial support by the International Max-Plank Research School, COST,
DFG and TU Dortmund gratefully acknowledged.

42



8-Hydroxyquinoline as a Building Block for Artificial Receptors:
Binding Preferences in the Recognition of Glycopyranosides

Geffert C., Lippe J., Braunschweig/D
Prof. Dr. M. Mazik, Technische Universitat Braunschweig, Hagenring 30,
38106 Braunschweig

Artificial carbohydrate receptors using noncovalent interactions for sugar binding*?

provide valuable model systems to study the underlying principles of carbohydrate-
based molecular recognition processes. Although effective receptor systems have
been developed, the exact prediction of the binding preferences of the artificial
receptors is still further away and it is hoped that systematic studies towards effective
recognition motifs for carbohydrates will contribute significantly to the solution of this
problem. Our previous studies showed that acyclic receptors,? such as compounds
containing a trisubstituted trialkyloenzene core, represent particularly interesting
objects for such systematic studies. Depending on the nature of the recognition units
and connecting bridges used as the building blocks, a variety of receptors with
different binding properties could be obtained.
The aim of the present study was to evaluate the potential of 8-hydroxyquinoline-
based receptors (see for example Figure 1) in the complexation of carbohydrates.® 8-
Hydroxyquinoline unit has been extensively used for the construction of metal ion
ligands. In the area of sugar recognition by receptors employing noncovalent
interactions the potential of this unit has not been evaluated.

g%ﬁﬁiﬁ

Figure 2. Examples of 8-hydroxyquinoline-based receptors.

The recognition properties of the new compounds were compared with those of the
previously studied receptors. In addition, the properties of the 8-hydroxyquinoline-
based receptors were compared with those of the quinoline-based compounds.
Binding studies in competitive and non-competitive media showed both effective
recognition of carbohydrates and interesting binding peferences of 8-
hydroxyquinoline-based receptors.

[1] A. P. Davis and T. D. James, In Functional Synthetic Receptors; Schrader, T.;
Hamilton, A. D.,Eds.; Wiley-VCH: Weinheim, Germany, 2005, p 45-109. [2] M. Mazik,
Chem. Soc. Rev. 2009, 38, 935-956. [3] C. Geffert, M. Mazik, 2010, submitted.
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Design and Synthesis of Biomimetic Carbohydrate Receptors

Barbara Geibel, Prof. Dr. Carsten Schmuck*

Universitatsstr. 7, 45117 Essen, Germany
e-mail; carsten.schmuck@uni-due.de

Artificial carbohydrate receptors provide valuable model systems to study the basic
molecular features of carbohydrate recognition and to find interesting applications e. g. as
sensors or drug candidates in the future. Understanding how carbohydrates interact with
their protein receptors is of particular importance due to the key roles that sugar molecules
play in a variety of biological processes starting from fertilization, embryogenesis, cell-cell
communication, extending to such pathological processes as tumor metastasis and infection

of cells through bacteria and viruses.

There are a multitude of examples for carbohydrate recognition in apolar solvents, while only
a few examples of carbohydrate receptors able to bind their substrates in water are
published.!" Natural carbohydrate binding proteins use complex array of H-bonds to bind the
carbohydrate guest. Additionally hydrophobic surfaces are desolvated and undergo apolar

interactions (C-H—1T) with neighboring aromatic amino acid side chains.

Taking these intermolecular interactions into account led us to design artificial carbohydrate
receptors which mimic the binding strategies used in natural carbohydrate recognition

domains and which should bind carbohydrates in aqueous media.

—

apolar areas optionally polar or
- unpolar areas
polar areas polar areas
=
apolar areas apolar areas

Figure 1. General receptor design.

The artificial receptors consist of three peptidic arms attached to a preorganized aromatic
scaffold which can form a cavity shaped like a binding pocket. The receptors are either
closed (left) or open (right). First binding studies of a prototype showed the principal

usefulness of the receptor design.”

[11 N. P.Barwell, M. P. Crump, A. P. Davis, Angew. Chem., Int. Ed., 2009, 48, 7673.
[2] C. Schmuck, M. Heller, Org.Biomol. Chem., 2007, 787.
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Surface Modification of Gold Nanoparticles Using Template

Controlled Ligand Exchange Reactions

Laura Gilberg?®, Stefan Kubik®*

#Technische Universitat Kaiserslautern, Erwin-Schrodinger-StralRe, 67663 Kaiserslautern
e-mail: Igilberg@rhrk.uni-kl.de

Monolayer protected gold nanoparticle (MPC) have attracted interest in many fields of
research because of the easily tunable properties.! Another attractive feature is that surface-
bound alkanethiols can be exchanged with functionalized thiols allowing the preparation of
nanoparticles with characteristic surface functionalities, so-called mixed-monolayer protected
gold nanoparticles (MMPC). Decorating MPC with suitable binding sites gives rise to
synthetic receptors, for instance, whose properties are characteristically influenced by the
gold core.” Exchange of the thiols on the surface of a gold cluster is a reversible reaction
which proceeds under thermodynamic control. Equilibrium is thus controlled by parameters
such as concentration of free thiols in solution, temperature, as well as steric and electronic
effects of substituents in the functionalized thiols stabilizing a certain MMPC surface
distribution.”® We speculate that distribution of functional groups on the surface of an MMPC
could also be controlled by a suitable template molecule present during the ligand exchange
reaction that binds to the substituents of the functionalized thiols. This concept relates to the
molding strategy in dynamic combinatorial chemistry used for the identification of synthetic
receptors.” If successful, this approach would extent the repertoire of reversible reactions in
dynamic combinatorial chemistry and introduces a new route for the synthesis or optimization
of nano-sized receptors. To evaluate the concept we chose the flavine binding MMPC
described by Rotello as a model system.” A octadecanethiol passivated gold nanoparticle
was equilibrated with pyrene and diaminopyridine functionalized thiols. Ligand exchange
reactions were carried out in the absence and presence template, and the resulting

nanoparticles compared. Results of these investigations are presented in the poster.

[1] M.Brust, M. Walker, D. Bethell, D.J. Schiffrin, R. Whyman, J.Chem.Soc., Chem. Commun. 1994,
801-802.

[2] U. Drechsler, B. Erdogan, V. M. Rotello, Chem. Eur. J. 2004, 10, 5570-5579.

[3] M. J. Hostetler, A. C. Templeton, R.W. Murray, Langmuir 1999, 15, 3782-3789.

[4] P.T. Corbett, J. Leclaire, L. Vial, K. R. West, J. -L. Wietor, J. K. M. Sanders, S. Otto, Chem. Rev.
2006, 106, 3652-3711.

[5] A.K.Boal, V. M. Rotello, J. Am. Chem. Soc. 2000, 122,734-735.
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Computational Study of Single Stranded Ln(lll) Metallorotamers

Verena Gossen?, Felix Schrader?, Markus Albrecht?, P.S. Subramanian, Gerhard Raabe?®

8Institut fur Organische Chemie der RWTH Aachen, Landoltweg 1, 52076 Aachen
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As the effective coordinating nature on rare earth metal ions have been demonstrated in
earlier studies™™?, other ligands containing phenanthroline with hexadentate coordinating

nature have been synthesized. They are shown in Figure 1.

HoN 1 NH, HoN 2 NH;

Figure 1. Synthesized Ln(lll) complexes with phenantroline and different semicarbazones.

To study the structure and the capacity as a sensor for anions and cations of these
complexes, a computational study has been carried out. Spartan with the MMFF force field
was used for the conformational search. The obtained structures have been energetically
optimized with Gaussian'09 on the PBE1PBE/TZVP level of theory. For the metal ions, the
combination of SDD/MWB28 was used. One of the computational analyzed complexes is

shown in Figure 2.

Figure 2. With PBE1PBE/TZVP and SDD/MWB28 for La(lll) energetically optimized structure of
complex 1, dihedral angle (O,La,0,C): a. = -11.08°.

[1] Markus Albrecht, Olga Osetska, Roland Frohlich, Dalton Trans. 2005, 3757.
[2] Markus Albrecht, Anna Exarchos, Verena Gossen, Gerhard Raabe, Roland Frohlich, Unpublished.
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Hydrolytic Reactions at the Interface - Self-assembled Multi-site

Catalysts for Efficient Phosphodiester Cleavage

Benjamin Gruber?, Jana Aschenbrenner?, Stefan Stadlbauer?, Julia Sauerwein®, Maria

Kalinina®, Burkhard Koénig®*
#University of Regensburg, UniversitatstraBe 31, 93053 Regensburg
PRussian Academy of Science, Leninskiy prospect 31, 119991 Moscow, RU

e-mail: burkhard.koenig@chemie.uni-regensburg.de

Phosphate esters are ubiquitous in nature and their specific hydrolysis plays an important
role in metabolic processes. As hydrolytic enzymes often contain coordinated metal ions in
their active sites various synthetic catalysts based on transition metal ions like Zn(ll) have
been reported. The design of efficient catalysts for the cleavage of stable phosphodiester
bonds, as in DNA, usually involves the connection of two or more metal centers by a variety

of spacers or by immobilization on different supports."

Air

Water Bulk water

Figure 1. Schematic hydrolysis of phosphate ester substrates by self-assembled LB monolayers (left)

and vesicular bilayers (right) containing embedded transition metal catalysts.

Based on previously reported Zn(ll)-cyclen complexes that promote phosphate ester
cleavage,” we have developed amphiphilic catalyst derivatives, which were embedded in
Langmuir-Blodgett lipid monolayers and vesicular lipid bilayers. Their hydrolytic activity

against substrates like BNPP, plasmid DNA and oligonucleotides is reported.

[11 F.Mancin, P. Tecilla, New J. Chem. 2007, 31, 800-817.
[2] (a) T. Walenzyk, B. Konig, Inorg. Chim. Acta 2005, 358, 2269-2274; (b) M. Subat,
K. Woinaroschy, C. Gerstl, B. Sarkar, W. Kaim, B. Konig, Inorg. Chem. 2008, 47, 4661—4668.
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Surface-bound peptides as biomimetic carbohydrate receptors

Sabine Himmelein and Bart Jan Ravoo*

Universitat Minster, Organisch-Chemisches Institut
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NRW Graduate School of Chemistry
s.himmelein@WWU.de

Cell surface lectin—carbohydrate interactions are involved in diverse biological processes
such as inflammation, adhesion of infectious agents to host cells, cell-cell communication
and immune responses.! In order to mimic these processes membrane-fixed peptide
receptors are synthesized and their interaction with carbohydrates is explored. Bilayer
vesicles of amphiphilic cyclodextrins are used as surface for anchoring the peptide molecules
as these vesicles consist of a membrane with a high density of embedded host molecules
that bind hydrophobic guests.”” Moreover cyclic hexapeptides were identified by a dynamical
approach as strong biomimetic carbohydrate receptors recently.’”! Based on these results the
peptide receptor is composed of an adamantyl anchor which is connected to an oligopeptide
acting as recognition unit and a cysteine terminus. This enables the peptide receptor to bind
to the surface of the cyclodextrin vesicle and to form disulfide bonds with another receptor
molecule. The so formed cyclic cavity should act as binding side for carbohydrates (see
figure 1). The interaction of the peptide-decorated vesicles with different carbohydrates is

analyzed by fluorescence spectroscopy and surface plasmon resonance measurements.

adamantane

) E==m=LA7 O
0. OH
NS ». Eigh
WSS - g
NH
31 o)
O W O recognition
domain
Figure 1: Diagram of bilayer vesicle of amphiphilic cyclodextrins with surface-bound peptides and
interacting carbohydrate.

cysteine
dlsulflde bond

[1] N. Sharon, H. Lis, Glycobiology 2004, 14(11), 53.
[2] B. J. Ravoo, R. Darcy, Angew. Chem. Int. Ed. 2000, 39, 4324.
[3] M. Rauschenberg, S. Bomke, U. Karst, B. J. Ravoo, Angew. Chem. Int. Ed. 2010, 49, 7340.
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A Reversible, Light-induced

Chirality Switch of a Bridged Azobenzene Derivative

Christine Kallweit?, G. Haberhauer?®
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e-mail: christine.kallweit@uni-due.de

For the development of molecular motors and machines; photochromic molecules are of high
interest.! The trans—cis isomerization of azobenzene and its derivatives is a prominent
example for a light-induced switching process (Scheme 1). In the past azobenzene
derivatives have been used for several switching processes in which chirality is eminent, but
unidirectional switching of the azobenzene unit has not been possible so far. Our working
group had already succeeded in accomplishing a unidirectional switching of bipyridine
derivatives by means of chiral cyclic imidazole peptides.” Thus we decided to use the chiral
clamp also for the synthesis of the azobenzene derivative 2 (Scheme 1) to switch the

azobenzene unit unidirectionally via light-induction.

trans-1 cis-(P)-1 cis-(M)-1

hvy

hvy, A

cis-(P)-2 trans-2 cis-(M)-2

Scheme 1. Light-induced switching of azobenzene 1 (bidirectional) and derivative 2 (unidirectional).

[1] a) B. L. Feringa (Ed.), Molecular Switches, Wiley-VCH, Weinheim, 2001; b) V. Balzani, M.
Venturi, A. Credi, Molecular Devices and Machines, Wiley-VCH, Weinheim, 2003;

[2] a) B. Jousselme, P. Blanchard, M. Allain, E. Levillain, M. Dias, J. Roncali, J. Phys. Chem. 2006,
110, 3488-3494; b) T. Muraoka, K. Kinbara, T. Aida, Nature 2006, 440, 512; c) K. Takaishi, M.
Kawamoto, K. Tsubaki, T. Wada, J. Org. Chem. 2009, 74, 5723-5726.

[3] a) G. Haberhauer, Angew. Chem. 2007, 119, 4476-4479; Angew. Chem. Int. Ed. 2007, 46,
4397-4399; b) G. Haberhauer, Angew. Chem. 2008, 120, 3691-3694; Angew. Chem. Int. Ed.
2008, 47, 3635-3638; c) S. Ernst, G. Haberhauer, Chem. Eur. J. 2009, 15, 13406-13416.
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Isopropylamino and Isobutylamino Groups as Recognition Sites for
Carbohydrates

N. Koch, C. Sonnenberg, Braunschweig/D
Prof. Dr. M. Mazik, Technische Universitat Braunschweig, Hagenring 30,

38106 Braunschweig

Isopropyl and isobutyl groups were incorporated into acyclic receptor structures to
mimic the interactions of valine/leucine side chains, which were shown to participate in
the formation of van der Waals contacts in protein-sugar-complexes (Figure 1ag. The
artificial receptors, containing either a trisubstituted triethylbenzene!! or
dimesitylmethane core, were expected to recognize sugar molecules through a
combination of NH*O and OH'*N hydrogen bonds, CH"*x interactions and numerous
van der Waals contacts (Figure 1b).

'"H NMR spectroscopic titrations in competitive and non-competitive media, as well as
binding studies in two-phase systems, such as dissolution of solid carbohydrates in
apolar media and phase transfer of sugars from aqueous into organic solvents,
revealed effective recognition of neutral carbohydrates and interesting binding
preferences in comparison with the previously described receptors.*® The
isopropylamino-based receptors were shown to be more effective carbohydrate
receptors than the isobutylamino-based compounds.

-------- 8 ko, |
- 4 g \\\ .H‘\ ‘.‘I 4
3 o""o
| I 3
H p-Galactoside H B-Glucoside

Figure 1. (a) Examples of hydrogen bonds and van der Waals contacts in the complex of
Galanthus Nivalis Agglutinin with Mana3(Mana6)Man." (b) Examples of noncovalent
interactions (hydrogen-bonding and van der Waals contacts) indicated by molecular modeling
calculations in 1:1 complexes of the isopropylamino-based receptor with g-galactoside and p-
glucoside.

Literature:

[1] Lis, H; Sharon, N. Lectins; Kluwer Academic Publishers: Dordrecht, The
Netherlands, 2003. [2] Mazik, M., Sonnenberg, C. J. Org. Chem. 2010, 75, 6416-6423.
[3] Mazik, M. Chem. Soc. Rev. 2009, 38, 935-956. [4] Mazik, M.; Radunz, W.; Boese,
R. J. Org. Chem. 2004, 69, 7448-7462. [5] Mazik, M.; Kuschel, M. Chem. Eur. J. 2008,
14, 2405-2419.
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Tetrazole-Containing Anion-Binding Cyclic Pseudopeptides
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The recently described cyclic hexapeptide 1 has, for a neutral compound, the unusual ability
to strongly bind to inorganic anions in highly competitive aqueous solvent mixtures. A
decisive factor responsible for the unique properties is its relatively rigid conformation whose
characteristic features are three converging NH groups and cis-conformations at the tertiary
amides. We wondered whether other macrocycles possessing similar structural features
would also act as anion receptors. A promising candidate is cyclic pseudopetide 2, in which

the tertiary amide groups of 1 are replaced by 1,5-disubstituted triazole units (Figure 1)./
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Figure 1. Structures of cyclic hexapeptide 1, its triazole containing analogue 2 and compound 3.

Studies on compound 3 (Figure 1), a structurally related smaller analogue of 2, demonstrated
the general applicability of this concept.® Moreover, preliminary 'H-NMR experiments
indicated that 2 is a promising receptor for chloride ions in competitive aqueous media. This

poster summarizes our first results in this project.

[1] @) S. Kubik, R. Goddard, R. Kirchner, D. Nolting and J. Seidel, Angew. Chem. Int. Ed 2001, 40,
2648-2651; b) S. Kubik, R. Goddard, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 5127-5132.

[2] @) Y. L. Angell and K. Burgess, Chem. Soc. Rev. 2007, 36, 1674-1689; b) W. S. Horne, C. D. Stout,
M. R. Ghadiri, J. Am. Chem. Soc. 2003, 125, 9372-9376; W. S. Horne, M. K. Yadav, C. D. Stout
and M. R. Ghadiri, J. Am. Chem. Soc. 2004, 126, 15366-15367.

[3] M. R. Krause, R. Goddard, S. Kubik, Chem. Comm. 2010, 46, 5307-5309.
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Zwitterion-chromophore modules for

white light emitting supramolecular polymers

Ina Krebs and Carsten Schmuck

Institute of Organic Chemistry, University of Duisburg-Essen, Universitatsstralle 7, 45141 Essen, Germany

With our poster we intend to show the synthesis of chromophore-zwitterion modules for
supramolecular white light emitting polymers. These polymers would be formed via the self-
assembly of the zwitterions subunits. Therefore we use the self-complementary
guanidiniocarbonylpyrrole-zwitterion developed by our group which has already been
successfully used to obtain water stable supramolecular polymers and other nanostructured
materials such as vesicles."? By combining this zwitterion with different fluorescent

chromophores, light emitting supramolecular polymers should be accessible.
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Figure 1: Synthesized molecules.

As known from the theory behind different color spaces, white light emission is obtained by
mixing different colored dyes e.g. red, green and blue dyes. With the right mixing ratio of
different colored zwitterions-chromophore units it should be possible to get a white light
emitting solution. The main advantage of this zwitterion driven supramolecular aggregation,
besides its stability in aqueous solutions, is that the self-aggregation can be reversibly

switched on and off e.g. by pH adjustments.

[1] C. Schmuck, W. Wienand, J. Am. Chem. Soc. 2002, 125, 452 - 459.
[2] C. Schmuck, T. Rehm, K. Klein, F. Grohn, Angew. Chem. 2007, 46, 1693 - 1697.
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Functionalized bipyridines fulfill all needs for acting as switches in artificial allosteric receptor-
systems due to their ability to change from anti to syn by coordination of transition metal
ions!'. In the past, we were able to synthesize many receptor-systems based on 2,2
bipyridins and resorcinarenes®”. However, the latter came out to be a little small for our
purposes. Searching for alternatives, we came across B-cyclodextrins and found them to be
very useful with regard to their ability to take up larger nonpolar molecules and their
adjustable solubility properties which might open up new possibilities for later applications.

We were able to synthesize an allosteric system based on a 4,4’-functionalized 2,2’-bipyridin
and two peracetylated B-cyclodextrins linked by thiourea-groups which were built up by using
4 4-isothiocyanato-2,2"-bipyridine®® and peracetylated 6"-amino-B-cyclodextrins. Currently,
we are investigating the coordination and guest-binding behavior of this system while we are
also working on new variations of this system like the use of 2,2’-bipyridins with different

NN

L
/M\

substitution patterns.

=N N=

s N\ 7/ \ 7/ s
S—NH HN—
NH HN

Figure 1. Allosteric system based on 4,4’-disubstituted bipyridine and B-cyclodextrins (“on-state” with

coordination of a metal ion and a guest-molecule).

[1] S.Zahn, W. Reckien, B. Kirchner, H. Staats, J. Matthey, A. Liitzen, Chem. Eur. J. 2009, 15, 2572.

[2] a) A. Litzen, O HaB, T. Bruhn, Tetrahedron Lett. 2002, 42, 1807; b) H. Staats, F. Eggers, O.
HaB, F. Fahrenkrug, J. Matthey, U. Lining, A. Litzen, Eur. J. Org. Chem. 2009, 28, 4777; c) H.
Staats, A. Litzen, Beilstein J. Org. Chem. 2010, 6, No. 10.

[8] C. Kremer, A. Litzen, Synthesis 2010, in print.
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RECYCLABLE SUPRAMOLECULAR MEMBRANE FOR SIZE-SELECTIVE
SEPARATION OF NANOPARTICLES
Elisha Krieg, Haim Weissman, Eyal Shimoni, Elijah Shirman, Boris Rybtchinski

Weizmann Institute of Science, 76100 Rehovot/IL

Noncovalent materials are highly advantageous in terms of fabrication, processing, and recyclability.
However, lack of robustness resulting from insufficient strength of noncovalent interactions has
prevented the utilization of noncovalent materials as a viable replacement for the covalent ones. We
have synthesized an amphiphilic molecule based on perylene diimide (PDI) decorated with
polyethylene glycol (PEG) groups. This amphiphile self-assembles in water into an extensive and
exceptionally robust three-dimensional fibrous network that is suitable for fabrication of
supramolecular ultrafiltration membranes. Structure and function of the prepared membranes were
investigated using cryogenic scanning electron microscopy (cryo-SEM), transmission electron
microscopy (TEM), and steady state absorption and luminescence spectroscopy. The membranes were
used to separate metal and semiconductor nanoparticles according to size: a thin (~12 pm) membrane
retains nanoparticles larger than ~5 nm, whereas a thicker (~45 pm) membrane allows for size-
selective chromatography in the size range of 2 to 5 nm. Importantly, the supramolecular membrane is
rapidly disassembled by organic solvent, allowing for facile recycling and multiple uses. Our findings
indicate that functional noncovalent materials can serve as a versatile, economical, and
environmentally friendly alternative for conventional (polymer-based) materials in real-life
applications.
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The formation of metallosupramolecular assemblies is a common strategy for building up
cavities of different sizes und functionalities.”" Highly interesting is the selective formation of
cages of well defined stereochemistry that can be applied in stereoselective processes such
as chiral resolution or asymmetric synthesis. These aggregates can be obtained through
diastereoselective self-assembly of chiral ligands. BINOL (2,2'-dihydroxy-1,1'-binaphthyl) is
an extraordinary useful building block for those purposes, as its chiral resolution is well
described and its 3- and 3’-position is quiet easily functionalized via ortho-lithiation. Recently
we were able to report on several BINOL-based ligands that undergo stereoselective self-

assembly to charged, enantiomerically pure aggregates.™

In our current work we investigate the formation of neutral complexes. Therefore, we chose
acetylacetonate groups as chelating units in 3- and 3’-position of the BINOL-backbone to
form a ligand that is able to built tetranuclear complexes of tetrahedral shape with trivalent

metal ions like Fe®** and Ga®.

Figure 1. a) Scheme of the cage MyLg; b) PM3-TM-minized structure of (A, AN N)- [Gas((Ra)-L)e]-

[11 a) F. Hof, S.L. Craig, C. Nuckolls, J. Rebek, Jr., Angew. Chem. 2002, 114, 1556-1578; b) M.
Yoshizawa, J. K. Klosterman, M. Fuijita, Angew. Chem. 2009, 121, 1370-1390.

[2] a)J.Bunzen, T. Bruhn, G. Bringmann, A. Litzen, J. Am. Chem. Soc. 2009, 131, 3621-3630; b) J.
Bunzen, R. Hovorka, A. Litzen, J.Org. Chem. 2009, 74, 5228-5236; c) J. Bunzen, M. Hapke, A.
Latzen, Eur. J. Org. Chem. 2009, 3885-3894; d) J. Bunzen, U. Kiehne, C. Benkhauser-Schunk, A.
Latzen, Org. Lett. 2009, 11, 4786-4789; e) A. Lutzen, M. Hapke, J. Griep-Raming, D. Haase, W. Saak,
Angew. Chem. 2002, 114, 2190-2194.
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Physico-chemical Studies on multi-Receptor Synthetic Membranes

— Towards Imprinted Surfaces

Tobias Lang® Benjamin Gruber®, Stefan Balk?®, Burkhard Konig®*
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e-mail: burkhard.koenig@chemie.uni-regensburg.de

Non-covalent interactions of receptors and ligands at liposomal surfaces are very similar to
recognition processes at biological membranes which are responsible for cell recognition,
adhesion and fusion. Molecular recognition on such membranes is often governed by
dynamic multivalent interactions.! Based on previously reported vesicular chemosensors for
the recognition of small biomolecules, we currently focus on the structuring of such multi-

receptor surfaces and the dynamic recognition of multivalent target molecules.

i

high affinity =5

Figure 1. Schematic drawing of an imprinting approach of a receptor embedded vesicular surface to

improve the binding affinity towards a multivalent ligand.

Approaches for the ordering of surface-exposed binding sites include heating above the main
phase transition temperature in the presence of multivalent template molecules and

subsequent cooling and removal of the templates.

Here we present preliminary physico-chemical studies of membranes doped with synthetic

receptors in the gel and liquid crystalline state and their reversible phase transitions.

[1] M. Mammen, S. K. Choi, G. M. Whitesides, Ang. Chem. Int. Ed. 1998, 37, 2754.
[2] B. Gruber, S. Stadlbauer, A. Spath, S. Weiss, M. Kalinina, B. Konig, Ang. Chem. Int. Ed. 2010,
49, 7125.
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Biomimetic and Dynamic Receptors by Non-covalent Interactions

Stefanie C. Lange and B.J. Ravoo*
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e-mail: Stefanie.Lange@WWU.de

The response of dynamic combinatorial libraries (DCL) of various tripeptides to templates,
especially carbohydrates, using covalent exchange reactions was published recently.!"
Additional degrees of library diversification can be achieved in a DCL using reversible non-
covalent interactions such as metal-ligand-coordination to build up peptide-dimers as
biomimetic receptors, which are likely to interact with templates (figure 1). Therefore
peptides are synthesized containing a recognition unit between a pyridine based metal-ligand
at the N-terminus and an allyl-functionalized C-terminus as an inert end of the peptide-chain.
The dynamics of the DCL can be controlled using redox active transition metal ions (e.g.
Co?*/Co®). As a result oxidation of the octahedral complexes allows analysis of the resulting

library composition.?
53 ‘
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Figure 1. : Schematic overview of a dynamic combinatorial library using non-covalent interactions to

build up peptide dimers as biomimetic receptors.

[1]1 M. Rauschenberg, S. Bomke, U. Karst, B.J. Ravoo, Angew. Chem. Int. Ed., 2010, 49, 7340.

[2] S. Otto, R.L.E. Furlan, J.K.M. Sanders, Drug Discovery Today, 2002, 7, 2, 117.
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Aminoacid functionalized heterodinuclear metallohelicates
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After having successfully synthesized different triple stranded helicates with a variety of
geometries and metals [1, 2] we began to functionalize these helicates with different rests, as

for example phenyl groups.

The possibility of being able to imitate nature by introducing peptides in our structures
goaded us to start off with the introduction of aminoacids in our helicates. The first derivative
was the phenylalanine functionalized ligand 1 which was complexed with La (Ill) and Ga (lll)

ions giving as a result the first chiral helicate with catecholate-acylhydrazone based ligands.

Circular dichroism measurements of complex 1a in DMSO 10°M gave the spectrum which is

shown in Figure 2.
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Figure 1. Synthesis of complex 1la
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Figure 2. CD Spectrum of complex 1a in DMSO (10 M)

[1] M.Albrecht, Y.Liu, S.Zhu, C. Schalley, Chem. Commun., 2009, pp. 1195-1197.
[2] M.Albrecht, I. Latorre, Y.Liu, R. Frohlich, Z.fur Naturforschung, 2010, Vol 15b, 311-316.
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Carbohydrate recognition plays a very important role in biological processes. Thus, many
efforts have been made in supramolecular chemistry to develop artificial receptors to
understand the underlying principles.™ Recently, we were able to synthesize a 2,2"-bipyridine
(1) carrying two BINOL groups.” This ligand forms mononuclear complexes with suitable
transition metal ions that were found to bind monosaccharide derivatives in a remarkably
strong manner, much better than a structurally very similar covalently assembled analogue

2B in which a 9,9'-spirobifluorene substitutes the central bis(2,2’-bipyridyl) complex.

(all-S,)-1 [IM{(all-S,)-1},]" (all-S,)-2

[1] A. P. Davis, Org. Biomol. Chem. 2009, 7, 3629; b) M. Mazik, Chem. Soc. Rev. 2009, 38, 935.

[2] a) A. Lutzen, M. Hapke, S. Meyer, Synthesis 2002, 2289; b) A. Laures, Diplomarbeit, Universitat
Bonn, 2010.

[3] A.Lutzen, F. Thiemann, S. Meyer, Synthesis 2002, 2771.
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ammonium ions
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The development of stereoselective receptors and effective resolution of enantiomers is of
great importance in chemical research and industrial synthesis. F. Thiemann from our group
demonstrated that receptor 1 has a strong affinity to bind ammonium ions*. This work lead to
the synthesis of new potential receptors. One approach aims at the use of monofunctional
spirobifluorens as basic components which are functionalized by ethynyl or phenyl groups as

linkers and crownethers or aza-crownethers as binding sites for ammonium ions.

Figure 1. F. Thiemanns receptor 1 and a possible monofunctional spirobifluoren receptor 2.

The synthesis of some of these new potential receptors will be presented.

[1] F. Thiemann, PhD Thesis, Universitat Oldenburg, Shaker Verlag, Aachen 2004.
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crystal microbalances
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Abstract:

Supramolecular receptors based on a triphenylene ketale backbone show a high affinity

towards aromatic C; and pseudo C; symmetric molecules (figure 1).['?

CeF13

Figure 1: Perfluoroalkylated receptor

For example, these compounds are useful for detection of TNT or caffeine. The receptor
material is deposited on quartz crystal microbalance using an established electrospray
protocol.”! However, the adsorption of water on the hydrophilic surface of the quartz
electrode causes wrong readings, which should be reduced by perfluoroalkylation of the
surface. After equipment of the receptor with perfluoro groups, dip coating could become an
alternative coating procedure. The implementation of these groups is carried out by a well-
known protocol in which the triamine precursor of the receptor reacts with the corresponding
isocyanates."! First results of the synthesis will be presented. Furthermore we show the

behaviour of the modified quartz crystals in our measurement setup.

[1] M. C. Schopohl, A. Faust, D. Mirk, R. Frohlich, O. Kataeva, S.R. Waldvogel, Eur. J. Org.
Chem. 2005, 2987-2999.

[2] S. R. Waldvogel, R. Frohlich, C. A. Schalley, Angew. Chem. 2000, 112, 2580-2583.

[3] D. Lubczyk, C. Siering, J. Lorgen, Z. B. Shifrina, K. Millen, S. R. Waldvogel, Sensors and
Actuators B 2010, 143, 561-566.
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8-Hydroxyquinoline as a Building Block for Artificial Receptors:
Binding Preferences in the Recognition of Glycopyranosides

Geffert C., Lippe J., Braunschweig/D
Prof. Dr. M. Mazik, Technische Universitat Braunschweig, Hagenring 30,
38106 Braunschweig

Artificial carbohydrate receptors using noncovalent interactions for sugar binding*?

provide valuable model systems to study the underlying principles of carbohydrate-
based molecular recognition processes. Although effective receptor systems have
been developed, the exact prediction of the binding preferences of the artificial
receptors is still further away and it is hoped that systematic studies towards effective
recognition motifs for carbohydrates will contribute significantly to the solution of this
problem. Our previous studies showed that acyclic receptors,? such as compounds
containing a trisubstituted trialkyloenzene core, represent particularly interesting
objects for such systematic studies. Depending on the nature of the recognition units
and connecting bridges used as the building blocks, a variety of receptors with
different binding properties could be obtained.
The aim of the present study was to evaluate the potential of 8-hydroxyquinoline-
based receptors (see for example Figure 1) in the complexation of carbohydrates.® 8-
Hydroxyquinoline unit has been extensively used for the construction of metal ion
ligands. In the area of sugar recognition by receptors employing noncovalent
interactions the potential of this unit has not been evaluated.

g%ﬁﬁiﬁ

Figure 2. Examples of 8-hydroxyquinoline-based receptors.

The recognition properties of the new compounds were compared with those of the
previously studied receptors. In addition, the properties of the 8-hydroxyquinoline-
based receptors were compared with those of the quinoline-based compounds.
Binding studies in competitive and non-competitive media showed both effective
recognition of carbohydrates and interesting binding peferences of 8-
hydroxyquinoline-based receptors.

[1] A. P. Davis and T. D. James, In Functional Synthetic Receptors; Schrader, T.;
Hamilton, A. D.,Eds.; Wiley-VCH: Weinheim, Germany, 2005, p 45-109. [2] M. Mazik,
Chem. Soc. Rev. 2009, 38, 935-956. [3] C. Geffert, M. Mazik, 2010, submitted.
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Supramolecular chemistry and molecular recognition.
From multiple hydrogen bonds to dynamic combinatorial chemistry.

Ulrich Liining

Otto Diels-Institut fir Organische Chemie der Christian-Albrechts-Universitat Kiel

Molecular recognition of a guest by a host needs attractive supramolecular interactions. The
hydrogen bond is of special importance as it is directional, and the combination of several
hydrogen bonds produces patterns which contain the information, only to bind the
complementary hydrogen bond acceptor/donor pattern. Orthogonal multiple hydrogen bond

systems will be presented and their binding properties will be discussed.

A second important feature for host guest chemistry is the complementarity of convex and
concave shapes. Most molecules are "potato shaped", i.e. they are mostly convex. Thus a
receptor must possess a concave structure which can either be guaranteed by a stiff U-
shape of the molecule or by using macrocycles. The syntheses of the latter are not
straightforward because the desired macrocyclization always competes with oligo- and
polymerization. While in the past, this difficulty has mainly been overcome by using the high-
dilution principle, dynamic combinatorial approaches which exploit the template effect are
increasingly used these days. Macrocycle syntheses with the help of inorganic and organic
templates will be presented. Furthermore, the direct use of a dynamic combinatorial library

for a function will be presented:

A dynamic combinatorial library consisting of amines and aldehydes can directly be used for

ion transport across different membranes.
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Chiral 4,12- and 4,15-disubstituted [2.2]paracyclophanes

Georg Meyer-Eppler, Arne Litzen™

Rheinische Friedrich-Wilhlems-Universitat Bonn, Kekulé-Institut fir Organische Chemie und
Biochemie, Gerhard-Domagk-Str. 1, D-53121 Bonn

e-mail: georgme@uni-bonn.de

Besides a certain size and chemical nature chirality is one of the most important features of
(supra-)molecules. Thus, one of the major subjects in our group is the development of
stereoselective self-assembly processes of e.g. metallosupramolecular aggregates. Usually
we use a dissymmetric chiral unit as the key-element that controls these processes like e.g.
BINOL, Troger's base, or 9,9-spirobifluorene derivatives. These compounds all have in
common that they contain rather unusual stereogenic elements like chiral axes, spiro-carbon
atoms or stereogenic N-atoms. Another interesting element in this context are chirality
planes. These can be found e.g. in 4,12- and 4,15- disubstituted [2.2]paracyclophanes. Due
to their special electronic properties they are also interesting for the synthesis of T1-
conjugated oligomers. Yet we have been able to synthesize some disubstituted
[2.2]paracyclophanes carrying e.g. two hydroxy, aldehyde, or carboxyl groups which can be
transformed in a number of further functional groups. Although many of these functionalized
[2.2]paracyclophanes are known from the literature™ we were able to greatly improve some

of the synthesis to achieve higher yields and develop new resolution procedures via HPLC.

. -
1) n-BuLi, reagenz
2) DMF

c Br 1) n-BulLi,

G 2) B(OMe);

| Br  3)KOH, H,0,

X X X \
C2 1 m; 1) n-BuLi

X | 2) CO,

4,12 4,15
pseudo ortho pseudo meta

Figure 1. 4,12- and 4,15- disubstituted [2.2]paracyclophanes and the their synthesis.

[1] a) L. Bondarenko, I. Dix, H. Hinrichs, H. Hopf, Synthesis 2004, 2751; b) N. V. Vorontsova, V. I.
Rozenberg, E. V. Sergeeva, E. V. Vorontsov, Z. A. Starikova, K. A. Lyssenko, H. Hopf, Chem. Eur. J.
2008, 14, 4600; c) D. Y. Antonov, E. V. Sergeeva, E. V. Vorontsov, V. |I. Rozenberg, Russ. Chem. Bull.
1997, 46, 1897.
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HIERARCHICAL PROTEIN ASSEMBLY DIRECTED BY SUPRAMOLECULAR ELEMENTS
D. A. Uhlenheuer, J. Young, M. Scheepstra, L.-G. Milroy and L. Brunsveld*

Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University
of Technology, Den Dolech 2, 5612 AZ Eindhoven, the Netherlands

Supramolecular chemistry utilizes reversible non-covalent interactions to assemble molecules
into multi-molecular complexes. These can be modulated by external elements such as light,
temperature, pH or ligands. Supramolecular systems promise to be powerful tools for the study
of biological phenomena. For example, host-guest chemistry has been used to immobilize
proteins on surfaces’ in order to control the assembly of two protein fragments,? and to dimerize
two proteins in the cell.> We have shown that protein interactions can be controlled using the
host-guest complex formed between lithocholic acid (LA) and B-cyclodextrin (CD).* This poster
illustrates the design and synthesis of supramolecular host-guest elements, their conjugation to
fluorescent proteins and subsequent in vitro biochemical studies.
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surface. By switching the redox conditions,
the protein heterodimers can be covalently
Supramolecular host: f-cyclodextrin locked via the assisted formation of a disulfide
bridge between a CFP and a YFP protein.

- Supramolecular guest: Lithocholic acid

1. I. Hwang, K. Baek, M. Jung, Y. Kim, K. M. Park, D.-W. Lee, N. Selvapalam, K. Kim, J. Am.
Chem. Soc. 2007, 129, 4170-4171.

2. S. Sakamoto, K. Kudo, J. Am. Chem. Soc. 2008, 130, 9574-9582.

3. L. Zhang, Y. Wu, L. Brunsveld, Angew. Chem. Int. Ed. 2007, 46, 1798-1802.

4. D. A. Uhlenheuer, D. Wasserberg, H. Nguyen, L. Zhang, C. Blum, V. Subramaniam, L.
Brunsveld, Chem. Eur. J. 2009, 15, 8779-8790.
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Leaving the cosy cradle —
Dependence of anion-n interactions on fluorination degree of the arene

Michael Miiller®, Markus Albrecht® Arto Valkonen® and Kari Rissanen®

®RWTH Aachen, Institut fir Organische Chemie, Landoltweg 1, D — 52072 Aachen, Germany
’Nanoscience Center, Department of Chemistry, University of Jyvaskyl&, Survontie 9, 40014
Jyvaskyla, Finland
e-mail: Michael.Mueller@rwth-aachen.de

Supramolecular Chemistry is the chemistry of noncovalent interactions.! In the last 20
years theoretical studies and experimental evidence have revealed a new kind of non-
covalent interaction — the anion-n interaction.? Previous studies of our group showed
that the pentafluorophenyl unit is an appropriate system for anion-n interactions.?

The dependence of the fluorination degree of the arene on anion-n interactions is
investigated in the current work. A rising distance between the anion and the phenyl unit

with increasing degree of fluorination (1a-d) of the arene was obtained.
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Figure 1. Comparison of the crystal structures of 1a-d showing the rising distance between the
centromer of the arene and the anion.

In DABCO-derivatives with ortho hydrogens the anion is surrounded by CH-units. No anion-n
interaction can be observed. The arenes are antiparallel n-stacking with an offset.
In conclusion our recent results show that at least three to four fluorine atoms on the

arene are required for an effective anion-w interaction.

[1] J. Steed, J. L. Atwood, Supramolecular Chemistry, John Wiley: New York, 2009.

[2] (a) B. L. Schottel, H. T. Chifotides, K. R. Dunbar, Chem. Soc. Rev. 2008, 37, 68; (b) B. P. Hay,
V. S. Bryantsev, Chem. Commun. 2008, 21, 2417.

[3] (a) M. Albrecht, C. Wessel, M. de Groot, K. Rissanen, A. Lichow, J. Am. Chem. Soc. 2008,
130, 4600; (b) M. Albrecht, M. Mdller, O. Mergel, K. Rissanen, A. Valkonen, Chem. Eur. J.
2010, 16, 5062; (c) M. Miller, V. Gossen, M. Albrecht, T. Peters, A. Hoffmann, G. Raabe, A.
Valkonen, K. Rissanen, Chem. Eur. J. 2010, 16, 12446; (d) M. Miller, M. Albrecht, J.
Sackmann, A. Hoffmann, F. Dierkes, A. Valkonen, K. Rissanen, Dalton Trans. 2010, 39,
11329.
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Stimuli-Responsive Supramolecular Interactions of Vesicles
Siva Krishna Mohan Nalluri and Bart Jan Ravoo
Organic Chemistry Institute and Graduate School of Chemistry,

Westfélische Wilhelms-Universitat Mlnster, Corrensstral3e 40, 48149 Minster, Germany.

Cyclodextrins (CDs) are a group of cyclic oligosaccharides composed of six (a-CD), seven
(B-CD) or eight (y-CD) a(1,4)-linked glucopyranose units with hydrophobic internal cavities.
Amphiphilic CDs form bilayer vesicles in aqueous medium [1]. The surface of CD vesicles
displays hydrophobic cavities in a liquid crystalline array. These vesicles are able to
recognize and bind hydrophobic guest molecules and it was possible to achieve
intravesicular and intervesicular interaction by orthogonal host-guest and metal-ligand
complexation [2].

The inclusion of azobenzene as a guest into a CD host is light-responsive: the rod-like trans-
isomer forms a stable inclusion complex with a-CD as well as with B-CD, while the bent cis-
isomer does not fit in either CD. In this contribution we show that the photo-isomerization of a
bifunctional azobenzene non-covalent linker molecule can be used as a trigger to induce and
reverse the molecular recognition and adhesion of vesicles [3]. In a similar way, we also
show a competitive photo-responsive system in which a monofunctional photo-responsive
azobenzene molecule can be used as a competitor to inhibit and induce the adhesion of
vesicles accompanied by a weak non-covalent linker molecule. Further, we investigate a
system in which a metal ion is used as a stimulus to control the aggregation and dispersion

of vesicles by the reversible change in the conformation of guest molecule.
0% o838 %e°.

. ‘ Stimulus . ’2 ‘
® o

Figure 1. Stimuli-responsive supramolecular interactions of vesicles.

[1] B.J.Ravoo, R. Darcy, Angew. Chem., 39, 4324, (2000).

[2] C.W.Lim, O. Crespo-Biel, M.C.A. Stuart, D.N. Reinhoudt, J. Huskens, B.J. Ravoo, Proc. Natl. Acad. Sci. USA, 104,
6986, (2007).

[31 S.K.M. Nalluri, B.J. Ravoo, Angew. Chem., 49, 5371, (2010).
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Supramolecular Induced Dimerization and Activation of Caspase-8

Thuur van Onzen, Dung Dang, Luc Brunsveld

Eindhoven University of Technology, Laboratory of Chemical Biology
Den Dolech 2, 5612 AZ Eindhoven, The Netherlands

e-mail: a.h.a.m.v.onzen@student.tue.nl

Caspase-8 is a protease and plays a key role in the apoptosis pathway, cleaving proteins at
specific aspartate residues. Naturally, the function of caspase-8 is as initiator to generate and
activate caspase-3 by proteolysis, resulting in apoptosis. Caspase-8 is primarily present in its
inactive monomeric form under normal physiological conditions, but becomes active upon
induced dimerization. In our work, the human caspase-8 was generated with an N-terminal
FGG motif by using the N-terminal intein technology from plasmid pTWIN1. In our study the
FGG-caspase-8 has to be induced into its dimeric form using the host-guest molecule,

cucurbit[8]uil (Q8), resulting in enhancement of its activity.

Figure 1. The process of protein dimerizing using FGG motifs and Q8

[1] H.D. Nguyen, T.D. Dang, J.L.J. Dongen, L. Brunsveld, Angewandte Chemie 2010, 122, 907-910
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Self-Assembling Multivalent Columns

Katja Petkau®, Nazmiye Neslihan Bozkurt?, Luc Brunsveld®*
#Technical University of Eindhoven, Den Dolech 2, 5612 AZ Eindhoven, the Netherlands
e-mail: k.petkau@tue.nl

Binding events in nature, like those between cells, are typically based on relatively weak and
non-covalent interactions. To stabilize and enhance these interactions nature uses the
advantages of multivalent binding. To interfere in these multivalent processes, multivalent
binders are investigated. Multivalent synthetic (co)polymers with a precise placement of
functional groups and well-defined fold are not accessible. Supramolecular assemblies
promise to provide an ideal platform to display multiple ligands on a self-assembled
polymeric backbone. A multivalent system that can adapt its structure and the position of

functional groups upon the environment will enable an optimal binding to a cell surface.

In this work we show that supramolecular discotics (Figure 1) can successfully self-assemble
to a dynamic multivalent architecture in water, displaying ligands at will at the periphery. The
intrinsic fluorescence of the discotics enables investigation with optical techniques such as
fluorescence microscopy or FRET. These molecules have been functionalized with several
bioactive ligands. The discotics with mannose-moieties for example bind strongly to FimH
receptors of E. coli in a specific, selective and multivalent manner. ™! After functionalization

with biotin these columnar assemblies can act as platforms for directed protein assembly. !
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Figure 1. 1) Chemical structure of mannose and biotin fuctionalized discotic; 1) The biotin—streptavidin
interaction mediates the assembly of streptavidins on the supramolecular wire and facilitates
approximation of the FRET pair; 1ll) The discotics with mannose moieties bind strongly to FimH

receptors of E. coli in a specific, selective and multivalent manner.

[1] M. Mdller, L. Brunsveld, Angew. Chem. Int. Ed. 2009, 48, 2921.
[2] M. Mdller, K. Petkau, L. Brunsveld, Chem. Commun., 2010, DOI: 10.1039/C0CC02084B
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A Cyclopeptide-Derived Molecular Container For Inorganic Anions
Astrid Schaly, Eugenia Eugenieva-llieva, Stefan Kubik®

Technische Universitat Kaiserslautern, Fachbereich Chemie — Organische Chemie,
Erwin-Schrédinger-Str., 67663 Kaiserslautern
e-mail: schaly@rhrk.uni-kl.de

Neutral anion receptors have recently been developed in our group, derived from two cyclic
hexapeptide subunits covalently linked via one linker, which form highly stable complexes
with inorganic anions in competitive aqueous solvent mixtures.["! Subsequently, the idea
emerged to try to permanently entrap inorganic anions inside the cavity of such
bis(cyclopeptides) by introducing three linkers between the cyclopeptide. The synthesis of
the corresponding triply-linked bis(cyclopeptide) was achieved by using dynamic chemistry
under thermodynamic control and disulfide exchange as the reversible reaction. Specifically,
cyclopeptide trithiol 1 was equilibrated in the presence of sodium sulfate as an anionic
template and three equivalents of a 1,2-ethanedithiol. Under these conditions the formation
of of a compound was observed as the major product that turned out to be the desired

capsule 2 with the anion entrapped between the two cyclopeptide rings.
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Figure 1. Synthesis of the triply-linked bis(cyclopeptide) 2

Detailed NMR spectroscopic experiments demonstrated that the bound sulfate ion can be
exchanged with other anions. Experimental evidence about the thermodynamic stabilities of
the anion complexes of 2 and the mechanism of anion exchange will be presented in this

poster.

[1] S. Kubik, R. Kirchner, D. Nolting, J. Seidel, J. Am. Chem. Soc. 2002, 124, 12752-12760.
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Phenanthroline- and Naphthyridine-Based Receptors:
Syntheses, Crystal Structures and Binding Properties

Rosien, J.-R., Schmidt, U., Braunschweig/D
Prof. Dr. M. Mazik, Technische Universitat Braunschweig, Hagenring 30,
38106 Braunschweig

As part of our program aimed at the development of effective and selective
carbohydrate receptors,'”! we have analyzed the binding properties of acyclic
receptors consisting of phenanthroline-?* and naphthyridine-based®®® recognition
groups. The interactions of these receptors and saccharides were investigated in
homogenous media by 'H-NMR and fluorescence titrations and in two-phase
systems by extraction experiments. Both hydrogen bonding (see Figure 1) and
interactions of the sugar CH’s with the aromatic rings of the receptors were shown to
contribute to the stabilization of the receptor-sugar complexes.

Figure 1. Examples of hydrogen bonds in the complexes of a phenanthroline-
based receptor and -glucoside (left) or B-galactoside (right).

Compared to the previously described acyclic receptors, the new phenanthroline-
and naphthyridine-based receptors show significantly higher binding affinities as well
as selectivities, which are quite different from those of the earlier systems. Both
recognition units have been established as valuable building blocks for the
construction of artificial carbohydrate receptors. The syntheses, crystal structures
and recognition properties of the receptors towards mono- and disaccharides will be
presented in this poster.

[1] M. Mazik, Chem. Soc. Rev. 2009, 38, 935-956. [2] M. Mazik, A. Hartmann, P. G. Jones,
Chem. Eur. J., 2009, 15, 9147-9159. [3] M. Mazik, A. Hartmann, J. Org. Chem. 2008, 73,
7444-7450. [4] J.-R. Rosien, M. Mazik, unpublished results. [5] M. Mazik, H. Cavga, Eur. J.
Org. Chem. 2007, 3633-3638. [6] U. Schmidt, M. Mazik, unpublished results.
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Supramolecular MyL, Tetrahedra with triangular Acylhydrazone

Ligands

Yuli Shang, Tanja Rhyf3en, Jan Alexander Stubenrauch, Markus Albrecht*
Institut fur Organische Chemie der RWTH-Aachen, Landoltweg 1, D-52074 Aachen,
e-mail: yuli.shang@rwth-aachen.de

An easy way to obtain metallo-supramolecular tetrahedra Mg[L,Ti4] is self-assembly from the
triangular ligands L-Hg and titanoyl bis(acetylacetonate) in the presence of alkali metal
carbonates as base. We report two similar ligands, L*-Hg and L2-Hs, which are prepared by
condensation of the corresponding aldehyde and 2,3-dihydroxybenzhydrazide. All the
complexes can be well characterized by 'H NMR in combination with ESI FT-ICR MS.
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Enantioselective coiling of chiral alkanes inside supramolecular

capsules

Carsten Siering?, Jakob Torang, Holger Kruse®, Stefan Grimme®, S.R. Waldvogel**

#Johannes Gutenberg-Universitat Mainz, Duesbergweg 10-14, D-55128 Mainz
® Westfalische Wilhelms-Universitat Miinster, Gerhard-Domagk-Str. 1, 48149 Minster
e-mail: waldvogel@uni-mainz.de

Self-assembled capsules have been a prominent playground for supramolecular chemists for
decades. Especially those capsules developed by Rebek and coworkers have been most
inspiring for generations of chemists. Besides building new architectures, he also discovered
new effects of encapsulation. Most surprisingly, he found a helical, “compressed”
conformation of linear alkanes inside the capsules. However, there was no report on the

induction of preferential helicity of these alkanes.

Therefore, a chirally modified alkane (2-tetradecanol) was intitially synthesized and
enantiomerically enriched. After encapsulation extensive NMR and CD investigations
revealed a significant preference of helicity for a given chirality at the carbon chain.
Theoretical treatment of the whole system allowed to assign the obtained CD signals to the
absolute helicity of the chain. To our surprise, the CD signal is predominantly determined by

the helicity but not the chiral center.

344 nm

s (R)-2-tetradecanol (90% ee)
(S)-2-tetradecanol (66% ee)

0,8 3 c-2-tetradecanol

0,6

0,4

CD/ mdeg

0,2

0,0

-0,2

-0,4

T = T T T
315 330 345 360 375 390

A/nm

[11 C. Siering, J. Torang, H. Kruse, S. Grimme, S. R. Waldvogel, Chem. Commun. 2010, 46, 1625-
1627.
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Redox Controlled Conformation In Biphenyl-Systems

C. Tepper, G. Haberhauer

Universitat Duisburg-Essen, Universitatsstral3e 7, 45117 Essen

A remarkable challenge for the design of molecular machines!" is the realization of a
unidirectional and synchronized rotation caused by an external stimulus. Such a
rotation can be achieved by a unidirectionally controlled change of the conformation
or the configuration.’®® Biphenol derivatives are one possibility to realize a redox
controlled unidirectional molecular switch. For this reason a 4,4’-biphenol derivative
was fixed to a chiral cyclopeptidic scaffold. Several oxidation agents and various
conditions were tested, among which DAIB in methanol proved to be the best. In this
way it was possible to synthesize a redox stimulated molecular switch with a rotation

around a biaryl binding axis.

o ()
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Scheme 1: Principle of redox processed unidirectional switching.

[1 a) V. Balzani, M. Venturi, A. Credi, Molecular Devices and Machines, Wiley-VCH, Weinheim,
2003; b) E. R. Kay, D. A. Leigh, F. Zerbetto, Angew. Chem. Int. Ed. 2007, 46, 72-191

[2] a) S. Ernst, G. Haberhauer, Chem. Eur. J. 2009, 15, 13406-13416; b) G. Haberhauer, C.
Kallweit Angew. Chem. Int. Ed. 2010, 49, 2418-2421; c) G. Haberhauer, Angew. Chem. Int.
Ed. 2010, 49, 9286-9289.

[3] a) S. P. Fletcher, F. Dumur, M. M. Pollard, B. L. Feringa, Science 2005, 310, 80-82; b) N.
Koumura, R. W. J. Zijlstra, R. A. van Delden, N. Harada, B. L. Feringa, Nature 1999, 401, 152-
155.
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Enantio-recognition of oxoanions by guanidinium host

Ashish Tiwari®, Franz-Peter Schmidtchen®*
% Technische Universitat Muinchen, LichtenbergstralRe 4, 85748 Garching

franz.peter.schmidtchen@mytum.de

Among the various applications of supramolecular interactions, the discrimination of
enantiomers occupies a prominent position because of the exclusive dependence on
geometrical factors, but not at all on the differences in the chemical nature or solvation of the
competing partners. As indicated in the biological systems, the embedding of a guanidinium
anchor group in an open chain or macrocyclic chiral framework opens an access to
dedicated enantioselective recognition of chiral carboxylates. To avail this, open chain hosts
containing the chiral C2-symmetric bicyclic guanidinium unit as the primary binding site for
the anionic guest appended to mono allylated bisphenol A and estradiol moieties were
synthesized. Hydrophobic substituents attached to the guanidinium core act as walls to
restrict the accessibility of the binding site and thus aid in generating stucturedness of the
supramolecular complexes formed with the guests. Isothermal calorimetric titrations of
enantiomers of the rigid trolox anion, with the open chain host, however, do not show any
significant difference in the interaction energy of two enantiomers with the host.

Molecular modelling studies carried out in explicit solvent on open chain and
macrocyclic hosts with enantiomers of binaphthyl phosphate anion show a geometrical
preference for the S-enantiomer of the guest anion for binding to the macrocyclic hosts whilst
no differentiation while interaction with open-chain hosts. Following the guideline from
modelling, Ring-Closing-Metathesis was employed in order to obtain a macrocyclic
guanidinium host. The RCM reaction was carried out under classical thermodynamic
conditions as well as in the presence of a templating agent. In both cases, polymerization
was dominant though better cyclization yields were observed in the presence of the template.
Microwave-assisted RCM gave even better results in terms of highly reduced reaction time

as well as higher yields of the desired macrocyclic compounds.
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The development of molecular cages offers numerous concepts on how to construct
confined spaces, capable of sequestering charged or electroneutral species. Whereas non-
covalently connected cages assembled via weak interactions are well explored, examples of
hosts featuring the occlusion of a cavity by means of a covalent framework are scarce in the
literature. Our research is focused on developing electroneutral anion receptors containing a
inner preorganized cavity, that is based on the [6°Jadamanzane covalent scaffold. We report
herein the synthesis, characterization and some anion binding studies in polar organic media
of a new class of electroneutral receptors using a zwitterionic construction principle.
Appending four weakly coordinating bis-cobaltdicarbollide anions onto the [6°]adz framework
via an ethylene glycol spacer generates a highly symmetric electroneutral receptor
designated T,.

The very simple "H- and "®*C-NMR spectra of the T, receptor reveal its high symmetry
in organic media such as MeCN and DMSO. Binding studies were performed in gaseous and
condensed phases as well. The MALDI analyses recorded in negative mode revealed
association complexes between the T, receptor and various anions such as CI', Br, I', NO3,
HCOg3, BF,, CIO,. NMR titration studies in acetonitrile evidenced strong binding of Br" and
NO;3; (Kassoc 10%-10° mol/L), whereas F°, CI', I, HCOj3;™ exhibited low association constants in
the range of 10%-10° mol/L. Moreover, ITC titrations revealed the energetic signature that
characterizes the anion complexation process. The ITC analysis shows that the major
contribution to the anion encapsulation arises from the entropy generated by the anion
desolvation process, which occurs on complexation.

In conclusion, we report a novel family of electroneutral receptors containing a
covalently connected cage, capable to accommodate anions with various geometries and
sizes. Due to their similarity with the cationic counterparts, these novel receptors can be

regarded as “anion cryptands”.
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Cyclodextrins (CDx), cyclic oligosaccharides composed of 1,4-a-linked glucose subunits, are
an excellent basis for the design of enzyme mimics.! Due to their hydrophobic cavity and
their hydrophilic outside they are good hosts for non-polar guests in aqueous media. Even
native cyclodextrins mediate certain reactions, in particular ester hydrolyses, but arranging
suitable functional groups around the cavity generally yields more efficient catalysts. We are
interested in new CDx derivatives that accelerate the hydrolysis of esters, especially ones
deriving from phosphonic acid. Synthetic access to these compounds is achieved by
regioselectively introducing one or more leaving groups along the a- or B-cyclodextrin ring.
Substitution of these groups with residues, which can potentially mediate ester hydrolysis,
then leads to the desired products (Figure 1). As active groups N- and O-nucleophiles as well
as a-effect-nucleophiles are investigated. Activity of the cyclodextrin derivatives thus

prepared is evaluated by using an enzyme essay.?

@ A leaving group

<p> active group

Figure 1. Schematic representation of the cyclodextrin functionalisation.

Cyclodextrin

Cyclodextrin

This poster introduces our concept and shows first results of the investigations.

[1] R. Breslow, D. S. Dong, Chem. Rev. 1998, 98, 1997-2012.
[2] T. Wille, H. Thiermann, F. Worek, Toxicol. in Vitro 2010, 24, 1026-1031.
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Melanie Zindler, Adrian Frej, Christian-Albrechts-Universitat, Otto Diels-Institut fir
Organische Chemie, Otto-Hahn-Platz 4, D-24098

Light driven proton uphill transport is an essential process in nature. In the
photosynthetic apparatus, light energy is used to pump protons across a cell
membrane.

Scheme 1 depicts our model system. The proton transfer is realized by a photo-
switchable acid, like 2-(2,4-dinitronbenzyl)pyridine (DNBP), attached to a rotaxane.

Scheme 1: Uphill proton transfer by a rotaxane. Due to electrostatic interactions the macrocycle moves
along the axle.

Upon irridation the photo-switchable acid tautomerizes to a more acidic form and
switches back in a thermal reaction (scheme 2).

N NO, N NO, N NO,
| oo .
[ ~ — [
v YU T N
NO, H O/N\Oe NO,

pKa =14 pKa=0.5 pKa=59
Scheme 2: Tautomeres of the DNBP with different acidity.

Several novel DNBP derivates were successfully synthesized and determined.™ In this
connection a new method to obtain di- and trinitrobenzyl substituted pyridine derivates
was found.

Furthermore several axles and macrocycles were synthesized to build a [2]rotaxane via
a slipping-process (scheme 3).

R
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Doy

t-butyl RN

®
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Scheme 3: Synthesized axles and macrocycles for the rotaxane formation.

[1] C. Goeschen, R. Herges, J. Richter, B. Tokarczyk, J. Wirz, Helv. Chim. Acta 2009,
92, 1909.
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