Multivalent Oligomacrocyclic Hosts as Key-Compounds for Multiply Interlocked Architectures
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|l. Motivation 7\
The aim of this project is the synthesis, characterisation [5]r0taxane N M — \l‘/‘
and application of a great variety of components (different Stoppermg :\ >+<>1< <>!<.,

|. Introduction

The tetralactam macrocycles (or wheels) 1a und 1b
can be easily functionalized by cross-coupling
reactions to yield flexible or rigid branched multimac-

. |
metals, macrocycles, axles, spacers and linkers,

rocyclic hostslY. components with different functionalities, ...) for: cyl\(/:lﬁscar?lon |/
Additionally, several tetralactam macrocycles can be > Generating architectures with different features (for [5]catenane A [5]catenane
connected with each_oth_er or W|th a central spacer example flexibility) Threading the Macro-
and also metal-coordination sites like phenanthroline _ multivalent host H ﬂ cyclisation 4
or bipyridine can be attached to the macrocycles. >  Metal-directed seli-assembly of macrocycles and LU __
rotaxanes to obtain multivalent hosts and precursors PRrop

These molecules allows to
build a variety of multiply

> Analysing the relationship between structural units Q + @

interlocked architectures by and features Binding the
threading axles through the macrocycles

. . - Better understanding of multivalency to a metal center
macrocycles via H-bonding

and connect them with each
other or to other linkers.

(Multivalency = host-guest interactions existing simulta-

neously between two or more binding sites) Model compounds:

The concept of multivalency!?! is important, which allows
supramolecular chemists to potentate many weak bonds
and therefore increase the binding strength enormously.
This could lead to a higher efficiency of rotaxanes and
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rocycles can be used to

form metal complexes
with different geometries

of the wheels around the | | 1V, 2,2°-Blpyridine-based multimacrocyclic Hosts

metal centers.

Modification of the wheels 1la and 1b at the 5-position of the
Isophthaloyl units via Suzuki coupling with several 2,2’-bipyridine
blocks results in an easily accessible toolbox consisting of
differently functionalized macrocycles for multiply interlocked
architectures.

These complexes further
can be used for example
as multivalent hosts for
multivalent guests by the
controlled self-assembly

of macrocycles. Yé\f
[6+H]
m/z 2076 VA
The new phenanthroline - —3%
wheel 5 can non- N HNH
covalently coordinate to oYy °
metals like Ru(ll), Fe(ll), 5
Cu(l), Pd(ll),... by the >
two coordination sites of ;@
the phenanthroline unit. Omo
~ 4
| X [6+HNEt.]" 4 o
o s synthe5|zed_ il the_ OL)HUHYNZ + or two wheels connected through the miz 2177 oo
bromo wheel l1a via Suzuki [52@Ru(ll)Cl]" — | calc. r, for example Pd(ll) with square-
coupling with the pinacol | m/z 2650 et h 2 toolb : .
. TR plete such a toolbox —4 6
boronic ester 2 yielding the AL f macrocyclic hosts and TSI | .
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ACOHE. P V. Rigid branched multimacrocyclic
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5.@Ru(ll)Cl2 + H]"
Afterwards, the phenanth- Or (2O [z@mﬁ'z(z)%g* ] hOStS
roline wheel 5 was exploited thu I The synthesis of the trivalent host 10 as
for the synthesis of the . QJ S an example for a rigid branched
divalent host 5,@Ru(ll)Cl, I multimacrocyclic host, where tetralactam
and the trivalent host kjof I_Ll macrocycles are connected to a central
5;@Fe(Il)(BF,), bbbt st ooty smlesis o piece, which is not metal-based, is
1500 2000 2500 3000 3500 4000 4500 m/z ed.

central piece can have

The 1H-NMR spectrum of

OY@O 5:@Fe(ll) - 2 BF | B,@RU(INCI, shows in , Which allows to
NH HN m/z 1911 comparison with the IH- transfer or
ic NMR spectrum of 5 a large
4 .Y downfield shift of the
0*%”0 phenanthroline protons at
J the positions 2 and 9.

e L The FT-ICR-MS spectrum
HNA N N< >N bdqi
) Relt x5 of s,aruilcl, shows| | V1. HOStS for SMFS-Measurements
” PENSE [5@Ru(ICI]* as the main
OpNHY N ONH THNGO peak and a smaller peak AFM-based single-molecule force spectroscopy (SMFS) appears to be suitable to address [11+H]"
YEB\SH HgéY which can be assigned to interaction forces from the single-molecule perspective, which have traditionally been m/z 1314
I 5
ot l| [5,@Ru(INCl, + H]*. The assessed by ensemble thermodynamics[®!.
L8 (a2 HRREN FT-ICR-MS  spectrum  of Attaching lipoic acid to the tetralactam macrocycle [11+Na]’

m/z 1336

AN yields the dilipoic acid wheel 11, which can be bound to
\ an Au surface. With a multivalent molecule on the

[SMFS head] SMES head containing one or more diamide binding
sites, the interaction forces between wheel and axle

can be measured. '
esent reviews, see: a) W.
g, Prog. Polym.
95; b) A. %j

doubly charged complex

| 1910 1912 mz | | 5;@Fe(ll)(BF,), shows the
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VIl. Conclusion/Outlook

As it Is shown Iin here, the wheels 1a and 1b are very important for the design of
multivalent building blocks and multiply interlocked architectures.
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The phenanthroline wheel 5 and the 2,2’-bipyridine-based multimacrocyclic hosts 6 - ) L | m,.m__..
9 can be used for the preparation of a variety of flexible branched multimacrocyclic | AuAu Au Au Au Au Au Au 500 1000 1500 2000 2500  m/z
hosts with several metal centers. Also, rigid branched multimacrocyclic hosts with

different features like photoactivity are possible. Acknowledgments
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