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|. Introduction

Non-covalent interactions control almost all biological processes simply because of
their reversible formation and highly dynamic nature. It is therefore of prime
Importance to investigate molecular motions that occur within non-covalent
complexes. Here, we address the question, whether crown ethers can move along
oligolysine peptides or the periphery of POPAM dendrimers by hopping from one
ammonium side chain to the other. The examination of such a well-defined artificial
supramolecular model contributes to unravelling the underlying concepts and to
developing a profound understanding of more complex natural systems. In solution,
dissociation/reassociation equilibria superimpose a direct, intramolecular binding-site
hopping and thus obstruct a straight forward mechanistic analysis.

The high vacuum Inside a mass
spectrometer, however, isolates the ions
from each other. Intermolecular
processes are effectively suppressed.
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This approach permits the analysis of a variety of different charge states and complex
stoichiometries at the same time. The reaction time with CH,OD was adjusted by
regulating the pulse valve opening time, which is possible on a microsecond scale.
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As already described for oligolysine peptides, the highly dynamic motion of [18]crown-6
can also be followed on polyamino propylene amine (POPAM) dendrimers irrespective of
their size, charge state or complex stoichiometry.

l1l. Motion of 18C6 on Oligolysine Peptides [l

Complexing to 18-crown-6 Is
known to protect the protons of
an ammonium group from being
exchanged for deuterons in an
H/D exchange experiment.!!]
When quadruply protonated
L ys,. IS subjected to gas-phase
H/D exchange, all 51 labile
nydrogen atoms (30 side-chain
amine hydrogens, 14 amide
NHs, 3 H atoms from the N- and
C-termini, and 4  protons
providing the charges) can be
quickly replaced by deuterium atoms. This is true for all charge states.

When the same experiment is performed with a 1:2 mixture of Lys,. and [18]crown-6, all
lons undergo almost complete H/D exchange irrespective of charge state and complex
stoichiometry. Most intriguingly, significantly more hydrogens are exchanged than
expected for complexes with immobile crown ethers. For example, the
[(18C6).°Lys,.+7H]"* complex (m/z = 542.5) bears a total of 54 labile H atoms. If each of
the seven crown ethers protected three of them, one would expect to observe the
exchange to terminate after the exchange of 33 hydrogens. Already after a reaction time
of just 5 ms, far more than these have been exchanged. Interestingly, the exchange on
crown ether complexes is not much slower than that on the free oligolysine ions. These
findings provide unambiguous evidence for a motion of the crown along the peptide
backbone.

A quick exchange of all N-centred hydrogen atoms is observed even when the number of
crowns equals that of the charges (n = z). In this case, all ammonium sites are expected
to be occupied by crown ethers. This discrepancy in the exchange behaviour suggests the
presence of an additional ammonium group in the crown ether/peptide complexes that
would again enable H/D exchange.B! Since the overall charge state of the ions remains
unchanged, the only convincing explanation is the formation of zwitterions.

In marked contrast to the crown
ether/oligolysine complexes, the
corresponding POPAM complexes are not
able to form zwitterionic structures, which
can be seen from H/D exchange behaviour
of [(18C6),POPAM-G2+3H]** - a complex of

the n = z type.
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To test our conjecture, the (n = z = 6)
complexes of acid-terminated Lys,.COOH
(which can form a zwitterion) have been
compared with the analogous complexes of
amide-terminated Lys,.CONH, (which Is much
less acidic at the C-terminus and thus cannot
form a zwitterion). Clearly, the acid-terminated
complex undergoes a significantly faster H/D
exchange as compared to its amide-terminated
analogue. Similar results are obtained for other
charge states of the (n = z) complexes. This Is
strong evidence for the zwitterionic nature of
[(18C6) +Lys,.COOH+nH]"".

V. Mechanism of the Crown Ether Transfer

The crown ether transfer may proceed
according to two different mechanistic
scenarios: First, the crown ether may be
transferred as a neutral molecule from one
ammonium group to another one. Second, 0 1,12-diamino- N, S OPAM G1

12 ~ 11 dodecane

it could move together with a proton from its L. e oA

ammonium binding site to a neutral amine. With 1,12-diaminododecane (DAD), a suitable
and simplified model compound for both supramolecular scaffolds is available that allows
to distinguish both alternatives: a) A crown transfer within the doubly protonated 1:1
crown/DAD complex represents the ammonium-to-ammonium scenario. When the crown
transfer follows this mechanism, a complete exchange of all six acidic protons is to be
expected, while the exclusive exchange of only three ammonium protons would provide
evidence for a fixed crown ether and thus rule out the ammonium-to-ammonium scenario.
b) The corresponding singly charged complex corresponds to the ammonium-to-amine

alternative. A full exchange again provides evidence for the transfer of a protonated crown
ether from its ammonium site to the amine, whereas the ex-

change of merely two NH protons would rule out this
scenario. The corresponding H/D exchange experiments
clearly rule out the ammonium-to-ammonium transfer and
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ammonium to the amine terminus of the DAD chain.

Acknowledgements :

References: We thank the Deutsche Forschungsgemeinschaft (DFG) and the Fond der
[1] S.-W. Lee, H.-N. Lee, H. S. Kim, J. L. Beauchamp, J. Am. Chem. Soc. 1998, 120, 5800-5805 [3] T. Wyttenbach, M. T. Bowers, J. Am. Soc. Mass Spectrom. 1999, 10, 9-14 Chemischen Industrie (FCI) for financial support and Dr. Andreas Springer
[2] D. P. Weimann, H. D. F. Winkler, J. A. Falenski, B. Koksch, C. A. Schalley, Nature Chem. 2009 (in press) [4] H. D. F. Winkler, D. P. Weimann, A. Springer, C. A. Schalley, Angew. Chem. 2009 (in press) for scientific advice.



