JIAIC[S

COMMUNICATIONS

Published on Web 01/13/2006

lon Pair Driven Self-Assembly of a Flexible Bis-Zwitterion in Polar Solution:
Formation of Discrete Nanometer-Sized Cyclic Dimers
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The reversible self-association of individual molecules can lead
to the formation of complex macroscopic assemblies with new and
interesting properties.For example, hydrogen bond-based self-
assembly of self-complementary DDAA binding motifsan lead
to supramolecular polymefg. But the use of H-bonds limits the
self-assembly to organic solvents. Only in addition witstacking
or metal-ligand® interactions is aggregation in even more polar
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solvents possible. There are very few reports for controlled self- i dimer
assembly in aqueous solvents solely based on electrostatic interac- ™

tions (H-bonds and ion pairs), in most cases limited to the

heterodimerization of rather rigid molecules derived from calix- wal| %50

arenes or cyclodextrifsWe present here a fully flexible self-
complementary bis-zwitteriohthat forms discrete nanometer-sized - Jn
cyclic dimers in DMSG-water mixtures. e T SRR | | By
We could recently show that a guanidiniocarbonyl pyrrole ) ) ) -
carboxylate zwitterion forms extremely stable dimers even in water f’%Lr’]’g tlr']eSFC':‘ET/%'CSL"O%???E’:;'%g)‘:igggn”;gnoc;mrﬁggé”r;irr e;n”(;“zirmg ?r];
based on intermolecular ion pair formatidr.inking two such solution € < 10 mM in DMSQO).
zwitterions via a spacer provides self-complementary bis-zwitterions
capable, in principle, of both intra- and intermolecular self-assembly,
depending on the nature of the spatEor the first exampld, we . N
chose a flexible and hydrophilic triethylene glycol chain as spacer. - o I\ H NH, H,N H N\ o~
d0-Aminocaproic acid methyl est@was thus attached to the pyrrole ),/Q\« \( Y 7'/4_,\‘)\‘(
benzyl ester2 via activation of the guanidino group by triflic o H o HNNH O H 0 4
anhydride (Scheme 19.After hydrolysis of the methyl ester group (o] (o]
in 4 the resulting free aci8 was reacted with 0.5 equiv of diamino E”MANMONOwOMNWf
triethylene glycol6. Deprotection of7 first with H,/Pd and then 4 H H 4
. ; . P NaH
i-lr-]FBAQ(IJ)/(:‘O)XIedlg,dl after pH adjustment, the flexible bis-zwitteribn B"OY&W“\‘(NHBOC 60
The self-association properties bfwere first investigated by 0 N o NH CHaCly
NMR dilution studies! in DMSO-ds in the concentration range of

0.5-50 mM (see Supporting Information [SI]). The NMR data Néta BnOY@\\{H NBoc

Scheme 1. Flexible Bis-Zwitterion 1 and Its Synthesis
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revealed a concentration-dependent equilibrium of two different CH,Cly NHN\/\/\/COOR
species in solution. However, in both species a fully associated 2% o H o

ion pair is present according to the observed chemical shifts. The for both steps LiOH 4R=Me

same results were also found for DMS@ater mixtures (DMSO- THF/H:O 5R=H

ds/D,O mixtures). To obtain more information about these two PngP quant

using DOSY experiments in DMS@s2 The species predominating o 2} TFA 1+ 69 %

in dilute solutions (1 mM) has a similar molecular dimension ( (89%)

= 0.73 nm) as the protected mononYemhich due to the lack of 7 (39%) 2

charges cannot self-assemhig € 1.03 nm). The species present 6=H N/\/\O/\/O\/\O/\/\NH

at higher concentrations (30 mM) is twice as large € 2.0 nm) 2 2

pointing to a monomer/dimer equilibrium as also supported by MS qncentration ofl, the monomeric loops then dimerizes to form

experiments (Figure 1). Distinct signals for the monomer and a iscrete spherical particles. The formation of such structures is

dimer (but no_Iarger aggreg_ates) were detected b_oth in FAB and supported by molecular mechanics calculations (see Sl).

ESI-MS experiments. The triethyleneglycol spacet ia long and The formation of discrete particles of nanometer-sized dimension

erX|bIe.en0.ug.hto a!loyv an |ntramolecular|on pairing bgtween Fhe by self-assembly ofl in DMSO could also be confirmed by

two zwitterionic moieties even in the monomer. With increasing dynamic light scattering (DLS) and small-angle neutron scattering
lUniversity of Wurzburg. studies (SANS). I_DLS shows_ the e>_<istence of a sing_le diff_usion

Max Planck Institute for Polymer Research. mode corresponding to particles with a hydrodynamic radius of

species, their corresponding hydrodynamic ragivere determined NMM (5o MHYNBOC 1) Hy, PdIC
N HN R
o H 0o
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Figure 2. Intensity weighted distribution of hydrodynamic radii resulting
from CONTIN analysis of the DLS data measured at a scattering angle of
90° (c = 50 mM in DMSO).
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Figure 3. Scattering curve (top) and Guinier plot (bottom) resulting from
the SANS experiment(= 45 mM in DMSO).

ry ~ 3.0 & 0.1) nm atc = 50 mM in DMSO, in reasonably good
agreement with the DOSY NMR experimeitsThe size distribu-
tion as resulting from inverse Laplace transformation of the
autocorrelation function is shown in Figure 2 and is characterized
by a standard deviation of 50% (relative peak width)zurther

leads to stable nanometer-sized discrete particles in Divig@&der
mixtures even without any structural bias within the molecule. We
are currently exploring how the aggregation behavior of such bis-
zwitterions (e.g., dimers vs oligomers and polymers) can be
deliberately controlled by variation of the spacer between the two
zwitterionic moieties.
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Supporting Information Available: Details on the synthesis, the
NMR, DOSY, ESI-MS, DLS, and SANS experiments and the molecular
mechanics calculations.
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