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The crystal structure of guanidiniocarbonyl pyrrole acetate reveals extended two-dimensional hydrogen bonding networks with embedded
anion binding sites. These are formed by the guanidinium moiety of one and the pyrrole NH of another cation in combination with an additional
water molecule. Hence, the acetate is bound by the same kind of interactions as those previously found in the solution state complex, but as
part of an extended supramolecular hydrogen bonding network and not in form of a discrete 1:1 complex.

Guanidinium cations are well known for the complexation DMSO, methanol, or water become available, but their
of anions such as phosphates or carboxylates. Not only dodesign and synthesis remain a challenging fask.

the guanidinium ions contained in arginine residues play an  To improve the complexation properties, additional bind-
important role in enzymes (both for binding and catalysis) ing interactions besides the ion pairing are therefore neces-
but also a large number of sophisticated artificial host sary. Recently, we introduced guanidiniocarbonyl pyrroles,

systems for the complexation of various anions have beensuch asl (Figure 1), as a new receptor class for carboxyl-
described over the past decd&ddowever, in highly com-

petitive solvents, ion pairing of simple guanidinium cations _
with anions is still rather weak. Only for the past few years
have anion receptors that function in polar solvents such as
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group relative to a guanidinium cation favors the formation tridentate binding mode is by far energetically more favorable
of ion pairs via hydrogen bonds and hence increases the bindthan any other possible complex structure (Figure 2). The
ing affinity.> Additional hydrogen bond donors, such as the tridentate compleXA is rather rigid and 19 kJ mol more
pyrrole NH, can further enhance the stability of the complex. stable than the bidentate complIBx in which the acetate
Complex Formation in Solution. Indeed, whereas with  group has a rather high flexibility and does not seem to have
the simple guanidinium catio® no signs for complexation  any preference for a distinct binding geometry.
of acetate in DMSO were detected, its binding by guani- Solid State Structure. Crystals of guanidiniocarbonyl
diniocarbonyl pyrrolel is so strong that the complexation pyrrole acetate, suitable for structure determination by X-ray
constant could not be determined accurately ¥K1(° diffraction® were obtained from watemethanol solutions
mol™1).2° Even in 50% watet DMSO the association con- upon evaporation of the solvent. The guanidiniocarbonyl
stant is still on the order dk ~ 10°* mol~1.¢ Compared to pyrrole cationl is completely planar and, in contrast to the
the parent acetyl guanidinium catio®, the association situation found in solution, exists in the extended conforma-
constants for the binding of carboxylates by the pyrrole tion in which the pyrrole NH points away from the
derivativel are about three times larg#r. guanidinium NHs (similar to compleB in Figure 2). The
We have measured theKgs of the acetyl and pyrrole  acetate is bound by the guanidinium NHs in the same
acylguanidinium cationg and3 in 10% water in methanol  bidentate hydrogen bonding fashion as known from simple
using ammonia as a ba%&oth cations have essentially the guanidinium salts (Figure 3)The bond lengths are remark-
same pK value, with the acetyl derivativ8 being even ably short (O- - -HN distance 1.928 and 1.822 A, respec-
slightly more acidic tharl (pKa= 7.9+ 0.2 for1 and 7.6 tively), reflecting the high stability of these hydrogen bonds.
+ 0.2 for 3). Therefore, the higher association constants for In addition to this ion pairing, the carboxylate group is
the binding of carboxylates b cannot be due to simple simultaneously hydrogen bonded to the pyrrole NH of
electrostatic effects of the guanidinium moiety. This shows another guanidiniocarbonyl pyrrole molecule (O---HN
that indeed the pyrrole NH is actively involved in the distance 2.079 A) on the one side and to one water molecule
complexation of the carboxylate, giving rise to the tridentate (O- - -HO distance 1.824 A) on the other side. The remaining
binding mode schematically shown in Figure 2 (com#gx two guanidinium NHs, not involved in binding of the
carboxylate, form hydrogen bonds to another water molecule,
so that every donor and acceptor site of both the acetate and
1 are finally fully hydrogen bonded.
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20 and 201 variable parameters). The final difference density was less than

in the alternative bidentate compleR. According to 0.177 e A%,

theoretical calculations, especially in polar solvents, both ff)_(a) étwoc?d J. L.;_Ste% J. W.ligZUféur(%l)a“;dIITOPSIOQFLQaéASJF)ectS
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Molecular dynamics calculations also show that the proposedsee also ref 3n.
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Figure 3. Schematic representation (above) and part of the crystal
structure of guanidiniocarbonyl pyrrole acetate (below), showing

the acetate binding site (dashed lines represent hydrogen bonds)Figure 4. Packing arrangement of guanidiniocarbonyl pyrrole
acetate in the solid state (above, top view; below, side view).

Though the receptor conformation in the solid state is
different, the overall binding environment is similar to the
situation found in solution: Each receptor molecule uses bot
the guanidinium NHs and the pyrrole NH for the binding of
a carboxylate. For the carboxylate, we find bidentate ion
pairing of both oxygens to the guanidinium moiety, an
additional hydrogen bond from a pyrrole NH to one oxygen
with the other oxygen atom being exposed to the solvent.
The major difference is that in the solid state the pyrrole

NH binding interaction is provided not by the same but b
Inding | 'on 1S provi y oY However, each individual anion binding site is constituted

a second receptor molecule. The role of the water molecule,b v th kind of binding int i | N
found in the crystal structure, is to mimic the solvent at the . y exactly the same kind of binding Interactions also presen

open sides of both the carboxylate and the receptor. in the bimolecular comple>_< i_n solution. Thergfore, both
The nonpolar methyl group of the acetate is in close van structures are remarkably similar and are in this sense “the

der Waals contact to the nonpolar pyrrole ring of a third same and not the same”.

receptor molecule. Hence, all possible binding interactions ~ Acknowledgment. This work was financially supported

of both the acetate and the guanidiniocarbonyl pyrrole, by the Fonds der Chemischen Industrie (Liebig fellowship

namely, polar electrostatic interactions on the one side of for C.S.). The authors thank Professor Albrecht Berkessel,

the molecule and nonpolar van der Waals contacts on theKgln, for his generous support and helpful discussions.

other, are used. Thereby, extended two-dimensional, planar

networks are formed (Figure 4). Two such layers are held Supportlng Informatlon Avallable_:. _Detalled X-ray
together by hydrogen bonds between the water moleculesstructural information on the guanidiniocarbonyl pyrrole
acetate. This material is available free of charge via the

of one layer and the carboxylate groups of the other. BetweenI : + at htto//oub
these pairs of hydrogen bonded layers there are only weak nternet at hitp://pubs.acs.org.
interactions provided by-stacking. Such a layered structure 0L9910621

is probably not possible with the tridentate binding motif
hfound in solution. Therefore, the solid state structure differs
from the solution structure, though the general binding
characteristics are conserved.

In summary, we have reported here the crystal structure
of guanidiniocarbonyl pyrrole acetate. In contrast to the
situation observed in solution, no discrete complexes are
present in the solid state, but rather the acetate is embedded
in an extended two-dimensional hydrogen bonding network.
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