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Electroneutral Artificial Hosts for Oxoanions Active
in Strong Donor Solvents

quasiaromatic compoun®liaving a lipophilic periphery with
very poor hydrogen bond and Lewis acid acceptor properties
(i.e., they figure as noncoordinating aniéns Yet they house
a 2-fold negative charge which cannot be screened by pro-
tonation. If the covalent framework assures the segregation of
the oppositely charged moieties prohibiting charge neutralization
by internal collapse, a high-affinity anion binding site between
the guanidinium substructures can be formed, capable of
complexing the negatively charged guest by multiple H-bonding
and Coulombic interactiond. The peculiar folding of the
flexible host on guest binding leaves the complex with an
Strongly solvating solvents like dimethyl sulfoxide (DMSO) exceedingly hydrophobic surface warranting high distribution
or water are severe competitors in the complexation of oxo- ratios in two-phase systems in favor of the more hydrophobic
anions (carboxylates, phosphates, sulfates etc.) by artificial liquid phase. Here we report on the synthesis and fundamental
receptors. Any exploitation of such molecular recognition complexation behavior of the foldable electroneutral anion host
processes for, e.g., anion sensing or separation by membrane and also of the cationic receptsiacking the anionic borane
transport depends on the proper balance of selective complex-cluster and having a phenyl residue of comparable size instead.
ation capabilities of the molecular host under these restrictive The latter compound was synthesized to get some insight into
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conditions and its pronounced lipophilicity in order to avoid

loss of the receptor or the hegguest complex to the hydrophilic
layer of an aqueous/organic two-phase mixture.
concepts for the construction of anion héstanti-crown
receptors, polycationic macrocycle$ zwitterionic cage com-
pounds} multiple metal coordinatioh) in general serve only
one or the other of these putatively opposing requirements.

A guideline for a successful design concept of an abiotic host
meeting these criteria may use the same principles as the natural
enzymes. Though being quite flexible chain molecules they
manage to extract well-solvated anions (e.g. phosphate, sulfate)
from water and transfer them to a hydrophobic environment

(the interior of the protein) by virtue of multiple strong and
preponderantly electrostatic interactidasd a peculiar folding

process which leaves suitable solvating groups exposed to the

outer environment.

Starting from a foldable bis(guanidinium) module of proven

utility in oxoanion complexation,the covalent attachment of

an anionicclosoborane cluster moiety should annihilate the net
charge but conserve utmost hydrophobicity of the resulting
zwitterion. lcosahedral borane clusters are chemically stable
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the role played by the borane cluster in the overall complexation
abilities of the ditopic receptors.
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Condensation of the bicyclic chiral (aminomethyl)guani-
dinium salt2!* with 5-(hydroxymethyl)isophthalic acitf? using
HBTU*3 in DMF/acetonitrile afforded the bis(amid@)n 72%
yield after purification by flash chromatography og-everse
phase silica. Conversion of the benzylic hydroxy group into
the mesylate was followed by nucleophilic substitution with
sodium borocaptate Mg1SB1,H11] in DMF to yield 4 in 32%
(two steps). The moderate yield is likely due to the formation
of a bis-alkylated sulfonium compound also found in analogous
alkylationg* and mandated cleanup by preparative HPEThe
hydrophobicity expected was evident from nonsolubility4of
in water and very low solubility in methanol. Likewise,
mesylation and substitution with thiophenol were followed by
flash chromatography (silica, RP-8). Redissolving of the
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[} Table 1. Binding Constant¥&a (M™?) for Receptor4 in DMSO at
298 K
b B
o | © % % anion Ka(1:1) p rangd
- IQ 0 % NO,, Br~2 no effect
TR, sQz b 1.0x 10°¢ 0.43-0.89
Cre rgjpe ap Q p-nitropheny! phosphaté® 7.0x 10%f 0.33-0.61
@ < a O squarates” 3.1x 1049 0.22-0.83
0. .8%, f=-0) croconater® 25 1019 0.41-0.76
? b C‘ i }EP rhodizonates® 1.8 x 109 0.35-0.73
D a 6 I g 'ga 6){:} oy :} ’CjMo_nosodium[2.2.2]cryptate§.Tetraethylammonium salts.
° '%’ / ? 5 ¢ Disodium[2.2.2]cryptates! In all cases 1:2 complexes (host:guest)
8 i A [y were taken into accoun¥agu:2) values obtained are in the range of
o b s [ - ] 10—100 M1, e NMR titration. f UV titration at 436 nm9 UV titration
@ 0." C % o at 313 nm." See ref 19.
o dﬂn | |
tion domain not amenable to NMR measurements. The UV

Figure 1. Structure of the4 dimer as obtained from Hyperchem 3 ~ spectra of some conjugated oxoanions proved sensitive to
force field calculations in vacuo.The hydrogens (except forHY and complexation by.
the silyl protecting groups have been omitted for clarity. The bicyclic

guanidinium moieties are shown in black.

. ) 0 NO,
product thus obtained in methylene chloride and precipitation ojj(o o o o °
with diethyl ether was repeated two times to give pGrén o o o o o
30% yield (two steps) as the chloride salt. o 0 OPO,*
Despite the divergent extension from the central hub, the 6 7 8 9

guanidinium anchor groups @ might fold back to associate

electrostatically to the anionic cluster moiety. Molecular

modeling in vacuo (Hyperchem 3, MM 2 force field employing The cyclic oxoanions squaradecroconate, and rhodizonate
atomic charges obtained by semiempirical AM1 calculations 8 showed progressive hyperchromic effectstat 313 nm,
followed by a dynamics run with subsequent minimization) Whereas complexation génitrophenyl phosphat@ resulted in
showed this process not to be an energetically favorable option.a hypochromic effect at = 436 nm!’ Thus, analysis of the
Instead, intermolecular dimerization with mutual interaction of underlying hostguest complexation event using Benesi
the opposing charges (Yifirang principle) appeared to be the Hildebrandt condition$ but also direct fitting of the data by

dominating process (Figure 1). nonlinear regression was possible. The latter was especially
Dilution experiments in DMSO as monitored Bi-NMR useful since the results indicated that even in more dilute
measurements confirmed this dimerizati#®g(4) = 250 M1 solutions formation of higher complexes had to be considered.

(DMSOQ)), whereas the cationic hdsfused as the perchlorate) NMR titration of squarate, on the other hand, indicated that this
showed no sign of dimerization at all. Certainly, the behavior concentration domain (18 M) was much too high to obtain
of 4 largely originates from unspecific coulombic attraction, any reliable result&®

since addition of 50 mM neutral electrolyte (TBA GO The data given in Table 1 indicate quite strong bindik
diminished Kiim to 100 M2, Similar NMR studies revealed ;o4 p-1 (%MSO)) of these anions(.qté and thgs placé&fﬁcis

no effect on addition of singly charged anions like §Cor flexible host in similar ranks as recently introduced electro-

rE:];'ke\éngiffggzteénré?xvegﬁr’ uS:svte(Iglncperg':?a?cioS:]g:r?clis disshclj;\;veig neutral hosts of alternative desigh.Judicious choice and the
P gong P'ayNg o mote implementation of a chemically inert anionic substructure

a distinct saturation behavior thus indicating a hagtest : . e,
equilibrium with fast exchange kinetics. The guanidinium and Lg?eatgﬁldggls? ?}'S(g#ﬁg'dc'glﬁg) ?O:Itloa\llt/jsp(ta;h?oir;g:it:)rr?l \é\?a)t/hg
amido NH resonances experienced the strongest downfields. p an. P p

shifts, which were quite small however (0.3 ppm), along with |nhergntly strong affinity qf cationic gugnidinium :?\nchor groups
some, broadening. The changes were best aﬁalyzed by afor anion binding under highly competitive solvation conditions
nonlinear regression fit encompassing complexes of 1:1 and 1:2Whilé conserving overall host hydrophobicity.
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