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ABSTRACT

p-tert-Butylcalix[5]arenes in a fixed cone conformation, endowed with a urea functionality at the upper rim, behave as remarkably efficient
abiotic receptors of m-amino acids and biogenic amines, which are bound with one end of the chain within the z-basic cavity (primary
recognition site) and the other grasped by the secondary hydrogen bonding donor/acceptor binding site.

Basico-amino acids, aliphatic biogenic di- and polyamines, quality and toxicity for human healthare currently being
andw-amino acids are all interrelated bioactive species that monitored in several foodstuffs (fish, meat, cheese, wine)
share biosynthetic and metabolic pathways. Decarboxylationsusceptible to microbial degradation during aging and
of lysine and ornithine produces cadaverine and putresceine storage,

respectivel\t. Putresceine generates spermine and spermidine Analytical methods for GABA and aliphatic biogenic
in the presence of methionine and is also a prectéirsbr  amine determination mainly rely on chromatographic (LC,
y-aminobutyric acid (GABA). Besides the paramount im- HPLC, GC, ion-exchange) and electrophoretic techniques.
portance ofa-amino acids in living organisms and the However, because of their UV- and fluorescence-transpar-
well-known inhibitory activity of GABA as a neurotrans-  ency, pre- or postcolumn derivatization is generally required
mitter in mammalian central nervous systetssyeral studies  for detection” A more recent approach to direct/indirect
have demonstrated the crucial role played by aliphatic biogenic amine determination involves the use of specific
biogenic amines in the biochemical clinical field. The latter synthetic macrocycles. Calixarenes and crown ethers have
have been used as cancer markergd, in relation to food  successfully been employed as selectivity modifiers in
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capillary electrophoresior as sensing agents in potentio- ||| | | N

metric detection with liquid-membrane electrodes.

In connection with the increasing interest in calixarenes
as biomimetic receptotsand their use as sensing agefits,
we have recently reported that calix[5]arenes locked in a
Cs,-symmetric cone conformation provide highly preorga-
nized cavities for the formation of strong 1:1 inclusion (endo-
cavity) complexes with linear alkylammonium ions in organic
medial?> We have also developed calix[5]arene-based
butylammonium selective liquid-membrane electrdéés-
sensitive to commonly interfering inorganic cations) and
disclosed preliminary data on the potential of these macro-
cycles as receptors for carboxyl-protected bioactive sub-
strates?214Structural modifications to improve such proper-
ties were then concentrated on the replacementmfext-
butyl with a ureido group. The latter has been successfully
used for the complexation of carboxylateand amide¥ in
the calix[4]arene seri€$.We now report that calix[5]arenes
1in a fixed cone conformation bearing a urea unit at the
upper rim show a strong affinity for biogenic amines,
w-amino acids, and lysine derivatives.

Selective ipso-nitration of penfa-isohexyl ethep?2with
100% nitric acid in a AcOH—CLLCl, mixture at room
temperature produced 5-nitro derivat®€30%), which was
converted into 5-aminocalix[5]arere(68%) by reduction
with tin(11) chloride'®in refluxing AcOEt/EtOH. Subsequent
reaction of 4 with enantiopure R)-(+)- and §)-(—)-a-
methylbenzyl isocyanate in dry chloroform afforded receptors
1 (80—83%), Scheme . Distinctive 'H and 3C NMR
patterns and chemical shifts of the bridging methylene and
tert-butyl groups fully support the formation of ureido
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Scheme 1

R = (CHo)sCH(CH;),

— 2 R'=Bu
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'~ 3 R'=NO,

SnCl,
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= 4 R'=NH,

(R)-(+)- or (S)-(-)-PhMeCHNCO
dry CHCl,, r.t.

L 1a R'=(R)-PhMeCHNHC(O)NH
1b R’ =(S)-PhMeCHNHC(O)NH

derivativesl and theirCs-symmetric precursor8 and4 as
rigid cone conformer®

A preliminary NMR screening of the binding affinities of
2 and the new derivative3, 4, andlatowardN*-Ac-L-Lys-
OMe-HCI (in CDCK/CDs0D, 9:1) showed a pronounced
dependence of the association const&g} ¢n the nature of
the upper rim substituents. With respect to the parent receptor
2 (Ka= 894 10 MY, the introduction of a strong electron-
withdrawing p-NO, group totally deactivates the binding
properties 0f3.1?° On the other hand, in the casedéndla
the presence of p-NH, or p-ureido functionality, respec-
tively, produces either a marginal {kc 101+ 12 M%) or
a drastic enhancement of the association constants=(K
1690+ 185 M),

The full potential of ureido derivativet as molecular
receptors for bioactive ammonium-containing substrates was
later investigated b¥H NMR spectroscopy, in £D,Cl,/CDs-

OD (2:1) solutior?* Cadaverine dihydrochloride (C&HCI),
6-aminohexanoic acidefAhx),?? andL-lysine methyl ester
dihydrochloride (Lys-OM&HCI) were chosen as prototype
ammonium substrates bearing an additional recognizable
moiety (i.e., ammonium, carboxylate, and alkoxycarbonyl,
respectively), located five methylenes away from the primary
ammonium group (Figure 1).

In all instances, the spectra of equimolar amounts of host
and guest ([HE [G] = 1072 M) showed the formation of
inclusion complexes (vide infra). The complexation process
is slow on the NMR time scale, and the 1:1 stoichiometry
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(21) This solvent mixture is more suitable than CBCD3OD to
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Figure 1. Structures of the ammonium-containing guests under
investigation.

and association constants were readily determined by direc

analysis of the peak intensity ratio of complexed and
uncomplexed species (Table 1).

Table 1. Association Constants (KM~1) of Selected
Ammonium-Containing Guests with Hosts,b and 22

host Cad-2HCI e-Ahx Lys-OMe-2HCI
la 12820 16140 2240
1b 11860 16850 2190
2 300 1070 43

aDetermined by'H NMR at 22+ 1 °C in C;D,ClJ/CDsOD (2:1), using
equimolar (102 M) host—guest mixtures. Values derived from the average
of at least three independent measurements (standard £it%#0). No
intermolecular self-association of hodtsvas detected in the (5 10-%)—
(5 x 1073 M range.

5-Ureidocalix[5]arene receptoisdisplay much higheK,
values than their progenitd2. These results imply that,
besides the known proclivity of alkylammonium chains to
fill the cavity of preorganized calix[5]arenésgomplexation
is strongly enhanced by the synergic action of the additional
binding site introduced at the upper rim. Notably, the ureido
“secondary binding site” of receptor&a,b—by simply
rotating around the ArNH single bond-acts as a powerful
hydrogen bond acceptor or donor and efficiently interacts
with both thea-ammoniund® anda-carboxylate moieties of
Cad-2HCI and zwitterionice-Ahx, respectively. Spectro-
scopic evidence for this dual mode of interaction of the
ureido moiety was provided by tHel NMR measurements
in neat GD,Cl,, which allowed us to follow the complexation
induced shifts (CISs) of the guest MHand host NH
resonances upon binding (Table 2). Formation of 1:1 endo-
cavity complexes betweeha and Cac2HCI or ¢-Ahx is

t

Table 2. Selected Resonances of thé NMR (300 MHz, in
C,D,Cl,) Spectra of Model Ammonium Substrates
(n-BuNHzHCI and e-Ahx-OMe*HCI) 24 Host 1a, and lIts
Inclusion Complexes with Ca2HCI ande-Ahx

o-NH3* e-NHz* ArNH CHNH
n-BuNHz-HCI 8.23 (br s)
e-Ahx-OMe-HCI 8.22 (br s)
la 4.75(s) 5.56 (d)
Cad-2H*c1la? 781 (brs) 537(brs) 9.34(s) 6.95(d)
e-Ahxcla? 5.44 (brs) 8.65(s) 7.02(d)

a Solutions previously used fdt, determination were first concentrated
to dryness and then redissolved ipDGCls.

binding of the common pentylenammonium chain inside the
calix[5]arene cavity takes advantage of a combination of
weak noncovalent interactions including cation—u, €|

and hydrogen bonding(s) with the phenolic oxygens. Inclu-
sion is further confirmed by the upfield shifts of the broad
singlets ¢ 5.37 and 5.44 ppm for Ca2HCI and e-Ahx,
respectively, Table 2} of thee-NHs* groups?® which enjoy

the shielding of five aryl rings.

In the Cad2H"clacomplex the second ammonium group
of cadaverine-NH3")?% is engaged in hydrogen bonding-
(s) with the carbonyl group of the ureido moiety Id and
resonates at 7.81 ppm. This interaction causes the concomi-
tant downfield shift of the ureido NH resonancedlaf(Table
2).

On the other hand, in the Ahxcla complex, formation
of hydrogen bonding(s) between the carboxylate group of
the guest and the NH hydrogen(s) b& (CO, ---H—N),
produces a similar downfield shift on the resonances of the
latter 52,16

A scrutiny of theK, values in Table 1 reveals that the
ureido secondary binding site @fdisplays a higher affinity
for carboxylate rather than ammonium moieties, and that the
presence of a bulkgi-amino ester moiety (Lys-OMe-2HCI)
lowers the association constant by about 1 order of magni-
tude. Remarkably, in the absence of LI complexation
of e-Ahx by laincreases from 82 to nearly 100% (see Figure
2, trace c). Data in Table 1 also show that no enantioselective
recognition ofL-Lys-OMe-2HCI by (R)- and (S)-a-methyl-
benzylureido derivativea,b is taking place.

Complexation studies were also extended to spermidine
trihydrochloride (Spd-3HCI) and GABA. Noteworthy, the
former was toposelectively included inside the calixarene
cavity of lawith its butylenammonium moiety (& 1010
=+ 89 M1).25 On the other hand, when zwitterionic GABA
was tested with the same receptor only a slight broadening
of signals was detected, indicating no inclusion and a likely

unambiguously supported by the four resonances of theSingle-point interaction (docking of the-carboxylate group

B-CH,—e-CH, groups in the 0.5 te-2.0 ppm region of the
IH NMR spectra (Figure 2, traces b and c). In both cases,

(23) For the sake of consistency with thammonium group oé-Ahx,
in the case of Ca@HCI we arbitrarily designate the ammonium groups
located inside the calixarene cavity and the one interacting with the ureido
moiety ase-NHz" and a-NH3*, respectively.
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(24) Because of the insolubility of C&HCI ande-Ahx in C;DCls,
n-butylammonium hydrochloride{BuNH,-HCI) and 6-aminohexanoic acid
methyl ester hydrochloride{Ahx-OMe-HCI) were used as model substrates
to evaluate the CISs of theNHs" (and a-NH3™) groups in the Cad
2H*cla ande-Ahxcla complexes.

(25) Determined byH NMR, under the experimental conditions reported
in Table 1.

1073



a oy €
_Ozo/\,(\é/\NHa* + 1a

&NHg*
L_A_)M\MAL U R

a vy I3
+H3N/>/Y\NH3+ + 1a

c)

CHNH
5

ArNH

S

b)

CHNH

O |
. 1a
a
g G
i _
5{0 4?0 2.IO

B vy e R

= _

T T
9.0 8.0 7.0

T T

1.0 0.0 —110 ppm I

Figure 2. Endo-cavity complexation (slow exchange regime) of Q&tC| ande-Ahx-HCI by 1a. Selected regions of tHél NMR (300
MHz; C,D,Clg; 22 + 1 °C) spectra of (a) free host, (b) equimolar mixturelafand Cad-2HCI (16® M), and (c) equimolar mixture afa
ande-Ahx-HCI (1073 M).

to the ureido moiety). However, a single set of broad but moiety, which plays a dual role as hydrogen bonding acceptor
diagnostic high field signals of the included guest readily (Cad-2HCI) and donor (e-Ahx), synergically assisting the
appeared in théH NMR spectrum of GABAHCI. Sharpen- calix[5]arene cavity in the recognition and binding of the
ing of both host and guest resonances-20 °C seems to  e¢-alkylammonium moiety of the targeted substrates.
indicate that at room temperature the short GABA ion Future structural refinement of the calixarene hosts
is rapidly hopping between the two recognition sites, while described above will be directed toward the development of
the ureido-containing aryl ring is swinging in and out of the  sensors (e.g., optical) and chromatographic media.
calixarene cavity. At a lower temperature this motion slows

down and complexation can readily be quantifiéd, & Acknowledgment. We thank MIUR and Regione
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receptors of biologically relevant substrates (biogenic amines,4 IH NMR spectra of the complexation between GABA
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(26) Determined byH NMR at —20 + 1 °C in C,D,ClJ/CD:;0D (2:1),
using equimolar (10° M) host—guest mixtures. 0OL034093B
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