Article

J. Mex. Chem. Soc. 2009, 53(4), 209-219
© 2009, Sociedad Quimica de México
ISSN 1870-249X

Crown Ether Ditopic Receptors for Ammonium Salts with High Affinity

for Amino Acid Ester Salts

Sharon Rosete-Luna, Felipe Medrano, Margarita I. Bernal-Uruchurtu, and Carolina Godoy-Alcantar*

Centro de Investigaciones Quimicas, Universidad Autonoma del Estado de Morelos, 62209 Cuernavaca, Morelos, México.

Tel/Fax: +52 777329 7997, cga@uaem.mx

Received August 13, 2009; accepted November 19, 2009

Abstract. Two bis crown ether receptors were synthesized and
tested as host molecules for protonated forms of alkyl amines and
amino acid esters. Molecular recognition studies were conducted in
CH,Cl,:MeOH (92:8) by spectrophotometric UV/Vis titrations and
by spectrometric '"H NMR titrations in CDCls. The calculated binding
constants are in the range 102-10° M. A high affinity for L-amino
acid methyl ester derivatives was found. A theoretical study at the
DFT level of the synthesized receptor and some analog ligands with
three different ammonium ions helps to rationalize the experimentally
found trends.

Key words: Ditopic Receptors, Binding Constant; Crown Ethers,
Alkyl Ammonium, Amino Acid.

Resumen. En este trabajo se sinterizaron dos receptores del tipo bis
eter corona y fueron estudiados como moléculas anfitrion de alqui-
laminas y ésteres de aminoacidos protonados. Se realizaron estudios
de reconocimiento molecular por titulaciones espectrofotométricas
UV/Vis en CH,Cl,:MeOH (92:8) y por titulaciones espectrométricas
de RMN 'H en CDCl;. Las constantes de enlace calculadas estan en
el intervalo 102-10° M™!. Se encontr6 una alta afinidad por los ésteres
metilicos de los L-aminoacidos estudiados. Un estudio tedrico a nivel
DFT de los receptores sinterizados y algunos ligandos analogos con
tres diferentes iones amonio permite explicar las tendencias experi-
mentales encontradas.

Palabras clave: Receptores ditopicos, constante de enlace, éteres
corona, alquilamonio, aminoécido.

Introduction

Molecular recognition of amines is an interesting field due to
their widespread presence in nature. Many biogenic amines
such as histamine, cadaverine, and putrescine are used as
probes to measure the quality of marine food products [1].
Tyramine is a potent bacterial mutagen that induces tumors
at multiple sites in rodents [2]. Dopamine is a well-known
neurotransmitter, and epinephrine (adrenaline) is an adrenal
hormone. The entire class of alkaloids comprises toxic amines
while aliphatic amines have many applications in the chemical
industry some of them are considered environmental hazards.

The development of effective receptors for amines has
been an area of considerable interest for many years. Crown
ethers and heterocrown ethers constituted the earliest hosts or
chemosensors for amines, which were recognized primarily in
their ammonium forms [3].

Metalloporphyrin hosts were developed to bind neutral
amines by coordination to metal cations [4]. These hosts were
able to recognize amines in both organic solvents and water
[5]. Dynamic covalent chemistry added a new dimension to
amine recognition, for example, the reaction of neutral, pri-
mary amines with carbonyl groups in dyes to form fluorescent
imines [6]. Zimmerman and co-workers provided an element
of selectivity by preparing a molecularly imprinted polymer
dye for the detection of amines [7]. However some of these
hosts have solubility problems, i.e., they are soluble in non-
polar organic solvents while the ammonium ions require polar
solvents which limited the potential analytical procedures of
study to liquid-liquid extractions [8-13] and transport experi-

ments [14-17] and only some host-guest complex have been
studied in solution by '"H NMR [8, 18, 19] or by calorimetric
titrations [20, 21]. In Table 1 we summarize the analytical
methods used for their study and their corresponding stability
constants.

Functionalized benzocrown ethers are desirable can-
didates for amine receptor molecules because of their well
known ability to form strong complexes with organic cations
[3d]. In this work we report the use of two ditopic bis(crown)
ethers to detect protonated amine and amino acid derivatives
in solution. In Scheme 1 the general preparation method
used is presented and in Chart 1 the guest molecules used are
indicated. The receptor molecules have in their structure two
crown ether moieties linked by a conjugated aromatic bis azo-
methine unit. These structural units can bind the ammonium
group of the guest molecule through H-bonds. The aromatic
and conjugated systems in the receptor molecules open the
possibility for additional m-m interactions or van der Waals
contacts with the alkyl or aromatic groups of ammonium
guest. The ionophores are electronically connected which
might introduce allosteric control over the recognition proper-
ties. This particular type of ditopic receptors has been used
as hosts for alkali and alkaline metals [22] but, to the best of
our knowledge, amine and amino acid complexes have not
been studied yet. In this work we report the affinity of the bis
crown ether receptors towards protonated amines and amino
acid ester derivatives in solution. Using theoretical methods
at the DFT level we propose the structure of these complexes
and some insight on the origin of the trends of the selectivity
experimentally observed.
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Table 1. Binding constants for selected host-guest complexes of ammonium organic cations.
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Host Guest K M) Method Solvent Reference
chiral 18-crown-6 chiral ammonium 107-2.6 x 10° "H NMR CDs;CN 8
derivatives with picrates
lipophilic chains
70-8.3 x 10* Extraction experiments CHCI5:H,0
calix(4)-crown ethers alkyl ammonium (1.08 - 1.4) x 10* Extraction experiments CH,Cl,:H,O 9
picrates
bis-crown ether bisammonium alkyl 2.56 x 10°- Extraction experiments CHCl5:H,0 10
peptidic receptors picrates 1.33 x 1010
18-crown-6 and o-amino acids 1-9¢ Extraction experiments CHCI5:H,0 11
a macrocyclic
xanthone-based
receptor
bis(crown-ether) monoammonium (6-7.4) x 10 "H NMR CDCl5:MeOH-d, 18
analogue of Troger’s and bisammonium (5-78) x 10°
base chlorides
tetrazamacrocyclic bisammonium 550-9 x 104 '"H NMR CD;CN 19
(cyclidene) nickel(IT) thiocyanates or
complex bearing two perchlorates
crown-ether residues
meso-ternaphthalene bisammonium picrates 5% 103-1.6 x 107 Extraction experiments CHCI5:H,0 12
bearing two crown
ethers
18-crown-6 organic ammonium 50-1.9 x 104 Calorimetric titration MeOH 20
halides
18-crown-6 protonated amino acid 708-2400 Calorimetric titration MeOH 21
methyl esters
benzo-18-crown-6 protonated amino acid 10? Calorimetric titration MeOH 21

methyl esters

4 Ratio between the two association constants of both diastereomeric complexes.

Reflux 6h

Reflux 6h 22
_—
Ethanol 23

e Ves
o)

Scheme 1. Synthesis of the host molecules studied in this work.
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Chart 1. Chemical structures of the guest molecules studied in this work.
Results and Discussion ]
05
Electronic spectra of receptors associated with ion binding -
) ) ) 04
Using a mixture of methylene chloride and methanol (92:8) the
absorption maxima of receptors 1 and 2 appears at 387 and 352 ]
nm, respectively. The observed transitions are of m-n* nature § 0.3 -
. ]
and are attributed to the extended m system formed by the three 2 |
aromatic rings connected by two imine groups present in the 2
receptor structure. The band is highly sensitive to the polarity of < 024
the solvent, methanol addition to a CH,Cl, solution of receptor 1
1, leads to a hypochromic effect of 380 nm band (Supplementary 014
material) This solvatochromic behaviour has been explained as
due to a hydrogen bond formation between imine groups of the
receptor molecule and the hydroxyl group of the methanol [23]. 0.0 PSP A, . o 1
Addition of the ammonium salts result in hypsochromic %0 300 350 ( 0)0 %0 500 550
A (nm

and hypochromic shifts of the receptors bands as it is shown
in Fig. 1. These shifts might be explained in terms of the
conformational changes occurring upon complexation on the
N,N’-(p-phenylenedimethylidyne)dianiline structural unit that
connects both crown ethers (vide infra).

Receptor molecules are fluorescent in acetonitrile solution
with two emission bands located at 307 nm and 355 nm when
a 250 nm excitation radiation is used. Titration of the receptors
with alkyl ammonium salts induces a modest enhancement
of fluorescence intensity which can be rationalized in terms
of photoinduced electron transfer effect due to the coordina-
tion of non-bonded oxygen electron pairs of the crown ethers.
However, calculation of any association constant from these
data was not possible.

Binding constants

The binding constants between receptors 1 and 2 and the
ammonium salt guests were determined by UV/Vis and 'H

Fig. 1. Changes of the absorption spectra during the titration of 1
(1.5 x 10 M) with F (0-2.7 x 10* M) in CH,Cl,:MeOH (92:8). The
arrow indicates the direction of spectral changes occurring with the
increasing concentration of F.

NMR measurements. Complex stoichiometry for both recep-
tor molecules was determined by means of continuous varia-
tion (Job) method [24], using UV/Vis spectroscopy, which
gave a minimum at a mole ratio of 0.5 for a 1:1 stoichiometry
which corresponds to the stronger complex formed, however
Job graphs were no symmetrical suggesting the presence of
complexes of higher stoichiometry (Fig. 2). Although the
Job’s plots indicate the formation of 1:1 host-guest complex
the experimental data suggested a more complex association
scheme, i.e., a 1:2 host:guest stoichiometry. The changes in the
observed absorbance as a function of the guest concentration
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Fig. 2. Continuous variation curve (Job’s method) for the (a) 1-G and
(b) 2-G complexes observing the variation of the absorbance in host
as function of mole ratio of host.

were fitted to equation (1) that considers formation of both 1:1
and 1:2 host:guest complexes.

(AO + 4K [G] + 4K, K [G]i)[H]T

Aobs = 2 (1)
1+ Ky [G]T + KKy [G]T

where A, is the observed absorbance, 4,, A;; and A4, are
the absorbances of the free host and its 1:1 and 1:2 respective
complexes, K;; and K, are the corresponding stepwise forma-
tion constants, and [Gy] and [H]y are the total concentrations
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Fig. 3. Typical titration plots for interactions of receptors 1 [1.5 x 10
M] (a) and 2 [1.6 x 10~ M] (b) with ammonium chlorides in CH,Cl,:
MeOH (92:8). Open circles: A, down triangles: E and squares: G.
The solid lines are the fitting curves in accordance with equation 1.

of the guest and host, respectively. The equation is valid for
conditions with a high excess of the guest over the host, which
were fulfilled in the titration experiments. In Fig. 3 some
examples of the typical titration plots are shown. The average
binding constants calculated for the different guests are listed
in Table 2.

The binding constants were also calculated by fitting the
"H NMR chemical shifts of the host protons in the receptors as
function of the guest (A and G) concentration using equation
2 that considers a 1:1 stoichiometry and assumes that the total
concentrations of host and guest are similar to each other [25].
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[[H]T +[G7yr +%—\/([H]T +[6l; +%T ~4H] (G, ]

[#],

()

8o =0 +0.5A8

where &y is the chemical shift of a given proton of the host, Ad
is the difference between the chemical shift of the proton in
the complex and in the free host (complexation-induced shift
at saturation, CIS), [H]7 is the total concentration of the host,
[G]r is the total concentration of the guest and K is the bind-
ing constant. CIS values for the protons of the receptors used
in this work are given in Table 3. Typical titration plots are

Table 2. Binding constants for the host-guest complexes in CH,Cl,:
MeOH: (92:8) determined by UV/Vis spectroscopy (25 °C).

Host
Guest 1 2
A =420 nm A =380 nm

Ky (M K, M) Ky (M Ky (M)
A 62626 + 7486 1072 +£6 119411 £11064 1828 +£19
B a a 88594 + 6220 2659+5
C a a 141882 + 2365 1933+ 8
D 18610 + 395 123 £ 21 28505 + 382 679 + 1
E 21542 +£ 292 120+ 18 35505 + 35 1214+ 6
F 70067 £3633 1224 +6 19029 + 34 a
G 31891 £974 267+ 11 25662 + 400 127 £ 14
H 39960 + 584 799 £ 6 20245 £+ 295 a

4 No interaction detected.

Table 3. Complexation-induced "H NMR chemical shifts (CIS) of the
host protons® in host-guest complexes with the ammonium chlorides
A and G in CDCl; (in ppm).

Guest
A G
Host proton 1 2 1 2
CH; (13,14) 0.027 b b 0.047
CH2 (15,16) 0.016 'b 'b _b
CH2 (21’22) 'b 'b 'b 0.064
Hy b b 0.026 0.054
Hp b b 0.026 0.026
Hg, b 0.015 0.026 0.018
H b b 0.026 0.028
H) 0.058 0.054 0.047 b
H(ll) 'b _b -h 0.055

4 Numbers in parentheses correspond to labels of the protons as shown in
Scheme 1.
b Not determined because of signal overlapping.

shown in Fig. 4 and averaged binding constants are collected
in Table 4.

Table 2 contains the calculated values of K;; and K, for
both host molecules. From these data it results evident that, for
all the studied cases, the 1:1 complex is more stable than the
corresponding 1:2 complex in agreement with the sharpness of
the Job’s plot. The K;; data obtained for receptor 1 shows that
the binding constants values for the protonated amines increase
in the order D <E < G < H < A = F. At a glance, the order
found suggests that stability might be related with the amount
of contact surface between host and guest as well as the type
of the interactions established between them. Ammonium ion
(D) binds to the crown ether only with hydrogen bonds where-
as, alkyl ammonium ions (E, G) can establish van der Waals
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Fig. 4. Typical titration plots for interactions of receptors 1 [1 x 1073
M] (a) and 2 [1 x 102 M] (b) with ammonium chlorides in CDCl;.
Squares: A and circles: G. The solid lines are the fitting curves in
accordance with equation 2.
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Table 4. Binding constants for the host-guest complexes determined
by "H NMR in CDCl; at 20 °C.

Host, K (M)
[‘hﬁ“]@ e
N
Guest 18C6 B18C6 NB18C6 1 2
A 3114 £ 1434 849 +£34 2288+399 2176+730 3095+375
G 2551 £ 627 274 + 11 652 +42 1024 £ 125 575+ 51

interactions that increase with the length of the chain, and if
the guest molecule has an aromatic ring (H, F) located at the
appropriate distance it can also establish m-n interactions, all
of them resulting in an enhancement of the overall binding.
For that reason, it is quite surprising that a small amino acid
derivative as L-alanine methyl ester (A) has a binding compa-
rable to that of F while for larger amino acids, like B or C, no
interaction was detected.

In the case of receptor 2 a regular trend of binding affin-
ity was not found. However, from the calculated binding con-
stants presented in Table 2 it is evident that the complexes with
L-amino acid methyl esters have the largest stability constants
of the studied guests but all these values are lower than those
reported from extraction [10, 12] or from NMR [18,19] experi-
ments with similar receptors. A similar trend was observed by
"H NMR titrations (Table 4) in which it is possible to compare
the association constants for heptyl ammonium and L-alanine
methyl ester.

For all the studied cases the K, is at least one order of
magnitude smaller than K, thus, the K;,/K;; ratio explains
the strong negative allosteric effect observed. This coopera-
tive effect is well known and has been amply discussed in the
literature [26]. It is now accepted that the two crown units act
independently with respect to complexation when the ratio of
association constants K;,/K;; is larger or equal to 0.25. A nega-
tive cooperative effect occurs when this ratio is smaller than
0.25, a positive effect is said to happen in the opposite case
[27].

To compare the relative contributions to the stabilities
coming from the different structural units in the host mole-
cules the complexation of A and G, as typical guests of amine
and amino acid salts was studied with the 18-crown-6 (18C6),
18-benzocrown-6 (B18C6) and the monoimine (NB18C6). The
results obtained by 'H NMR titrations show that receptor 2 has
the highest selectivity with a K,/Kg ratio of ca. 5 (Table 4).
The presence of a benzo azo methine substituent on the B18C6
increases the affinity of the receptors. In the case of receptor 2
the presence of a bis azo methine increases the selectivity.

The interaction between the receptors 1 and 2 with bisam-
monium guests (as 1,6-hexanediammonium and m-xililendi-
ammonium) was explored by '"H NMR experiments. However,
when one equivalent of bisammonium salt is added to a solu-
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tion of the host the hydrolysis of imine bond was observed as
was deduced by the rise of aldehyde signal in the NMR spec-
trum.

Computational studies

In order to gain insight into the characteristics of the interac-
tions between the guest ions and receptor 1, the stable gas-
phase structures of three single receptor molecules, 18C6,
B18C6, and NB18C6 as well as their complexes with D, E and
A were studied using DFT methods (B3LYP/6-31G(p)). The
optimized stable structures of NB18C6 and its complex with
A are shown in Fig. 5. The properties of these complexes are
compared with the properties of the optimized stable structures
of receptor 1 complexes. A stable structure of receptor 1 is
shown in Fig. 6 and two of the studied complexes are pre-
sented in Fig. 7.

The optimized geometry of 18C6 corresponds to the S
conformer that has been described as the most stable con-
former predicted with DFT and MP2 ab initio methods [28].

Fig. 5. B3LYP/6-31G* optimized structures of NB18C6, (a) and its
complex with L-alanine methyl ester (b) The C=0-H,C distances
are in A and the highlighted atoms (yellow) form the dihedral angle
Chenzo-O-Chei-Crne mentioned in the text.

; ./_é e —'3
S )
A <

Fig. 6. B3LYP/6-31G™* optimized structure of receptor 1.
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Fig. 7. Fragment of the B3LYP/6-31G* optimized structures of the
complex formed between receptor 1 and propil ammonium (a) and
L-alanine methyl ester (b). H-bonds and close contact distances are in
A. The white dot over the aromatic ring corresponds to the calculated
centroid.

For B18C6 was found that aromatic ring lies in the same plane
as the two the donor oxygen atoms directly attached to it. As
some authors have pointed out [29], the size of the cavity is
not affected by the presence of the benzo group however, the
basicity of the donor groups and the shape of the cavities are
different. The structure of the B18C6 fragment is preserved
in NB18C6 and in receptor 1. In these free ligands, the phenyl
group of the benzo crown ether and the aromatic bis-imine
moiety form an extended conjugated system and the angle
formed between the planes containing them is ~29°. This value
is in good agreement with what is found in the crystal structure
of N,N’-(m-phenylenedimethylidyne)dianiline [30].

It has been discussed that the size of the NH," ion (1.4 A)
and the -NH;* group make of this species ideal guests on the
18C6 cavity (~1.42 A) where they are stabilized through three
hydrogen bonds disposed in a three-fold symmetry pattern [29,
31]. In the case of ammonia (D), the average N-H---O distance
was found to be 1.83 A. For the other guest molecules, the
presence of the R- substituent on the NH;" group affects the
fit leading to a less symmetrical coordination pattern with
longer H-bonds, 1.87+0.01 A for E and 1.92+0.05 A for A. In
the case of the B18C6 complexes it was found that the three
H-bonds have different lengths for all the studied cases. The
lack of symmetry in this latter case is not only related with

the differences on the ether conformation but also with a con-
formational change occuring as consequence of the complex
formation; the dihedral angle Cy,,.,-O-C,,.;-C,,., changes from
~80° to ~160°. It is expected that electronic changes go along
with this structural modification. Besides the H-bonds, the
intermolecular distances between the host and the guest mol-
ecule strongly suggest the presence of additional interactions:
the methylene groups of E are close to one of the ether oxy-
gens (2.8 — 2.9 A) and in the case of A the oxygen atoms of
the carbonyl ester group are close to the methylene hydrogens
of the crown ether (2.4 and 2.8 A). Upon complex formation,
receptor 1 undergoes further conformational changes, the twist
between the aromatic rings connecting the crown ether rings
decreases by c.a. 10 on the side where the complex is formed
but this is counterbalanced by an equivalent increase in the
twist of the free side. However, on the double complex (1:2)
the decrease in the twist is symmetric.

The interaction energies for all the studied complexes, were
obtained as: Eint = Ecomplex - (Ehost + nEguest)7 where Ecomplexa
Ehosi» and Egeq, are the total energies of the corresponding
optimized structures and # is the number of guest molecules per
complex. The interaction energies of ammonium ion complexes
are larger than that of E and A with all the ligands considered
in this study. For that reason the interaction energy calculated
for the 18C6-D complex will be considered as an internal ref-
erence for the following discussion. The relative interaction
energies, AE = Ej — Ei]:]/tH{ are presented in Table 5.

The differences on the interaction energies of 18C6 and
B18C6 complexes are not very large and can be rationalized
in terms of two situations: first, the increased basicity of the
two oxygen atoms attached to the benzo group with respect
to the others does not result in stronger H-bonds. And sec-
ond, the energetic cost associated with the conformational
change occurring on the ether ring, estimated from a scan of
the pertaining torsion barrier, for both guest molecules is less
than 1.5 kcal/mol. Both situations lead to a very small differ-
ence between 18C6 and B18C6 for E but a more favourable
bonding situation for A with B18C6. The interaction energies
of the NB18C6 complexes reflect not only the steric effect
of the ether ring substituent but also the electronic effects
of the delocalized system in it. For this reason, it is a better
ligand than B18C6 for E and A, but no for the ammonium ion.
Furthermore, it is also possible that the additional non-covalent
interactions, C-H O type, might be a small contribution to the

Table 5. Relative interaction energies, AE = E{;’[G —EilngtC(”D , for the

1:1 complexes with the studied ligands. All values are in kcal/mol.

Ligands
Guest 18C6 B18C6 NBI18C6 1
D 0.0 43 49 4.1
A 18.9 19.5 17.6 12.1
E 10.6 14.9 13.0 16.8
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stability. In this case, their presence, suggested by the distance
values between the relevant groups, does not have a noticeable
effect in the total interaction energies. Further investigation of
the role these interactions have in the stability of these com-
plexes requires the use of ab initio methods [32]. From the
interaction energies of the complexes formed with receptor 1
it is evident that the electronic effects related with the presence
of the large conjugated system attached to the ether ring make
of this ligand a much better host for both E and A than any
other of the considered ligands.

The interaction energies for the double complex of recep-
tor 1 (1:2) were calculated in the same way that for the 1:1
complexes. The comparison of these interaction energies with
the corresponding values for the 1:1 complexes of receptor 1
is a measure of the cooperative effects in the system. For the
three studied cations the interaction energy of the double com-
plex is smaller than the double of the corresponding interac-
tion energy of the 1:1 complex. However, there are significant
differences in the non-additivity for each system. For D, the
interaction energy is 16.2% less attractive than the expected
value for a fully additive system; this difference was consider-
ably more important for E, 31.3% and rather small for A, only
6.6%.

Discussion

In this study, the theoretical results are useful to better under-
stand the experimentally observed behaviour of these recep-
tors. The single most important change taking place upon
complexation is the conformational change occurring in the
ligands, in the crown ether ring and the aromatic link between
the two host groups. This structural modification is largely
responsible of the changes observed in the UV/Vis spectra and
the shifting of some protons in the crown ether to low field as
observed on the CIS. The negative allosteric effect found is
also a consequence of this conformational change. The bind-
ing of any guest ion to one of the benzocrown units affects
the electronic density of the oxygen atoms on the unoccupied
crown ether lowering its basicity. In conjugated bis-crown
receptors, the first cation, which is electron withdrawing,
can modify the electron environment of the second crown.
Electrostatic repulsion can also happen when the complexed
crowns lie in close proximity. In previous studies, it was found
that in benzo and dibenzo crown ethers [33], changes in the
charge on the aromatic oxygen in the macrocycle, brought
about by change in the nature of the substituent, produced
profound effects on the binding constants. Detailed analysis
of the complexation data indicates that in general two factors
influence the binding ability of the ether ring; the polarizabil-
ity of the electrons on the ring oxygen and the constraints on
the conformational changes that are required to occur for the
ring to achieve a minimum conformation around the solvated
cation.

The large selectivity observed for the L-alanine cation
can be understood as a result of several combined factors;
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this guest can engage in weak interactions additional to the
H-bonds that might confer more dynamical stability to the
complex; the aromatic substitution on the crown ethers favour
the complex formation with it and, to a smaller extent but also
important, the large difference on cooperative effects found
from the interaction energies of the 1:1 and 1:2 complexes
reflects that the modifications induced by its presence in one
of the crown ether rings of receptor 1 does not severely impair
the other to act as a reasonably good host for another cation.

Conclusions

The binding constants obtained in this work are comparable
with those reported from NMR experiments [18, 19] or calo-
rimetric titrations [20] for ammonium cations and one order of
magnitude larger than those reported for benzo-18-crown-6 for
protonated amino acid methyl esters obtained from calorimet-
ric titration in methanol [21]. It was found that the receptors
reported in this work have high affinity for cationic amino acid
salts.

This study confirms the interaction energies of the com-
plex formed are a reasonably good approach to understand the
stability constants but it is only the simultaneous consideration
of the energetic and structural changes occurring during com-
plex formation that the selectivity of these receptors can be
explained.

Experimental
Materials and spectroscopic measurements

All reagents and solvents were purchased from Aldrich and
Fluka and were used as received. Amine salts were prepared
following literature procedures [34] and dried under vacuum.
"H NMR spectra were recorded in CDCl; at 400 MHz at a
probe temperature of 20°C on a Varian UNITY INOVA with
TMS as internal reference. The electronic spectra were record-
ed at 25°C on a Hewlett Packard 8453A diode array spectro-
photometer. FAB mass spectra were obtained on a JEOL JMS-
SMX102A instrument. Elemental analysis was obtained on an
ELEMENTAR Vario ELIII (C, H, N, S) instrument.

UV/Vis titrations

The spectroscopic titrations were performed at 25°C, in
CH,Cl,:MeOH: (92:8). Aliquots of concentrated solution of a
guest (1 x 102 M for ammonium salts D-H and 5 x 10> M for
A-C) were added to a solution of 1 (1.5 x 10 M) or 2 (1.6 x
107 M).

TH NMR titrations

Guests and hosts molecules were dissolved in CDCls;.
Titrations were performed at 18 °C by adding seven aliquots of
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G (2 x 102 M) or A (5 x 10 M) guest stock solutions to 1 x
103 M solutions of the hosts.

The experimental data were fitted using non-linear least-
squares regression with Microcal Origin 7 program.

Computational method

DFT methodologies were chosen to optimize the structure
of the bis crown ether receptors, the amine salts and the
complexes because they provide a good quality description
of the conformational features of this type of systems [28,
35] and a qualitative correct picture of the relative stabilities
of hydrogen bonded complexes [32, 33]. In this case, the
B3LYP functional was used with a double-( split valence
basis set with one set of polarization functions on all atoms,
6-31G(p). The relative stabilities of the studied complexes
at this level of calculation allow for a qualitative picture of
the interactions involved in the binding process. The study
of some structural modifications of the receptor molecule
will help to understand the structural and electronic effects
resulting of connecting two crown ether units. All calcula-
tions were done using the Gaussian 03 suite of programs
[36].

Synthesis of receptors

The synthetic route [22] for the receptors is shown in Scheme
1. Molecules 1 and 2 were synthesized by the procedure
below described using molecule 1 as an example. 0.0392 g
(0.292 mmol) of terephthaldehyde and 0.193 g (0.592 mmol)
of 4-aminobezo-18-crown-6 were dissolved in ethanol (10
mL) in a 25 mL round bottom flask and stirred for 6 hours
under reflux. When the reaction was completed a yellow-
ish fine solid was formed. The product was recovered by
filtration, washed with acetone (2 x 5 mL) and dried under
vacuum. Yield 80%. Anal. Calc. for C4 H5,N,O4,: C, 63.81;
H, 6.95; N, 3.72% found C, 63.20; H, 7.01; N, 3.89%. 'H
NMR (CDCl;, 400 MHz, reference TMS, see Scheme 1 for
labels): 6 3.65 (m, 2H, H-23), 3.65 (m, 2H, H-22), 3.68 (m,
2H, H-18), 3.68 (m, 2H, H-21), 3.74 (m, 2H, H-19), 3.74
(m, 2H, H-20), 3.90 (dd, 2H, H-16), 3.90 (dd, 2H, H-17),
4.15 (dd, 2H, H-14), 4.15 (dd, 2H, H-15), 6.80 (d, 1H, H-8),
6.85 (d, 1H, H-10), 6.87 (dd, 1H, H-11), 7.92 (s,1H, H-1),
8.47 (s, 1H, H-7).13C NMR (CDCl;, 100 MHz, reference
TMS): & 69.25(C-15), 69.63(C-14), 69.82(C-16), 69.91(C-
17), 71.00(C-23), 71.00(C-22), 71.00(C-21), 71.00(C-19),
71.13(C-20), 71.13(C-18), 108.06(C-10), 113.26(C-8),
114.54(C-11), 129.07(C-1), 138.66(C-5, C-6), 145.45(C-9),
148.03(C-12), 149.49(C-13), 157.76(C-7). MS (FAB+) m/z =
754 [M+H]*. mp 200-203 °C. MeOH/CH,Cl, (8:92) &357qm =
35073 £ 472 cm™ ML,

2. Yield 60%. Anal. Calc. for C4yH5,N,O;,: C, 63.81; H,
6.95; N, 3.72% found C, 62.99; H, 6.91; N, 3.79%.'"H NMR
(CDCl3, 400 MHz, reference TMS): ¢ 3.70 (m, 2H, H-

23), 3.70 (m, 2H, H-22), 3.74 (m, 2H, H-18), 3.74 (m,
2H, H-21), 3.78 (m, 2H, H-19), 3.78 (m, 2H, H-20), 3.95
(dd, 2H, H-16), 3.95 (dd, 2H, H-17), 4.20 (dd, 2H, H-14),
4.20 (dd, 2H, H-15), 6.83 (d, 1H, H-8), 6.85 (d, 1H, H-
10) 6.90 (dd, 1H, H-11), 7.56 (dd,1H, H-3), 8.00 (d, 1H,
H-2, H-4), 8.36 (s, 1H, H-1), 8.55 (s, 1H, H-7).13C NMR
(CDCl;, 100 MHz, reference TMS): & 69.18(C-15), 69.58(C-
14), 69.80(C-16), 69.89(C-17), 70.97(C-23), 70.97(C-
22), 70.97(C-21), 70.97(C-18), 71.10(C-20), 71.10(C-19),
107.99(C-10), 113.14(C-8), 114.53(C-11), 129.14(C-1),
129.38(C-3), 130.94(C-2, C-4), 137.01(C-5, C-6), 145.42(C-
9), 147.90(C-13), 149.46(C-12), 157.93(C-7). MS(FAB™) m/z
=754 [M+H]".mp 117-119 °C. MeOH/CH,Cl, (8:92) €357 ym
=30847 £ 529 cm™! M-,

Monoimine (NB18C6) was prepared from benzaldehyde
according to procedure described to receptors 1 and 2.
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