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Abstract—The synthesis of a new tetra(2-pyridylmethyl)amide calix[4]arene is reported. Its binding properties towards alkali and
alkaline earth metals, transition metals and lanthanides have been determined along with the complexes stoichiometries. '"H NMR
investigations allowed the location of cations in the receptor to be determined. The synthesis and crystal structure of the related

tetra(benzyl) derivative are also reported. © 2001 Elsevier Science Ltd. All rights reserved.

Di- or polytopic receptors are host molecules con-
structed with two or more structurally and energetically
similar binding subunits within the same macrocyclic
structure.! Once recognition of each binding subunit
has been identified, the ability of multiple recognition
and mutual effects of binding subunit occupation
provide entries to higher forms of molecular behaviour
such as cooperativity, allostery and regulation, as well
as communication or metal transfer.! Calix[4]arene
derivatives®* can adopt four conformations: cone, par-
tial cone, 1,2-alternate and 1,3-alternate and their com-
plexing behaviours have been proved to depend on the
conformation of the calixarene moiety. Much attention
has been paid to calix[4]arenes, in the cone conforma-
tion, O-substituted with amide, ester or ketone func-
tions and their complexing properties towards metal
cations has been recently reviewed.*

As part of our work on calixarenes containing simulta-
neously hard and soft ion binding sites,>® we report
herein the synthesis of tetra(2-pyridylmethyl)amide
calix[4]arene 2. Related tetra(benzyl)amide 3 is also
reported for comparison with 2.

The four amido functions delineate a cavity consisting

of four carbonyl units and four phenolic oxygens which
may complex hard cations such as alkali metals.*

* Corresponding authors. E-mail: vicens@chimie.u-strasbg.fr

1 X=O0CH;
2 X =NH-CH,-Py
3 X = NH-CH,-C¢Hs

Lo Doy

Another cavity is delineated by the attachment of the
four pyridine moieties via the amido functions capable
of complexing soft cations by the nitrogen atoms.” A
very similar ditopic hard-soft receptor has been
designed from a calix[4]arene in the cone conformation
substituted with four EtS(CH,), NHCOCH,O- groups.
'"H NMR spectral studies showed that although Cd**
bound to the soft binding site excludes Na* out of the
hard binding site, Ag" can coexist with Na* in the
ionophoric cavity.®

Compounds 2 and 3 were prepared by reacting
25,26,27,28-tetrakis(carboxymethoxy)calix[4]arene 1
with an excess of 2-(aminomethyl)pyridine or benzyl-
amine in a refluxing 1:1 mixture of methanol-toluene
for 10 and 8 days, respectively.® After evaporation of
the solvents, the crude residue was precipitated with
acetone to give 2 (80%) and 3 (71%). Complete alkyla-
tion and cone conformation of 2 and 3 were deduced
from their 'TH NMR spectra in CDCl,. For instance, for
2, an AB system was found at 3.24 and 4.61 ppm with
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Figure 1. Crystal structure of 3-1.5CHCI,. Hydrogen bonds in
dashed lines. The protons of amine groups are represented as
small spheres of arbitrary radii, the other protons and the
solvent molecules are omitted for clarity. Symmetry codes:
'=-x, 1=y, —z; "=1-x, -y, —z.

J=14.0 Hz for the ArCH,Ar in the macroring.® Sin-
glets at 1.11, 4.66 and 6.80 ppm in an integration ratio
36:8:8 were attributed to the -C(CH;); groups,
ArOCH,- and ArH,,, of the calix unit, respectively,
showing a C,, symmetry for the molecule.® Similar
findings were made on 3.° The structure of 3 was
confirmed by X-ray crystallography.!® The crystal
structure of 3-1.5CHCI, is represented in Fig. 1.'°

In the solid state, molecule 3 does not possess any
symmetry element. The calixarene is in a distorted cone

conformation, with two opposite aromatic rings more
tilted than the other ones. The dihedral angles between
the aromatic rings and the mean plane defined by the
four methylenic carbon atoms are 41.7(1), 87.4(1),
42.5(1) and 85.5(1)°. The four protons bound to nitro-
gen atoms are involved in hydrogen bonds. Two of
these atoms, corresponding to N2 and N4 and to the
more ‘vertical’ rings, are bound to the amide oxygen
atoms of the neighbouring chains in the same molecule.
The other two atoms, corresponding to N1 and N3, are
hydrogen bonded to amide oxygen atoms pertaining to
neighbouring molecules in the crystal packing.

A preliminary evaluation of the binding efficiency of 2
was carried out by solvent extraction of metal picrates
into dichloromethane at 20°C under neutral condi-
tions.” Alkali and alkaline earth cations were poorly
extracted by 2: Li* (10%), Na* (15%), K* (7%), Rb*
(5%), Cs* (2%), Mg>* (3%), Ca>** (9%), Sr** (no extrac-
tion observed), Ba** (4%), matching percent extraction
values (%FE) already observed for related tetra methyl-
methylketone and tetra butylamide derivatives showing
that the pyridine residues did not improve its extraction
efficiency. Probably these cations are located in the
hard site of 2.* Soft Zn>* cation was extracted in
approximately the same %FE as Na*. To locate these
cations we investigated their complexation by '"H NMR
technique. CDCIl; solutions of 2 were reacted for 48 h
with solid Na*Pic™ and Zn**(Pic™),. Singlets appeared
at 8.69 and 8.76 ppm, respectively for Na* and Zn** in
agreement with the formation of 1:1 complexes as
estimated from integration ratio of the picrate proton
resonance versus those for the PyH,. For 2-Na*Pic~
small Aé shifts were observed for the signals corre-
sponding to the pyridine moiety while a large shift was
observed for the N-H triplet. We concluded Na* to be
located in the hard ‘tetraamido’ cavity as already
assumed. For 2-Zn>*(Pic7), larger AJ shifts were
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Figure 2. Changes in the UV-vis absorption spectrum of ligand 2 upon addition of Cr(ClO,), in acetonitrile; concentration of 2:
4.0x107> M, 0<R<9; concentration of NEt,Cl0,=0.01 M; cuvettes of 1 cm path length.
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Table 1. Stability constants in acetonitrile at 18°C

Cations Metal:ligand 2 stoichiometries Log 8

Li* 1:1 5.4740.10
Na+ 1:1 5.5440.01
Mg>+ 1:1 5.56+0.01
Ca+ 1:1 5.5140.01
Sr2+ 1:1 4.67+0.01
Ba?+ 1:1 5.9240.01
Cr2+* 2:1 8.1440.01
Co%* 1:2 8.90+0.01
Ni2+ 1:2 8.5440.05
Cu?* 2:1 9.2740.01
Zn** 1:1 4.44+0.05
La’+ 1:1 3.75+0.05
Nd3+ 1:1 3.5440.05
Gd*+ 1:1 3.79+0.05

observed for the pyridine moiety leading to the conclu-
sion that the cation is located close to the nitrogen
atoms forming the soft site. The need of the nitrogen
atoms of the pyridine for complexing Zn** was shown
by reacting benzyl analogue 3 in the same conditions.’
In this case only Na*Pic™ was extracted giving rise to a
1:1 complex with Na* located in the hard site of 3.° In
separate experiments, we reacted CDCI; solutions of
2-Na*Pic™ with Zn**(Pic?), and of 2-Zn**(Pic"), with
Na*Pic™. No changes were observed in the 'H NMR
spectra showing that a second cation is not accepted in
the complex receptors.

We evaluated the thermodynamic parameters of com-
plexation on 2 in a homogeneous medium limited to
acetonitrile because of low solubility of 2 in the usual
solvents. The stability constants in acetonitrile were
determined by UV absorption spectrophotometry at
18°C. The procedure consisted of adding increasing
amounts of metallic perchlorates to a solution of 2. The
resulting changes (see Fig. 2) were analysed by the
program Letagrop—Spefo.!>!?

The values of the corresponding stability constants (as
log ;) are given in Table 1 along with the assumed
stoichiometries of the complexes. 1:1 Complexes were
observed for Li*, Na* (no complexation was observed
with K*, Rb*, Cs*), Zn** (in agreement with extraction
results), Mg?*, Ca?", Sr*, Ba®>* (with selectivities
Scazesze=7 and Sy 0. =18, La**, Nd** and Gd**
(no selectivity observed). Homobinuclear complexes
2-2Cr**(ClO,"), and 2-2Cu?**(Cl0,"), (the copper com-
plex is 10 times more stable than the chromium one)
can be assumed with a probable inclusion of two
cations in both hard and soft cavities. The observation
of biligand complexes with Co**(ClO,7), and Ni**
(ClO,7), indicated a bridging of two calix units via
metal linkage probably through the pyridine arms.

Future work is directed towards the synthesis of tetra-
amido-type calix[4]arenes with moieties different from
pyridine.
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. Analytical procedures: Melting points (mps) were taken

on a Biichi 500 apparatus in a capillary sealed under
nitrogen. Elemental analyses were carried out at the
Service de Microanalyse of the Institut de Chimie de
Strasbourg. 'H NMR spectra were recorded at 200 MHz
on a Bruker SY 200 spectrometer. The FAB mass spec-
trum was obtained on a VG-Analytical ZAB apparatus.
Preparation of 2: 25,26,27,28-Tetrakis(carboxymethoxy)-
calix[4]arene 1 (1.876 g; 2.00 mmol) was reacted with an
excess of 2-(aminomethyl)pyridine (5.402 g; 50 mmol) in
a refluxing 1:1 mixture of methanol-toluene (66 ml) for
10 days. After evaporation of the solvents the crude
residue was precipitated with acetone to give 2 in 80%
yield. Mp=241-242°C. '"H NMR (CDCl,, 6 in ppm from
TMS): 8.63 (t, J=5.5 Hz, 4H, NH), 8.43 (d, /J=4.0 Hz,
4H, PyH), 7.58 (dt,, J=7.5 Hz J=4.0 Hz, 4H, PyH,),
7.23 (d, J=17.5 Hz, 4H, PyH;), 7.09 (dd,, J=7.5 Hz,
J=6.5 Hz, 4H, PyH,), 6.80 (s, 8H, ArH,,ciucaiix)s 4-06 (s,
8H, -CH,0OAr), 4.61 (AB system, J=14.0 Hz, 4H,
ArCH,Ar), 4.60 (d, J=5.5 Hz, 8H, -CH,Py), 3.24 (AB
system, J=14.0 Hz, 4H, ArCH,Ar), 1.11 (s, 36H,
-C(CH,);). FAB positive m/z=1271.5. Anal. caled for
C,6HgsNgOq: C, 70.24; H, 7.52. Found C, 70.58, H, 7.05.
Preparation of 3: Similar to 2. Calixarene 1 (1.876 g; 2.00
mmol), benzylamine (5.047 g; 50 mmol), reflux 8 days.
Yield 71%. Mp>270°C. '"H NMR (CDCl;, § (in ppm
from TMS): 7.73 (t, J=6.0 Hz, 4H, NH), 7.21 (m, 20H,
benzyl), 6.75 (s, 8H, ArH,,.cacaiix)> 4-38 (s, 8H, -CH,OAr),
445 (d, J=6.0 Hz, 8H, CH,Benz), 4.41 (AB system,
J=13.0 Hz, 4H, ArCH,Ar), 3.14 (AB system, J=13.0
Hz, 4H, ArCH,Ar), 1.07 (s, 36H, -C(CH;)5). Anal. caled
for CgoHy,N,Og: C, 77.63; H, 7.50. Found C, 77.61, H,
7.60.

2-Na*Pic™: 'H NMR (CDCl,, é (in ppm from TMS): 8.69
(s, 2H, Pic"), 8.38 (d, J=5.0 Hz, 4H, PyH,), 8.32 (t,
J=5.5 Hz, 4H, NH), 7.56 (t, J=17.5 Hz, 4H, PyH,), 7.21
(d, J=17.5 Hz, 4H, PyH,), 7.12-7.07 (m, 4H, PyH,), 6.94
(broadening s, 8H, ArH, . caiix)> 4-63 (s, 8H, —-CH,0OAr),
4.49 (AB system, J=13.0 Hz, 4H, ArCH,Ar), 4.57 (d,
J=5.5 Hz, 8H, -CH,Py), 3.27 (AB system, J=13.0 Hz,
4H, ArCH,Ar), 1.09 (s, 36H, -C(CH;)5).
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2-Zn**(Pic7),: 'H NMR (CDCl,, 6 (in ppm from TMS)
9.18 (broad s, 4H, NH), 8.76 (s, 4H, Pic™), 8.48 (d, /=4.0
Hz, 4H, PyH,), 7.73 (t, J=7.5 Hz, 4H, PyH,), 7.37 (d,
J=9.0 Hz, 4H, PyH,), 7.20 (t, J=7.5 Hz, 4H, PyH,),
6.67 (broadening s, 8H, ArH,, iacaiin)> 465 (broad s, 16H,
-CH,OAr and CH,Py), 4.36 (AB system, J=11.5 Hz, 4H,
ArCH,Ar), 3.00 (broad s, 4H, ArCH,Ar), 1.02 (s, 36H,
-C(CH)y).

3-Na*Pic™: 'H NMR (CDCl,, ¢ (in ppm from TMS): 8.21
(s, 2H, picrate) 7.73 (coales. s, 4H, NH), 7.21 (m, 20H,
benzyl), 6.80 (coales. s, 8H, ArH, .caix)> 4-38 (s, 8H,
-CH,0Ar), 4.37 (d, J=6.0 Hz, 8H, CH,Benz), 4.36 (coa-
les. AB system, 4H, ArCH,Ar), 3.18 (coales. AB system,
4H, ArCH,Ar), 1.07 (s, 36H, -C(CHs),).

Crystal structure of 3-1.SCHCI;. The data were collected
on a Nonius Kappa-CCD area detector diffractometer
using graphite-monochromated Mo Ko radiation
(0.71073 A). The structure was solved by direct methods
and subsequent Fourier-difference synthesis and refined
by full-matrix least-squares on F? with SHELXTL.!'No
absorption correction was done. All non-hydrogen atoms
were refined anisotropically. One of the chloroform
molecules, located near a symmetry centre, has been
affected with a 0.5 occupancy. The protons bound to
nitrogen atoms were found on the Fourier-difference map
and introduced as riding atoms with a displacement
parameter equal to 1.2 times that of the parent atom. All
other hydrogen atoms were introduced at calculated posi-

11.

13.

tions as riding atoms with a displacement parameter
equal to 1.2 (CH, CH,) or 1.5 (CH,) times that of the
parent atom. R, =0.098, wR,=0.237, S=1.031 for 13245
unique reflections (R, =0.081) and 913 parameters.
Crystal data have been deposited with the Cambridge
Crystallographic Data Centre, under reference CCDC
156366.

Crystal data for 3-1.5CHCl;: Cg, sHos 5sCly sN,Og,
M=1416.63, triclinic, space group P-1, a=15.8725(11),
h=16.3762(6), ¢=16.6258(11) A, «=74.934(4), f=
71.591(3), y=72.069(4)°, V=3837.4(4) A3, Z=2, D =
1.226 g cm™3, x=0.229 mm™', F (000)= 1502, T=100(2)
K.

Sheldrick, G. M. SHELXTL, Version 5.1; University of
Gottingen: Germany, 1999.

. Extraction and complexation experiments: The %E of

metallic picrates (2.5x10* M) extracted from water to
dichloromethane containing ligand 2 (2.5x10~* M) was
determined at 20°C as previously described.!® The stabil-
ity constants in acetonitrile were determined by UV
absorption spectrophotometry at 18°C. The procedure
consisted in adding increasing amounts of metallic
perchlorates to a solution of 2 (Cjgna=4x10"> M). The
resulting changes (Table 1) were analyzed by the program
Letagrop—Spefo.!?
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