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a b s t r a c t

Calix[4]arenes bearing tetrathiafulvalene (TTF) moieties appended to the upper rim via the amidic
functions were synthesized and used for 1H NMR and UV/Vis complexation studies towards selected
anions. It was found that the complexation affinity towards H2PO4

� dramatically depends on the
substitution pattern of the calixarene moiety. As a result, the proximally disubstituted derivative has
a complexation constant by two orders of magnitude higher than the distally disubstituted analogue.
The differences between proximal and distal receptors were also documented by their behaviour during
the oxidation of the attached TTF units.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Calix[4]arenes [1] are frequently used in the design and
construction of new artificial receptors. The tuneable shapes of
the molecules due to four different basic conformations together
with highly advanced and well established derivatization chem-
istry make these molecules ideal candidates for the applications
as building blocks and molecular scaffolds in supramolecular
chemistry.

The fundamental importance of anions in various biological
systems is well recognized. Not surprisingly, the anion recognition
plays an important role in supramolecular chemistry as docu-
mented in many review articles and books published recently [2].
Albeit many approaches can be used, including the electrostatic
interactions of anions with positively charged receptors, the neutral
organic receptors offering hydrogen bonding interactions are
especially useful in the design. The amidic groups or urea/thiourea
moieties [2] can be efficiently applied for anion binding as
these functional groups are capable of highly directional hydrogen
bonding interactions. Correspondingly, their incorporation into
calixarene/thiacalixarene skeletons can lead to highly preorganised
: þ420 220444288.

All rights reserved.
structures [3] with interesting complexation abilities towards
specific anion [4].

During our ongoing research into anion recognition [5] we have
constructed many amide/urea-based receptors bearing p-nitrophenyl
or porphyrins as chromophoric units. Their presence enables the
sensing of anions via the changes of their spectroscopic properties. In
this paper, we report the synthesis and complexation behaviour of
novel anion receptors based on upper-rim substituted calix[4]arenes
bearing the amidic function as a recognition unit and the TTF moiety
[6] as a colour spectroscopic marker.
2. Experimental

Melting points are uncorrected and were determined using
a Boetius Block apparatus (Carl Zeiss Jena, Germany). The NMR
spectra were recorded at 300 MHz (1H) and at 75 MHz (13C).
Elemental analyses were measured on Elementar vario EL (Ele-
mentar, Germany) instruments. The mass spectra were measured
using the ESI technique on a Q-TOF (Micromass) spectrometer or
the MALDI-TOF technique on an HP G2030A spectrometer (Hewlett
Packard) with delayed extraction option. The IR spectra were
measured on an FT-IR spectrometer Nicolet 740 in CHCl3 and/or in
KBr. The purity of the substances and the courses of reactions were
monitored by TLC using TLC aluminum sheets with Silica gel 60 F254
(Merck). The preparative TLC chromatography was carried out on
20� 20 cm glass plates covered by Silica gel 60 GF254 (Merck) or
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Al2O3 type G (Fluka). The column chromatography was performed
using Silica gel 60 (Merck).

2.1. Nitration of 25,26,27,28-tetrapropoxycalix[4]arene e

preparation of compounds 2ae2c

25,26,27,28-tetrapropoxycalix[4]arene 1 (2.0 g, 3.37 mmol) was
dissolved in 200 ml of dichloromethane and 5.73 g of sodium
nitrate (67.47 mmol), 7.7 ml of glacial acetic acid (134.93 mmol),
and 5.2 ml of trifluoroacetic acid (67.46 mmol) were added subse-
quently. The mixture was vigorously stirred at room temperature
for 4.5 h and the reaction was monitored by TLC. The reaction
mixture was quenched by water (300 ml), organic layer was
separated, and water layer was extracted twice with dichloro-
methane. The combined organic layers werewashedwith saturated
aqueous solution of NaHCO3 (3�150 ml), water (2�150 ml), and
were dried over MgSO4. Solvent was evaporated in vacuo and
a crude mixture was purified by column chromatography on silica
gel (CH2Cl2:hexane 3:2). It was obtained 0.54 g (25%) of mononitro
derivative 2a, 0.49 g (21%) of distal dinitro derivative 2c, and 0.45 g
(19%) of proximal dinitro derivative 2b in the form of yellowish
powders.

2.1.1. Compound 2a
1H NMR (CDCl3, 300 MHz, 298 K): d 7.10 (s, 2H, ArH), 6.95 (d, 2H,

J¼ 7.3 Hz, ArH), 6.92 (d, 2H, J¼ 4.7 Hz, ArH), 6.83 (t, 2H, J¼ 7.3 Hz,
ArH), 6.21 (br s, 3H, ArH), 4.45 (d, 2H, J¼ 13.8 Hz, ArCH2Ar, ax.), 4.41
(d, 2H, J¼ 13.8 Hz, ArCH2Ar, ax.), 3.80e4.01 (m, 6H, eOCH2e), 3.71
(t, 2H, J¼ 7.0 Hz, eOCH2e), 3.19 (d, 2H, J¼ 13.5 Hz, ArCH2Ar, eq.),
3.14 (d, 2H, J¼ 11.7 Hz, ArCH2Ar, eq.), 1.82e1.94 (m, 8H, OCH2CH2e),
0.80e0.95 (m, 12H, eCH3).

2.1.2. Compound 2b
1H NMR (CDCl3, 300 MHz, 298 K): d 7.50 (s, 2H, ArH), 7.45 (s, 2H,

ArH), 6.50e6.62 (m, 6H, ArH), 4.55 (d, 1H, J¼ 14.7 Hz, ArCH2Ar, ax.),
4.47 (d, 2H, J¼ 14.1 Hz, ArCH2Ar, ax.), 4.42 (d, 1H, J¼ 13.5 Hz,
ArCH2Ar, ax.), 3.73e4.04 (m, 8H, eOCH2e), 3.32 (d, 1H, J¼ 14.1 Hz,
ArCH2Ar, eq.), 3.28 (d, 2H, J¼ 13.8 Hz, ArCH2Ar, eq.), 3.18 (d, 1H,
J¼ 13.8 Hz, ArCH2Ar, eq.), 1.81e1.93 (m, 8H, eOCH2CH2e),
0.92e1.02 (m, 12H, eCH3).

2.1.3. Compound 2c
1H NMR (CDCl3, 300 MHz, 298 K): d 7.42 (s, 4H, ArH), 6.74

(m, 6H, ArH), 4.45 (d, 4H, J¼ 13.8 Hz, ArCH2Ar, ax.), 3.81e3.93 (m,
8H, eOCH2e), 3.22 (d, 4H, J¼ 13.5 Hz, ArCH2Ar, eq.), 1.83e1.96 (m,
8H, eOCH2CH2e), 0.92e1.04 (m, 12H, eCH3).

All data are in agreement with Ref. [7].

2.2. Preparation of 5-amino-25,26,27,28-
tetrapropoxycalix[4]arene 3a

A suspension of mononitro derivative 2a (0.54 g, 0.85 mmol) and
0.95 g (4.22 mmol) of SnCl2$2H2O in absolute ethanol (50 ml) was
refluxed for 12 h. The reaction mixture was cooled to r.t. and poured
into themixture of aqueous ammonia (20 ml, 35%) andwater (20 ml).
Themixturewas extractedwith dichloromethane (4� 50ml), organic
phase was washed with water (2� 50ml) and dried over MgSO4. The
evaporation of solvent yielded slightly pink powder (0.42 g, 82%)
which was used in the next step without further purification. 1H NMR
(CDCl3, 300 MHz, 298 K): d 6.51e6.67 (m, 9H, ArH), 5.95 (s, 2H, ArH),
4.45 (d, 2H, J¼ 13.2 Hz, ArCH2Ar, ax.), 4.38 (d, H, J¼ 13.5 Hz, ArCH2Ar,
ax.), 3.80e3.89 (m, 6H, OCH2), 3.73 (t, 2H, J¼ 7.6 Hz,eOCH2e), 3.16 (d,
2H, J¼ 13.5 Hz, ArCH2Ar, eq.), 3.01 (d, 2H, J¼ 13.5 Hz, ArCH2Ar, eq.),
1.82e1.93 (m, 8H, eOCH2CH2e), 0.93e1.00 (m, 12H, CH3).

All data are in agreement with Ref. [8].
2.3. Preparation of 5,11-diamino-25,26,27,28-tetrapropoxycalix[4]
arene 3b

5,11-dinitro-25,26,27,28-tetrapropoxycalix[4]arene2b (0.39 g, 0.57
mmol)was suspended in50mlof absolute ethanol,1.81 g (8.01 mmol)
of SnCl2$2H2O was added and the mixture was refluxed overnight.
Cooled reactionmixturewas poured into solution of ammonia (10% in
water) and extracted with CH2Cl2 (4� 50 ml). Combined organic
layerswerewashedwithwater (2� 50ml) anddried overMgSO4. The
evaporation of solvent gave slightly pink powder (0.28 g, 75%) which
was used in the next stepwithout further purification.1HNMR (CDCl3,
300 MHz): d 6.56e6.67 (m, 6H, ArH), 6.01 (d, 2H, J¼ 2.9 Hz, ArH), 5.95
(d, 2H, J¼ 2.6 Hz, ArH), 4.46 (d, 1H, J¼ 13.2 Hz, ArCH2Ar, ax.), 4.38 (d,
2H, J¼ 13.5 Hz, ArCH2Ar, ax.), 4.30 (d, 1H, J¼ 13.2 Hz, ArCH2Ar, ax.),
3.83 (t, 4H, J¼ 7.0 Hz, eOCH2e), 3.72 (t, 4H, J¼ 7.6 Hz, eOCH2e), 3.15
(d,1H, J¼ 13.2 Hz, ArCH2Ar, eq.), 3.03 (d, 2H, J¼ 13.2 Hz, ArCH2Ar, eq.),
2.91 (d, 1H, J¼ 13.5 Hz, ArCH2Ar, eq.),1.80e1.96 (m, 8H,eOCH2CH2e),
0.92e1.01 (m, 12H, CH3).

All data are in agreement with Ref. [8].

2.4. Preparation of 5,17-diamino-25,26,27,28-tetrapropoxycalix[4]
arene 3c

A suspension of distal dinitrocalixarene 2c (0.49 g; 0.72 mmol)
and 2.27 g (10.08 mmol) of tin chloride dihydrate in absolute
ethanol (80 ml) was refluxed for 12 h. After cooling the reaction
mixture was poured into solution of ammonia (20 ml, 35%) inwater
(20 ml) and was washed with dichloromethane (4� 60 ml). The
organic phase was washed with water (2� 60 ml) and dried over
MgSO4. The solvent was removed under reduced pressure to yield
slightly pink powder (0.46 g, 97%) which was used in the next step
without further purification. 1H NMR (CDCl3, 300 MHz, 298 K):
d 6.71 (d, 4H, J¼ 7.01 Hz, ArH), 6.61 (t, 2H, J¼ 6.5 Hz, ArH), 5.94 (s,
4H, ArH), 4.39 (d, 4H, J¼ 13.5 Hz, ArCH2Ar, ax.), 3.83 (t, 4H,
J¼ 7.6 Hz, eOCH2e), 3.63 (t, 4H, J¼ 7.3 Hz, eOCH2e), 3.03 (d, 4H,
J¼ 13.5 Hz, ArCH2Ar, eq.),1.80e1.96 (m, 8H,eOCH2CH2e), 0.89e1.01
(m, 12H, eCH3).

All data are in agreement with Ref. [8].

2.5. Preparation of tetrathiafulvalene-2-carbonyl chloride 7

TTF-2-carboxylic acid 6 (1.26 g, 5.07 mmol) was dissolved in
a mixture of dried benzene (50 ml) and acetonitrile (20 ml). Then,
0.6 ml (6.59 mmol) of oxalyl chloride and catalytic amount (2
drops) of dried DMF were added. The reaction mixture was stirred
for 2 h at room temperature while the colour turned dark violet.
The solvents were carefully removed under a reduced pressure, and
resulting product was used immediately for further reaction step
without any purification and characterization because of low
stability.

2.6. Preparation of calix[4]arene-TTF conjugate 4a

A solution of a freshly prepared tetrathiafulvalene-2-carbonyl
chloride 7 (0.31 g, 1.16 mmol) in dried THF (10 ml) was added
dropwise to the solution of amino derivative 3a (0.42 g, 0.69 mmol)
and triethylamine (0.32 ml, 2.31 mmol) in 20 ml of dried THF. The
reaction mixture was stirred at room temperature overnight (18 h),
the solvent was evaporated under a reduced pressure, and the
residue was purified by column chromatography on alumina using
a CH2Cl2ehexane mixture as an eluent.

2.6.1. Analytical data for 4a
Bright orange crystals (75% yield), mp 126e129 �C, eluent¼

CH2Cl2:hexane 1:1 (v/v). 1H NMR (DMSO-d6, 300 MHz, 298 K): d 9.82
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(s,1H, NH), 7.65 (s,1H, TTF), 6.94 (s, 2H, TTF), 6.74 (s, 2H, ArH), 6.63 (d,
3H, J¼ 7.9 Hz, ArH), 6.42e6.54 (m, 6H, ArH), 4.33 (d, 4H, J¼ 12.9 Hz,
ArCH2Ar, ax.), 3.68e3.81 (m, 8H, OCH2), 3.16 (d, 2H, J¼ 12.9 Hz,
ArCH2Ar, eq.), 3.07 (d, 2H, J¼ 12.9 Hz,), 1.79e1.92 (m, 8H, OCH2CH2e),
0.92e1.01 (m,12H, CH3); 13C NMR (DMSO-d6, 75 MHz, 298 K): d 157.1,
156.8, 154.2, 135.9, 135.8, 135.1, 131.9, 130.9, 129.0, 128.9, 128.7, 127.9,
122.2, 121.6, 121.0, 119.4, 114.7, 107.2, 104.9, 31.3, 23.5, 23.4, 10.6, 10.4;
TOF-ESI MS m/z for C47H51NO5S4 calculated: 838.19, found: 860.27
[MþNa]þ (100%), 876.25 [MþK]þ (15%); IR (KBr) nmax (cm�1): 3324
(NH), 1637 (C]O).

2.7. Preparation of calix[4]arene-TTF conjugate 4b

A solution of a freshly prepared 7 (0.32 g, 1.21 mmol) in dried
THF (20 ml) was added dropwise to the solution of 3b (0.42 g,
0.67 mmol) and triethylamine (0.20 ml, 1.46 mmol) in 20 ml of
dried THF. The reaction mixture was stirred at room temperature
overnight (18 h), the solvent was evaporated under a reduced
pressure, and the residue was purified by column chromatography
on alumina using a CH2Cl2ehexane mixture as an eluent.

2.7.1. Analytical data for 4b
Orange crystals (64%), mp 171e175 �C, eluent¼ CH2Cl2:hexane

1:1 (v/v). 1H NMR (DMSO-d6, 300 MHz, 298 K): d 9.84 (s, 2H, NH),
7.75 (s, 2H, TTF), 7.00 (s, 2H, ArH), 6.96 (s, 2H, ArH), 6.78 (s, 4H, TTF),
6.61 (d, 4H, J¼ 7.3 Hz, ArH), 6.57 (t, 2H, J¼ 7.0 Hz, ArH), 4.21e4.39
(m, 4H, ArCH2Ar, ax.), 3.64e3.80 (m, 8H, OCH2), 2.19e3.02 (m, 4H,
ArCH2Ar, eq.), 1.76e1.89 (m, 8H, OCH2CH2), 0.93e1.04 (m,12H, CH3)
13C NMR (DMSO-d6, 75 MHz, 298 K): d 157.6, 156.8, 153.3, 135.4,
135.0, 134.8, 132.8, 128.9, 128.7, 126.4, 122.6, 121.0 120.7, 112.9,
106.8, 76.9, 31.2, 23.8, 11.0. TOF-ESI MS m/z for C54H54N2O6S8
calculated 1083.55, found 1105.28 [MþNa]þ (100%), 1121.25
[Mþ K]þ (10%); IR (KBr) nmax (cm�1): 3306 (NH), 1639 (CO).

2.8. Preparation of calix[4]arene-TTF conjugate 4c

A solution of a freshly prepared 7 (0.050 g, 0.20 mmol) in dried
THF (10 ml) was added dropwise to the solution of compound 3c
(0.050 g, 0.08 mmol) and triethylamine (0.04 ml, 0.24 mmol) in
10 ml of dried THF. The reaction mixture was stirred at room
temperature overnight (16 h), the solvent was evaporated under
a reduced pressure, and the residue was purified by column chro-
matography on alumina using a CH2Cl2ehexane mixture as an
eluent.

2.8.1. Analytical data for 4c
Bright orange crystals (73%), mp 200e204 �C, eluent¼ CH2Cl2:-

hexane 3:1 (v/v). 1H NMR (DMSO-d6, 300 MHz, 298 K): d 9.82 (s, 2H,
NH), 7.63 (s, 2H, TTF), 7.07 (s, 4H, TTF), 6.74 (s, 4H, ArH), 6.43e6.54
(m, 6H, ArH), 4.33 (d, 4H, J¼ 13.2 Hz, ArCH2Ar, ax.), 3.85 (t, 4H,
J¼ 6.7 Hz, OCH2), 3.76 (t, 4H, J¼ 6.7 Hz, OCH2), 3.14 (d, 4H,
J¼ 12.9 Hz, ArCH2Ar, eq.), 1.80e1.93 (m, 8H, OCH2CH2), 0.91e1.03
(m, 12H, CH3); 13C NMR (DMSO-d6, 75 MHz, 298 K): d 156.8, 155.5,
153.9,135.9,134.6,134.2,132.8,128.4,126.5,122.7,121.5,121.0,120.7,
112.9, 110.2, 77.5, 77.4, 31.2, 23.7, 23.5, 11.1, 10.7; TOF-ESI MSm/z for
C54H54N2O6S8 calculated 1083.55, found 1105.19 [MþNa]þ (100%),
1121.12 [MþK]þ (10%); IR (KBr) nmax (cm�1): 3303 (NH), 1628 (CO).

2.9. Binding experiments

The complexation ability of 4ae4c towards selected anions
(benzoate, H2PO4

�, HSO4
�) was measured by standard 1H NMR

titration experiments in DMSO-d6 using constant receptor concen-
tration (0.1e2.0 mM) and increasing concentrations of appropriate
anions to obtain different anion/receptor ratios (0.5e15). All anions
were used as tetrabutylammonium salts to avoid possible inclusion
of cationic species into the cavity of calix[4]arene. Binding UV/vis
experiments were performed at room temperature (25 �C). The
recorded sets of the absorption spectrawere globally analysed using
the Specfit program (v. 3.0, Spectrum Software Associates).

3. Results and discussion

The synthesis of novel anion receptors started by the nitration of
25,26,27,28-tetrapropoxycalix[4]arene 1 immobilised in the cone
conformation (Scheme 1). The use of NaNO3 in a TFA/acetic acid
mixture [7] at room temperature led to a crude reaction mixture
containing mono- and two dinitro substituted products. Chro-
matographic separation on a silica gel column gave individual
regioisomers in acceptable yields: 2a (25%), 2b (19%), 2c (21%).
Subsequent reduction with SnCl2$2H2O in refluxing ethanol led
smoothly to aminosubstituted derivatives [8] 3a, 3b and 3c in 82%,
75%, and 97% yield, respectively. TTF-carboxylic acid 6was prepared
according to the published procedure [10] using deprotonation of
TTF with LDA in a THF solution and a subsequent reaction with dry
ice. Free acid 6was then converted to corresponding acyl chloride 7
(oxalyl chloride) and condensed with amino derivatives 3ae3c. The
calixareneeTTF conjugateswere obtained in good yieldse 4a (75%),
4b (64%), 4c (73%).

The structures of receptors 4ae4c were confirmed by the 1H
NMR analysis. Thus, compound 4c possesses two doublets of
methylene bridges (4.33 and 3.14 ppm) with a typical geminal
interaction constant (J¼ 13 Hz) corresponding to distally disubsti-
tuted calix[4]arene derivatives. Unfortunately, the expected split-
ting pattern of methylene bridges in 4b collapsed into unresolved
multiplets. The identity of 4b is based on the correct splitting in
parent amino derivative 3b where six doublets at 4.46 (1H), 4.38
(2H), 4.30 (1H), 3.15 (1H), 3.03 (2H), and 2.91 (1H) ppm perfectly
correspond with the splitting pattern expected for proximally
disubstituted derivatives.

The complexation ability of 4ae4c towards selected anions
(benzoate, H2PO4

�, HSO4
�) was measured by standard 1H NMR

titration experiments in DMSO-d6. Albeit dimerization or oligo-
merization of ureido-substituted calixarenes was described in the
literature, no self-assembly behaviour was observed under exper-
imental conditions and only monomeric species were taken into
the calculations of the complexation constants [9]. All anions were
used as tetrabutylammonium salts to avoid possible inclusion of
cationic species into the cavity of calix[4]arene.

The complexationproceeds under fast exchange conditions, hence,
the addition of the corresponding anion resulted in a large down-field
shift of an amidic signal. For instance, the singlet of the eNHe
group moved from 9.82 ppm to 11.42 ppm upon the addition of 8
eqs. of benzoate anions. Large complexation induced chemical shifts
(DCISz 1.6 ppm) suggest that the binding of BzO� proceeds via
hydrogen bonding with amidic eNHe functions (Fig. 1). It is obvious
from Table 1 that the complexation abilities of 4b and 4c towards
benzoate anion are comparable and only about three times higher
than that ofmonoamide 4a. On the other hand, there is a considerable
difference in case of H2PO4

� anion. While receptors 4a and 4c
gave almost similar results (Kz 45M�1), proximally disubstituted
receptor 4b exhibited a forty times larger complexation constant
(K¼ 1800M�1). It indicates the crucial role of the substitution pattern
for the complexation ability [5a]. AsH2PO4

� represents a tetrahedrally
shaped anion, HSO4

� anionwith the same 3D structurewasmeasured
for comparison. Interestingly, none of novel receptors 4ae4c showed
any measurable interaction.

The TTF unit is frequently used not only for its interesting
electrochemical behaviour [11], but it is also a suitable chromo-
phore [12]. Hence, the presence of this structural motif allowed us



Scheme 1. Reagents and conditions: (i) NaNO3/TFA-AcOH, room temp., 4.5 h, 2a (25%), 2b (19%), 2c (21%); (ii) SnCl$2H2O/EtOH, reflux, 12 h, 3a (82%), 3b (75%), 3c (97%);
(iii) 7/Et3N/THF, room temp., overnight, 4a (75%), 4b (64%), 4c (73%).
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to carry out a complementary UV/vis titration experiment with 4b
(Fig. 2). The binding of H2PO4

� anion resulted in a well-defined
isosbestic point at 472 nm suggesting the 1:1 binding stoichiom-
etry. The obtained set of absorption spectra was analysed by the
nonlinear least-squares method assuming the formation of a 1:1
complex. The result (K¼ 1800�100 M�1) is fully comparable with
that obtained by the 1H NMR titration experiments for receptor 4b.
Because DMSO is a highly competitive solvent, to reveal the
complexation ability of 4b under less competitive conditions we
carried out the UV/vis titrations in MeCN. Indeed, a much higher
complexation constant was obtained (K¼ 8000�1000 M�1).

The differences between proximal 4b and distal 4c receptors can
be also documented by the oxidation behaviour of the attached TTF
units. Their one-electron oxidation to corresponding radical-
cations was studied in deoxygenated MeCN upon the addition of
NOSbF6 as an oxidation agent. While the original UV/vis spectra of
Fig. 1. 1H NMR titration curve of 4c with BzO� anion (300 MHz, 298 K, DMSO-d6).
monoamide 4a and diamides 4b, 4c derivatives are almost identical
characterized by broad bands around 315 and 415 nm, the oxida-
tion invoked dramatic changes (Fig. 3A). The spectrum of 4a
bearing one TTF unit was converted to a new one with absorption
bands at 430 and about 580 nm. Proximal 4b behaved similarly to
give new absorption bands at 429 and 580 nm. These absorption
bands indicate the formation of monomeric TTFþ� radical-cation
because TTFþ� has the absorption bands at 435 and 525 nm [13].
The spectral conversion of 4cwas examined by the gradual addition
of NOSbF6 (Fig. 3B). The addition of 0.25 eq. of NOSbF6 (per TTF unit)
led to a development of absorption bands at 393 and 430 nm. The
appearance of new absorption at 755 nm is accelerated by the
addition of next 0.25 eq. of NOSbF6 per TTF group (Fig. 3B). Using
the literature data [13] the absorption band around 750 nm can be
assigned to radical-cation p-dimer (TTFþ�)2. Unfortunately, higher
excess of oxidizing agent led to a fast decomposition of all receptors
and did not allow us to evaluate the behaviour of our compounds
at higher oxidation states of TTF. The appearance of (TTFþ�)2 is
evidently due to the spatial arrangement of two TTF units in 4c
because the oxidation experiments carried out with proximal
derivative 4b did not show any formation of dimer (TTFþ�)2, but
only of the monomeric radical-cation TTFþ�. This fact can be
explained by the pinched cone conformation [1] of the receptors
known to bring closer the substituents of the opposite phenol units.
Table 1
Complexation constants K [M�1] in DMSO-d6 at 298 K supposing the 1:1
stoichiometry.

Aniona 4a 4b 4c

H2PO4
� 47� 3 1800� 100 43� 8

BzO� 20� 2 61� 9 74� 6
HSO4

� nb nb nb

a Anions were used as tetrabutylammonium salts.
b No complexation observed.
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Fig. 2. UV/vis titration of 4b (1.123 10�4 M) with H2PO4
� in DMSO; arrows show

changes due to increasing concentration of H2PO4
� up to 1.673 10�2 M. Inset: Binding

isotherm recorded at 410 nm. The solid line is a global least-squares fit to the exper-
imental data.
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In conclusion, the introduction of the TTF units onto the upper
rim of calix[4]arene immobilised in the cone conformation led to
new receptors for anions acting via hydrogen bonding of the amidic
functions. Interestingly, proximally disubstituted derivative
exhibits stronger complexation of H2PO4

� if compared with the
diametrically substituted analogue. It indicates the crucial role of
a substitution pattern in the receptor design. Different behaviour of
both regioisomers was also documented by one-electron oxidation
of these receptors.
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